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ABSTRACT 

INTRODUCTION: Circulating concentrations of vitamin D metabolites are associated 

with risk for a variety of diseases, including colorectal cancer. It is not known what level 

of circulating 25(OH)D is optimal for health; however, over-the-counter (OTC) vitamin 

D supplements are commonly used to improve status, though their effectiveness is 

unknown. It is also not known if polymorphic variation in genes associated with the 

vitamin D endocrine system is associated with differences in vitamin D metabolite levels 

or colorectal neoplasia.  

METHODS: A double-blind, randomized, placebo-controlled trial examined the effect of 

400 IU OTC cholecalciferol on circulating concentrations of 25(OH)D. Associations 

between polymorphic variation in VDR, RXRA, GC, and CASR and circulating vitamin D 

metabolites or colorectal neoplasia were examined through analysis of the 

Ursodeoxycholic Acid (UDCA) and Wheat Bran Fiber (WBF) clinical trial data. A single 

nucleotide polymorphism (SNP) tagging approach was employed and a total of 42 VDR, 

32 RXRA, 35 CASR and 25 GC tagSNPs were analyzed.   

RESULTS:  The net change in serum 25(OH)D in the supplement versus placebo group 

was 2.3 ng/ml  (8.5% change, P = 0.06). Principal components analyses revealed gene-

level associations between RXRA and serum 1,25(OH)2D concentrations (p = 0.01) as 

well as GC and 25(OH)D concentrations (p < 0.01).  Seven individual GC 

polymorphisms were significantly associated with circulating measures of 25(OH)D in 

addition to CASR polymorphism rs1042636 and proximal colorectal neoplasia (p-value 

=0.02), following a multiple comparisons adjustment. The CART analysis identified 
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rs17467825 as predictive of continuous measures of 25(OH)D. GC polymorphisms 

rs1555563, rs7041, and rs222029 were identified as significantly predictive of the 25 

ng/ml threshold for insufficiency. 

CONCLUSION: The results demonstrate that daily 400 IU OTC cholecalciferol is 

sufficient to maintain baseline concentrations of 25(OH)D in healthy adults, but not to 

significantly increase levels in all individuals. The results also identified polymorphisms 

in RXRA, GC, and CASR associated with or that predict vitamin D metabolite levels or 

colorectal neoplasia risk. The results justify further investigation on the optimal vitamin 

D supplementation dose for the general population and genetic variation that may be 

related to circulating concentrations of vitamin D metabolites or colorectal neoplasia. 
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I. INTRODUCTION 

A. EXPLANATION OF THE PROBLEM 

 Vitamin D is a hormone that has long been considered vital to human health. It 

has been studied scientifically in relation to human disease for almost a century and 

during the early 1900’s researchers identified vitamin D as the substance necessary to 

prevent rickets (1, 2). More recent studies indicate that individuals deficient or 

insufficient in circulating levels of vitamin D metabolites are at greater risk of several 

diseases (3-5) and recent work has linked lower concentrations of vitamin D metabolites 

with increased risk of diseases such as cancer, cardiovascular disease, autoimmune 

disease, and diabetes (6-11). Some of the strongest associations have been observed 

between low circulating levels of vitamin D metabolites and increased risk of colorectal 

cancer (10, 12-15). The mechanisms of these associations are not yet fully understood, 

but there are a variety of environmental and genetic factors with the potential to influence 

circulating levels of vitamin D metabolites and alter disease risk.   

 Vitamin D can be ingested through diet or supplements, though it is primarily a 

hormone produced in humans when skin is exposed to sunlight (2, 16). The 

recommendations for vitamin D intake have been based upon the amount required for 

prevention of frank deficiency disease; however, more recently the focus has shifted to 

determining the level of vitamin D intake necessary for optimal health (17). Many 

Americans utilize commonly available over-the-counter supplements to improve their 

circulating concentration of 25-hydroxyvitamin D [25(OH)D], though their effectiveness 

to change vitamin D status has not been adequately tested. This dissertation seeks to 
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provide further evidence for the effectiveness of vitamin D supplements in a setting that 

mimics the conditions under which the general public would respond to 

recommendations for vitamin D intake. Environmental exposures and individual 

characteristics or behaviors, including dietary intake, adiposity, and sun exposure, are 

also known to influence serum levels of vitamin D metabolites (17). However, these do 

not account for all variation in circulating levels of vitamin D metabolites, and it is 

hypothesized that genetic polymorphisms in genes involved in vitamin D metabolism 

could affect vitamin D status.  Identification of the specific loci and their functions 

requires additional investigation. The vitamin D receptor (VDR), retinoid X receptor 

(RXR), calcium-sensing receptor (CASR), and Gc-globulin (GC) are proteins involved in 

the vitamin D endocrine system, and variation in these genes could be associated with 

changes in vitamin D metabolite concentrations or colorectal neoplasia risk.  

Identification of factors affecting vitamin D status, including genetic variation and effect 

of supplementation, will help formulate appropriate public health policy to ensure the 

health of the population and determine what blood concentration of vitamin D or dose 

required to reach that level is necessary for preventing disease. 

B.  GOALS AND OBJECTIVES 

 The specific aims of this work are: 

1. To conduct a pilot study to assess whether over-the-counter vitamin D 

supplements affect circulating concentrations of 25(OH)D in the blood.  

2. To assess the associations between genetic variation in VDR, RXR, GC, and CASR 

and circulating concentrations of 25(OH)D.  



 

 

15 

 

3. To evaluate the relationship between genetic variation in GC and CASR and odds 

of metachronous colorectal neoplasia.  

We hypothesize that mean serum levels of 25(OH)D will be significantly different 

between individuals taking 400 IU/day of over-the-counter cholecalciferol supplements 

for one month versus a placebo, and that variation in VDR, RXRA, GC, or CASR is 

significantly associated with circulating levels of 25(OH)D and risk of metachronous 

colorectal neoplasia. 

C.  ROLE OF THE AUTHOR IN RESEARCH 

 In order to complete Specific Aim 1 and to determine the effect of over-the-

counter cholecalciferol supplements on circulating concentrations of 25(OH)D, a 

randomized, double-blind, placebo controlled clinical trial was conducted from 

September 2009 through March 2010 at the University of Arizona in Tucson, Arizona.  

The author assisted with the study design and wrote the protocol as well as all supporting 

documents (Appendix F) for the vitamin D supplement clinical trial. In addition, the 

author obtained IRB approval, served as the research coordinator, and managed study 

participants and staff. Finally, the author was responsible for data collection and analysis 

for this aim. After the trial was completed and data analyzed, the author wrote and 

submitted a manuscript for publication. 

 Specific Aims 2 and 3 required the author to conduct secondary data analysis 

using data from the Ursodeoxycholic Acid (UDCA) and Wheat Bran Fiber (WBF) 

clinical trials. The UDCA trial was conducted at the Arizona Cancer Center, and was a 

phase III randomized, double-blind, placebo-controlled trial conducted to test the effect 
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of UDCA on recurrence of colorectal neoplasia (18). The WBF trial was a randomized, 

double-blind, phase III clinical trial conducted at the University of Arizona to measure 

the effects of high (13.5 g/day) versus low (2.0 g/day) WBF intake for 3 years on colon 

adenoma recurrence (19). Data from the latter study was used for analysis of Aim 3 only 

because circulating levels of vitamin D metabolites have not yet been measured in this 

population. Both of these studies will be discussed in further detail in Chapter 2, Section 

C. The author developed the statistical analysis plan, with guidance from others working 

with these datasets, and was responsible all data analysis and interpretation. The author 

also wrote a manuscript that has been published for Aim 2.  

 The author received approval from the University of Arizona Human Subjects 

Protection program, where required, for this dissertation. For the vitamin D supplement 

trial, the author prepared all Institutional Review Board (IRB) documents and 

amendments. The UDCA and WBF trials had previously received approval from the 

University of Arizona IRB. 
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D.  BACKGROUND 

1.  Vitamin D:  synthesis and metabolism 

Vitamin D Synthesis 

 The term vitamin D generally refers to either vitamin D3 (cholecalciferol) or D2 

(ergocalciferol), as described in more detail below. These molecules are both biologically 

inert prohormones that must be metabolized to an active form to be functional (20, 21). 

Vitamin D is a hormone that is synthesized endogenously and has a structure and 

function similar to the classic steroid hormones such as cortisol, estradiol, and 

aldosterone (16, 22, 23). These hormones all have the same basic structure of a 

cyclopentanoperhydrophenanthrene ring structure, although it is technically a secosteroid 

because the 9-10 carbon-carbon bond of one ring is broken (21, 22). Vitamin D is 

produced through a series of reactions in human skin exposed to sunlight. Figure 1 

illustrates this process.  In the epidermis, 7-dehydrocholesterol, in the plasma membranes 

of keratinocytes and fibroblasts, is converted to previtamin D3 when exposed to UVB (21, 

24). 7-dehydrocholesterol has conjugated double bonds in the B ring, which absorb the 

energy from UVB and then rearrange to cause the B ring to open, forming pre-vitamin D 

(21). The heat from body temperature then causes a slow thermal isomerization reaction 

that induces conformational changes in pre-vitamin D3  and that, over a period of several 

hours to days, converts it to vitamin D3, or cholecalciferol (22, 23). Additional sun 

exposure will not continue to produce more vitamin D3 and excessive UVB exposure 

eventually leads to production of inert byproducts including lumisterol and tachysterol 

(25). Cholecalciferol is a form of vitamin D found in many over-the-counter vitamin D 
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supplements and fortified foods, (26)
 
though it is an inactive molecule that must go 

through a series of reactions to become biologically active. 

 In addition to endogenous synthesis, vitamin D can also be ingested through the 

diet or supplements in two forms, vitamin D2 (ergocalciferol) and D3 (cholecalciferol); 

however, the amount obtained through the diet is fairly limited for most individuals (27).   

Vitamin D2 is derived from some plants and irradiation of ergosterol, which is naturally 

found in plankton and the mold ergot (25, 28). It has been demonstrated that vitamin D3 

is significantly more effective than D2 in raising serum concentrations of vitamin D, 

possibly due to decreased GC binding strength and thus more rapid clearance of vitamin 

D2 (29), though more recent research disputes these findings (17, 26, 30). Currently, 

however, vitamin D3 is the primary form found in over-the-counter supplements and this 

dissertation focuses upon the effects of vitamin D3. Naturally occurring dietary sources of 

vitamin D are limited, but include fish (especially fatty varieties like salmon or herring), 

fish liver oils, egg yolks, and certain wild mushrooms (25, 31, 32). Foods commonly 

fortified with vitamin D in the U.S. include dairy products, breakfast cereal, and more 

recently, orange juice (31, 32). When ingested orally, vitamin D is first emulsified by 

salts in the proximal small intestine where, like other fat soluble molecules, it then enters 

the lymphatic system and circulation with the chylomicron fraction (33). Once in the 

circulation, vitamin D from either diet or production in the skin shares the same pathway 

and is carried to the liver where metabolism to the biologically active form begins (21, 

33). 
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Figure 1. Synthesis and Metabolism of Vitamin D Metabolites 

 

 Vitamin D Metabolism 

 The anabolic reactions for vitamin D activation are well-characterized and 

catalyzed by specific enzymes. There are two cytochrome P450 enzymes, 25-hydroxylase 

(CYP2R1) and 25-hydroxyvitamin D3 1-alpha-hydroxylase (CYP27B1), which are 

responsible for the hydroxylation reactions that activate vitamin D to its functional form 

(2, 21, 28, 34). These enzymes are found primarily in the liver and kidneys, respectively. 

In the liver, 25-hydroxylase adds a hydroxyl group to vitamin D at carbon-25 to create 

25(OH)D. After 25(OH)D is transported to the kidneys, it is hydroxylated by the enzyme 

1-hydroxylase to form calcitriol or 1,25-dihydroxyvitamin D [1,25(OH)2D] (2, 16, 21, 
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25). Vitamin D status is generally measured by circulating concentrations of 25(OH)D in 

the serum, while 1,25(OH)D is the biologically active hormone (35). The liver is the 

primary location where 25-hydroxylase is physiologically active, though it has been 

found in the other parts of the body (21). In contrast, 1-hydroxylase is primarily active 

in the mitochondrial membrane of the kidney’s proximal convoluted tubule cells; 

however, the enzyme is also produced locally in many tissues including colon, brain, 

breast, pancreas, parathyroid, skin, and prostate (21). The half-life of 25(OH)D is 

approximately 15 days, while that of 1,25(OH)2D is generally only 10 to 20 hours, 

though this can vary depending upon binding to the GC-protein and catabolic enzymes 

(36). 

 

Vitamin D metabolite transport 

 The Gc-globulin (GC), also known as the vitamin D binding protein (DBP), 

primarily functions to transport vitamin D metabolites in the plasma (37-40). GC is a 

serum 2-globulin, which is primarily synthesized by parenchymal cells in the liver, and 

part of the superfamily of binding proteins that includes albumin, -albumin and -

fetoprotein (37). GC is responsible for transporting 80-90% of vitamin D metabolites, 

while albumin actually transports the remaining 10-20% (29). These molecules are 

characterized by unique arrangements of cysteine residues in the primary structure, which 

form disulfide bonds allowing for creation of functional domains (37, 40).  GC is a 458 

amino acid protein (51.2 kDa) that is divided into two repeated domains of 186 amino 

acids and one of 86 residues at the C-terminus (37). The protein is able to bind to many 
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vitamin D metabolites, although the affinity for each varies greatly.  The greatest affinity 

is for 25(OH)D, which is bound at the ligand binding site in the N-terminal domain an 

estimated 600 times more tightly than to 1,25(OH)2D (38, 39). GC has a rapid turnover 

rate and a higher concentration in the serum than its primary ligand, 25(OH)D, which is 

believed to help prevent vitamin D toxicity (40).
 
  

 There are two models related to role of GC in the action of vitamin D metabolites.  

The “free-hormone hypothesis” states that it is the 0.2-0.6% “free” circulating 

1,25(OH)2D that acts upon target tissues, while the metabolites bound to GC act as stores 

in the body (21, 29). In this scenario, binding to the GC promotes solubility and transport, 

which increases the half-life of molecules by protecting from hepatic metabolism and 

excretion (38, 40). A second theory states that two additional proteins, megalin and 

cubulin, act to take up the GC-bound vitamin D metabolites into cells, where GC is then 

degraded and the 25(OH)D can either be further metabolized or 1,25(OH)2D can act upon 

target genes (41, 42). The research to clarify this mechanism continues; however, this 

evidence confirms the importance of GC to the action of the vitamin D endocrine system. 

 

Vitamin D Metabolite Catabolism 

 The vitamin D endocrine system includes a self-feedback loop to regulate 

metabolite levels. The primary catabolic enzyme for inactivation of vitamin D is 25-

hydroxyvitamin D3 24-hydroxylase (CYP24) (20, 23, 34). The enzyme is primary part of 

a feedback loop in which 1,25(OH)2D functions to self-regulate its own concentration. 

When levels of 1,25(OH)2D are high, it causes increased transcription of 25-
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hydroxyvitamin D3 24-hydroxylase (CYP24) which in turn inactivates 1,25(OH)2D (20, 

23). This step is the first in the process to degrade major vitamin D metabolites. The 

enzyme can hydroxylate both 25(OH)D and 1,25(OH)2D; however, it has a greater 

affinity towards binding 1,25(OH)2D and is present in every cell that also has the VDR. 

The highest concentration of 24-hydroxlase is in the kidney, and the enzyme also is found 

in the inner mitochondrial membrane of renal cells (23). 1,25(OH)2D also induces 

increased expression of fibroblast growth factor 23 (FGF23), which then increases the 

activity of CYP24 (43). There are other enzymes that can affect this process as well, but 

they play a lesser role. For example, 23-hydroxylase also catalyzes a “deactivation event” 

for vitamin D, which causes decreased affinity of GC for 25(OH)D, increased plasma 

clearance of metabolites, and thus decreased biologic activity (23). The regulation of 

vitamin D hormone level requires the activities of the VDR as a transcription factor. 

 

2. Vitamin D Receptor and Mechanism of Action 

Vitamin D Receptor  

 The function of all steroid hormones requires binding with a paired receptor, 

which in this case is the vitamin D receptor (VDR) (21, 44). The VDR is a member of a 

superfamily of nuclear receptors, including the thyroid hormone and retinoid receptors, 

and functions as a ligand-dependent transcription factor (44, 45).  The VDR is a 48kDa 

protein with six known domains (5, 21).  These include the A and B-domains or variable 

regions, E-domain or ligand-binding domain (LBD), C-domain or DNA-binding domain, 
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F-domain or transcriptional activation domain, and D-domain or hinge domain (16, 21, 

28). 
 
There are also two isoforms of the receptor produced by the FokI polymorphism and 

resulting in either a 424 amino acid protein (F allele) or 427 amino acid (f allele) (46).  

The effects of this structural change on vitamin D metabolism are described in Section 5.  

Although 1,25(OH)2D has the highest affinity for the receptor, many vitamin D 

metabolites and other compounds, such as lithocholic acid, can bind to VDR (21, 47). 

Binding of the ligand to VDR induces conformational changes and activates the receptor 

to recruit co-regulatory molecules necessary for its function as a transcription factor (21, 

48). Formation of the heterodimer with RXR is possible due to the function of regions in 

the ligand-binding domain for protein-protein interaction (16, 48).  

 

Retinoid X Receptor 

 RXR is critical to the function of VDR, yet it also functions independently of the 

vitamin D endocrine system. The RXR is a ligand-activated transcription factor that plays 

a role in cell differentiation, cell growth, apoptosis, and vertebrate embryonic 

development (49-51). The retinoid receptors, including the retinoic acid receptor (RAR) 

and retinoid X receptors (RXR), also belong to the family of nuclear hormone receptors 

(49-52). The RXR is similar to VDR in that it has six common domains and conserved 

structure in the ligand-binding domain, DNA binding domain, and the ligand-dependent 

transactivation domain (49, 51). There are three isoforms of RXR including , , and  

that are encoded by separate genes (49, 52). The receptors vary in size with nine to ten 

exons in the genes and 448-533 amino acids in the proteins (53). RXR is expressed in 
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the liver, kidneys, placenta, epidermis, colon, and visceral tissues; while RXR is 

expressed in almost all tissues and RXR has limited expression in the muscle and brain 

(44, 51). 9-cis retinoic acid is the ligand for the RXR and, upon binding, induces 

conformational changes that lead to the formation of homo- or heterodimers with a 

variety of receptors (49, 51). 

 The partner for RXR helps determine which target genes are transcribed upon 

activation. RXR is able to form heterodimers with multiple receptors in the nuclear 

receptor superfamily including the peroxisome proliferator-activated receptor (PPAR), 

liver X receptor (LXR), vitamin D receptor (VDR), farnesoid X receptor (FXR), and 

constitutive androstane receptor (CAR) (54-56). These heterodimers are defined as 

permissive when either receptor ligand can activate the heterodimer, as conditional when 

only the RXR ligand can activate the heterodimer, or as non-permissive when the RXR 

ligand has no effect on activation (56). The VDR-RXR heterodimer is non-permissive, 

meaning that only one of the receptor ligands, 1,25(OH)2D, can activate the heterodimer; 

therefore, RXR is often referred to as the “silent partner” of VDR (56). 

 

VDR-RXR heterodimer mechanism of action 

 The action of the VDR-RXR heterodimer involves multiple steps that require the 

activation and repression of many coregulatory molecules. First, unliganded VDR is 

bound by corepressors that block the transactivation properties of the heterodimer, but 

still loosely associates with DNA in the nucleus (55, 57). Examples of corepressors 

include the silencing mediator of the retinoid and thyroid hormone receptors (SMRTs) or 
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nuclear receptor corepressors (NCoR) (58, 59). These molecules act by recruiting histone 

deacetylases (HDAC) that deacetylate lysine residues in the N-terminal histone tails, 

which induces chromatin compaction and thus gene silencing (5). The first step in 

activation is ligand binding. 

 

Ligand Binding 

 Upon 1,25(OH)2D binding to VDR, and subsequent phosphorylation, the VDR-

RXR heterodimer is formed.  The AF-2 domains of both VDR and RXR then move into a 

closed position around the binding pocket, which not only leads to dissociation of 

corepressors, but also allows coactivator recruitment (55). It has also been previously 

demonstrated that the AF-2 domain of RXR is important as well because, when deleted, 

the RXR strongly binds to corepressors and transcription does not occur. The coactivator 

complex is known to include SRC-1 and CBP/p300, the nuclear receptor coactivator-62 

(NCoA-62), and the SWI/ SNF chromatin remodeling complex with PBAF and, once 

recruited, the complex acts to acetylate histones and decompress chromatin around target 

gene sequences (16, 57). Then the DRIP-TRAP complex is recruited, which activates the 

transcription process by associating with the RNA Pol II transcription machinery (16, 

57). There is still growing evidence for the role of RXR and its ligand in this system. 

 The ligand for RXR, 9-cis retinoic acid (RA) does not activate the VDR-RXR 

heterodimer; however, there appears to be competition between the ligands for VDR and 

RXR binding, which helps determine which heterodimer is formed and thus genes 

targeted for transcription (58, 60). Haussler et al. propose that the liganded-VDR is able 
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to affect conformational changes in RXR that block 9-cis RA from binding, which could 

lead to dissociation of the VDR-RXR heterodimer in favor of RXR-RXR homodimer 

formation (58, 60). Research demonstrates that 9-cis RA appears to inhibit 1,25(OH)2D 

enhanced VDR-RXR binding to target gene sequences, except in the case where VDR is 

pre-incubated with 1,25(OH)2D and then RXR is added to the mixture (58). In addition, 

Bettoun et al. recently found that 1,25(OH)2D-bound VDR directs conformational 

changes in RXR that lead to a “phantom ligand effect,” which allows RXR to recruit the 

coactivators necessary for inducing transcription (54). Ultimately, ligand binding not only 

directs which type of dimers form, but it then directs the release of corepressor 

molecules, a necessary step for the transcription process to continue. 

 

Target Genes  

 Once the ligand is bound and coregulatory molecules released or recruited, the 

VDR-RXR heterodimer can then target specific DNA sequences called vitamin D 

response elements or VDREs. The sequences of natural VDREs generally exhibit much 

variation, though two common motifs are a direct repeat of two half-elements separated 

by three nucleotides (DR3) and an everted repeat of the half-elements with separation by 

six nucleotides (ER6), each with the generic nucleotide sequence of 5’-AGGTCA-3’ (48, 

57). Researchers estimate that as many as 500 genes with a variety of physiologic effects 

are targeted by VDR (21). The activated transcription factors can both positively regulate 

gene expression by binding in upstream regions; or negatively alter gene expression by 

blocking the transcription of negative VDREs or by inhibiting the action of other 
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transcription factors.(48, 57). The GC and CASR genes under study in this dissertation are 

among the long list of genes targeted by activated VDR, and this relationship provides 

the basis for examining for how variation all four genes could result in differences in 

circulating levels of vitamin D metabolites. 

 

3. Vitamin D and Calcium Homeostasis 

Calcium homeostasis 

 The biologically active form of vitamin D, 1,25(OH)2D, has traditionally been 

studied for its integral role in regulating calcium levels in the body. The hormone acts 

with the parathyroid hormone (PTH) to ensure that serum levels of calcium are 

maintained within the range necessary to ensure proper bone mineralization and 

neuromuscular function (28, 34). Diseases such as osteomalacia in adults and rickets in 

children can develop when calcium levels are consistently low (28). The mechanism for 

development of these diseases is demonstrated through the physiologic functions of 

vitamin D and there are three primary functions of vitamin D in calcium homeostasis.  

Vitamin D is able to induce transcription of proteins, such as TRPV5 and TRPV6 

channels (16), that are needed for active absorption of calcium and phosphate in the 

intestines (28). It can also act to mobilize calcium from the bone when dietary intake is 

not sufficient, which also requires the actions of PTH (28, 34). Vitamin D can 

additionally stimulate the kidneys to reabsorb calcium from the urine when necessary 

(28). There are other genes involved in calcium homeostasis that may also interact with 

the vitamin D endocrine system. 
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 The calcium-sensing receptor (CASR) has a primary role in calcium homeostasis 

by sensing extracellular blood calcium levels, which are maintained in a narrow range of 

1.1 to 1.3 nM (61-65). High levels of extracellular calcium activate CASR leading to 

decreased PTH gene expression, parathyroid cell proliferation, and PTH secretion, as 

well as an increase in urinary calcium excretion (63, 65). The CASR is part of the 

superfamily of G-protein coupled receptors that act to recognize extracellular molecules 

and then activate signal transduction pathways in the cell (12, 63, 66). The CASR gene is 

8 kilobases in size with six exons that encode the CASR protein, which is primarily 

expressed in the parathyroid and kidneys (63, 64, 66). The protein is functional as a 

homodimer with each 1078 amino acid monomer having a structure of seven 

transmembrane helices, a large extracellular N-terminal ligand-binding domain, and an 

intracellular C-terminus (62, 66). It is also expressed in cells of the gastrointestinal (GI) 

tract and bone (61-63, 66). 

 The role of CASR in calcium homeostasis can be further demonstrated through the 

phenotypes associated with inactivating mutations leading to conditions such as familial 

benign hypocalciuric hypercalcemia (FBHH) and neonatal severe primary 

hyperparathyroidism (NSHPT), while activating mutations lead to conditions like 

autosomal dominant hypercalciuria (ADHH) (65, 66). It is also known that there are 

functional two VDREs in located in the promoter regions of CASR, which indicates a 

clear biochemical link between vitamin D and calcium (12, 65, 67). 1,25(OH)2D has been 

demonstrated to increase CASR expression in rat parathyroid and kidney (61) plus human 

thyroid and kidney cell lines (68). Calcium levels have also been shown to affect the 
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expression of the VDR (69). Both calcium and 1,25(OH)2D are central to calcium 

homeostasis and interact in the vitamin D endocrine system, however, the two molecules 

also have interactions that can affect the growth of cancerous cells, as discussed further 

below.   

 Three scenarios can be used to demonstrate how vitamin D works with PTH to 

maintain proper calcium levels. First, if calcium levels are low and phosphorus levels are 

normal, the CASR on the parathyroid glands senses the low calcium levels and induces 

secretion of PTH, which in turns acts on the kidneys to increase production of 1-

hydroxylase thus increase circulating levels of 1,25(OH)2D (34). The increase in serum 

vitamin D causes the intestines to begin active transport of calcium and phosphorus into 

the serum, possibly through increased expression of TRPV channels (16, 70). In the bone, 

1,25(OH)2D and  PTH act to stimulate osteoclasts to mobilize calcium from the bone 

matrix into the serum (28, 34). The kidneys are also activated to reabsorb calcium from 

the urine by 1,25(OH)2D when calcium is low (34). The second scenario occurs when 

phosphorus is low and calcium is normal. In this case, 1,25(OH)2D is again activated by 

increased production of 1-hydroxylase to increase intestinal absorption of both calcium 

and phosphorus. This occurs until phosphorus levels are normalized (34). The final 

scenario occurs when both phosphorus and calcium are low. In this case, 1,25(OH)2D is 

“super stimulated” because production of 1-hydroxylase occurs through multiple 

pathways. Low calcium stimulates increased PTH secretion, which in turn induces 

production of 1-hydroxylase, however, low phosphorus levels also increase production 

of 1-hydroxylase (16, 43, 62, 64). In this case, production of 1,25(OH)2D is greatly 



 

 

30 

 

stimulated until levels of both return to the acceptable range. These situations illustrate 

the role of vitamin D in calcium regulation; however, the hormone also has a much 

broader range of functions in the human body. The non-calcemic actions of vitamin D 

metabolites are discussed in Section 6.   

 This description of the vitamin D endocrine system and calcium homeostasis 

demonstrate that it is biologically plausible for polymorphic variation in the genes for 

VDR, RXRA, GC, and CASR to be associated with variation in circulating levels of 

vitamin D metabolites, which this dissertation work evaluated in Aim 2. 

 

4. Vitamin D deficiency  

 It is known that vitamin D plays a critical role in many physiologic processes in 

humans. However, there is currently much debate regarding what threshold of vitamin D 

metabolites is optimal for health, the best measure of vitamin D status, and how much 

individuals need daily (71). There are also many factors, both genetic and lifestyle, that 

affect the production and metabolism of vitamin D metabolites and thus must not only be 

controlled for in analysis, but also researched in future studies. A recent report by the 

IOM included new recommendations for vitamin D intake, but clearly states that 

continued research is necessary to determine the role of vitamin D in the etiology of 

many diseases (72).  The following three sections define vitamin D deficiency and the 

factors that influence circulating levels of 25(OH)D, describe the policies related to 
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vitamin D intake in the U.S., and present the evidence from clinical trials testing various 

doses of vitamin D supplements. 

 

Definition of Vitamin D Deficiency  

 As mentioned previously, unlike 1,25(OH)2D, circulating levels of 25(OH)D vary 

with sun exposure or dietary intake of vitamin D and are therefore the commonly used 

measure for vitamin D status. There are several definitions of vitamin D deficiency and 

insufficiency that are currently used, as shown in Table 1. Originally, the target levels for 

circulating 25(OH)D were determined by measuring serum levels in a population of 

“healthy” adults (73, 74). In addition, the recommended intake was based upon the 

amount to maintain levels above 10 ng/ml, the approximate concentration at which 

symptoms of rickets develop (71, 72). Though the 10 ng/ml threshold is the classical 

definition of vitamin D deficiency, the IOM report states risk of rickets in children and 

osteomalcia in addition to fracture in older adults occurs at levels below 12 ng/ml (30 

nmol/L) (72). The IOM 2011 report identified 16 ng/ml (40 nmol/L) as the median target 

for the majority of the population and 20 ng/ml (50 nmol/L) as the high end of the 

targeted range of serum levels (72). However, studies have recently suggested that 

concentrations less than 30 ng/mL are insufficient for maintaining optimal PTH levels 

(75). Heaney et al. suggested using the point at which 25-hydroxylase in the liver 

becomes saturated by cholecalciferol as the lower limit for “normal” and this 

concentration correlates to a circulating concentration of 25(OH)D of approximately 35 

ng/ml (76, 77). Others advocate for an even higher threshold with circulating 
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concentrations of 25(OH)D greater than 30-32 ng/mL as necessary for optimal health (25, 

71, 73). The rationale used by the IOM for defining deficiency at a lower concentration 

of 25(OH)D is the lack of dose-response studies testing the higher doses of vitamin D 

with outcomes other than those related to bone health (72). Though the recent IOM report 

updates the recommendations for vitamin D, there is not yet consensus among 

researchers and clinicians. Thus this dissertation will compare several thresholds in 

analysis of circulating concentrations of 25(OH)D; including 20 ng/ml, 25 ng/ml, and 32 

ng/ml. 

 

Table 1.  Thresholds for vitamin D status (71, 73, 75) 

  

Serum 25(OH)D 

concentration  (ng/ml) 

Definition Rationale 

     <10-12 Deficiency Prevention of rickets 

     10 ≤ 25(OH)D < 20 Insufficiency Sub-optimal PTH levels 

     20 ≤ 25(OH)D < 30 Insufficiency Sub-optimal PTH levels and bone health 

      25(OH)D ≥ 30 Sufficiency Threshold for optimal PTH, bone mineral 

density, and “health” 

 

 

5. Epidemiology of vitamin D deficiency and factors influencing circulating 

concentrations of 25(OH)D 

 The epidemiology of vitamin D deficiency depends primarily on what definition 

is used. The recent IOM report states that analysis of the 2003-2006 National Health and 

Nutrition Examination Survey (NHANES) data determined that the mean concentration 



 

 

33 

 

of 25(OH)D was estimated to be above 20 ng/ml for the majority of the U.S. population; 

however, the prevalence of insufficiency (<20 ng/ml) varied from 10.6% in White 

individuals to 53.6% in Non-Hispanic Black participants (72). Another analysis 

conducted using only the 2004 NHANES data found that 25-35% of the population were 

vitamin D deficient with 25(OH)D <10 ng/ml, while only 20-25% of the surveyed 

population had circulating 25(OH)D greater than 30 ng/ml (27, 78). Data from other 

sources also suggests that vitamin D insufficiency is increasingly common in the U.S. 

population and that certain individual characteristics increase that risk. Results of other 

studies in varied populations have reported prevalence of insufficiency less than 20 ng/ml 

in a range of 18% to 36% and less than 30 ng/ml in 52% to 77% of participants (76). In 

the Women’s Health Initiative (WHI), 57.1% of the women participants had circulating 

25(OH)D below 20 ng/ml (79). Even in a study conducted in Southern Arizona, a region 

with high sun exposure, 25% of participants had circulating 25(OH)D below 20 ng/ml 

and as many as 78% percent of the adult population were below 30 ng/ml (75). The 

reported prevalence of vitamin D deficiency varies across study populations; however, 

this is not entirely unexpected due to the many individual behaviors and characteristics 

that can affect circulating levels of 25(OH)D. Research has identified factors including 

sun exposure, latitude, BMI, ethnicity, dietary intake, age, gender, and variation in 

laboratory methods as factors that can significantly influence circulating levels of 

25(OH)D (27, 75, 80).   
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Sun exposure and latitude 

 Prior to the development of vitamin D supplements and food fortification, 

exposure to the sun was the primary source of vitamin D for most humans. Some 

researchers estimate that even currently, approximately 90% of vitamin D produced in 

most individuals is from exposure to the sun (81). Synthesis of vitamin D metabolites 

following exposure of the skin to sun has a significant impact on circulating levels of 

25(OH)D and varies depending upon different factors.  However, there is a minimum 

threshold of UVB required to induce the conversion of 7-dehydrocholesterol to pre-

vitamin D (~18-20 mJ/cm
2
) and the strength of UVB changes with the zenith angle of the 

sun and thus latitude, time of day, and season (73, 82). The strength of UVB also 

increases with rising altitude (83). Furthermore, as the distance from the equator 

increases, the proportion of UVA to UVB in solar radiation increases and leads to fewer 

days as well as hours of the day when vitamin D3 can be efficiently produced (82). In 

addition, for this same reason, there are seasonal changes in circulating 25(OH)D 

observed during winter when not only are individuals are less likely to be outside in 

northern latitudes, but also the strength of UVB does not generally reach the 20 mJ/cm
2 

threshold for vitamin D production (73, 74). Studies have reported increasing prevalence 

of 25(OH)D levels below 25 ng/ml during the winter months and an analysis by Webb et 

al. recently determined that circulating levels of 25(OH)D near 30 ng/ml in summer are 

necessary to maintain levels above 20 ng/ml through the winter when sun exposure is 

minimal (74, 84). Cumulative UVB exposure is not only affected by latitude and season, 

but also photoprotection practices. 
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 There is increasing practice of sun protective behaviors to decrease the risks of 

excess sun exposure. UV radiation is a carcinogen and estimates state there are more than 

a million skin cancers diagnosed in the U.S. annually (85). Photoprotection is defined as 

the use of sunscreens, sun protective clothing, and sun avoidance behaviors to minimize 

exposure to the sun that causes erythema (sunburn) and cell damage (86, 87). However, 

there is conflicting evidence regarding the effectiveness of sunscreens. Matsuoka et al. 

have demonstrated that conversion of 7-dehydrocholesterol to pre-vitamin D3 is blocked 

in type III skin by application of sunscreen with a sun protective factor (SPF) of 8 and 

that at least 19% of the body would need to be without sunscreen and exposed to the sun 

for a significant increase in 25(OH)D levels to occur (73, 81, 88). In contrast, Marks et al. 

found no difference in circulating levels of 25(OH)D between groups applying sunscreen 

versus placebo (81, 89, 90). However, other researchers proposed that the lack of 

application to all exposed skin, inconsistent application, and uncontrolled use of sun 

protective clothing may have affected these null results (81, 83, 89). However, many of 

these data were generated nearly 15 years ago and have not been more recently tested 

using more recent technology. In addition, as these practices become more common in 

daily life for many individuals, the debate has shifted to determining the levels of sun 

exposure that allow sufficient vitamin D production without increasing the risk of skin 

cancer. 

 Researchers are now attempting to identify sun exposure times that balance the 

need to produce vitamin D against the risk of skin cancer. It is known that the risk of skin 

cancer is higher in individuals with less skin pigmentation, however, they also require 
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less sun exposure to synthesize recommended vitamin D levels (85, 91, 92). Rhodes et al. 

utilized controlled exposure to UV lamps to simulate summer UVB exposure in the 

United Kingdom and estimated that individuals with moderate skin pigmentation (Type 

III) would generally require less than 15 minutes of mid-day with 35% of skin exposed to 

produce circulating levels of 25(OH)D greater than 20 ng/ml, which was lower than the 

minimal erythemal dose (MED) or dose at which sunburn occurs (93). Computer models 

generated by Terushkin et al. estimated that individuals with Type III skin would need to 

spend less than 10 minutes with approximately 25% of skin exposed at mid-day to 

produce circulating 25(OH)D equivalent to a dose of 400 IU cholecalciferol at latitudes 

representing either Boston, MA or Miami, FL (91). In addition, Webb et al. has similarly 

demonstrated through simulation that the length UVB exposure, at most latitudes, 

required to produce approximately 1000 IU cholecalciferol is below the MED for all skin 

types (92). The length of time is longer for more highly pigmented skin types, though the 

length of exposure before sunburn occurs is also higher for these individuals (91, 93). 

Researchers are clear, however, in stating that there are many factors affecting these 

simulations (91, 92), and that additional research is necessary before recommendations 

for “safe” sun exposure can be developed that account for the changing environment and 

specific needs of individuals with varying levels of skin pigmentation.  

 

Race/Ethnicity and skin pigmentation 

 As discussed above, skin pigmentation can greatly affect circulating levels of 

25(OH)D.  Race/ethnicity, which is highly correlated with level of skin pigmentation, is 
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also believed to alter the ability of humans to produce vitamin D metabolites. Researchers 

have demonstrated that the melanin, or skin pigment, acts to protect the lower layers of 

the skin from exposure to UVB and the highest concentration of 7-dehydrocholesterol is 

found in the deeper basal and spinous cell layers of skin (81). This follows with the 

hypothesis that melanin in the skin competes with 7-dehydrocholesterol for UVB 

photons, which means that individuals with more highly pigmented skin require increased 

lengths of sun exposure to provide vitamin D and provides a physiological mechanism 

for the higher rates of vitamin D deficiency in individuals with highly pigmented skin 

(33, 75, 81). Analysis of NHANES data described rates of insufficiency in the Black and 

Latino populations as high as 90% (27). A study by Engelman et al. in California 

described circulating levels of 25(OH)D in Hispanic and Black individuals and observed 

that mean circulating 25(OH)D was below the 20 ng/ml deficiency threshold in both 

groups, though higher in Hispanic compared to Black individuals (94). A study by Egan 

et al. determined that 32% of Black individuals surveyed were still insufficient for 

vitamin D, as defined as 25(OH)D less than 15 ng/ml, even though reported intake of 

vitamin D was greater than or equal to 400 IU daily (95). Another study by Willis et al. 

demonstrated that circulating 25(OH)D was significantly higher (p < 0.001) in White 

participants compared Black in a cohort of females children aged 4-8 years (96). In 

contrast, there are studies that demonstrate a direct relationship between increasing 

pigmentation and 25(OH)D levels; however, sun protective behaviors were not 

adequately controlled for in analysis and may have been more frequent in individuals 
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with lighter skin (87). There are many factors confounding this relationship and further 

study is necessary to determine mechanism of causation. 

 It is still not completely understood why these differences in 25(OH)D levels by 

skin pigmentation are observed and vitamin D supplement trials have been conducted to 

determine if response to intake of vitamin D differs as well. A study by Aloia et al. found 

that a dose of 800 to 2000 IU was sufficient to raise mean circulating levels of 25(OH)D 

above 20 ng/ml in postmenopausal Black women, but only 60% of the group were above 

32 ng/ml following 3 months of supplementation (97). Matsuoka et al. also demonstrated 

that serum concentrations of 25(OH)D increase in response to high-dose supplementation 

(50,000 IU) in both black and white individuals (98, 99). However, a study by Datta et al. 

observed that doses ranging from 800-1600 IU/day in pregnant minorities did not raise 

25(OH)D levels above the threshold for insufficiency, though this is special population 

with additional supplement needs (100, 101). In contrast, although circulating levels of 

metabolites are lower in Blacks, the population demonstrates higher bone density and 

lower fracture rates than Whites, regardless of gender (98, 102). In addition, circulating 

PTH levels are higher and urinary calcium lower in Black women compared to white (98, 

103). There are no identified studies of supplementation in Hispanic individuals.  There is 

conflicting evidence for Black individuals and lacking evidence for Hispanic populations 

that require additional investigation to determine if skin pigmentation, or some 

underlying genetic difference, is the root cause of the differences in 25(OH)D between 

racial and ethnic groups. 
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Diet and supplement use 

 In addition to the effects of sun exposure and skin pigmentation, there also dietary 

and supplemental sources of vitamin D that affect circulating 25(OH)D. As stated 

previously, there are few natural dietary sources (25, 31, 32); however, fortification of 

many foods with vitamin D3 is increasing in the U.S. (31, 32). An analysis of 2005-2006 

NHANES data by Bailey et al. reports that when examining diet alone, fewer than half of 

adults reached the previously used AI of 200 IU daily (104). The IOM report states that 

no age group in the U.S. is currently meeting the newly recommended RDA with intake 

from food alone (72). Some speculate this may be related to decreased milk consumption 

associated with increased prevalence of lactose intolerance (27). Additional analysis of 

NHANES data determined that Black individuals consume less dairy than White 

individuals and generally not enough to meet the former recommended levels of intake 

(27, 105). However, when total vitamin D intake was examined, which represents dietary 

plus supplemental intake, the percentage of adults with intake above the 200 IU increased 

in all age groups, but not higher than 60 % (104). This increase in intake is not 

unexpected, considering the analysis also found that 37% of the U.S. population used a 

dietary supplement containing vitamin D (104). Use of supplements is highest among the 

children, adolescents, as well as the elderly and the frequency of use is similar between 

genders (104). However, the dose of a supplement and possibly the vehicle substance, 

which could alter the bioavailability of cholecalciferol, can also have varying effect on 

circulating levels of 25(OH)D (106). Furthermore, there may be genetic factors that 

influence response to supplementation, as discussed in later sections. 
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Body Mass Index (BMI) 

 Dietary choices can also affect the body mass index (BMI) for individuals, which 

can then affect circulating concentrations of 25(OH)D. Higher BMI is associated with 

relatively lower circulating concentrations of 25(OH)D (107-113), although the exact 

mechanisms behind this association are not clear (113). There is long-standing evidence 

in both rats and humans that vitamin D is stored in adipose tissue; however, it is not clear 

whether the association between obesity and vitamin D deficiency is due to increased 

uptake into fat tissue or decreased availability of vitamin D metabolites after it is stored 

(114).  A recent study by Tzotzas et al. in European women found that weight loss 

through a 20-week restricted calorie diet, with mean dietary vitamin D intake of 

approximately 200 IU per day, led to a statistically significant increase in 25(OH)D (15.4 

to 18.3 ng/ml, p < 0.05) and reduction in measures of insulin resistance (115). However, 

there is conflicting evidence from studies of gastric bypass patients. Lin et al. observed an 

initial increase in 25(OH)D at month 1 then a decreasing trend during the following 24 

month period (p<0.004 and p < 0.02, respectively) in a population of Black women who 

underwent gastric bypass surgery (116). However, in contrast, Signori et al. observed a 

pre-operatives mean 25(OH)D of 22.7 ± 9.9 ng/ml versus postoperative mean of 29.7 ± 

14.1 ng/ml (p < 0.001) in 123 obese men and women (117). There is conflicting evidence 

for the role of adipose tissue and altering BMI on circulating levels of 25(OH)D, 

however, evidence for a potential molecular mechanism exists. 

 The RXR partners not only with the VDR, but a variety of other nuclear receptors 

to induce a wide-variety of effects in body (55). The peroxisome proliferator-activated 
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receptor (PPAR) represents another partner for RXR and is central to lipid metabolism 

and energy regulation (118). There is evidence for a connection between actions of the 

VDR-RXR and PPAR-RXR heterodimers, providing support for an interaction between 

the two systems that may account, at least in part, for the associations observed between 

25(OH)D serum levels and obesity. There are many studies linking obesity in animals to 

actions of PPAR, however, Grimaldi et al. also propose that the ability of PPAR/ to 

direct fatty acid catabolism in muscle and regulate insulin sensitivity suggests a role for 

the isomer in metabolic syndrome (118-120).  Though the specific mechanism is still 

unknown, there is also strong evidence linking the action of vitamin D metabolites to the 

PPAR receptors.  PPAR is the primary regulator of adipogenesis and is central to the 

maturation of pre-adipocytes to adipocytes (121). There is evidence produced during the 

1980’s demonstrating that 1,25(OH)2D can affect the growth of the 3T3-L1 mouse pre-

adipocytes and more recent studies have expanded the work to show that treatment of the 

adipocyte cells with 1,25(OH)2D resulted in decreased cell differentiation and expression 

of many genes involved in adipogenesis; including PPAR-gamma (121). It would appear 

from this evidence that higher circulating levels of vitamin D metabolites could lead to 

decreased formation of adipose tissue. In addition, Dunlop et al. identified a DR3-type 

VDRE within the promoter of the PPAR-gamma gene and showed that treatment with 

1,25(OH)2D upregulated expression of PPAR (122). There is clear evidence of a link 

between these two pathways that requires further investigation. Though the exact 

mechanisms are not established, it is clear that circulating levels of vitamin D 
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metabolites; whether obtained through diet, supplements, or sun exposure can affect the 

relationship between obesity and the vitamin D endocrine system. 

 In individuals of normal weight, use of supplements can increase circulating 

levels of 25(OH)D, however, it is not clear if additional supplementation is required to 

achieve sufficient 25(OH)D in individuals with high BMI. Research has provided 

conflicting evidence regarding the ability of supplements to raise serum concentrations in 

obese individuals. Worstman et al. found that serum concentrations were significantly 

lower after intake of a 50,000 IU dose of ergocalciferol (D2) in obese individuals 

compared to those of normal weight (113). Although as stated previously, D2 may not be 

as effective as D3 as altering 25(OH)D levels. For example, a study by Sneve et al. testing 

the effectiveness of cholecalciferol to influence weight reduction in obese individuals 

found that 20,000 IU twice a week did significantly increase circulating 25(OH)D in 

obese individuals (p < 0.05) (123). These studies used high doses of vitamin D 

supplements and additional research is needed to determine how the new IOM 

recommendations for intake will affect circulating levels of 25(OH)D for the increasing 

numbers of overweight and obese individuals.  

 

Age and Gender 

 Many of the above factors are likely to interact to influence circulating levels of 

25(OH)D. Though there are trends observed of lower serum 25(OH)D as age increases 

and for women versus men, these estimates often generated using cohorts from specific 

populations (i.e. only women or a nursing home population) and, may not control for the 
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factors listed above, thus making it difficult to make comparisons across results (76). As 

humans age it is possible that changes in skin could affect pre-vitamin D3 production, 

diminishing renal function could affect excretion and changes in body composition, such 

as increasing BMI, could also lead to decreased circulating concentration of 25(OH)D 

(72). Holick et al. have demonstrated that the elderly may have only 25% the levels of 7-

dehydrocholesterol in skin compared to a young adult (31). Furthermore, it is also 

possible that as individuals age, there is a decrease in outdoor activity and increase in sun 

protective behavior due to the cumulative nature of skin cancer risk. Considering these 

broad effects of aging, clinical trials and observational studies often analyze data from a 

narrow age range.   

 There is conflicting evidence for whether there is a difference in circulating 

25(OH)D related to gender. Analysis of NHANES data from 1988-2006 found at baseline 

a greater proportion of men had circulating 25(OH)D above 25 ng/ml than women (124).  

In contrast, Hagenau et al. performed a meta-analysis and found that women had higher 

mean 25(OH)D than men, though the finding was only marginally significant (p = 0.05) 

(125). Arabi et al. also recently showed that women had significantly lower 25(OH)D 

than males (p < 0.05) (126). There is, however, a biological mechanism for this 

relationship throughout life. In pregnant women, the placenta has been shown to express 

both CYP27B1 and VDR, which is believed to promote fetal development through the 

actions of 1,25(OH)2D (127).  Furthermore, a VDRE has been identified in the CYP19 

promoter; which is the gene for P450-aromatase, the enzyme that converts testosterone to 

estradiol (127). Finally, it is also known that calcium homeostasis and vitamin D levels 
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often change following the decrease in sex hormones that accompanies menopause in 

women (126, 127). The differences in reproductive hormones in women and men provide 

a basis for possible variation in circulating 25(OH)D between the genders, however, the 

observational data is inconclusive and more research is needed to clarify this relationship.   

 

Methods for Measurement of 25(OH)D 

 Measurement error or variability is always a possible issue when comparing data 

across biomarker studies. The measurement of 25(OH)D is now commonly achieved 

using a radioimmunoassay with an 
125

I-labeled tracer (128). This method developed by 

Hollis et al. is discussed in detail below in the methods for Aim 1. However, there is 

debate about shifting to newer methods of measurement. There are different assays 

available for measurement of vitamin D metabolites and variability between methods 

plus laboratories has been reported, though recent advances in standards and technology 

have improved results (74, 76). The first assays developed were competitive binding 

assays that worked based upon the ability of 25(OH)D or 1,25(OH)2D to displace 

radioactively labeled 25(OH)D from the vitamin D metabolite transport protein, Gc-

globulin (38, 72). Later improvements were made by using liquid chromatography based 

assays that allowed for distinguishing between D2 and D3 in a sample (129). Following 

these assays were the antibody based methods of Hollis et al. described above, however, 

one drawback of these is that the assay can only measure total vitamin D metabolites and 

does not distinguish between various types in a sample (72). Recently, the CDC reported 

to users of NHANES data that the serum 25(OH)D measures used from most recent 
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surveys could be biased due to issues with radioimmunoassay performance (130). There 

is discussion for the future NHANES surveys of switching to liquid chromatography 

tandem MS (LC-MS/MS) measurement, which is stated to be more accurate (130). The 

IOM states that recent advances in this method allow for distinction between D2 and D3, 

plus increased efficiency through automation and computerized mass spectrometry 

systems (72). The radioimmunoassay method was used for analysis of serum vitamin D 

metabolite levels in this dissertation, however, it is clear that additional methods must be 

evaluated in the future and that 25(OH)D measurements can possibly vary depending 

upon the methods chosen.   

 The above description of the many factors influencing vitamin D status provides 

rationale for and the importance of examining these characteristics in the analysis of data 

from Aims 1 and 2 of this dissertation work. 

 

6.  Summary of evidence for effectiveness of cholecalciferol supplementation  

 The proceedings of a recent conference that addressed the role vitamin D in health 

underscored the critical need to characterize the effect of vitamin D on circulating 

concentrations of 25(OH)D independently of other nutrients (131). Research has not yet 

definitively elucidated the vitamin D dose necessary to raise blood levels above the 

threshold for vitamin D insufficiency, especially when dietary sources or production from 

sun exposure are not controlled for appropriately in analysis. Many vitamin D researchers 

are calling for an increase in daily intake (73) and the IOM recently increased 

recommended intake (72), although the intake levels are lower than what many vitamin D 
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researchers were advocating (73). In addition, often clinicians will recommend over-the-

counter supplements to patients wanting to increase circulating concentrations of 

25(OH)D; however, no previously published studies have tested the effect of these 

supplements on serum levels.    

 In the U.S., the IOM recommends levels of daily intake for vitamin D through 

diet and supplements that vary by age group. The IOM recently released new 

recommendations that changed the levels of intake for many age groups. The IOM 

recommendations from 1997 and 2010 are compared below in Table 2. The 1997 IOM 

report recommended that children and adults up to 50 years of age intake 200 IU of 

vitamin D daily (132). The recommended intake then increased to 400 IU daily for adults 

up to 70 years and 600 IU for those above 70 years of age (132). In the updated 2010 

recommendations, for adults, the Estimated Average Requirement (EAR) is 400 IU daily 

and the recommended dietary allowance (RDA) is now set at 600 IU/day (72). This is in 

contrast to the previous 1997 recommendations, which, as stated above, only included 

recommendations for an adequate intake (AI) that was set to 200 IU for healthy adults 

(132). The new 2010 report states that the EAR will allow 50% of healthy adults to 

achieve circulating concentrations of 25(OH)D above the 20 ng/ml recommended by the 

committee as the threshold required for bone health, while the RDA is stated to be 

sufficient to raise circulating levels above 20 ng/ml for 97% of adults under the age of 70 

(72). The use of over-the-counter (OTC) supplements has become a common practice to 

achieve circulating 25(OH)D levels above recommended levels. However, previously 

conducted studies examining the effect of cholecalciferol supplements on circulating 
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concentrations of 25(OH)D used either pharmacological preparations, a significantly 

higher dose than the 400-600 IU currently recommended, or used supplements that 

contained additional nutrients (73, 101, 133, 134).  

 

Table 2.  IOM recommendations for vitamin D intake by age group 

 

 DRI 

(1997) 

EAR 

(2010) 

RDA 

(2010) 

Age Group    

Less than 1 years 200 IU N/A N/A 

1 through 49 years 200 IU 400 IU 600 IU 

50 through 69 years 400 IU 400 IU 600 IU 

70 years and greater 600 IU 400 IU 800 IU 

 

  

Clinical trials of vitamin D supplementation 

 The randomized clinical trial design allows assessment of the effect of an 

intervention or drug on a study population, while ideally accounting for variation 

between groups that might affect the results. There have been many trials conducted 

using vitamin D supplements, however, the supplements used and populations recruited 

vary widely between studies. In addition, not all studies have controlled for the many 

factors discussed above that can affect circulating levels of 25(OH)D. The evidence 

provided from these studies creates the basis for Aim 1 of this dissertation work.   

 Many studies support the IOM report that previous recommendations for intake 

were not adequate to maintain circulating 25(OH)D levels above the threshold of vitamin 

D insufficiency (75, 133). Several published studies have examined the effect of 
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supplements on circulating 25(OH)D concentration, yet, none have analyzed the effect of 

over-the-counter vitamin D supplements in a randomized controlled trial. Furthermore, 

many of these studies demonstrated increases in circulating concentrations of 25(OH)D, 

but utilized supplements containing either a significantly higher dose than the 200 IU 

currently recommended daily or additional nutrients (133, 134). Holvik et al. observed 

that 400 IU cholecalciferol significantly increased circulating concentrations of 25(OH)D 

for 55 individuals taking daily OTC multivitamins or cod liver tablets for 28 days, though 

they did not compare the effects of these supplements to a placebo and included 

individuals aged 19-49 (134).
  
Another recent study by Viljakainen et al. demonstrated 

significantly increased 25(OH)D with 400 and 800 IU pharmacologically prepared 

cholecalciferol compared to a placebo group (P < 0.001) in 54 men aged 21-49 years 

(135). The mean increase in 25(OH)D for the 400 IU group was 6.2 ng/ml when treated 

for 6 months, with a steady state of circulating 25(OH)D concentrations reached at 

approximately 10 weeks (135). The length of supplementation varies greatly among 

studies; however, prior studies suggest that the majority of change occurs early in 

treatment and the maximum expected change for 8 weeks of supplementation with 400 

IU pharmacologically prepared cholecalciferol would be 2.8 ng/ml (36, 73, 133, 135, 

136). The above studies demonstrated that using 400 IU cholecalciferol may significantly 

increase circulating concentrations of 25(OH)D; however, differences in the study design 

may limit the comparability of the results. 

 In contrast, other investigations have found that larger doses are necessary to 

significantly increase circulating concentrations of 25(OH)D. Hollis et al. estimated that 
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doses greater than 400 IU/day are necessary to raise and maintain blood concentrations 

above 20 ng/mL (73).
 
 A trial conducted by Heaney et al. determined that at least 500 IU 

pharmacologically prepared cholecalciferol daily for 20 weeks was required to keep 

winter blood concentrations at the concentration observed at baseline during the autumn 

in 67 healthy men with mean age 38.7 ± 11.2 years (133). In addition, Meier et al. found 

that 500 IU during October through March was sufficient to maintain baseline summer 

25(OH)D concentrations at approximately 30 ng/mL in 43 men and women aged 33-78 

years (137). Furthermore, studies by Brazier and Nelson demonstrated that 800 IU daily 

for at least 6 months in both pre- and postmenopausal women was enough to raise 

circulating concentrations of 25(OH)D to sufficient levels in more than 80 and 90 percent 

of the study population, respectively (138, 139). These results demonstrate that the 

previously recommended 200 IU dose is likely not sufficient to significantly change 

circulating levels of 25(OH)D, however, none of these utilized over-the-counter 

supplements. 

 The proceedings of a recent conference to address the role vitamin D in health 

stated a critical need to characterize the effect of vitamin D on circulating concentrations 

of 25(OH)D independently of other nutrients (131). Research has not yet demonstrated 

that 200 IU daily is sufficient to raise blood levels above the threshold for vitamin D 

insufficiency, especially when dietary sources or production from sun exposure are 

controlled for appropriately in analysis. Many within the field are calling for an increase 

in daily intake (73). In addition, often clinicians will recommend over-the-counter 

supplements to patients wanting to increase circulating concentrations of 25(OH)D; 
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however, no previously published studies have tested the effect of these supplements on 

serum levels.   

 

Adverse effects of Vitamin D  

 It is also known that excessive vitamin D intake can have detrimental physiologic 

effects. Vitamin D toxicity, or hypervitaminosis D, can mimic a genetic condition 

observed in CYP24A1 deficient mice, which are lacking the 24-hydroxylase enzyme 

critical to degradation and excretion of excess vitamin D (26, 36).  In both cases, high 

circulating concentrations of 25(OH)D and low calcium are observed in the serum. The 

plasma concentration of 1,25(OH)2D remains fairly stable because levels of 1-

hydroxylase decrease and 24-hydroxylase increase (36); however, eventually the levels of 

1,25(OH)2D can no longer be appropriately controlled (30). The acute symptoms vitamin 

D intoxication are largely due to the effects of hypercalcemia and include nausea, 

dehydration, and lethargy (140). Risk of kidney stones following supplementation with 

400 IU cholecalciferol was observed in the Women’s Health Initiative (WHI) Study; 

however, these women reported taking approximately 1000 mg calcium daily in addition 

to their intervention supplement (131). Other studies have not reported this risk factor. 

There is much debate regarding how much vitamin D can be tolerated daily. In the U.S., 

the upper limit (UL) for vitamin D currently accepted is 4,000 IU/d, though studies have 

demonstrated the safety of intake of more than 10,000 IU/d (72, 141). Participants in this 

dissertation work were provided with only 400 IU daily, which is well within the 

tolerable limits for daily intake. 
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 There is also increasing evidence for possible disease risk associated with high, 

but not toxic, levels of circulating levels of 25(OH)D. Many nutrients have demonstrated 

a “U-shaped” curve with risk of disease observed with very low and very high levels of 

intake and it is prudent to determine if high circulating levels of vitamin D metabolites 

also pose a risk (17). A total of 10 studies have been published since 2004 that have 

identified associations between high levels of 25(OH)D and prostate, esophageal, breast 

or pancreatic cancer (17). The methods, study populations, and outcomes varied between 

the studies. Goodwin et al. found in a prospective study that, for women with early breast 

cancer, the risk of distant recurrence was increased for women with circulating 25(OH)D 

between 29-32 ng/ml compared to those with 25(OH)D less than 20 ng/ml (HR 1.71,  

95% C.I. 1.02-2.86) (17, 142). For esophageal squamous dysplasia and carcinoma, 

studies have reported increased risk in prospective studies comparing the highest versus 

lowest quartile of 25(OH)D concentration, with higher risk in Chinese women compared 

to men (17, 143, 144). Furthermore, Stolzenberg-Solomon et al. identified an association 

between high levels of 25(OH)D (> 100 ng/ml) and increased risk of pancreatic cancer 

(HR 2.24, 95% CI 1.22-4.12) after adjustment for multiple confounding factors (145-

148).  However, in the most recent paper describing a pooling-project of multiple studies 

of pancreatic cancer, there were only a total of 39 cases and 30 controls with circulating 

25(OH)D above 100 ng/ml, which should lead to careful interpretation of the statistically 

significant results (147). Finally, Ahn et al. and Tuohimaa et al. demonstrated increased 

odds of prostate cancers in individuals with the highest quintile of serum 25(OH)D (17, 

149, 150). These results are relatively new and have not been confirmed in additional 
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populations for each cancer, thus caution should be exercised in interpretation of results. 

However, these data imply there may be not only disease risk when circulating 25(OH)D 

are low, but that there may also be a range of safe levels for the hormone and future 

research must address this issue.   

 The new IOM recommendations indicate that 400 IU daily cholecalciferol is 

sufficient to maintain circulating concentrations of 25(OH)D above 20 ng/ml for the 

majority of the population. Aim 1 is designed to test whether daily supplementation with 

400 IU supplements will be as effective when using over-the-counter products. 

 

7.  Evidence for the role of selected genes in etiology of vitamin D deficiency  

Vitamin D and the theory of human skin pigmentation evolution 

 Anthropologists believe that approximately 1.8 million years ago, humans began 

to migrate out of Africa and inhabit non-equatorial lands in Asia then Europe, exposing 

them to cooler climates and less UVB rich solar radiation (82). As stated previously, as 

the distance from the equator increases, the proportion of UVA to UVB in solar radiation 

decreases and leads to fewer hours of the day when vitamin D3 can be efficiently 

produced (82). Evidence suggests that human origins were in equatorial Africa where 

intense sun exposure required increased pigmentation in skin (151). It is proposed that the 

evolution of dark skin was originally necessary to help protect from UV-damage to 

folate, which is necessary for reproductive success, provide camouflage, and to help with 

thermoregulation in the intense heat (82, 151). The theory that increased skin 
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pigmentation evolved to protect against skin cancer is refuted by some because skin 

cancer usually develops in individuals past reproductive age (151). As humans moved 

from the equator to more extreme latitudes, the hypothesis states that lighter skin was 

necessary to produce vitamin D3 because the UV radiation available is at increased angles 

and weaker (82, 152). The trend of increased skin pigmentation close to the equator can 

still be seen in modern humans. As shown by Relethford and Jablonski, measurements of 

skin reflectance related to skin pigmentation (increased pigmentation leads to decreased 

reflectance) are shown to correlate with UVR levels and latitude (152, 153). One 

exception to this association are the Eskimo populations who have increased 

pigmentation despite living in extremes latitudes with low sun exposure; though they 

have diets rich in oily fish which provide high dietary vitamin D (73). However, how 

these associations relate to vitamin D metabolism in the modern population is still under 

investigation.   

 It is also believed that vitamin D production can affect reproductive fitness. 

Rickets is a disease of vitamin D deficiency that, in severe form, can lead to pelvic 

deformities and poor reproduction (82). There is evidence to support this from a colony 

in northern Greenland that may have become extinct due to rickets, as many skeletons 

demonstrated severe pelvic deformities (82, 151). There is also evidence to demonstrate 

that fertility issues in modern-day are occur more commonly in women with low 

25(OH)D levels and during seasons with low sun exposure (82); however, there is debate 

over whether or not skin pigmentation blocks vitamin D production sufficiently and if 

this has enough effect on reproductive success to constitute selection pressure (154).  
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There are also mechanisms to increase the effectiveness of available vitamin D 

metabolites when sun exposure is limited and could be the result of selection for genes 

that improve the functionality of lower levels of 25(OH)D.    

 Variation in genes that participate in or effect the production, metabolism, or 

transport of vitamin D metabolites could also contribute to this association between 

variation in skin pigmentation and 25(OH)D levels, and the differences observed between 

groups with different levels of skin pigmentation. However, it is not currently understood 

how much variation in genes contributes to this pattern and exactly what selection 

pressure are acting upon the genes. Evolution of skin pigmentation during human 

migration represents one possible mechanism for the genetic variation seen in the vitamin 

D endocrine system, though, we must also examine what other selection pressures might 

explain the observed variation.  

 

Vitamin D Receptor 

 VDR has previously been studied in relation to serum levels of vitamin D with 

varied results. There are several commonly studied single nucleotide polymorphisms 

(SNPs) in VDR that include polymorphic endonuclease sites for TaqI, BsmI, Apa1, and 

FokI, as well as a polymorphism in a binding site for Cdx-2, which is a homeodomain 

protein (155-159). A group of SNPs (BsmI, ApaI, and TaqI) with unknown function 

located in the 3’ region of the VDR gene between exons 8 and 9 show strong linkage 

disequilibrium and are often studied together in haplotypes (156, 159, 160). They are also 

known to be in linkage disequilibrium with a polyA microsatellite repeat, which is of 
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interest for its effect on post-transcriptional control of gene expression, possibly by 

altering the stability of mRNA and its ability to bind to the translational machinery (157).  

Earlier research demonstrated that the B, A, and t alleles in these SNPs were associated, 

both alone and together, with increased expression of VDR and increased circulating 

levels of 1,25(OH)2D (161, 162). However, more recently, Ahn et al. identified no VDR 

polymorphisms associated with levels of either 25(OH)D or 1,25(OH)2D (163). Perhaps 

this discrepancy could be explained by considering that the function of these SNPs is 

unknown and any observed association was due to linkage disequilibrium with a SNP not 

included in the analysis.  

  FokI is another frequently studied VDR polymorphism.  It is located in the 

promoter region in exon 2 and the f allele creates a receptor with 3 additional amino 

acids, which produces a VDR with decreased transcriptional ability and thus lessens the 

effect of 1,25(OH)2D (156, 158). Many studies have analyzed the possible interaction 

between VDR and circulating levels of vitamin D metabolites in association with disease 

outcomes. Some have found an interaction between polymorphisms in VDR and 

categories of circulating levels of 25(OH)D with cancer outcomes, but did not observe a 

main effects association between any VDR polymorphisms and vitamin D metabolite 

concentrations (156, 157, 164, 165). The conflicting evidence on the association between 

VDR and vitamin D metabolites, plus limited number of SNPs that have previously been 

studied, provides justification for continuing to study variation in this gene. 
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Retinoid X Receptor 

 There is relatively little known about polymorphisms in RXR compared to other 

genes.  There have only been three studies to date that examine the genetic variation in 

RXR and health outcomes. Wjst et al., reported significant associations between 

rs3132299 and 1,25(OH)2D then rs877954 and 25(OH)D levels, however, only 

regression models were used in the statistical analysis (166). In a study examining the 

risk of prostate cancer associated with variation in vitamin D pathway genes, Ahn et al. 

found no association between polymorphisms in RXRA and circulating levels of 

25(OH)D or 1,25(OH)2D (163). RXRA polymorphisms have also been studied for 

associations with insulin sensitivity and biliary tract cancers; however, this study did not 

examine the relationship with vitamin D metabolites because RXR binds with PPAR in 

this metabolic pathway and not VDR (167). The possible mechanisms of action for 

RXR should be further explored.  For example, RXR has a role in insulin resistance 

when paired with the peroxisome proliferators-activated receptor (PPAR); however 

alternatively, when paired with the RAR it has been shown to induce myeloid cell 

differentiation (51, 167).
 
In addition to functional effects, variation in RXRA has recently 

been associated with colorectal adenomas and cancers in epidemiological studies, though 

the mechanism of action is unknown (168, 169).
 
The central role of RXRA in the vitamin 

D endocrine system and limited evidence provides strong support for studying of this 

gene in relation to vitamin D metabolites. 
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Calcium-sensing receptor 

 There is also limited evidence of an association between CASR polymorphisms 

and vitamin D metabolites. There are 6 commonly studied SNPs in CASR: one SNP 

located in intron 5 (IVS 5-88t/c) and the other five in exon 7 (C851S, A826T, R990G, and 

Q1011E) (61). Exon 7 includes SNPs in both the coding region for the transmembrane 

(A826T and C851S) and the intracellular domains (A986S, R990G, and Q1011E) that 

demonstrate varying frequencies in different ethnic populations (61). There is currently 

minimal evidence supporting an association between these SNPs and disease, although, 

the homozygous S allele of A986S has been associated with increased serum calcium in 

females (66, 170). There are few published studies that examine the relationship between 

CASR and circulating levels of vitamin D metabolites. Harding et al. found no association 

between the coding region polymorphisms A986S, R990G, and G1011E with 25(OH)D or 

1,25(OH)2D (66). This was supported by data from the European EPIC study in which a 

nested-case control study reported no association between 25(OH)D and the CASR 

A826T polymorphism (171). Overall, no studies were found that identified a significant 

association between CASR polymorphisms and circulating levels of vitamin D 

metabolites, however, characteristics of the study populations differ between these 

studies and examining this relationship in additional populations with a larger set of 

SNPs will provide further evidence. 
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GC-globulin 

 The GC is highly polymorphic with greater than 120 known variants (37). There 

are two common polymorphisms (rs7041 and rs4588) that interact to form the three 

common haplotypes or polymorphic alleles of GC1f, GC1s, and GC2, which produce 

forms of GC with potentially different affinity for vitamin D metabolites and 

concentration in the serum (40, 172). White individuals have a lower frequency of GC1F 

compared to GC1S, whereas black individuals are more likely to have GC1F (37, 40, 

172). The GC2 is the least common in all populations, but has a higher frequency in 

White populations compared to those with more highly pigmented skin (40). The 

distribution of GC alleles in populations shows a similar pattern to skin pigmentation by 

geography and UV exposure (40).  Also, a population in the southern Saharan desert in 

Africa has been shown to have no individuals with the GC-2 allele and  no humans have 

ever been identified without any levels of GC (40), which shows that it may be essential 

to viability.  

 Studies have also shown that 25(OH)D and 1,25(OH)2D levels vary with 

genotype and that higher levels are observed for those with GC1 alleles versus GC2 (16, 

173). Sinotte et al. found that, in premenopausal women, 25(OH)D levels significantly 

declined with additional copies of the rare alleles for GC1F/GC1S and GC2, although, 

the trend was stronger for those with GC2 (174). A study by Ahn et al. also identified 4 

tagSNPs (rs7041, rs12512631, rs2282679, rs1155563) that were significantly associated 

with serum concentrations of 25(OH)D, but none with 1,25(OH)2D (163). The higher 

frequency of GC1f allele in individuals with more highly pigmented skin may be the 
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result of selective pressure because this allele has a greater affinity for vitamin D 

metabolites leading to more efficient transport and protection for catabolism (40). 

Currently, there is much physiologic and epidemiologic evidence to the support a 

relationship between circulating levels of 25(OH)D and genetic variation in GC, 

however, analysis in varied populations will help to provide further evidence for this 

association. 

 Polymorphic variation in VDR, RXRA, CASR, and GC has not been extensively 

studied for associations with circulating levels of vitamin D metabolites and this 

dissertation work will examine the relationship in Aim 2. 

 

8. Vitamin D and cancer 

Non-calcemic mechanism of action of Vitamin D metabolites 

  There are many examples of non-calcemic actions of 1,25(OH)2D in humans. As 

stated previously, the VDR has been found in over 30 human tissues (21) and many 

diseases have been linked to the action of vitamin D including heart disease, 

hypertension, diabetes, autoimmune diseases (such as psoriasis and inflammatory bowel 

disease), and many types of cancer (16, 24, 25, 28). There is ongoing research in this 

area; however, actions of 1,25(OH)2D at the cellular level have been identified in many 

of these tissues.  In cancer cells, vitamin D has been demonstrated to decrease cellular 

proliferation, while increasing differentiation, which was originally shown by Abe et al. 

in leukemia cells and has now been confirmed in other tissue types including colon, 
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immune cells and prostate (16, 25, 28, 175). Research has also found that apoptosis can 

be induced by 1,25(OH)2D and mechanisms have been identified for many of these 

cellular functions (16). For example, studies have determined that 1,25(OH)2D activated 

VDR can increase transcription of cylin-dependent kinase inhibitors p21 and p27, which 

can induce cell cycle arrest in the G1-G0 transition (16). There are additional 

mechanisms specific to initiation and progression of cancer.  

 There is also evidence for these actions in specific cell lines.  In colon cells, 

1,25(OH)2D increased expression of E-cadherin and inhibited the activity of the -catenin 

pathways, which acts to promote cell adhesion and differentiation (176). Studies have 

also demonstrated that 1,25(OH)2D can act to decrease levels of Bcl-2, which protects 

against apoptosis, and increase Bax, which promotes apoptosis, in breast cancer cells 

(16). 1,25(OH)2D can also activate apoptosis by increasing intracellular calcium, which 

then activates specific pro-apoptotic proteases such as caspase 12 (16, 177). Treatment of 

psoriasis, a disease where keratinocytes overexpress TGF- causing increased cell 

proliferation, using 1,25(OH)2D provides another example of non-calcemic effects and it 

is believed to inhibit of the TGF-/EGFR growth loop in these cells (16, 24). This section 

focuses on the effects of vitamin D at the cellular level because it is the primary ligand 

under study in this proposal; however, all of the genes under study in this dissertation and 

their respective ligands are also involved in some of these cellular processes. The role of 

VDR, RXR, GC, and CASR and their link to the vitamin D endocrine system will be 

discussed in later sections. 
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Vitamin D deficiency and cancer 

 Vitamin D deficiency, as described previously, is associated with a variety of 

conditions that affect human health. There is evidence that higher circulating levels of 

vitamin D may be associated with reduced risk of infections such as Tuberculosis and 

influenza, autoimmune diseases including multiple sclerosis, cardiovascular disease, and 

has long been associated with proper bone health (3, 9, 151, 158-161, 178, 179). There is 

evidence for an association between higher circulating levels of vitamin D metabolites 

with decreased risk of a variety of cancers including colon, breast, prostate, lung, and 

Hodgkin’s lymphoma (3, 10, 11, 14, 16, 175, 180, 181). It has a potential role in 

reproduction through prevention of rickets, but is also important in both estrogen 

synthesis and may affect the seasonality of human fertility (82). However, the results 

have not always demonstrated strong associations or statistically significant results in all 

populations. This implies that, considering the complexity of the vitamin D endocrine 

system along with the widespread distribution of VDR in human tissue, there are likely 

other factors not being considered in the analysis that interact with VDR to drive these 

associations. The major disease outcome studied in this dissertation is colorectal 

adenoma, and this section will focus on the evidence for the association between vitamin 

D deficiency and colorectal neoplasia. 

 

Colorectal Cancer 

 Colorectal cancer is the second leading cause of cancer-related deaths in the 

United States (182). The age-adjusted incidence of colorectal cancer has declined during 
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the past 3 decades and the 5-year survival rates increased, however, more than 147,000 

newly diagnosed cases are expected annually (182, 183).
 
There are hereditary forms of 

colorectal cancer, including familial adenomatous polyposis (FAP) and hereditary non-

polyposis colorectal cancer (HNPCC) or Lynch Syndrome, but the majority are sporadic 

forms of colorectal cancer (184-186).
 
There is a long-standing model for development of 

colorectal carcinoma from adenomas following the accumulation of a series of mutations 

in colon cells (183, 187, 188). However, there is still debate about appropriate categories 

for classification of subtypes of sporadic colorectal cancer and evidence for distinct 

groupings is emerging.   

 There is evidence that colorectal cancer in specific anatomical areas of the GI 

tract represents different subtypes of the disease. The splenic flexure divides the distal 

and proximal colon. The proximal colon is on the right side and includes the transverse 

colon, hepatic flexure, ascending colon, and caecum; which are the areas proximal to the 

splenic flexure (189). In contrast, the distal colon or left side includes the colon distal to 

the splenic flexure with the descending colon, sigmoid colon, and rectum (189).  These 

sections of the colon also have different embryonic origins, with the proximal colon 

originating from the midgut and distal colon from the hindgut (189, 190).  The functions 

of the proximal colon, distal colon, and rectum also vary and range from water and 

electrolyte absorption to storage of feces, which may affect to what cells in each region 

are exposed and thus the types of genetic changes most commonly observed in tumors 

found in each region (183). Chromosomal instability can lead to activation of 

protooncogenes, such as K-ras or myc, or inactivation of tumor suppressor genes, 
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including APC and p53, and are common molecular changes found in 75-80% of sporadic 

colorectal cancer (183, 186). In contrast, microsatellite instability (MSI), which occurs as 

a result of changes in mismatch repair genes, is less commonly observed in overall 

sporadic cases of colorectal cancer, however, it is strongly associated with colorectal 

cancer of the proximal colon (183, 186). It is also observed in tumors of HNPCC cases 

(185).  The lack of a clear classification system for subtypes of colorectal cancer provides 

support for further analysis of genetic variation in individuals at risk for colorectal 

cancer, categorized by anatomical location.    

 

Vitamin D deficiency and Colorectal Cancer 

 Environmental and lifestyle factors including diet, obesity, and physical activity 

are associated with increased risk of sporadic colorectal cancer, while hereditary forms of 

the disease are more closely linked to specific genetic changes in germline cells (191-

193).
 
There is strong epidemiologic evidence to support the relationship between vitamin 

D status and colorectal cancer.  In recent studies, circulating levels of 25(OH)D was 

associated  with both adenoma incidence and recurrence, though, no significant 

association with dietary intake of vitamin D and a weak association with supplemental 

vitamin D was reported (10, 194, 195). In addition, large cohort studies reported a 

decreased incidence of colon cancer and increased likelihood of survival when 25(OH)D 

levels are high (9, 14, 196).
 
There is conflicting evidence for the role of genetic variation 

in VDR with colorectal cancer risk (155, 158, 159, 197). Recent studies provide evidence 
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of a role for the vitamin D endocrine system, although, it is not yet clear how genes in the 

pathway, specifically, affect risk of colorectal cancer.   

 Epidemiologic studies with varying design have examined the association 

between vitamin D and colorectal cancer. The designs range from ecological studies to 

large observational cohorts with nested case-control designs. Overall, in 2008, the 

proceedings of a national conference on the relationship between vitamin D and cancer 

summarized in vitro, animal, ecological, and epidemiological studies that have all 

provided evidence for a protective effect of vitamin D on colorectal cancer incidence (8).   

Specifically, ecological studies first proposed the association between latitude and UV 

exposure in the late 1930’s, and then more recently have reported significantly higher 

rates of colon cancer, among other types, for populations living in the northern compared 

to southern United States (14, 80). In 1980, Garland and Garland hypothesized that this 

relationship between UV exposure and colorectal cancer may be associated to vitamin D 

synthesis (13, 198). More recently, a case-control study conducted by Dong et al. found 

non-significant inverse associations between the highest quartiles of total vitamin D 

intake (diet and supplemental) (proximal OR = 0.83 95% CI 0.66-1.05, distal OR = 0.80 

95% CI 0.63-1.05) and UV exposure (proximal OR = 0.71 95% CI 0.55- 0.92, distal OR 

= 0.84 95% CI 0.65 -1.09) with distal and proximal colon cancer risk (12). A review by 

Rhee et al. of studies conducted since 1966 that analyzed vitamin D and colorectal 

cancer, described the results of eleven additional case-control studies and the majority 

reported an inverse association, though not always significant (198). There are several 

large cohort studies that provide more evidence for this association. 
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 Many prospective studies also provide evidence for an increase risk of colorectal 

cancer with low circulating levels of vitamin D metabolites. The Harvard Cohorts include 

the Nurses Health Study (NHS), a prospective cohort study of female nurses that began in 

the mid-1970’s, and the Health Professional Follow-up study (HPFS), a prospective 

cohort of male health professionals (9, 14). Results from 1996 demonstrated that women 

with consistent dairy intake questionnaires and the highest tertile of total vitamin D 

intake had a significant reduction in colorectal cancer risk (RR= 0.42, 95% CI 0.19-0.91); 

however, weak non-significant reductions in colorectal cancer risk in the highest versus 

lowest quintiles of dietary vitamin D intake were observed in the full cohort (199).   

Analysis of the HPFS found marginally non-significant inverse associations for total, 

dietary, and supplemental vitamin D; with supplemental vitamin D producing the 

strongest reduction in colorectal cancer risk (RR= 0.48, 95% CI 0.22-1.02) (9). In 

addition, when serum 25(OH)D measurements were used as marker of vitamin D status, 

significant linear inverse associations were observed between the quintiles of circulating 

concentration and colorectal cancer risk in the HPFS cohorts (RR= 0.46, 95% CI 0.24-

0.89, ptrend= 0.005) (9). The NHS study reported a significant linear trend (ptrend = 0.02) 

and a strong inverse association with RR = 0.53 (95% CI 0.27-1.04), though not 

significant (9). In addition, a meta-analysis of 5 nested-case control studies examining the 

association between serum levels of 25(OH)D and colorectal cancer found a significant 

dose-response relationship between higher circulating levels of 25(OH)D and lower 

incidence (15). The National Health and Nutrition Examination Survey III (NHANES III) 

also reported in 2007 that individuals with circulating levels of 25(OH)D greater than 32 
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ng/ml had  significantly reduced  risk of death from colorectal cancer (RR = 0.28, 95% CI 

0.11-0.68) compared to those with lower vitamin D status (3). Prospective trials provide 

evidence for the association between vitamin D and colorectal cancer; however, clinical 

trials contribute additional support for a causal relationship.  

 There have been few clinical trials conducted assessing the relationship between 

vitamin D exposure and colon cancer outcomes.  The Women’s Health Initiative included 

a large, randomized, double-blind, placebo-controlled trial of 400 IU cholecalciferol plus 

500 mg calcium daily for an average 7.0 years (200). The analysis found no effect on 

incidence of invasive colorectal cancer in the treatment versus control group (HR = 1.08, 

95% CI 0.86-1.34) (200). However, the trial did not examine the effects of vitamin D 

independently and the majority of participants reported additional calcium intake, which 

meant the treatment and control groups likely received a similar dose of calcium overall 

(200). Another study, conducted by Lappe et al., examined the effect of treatment with 

1500 mg calcium plus 1100 IU cholecalciferol compared to placebo on colorectal cancer 

incidence in post-menopausal women (201). The group reported a significant reduction in 

incidence (RR 0.23, 95% CI 0.09-0.60), though the number of incidence cases observed 

in each group was quite small (13 vs. 20, respectively) (198, 201). Finally, Fedirko et al. 

tested the effect of 6 months of randomly assigned treatment with 800 IU cholecalciferol 

or 2.0 g calcium, alone or combined, on markers of apoptosis, proliferation, and 

differentiation in normal colon tissue (202, 203). They found that vitamin D3 treatment 

significantly increased p21 expression (p= 0.005), which is a cyclin-dependent kinase 

inhibitor involved in cell differentiation, and increased Bax expression (p= 0.02), which 
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is a proapoptotic protein (202, 203). Of all published trials, only that conducted by 

Fedirko et al. included a treatment arm with vitamin D3 alone, although the outcome 

measurements were not actual cancer cases in this study. All other trials to date with 

colorectal cancer outcomes have combined vitamin D3 with calcium, which is likely due 

to the fact that 1,25(OH)2D is central to calcium homeostasis (16, 70). 

 There is both laboratory and epidemiologic evidence to support a possible role for 

variation in genes associated with the vitamin D endocrine system in the etiology of 

colorectal cancer.  This relationship was examined in Aim 3 of this dissertation work. 

 

9. Genetic variation in CASR and GC and colorectal neoplasia outcomes 

CASR and colorectal cancer: evidence for cellular mechanism and epidemiology 

 It is known that CASR is expressed in colon epithelium and there is strong 

evidence of a possible role for the gene in colorectal neoplasia at the molecular level (12, 

61, 63, 204). For example, decreased expression of CASR is observed in differentiated 

colon carcinomas, while little or no expression is observed in undifferentiated and 

invasive colon carcinomas (204). A possible molecular mechanism for this finding could 

be through E-cadherin.  Activated CASR, like VDR, promotes cell differentiation by 

upregulating E-cadherin, which functions in cell-cell adhesion and promotes the stability 

of epithelial tissue (12, 204). E-cadherin also functions as a tumor suppressor by 

decreasing the binding of -catenin to lymphoid enhancer factor T cell factor 4 (TCF4), a 

transcription factor known to target genes associated with a malignant phenotype (12, 61, 
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63, 204). The relationship between vitamin D metabolites, VDR, CASR and colorectal 

cancer risk is not yet clear. A study by Liu et al. demonstrated that, when expression of 

CASR was down-regulated, vitamin D was unable to halt cell proliferation in colon 

cancer cells (67). 1,25(OH)2D normally promotes an anti-cancer phenotype through 

growth inhibition and tumor suppression; however, in the absence of CASR, researchers 

observed decreased expression of the cyclin-dependent kinase inhibitor p21/Waf1, lack 

of sensitivity to 5-fluorouracil (5-FU), and decreased expression of thymidylate synthase 

(TS) and survivin (67). The absence of these activities would allow neoplastic cells to 

progress. These molecular mechanisms provide support for the non-calcemic actions of 

the vitamin D endocrine system, but also demonstrate how genetic changes in CASR 

could remove a significant barrier faced by cancer cells. 

 Few published epidemiologic studies examine the association between genetic 

variation in CASR and risk of colorectal cancer. The EPIC study found no association 

between colorectal cancer risk and the A986S (rs1801725, G/T) CASR polymorphism 

(171) and Jacobs et al. reported no associations between any CASR polymorphisms and 

risk of colorectal neoplasia in analysis of participants of the Colon Cancer Family 

Registry (205). In contrast, a study by Basci et al. reported colorectal cancer incidence 

was significantly increased in individuals with the SS genotype for this same 

polymorphism (rs1801725), although they also observed that calcium levels were 

significantly higher for women with this genotype, but did not state that gender was 

controlled for in the analysis (170). Furthermore, Peters et al. identified rs1042636 as part 

of significant CASR diplotype associated with advanced colorectal neoplasia (206); 
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whereas Dong et al. demonstrated CASR tagSNPs significantly associated with increased 

risk of proximal colorectal cancer (rs10934578), while others were linked to decreased 

risk (rs2270916, rs12485716, and rs4678174) (12). They also examined haplotypes, but 

found no significant associations with any subtypes of colorectal cancer (12). 

Epidemiologic studies to date provide evidence that certain CASR SNPs may be 

important, especially when analyzing distinct anatomical areas of the colon. 

  

GC and colorectal cancer: cellular mechanism and epidemiology 

 Like CASR, GC also has a function aside from vitamin D metabolite transport 

that supports examining the association between GC and colorectal neoplasia. GC plays a 

central role in macrophage activation, which are a critical component of both humoral 

and cellular immunity (207). Normally, deglycosylation of GC by -galactosidase on B-

cells and sialidase on T-cells creates GC-macrophage activating factor (GCMAF) (173, 

207). GCMAF is an activator of macrophages when inflammation is present and also an 

antitumor agent (173). A study by Yamamoto et al. demonstrated that GCMAF is a 

possible therapy for treatment of less differentiated colon cancer tumors; however, 

additional research is necessary to confirm these novel findings (207). As stated 

previously, there is evidence that vitamin D metabolite levels are associated with colon 

cancer risk. However, there are few published studies that analyze the relationship 

between genetic variation in GC and risk of cancer. Poynter et al. recently reported 

results from a family-based case-control study and found no significant association 

between colorectal neoplasia and variation in 25 GC tagSNPs or 43 VDR  tagSNPs, after 
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adjusting for age and sex (197). There are studies that examined risk of breast or prostate 

cancer and GC SNPs, with conflicting results (156, 173). Theoretically, genetic changes 

in GC affecting the ability of the expressed protein to bind to or release vitamin D 

metabolites could also alter risk for colorectal cancer. However, the above studies support 

a hypothesis that genetic changes altering the functionality of GC to form GCMAF could 

also affect risk of cancer through a pathway of action apart from the vitamin D endocrine 

system. 

 

E.  SUMMARY OF THE INTRODUCTION 

 There is strong evidence to date that both environmental and genetic factors 

influence circulating levels of vitamin D metabolites and disease risk. Although such 

associations have been reported, the understanding of the underlying mechanisms is 

limited. These associations have led to extensive research using vitamin D supplements 

and widespread use of cholecalciferol supplements in the community. Yet, little is known 

about the true effectiveness of vitamin D supplements when individuals purchase over-

the-counter products at local pharmacies. There is also evidence that variation the many 

genes in the vitamin D endocrine system could potentially influence not only baseline 

measure of vitamin D metabolites, but also response to supplementation. The primary 

goals of this dissertation research are therefore to: 1) determine the effect of over-the-

counter cholecalciferol in a population of healthy adults; 2) determine if associations 

exist between variation in genes involved in the vitamin D endocrine system and 

circulating concentrations of vitamin D metabolites; and 3) determine if individuals with 
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specific variations in genes involved in the vitamin D endocrine system are at increased 

risk for colorectal neoplasia outcomes. The overall goal is to provide further evidence to 

fill gaps in knowledge necessary to develop appropriate supplementation policy and 

gather data to create a basis for further research in larger, more diverse populations.   
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II. PRESENT STUDY 

A.  INTRODUCTION 

 The methods and results of this dissertation research are presented in this chapter.  

The following chapter presents the conclusions and future directions of this research.  

The three manuscripts developed based upon the three aims are presented in detail in 

Appendices A-C. The methods and results are presented in the following framework.  

Two distinct methodologies were used to address the three specific aims. The first aim 

employed a clinical trial design to determine the effectiveness of OTC cholecalciferol 

supplements on circulating 25(OH)D levels in healthy adults. This also led to a 

preliminary post-hoc analysis to evaluate the impact of factors known to affect circulating 

levels of 25(OH)D. The second and third aims involved secondary data analysis of 

existing datasets and both utilized the same statistical methods. Thus the description of 

the methods for Aims 2 and 3 are combined in this chapter and the results of each aim are 

described in separate sections. There is no standard accepted method for analyzing the 

type of high-dimensional genetic data available for this research and therefore a variety 

of statistical methods were utilized and the results compared. The conclusions from this 

work have led to additional hypothesis, which are described in the future directions. 

 

B. VITAMIN D SUPPLEMENT CLINICAL TRIAL 

1. Methods 
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Human Subjects Approval 

 The University of Arizona Human Subjects Protection Program (HSPP) reviewed 

and approved all documentation related to this study prior to subject enrollment for Aim 

1. Informed consent was obtained for all subjects prior to enrollment. The procedure for 

obtaining human subjects approval included the following steps. The first step was to 

develop the protocol and design the necessary forms, including the consent and visit 

worksheet. The proposal approval form (PAF) was also completed and then the packet 

sent to the Arizona Cancer Center Scientific Review Committee (SRC) for approval.   

Once all of the SRC comments were addressed and documents approved, the trial 

documents were then submitted to the HSPP. Again, revisions were made to address 

comments and approval then received. Any changes to study documents or protocol 

required submission of amendments to the HSPP. All Human Subjects documents are 

included in Appendix D while all other documents from the clinical trial are included in 

Appendix F.  

  

Study Design and recruitment 

 The pilot study for Aim 1 was a blinded, randomized controlled trial designed to 

examine the effect of daily cholecalciferol supplementation on circulating 25(OH)D 

concentration. Participants were 60 healthy Arizona residents of either sex, who were 

fluent in English and between 35 and 50 years of age. The recruitment process is shown 

in the CONSORT diagram in Figure 2 below. Potential participants were excluded if they 

reported any of the following conditions: sarcoidosis, kidney or gallbladder disease, 
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pregnancy, or diabetes. Individuals were also excluded if they reported having any cancer 

other than non-melanoma skin cancer within the previous 5 years. A 30-day washout 

period was utilized for otherwise eligible participants who reported prior exposures 

known to increase circulating concentrations of 25(OH)D. These included exposure to 

any of the following within 30 days prior to the eligibility screening: visiting a tanning 

booth, taking fish oil, or taking any kind of supplement (multivitamin, calcium plus 

cholecalciferol, or cholecalciferol alone) containing 400 IU or more of cholecalciferol.   

  

Figure 2. Study design and recruitment  
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 This was a small pilot study and the resources were limited. The resources 

available did not allow for hiring of additional bilingual staff and it was not possible to 

translate forms or provide interpreter services during visits; therefore, participants were 

only eligible if fluent in English. The age range was limited because the synthesis and 

metabolism of vitamin D varies by age, as stated previously (75). Potential participants 

with the conditions listed were excluded because the goal was to study the effects in 

generally healthy individuals, as well as the fact that vitamin D supplementation could 

increase risk for individuals with a few specific conditions. Sarcoidosis can interfere with 

vitamin D metabolism and supplementation with vitamin D may increase the risk of 

vitamin D toxicity with symptoms such as hypercalcemia (208). Vitamin D 

supplementation does not impose increased risk for pregnant women, however, limited 

resources did not allow for provision of pregnancy tests or additional monitoring that 

pregnant women require. Self-reported menstrual periods and pregnancy status were used 

to monitor pregnancy and women who reported they might be pregnant were asked to 

discontinue supplementation until a pregnancy test was confirmed. In addition, previous 

studies have demonstrated that vitamin D supplementation might lead to increased risk of 

kidney stones, although the amount of vitamin D provided was generally higher than in 

this study (131). However, in order to reduce the risk for participants, individuals with a 

previous history of renal stones or gallbladder disease were also excluded. The rationale 

for the 30 day washout period was that the half-life of 25(OH)D is approximately 15 days 

in circulation, and a washout period of this length would ensure that the previous 
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exposures did not affect circulating 25(OH)D concentrations after randomization, should 

the treatment arms not be balanced (16). 

 Participants were recruited using flyers posted in University of Arizona buildings 

and various locations in Tucson, Arizona. Additionally, e-mail messages were sent to a 

list-serv received by University of Arizona employees and Tucson residents. Enrolled 

participants were randomly assigned using computer-generated, block-randomization to 

take either 400 IU of cholecalciferol or an inactive, Baker’s yeast placebo daily for 30 

days. Three different types of 400 IU cholecalciferol supplements were purchased at local 

grocery and drugstores in Tucson, Arizona and represented the only three available 

supplements containing only 400 IU of cholecalciferol and no other nutrients. Testing by 

Heartland Assays (Ames, IA) determined that the mean cholecalciferol content of the 

supplement tablets was 478.3 ± 38.4 IU per tablet. The placebo tablets tested had 

contained 6.0 IU of ergocalciferol. Participants were instructed to maintain their usual 

diet, but discontinue use of supplements containing vitamin D during the study period.  

Blood draws of 10 mL were taken by a trained phlebotomist at baseline, day 15, day 30, 

and day 45 (all ± 3 days) at the same time of day for each participant to assess circulating 

concentrations of 25(OH)D in the blood. The final blood draw was included to assess 

change in 25(OH)D concentrations after supplementation was completed. Compliance 

was assessed by pill count and a level of 85% was set a priori.   
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Biomarker measurement and questionnaires 

 The de-identified blood samples were processed to remove serum and then stored 

at -80 C. The blood processing included the following steps: the blood coagulated for 30 

minutes after the blood draw, was centrifuged for 15 minutes at 3000 rpm, then an equal 

amount of serum was pipetted into three aliquot tubes, and finally the serum placed into 

the -80 C freezer for storage. They were shipped together to Heartland Assays (Ames, 

IA) for analysis of 25(OH)D. The lab did not receive any identifiable information on 

participants. The assay for measurement of 25(OH)D included the following steps: 

acetonitrile extraction was performed, 
125

I-labeled-derivative was added to the assay 

tubes, 0.5 mL of the second-antibody complex was added after mixture was incubated 

with primary antibodies, incubated again, and then counted with a gamma well-counting 

system (128). This methodology was also used for the prior analyses of 25(OH)D 

concentrations from the UDCA trial. The laboratory has several QA/QC measures in 

place, including a pooled serum sample that is analyzed with batches of study samples to 

monitor analytical precision and to identify possible laboratory shifts over time, and 

duplicates run in different batches. The coefficient of variation was less than 7.0% for 

25(OH)D analyses (75) and all analyses were conducted in a blinded fashion.  

 

Dietary and Lifestyle Characteristics 

 Participants completed the Arizona Food Frequency Questionnaire (AFFQ) at 

baseline to assess dietary intake of vitamin D and other nutrients during the previous 12 

months. The AFFQ is a modified version of the National Cancer Institute Health Habits 
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and History Questionnaire food frequency component and is a 113 item scannable 

questionnaire that includes both quantitative and qualitative measures of dietary intake 

(10, 209). Individuals were also asked to complete a demographics form at baseline that 

included a question about Fitzpatrick skin type classification scale (210), race, and a 

multiple choice question regarding ethnicity with options for “Hispanic or Latino”, “Not 

Hispanic or Latino,” or “Unknown.”  Participants also completed a daily log to monitor 

for adverse events, provide estimates of daily sun exposure, and track compliance with 

intake of the supplement or placebo. Each log collected information for 15 days and 

participants were provided a new log at each clinic. Participants were asked to report if 

they took the supplement, the time of day it was taken, and if it was taken with food on 

the logs for days 1 through 30. There were also questions designed to address sun 

exposure, which asked about the total number minutes participants were outside during 

different times of day. The daily log also tracked adverse events and included instructions 

for reporting. The documents from the vitamin D supplement clinical trial are included in 

Appendix F.  

 

Data analysis  

 Trained data entry personnel entered all data from the vitamin D supplement pilot 

study into a secure database. A dual data entry method was used and data evaluated for 

completeness and accuracy prior to analysis. Data analysis included descriptive statistics 

and basic statistical tests for change in 25(OH)D. The primary analysis was based upon 

the intention-to-treat principle, meaning that all subjects were included in the analysis 
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regardless of whether they completed the treatment as assigned to reduce bias and protect 

the validity of the randomization process (211, 212). The success of randomization was 

tested by comparing the treatment and control groups for differences in characteristics at 

baseline by evaluating means plus or minus standard deviation for continuous variables 

and proportions for categorical variables.   

 A variable measuring the change in serum 25(OH)D from baseline to the end of 

supplementation was calculated and the student’s t-test was used to evaluate the 

significance of the mean change between the treatment and control groups. The net and 

percent change were also calculated to evaluate the change in serum 25(OH)D from 

baseline to study endpoint (30 day visit). The net change was the change in mean 

25(OH)D from baseline to post-supplementation in the supplement group minus the 

placebo group and the percent change was the net change divided by the mean baseline 

25(OH)D for all participants, as shown below: 

 

Figure 3.  Formulas for Net and Percent Change 

 

Net change = [Mean 25(OH)D at day 30 – Baseline 25(OH)D] Supplement Group – [Mean 

25(OH)D at day 30 – Baseline 25(OH)] Placebo Group 

   

Percent change = [Net change / (Mean baseline 25(OH)D)All participants]  
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Preliminary analyses were also conducted to examine the associations in strata of selected 

characteristics known to affect circulating concentration of 25(OH)D; which included 

age, gender, body mass index (BMI), and race/ethnicity. A categorical variable for age 

was created using values above or equal to and below the median. BMI was stratified 

using the threshold for normal BMI of 25 kg/m
2
. Ethnicity was captured through self-

report on the demographics questionnaire and participants selected either “Hispanic or 

Latino,” “Not Hispanic or Latino” or “Unknown.” All tests were two-sided and  set to 

0.05.   All data management and statistical analyses were completed using SAS (version 

9.2 Cary, NC) and Stata SE (version 10.1 College Station, TX). 

 

2.  Results 

Enrollment and baseline characteristics 

 A total of 60 participants randomized into the trial. The block randomization 

ensured that equal numbers were assigned to supplement and placebo groups as well as 

distributed throughout the recruitment cycle. Participants were recruited from September 

2009 through February 2010. Baseline characteristics of the study participants by 

treatment group are shown in Table 3, which included all participants that had baseline 

25(OH)D measurements and a completed AFFQ (N=59). Overall, the majority of 

subjects reported Caucasian race (88.1%), approximately 75% reported non-Hispanic 

ethnicity, and the mean age was 42.5 ± 4.8 years. The majority of participants were 

female (~80%) and of the 12 men who started the trial, only 10 completed it. The mean 

BMI of participants was 25.8 ± 6.2, which is considered overweight using standard 
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categories of BMI (111) and the mean reported minutes of sun exposure per day was 

more than an hour per day. However, the range of sun exposure was quite wide and 20% 

of participants reported less than 30 minutes of sun exposure per day (Table 4). The 

reported mean energy intake was 1855.8 ± 933.9 kcal/d; while the reported intake from 

dietary sources for calcium was 1136.5 ± 528.7mg/d and for vitamin D was 219.7 ± 

149.2 IU/d. These values are within the recommended range for calcium though below 

the new RDA for vitamin D intake (132). Finally, the mean baseline circulating 

concentration of 25(OH)D was 26.1 ± 10.3 ng/ml (71). The values for 25(OH)D were 

approximately normally distributed with kurtosis = 2.7 and skewness = 0.63, therefore 

the variable was not transformed for analysis. None of these characteristics significantly 

differed between the placebo and supplement groups, as described below. 

  The comparison of the treatment and placebo groups shown in Table 3 

demonstrates that participant characteristics known to affect circulating levels of 

25(OH)D including age, race/ethnicity, sex, body mass index, and sun exposure were 

similar between the two groups. The supplement group was generally older than the 

placebo group (mean 43.1 ± 5.3 versus 41.9 ± 4.3 years, respectively), had a higher BMI 

(mean 26.1 ± 5.1 and 25.5 ± 7.3 kg/m
2
), and more sun exposure (mean 78.6 ± 14.8 and 

55.8 ± 35.1 overall minutes/day). However, none of these values were statistically 

significantly different from those of the placebo group.  The dietary data showed there 

were no significant differences in either calcium or total energy intake between the 

supplement and placebo groups (P = 0.97 and 0.56, respectively). There were also no 

statistically significant differences between the groups for gender (13.8% and 26.7% 
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male) or ethnicity (90.0% and 86.2% White) (P = 0.33 and 0.97, respectively). However, 

there were few men who volunteered for the trial overall and the total number in the 

supplement group was only N = 4.  The baseline circulating concentrations of 25(OH)D 

(P = 0.63) and reported dietary intake of vitamin D (P = 0.72) did not significantly differ 

between the placebo and treatment groups. Table 5 shows the distribution of vitamin D 

status in the participants and, at baseline, two-thirds of participants had circulating 

concentrations less than 30 ng/mL, which is considered optimal, and one-third below 20 

ng/ml, which is considered deficient.  The majority of participants completed the trial; 

however, three individuals were unable to meet the requirements for study visits.  

 Of those enrolled in the trial, 28 in the supplement group and 29 in the placebo 

group (N= 57) completed the trial (Figure 2). Three subjects discontinued the study after 

the first visit. The first participant discontinued the trial stating that they had knee 

problems, which made it too difficult to use the CatTran service as well as walk to the 

clinic for visits. The second subject discontinued the study stating that they had recently 

started a new job with hours that made it impossible to schedule visits during regular 

clinic hours. The third subject withdrew and could not be contacted, but gave no reason 

for withdrawing. These three participants were excluded from the analysis of change in 

25(OH)D since endpoint data were not available. There were no serious adverse events 

reported during the trial in either treatment group. The adverse events reported were 

primarily complaints of common illnesses and mild severity, such as “headache” or 

“cold.” There were no differences in adverse events reported between the supplement and 

placebo groups. 
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Effect of 400 IU of cholecalciferol on circulating concentrations of 25(OH)D 

 Table 6 compares the net and percent change in circulating concentrations of 

25(OH)D during the study period between the placebo and supplement groups for 

participants with complete serum 25(OH)D measurements (N = 57). Overall, the data 

demonstrate that the change in circulating concentrations of 25(OH)D was not 

significantly different between the placebo and supplement groups over the 30-day study 

period (Figure 4). Serum concentrations for those in the cholecalciferol group were 27.3 

± 10.8 ng/ml at baseline and 28.3 ± 8.9 ng/ml after 30 days of supplementation, 

compared to 25.4 ± 9.9 ng/ml and 24.1 ± 9.6 ng/ml for the placebo group, which 

represents an 8.7% change. The change in 25(OH)D concentrations did not significantly 

differ between the groups after 15 days of supplementation (P = 0.31), as shown in Table 

6.  However, the difference in 25(OH)D concentration between the placebo and 

supplements groups was marginally significant (P = 0.06) after 4 weeks of 

supplementation. Circulating concentrations declined over time in the placebo group, 

while they modestly increased in the supplement group, though neither change was 

statistically significant from the baseline values (Table 6 and Figure 4). After 4 weeks of 

supplementation, 64.3% of participants in the supplement group had circulating 25(OH)D 

concentration less than the optimal level of 30 ng/ml, but the mean concentration was 

28.3 ± 8.9, which is approaching the optimal level (Table 5). As previously stated, 

participants took the supplement or placebo for approximately 30 days, and one final 

blood draw was two weeks after cessation of supplementation to evaluate if whether 

circulating concentrations of 25(OH)D declined once supplementation was stopped. 
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Table 7 demonstrates that the change in 25(OH)D concentrations did not significantly 

differ between the placebo and supplement groups 15 days post-supplementation (P = 

0.64). Though no significant change in 25(OH)D was observed overall, in secondary 

analyses, the effect of OTC cholecalciferol did vary by selected participant 

characteristics, as described below. 

 

Effect of cholecalciferol supplementation stratified by selected characteristics 

 Table 8 presents the preliminary analysis comparing circulating concentrations of 

25(OH)D between the treatment groups when stratified by selected participant 

characteristics known to be associated with vitamin D status. The change in 25(OH)D 

significantly differed by baseline 25(OH)D concentration, gender, ethnicity, and BMI for 

the cholecalciferol compared to the placebo group. Circulating 25(OH)D significantly 

increased for those with low baseline circulating 25(OH)D who received the supplement 

compared to the placebo group (net change 4.1 ng/ml, 24.7%, p < 0.01). The effect of 

supplements for individuals with circulating concentrations > 20 ng/mL at baseline did 

not significantly differ between the placebo and supplement groups. There were only 10 

men who completed the trial and, when excluded, circulating 25(OH)D significantly 

increased in women (net change 3.07 ng/ml, 12.4%, p = 0.02). 25(OH)D concentration 

also significantly increased for those who reported Hispanic ethnicity and received the 

cholecalciferol supplement (net change 5.97ng/ml, 28.%, p < 0.01) compared to the 

placebo group; while non-Hispanic individuals had minimal change in 25(OH)D (net 

change 0.97 ng/ml, 3.5%, p = 0.45). Furthermore circulating concentrations of 25(OH)D 
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significantly increased in the supplement group for overweight individuals with BMI > 

25 kg/m
2 

(net change 3.80 ng/ml, 15.0%, p = 0.04); whereas concentrations did not 

significantly change in normal weight participants (BMI < 25 kg/m
2
,  net change 0.32 

ng/ml, 1.2 %, p = 0.83). Stratification by age or analysis at other time points did not 

produce significant differences in 25(OH)D concentration. 

  

Results of non-parametric analysis 

 Additional statistical methods were employed to account for the moderate sample 

size used in this pilot study. In addition, more robust non-parametric methods were also 

tested. First, the groups were combined to compare the baseline values to those at the end 

of supplementation using the student’s t-test and determine if marginal significance 

observed after 30 days was potentially due to sample size. The circulating concentration 

of 25(OH)D at the end of the 30-day study period was not significantly different from the 

baseline concentration (p = 0.74); therefore  the observed results are not attributable to 

the modest sample size. The Wilcoxon rank-sum test for two-group comparison of 

continuous outcomes was used to compare the day 30 serum values by treatment group. 

The results demonstrated that baseline values were not significantly different between the 

groups (p = 0.81); however, after the supplementation period, the serum levels were 

higher in the treatment group compared to the placebo (p = 0.045), though modestly 

significant. Also, no significant change in serum concentration of 25(OH)D from baseline 

to 15 or 45 days was observed (p = 0.34 and 0.38, respectively). The results of the 

Wilcoxon signed-rank test take into account the change from baseline to day 30 for 
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individual subjects and showed that the baseline values were not significantly different to 

those observed in either the placebo or supplement group at 30 days (p = 0.42 and 0.23, 

respectively). This supports the observed trend that the relatively high baseline values did 

not change significantly in either group, even during a period of relatively low sun 

exposure (Table 6).   

 In summary, the results of this clinical trial indicate that, for healthy adults, daily 

supplementation with 400 IU cholecalciferol is sufficient to maintain circulating 

concentration of 25(OH)D, but not to significantly increase levels. In contrast, the 

preliminary analysis identified individual participant characteristics that may alter the 

effect of supplementation. Furthermore, the results were replicated using a variety of 

statistical methods. The implications of these results are discussed below in the 

Discussion and Conclusion section. 
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Table 3. Baseline characteristics of the study population 

 
Participant Characteristics All Participants 

(n = 59) 

Placebo 

Group (n = 30) 

Supplement 

Group (n =29
2
) 

p-value 

Mean age, years ± SD 42.5 ± 4.8 41.9 ± 4.3 43.1 ± 5.3 0.32 

Sex, Male, n (%) 12 (20.3) 8 (26.7) 4 (13.8) 0.33 

Race, White, n (%) 52 (88.1) 27 (90.0) 25 (86.2) 0.85 

Ethnicity, Non-Hispanic, n(%) 44 (74.6) 23 (52.3) 21 (47.7) 1.00 

Mean BMI, kg/m
2
 ± SD 25.8 ± 6.2 25.5 ± 7.3 26.1 ± 5.1 0.72 

Mean Daily Sun exposure, minutes/day 67.0 ± 61.7 55.8 ± 35.1 78.6 ± 79.6 0.16 

Energy, kcal/day ± SD
1
 1855.8 ± 933.9 1784.3 ± 895.2 1929.7 ± 982.6 0.56 

Dietary Calcium intake, g/day ± SD
1
 1136.5 ± 528.7 1139.5 ± 552.5 1133.5 ± 512.6 0.97 

Mean Dietary Vitamin D intake, IU/day ± SD
 219.7 ± 149.2 226.7 ± 160.6 212.6 ± 139.0 0.72 

Mean Baseline 25(OH)D serum concentrations, 

ng/mL ± SD 

26.1 ± 10.3 25.5 ± 9.7 26.8 ± 10.9 0.63 

  
1
Values calculated from reported dietary intake on AFFQ                                               

  
2
N =1 participant withdrew prior to second visits and no data was available from AFFQ or daily logs 
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Table 4.  Frequency of sun exposure category 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5.  Frequency of Vitamin D deficiency and insufficiency  

 

 Placebo 

N (%) 

Supplement 

N (%) 

Vitamin D status (ng/ml) Baseline 30 days Baseline 30 days 

  Deficient, 25(OH)D < 10 0 1 (3.5) 0 0 

  Insufficient, 10 < 25(OH)D < 20 11 (36.7) 11 (37.9) 11 (37.9) 5 (17.9) 

  Insufficient, 20 < 25(OH)D < 30 10 (33.3) 11 (37.9) 8 (27.6) 13 (46.4) 

  Sufficient, 30 < 25(OH)D 9 (30.0) 6 (20.7) 10 (34.5) 10 (35.7) 

Total 30 29 30 28 

 

 

 

 

Table 6.  Change in circulating 25(OH)D by time point  

 

 Placebo 

25(OH)D 

(ng/ml) 

(N = 29) 

Mean + SD 

Supplement 

(N = 28) 

 

Mean + SD 

Net Change from 

Baseline 

Percent Change 

from Baseline 

p-value 

Visit      

  Baseline 25.4 ± 9.9 27.3 ± 10.8 Ref. Ref. Ref. 

  Day 15 25.4 ± 9.9 28.1 ± 9.6 0.8 3.0 0.31 

  Day 30 24.1 ± 9.6 28.3 ± 8.9 2.3 8.7 0.06 

  Day 45 23.8 ± 8.9 26.3 ± 9.0 0.6 2.3 0.64 

 

 

 

 

 

Sun exposure 

Category  

Frequency 

N (%) 

   < 15 minutes/day 5 (8.7) 

   15-29 minutes/day 6 (10.5) 

   30-44 minutes/day 15 (26.3) 

   45-59 minutes/day 8 (14.0) 

   >60 minutes/day 23 (40.4) 

Total 57 (100) 
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Table 7.  Post-supplementation change in circulating 25(OH)D by treatment group 

 

 

 Circulating concentration of 25(OH)D (ng/ml) 

 Day 30 Day 45 Net Change
1 

(ng/ml) 

Percent 

Change (%) 

p-

value
2 

  Placebo 24.2 ± 9.6  23.8 ± 8.9 Ref. Ref. Ref. 

Supplement 28.3 ± 8.9 26.3 ± 9.0 -1.6 -6.1 0.15 

 

 

 

 

Figure 4.  Serum 25(OH)D by visit and treatment group 
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Table 8. Change in 25(OH)D between baseline and end of supplementation stratified by selected participant characteristics 

1
The net change was the change in mean 25(OH)D from baseline to post-supplementation in the supplement group minus the 

placebo group.  The percent change was the net change divided by the mean baseline 25(OH)D for all participants. 
2
The p-value represents the results of the students t-test comparing the change in 25(OH)D from baseline to 30 days of 

supplementation in the supplement group versus the placebo group. 
3
Low = <20 ng/ml, Medium = 20 < 25(OH)D < 30 ng/ml, High = 30 ng/ml < 25(OH)D 

4
Median age = 43 years and Normal BMI is BMI <25 kg/m

2

  Placebo Cholecalciferol 

Supplement 

 

 N (%)
 

Baseline Day  

30 

Baseline Day  

30 

Net 

Change
1 

Percent 

Change 

p-

value
2 

Baseline Vitamin D 

Status 

        

     Low
3
 21 (36.9) 16.2 ± 3.1 15.8 ± 3.0 17.0 ± 2.3 20.7 ± 4.6 4.1 24.7 0.008 

     Medium  17 (29.8) 24.8 ± 2.6 23.6 ± 4.7 25.2 ± 2.8 27.0 ± 4.9 3.0 12.0 0.330 

     High 19 (33.3) 37.5 ± 6.3 34.8 ± 8.3 39.3 ± 7.5 36.9 ± 7.2 0.3 0.8 0.835 

Age 
4 

(years)         

    Age < Median 31 (54.4) 27.1 ± 10.0 26.0 ± 9.3 26.9 ± 12.2 28.4 ± 9.8 2.61 9.6 0.080 

    Age > Median 26 (45.6) 22.63 ± 8.8 20.6 ± 9.7 26.7 ± 10.4 28.1 ± 8.5 2.13 8.5 0.291 

Gender         

    Female 47 (82.5) 23.5 ± 8.7 21.8 ± 8.6 25.7 ± 10.0 37.6 ± 6.4 3.07 12.4 0.021 

    Male 10 (17.5) 31.1 ± 10.6 31.6 ± 9.3 33.5 ± 15.6 27.1 ± 8.6 -2.84 -8.9 0.243 

BMI
4  

(kg/m
2
)         

   Normal  26 (45.6) 25.2 ± 10.5 24.7 ± 9.9 29.0 ± 12.2 30.2 ± 9.4 0.32 1.2 0.825 

   Overweight or 

Obese 

31 (54.4) 25.7 ± 9.3 23.6 ± 9.7 25.0 ± 9.8 26.9 ± 8.5 3.80 15.0 0.036 

Ethnicity
 

        

  Non-Hispanic 43 (75.4) 27.1 ± 10.0 25.7 ± 10.1 29.2 ± 11.5 28.8 ± 9.6 0.97 3.5 0.453 

  Hispanic 14 (24.6) 20.4 ± 6.7 19.3 ± 6.4 21.6 ± 5.8 26.5 ± 5.5 5.97 28.5 0.008 



 

 

91 

 

C.  ASSOCIATION BETWEEN POLYMORPHIC VARIATION IN VDR, RXR, GC, 

AND CASR CIRCULATING CONCENTRATIONS OF 25(OH)D  

1. Methods for Aims 2 and 3 

Introduction 

 Aims 2 and 3 utilized overlapping study populations and thus this section includes 

a detailed description of both the UDCA and WBF trials. The overall plan was to assess 

the association between genetic variation in a set of genes known to function as part of 

the vitamin D endocrine system and circulating measures of vitamin D metabolites (Aim 

2) and colorectal neoplasia outcomes (Aim 3). This includes secondary data analysis of 

the genetic data collected during the UDCA and WBF randomized controlled trials and 

analysis included only those participants with complete VDR, RXRA, GC, and CASR 

genotype data. For Aim 2, the data were limited to UDCA trial participants who also had 

serum vitamin D metabolite levels analyzed. For Aim 3, participants of both trials with 

complete follow-up data were included. The final samples were further restricted to 

individuals who reported their racial/ethnic group as white, in order to account for 

population stratification. The statistical approach for both aims employed the same 

overall approach, with the exception of the outcome variable 

  

Human Subject Approval 

 The HSPP previously approved documents for both the UDCA and WBF trials.  

Informed consent was obtained for all subjects prior to enrollment.   
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Study design and recruitment 

 The UDCA trial, conducted at the Arizona Cancer Center, was a phase III 

randomized, double-blind, placebo-controlled trial conducted to test the effect of UDCA 

on recurrence of colorectal neoplasia (18). UDCA is a tertiary bile acid and believed to 

suppress the carcinogenic effects of secondary bile acids in the colon (18, 213). The 

UDCA trial study population included Arizona residents between 40 to 80 years of age 

with a history of removal of one or more colorectal adenomas (> 3 mm in diameter) 

during a colonoscopy within 6 months of study enrollment (18). Subjects were recruited 

using a network of physicians in Arizona and four research clinics were established to 

manage the study. There were 1537 participants eligible for randomization, and in the 

available sample 1192 participants had recurrence data. From this population a total of 

619 white participants were randomly selected to have serum vitamin D metabolite levels 

analyzed (10, 18).  This population has been studied for various epidemiological 

associations.  The original analysis identified no effect of UDCA in reducing the 

recurrence of colorectal adenomas; however, recent secondary analysis identified effect 

modification by gender that indicates UDCA could be protective against advanced 

colorectal adenoma in men (18, 213).   

 Aim 3 also incorporated data from participants of the WBF trial. This was a 

double-blind, phase III clinical trial conducted at the University of Arizona to measure 

the effects of high (13.5 g/day) versus low (2.0 g/day) WBF intake for 3 years on colon 

adenoma recurrence (19). Treatment with WBF was hypothesized to reduce risk of 

colorectal neoplasia by absorbing or diluting carcinogens in the colorectal tract, such as 
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by reducing the concentration of fecal bile acids (214). The participants of this study 

included individuals between 40 to 80 years of age, of both genders, who had removal of 

one or more colorectal adenoma (> 3 mm) at colonoscopy within 3 months prior to study 

enrollment (19). A total of 1429 individuals were eligible for randomization following a 

6-week run-in period and 1310 participants completed the trial (168). There was no 

significant effect of WBF on the recurrence of adenomas observed in this population in 

the original analysis; however, there were issues of compliance noted in the treatment 

group that may have affected the results (214, 215). Data from this study were used for 

analysis of Aim 3 only because circulating levels of vitamin D metabolites have not yet 

been measured in this population. The variety of exposures and outcomes measured in 

these trials allowed for the exploration of additional factors that may influence circulating 

concentrations of vitamin D metabolites as well as the risk of colorectal neoplasia. 

 

Genotyping 

 SNP selection and genotyping methods for this project have been previously 

described (168, 216). The literature directed the selection of certain SNPs previously 

shown to be of interest with vitamin D and colon cancer outcomes. These include the 

restriction endonuclease sites (BsmI, TaqI, and FokI) as well as the binding site for the 

homeodomain protein (Cdx-2) discussed previously in the background section. The initial 

set of tagSNPs and LD blocks were selected from a European White population in 

Hapmap data release #16c.1, June 2005, on NCBI B34 assembly, dbSNP b124 using 

Haploview Tagger to identify bin tags (168). From this set, additional criteria were used 
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to select tagSNPs that included: minor allele frequency greater than 5%, pairwise r
2
 

greater than 0.95, and a distance of at least 60 base pairs between nearby SNPs (217, 

218). SNPs were also excluded if they were out of Hardy-Weinberg equilibrium (p< 

0.001) (216). The set also included SNPs at the 5’ and 3’ ends of LD blocks.  SNPs were 

also selected, at a density of 1 per kb, from HapMap or dbSNP if they showed no or little 

LD (168).  

 Participants were genotyped using the Illumina Golden Gate platform (Illumina, 

San Diego, CA) and the procedure was as follows: streptavidin/biotin was used to 

activate the DNA, which was then added to a hybridization mixture (168, 216). The 

samples were then washed and the next steps included extension, ligation, and cleanup 

(168, 216). PCR labeling of the DNA was done using universal primers with Cy3 or Cy5 

and the labeled DNA was then hybridized with the Sentrix Array Matrix (SAM) (168, 

216). The last step included quantification of the fluorescent signal by placing the DNA-

SAM hybrid in the BeadArray Reader (168). This output was analyzed using Bead Studio 

software (Illumina, San Diego, CA). SNPs were excluded if they failed genotyping, as 

measured by the QA/QC measures presented in previous publications (168).    

 In addition, the GenomeLab
TM 

SNPStream 12 plex technology platform, which 

was developed by Beckman Coulter with the University of Arizona Genetics Core, was 

used to genotype a sample set for FokI because this SNP was of high interest and failed 

genotyping using the method described above (168). This platform utilized base 

extension chemistry followed by hybridization to a glass slide (168). The quality 

assurance criteria for this platform assured that genotype data: 1) was distributed into 
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three statistically significant clusters 2) was not generated from the 181 blank wells 3) 

demonstrated  Mendelian consistency for Coriell CEPH trios and 4) showed greater than 

97% concordance between lab blinded replicates (168).  Low fluorescence intensity or an 

ambiguous genotype call were also criteria for failed samples (168). The final sample 

included 42 VDR SNPs, 32 RXRA SNPs, 35 CASR SNPS, and 25 GC SNPs listed in 

Appendix E. 

 

 Biomarker measurement and questionnaires 

 The measurement of serum vitamin D metabolites were completed previously as 

described in Section B.1. The measures for 1,25(OH)2D were analyzed as continuous 

variables, while 25(OH)D concentrations were analyzed as both continuous measures and 

categorical variables using common thresholds for vitamin D insufficiency including: 20 

ng/mL, 25 ng/mL, and 32 ng/mL (75). Concentrations of vitamin D metabolites were 

measured at the lab of Dr. Bruce Hollis at the University of South Carolina, using 

established practices (as stated previously) (128, 219).  

 Colorectal adenoma outcomes were collected in both the UDCA and WBF trials.  

For the UDCA trial, all outcome data was collected and coded from medical records of 

colonoscopy, sigmoidoscopy, or surgical resections by individuals trained in abstraction 

(18). For the WBF trial, the results from each colonoscopy reported were collected using 

standard abstraction guidelines (19). For both trials, data were collected on the size, 

location, and histology of any adenoma discovered during a colonoscopy (214). An 

outcome used in previous analysis of these data was “recurrent” lesions, however, the 
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term “metachronous colorectal neoplasia” will replace this to account for the possibility 

of adenomas missed as the baseline colonoscopy (168). All lesions were also classified 

by location with a proximal lesion defined as one located proximal to the splenic flexure 

and a distal lesion as one occurring distal to the splenic flexure, which includes any 

lesions in the rectum, as previously described (168). The WBF and UDCA trials also 

utilized a previous version of the Arizona Food Frequency Questionnaire (AFFQ) to 

measure dietary intake for participants. The AFFQ was used in the WBF as a screening 

tool for eligibility and used to measure dietary intake at baseline in the UDCA trial (10, 

19). The AFFQ used for these trials was an older version of the AFFQ described in 

section B.1 and individuals were instructed to report intake from the previous 12 months.  

 

 Data analysis  

 Data from the UDCA and WBF trials are stored at the Arizona Cancer Center in a 

secured database. These data have previously been analyzed for accuracy and 

missingness. All participant files from the trials are stored in locked rooms at the Arizona 

Cancer Center and are available only by request; however, we did not need to directly 

access any of the files for this analysis. Data analysis for all aims was completed using 

STATA SE version 10.1 or R version 2.9.1. There is currently no single standard method 

for analyzing this type of high-dimensional genetic data and thus the statistical analysis 

for Aims 2 and 3 utilized several methods, most of which have been used previously on 

data from these trials (168). Four techniques were used, including principal components 

analysis; analysis of individual SNPs through regression models; classification and 
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regression tree (CART) analyses; and random forest plots. However, even with these 

advanced analysis methods, the basic epidemiological principle of confounding must still 

be addressed. 

 Confounding means that an observed association between an exposure and 

outcome is actually not causal, but due to the presence of a third variable or confounder 

(220). In order to be a confounder, the variable must be associated with both the exposure 

and outcome. Confounding by a particular factor is identified when the adjusted and 

crude estimates differ by more than 10 percent, either in regression or stratified analysis.  

If confounding is present then the estimates of association can be biased in either 

direction, either overinflated or towards the null. Confounding is a case where the 

variables must be adjusted for in analysis, which indicates that the adjusted estimate 

should be reported (168). There are many potential confounders in this dataset including 

BMI, age, gender, smoking history, aspirin use, supplement use, and reported nutrient 

intake. Confounding will be addressed in this analysis as part of each of the analysis 

methods is described below. 

 Principal components (PC) analysis was used to assesses overall gene-level 

associations with circulating levels of 25(OH)D or 1,25(OH)2D for Aim 2 and colorectal 

neoplasia outcomes for Aim 3. The PCs represent a linear transformation of the original 

SNP data that explain variation within a specific genetic locus (221). First, the set of PCs 

was generated using the SNP data that explain 80% of the variance at each locus and then 

modeled with either the circulating levels of vitamin D metabolites or colorectal 

neoplasia outcomes, in either linear or logistic regression models depending upon the 
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outcome being tested (221). Finally, a likelihood ratio test, comparing the model 

including the selected PCs to an intercept-only model, was used for logistic regression 

models to generate a p-value testing the overall association between each gene and the 

outcome (221). PC analysis is described as a method for identifying patterns in data and 

works by grouping SNPs together into principal components that explain the greatest 

proportion of the variance in SNP data for a specific locus and has demonstrated the 

ability to account for haplotypes (221). However, one difficulty with this type of analysis 

is that the principal components are difficult to interpret in a biological context, though 

identification of SNPs included in the significant PCs could help determine which 

polymorphisms are most strongly associated with the outcome being studied (221).   

 The next step was to examine the associations at the individual SNP level using 

regression models with a multiple comparisons adjustment applied (222). The 

uncorrected p-vales were generated in models using the additive, dominant, and recessive 

modes of inheritance, which was necessary considering the actual mode of inheritance is 

unknown for these SNPs.  Then a multiple comparisons adjustment, developed by 

Conneely and Boehnke, was applied to account for the large number of correlated tests, 

as described in more detail below (222). Finally, for Aim 2 only, the association between 

genotype and serum vitamin D metabolites was evaluated for any SNPs that showed a 

strong association with 25(OH)D or 1,25(OH)2D prior to or after the multiple comparison 

adjustment. Regression models test the association for individual SNPs and disease 

outcomes separately, though without taking into account patterns of linkage 

disequilibrium. All statistical tests were two-sided with  = 0.05. The goal of the 
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regression model analysis was to determine if an association exists between a particular 

SNP genotype and variation in the outcome measure, in these aims, either vitamin D 

status or colorectal neoplasia recurrence (223). Any significant SNPs identified in the 

pooled sample were also evaluated separately in the UDCA and WBF populations to 

ensure that no heterogeneity of effect was present.   

 Heterogeneity of effect or effect modification occurs when the effect of the 

exposure on a given outcome differs depending upon the presence or level third variable, 

such as study (220). The effect of an interaction can increase the estimate of an 

association or decrease it towards the null. This was assessed by comparing a model with 

an interaction term (study) to a model without the interaction term, using a likelihood 

ratio test with  = 0.10. In this case, if heterogeneity by study were present it would 

indicate there are differences between the populations that affect the association 

identified and the pooling of samples is not appropriate. The results would be reported 

separately for each population if effect modification were present. Heterogeneity of effect 

is not the only issue that must be addressed in this sample; with such a large number of 

statistical tests it is necessary to also apply a multiple comparisons adjustment. 

 Multiple comparisons adjustments are important because for each SNP tested 

there was a probability of making a type I error. A type I error occurs when the null 

hypothesis is rejected when the null hypothesis is true or, in other words, the null 

hypothesis of no association between a SNP and the outcome is rejected when no 

association exists (224, 225). In the case of independent tests, the type I error rate 

increases with the number of tests performed and can be stated as: for L independent tests 



 

 

100 

 

with a significance level of , approximately L tests will appear significant by chance 

alone (222). However, the presence of linkage disequilibrium between the SNPs in 

nearby regions of the same gene means there that the tests used in the individual SNP 

analysis are likely correlated (222). This required the use of non-traditional methods of 

multiple comparisons adjustment. The Bonferroni method is traditionally used for 

multiple comparisons adjustment, but is unable to account for correlated tests and tends 

to produce an overly conservative adjustment when correlation is present (222, 225). To 

account for correlated tests, the “p values adjusted for multiple correlated tests” (PACT ) 

multiple comparisons adjustment proposed by Conneely and Boehnke was used (222). 

Briefly, the approach is described as a comparison of the observed test statistics directly 

with their asymptotic distribution, utilizing numerical integration (222). The group states 

that this is an appropriate method because they have been able to demonstrate that the test 

statistics have a multivariate normal joint distribution (222). They also state this method 

is better than the “gold standard” of permutation tests because the process is faster and 

does not require simulation (222). Though adjusting for multiple comparisons decreases 

power and could make it difficult to detect a weak association, if a multiple comparisons 

adjustment was not made, then there was a greater chance of detecting spurious 

associations (224). 

 Finally, classification and regression trees (CART) and random forests (RF) are 

tree-based analysis methods used to identify patterns in high-dimensional genetic data 

and for prediction (226).  These are non-parametric methods for regression and 

classification analysis using recursive partitioning that offer the advantages of not 
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requiring model specification prior to analysis and also allow for testing interactions 

between SNPs (226, 227). Classification trees were used for the categorical outcomes, 

while regression trees were generated with the continuous measures of 25(OH)D and 

1,25(OH)2D (228). In this method, the program runs through the covariates to identify 

those that most strongly predict the outcome then splits the dataset into sub-groups at 

“nodes” based upon predictor categories (226, 227). The trees are later “pruned” to 

remove nodes, which minimizes error and increases interpretability (226). Random 

forests are built by growing many CART trees without pruning then averaging the results 

(226). They are also different in that each tree is built using a bootstrap sample and that a 

random set of predictor variables is chosen at each node to predict the best subset, instead 

of the entire sample (226). Then the out-of-bag data, which represent observations left 

out of the bootstrap sample, are used to estimate the prediction accuracy (229). The rpart 

package for the R project software (version 2.7.2) includes procedures that were used to 

run both of these analyses. The results of running these tests, like the other methods, 

identified a set of SNPs that were most strongly predictive of the vitamin D metabolite 

levels and colorectal neoplasia outcomes in this population. In addition, dividing the 

importance measure by the importance standard deviation for each SNP and then 

comparing it to a threshold of 1.96 produced a rough significance test. However, because 

no method is yet considered accepted practice in the field, the advantages and 

disadvantages of each is described below. 

 The goal of using non-parametric tree based methods in genetic analysis is to 

identify a set of SNPs that are predictive of a particular phenotype (226). The CART and 
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RF methods are comparable in many respects, but there are advantages of each.  

According to simulation studies, both CART and RF have similar ability to identify 

predictive polymorphisms and demonstrate low classification error, however, CART has 

been shown to slightly outperform RF (226). Though biostatisticians speculate this may 

be due to the presence of missing data, which CART offers the advantage of not requiring 

imputation of missing data due to its use of the surrogate split approach (226, 228). 

CART produces a tree with the “best candidate SNP” located at the root node of the tree 

and stratifies the population into a dichotomous outcome based upon presence of 

particular SNPs, which produces more readily interpretable output (226, 228).  In 

contrast, RF produces results that rank the importance of SNPs based upon two statistical 

measures: the mean decrease accuracy (MDA) and the Gini index (226, 228).  However, 

one disadvantage of CART is that it is subject to high variance and has been shown to 

produce very different splits in trees as the result of small changes to a dataset, which can 

make interpretation of results difficult (228). CART is, though, less computationally 

intense than RF, which can require significant time to generate the high numbers of 

unpruned trees (228).  Hastie states that RFs offer an advantage over CART as a 

technique that can be used to reduce variance by taking the average of many “noisey” 

trees (228). However, as stated above, RF does require the imputation of missing data, 

which is a common problem within epidemiologic studies. In addition, RF may perform 

poorly when the number of important variables amongst a large number of predictors is 

small, which lowers the chance that the important variables will be selected (228). 

Overall, each of these methods appears to be a reasonable approach for analyzing the 
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UDCA and WBF datasets and, considering the described advantages of each method and 

that there is no consensus in the field regarding which methods are best, it seems prudent 

to use both methods and compare the results.   

 

2. Results 

Sample Baseline Characteristics 

 As stated previously, the sample contained a total of 1192 participants of the 

UDCA trial with complete follow-up data. Baseline characteristics of the participants are 

shown in Table 9 and have been previously described in detail (18). The participant 

characteristics of the full study sample versus the subset with available vitamin D 

metabolite measures are details in Table 9 below. The populations did not differ with 

respect to any of the selected characteristics. The mean age of the UDCA population was 

66.2 ± 8.5 years, with 67.5% being male, 94.5% reporting White race, and mean BMI of 

28.2 ± 4.8 kg/m
2
; while a mean age of 65.3 ± 8.6 years,  66.1% male, 86.5% percent 

White, and mean BMI of 28.5 ± 4.9 kg/m
2
 was observed in the subset selected for 

vitamin D analysis. The dietary intake for vitamin D was not measured in the UDCA 

population, however, calcium intake was near recommended levels with more than 1000 

g per day. The mean serum concentrations for 1,25(OH)2D and 25(OH)D were 35.1 ± 9.7 

pg/ml and 26.2 ± 9.3 ng/ml, respectively, for the subset of the full trial. 
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Table 9. Baseline characteristics of the study population 

 

Characteristics UDCA Subset 

 n = 1192 n = 475 

Mean age, y ± SD 66.2 + 8.5 65.3 ± 8.6 

Sex, Male, n (%) 804 (67.5) 314 (66.1) 

Race, White, n (%) 1108 (94.5) 404 (86.5) 

Mean BMI, kg/m
2
 ± SD 28.2 + 4.8 28.5 ± 4.9

 

Aspirin use, n (%) 331 (27.8) 134 (28.1) 

Ever smoker, n (%) 802 (69.3) 316 (67.8) 

Current smoker, n (%) 140 (11.7) 61 (12.8) 

Total Fat, g/day ± SD 62.2 + 31.7 63.5 ± 32.8 

Energy, kcal/day ± SD 1987.9 + 815.6 2037.5 ± 858.6 

Calcium intake, g/day ± SD 1008.5 + 494.4 1026.8 ± 513.4
 

25(OH)D concentration, ng/ml ± SD N/A 26.0 ± 9.2 

1,25(OH)2D concentration, pg/ml ± SD N/A 35.2 ± 9.8 

Supplemental vitamin D use, Yes, n (%) 856 (71.8) 357 (75.2) 

 

 

VDR and Vitamin D Metabolites 

 The results of the principal components analysis are presented in Table 10.  

Overall, gene-level variation in VDR was not associated with continuous measures of 

circulating of 25(OH)D (P = 0.82) or 1,25(OH)2D (P = 0.96). Table 11 demonstrates the 

results of PCA analysis using common thresholds of vitamin D deficiency and that there 

were no significant gene-level associations observed with any threshold for vitamin D 

insufficiency or deficiency. Furthermore, none of the individual principal components 

were significantly associated with vitamin D metabolite levels, as demonstrated in Tables 

10-11 by the confidence intervals all containing zero. A significant principal component 

could have supported a possible association at the individual-SNP level; however, this 

analysis also failed to identify any significant associations as shown in Tables 1-16 in 

Appendix E. Additive, dominant, and recessive modes of inheritance were tested for all 
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polymorphisms. Prior to the multiple comparisons adjustments there were few 

polymorphisms that were significantly associated with vitamin D metabolite measures; 

however, following the adjustment all associations were nearly null. Table 14 

demonstrates that all VDR polymorphisms were in Hardy-Weinberg equilibrium.  

Overall, the methods evaluating associations failed to identify any significant association 

between variation in VDR and circulating concentrations of vitamin D metabolites.   

 The tree-based methods also identified no VDR polymorphisms that were 

predictive of 25(OH)D or 1,25(OH)2D concentrations. CART analysis produced only the 

root node for all outcomes tested; including continuous measures of 25(OH)D and 

1,25(OH)2D as well as thresholds of 20 ng/ml, 25 ng/ml, and 32 ng/ml. In addition, the 

random forest analysis produced a list of the most important polymorphisms for each 

association. Table 86 in Appendix E lists the top 5 polymorphisms for VDR and each 

vitamin D metabolite outcome. Using the rough standardized score, there were no VDR 

polymorphisms that were statistically significantly predictive of variation in vitamin D 

metabolites. However, the FokI polymorphism was targeted for analysis a priori and thus 

analyzed individually. 

 

FokI analysis 

 FokI is a VDR polymorphism that has frequently been studied, as stated 

previously. Due to the necessity of additional genotyping methods for this SNP and the 

specific interest in associations between variation in FokI and vitamin D metabolite 

levels, the analysis was conducted separately from the other polymorphisms. Thus the 
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multiple comparisons adjustment was not necessary in this case.  As shown in Table 12, 

there was no significant association between FokI genotype and continuous measures of 

vitamin D metabolites, though the likelihood ratio test was marginally significant for 

25(OH)D (p = 0.06) with decreased mean 25(OH)D with the TT genotype (mean change 

-1.64 95% C.I. -4.45-1.17). Furthermore, as shown in Table 13,  the chi-square test 

determined there was also no significant association between the FokI genotype and 

dichotomous thresholds of 20 ng/ml, 25 ng/ml, and 32 ng/ml (p-value = 0.36, 0.33, and 

0.10; respectively). Overall, this analysis demonstrates there is no statistically significant 

association between FokI and circulating levels of vitamin D metabolites in the 

participants of the UDCA trial. 
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Table 10. Association between genetic variation in VDR and continuous measures of circulating 25(OH)D and 1,25(OH)2D 

 

 

 25(OH)D 

(ng/ml) 

 1,25(OH)2D  

(pg/ml) 

 

       

 Mean change 95% CI  Mean change 95% CI  

VDR       

PC1 -0.03 -0.46-0.40  -0.13 -0.6-0.34  

PC2 0.07 -0.42-0.56  0.19 -0.34-0.72  

PC3 -0.25 -0.90-0.40  -0.23 -0.92-0.46  

PC4 -0.16 -0.92-1.16  -0.13 -0.93-0.67  

PC5 0.12 -0.92-1.16  0.41 -0.69-1.51  

PC6 0.16 -0.96-1.28  0.13 -1.07-1.33  

PC7
1
 -1.08 -2.37-0.21  -0.08 -1.32-1.48  

p-value
2
   0.82   0.96 

 
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components 
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Table 11. Association between variation in VDR and common thresholds for vitamin D status 

 

Thresholds for Vitamin D Status 

 < 20 ng/ml <25 ng/ml <32 ng/ml 

          

 OR 95% CI  OR 95% CI  OR 95% CI  

PC1 1.03 0.92-1.15  0.96 0.87-1.06  0.99 0.88-1.11  

PC2 1.00 0.88-1.13  1.05 0.94-1.17  1.03 0.91-1.17  

PC3 1.14 0.96-1.36  1.14 0.99-1.32  1.07 0.91-1.26  

PC4 1.01 0.83-1.23  1.01 0.86-1.20  1.04 0.86-1.27  

PC5 1.23 0.94-1.61  0.95 0.75-1.19  0.98 0.75-1.28  

PC6 0.92 0.69-1.23  0.88 0.69-1.12  0.95 0.71-1.27  

PC7
1
 1.17 0.84-1.64  1.27 0.96-1.69  1.60 1.13-2.27  

LRT p-value
2
   0.52   0.28   0.29 

  
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components. 
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Table 12. Association between FokI and measure of circulating 25(OH)D 

  

 25(OH)D  1,25(OH)2D  

 (ng/ml)  (pg/ml)  

 Mean Change 

(95% CI) 
 Mean Change (95% CI) 

 

  CC Ref.  Ref.  

  CT 1.47 (-0.48-3.43)  0.20 (-1.89-2.28)  

  TT -1.64 (-4.45-1.17)  -2.33 (-5.33-0.66)  

LRT p-value  0.06  0.22 

 

 

 

Table 13. Association between FokI and thresholds for vitamin D status 

 

 Threshold for vitamin D status  

 < 20 ng/ml  <25 ng/ml  < 32 ng/ml  

 OR (95% CI)  OR (95% CI)  OR (95% CI)  

  CC Ref.  Ref.  Ref.  

  CT 1.37 (0.82-2.29)  0.98 (0.64-1.51)  1.41 (0.89-2.24)  

  TT 0.92 (0.46-1.84)  0.64 (0.35-1.19)  0.71 (0.34-1.47)  


2
 p-value  0.36  0.33  0.10 
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Table 14. Hardy-Weinberg equilibrium of VDR polymorphisms 

 

VDR SNPs 
2
 p-value VDR SNPs 

continued 


2
 p-value 

rs731236   0.75 rs12721364 1.00 

rs4760658  0.51 rs1989969  0.75 

rs4760648  0.84 rs886441   1.00 

rs11168267 0.40 rs2239179  0.54 

rs11574077 0.18 rs4328262  0.47 

rs3923693  0.42 rs10875695 0.30 

rs2254210  0.75 rs7299460  0.16 

rs2238135  0.79 rs2525044  0.76 

rs2248098  1.00 rs1544410  0.83 

rs2239182  0.62 rs3782905  0.72 

rs12581281 1.00 rs11168293 0.37 

rs10783215 0.77 rs11168287 0.55 

rs11574026 0.67 rs11574143 1.00 

rs3819545  0.12 rs987849   0.42 

rs1540339  0.83 rs2239186  0.24 

rs4237856  0.60 rs2238136  0.89 

rs4760655  1.00 rs2239180  0.49 

rs2189480  0.75 rs7970314 0.50 

rs7310552  0.53 rs2107301  1.00 

rs11574139 0.28 rs2283343  0.92 

rs4516035  0.60 rs11568820 0.67 

 

 

RXRA and vitamin D metabolites 

 In contrast to VDR, overall gene-level variation in RXRA presented in Table 15, 

while not associated with continuous 25(OH)D (P = 0.67), was significantly associated 

with circulating concentrations of 1,25(OH)2D (P = 0.02). Analysis of RXRA at the 

single-SNP level (Appendix E Tables 17-31) indicated that rs9409929 was strongly 

related to levels of 1,25(OH)2D (P = 0.005), prior to the multiple comparisons 

adjustment. This led to examination of the association between genotype and vitamin D 

metabolite concentrations for that SNP, presented in Table 16. A statistically significant 
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trend for increasing 1,25(OH)2D levels with additional copies of the A allele (p-

trend=0.003) for SNP rs9409929 was observed; however, this result was not significant 

following the multiple comparisons adjustment (p = 0.163). This SNP was not 

significantly associated with continuous 25(OH)D levels (p-trend= 0.092) and, 

furthermore, the analysis using categorical thresholds of 25(OH)D did not identify any 

significant associations between RXRA and 20 ng/ml, 25 ng/ml or 32 ng/ml (p-value = 

0.44, 0.25, and 0.19; respectively) (Table 17). Table 18 demonstrates that all RXRA 

polymorphisms were in Hardy-Weinberg equilibrium.  CART and RF analysis did not 

identify any RXRA polymorphisms that were predictive of circulating concentration of 

25(OH)D or 1,25(OH)2D. CART analysis produced only root-node trees for all outcomes. 

A list of the most important SNPs was produced for each outcome using RF analysis; 

however, using the standardized score, no polymorphisms were significantly predictive of 

either continuous or categorical measures of vitamin D metabolite concentrations 

(Appendix E Table 86). Furthermore, rs9409929 was not among the important or 

predictive polymorphisms for any vitamin D metabolite outcome. Overall, the results do 

not provide strong evidence for an association between RXRA and 25(OH)D 

concentrations, but are suggestive of a possible association between the gene and 

1,25(OH)2D levels. 
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Table 15. Association between genetic variation in RXRA and continuous measures of circulating 25(OH)D and 1,25(OH)2D 

 

 25(OH)D 

(ng/ml) 

 1,25(OH)2D 

(pg/ml)  

 

       

 Mean change 95% CI  Mean 

change 

95% CI  

RXRA       

PC1 0.08 -0.31-0.47  0.15 -0.26-0.56  

PC2 0.37 -0.39-1.13  0.35 -0.45-1.15  

PC3 0.19 -0.79-1.21   0.16 -0.9-1.22  

PC4
1
 1.27 -2.05-0.61  -2.28 -3.69--0.87  

p-value
2
   0.67   0.02 

 
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components. 

 

Table 16. Association between rs9409929 genotype and circulating measures of 25(OH)D and 1,25(OH)2D 

 

RXRA rs9409929 

Genotype 

 

25(OH)D 

(ng/ml) 

 

 1,25(OH)2D 

(pg/ml) 

 

 Mean ± SD  Mean ± SD  

    GG 25.5 ± 9.1  34.0 ± 9.4  

    AG 26.5 ± 9.6  35.5 ± 9.0  

    AA 27.5 ± 9.0  38.5 ± 12.4  

P-trend  0.092  0.003 
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Table 17. Association between RXRA and common thresholds of vitamin D status 

         

Thresholds for Vitamin D Status 

 < 20 ng/ml <25 ng/ml <32 ng/ml 

          

 OR 95% CI  OR 95% CI  OR 95% CI  

RXRA          

PC1 1.07 0.97-1.19  1.04 0.95-1.13  0.96 0.87-1.07  

PC2 0.99 0.81-1.21  0.85 0.72-1.01  0.87 0.71-1.06  

PC3 1.10 0.84-1.43  1.01 0.81-1.26  0.79 0.61-1.03  

PC4
1
 1.25 0.90-1.79  1.17 0.87-1.60  1.19 0.85-1.67  

LRT  

p-value
2
 

  0.44   0.25   0.19 

 

1 
An 80% explained-variance threshold is used for including principal components (PC) in the model. 

2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components. 
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Table 18.  Hardy-Weinberg equilibrium of RXRA polymorphisms 

 

RXRA SNPs 
2
 p-value 

rs3118523   0.11 

rs3132301   1.00 

rs3118535   0.47 

rs3118529   0.28 

rs4240705   0.16 

rs3132297   0.85 

rs3118571   0.58 

rs3118536   1.00 

rs3132296   0.10 

rs875444    0.60 

rs3132299   1.00 

rs3132300   0.54 

rs7861779   0.54 

rs11103473  0.58 

rs1805352   0.34 

rs12004786  1.00 

rs3118570   0.58 

rs4842196   0.79 

rs3118526   0.45 

rs9409929   0.91 

rs12004589  0.63 

rs10114634  1.00 

rs1805343   0.66 

rs877954    0.74 

rs1536475   0.38 

rs1045570   0.01 

rs3132293   0.89 

rs10776909  0.88 

rs1007971   0.34 

rs748964    0.33 

rs4240711   0.38 

rs11102986 1.00 
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CASR and vitamin D metabolites 

  The analysis did not identify any significant associations between CASR 

polymorphisms and circulating levels of vitamin D metabolites. As demonstrated in 

Table 20, there were no gene-level associations between CASR and continuous measures 

of 25(OH)D (p = 0.62) or 1,25(OH)2D (p = 0.45). There were also no significant 

associations between variation in CASR and the categorical thresholds of 20 ng/ml (p = 

0.15), 25 ng/ml (p = 0.93), and 32 ng/ml (p=0.36) circulating 25(OH)D (Table 19).  

Furthermore, at the individual SNP-level, there were no CASR polymorphisms 

significantly associated with circulating concentrations of vitamin D metabolites either as 

continuous or categorical variables (Appendix E Tables 59-73), following the multiple 

comparisons adjustment. Then CART analysis also identified no SNPs that were 

significantly predictive of any vitamin D metabolite measure, with only root node trees 

produced for each outcome. Finally, RF analysis produced a list of the most important 

CASR SNPs for prediction of vitamin D metabolite levels (Appendix E Table 86); 

however, none were statistically significant using the standardized score. Overall, there 

was no evidence to support a relationship between genetic variation in GC and vitamin D 

metabolite concentrations.   

 

GC and vitamin D metabolites 

  In contrast to the results for VDR, RXRA, and CASR; polymorphic variation in 

GC was strongly associated with circulating concentration of vitamin D metabolites.  

Principal components analysis identified significant gene-level associations between GC 
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and continuous measures of 25(OH)D (p < 0.001) as well as the 25 ng/ml (p < 0.001) and 

32 ng/ml (p = 0.001) thresholds (Table 21-23). No significant associations were observed 

between variation in GC and the 20 ng/ml threshold (p = 0.12) or circulating measures of 

1,25(OH)2D (p = 0.35). The analysis at the individual SNP level (Tables 32-46 in 

Appendix E) also identified seven GC polymorphisms that were significantly associated 

with circulating measures of 25(OH)D using the additive model of inheritance, but not 

with 1,25(OH)D or the 20 ng/ml threshold, following the multiple comparisons 

adjustment. The SNPs were: rs7041 (p = 0.02), rs222035 ( p = 0.02), rs842999 (p = 

0.05), rs1155563 (p = < 0.001), rs12512631 (p = 0.23), rs16846876 (p = 0.001), and 

rs17467825 (p < 0.001) (Table 22).  As shown in Appendix E Tables 32-46, there were 

six polymorphisms (rs7041, rs222035, rs842999, rs1155561, rs12412631, and 

rs17467825) associated with the 25 ng/ml threshold; however, with the 32 ng/ml 

threshold only three were strongly associated (rs1155561, rs16846876, and rs17467825), 

while another three were marginally significant (rs222035, rs7041, and rs842999) using 

the additive mode of inheritance. Table 30 demonstrates the results of the chi-square test 

for Hardy-Weinberg equilibrium and identified rs12512631 as well as rs842999 

polymorphisms as not being in equilibrium in this population (p < 0.001 for both). 

Furthermore, Table 24 presents the correlation coefficient matrix for these SNPs and 

demonstrates that rs7041, rs222035, and rs842999 (r
2
 > 0.92) are highly correlated and 

rs1155563 in strong correlation with rs17467825 (r
2
 = 0.86). These results identified 

several GC polymorphisms that are significantly associated with circulating 

concentration of 25(OH)D. 
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 The results from the prediction models using CART and RF methods identified 

GC polymorphisms that may be predictive of 25(OH)D levels. The CART analysis 

identified rs17467825 as the only SNP predictive of continuous measure of 25(OH)D 

(Figure 5); however, when using the categorical thresholds,  rs1555563, rs7041, and 

rs222029 were identified as significantly predictive of the 25(OH)D using a 25 ng/ml 

threshold for insufficiency (Figure 6).  In contrast, no polymorphisms were predictive of 

the 20 ng/ml and 32 ng/ml thresholds for 25(OH)D.  Furthermore, there were no GC 

SNPs identified as predictive of circulating 1,25(OH)2D. The RF analysis (Appendix F 

Table 86) identified similar SNPs to the single-SNP level as analysis for prediction of 

continuous 25(OH)D and vitamin D deficiency using the different thresholds, though 

none were statistically significant using the rough standardized test. The table presents 

the top 5 polymorphisms for prediction of each outcome and the polymorphisms 

representative of the two primary forms Gc1 and Gc2 (rs7041, rs222035, rs11155563, 

and rs17467825) are consistently predictive of circulating levels of 25(OH)D. It appears 

that for associations and prediction, there are a select group of GC polymorphisms that 

are important to the transport of circulating vitamin D metabolite.
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Table 19. Association between CASR and common thresholds of vitamin D status 

 

 

Thresholds for Vitamin D Status 

 < 20 ng/ml <25 ng/ml <32 ng/ml 

          

 OR 95% CI  OR 95% CI  OR 95% CI  

CASR          

PC1
1 

1.01 0.89-1.15  0.99 0.89-1.10  0.90 0.79-1.02  

PC2 1.07 0.92-1.24  1.01 0.89-1.14  0.99 0.86-1.14  

PC3 1.14 0.96-1.36  1.02 0.89-1.17  1.08 0.91-1.29  

PC4 0.80 0.64-0.99  0.93 0.77-1.11  1.09 0.88-1.35  

PC5 0.90 0.70-1.15  1.08 0.88-1.33  1.15 0.89-1.48  

LRT p-value
2
   0.15   0.93   0.36 

  
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

119 

 

Table 20. Association between genetic variation in CASR and continuous measures of circulating 25(OH)D and 1,25(OH)2D 

 

 

 25(OH)D  1,25(OH)2D   

       

 Mean change 95% CI  Mean change 95% CI  

CASR       

PC1
1 

0.12 -0.37-0.61  -0.11 -0.64-0.42  

PC2 0.09 -0.48-0.66  0.01 -0.60-0.62  

PC3 -0.43 -1.08-0.22  -0.28 -0.97-0.41  

PC4 0.48 -0.34-1.3  0.88 0.01-1.75  

PC5 -0.16 -1.12-0.8  -0.02 -1.04-1.00  

p-value
2
   0.62   0.45 

 
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components. 
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Table 21. Association between genetic variation in GC and continuous measures of circulating 25(OH)D and 1,25(OH)2D 

 

 

 25(OH)D 

ng/ml 

 1,25(OH)2D  

pg/ml 

 

       

 Mean change 95% CI  Mean change 95% CI  

GC       

PC1 -1.23 -1.78-0.68  -0.57 -1.18-0.04  

PC2 -0.12 -0.67-0.71  0.19 -0.86-0.62  

PC3 0.47 0.30-2.02  -0.23 -0.49-1.43  

PC4 -0.04 -0.54-1.92  -0.13 -1.39-1.31  

p-value
2
   <0.001   0.35 

 
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components. 
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Figure 5. GC polymorphisms predictive of 25(OH)D concentration 

 

 

 

 
Figure 6. GC polymorphisms predictive of 25 ng/ml threshold of 25(OH)D concentration
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Table 22. Association between GC genotype for selected polymorphisms and mean 

change in circulating concentration of 25(OH)D 

 

SNP and Genotype
1 

N (%) Mean 25(OH)D ± SD LRT 

p-value 

rs7041    

   AA 129 (31.1) 28.4 ± 9.2  

   AC 201 (48.4) 26.8 ± 9.3  

   CC 85 (20.5) 23.9 ± 8.5 0.002 

rs222035    

   AA 128 (31.1) 28.6 ± 9.2  

   AC 202 (49.0) 26.7 ± 9.3  

   CC 82 (19.9) 24.1 ± 8.5 0.003 

rs842999    

   CC 141 (34.2) 28.5 ± 9.5  

   CG 176 (42.7) 25.3 ± 9.1  

   GG 95 (23.1) 24.6 ± 8.5 0.007 

rs1155563    

   AA 211 (51.0) 28.7 ± 9.5  

   AG 168 (40.6) 25.3 ± 8.7  

   GG 35 (8.5) 21.7 ± 7.1 <0.001 

rs12512631    

   AA 185 (44.9) 25.5 ± 9.1  

   AG 162 (39.3) 26.8 ± 8.0  

   GG 65 (15.8) 30.3 ± 9.5 0.002 

rs16846876     

   AA 195 (47.1) 28.6 ± 9.9  

   AT 176 (42.5) 25.7 ± 8.3  

   TT 43 (10.4) 22.5 ± 8.0 < 0.001 

rs17467825    

   AA 210 (50.9) 28.7 ± 9.8  

   AG 169 (40.9) 25.2 ± 8.3  

   GG 34 (8.2) 21.6 ± 6.5 <0.001 
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Table 23. Association between GC and common thresholds of vitamin D status 

 

 

Thresholds for Vitamin D Insufficiency 

 < 20 ng/ml <25 ng/ml <32 ng/ml 

          

 OR 95% CI  OR 95% CI  OR 95% CI  

GC          

PC1 1.14 0.98-1.31  1.33 1.16-1.51  1.40 1.17-1.64  

PC2 1.07 0.89-1.30  0.98 0.83-1.14  0.98 0.81-1.18  

PC3 0.83 0.65-1.07  0.96 0.78-1.17  0.74 0.58-0.94  

PC4 0.80 0.56-1.14  0.90 0.68-1.20  0.93 0.67-1.29  

LRT p-value
2
   0.12   <0.001   <0.001 

  
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components. 

 

Table 24. Correlation matrix for GC polymorphisms 

 

 rs7041 rs222035 rs842229 rs1155563 rs12512631 rs16846876 rs17467825 

rs7041 1.00       

rs222035 0.98 1.00      

rs842229 0.94 0.92 1.00     

rs1155563 0.58 0.59 0.53 1.00    

rs12512631 -0.63 -0.62 -0.62 -0.41 1.00   

rs16846876 0.47 0.46 0.42 0.67 -0.49 1.00  

rs17467825 0.67 0.65 0.61 0.86 -0.48 0.76 1.00 
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D. ASSOCIATION BETWEEN GENETIC VARIATION IN GC and CASR AND ODDS 

OF METACHRONOUS COLORECTAL NEOPLASIA  

1. Methods 

 See pages 90-101 for a detailed description of the methods for Aims 2 and 3. 

 

2.  Results 

Sample Characteristics 

 A pooled sample of participants from the UDCA and WBF trials was used for 

analysis of Aim 3. Table 25 below describes the demographic and dietary characteristics 

of trial participants. The UDCA trial participants had mean age of 66.2 ± 8.5 years, 

94.5% reported White ethnicity, and 67.5% were male. While, similarly, the WBF trial 

participants had a mean age 65.6 ± 8.8 years, 66.8% were male, and 96.0% were White.  

There were, however, significant differences between the groups. Mean BMI was 

significantly higher in the UDCA participants compared to WBF participants (28.2 ± 4.8 

and 27.4 ± 4.5 kg/m
2
, respectively), while total fat intake was higher among WBF 

participants (62.2 ± 31.7 and 69.2 ± 30.5 g/day, respectively). Finally, total calcium 

intake (1008.5 ± 494.4 and 892.2 ± 379.4 g/day) and reported supplement use (71.8% and 

55.4%) were significantly lower amongst WBF participants (p<0.01). Vitamin D 

metabolites were not measured in the WBF participants and cannot be evaluated. This 

sample was restricted to include only White individuals with available adenoma, 

genotyping, as well as recurrence data and the final sample included 1439 individuals. 



 

 

125 

 

Table 25.  Baseline characteristics of the UDCA and WBF trial participants 

 

Characteristics UDCA WBF p-value
1 

 n = 1192 n = 1310  

Mean age, y ± SD 66.2 ± 8.5 65.6 ± 8.8   0.73 

Sex, Male, n (%) 804 (67.5) 875 (66.8)   0.08 

Race, White, n (%) 1108 (94.5) 1256 (96.0)   0.08 

Mean BMI, kg/m
2
 ± SD 28.2 ± 4.8 27.4 ± 4.5 < 0.01 

Aspirin use, n (%) 331 (27.8) 371 (28.3)   0.76 

Ever smoker, n (%) 802 (69.3) 860 (65.7)   0.06 

Current smoker, n (%) 140 (11.7) 179 (13.7)   0.15 

Total Fat, g/day ± SD 62.2 ± 31.7 69.2 ± 30.5 < 0.01 

Energy, kcal/day ± SD 1987.9 ± 815.6 1927.3 ± 699.6   0.05 

Calcium intake, g/day ± SD 1008.5 ± 494.4 892.2 ± 379.4 <0.01 

Vitamin D supplement use, n (%) 856 (71.8) 726 (55.4) < 0.01 
1
The chi-square test was used for categorical values and student’s t-test for continuous 

variables. 

 

 

CASR and metachronous colorectal neoplasia 

  The analysis of the relationship between polymorphic variation in CASR and 

metachronous colorectal neoplasia produced conflicting results. There was no statistically 

significant gene-level association between CASR and either distal (p = 0.57), proximal (p 

= 0.17), villous (p = 0.39) colorectal neoplasia or overall recurrence (p = 0.85) from the 

principal components analysis, as shown in Table 26. However, a single polymorphism, 

rs1042636, was identified through the SNP-level analysis as associated with increased 

odds of proximal colorectal neoplasia, following the multiple comparisons adjustment 

(Appendix E Tables 74-85). The rs1042636 polymorphism was significantly associated 

with odds of proximal colorectal neoplasia in both additive (p = 0.02) and dominant (p= 

0.01) modes of inheritance. This significant result was examined separately in the two 

study populations and there was significant interaction by study (p = 0.08). Table 27 
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shows the associations by genotype of rs1042636 and demonstrates that one copy of the 

G allele led to a decreased risk in both the UDCA and WBF trial participants (OR = 0.67 

(0.42-1.06) and 0.34 (0.19-0.61), respectively), though there were only 3 homozygous 

recessive individuals in the WBF population and 8 in the UDCA participants. The 

frequency of the AG genotype was similar in both studies (14.4% and 14.0 %, 

respectively). Hardy-Weinberg equilibrium was tested for all CASR polymorphisms 

(Table 29) and rs1042636 was in equilibrium in the overall pooled sample (p = 0.70) and 

in each study population independently (UDCA p =0.34 and WBF p = 0.56). In addition, 

potential confounding factors; including age and gender, were tested and did not change 

the estimate of effect by greater than 10%. In contrast, there were no CASR 

polymorphisms that were significantly predictive of colorectal neoplasia at any site, as 

determined through CART and RF analysis. The CART analysis only produced trees 

with root notes, meaning no polymorphisms were significantly predictive of the outcome, 

and no SNPs were significant using the standardized importance score from the RF 

analysis (Appendix E Table 87). This analysis provided evidence that CASR 

polymorphism rs1042636 may be important to the etiology of proximal colorectal 

neoplasia. 

 

GC and metachronous colorectal neoplasia 

 The results of Aim 3 provided little support for an association between GC and 

colorectal neoplasia. There was no statistically significant gene-level association 

identified between GC and distal (p = 0.53), proximal (p = 0.24), villous (p = 0.92) or 
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overall colorectal neoplasia (p = 0.49), as shown in Table 28 below. Analysis at the 

individual SNP-level identified no polymorphisms that were significantly associated with 

odds of any colorectal neoplasia outcome (Appendix E Tables 50-52). Furthermore, the 

CART and RF analyses did not identify any polymorphisms that were significantly 

predictive of colorectal neoplasia. For all outcomes, only root-node trees were produced 

in CART analysis and none of the most predictive SNPs identified through RF were 

statistically significant (Appendix E Table 87). Table 30 again shows the HW-

equilibrium for the GC SNPs and results from rs12512631 as well as rs842999, which 

were not in equilibrium, should be interpreted with caution. Overall, this analysis 

provides minimal evidence regarding the possible role of GC in colorectal neoplasia. 
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Table 26. Association between genetic variation in CASR and measures of colorectal neoplasia 

 

Colorectal Neoplasia Outcomes 

 Distal  Proximal Villous  Recurrence 

             

 OR 95% CI  OR 95% CI  OR 95% CI  OR 95% CI  

CASR             

PC1
1 

1.04 0.97-1.12  1.05 0.99-1.13  1.01 0.90-1.14  1.03 0.97-1.10  

PC2 0.98 0.91-1.07  1.00 0.93-1.07  0.99 0.87-1.12  1.01 0.94-1.08  

PC3 1.00 0.92-1.10  0.92 0.85-1.00  0.96 0.83-1.12  0.95 0.88-1.03  

PC4 0.95 0.86-1.06  1.03 0.93-1.13  1.10 0.92-1.31  1.02 0.93-1.12  

PC5 1.10 0.97-1.25  1.01 0.90-1.14  1.03 0.83-1.27  1.07 0.96-1.20  

LRT  

p-value
2
 

   

0.57 

   

0.17 

   

0.85 

   

0.39 
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components. 

 

 

Table 27.  Association between rs1042636 genotype and proximal colorectal neoplasia 

 

CASR 

 rs1042636 

 Genotype 

N(%)
1 

Proximal 

Colorectal Neoplasia 

 

 UDCA  N (%) WBF  

  OR,  95% CI  OR,  95% CI   OR,  95% CI  

    AA 701 (84.8) Ref.  Ref.  527 (86.4) Ref.  

    AG 117 (14.2) 0.50, 0.35-0.72  0.67, 0.42-1.06  80 (13.1) 0.34, 0.19-0.61  

    GG 8 (1.0) 0.69, 0.18-2.62  1.32, 0.31-5.59  3 (0.5) N.A.  

LRT p-value 826  <0.01  0.19 610  <0.01 
1
Totals restricted to White participants with available genotype and recurrence data. 
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Table 28. Association between genetic variation in GC and measures of colorectal neoplasia 

 

Colorectal Neoplasia Outcomes 

 Distal  Proximal Villous  Recurrence 

             

 OR 95% CI  OR 95% CI  OR 95% CI  OR 95% CI  

GC             

PC1 0.98 0.91-1.06  1.00 0.93-1.07  0.90 0.80-1.03  0.99 0.92-1.05  

PC2 1.03 0.94-1.13  0.97 0.89-1.05  1.01 0.88-1.16  0.99 0.92-1.07  

PC3 0.97 0.85-1.09  0.96 0.86-1.07  0.88 0.72-1.09  0.95 0.86-1.06  

PC4 0.95 0.79-1.14  0.95 0.81-1.12  1.00 0.75-1.35  0.96 0.82-1.12  

LRT  

p-value
2
 

   

0.87 

   

0.83 

   

0.41 

   

0.86 

 
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components.  
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Table 29.  Hardy-Weinberg Equilibrium of CASR polymorphisms in pooled sample 

 

CASR SNPs 
2
 p-value 

rs17282008 0.47 

rs6438706  0.26 

rs13324814 0.35 

rs4678035  0.31 

rs6764691  0.35 

rs3863977  0.75 

rs1973490  0.50 

rs12485716 0.09 

rs12635478 0.67 

rs7621124  0.17 

rs7614486  0.51 

rs9826770  0.03 

rs17203502 0.51 

rs1801726  0.68 

rs3845918  0.10 

rs6776158  <0.01 

rs7644390  0.91 

rs7647405  1.00 

rs17282022 0.11 

rs17197636 0.68 

rs17197671 0.55 

rs1501900  0.18 

rs4678013  0.79 

rs3749208  0.72 

rs1042636  0.70 

rs7648044  0.46 

rs10222633 0.66 

rs7646147  0.76 

rs9866419  0.19 

rs7635112  0.06 

rs4678174  0.22 

rs6764205  0.32 
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Table 30.  Hardy-Weinberg Equilibrium of GC polymorphisms in pooled sample 

 

GC SNPs 
2
 p-value 

rs16846880 1.00 

rs16847039 0.72 

rs705117   0.68 

rs16846876 0.86 

rs222016    0.69 

rs3733359   0.39 

rs7041      0.71 

rs17383291 0.05 

rs17467825 0.85 

rs1491709   0.46 

rs222035   1.00 

rs16847015 0.78 

rs222014   0.48 

rs842999    <0.01 

rs705125    <0.01 

rs6817912   0.27 

rs843007    0.60 

rs16847047 0.80 

rs1352844   1.00 

rs1352843   0.48 

rs222017    0.57 

rs1155563   0.80 

rs222029    0.70 

rs12512631 <0.01 

rs13117483 0.94 
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III. DISSERTATION CONCLUSION AND FUTURE DIRECTIONS 

A.  DISCUSSION AND CONCLUSIONS 

Introduction 

 Overall, the results of this dissertation demonstrates that there are factors 

including environmental, lifestyle, and genetic that influence circulating concentrations 

of vitamin D metabolites and possibly colorectal neoplasia risk. For Aim 1, we showed 

that 400 IU over-the-counter cholecalciferol was effective at maintaining circulating 

25(OH)D above 20 ng/ml; however, we also identified segments of the study population 

that may have different supplementation needs and require further research. For Aim 2, 

we identified polymorphisms in RXRA and GC that are associated with variation in 

circulating levels of vitamin D metabolites. For Aim 3, we identified a single SNP in 

CASR that is associated with reduced risk of proximal colorectal neoplasia in a 

population with a prior history of colorectal adenomas. Finally, we utilized a variety of 

statistical methods for analyzing the genetic data, each with advantages and 

disadvantages, which will contribute to the growing literature for identifying the best 

methods for analysis of complex high-dimensional data. The results of this dissertation 

confirm the IOM conclusions that there are a variety of associations between vitamin D 

and health (72), at both the molecular and individual levels. However, the evidence is not 

yet conclusive and continued research is necessary to determine if there are genetic 

polymorphisms that increase risk of vitamin D deficiency or disease for segments of the 

population as well as to develop appropriate policy to address the risks of exposure.  
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1. Specific Aim 1: pilot study to assess whether over-the-counter vitamin D supplements 

affect circulating concentrations of 25(OH)D in the blood 

 The results of Aim 1 demonstrate that a daily dose of OTC vitamin D 

supplements containing the recently recommended EAR (400 IU) is sufficient to 

maintain baseline concentrations of 25(OH)D in healthy adults, but not to significantly 

increase levels in all individuals. The overall net change after supplementation was 2.3 

ng/ml from baseline values. However, when stratified by baseline vitamin D status, we 

found that the strongest effect of the 400 IU supplements occurred in those with baseline 

25(OH)D concentrations less than 20 ng/ml, with a net change of 4.1 ng/ml that led to a 

change in vitamin D status from insufficient to sufficient (> 20 ng/mL) for 6 participants 

(29%).  There were also significant differences when participants were stratified by 

gender, ethnicity and BMI; with the greatest benefit of supplementation observed in 

women, Hispanics, and those with BMI > 25. These results provide evidence that 

individual characteristics may affect response to supplementation, thus requiring careful 

consideration during the design of supplement trials and consideration that different 

intake guidelines may need to be formulated based on target population characteristics. 

 As described in detail previously, there have been many clinical trials conducted 

testing the effects of vitamin D supplements that support the results of this trial that 400 

IU cholecalciferol was sufficient to maintain circulating 25(OH)D above 20 ng/ml for the 

majority of a population. Studies by Holvik et al. and Viljakainen et al. each tested a dose 

of 400 IU cholecalciferol and observed a significant increase in circulating 25(OH)D 

(134, 135); however, neither study used over-the-counter supplements and only the 
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Viljakainen group compared the cholecalciferol to a placebo. Other studies have also 

supported the finding that a dose greater than 400 IU is necessary to raise circulating 

25(OH)D above the alternative threshold for vitamin D insufficiency of 30-32 ng/ml, 

though Hollis et al. estimated that 400 IU is insufficient to raise levels above even 20 

ng/ml (73).
 
  Heaney et al. and Meier et al. have demonstrated that 500 IU is sufficient to 

significantly increase 25(OH)D levels (133, 137), while Brazier and Nelson et al. 

observed significant increases when testing a dose of 800 IU (138, 139). Other studies 

have utilized doses ranging from 1000 to 100,000 IU cholecalciferol; however, the effects 

of these high dose trials are not readily comparable to the results of the present low-dose 

study (133, 201, 230, 231). The evidence from trials using comparable doses supports our 

finding that daily supplementation with over-the-counter 400 IU cholecalciferol not 

sufficient to substantially raise circulating concentrations of 25(OH)D in most 

individuals, though it will maintain levels during periods of relatively low sun exposure 

(73). 

 It is difficult to generalize the results of vitamin D supplement trials because the 

design of these studies has varied in terms of the dose and type of supplement used, the 

age and gender of the study population, and the duration of treatment. Our sample 

included healthy adults of both genders who were residents of southern Arizona. The 

mean baseline concentration for both groups was greater than the 20 ng/ml insufficiency 

threshold set by the IOM (72), which could reflect overall higher levels of sun exposure 

for Arizona residents and provides a rationale for why the EAR (400 IU) would be a 

sufficient dose for this population. However, according to the IOM, the majority of the 
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U.S. population has circulating levels of 25(OH)D above 20 ng/ml and that 400 IU is an 

appropriate EAR even when levels of sun exposure are low (72). This study was 

conducted during months of lower sun exposure (October-March) and the 400 IU dose 

appears to be effective at preventing a seasonal decrease in 25(OH)D during the winter 

months, as demonstrated by the trend of decreased 25(OH)D in the placebo group and 

modestly increased levels in the treatment group (Table 6 ). Though the change in 

25(OH)D was not statistically significant (p = 0.06), the trends observed in this small 

pilot study should be tested in larger more varied populations. 

 The length of treatment for this trial was only 30 days and many previous 

supplement trials evaluated the effect of longer periods of exposure. However, as stated 

previously, pharmacokinetic studies have observed that the greatest change in circulating 

25(OH)D occurs early after the start of supplementation and that even after 8 weeks of 

treatment a maximum increase of only 2.8 ng/ml would be expected (36, 73, 133, 135, 

136). A longer study period may have led to a statistically significant increase in 

concentrations of 25(OH)D, however, it is unlikely that the trends would have 

dramatically changed or that 400 IU would have been sufficient to raise levels above 30 

ng/ml for most individuals. The above studies using 400 IU cholecalciferol have 

demonstrated statistically significant increases in circulating concentrations of 25(OH)D; 

however, differences in the study design may limit the comparability of the results. 

 It is known that the half-life of 25(OH)D is approximately15 days in the serum 

(36). Studies of pharmacokinetics have demonstrated this effect, however more recent 

dosing studies have used high-dose cholecalciferol (100,000 IU) and found that a single 
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dose maintained circulating 25(OH)D above baseline levels for greater than 80 days 

(230). In this trial, there was no significant difference in the post-supplementation decline 

in serum 25(OH)D between the placebo and supplement groups (p = 0.15). Furthermore, 

the mean 25(OH)D at day 45, which was 15 ± 3 days post-supplementation, was below 

that observed at baseline in both groups. This decline below baseline, perhaps, can be 

attributed to the timing of the study during the winter months of lower sun exposure. 

However, overall, these results demonstrate that within 15 days of the end of 

supplementation the circulating levels of 25(OH)D declined to baseline levels. 

 This clinical trial was designed to primarily test the effect of the cholecalciferol 

supplements. However, the results of a preliminary post-hoc analysis identified 

characteristics that should be examined in future studies. The response to 

supplementation varied by baseline concentration of 25(OH)D. When the study 

participants were stratified into “low” (< 20 ng/ml), “medium” (20 < 25(OH)D < 30 

ng/ml), and “high” (30 ng/ml < 25(OH)D) categories; the change in circulating 25(OH)D 

from baseline to day 30 was only significant for individuals with baseline concentration 

below 20 ng/ml. There was an overall inverse relationship observed between baseline 

concentration strata and change in 25(OH)D with supplementation. As baseline 

concentration increased, the change in 25(OH)D observed with 400 IU daily 

cholecalciferol declined. Though individuals were not taking supplements with doses 

higher than 400 IU at least 30 days prior to starting the trial, these results provide support 

for the clinical trials discussed earlier that demonstrate doses significantly higher than 

400 IU are required to achieve and maintain circulating concentration of 25(OH)D above 
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30 ng/ml. The 400 IU dose was however, sufficient to maintain, though not significantly 

increase concentrations for individuals with baseline concentrations above 20 ng/ml.  

Although the study was not designed for stratification, these results demonstrate the 

importance of accounting for baseline concentration during clinical trials of vitamin D 

supplements.  

 The risk of insufficiency is known to be greater for individuals with highly 

pigmented skin and has not been demonstrated to consistently decrease when the 

recommended daily intake of supplements is consumed (75, 95). It has also been 

demonstrated that individuals with highly pigmented skin require more sun exposure to 

produce similar amounts of 25(OH)D compared to individuals with less pigmentation; 

however, there is conflicting evidence regarding the effect of supplementation by 

ethnicity (33, 75, 99, 100). We found that response to cholecalciferol supplementation 

differed by self-reported ethnicity, with Hispanic participants exhibiting a greater 

response to the supplement. Considering that 26% of our female participants were 

Hispanic, it is possible that this association also contributed strongly to the association 

observed in women or that the lower baseline 25(OH)D concentrations observed for 

Hispanic individuals may have driven these results. However, there is limited research of 

the effects of supplementation in this population and additional studies should be 

conducted to explore this interesting but preliminary finding (110).    

 Higher BMI is associated with relatively lower circulating concentrations of 

25(OH)D (107-113), although the exact mechanisms for this association are not clear 

(113). As described previously, there is evidence that adipose tissue is a repository for 
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vitamin D metabolites and associations between larger body size and vitamin D 

deficiency have been consistently observed (114). Prior studies demonstrated the 

difficulty of raising serum concentrations for overweight individuals (113, 232); 

however, we found a significantly greater response to 400 IU cholecalciferol in 

overweight individuals compared to those with normal BMI. It is possible that the 

complete absorption of 25(OH)D into the adipose tissue takes longer than the 30 days 

that participants were on supplement in the current study. Furthermore, many individuals 

in this group also had low baseline 25(OH)D and it is possible that circulating levels must 

reach a certain threshold above or below which uptake into the adipose begins.   

However, this is an unexpected result that requires additional evaluation in a larger 

sample that would allow for analysis with greater numbers of participants in each 

category of body size.   

 In conclusion, the results of Aim 1 provide support that 400 IU cholecalciferol, 

which is the currently recommended EAR, is sufficient to maintain circulating 

concentrations of 25(OH)D in healthy adults, though it was not adequate to significantly 

increase concentrations in individuals who were sufficient at baseline.  Larger studies of 

supplementation for longer time periods and testing additional doses of cholecalciferol 

will be critical to our understanding of the effectiveness of these public health 

recommendations. Furthermore, the ever increasing diversity and rates of obesity in the 

U.S. population must lead us assess whether a single recommended dose is equally 

effective for all Americans.  
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2. Specific Aim 2: association between genetic variation in VDR, RXR, GC, and CASR 

and circulating concentrations of 25(OH)D 

 The results of Aim 2 identified genetic polymorphisms in RXRA and GC that are 

associated with variation in circulating concentrations of vitamin D metabolites. There 

were overall gene-level associations observed between RXRA and concentrations of 

1,25(OH)2D as well as GC and concentrations of 25(OH)D. There were no gene-level 

associations or individual SNPs related to either metabolite for VDR or CASR in this 

population. The individual RXRA SNP analysis identified one SNP (rs9409929) that was 

strongly associated with 1,25(OH)2D only prior to multiple comparisons adjustment, 

however, the CART and random forest did identify polymorphisms that were 

significantly predictive. There were several SNPs in GC that were significantly 

associated with circulating levels of 25(OH)D, after multiple comparisons adjustment, 

and were supported by additional analysis methods. Overall, the results of Aim 1 

identified genetic polymorphisms that require further research including utilization of 

assays to determine their functional effect at the cellular level and potential role in 

identifying individuals at risk for vitamin D deficiency. 

 

VDR and vitamin D metabolites 

 In this study, no association was found between any genetic polymorphisms in 

VDR and variation in vitamin D metabolites. Although variation in VDR has been 

extensively studied for associations with vitamin D status and disease outcomes, there is 

conflicting evidence for associations. As described in detail in the background, the 
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polymorphic endonuclease sites for TaqI, BsmI, Apa1, FokI, as well as a polymorphism 

in a binding site for Cdx-2, a homeodomain protein, are commonly studied (155).  In this 

study, the dataset contained tagSNP genotype data for TaqI, BsmI, FokI, and Cdx-2; 

however, considering that ApaI is known to be in high linkage with TaqI and BsmI, this 

polymorphism was covered as well. No significant gene-level associations were observed 

through the principal components analysis and no single SNPs were identified when 

employing regression models with multiple comparisons adjustment or the tree-based 

methods. Considering the previously conflicting evidence and that the statistical methods 

provide estimates of the true association, it is possible that there is no association 

between the SNPs studied and circulating metabolite level, that the effect size is small 

and the sample of 400 participants did not provide enough power to adequately estimate 

the association, or that the effect of VDR is in conjunction with other genes in the vitamin 

D endocrine system or environmental factors and must be studied in larger samples 

allowing for assessment of interactions. This analysis supports the findings of no 

association between genetic variation in VDR and vitamin D metabolites. However, it is 

biologically plausible that variation in VDR could affect the function of the protein 

receptor and thus the feedback loop of vitamin D metabolism, therefore the association 

should continue to be studied in larger, more varied populations as well as through cell-

based experiments designed to explore the functional effects of polymorphisms. 
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RXRA and vitamin D metabolites 

 This analysis identified an overall gene-level association between RXRA and 

circulating levels of 1,25(OH)2D; however, there has been limited study of RXR and its 

association with vitamin D metabolites. As stated previously, only two studies have 

examined the association between RXRA polymorphisms and vitamin D metabolites. Ahn 

et al. reported no association between polymorphisms in RXRA and circulating levels of 

vitamin D metabolites (163), while Wjst et al., reported significant associations between 

rs3132299 and 1,25(OH)2D as well as rs877954 and 25(OH)D levels (166). However, 

haplotype analysis and regression models were the primary statistical methods used in 

these analyses and no significant association was observed for these SNPs when 

examined the individual SNP-level in the UDCA population. In contrast, we identified a 

statistically significant gene-level association using principal components analysis 

between RXRA and continuous measures of 1,25(OH)2D. Examination of the significant 

principal component determined that the SNP rs9409929 contributed the most to that 

principal component. Individual SNP analysis again identified rs9409929 as significantly 

associated with circulating 1,25(OH)2D, though the results was not significant following 

the multiple comparison adjustment. CART analysis, however, did not identify any 

polymorphisms that predicted change in 1,25(OH)D and random forest analysis did not 

identify any polymorphisms that produced a significant importance measure. Thus the 

significant results from this analysis must be interpreted with caution. However, 

considering the overall significant gene-level association, the possible mechanism of 
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action should be further explored; as this could be related to enzymes that influence 

vitamin D metabolism such as CYP24A1 and CYP27B1. 

 It is known that VDREs are present in promoter regions of genes that play a role 

in regulating circulating levels of vitamin D metabolites (233, 234). Two primary 

candidates are CYP24A1 and CYP27B1.Vitamin D acts in an endocrine feedback loop to 

self-regulate 1,25(OH)2D synthesis by suppressing transcription of CYP27B1, and also to 

initiate 1,25(OH)2D catabolism by stimulating transcription of CYP24A1 (233). While 

genetic variation in RXRA could potentially influence VDR-RXR signaling, RXRA SNP 

rs9409929 is a G to A change in a non-coding region of chromosome 9 at position 

249320, and is therefore unlikely to have functional effects (235). However, it is possible 

that rs9409929 is in linkage disequilibrium with another SNP located in a region that 

controls expression of the gene or affects the stability of the mRNA. This SNP could thus 

be a marker for a different polymorphism that cause structural changes in the protein, and 

considering that RXR is known to bind with a variety of receptors, the change could 

also influence competitive binding with VDR compared to other receptors. As described 

in the background, the partner for RXR helps determine which target genes are 

transcribed upon activation and, as a promiscuous receptor, its varied list of partners 

leads to a wide range of effects in the body. If VDR were unable to bind with RXR 

through competition, then it would be unable to stimulate transcription of CYP24A1 and 

CYP27B1, thus interrupting the feedback loop and proper regulation of circulating levels 

of vitamin D metabolites. Though the evidence from the different statistical methods 
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tested is conflicting, in the future it would be beneficial to identify SNPs in linkage 

disequilibrium with rs9409929 and then examine their possible functional effects (46).   

 

CASR and vitamin D metabolites 

 This analysis did not identify either a gene-level association or individual 

polymorphisms in CASR that are associated with circulating concentration of 25(OH)D or 

1,25(OH)2D.  Furthermore, CART and RF analysis did not identify any CASR SNPs that 

were predictive of vitamin D metabolite levels. As described in the background section, 

the majority of studies related to CASR examine calcium levels and few have analyzed its 

association with vitamin D metabolites. Previous studies have found no associations 

between A986S (rs1801725), R990G (rs1042636), G1011E (rs1801726), or A826T and 

25(OH)D or 1,25(OH)2D (66, 171). The homozygous S allele of A986S has been 

associated with increased serum calcium, which could lead to decreased circulating levels 

of 1,25(OH)2D; however, as stated previously, the ranges for serum calcium and calcitriol 

are maintained within relatively narrow ranges and it is not clear if this change would be 

great enough to alter the biological effects of 1,25(OH)2D (66, 170). Though no 

association was observed in White participants of the UDCA trial, it would be beneficial 

to continue to study this gene in more varied populations because there is evidence that 

the frequency of polymorphisms in the intracellular domain (A986S, R990G, and 

Q1011E) varying by ethnicity (61). Finally, again it is possible that the results accurately 

estimate the true relationship versus the possibility that the sample did not provide 

sufficient power for detecting the modest effects often observed for genes or allow for 
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testing interactions between genes. Considering the close relationship between calcium 

and vitamin D, it is biologically plausible that variation in CASR could affect circulating 

levels of vitamin D metabolites and should be included in future studies of the vitamin D 

endocrine system. 

  

GC and vitamin D metabolites 

 The analysis for Aim 2 identified an overall gene-level association between GC 

and circulating concentrations of 25(OH)D, in addition to seven SNPs that were 

significantly associated with both continuous and categorical measures of 25(OH)D. For 

principal components analysis, the association was significant using thresholds above 25 

ng/ml and continuous measures of 25(OH)D. The 20 ng/ml threshold was not significant, 

though it is possible this could have been an issue of small sample size in the group. The 

individuals SNP analysis identified rs7041, rs222035, rs842999, rs1155563, rs12512631, 

rs16846876, and rs17467825 as polymorphisms associated with variation in continuous 

measure of 25(OH)D.  However, a simple correlation matrix revealed that rs7041, 

rs222035, and rs842999 are highly correlated and rs1155563 in strong correlation with 

rs17467825. Analysis of HapMap data also determined that, although rs4588 (GC2) was 

not included in our dataset, there were two SNPs included (rs1155563 and rs17467825) 

in high linkage disequilibrium with rs4588. Thus it appears that the genetic 

polymorphisms identified support previous data that the two primary alleles GC1 

(rs7041) and GC2 (rs4588) have a significant effect on circulating 25(OH)D. In contrast, 

no polymorphisms were significantly associated with variation in 1,25(OH)2D.   



 

 

145 

 

  

 The CART analysis identified rs17467825 as the only SNP predictive of 

continuous measures of 25(OH)D and rs1555563, rs7041, and rs222029 as significantly 

predictive of the 25(OH)D using a 25 ng/ml threshold for insufficiency. Furthermore, RF 

analysis identified many of the same polymorphisms as the most important for prediction 

of vitamin D metabolite concentrations Thus we believe these significant results provide 

further support for the previous findings that variation in GC2, which is more common in 

White individuals, is associated with change in circulating 25(OH)D (16, 173). We also 

observed the similar trend as described by Sinotte et al. that increasing copies of the rare 

G allele for GC2 or rs4588 led to a decline in circulating 25(OH)D (174). Furthermore, 

this study identified similar trends and significant associations with three of the four 

polymorphisms identified by Ahn et al. (rs7041, rs12512631, and rs1155563) and, 

although rs2282679 was not specifically included in our dataset, it is another SNP in high 

linkage disequilibrium with rs4588 and that association was confirmed through 

rs1155563 and rs17467825. Finally, it should be noted that two polymorphisms 

identified with a significant association, rs12512631 and rs842999, were not in Hardy-

Weinberg equilibrium. However, this means there are evolutionary pressures, such as 

natural selection or non-random mating, acting upon the polymorphism that may affect 

the selection of genotypes and should be further analyzed. These results provide support 

for previously published results and identify novel polymorphisms that should be further 

researched for functional effects.   

 There are scarce data on the functional effects of polymorphisms in GC. There is 

recent evidence demonstrating the GC1f allele has increased affinity for binding vitamin 
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D metabolites, however, earlier studies did not identify these differences (40). This 

discrepancy justifies further analysis with current technology.  Studies have also 

determined that circulating concentration of Gc-globulin varies by genotype. Studies by 

Lauridsen et al. have demonstrated that circulating concentrations of GC were higher 

with the GC1 genotype versus GC2. The effect of this difference on the biological 

activity of 1,25(OH)2D is not clear, considering that normally circulating concentrations 

of GC are much higher than those of the vitamin D metabolites it transports. It is possible 

that these effects may be more strongly associated with the actin-scavenging, GCMAF 

activity, or some as yet unidentified function of GC (40). Overall, there is strong 

evidence at the cellular and population level supporting the relationship between genetic 

variation in GC and circulating concentration of 25(OH)D, however, the exact 

mechanism is not yet clear. Additional research at the molecular level and analysis in 

varied populations will provide further evidence for this association. 

In summary, the results of Aim 2 suggest that genetic variation in RXRA may 

influence 1,25(OH)2D homeostasis. It also suggests that polymorphisms in GC are 

strongly associated with variation in circulating concentrations of 25(OH)D. This is the 

first study to find a relationship between genetic variation in RXRA and levels of this 

hormone. Though RXRα is known to play an integral role in the function of VDR, it is 

unclear how polymorphic variation in RXRA effects the action of the VDR/RXR 

heterodimer at the molecular level. GC is the transport protein for vitamin D metabolites 

and its role has been well established; however, there is still debate for how its circulating 

concentration or affinity for metabolites may relate to the biological effects of 
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1,25(OH)2D and further research is necessary. Finally, this analysis should be replicated 

in additional populations that are representative of the general population and allow for 

analysis by ethnicity.  

 

3.  Specific Aim 3: association between genetic variation in GC and CASR and odds of 

metachronous colorectal neoplasia 

 The results of Aim 3 did not provide strong evidence for an association between 

variation in GC or CASR and odds of colorectal neoplasia. There were no gene-level 

associations identified for either gene and at the individual SNP-level only a single 

polymorphism in CASR was significantly associated with proximal colorectal neoplasia.  

The prediction models from CART and RF analysis did not identify any polymorphisms 

as significantly predictive of colorectal neoplasia. This analysis provides evidence for a 

possible role of GC and CASR in proximal colorectal neoplasia; however, the results are 

not conclusive and require additional investigation. 

 

Polymorphic variation in GC and colorectal neoplasia 

 In this dissertation work, no gene-level association was identified between GC 

and overall colorectal neoplasia recurrence or by colorectal sub-site. Furthermore, the 

CART and RF analyses did not identify any polymorphisms that were significantly 

predictive of colorectal neoplasia. For all outcomes, only root-node trees were produced 

in CART analysis and the random forest analysis produced a list of most predictive 

polymorphisms, though none were statistically significant.  However, it is biologically 
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plausible that variation in GC could affect colorectal neoplasia risk. As stated previously, 

there is evidence that variation in GC is associated with circulating levels of vitamin D 

metabolites and that vitamin D metabolite levels are associated with colon cancer risk. It 

is possible that GC genotype is an effect modifier of the relationship between vitamin D 

and colorectal neoplasia; however, this sample did provide sufficient power for testing 

that association. In addition, there is evidence that the alternative function of GC as the 

activator of macrophages through GCMAF could also support a role in cancer risk. The 

risk of colorectal neoplasia could be affected if variation in the gene altered GCMAF 

formation or the potency of the molecule (173, 207). These results support the one 

published study examining this relationship in the colon. Poynter et al. reported no 

significant associations between colorectal neoplasia and variation in either GC or VDR 

(197). There is minimal evidence in the literature for or against this biologically plausible 

association and additional research should be conducted in larger populations.  

 

Polymorphic variation in CASR and colorectal neoplasia 

 The analysis for Aim 3 identified only a single polymorphism associated with 

increased odds of proximal colorectal neoplasia.  There was no statistically significant 

gene-level association between CASR and any type of colorectal neoplasia in principal 

components analysis.  Furthermore, the results from the CART and RF analysis did not 

reveal any CASR polymorphisms that were predictive of colorectal neoplasia at any site.  

The individual SNP analysis found that rs1042636 was statistically significantly 

associated with odds of proximal colorectal neoplasia in both additive and dominant 
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models of inheritance.  Furthermore, a difference in the effect of rs1042636 by study 

(UDCA versus WBF) was observed, and the interaction by study was statistically 

significant (p = 0.08).  Heterogeneity of effect is an important issue to address when 

pooling studies to ensure that there are not differences between the populations that affect 

comparability of results.  It was determined that there were only three individuals in the 

WBF and eight in the UDCA population with proximal adenoma and the recessive 

genotype for rs1042636.  However, the effect one copy of the G allele led to decreased 

odds in both populations (OR = 0.63 and 0.36, respectively), which provides support for 

the effect of the polymorphism. Both populations had similar frequency of the AG 

genotype (14.4% and 14.0 %, respectively).  Furthermore, the study variable was 

significantly associated with proximal colorectal neoplasia in the pooled sample, with 

participants in the WBF trial demonstrating increased odds of proximal colorectal 

neoplasia overall (p = 0.004). However, this could be due to a difference in study design 

and reflect the two colonoscopies for participants of the WBF trial versus only one for 

UDCA trial participants (18, 214). It is also possible that there could be a treatment effect 

of either UDCA or WBF contributing to this observed association and future analysis 

should examine the possible interaction.  This polymorphism was in Hardy-Weinberg 

equilibrium overall and in each study population independently. This polymorphism has 

previously been studied for associations with colorectal neoplasia and is located in the 

coding region of exon 7 (65). The results are in contrast to those identified in previous 

studies, though difference between populations and study design may have affected these 

results.  
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 It is biologically plausible that variation in CASR could be related to risk of 

colorectal neoplasia. The CASR is known to be critical to calcium homeostasis and high 

calcium intake has previously been demonstrated to reduce risk of colorectal neoplasia 

(12, 206). It is also known that CASR is expressed in colon epithelium and there is a 

direct relationship between decreased expression of CASR and lack of differentiation of 

colon tumors (12, 61, 63, 204).  The molecular mechanism for this is possibly through 

increased expression of E-cadherin, which promotes a differentiated cell phenotype (12, 

204). However, rs1042636 is a rare gain-of-function polymorphism that has been 

associated with increased urinary calcium excretion and increased risk of kidney stone 

formation (65). In this case, it is possible that a decline in serum calcium could trigger 

increased production of 1,25(OH)2D; which, as discussed previously, has been shown to 

be protective against colorectal neoplasia. The change from A to G leads to a substitution 

of the positively charged glycine for the hydrophilic arginine, which could significantly 

alter the protein (206). It is possible that this changes the protein in such a way to alter 

the ability of CASR to sense serum calcium, though this functional effect of rs1042636 

has never been identified. There is a basis for possible cellular effect of variation in 

CASR, however, the role of rs1042636 not known and should be further studied. 

 The significant association between rs1042636 and proximal colorectal neoplasia 

is in contrast to the previously published results in different populations. Peters et al. 

identified rs1042636 as part of significant CASR diplotype associated with advanced 

colorectal neoplasia, however, the authors pointed out that it was unlikely that this 

polymorphism was driving the association (206). Furthermore, Jacobs et al. recently 
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found no association between any CASR polymorphisms and risk of colorectal neoplasia 

in analysis of participants of the Colon Cancer Family Registry (205). Also, as previously 

described, the EPIC study found no association between colorectal neoplasia and CASR 

polymorphisms, while Basci et al. reported increased risk of colorectal cancer for 

individuals with the SS genotype of A986S (rs1801725) (170, 171). Furthermore, 

proximal colorectal neoplasia risk was significantly associated variation in rs10934578, 

rs2270916, rs12485716, and rs4678174 in a study by Dong et al. (12). No statistically 

significant associations between these polymorphisms and colorectal neoplasia at any site 

were observed in this sample. However, it is possible that rs1042636 is in linkage 

disequilibrium with another polymorphism that alters the functional effects of CASR in a 

way that directly effects differentiation of cells. This evidence suggests that variation in 

CASR may be important in the etiology of colorectal neoplasia, however, the relationship 

is not yet clear and additional research is warranted. 

 The relationship between CASR, GC and colorectal cancer risk is not yet clear. 

These results suggest that polymorphic variation in CASR and GC may be associated with 

colorectal neoplasia. It has been demonstrated that altered biologic function of these 

proteins could allow neoplastic cells to progress. However, in population-level studies, 

the associations between specific polymorphisms and colorectal neoplasia risk are not 

conclusive.  Furthermore, considering the known variation in GC and CASR by ethnicity, 

these associations should be evaluated in larger, more diverse populations. 
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4.  Statistical methods for genetic analysis 

 A significant component of this dissertation was to utilize a variety of statistical 

methods for analyzing the high-dimensional genetic data. There is no one standard 

method in the field for analyzing this type of data and the goal was to allow the author to 

learn these techniques as well as evaluate the strengths versus limitations of each. For 

some of the analysis, the results differed between the techniques. However, it must be 

recognized that; although the statistical methods of principal components analysis, 

regression, CART, and random forests all have the same ultimate goal of identifying 

important SNPs, there are fundamental differences between the methods that may have 

led to the sometimes conflicting results. The principal components analysis and 

regression analysis are designed to identify associations, at the gene-level and individual 

SNP-level, respectively. However, in contrast, the CART and RF methods are designed 

to identify factors that are predictive of the outcome. This difference between methods 

means that if there are polymorphisms identified with associations to the outcome that are 

not identified through the predictive modeling techniques, it could mean there were 

factors not included or measured that more strongly influence prediction of the outcome 

being analyzed. This does not mean that observed associations are not valid because they 

were not confirmed by the prediction models and it must be recognized that fundamental 

difference between these methods likely influences these different results.   
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5. Strengths and Limitations 

 The major strengths of Aim 1 include the randomized, blinded, placebo-controlled 

design and use of over-the-counter supplements, which allowed for examination of 

products likely to be used in everyday conditions by the general population. In addition, 

this aim evaluated the effect of cholecalciferol alone and accounted for the association 

with factors known to effect circulating concentrations of 25(OH)D including BMI and 

ethnicity. Limitations of this study are that only one dose of cholecalciferol was tested 

and participants took supplements for only 30 days, which may not have allowed for peak 

concentrations to be observed. However, based on prior work, the maximum change that 

would be expected after 8 weeks of supplementation with a pharmacological preparation 

of cholecalciferol would be 2.8 ng/ml (135). Additionally, while the sample size was 

sufficient to observe overall changes by supplementation group, a larger population is 

necessary to determine the associations between circulating 25(OH)D and factors such as 

BMI, ethnicity, and baseline 25(OH)D concentrations.  These considerations should be 

incorporated into future studies of supplementation in larger, more varied samples that 

will allow generalization of results to broader populations. 

 There are limitations of Aim 2 and 3 that should be addressed in future research.  

The sample for these analyses only included individuals who self-reported race as White 

and, considering that vitamin D status is heavily influenced by skin pigmentation, 

exploring associations within other racial groups is critical (75). In addition, there is 

reported variation in both GC and CASR by race/ethnicity, which require more diverse 

populations for proper analysis. There is also a possibility that this study of participants 
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with colorectal adenoma patients may not be generalizable; however, given the relatively 

high prevalence of these lesions in the population it is likely that the sample is fairly 

representative of this particular age group. Also, for Aim 2, vitamin D metabolites were 

only measured in a portion of this study population and a larger sample size might be 

necessary to detect some of the more modest associations with various SNPs, and future 

studies will be designed to address this issue of statistical power. Furthermore, for Aim 3, 

there was some heterogeneity of effect observed between the UDCA and WBF 

populations. It is necessary to test for heterogeneity in this pooled sample because, 

though there is minimal difference between the UDCA and WBF populations for 

characteristics such as age (means = 66.2 + 8.5 and 65.6 + 8.8, respectively), the study 

designs were different and there is also potentially a treatment effect in a subgroup of 

participants. Overall, in the future, it would be beneficial to also test these hypotheses in a 

population more representative of the overall U.S. population in terms of race/ethnicity, 

gender, and age distributions.  

 Finally, there were limitations to the statistical methods used for analysis. The 

statistical adjustment used to account for multiple comparisons may have been too 

stringent to allow for identification of additional SNPs that affect the relationship 

between genetic variation and circulating levels of vitamin D metabolites. An alternative 

approach could include PC analysis followed by directed examination of individual SNPs 

included in any statistically significant principal components, as opposed to examining all 

available SNPs in a gene individually (221). This method could lead to less chance of a 

Type II error, especially for genes with a large number of SNPs (like VDR or RXR), 
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where the increased number of statistical tests leads to a more stringent adjustment of the 

p-value.  In addition, the methods utilized produced varied results, however, the possible 

reasoning for this are explored below. Additionally, there are many alternative 

approaches available for the genetic analysis; however, we feel that principal components 

analysis and CART analysis represent proven techniques that are likely to drive future 

work in this area. However, the results of these prediction models do not always 

correspond to what is identified in association studies, which makes interpretability 

across methods challenging. Alternative approaches should continue to be explored and 

tested, as appropriate, on the selected associations.  

 

6. Conclusions and Future Directions 

 This dissertation provides evidence for the effectiveness of over-the-counter 

vitamin D supplements in healthy adults.  It also identified polymorphisms in RXRA, GC, 

and CASR that are associated with or predict vitamin D metabolite levels or colorectal 

neoplasia risk. The results of Aim 1 determined that 400 IU cholecalciferol is sufficient 

to maintain 25(OH)D levels above 20 ng/ml during seasonal changes in sun exposure.  

Aims 2 and 3 of this analysis also identified genetic factors that influence circulating 

concentrations of vitamin D metabolites and possibly colorectal neoplasia risk. However, 

the results identified additional factors that should be accounted for in future studies in 

order to better characterize these associations. The recent IOM report stated that the 

effect of vitamin D metabolites, and other proteins associated with the vitamin D 
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endocrine system, on disease risk is not yet clear (72). Throughout this dissertation we 

have identified areas of necessary future work, which are summarized below. 

 In future research, there is a need to better characterize the role of GC and its 

interaction with vitamin D metabolites in the vitamin D endocrine system. 

Research should be conducted at the cell-level to determine the functionality of 

polymorphisms in GC that were significantly associated with and predictive of 

circulating levels of 25(OH)D by utilizing the assay methods developed by Jurutka et al. 

and Chun et al. (46, 236). Furthermore, it is not clear that 25(OH)D as a surrogate 

measure of biologically active 1,25(OH)2D is accurately measuring the exposure of cells 

at the tissue-level. More work is necessary to determine the role of free versus GC-bound 

vitamin D metabolites and the effect at the cell-level.  GC plays a central role in the 

vitamin D endocrine system and future research is necessary to understand the 

mechanism more clearly.  

 Genetic data are becoming more readily available for research, yet there are no 

clear standards for analysis methods. There are multiple approaches available including 

CART, RF analysis, and principal components analysis; however, there are strengths and 

weaknesses related to each. Future research should work to identify the optimal statistical 

methods, either for association or prediction, for high-dimensional genetic data and then 

educate epidemiologists to employ these methods.    

 Future vitamin D supplement trials should account for the relationship between 

factors known to affect vitamin D synthesis and metabolism and thus circulating levels of 

25(OH)D. Vitamin D dosing studies must be designed to allow for assessment of the 
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affect of race/ethnicity, BMI category, gender, baseline values, and genotype for selected 

genes on the effectiveness of supplementation. Future studies should also be designed to 

test the possibly of “safe” sun exposure in place of supplementation, when possible.  

Furthermore, it will be necessary to test products that are readily available to the general 

public and also the many formulations of vitamin D supplements to determine if 

bioavailability of vitamin D differs by product.  The study design will be more complex 

than many previously conducted trials and it will possibly be necessary to evaluate these 

factors through multiple studies, rather than all one. However, it is necessary because 

there is evidence to show these characteristics can all affect either the production or 

metabolism of vitamin D metabolites and the relationship between the factors is not yet 

clear.  

 Finally, the evidence gathered from this research must be used to formulate 

national and international policy regarding vitamin D.  Identification of factors affecting 

vitamin D status, including genetic variation and effect of supplementation, will help 

formulate appropriate public health policy to ensure the health of the population and 

determine what blood concentration of vitamin D or dose is required to reach that level is 

necessary for preventing disease.  Throughout this process, we must strive to increase 

interactions among epidemiologists, policy-makers, and the media to improve the 

messages provided to the general public and ensure that evidence-based policy is made to 

promote the health the population. 
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ABSTRACT 

Objective:  To determine the effect of over-the-counter cholecalciferol supplements on 

circulating concentrations of 25(OH)D in healthy adults. 

Design: This study was a blinded, randomized, placebo-controlled trial. 

Setting:  The study was conducted from September 2009 through March 2010 in Tucson, 

Arizona. 

Subjects:   A total of 60 healthy male and female residents, aged 35 to 50 years, were 

recruited. Participants were randomized to receive either 400 IU/d cholecalciferol or a 

placebo for 30 days. Serum samples were analyzed to determine if the change in 

circulating 25(OH)D concentration was significantly different between the groups. 

Results: The net change in circulating concentration of 25(OH)D in the supplement 

versus placebo group was 5.6 nmol/L  (8.5% change, P = 0.06).   Individuals with 

baseline 25(OH)D below 50 nmol/L had a net change of 10.0 nmol/L (24.4% change, P = 

<0.01) and levels increased above 50 nmol/L for 29% of this group.  25(OH)D did not 

significantly change (net change 0.7 nmol/L,  0.8%, P = 0.84) in participants with higher 

baseline concentration (>75 nmol/L). 

Conclusions: Use of over-the-counter (OTC) cholecalciferol supplements is a common 

practice in the U.S., yet there is limited evidence to demonstrate the effectiveness of OTC 

vitamin D supplements to change circulating concentrations of 25(OH)D. These results 

demonstrate that 400 IU OTC cholecalciferol is sufficient for maintaining the 25(OH)D 

concentrations of Arizonans throughout the winter, and provide support for the IOM 

recommended estimated average requirement (EAR) of 400 IU/day in this population.  
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INTRODUCTION  

 Vitamin D is a hormone produced through a series of reactions after exposure of 

skin to sunlight or consumption of dietary or supplemental vitamin D and has long been 

recognized for its role in calcium homeostasis and bone health 
(1, 2)

.  Severe vitamin D 

deficiency is associated with incidence of rickets and recent studies have identified 

associations between low circulating concentrations of vitamin D metabolites, such as 25-

hydroxyvitamin D (25(OH)D), and risk for a variety of diseases including cancer, 

cardiovascular disease, autoimmune disease, and diabetes 
(1-8)

. However, there is not yet a 

consensus among experts in the field as to what circulating concentrations are required to 

reduce risk of these conditions or what level of production or intake is necessary to reach 

that threshold 
(9)

.   

 The Institute of Medicine (IOM) recently updated its recommendations for 

vitamin D intake. For adults, the Estimated Average Requirement (EAR) is 400 IU daily 

and the recommended dietary allowance (RDA) is now set at 600 IU/day 
(10)

.  This is in 

contrast to the previous recommendations, which only included recommendations for an 

adequate intake (AI) that was set to 200 IU for health adults up to 50 years of age 
(11)

. The 

most recent report states that the EAR will allow 50% of healthy adults to achieve 

circulating concentrations of 25(OH)D above the 20 ng/ml recommended by the 

committee as the threshold required for bone health, while the RDA is stated to be 

sufficient to raise circulating levels above 20 ng/ml for 97% of adults under the age of 70 

(10)
. The use of over-the-counter (OTC) supplements has become a common practice to 

achieve circulating 25(OH)D levels above recommended levels.  However, previously 

conducted studies examining the effect of cholecalciferol supplements on circulating 

concentrations of 25(OH)D used either pharmacological preparations, a significantly 

higher dose than the 400-600 IU currently recommended, or used supplements that 

contained additional nutrients 
(12-15)

.  

 This present study was designed to examine the effectiveness of OTC 

cholecalciferol supplements in healthy individuals at the lowest dose commercially 

available (400 IU).  The trial was designed from a public health standpoint to test the 

effectiveness of readily available OTC supplements at recommended levels of intake, 
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while accounting for common daily exposures known to affect the circulating 

concentrations of vitamin D metabolites.  The selected OTC supplement brands are 

commonly found at local grocery or drug stores and represent products the general 

population would likely select for use.  To our knowledge, no published trials have 

analyzed the effect of 400 IU of OTC vitamin D supplements per day on circulating 

concentrations of 25(OH)D.   Therefore, this study was conducted to assess the effect of 

these supplements on blood levels of 25(OH)D.  

 

EXPERIMENTAL METHODS 

Study Design   

 This study was a randomized, double-blind, placebo-controlled trial to test the 

effect of OTC vitamin D supplements on circulating concentrations of 25(OH)D 

compared to placebo.  Participants were recruited using fliers posted in University of 

Arizona buildings and various locations in Tucson, Arizona.  Additionally, e-mail 

messages were sent to a list-serv received by University of Arizona employees and 

Tucson residents.  Participants were 60 healthy Arizona residents of either sex, fluent in 

English, and between 35 and 50 years of age.   Individuals were excluded if they reported 

any of the following conditions: sarcoidosis, kidney or gallbladder disease, pregnancy, or 

diabetes. Individuals were also excluded if they reported having any cancer other than 

non-melanoma skin cancer within the previous 5 years.  A 30-day washout period was 

utilized for otherwise eligible participants who reported prior exposures known to 

increase circulating concentrations of 25(OH)D.  These included exposure to any of the 

following within 30 days prior to the eligibility screening: visiting a tanning booth, taking 

fish oil, or taking any kind of supplement (multivitamin, calcium plus cholecalciferol, or 

cholecalciferol alone) containing 400 IU or more of cholecalciferol.  The rationale for the 

30 day washout period was that the half-life of 25(OH)D is approximately 15 days in 

circulation, and a washout period of this length would ensure that the previous exposures 

did not affect circulating 25(OH)D concentrations after randomization, should the 

treatment arms not be balanced 
(16)

.  The subjects were reevaluated for eligibility 

following the washout period and prior to study enrollment. 
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 Participants were randomly assigned using computer-generated, centralized 

randomization to take either 400 IU of cholecalciferol or an inactive placebo daily for 30 

days.  Three different brands of 400 IU cholecalciferol supplements were purchased at 

local grocery and drugstores in Tucson, Arizona; these represented the only three 

available supplement types containing only 400 IU of cholecalciferol and no other 

nutrients.  The supplements were tested for cholecalciferol content and the mean was 

478.3 IU cholecalciferol per tablet.  The placebos were inert Baker’s yeast tablets, with a 

mean cholecalciferol content of 6.0 IU.  Participants were instructed to maintain their 

usual diet, but discontinue use of supplements containing vitamin D during the study 

period.  Blood draws of 10 mL were taken by a trained phlebotomist at baseline, day 15, 

day 30, and day 45 (all ± 3 days) at the same time of day for each participant to assess 

circulating concentrations of 25(OH)D in the blood.  The final blood draw was included 

to assess change in 25(OH)D concentrations after cessation of supplementation.  

Compliance was assessed by pill count and a level of 85% was an a priori measure.  

Randomization remained blinded until all participants completed the trial and serum 

analysis was completed.  The University of Arizona Human Subjects Protection Program 

approved the study protocol prior to participant enrollment. 

  

Dietary, demographic and lifestyle data 

  The Arizona Food Frequency Questionnaire (AFFQ) was used to assess dietary 

intake of vitamin D and other nutrients during the previous 12 months.  The AFFQ is a 

modified version of the National Cancer Institute Health Habits and History 

Questionnaire food frequency component and is a 113 item scannable questionnaire that 

includes both quantitative and qualitative measures of dietary intake 
(7, 17)

.  Individuals 

were also asked to complete a demographics form at baseline that included a question 

about Fitzpatrick skin type classification scale 
(18)

, race,  and a multiple-choice question 

regarding ethnicity with options for “Hispanic or Latino”, “Not Hispanic or Latino,” or 

“Unknown.”     
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 Participants also completed a daily log to monitor for adverse events, provide 

estimates of daily sun exposure, and track compliance with intake of the supplement or 

placebo. Participants were provided a log at each clinic visit, which collected information 

for 15 days.  On the logs for days 1 through 30 only, participants were asked daily to 

report taking the supplement, the time of day it was taken, and if it was taken with food.  

There were also questions designed to address sun exposure, which asked about the total 

number of minutes participants were outside during different times of day. Finally, the 

daily logs allowed for tracking of changes to participant health and provided instructions 

for reporting adverse events.  There were no serious adverse events reported during the 

trial in either treatment group. 

 

Measurement of serum 25(OH)D concentrations   

 Blood draws were taken at baseline and approximately every 15 days for 45 days 

total to assess circulating concentrations of 25(OH)D in the blood.  Blood processing was 

performed as follows: blood was allowed to coagulate for 30 minutes following the blood 

draw and the sample was then centrifuged for 15 minutes at 3000 rpm.  Serum was 

divided into aliquots and stored at -80 C.  The samples were then shipped on dry ice to 

Heartland Assays (Ames, Iowa) for analysis of 25(OH)D concentrations.  The assay for 

measurement of 25(OH)D has been described elsewhere 
(19)

; briefly, acetonitrile 

extraction was performed after which a 
125

I-labeled-derivative was added to the assay 

tubes.  This was followed by incubation with the primary antibodies and further 

incubation with 0.5 mL of the second-antibody complex, and finally counting with a 

gamma well-counting system 
(19)

.  The laboratory has several quality assurance measures 

in place, including a pooled serum sample that is analyzed with batches of study samples 

to monitor analytical precision and to identify possible laboratory shifts over time, plus 

duplicates run in different batches.  The coefficient of variation was less than 7.0% for 

25(OH)D analyses 
(20)

 and all analyses were conducted in a blinded fashion.  
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Statistical analyses 

 Statistical analyses included calculation of descriptive statistics, such as means 

and proportions, to summarize participant characteristics.  The treatment and control 

groups were compared for differences in characteristics at baseline using means plus or 

minus standard deviation for continuous variables and proportions for categorical 

variables.  To evaluate the effect of supplementation on 25(OH)D concentrations, the net 

and percent change were calculated measuring the change in serum 25(OH)D from 

baseline to study endpoint (30 day visit) and the student’s t-test ( = 0.05) was used to 

compare the mean change between the treatment and control groups.  The net change was 

calculated as the change in mean 25(OH)D from baseline to end of supplementation in 

the supplement group minus the placebo group and the percent change was the net 

change divided by the mean baseline 25(OH)D for all participants.  Preliminary analyses 

were also conducted to examine the associations in strata of selected characteristics 

known to affect circulating concentration of 25(OH)D; which included age, gender, body 

mass index (BMI), and ethnicity.  The variable for age was created using values greater 

than or equal to versus below the median.  BMI was stratified using the threshold for 

normal BMI of 25 kg/m
2
.  Ethnicity was captured through self-report on the 

demographics questionnaire and participants selected either “Hispanic or Latino,” “Not 

Hispanic or Latino” or “Unknown.” All comparisons of the treatment and control groups 

were based upon the intention-to-treat principle to reduce bias and protect the validity of 

the randomization process 
(21, 22)

.  All data management and statistical analyses were 

completed using SAS (version 9.2 Cary, NC) and Stata SE (version 10.1 College Station, 

TX). 

 

RESULTS 

The 60 participants were recruited from September 2009 through February 2010, 

with 57 completing the clinical trial (28 in the supplement group and 29 in the placebo 

group) (Supplemental Figure 1).  The baseline characteristics of the study population by 

treatment group are presented in Table 1.  A comparison of the treatment and placebo 

groups demonstrates that characteristics including age, race/ethnicity, sex, body mass 
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index, and sun exposure were similar between the two groups.  At baseline, 36.8% (N = 

21) of participants had circulating concentrations less than 50 nmol/L, while 66.7 (N = 

38) were below the threshold of 75 nmol/L proposed as the optimal 25(OH)D 

concentration by researchers 
(9, 13)

.  Table 2 compares the mean change in circulating 

concentrations of 25(OH)D during the study period between the placebo and supplement 

groups.  Serum concentrations for those in the cholecalciferol group were 68.1 ± 27.0 

nmol/L at baseline and 70.6 ± 22.2 nmol/L after 30 days of supplementation compared to 

63.4 ± 24.7 nmol/L and 60.2 ± 24.0 nmol/L for the placebo group, which represents an 

8.5% change. The change in 25(OH)D concentrations did not significantly differ between 

the groups after 2 weeks of supplementation (P = 0.23, data not shown); however, though 

the difference increased after 30 days, the change was not statistically significant (P = 

0.06).  Circulating concentrations of 25(OH)D declined over time in the placebo group 

and modestly increased in the supplement group, though neither change significantly 

differed from the baseline values (data not shown).  After 4 weeks of supplementation, 

31.6% (N = 15) of participants still had less than 50 nmol/L, defined as insufficient by 

the IOM report 
(10)

.  

Table 3 presents the preliminary analysis comparing circulating concentrations of 

25(OH)D between the treatment groups when stratified by selected participant 

characteristics known to be associated with vitamin D status.  The change in 25(OH)D 

significantly differed by baseline 25(OH)D concentration, gender, ethnicity, and BMI for 

the cholecalciferol compared to the placebo group after 30 days of supplementation.  

Circulating 25(OH)D significantly increased for those with low baseline circulating 

25(OH)D who received the supplement compared to the placebo group (net change 10.3 

nmol/L, 24.7%, P < 0.01).  Individuals with circulating concentrations > 50 nmol/L at 

baseline did not significantly differ between the placebo and supplement groups.  There 

were only 10 men who completed the trial and, when excluded, circulating 25(OH)D 

significantly increased in women (net change 7.8 nmol/L, 12.6%, P = 0.02).  25(OH)D 

concentration also significantly increased for those who reported Hispanic ethnicity and 

received the cholecalciferol supplement (net change 14.9 nmol/L, 28.6%, P< 0.01) 
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compared to the placebo group; while non-Hispanic individuals had minimal change in 

25(OH)D (net change 2.5 nmol/L, 3.6%).  Furthermore, circulating concentrations of 

25(OH)D significantly increased between the placebo and supplement groups for 

individuals with BMI > 25 (net change 9.7 nmol/L, 15.4%, P = 0.04), whereas 

concentrations did not significantly change in normal weight participants (net change 0.7 

nmol/L, 1.1%, P= 0.83).  Stratification by age or analysis at other time points did not 

produce significant differences in 25(OH)D concentration. 

 

DISCUSSION  

 The results of this trial demonstrate that daily OTC vitamin D supplements 

containing a dose equivalent to the recently recommended EAR are sufficient to maintain 

baseline concentrations of 25(OH)D in healthy adults, but not to significantly increase 

levels in all individuals.  In addition,  the mean baseline concentration for both groups 

was greater than the 20 ng/ml insufficiency threshold set by the IOM 
(10)

. This may reflect 

overall higher levels of sun exposure for Arizona residents, which provides support that 

the EAR (400 IU) may be a sufficient dose for this population. The overall net change 

after supplementation was 5.7 nmol/L from baseline values.  However, when stratified by 

baseline vitamin D status, we found that the strongest effect of the 400 IU supplements 

occurred in those with baseline 25(OH)D concentrations less than 50 nmol/L, with a net 

change of 10.3 nmol/L that led to a change in vitamin D status from insufficient to 

sufficient (> 50 nmol/L) for 6 participants (29%).  There were also significant differences 

when participants were stratified by gender, ethnicity and BMI; with the greatest benefit 

of supplementation observed in women, Hispanics, and those with BMI > 25.    These 

results provide evidence that individual characteristics may affect response to 

supplementation, thus requiring careful consideration during the design of supplement 

trials and consideration that different intake guidelines may need to be formulated based 

on target population characteristics. 

 Many clinical trials testing vitamin D supplements have been conducted; 

however, none has been conducted using 400 IU of OTC cholecalciferol as a single 

agent, within a similar age group, or for the same duration of treatment.  Holvik et al. 
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observed that a dose of 400 IU cholecalciferol in daily OTC multivitamins or cod liver 

tablets for 28 days significantly increased circulating concentrations of 25(OH)D in 55 

individuals, though they did not compare the effects of these supplements to a placebo 

and included individuals aged 19-49 
(15)

.
  
Another recent study by Viljakainen et al. 

demonstrated significantly increased 25(OH)D with 400 and 800 IU pharmacologically 

prepared cholecalciferol compared to a placebo group (P < 0.001) in 54 men aged 21-49 

years 
(23)

.  The mean increase in 25(OH)D for the 400 IU group was 15.5 nmol/L when 

treated for 6 months, with a steady state of circulating 25(OH)D concentrations reached 

after approximately 10 weeks 
(23)

.  The length of supplementation varies greatly among 

studies; however, prior studies suggest that the majority of change occurs early in 

treatment and the maximum expected change for 8 weeks of supplementation with 400 

IU pharmacologically prepared cholecalciferol would be 7.0 nmol/L 
(12, 13, 16, 23, 24)

. The 

above studies using 400 IU cholecalciferol have demonstrated statistically significant 

increases in circulating concentrations of 25(OH)D; however, differences in the study 

design may limit the comparability of the results. 

 In contrast to studies employing 400 IU of cholecalciferol, other investigations 

have found that larger doses are necessary to significantly increase circulating 

concentrations of 25(OH)D.  Hollis et al. estimated that doses greater than 400 IU/day are 

necessary to raise and maintain blood concentrations above even 50 nmol/L 
(13)

.
 
 A trial 

conducted by Heaney et al. determined that at least 500 IU pharmacologically prepared 

cholecalciferol daily for 20 weeks was required to keep winter blood concentrations at 

the concentration observed at baseline during the autumn in 67 healthy men with mean 

age 38.7 ± 11.2 years 
(12)

.  In addition, Meier et al. found that 500 IU during October 

through March was sufficient to maintain baseline summer 25(OH)D concentrations at 

approximately 75 nmol/L in 43 men and women aged 33-78 years 
(25)

. Furthermore, 

studies by Brazier and Nelson demonstrated that 800 IU daily for at least 6 months in 

both pre- and postmenopausal women was enough to raise circulating concentrations of 

25(OH)D to sufficient levels in more than 80 and 90 percent of the study population, 

respectively 
(26, 27)

.  Our results support the findings that treatment with 400 IU is not 
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sufficient to substantially raise circulating concentrations of 25(OH)D in most individuals 

(13)
; however, this dose appears to be effective at preventing a seasonal decrease in 

25(OH)D during the winter months.  

 The present study was designed to primarily test the effect of the cholecalciferol 

supplements.  However, the results of a preliminary post-hoc analysis identified 

characteristics that should be examined in future studies.  The risk of insufficiency is 

known to be greater for individuals with highly pigmented skin and has not been 

demonstrated to consistently decrease when the recommended daily intake of 

supplements is consumed 
(20, 28)

.  It is known that individuals with highly pigmented skin 

require more sun exposure to produce similar amounts of 25(OH)D compared to 

individuals with less pigmentation; however, there is conflicting evidence regarding the 

effect of supplementation by ethnicity 
(20, 29-31)

.  We found that response to cholecalciferol 

supplementation differed by self-reported ethnicity, with Hispanic participants exhibiting 

a greater response to the supplement.  Considering that 26% of our female participants 

were Hispanic, it is possible that this association also contributed strongly to the 

association observed in women or that the lower baseline 25(OH)D concentrations 

observed for Hispanic individuals may have driven these results.  However, there is 

limited research of the effects of supplementation in this population and additional 

studies should be conducted to explore this interesting but preliminary finding 
(32)

.    

 Higher BMI is associated with relatively lower circulating concentrations of 

25(OH)D 
(32-38)

, although the exact mechanisms for this association are not clear 
(38)

.  

There is long-standing evidence from animal and human models that vitamin D is stored 

in adipose tissue, and it has been hypothesized that the association between larger body 

size and vitamin D deficiency is due to either increased uptake into fat tissue or decreased 

availability of vitamin D metabolites after storage 
(39)

.  Prior studies demonstrated the 

difficulty of raising serum concentrations for overweight individuals 
(38, 40)

; however, we 

found a significantly greater response to 400 IU cholecalciferol in overweight individuals 

compared to those with normal BMI.  It is possible that the complete absorption of 

25(OH)D into the adipose tissue takes longer than the 30 days that participants were on 
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supplement in the current study.  However, this is an unexpected result that requires 

additional evaluation in a larger sample that would allow for analysis with greater 

numbers of participants in each category of body size.   

 The major strengths of this study include its randomized, blinded, placebo-

controlled design and the use of OTC supplements, which allowed for examination of 

products likely to be used in everyday conditions by the general population.  In addition, 

we evaluated the effect of cholecalciferol alone at the now recommended EAR and the 

association with factors known to effect circulating concentrations of 25(OH)D including 

BMI and ethnicity.  A limitation of this study is that participants took supplements for 

only 30 days, which may not have allowed for peak concentrations to be observed; 

however, the change observed was near the maximum expected based upon previous 

studies using pharmacological preparations 
(23)

.  Additionally, while the sample size was 

sufficient to observe overall changes by supplementation group, a larger population is 

necessary to determine the associations between circulating 25(OH)D and factors such as 

gender, BMI, ethnicity, and baseline 25(OH)D concentrations.  

 In conclusion, the results of this study provide support that 400 IU cholecalciferol, 

which is the currently recommended EAR, is sufficient to maintain circulating 

concentrations of 25(OH)D in healthy adults, though it was not adequate to significantly 

increase concentrations in individuals who were sufficient at baseline.  Larger studies of 

supplementation for longer time periods will be critical to our understanding of the 

effectiveness of these public health recommendations. Furthermore, the ever increasing 

diversity and rates of obesity in the U.S. population must lead us assess whether a single 

recommended dose is equally effective for all Americans.  
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Table 1. Baseline characteristics of the study population 

 

Characteristics Placebo Supplement 

 n = 30 n =29 

Mean age, years (SD) 41.9 (4.3) 43.1 (5.3) 

Sex, Male, n (%) 8 (26.7) 4 (13.8) 

Race, White, n (%) 27 (90.0) 25 (86.2) 

Mean BMI, kg/m
2
 (SD) 25.5 (7.3)

 
26.1 (5.1) 

Mean Daily Sun exposure, minutes/day (SD) 55.8 (6.4) 78.6 (14.8) 

Energy, kcal/day (SD)
* 1784.3 (895.2) 1929.7 (982.6) 

Dietary Calcium intake, g/day (SD)
* 1139.5 (552.5) 1133.5 (512.6) 

Dietary Vitamin D intake, IU/day (SD)
* 226.7 (160.6) 212.6 (25.8) 

Mean Baseline 25(OH)D serum concentrations, nmol/L (SD)
 63.6 (24.2) 66.9 (27.3) 

Mean Dietary Vitamin D intake, IU/day (SD) 226.7 (160.6) 212.6 (139.0) 

  
*
Values calculated from reported dietary intake on AFFQ. 
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Table 2. Mean change in circulating concentrations of 25(OH)D in placebo versus supplement group 
 

 Circulating concentration of 25(OH)D (nmol/L)  

 (n = 57) 

   

 Baseline  SD Day 30 SD Net 

Change
*
 

Percent Change
*†

 P
‡ 

Placebo 63.4 24.7 60.2 24.0 Reference Reference Reference 

Supplement 68.1 27.0 70.6 22.2 5.7 8.7 0.06 
 

*
The net change was the change in mean 25(OH)D from baseline to post-supplementation in the supplement group minus the 

placebo group.  The percent change was the net change divided by the mean baseline 25(OH)D for all participants.  

†
 The mean baseline 25(OH)D for participants who completed the trial (N = 57) was 65.8 nmol/L. 

‡ 
The p-value represents the results of the students t-test comparing the change in 25(OH)D from baseline to 30 days of 

supplementation in the supplement group versus the placebo group. 
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Table 3. Change in 25(OH)D between baseline and end of supplementation stratified by selected participant characteristics 

 

*
The net change was the change in mean 25(OH)D from baseline to post-supplementation in the supplement group minus the 

placebo group.  The percent change was the net change divided by the mean baseline 25(OH)D for all participants with 

complete serum measurements. 
†
 The p-value represents the results of the students t-test comparing the change in 25(OH)D from baseline to 30 days of 

supplementation in the supplement group versus the placebo group.
 

‡
 Low = <50 nmol/L, Medium = 50 < 25(OH)D < 75 nmol/L, High = 75 nmol/L < 25(OH)D 

§
 Median age = 43 years 

¶
 Normal BMI is BMI <25 kg/m

2 

**Category includes overweight and obese individuals
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Figure 1. Flow diagram of enrollment and follow-up. 
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APPENDIX B: MANUSCRIPT 2  

 

*Reprinted from Journal of Steroid Biochemistry and Molecular Biology, Vol 121, 

Hibler et al., Association between polymorphic variation in VDR and RXRA and 

circulating levels of vitamin D metabolites, Pages 438-441, Copyright 2010, with 

permission from Elsevier. 
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APPENDIX C: MANUSCRIPT 3  

 

ASSOCIATION BETWEEN POLYMORPHIC VARIATION IN CASR AND GC AND 

METACHRONOUS COLORECTAL NEOPLASIA. 

EA Hibler
 
(1,2), PW Jurutka (3, 4), C Hu (1), ME Martinez

 
 (1,2), PA Thompson (1,2), 

ET Jacobs (1,2) 

 

(1) Department of Epidemiology and Biostatistics, Mel and Enid Zuckerman College of 

Public Health, University of Arizona, Tucson, AZ, USA 85724; (2) Arizona Cancer 

Center, University of Arizona, Tucson, AZ, USA 85724; (3)
 
Division of Mathematical 

and Natural Sciences, Arizona State University, Glendale, Arizona 85069; and (4) 

Department of Basic Medical Sciences, University of Arizona College of Medicine-

Phoenix, in partnership with Arizona State University, Phoenix, Arizona 85004.  

 

Corresponding author: Elizabeth Hibler, Mel and Enid Zuckerman College of Public 

Health, P.O. Box 245163, Tucson, AZ 85724. Phone: 520-626-0341; Fax: 520-626-9275; 

E-mail: ehibler@email.arizona.edu. 

 

Abstract: Low calcium intake and vitamin D levels have previously been associated with 

risk of colorectal neoplasia.  The calcium-sensing receptor (CASR) senses extracellular 

calcium levels and is critical to calcium homeostasis.  The Gc-globulin (GC) is the 

protein responsible for transporting vitamin D metabolites and variation in the gene has 

been associated with levels of vitamin D metabolites. This study evaluated associations 

between polymorphic variation in GC and CASR and odds of recurrent, or metachronous, 

colorectal neoplasia in participants of the ursodeoxycholic acid (UDCA) and wheat bran 

fiber (WBF) trials.  We used a single nucleotide polymorphism (SNP) tagging approach 

and a total of 35 CASR and 25 GC tagSNPs were analyzed in a sample of 1,439 

participants.  Principal components analyses did not identify gene-level associations 

between CASR or GC and colorectal neoplasia.  At the individual SNP-level, a significant 

association was observed for CASR SNP rs1042636 and proximal colorectal neoplasia 

(p-value =0.02), following a multiple comparisons adjustment.  However, the AG 

genotype was only marginally significant (p = 0.07) and there was significant 

heterogeneity of effect between the UDCA and WBF trials (p= 0.08).  CART analysis 

and RF analysis did not identify any polymorphisms that were significantly predictive of 

metachronous colorectal neoplasia.  These results demonstrate a possible association 

between genetic variation in CASR and odds of colorectal neoplasia.  Additional research 

is recommended to further elucidate the role of CASR in metachronous colorectal 

neoplasia and to identify the differences between the WBF and UDCA study populations 

that led to these results. 
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Introduction: 

 Colorectal cancer is the second leading cause of cancer-related deaths in the 

United States and more than 147,000 newly diagnosed cases are expected annually (1, 2). 
 

There is a long-standing model demonstrating the development of colorectal carcinoma 

from adenomas following the accumulation of a series of mutations in colon cells (1, 3, 

4). Environmental and lifestyle factors including diet, obesity, and physical activity are 

associated with increased risk of sporadic colorectal cancer, while hereditary forms of the 

disease are more closely linked to specific genetic changes in germline cells (5-7).
 
There 

is strong epidemiologic evidence to support a relationship between low dietary calcium 

intake and low vitamin D status and increased risk of colorectal cancer (8-10). There is 

also evidence that the risk of colorectal neoplasia differs by anatomical region of the 

colon and it is not clear whether variation in certain genes may affect this relationship.  

Furthermore, the calcium-sensing receptor (CASR) and Gc-globulin (GC) genes play 

significant roles in regulating both calcium homeostasis and the vitamin D endocrine 

system, however, it not yet clear how variation in genes in the pathways affect risk of 

colorectal cancer.  

 There is evidence that CRC in specific anatomical areas of the GI tract represents 

different subtypes of the disease.  The splenic flexure divides the distal and proximal 

colon.  The proximal colon is on the right side and includes the transverse colon, hepatic 

flexure, ascending colon, and caecum; which are the areas proximal to the splenic flexure 

(11).  In contrast, the distal colon or left side includes the colon distal to the splenic 

flexure with the descending colon, sigmoid colon, and rectum (11).  These sections of the 

colon also have different embryonic origins with the proximal colon originating from the 

midgut and distal colon from the hindgut (11, 12).  The functions of the proximal colon, 

distal colon, and rectum also vary and range from water and electrolyte absorption to 

storage of feces, which may affect to what cells in each region are exposed and thus the 

types of genetic changes most commonly observed in tumors found in each region (1). 

For example, microsatellite instability (MSI), which occurs as a result of changes in 

mismatch repair genes, is strongly associated with CRC of the proximal colon and less 

commonly observed in sporadic cases of CRC, overall (1, 13). The lack of a clear 

classification system for subtypes of CRC provides support for further analysis of genetic 

variation in individuals at risk for CRC, categorized by anatomical location.    

 The Gc-globulin (GC), also known as the vitamin D binding protein (DBP), 

primarily functions to transport vitamin D metabolites in the plasma (14-17). GC is a 

serum 2-globulin, which is primarily synthesized by parenchymal cells in the liver, and 

part of the superfamily of binding proteins that includes albumin, -albumin and -

fetoprotein (14). The protein is able to bind to many vitamin D metabolites, although the 

greatest affinity is for 25(OH)D (15, 16).  The GC is highly polymorphic with greater 

than 120 known variants (14); though the 3 common alleles are GC1F, GC1S, and GC2 

and the population distribution of these alleles varies by ethnicity.  White individuals 

have a lower frequency of GC1F compared to GC1S, whereas Black individuals are more 

likely to have GC1F (14, 17, 18). The GC2 is the least common in all populations, but 

has a higher frequency in White populations compared to those with more highly 

pigmented skin (17). Studies have demonstrated that 25(OH)D and 1,25(OH)2D 
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concentration vary with GC genotype and that higher levels are observed for those with 

GC1 alleles versus GC2 (19, 20). A study by Ahn et al. identified 4 tagSNPs (rs7041, 

rs12512631, rs2282679, rs1155563) that were significantly associated with serum 

concentrations of 25(OH)D (21).  Furthermore, circulating levels of 25(OH)D has been 

associated  with both adenoma incidence and recurrence, though, no significant 

association with dietary intake of vitamin D and a weak association with supplemental 

vitamin D was reported (10, 22, 23).  In addition, large cohort studies reported a 

decreased incidence of colon cancer and increased likelihood of survival when 25(OH)D 

levels are high (24-26).  Considering the demonstrated relationships between GC 

genotype and circulating 25(OH)D as well as vitamin D metabolite levels and colorectal 

neoplasia, it is biologically feasible that GC polymorphisms could increase the odds of 

colorectal neoplasia.  However, there are other genes in this pathway that may also be 

important to the etiology of colon neoplasia. 

 The calcium-sensing receptor (CASR) has a primary role in calcium homeostasis 

by sensing extracellular blood calcium levels, which are maintained in a narrow range of 

1.1 to 1.3 nM (27-31). High levels of extracellular calcium activate CASR leading to 

decreased PTH gene expression, parathyroid cell proliferation, and PTH secretion, as 

well as an increase in urinary calcium excretion (29, 31). The CASR is part of the 

superfamily of G-protein coupled receptors that act to recognize extracellular molecules 

and then activate signal transduction pathways in the cell (29, 32, 33). Expression of 

CASR has been identified in cells of the gastrointestinal (GI) tract and bone (27-29, 33) 

and it is also known that there are functional two VDREs in located in the promoter 

regions of CASR, which indicates a clear biochemical link between vitamin D and 

calcium (31, 32, 34).  A study by Baron et al. demonstrated significantly decreased risk 

of colorectal adenoma recurrence in individuals randomized to a daily calcium 

supplement (8).  Furthermore, more recent observational studies have confirmed this 

relationship in large cohorts, though calcium intake was associated only with adenoma 

recurrence and not related to colorectal neoplasia incidence (35, 36).   The relationship 

between calcium and colorectal neoplasia requires additional study and it is not yet 

known if variation in genes affecting calcium homeostasis could also affect risk of 

neoplasia in the colon.  The overall goal of this study was to assess the association 

between genetic variation GC and CASR and colorectal neoplasia outcomes.  

 

Materials and Methods: 
 These analyses were performed using data from participants from the 

Ursodeoxycholic acid (UDCA) and Wheat Bran Fiber (WBF) trials conducted at the 

Arizona Cancer Center, which have been previously described (37). The UDCA trial was 

a phase III randomized, double-blind, placebo-controlled trial conducted to test the effect 

of UDCA on recurrence of colorectal neoplasia (37). The study population included 

Arizona residents between 40 to 80 years of age with a history of removal of one or more 

colorectal adenomas (> 3 mm in diameter) during a colonoscopy within 6 months of 

study enrollment (37). The WBF trial was also a double-blind phase III clinical trial 

conducted at the University of Arizona to measure the effects of high (13.5 g/day) versus 

low (2.0 g/day) WBF intake for 3 years on colon adenoma recurrence (38).  The 
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participants of this study included individuals between 40 to 80 years of age, of both 

genders, who had removal of one or more colorectal adenoma (> 3 mm) at colonoscopy 

within 3 months prior to study enrollment (38). There were 1530 participants in the 

pooled sample with complete recurrence and genotype data; however, the sample was 

further restricted to 1439 individuals who reported White ethnicity.  This restriction was 

necessary because there were not a sufficient number of participants with non-White 

ethnicity to account for the effects of population stratification.  The University of Arizona 

Human Subjects Protection Program approved both the UDCA and WBF trials.  

Informed consent was obtained for all subjects prior to enrollment.   

 

Genotyping and Outcome Ascertainment 

 Participants were genotyped using the Illumina Golden Gate platform (Illumina, 

San Diego, CA) and tagSNPs were selected from Hapmap data release #16c.1, June 

2005, on NCBI B34 assembly, dbSNP b124. SNP selection and genotyping for this 

project were completed previously and have been previously described (39, 40).  The 

final statistical analysis included 35 CASR SNPs and 25 GC SNPs.  Colorectal adenoma 

outcomes were collected in both the UDCA and WBF trials.  For the UDCA trial, all 

outcome data were collected and coded from medical records of colonoscopy, 

sigmoidoscopy, or surgical resections by individuals trained in abstraction (37). For the 

WBF trial, the results from each colonoscopy reported were collected using standard 

abstraction guidelines (38). Data were collected on the size, location, and histology of 

any adenoma discovered during a colonoscopy for participants of both trials (41). An 

outcome used in previous analysis of these data was “recurrent” lesions, however, the 

term “metachronous colorectal neoplasia” will replace this to account for the possibility 

of adenomas missed as the baseline colonoscopy (39). All lesions are also classified by 

location with a proximal lesion defined as one located proximal to the splenic flexure and 

a distal lesion as one occurring distal to the splenic flexure, which includes any lesions in 

the rectum (39).The WBF and UDCA trials also utilized the Arizona Food Frequency 

Questionnaire (AFFQ) to measure dietary intake for participants. The AFFQ was used in 

the WBF as a screening tool for eligibility and used to measure dietary intake at baseline 

in the UDCA trial (10, 38). Individuals were instructed to report intake from the previous 

12 months.  

 

Statistical Analysis    

 Data from the UDCA and WBF trials have previously been analyzed for accuracy 

and missing data. There is currently no single standard method for analyzing this type of 

high-dimensional genetic data and therefore four techniques were used; including 

principal components (PC) analysis, analysis of individual SNPs through regression 

models, classification and regression tree (CART) analyses, and random forest plots (39). 

PC analysis is a method that assesses the overall gene-level associations and the PCs 

represent a linear transformation of the original SNP data that explain variation within a 

specific genetic locus (42). First, the set of PCs was generated using the SNP data that 

explain 80% of the variance at each locus and then modeled with colorectal neoplasia 

outcomes in logistic regression models (42). Finally, a likelihood ratio test, comparing 
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the model including the selected PCs to an intercept-only model, was used for logistic 

regression models to generate a p-value testing the overall association between each gene 

and the outcome (42).  The next step was to examined the associations at the individual 

SNP level using regression models with a multiple comparisons adjustment applied (43). 

The uncorrected p-vales were generated in models using the additive, dominant, and 

recessive modes of inheritance, which was necessary considering the actual mode of 

inheritance is unknown for these SNPs.   Then a multiple comparisons adjustment, 

developed by Conneely and Boehnke, was applied to account for the large number of 

correlated tests (43). All statistical tests were two-sided with  = 0.05.  Any significant 

SNPs identified in the pooled sample were also evaluated separately in the UDCA and 

WBF populations to ensure that no heterogeneity of effect was present.  This was 

assessed by comparing a model with an interaction term (study) to a model without the 

interaction term, using a likelihood ratio test with  = 0.10.  Finally, classification and 

regression trees (CART) and random forests are tree-based analysis methods used to 

identify patterns in high-dimensional genetic data (44).   These are non-parametric 

methods for prediction using recursive partitioning that offer the advantages of not 

requiring model specification prior to analysis and also allow for testing interactions 

between SNPs (44, 45). The results of running these tests, like the other methods, 

identified a set of SNPs that were most strongly predictive of colorectal neoplasia 

outcomes in this population. A rough significance test was also applied to these results by 

dividing the importance measure by the importance standard deviation for each SNP and 

comparing it to a threshold of 1.96.  Data analysis for all aims was completed using 

STATA SE version 10.1 and R version 2.9.1.  No method is yet considered accepted 

practice in the field, thus the results must be carefully interpreted in the context of 

identifying associations through principal components and regression analyses versus 

prediction through CART and RF modeling.   

   

Results: 

 Baseline characteristics of the participants are shown in Table 1 and have been 

previously described in detail (38). A pooled sample of participants from the UDCA and 

WBF trials with complete follow-up data was used for this analysis.  The UDCA trial 

participants had mean age of 66.2 ± 8.5 years, 94.5% reported White ethnicity, and 

67.5% were male.  While, similarly, the WBF trial participants had a mean age 65.6 ± 8.8 

years, 66.8% were male, and 96.0% were White (Table 1).   There were, however, 

significant differences between the groups.  Mean BMI was significantly higher in the 

UDCA participants compared to WBF participants (28.2 ± 4.8 and 27.4 ± 4.5 kg/m
2
, 

respectively), while total fat intake was higher among WBF participants (62.2 ± 31.7 and 

69.2 ± 30.5 g/day, respectively).  Finally, total calcium intake (1008.5 ± 494.4 and 892.2 

± 379.4 g/day) and reported supplement use (71.8% and 55.4%) were significantly lower 

among WBF participants (p<0.01).  The sample was further restricted to 1530 individuals 

with complete genetic data and then 1439 participants who reported White ethnicity. 

 

CASR and metachronous colorectal neoplasia 
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 The analysis of the relationship between polymorphic variation in CASR and 

metachronous colorectal neoplasia produced conflicting results. There was no statistically 

significant gene-level association between CASR and either distal (p = 0.57), proximal (p 

= 0.17), villous (p = 0.39) colorectal neoplasia or overall recurrence (p = 0.85) from the 

principal components analysis, as shown in Table 2.  However, a single polymorphism, 

rs1042636, was identified through the SNP-level analysis as associated with increased 

odds of proximal colorectal neoplasia, following the multiple comparisons adjustment 

(Tables 19-21). The rs1042636 polymorphism was significantly associated with odds of 

proximal colorectal neoplasia in both additive (p = 0.02) and dominant (p= 0.01) modes 

of inheritance. This significant result was examined separately in the two study 

populations and there was significant interaction by study (p = 0.08).  Table 3 shows the 

associations by genotype of rs1042636 and demonstrates that one copy of the G allele led 

to a decreased risk in both the UDCA and WBF trial participants (OR = 0.66 (0.42-1.02) 

and 0.35 (0.19-0.61), respectively).  Hardy-Weinberg equilibrium was tested for all CASR 

polymorphisms (Table 29) and rs1042636 was in equilibrium in the overall pooled 

sample (p = 0.70) and in each study population independently (UDCA p =0.34 and WBF 

p = 0.56).  In addition, potential confounding factors; including age and gender, were 

tested and did not change the estimate of effect by greater than 10%.  In contrast, there 

were no CASR polymorphisms that were significantly predictive of colorectal neoplasia 

at any site, as determined through CART and RF analysis.  The CART did not identify 

any polymorphisms that were predictive of any colorectal neoplasia outcome. 

Furthermore, no SNPs were significant using a standardized importance score from the 

RF analysis (Tables 28). This analysis provided evidence that CASR polymorphism 

rs1042636 may be important to the etiology of proximal colorectal neoplasia. 

 

GC and metachronous colorectal neoplasia 

 The results of this analysis provide no evidence to support an association between 

GC and colorectal neoplasia.  There was no statistically significant gene-level association 

identified between GC and distal (p = 0.53), proximal (p = 0.24), villous (p = 0.92) or 

overall colorectal neoplasia (p = 0.49), as shown in Table 2 below.   Analysis at the 

individual SNP-level identified no polymorphisms that were significantly associated with 

odds of any colorectal neoplasia outcome (Tables 4-15).  Furthermore, the CART and RF 

analyses did not identify any polymorphisms that were significantly predictive of 

colorectal neoplasia.  For all outcomes, only root-node trees were produced in CART 

analysis and none of the most predictive SNPs identified through RF were statistically 

significant. Table 30 shows the HW-equilibrium for the GC SNPs and rs12512631 as 

well as rs842999 were not in equilibrium in this population.  Overall, this analysis 

provides no evidence for an association between genetic variation in GC and odds of 

metachronous colorectal neoplasia in any part of the colon. 

 

4. Discussion: 

The results of this analysis identified modest evidence for associations between 

polymorphisms in CASR and odds of metachronous colorectal neoplasia, but no evidence 

for a relationship between GC and adenoma. There were no gene-level associations 
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identified for either gene and at the individual SNP-level; only a single polymorphism in 

CASR was significantly associated with proximal colorectal neoplasia.  The prediction 

models from CART and RF analysis did not identify any polymorphisms in GC or CASR 

that were predictive of colorectal neoplasia.  The results of these analyses do not strongly 

support a role of variation in GC and CASR in the etiology of colorectal neoplasia; 

however, the results are not conclusive and require additional investigation. 

 

Polymorphic variation in GC and colorectal neoplasia 

 There were no significant gene-level or individual polymorphisms associations 

identified between GC and overall colorectal neoplasia recurrence or in specific regions 

of the colon.  Furthermore, CART and RF analysis did not identify any polymorphisms 

that were predictive of metachronous colorectal neoplasia. However, it is biologically 

plausible that variation in GC could affect colorectal neoplasia risk.  There is evidence 

that variation in GC is associated with circulating levels of vitamin D metabolites and 

that vitamin D metabolite levels as well as calcium intake are associated with colon 

cancer risk (8-10). GC also has a function aside from vitamin D metabolite transport that 

supports examining the association between GC and colorectal neoplasia. However, the 

results of this analysis confirm the results of the one other published study examining this 

relationship in the colon.  Poynter et al. reported no significant associations between 

colorectal neoplasia and variation in either GC or VDR (46).  It is possible that GC 

genotype is an effect modifier of the relationship between vitamin D and colorectal 

neoplasia; however, this sample did provide sufficient power for testing that association.  

Theoretically, genetic changes in GC affecting the ability of the expressed protein to bind 

to or release vitamin D metabolites could also alter risk for colorectal cancer. There is 

minimal evidence in the literature for or against this biologically plausible association 

and additional research should be conducted in larger population 

  

Polymorphic variation in CASR and colorectal neoplasia 

 The results identified a single polymorphism associated with increased odds of 

proximal colorectal neoplasia.  Although there was no statistically significant gene-level 

association between CASR and any type of colorectal neoplasia in principal components 

analysis, the individual SNP analysis found that rs1042636 was statistically significantly 

associated with odds of proximal colorectal neoplasia in both additive and dominant 

models of inheritance. There was, however, a difference in the effect of rs1042636 by 

study (UDCA versus WBF) observed and the interaction by study was statistically 

significant (p = 0.08).  Heterogeneity of effect is an important issue to address when 

pooling studies to ensure there are not differences between the populations that affect 

comparability of results.  It was determined that there were no individuals in the WBF 

trial with proximal adenoma and the homozygous recessive genotype for rs1042636.  

However, the effect of one copy of the G allele led to decreased odds of proximal 

colorectal neoplasia in both studies, which replicates the results and provides support for 

the effect of the polymorphism.  Both populations had similar frequency of the AG 

genotype (14.4% and 14.0 %, respectively), though it must also be noted that study was 

significantly associated with proximal colorectal neoplasia in the pooled sample, with 
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participants in the WBF trial have increased odds of proximal colorectal neoplasia overall 

(p = 0.004). However, this could be due to a difference in study design and reflect the two 

colonoscopies for participants of the WBF trial versus only one for UDCA trial 

participants (37, 41).  Also, this polymorphism was in Hardy-Weinburg equilibrium 

overall and in each study population independently.  This polymorphism has previously 

been studied for associations with colorectal neoplasia and is located in coding region of 

exon 7 (31).  The results are in contrast to those identified in previous studies, though 

difference between populations and study design may have affected these results.  

 The significant association between rs1042636 and proximal colorectal neoplasia 

are in contrast to the previously published results in different populations.  Peters et al. 

identified rs1042636 as part of significant CASR diplotype associated with advanced 

colorectal neoplasia, however, the authors pointed out that it was unlikely that this 

polymorphism was driving the association (47). Furthermore, Jacobs et al. recently found 

no association between any CASR polymorphisms and risk of colorectal neoplasia in 

analysis of participants of the Colon Cancer Family Registry (48).   Also, as previously 

described, the EPIC study found no association between colorectal neoplasia and CASR 

polymorphisms, while Basci et al. reported increased risk of colorectal cancer for 

individuals with the SS genotype of A986S (rs1801725) (49, 50).  Proximal colorectal 

neoplasia risk was significantly associated variation in rs10934578, rs2270916, 

rs12485716, and rs4678174 in a study by Dong et al. (32).  No statistically significant 

associations between these polymorphisms and colorectal neoplasia at any site were 

observed in this sample.  However, it is possible that rs1042636 is in linkage 

disequilibrium with another polymorphism that alters the functional effects of CASR in a 

way that directly effects differentiation of cells.  This evidence suggests that variation in 

CASR may be important in the etiology of colorectal neoplasia, however, the relationship 

is not yet clear and additional research is warranted. 

 It is biologically plausible that variation in CASR could be related to risk of 

colorectal neoplasia.  The CASR is known to be critical to calcium homeostasis and high 

calcium intake has previously been demonstrated to reduce risk of colorectal neoplasia 

(32, 47).  It is also known that CASR is expressed in colon epithelium and there direct 

relationship between decreased expression of CASR and lack of differentiation of colon 

tumors (27, 29, 32, 51).   The molecular mechanism for this is possibly through increased 

expression of E-cadherin, which promotes a differentiated cell phenotype (32, 51).  

However, rs1042636 is a rare gain-of-function polymorphism that has been associated 

with increased urinary calcium excretion and increased risk of kidney stone formation 

(31).  In this case, it is possible that a decline in serum calcium could trigger increased 

production of 1,25(OH)2D; which, as discussed previously, has been shown to be 

protective against colorectal neoplasia.  The change from A to G leads to a substitution of 

the positively charged glycine for the hydrophilic arginine, which could significantly alter 

the protein (47).  It is possible that this changes the protein in such a way to alter the 

ability of CASR to sense serum calcium, though this functional effect of rs1042636 has 

never been identified.  There is a basis for possible cellular effect of variation in CASR, 

however, the role of rs1042636 not known and should be further studied. 
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 There are limitations of these data that should be addressed in future research.  

The sample for these analyses only included individuals who self-reported race/ethnicity 

as white and, considering that vitamin D status is heavily influenced by skin 

pigmentation, exploring associations within other racial groups is critical (52). 

Furthermore, studies have identified significant associations between both GC and CASR 

and ethnicity, which require more diverse populations for proper analysis.  There is also a 

possibility that this study of participants with colorectal adenoma patients may not be 

generalizable; however, given the relatively high prevalence of these lesions in the 

general population it is likely that the sample is fairly representative of this particular age 

group. There was heterogeneity of effect observed between the UDCA and WBF 

populations. This means that in future analysis using these data, it will be necessary to 

carefully assessing whether pooling of these data is appropriate.  Overall, in the future, it 

would be beneficial to also test these hypotheses in a population more representative of 

the overall U.S. population in terms of ethnicity, gender, and age distributions.  

 Finally, there were limitations to the statistical methods used for analysis.  The 

statistical adjustment used to account for multiple comparisons may have been too 

stringent to allow for identification of the modest effects often observed for SNPs.  An 

alternative approach could include PC analysis followed by directed examination of 

individual SNPs included in any significant PCs, as opposed to examining all available 

SNPs in a gene individually (42).  This method could lead to less chance of a Type II 

error, especially for genes with a large number of SNPs, where the increased number of 

statistical tests leads to a more stringent adjustment of the p-value.  In addition, the 

methods utilized produced varied results, however, the methods have fundamental 

differences that must be acknowledged. The principal components analysis and 

regression analysis are designed to identify associations; however, in contrast, the CART 

and RF methods are designed to identify factors that are predictive of the outcome. 

However, interpretability across methods is challenging when the results of prediction 

models do not correspond to what is identified in association studies and thus we feel 

additional work is necessary to identify the best approaches for analysis of genetic data.  

 

Conclusions: 

 The relationship between CASR, GC and metachronous colorectal neoplasia is not 

yet clear, though the results of this analysis do not provide strong evidence for the 

relationship. These results suggest that polymorphic variation in CASR may be associated 

with increased odds of proximal colorectal neoplasia; however, no evidence for the 

suggested role for variation in GC was observed.  It has been demonstrated that altered 

biologic function of these proteins could allow neoplastic cells to progress; however, in 

population-level studies, associations between specific polymorphisms and colorectal 

neoplasia risk have not been identified.   Furthermore, considering the known variation in 

GC and CASR by ethnicity, these associations should be evaluated in larger, more diverse 

populations in order to better determine if there are any subgroups of the population that 

are at increased risk due to genetic variability. 
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Table 1.  Baseline characteristics- update to white only and no recur missing 

 

Characteristics UDCA WBF 

 n = 1192 n = 1310 

Mean age, y ± SD 66.2 + 8.5 65.6 + 8.8 

Sex, Male, n (%) 804 (67.5) 875 (66.8) 

Race, White, n (%) 1108 (94.5) 1256 (96.0) 

Mean BMI, kg/m
2
 ± SD 28.2 + 4.8 27.4 + 4.5 

Aspirin use, n (%) 331 (27.8) 371 (28.3) 

Ever smoker, n (%) 802 (69.3) 860 (65.7) 

Current smoker, n (%) 140 (11.7) 179 (13.7) 

Total Fat, g/day ± SD 62.2 + 31.7 69.2 + 30.5 

Energy, kcal/day ± SD 1987.9 + 815.6 1927.3 + 699.6 

Calcium intake, g/day ± SD 1008.5 + 494.4 892.2 + 379.4 

Vitamin D supplement use, n (%) 856 (71.8) 726 (55.4) 

Previous polyps, n (%) 533 (44.7) 452 (34.5) 

Family history of colorectal cancer, n (%) 327 (27.4) 222 (17.0) 

Any metachronous neoplasia, n (%) 505 (42.4) 652 (49.8) 

Proximal metachronous neoplasia, n (%) 369 (31.1) 471 (36.4) 

Distal metachronous neoplasia, n (%) 270 (22.7) 341 (26.4) 
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Table 2. Association between genetic variation in CASR and GC and measures of metachronous colorectal neoplasia 

 

Colorectal Neoplasia Outcomes 

 Distal  Proximal Recurrence Villous 

             

 OR 95% CI  OR 95% CI  OR 95% CI  OR 95% CI  

GC             

PC1 0.98 0.90-1.06  1.00 0.93-1.07  0.99 0.92-1.05  0.90 0.80-1.03  

PC2 1.03 0.94-1.13  0.97 0.89-1.05  0.99 0.92-1.07  1.01 0.88-1.16  

PC3 0.97 0.85-1.09  0.96 0.86-1.07  0.95 0.86-1.06  0.88 0.72-1.09  

PC4 0.95 0.79-1.14  0.95 0.81-1.12  0.96 0.82-1.12  1.00 0.75-1.35  

LRT p-

value
2
 

  0.87   0.83   0.86   0.41 

CASR             

PC1
1
 1.03 0.97-1.12  1.05 0.99-1.13  1.03 0.97-1.10  1.01 0.90-1.14  

PC2 0.98 0.91-1.07  1.00 0.93-1.07  1.01 0.94-1.08  0.99 0.87-1.12  

PC3 1.00 0.92-1.10  0.92 0.85-1.00  0.95 0.88-1.03  0.96 0.83-1.12  

PC4 0.95 0.86-1.06  1.03 0.93-1.13  1.02 0.93-1.12  1.10 0.92-1.31  

PC5 1.10 0.97-1.25  1.01 0.90-1.14  1.07 0.96-1.20  1.03 0.83-1.27  

LRT p-

value
2
 

  0.57   0.17   0.39   0.85 

 
1 

An 80% explained-variance threshold is used for including principal components (PC) in the model. 
2
 P-value for each model is from a likelihood ratio test (LRT) with degrees of freedom equal to the number of principal 

components.
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Table 3.  Association between rs1042636 genotype and proximal colorectal neoplasia 

 

 Proximal 

Colorectal 

Neoplasia 

 

 Adjusted  

Model
1 

 UDCA  

Study 

 

 WBF  

Study
 

 

 

Genotype Odds   

95% CI 

 Odds   

95% CI 

 Odds   

95% CI 

 Odds   

95% CI 

 

    AA Ref.  Ref.  Ref.  Ref.  

    AG 0.50, 0.35-0.72  0.07, 0.41-1.04  0.67, 0.42-1.06  0.34, 0.19-0.61  

    GG 0.69, 0.18-2.62  1.28, 0.30-5.45  1.32, 0.31-5.60  N/A  

LRT p-value  <0.01  0.07  0.09  <0.01 

 

 
1
The multiple logistic regression model included study, gender, and the interaction term for rs1042636 with study.
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Table 4.  Association between individual SNPs in GC gene with additive mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.01 0.83 - 1.22 0.933 1.000 

rs12512631 1.07 0.90 - 1.27 0.472 1.000 

rs13117483 1.02 0.83 - 1.24 0.879 1.000 

rs1352843 0.87 0.65 - 1.17 0.360 1.000 

rs1352844 1.16 0.90 - 1.51 0.259 0.999 

rs1491709 1.04 0.75 - 1.44 0.824 1.000 

rs16846876 0.97 0.81 - 1.16 0.720 1.000 

rs16846880 0.82 0.58 - 1.16 0.261 0.999 

rs16847015 0.90 0.60 - 1.35 0.616 1.000 

rs16847039 1.02 0.81 - 1.27 0.888 1.000 

rs16847047 1.12 0.86 - 1.45 0.414 1.000 

rs17383291 0.89 0.63 - 1.26 0.526 1.000 

rs17467825 1.01 0.83 - 1.21 0.954 1.000 

rs222014 0.87 0.65 - 1.17 0.360 1.000 

rs222016 0.85 0.66 - 1.09 0.203 0.995 

rs222017 0.89 0.66 - 1.19 0.418 1.000 

rs222029 0.86 0.67 - 1.10 0.222 0.997 

rs222035 0.95 0.80 - 1.13 0.578 1.000 

rs3733359 0.77 0.54 - 1.12 0.169 03988 

rs6817912 0.88 0.61 - 1.27 0.503 1.000 

rs7041 0.95 0.80 - 1.13 0.578 1.000 

rs705117 0.93 0.73  1.19 0.564 1.000 

rs705125 1.04 0.82  1.32 0.734 1.000 

rs842999 0.93 0.79 - 1.10 0.377 1.000 

rs843007 1.00 0.80 - 1.24 0.986 0.999 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 5.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.92 0.72 - 1.18 0.521 1.000 

rs12512631 1.04 0.82 - 1.33 0.742 1.000 

rs13117483 1.01 0.79 - 1.29 0.914 1.000 

rs1352843 0.88 0.65 - 1.20 0.420 1.000 

rs1352844 1.19 0.89 - 1.58 0.242 0.998 

rs1491709 1.08 0.77 - 1.51 0.661 1.000 

rs16846876 0.91 0.72 - 1.17 0.466 1.000 

rs16846880 0.79 0.55 - 1.14 0.214 0.996 

rs16847015 0.93 0.61 - 1.42 0.748 1.000 

rs16847039 1.02 0.79 - 1.32 0.895 1.000 

rs16847047 1.14 0.85 - 1.52 0.385 1.000 

rs17383291 0.90 0.62 - 1.30 0.568 1.000 

rs17467825 0.93 0.73 - 1.18 0.554 1.000 

rs222014 0.88 0.65 - 1.20 0.420 1.000 

rs222016 0.86 0.65 - 1.13 0.275 0.999 

rs222017 0.90 0.66 - 1.22 0.487 1.000 

rs222029 0.86 0.66 - 1.13 0.278 0.999 

rs222035 0.90 0.69 - 1.17 0.430 1.000 

rs3733359 0.77 0.53 - 1.14 0.195 0.994 

rs6817912 0.87 0.59 - 1.27 0.460 1.000 

rs7041 0.88 0.68 - 1.13 0.313 1.000 

rs705117 0.93 0.71  1.23 0.623 1.000 

rs705125 1.07 0.80  1.41 0.655 1.000 

rs842999 0.83 0.64 - 1.07 0.152 0.981 

rs843007 1.00 0.77 - 1.30 0.987 0.987 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 6.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.34 0.88 - 2.04 0.173 0.989 

rs12512631 1.18 0.84 - 1.66 0.329 1.000 

rs13117483 1.04 0.64 - 1.70 0.871 1.000 

rs1352843 0.57 0.13 - 2.59 0.469 1.000 

rs1352844 1.13 0.40 - 3.16 0.814 1.000 

rs1491709 NA NA - NA NA NA 

rs16846876 1.08 0.74 - 1.59 0.688 1.000 

rs16846880 1.27 0.25 - 6.57 0.776 1.000 

rs16847015 NA NA - NA NA NA 

rs16847039 1.03 0.53 - 2.00 0.933 1.000 

rs16847047 1.06 0.38 - 2.92 0.918 1.000 

rs17383291 0.70 0.15 - 3.26 0.649 1.000 

rs17467825 1.28 0.85 - 1.94 0.237 0.998 

rs222014 0.57 0.13 - 2.59 0.469 1.000 

rs222016 0.60 0.23 - 1.58 0.301 1.000 

rs222017 0.57 0.13 - 2.61 0.473 1.000 

rs222029 0.67 0.28 - 1.64 0.383 1.000 

rs222035 0.99 0.73 - 1.35 0.949 1.000 

rs3733359 0.45 0.05 - 3.65 0.453 1.000 

rs6817912 1.59 0.14 - 17.54 0.707 1.000 

rs7041 1.03 0.76 - 1.39 0.850 1.000 

rs705117 0.81 0.35  1.89 0.631 1.000 

rs705125 0.96 0.47  1.97 0.912 1.000 

rs842999 1.01 0.75 - 1.35 0.958 1.000 

rs843007 0.97 0.50 - 1.87 0.927 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 7.  Association between individual SNPs in GC gene with additive mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.98 0.82 - 1.17 0.815 1.000 

rs12512631 0.95 0.81 - 1.11 0.521 1.000 

rs13117483 0.96 0.80 - 1.15 0.661 1.000 

rs1352843 1.02 0.79 - 1.32 0.872 1.000 

rs1352844 1.16 0.92 - 1.48 0.213 0.995 

rs1491709 0.93 0.69 - 1.26 0.647 1.000 

rs16846876 1.08 0.92 - 1.28 0.349 1.000 

rs16846880 0.92 0.68 - 1.25 0.589 1.000 

rs16847015 1.11 0.78 - 1.58 0.578 1.000 

rs16847039 1.10 0.90 - 1.34 0.344 1.000 

rs16847047 1.16 0.92 - 1.48 0.214 0.996 

rs17383291 1.15 0.86 - 1.55 0.353 1.000 

rs17467825 1.03 0.87 - 1.22 0.751 1.000 

rs222014 1.02 0.79 - 1.32 0.872 1.000 

rs222016 1.05 0.84 - 1.30 0.679 1.000 

rs222017 1.02 0.79 - 1.32 0.885 1.000 

rs222029 1.00 0.81 - 1.24 0.997 0.997 

rs222035 1.00 0.86 - 1.18 0.969 1.000 

rs3733359 1.01 0.74 - 1.38 0.950 1.000 

rs6817912 1.03 0.74 - 1.42 0.883 1.000 

rs7041 1.00 0.86 - 1.17 0.956 1.000 

rs705117 0.96 0.77  1.19 0.702 1.000 

rs705125 1.11 0.89  1.37 0.362 1.000 

rs842999 1.03 0.88 - 1.19 0.747 1.000 

rs843007 1.13 0.93 - 1.38 0.234 0.997 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 8.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.89 0.71 - 1.11 0.302 1.000 

rs12512631 0.89 0.71 - 1.11 0.310 1.000 

rs13117483 0.90 0.72 - 1.13 0.367 1.000 

rs1352843 0.99 0.75 - 1.30 0.948 1.000 

rs1352844 1.16 0.90 - 1.51 0.258 0.998 

rs1491709 0.92 0.67 - 1.26 0.597 1.000 

rs16846876 1.12 0.90 - 1.40 0.302 1.000 

rs16846880 0.89 0.65 - 1.23 0.496 1.000 

rs16847015 1.09 0.75 - 1.58 0.652 1.000 

rs16847039 1.13 0.89 - 1.43 0.312 1.000 

rs16847047 1.15 0.88 - 1.50 0.297 0.999 

rs17383291 1.08 0.78 - 1.50 0.656 1.000 

rs17467825 0.97 0.78 - 1.21 0.778 1.000 

rs222014 0.99 0.75 - 1.30 0.948 1.000 

rs222016 1.03 0.81 - 1.32 0.803 1.000 

rs222017 0.99 0.75 - 1.30 0.933 1.000 

rs222029 1.00 0.79 - 1.28 0.978 1.000 

rs222035 0.96 0.76 - 1.22 0.727 1.000 

rs3733359 0.97 0.70 - 1.36 0.870 1.000 

rs6817912 1.00 0.71 - 1.39 0.984 1.000 

rs7041 0.99 0.78 - 1.25 0.919 1.000 

rs705117 0.97 0.75  1.24 0.780 1.000 

rs705125 1.12 0.87  1.44 0.395 1.000 

rs842999 0.97 0.77 - 1.23 0.800 1.000 

rs843007 1.15 0.91 - 1.45 0.253 0.998 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 9.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.31 0.88 - 1.93 0.181 0.999 

rs12512631 1.03 0.75 - 1.41 0.878 1.000 

rs13117483 1.17 0.76 - 1.82 0.473 1.000 

rs1352843 1.74 0.58 - 5.20 0.323 1.000 

rs1352844 1.48 0.59 - 3.70 0.405 1.000 

rs1491709 1.34 0.22 - 8.07 0.747 1.000 

rs16846876 1.07 0.75 - 1.52 0.723 1.000 

rs16846880 1.52 0.34 - 6.82 0.585 1.000 

rs16847015 2.03 NA - NA NA NA 

rs16847039 1.08 0.59 - 1.96 0.809 1.000 

rs16847047 1.67 0.69 - 4.05 0.261 1.000 

rs17383291 3.56 1.04 - 12.24 0.043 0.694 

rs17467825 1.27 0.87 - 1.86 0.219 0.996 

rs222014 1.74 0.58 - 5.20 0.323 1.000 

rs222016 1.28 0.62 - 2.66 0.509 1.000 

rs222017 1.74 0.58 - 5.22 0.320 0.999 

rs222029 0.97 0.47 - 2.00 0.923 1.000 

rs222035 1.07 0.81 - 1.41 0.635 1.000 

rs3733359 2.03 0.51 - 8.14 0.319 1.000 

rs6817912 4.07 0.37 - 44.99 0.252 0.998 

rs7041 1.03 0.78 - 1.36 0.829 1.000 

rs705117 0.84 0.40  1.77 0.648 1.000 

rs705125 1.21 0.64  2.26 0.561 1.000 

rs842999 1.12 0.86 - 1.46 0.392 1.000 

rs843007 1.21 0.68 - 2.15 0.526 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 10.  Association between individual SNPs in GC gene with additive mode of 

inheritance and colorectal neoplasia recurrence 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.01 0.86 - 1.18 0.942 1.000 

rs12512631 1.01 0.87 - 1.17 0.904 1.000 

rs13117483 0.95 0.80 - 1.13 0.565 1.000 

rs1352843 1.00 0.79 - 1.27 0.993 0.999 

rs1352844 1.17 0.93 - 1.47 0.188 0.992 

rs1491709 0.96 0.73 - 1.27 0.797 1.000 

rs16846876 1.03 0.88 - 1.20 0.734 1.000 

rs16846880 0.91 0.69 - 1.21 0.525 1.000 

rs16847015 1.00 0.71 - 1.40 0.985 1.000 

rs16847039 1.06 0.87 - 1.28 0.568 1.000 

rs16847047 1.16 0.92 - 1.45 0.213 0.996 

rs17383291 0.97 0.73 - 1.30 0.853 1.000 

rs17467825 1.01 0.86 - 1.18 0.937 1.000 

rs222014 1.00 0.79 - 1.27 0.993 0.993 

rs222016 0.98 0.80 - 1.21 0.875 1.000 

rs222017 1.00 0.79 - 1.28 0.981 1.000 

rs222029 0.95 0.78 - 1.16 0.613 1.000 

rs222035 0.97 0.84 - 1.12 0.672 1.000 

rs3733359 0.90 0.67 - 1.21 0.475 1.000 

rs6817912 0.94 0.69 - 1.27 0.687 1.000 

rs7041 0.97 0.84 - 1.12 0.659 1.000 

rs705117 0.94 0.77  1.15 0.548 1.000 

rs705125 1.08 0.88  1.33 0.445 1.000 

rs842999 0.96 0.83 - 1.10 0.535 1.000 

rs843007 1.06 0.88 - 1.28 0.526 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 11.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and colorectal neoplasia recurrence 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.93 0.75 - 1.14 0.470 1.000 

rs12512631 1.00 0.81 - 1.23 0.979 1.000 

rs13117483 0.91 0.74 - 1.12 0.386 1.000 

rs1352843 0.98 0.76 - 1.27 0.884 1.000 

rs1352844 1.18 0.92 - 1.51 0.201 0.994 

rs1491709 0.96 0.72 - 1.28 0.761 1.000 

rs16846876 1.02 0.83 - 1.26 0.841 1.000 

rs16846880 0.89 0.66 - 1.20 0.430 1.000 

rs16847015 0.99 0.70 - 1.41 0.960 1.000 

rs16847039 1.06 0.85 - 1.32 0.625 1.000 

rs16847047 1.16 0.90 - 1.49 0.257 0.999 

rs17383291 0.92 0.67 - 1.26 0.607 1.000 

rs17467825 0.93 0.76 - 1.15 0.493 1.000 

rs222014 0.98 0.76 - 1.27 0.884 1.000 

rs222016 0.96 0.76 - 1.21 0.742 1.000 

rs222017 0.99 0.76 - 1.28 0.910 1.000 

rs222029 0.94 0.75 - 1.18 0.573 1.000 

rs222035 0.92 0.73 - 1.15 0.438 1.000 

rs3733359 0.88 0.64 - 1.20 0.415 1.000 

rs6817912 0.92 0.67 - 1.26 0.607 1.000 

rs7041 0.92 0.74 - 1.15 0.456 1.000 

rs705117 0.94 0.74  1.18 0.575 1.000 

rs705125 1.08 0.85  1.38 0.535 1.000 

rs842999 0.88 0.71 - 1.10 0.262 1.000 

rs843007 1.05 0.84 - 1.31 0.653 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 12.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and colorectal neoplasia recurrence 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.34 0.91 - 1.95 0.136 0.971 

rs12512631 1.04 0.78 - 1.41 0.780 1.000 

rs13117483 1.07 0.70 - 1.62 0.764 1.000 

rs1352843 1.38 0.46 - 4.13 0.565 1.000 

rs1352844 1.32 0.53 - 3.26 0.552 1.000 

rs1491709 1.18 0.24 - 5.86 0.840 1.000 

rs16846876 1.07 0.77 - 1.50 0.683 1.000 

rs16846880 1.58 0.35 - 7.07 0.552 1.000 

rs16847015 NA NA - NA NA NA 

rs16847039 1.14 0.65 - 2.02 0.649 1.000 

rs16847047 1.45 0.60 - 3.52 0.412 1.000 

rs17383291 2.07 0.60 - 7.11 0.247 0.998 

rs17467825 1.30 0.90 - 1.89 0.161 0.984 

rs222014 1.38 0.46 - 4.13 0.565 1.000 

rs222016 1.18 0.59 - 2.38 0.641 1.000 

rs222017 1.39 0.46 - 4.14 0.559 1.000 

rs222029 0.99 0.51 - 1.95 0.983 1.000 

rs222035 1.02 0.79 - 1.33 0.876 1.000 

rs3733359 1.18 0.29 - 4.73 0.816 1.000 

rs6817912 2.38 0.22 - 26.26 0.480 1.000 

rs7041 1.01 0.78 - 1.31 0.931 1.000 

rs705117 0.88 0.45  1.74 0.722 1.000 

rs705125 1.25 0.68  2.29 0.476 1.000 

rs842999 1.02 0.80 - 1.31 0.866 1.000 

rs843007 1.24 0.71 - 2.16 0.457 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 13.  Association between individual SNPs in GC gene with additive mode of 

inheritance and villous colorectal neoplasia 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.85 0.62 - 1.17 0.311 0.999 

rs12512631 1.07 0.81 - 1.42 0.614 1.000 

rs13117483 0.96 0.70 - 1.33 0.809 1.000 

rs1352843 1.14 0.73 - 1.77 0.571 1.000 

rs1352844 1.27 0.85 - 1.90 0.249 0.997 

rs1491709 0.69 0.38 - 1.26 0.226 0.995 

rs16846876 1.02 0.76 - 1.38 0.881 1.000 

rs16846880 0.75 0.41 - 1.37 0.355 1.000 

rs16847015 0.73 0.35 - 1.51 0.398 1.000 

rs16847039 1.15 0.81 - 1.62 0.438 1.000 

rs16847047 1.28 0.86 - 1.92 0.229 0.995 

rs17383291 0.55 0.27 - 1.11 0.094 0.911 

rs17467825 0.90 0.66 - 1.23 0.520 1.000 

rs222014 1.14 0.73 - 1.77 0.571 1.000 

rs222016 1.00 0.68 - 1.48 0.989 0.989 

rs222017 1.14 0.74 - 1.77 0.555 1.000 

rs222029 0.95 0.65 - 1.40 0.800 1.000 

rs222035 0.82 0.62 - 1.09 0.172 0.983 

rs3733359 0.83 0.46 - 1.51 0.546 1.000 

rs6817912 0.85 0.46 - 1.57 0.606 1.000 

rs7041 0.81 0.61 - 1.07 0.139 0.962 

rs705117 0.79 0.52  1.20 0.277 0.999 

rs705125 1.15 0.80  1.67 0.446 1.000 

rs842999 0.69 0.52 - 0.91 0.008 0.223 

rs843007 1.11 0.78 - 1.57 0.563 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 14.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and villous colorectal neoplasia 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.82 0.55 - 1.22 0.332 1.000 

rs12512631 1.12 0.75 - 1.67 0.593 1.000 

rs13117483 1.02 0.69 - 1.52 0.911 1.000 

rs1352843 1.16 0.72 - 1.86 0.550 1.000 

rs1352844 1.29 0.83 - 2.03 0.262 0.998 

rs1491709 0.70 0.38 - 1.30 0.255 0.998 

rs16846876 0.86 0.58 - 1.28 0.463 1.000 

rs16846880 0.69 0.37 - 1.32 0.266 0.998 

rs16847015 0.74 0.35 - 1.56 0.434 1.000 

rs16847039 1.19 0.79 - 1.79 0.407 1.000 

rs16847047 1.32 0.84 - 2.07 0.231 0.996 

rs17383291 0.47 0.22 - 1.04 0.061 0.802 

rs17467825 0.78 0.53 - 1.17 0.228 0.995 

rs222014 1.16 0.72 - 1.86 0.550 1.000 

rs222016 1.07 0.70 - 1.65 0.747 1.000 

rs222017 1.16 0.72 - 1.87 0.532 1.000 

rs222029 1.01 0.66 - 1.56 0.949 1.000 

rs222035 0.77 0.51 - 1.17 0.221 0.995 

rs3733359 0.78 0.41 - 1.48 0.445 1.000 

rs6817912 0.78 0.41 - 1.48 0.445 1.000 

rs7041 0.75 0.50 - 1.13 0.173 0.983 

rs705117 0.73 0.46  1.17 0.186 0.988 

rs705125 1.24 0.80  1.92 0.340 1.000 

rs842999 0.58 0.39 - 0.86 0.007 0.196 

rs843007 1.14 0.76 - 1.73 0.529 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 15.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and villous colorectal neoplasia 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.79 0.36 - 1.74 0.557 1.000 

rs12512631 1.07 0.62 - 1.87 0.800 1.000 

rs13117483 0.68 0.27 - 1.71 0.413 1.000 

rs1352843 1.04 0.13 - 8.04 0.973 1.000 

rs1352844 1.47 0.34 - 6.45 0.609 1.000 

rs1491709 NA NA - NA NA NA 

rs16846876 1.53 0.88 - 2.68 0.136 0.961 

rs16846880 2.10 0.25 - 17.61 0.494 1.000 

rs16847015 NA NA - NA NA NA 

rs16847039 1.11 0.39 - 3.14 0.848 1.000 

rs16847047 1.39 0.32 - 6.07 0.663 1.000 

rs17383291 1.24 0.16 - 9.81 0.836 1.000 

rs17467825 1.25 0.65 - 2.41 0.497 1.000 

rs222014 1.04 0.13 - 8.04 0.973 1.000 

rs222016 0.40 0.05 - 2.92 0.364 1.000 

rs222017 1.03 0.13 - 8.02 0.975 1.000 

rs222029 0.36 0.05 - 2.67 0.320 0.999 

rs222035 0.76 0.45 - 1.31 0.324 1.000 

rs3733359 1.78 0.22 - 14.56 0.593 1.000 

rs6817912 6.28 0.56 - 69.79 0.135 0.964 

rs7041 0.76 0.44 - 1.29 0.303 0.999 

rs705117 1.17 0.35  3.88 0.800 1.000 

rs705125 0.93 0.28  3.05 0.900 1.000 

rs842999 0.64 0.38 - 1.09 0.103 0.923 

rs843007 1.07 0.38 - 3.02 0.905 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007. 
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Table 16.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.99 0.83 - 1.18 0.919 1.000 

rs1042636 0.63 0.44 - 0.91 0.015 0.478 

rs12485716 1.01 0.83 - 1.23 0.938 1.000 

rs12635478 0.98 0.81 - 1.18 0.807 1.000 

rs13320637 0.97 0.80 - 1.19 0.779 1.000 

rs13324814 1.08 0.84 - 1.39 0.533 1.000 

rs1354162 1.11 0.83 - 1.48 0.499 1.000 

rs1501900 1.20 0.96 - 1.50 0.114 0.980 

rs17197636 0.95 0.72 - 1.27 0.751 1.000 

rs17197671 0.91 0.70 - 1.19 0.495 1.000 

rs17203502 1.12 0.94 - 1.33 0.214 0.999 

rs17282008 0.97 0.79 - 1.19 0.734 1.000 

rs17282022 0.87 0.73 - 1.03 0.114 0.980 

rs1801726 1.58 1.02 - 2.45 0.042 0.802 

rs1973490 1.04 0.87 - 1.24 0.698 1.000 

rs3749208 0.98 0.81 - 1.18 0.798 1.000 

rs3804595 0.94 0.72 - 1.22 0.645 1.000 

rs3845918 0.97 0.79 - 1.18 0.739 1.000 

rs3863977 0.95 0.78 - 1.15 0.575 1.000 

rs4678013 1.17 0.94 - 1.46 0.161 0.992 

rs4678035 0.84 0.66 - 1.06 0.144 1.000 

rs4678174 1.09 0.90 - 1.32 0.366 1.000 

rs6438706 0.85 0.68 - 1.08 0.190 0.998 

rs6764205 0.92 0.76 - 1.12 0.410 1.000 

rs6764691 0.86 0.68 - 1.09 0.208 1.000 

rs6776158 1.02 0.85 - 1.23 0.824 1.000 

rs7614486 0.89 0.72 - 1.10 0.293 1.000 

rs7621124 1.02 0.84 - 1.24 0.861 1.000 

rs7635112 1.10 0.84 - 1.43 0.485 1.000 

rs7644390 0.96 0.80 - 1.15 0.651 1.000 

rs7646147 0.96 0.79 - 1.15 0.632 1.000 

rs7647405 0.80 0.48 - 1.34 0.401 1.000 

rs7648044 0.86 0.68 - 1.08 0.195 0.998 

rs9826770 0.69 0.44 - 1.08 0.101 0.972 

rs9866419 0.96 0.79 - 1.17 0.705 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 17.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.91 0.69 - 1.20 0.499 1.000 

rs1042636 0.62 0.42 - 0.92 0.017 0.511 

rs12485716 1.05 0.82 - 1.35 0.718 1.000 

rs12635478 0.99 0.77 - 1.27 0.932 1.000 

rs13320637 0.90 0.70 - 1.15 0.394 1.000 

rs13324814 1.06 0.80 - 1.42 0.672 1.000 

rs1354162 1.04 0.76 - 1.44 0.790 1.000 

rs1501900 1.26 0.98 - 1.64 0.077 0.936 

rs17197636 0.96 0.71 - 1.31 0.806 1.000 

rs17197671 0.96 0.72 - 1.29 0.794 1.000 

rs17203502 1.10 0.83 - 1.47 0.516 1.000 

rs17282008 0.90 0.70 - 1.16 0.417 1.000 

rs17282022 0.85 0.65 - 1.12 0.244 1.000 

rs1801726 1.59 1.01 - 2.50 0.048 0.841 

rs1973490 1.10 0.84 - 1.43 0.483 1.000 

rs3749208 1.00 0.78 - 1.28 0.979 0.979 

rs3804595 1.00 0.74 - 1.33 0.976 1.000 

rs3845918 0.90 0.70 - 1.16 0.418 1.000 

rs3863977 0.90 0.70 - 1.16 0.411 1.000 

rs4678013 1.24 0.96 - 1.60 0.104 0.972 

rs4678035 0.78 0.59 - 1.03 0.078 0.938 

rs4678174 1.18 0.92 - 1.52 0.190 0.998 

rs6438706 0.80 0.61 - 1.05 0.112 0.979 

rs6764205 0.86 0.67 - 1.11 0.247 1.000 

rs6764691 0.80 0.61 - 1.06 0.115 0.980 

rs6776158 1.05 0.81 - 1.36 0.713 1.000 

rs7614486 0.91 0.70 - 1.17 0.451 1.000 

rs7621124 1.07 0.84 - 1.38 0.586 1.000 

rs7635112 1.06 0.80 - 1.41 0.684 1.000 

rs7644390 0.95 0.74 - 1.22 0.685 1.000 

rs7646147 0.97 0.75 - 1.25 0.815 1.000 

rs7647405 0.81 0.48 - 1.36 0.428 1.000 

rs7648044 0.83 0.63 - 1.09 0.174 0.996 

rs9826770 0.67 0.42 - 1.08 0.103 0.974 

rs9866419 0.95 0.74 - 1.22 0.670 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 18.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP  COE 95% CI p pACT
1 

rs10222633  1.08 0.81 - 1.44 0.602 1.000 

rs1042636  0.39 0.05 - 3.10 0.371 1.000 

rs12485716  0.89 0.56 - 1.43 0.634 1.000 

rs12635478  0.93 0.63 - 1.37 0.706 1.000 

rs13320637  1.26 0.79 - 2.00 0.338 1.000 

rs13324814  1.41 0.64 - 3.13 0.400 1.000 

rs1354162  2.70 0.90 - 8.08 0.077 0.940 

rs1501900  1.04 0.50 - 2.14 0.924 1.000 

rs17197636  0.78 0.22 - 2.80 0.708 1.000 

rs17197671  0.39 0.12 - 1.32 0.131 0.989 

rs17203502  1.22 0.92 - 1.62 0.164 0.996 

rs17282008  1.23 0.75 - 2.03 0.415 0.993 

rs17282022  0.80 0.58 - 1.08 0.147 1.000 

rs1801726  3.12 0.20 - 50.04 0.421 1.000 

rs1973490  0.97 0.70 - 1.35 0.876 1.000 

rs3749208  0.91 0.61 - 1.34 0.623 1.000 

rs3804595  0.40 0.12 - 1.36 0.142 0.992 

rs3845918  1.18 0.75 - 1.86 0.476 1.000 

rs3863977  1.04 0.68 - 1.59 0.874 1.000 

rs4678013  1.01 0.52 - 1.96 0.978 1.000 

rs4678035  1.04 0.53 - 2.02 0.914 1.000 

rs4678174  0.96 0.63 - 1.47 0.845 1.000 

rs6438706  1.04 0.54 - 2.03 0.904 1.000 

rs6764205  1.04 0.67 - 1.61 0.876 1.000 

rs6764691  1.10 0.56 - 2.14 0.789 1.000 

rs6776158  0.99 0.68 - 1.42 0.934 1.000 

rs7614486  0.72 0.41 - 1.28 0.266 1.000 

rs7621124  0.87 0.54 - 1.39 0.561 1.000 

rs7635112  2.08 0.73 - 5.88 0.169 0.996 

rs7644390  0.94 0.64 - 1.38 0.750 1.000 

rs7646147  0.88 0.59 - 1.31 0.529 1.000 

rs7647405  NA NA - NA NA NA 

rs7648044  0.86 0.42 - 1.76 0.688 1.000 

rs9826770  0.52 0.06 - 4.32 0.544 1.000 

rs9866419  0.98 0.62 - 1.55 0.919 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 19.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and colorectal neoplasia in the proximal colon
 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.06 0.91 - 1.24 0.475 1.000 

rs1042636 0.55 0.40 - 0.77 <0.001 0.022 

rs12485716 1.05 0.88 - 1.24 0.600 1.000 

rs12635478 0.82 0.69 - 0.97 0.017 0.523 

rs13320637 1.07 0.90 - 1.28 0.426 1.000 

rs13324814 0.91 0.73 - 1.14 0.417 1.000 

rs1354162 1.00 0.77 - 1.31 0.995 0.995 

rs1501900 1.02 0.83 - 1.25 0.830 1.000 

rs17197636 0.82 0.64 - 1.07 0.144 0.994 

rs17197671 1.21 0.96 - 1.51 0.103 0.977 

rs17203502 1.08 0.92 - 1.26 0.332 1.000 

rs17282008 1.10 0.92 - 1.32 0.281 1.000 

rs17282022 0.90 0.77 - 1.05 0.186 0.998 

rs1801726 1.35 0.89 - 2.03 0.155 0.995 

rs1973490 1.07 0.92 - 1.25 0.389 1.000 

rs3749208 0.82 0.69 - 0.97 0.020 0.563 

rs3804595 1.08 0.91 - 1.28 0.382 1.000 

rs3845918 0.87 0.73 - 1.04 0.119 1.000 

rs3863977 1.01 0.83 - 1.24 0.889 0.986 

rs4678013 0.82 0.67 - 1.01 0.067 1.000 

rs4678035 1.09 0.93 - 1.29 0.294 0.918 

rs4678174 0.81 0.66 - 1.00 0.051 1.000 

rs6438706 1.02 0.86 - 1.21 0.795 0.856 

rs6764205 0.82 0.66 - 1.01 0.062 1.000 

rs6764691 0.90 0.76 - 1.06 0.204 0.905 

rs6776158 0.84 0.70 - 1.02 0.075 0.999 

rs7614486 1.07 0.90 - 1.27 0.451 0.939 

rs7621124 0.99 0.78 - 1.26 0.963 1.000 

rs7635112 1.13 0.96 - 1.33 0.137 1.000 

rs7644390 1.13 0.96 - 1.33 0.142 0.992 

rs7646147 1.34 0.88 - 2.04 0.171 0.993 

rs7647405 0.84 0.68 - 1.03 0.096 0.997 

rs7648044 0.80 0.55 - 1.17 0.247 0.971 

rs9826770 0.88 0.74 - 1.05 0.147 0.999 

rs9866419 0.90 0.72 - 1.13 0.377 0.994 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 20.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.02 0.79 - 1.31 0.908 1.000 

rs1042636 0.51 0.36 - 0.73 <0.001 0.011 

rs12485716 1.04 0.83 - 1.30 0.733 1.000 

rs12635478 0.74 0.59 - 0.92 0.008 0.299 

rs13320637 1.05 0.84 - 1.31 0.675 1.000 

rs13324814 0.87 0.67 - 1.12 0.288 0.980 

rs1354162 0.99 0.74 - 1.31 0.926 1.000 

rs1501900 1.01 0.80 - 1.28 0.910 1.000 

rs17197636 0.81 0.62 - 1.08 0.149 0.995 

rs17197671 1.25 0.97 - 1.61 0.082 0.952 

rs17203502 1.21 0.93 - 1.56 0.155 0.995 

rs17282008 1.09 0.88 - 1.36 0.437 1.000 

rs17282022 0.90 0.71 - 1.14 0.391 1.000 

rs1801726 1.35 0.88 - 2.07 0.163 0.996 

rs1973490 1.08 0.85 - 1.36 0.539 1.000 

rs3749208 0.74 0.59 - 0.92 0.008 0.300 

rs3804595 1.04 0.84 - 1.30 0.700 1.000 

rs3845918 0.88 0.70 - 1.09 0.246 1.000 

rs3863977 0.99 0.79 - 1.25 0.927 0.999 

rs4678013 0.81 0.64 - 1.03 0.084 1.000 

rs4678035 1.08 0.87 - 1.35 0.497 0.955 

rs4678174 0.79 0.62 - 1.01 0.063 1.000 

rs6438706 0.99 0.80 - 1.24 0.951 0.905 

rs6764205 0.80 0.63 - 1.02 0.067 1.000 

rs6764691 0.88 0.70 - 1.10 0.251 0.919 

rs6776158 0.83 0.66 - 1.04 0.112 1.000 

rs7614486 1.07 0.86 - 1.34 0.543 0.983 

rs7621124 0.97 0.75 - 1.25 0.787 1.000 

rs7635112 1.14 0.91 - 1.42 0.262 1.000 

rs7644390 1.15 0.92 - 1.44 0.227 0.999 

rs7646147 1.31 0.85 - 2.01 0.215 1.000 

rs7647405 0.83 0.66 - 1.06 0.139 1.000 

rs7648044 0.72 0.48 - 1.08 0.114 0.993 

rs9826770 0.89 0.72 - 1.11 0.313 0.984 

rs9866419 0.85 0.66 - 1.10 0.217 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 21.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.15 0.89 - 1.48 0.290 1.000 

rs1042636 0.75 0.20 - 2.85 0.677 1.000 

rs12485716 1.13 0.76 - 1.68 0.544 1.000 

rs12635478 0.86 0.60 - 1.21 0.383 1.000 

rs13320637 1.27 0.84 - 1.92 0.260 1.000 

rs13324814 1.16 0.56 - 2.37 0.689 1.000 

rs1354162 1.26 0.41 - 3.87 0.686 1.000 

rs1501900 1.13 0.59 - 2.14 0.712 1.000 

rs17197636 0.73 0.23 - 2.31 0.594 1.000 

rs17197671 1.12 0.51 - 2.45 0.772 1.000 

rs17203502 1.02 0.79 - 1.32 0.870 1.000 

rs17282008 1.29 0.83 - 2.01 0.260 1.000 

rs17282022 0.83 0.63 - 1.09 0.179 0.997 

rs1801726 2.02 0.13 - 32.42 0.619 1.000 

rs1973490 1.13 0.85 - 1.50 0.411 1.000 

rs3749208 0.87 0.62 - 1.24 0.446 1.000 

rs3804595 1.32 0.88 - 1.97 0.174 1.000 

rs3845918 0.74 0.49 - 1.10 0.134 0.997 

rs3863977 1.21 0.68 - 2.16 0.514 0.992 

rs4678013 0.70 0.37 - 1.33 0.280 1.000 

rs4678035 1.24 0.87 - 1.77 0.237 1.000 

rs4678174 0.70 0.37 - 1.33 0.274 0.999 

rs6438706 1.15 0.78 - 1.68 0.482 1.000 

rs6764205 0.74 0.39 - 1.42 0.367 1.000 

rs6764691 0.86 0.62 - 1.20 0.380 1.000 

rs6776158 0.73 0.44 - 1.21 0.219 1.000 

rs7614486 1.14 0.77 - 1.69 0.510 0.999 

rs7621124 1.58 0.58 - 4.26 0.370 1.000 

rs7635112 1.26 0.90 - 1.75 0.173 1.000 

rs7644390 1.23 0.88 - 1.72 0.235 0.997 

rs7646147 NA NA - NA NA NA 

rs7647405 0.67 0.34 - 1.30 0.233 0.999 

rs7648044 2.71 0.60 - 12.16 0.193 0.999 

rs9826770 0.72 0.47 - 1.10 0.127 0.998 

rs9866419 1.26 0.62 - 2.53 0.522 0.989 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 22.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and colorectal adenoma recurrence 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.03 0.89 - 1.20 0.688 1.000 

rs1042636 0.63 0.47 - 0.85 0.002 0.104 

rs12485716 1.01 0.85 - 1.19 0.923 1.000 

rs12635478 0.88 0.75 - 1.04 0.125 0.989 

rs13320637 1.09 0.92 - 1.30 0.315 1.000 

rs13324814 0.92 0.74 - 1.15 0.477 1.000 

rs1354162 1.00 0.78 - 1.29 0.989 0.989 

rs1501900 1.09 0.89 - 1.32 0.419 1.000 

rs17197636 0.86 0.67 - 1.10 0.23 1.000 

rs17197671 1.11 0.89 - 1.38 0.371 1.000 

rs17203502 1.02 0.88 - 1.19 0.775 1.000 

rs17282008 1.01 0.84 - 1.20 0.942 1.000 

rs17282022 0.95 0.82 - 1.10 0.492 1.000 

rs1801726 1.37 0.91 - 2.06 0.134 0.992 

rs1973490 1.01 0.86 - 1.17 0.932 1.000 

rs3749208 0.88 0.75 - 1.03 0.118 0.987 

rs3804595 1.11 0.89 - 1.39 0.352 1.000 

rs3845918 1.10 0.93 - 1.31 0.26 1.000 

rs3863977 0.92 0.78 - 1.09 0.345 1.000 

rs4678013 1.07 0.88 - 1.30 0.487 1.000 

rs4678035 0.85 0.70 - 1.04 0.11 0.983 

rs4678174 1.05 0.89 - 1.24 0.546 1.000 

rs6438706 0.84 0.69 - 1.03 0.087 0.961 

rs6764205 1.05 0.89 - 1.23 0.603 1.000 

rs6764691 0.86 0.70 - 1.05 0.127 0.989 

rs6776158 0.96 0.82 - 1.12 0.571 1.000 

rs7614486 0.91 0.76 - 1.08 0.283 1.000 

rs7621124 1.03 0.87 - 1.21 0.768 1.000 

rs7635112 1.05 0.84 - 1.33 0.664 1.000 

rs7644390 1.10 0.94 - 1.29 0.255 1.000 

rs7646147 1.10 0.93 - 1.29 0.265 1.000 

rs7647405 1.20 0.79 - 1.83 0.384 1.000 

rs7648044 0.86 0.70 - 1.04 0.121 0.988 

rs9826770 0.76 0.53 - 1.08 0.124 0.989 

rs9866419 0.94 0.80 - 1.12 0.502 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 23.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and colorectal adenoma recurrence 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.01 0.79 - 1.29 0.919 1.000 

rs1042636 0.61 0.45 - 0.83 0.002 0.091 

rs12485716 0.99 0.80 - 1.23 0.954 1.000 

rs12635478 0.87 0.70 - 1.08 0.199 0.999 

rs13320637 1.08 0.87 - 1.34 0.484 1.000 

rs13324814 0.89 0.70 - 1.15 0.376 1.000 

rs1354162 0.98 0.75 - 1.29 0.901 1.000 

rs1501900 1.12 0.89 - 1.40 0.332 1.000 

rs17197636 0.87 0.67 - 1.13 0.298 1.000 

rs17197671 1.16 0.90 - 1.49 0.258 1.000 

rs17203502 1.09 0.85 - 1.39 0.514 1.000 

rs17282008 0.98 0.79 - 1.22 0.879 1.000 

rs17282022 0.98 0.77 - 1.24 0.854 1.000 

rs1801726 1.39 0.91 - 2.12 0.125 0.989 

rs1973490 1.02 0.82 - 1.28 0.835 1.000 

rs3749208 0.87 0.70 - 1.08 0.194 0.999 

rs3804595 1.16 0.90 - 1.49 0.243 1.000 

rs3845918 1.08 0.87 - 1.34 0.467 1.000 

rs3863977 0.93 0.75 - 1.15 0.476 1.000 

rs4678013 1.09 0.87 - 1.37 0.449 1.000 

rs4678035 0.83 0.66 - 1.05 0.114 0.985 

rs4678174 1.06 0.85 - 1.31 0.607 1.000 

rs6438706 0.82 0.65 - 1.03 0.086 0.960 

rs6764205 1.03 0.83 - 1.28 0.787 1.000 

rs6764691 0.83 0.66 - 1.04 0.111 0.984 

rs6776158 0.96 0.77 - 1.19 0.7 1.000 

rs7614486 0.94 0.76 - 1.17 0.567 1.000 

rs7621124 1.02 0.82 - 1.27 0.852 1.000 

rs7635112 1.04 0.81 - 1.34 0.74 1.000 

rs7644390 1.13 0.91 - 1.40 0.285 1.000 

rs7646147 1.14 0.92 - 1.42 0.239 1.000 

rs7647405 1.18 0.77 - 1.80 0.442 1.000 

rs7648044 0.85 0.67 - 1.07 0.162 0.997 

rs9826770 0.70 0.48 - 1.03 0.069 0.927 

rs9866419 0.96 0.78 - 1.19 0.732 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 24.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and colorectal adenoma recurrence 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.07 0.84 - 1.38 0.576 1.000 

rs1042636 0.58 0.15 - 2.33 0.442 1.000 

rs12485716 1.07 0.72 - 1.59 0.739 1.000 

rs12635478 0.81 0.58 - 1.13 0.221 1.000 

rs13320637 1.26 0.83 - 1.92 0.274 1.000 

rs13324814 1.09 0.52 - 2.28 0.815 1.000 

rs1354162 1.36 0.46 - 4.08 0.578 1.000 

rs1501900 0.96 0.51 - 1.80 0.893 1.000 

rs17197636 0.58 0.20 - 1.70 0.321 1.000 

rs17197671 0.86 0.39 - 1.88 0.698 1.000 

rs17203502 0.98 0.76 - 1.25 0.848 1.000 

rs17282008 1.12 0.72 - 1.75 0.614 1.000 

rs17282022 0.88 0.68 - 1.14 0.327 1.000 

rs1801726 1.17 0.07 - 18.74 0.912 1.000 

rs1973490 0.99 0.74 - 1.31 0.919 1.000 

rs3749208 0.81 0.58 - 1.13 0.207 0.999 

rs3804595 0.86 0.39 - 1.89 0.705 1.000 

rs3845918 1.31 0.88 - 1.97 0.183 0.998 

rs3863977 0.85 0.58 - 1.23 0.376 1.000 

rs4678013 1.04 0.59 - 1.84 0.89 1.000 

rs4678035 0.80 0.45 - 1.43 0.451 1.000 

rs4678174 1.09 0.76 - 1.57 0.634 1.000 

rs6438706 0.80 0.45 - 1.43 0.452 1.000 

rs6764205 1.15 0.79 - 1.68 0.475 1.000 

rs6764691 0.86 0.48 - 1.55 0.614 1.000 

rs6776158 0.91 0.67 - 1.25 0.566 1.000 

rs7614486 0.69 0.44 - 1.10 0.122 0.989 

rs7621124 1.07 0.73 - 1.59 0.726 1.000 

rs7635112 1.33 0.48 - 3.69 0.582 1.000 

rs7644390 1.13 0.82 - 1.56 0.464 1.000 

rs7646147 1.09 0.79 - 1.52 0.607 1.000 

rs7647405 NA NA - NA NA NA 

rs7648044 0.72 0.40 - 1.31 0.286 1.000 

rs9826770 1.57 0.35 - 7.03 0.557 1.000 

rs9866419 0.83 0.56 - 1.23 0.352 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
 

 



 

 

221 

 

 221 

Table 25.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and villous adenoma 

  

SNP COE 95% CI p pACT
1 

rs10222633 1.12 0.85 - 1.49 0.418 1.000 

rs1042636 1.08 0.65 - 1.81 0.763 1.000 

rs12485716 0.94 0.68 - 1.30 0.719 1.000 

rs12635478 0.98 0.73 - 1.32 0.891 1.000 

rs13320637 1.16 0.85 - 1.58 0.364 1.000 

rs13324814 1.10 0.74 - 1.64 0.636 1.000 

rs1354162 1.19 0.75 - 1.87 0.459 1.000 

rs1501900 0.95 0.65 - 1.38 0.776 1.000 

rs17197636 0.62 0.36 - 1.07 0.088 0.964 

rs17197671 0.86 0.55 - 1.34 0.498 1.000 

rs17203502 0.95 0.72 - 1.26 0.721 1.000 

rs17282008 1.00 0.72 - 1.39 0.986 1.000 

rs17282022 0.94 0.71 - 1.24 0.651 1.000 

rs1801726 1.00 0.46 - 2.18 0.997 0.997 

rs1973490 1.10 0.82 - 1.46 0.528 1.000 

rs3749208 0.96 0.71 - 1.30 0.804 1.000 

rs3804595 0.84 0.54 - 1.31 0.444 1.000 

rs3845918 1.16 0.85 - 1.58 0.341 1.000 

rs3863977 1.04 0.76 - 1.42 0.806 1.000 

rs4678013 0.89 0.61 - 1.29 0.526 1.000 

rs4678035 0.91 0.62 - 1.32 0.606 1.000 

rs4678174 0.96 0.70 - 1.31 0.782 1.000 

rs6438706 0.91 0.63 - 1.33 0.631 1.000 

rs6764205 0.95 0.69 - 1.31 0.761 1.000 

rs6764691 0.92 0.63 - 1.35 0.681 1.000 

rs6776158 0.86 0.64 - 1.16 0.328 1.000 

rs7614486 0.95 0.67 - 1.34 0.759 1.000 

rs7621124 0.97 0.70 - 1.33 0.827 1.000 

rs7635112 1.10 0.72 - 1.68 0.65 1.000 

rs7644390 1.09 0.81 - 1.47 0.573 1.000 

rs7646147 1.08 0.80 - 1.46 0.599 1.000 

rs7647405 0.68 0.27 - 1.70 0.412 1.000 

rs7648044 0.89 0.61 - 1.31 0.552 1.000 

rs9826770 0.70 0.33 - 1.50 0.361 1.000 

rs9866419 1.08 0.79 - 1.48 0.638 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 26.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and villous adenoma 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.39 0.85 - 2.29 0.189 0.999 

rs1042636 0.98 0.56 - 1.74 0.954 1.000 

rs12485716 0.95 0.63 - 1.43 0.798 1.000 

rs12635478 1.06 0.70 - 1.59 0.784 1.000 

rs13320637 1.33 0.89 - 2.00 0.164 0.997 

rs13324814 1.09 0.69 - 1.72 0.728 1.000 

rs1354162 1.22 0.75 - 2.00 0.426 1.000 

rs1501900 0.98 0.64 - 1.50 0.923 1.000 

rs17197636 0.58 0.33 - 1.05 0.07 0.932 

rs17197671 0.82 0.50 - 1.35 0.437 1.000 

rs17203502 0.93 0.59 - 1.47 0.768 1.000 

rs17282008 1.01 0.67 - 1.51 0.978 1.000 

rs17282022 0.87 0.56 - 1.34 0.521 1.000 

rs1801726 1.02 0.46 - 2.28 0.954 1.000 

rs1973490 1.07 0.70 - 1.64 0.763 1.000 

rs3749208 1.02 0.68 - 1.53 0.923 1.000 

rs3804595 0.80 0.49 - 1.32 0.385 1.000 

rs3845918 1.33 0.89 - 1.99 0.166 0.997 

rs3863977 1.09 0.73 - 1.64 0.683 1.000 

rs4678013 0.92 0.60 - 1.42 0.709 1.000 

rs4678035 0.78 0.49 - 1.22 0.269 1.000 

rs4678174 1.05 0.70 - 1.57 0.816 1.000 

rs6438706 0.78 0.50 - 1.23 0.288 1.000 

rs6764205 1.04 0.70 - 1.56 0.841 1.000 

rs6764691 0.79 0.50 - 1.24 0.31 1.000 

rs6776158 0.75 0.50 - 1.13 0.172 0.998 

rs7614486 0.87 0.57 - 1.33 0.53 1.000 

rs7621124 0.95 0.64 - 1.43 0.821 1.000 

rs7635112 1.19 0.76 - 1.86 0.449 1.000 

rs7644390 1.53 1.00 - 2.36 0.051 0.867 

rs7646147 1.49 0.97 - 2.28 0.069 0.931 

rs7647405 0.68 0.27 - 1.73 0.421 1.000 

rs7648044 0.79 0.50 - 1.24 0.308 1.000 

rs9826770 0.72 0.33 - 1.60 0.421 1.000 

rs9866419 1.10 0.73 - 1.65 0.642 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 27.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and villous adenoma 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.00 0.63 - 1.60 0.995 1.000 

rs1042636 3.52 0.72 - 17.18 0.119 0.987 

rs12485716 0.86 0.39 - 1.90 0.706 1.000 

rs12635478 0.79 0.40 - 1.54 0.483 1.000 

rs13320637 0.81 0.35 - 1.90 0.626 1.000 

rs13324814 1.42 0.42 - 4.76 0.575 1.000 

rs1354162 1.01 0.13 - 7.88 0.989 1.000 

rs1501900 0.63 0.15 - 2.65 0.529 1.000 

rs17197636 0.88 0.12 - 6.78 0.904 1.000 

rs17197671 1.04 0.24 - 4.47 0.958 1.000 

rs17203502 0.93 0.58 - 1.50 0.772 1.000 

rs17282008 0.96 0.41 - 2.25 0.919 1.000 

rs17282022 0.98 0.61 - 1.59 0.938 1.000 

rs1801726 NA NA - NA NA NA 

rs1973490 1.22 0.74 - 2.02 0.431 1.000 

rs3749208 0.80 0.41 - 1.56 0.507 1.000 

rs3804595 1.02 0.24 - 4.38 0.978 1.000 

rs3845918 0.88 0.40 - 1.95 0.749 1.000 

rs3863977 0.95 0.47 - 1.93 0.879 1.000 

rs4678013 0.51 0.12 - 2.14 0.359 1.000 

rs4678035 1.74 0.72 - 4.19 0.216 1.000 

rs4678174 0.67 0.30 - 1.47 0.318 1.000 

rs6438706 1.74 0.72 - 4.18 0.219 1.000 

rs6764205 0.64 0.27 - 1.49 0.297 1.000 

rs6764691 1.82 0.76 - 4.40 0.182 0.998 

rs6776158 1.00 0.56 - 1.80 0.996 1.000 

rs7614486 1.24 0.56 - 2.78 0.599 1.000 

rs7621124 0.96 0.46 - 2.04 0.92 1.000 

rs7635112 NA NA - NA NA NA 

rs7644390 0.50 0.23 - 1.09 0.082 0.955 

rs7646147 0.52 0.24 - 1.13 0.099 0.974 

rs7647405 NA NA - NA NA NA 

rs7648044 1.49 0.57 - 3.84 0.414 1.000 

rs9826770 NA NA - NA NA NA 

rs9866419 1.09 0.54 - 2.23 0.807 1.000 

 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007 
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Table 28.  Most predictive polymorphisms of colorectal neoplasia outcomes for CASR 

and GC. 

 

 Distal Proximal Recurrence Villous 

 Most predictive 

polymorphisms 

   

CASR rs6764205  rs1042636  rs3749208  rs17203502 
 rs9866419  rs17203502 rs12485716 rs12485716 
 rs7621124  rs17282008 rs12635478 rs12635478 
 rs6438706  rs9866419  rs17203502 rs9866419  
 rs17282022 rs6764205  rs3863977  rs7644390  
     

GC     
 rs222035    rs1155563   rs12512631 rs842999   
 rs17467825 rs705117   rs1352844   rs1155563   
 rs13117483 rs842999   rs705125   rs16846876 
 rs7041     rs843007   rs16846880 rs13117483 
 rs843007   rs12512631 rs16847047 rs12512631 
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Table 29.  Hardy-Weinberg Equilibrium of CASR polymorphisms in pooled sample 

 

CASR SNPs 
2
 p-value 

rs17282008 0.47 

rs6438706  0.26 

rs13324814 0.35 

rs4678035  0.31 

rs6764691  0.35 

rs3863977  0.75 

rs1973490  0.50 

rs12485716 0.09 

rs12635478 0.67 

rs7621124  0.17 

rs7614486  0.51 

rs9826770  0.03 

rs17203502 0.51 

rs1801726  0.68 

rs3845918  0.10 

rs6776158  <0.01 

rs7644390  0.91 

rs7647405  1.00 

rs17282022 0.11 

rs17197636 0.68 

rs17197671 0.55 

rs1501900  0.18 

rs4678013  0.79 

rs3749208  0.72 

rs1042636  0.70 

rs7648044  0.46 

rs10222633 0.66 

rs7646147  0.76 

rs9866419  0.19 

rs7635112  0.06 

rs4678174  0.22 

rs6764205  0.32 
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Table 30.  Hardy-Weinberg Equilibrium of GC polymorphisms in pooled sample 

 

GC SNPs 
2
 p-value 

rs16846880 1.00 

rs16847039 0.72 

rs705117   0.68 

rs16846876 0.86 

rs222016    0.69 

rs3733359   0.39 

rs7041      0.71 

rs17383291 0.05 

rs17467825 0.85 

rs1491709   0.46 

rs222035   1.00 

rs16847015 0.78 

rs222014   0.48 

rs842999    <0.01 

rs705125    <0.01 

rs6817912   0.27 

rs843007    0.60 

rs16847047 0.80 

rs1352844   1.00 

rs1352843   0.48 

rs222017    0.57 

rs1155563   0.80 

rs222029    0.70 

rs12512631 <0.01 

rs13117483 0.94 
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APPENDIX D: HUMAN SUBJECTS APPROVAL 
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APPENDIX E: SUPPLEMENTAL TABLES 
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Table 1. VDR, RXRA, CASR, and GC polymorphisms included in the dataset  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VDR  RXR CASR GC 

rs10783215 rs886441 rs1007971 rs17282008 rs16846880 

rs10875695 rs987849 rs10114634 rs6438706 rs16847039 

rs11168267  rs1045570 rs13324814 rs705117 

rs11168287  rs10776909 rs4678035 rs16846876 

rs11168293  rs11102986 rs6764691 rs222016 

rs11568820  rs11103473 rs3863977 rs3733359 

rs11574026  rs12004589 rs1973490 rs7041 

rs11574077  rs12004786 rs12485716 rs17383291 

rs11574139  rs1536475 rs12635478 rs17467825 

rs11574143  rs1805343 rs7621124 rs1491709 

rs12581281  rs1805352 rs7614486 rs222035 

rs12721364  rs3118523 rs9826770 rs16847015 

rs1540339  rs3118526 rs17203502 rs222014 

rs1544410  rs3118529 rs1801726 rs842999 

rs1989969  rs3118535 rs3845918 rs705125 

rs2107301  rs3118536 rs6776158 rs6817912 

rs2189480  rs3118570 rs7644390 rs843007 

rs2238135  rs3118571 rs7647405 rs16847047 

rs2238136  rs3132293 rs17282022 rs1352844 

rs2239179  rs3132296 rs17197636 rs1352843 

rs2239180  rs3132297 rs17197671 rs222017 

rs2239182  rs3132299 rs1501900 rs1155563 

rs2239186  rs3132300 rs4678013 rs222029 

rs2248098  rs3132301 rs3749208 rs12512631 

rs2254210  rs4240705 rs1042636 rs13117483 

rs2283343  rs4240711 rs7648044  

rs2525044  rs4842196 rs10222633  

rs3782905  rs748964 rs7646147  

rs3819545  rs7861779 rs9866419  

rs3923693  rs875444 rs7635112  

rs4237856  rs877954 rs4678174  

rs4328262  rs9409929 rs6764205  

rs4516035   rs13320637  

rs4760648   rs1354162  

rs4760655   rs3804595  

rs4760658     

rs7299460     

rs7310552     

rs731236      

rs7970314     
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Table 2.  Association between VDR polymorphisms in additive mode of inheritance and 

circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10783215 -0.05 -1.34 - 1.24 0.940 1.000 

rs10875695 0.36 -1.00 - 1.73 0.600 1.000 

rs11168267 0.31 -0.98 - 1.60 0.640 1.000 

rs11168287 -1.18 -3.36 - 1.00 0.290 1.000 

rs11168293 0.06 -2.91 - 3.03 0.970 1.000 

rs11568820 -0.33 -2.18 - 1.52 0.730 1.000 

rs11574026 0.12 -1.19 - 1.43 0.860 0.997 

rs11574077 0.30 -1.17 - 1.77 0.690 1.000 

rs11574139 0.19 -1.08 - 1.46 0.770 1.000 

rs11574143 -0.17 -1.46 - 1.13 0.800 1.000 

rs12581281 -5.20 -10.45 - 0.06 0.050 0.923 

rs12721364 0.27 -0.99 - 1.53 0.680 1.000 

rs1540339 1.47 -0.41 - 3.34 0.130 1.000 

rs1544410 -0.08 -1.42 - 1.27 0.910 1.000 

rs1989969 0.28 -1.03 - 1.59 0.680 1.000 

rs2107301 0.37 -1.08 - 1.82 0.620 1.000 

rs2189480 -0.71 -2.04 - 0.61 0.290 1.000 

rs2238135 -0.73 -2.03 - 0.56 0.270 1.000 

rs2238136 0.53 -0.79 - 1.86 0.430 1.000 

rs2239179 0.83 -2.87 - 4.53 0.660 1.000 

rs2239180 0.47 -0.85 - 1.79 0.490 1.000 

rs2239182 -0.40 -1.82 - 1.02 0.580 1.000 

rs2239186 0.11 -1.15 - 1.38 0.860 1.000 

rs2248098 0.75 -0.79 - 2.28 0.340 1.000 

rs2254210 -0.64 -2.42 - 1.14 0.480 1.000 

rs2283343 0.24 -1.04 - 1.53 0.710 1.000 

rs2525044 0.22 -1.39 - 1.83 0.790 1.000 

rs3782905 -0.36 -1.68 - 0.95 0.590 1.000 

rs3819545 -0.44 -1.76 - 0.88 0.510 1.000 

rs3923693 0.57 -0.93 - 2.07 0.460 1.000 

rs4237856 0.39 -1.04 - 1.83 0.590 1.000 

rs4328262 0.01 -1.26 - 1.28 0.990 1.000 

rs4516035 0.29 -1.01 - 1.59 0.660 1.000 

rs4760648 0.45 -0.95 - 1.85 0.530 1.000 

rs4760655 0.46 -0.91 - 1.83 0.510 1.000 

rs4760658 -0.06 -1.32 - 1.19 0.920 1.000 

rs7299460 -1.15 -3.20 - 0.91 0.270 1.000 

rs7310552 0.05 -1.19 - 1.30 0.930 1.000 

rs731236 -1.00 -2.50 - 0.49 0.190 1.000 

rs7970314 0.23 -1.24 - 1.70 0.760 1.000 
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rs886441 0.43 -1.55 - 2.41 0.670 1.000 

rs987849 0.30 -1.21 - 1.80 0.700 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 3. Association VDR polymorphisms in dominant mode of inheritance in VDR gene 

and circulating levels of 25(OH)D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.42 -1.41 - 2.26 0.650 1.000 

rs10875695 0.50 -1.32 - 2.32 0.590 1.000 

rs11168267 0.41 -1.54 - 2.35 0.680 1.000 

rs11168287 -1.30 -3.56 - 0.97 0.260 1.000 

rs11168293 0.48 -2.75 - 3.71 0.770 1.000 

rs11568820 -0.49 -2.50 - 1.53 0.640 0.990 

rs11574026 0.23 -1.61 - 2.07 0.800 0.972 

rs11574077 0.19 -1.63 - 2.00 0.840 1.000 

rs11574139 -0.40 -2.42 - 1.62 0.700 1.000 

rs11574143 -0.33 -2.39 - 1.74 0.760 1.000 

rs12581281 -5.20 -10.45 - 0.06 0.050 0.922 

rs12721364 -0.03 -2.06 - 2.00 0.980 1.000 

rs1540339 1.84 -0.20 - 3.88 0.080 1.000 

rs1544410 -0.27 -2.16 - 1.62 0.780 1.000 

rs1989969 -0.06 -1.91 - 1.79 0.950 1.000 

rs2107301 0.23 -1.59 - 2.04 0.810 1.000 

rs2189480 -0.83 -2.65 - 1.00 0.380 1.000 

rs2238135 -1.28 -3.10 - 0.55 0.170 1.000 

rs2238136 0.76 -1.12 - 2.64 0.430 1.000 

rs2239179 0.39 -3.56 - 4.34 0.850 1.000 

rs2239180 0.72 -1.16 - 2.60 0.450 1.000 

rs2239182 -0.53 -2.33 - 1.27 0.560 1.000 

rs2239186 -0.31 -2.34 - 1.72 0.760 0.977 

rs2248098 1.52 -0.30 - 3.34 0.100 1.000 

rs2254210 -0.83 -2.83 - 1.17 0.420 1.000 

rs2283343 0.24 -1.62 - 2.09 0.800 1.000 

rs2525044 0.62 -1.27 - 2.51 0.520 1.000 

rs3782905 -0.52 -2.41 - 1.37 0.590 1.000 

rs3819545 -0.84 -2.75 - 1.06 0.390 1.000 

rs3923693 0.94 -0.86 - 2.74 0.300 1.000 

rs4237856 0.81 -0.98 - 2.60 0.380 1.000 

rs4328262 -0.36 -2.27 - 1.56 0.720 1.000 

rs4516035 0.46 -1.40 - 2.32 0.630 1.000 

rs4760648 0.94 -0.85 - 2.73 0.300 1.000 

rs4760655 0.55 -1.26 - 2.36 0.550 1.000 

rs4760658 -1.35 -3.35 - 0.65 0.190 1.000 

rs7299460 -1.35 -3.55 - 0.86 0.230 1.000 

rs7310552 -0.35 -2.29 - 1.60 0.730 1.000 

rs731236 -1.64 -3.49 - 0.21 0.080 1.000 

rs7970314 0.30 -1.52 - 2.11 0.750 1.000 
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rs886441 -0.05 -2.17 - 2.06 0.960 1.000 

rs987849 0.78 -1.03 - 2.59 0.400 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 4. Association between individual SNPs with recessive mode of inheritance in 

VDR gene and circulating levels of 25(OH)D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 -0.98 -3.49 - 1.53 0.440 1.000 

rs10875695 0.36 -2.55 - 3.27 0.810 1.000 

rs11168267 0.42 -1.87 - 2.70 0.720 1.000 

rs11168287 0.69 -12.08 - 13.45 0.920 1.000 

rs11168293 -6.46 -19.22 - 6.29 0.320 1.000 

rs11568820 1.27 -6.14 - 8.68 0.740 1.000 

rs11574026 0.01 -2.57 - 2.59 0.990 1.000 

rs11574077 1.15 -2.57 - 4.87 0.540 1.000 

rs11574139 0.97 -1.16 - 3.10 0.370 1.000 

rs11574143 -0.10 -2.24 - 2.04 0.930 1.000 

rs12581281 NA NA - NA NA 1.000 

rs12721364 0.77 -1.32 - 2.86 0.470 1.000 

rs1540339 -1.20 -8.61 - 6.21 0.750 1.000 

rs1544410 0.21 -2.36 - 2.78 0.870 1.000 

rs1989969 1.15 -1.39 - 3.70 0.380 1.000 

rs2107301 1.38 -2.21 - 4.97 0.450 1.000 

rs2189480 -1.13 -3.81 - 1.55 0.410 1.000 

rs2238135 -0.36 -2.91 - 2.20 0.790 1.000 

rs2238136 0.57 -1.96 - 3.09 0.660 1.000 

rs2239179 11.45 -6.56 - 29.45 0.210 1.000 

rs2239180 0.40 -2.11 - 2.91 0.750 0.795 

rs2239182 -0.37 -3.74 - 3.00 0.830 1.000 

rs2239186 0.65 -1.45 - 2.76 0.540 1.000 

rs2248098 -2.49 -6.72 - 1.74 0.250 1.000 

rs2254210 0.20 -5.90 - 6.30 0.950 0.992 

rs2283343 0.47 -1.99 - 2.92 0.710 1.000 

rs2525044 -1.95 -6.67 - 2.77 0.420 1.000 

rs3782905 -0.40 -2.86 - 2.05 0.750 1.000 

rs3819545 -0.13 -2.57 - 2.31 0.920 1.000 

rs3923693 -0.58 -4.53 - 3.37 0.770 1.000 

rs4237856 -0.72 -4.14 - 2.69 0.680 1.000 

rs4328262 0.53 -1.74 - 2.80 0.650 1.000 

rs4516035 0.23 -2.26 - 2.72 0.860 1.000 

rs4760648 -0.66 -3.88 - 2.57 0.690 1.000 

rs4760655 0.67 -2.27 - 3.61 0.660 1.000 

rs4760658 1.33 -0.79 - 3.45 0.220 1.000 

rs7299460 0.42 -8.63 - 9.48 0.930 1.000 

rs7310552 0.59 -1.58 - 2.76 0.590 1.000 

rs731236 0.46 -3.41 - 4.33 0.820 1.000 

rs7970314 0.23 -3.49 - 3.96 0.900 1.000 
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rs886441 9.94 0.94 - 18.94 0.030 1.000 

rs987849 -1.76 -5.79 - 2.27 0.390 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 5.  Association between individual SNPs with additive mode of inheritance in VDR 

gene and circulating levels of 1,25(OH)2D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 -0.01 -1.35 - 1.33 0.993 1.000 

rs10875695 -0.41 -1.99 - 1.17 0.613 1.000 

rs11168267 -0.31 -2.64 - 2.01 0.792 1.000 

rs11168287 -0.36 -1.68 - 0.97 0.599 1.000 

rs11168293 1.04 -0.42 - 2.49 0.164 0.999 

rs11568820 0.84 -0.79 - 2.47 0.310 1.000 

rs11574026 1.71 -0.29 - 3.70 0.094 0.986 

rs11574077 0.85 -2.31 - 4.01 0.597 1.000 

rs11574139 2.34 -1.59 - 6.27 0.244 1.000 

rs11574143 0.24 -1.95 - 2.42 0.833 1.000 

rs12581281 -3.91 -9.52 - 1.69 0.172 0.999 

rs12721364 -0.44 -2.33 - 1.45 0.648 1.000 

rs1540339 0.15 -1.25 - 1.55 0.830 1.000 

rs1544410 0.19 -1.19 - 1.57 0.792 1.000 

rs1989969 0.85 -0.52 - 2.21 0.226 1.000 

rs2107301 -0.12 -1.63 - 1.39 0.878 1.000 

rs2189480 -0.65 -2.03 - 0.73 0.357 1.000 

rs2238135 -0.85 -2.40 - 0.69 0.280 1.000 

rs2238136 -1.24 -2.80 - 0.32 0.120 0.995 

rs2239179 -0.10 -1.49 - 1.30 0.893 1.000 

rs2239180 -0.53 -2.64 - 1.58 0.622 1.000 

rs2239182 -0.80 -2.10 - 0.57 0.253 1.000 

rs2239186 -0.46 -2.06 - 1.13 0.568 1.000 

rs2248098 -0.06 -1.41 - 1.29 0.930 1.000 

rs2254210 0.84 -0.55 - 2.22 0.239 1.000 

rs2283343 0.05 -1.30 - 1.40 0.941 1.000 

rs2525044 -0.48 -1.83 - 0.87 0.489 1.000 

rs3782905 1.14 -0.35 - 2.62 0.135 0.997 

rs3819545 -0.93 -2.37 - 0.50 0.203 1.000 

rs3923693 0.97 -1.00 - 2.94 0.335 1.000 

rs4237856 -0.11 -1.64 - 1.42 0.887 1.000 

rs4328262 -1.17 -2.57 - 0.24 0.104 0.990 

rs4516035 0.05 -1.35 - 1.44 0.949 1.000 

rs4760648 -0.39 -1.76 - 0.99 0.583 1.000 

rs4760655 -0.62 -2.01 - 0.78 0.389 1.000 

rs4760658 1.04 -0.41 - 2.49 0.161 0.999 

rs7299460 -0.31 -1.84 - 1.22 0.690 1.000 

rs7310552 0.08 -1.32 - 1.48 0.909 1.000 

rs731236 0.08 -1.30 - 1.46 0.906 1.000 

rs7970314 0.50 -1.11 - 2.10 0.543 1.000 
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rs886441 0.11 -1.60 - 1.83 0.896 1.000 

rs987849 -0.22 -1.56 - 1.11 0.741 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007
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Table 6.  Association between individual SNPs with dominant mode of inheritance in 

VDR gene and circulating levels of 1,25(OH)2D 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.01 -2.15 - 2.18 0.989 1.000 

rs10875695 -0.32 -2.22 - 1.59 0.745 1.000 

rs11168267 -0.19 -2.61 - 2.23 0.876 1.000 

rs11168287 -0.33 -2.44 - 1.79 0.763 1.000 

rs11168293 1.02 -0.91 - 2.95 0.299 1.000 

rs11568820 1.44 -0.5 - 3.38 0.146 0.998 

rs11574026 2.03 -0.14 - 4.20 0.068 0.959 

rs11574077 1.67 -1.76 - 5.11 0.340 1.000 

rs11574139 2.18 -2.02 - 6.38 0.310 1.000 

rs11574143 0.26 -2.09 - 2.61 0.828 1.000 

rs12581281 -3.91 -9.52 - 1.69 0.172 0.999 

rs12721364 0.05 -2.08 - 2.18 0.963 1.000 

rs1540339 0.47 -1.50 - 2.44 0.642 1.000 

rs1544410 0.75 -1.22 - 2.73 0.455 1.000 

rs1989969 1.38 -0.59 - 3.35 0.170 0.999 

rs2107301 -0.63 -2.54 - 1.28 0.520 1.000 

rs2189480 0.15 -1.8 - 2.10 0.881 1.000 

rs2238135 -0.95 -2.87 - 0.96 0.330 1.000 

rs2238136 -1.31 -3.24 - 0.61 0.183 1.000 

rs2239179 0.15 -1.87 - 2.16 0.886 1.000 

rs2239180 -0.47 -2.72 - 1.77 0.679 1.000 

rs2239182 -1.19 -3.38 - 1.00 0.289 1.000 

rs2239186 -0.32 -2.29 - 1.65 0.752 1.000 

rs2248098 -0.30 -2.44 - 1.85 0.788 1.000 

rs2254210 1.86 -0.09 - 3.8 0.063 0.948 

rs2283343 0 -2.16 - 2.16 1.000 1.000 

rs2525044 -0.64 -2.68 - 1.40 0.539 1.000 

rs3782905 1.37 -0.53 - 3.28 0.158 0.999 

rs3819545 -0.24 -2.26 - 1.78 0.816 1.000 

rs3923693 1.06 -1.08 - 3.20 0.334 1.000 

rs4237856 -0.23 -2.14 - 1.69 0.817 1.000 

rs4328262 -2.40 -4.43 - -0.38 0.021 0.667 

rs4516035 -0.09 -2.08 - 1.90 0.930 1.000 

rs4760648 -0.26 -2.33 - 1.81 0.805 1.000 

rs4760655 -1.78 -3.70 - 0.14 0.070 0.962 

rs4760658 1.05 -0.89 - 2.98 0.289 1.000 

rs7299460 -0.33 -2.24 - 1.59 0.739 1.000 

rs7310552 -0.07 -2.06 - 1.92 0.947 1.000 

rs731236 0.63 -1.33 - 2.59 0.530 1.000 

rs7970314 1.02 -0.90 - 2.94 0.299 1.000 
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rs886441 -0.06 -2.07 - 1.94 0.950 1.000 

rs987849 -0.40 -2.48 - 1.68 0.706 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007 
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Table 7.  Association between individual SNPs with additive mode of inheritance in VDR 

gene and circulating levels of 1,25(OH)2D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 -0.03 -2.26 - 2.19 0.977 1.000 

rs10875695 -1.32 -5.49 - 2.85 0.536 1.000 

rs11168267 -4.62 -18.22 - 8.99 0.506 1.000 

rs11168287 -0.65 -2.89 - 1.59 0.569 1.000 

rs11168293 2.06 -1.06 - 5.18 0.197 1.000 

rs11568820 -1.32 -5.82 - 3.19 0.567 1.000 

rs11574026 0.05 -7.83 - 7.94 0.989 1.000 

rs11574077 -10.38 -23.94 - 3.18 0.134 0.998 

rs11574139 10.15 -9.03 - 29.32 0.300 1.000 

rs11574143 0.17 -9.47 - 9.81 0.972 1.000 

rs12581281 NA NA - NA NA 1.000 

rs12721364 -5.64 -12.1 - 0.82 0.088 0.982 

rs1540339 -0.31 -3.03 - 2.41 0.824 1.000 

rs1544410 -0.67 -3.32 - 1.98 0.620 1.000 

rs1989969 0.66 -1.95 - 3.27 0.621 1.000 

rs2107301 1.54 -2.04 - 5.12 0.399 1.000 

rs2189480 -2.81 -5.51 - -0.10 0.043 0.878 

rs2238135 -1.48 -5.41 - 2.44 0.459 1.000 

rs2238136 -2.44 -6.39 - 1.52 0.227 1.000 

rs2239179 -0.58 -3.20 - 2.03 0.662 1.000 

rs2239180 -2.38 -12.01 - 7.26 0.629 1.000 

rs2239182 -0.92 -3.19 - 1.35 0.428 1.000 

rs2239186 -1.72 -5.83 - 2.40 0.415 1.000 

rs2248098 0.16 -2.11 - 2.42 0.892 1.000 

rs2254210 -0.40 -3.14 - 2.35 0.777 1.000 

rs2283343 0.14 -2.10 - 2.38 0.902 1.000 

rs2525044 -0.63 -3.05 - 1.79 0.609 1.000 

rs3782905 1.57 -1.86 - 5.00 0.371 1.000 

rs3819545 -2.96 -5.68 - -0.23 0.034 0.823 

rs3923693 1.20 -6.68 - 9.09 0.765 1.000 

rs4237856 0.21 -3.59 - 4.00 0.916 1.000 

rs4328262 -0.08 -2.69 - 2.52 0.951 1.000 

rs4516035 0.32 -2.33 - 2.97 0.812 1.000 

rs4760648 -0.85 -3.28 - 1.58 0.494 1.000 

rs4760655 1.31 -1.52 - 4.14 0.364 1.000 

rs4760658 2.02 -1.07 - 5.11 0.200 1.000 

rs7299460 -0.58 -4.22 - 3.06 0.754 1.000 

rs7310552 0.42 -2.25 - 3.09 0.758 1.000 

rs731236 -0.86 -3.54 - 1.82 0.529 1.000 

rs7970314 -1.51 -5.81 - 2.79 0.491 1.000 
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rs886441 1.39 -3.62 - 6.41 0.587 1.000 

rs987849 -0.18 -2.50 - 2.13 0.878 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 8.  Association between individual SNPs with additive mode of inheritance in VDR 

gene and 20 ng/ml threshold for 25(OH)D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.95 0.68 - 1.31 0.745 1.000 

rs10875695 0.71 0.47 - 1.07 0.103 0.991 

rs11168267 1.36 0.79 - 2.34 0.261 1.000 

rs11168287 0.98 0.71 - 1.35 0.884 1.000 

rs11168293 0.89 0.62 - 1.28 0.537 1.000 

rs11568820 0.81 0.54 - 1.23 0.321 1.000 

rs11574026 0.62 0.36 - 1.06 0.082 0.979 

rs11574077 1.13 0.53 - 2.38 0.753 1.000 

rs11574139 0.94 0.36 - 2.51 0.907 1.000 

rs11574143 1.51 0.91 - 2.48 0.107 0.993 

rs12581281 2.50 0.78 - 8.09 0.125 0.996 

rs12721364 1.10 0.70 - 1.72 0.689 1.000 

rs1540339 1.03 0.73 - 1.45 0.861 1.000 

rs1544410 0.87 0.62 - 1.22 0.428 1.000 

rs1989969 1.05 0.76 - 1.47 0.758 1.000 

rs2107301 1.05 0.73 - 1.51 0.792 1.000 

rs2189480 1.20 0.86 - 1.68 0.285 1.000 

rs2238135 1.16 0.80 - 1.69 0.435 1.000 

rs2238136 1.24 0.85 - 1.79 0.261 1.000 

rs2239179 1.03 0.73 - 1.44 0.882 1.000 

rs2239180 0.90 0.53 - 1.52 0.686 1.000 

rs2239182 0.98 0.70 - 1.37 0.901 1.000 

rs2239186 1.12 0.77 - 1.65 0.547 1.000 

rs2248098 1.02 0.73 - 1.42 0.914 1.000 

rs2254210 1.21 0.87 - 1.70 0.258 1.000 

rs2283343 1.04 0.75 - 1.45 0.801 1.000 

rs2525044 0.95 0.68 - 1.32 0.746 1.000 

rs3782905 0.84 0.58 - 1.22 0.366 1.000 

rs3819545 1.00 0.71 - 1.42 0.991 1.000 

rs3923693 0.76 0.45 - 1.26 0.281 1.000 

rs4237856 1.00 0.69 - 1.46 0.983 1.000 

rs4328262 1.26 0.89 - 1.77 0.191 1.000 

rs4516035 0.90 0.64 - 1.27 0.547 1.000 

rs4760648 0.72 0.51 - 1.01 0.056 0.932 

rs4760655 1.26 0.90 - 1.77 0.186 1.000 

rs4760658 0.92 0.64 - 1.31 0.645 1.000 

rs7299460 0.83 0.57 - 1.21 0.332 1.000 

rs7310552 0.87 0.62 - 1.23 0.441 1.000 

rs731236 0.90 0.64 - 1.27 0.545 1.000 

rs7970314 0.90 0.60 - 1.34 0.600 1.000 



 

 

244 

 

 

rs886441 0.91 0.60 - 1.40 0.682 1.000 

rs987849 1.03 0.74 - 1.42 0.881 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 9.  Association between individual SNPs with dominant mode of inheritance in 

VDR gene and 20 ng/ml threshold for 25(OH)D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.96 0.57 - 1.61 0.865 1.000 

rs10875695 0.66 0.41 - 1.06 0.086 0.982 

rs11168267 1.45 0.83 - 2.54 0.192 1.000 

rs11168287 1.23 0.72 - 2.09 0.450 1.000 

rs11168293 0.95 0.60 - 1.52 0.842 1.000 

rs11568820 0.72 0.44 - 1.16 0.180 1.000 

rs11574026 0.59 0.33 - 1.05 0.072 0.966 

rs11574077 1.05 0.46 - 2.40 0.912 1.000 

rs11574139 1.00 0.36 - 2.78 0.996 0.996 

rs11574143 1.73 1.01 - 2.95 0.046 0.898 

rs12581281 2.50 0.78 - 8.09 0.125 0.996 

rs12721364 1.13 0.68 - 1.88 0.640 1.000 

rs1540339 1.01 0.62 - 1.63 0.981 1.000 

rs1544410 0.77 0.48 - 1.23 0.277 1.000 

rs1989969 1.09 0.67 - 1.76 0.734 1.000 

rs2107301 1.03 0.65 - 1.64 0.909 1.000 

rs2189480 1.16 0.72 - 1.87 0.555 1.000 

rs2238135 1.10 0.69 - 1.77 0.677 1.000 

rs2238136 1.15 0.72 - 1.84 0.548 1.000 

rs2239179 1.09 0.67 - 1.79 0.721 1.000 

rs2239180 0.95 0.55 - 1.65 0.859 1.000 

rs2239182 0.94 0.55 - 1.61 0.828 1.000 

rs2239186 1.22 0.76 - 1.96 0.419 1.000 

rs2248098 1.23 0.72 - 2.11 0.451 1.000 

rs2254210 1.32 0.81 - 2.14 0.264 1.000 

rs2283343 1.19 0.69 - 2.04 0.525 1.000 

rs2525044 0.99 0.60 - 1.62 0.966 1.000 

rs3782905 0.89 0.56 - 1.41 0.612 1.000 

rs3819545 0.94 0.57 - 1.53 0.789 1.000 

rs3923693 0.74 0.43 - 1.28 0.282 1.000 

rs4237856 1.02 0.64 - 1.62 0.947 1.000 

rs4328262 1.33 0.80 - 2.22 0.274 1.000 

rs4516035 0.91 0.56 - 1.48 0.709 1.000 

rs4760648 0.61 0.38 - 1.00 0.049 0.910 

rs4760655 1.23 0.76 - 1.98 0.406 1.000 

rs4760658 0.96 0.60 - 1.53 0.860 1.000 

rs7299460 0.74 0.47 - 1.18 0.211 1.000 

rs7310552 0.90 0.55 - 1.46 0.658 1.000 

rs731236 0.78 0.49 - 1.26 0.318 1.000 

rs7970314 0.85 0.53 - 1.36 0.495 1.000 
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rs886441 0.85 0.52 - 1.40 0.528 1.000 

rs987849 1.13 0.67 - 1.89 0.646 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 10.  Association between individual SNPs with recessive mode of inheritance in 

VDR gene and 20 ng/ml threshold for 25(OH)D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.90 0.52 - 1.57 0.716 1.000 

rs10875695 0.74 0.24 - 2.24 0.595 1.000 

rs11168267 NA NA - NA NA 1.000 

rs11168287 0.74 0.41 - 1.31 0.297 1.000 

rs11168293 0.65 0.28 - 1.52 0.322 1.000 

rs11568820 1.22 0.43 - 3.49 0.706 1.000 

rs11574026 0.67 0.08 - 5.85 0.721 1.000 

rs11574077 3.42 0.21 - 55.18 0.387 1.000 

rs11574139 NA NA - NA NA 1.000 

rs11574143 NA NA - NA NA 1.000 

rs12581281 NA NA - NA NA 1.000 

rs12721364 0.96 0.20 - 4.68 0.955 1.000 

rs1540339 1.11 0.58 - 2.13 0.759 1.000 

rs1544410 0.98 0.51 - 1.87 0.950 1.000 

rs1989969 1.05 0.56 - 1.97 0.890 1.000 

rs2107301 1.19 0.51 - 2.76 0.681 1.000 

rs2189480 1.50 0.81 - 2.79 0.202 1.000 

rs2238135 1.65 0.69 - 3.95 0.263 1.000 

rs2238136 2.00 0.85 - 4.69 0.111 0.994 

rs2239179 0.94 0.49 - 1.79 0.852 1.000 

rs2239180 NA NA - NA NA 1.000 

rs2239182 1.01 0.58 - 1.75 0.984 1.000 

rs2239186 0.94 0.34 - 2.59 0.898 1.000 

rs2248098 0.84 0.47 - 1.48 0.540 1.000 

rs2254210 1.24 0.65 - 2.36 0.506 1.000 

rs2283343 0.93 0.54 - 1.62 0.810 1.000 

rs2525044 0.85 0.46 - 1.56 0.597 1.000 

rs3782905 0.56 0.21 - 1.49 0.247 1.000 

rs3819545 1.14 0.59 - 2.19 0.700 1.000 

rs3923693 0.67 0.08 - 5.85 0.721 1.000 

rs4237856 0.96 0.38 - 2.46 0.938 1.000 

rs4328262 1.37 0.75 - 2.50 0.306 1.000 

rs4516035 0.80 0.41 - 1.58 0.517 1.000 

rs4760648 0.71 0.38 - 1.33 0.282 1.000 

rs4760655 1.61 0.85 - 3.05 0.147 0.999 

rs4760658 0.75 0.34 - 1.68 0.486 1.000 

rs7299460 1.03 0.43 - 2.49 0.939 1.000 

rs7310552 0.73 0.36 - 1.48 0.383 1.000 

rs731236 1.07 0.56 - 2.04 0.849 1.000 

rs7970314 1.06 0.38 - 2.98 0.907 1.000 
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rs886441 1.25 0.39 - 4.03 0.707 1.000 

rs987849 0.93 0.52 - 1.65 0.802 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 11.  Association between individual SNPs with additive mode of inheritance in 

VDR gene and 25 ng/ml threshold for 25(OH)D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.85 0.65 - 1.13 0.262 1.000 

rs10875695 0.72 0.52 - 1.01 0.056 0.930 

rs11168267 1.22 0.76 - 1.97 0.411 1.000 

rs11168287 1.06 0.81 - 1.40 0.669 1.000 

rs11168293 1.12 0.83 - 1.52 0.451 1.000 

rs11568820 0.72 0.51 - 1.02 0.061 0.943 

rs11574026 0.70 0.46 - 1.06 0.095 0.985 

rs11574077 1.38 0.72 - 2.65 0.329 1.000 

rs11574139 0.67 0.29 - 1.57 0.357 1.000 

rs11574143 1.29 0.82 - 2.01 0.273 1.000 

rs12581281 3.88 1.03 - 14.54 0.044 0.887 

rs12721364 1.20 0.81 - 1.77 0.358 1.000 

rs1540339 0.94 0.71 - 1.26 0.692 1.000 

rs1544410 1.06 0.80 - 1.41 0.680 1.000 

rs1989969 1.15 0.87 - 1.52 0.332 1.000 

rs2107301 1.00 0.73 - 1.37 0.993 0.993 

rs2189480 1.22 0.92 - 1.62 0.171 0.999 

rs2238135 0.83 0.60 - 1.14 0.253 1.000 

rs2238136 0.89 0.64 - 1.23 0.468 1.000 

rs2239179 1.32 0.99 - 1.77 0.058 0.935 

rs2239180 0.86 0.55 - 1.33 0.492 1.000 

rs2239182 1.19 0.90 - 1.59 0.222 1.000 

rs2239186 1.14 0.83 - 1.59 0.420 1.000 

rs2248098 0.87 0.66 - 1.15 0.330 1.000 

rs2254210 1.16 0.87 - 1.55 0.300 1.000 

rs2283343 0.87 0.66 - 1.15 0.316 1.000 

rs2525044 0.90 0.68 - 1.19 0.446 1.000 

rs3782905 1.07 0.78 - 1.45 0.681 1.000 

rs3819545 0.97 0.72 - 1.30 0.825 1.000 

rs3923693 0.89 0.59 - 1.34 0.579 1.000 

rs4237856 0.95 0.69 - 1.31 0.774 1.000 

rs4328262 1.03 0.77 - 1.38 0.824 1.000 

rs4516035 1.07 0.80 - 1.43 0.631 1.000 

rs4760648 0.84 0.64 - 1.12 0.243 1.000 

rs4760655 1.12 0.84 - 1.49 0.457 1.000 

rs4760658 1.17 0.86 - 1.57 0.313 1.000 

rs7299460 0.75 0.55 - 1.04 0.083 0.977 

rs7310552 1.06 0.79 - 1.41 0.700 1.000 

rs731236 1.08 0.81 - 1.43 0.611 1.000 

rs7970314 0.81 0.58 - 1.13 0.218 1.000 
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rs886441 0.71 0.49 - 1.02 0.065 0.951 

rs987849 0.92 0.70 - 1.21 0.534 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 12.  Association between individual SNPs with dominant mode of inheritance in 

VDR gene and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.84 0.54 - 1.31 0.451 1.000 

rs10875695 0.68 0.45 - 1.01 0.053 0.921 

rs11168267 1.31 0.80 - 2.16 0.279 1.000 

rs11168287 1.20 0.77 - 1.86 0.422 1.000 

rs11168293 1.21 0.81 - 1.80 0.348 1.000 

rs11568820 0.64 0.43 - 0.96 0.033 0.808 

rs11574026 0.68 0.43 - 1.07 0.094 0.985 

rs11574077 1.27 0.63 - 2.56 0.505 1.000 

rs11574139 0.70 0.29 - 1.70 0.429 1.000 

rs11574143 1.40 0.87 - 2.27 0.170 0.999 

rs12581281 3.88 1.03 - 14.54 0.044 0.887 

rs12721364 1.20 0.78 - 1.86 0.410 1.000 

rs1540339 0.88 0.59 - 1.32 0.544 1.000 

rs1544410 1.12 0.74 - 1.68 0.589 1.000 

rs1989969 1.25 0.83 - 1.89 0.275 1.000 

rs2107301 1.00 0.67 - 1.48 0.985 0.999 

rs2189480 1.15 0.77 - 1.72 0.501 1.000 

rs2238135 0.72 0.49 - 1.08 0.113 0.993 

rs2238136 0.77 0.52 - 1.15 0.205 1.000 

rs2239179 1.47 0.96 - 2.23 0.074 0.966 

rs2239180 0.93 0.58 - 1.48 0.754 1.000 

rs2239182 1.34 0.85 - 2.11 0.214 1.000 

rs2239186 1.19 0.8 - 1.79 0.396 1.000 

rs2248098 1.03 0.66 - 1.60 0.899 1.000 

rs2254210 1.22 0.81 - 1.82 0.342 1.000 

rs2283343 0.98 0.63 - 1.53 0.941 1.000 

rs2525044 1.02 0.67 - 1.55 0.938 1.000 

rs3782905 0.95 0.64 - 1.41 0.806 1.000 

rs3819545 0.87 0.57 - 1.31 0.505 1.000 

rs3923693 0.9 0.58 - 1.41 0.651 1.000 

rs4237856 0.86 0.58 - 1.28 0.452 1.000 

rs4328262 1.03 0.68 - 1.57 0.887 1.000 

rs4516035 1.12 0.74 - 1.69 0.588 1.000 

rs4760648 0.87 0.57 - 1.33 0.526 1.000 

rs4760655 1.05 0.71 - 1.57 0.799 1.000 

rs4760658 1.22 0.82 - 1.82 0.329 1.000 

rs7299460 0.71 0.48 - 1.06 0.091 0.983 

rs7310552 1.11 0.74 - 1.68 0.616 1.000 

rs731236 1.09 0.73 - 1.64 0.669 1.000 

rs7970314 0.78 0.53 - 1.17 0.228 1.000 
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rs886441 0.59 0.39 - 0.90 0.014 0.544 

rs987849 1.08 0.70 - 1.66 0.722 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 13.  Association between individual SNPs with recessive mode of inheritance in 

VDR gene and 25 ng/ml threshold for 25(OH)D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.77 0.49 - 1.23 0.277 1.000 

rs10875695 0.69 0.28 - 1.69 0.423 1.000 

rs11168267 NA NA - NA NA 1.000 

rs11168287 0.97 0.61 - 1.54 0.899 1.000 

rs11168293 1.03 0.54 - 1.96 0.925 1.000 

rs11568820 0.90 0.35 - 2.29 0.826 1.000 

rs11574026 0.62 0.11 - 3.41 0.581 1.000 

rs11574077 NA NA - NA NA 1.000 

rs11574139 NA NA - NA NA 1.000 

rs11574143 0.41 0.04 - 3.99 0.444 1.000 

rs12581281 NA NA - NA NA 1.000 

rs12721364 1.54 0.41 - 5.83 0.523 1.000 

rs1540339 1.02 0.58 - 1.78 0.946 1.000 

rs1544410 1.02 0.59 - 1.75 0.947 1.000 

rs1989969 1.12 0.65 - 1.91 0.684 1.000 

rs2107301 1.02 0.49 - 2.13 0.954 1.000 

rs2189480 1.65 0.94 - 2.88 0.081 0.974 

rs2238135 1.15 0.51 - 2.59 0.729 1.000 

rs2238136 1.37 0.61 - 3.08 0.448 1.000 

rs2239179 1.40 0.82 - 2.39 0.220 1.000 

rs2239180 NA NA - NA NA 1.000 

rs2239182 1.19 0.75 - 1.90 0.465 1.000 

rs2239186 1.14 0.49 - 2.66 0.754 1.000 

rs2248098 0.65 0.40 - 1.05 0.078 0.972 

rs2254210 1.23 0.70 - 2.15 0.477 1.000 

rs2283343 0.68 0.43 - 1.09 0.112 0.993 

rs2525044 0.69 0.41 - 1.14 0.146 0.998 

rs3782905 1.64 0.81 - 3.34 0.168 0.999 

rs3819545 1.15 0.66 - 2.01 0.629 1.000 

rs3923693 0.62 0.112 - 3.41 0.581 1.000 

rs4237856 1.36 0.62 - 2.98 0.438 1.000 

rs4328262 1.06 0.62 - 1.81 0.819 1.000 

rs4516035 1.06 0.61 - 1.82 0.848 1.000 

rs4760648 0.71 0.43 - 1.18 0.186 1.000 

rs4760655 1.40 0.78 - 2.50 0.261 1.000 

rs4760658 1.21 0.64 - 2.27 0.561 1.000 

rs7299460 0.70 0.33 - 1.52 0.368 1.000 

rs7310552 1.02 0.59 - 1.77 0.951 1.000 

rs731236 1.12 0.65 - 1.94 0.686 1.000 

rs7970314 0.75 0.31 - 1.86 0.542 1.000 
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rs886441 1.46 0.52 - 4.10 0.477 1.000 

rs987849 0.69 0.43 - 1.13 0.141 0.998 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 14.  Association between individual SNPs with additive mode of inheritance in 

VDR gene and 32 ng/ml threshold for 25(OH)D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.97 0.70 - 1.34 0.856 1.000 

rs10875695 0.82 0.56 - 1.20 0.303 1.000 

rs11168267 1.15 0.65 - 2.06 0.625 1.000 

rs11168287 1.21 0.87 - 1.67 0.261 1.000 

rs11168293 1.06 0.74 - 1.51 0.752 1.000 

rs11568820 0.85 0.58 - 1.25 0.400 1.000 

rs11574026 0.62 0.39 - 0.98 0.040 0.861 

rs11574077 1.25 0.55 - 2.83 0.592 1.000 

rs11574139 0.70 0.29 - 1.68 0.426 1.000 

rs11574143 1.12 0.65 - 1.92 0.691 1.000 

rs12581281 1.53 0.33 - 7.12 0.585 1.000 

rs12721364 1.16 0.72 - 1.85 0.545 1.000 

rs1540339 0.98 0.70 - 1.37 0.905 1.000 

rs1544410 1.04 0.75 - 1.46 0.810 1.000 

rs1989969 1.11 0.80 - 1.56 0.526 1.000 

rs2107301 0.91 0.63 - 1.30 0.595 1.000 

rs2189480 1.24 0.88 - 1.75 0.216 1.000 

rs2238135 0.79 0.55 - 1.14 0.207 1.000 

rs2238136 0.77 0.53 - 1.11 0.159 0.999 

rs2239179 1.02 0.73 - 1.44 0.893 1.000 

rs2239180 1.24 0.73 - 2.11 0.431 1.000 

rs2239182 0.99 0.71 - 1.38 0.956 1.000 

rs2239186 1.12 0.75 - 1.65 0.580 1.000 

rs2248098 0.85 0.61 - 1.18 0.340 1.000 

rs2254210 1.07 0.76 - 1.50 0.709 1.000 

rs2283343 0.88 0.64 - 1.22 0.449 1.000 

rs2525044 1.05 0.76 - 1.45 0.781 1.000 

rs3782905 0.82 0.58 - 1.17 0.276 1.000 

rs3819545 1.08 0.76 - 1.53 0.679 1.000 

rs3923693 1.00 0.62 - 1.61 0.998 1.000 

rs4237856 0.88 0.61 - 1.27 0.491 1.000 

rs4328262 1.13 0.81 - 1.60 0.472 1.000 

rs4516035 0.98 0.70 - 1.37 0.898 1.000 

rs4760648 0.92 0.66 - 1.28 0.616 1.000 

rs4760655 1.10 0.78 - 1.56 0.582 1.000 

rs4760658 1.06 0.75 - 1.51 0.732 1.000 

rs7299460 0.82 0.57 - 1.18 0.283 1.000 

rs7310552 0.97 0.69 - 1.36 0.859 1.000 

rs731236 1.11 0.79 - 1.55 0.546 1.000 

rs7970314 0.88 0.60 - 1.29 0.502 1.000 
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rs886441 0.99 0.65 - 1.49 0.947 1.000 

rs987849 0.92 0.67 - 1.27 0.604 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 15.  Association between individual SNPs with dominant mode of inheritance in 

VDR gene and 32 ng/ml threshold for 25(OH)D 
 

SNP COE 95% CI p pACT
1 

rs10783215 0.94 0.55 - 1.59 0.811 1.000 

rs10875695 0.74 0.47 - 1.18 0.209 1.000 

rs11168267 1.12 0.62 - 2.03 0.712 1.000 

rs11168287 1.79 1.09 - 2.92 0.021 0.668 

rs11168293 1.12 0.70 - 1.78 0.637 1.000 

rs11568820 0.69 0.43 - 1.09 0.114 0.995 

rs11574026 0.55 0.33 - 0.90 0.019 0.633 

rs11574077 1.19 0.50 - 2.82 0.700 1.000 

rs11574139 0.80 0.30 - 2.10 0.648 1.000 

rs11574143 1.05 0.59 - 1.86 0.874 1.000 

rs12581281 1.53 0.33 - 7.12 0.585 1.000 

rs12721364 1.38 0.81 - 2.36 0.239 1.000 

rs1540339 1.05 0.65 - 1.68 0.850 1.000 

rs1544410 1.00 0.62 - 1.62 0.987 1.000 

rs1989969 1.25 0.78 - 2.01 0.347 1.000 

rs2107301 0.89 0.56 - 1.42 0.636 1.000 

rs2189480 1.56 0.98 - 2.48 0.062 0.949 

rs2238135 0.83 0.52 - 1.32 0.429 1.000 

rs2238136 0.75 0.47 - 1.19 0.226 1.000 

rs2239179 0.99 0.61 - 1.62 0.978 1.000 

rs2239180 1.40 0.79 - 2.48 0.256 1.000 

rs2239182 1.02 0.60 - 1.74 0.938 1.000 

rs2239186 1.39 0.85 - 2.27 0.186 1.000 

rs2248098 0.91 0.54 - 1.54 0.718 1.000 

rs2254210 1.19 0.74 - 1.90 0.471 1.000 

rs2283343 0.94 0.55 - 1.59 0.811 1.000 

rs2525044 1.10 0.67 - 1.79 0.702 1.000 

rs3782905 0.76 0.48 - 1.22 0.255 1.000 

rs3819545 1.20 0.74 - 1.95 0.449 1.000 

rs3923693 1.04 0.62 - 1.76 0.875 1.000 

rs4237856 1.01 0.63 - 1.61 0.971 1.000 

rs4328262 1.36 0.84 - 2.20 0.210 1.000 

rs4516035 0.95 0.58 - 1.54 0.833 1.000 

rs4760648 1.01 0.61 - 1.66 0.984 1.000 

rs4760655 1.20 0.75 - 1.91 0.448 1.000 

rs4760658 1.11 0.70 - 1.77 0.654 1.000 

rs7299460 0.73 0.46 - 1.16 0.182 1.000 

rs7310552 0.94 0.58 - 1.54 0.818 1.000 

rs731236 1.03 0.64 - 1.65 0.899 1.000 

rs7970314 0.74 0.47 - 1.18 0.210 1.000 
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rs886441 0.95 0.59 - 1.55 0.844 1.000 

rs987849 0.96 0.58 - 1.58 0.860 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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Table 16.  Association between individual SNPs with recessive mode of inheritance in 

VDR gene and 32 ng/ml threshold for 25(OH)D
 

 

SNP COE 95% CI p pACT
1 

rs10783215 0.99 0.58 - 1.69 0.957 1.000 

rs10875695 1.02 0.37 - 2.85 0.968 1.000 

rs11168267 NA NA - NA NA 1.000 

rs11168287 0.86 0.50 - 1.46 0.574 1.000 

rs11168293 0.97 0.46 - 2.05 0.930 1.000 

rs11568820 2.67 0.61 - 11.77 0.195 1.000 

rs11574026 1.52 0.18 - 13.21 0.702 1.000 

rs11574077 NA NA - NA NA 1.000 

rs11574139 NA NA - NA NA 1.000 

rs11574143 NA NA - NA NA 1.000 

rs12581281 NA NA - NA NA 1.000 

rs12721364 0.37 0.10 - 1.40 0.143 0.999 

rs1540339 0.85 0.45 - 1.61 0.622 1.000 

rs1544410 1.16 0.60 - 2.25 0.660 1.000 

rs1989969 0.99 0.53 - 1.86 0.972 1.000 

rs2107301 0.85 0.37 - 1.97 0.708 1.000 

rs2189480 0.95 0.49 - 1.81 0.865 1.000 

rs2238135 0.51 0.22 - 1.19 0.119 0.996 

rs2238136 0.62 0.26 - 1.48 0.278 1.000 

rs2239179 1.10 0.58 - 2.09 0.774 1.000 

rs2239180 0.30 0.04 - 2.15 0.230 1.000 

rs2239182 0.95 0.55 - 1.65 0.864 1.000 

rs2239186 0.55 0.22 - 1.34 0.186 1.000 

rs2248098 0.72 0.43 - 1.22 0.224 1.000 

rs2254210 0.91 0.47 - 1.75 0.783 1.000 

rs2283343 0.76 0.45 - 1.29 0.312 1.000 

rs2525044 1.01 0.56 - 1.82 0.965 1.000 

rs3782905 0.83 0.37 - 1.84 0.645 1.000 

rs3819545 0.92 0.48 - 1.77 0.812 1.000 

rs3923693 0.60 0.11 - 3.34 0.561 1.000 

rs4237856 0.48 0.21 - 1.09 0.080 0.976 

rs4328262 0.92 0.49 - 1.70 0.785 1.000 

rs4516035 1.01 0.53 - 1.93 0.971 1.000 

rs4760648 0.77 0.44 - 1.35 0.363 1.000 

rs4760655 1.00 0.50 - 2.00 1.000 1.000 

rs4760658 1.00 0.48 - 2.12 0.991 1.000 

rs7299460 1.00 0.41 - 2.40 0.993 1.000 

rs7310552 0.99 0.52 - 1.90 0.978 1.000 

rs731236 1.43 0.71 - 2.87 0.318 1.000 

rs7970314 1.87 0.54 - 6.49 0.324 1.000 
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rs886441 1.22 0.34 - 4.40 0.767 1.000 

rs987849 0.82 0.48 - 1.42 0.481 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007. 
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 Table 17.  Association between individual SNPs in RXRA gene with additive mode of 

inheritance and circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0.08 -1.53 - 1.69 0.920 1.000 

rs10114634 1.08 -1.85 - 4.01 0.470 1.000 

rs1045570 -0.18 -2.12 - 1.76 0.860 1.000 

rs10776909 -1.10 -2.69 - 0.50 0.180 1.000 

rs11102986 -0.62 -2.30 - 1.05 0.470 1.000 

rs11103473 -0.44 -1.78 - 0.91 0.520 1.000 

rs12004589 0.74 -1.27 - 2.76 0.470 1.000 

rs12004786 4.53 -2.38 - 11.44 0.200 0.994 

rs1536475 -1.12 -2.76 - 0.53 0.180 0.999 

rs1805343 -0.26 -1.61 - 1.09 0.700 1.000 

rs1805352 -0.25 -1.66 - 1.17 0.730 1.000 

rs3118523 1.20 -0.53 - 2.93 0.170 0.998 

rs3118526 -0.26 -2.33 - 1.81 0.810 1.000 

rs3118529 -0.17 -1.59 - 1.25 0.810 1.000 

rs3118535 -1.34 -3.72 - 1.04 0.270 1.000 

rs3118536 -1.07 -2.81 - 0.67 0.230 1.000 

rs3118570 -1.37 -3.07 - 0.34 0.120 0.984 

rs3118571 -0.12 -1.48 - 1.23 0.860 1.000 

rs3132293 -0.64 -2.15 - 0.87 0.410 1.000 

rs3132296 -0.44 -1.88 - 1.00 0.550 1.000 

rs3132297 -1.39 -3.13 - 0.36 0.120 0.997 

rs3132299 -0.66 -2.32 - 1.01 0.440 1.000 

rs3132300 -0.64 -2.24 - 0.97 0.440 1.000 

rs3132301 -0.48 -2.13 - 1.17 0.570 1.000 

rs4240705 -0.30 -1.68 - 1.07 0.660 1.000 

rs4240711 -0.30 -1.67 - 1.06 0.660 1.000 

rs4842196 0.34 -1.15 - 1.83 0.660 1.000 

rs748964 -0.46 -2.48 - 1.56 0.660 1.000 

rs7861779 0.82 -1.04 - 2.67 0.390 1.000 

rs875444 -0.26 -1.58 - 1.05 0.700 1.000 

rs877954 -0.15 -1.51 - 1.21 0.820 1.000 

rs9409929 0.77 -0.54 - 2.08 0.250 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al , 2007.
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 Table 18.  Association between individual SNPs in RXRA gene with dominant mode of 

inheritance and circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0 -1.85 - 1.86 1.000 1.000 

rs10114634 1.17 -1.87 - 4.21 0.450 1.000 

rs1045570 -0.16 -2.16 - 1.84 0.870 1.000 

rs10776909 -1.76 -3.61 - 0.10 0.060 0.972 

rs11102986 -1.16 -3.08 - 0.76 0.240 1.000 

rs11103473 -1.34 -3.14 - 0.45 0.140 0.999 

rs12004589 0.45 -1.7 - 2.61 0.680 1.000 

rs12004786 4.53 -2.38 - 11.44 0.200 0.994 

rs1536475 -1.52 -3.45 - 0.41 0.120 0.992 

rs1805343 -0.53 -2.32 - 1.27 0.570 1.000 

rs1805352 -0.81 -2.59 - 0.97 0.380 1.000 

rs3118523 1.22 -0.68 - 3.11 0.210 0.998 

rs3118526 -0.13 -2.31 - 2.05 0.910 1.000 

rs3118529 -0.53 -2.31 - 1.25 0.560 1.000 

rs3118535 -1.38 -3.95 - 1.18 0.290 1.000 

rs3118536 -1.46 -3.42 - 0.51 0.150 0.995 

rs3118570 -1.87 -3.84 - 0.10 0.060 0.910 

rs3118571 -0.08 -1.88 - 1.71 0.930 1.000 

rs3132293 -0.95 -2.76 - 0.87 0.310 1.000 

rs3132296 -0.85 -2.63 - 0.93 0.350 1.000 

rs3132297 -1.82 -3.77 - 0.14 0.070 0.975 

rs3132299 -1.07 -2.98 - 0.84 0.270 1.000 

rs3132300 -1.07 -2.92 - 0.77 0.260 1.000 

rs3132301 -0.94 -2.85 - 0.96 0.330 1.000 

rs4240705 -0.61 -2.42 - 1.20 0.510 1.000 

rs4240711 -0.47 -2.27 - 1.32 0.610 1.000 

rs4842196 0.39 -1.42 - 2.20 0.670 1.000 

rs748964 -0.36 -2.49 - 1.76 0.740 1.000 

rs7861779 0.65 -1.37 - 2.67 0.530 1.000 

rs875444 -1.04 -2.88 - 0.81 0.270 1.000 

rs877954 -0.21 -2.01 - 1.59 0.820 1.000 

rs9409929 0.83 -0.97 - 2.64 0.370 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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 Table 19.  Association between individual SNPs in RXRA gene with recessive mode of 

inheritance and circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0.72 -4.21 - 5.66 0.770 1.000 

rs10114634 -0.34 -18.44 - 17.77 0.970 1.000 

rs1045570 -1.09 -13.97 - 11.80 0.870 1.000 

rs10776909 1.78 -2.99 - 6.55 0.470 1.000 

rs11102986 2.63 -2.69 - 7.94 0.330 1.000 

rs11103473 1.39 -1.45 - 4.22 0.340 1.000 

rs12004589 7.09 -2.03 - 16.21 0.130 0.963 

rs12004786 NA NA - NA NA NA 

rs1536475 -0.15 -5.06 - 4.77 0.950 1.000 

rs1805343 0.15 -2.71 - 3.01 0.920 1.000 

rs1805352 1.46 -1.87 - 4.80 0.390 1.000 

rs3118523 2.68 -3.79 - 9.15 0.420 1.000 

rs3118526 -3.56 -14.03 - 6.91 0.510 1.000 

rs3118529 0.94 -2.44 - 4.33 0.590 1.000 

rs3118535 -2.92 -13.42 - 7.59 0.590 1.000 

rs3118536 0.70 -5.10 - 6.51 0.810 1.000 

rs3118570 0.26 -5.06 - 5.57 0.930 1.000 

rs3118571 -0.35 -3.24 - 2.54 0.810 1.000 

rs3132293 0.11 -3.95 - 4.18 0.960 1.000 

rs3132296 0.67 -2.82 - 4.16 0.710 1.000 

rs3132297 0.80 -5.31 - 6.91 0.800 1.000 

rs3132299 1.61 -3.70 - 6.92 0.550 1.000 

rs3132300 1.63 -3.29 - 6.55 0.520 1.000 

rs3132301 2.21 -2.90 - 7.32 0.400 1.000 

rs4240705 0.21 -2.72 - 3.13 0.890 1.000 

rs4240711 -0.15 -3.07 - 2.77 0.920 1.000 

rs4842196 0.50 -3.40 - 4.39 0.800 0.998 

rs748964 -3.56 -14.05 - 6.92 0.510 1.000 

rs7861779 4.28 -3.16 - 11.73 0.260 0.999 

rs875444 1.01 -1.56 - 3.57 0.440 1.000 

rs877954 -0.16 -3.09 - 2.77 0.920 1.000 

rs9409929 1.37 -1.29 - 4.04 0.310 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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 Table 20.  Association between individual SNPs in RXRA gene with additive mode of 

inheritance and circulating levels of 1,25(OH)2D 

  

SNP COE 95% CI p pACT
1
 

rs1007971 0.90 -0.85 - 2.65 0.314 0.999 

rs10114634 2.49 -0.64 - 5.62 0.120 0.935 

rs1045570 -1.69 -3.75 - 0.36 0.107 0.921 

rs10776909 -0.99 -2.69 - 0.72 0.257 0.995 

rs11102986 -1.05 -2.83 - 0.74 0.251 0.995 

rs11103473 -0.65 -2.09 - 0.79 0.376 1.000 

rs12004589 0.06 -2.09 - 2.20 0.957 0.992 

rs12004786 4.19 -3.10 - 11.49 0.261 0.996 

rs1536475 -0.79 -2.55 - 0.97 0.380 1.000 

rs1805343 -0.47 -1.91 - 0.97 0.520 1.000 

rs1805352 -0.26 -1.77 - 1.25 0.736 1.000 

rs3118523 1.15 -0.72 - 3.02 0.230 0.993 

rs3118526 0.12 -2.09 - 2.34 0.915 1.000 

rs3118529 -0.40 -1.92 - 1.11 0.602 1.000 

rs3118535 -2.66 -5.18 - -0.13 0.040 0.652 

rs3118536 -0.85 -2.70 - 1.00 0.370 1.000 

rs3118570 -0.86 -2.68 - 0.95 0.351 0.999 

rs3118571 -0.21 -1.66 - 1.24 0.777 1.000 

rs3132293 -1.37 -2.98 - 0.23 0.094 0.893 

rs3132296 -0.46 -2.00 - 1.08 0.560 1.000 

rs3132297 -0.98 -2.85 - 0.89 0.304 0.998 

rs3132299 -0.99 -2.76 - 0.79 0.278 0.997 

rs3132300 -0.77 -2.48 - 0.95 0.382 1.000 

rs3132301 -1.08 -2.84 - 0.68 0.228 0.993 

rs4240705 0.04 -1.43 - 1.51 0.955 1.000 

rs4240711 -0.43 -1.89 - 1.03 0.564 1.000 

rs4842196 -0.14 -1.74 - 1.45 0.860 1.000 

rs748964 0.32 -1.85 - 2.48 0.774 1.000 

rs7861779 0.34 -1.64 - 2.31 0.736 1.000 

rs875444 -0.05 -1.46 - 1.35 0.941 1.000 

rs877954 -0.24 -1.69 - 1.21 0.745 1.000 

rs9409929 2.02 0.62 - 3.42 0.005 0.163 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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 Table 21.  Association between individual SNPs in RXRA gene with dominant mode of 

inheritance and circulating levels of 1,25(OH)2D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0.74 -1.25 - 2.72 0.469 1.000 

rs10114634 2.48 -0.77 - 5.74 0.136 0.954 

rs1045570 -1.52 -3.64 - 0.59 0.159 0.968 

rs10776909 -1.41 -3.40 - 0.57 0.163 0.968 

rs11102986 -1.13 -3.18 - 0.92 0.281 0.997 

rs11103473 -1.77 -3.70 - 0.15 0.072 0.831 

rs12004589 -0.04 -2.34 - 2.25 0.971 0.971 

rs12004786 4.19 -3.10 - 11.49 0.261 0.996 

rs1536475 -0.22 -2.29 - 1.85 0.836 1.000 

rs1805343 -1.44 -3.36 - 0.49 0.144 0.959 

rs1805352 -0.79 -2.70 - 1.12 0.416 1.000 

rs3118523 1.58 -0.45 - 3.61 0.128 0.947 

rs3118526 0.20 -2.14 - 2.54 0.867 1.000 

rs3118529 -0.85 -2.76 - 1.05 0.381 1.000 

rs3118535 -3.03 -5.76 - -0.31 0.030 0.573 

rs3118536 -0.57 -2.68 - 1.53 0.593 1.000 

rs3118570 -0.48 -2.58 - 1.63 0.658 1.000 

rs3118571 -0.91 -2.83 - 1.02 0.357 0.999 

rs3132293 -1.36 -3.30 - 0.58 0.169 0.972 

rs3132296 -0.91 -2.82 - 1.00 0.352 0.999 

rs3132297 -0.65 -2.74 - 1.45 0.547 1.000 

rs3132299 -1.16 -3.20 - 0.88 0.267 0.996 

rs3132300 -0.68 -2.66 - 1.30 0.500 1.000 

rs3132301 -1.27 -3.30 - 0.76 0.221 0.991 

rs4240705 -1.04 -2.98 - 0.91 0.296 0.998 

rs4240711 -1.28 -3.21 - 0.64 0.193 0.983 

rs4842196 -0.50 -2.44 - 1.43 0.610 1.000 

rs748964 0.41 -1.86 - 2.69 0.722 1.000 

rs7861779 0.17 -1.98 - 2.32 0.880 1.000 

rs875444 -1.15 -3.13 - 0.82 0.253 0.995 

rs877954 -0.96 -2.89 - 0.97 0.332 0.995 

rs9409929 2.04 0.11 - 3.97 0.038 0.656 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 22.  Association between individual SNPs in RXRA gene with recessive mode of 

inheritance and circulating levels of 1,25(OH)2D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 3.39 -2.23 - 9.00 0.238 0.994 

rs10114634 7.17 -11.99 - 26.34 0.464 1.000 

rs1045570 -11.04 -24.59 - 2.52 0.111 0.929 

rs10776909 0.46 -4.58 - 5.51 0.857 1.000 

rs11102986 -1.89 -7.51 - 3.73 0.510 1.000 

rs11103473 1.44 -1.56 - 4.44 0.347 0.999 

rs12004589 1.96 -7.70 - 11.63 0.690 1.000 

rs12004786 NA NA - NA NA NA 

rs1536475 -5.52 -10.71 - -0.34 0.037 0.648 

rs1805343 1.46 -1.57 - 4.49 0.346 0.999 

rs1805352 1.29 -2.24 - 4.82 0.474 1.000 

rs3118523 -2.84 -10.15 - 4.46 0.446 1.000 

rs3118526 -1.49 -12.59 - 9.61 0.793 1.000 

rs3118529 0.76 -2.83 - 4.34 0.680 1.000 

rs3118535 -1.09 -12.20 - 10.03 0.848 1.000 

rs3118536 -4.41 -10.54 - 1.72 0.159 0.967 

rs3118570 -4.90 -10.51 - 0.71 0.087 0.879 

rs3118571 1.35 -1.71 - 4.41 0.387 1.000 

rs3132293 -3.13 -7.42 - 1.16 0.154 0.966 

rs3132296 0.75 -2.94 - 4.45 0.690 1.000 

rs3132297 -5.58 -12.02 - 0.86 0.090 0.885 

rs3132299 -1.06 -6.68 - 4.56 0.711 1.000 

rs3132300 -2.34 -7.55 - 2.87 0.379 1.000 

rs3132301 -1.23 -6.64 - 4.17 0.655 1.000 

rs4240705 2.81 -0.27 - 5.89 0.075 0.839 

rs4240711 1.35 -1.74 - 4.45 0.391 1.000 

rs4842196 1.39 -2.82 - 5.59 0.519 1.000 

rs748964 -1.48 -12.59 - 9.63 0.794 1.000 

rs7861779 3.18 -4.70 - 11.07 0.429 1.000 

rs875444 1.98 -0.73 - 4.70 0.153 0.967 

rs877954 1.36 -1.74 - 4.46 0.389 1.000 

rs9409929 3.86 1.01 - 6.70 0.008 0.245 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 23.  Association between individual SNPs in RXRA gene with additive mode of 

inheritance and 20 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 1.09 0.72 - 1.67 0.675 1.000 

rs10114634 0.74 0.32 - 1.71 0.480 1.000 

rs1045570 0.78 0.46 - 1.31 0.346 1.000 

rs10776909 0.84 0.55 - 1.29 0.427 1.000 

rs11102986 0.77 0.49 - 1.22 0.272 0.999 

rs11103473 0.80 0.56 - 1.14 0.212 0.996 

rs12004589 0.81 0.47 - 1.40 0.451 1.000 

rs12004786 0.56 0.07 - 4.70 0.592 1.000 

rs1536475 0.78 0.49 - 1.23 0.279 0.999 

rs1805343 0.91 0.63 - 1.29 0.581 1.000 

rs1805352 0.74 0.50 - 1.08 0.118 0.958 

rs3118523 0.69 0.42 - 1.12 0.136 0.974 

rs3118526 0.93 0.54 - 1.62 0.810 1.000 

rs3118529 0.72 0.49 - 1.06 0.095 0.927 

rs3118535 0.94 0.50 - 1.75 0.834 1.000 

rs3118536 0.80 0.50 - 1.29 0.367 1.000 

rs3118570 0.83 0.53 - 1.32 0.438 1.000 

rs3118571 0.80 0.56 - 1.15 0.234 0.998 

rs3132293 0.78 0.52 - 1.18 0.238 0.998 

rs3132296 0.74 0.50 - 1.09 0.122 0.962 

rs3132297 0.85 0.53 - 1.36 0.497 1.000 

rs3132299 0.84 0.54 - 1.32 0.461 1.000 

rs3132300 0.75 0.49 - 1.17 0.209 0.996 

rs3132301 0.73 0.46 - 1.16 0.184 0.993 

rs4240705 0.74 0.51 - 1.07 0.114 0.953 

rs4240711 0.90 0.63 - 1.29 0.577 1.000 

rs4842196 0.90 0.61 - 1.34 0.603 1.000 

rs748964 0.89 0.52 - 1.53 0.685 1.000 

rs7861779 0.72 0.43 - 1.20 0.204 0.996 

rs875444 0.84 0.60 - 1.19 0.336 1.000 

rs877954 0.88 0.62 - 1.26 0.491 1.000 

rs9409929 0.83 0.59 - 1.18 0.308 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 24.  Association between individual SNPs in RXRA gene with dominant mode of 

inheritance and 20 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 1.04 0.64 - 1.69 0.869 1.000 

rs10114634 0.76 0.32 - 1.78 0.520 1.000 

rs1045570 0.79 0.47 - 1.35 0.396 1.000 

rs10776909 0.87 0.53 - 1.41 0.565 1.000 

rs11102986 0.75 0.45 - 1.26 0.283 0.999 

rs11103473 0.73 0.46 - 1.16 0.186 0.993 

rs12004589 0.85 0.48 - 1.51 0.585 1.000 

rs12004786 0.56 0.07 - 4.70 0.592 1.000 

rs1536475 0.83 0.49 - 1.39 0.473 1.000 

rs1805343 0.95 0.60 - 1.52 0.842 1.000 

rs1805352 0.71 0.45 - 1.13 0.152 0.982 

rs3118523 0.63 0.37 - 1.07 0.085 0.906 

rs3118526 0.90 0.50 - 1.61 0.727 1.000 

rs3118529 0.68 0.43 - 1.09 0.106 0.943 

rs3118535 0.89 0.45 - 1.76 0.738 1.000 

rs3118536 0.83 0.49 - 1.40 0.490 1.000 

rs3118570 0.89 0.53 - 1.49 0.655 1.000 

rs3118571 0.77 0.48 - 1.23 0.270 0.999 

rs3132293 0.78 0.49 - 1.27 0.321 1.000 

rs3132296 0.69 0.43 - 1.10 0.123 0.963 

rs3132297 0.88 0.52 - 1.48 0.626 1.000 

rs3132299 0.84 0.51 - 1.40 0.509 1.000 

rs3132300 0.79 0.48 - 1.30 0.358 1.000 

rs3132301 0.76 0.46 - 1.27 0.297 1.000 

rs4240705 0.75 0.47 - 1.21 0.239 0.998 

rs4240711 0.93 0.58 - 1.49 0.757 1.000 

rs4842196 0.91 0.57 - 1.46 0.703 1.000 

rs748964 0.86 0.49 - 1.52 0.605 1.000 

rs7861779 0.70 0.40 - 1.21 0.199 0.995 

rs875444 0.87 0.54 - 1.41 0.572 1.000 

rs877954 0.89 0.56 - 1.42 0.621 1.000 

rs9409929 0.93 0.58 - 1.49 0.773 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 25.  Association between individual SNPs in RXRA gene with recessive mode of 

inheritance and 20 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 1.72 0.51 - 5.85 0.384 1.000 

rs10114634 NA NA - NA NA NA 

rs1045570 NA NA - NA NA NA 

rs10776909 0.51 0.11 - 2.30 0.380 1.000 

rs11102986 0.67 0.14 - 3.11 0.608 1.000 

rs11103473 0.81 0.37 - 1.74 0.582 1.000 

rs12004589 NA NA - NA NA NA 

rs12004786 NA NA - NA NA NA 

rs1536475 0.26 0.03 - 1.98 0.192 0.994 

rs1805343 0.71 0.32 - 1.58 0.399 1.000 

rs1805352 0.61 0.23 - 1.62 0.319 1.000 

rs3118523 1.36 0.26 - 7.15 0.713 1.000 

rs3118526 1.72 0.15 - 19.21 0.659 1.000 

rs3118529 0.63 0.24 - 1.70 0.362 1.000 

rs3118535 1.70 0.15 - 19.00 0.665 1.000 

rs3118536 0.37 0.05 - 2.96 0.349 1.000 

rs3118570 0.30 0.04 - 2.35 0.252 0.999 

rs3118571 0.73 0.33 - 1.63 0.443 1.000 

rs3132293 0.55 0.16 - 1.91 0.345 1.000 

rs3132296 0.69 0.26 - 1.86 0.463 1.000 

rs3132297 0.42 0.05 - 3.38 0.413 1.000 

rs3132299 0.67 0.14 - 3.12 0.611 1.000 

rs3132300 0.25 0.03 - 1.97 0.190 0.994 

rs3132301 0.27 0.04 - 2.13 0.216 0.997 

rs4240705 0.52 0.21 - 1.27 0.151 0.982 

rs4240711 0.75 0.34 - 1.69 0.492 1.000 

rs4842196 0.74 0.24 - 2.24 0.590 1.000 

rs748964 1.72 0.15 - 19.15 0.661 1.000 

rs7861779 0.67 0.08 - 5.85 0.721 1.000 

rs875444 0.67 0.32 - 1.38 0.280 0.999 

rs877954 0.76 0.34 - 1.70 0.499 1.000 

rs9409929 0.50 0.22 - 1.16 0.105 0.994 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 26.  Association between individual SNPs in RXRA gene with additive mode of 

inheritance and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0.92 0.64 - 1.32 0.637 1.000 

rs10114634 0.61 0.31 - 1.21 0.158 0.970 

rs1045570 0.93 0.61 - 1.43 0.748 1.000 

rs10776909 1.07 0.75 - 1.52 0.709 1.000 

rs11102986 1.02 0.70 - 1.47 0.930 1.000 

rs11103473 0.81 0.60 - 1.09 0.166 0.975 

rs12004589 0.64 0.40 - 1.00 0.051 0.765 

rs12004786 0.20 0.02 - 1.69 0.140 0.957 

rs1536475 1.11 0.78 - 1.60 0.561 1.000 

rs1805343 0.88 0.66 - 1.19 0.413 1.000 

rs1805352 0.79 0.58 - 1.08 0.142 0.957 

rs3118523 0.72 0.48 - 1.06 0.097 0.906 

rs3118526 1.00 0.63 - 1.57 0.984 0.984 

rs3118529 0.79 0.57 - 1.08 0.136 0.952 

rs3118535 1.09 0.65 - 1.84 0.736 1.000 

rs3118536 1.05 0.72 - 1.54 0.783 1.000 

rs3118570 1.17 0.81 - 1.70 0.405 1.000 

rs3118571 0.82 0.61 - 1.11 0.197 0.984 

rs3132293 0.95 0.68 - 1.32 0.740 1.000 

rs3132296 0.81 0.59 - 1.12 0.207 0.985 

rs3132297 1.10 0.75 - 1.61 0.635 1.000 

rs3132299 1.10 0.76 - 1.58 0.610 1.000 

rs3132300 1.03 0.72 - 1.46 0.882 1.000 

rs3132301 1.01 0.70 - 1.45 0.965 1.000 

rs4240705 0.86 0.63 - 1.16 0.314 0.999 

rs4240711 0.88 0.65 - 1.19 0.408 1.000 

rs4842196 0.82 0.59 - 1.15 0.254 0.994 

rs748964 0.93 0.60 - 1.46 0.768 1.000 

rs7861779 0.64 0.42 - 0.97 0.035 0.646 

rs875444 0.84 0.63 - 1.13 0.244 0.992 

rs877954 0.84 0.62 - 1.13 0.246 0.992 

rs9409929 0.92 0.69  1.23 0.577 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007. 
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Table 27.  Association between individual SNPs in RXRA gene with dominant mode of 

inheritance and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0.95 0.63 - 1.43 0.801 1.000 

rs10114634 0.62 0.31 - 1.26 0.186 0.982 

rs1045570 0.92 0.60 - 1.43 0.724 1.000 

rs10776909 1.29 0.85 - 1.93 0.228 0.989 

rs11102986 1.19 0.78 - 1.82 0.410 1.000 

rs11103473 0.89 0.60 - 1.33 0.583 1.000 

rs12004589 0.67 0.41 - 1.08 0.097 0.907 

rs12004786 0.20 0.02 - 1.69 0.140 0.957 

rs1536475 1.35 0.88 - 2.07 0.166 0.975 

rs1805343 1.03 0.69 - 1.53 0.898 1.000 

rs1805352 0.85 0.57 - 1.26 0.422 1.000 

rs3118523 0.71 0.47 - 1.09 0.116 0.934 

rs3118526 1.01 0.63 - 1.64 0.952 1.000 

rs3118529 0.83 0.56 - 1.23 0.361 1.000 

rs3118535 1.05 0.60 - 1.84 0.862 1.000 

rs3118536 1.27 0.82 - 1.95 0.283 0.997 

rs3118570 1.46 0.95 - 2.24 0.088 0.893 

rs3118571 0.89 0.60 - 1.32 0.555 1.000 

rs3132293 1.06 0.71 - 1.58 0.774 1.000 

rs3132296 0.85 0.58 - 1.27 0.434 1.000 

rs3132297 1.30 0.85 - 2.00 0.233 0.990 

rs3132299 1.26 0.83 - 1.92 0.277 0.996 

rs3132300 1.19 0.79 - 1.79 0.403 1.000 

rs3132301 1.20 0.79 - 1.82 0.388 1.000 

rs4240705 0.94 0.63 - 1.41 0.779 1.000 

rs4240711 0.99 0.67 - 1.47 0.958 1.000 

rs4842196 0.85 0.57 - 1.26 0.414 1.000 

rs748964 0.95 0.59 - 1.51 0.818 1.000 

rs7861779 0.64 0.41 - 1.01 0.054 0.778 

rs875444 0.96 0.64 - 1.44 0.826 1.000 

rs877954 0.91 0.61 - 1.35 0.622 1.000 

rs9409929 0.92 0.62  1.37 0.678 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
 



 

 

272 

 

 

Table 28.  Association between individual SNPs in RXRA gene with recessive mode of 

inheritance and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0.61 0.18 - 2.06 0.427 1.000 

rs10114634 NA NA - NA NA NA 

rs1045570 1.23 0.08 - 19.81 0.884 1.000 

rs10776909 0.30 0.08 - 1.07 0.064 0.822 

rs11102986 0.24 0.05 - 1.11 0.067 0.833 

rs11103473 0.51 0.26 - 0.98 0.044 0.716 

rs12004589 NA NA - NA NA NA 

rs12004786 NA NA - NA NA NA 

rs1536475 0.33 0.09 - 1.20 0.093 0.904 

rs1805343 0.53 0.27 - 1.02 0.057 0.790 

rs1805352 0.46 0.21 - 1.02 0.056 0.786 

rs3118523 0.49 0.09 - 2.57 0.400 1.000 

rs3118526 0.62 0.06 - 6.93 0.701 1.000 

rs3118529 0.48 0.22 - 1.08 0.075 0.858 

rs3118535 2.51 0.23 - 27.86 0.455 1.000 

rs3118536 0.13 0.02 - 1.06 0.057 0.790 

rs3118570 0.24 0.05 - 1.11 0.067 0.828 

rs3118571 0.55 0.28 - 1.06 0.075 0.858 

rs3132293 0.48 0.18 - 1.26 0.135 0.955 

rs3132296 0.54 0.24 - 1.21 0.133 0.955 

rs3132297 0.15 0.02 - 1.22 0.076 0.859 

rs3132299 0.40 0.11 - 1.52 0.180 0.982 

rs3132300 0.33 0.09 - 1.21 0.094 0.904 

rs3132301 0.22 0.05 - 0.99 0.048 0.747 

rs4240705 0.57 0.29 - 1.11 0.097 0.902 

rs4240711 0.57 0.29 - 1.11 0.097 0.903 

rs4842196 0.56 0.22 - 1.42 0.223 0.989 

rs748964 0.62 0.06 - 6.90 0.698 1.000 

rs7861779 0.24 0.03 - 2.11 0.201 0.985 

rs875444 0.56 0.31 - 1.01 0.053 0.773 

rs877954 0.56 0.29 - 1.10 0.095 0.902 

rs9409929 0.85 0.47  1.55 0.604 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007. 
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Table 29.  Association between individual SNPs in RXRA gene with additive mode of 

inheritance and 32 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0.73 0.48 - 1.09 0.125 0.964 

rs10114634 0.76 0.37 - 1.57 0.462 1.000 

rs1045570 1.02 0.62 - 1.68 0.945 1.000 

rs10776909 1.27 0.82 - 1.95 0.278 0.999 

rs11102986 1.14 0.73 - 1.78 0.559 1.000 

rs11103473 1.08 0.76 - 1.53 0.672 1.000 

rs12004589 0.86 0.52 - 1.43 0.569 1.000 

rs12004786 0.22 0.05 - 1.00 0.051 0.761 

rs1536475 1.51 0.94 - 2.41 0.086 0.903 

rs1805343 1.05 0.74 - 1.49 0.796 1.000 

rs1805352 1.02 0.71 - 1.47 0.920 1.000 

rs3118523 0.61 0.39 - 0.93 0.023 0.514 

rs3118526 0.84 0.50 - 1.41 0.499 1.000 

rs3118529 1.08 0.74 - 1.56 0.697 1.000 

rs3118535 1.55 0.77 - 3.09 0.218 0.997 

rs3118536 1.45 0.89 - 2.35 0.136 0.973 

rs3118570 1.56 0.96 - 2.54 0.073 0.863 

rs3118571 1.10 0.77 - 1.57 0.594 1.000 

rs3132293 1.27 0.85 - 1.90 0.247 0.998 

rs3132296 1.09 0.75 - 1.58 0.661 1.000 

rs3132297 1.46 0.89 - 2.38 0.132 0.971 

rs3132299 1.22 0.78 - 1.92 0.376 1.000 

rs3132300 1.21 0.79 - 1.85 0.385 1.000 

rs3132301 1.25 0.80 - 1.95 0.332 1.000 

rs4240705 1.18 0.83 - 1.70 0.358 1.000 

rs4240711 1.05 0.74 - 1.49 0.794 1.000 

rs4842196 0.82 0.56 - 1.19 0.289 0.999 

rs748964 0.88 0.53 - 1.47 0.634 1.000 

rs7861779 0.78 0.49 - 1.24 0.302 0.999 

rs875444 1.06 0.76 - 1.50 0.721 1.000 

rs877954 1.04 0.73 - 1.48 0.836 1.000 

rs9409929 1.01 0.72  1.42 0.966 1.000 

 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 30.  Association between individual SNPs in RXRA gene with dominant mode of 

inheritance and 32 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0.70 0.44 - 1.13 0.146 0.977 

rs10114634 0.72 0.34 - 1.52 0.391 1.000 

rs1045570 0.99 0.59 - 1.65 0.959 1.000 

rs10776909 1.43 0.87 - 2.35 0.163 0.984 

rs11102986 1.38 0.82 - 2.31 0.220 0.997 

rs11103473 1.38 0.87 - 2.19 0.176 0.989 

rs12004589 0.92 0.53 - 1.59 0.762 1.000 

rs12004786 0.22 0.05 - 1.00 0.051 0.760 

rs1536475 1.59 0.93 - 2.71 0.089 0.910 

rs1805343 1.06 0.66 - 1.68 0.815 1.000 

rs1805352 1.19 0.75 - 1.88 0.466 1.000 

rs3118523 0.60 0.37 - 0.96 0.033 0.624 

rs3118526 0.77 0.45 - 1.34 0.360 1.000 

rs3118529 1.24 0.78 - 1.97 0.363 1.000 

rs3118535 1.50 0.73 - 3.10 0.272 0.999 

rs3118536 1.56 0.91 - 2.68 0.108 0.945 

rs3118570 1.69 0.98 - 2.93 0.060 0.811 

rs3118571 1.04 0.65 - 1.66 0.859 1.000 

rs3132293 1.33 0.83 - 2.15 0.237 0.997 

rs3132296 1.22 0.77 - 1.93 0.402 1.000 

rs3132297 1.58 0.92 - 2.72 0.096 0.925 

rs3132299 1.32 0.79 - 2.20 0.285 0.999 

rs3132300 1.26 0.78 - 2.06 0.349 1.000 

rs3132301 1.34 0.80 - 2.23 0.262 0.999 

rs4240705 1.26 0.79 - 2.01 0.329 1.000 

rs4240711 1.03 0.64 - 1.64 0.915 1.000 

rs4842196 0.69 0.44 - 1.10 0.120 0.960 

rs748964 0.83 0.48 - 1.41 0.486 1.000 

rs7861779 0.83 0.50 - 1.39 0.484 1.000 

rs875444 1.23 0.77 - 1.98 0.384 1.000 

rs877954 1.01 0.63 - 1.61 0.965 1.000 

rs9409929 0.91 0.57  1.46 0.698 1.000 

 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 31.  Association between individual SNPs in RXRA gene with recessive mode of 

inheritance and 32 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1007971 0.60 0.18 - 2.03 0.410 1.000 

rs10114634 NA NA - NA NA NA 

rs1045570 NA NA - NA NA NA 

rs10776909 0.82 0.25 - 2.63 0.737 1.000 

rs11102986 0.41 0.13 - 1.33 0.139 0.975 

rs11103473 0.66 0.33 - 1.29 0.224 0.997 

rs12004589 0.29 0.04 - 2.12 0.224 0.997 

rs12004786 NA NA - NA NA NA 

rs1536475 1.86 0.41 - 8.46 0.423 1.000 

rs1805343 1.07 0.51 - 2.25 0.860 1.000 

rs1805352 0.64 0.29 - 1.41 0.269 0.999 

rs3118523 0.40 0.09 - 1.80 0.231 0.997 

rs3118526 NA NA - NA NA NA 

rs3118529 0.72 0.32 - 1.63 0.431 1.000 

rs3118535 NA NA - NA NA NA 

rs3118536 1.22 0.25 - 5.84 0.805 1.000 

rs3118570 1.54 0.33 - 7.15 0.583 1.000 

rs3118571 1.41 0.63 - 3.15 0.400 1.000 

rs3132293 1.31 0.43 - 3.99 0.635 1.000 

rs3132296 0.78 0.33 - 1.83 0.569 1.000 

rs3132297 1.06 0.22 - 5.20 0.940 1.000 

rs3132299 0.91 0.24 - 3.42 0.885 1.000 

rs3132300 1.12 0.31 - 4.11 0.860 1.000 

rs3132301 1.00 0.27 - 3.71 1.000 1.000 

rs4240705 1.16 0.54 - 2.52 0.701 1.000 

rs4240711 1.16 0.54 - 2.52 0.701 1.000 

rs4842196 1.40 0.46 - 4.23 0.555 1.000 

rs748964 NA NA - NA NA NA 

rs7861779 0.30 0.06 - 1.49 0.141 0.975 

rs875444 0.85 0.45 - 1.61 0.614 1.000 

rs877954 1.16 0.53 - 2.51 0.710 1.000 

rs9409929 1.28 0.61  2.67 0.509 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007. 
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Table 32.  Association between individual SNPs in GC gene with additive mode of 

inheritance and circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 -3.37 -4.72 - -2.02 <0.001 <0.001 

rs12512631 2.15 0.92 - 3.38 0.001 0.023 

rs13117483 0.73 -0.73 - 2.19 0.328 0.997 

rs1352843 -0.01 -2.20 - 2.17 0.990 0.996 

rs1352844 0.50 -1.54 - 2.53 0.632 1.000 

rs1491709 2.45 0.11 - 4.80 0.041 0.548 

rs16846876 -2.95 -4.27 - -1.63 <0.001 0.001 

rs16846880 -0.19 -2.62 - 2.24 0.877 1.000 

rs16847015 2.09 -1.05 - 5.23 0.194 0.966 

rs16847039 0.90 -0.79 - 2.59 0.296 0.994 

rs16847047 0.87 -1.14 - 2.89 0.396 0.999 

rs17383291 -2.86 -5.32 - -0.39 0.024 0.394 

rs17467825 -3.44 -4.80 - -2.08 <0.001 <0.001 

rs222014 0 -2.18 - 2.19 0.997 0.997 

rs222016 0.48 -1.37 - 2.33 0.609 1.000 

rs222017 -0.01 -2.20 - 2.17 0.990 0.996 

rs222029 0.37 -1.47 - 2.20 0.697 1.000 

rs222035 -2.21 -3.46 - -0.95 0.001 0.022 

rs3733359 0.74 -1.87 - 3.34 0.578 1.000 

rs6817912 0.04 -2.63 - 2.72 0.975 1.000 

rs7041 -2.22 -3.47 - -0.98 0.001 0.019 

rs705117 1.04 -0.72  2.79 0.247 0.986 

rs705125 0.02 -1.86  1.91 0.980 1.000 

rs842999 -1.92 -3.10 - -0.73 0.002 0.051 

rs843007 0.73 -0.95 - 2.42 0.393 0.998 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 33.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 -3.91 -5.66 - -2.16 <0.001 1.000 

rs12512631 2.32 0.53 - 4.11 0.01 0.001 

rs13117483 1.20 -0.61 - 3.00 0.19 0.236 

rs1352843 -0.05 -2.32 - 2.22 0.96 0.965 

rs1352844 0.36 -1.82 - 2.54 0.75 1.000 

rs1491709 2.50 0.10 - 4.90 0.04 0.551 

rs16846876 -3.48 -5.25 - -1.72 <0.001 0.005 

rs16846880 -0.36 -2.92 - 2.19 0.78 1.000 

rs16847015 2.09 -1.05 - 5.23 0.19 0.966 

rs16847039 0.65 -1.27 - 2.56 0.51 1.000 

rs16847047 0.52 -1.68 - 2.72 0.64 1.000 

rs17383291 -3.10 -5.78 - -0.42 0.02 0.397 

rs17467825 -3.98 -5.73 - -2.22 <0.001 <0.001 

rs222014 -0.03 -2.31 - 2.24 0.98 1.000 

rs222016 0.25 -1.76 - 2.26 0.81 1.000 

rs222017 -0.05 -2.32 - 2.22 0.96 1.000 

rs222029 0.36 -1.61 - 2.32 0.72 1.000 

rs222035 -2.76 -4.70 - -0.82 0.01 0.137 

rs3733359 0.43 -2.34 - 3.20 0.76 1.000 

rs6817912 -0.03 -2.79 - 2.74 0.98 1.000 

rs7041 -2.66 -4.60 - -0.72 0.01 0.176 

rs705117 1.01 -0.96  2.98 0.32 0.996 

rs705125 -0.04 -2.13  2.05 0.97 1.000 

rs842999 -2.58 -4.47 - -0.69 0.01 0.177 

rs843007 0.43 -1.48 - 2.35 0.66 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 34.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 -5.35 -8.49 - -2.21 0.001 0.030 

rs12512631 4.14 1.69 - 6.59 0.001 0.031 

rs13117483 -0.33 -3.99 - 3.33 0.858 1.000 

rs1352843 1.17 -11.60 - 13.94 0.857 1.000 

rs1352844 3.63 -5.42 - 12.67 0.432 0.999 

rs1491709 3.78 -14.25 - 21.81 0.682 1.000 

rs16846876 -4.61 -7.48 - -1.74 0.002 0.053 

rs16846880 3.75 -9.03 - 16.53 0.565 1.000 

rs16847015 NA NA - NA NA NA 

rs16847039 4.24 -1.25 - 9.73 0.131 0.950 

rs16847047 7.11 -0.97 - 15.18 0.086 0.791 

rs17383291 -4.31 -14.75 - 6.12 0.418 0.999 

rs17467825 -5.46 -8.64 - -2.28 0.001 0.028 

rs222014 1.19 -11.59 - 13.97 0.856 1.000 

rs222016 4.34 -3.07 - 11.74 0.252 0.987 

rs222017 1.17 -11.6 - 13.94 0.857 1.000 

rs222029 1.00 -7.10 - 9.10 0.809 1.000 

rs222035 -3.15 -5.35 - -0.95 0.005 0.133 

rs3733359 8.71 -4.03 - 21.45 0.181 0.962 

rs6817912 3.13 -14.86 - 21.12 0.733 1.000 

rs7041 -3.36 -5.53 - -1.18 0.003 0.073 

rs705117 2.80 -3.27  8.87 0.366 0.998 

rs705125 0.73 -6.14  7.60 0.835 1.000 

rs842999 -2.76 -4.85 - -0.67 0.01 0.214 

rs843007 4.24 -1.25 - 9.73 0.131 0.905 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 35.  Association between individual SNPs in GC gene with additive mode of 

inheritance and circulating levels of 1,25(OH)2D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 -1.57 -3.05 - -0.10 0.038 0.640 

rs12512631 0.43 -0.90 - 1.76 0.529 1.000 

rs13117483 0.59 -0.95 - 2.14 0.451 1.000 

rs1352843 0.29 -2.03 - 2.61 0.807 1.000 

rs1352844 0.76 -1.40 - 2.93 0.490 1.000 

rs1491709 1.96 -0.55 - 4.46 0.128 0.954 

rs16846876 -1.05 -2.49 - 0.38 0.151 0.972 

rs16846880 0.05 -2.53 - 2.64 0.968 1.000 

rs16847015 0.08 -3.27 - 3.43 0.961 1.000 

rs16847039 0.57 -1.22 - 2.37 0.531 1.000 

rs16847047 0.85 -1.30 - 2.99 0.439 1.000 

rs17383291 -2.51 -5.14 - 0.12 0.062 0.796 

rs17467825 -1.60 -3.08 - -0.12 0.035 0.622 

rs222014 0.32 -2.00 - 2.64 0.788 1.000 

rs222016 0 -1.97 - 1.97 0.999 0.999 

rs222017 0.29 -2.03 - 2.61 0.807 1.000 

rs222029 0.25 -1.71 - 2.21 0.801 1.000 

rs222035 -1.01 -2.37 - 0.35 0.147 0.969 

rs3733359 -0.27 -3.04 - 2.51 0.851 1.000 

rs6817912 -0.16 -3.02 - 2.71 0.914 1.000 

rs7041 -0.99 -2.33 - 0.35 0.149 0.971 

rs705117 0.70 -1.17  2.57 0.461 1.000 

rs705125 0.30 -1.70  2.30 0.770 1.000 

rs842999 -1.23 -2.50 - 0.04 0.058 0.776 

rs843007 0.38 -1.42 - 2.17 0.682 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 36.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and circulating levels of 1,25(OH)2D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 -2.01 -3.91 - -0.11 0.039 0.640 

rs12512631 0.18 -1.75 - 2.11 0.854 1.000 

rs13117483 0.66 -1.25 - 2.57 0.499 1.000 

rs1352843 0.35 -2.07 - 2.76 0.778 1.000 

rs1352844 1.15 -1.17 - 3.47 0.330 0.999 

rs1491709 2.00 -0.57 - 4.57 0.128 0.954 

rs16846876 -1.18 -3.09 - 0.74 0.229 0.955 

rs16846880 0.21 -2.51 - 2.93 0.879 1.000 

rs16847015 0.08 -3.27 - 3.43 0.961 1.000 

rs16847039 0.99 -1.05 - 3.03 0.341 0.999 

rs16847047 1.40 -0.94 - 3.74 0.241 0.996 

rs17383291 -2.58 -5.44 - 0.28 0.078 0.859 

rs17467825 -2.06 -3.97 - -0.16 0.034 0.614 

rs222014 0.38 -2.04 - 2.80 0.759 1.000 

rs222016 0.12 -2.02 - 2.26 0.913 1.000 

rs222017 0.35 -2.07 - 2.76 0.778 1.000 

rs222029 0.32 -1.78 - 2.41 0.767 0.999 

rs222035 -1.04 -3.13 - 1.05 0.331 1.000 

rs3733359 -0.29 -3.24 - 2.66 0.846 1.000 

rs6817912 -0.22 -3.18 - 2.74 0.885 1.000 

rs7041 -0.95 -3.03 - 1.13 0.370 1.000 

rs705117 0.87 -1.23  2.96 0.419 1.000 

rs705125 0.60 -1.63  2.82 0.600 1.000 

rs842999 -1.39 -3.41 - 0.63 0.177 0.984 

rs843007 0.73 -1.30 - 2.76 0.482 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 37.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and circulating levels of 1,25(OH)2D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 -1.90 -5.29 - 1.49 0.272 0.998 

rs12512631 1.35 -1.30 - 4.00 0.318 0.999 

rs13117483 1.02 -2.85 - 4.88 0.606 1.000 

rs1352843 -1.09 -14.68 - 12.51 0.876 1.000 

rs1352844 -4.78 -14.40 - 4.85 0.331 0.999 

rs1491709 2.88 -16.38 - 22.13 0.770 1.000 

rs16846876 -1.81 -4.90 - 1.28 0.251 0.997 

rs16846880 -3.82 -17.41 - 9.77 0.582 1.000 

rs16847015 NA NA - NA NA NA 

rs16847039 -2.05 -7.91 - 3.81 0.492 1.000 

rs16847047 -5.33 -13.94 - 3.29 0.226 0.995 

rs17383291 -5.92 -17.02 - 5.18 0.296 0.999 

rs17467825 -1.84 -5.28 - 1.59 0.294 0.999 

rs222014 -1.06 -14.65 - 12.53 0.879 1.000 

rs222016 -1.66 -9.56 - 6.25 0.682 1.000 

rs222017 -1.09 -14.68 - 12.51 0.876 1.000 

rs222029 -0.49 -9.13 - 8.15 0.912 1.000 

rs222035 -1.73 -4.1 - 0.64 0.153 0.973 

rs3733359 -0.18 -13.78 - 13.41 0.979 1.000 

rs6817912 2.12 -17.13 - 21.36 0.829 1.000 

rs7041 -1.79 -4.13 - 0.54 0.133 0.958 

rs705117 0.19 -6.27  6.66 0.954 1.000 

rs705125 -2.45 -9.76  4.86 0.511 1.000 

rs842999 -2.09 -4.32 - 0.14 0.067 0.817 

rs843007 -2.05 -7.91 - 3.81 0.492 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 38.  Association between individual SNPs in GC gene with additive mode of 

inheritance and 20 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.61 1.13 - 2.29 0.008 0.227 

rs12512631 0.74 0.53 - 1.05 0.088 0.872 

rs13117483 1.01 0.70 - 1.48 0.939 1.000 

rs1352843 0.9 0.51 - 1.61 0.725 1.000 

rs1352844 0.88 0.51 - 1.51 0.643 1.000 

rs1491709 0.55 0.27 - 1.12 0.099 0.896 

rs16846876 1.47 1.04 - 2.07 0.029 0.538 

rs16846880 1.14 0.62 - 2.10 0.676 1.000 

rs16847015 0.40 0.14 - 1.16 0.090 0.877 

rs16847039 0.76 0.48 - 1.21 0.255 0.996 

rs16847047 0.83 0.48 - 1.43 0.506 1.000 

rs17383291 1.73 0.97 - 3.09 0.065 0.803 

rs17467825 1.43 1.00 - 2.03 0.051 0.727 

rs222014 0.90 0.50 - 1.60 0.716 1.000 

rs222016 0.75 0.45 - 1.25 0.265 0.997 

rs222017 0.90 0.51 - 1.61 0.725 1.000 

rs222029 0.78 0.47 - 1.29 0.329 0.999 

rs222035 1.17 0.84 - 1.64 0.347 0.999 

rs3733359 0.63 0.29 - 1.37 0.247 0.995 

rs6817912 0.75 0.36 - 1.59 0.458 1.000 

rs7041 1.19 0.86 - 1.65 0.300 0.999 

rs705117 0.80 0.50  1.29 0.363 1.000 

rs705125 0.94 0.58  1.55 0.821 1.000 

rs842999 1.18 0.86 - 1.61 0.313 0.999 

rs843007 0.79 0.50 - 1.25 0.310 0.999 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 39.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and 20 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.82 1.13 - 2.93 0.014 0.343 

rs12512631 0.73 0.46 - 1.17 0.197 0.987 

rs13117483 0.91 0.57 - 1.45 0.694 1.000 

rs1352843 0.93 0.51 - 1.69 0.819 1.000 

rs1352844 0.93 0.53 - 1.65 0.815 1.000 

rs1491709 0.55 0.27 - 1.13 0.105 0.910 

rs16846876 1.41 0.88 - 2.28 0.153 0.395 

rs16846880 1.21 0.64 - 2.30 0.552 1.000 

rs16847015 0.40 0.14 - 1.16 0.090 0.878 

rs16847039 0.79 0.47 - 1.31 0.361 1.000 

rs16847047 0.89 0.50 - 1.59 0.693 1.000 

rs17383291 1.85 0.98 - 3.50 0.057 0.765 

rs17467825 1.35 0.84 - 2.16 0.210 0.989 

rs222014 0.93 0.51 - 1.69 0.809 1.000 

rs222016 0.79 0.46 - 1.36 0.394 1.000 

rs222017 0.93 0.51 - 1.69 0.819 1.000 

rs222029 0.82 0.48 - 1.38 0.454 1.000 

rs222035 1.23 0.73 - 2.08 0.444 1.000 

rs3733359 0.65 0.29 - 1.44 0.286 0.998 

rs6817912 0.77 0.36 - 1.65 0.494 1.000 

rs7041 1.28 0.76 - 2.16 0.358 1.000 

rs705117 0.82 0.48  1.38 0.454 1.000 

rs705125 0.98 0.57  1.68 0.930 1.000 

rs842999 1.27 0.76 - 2.13 0.356 1.000 

rs843007 0.82 0.49 - 1.36 0.439 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 40.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and 20 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.91 0.91 - 4.00 0.087 0.876 

rs12512631 0.54 0.26 - 1.14 0.108 0.913 

rs13117483 1.54 0.65 - 3.68 0.326 0.999 

rs1352843 NA NA - NA NA NA 

rs1352844 NA NA - NA NA NA 

rs1491709 NA NA - NA NA NA 

rs16846876 2.25 1.15 - 4.39 0.017 0.395 

rs16846880 NA NA - NA NA NA 

rs16847015 NA NA - NA NA NA 

rs16847039 0.33 0.04 - 2.63 0.296 0.999 

rs16847047 NA NA - NA NA NA 

rs17383291 1.7 0.15 - 19 0.665 1.000 

rs17467825 2.3 1.1 - 4.8 0.026 0.514 

rs222014 NA NA - NA NA NA 

rs222016 NA NA - NA NA NA 

rs222017 NA NA - NA NA NA 

rs222029 NA NA - NA NA NA 

rs222035 1.25 0.71 - 2.19 0.442 1.000 

rs3733359 NA NA - NA NA NA 

rs6817912 NA NA - NA NA NA 

rs7041 1.24 0.71 - 2.16 0.442 1.000 

rs705117 0.42 0.05  3.38 0.413 1.000 

rs705125 0.56 0.07  4.72 0.594 1.000 

rs842999 1.23 0.72 - 2.10 0.451 1.000 

rs843007 0.33 0.04 - 2.63 0.296 0.999 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 41.  Association between individual SNPs in GC gene with additive mode of 

inheritance and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.84 1.34 - 2.51 <0.001 0.006 

rs12512631 0.62 0.46 - 0.82 0.001 0.029 

rs13117483 1.05 0.76 - 1.45 0.761 1.000 

rs1352843 0.91 0.56 - 1.47 0.689 1.000 

rs1352844 0.79 0.50 - 1.24 0.303 0.997 

rs1491709 0.99 0.59 - 1.66 0.965 1.000 

rs16846876 1.56 1.16 - 2.11 0.004 0.099 

rs16846880 1.17 0.69 - 1.99 0.551 1.000 

rs16847015 0.88 0.44 - 1.76 0.715 1.000 

rs16847039 0.84 0.58 - 1.22 0.364 0.999 

rs16847047 0.77 0.49 - 1.21 0.253 0.992 

rs17383291 1.58 0.91 - 2.72 0.103 0.866 

rs17467825 1.86 1.35 - 2.55 <0.001 0.005 

rs222014 0.90 0.56 - 1.46 0.673 1.000 

rs222016 0.94 0.63 - 1.41 0.756 1.000 

rs222017 0.91 0.56 - 1.47 0.689 1.000 

rs222029 0.96 0.64 - 1.43 0.825 1.000 

rs222035 1.79 1.34 - 2.39 <0.001 0.004 

rs3733359 1.06 0.60 - 1.88 0.833 1.000 

rs6817912 1.11 0.62 - 2.00 0.723 1.000 

rs7041 1.81 1.36 - 2.42 <0.001 0.002 

rs705117 1.18 0.81  1.74 0.387 1.000 

rs705125 0.88 0.58  1.34 0.559 1.000 

rs842999 1.66 1.26 - 2.17 <0.001 0.010 

rs843007 0.88 0.60 - 1.27 0.485 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 42.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 2.10 1.41 - 3.14 <0.001 0.011 

rs12512631 0.57 0.38 - 0.85 0.006 0.150 

rs13117483 1.02 0.69 - 1.52 0.919 1.000 

rs1352843 0.95 0.58 - 1.57 0.849 1.000 

rs1352844 0.85 0.52 - 1.37 0.501 1.000 

rs1491709 1.02 0.60 - 1.73 0.94 1.000 

rs16846876 1.60 1.08 - 2.39 0.02 0.368 

rs16846880 1.19 0.68 - 2.07 0.55 1.000 

rs16847015 0.88 0.44 - 1.76 0.715 1.000 

rs16847039 0.92 0.60 - 1.39 0.681 1.000 

rs16847047 0.84 0.52 - 1.36 0.481 1.000 

rs17383291 1.61 0.89 - 2.91 0.114 0.890 

rs17467825 2.00 1.34 - 2.99 0.001 0.024 

rs222014 0.95 0.58 - 1.56 0.832 1.000 

rs222016 1.01 0.65 - 1.56 0.971 1.000 

rs222017 0.95 0.58 - 1.57 0.849 1.000 

rs222029 1.01 0.65 - 1.55 0.975 1.000 

rs222035 2.11 1.35 - 3.31 0.001 0.038 

rs3733359 1.17 0.64 - 2.13 0.618 1.000 

rs6817912 1.17 0.64 - 2.14 0.615 1.000 

rs7041 2.09 1.34 - 3.26 0.001 0.041 

rs705117 1.24 0.81  1.90 0.330 0.998 

rs705125 0.91 0.58  1.45 0.698 1.000 

rs842999 2.05 1.33 - 3.18 0.001 0.039 

rs843007 0.96 0.63 - 1.46 0.862 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 43.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 2.27 1.11 - 4.65 0.025 0.416 

rs12512631 0.42 0.23 - 0.76 0.004 0.114 

rs13117483 1.25 0.57 - 2.77 0.580 1.000 

rs1352843 NA NA - NA NA NA 

rs1352844 NA NA - NA NA NA 

rs1491709 NA NA - NA NA NA 

rs16846876 2.31 1.20 - 4.44 0.012 0.257 

rs16846880 1.24 0.08 - 19.97 0.879 1.000 

rs16847015 NA NA - NA NA NA 

rs16847039 0.27 0.06 - 1.26 0.095 0.846 

rs16847047 NA NA - NA NA NA 

rs17383291 2.51 0.23 - 27.86 0.455 1.000 

rs17467825 2.84 1.35 - 6.00 0.006 0.151 

rs222014 NA NA - NA NA NA 

rs222016 0.25 0.03 - 2.12 0.201 0.977 

rs222017 NA NA - NA NA NA 

rs222029 0.31 0.03 - 2.79 0.295 0.977 

rs222035 2.22 1.35 - 3.63 0.002 0.051 

rs3733359 NA NA - NA NA NA 

rs6817912 NA NA - NA NA NA 

rs7041 2.35 1.44 - 3.84 0.001 0.023 

rs705117 1 0.26  3.76 0.995 0.995 

rs705125 0.49 0.09  2.57 0.400 1.000 

rs842999 1.96 1.23 - 3.12 0.005 0.124 

rs843007 0.27 0.06 - 1.26 0.095 0.846 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 44.  Association between individual SNPs in GC gene with additive mode of 

inheritance and 32 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 2.35 1.54 - 3.58 <0.001 0.003 

rs12512631 0.68 0.50 - 0.93 0.017 0.342 

rs13117483 0.84 0.58 - 1.21 0.349 0.999 

rs1352843 1.05 0.60 - 1.86 0.86 1.000 

rs1352844 0.94 0.56 - 1.58 0.825 1.000 

rs1491709 0.63 0.36 - 1.11 0.113 0.892 

rs16846876 2.14 1.44 - 3.17 <0.001 0.007 

rs16846880 0.81 0.44 - 1.48 0.492 1.000 

rs16847015 0.90 0.41 - 1.99 0.797 1.000 

rs16847039 0.90 0.59 - 1.38 0.627 1.000 

rs16847047 0.87 0.52 - 1.44 0.586 1.000 

rs17383291 1.76 0.83 - 3.77 0.143 0.937 

rs17467825 2.68 1.73 - 4.15 <0.001 0.001 

rs222014 1.04 0.59 - 1.83 0.894 1.000 

rs222016 1.03 0.64 - 1.65 0.916 1.000 

rs222017 1.05 0.60 - 1.86 0.860 1.000 

rs222029 1.12 0.69 - 1.82 0.642 1.000 

rs222035 1.80 1.27 - 2.55 0.001 0.031 

rs3733359 0.96 0.49 - 1.86 0.900 1.000 

rs6817912 1.19 0.58 - 2.45 0.637 1.000 

rs7041 1.70 1.21 - 2.40 0.002 0.069 

rs705117 0.76 0.49  1.17 0.210 0.980 

rs705125 0.97 0.60  1.56 0.888 1.000 

rs842999 1.69 1.22 - 2.35 0.002 0.050 

rs843007 0.92 0.60 - 1.41 0.702 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 45.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and 32 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 2.37 1.46 - 3.84 <0.001 0.017 

rs12512631 0.67 0.42 - 1.08 0.098 0.866 

rs13117483 0.80 0.50 - 1.28 0.355 0.999 

rs1352843 1.01 0.56 - 1.82 0.965 1.000 

rs1352844 0.94 0.54 - 1.64 0.828 1.000 

rs1491709 0.61 0.34 - 1.08 0.090 0.843 

rs16846876 2.28 1.42 - 3.66 0.001 0.023 

rs16846880 0.84 0.44 - 1.59 0.587 1.000 

rs16847015 0.90 0.41 - 1.99 0.797 1.000 

rs16847039 0.95 0.58 - 1.56 0.85 1.000 

rs16847047 0.9 0.52 - 1.58 0.724 1.000 

rs17383291 1.73 0.78 - 3.83 0.175 0.966 

rs17467825 2.81 1.71 - 4.60 <0.001 0.002 

rs222014 1.00 0.56 - 1.80 1.00 1.000 

rs222016 1.00 0.60 - 1.68 0.992 1.000 

rs222017 1.01 0.56 - 1.82 0.965 1.000 

rs222029 1.05 0.63 - 1.75 0.845 1.000 

rs222035 2.10 1.30 - 3.40 0.003 0.077 

rs3733359 1.02 0.50 - 2.09 0.951 1.000 

rs6817912 1.16 0.56 - 2.44 0.687 1.000 

rs7041 1.86 1.15 - 3.01 0.012 0.284 

rs705117 0.74 0.45  1.22 0.240 0.989 

rs705125 0.99 0.58  1.69 0.957 1.000 

rs842999 1.84 1.14 - 2.95 0.012 0.286 

rs843007 0.98 0.60 - 1.61 0.943 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 46.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and 32 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs1155563 11.5 1.55 - 85.17 0.017 0.341 

rs12512631 0.48 0.27 - 0.86 0.014 0.302 

rs13117483 0.80 0.33 - 1.98 0.636 1.000 

rs1352843 NA NA - NA NA NA 

rs1352844 0.91 0.09 - 8.84 0.934 1.000 

rs1491709 NA NA - NA NA NA 

rs16846876 4.51 1.36 - 14.93 0.014 0.304 

rs16846880 0.30 0.02 - 4.81 0.393 0.999 

rs16847015 NA NA - NA NA NA 

rs16847039 0.52 0.15 - 1.82 0.305 0.997 

rs16847047 0.45 0.07 - 2.73 0.385 0.999 

rs17383291 NA NA - NA NA NA 

rs17467825 11.00 1.48 - 81.56 0.019 0.357 

rs222014 NA NA - NA NA NA 

rs222016 1.52 0.18 - 13.20 0.703 1.000 

rs222017 NA NA - NA NA NA 

rs222029 NA NA - NA NA NA 

rs222035 2.27 1.15 - 4.49 0.019 0.358 

rs3733359 0.30 0.02 - 4.86 0.397 0.999 

rs6817912 NA NA - NA NA NA 

rs7041 2.37 1.20 - 4.67 0.013 0.296 

rs705117 0.60 0.15  2.44 0.474 1.000 

rs705125 0.75 0.14  3.95 0.738 1.000 

rs842999 2.53 1.31 - 4.88 0.006 0.153 

rs843007 0.52 0.15 - 1.82 0.305 0.997 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 47.  Association between individual SNPs in GC gene with additive mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.01 0.83 - 1.22 0.933 1.000 

rs12512631 1.07 0.90 - 1.27 0.472 1.000 

rs13117483 1.02 0.83 - 1.24 0.879 1.000 

rs1352843 0.87 0.65 - 1.17 0.360 1.000 

rs1352844 1.16 0.90 - 1.51 0.259 0.999 

rs1491709 1.04 0.75 - 1.44 0.824 1.000 

rs16846876 0.97 0.81 - 1.16 0.720 1.000 

rs16846880 0.82 0.58 - 1.16 0.261 0.999 

rs16847015 0.90 0.60 - 1.35 0.616 1.000 

rs16847039 1.02 0.81 - 1.27 0.888 1.000 

rs16847047 1.12 0.86 - 1.45 0.414 1.000 

rs17383291 0.89 0.63 - 1.26 0.526 1.000 

rs17467825 1.01 0.83 - 1.21 0.954 1.000 

rs222014 0.87 0.65 - 1.17 0.360 1.000 

rs222016 0.85 0.66 - 1.09 0.203 0.995 

rs222017 0.89 0.66 - 1.19 0.418 1.000 

rs222029 0.86 0.67 - 1.10 0.222 0.997 

rs222035 0.95 0.80 - 1.13 0.578 1.000 

rs3733359 0.77 0.54 - 1.12 0.169 03988 

rs6817912 0.88 0.61 - 1.27 0.503 1.000 

rs7041 0.95 0.80 - 1.13 0.578 1.000 

rs705117 0.93 0.73  1.19 0.564 1.000 

rs705125 1.04 0.82  1.32 0.734 1.000 

rs842999 0.93 0.79 - 1.10 0.377 1.000 

rs843007 1.00 0.80 - 1.24 0.986 0.999 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
 

 

 

 

 

 

 

 

 

 

 

 



 

 

292 

 

 

Table 48.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.92 0.72 - 1.18 0.521 1.000 

rs12512631 1.04 0.82 - 1.33 0.742 1.000 

rs13117483 1.01 0.79 - 1.29 0.914 1.000 

rs1352843 0.88 0.65 - 1.20 0.420 1.000 

rs1352844 1.19 0.89 - 1.58 0.242 0.998 

rs1491709 1.08 0.77 - 1.51 0.661 1.000 

rs16846876 0.91 0.72 - 1.17 0.466 1.000 

rs16846880 0.79 0.55 - 1.14 0.214 0.996 

rs16847015 0.93 0.61 - 1.42 0.748 1.000 

rs16847039 1.02 0.79 - 1.32 0.895 1.000 

rs16847047 1.14 0.85 - 1.52 0.385 1.000 

rs17383291 0.90 0.62 - 1.30 0.568 1.000 

rs17467825 0.93 0.73 - 1.18 0.554 1.000 

rs222014 0.88 0.65 - 1.20 0.420 1.000 

rs222016 0.86 0.65 - 1.13 0.275 0.999 

rs222017 0.90 0.66 - 1.22 0.487 1.000 

rs222029 0.86 0.66 - 1.13 0.278 0.999 

rs222035 0.90 0.69 - 1.17 0.430 1.000 

rs3733359 0.77 0.53 - 1.14 0.195 0.994 

rs6817912 0.87 0.59 - 1.27 0.460 1.000 

rs7041 0.88 0.68 - 1.13 0.313 1.000 

rs705117 0.93 0.71  1.23 0.623 1.000 

rs705125 1.07 0.80  1.41 0.655 1.000 

rs842999 0.83 0.64 - 1.07 0.152 0.981 

rs843007 1.00 0.77 - 1.30 0.987 0.987 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 49.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.34 0.88 - 2.04 0.173 0.989 

rs12512631 1.18 0.84 - 1.66 0.329 1.000 

rs13117483 1.04 0.64 - 1.70 0.871 1.000 

rs1352843 0.57 0.13 - 2.59 0.469 1.000 

rs1352844 1.13 0.40 - 3.16 0.814 1.000 

rs1491709 NA NA - NA NA NA 

rs16846876 1.08 0.74 - 1.59 0.688 1.000 

rs16846880 1.27 0.25 - 6.57 0.776 1.000 

rs16847015 NA NA - NA NA NA 

rs16847039 1.03 0.53 - 2.00 0.933 1.000 

rs16847047 1.06 0.38 - 2.92 0.918 1.000 

rs17383291 0.70 0.15 - 3.26 0.649 1.000 

rs17467825 1.28 0.85 - 1.94 0.237 0.998 

rs222014 0.57 0.13 - 2.59 0.469 1.000 

rs222016 0.60 0.23 - 1.58 0.301 1.000 

rs222017 0.57 0.13 - 2.61 0.473 1.000 

rs222029 0.67 0.28 - 1.64 0.383 1.000 

rs222035 0.99 0.73 - 1.35 0.949 1.000 

rs3733359 0.45 0.05 - 3.65 0.453 1.000 

rs6817912 1.59 0.14 - 17.54 0.707 1.000 

rs7041 1.03 0.76 - 1.39 0.850 1.000 

rs705117 0.81 0.35  1.89 0.631 1.000 

rs705125 0.96 0.47  1.97 0.912 1.000 

rs842999 1.01 0.75 - 1.35 0.958 1.000 

rs843007 0.97 0.50 - 1.87 0.927 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 50.  Association between individual SNPs in GC gene with additive mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.98 0.82 - 1.17 0.815 1.000 

rs12512631 0.95 0.81 - 1.11 0.521 1.000 

rs13117483 0.96 0.80 - 1.15 0.661 1.000 

rs1352843 1.02 0.79 - 1.32 0.872 1.000 

rs1352844 1.16 0.92 - 1.48 0.213 0.995 

rs1491709 0.93 0.69 - 1.26 0.647 1.000 

rs16846876 1.08 0.92 - 1.28 0.349 1.000 

rs16846880 0.92 0.68 - 1.25 0.589 1.000 

rs16847015 1.11 0.78 - 1.58 0.578 1.000 

rs16847039 1.10 0.90 - 1.34 0.344 1.000 

rs16847047 1.16 0.92 - 1.48 0.214 0.996 

rs17383291 1.15 0.86 - 1.55 0.353 1.000 

rs17467825 1.03 0.87 - 1.22 0.751 1.000 

rs222014 1.02 0.79 - 1.32 0.872 1.000 

rs222016 1.05 0.84 - 1.30 0.679 1.000 

rs222017 1.02 0.79 - 1.32 0.885 1.000 

rs222029 1.00 0.81 - 1.24 0.997 0.997 

rs222035 1.00 0.86 - 1.18 0.969 1.000 

rs3733359 1.01 0.74 - 1.38 0.950 1.000 

rs6817912 1.03 0.74 - 1.42 0.883 1.000 

rs7041 1.00 0.86 - 1.17 0.956 1.000 

rs705117 0.96 0.77  1.19 0.702 1.000 

rs705125 1.11 0.89  1.37 0.362 1.000 

rs842999 1.03 0.88 - 1.19 0.747 1.000 

rs843007 1.13 0.93 - 1.38 0.234 0.997 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 51.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.89 0.71 - 1.11 0.302 1.000 

rs12512631 0.89 0.71 - 1.11 0.310 1.000 

rs13117483 0.90 0.72 - 1.13 0.367 1.000 

rs1352843 0.99 0.75 - 1.30 0.948 1.000 

rs1352844 1.16 0.90 - 1.51 0.258 0.998 

rs1491709 0.92 0.67 - 1.26 0.597 1.000 

rs16846876 1.12 0.90 - 1.40 0.302 1.000 

rs16846880 0.89 0.65 - 1.23 0.496 1.000 

rs16847015 1.09 0.75 - 1.58 0.652 1.000 

rs16847039 1.13 0.89 - 1.43 0.312 1.000 

rs16847047 1.15 0.88 - 1.50 0.297 0.999 

rs17383291 1.08 0.78 - 1.50 0.656 1.000 

rs17467825 0.97 0.78 - 1.21 0.778 1.000 

rs222014 0.99 0.75 - 1.30 0.948 1.000 

rs222016 1.03 0.81 - 1.32 0.803 1.000 

rs222017 0.99 0.75 - 1.30 0.933 1.000 

rs222029 1.00 0.79 - 1.28 0.978 1.000 

rs222035 0.96 0.76 - 1.22 0.727 1.000 

rs3733359 0.97 0.70 - 1.36 0.870 1.000 

rs6817912 1.00 0.71 - 1.39 0.984 1.000 

rs7041 0.99 0.78 - 1.25 0.919 1.000 

rs705117 0.97 0.75  1.24 0.780 1.000 

rs705125 1.12 0.87  1.44 0.395 1.000 

rs842999 0.97 0.77 - 1.23 0.800 1.000 

rs843007 1.15 0.91 - 1.45 0.253 0.998 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 52.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.31 0.88 - 1.93 0.181 0.999 

rs12512631 1.03 0.75 - 1.41 0.878 1.000 

rs13117483 1.17 0.76 - 1.82 0.473 1.000 

rs1352843 1.74 0.58 - 5.20 0.323 1.000 

rs1352844 1.48 0.59 - 3.70 0.405 1.000 

rs1491709 1.34 0.22 - 8.07 0.747 1.000 

rs16846876 1.07 0.75 - 1.52 0.723 1.000 

rs16846880 1.52 0.34 - 6.82 0.585 1.000 

rs16847015 2.03 NA - NA NA NA 

rs16847039 1.08 0.59 - 1.96 0.809 1.000 

rs16847047 1.67 0.69 - 4.05 0.261 1.000 

rs17383291 3.56 1.04 - 12.24 0.043 0.694 

rs17467825 1.27 0.87 - 1.86 0.219 0.996 

rs222014 1.74 0.58 - 5.20 0.323 1.000 

rs222016 1.28 0.62 - 2.66 0.509 1.000 

rs222017 1.74 0.58 - 5.22 0.320 0.999 

rs222029 0.97 0.47 - 2.00 0.923 1.000 

rs222035 1.07 0.81 - 1.41 0.635 1.000 

rs3733359 2.03 0.51 - 8.14 0.319 1.000 

rs6817912 4.07 0.37 - 44.99 0.252 0.998 

rs7041 1.03 0.78 - 1.36 0.829 1.000 

rs705117 0.84 0.40  1.77 0.648 1.000 

rs705125 1.21 0.64  2.26 0.561 1.000 

rs842999 1.12 0.86 - 1.46 0.392 1.000 

rs843007 1.21 0.68 - 2.15 0.526 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 53.  Association between individual SNPs in GC gene with additive mode of 

inheritance and colorectal neoplasia recurrence 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.01 0.86 - 1.18 0.942 1.000 

rs12512631 1.01 0.87 - 1.17 0.904 1.000 

rs13117483 0.95 0.80 - 1.13 0.565 1.000 

rs1352843 1.00 0.79 - 1.27 0.993 0.999 

rs1352844 1.17 0.93 - 1.47 0.188 0.992 

rs1491709 0.96 0.73 - 1.27 0.797 1.000 

rs16846876 1.03 0.88 - 1.20 0.734 1.000 

rs16846880 0.91 0.69 - 1.21 0.525 1.000 

rs16847015 1.00 0.71 - 1.40 0.985 1.000 

rs16847039 1.06 0.87 - 1.28 0.568 1.000 

rs16847047 1.16 0.92 - 1.45 0.213 0.996 

rs17383291 0.97 0.73 - 1.30 0.853 1.000 

rs17467825 1.01 0.86 - 1.18 0.937 1.000 

rs222014 1.00 0.79 - 1.27 0.993 0.993 

rs222016 0.98 0.80 - 1.21 0.875 1.000 

rs222017 1.00 0.79 - 1.28 0.981 1.000 

rs222029 0.95 0.78 - 1.16 0.613 1.000 

rs222035 0.97 0.84 - 1.12 0.672 1.000 

rs3733359 0.90 0.67 - 1.21 0.475 1.000 

rs6817912 0.94 0.69 - 1.27 0.687 1.000 

rs7041 0.97 0.84 - 1.12 0.659 1.000 

rs705117 0.94 0.77  1.15 0.548 1.000 

rs705125 1.08 0.88  1.33 0.445 1.000 

rs842999 0.96 0.83 - 1.10 0.535 1.000 

rs843007 1.06 0.88 - 1.28 0.526 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 54.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and colorectal neoplasia recurrence 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.93 0.75 - 1.14 0.470 1.000 

rs12512631 1.00 0.81 - 1.23 0.979 1.000 

rs13117483 0.91 0.74 - 1.12 0.386 1.000 

rs1352843 0.98 0.76 - 1.27 0.884 1.000 

rs1352844 1.18 0.92 - 1.51 0.201 0.994 

rs1491709 0.96 0.72 - 1.28 0.761 1.000 

rs16846876 1.02 0.83 - 1.26 0.841 1.000 

rs16846880 0.89 0.66 - 1.20 0.430 1.000 

rs16847015 0.99 0.70 - 1.41 0.960 1.000 

rs16847039 1.06 0.85 - 1.32 0.625 1.000 

rs16847047 1.16 0.90 - 1.49 0.257 0.999 

rs17383291 0.92 0.67 - 1.26 0.607 1.000 

rs17467825 0.93 0.76 - 1.15 0.493 1.000 

rs222014 0.98 0.76 - 1.27 0.884 1.000 

rs222016 0.96 0.76 - 1.21 0.742 1.000 

rs222017 0.99 0.76 - 1.28 0.910 1.000 

rs222029 0.94 0.75 - 1.18 0.573 1.000 

rs222035 0.92 0.73 - 1.15 0.438 1.000 

rs3733359 0.88 0.64 - 1.20 0.415 1.000 

rs6817912 0.92 0.67 - 1.26 0.607 1.000 

rs7041 0.92 0.74 - 1.15 0.456 1.000 

rs705117 0.94 0.74  1.18 0.575 1.000 

rs705125 1.08 0.85  1.38 0.535 1.000 

rs842999 0.88 0.71 - 1.10 0.262 1.000 

rs843007 1.05 0.84 - 1.31 0.653 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 55.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and colorectal neoplasia recurrence 

 

SNP COE 95% CI p pACT
1
 

rs1155563 1.34 0.91 - 1.95 0.136 0.971 

rs12512631 1.04 0.78 - 1.41 0.780 1.000 

rs13117483 1.07 0.70 - 1.62 0.764 1.000 

rs1352843 1.38 0.46 - 4.13 0.565 1.000 

rs1352844 1.32 0.53 - 3.26 0.552 1.000 

rs1491709 1.18 0.24 - 5.86 0.840 1.000 

rs16846876 1.07 0.77 - 1.50 0.683 1.000 

rs16846880 1.58 0.35 - 7.07 0.552 1.000 

rs16847015 NA NA - NA NA NA 

rs16847039 1.14 0.65 - 2.02 0.649 1.000 

rs16847047 1.45 0.60 - 3.52 0.412 1.000 

rs17383291 2.07 0.60 - 7.11 0.247 0.998 

rs17467825 1.30 0.90 - 1.89 0.161 0.984 

rs222014 1.38 0.46 - 4.13 0.565 1.000 

rs222016 1.18 0.59 - 2.38 0.641 1.000 

rs222017 1.39 0.46 - 4.14 0.559 1.000 

rs222029 0.99 0.51 - 1.95 0.983 1.000 

rs222035 1.02 0.79 - 1.33 0.876 1.000 

rs3733359 1.18 0.29 - 4.73 0.816 1.000 

rs6817912 2.38 0.22 - 26.26 0.480 1.000 

rs7041 1.01 0.78 - 1.31 0.931 1.000 

rs705117 0.88 0.45  1.74 0.722 1.000 

rs705125 1.25 0.68  2.29 0.476 1.000 

rs842999 1.02 0.80 - 1.31 0.866 1.000 

rs843007 1.24 0.71 - 2.16 0.457 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 56.  Association between individual SNPs in GC gene with additive mode of 

inheritance and villous colorectal neoplasia 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.85 0.62 - 1.17 0.311 0.999 

rs12512631 1.07 0.81 - 1.42 0.614 1.000 

rs13117483 0.96 0.70 - 1.33 0.809 1.000 

rs1352843 1.14 0.73 - 1.77 0.571 1.000 

rs1352844 1.27 0.85 - 1.90 0.249 0.997 

rs1491709 0.69 0.38 - 1.26 0.226 0.995 

rs16846876 1.02 0.76 - 1.38 0.881 1.000 

rs16846880 0.75 0.41 - 1.37 0.355 1.000 

rs16847015 0.73 0.35 - 1.51 0.398 1.000 

rs16847039 1.15 0.81 - 1.62 0.438 1.000 

rs16847047 1.28 0.86 - 1.92 0.229 0.995 

rs17383291 0.55 0.27 - 1.11 0.094 0.911 

rs17467825 0.90 0.66 - 1.23 0.520 1.000 

rs222014 1.14 0.73 - 1.77 0.571 1.000 

rs222016 1.00 0.68 - 1.48 0.989 0.989 

rs222017 1.14 0.74 - 1.77 0.555 1.000 

rs222029 0.95 0.65 - 1.40 0.800 1.000 

rs222035 0.82 0.62 - 1.09 0.172 0.983 

rs3733359 0.83 0.46 - 1.51 0.546 1.000 

rs6817912 0.85 0.46 - 1.57 0.606 1.000 

rs7041 0.81 0.61 - 1.07 0.139 0.962 

rs705117 0.79 0.52  1.20 0.277 0.999 

rs705125 1.15 0.80  1.67 0.446 1.000 

rs842999 0.69 0.52 - 0.91 0.008 0.223 

rs843007 1.11 0.78 - 1.57 0.563 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 57.  Association between individual SNPs in GC gene with dominant mode of 

inheritance and villous colorectal neoplasia 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.82 0.55 - 1.22 0.332 1.000 

rs12512631 1.12 0.75 - 1.67 0.593 1.000 

rs13117483 1.02 0.69 - 1.52 0.911 1.000 

rs1352843 1.16 0.72 - 1.86 0.550 1.000 

rs1352844 1.29 0.83 - 2.03 0.262 0.998 

rs1491709 0.70 0.38 - 1.30 0.255 0.998 

rs16846876 0.86 0.58 - 1.28 0.463 1.000 

rs16846880 0.69 0.37 - 1.32 0.266 0.998 

rs16847015 0.74 0.35 - 1.56 0.434 1.000 

rs16847039 1.19 0.79 - 1.79 0.407 1.000 

rs16847047 1.32 0.84 - 2.07 0.231 0.996 

rs17383291 0.47 0.22 - 1.04 0.061 0.802 

rs17467825 0.78 0.53 - 1.17 0.228 0.995 

rs222014 1.16 0.72 - 1.86 0.550 1.000 

rs222016 1.07 0.70 - 1.65 0.747 1.000 

rs222017 1.16 0.72 - 1.87 0.532 1.000 

rs222029 1.01 0.66 - 1.56 0.949 1.000 

rs222035 0.77 0.51 - 1.17 0.221 0.995 

rs3733359 0.78 0.41 - 1.48 0.445 1.000 

rs6817912 0.78 0.41 - 1.48 0.445 1.000 

rs7041 0.75 0.50 - 1.13 0.173 0.983 

rs705117 0.73 0.46  1.17 0.186 0.988 

rs705125 1.24 0.80  1.92 0.340 1.000 

rs842999 0.58 0.39 - 0.86 0.007 0.196 

rs843007 1.14 0.76 - 1.73 0.529 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 58.  Association between individual SNPs in GC gene with recessive mode of 

inheritance and villous colorectal neoplasia 

 

SNP COE 95% CI p pACT
1
 

rs1155563 0.79 0.36 - 1.74 0.557 1.000 

rs12512631 1.07 0.62 - 1.87 0.800 1.000 

rs13117483 0.68 0.27 - 1.71 0.413 1.000 

rs1352843 1.04 0.13 - 8.04 0.973 1.000 

rs1352844 1.47 0.34 - 6.45 0.609 1.000 

rs1491709 NA NA - NA NA NA 

rs16846876 1.53 0.88 - 2.68 0.136 0.961 

rs16846880 2.10 0.25 - 17.61 0.494 1.000 

rs16847015 NA NA - NA NA NA 

rs16847039 1.11 0.39 - 3.14 0.848 1.000 

rs16847047 1.39 0.32 - 6.07 0.663 1.000 

rs17383291 1.24 0.16 - 9.81 0.836 1.000 

rs17467825 1.25 0.65 - 2.41 0.497 1.000 

rs222014 1.04 0.13 - 8.04 0.973 1.000 

rs222016 0.40 0.05 - 2.92 0.364 1.000 

rs222017 1.03 0.13 - 8.02 0.975 1.000 

rs222029 0.36 0.05 - 2.67 0.320 0.999 

rs222035 0.76 0.45 - 1.31 0.324 1.000 

rs3733359 1.78 0.22 - 14.56 0.593 1.000 

rs6817912 6.28 0.56 - 69.79 0.135 0.964 

rs7041 0.76 0.44 - 1.29 0.303 0.999 

rs705117 1.17 0.35  3.88 0.800 1.000 

rs705125 0.93 0.28  3.05 0.900 1.000 

rs842999 0.64 0.38 - 1.09 0.103 0.923 

rs843007 1.07 0.38 - 3.02 0.905 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007. 
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Table 59.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs10222633 0.75 -0.52 - 2.02 0.247 1.000 

rs1042636 -0.73 -3.02 - 1.57 0.536 1.000 

rs12485716 0.21 -1.23 - 1.64 0.778 1.000 

rs12635478 -0.45 -1.78 - 0.88 0.509 1.000 

rs13320637 0.55 -0.86 - 1.95 0.446 1.000 

rs13324814 0.50 -1.36 - 2.36 0.600 1.000 

rs1354162 1.62 -0.39 - 3.62 0.115 0.983 

rs1501900 -1.11 -2.79 - 0.58 0.199 0.999 

rs17197636 0.08 -1.90 - 2.07 0.933 1.000 

rs17197671 -0.13 -2.08 - 1.81 0.893 1.000 

rs17203502 -0.34 -1.58 - 0.90 0.594 1.000 

rs17282008 -0.21 -1.68 - 1.25 0.777 1.000 

rs17282022 0.31 -0.94 - 1.55 0.630 1.000 

rs1801726 -1.76 -5.09 - 1.57 0.301 1.000 

rs1973490 0.06 -1.22 - 1.34 0.928 1.000 

rs3749208 -0.47 -1.80 - 0.87 0.496 1.000 

rs3804595 -0.14 -2.09 - 1.81 0.888 1.000 

rs3845918 0.45 -0.94 - 1.85 0.523 1.000 

rs3863977 -0.80 -2.19 - 0.59 0.262 1.000 

rs4678013 -1.23 -2.90 - 0.43 0.148 0.993 

rs4678035 -0.26 -1.85 - 1.32 0.745 1.000 

rs4678174 -0.15 -1.53 - 1.23 0.833 1.000 

rs6438706 -0.25 -1.84 - 1.34 0.760 1.000 

rs6764205 0.55 -0.83 - 1.93 0.436 1.000 

rs6764691 -0.14 -1.75 - 1.46 0.862 1.000 

rs6776158 -0.91 -2.20 - 0.38 0.167 0.996 

rs7614486 -0.28 -1.75 - 1.19 0.710 1.000 

rs7621124 0.14 -1.29 - 1.57 0.852 1.000 

rs7635112 -1.52 -3.48 - 0.43 0.128 0.988 

rs7644390 0.72 -0.61 - 2.04 0.291 1.000 

rs7646147 0.93 -0.41 - 2.26 0.175 0.997 

rs7647405 0.39 -2.91 - 3.70 0.815 1.000 

rs7648044 -0.30 -1.89  1.28 0.706 1.000 

rs9826770 0.29 -2.64  3.21 0.848 1.000 

rs9866419 -0.43 -1.84  0.97 0.544 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 60.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs10222633 1.47 -0.60 - 3.54 0.164 0.996 

rs1042636 -1.03 -3.50 - 1.43 0.412 1.000 

rs12485716 0.54 -1.27 - 2.34 0.559 1.000 

rs12635478 0.69 -1.11 - 2.50 0.451 1.000 

rs13320637 0.10 -1.71 - 1.92 0.912 1.000 

rs13324814 0.99 -1.10 - 3.08 0.353 1.000 

rs1354162 1.86 -0.28 - 4.01 0.089 0.960 

rs1501900 -1.25 -3.14 - 0.64 0.196 0.999 

rs17197636 0.10 -2.14 - 2.33 0.933 1.000 

rs17197671 -0.03 -2.10 - 2.04 0.977 0.977 

rs17203502 -1.24 -3.27 - 0.78 0.228 0.999 

rs17282008 -0.60 -2.40 - 1.21 0.519 1.000 

rs17282022 -0.05 -2.05 - 1.96 0.962 1.000 

rs1801726 -1.81 -5.53 - 1.90 0.339 1.000 

rs1973490 0.10 -1.78 - 1.98 0.918 1.000 

rs3749208 0.57 -1.24 - 2.37 0.540 1.000 

rs3804595 -0.04 -2.11 - 2.04 0.971 1.000 

rs3845918 0.14 -1.67 - 1.95 0.883 1.000 

rs3863977 -0.85 -2.65 - 0.95 0.355 1.000 

rs4678013 -1.26 -3.15 - 0.62 0.189 0.998 

rs4678035 0.24 -1.69 - 2.17 0.806 1.000 

rs4678174 0.32 -1.47 - 2.12 0.724 1.000 

rs6438706 0.26 -1.67 - 2.20 0.789 1.000 

rs6764205 0.14 -1.66 - 1.95 0.876 1.000 

rs6764691 0.32 -1.61 - 2.26 0.745 1.000 

rs6776158 -0.69 -2.51 - 1.13 0.456 1.000 

rs7614486 -0.07 -1.89 - 1.74 0.936 1.000 

rs7621124 0.43 -1.37 - 2.23 0.638 1.000 

rs7635112 -1.58 -3.70 - 0.55 0.146 0.993 

rs7644390 0.42 -1.42 - 2.25 0.657 1.000 

rs7646147 0.63 -1.20 - 2.46 0.500 1.000 

rs7647405 0.36 -3.12 - 3.83 0.841 1.000 

rs7648044 0.18 -1.75  2.11 0.855 1.000 

rs9826770 0.28 -2.75  3.32 0.855 1.000 

rs9866419 -0.41 -2.21  1.39 0.655 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 61.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and circulating levels of 25(OH)D 

 

SNP COE 95% CI p pACT
1
 

rs10222633 0.53 -1.54 - 2.60 0.618 1.000 

rs1042636 3.51 -6.90 - 13.92 0.509 1.000 

rs12485716 -0.78 -4.26 - 2.69 0.659 1.000 

rs12635478 -3.64 -6.42 - -0.87 0.010 0.369 

rs13320637 2.71 -0.60 - 6.02 0.109 0.979 

rs13324814 -3.40 -9.83 - 3.03 0.301 1.000 

rs1354162 -0.21 -9.26 - 8.84 0.964 1.000 

rs1501900 -1.30 -7.06 - 4.45 0.657 1.000 

rs17197636 0.12 -6.77 - 7.00 0.973 0.999 

rs17197671 -2.28 -11.26 - 6.69 0.618 1.000 

rs17203502 0.35 -1.70 - 2.41 0.735 1.000 

rs17282008 1.16 -2.56 - 4.88 0.542 1.000 

rs17282022 0.92 -1.18 - 3.01 0.391 1.000 

rs1801726 -4.43 -17.19 - 8.32 0.496 1.000 

rs1973490 0.04 -2.32 - 2.41 0.970 1.000 

rs3749208 -3.45 -6.25 - -0.64 0.016 0.498 

rs3804595 -2.29 -11.33 - 6.75 0.620 1.000 

rs3845918 2.06 -1.21 - 5.32 0.218 0.999 

rs3863977 -1.52 -4.70 - 1.67 0.351 1.000 

rs4678013 -2.63 -8.12 - 2.86 0.349 1.000 

rs4678035 -3.20 -7.54 - 1.13 0.148 0.993 

rs4678174 -1.77 -4.91 - 1.37 0.271 1.000 

rs6438706 -3.19 -7.53 - 1.15 0.150 0.994 

rs6764205 2.36 -0.75 - 5.47 0.138 0.992 

rs6764691 -2.81 -7.26 - 1.65 0.218 0.999 

rs6776158 -2.22 -4.79 - 0.34 0.090 0.961 

rs7614486 -1.48 -5.20 - 2.25 0.437 1.000 

rs7621124 -0.81 -4.28 - 2.67 0.649 1.000 

rs7635112 -3.10 -11.22 - 5.02 0.455 1.000 

rs7644390 1.99 -0.66 - 4.64 0.142 0.992 

rs7646147 2.42 -0.29 - 5.13 0.081 0.947 

rs7647405 2.12 -15.92 - 20.16 0.818 1.000 

rs7648044 -3.20 -7.54  1.13 0.148 0.993 

rs9826770 0.92 -17.12  18.96 0.920 1.000 

rs9866419 -1.00 -4.28  2.27 0.549 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 62.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and circulating levels of 1,25(OH)2D 

 

SNP COE 95% CI p pACT
1
 

rs10222633 0.220 -1.13 - 1.58 0.747 1.000 

rs1042636 -1.35 -3.81 - 1.10 0.280 1.000 

rs12485716 -0.86 -2.38 - 0.66 0.267 1.000 

rs12635478 -0.11 -1.53 - 1.31 0.880 1.000 

rs13320637 0.67 -0.82 - 2.17 0.377 1.000 

rs13324814 -1.32 -3.28 - 0.64 0.187 0.998 

rs1354162 0.50 -1.64 - 2.64 0.647 1.000 

rs1501900 -0.97 -2.78 - 0.83 0.29 1.000 

rs17197636 -0.63 -2.73 - 1.47 0.555 1.000 

rs17197671 -0.08 -2.14 - 1.97 0.937 1.000 

rs17203502 -0.74 -2.07 - 0.60 0.281 1.000 

rs17282008 -0.07 -1.63 - 1.50 0.934 1.000 

rs17282022 0.58 -0.75 - 1.91 0.392 1.000 

rs1801726 -1.12 -4.67 - 2.43 0.537 1.000 

rs1973490 0 -1.36 - 1.36 0.999 0.999 

rs3749208 -0.06 -1.49 - 1.36 0.931 1.000 

rs3804595 0.02 -2.06 - 2.10 0.985 1.000 

rs3845918 0.78 -0.70 - 2.26 0.304 1.000 

rs3863977 0.25 -1.23 - 1.74 0.739 1.000 

rs4678013 -1.05 -2.83 - 0.73 0.248 1.000 

rs4678035 0.01 -1.68 - 1.70 0.991 1.000 

rs4678174 -0.97 -2.44 - 0.50 0.195 0.999 

rs6438706 0.04 -1.65 - 1.73 0.964 1.000 

rs6764205 0.70 -0.77 - 2.17 0.352 1.000 

rs6764691 0.09 -1.62 - 1.80 0.917 1.000 

rs6776158 -0.63 -2.01 - 0.75 0.370 1.000 

rs7614486 0.20 -1.37 - 1.76 0.804 1.000 

rs7621124 -0.94 -2.46 - 0.58 0.228 1.000 

rs7635112 -0.01 -2.09 - 2.08 0.996 0.999 

rs7644390 1.03 -0.38 - 2.44 0.152 0.994 

rs7646147 1.09 -0.33 - 2.52 0.133 0.989 

rs7647405 0.23 -3.28 - 3.75 0.897 1.000 

rs7648044 -0.01 -1.70  1.67 0.988 1.000 

rs9826770 1.55 -1.56  4.65 0.329 1.000 

rs9866419 0.31 -1.19  1.80 0.689 1.000 
 

1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 63.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and circulating levels of 1,25(OH)2D 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
 

SNP COE 95% CI p pACT
1
 

rs10222633 -0.34 -2.55 - 1.87 0.762 1.000 

rs1042636 -1.61 -4.24 - 1.03 0.233 1.000 

rs12485716 -1.02 -2.94 - 0.90 0.297 1.000 

rs12635478 0.35 -1.57 - 2.27 0.721 1.000 

rs13320637 0.52 -1.41 - 2.45 0.597 1.000 

rs13324814 -1.45 -3.65 - 0.76 0.199 0.999 

rs1354162 0.54 -1.75 - 2.84 0.643 1.000 

rs1501900 -0.42 -2.44 - 1.61 0.687 1.000 

rs17197636 -0.63 -3.00 - 1.74 0.605 1.000 

rs17197671 -0.57 -2.75 - 1.62 0.613 1.000 

rs17203502 -1.31 -3.49 - 0.86 0.237 1.000 

rs17282008 -0.12 -2.04 - 1.81 0.904 1.000 

rs17282022 0.53 -1.61 - 2.67 0.628 1.000 

rs1801726 -0.48 -4.44 - 3.49 0.814 1.000 

rs1973490 -0.11 -2.12 - 1.89 0.914 1.000 

rs3749208 0.39 -1.53 - 2.32 0.688 1.000 

rs3804595 -0.45 -2.66 - 1.76 0.691 1.000 

rs3845918 0.58 -1.35 - 2.50 0.557 1.000 

rs3863977 0.51 -1.41 - 2.43 0.606 1.000 

rs4678013 -0.49 -2.50 - 1.53 0.636 1.000 

rs4678035 0.17 -1.88 - 2.23 0.868 1.000 

rs4678174 -1.01 -2.91 - 0.90 0.302 1.000 

rs6438706 0.21 -1.85 - 2.27 0.841 1.000 

rs6764205 0.49 -1.43 - 2.41 0.615 1.000 

rs6764691 0.22 -1.84 - 2.29 0.832 1.000 

rs6776158 -0.17 -2.11 - 1.77 0.864 1.000 

rs7614486 0.33 -1.60 - 2.26 0.735 1.000 

rs7621124 -1.13 -3.04 - 0.79 0.249 1.000 

rs7635112 0.16 -2.11 - 2.42 0.892 1.000 

rs7644390 1.12 -0.83 - 3.07 0.261 1.000 

rs7646147 1.22 -0.73 - 3.17 0.222 0.999 

rs7647405 0.07 -3.63 - 3.77 0.970 1.000 

rs7648044 0.14 -1.91  2.19 0.894 1.000 

rs9826770 1.80 -1.42  5.03 0.274 1.000 

rs9866419 0.72 -1.19  2.63 0.461 1.000 
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Table 64.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and circulating levels of 1,25(OH)2D 

 

SNP COE 95% CI p pACT
1
 

rs10222633 0.93 -1.27 - 3.13 0.408 1.000 

rs1042636 0.82 -10.31 - 11.96 0.885 1.000 

rs12485716 -1.29 -4.99 - 2.40 0.493 1.000 

rs12635478 -1.32 -4.29 - 1.65 0.384 1.000 

rs13320637 2.02 -1.51 - 5.55 0.263 1.000 

rs13324814 -2.16 -8.95 - 4.64 0.534 1.000 

rs1354162 0.53 -9.11 - 10.16 0.915 1.000 

rs1501900 -7.46 -13.56 - -1.35 0.017 0.511 

rs17197636 -1.70 -9.00 - 5.59 0.648 1.000 

rs17197671 8.85 -0.59 - 18.29 0.067 0.912 

rs17203502 -0.66 -2.86 - 1.55 0.560 1.000 

rs17282008 0.08 -3.88 - 4.04 0.968 1.000 

rs17282022 1.06 -1.17 - 3.30 0.352 1.000 

rs1801726 -10.84 -24.41 - 2.73 0.118 0.984 

rs1973490 0.17 -2.35 - 2.69 0.894 1.000 

rs3749208 -1.24 -4.25 - 1.76 0.417 1.000 

rs3804595 8.93 -0.67 - 18.53 0.069 0.919 

rs3845918 2.40 -1.08 - 5.87 0.177 0.998 

rs3863977 -0.26 -3.67 - 3.14 0.880 1.000 

rs4678013 -7.25 -13.08 - -1.42 0.015 0.474 

rs4678035 -0.80 -5.43 - 3.82 0.733 1.000 

rs4678174 -1.94 -5.28 - 1.41 0.256 1.000 

rs6438706 -0.78 -5.40 - 3.85 0.742 1.000 

rs6764205 2.08 -1.23 - 5.39 0.219 0.999 

rs6764691 -0.49 -5.24 - 4.27 0.841 1.000 

rs6776158 -2.15 -4.89 - 0.58 0.123 0.985 

rs7614486 -0.13 -4.10 - 3.83 0.948 1.000 

rs7621124 -1.32 -5.02 - 2.37 0.483 1.000 

rs7635112 -2.39 -11.04 - 6.25 0.588 1.000 

rs7644390 1.78 -1.04 - 4.60 0.217 0.999 

rs7646147 1.82 -1.07 - 4.71 0.218 0.999 

rs7647405 5.03 -14.16 - 24.23 0.608 1.000 

rs7648044 -0.80 -5.43  3.82 0.733 1.000 

rs9826770 -4.59 -23.79  14.61 0.640 1.000 

rs9866419 -0.73 -4.22  2.76 0.682 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 65.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and 20 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.77 0.55 - 1.07 0.122 0.982 

rs1042636 0.84 0.45 - 1.57 0.586 1.000 

rs12485716 1.29 0.90 - 1.85 0.169 0.996 

rs12635478 1.03 0.73 - 1.45 0.883 1.000 

rs13320637 1.00 0.69 - 1.44 0.996 0.996 

rs13324814 1.18 0.74 - 1.88 0.492 1.000 

rs1354162 0.55 0.30 - 1.00 0.051 0.850 

rs1501900 1.16 0.75 - 1.79 0.496 1.000 

rs17197636 1.31 0.81 - 2.13 0.270 1.000 

rs17197671 1.38 0.85 - 2.26 0.196 0.998 

rs17203502 1.08 0.78 - 1.50 0.629 1.000 

rs17282008 0.98 0.67 - 1.43 0.916 1.000 

rs17282022 0.92 0.67 - 1.28 0.638 1.000 

rs1801726 1.92 0.90 - 4.10 0.093 0.960 

rs1973490 0.92 0.66 - 1.28 0.604 1.000 

rs3749208 1.01 0.72 - 1.43 0.949 1.000 

rs3804595 1.34 0.82 - 2.17 0.243 0.999 

rs3845918 1.02 0.71 - 1.47 0.907 1.000 

rs3863977 1.15 0.80 - 1.64 0.447 1.000 

rs4678013 1.23 0.81 - 1.88 0.334 1.000 

rs4678035 1.09 0.73 - 1.63 0.678 1.000 

rs4678174 1.47 1.03 - 2.08 0.032 0.709 

rs6438706 1.09 0.72 - 1.63 0.690 1.000 

rs6764205 0.87 0.60 - 1.25 0.449 1.000 

rs6764691 1.03 0.68 - 1.56 0.880 1.000 

rs6776158 1.18 0.85 - 1.65 0.319 1.000 

rs7614486 0.94 0.64 - 1.38 0.737 1.000 

rs7621124 1.29 0.90 - 1.85 0.170 0.996 

rs7635112 1.16 0.71 - 1.91 0.545 1.000 

rs7644390 0.64 0.45 - 0.92 0.016 1.000 

rs7646147 0.60 0.42 - 0.87 0.008 0.293 

rs7647405 1.24 0.55 - 2.79 0.610 1.000 

rs7648044 1.08 0.72 - 1.62 0.713 0.491 

rs9826770 0.71 0.31 - 1.63 0.417 1.000 

rs9866419 1.00 0.69 - 1.44 0.993 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 66.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and 20 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.74 0.44 - 1.24 0.246 0.999 

rs1042636 0.88 0.46 - 1.71 0.716 1.000 

rs12485716 1.25 0.78 - 1.99 0.351 1.000 

rs12635478 0.82 0.52 - 1.31 0.408 1.000 

rs13320637 1.02 0.64 - 1.62 0.947 1.000 

rs13324814 1.13 0.66 - 1.93 0.653 1.000 

rs1354162 0.56 0.30 - 1.04 0.067 0.910 

rs1501900 1.08 0.66 - 1.77 0.745 1.000 

rs17197636 1.38 0.79 - 2.39 0.257 1.000 

rs17197671 1.44 0.85 - 2.43 0.178 0.997 

rs17203502 1.23 0.71 - 2.13 0.453 1.000 

rs17282008 0.95 0.60 - 1.52 0.838 1.000 

rs17282022 0.87 0.52 - 1.46 0.606 1.000 

rs1801726 2.03 0.87 - 4.76 0.103 0.972 

rs1973490 0.83 0.51 - 1.34 0.437 1.000 

rs3749208 0.84 0.52 - 1.33 0.454 1.000 

rs3804595 1.38 0.82 - 2.32 0.224 0.999 

rs3845918 1.01 0.63 - 1.61 0.972 1.000 

rs3863977 1.19 0.75 - 1.90 0.465 1.000 

rs4678013 1.12 0.69 - 1.83 0.644 1.000 

rs4678035 0.94 0.57 - 1.56 0.814 1.000 

rs4678174 1.49 0.93 - 2.38 0.098 0.966 

rs6438706 0.94 0.57 - 1.55 0.800 1.000 

rs6764205 0.86 0.54 - 1.37 0.524 1.000 

rs6764691 0.91 0.55 - 1.51 0.709 1.000 

rs6776158 1.11 0.69 - 1.79 0.664 1.000 

rs7614486 0.89 0.55 - 1.42 0.620 1.000 

rs7621124 1.24 0.78 - 1.98 0.357 1.000 

rs7635112 1.12 0.65 - 1.93 0.677 1.000 

rs7644390 0.68 0.42 - 1.08 0.105 0.970 

rs7646147 0.64 0.40 - 1.02 0.059 0.885 

rs7647405 1.32 0.56 - 3.09 0.522 1.000 

rs7648044 0.93 0.56 - 1.53 0.770 1.000 

rs9826770 0.72 0.31 - 1.69 0.452 1.000 

rs9866419 1.03 0.65 - 1.64 0.909 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007. 
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Table 67.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and 20 ng/ml threshold for 25(OH) 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.67 0.38 - 1.19 0.173 0.997 

rs1042636 NA NA - NA NA NA 

rs12485716 1.87 0.84 - 4.19 0.126 0.984 

rs12635478 1.70 0.88 - 3.31 0.115 0.978 

rs13320637 0.94 0.39 - 2.25 0.893 1.000 

rs13324814 2.06 0.48 - 8.80 0.328 1.000 

rs1354162 NA NA - NA NA NA 

rs1501900 2.34 0.65 - 8.50 0.194 0.998 

rs17197636 1.34 0.26 - 7.04 0.728 1.000 

rs17197671 1.17 0.12 - 11.42 0.891 1.000 

rs17203502 1.01 0.59 - 1.73 0.970 1.000 

rs17282008 1.08 0.42 - 2.78 0.880 1.000 

rs17282022 0.93 0.54 - 1.62 0.801 1.000 

rs1801726 3.46 0.21 - 55.80 0.382 1.000 

rs1973490 1.01 0.54 - 1.86 0.985 1.000 

rs3749208 1.56 0.80 - 3.08 0.194 0.998 

rs3804595 1.14 0.12 - 11.14 0.907 1.000 

rs3845918 1.09 0.48 - 2.51 0.834 1.000 

rs3863977 1.20 0.54 - 2.66 0.655 1.000 

rs4678013 2.97 0.88 - 9.95 0.078 0.936 

rs4678035 2.25 0.85 - 5.99 0.103 0.972 

rs4678174 2.07 1.00 - 4.27 0.049 0.841 

rs6438706 2.25 0.84 - 5.97 0.105 0.969 

rs6764205 0.77 0.33 - 1.81 0.548 1.000 

rs6764691 1.93 0.69 - 5.38 0.207 0.998 

rs6776158 1.54 0.83 - 2.87 0.173 0.996 

rs7614486 1.08 0.42 - 2.80 0.866 1.000 

rs7621124 1.88 0.84 - 4.20 0.124 0.983 

rs7635112 2.27 0.37 - 13.82 0.372 1.000 

rs7644390 0.31 0.12 - 0.82 0.017 0.514 

rs7646147 0.26 0.09 - 0.76 0.013 0.431 

rs7647405 NA NA - NA NA NA 

rs7648044 2.25 0.85 - 5.99 0.103 0.972 

rs9826770 NA NA - NA NA NA 

rs9866419 0.90 0.38 - 2.15 0.817 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 68.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.99 0.75 - 1.31 0.950 1.000 

rs1042636 1.12 0.68 - 1.86 0.648 1.000 

rs12485716 1.02 0.74 - 1.39 0.917 1.000 

rs12635478 0.96 0.72 - 1.29 0.808 1.000 

rs13320637 0.98 0.72 - 1.33 0.874 1.000 

rs13324814 1.03 0.69 - 1.54 0.892 1.000 

rs1354162 0.91 0.58 - 1.42 0.673 1.000 

rs1501900 1.20 0.83 - 1.74 0.330 1.000 

rs17197636 0.76 0.49 - 1.18 0.221 1.000 

rs17197671 1.00 0.65 - 1.53 0.982 1.000 

rs17203502 1.04 0.79 - 1.36 0.803 1.000 

rs17282008 0.92 0.67 - 1.27 0.611 1.000 

rs17282022 0.97 0.73 - 1.27 0.803 1.000 

rs1801726 1.32 0.64 - 2.73 0.457 1.000 

rs1973490 0.96 0.73 - 1.28 0.796 1.000 

rs3749208 0.96 0.72 - 1.29 0.812 1.000 

rs3804595 0.99 0.65 - 1.52 0.966 1.000 

rs3845918 0.98 0.72 - 1.34 0.916 1.000 

rs3863977 1.10 0.81 - 1.49 0.535 1.000 

rs4678013 1.22 0.85 - 1.77 0.277 1.000 

rs4678035 1.01 0.72 - 1.43 0.944 1.000 

rs4678174 1.07 0.79 - 1.45 0.648 1.000 

rs6438706 1.01 0.71 - 1.43 0.967 1.000 

rs6764205 0.98 0.72 - 1.32 0.888 1.000 

rs6764691 0.98 0.69 - 1.40 0.926 1.000 

rs6776158 1.15 0.86 - 1.52 0.343 1.000 

rs7614486 1.00 0.73 - 1.38 0.993 1.000 

rs7621124 1.04 0.76 - 1.43 0.792 1.000 

rs7635112 1.19 0.78 - 1.83 0.423 1.000 

rs7644390 0.94 0.71 - 1.26 0.694 1.000 

rs7646147 0.91 0.68 - 1.22 0.519 1.000 

rs7647405 0.83 0.4 - 1.73 0.615 1.000 

rs7648044 1.03 0.73 - 1.46 0.866 1.000 

rs9826770 0.92 0.48 - 1.74 0.789 1.000 

rs9866419 1.00 0.74 - 1.36 0.980 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 69.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.03 0.65 - 1.62 0.898 1.000 

rs1042636 1.27 0.74 - 2.17 0.392 1.000 

rs12485716 0.94 0.64 - 1.40 0.778 1.000 

rs12635478 0.79 0.53 - 1.18 0.251 1.000 

rs13320637 1.05 0.71 - 1.57 0.795 1.000 

rs13324814 0.96 0.61 - 1.52 0.857 1.000 

rs1354162 0.89 0.55 - 1.42 0.614 1.000 

rs1501900 1.23 0.81 - 1.86 0.330 1.000 

rs17197636 0.76 0.46 - 1.24 0.272 1.000 

rs17197671 0.98 0.62 - 1.55 0.939 1.000 

rs17203502 1.28 0.82 - 2.02 0.278 1.000 

rs17282008 1.00 0.67 - 1.49 0.995 1.000 

rs17282022 1.02 0.65 - 1.58 0.946 1.000 

rs1801726 1.38 0.62 - 3.11 0.432 1.000 

rs1973490 0.93 0.62 - 1.41 0.733 1.000 

rs3749208 0.81 0.55 - 1.21 0.309 1.000 

rs3804595 0.98 0.62 - 1.54 0.923 1.000 

rs3845918 1.04 0.70 - 1.55 0.835 1.000 

rs3863977 1.16 0.78 - 1.72 0.468 1.000 

rs4678013 1.23 0.82 - 1.86 0.321 1.000 

rs4678035 0.93 0.61 - 1.42 0.733 1.000 

rs4678174 1.00 0.68 - 1.48 1.000 1.000 

rs6438706 0.92 0.6 - 1.41 0.71 1.000 

rs6764205 1.03 0.69 - 1.52 0.895 1.000 

rs6764691 0.91 0.60 - 1.39 0.671 1.000 

rs6776158 1.13 0.76 - 1.69 0.547 1.000 

rs7614486 0.97 0.65 - 1.44 0.869 1.000 

rs7621124 0.98 0.66 - 1.46 0.932 1.000 

rs7635112 1.18 0.74 - 1.87 0.491 1.000 

rs7644390 1.04 0.70 - 1.56 0.835 1.000 

rs7646147 0.99 0.66 - 1.49 0.975 1.000 

rs7647405 0.87 0.40 - 1.87 0.721 1.000 

rs7648044 0.95 0.63 - 1.45 0.825 1.000 

rs9826770 0.96 0.49 - 1.86 0.899 1.000 

rs9866419 1.04 0.70 - 1.54 0.856 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 70.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and 25 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.95 0.60 - 1.49 0.817 1.000 

rs1042636 NA NA - NA NA NA 

rs12485716 1.36 0.64 - 2.89 0.429 1.000 

rs12635478 1.48 0.80 - 2.73 0.207 0.999 

rs13320637 0.73 0.34 - 1.53 0.397 1.000 

rs13324814 2.10 0.49 - 8.89 0.316 1.000 

rs1354162 1.25 0.17 - 8.94 0.826 1.000 

rs1501900 1.26 0.36 - 4.42 0.720 1.000 

rs17197636 0.48 0.09 - 2.51 0.386 1.000 

rs17197671 1.26 0.18 - 9.03 0.819 1.000 

rs17203502 0.85 0.54 - 1.34 0.492 1.000 

rs17282008 0.57 0.24 - 1.34 0.197 0.999 

rs17282022 0.89 0.56 - 1.41 0.625 1.000 

rs1801726 1.25 0.08 - 20.17 0.874 1.000 

rs1973490 0.99 0.59 - 1.66 0.960 1.000 

rs3749208 1.41 0.76 - 2.60 0.278 1.000 

rs3804595 1.25 0.17 - 8.99 0.822 1.000 

rs3845918 0.79 0.38 - 1.64 0.534 1.000 

rs3863977 1.05 0.52 - 2.10 0.893 1.000 

rs4678013 1.52 0.46 - 5.06 0.496 1.000 

rs4678035 1.59 0.61 - 4.11 0.340 1.000 

rs4678174 1.44 0.72 - 2.85 0.300 1.000 

rs6438706 1.58 0.61 - 4.09 0.345 1.000 

rs6764205 0.83 0.42 - 1.64 0.587 1.000 

rs6764691 1.43 0.54 - 3.78 0.472 1.000 

rs6776158 1.34 0.77 - 2.36 0.301 1.000 

rs7614486 1.16 0.52 - 2.61 0.718 1.000 

rs7621124 1.36 0.64 - 2.91 0.422 1.000 

rs7635112 1.86 0.31 - 11.28 0.498 1.000 

rs7644390 0.72 0.40 - 1.30 0.278 1.000 

rs7646147 0.68 0.37 - 1.25 0.210 1.000 

rs7647405 NA NA - NA NA NA 

rs7648044 1.59 0.61 - 4.11 0.340 1.000 

rs9826770 NA NA - NA NA NA 

rs9866419 0.91 0.44 - 1.86 0.787 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 71.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and 32 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.95 0.69 - 1.32 0.768 1.000 

rs1042636 1.77 0.89 - 3.55 0.105 0.971 

rs12485716 0.77 0.53 - 1.10 0.144 0.990 

rs12635478 1.15 0.81 - 1.63 0.429 1.000 

rs13320637 0.98 0.69 - 1.41 0.932 1.000 

rs13324814 0.82 0.51 - 1.29 0.388 1.000 

rs1354162 0.87 0.52 - 1.43 0.574 1.000 

rs1501900 1.23 0.78 - 1.93 0.368 1.000 

rs17197636 0.92 0.56 - 1.52 0.745 1.000 

rs17197671 0.76 0.47 - 1.23 0.267 1.000 

rs17203502 0.80 0.58 - 1.11 0.191 0.998 

rs17282008 0.91 0.63 - 1.33 0.635 1.000 

rs17282022 1.20 0.87 - 1.66 0.270 1.000 

rs1801726 1.31 0.51 - 3.35 0.572 1.000 

rs1973490 0.94 0.67 - 1.30 0.700 1.000 

rs3749208 1.18 0.83 - 1.68 0.350 1.000 

rs3804595 0.74 0.46 - 1.20 0.226 0.999 

rs3845918 0.98 0.69 - 1.40 0.912 1.000 

rs3863977 1.54 1.05 - 2.26 0.029 0.675 

rs4678013 1.21 0.77 - 1.88 0.410 1.000 

rs4678035 1.13 0.74 - 1.72 0.569 1.000 

rs4678174 0.81 0.57 - 1.15 0.230 0.999 

rs6438706 1.12 0.73 - 1.70 0.607 1.000 

rs6764205 1.12 0.78 - 1.60 0.544 1.000 

rs6764691 1.11 0.73 - 1.70 0.620 1.000 

rs6776158 1.22 0.87 - 1.71 0.260 1.000 

rs7614486 1.44 0.96 - 2.15 0.077 0.934 

rs7621124 0.78 0.54 - 1.12 0.177 0.997 

rs7635112 2.23 1.20 - 4.14 0.011 0.374 

rs7644390 1.02 0.72 - 1.43 0.925 1.000 

rs7646147 0.98 0.69 - 1.38 0.899 1.000 

rs7647405 0.83 0.37 - 1.88 0.659 1.000 

rs7648044 1.14 0.75 - 1.74 0.537 1.000 

rs9826770 1.05 0.49 - 2.24 0.906 1.000 

rs9866419 1.49 1.02 - 2.20 0.041 0.788 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 72.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and 32 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.91 0.53 - 1.56 0.730 1.000 

rs1042636 2.01 0.95 - 4.24 0.067 0.911 

rs12485716 0.66 0.41 - 1.05 0.077 0.933 

rs12635478 0.92 0.58 - 1.47 0.737 1.000 

rs13320637 1.07 0.67 - 1.71 0.783 1.000 

rs13324814 0.73 0.43 - 1.22 0.228 0.999 

rs1354162 0.79 0.46 - 1.35 0.387 1.000 

rs1501900 1.35 0.82 - 2.24 0.240 1.000 

rs17197636 0.93 0.53 - 1.64 0.800 1.000 

rs17197671 0.73 0.44 - 1.23 0.243 1.000 

rs17203502 0.91 0.53 - 1.55 0.728 0.910 

rs17282008 1.04 0.65 - 1.66 0.865 1.000 

rs17282022 1.50 0.91 - 2.47 0.109 0.973 

rs1801726 1.23 0.45 - 3.38 0.685 1.000 

rs1973490 1.09 0.67 - 1.77 0.724 1.000 

rs3749208 0.98 0.62 - 1.57 0.942 1.000 

rs3804595 0.72 0.43 - 1.20 0.204 0.998 

rs3845918 1.04 0.65 - 1.66 0.865 1.000 

rs3863977 1.56 0.98 - 2.50 0.062 0.894 

rs4678013 1.30 0.79 - 2.15 0.299 1.000 

rs4678035 1.04 0.63 - 1.71 0.889 1.000 

rs4678174 0.68 0.42 - 1.08 0.100 0.968 

rs6438706 1.02 0.62 - 1.68 0.938 0.930 

rs6764205 1.23 0.77 - 1.95 0.383 1.000 

rs6764691 1.03 0.62 - 1.69 0.921 1.000 

rs6776158 1.14 0.72 - 1.83 0.570 1.000 

rs7614486 1.36 0.85 - 2.18 0.202 0.999 

rs7621124 0.68 0.43 - 1.08 0.101 0.968 

rs7635112 2.48 1.29 - 4.78 0.007 0.263 

rs7644390 1.21 0.76 - 1.94 0.424 1.000 

rs7646147 1.16 0.73 - 1.85 0.534 1.000 

rs7647405 0.78 0.33 - 1.83 0.569 1.000 

rs7648044 1.05 0.64 - 1.73 0.843 1.000 

rs9826770 1.01 0.46 - 2.22 0.976 1.000 

rs9866419 1.44 0.90 - 2.29 0.127 0.984 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 73.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and 32 ng/ml threshold for 25(OH)D 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.96 0.57 - 1.64 0.892 1.000 

rs1042636 0.61 0.05 - 6.78 0.686 1.000 

rs12485716 0.94 0.39 - 2.27 0.888 1.000 

rs12635478 2.79 1.07 - 7.27 0.036 0.747 

rs13320637 0.75 0.33 - 1.68 0.481 1.000 

rs13324814 2.13 0.26 - 17.50 0.483 1.000 

rs1354162 NA NA - NA NA NA 

rs1501900 0.70 0.18 - 2.77 0.615 1.000 

rs17197636 0.74 0.14 - 3.91 0.728 1.000 

rs17197671 0.93 0.10 - 9.07 0.951 1.000 

rs17203502 0.63 0.38 - 1.04 0.072 0.922 

rs17282008 0.51 0.22 - 1.20 0.126 0.984 

rs17282022 1.05 0.61 - 1.81 0.863 1.000 

rs1801726 NA NA - NA NA NA 

rs1973490 0.71 0.40 - 1.27 0.250 1.000 

rs3749208 2.68 1.03 - 7.00 0.044 0.808 

rs3804595 0.91 0.09 - 8.87 0.937 1.000 

rs3845918 0.79 0.35 - 1.77 0.571 1.000 

rs3863977 2.49 0.86 - 7.25 0.094 0.962 

rs4678013 0.81 0.21 - 3.10 0.754 1.000 

rs4678035 2.50 0.57 - 11.09 0.227 0.999 

rs4678174 1.07 0.47 - 2.43 0.876 1.000 

rs6438706 2.48 0.56 - 10.97 0.233 0.999 

rs6764205 0.94 0.43 - 2.08 0.887 1.000 

rs6764691 2.35 0.53 - 10.45 0.263 1.000 

rs6776158 1.73 0.82 - 3.67 0.153 0.993 

rs7614486 3.71 0.86 - 16.03 0.079 0.938 

rs7621124 0.95 0.39 - 2.30 0.908 1.000 

rs7635112 1.22 0.14 - 11.08 0.858 1.000 

rs7644390 0.73 0.38 - 1.39 0.334 1.000 

rs7646147 0.68 0.35 - 1.30 0.240 1.000 

rs7647405 NA NA - NA NA NA 

rs7648044 2.50 0.57 - 11.09 0.227 0.999 

rs9826770 NA NA - NA NA NA 

rs9866419 3.26 0.97 - 10.94 0.055 0.869 

 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 74.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.99 0.83 - 1.18 0.919 1.000 

rs1042636 0.63 0.44 - 0.91 0.015 0.478 

rs12485716 1.01 0.83 - 1.23 0.938 1.000 

rs12635478 0.98 0.81 - 1.18 0.807 1.000 

rs13320637 0.97 0.80 - 1.19 0.779 1.000 

rs13324814 1.08 0.84 - 1.39 0.533 1.000 

rs1354162 1.11 0.83 - 1.48 0.499 1.000 

rs1501900 1.20 0.96 - 1.50 0.114 0.980 

rs17197636 0.95 0.72 - 1.27 0.751 1.000 

rs17197671 0.91 0.70 - 1.19 0.495 1.000 

rs17203502 1.12 0.94 - 1.33 0.214 0.999 

rs17282008 0.97 0.79 - 1.19 0.734 1.000 

rs17282022 0.87 0.73 - 1.03 0.114 0.980 

rs1801726 1.58 1.02 - 2.45 0.042 0.802 

rs1973490 1.04 0.87 - 1.24 0.698 1.000 

rs3749208 0.98 0.81 - 1.18 0.798 1.000 

rs3804595 0.94 0.72 - 1.22 0.645 1.000 

rs3845918 0.97 0.79 - 1.18 0.739 1.000 

rs3863977 0.95 0.78 - 1.15 0.575 1.000 

rs4678013 1.17 0.94 - 1.46 0.161 0.992 

rs4678035 0.84 0.66 - 1.06 0.144 1.000 

rs4678174 1.09 0.90 - 1.32 0.366 1.000 

rs6438706 0.85 0.68 - 1.08 0.190 0.998 

rs6764205 0.92 0.76 - 1.12 0.410 1.000 

rs6764691 0.86 0.68 - 1.09 0.208 1.000 

rs6776158 1.02 0.85 - 1.23 0.824 1.000 

rs7614486 0.89 0.72 - 1.10 0.293 1.000 

rs7621124 1.02 0.84 - 1.24 0.861 1.000 

rs7635112 1.10 0.84 - 1.43 0.485 1.000 

rs7644390 0.96 0.80 - 1.15 0.651 1.000 

rs7646147 0.96 0.79 - 1.15 0.632 1.000 

rs7647405 0.80 0.48 - 1.34 0.401 1.000 

rs7648044 0.86 0.68 - 1.08 0.195 0.998 

rs9826770 0.69 0.44 - 1.08 0.101 0.972 

rs9866419 0.96 0.79 - 1.17 0.705 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 75.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP COE 95% CI p pACT
1 

rs10222633 0.91 0.69 - 1.20 0.499 1.000 

rs1042636 0.62 0.42 - 0.92 0.017 0.511 

rs12485716 1.05 0.82 - 1.35 0.718 1.000 

rs12635478 0.99 0.77 - 1.27 0.932 1.000 

rs13320637 0.90 0.70 - 1.15 0.394 1.000 

rs13324814 1.06 0.80 - 1.42 0.672 1.000 

rs1354162 1.04 0.76 - 1.44 0.790 1.000 

rs1501900 1.26 0.98 - 1.64 0.077 0.936 

rs17197636 0.96 0.71 - 1.31 0.806 1.000 

rs17197671 0.96 0.72 - 1.29 0.794 1.000 

rs17203502 1.10 0.83 - 1.47 0.516 1.000 

rs17282008 0.90 0.70 - 1.16 0.417 1.000 

rs17282022 0.85 0.65 - 1.12 0.244 1.000 

rs1801726 1.59 1.01 - 2.50 0.048 0.841 

rs1973490 1.10 0.84 - 1.43 0.483 1.000 

rs3749208 1.00 0.78 - 1.28 0.979 0.979 

rs3804595 1.00 0.74 - 1.33 0.976 1.000 

rs3845918 0.90 0.70 - 1.16 0.418 1.000 

rs3863977 0.90 0.70 - 1.16 0.411 1.000 

rs4678013 1.24 0.96 - 1.60 0.104 0.972 

rs4678035 0.78 0.59 - 1.03 0.078 0.938 

rs4678174 1.18 0.92 - 1.52 0.190 0.998 

rs6438706 0.80 0.61 - 1.05 0.112 0.979 

rs6764205 0.86 0.67 - 1.11 0.247 1.000 

rs6764691 0.80 0.61 - 1.06 0.115 0.980 

rs6776158 1.05 0.81 - 1.36 0.713 1.000 

rs7614486 0.91 0.70 - 1.17 0.451 1.000 

rs7621124 1.07 0.84 - 1.38 0.586 1.000 

rs7635112 1.06 0.80 - 1.41 0.684 1.000 

rs7644390 0.95 0.74 - 1.22 0.685 1.000 

rs7646147 0.97 0.75 - 1.25 0.815 1.000 

rs7647405 0.81 0.48 - 1.36 0.428 1.000 

rs7648044 0.83 0.63 - 1.09 0.174 0.996 

rs9826770 0.67 0.42 - 1.08 0.103 0.974 

rs9866419 0.95 0.74 - 1.22 0.670 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 76.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and colorectal neoplasia in the distal colon 

 

SNP  COE 95% CI p pACT
1 

rs10222633  1.08 0.81 - 1.44 0.602 1.000 

rs1042636  0.39 0.05 - 3.10 0.371 1.000 

rs12485716  0.89 0.56 - 1.43 0.634 1.000 

rs12635478  0.93 0.63 - 1.37 0.706 1.000 

rs13320637  1.26 0.79 - 2.00 0.338 1.000 

rs13324814  1.41 0.64 - 3.13 0.400 1.000 

rs1354162  2.70 0.90 - 8.08 0.077 0.940 

rs1501900  1.04 0.50 - 2.14 0.924 1.000 

rs17197636  0.78 0.22 - 2.80 0.708 1.000 

rs17197671  0.39 0.12 - 1.32 0.131 0.989 

rs17203502  1.22 0.92 - 1.62 0.164 0.996 

rs17282008  1.23 0.75 - 2.03 0.415 0.993 

rs17282022  0.80 0.58 - 1.08 0.147 1.000 

rs1801726  3.12 0.20 - 50.04 0.421 1.000 

rs1973490  0.97 0.70 - 1.35 0.876 1.000 

rs3749208  0.91 0.61 - 1.34 0.623 1.000 

rs3804595  0.40 0.12 - 1.36 0.142 0.992 

rs3845918  1.18 0.75 - 1.86 0.476 1.000 

rs3863977  1.04 0.68 - 1.59 0.874 1.000 

rs4678013  1.01 0.52 - 1.96 0.978 1.000 

rs4678035  1.04 0.53 - 2.02 0.914 1.000 

rs4678174  0.96 0.63 - 1.47 0.845 1.000 

rs6438706  1.04 0.54 - 2.03 0.904 1.000 

rs6764205  1.04 0.67 - 1.61 0.876 1.000 

rs6764691  1.10 0.56 - 2.14 0.789 1.000 

rs6776158  0.99 0.68 - 1.42 0.934 1.000 

rs7614486  0.72 0.41 - 1.28 0.266 1.000 

rs7621124  0.87 0.54 - 1.39 0.561 1.000 

rs7635112  2.08 0.73 - 5.88 0.169 0.996 

rs7644390  0.94 0.64 - 1.38 0.750 1.000 

rs7646147  0.88 0.59 - 1.31 0.529 1.000 

rs7647405  NA NA - NA NA NA 

rs7648044  0.86 0.42 - 1.76 0.688 1.000 

rs9826770  0.52 0.06 - 4.32 0.544 1.000 

rs9866419  0.98 0.62 - 1.55 0.919 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 77.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and colorectal neoplasia in the proximal colon
 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.06 0.91 - 1.24 0.475 1.000 

rs1042636 0.55 0.40 - 0.77 <0.001 0.022 

rs12485716 1.05 0.88 - 1.24 0.600 1.000 

rs12635478 0.82 0.69 - 0.97 0.017 0.523 

rs13320637 1.07 0.90 - 1.28 0.426 1.000 

rs13324814 0.91 0.73 - 1.14 0.417 1.000 

rs1354162 1.00 0.77 - 1.31 0.995 0.995 

rs1501900 1.02 0.83 - 1.25 0.830 1.000 

rs17197636 0.82 0.64 - 1.07 0.144 0.994 

rs17197671 1.21 0.96 - 1.51 0.103 0.977 

rs17203502 1.08 0.92 - 1.26 0.332 1.000 

rs17282008 1.10 0.92 - 1.32 0.281 1.000 

rs17282022 0.90 0.77 - 1.05 0.186 0.998 

rs1801726 1.35 0.89 - 2.03 0.155 0.995 

rs1973490 1.07 0.92 - 1.25 0.389 1.000 

rs3749208 0.82 0.69 - 0.97 0.020 0.563 

rs3804595 1.08 0.91 - 1.28 0.382 1.000 

rs3845918 0.87 0.73 - 1.04 0.119 1.000 

rs3863977 1.01 0.83 - 1.24 0.889 0.986 

rs4678013 0.82 0.67 - 1.01 0.067 1.000 

rs4678035 1.09 0.93 - 1.29 0.294 0.918 

rs4678174 0.81 0.66 - 1.00 0.051 1.000 

rs6438706 1.02 0.86 - 1.21 0.795 0.856 

rs6764205 0.82 0.66 - 1.01 0.062 1.000 

rs6764691 0.90 0.76 - 1.06 0.204 0.905 

rs6776158 0.84 0.70 - 1.02 0.075 0.999 

rs7614486 1.07 0.90 - 1.27 0.451 0.939 

rs7621124 0.99 0.78 - 1.26 0.963 1.000 

rs7635112 1.13 0.96 - 1.33 0.137 1.000 

rs7644390 1.13 0.96 - 1.33 0.142 0.992 

rs7646147 1.34 0.88 - 2.04 0.171 0.993 

rs7647405 0.84 0.68 - 1.03 0.096 0.997 

rs7648044 0.80 0.55 - 1.17 0.247 0.971 

rs9826770 0.88 0.74 - 1.05 0.147 0.999 

rs9866419 0.90 0.72 - 1.13 0.377 0.994 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 78.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.02 0.79 - 1.31 0.908 1.000 

rs1042636 0.51 0.36 - 0.73 <0.001 0.011 

rs12485716 1.04 0.83 - 1.30 0.733 1.000 

rs12635478 0.74 0.59 - 0.92 0.008 0.299 

rs13320637 1.05 0.84 - 1.31 0.675 1.000 

rs13324814 0.87 0.67 - 1.12 0.288 0.980 

rs1354162 0.99 0.74 - 1.31 0.926 1.000 

rs1501900 1.01 0.80 - 1.28 0.910 1.000 

rs17197636 0.81 0.62 - 1.08 0.149 0.995 

rs17197671 1.25 0.97 - 1.61 0.082 0.952 

rs17203502 1.21 0.93 - 1.56 0.155 0.995 

rs17282008 1.09 0.88 - 1.36 0.437 1.000 

rs17282022 0.90 0.71 - 1.14 0.391 1.000 

rs1801726 1.35 0.88 - 2.07 0.163 0.996 

rs1973490 1.08 0.85 - 1.36 0.539 1.000 

rs3749208 0.74 0.59 - 0.92 0.008 0.300 

rs3804595 1.04 0.84 - 1.30 0.700 1.000 

rs3845918 0.88 0.70 - 1.09 0.246 1.000 

rs3863977 0.99 0.79 - 1.25 0.927 0.999 

rs4678013 0.81 0.64 - 1.03 0.084 1.000 

rs4678035 1.08 0.87 - 1.35 0.497 0.955 

rs4678174 0.79 0.62 - 1.01 0.063 1.000 

rs6438706 0.99 0.80 - 1.24 0.951 0.905 

rs6764205 0.80 0.63 - 1.02 0.067 1.000 

rs6764691 0.88 0.70 - 1.10 0.251 0.919 

rs6776158 0.83 0.66 - 1.04 0.112 1.000 

rs7614486 1.07 0.86 - 1.34 0.543 0.983 

rs7621124 0.97 0.75 - 1.25 0.787 1.000 

rs7635112 1.14 0.91 - 1.42 0.262 1.000 

rs7644390 1.15 0.92 - 1.44 0.227 0.999 

rs7646147 1.31 0.85 - 2.01 0.215 1.000 

rs7647405 0.83 0.66 - 1.06 0.139 1.000 

rs7648044 0.72 0.48 - 1.08 0.114 0.993 

rs9826770 0.89 0.72 - 1.11 0.313 0.984 

rs9866419 0.85 0.66 - 1.10 0.217 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 79.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and colorectal neoplasia in the proximal colon 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.15 0.89 - 1.48 0.290 1.000 

rs1042636 0.75 0.20 - 2.85 0.677 1.000 

rs12485716 1.13 0.76 - 1.68 0.544 1.000 

rs12635478 0.86 0.60 - 1.21 0.383 1.000 

rs13320637 1.27 0.84 - 1.92 0.260 1.000 

rs13324814 1.16 0.56 - 2.37 0.689 1.000 

rs1354162 1.26 0.41 - 3.87 0.686 1.000 

rs1501900 1.13 0.59 - 2.14 0.712 1.000 

rs17197636 0.73 0.23 - 2.31 0.594 1.000 

rs17197671 1.12 0.51 - 2.45 0.772 1.000 

rs17203502 1.02 0.79 - 1.32 0.870 1.000 

rs17282008 1.29 0.83 - 2.01 0.260 1.000 

rs17282022 0.83 0.63 - 1.09 0.179 0.997 

rs1801726 2.02 0.13 - 32.42 0.619 1.000 

rs1973490 1.13 0.85 - 1.50 0.411 1.000 

rs3749208 0.87 0.62 - 1.24 0.446 1.000 

rs3804595 1.32 0.88 - 1.97 0.174 1.000 

rs3845918 0.74 0.49 - 1.10 0.134 0.997 

rs3863977 1.21 0.68 - 2.16 0.514 0.992 

rs4678013 0.70 0.37 - 1.33 0.280 1.000 

rs4678035 1.24 0.87 - 1.77 0.237 1.000 

rs4678174 0.70 0.37 - 1.33 0.274 0.999 

rs6438706 1.15 0.78 - 1.68 0.482 1.000 

rs6764205 0.74 0.39 - 1.42 0.367 1.000 

rs6764691 0.86 0.62 - 1.20 0.380 1.000 

rs6776158 0.73 0.44 - 1.21 0.219 1.000 

rs7614486 1.14 0.77 - 1.69 0.510 0.999 

rs7621124 1.58 0.58 - 4.26 0.370 1.000 

rs7635112 1.26 0.90 - 1.75 0.173 1.000 

rs7644390 1.23 0.88 - 1.72 0.235 0.997 

rs7646147 NA NA - NA NA NA 

rs7647405 0.67 0.34 - 1.30 0.233 0.999 

rs7648044 2.71 0.60 - 12.16 0.193 0.999 

rs9826770 0.72 0.47 - 1.10 0.127 0.998 

rs9866419 1.26 0.62 - 2.53 0.522 0.989 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 80.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and colorectal adenoma recurrence 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.03 0.89 - 1.20 0.688 1.000 

rs1042636 0.63 0.47 - 0.85 0.002 0.104 

rs12485716 1.01 0.85 - 1.19 0.923 1.000 

rs12635478 0.88 0.75 - 1.04 0.125 0.989 

rs13320637 1.09 0.92 - 1.30 0.315 1.000 

rs13324814 0.92 0.74 - 1.15 0.477 1.000 

rs1354162 1.00 0.78 - 1.29 0.989 0.989 

rs1501900 1.09 0.89 - 1.32 0.419 1.000 

rs17197636 0.86 0.67 - 1.10 0.23 1.000 

rs17197671 1.11 0.89 - 1.38 0.371 1.000 

rs17203502 1.02 0.88 - 1.19 0.775 1.000 

rs17282008 1.01 0.84 - 1.20 0.942 1.000 

rs17282022 0.95 0.82 - 1.10 0.492 1.000 

rs1801726 1.37 0.91 - 2.06 0.134 0.992 

rs1973490 1.01 0.86 - 1.17 0.932 1.000 

rs3749208 0.88 0.75 - 1.03 0.118 0.987 

rs3804595 1.11 0.89 - 1.39 0.352 1.000 

rs3845918 1.10 0.93 - 1.31 0.26 1.000 

rs3863977 0.92 0.78 - 1.09 0.345 1.000 

rs4678013 1.07 0.88 - 1.30 0.487 1.000 

rs4678035 0.85 0.70 - 1.04 0.11 0.983 

rs4678174 1.05 0.89 - 1.24 0.546 1.000 

rs6438706 0.84 0.69 - 1.03 0.087 0.961 

rs6764205 1.05 0.89 - 1.23 0.603 1.000 

rs6764691 0.86 0.70 - 1.05 0.127 0.989 

rs6776158 0.96 0.82 - 1.12 0.571 1.000 

rs7614486 0.91 0.76 - 1.08 0.283 1.000 

rs7621124 1.03 0.87 - 1.21 0.768 1.000 

rs7635112 1.05 0.84 - 1.33 0.664 1.000 

rs7644390 1.10 0.94 - 1.29 0.255 1.000 

rs7646147 1.10 0.93 - 1.29 0.265 1.000 

rs7647405 1.20 0.79 - 1.83 0.384 1.000 

rs7648044 0.86 0.70 - 1.04 0.121 0.988 

rs9826770 0.76 0.53 - 1.08 0.124 0.989 

rs9866419 0.94 0.80 - 1.12 0.502 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
 



 

 

325 

 

 

Table 81.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and colorectal adenoma recurrence 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.01 0.79 - 1.29 0.919 1.000 

rs1042636 0.61 0.45 - 0.83 0.002 0.091 

rs12485716 0.99 0.80 - 1.23 0.954 1.000 

rs12635478 0.87 0.70 - 1.08 0.199 0.999 

rs13320637 1.08 0.87 - 1.34 0.484 1.000 

rs13324814 0.89 0.70 - 1.15 0.376 1.000 

rs1354162 0.98 0.75 - 1.29 0.901 1.000 

rs1501900 1.12 0.89 - 1.40 0.332 1.000 

rs17197636 0.87 0.67 - 1.13 0.298 1.000 

rs17197671 1.16 0.90 - 1.49 0.258 1.000 

rs17203502 1.09 0.85 - 1.39 0.514 1.000 

rs17282008 0.98 0.79 - 1.22 0.879 1.000 

rs17282022 0.98 0.77 - 1.24 0.854 1.000 

rs1801726 1.39 0.91 - 2.12 0.125 0.989 

rs1973490 1.02 0.82 - 1.28 0.835 1.000 

rs3749208 0.87 0.70 - 1.08 0.194 0.999 

rs3804595 1.16 0.90 - 1.49 0.243 1.000 

rs3845918 1.08 0.87 - 1.34 0.467 1.000 

rs3863977 0.93 0.75 - 1.15 0.476 1.000 

rs4678013 1.09 0.87 - 1.37 0.449 1.000 

rs4678035 0.83 0.66 - 1.05 0.114 0.985 

rs4678174 1.06 0.85 - 1.31 0.607 1.000 

rs6438706 0.82 0.65 - 1.03 0.086 0.960 

rs6764205 1.03 0.83 - 1.28 0.787 1.000 

rs6764691 0.83 0.66 - 1.04 0.111 0.984 

rs6776158 0.96 0.77 - 1.19 0.7 1.000 

rs7614486 0.94 0.76 - 1.17 0.567 1.000 

rs7621124 1.02 0.82 - 1.27 0.852 1.000 

rs7635112 1.04 0.81 - 1.34 0.74 1.000 

rs7644390 1.13 0.91 - 1.40 0.285 1.000 

rs7646147 1.14 0.92 - 1.42 0.239 1.000 

rs7647405 1.18 0.77 - 1.80 0.442 1.000 

rs7648044 0.85 0.67 - 1.07 0.162 0.997 

rs9826770 0.70 0.48 - 1.03 0.069 0.927 

rs9866419 0.96 0.78 - 1.19 0.732 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 82.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and colorectal adenoma recurrence 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.07 0.84 - 1.38 0.576 1.000 

rs1042636 0.58 0.15 - 2.33 0.442 1.000 

rs12485716 1.07 0.72 - 1.59 0.739 1.000 

rs12635478 0.81 0.58 - 1.13 0.221 1.000 

rs13320637 1.26 0.83 - 1.92 0.274 1.000 

rs13324814 1.09 0.52 - 2.28 0.815 1.000 

rs1354162 1.36 0.46 - 4.08 0.578 1.000 

rs1501900 0.96 0.51 - 1.80 0.893 1.000 

rs17197636 0.58 0.20 - 1.70 0.321 1.000 

rs17197671 0.86 0.39 - 1.88 0.698 1.000 

rs17203502 0.98 0.76 - 1.25 0.848 1.000 

rs17282008 1.12 0.72 - 1.75 0.614 1.000 

rs17282022 0.88 0.68 - 1.14 0.327 1.000 

rs1801726 1.17 0.07 - 18.74 0.912 1.000 

rs1973490 0.99 0.74 - 1.31 0.919 1.000 

rs3749208 0.81 0.58 - 1.13 0.207 0.999 

rs3804595 0.86 0.39 - 1.89 0.705 1.000 

rs3845918 1.31 0.88 - 1.97 0.183 0.998 

rs3863977 0.85 0.58 - 1.23 0.376 1.000 

rs4678013 1.04 0.59 - 1.84 0.89 1.000 

rs4678035 0.80 0.45 - 1.43 0.451 1.000 

rs4678174 1.09 0.76 - 1.57 0.634 1.000 

rs6438706 0.80 0.45 - 1.43 0.452 1.000 

rs6764205 1.15 0.79 - 1.68 0.475 1.000 

rs6764691 0.86 0.48 - 1.55 0.614 1.000 

rs6776158 0.91 0.67 - 1.25 0.566 1.000 

rs7614486 0.69 0.44 - 1.10 0.122 0.989 

rs7621124 1.07 0.73 - 1.59 0.726 1.000 

rs7635112 1.33 0.48 - 3.69 0.582 1.000 

rs7644390 1.13 0.82 - 1.56 0.464 1.000 

rs7646147 1.09 0.79 - 1.52 0.607 1.000 

rs7647405 NA NA - NA NA NA 

rs7648044 0.72 0.40 - 1.31 0.286 1.000 

rs9826770 1.57 0.35 - 7.03 0.557 1.000 

rs9866419 0.83 0.56 - 1.23 0.352 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 83.  Association between individual SNPs in CASR gene with additive mode of 

inheritance and villous adenoma 

  

SNP COE 95% CI p pACT
1 

rs10222633 1.12 0.85 - 1.49 0.418 1.000 

rs1042636 1.08 0.65 - 1.81 0.763 1.000 

rs12485716 0.94 0.68 - 1.30 0.719 1.000 

rs12635478 0.98 0.73 - 1.32 0.891 1.000 

rs13320637 1.16 0.85 - 1.58 0.364 1.000 

rs13324814 1.10 0.74 - 1.64 0.636 1.000 

rs1354162 1.19 0.75 - 1.87 0.459 1.000 

rs1501900 0.95 0.65 - 1.38 0.776 1.000 

rs17197636 0.62 0.36 - 1.07 0.088 0.964 

rs17197671 0.86 0.55 - 1.34 0.498 1.000 

rs17203502 0.95 0.72 - 1.26 0.721 1.000 

rs17282008 1.00 0.72 - 1.39 0.986 1.000 

rs17282022 0.94 0.71 - 1.24 0.651 1.000 

rs1801726 1.00 0.46 - 2.18 0.997 0.997 

rs1973490 1.10 0.82 - 1.46 0.528 1.000 

rs3749208 0.96 0.71 - 1.30 0.804 1.000 

rs3804595 0.84 0.54 - 1.31 0.444 1.000 

rs3845918 1.16 0.85 - 1.58 0.341 1.000 

rs3863977 1.04 0.76 - 1.42 0.806 1.000 

rs4678013 0.89 0.61 - 1.29 0.526 1.000 

rs4678035 0.91 0.62 - 1.32 0.606 1.000 

rs4678174 0.96 0.70 - 1.31 0.782 1.000 

rs6438706 0.91 0.63 - 1.33 0.631 1.000 

rs6764205 0.95 0.69 - 1.31 0.761 1.000 

rs6764691 0.92 0.63 - 1.35 0.681 1.000 

rs6776158 0.86 0.64 - 1.16 0.328 1.000 

rs7614486 0.95 0.67 - 1.34 0.759 1.000 

rs7621124 0.97 0.70 - 1.33 0.827 1.000 

rs7635112 1.10 0.72 - 1.68 0.65 1.000 

rs7644390 1.09 0.81 - 1.47 0.573 1.000 

rs7646147 1.08 0.80 - 1.46 0.599 1.000 

rs7647405 0.68 0.27 - 1.70 0.412 1.000 

rs7648044 0.89 0.61 - 1.31 0.552 1.000 

rs9826770 0.70 0.33 - 1.50 0.361 1.000 

rs9866419 1.08 0.79 - 1.48 0.638 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 84.  Association between individual SNPs in CASR gene with dominant mode of 

inheritance and villous adenoma 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.39 0.85 - 2.29 0.189 0.999 

rs1042636 0.98 0.56 - 1.74 0.954 1.000 

rs12485716 0.95 0.63 - 1.43 0.798 1.000 

rs12635478 1.06 0.70 - 1.59 0.784 1.000 

rs13320637 1.33 0.89 - 2.00 0.164 0.997 

rs13324814 1.09 0.69 - 1.72 0.728 1.000 

rs1354162 1.22 0.75 - 2.00 0.426 1.000 

rs1501900 0.98 0.64 - 1.50 0.923 1.000 

rs17197636 0.58 0.33 - 1.05 0.07 0.932 

rs17197671 0.82 0.50 - 1.35 0.437 1.000 

rs17203502 0.93 0.59 - 1.47 0.768 1.000 

rs17282008 1.01 0.67 - 1.51 0.978 1.000 

rs17282022 0.87 0.56 - 1.34 0.521 1.000 

rs1801726 1.02 0.46 - 2.28 0.954 1.000 

rs1973490 1.07 0.70 - 1.64 0.763 1.000 

rs3749208 1.02 0.68 - 1.53 0.923 1.000 

rs3804595 0.80 0.49 - 1.32 0.385 1.000 

rs3845918 1.33 0.89 - 1.99 0.166 0.997 

rs3863977 1.09 0.73 - 1.64 0.683 1.000 

rs4678013 0.92 0.60 - 1.42 0.709 1.000 

rs4678035 0.78 0.49 - 1.22 0.269 1.000 

rs4678174 1.05 0.70 - 1.57 0.816 1.000 

rs6438706 0.78 0.50 - 1.23 0.288 1.000 

rs6764205 1.04 0.70 - 1.56 0.841 1.000 

rs6764691 0.79 0.50 - 1.24 0.31 1.000 

rs6776158 0.75 0.50 - 1.13 0.172 0.998 

rs7614486 0.87 0.57 - 1.33 0.53 1.000 

rs7621124 0.95 0.64 - 1.43 0.821 1.000 

rs7635112 1.19 0.76 - 1.86 0.449 1.000 

rs7644390 1.53 1.00 - 2.36 0.051 0.867 

rs7646147 1.49 0.97 - 2.28 0.069 0.931 

rs7647405 0.68 0.27 - 1.73 0.421 1.000 

rs7648044 0.79 0.50 - 1.24 0.308 1.000 

rs9826770 0.72 0.33 - 1.60 0.421 1.000 

rs9866419 1.10 0.73 - 1.65 0.642 1.000 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007.
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Table 85.  Association between individual SNPs in CASR gene with recessive mode of 

inheritance and villous adenoma 

 

SNP COE 95% CI p pACT
1 

rs10222633 1.00 0.63 - 1.60 0.995 1.000 

rs1042636 3.52 0.72 - 17.18 0.119 0.987 

rs12485716 0.86 0.39 - 1.90 0.706 1.000 

rs12635478 0.79 0.40 - 1.54 0.483 1.000 

rs13320637 0.81 0.35 - 1.90 0.626 1.000 

rs13324814 1.42 0.42 - 4.76 0.575 1.000 

rs1354162 1.01 0.13 - 7.88 0.989 1.000 

rs1501900 0.63 0.15 - 2.65 0.529 1.000 

rs17197636 0.88 0.12 - 6.78 0.904 1.000 

rs17197671 1.04 0.24 - 4.47 0.958 1.000 

rs17203502 0.93 0.58 - 1.50 0.772 1.000 

rs17282008 0.96 0.41 - 2.25 0.919 1.000 

rs17282022 0.98 0.61 - 1.59 0.938 1.000 

rs1801726 NA NA - NA NA NA 

rs1973490 1.22 0.74 - 2.02 0.431 1.000 

rs3749208 0.80 0.41 - 1.56 0.507 1.000 

rs3804595 1.02 0.24 - 4.38 0.978 1.000 

rs3845918 0.88 0.40 - 1.95 0.749 1.000 

rs3863977 0.95 0.47 - 1.93 0.879 1.000 

rs4678013 0.51 0.12 - 2.14 0.359 1.000 

rs4678035 1.74 0.72 - 4.19 0.216 1.000 

rs4678174 0.67 0.30 - 1.47 0.318 1.000 

rs6438706 1.74 0.72 - 4.18 0.219 1.000 

rs6764205 0.64 0.27 - 1.49 0.297 1.000 

rs6764691 1.82 0.76 - 4.40 0.182 0.998 

rs6776158 1.00 0.56 - 1.80 0.996 1.000 

rs7614486 1.24 0.56 - 2.78 0.599 1.000 

rs7621124 0.96 0.46 - 2.04 0.92 1.000 

rs7635112 NA NA - NA NA NA 

rs7644390 0.50 0.23 - 1.09 0.082 0.955 

rs7646147 0.52 0.24 - 1.13 0.099 0.974 

rs7647405 NA NA - NA NA NA 

rs7648044 1.49 0.57 - 3.84 0.414 1.000 

rs9826770 NA NA - NA NA NA 

rs9866419 1.09 0.54 - 2.23 0.807 1.000 

 

 
1
The multiple comparisons adjustment was applied to the p-values as described by 

Conneely et al., 2007
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Table 86.  Most predictive polymorphisms of vitamin D metabolites for VDR, RXRA, CASR, and GC. 

 
 25(OH)D 1,25(OH)2D <20 ng/ml <25 ng/ml <32 ng/ml 
 Most predictive 

polymorphisms 

    

VDR rs7310552  rs11168287 rs4237856  rs12581281 rs2189480  
 rs11168287 rs10875695 rs7310552  rs11568820 rs2239186  
 rs731236   rs10783215 rs2283343  rs886441   rs10783215 
 rs2239186  rs3819545  rs2525044  rs12721364 rs11168287 
 rs3782905  rs11168293 rs11168287 rs10875695 rs3819545  
      

RXRA      
 rs12004786  rs1536475   rs4842196   rs10776909  rs4240705   
 rs9409929   rs4240705   rs4240705   rs3132297   rs3118523   
 rs3118535   rs10776909  rs4240711   rs4240705   rs12004589  
 rs3118526   rs875444    rs12004589  rs3118535   rs3132299   
 rs10114634  rs1007971   rs1805343   rs3118570   rs1007971   

CASR      
 rs12635478 rs9826770  rs3863977  rs1801726  rs12635478 
 rs1501900  rs17197636 rs7646147  rs7647405  rs3863977  
 rs7647405  rs7614486  rs9866419  rs7646147  rs3749208  
 rs3863977  rs3749208  rs7644390  rs7644390  rs7635112  
 rs9866419  rs9866419  rs10222633 rs13324814 rs6776158  

GC      
 rs12512631 rs1155563   rs12512631 rs1155563   rs17467825 
 rs1155563   rs842999   rs16846876 rs16846876 rs222035  
 rs842999   rs1491709   rs1155563   rs17383291 rs842999   
 rs16846876 rs17467825 rs222029   rs7041     rs7041     
 rs7041     rs705125   rs16846880 rs12512631 rs705125   
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 Table 87. Most predictive polymorphisms of colorectal neoplasia outcomes for CASR and GC. 

 
 Distal Proximal Recurrence Villous 

 Most predictive 

polymorphisms 

   

CASR rs6764205  rs1042636  rs3749208  rs17203502 
 rs9866419  rs17203502 rs12485716 rs12485716 
 rs7621124  rs17282008 rs12635478 rs12635478 
 rs6438706  rs9866419  rs17203502 rs9866419  
 rs17282022 rs6764205  rs3863977  rs7644390  
     

GC     
 rs222035    rs1155563   rs12512631 rs842999   
 rs17467825 rs705117   rs1352844   rs1155563   
 rs13117483 rs842999   rs705125   rs16846876 
 rs7041     rs843007   rs16846880 rs13117483 
 rs843007   rs12512631 rs16847047 rs12512631 
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APPENDIX F: VITAMIND SUPPLEMENT TRIAL DOCUMENTS 

 

 
Pilot study to examine the effect of over-the-counter supplements on blood nutrient 

levels. 
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1 Introduction 

 1.1 Abstract 

 
Research has shown there is widespread vitamin D deficiency in the U.S. population.(75) 

Current dietary recommendations are that adults between 14 and 50 years of age receive 

200 IU (5 g/d) daily through diet and supplementation.  However, some studies indicate 

that this recommendation is inadequate to maintain circulating 25(OH)D levels above the 

threshold of vitamin D insufficiency.(75, 133)    The current pilot study is a blinded, 

randomized controlled trial designed to examine the effect of daily cholecalciferol 

supplementation on circulating 25(OH)D levels in 60 healthy community participants 

aged 35 to 50 years.  Participants will be randomized to receive either 400 IU/d 

cholecalciferol or a placebo for 30 days.  A blood draw will be taken at baseline then 

approximately every 15 days for 45 days total to determine whether circulating 25(OH)D 

levels are increased in response to vitamin D supplementation compared to those taking 

placebo. 

 

 1.2 Background, significance and preliminary studies 

 
Vitamin D insufficiency is a widespread problem with a range of potential health effects. 

The standard definition of vitamin D insufficiency is circulating levels of 25(OH)D less 

than 10 ng/mL, however, studies have recently suggested that concentrations less than 20 

ng/mL can have detrimental physiologic effects.(75) Others advocate for an even higher 

threshold with circulating concentrations of 25(OH)D less than 32 ng/mL indicating 

insufficiency.(73) This study will use the more conservative definition of circulating 

levels of 25(OH)D less than 20ng/mL to indicate insufficiency.  The goal of this study is 

to determine whether supplementation with vitamin D changes 25(OH)D status. 

 

Jacobs et al recently demonstrated that as much as 25% percent of the population in 

Southern Arizona, who live in an area with high sun exposure, suffer from vitamin 

D insufficiency with circulating 25(OH)D less than 20ng/mL.(75) However, only 

22.3% showed levels greater than 30 ng/mL, which means 77.7% would be classified 

as insufficient using newly suggested thresholds.  The risk of insufficiency is even 

greater for individuals with darker skin and higher BMI, and has not been shown to 

decrease when the recommended daily intake of supplements is consumed.(75, 95) The 

health effects of vitamin D insufficiency are potentially widespread.   

 

Traditionally, 25(OH)D is associated with bone health, however, recent evidence has 

implicated the hormone with a variety of cancers including colon, breast, prostate, lung, 

and Hodgkin’s lymphoma.(180, 237) The risks associated with long-term vitamin D 

insufficiency are potentially severe and the optimal intake of vitamin D has not yet been 

determined. For adults under 50 years of age, the current FDA recommendation for 
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adequate intake of vitamin D is 200 IU daily. (132)  Many within the field are calling for 

an increase in daily intake. (73)  Research has not yet shown that 200 IU daily is 

sufficient to raise blood levels above the threshold for vitamin D insufficiency, 

especially when dietary sources or production from sun exposure are controlled for 

appropriately in the analysis.   
 

Several studies examined the effect of supplements on circulating 25(OH)D 

concentration, however, none analyzed the effect of over-the-counter vitamin D 

supplements in a randomized controlled trial.  Many of these studies showed increases in 

circulating concentrations of 25(OH)D, but utilized supplements containing either greater 

than the 200 IU currently recommended daily or additional nutrients.(133, 134) One 

study showed that at least 500 IU was required to keep winter blood levels at the level 

observed at baseline during autumn.(133) Another recent study showed an increase in 

circulating levels in individuals taking daily over-the-counter multivitamins and cod liver 

tablets, yet did not examine the effect of tablets containing only vitamin D.(134) There is 

a need to determine the effect of every day use of over-the-counter vitamin D 

supplements without the possible interactions with other vitamins and minerals. 

 

The proceedings of a recent conference to address the role vitamin D in health stated a 

critical need to characterize the effect of vitamin D on circulating concentrations of 

25(OH)D independent of calcium.(131) This study proposes to examine the effect of 

tablets containing only vitamin D compared to a placebo known to have no effect on 

circulating concentrations of 25(OH)D.  We propose that the information gathered 

through this pilot study will help clarify the changes needed for the daily intake of 

vitamin D and help write future NIH grant proposals to study the effects of vitamin 

D supplements in larger, more varied populations. 

 

2 Study objectives 
 

Primary 

To asses whether over-the-counter vitamin D supplements compared to placebo affect 

circulating concentrations of 25(OH)D in the blood. 

         

3 Investigational plan 

 3.1 Overall study design 

 
This study is a double-blind randomized controlled trial.  

 Participants will be randomized to receive either 400 IU of cholecalciferol, 

commonly referred to as vitamin D, per day or inactive placebo for 30 days.   

 Each group will include approximately 30 individuals. Participants in the 

treatment group will receive 30 tablets containing 400 IU vitamin D. Participants 
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in the control group will receive 30 placebo tablets. These tablets have been used 

in several University of Arizona IRB-approved trials.  

 Subjects will be assessed for circulating levels of 25(OH)D, sun exposure, and 

dietary intake (as described below). 
 The study coordinator and the University of Arizona Clinical and Translational 

Research Center (CATS) will administer this study. The study coordinator will 

manage participant enrollment, eligibility screening, consent, and data collection. 

The CATS will only provide services including scheduling assistance, blood 

draws, blood processing, and shipping.  The study coordinator and PI will be 

responsible for data management and analysis. 

 Participants will be offered incentives for participation as compensation for the 

number of blood draws and time required for the study. 
 
Assessment of circulating levels of 25(OH)D 

Blood draws of 10 cc will be taken at baseline, day 15, day 30, and day 45 (all + 3 days) 

to assess circulating levels of 25(OH)D in the blood. The final blood draw will be taken 

after the participants have stopped taking the daily supplements to determine how blood 

concentrations change post-intervention.  The University of Arizona Clinical and 

Translational Research Center (CATS) will provide services including scheduling 

assistance, blood draws, blood processing, and shipping. De-identified serum samples 

will be shipped to Dr. Bruce Hollis at the Medical University of South Carolina for 

analysis of 25(OH)D.  Neither CATS nor the Hollis Lab will retain any data related to 

this study. 

 

The assay for measurement 25(OH)D is as follows:  for analysis of 25(OH)D, acetonitrile 

extraction is performed, and 25I-labeled-derivative is added to the assay tubes. After 

incubation with primary antibodies, 0.5 mL of the second-antibody complex is added, 

incubated, and counted with a gamma well-counting system. This is the methodology and 

laboratory that was employed for the prior analyses of 25(OH)D concentrations and 

colorectal adenoma recurrence for studies done by our research group. The laboratory has 

several QA/QC measures in place, including a pooled serum sample that is analyzed with 

batches of study samples to monitor analytical precision and to identify possible 

laboratory shifts over time, and duplicates run in different batches. All analyses will be 

conducted in a blinded fashion.(128) 

 

Assessment of demographics, sun exposure, and dietary intake 

Demographics, including skin type, will be gathered on a form for contact information 

and baseline demographic.  Sun exposure and dietary intake of vitamin D can influence 

circulating levels of 25(OH)D.  At baseline, the Arizona Food Frequency Questionnaire 

(AFFQ) will be administered to determine dietary patterns and intake of vitamin D 

through food.  Participants will also be asked to complete a daily log to track sun 

exposure and sun protection behavior.  Each log will cover 15 days and will be collected 

when completed. 
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Washout Period 
A 30 day washout period will also be incorporated into the study design for eligible 

participants who report prior exposures known to increase circulating levels of 25(OH)D.   

 This includes exposure to a tanning booth within the 30 days prior to eligibility 

screening, taking vitamin D supplements within the 30 days prior to eligibility 

screening, taking fish oil tablets within the 30 days prior to eligibility screening, 

or taking a multivitamin containing 400 IU or more of vitamin D within the 30 

days prior to eligibility screening.  

 The half-life of vitamin D is approximately 15 days.(36) The 30 day washout 

should ensure that the previous exposures do not effect circulating 25(OH)D 

concentrations after randomization.  The subjects will be reevaluated for 

eligibility following the washout period. 
 

Quality Control for Supplement Contents 

There is a need to determine whether the vitamin D supplements provided to study 

participants contain 400 IU cholecalciferol.  Samples of the supplements will be saved to 

allow for testing, although, resources available for this pilot study are limited and may 

not provide enough for this to be done now.   However, the results from this study will be 

used to write future NIH grant proposals to study this supplement in larger populations 

and will include this analysis. 

 

Incentives 

Participants will be offered one $25 gift card per completed study visit as incentives for 

participation and as compensation for the significant time required for blood draws 

during study visits.   These will be given two at a time at the second and fourth visits.  In 

addition, a small gift such as a coffee mug will be offered at the third visit as an 

incentive. 

 

3.2 Study population 

 3.2.1 Participant population  
 

The study population will consist of approximately 60 subjects.  The target recruitment 

will be approximately 75 subjects in anticipation of a 25% dropout rate. This study will 

include a convenience sample of participants from the general population of Tucson, 

Arizona. We anticipate approximately 50% of the 60 recruited participants to be female 

and 50% to be male. In addition, we expect approximately 10% of the study population to 

be Hispanic based on data from previous studies conducted at our institution. The African 

American population in Tucson is relatively small, and therefore we anticipate having 

one or two participants who report African American race.  
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 3.2.2 Inclusion and exclusion criteria 
 

Potential participants must complete the screening questionnaire to assess eligibility.  

This will be completed by phone.  The results of the survey, which ensure that the 

inclusion and exclusion criteria are met, will be reviewed by the PI or study coordinator 

prior to enrollment of the subject.  In addition, the participants must be fully informed of 

all aspects of the study, including required evaluations, clinic visits, and all regulatory 

requirements of informed consent.  The signed informed consent must be obtained from 

the participant prior to enrollment.  Below are the criteria that apply to all subjects in the 

study: 

 

Inclusion criteria 
 

 Local Resident of Tucson, Arizona 

 Age between 35-50 years 

 Fluent in English  

 No report of exposure to a tanning booth within the 30 days prior to eligibility 

screening, taking vitamin D supplements within the 30 days prior to eligibility 

screening, taking fish oil tablets within the 30 days prior to eligibility screening, 

or taking a multivitamin containing 400 IU or more of vitamin D within the 30 

days prior to eligibility screening. 

 Successful completion of the washout period and not reported excluded exposures   

 Signed informed consent 

 
 
Exclusion criteria 
 

 Participants must be in generally good health.  Individuals will be excluded if they 

report: 
o Diabetes  
o Sarcoidosis  
o Kidney stones  
o Gall stones  
o Internal cancer within the past 5 years 

 Pregnant women 

 There will be NO exclusions by gender or ethnicity 

 Report of exposure to any of the following during the washout period: 
o Tanning booth  
o Vitamin D supplements  
o Fish oil tablets  
o Multivitamin containing 400 IU or more of vitamin D  

 
Justification for criteria 
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This is a small pilot study and the resources are limited.  The resources available do not 

allow for hiring of additional bilingual staff, thus it will not be possible translate forms or 

provide interpreter services during visits.  Thus the population must be limited to 

individuals who are fluent in English.  The age range is limited because the synthesis and 

metabolism of vitamin D varies by age, which means a narrow age range is 

necessary.(75)  The above diseases are listed primarily because subjects should be 

generally in good health.  However, vitamin D supplementation can increase risk for 

individuals with a few specific conditions.  Sarcoidosis can cause problems with vitamin 

D metabolism and supplementation with vitamin D may increase the risk of vitamin D 

toxicity with symptoms like hypercalcemia.(208) Vitamin D supplementation does not 

impose increased risk for pregnant women, however, limited resources do not allow for 

provision of pregnancy tests or additional monitoring that pregnant women might require.  

Self-reported menstrual periods will be used to monitor pregnancy and women report 

they who might be pregnant will be asked to discontinue supplementation until a 

pregnancy test is confirmed.  In addition, some previous studies showed that vitamin D 

supplementation could lead to increased risk of kidney stones, although the amount of 

vitamin D provided was generally higher than in this study.(131)  However, in order to 

reduce the risk for participants, individuals with a previous history of urinary stones will 

be excluded. 

 

 3.2.3 Dose Modifications or interruption or discontinuation  of 
treatment 

 
No dose modifications will occur in this study. Discontinuation of treatment will occur 

only if a serious adverse event occurs, pending review of the event. Considering 

pregnancy is an exclusion, if a women reports an abnormal or absent period, then she will 

be asked to discontinue supplementation until a negative pregnancy test is confirmed.  

Considering that pre-menopausal and/or menopausal women may fall into the age range 

of participants and limited availability of funds to provide pregnancy tests, self-report of 

changes to menstrual periods and possibility of pregnancy must be relied upon.  

Immediately after a serious adverse event is reported, which is probably related to the 

supplement, the participant will be asked to discontinue medication permanently.  

 3.2.4 Monitoring suspected toxicities  

 
Suspected toxicities will be reviewed by the study physician and principal investigator. If 

the toxicity is suspected to be an adverse event that is probably related to the supplement, 

the participant will be asked to immediately discontinue use. All other adverse events will 

be catalogued and given to the study physician, Dr. Peter Lance, to review.  
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 3.2.5 Known undesirable side effects 
 

The Institute of Medicine’s food and nutrition board list the tolerable upper intake level 

of vitamin D at 2000 IU for this age group.  Toxicity is generally caused by ingestion of 

vitamin D at much higher levels than the amount provided in this study. Studies have 

shown that intake of more than 50,000 IU per day are related to hypercalcemia and 

hyperphosphatemia, however, recent trial have shown that a daily dose of 10,000 IU 

vitamin D had no adverse effects.(4, 238) Since participants in this study will not be 

currently taking any other form of vitamin D supplementation, and will only be 

consuming the recommended dietary intake of 400 IU/D, reaching these levels through 

fortified food consumption is extremely unlikely. It is highly unlikely that the participants 

in this study would even consume 50% of the tolerable upper intake level.  Adverse 

events will be monitored throughout the trial.  

 

3.3 Supplements 
 

The supplements were selected after assessment of brands sold at local grocery stores and 

drug stores in an attempt to identify a tablet containing the lowest dose of vitamin D that 

was easily accessible by the general public.  The lowest dose found in tablets, containing 

only vitamin D, was 400 IU, which was the chosen dose for the treatment group. Three 

brands of vitamin D will be used. These are: Finest Natural, TopCare, and Nature Made 

400 IU tablets of cholecalciferol. Although 3 brands will be used, the effect in those 

receiving vitamin D will be analyzed as one intervention group.  These brands were 

chosen because they were the only tablets of 400 IU cholecalciferol sold at local stores in 

Tucson, AZ.   Each participant in the control group will receive 30 placebo tablets. These 

tablets have been used in several University of Arizona IRB-approved trials. Individuals 

will be given a 30-day supply of supplements and will self-administer the tablets at home 

once daily.  The supplements can be taken with or without water or food at any time of 

time.  Subject will be advised verbally and in writing to take the supplements in the same 

manner and at the same time every day. 

 

 3.3.1 Supplement and placebo assignment 
 

Participants will be randomized using the block randomization technique. The block sizes 

will be 4 individuals; one each will be randomized to either the vitamin D or the placebo 

group before another randomization block is started. This is a critical step in the study, as 

vitamin D levels may change by season and it is imperative to get equivalent numbers of 

participants randomized to each group at roughly the same time. The research staff will 

be blinded to the distinction between the treatment and control groups.  Prior to the start 

of recruitment, a statistician will develop a Microsoft Excel spreadsheet that will contain 

data showing which IDs are assigned to the treatment and control groups.   Each 
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supplement bottle will be labeled with a 3 digit ID number, with no indication of what 

they contain.   Block randomization will ensure equal distribution of participants between 

the treatment and control groups.   When subjects are enrolled in the study they will be 

provided a bottle of supplements.  The ID from that bottle will be recorded on all clinic 

forms and entered into a database.  The spreadsheets will be maintained by the statistician 

then unblinded and merged after the intervention is complete. 

 

3.4 Compliance 

 
Records of supplements used and intervals between visits will be recorded during the 

study using the Study Agent Log and Clinic Worksheets.  This will be monitored at each 

clinic visit every 15 days.  Subjects will be considered compliant if they consume 80% or 

more of supplements during the period.  Drug accountability will be noted on the Study 

Agent Log and participants will be asked to return all unused supplements. 

 

3.5 Withdrawal of participant from study and participant follow-up 
 

Subjects will be withdrawn from the study if any of the following occur: 

 

1. Report or evidence of a condition listed under exclusion criteria. 

2.  Study closure 

3. Unacceptable adverse event(s), as judged by the study physician. 

4.  A Serious Adverse Event at least probably related to the event.  

5.  Subject decision to withdrawal from the study, or, if the investigator determines that 

continuing with the study is not in the best interest of the participant. 

6.  The subject is not compliant with study procedures. 

7.  The participant reports becoming pregnant.  

8.  The participant is lost to follow-up 

9.  Death 

 

Participants who are withdrawn will be asked to return any remaining study supplements. 

 

3.6 End of study procedures 

 
Assessment of adverse events, a final blood draw, and collection of the final daily log 

will be conducted the end of the study, as shown in Table 1. 

3.7 Study completion 
 

It will be documented whether or not each participant completed the study.  The reasons 

will be recorded if the intervention or visits were discontinued for any participant. 
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3.8 Visit schedule 
 

 Participants will be assessed for eligibility prior to the first study visit.  This 

interview will be conducted by phone.  If not eligible due to vitamin D exposure 

(i.e. report exposure to a tanning booth, vitamin D supplements, fish oil tablets, a 

multivitamin containing 400 IU or more of vitamin D within the 30 days prior to 

eligibility screening) then they will be offered the washout period and re-

contacted after 30 days. If eligible, individuals will utilize the online CATS 

appointment system to schedule the first visit. 

 If eligible, participant will be mailed a copy of the study brochure and consent 

form.  This will provide them will adequate time to review the study details and to 

determine if they want to participate prior to the first scheduled visit. 

 

At the baseline visit, participants will come to the CATS center in the University of 

Arizona Cancer Center.  The research coordinator will consent participants at this time 

and provide documentation describing study procedures.  Participants will be asked to 

complete the contact information and basic demographics form.  A blood sample will be 

taken and participants will complete the Arizona Food Frequency questionnaire. 

Participants will also be given the daily log to complete at home.  This daily log will 

include questions related to adverse events and instructions for participants to follow if an 

adverse event occurs.  Participants will be encouraged to schedule each of the 4 blood 

draws at the same time of day to control for possible changes in 25(OH)D levels due to 

time of day. 

 

On day 15 (+ 3 days) the participants will return to CATS center for second blood draw. 

The first daily log sheet will be reviewed for compliance and adverse events then 

collected if complete.  The Clinic Worksheet will be used to assess adverse events, 

pregnancy, and compliance with supplementation.  After the visit, compliance 

information will be transferred to the Study Agent Log.  Then, if all eligibility and 

compliance measures are met, the subject will be given a new sheet to monitor the next 

15 days.  

 

On day 30 (+ 3 days) the participants will return to CATS center for the third blood draw. 

The second daily log sheet will be reviewed for compliance and adverse events then 

collected if complete.  The Clinic Worksheet will be used to assess adverse events, 

pregnancy, and compliance with supplementation.  At this time the supplement bottles 

and any remaining tablets will be collected.  After the visit, compliance information will 

be transferred to the Study Agent Log.  Then, if all eligibility and compliance measures 

are met, the subject will be given a new sheet to monitor the last 15 days.  

 

On day 45 (+ 3 days) participants will return to the CATS center for the final blood draw. 

The third daily log sheet will be reviewed for compliance and adverse events then 
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collected.  The Clinic Worksheet will be used to assess adverse events, pregnancy, and 

compliance with supplementation.  Please see Table 1 below.  For all visits, the staff will 

use the Study Checklist to ensure that all necessary steps and records are completed. 

 

Subjects will be asked to record any adverse event on the daily log and to contact the 

study coordinator should any unexpected adverse event occur.  These will be reviewed at 

each CATS clinic visit every 15 days (+ 3 days) during the study.  The variation in visit 

day should not affect the validity of blood draw results and is necessary for feasibility of 

the study considering scheduling conflicts and office closures.  Then any and all adverse 

events will be recorded on the clinic worksheet and reviewed by the Principal 

Investigator.  

 

 

Table 1.  Evaluation and visit schedule  

 Screening Baseline Day 15 visit 

(+ 3 days) 

Day 30 visit 

(+ 3 days) 

Day 45 visit 

(+ 3 days) 

Screening 

Form 

X     

Informed 

Consent 

 X    

PHI form  X    

Privacy Policy  X    

Contact 

information 

and 

Demographics 

 X    

AFFQ  X    

Daily Log 

Sheet 

 X Provide 

day 1-15 

log sheet. 

X Collect day 

1-15 log sheet 

if complete.  

Provide day 

16-30 log 

sheet. Bring 

pills for 

count. 

X Collect day 

16-30 log 

sheet if 

complete. 

Provide day 

31-45 log 

sheet. Return 

remaining 

supplements. 

X Collect any 

previous 

logs. Collect 

day 31-45 log 

sheet.  

Blood Draws  X X X  X 

Clinic 

Worksheet (to 

be completed 

by staff) 

 X X X X 

Study Agent 

Log (to be 

 X X X X 
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completed by 

staff) 

Study 

Checklist (to 

be completed 

by staff) 

X X X X X 

 

3.9 Screening assessments 
 

There will be no study-specific screening assessments performed.  Inclusion/exclusion 

criteria include only self-report of personal health history reported via the screening 

questionnaire.  

 

3.10 Efficacy assessments 
 

This is a pilot study to examine the pharmacokinetics of vitamin D.  Efficacy will not be 

assessed. 

 

3.11 Safety assessments  
 

Safety assessments will include monitoring and recording all adverse events and serious 

adverse events.   

 

These assessments will be performed at each study visit (day 15, day 30, and day 45) 

using the prompts on the daily log that will be collected during these visits.  In addition, 

participants will be prompted to identify and report any adverse events to the study 

coordinator on the daily log.  The study physician will evaluate all reported serious 

adverse within 24 hours of notification.  Please see the data safety monitoring plan for 

further description of safety assessments.  

 3.11.1 Vitamin D levels and pharmacokinetic assessments 
 

The pharmacokinetics as shown by measurements of circulating levels of 25(OH)D will 

be done after the intervention is completed.  Therefore self-reported clinical symptoms 

will used to assess toxicity and adverse events. However, the Institute of Medicine’s food 

and nutrition board list the tolerable upper intake level of vitamin D at 2000 IU for this 

age group.  Toxicity is generally caused by ingestion of vitamin D at much higher levels 

than the amount provided in this study. Studies have shown that intake of more than 

50,000 IU per day are related to hypercalcemia and hyperphosphatemia, however, recent 

trial have shown that a daily dose of 10,000 IU vitamin D had no adverse effects.(4, 238)  
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4 Protocol amendments, or changes in study conduct 
 

Any change or addition (excluding administrative) to this protocol requires a written 

protocol amendment that will be reviewed by the PI prior to implementation.  The IRB 

must review and approve any amendments that significantly affect the safety of 

participants, the scope of the research, or the scientific quality of the study.   

Examples of such changes include: 

1. changes in dosage or duration of exposure of subjects, 

2. significant changes in the study design  

3. changing the frequency or type of procedures. 

 

The safety of participants should be first priority and the requirement for approval should 

not prevent the investigator from taking action if subjects are at risk.  The IRB must be 

informed immediately if the investigator feels an immediate change to the protocol is 

required.   

 

4.1 Administrative considerations  

 4.1.1 Regulatory board review 

 
This study protocol will become active after review and approval by the Arizona Cancer 

Center Scientific Review Committee and the University of Arizona Human Subjects 

Protection Program (UAHSPP).  Approval of the protocol will also include approval of 

the PAF, Informed Consent Form, the HIPAA consenting document, contact information 

and demographics form, daily log, clinic worksheet, visit checklist, study agent log, and 

study recruitment materials. 

 

 4.1.2 Compliance with protocol and protocol revisions 

 
The research staff, CATS staff, and the study physician will conduct the study as 

described in this protocol.  Any protocol revisions will be made in amendments to the 

protocol by the PI and must be approved by the HSPP prior to implementation, except 

when an immediate change is necessary to prevent harm to study participants.  The 

Informed Consent form will be revised and submitted for approval to the HSPP if the 

amendment significantly changes the study design or increased the level of risk for 

subjects.   Consent using the revised Informed Consent form must be obtained from 

subjects who are currently enrolled in the study or after withdrawal from the study if they 

are affected by the amendment.  All significant deviations from the protocol will be 

documented in the subjects’ records, i.e. clinic worksheets and daily logs. 
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4.1.3 Participant informed consent 

 
The research staff will ensure that all subjects are clearly and fully informed regarding 

the purpose, potential risks, and any other critical issues related to participating in this 

clinical trial. Eligible participants will be mailed a copy of the study brochure and 

consent form prior to the first visit.  This will provide them will adequate time to review 

the study details and to determine if they want to participate prior to the first scheduled 

visit.  All study subjects who agree to participate will sign the most current version of the 

informed consent form that has been approved by the HSPP prior to enrollment in the 

study.   

 
 

4.1.5 Data Safety Monitoring Plan 
 

Low risk studies are intended to include trials involving non-therapeutic intervention (i.e. 

nutritional (whole foods), behavioral).  

 

Data and Safety Monitoring Plan: 

 

4.1.5.1 Identification of the DSMB obligated for oversight responsibilities: 

The Arizona Cancer Center Data and Safety Monitoring Board (DSMB) will 

provide ongoing oversight for this trial. 

 

4.1.5.2 Identification of the entity obligated for routine monitoring duties:   

Routine monitoring will be provided by the PI and research staff to ensure that the 

investigation is conducted according to protocol design and regulatory 

requirements.  

 

4.1.5.3 Monitoring progress and data review process: 

 

Routine monitoring of participant data will be conducted at least quarterly and 

will include at a minimum: 

 

 The “Vitamin D supplement pilot study” database will be used to track the 

review of data.  When participants enter the study, the dates the forms are 

signed will be entered into the database.  All data that must be entered 

manually will be cleaned as it is entered or a dual entry system will be 

employed if resources are available.  Upon data review, the dates and 

information on the original forms will be compared to that in the database.  

Any discrepancies, plus necessary corrections will be noted, and entered 

along with the date of review. 
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 Review of informed consent forms to ensure that necessary signatures are 

documented and appropriate forms collected for each participant. 

 

 Review of data to ensure that tracking of participant enrollment and/or 

accrual numbers is accurate. 

 

 Review of participant eligibility screening forms and clinic checklists to 

ensure all participants meet criteria for study participation.  

 

 Review the source documents and compare to the database entries for each 

participant.  

 

 

 Review the clinic checklist for each participant to verify that all study 

procedures were completed in compliance with the study protocol  

 

 Document any data inconsistencies in the database and correct.  These 

inconsistencies will be discussed with the PI and staff.  Any necessary 

training will be conducted to ensure these issues don’t occur in the future. 

 

 Review and compare the study agent logs to the supplement inventory.  

Note any inconsistencies in counts and reconcile as necessary.  

 

 

 

Routine monitoring of regulatory data will be conducted at least quarterly and will 

include: 

 

 Verify protocol and any amendments, as applicable are on file in the PI’s 

office. 

 

 Verify correspondence and submission documents to IRB (i.e. current and 

revised protocols, amendments, safety reports, continuing project review, 

HIPAA and informed consent forms) are on file in the PI’s office and 

accurate. 

 

 Verify correspondence and approval documents from IRB (approved 

protocol, amendments, notifications, periodic reviews, safety reports, 

informed consent forms and HIPAA forms) are on file in the PI’s office 

and accurate. 

 

 Verify essential documents, including the delegation of authority log, are 

on file in the PI’s office and up to date. 
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The PI and applicable staff will be informed of routine monitoring findings within 

two weeks of the routine monitoring; a copy of this information will be 

maintained in the study file. All documentation of issues requiring action will be 

maintained in the study file and reviewed prior to the scheduled routine 

monitoring of the data. 

 

The Principal Investigator and authorized research assistant will ensure the 

accuracy, completeness, legibility, and timeliness of the data reported in the study 

database. Source documentation supporting the database should indicate the 

individual’s participation in the trial and should document the dates and details of 

study procedures, adverse events, and participant status.  

 

Data will be transcribed into the  “Vitamin D supplement pilot study” database 

from the source documents listed below. The exception is the AFFQ, which will 

be completed with a number 2 pencil and scanned. The AFFQ data will then be 

merged with the database. All participant data collection forms and study files 

will be stored in a secure area limited to authorized staff.  

 

Source documents: 

 

 Screening Form 

 Informed Consent 

 PHI form 

 Privacy Policy 

 Contact information and Demographics 

 AFFQ (will be completed with a No. 2 pencil) 

 Daily Log Sheet 

 Clinic Worksheet  

 Study Agent Log  

 Study Checklist  

 

 

 

4.1.5.4 Process to implement study closure when significant risks or benefits are 

 identified: 

If significant risks or benefits are identified, the PI will promptly contact 

participants of study discontinuation, provide participants information on return of 

remaining supplements, as well as notify the HSPP and NCI in writing of the 

study closure.  
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4.1.5.5 Description of adverse events and reporting procedures: 

 ADVERSE EVENTS  

 An adverse event (AE) is any untoward medical occurrence in a participant or 

clinical investigation subject administered a pharmaceutical product and that does 

not necessarily have a casual relationship with this treatment. An AE can 

therefore be any unfavorable and unintended sign, symptom, or disease 

temporally associated with the use of a medicinal (investigational) product, 

whether or not related to the medicinal (investigational) product.  

 

All adverse events will be classified using NCI Common Terminology Criteria for 

Adverse Events (CTCAE) version 3.0 and will address: 

 Grade 

 Relationship to study drug(not related, unlikely, possible, probable, definitely)  

 Causality other than study drug (disease related, concomitant medication 

related, intercurrent illness, other)   

 Date of onset, date of resolution 

 Frequency of event (single, intermittent, continuous) 

 Event outcome (resolved, ongoing, death) 

 Action taken (none, held, dose reduced, discontinued, medication given) 

 

 SERIOUS ADVERSE EVENTS 

 A serious adverse event (SAE) is any untoward medical occurrence that at  any 

dose:  

 1) Results in death;  

 2) Is life-threatening; 

            3) Requires in-participant hospitalization or prolongation of an existing hospital 

stay;  

 4) Results in disability persistent or significant disability/incapacity, or: 

 5) Is a congenital anomaly/birth defect.  

 

Note: A SAE may also be an important medical event, in the view of the 

investigator that requires medical or surgical intervention to prevent one of the 

outcomes listed above.  

 

All serious adverse events, regardless of attribution, and any deaths will be 

reported within 24 hours of notification of the event to the sponsor and DSMB 

Coordinator. All serious adverse events, regardless of attribution, and any deaths 

will be reported within 5 days of notification of the event to the University of 

Arizona Human Subjects Protection Program.  

 

All serious adverse events will be processed by the DSMB Coordinator monthly 

for initial trend analysis and fully reviewed by the DSMB, every six months. The 
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DSMB Coordinator will review the SAE reporting process to confirm reporting 

requirements are met. 

 

6.  Plan for assuring data accuracy and protocol compliance: 

Routine study activity and safety information will be reported to the DSMB  

quarterly or more frequently if requested. These reports will include: 

 Study activity, cumulative and for the period under review; 

 Safety (narrative description on non-serious and serious adverse events); 

 Predetermined protocol early stopping rules for efficacy/futility;    

 Monitoring and protocol compliance; 

 Comments;  

 Attachments (AE data reviewed by the PI to compile the report, SAE letters 

and reports, results of any review(s), applicable correspondence with the IRB 

or other regulatory agencies.  

 

 Data, safety and study progress will be reported to: 

 Human Subjects Protection Program (IRB) at least annually; 

 Sponsor (if applicable) at least annually. 

 

7. Identification of the sponsor or funding agency, as applicable: 

The PI will immediately notify; in writing, the funding agency, if applicable, any 

action resulting in a temporary or permanent suspension of the study.  

 

4.1.6 Additional safety reporting guidelines 
 

All SAEs will be documented on MedWatch FDA form 3500A and faxed within 24 hours 

to the FDA and NCI.  The SAE will be reported within 10 days to the UAHSPP. 

 

5 Statistical methods 

5.1 Sample size 

 
This is a pilot study to evaluate variability in 25(OH)D following supplementation with 

vitamin D.  A sample size of 30 per group should be adequate to assess variability in the 

pharmacokinetics of the supplement.  

 

5.2 Statistical methods 

 
The data analysis for this study will include calculations of descriptive statistics 

comparing the treatment and control groups for differences in characteristics at baseline.  

A variable measuring the change in serum 25(OH)D from baseline to the study endpoint 
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will also be calculated.  The mean change will be compared between the treatment and 

control groups using the Student’s t-test.  Additional analysis may include linear 

regression if confounding is present between the groups.  The primary analysis will be 

based upon the intention-to-treat principle.  
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Vitamin D Supplement Trial Eligibility Screening Form 

  

1. Name ______________________________ 

 

2. Date of Birth _________ Age _________ 

 

3. Gender:    Female    Male 

 

4.  Fluent in English?    Yes     No 

 

 

5. Do you take any kind of supplements regularly?   Yes     No 

 

If yes, please describe the type of supplements taken, the dose, and when they were last 

taken. 

 

Supplement Name/Type Dose Date last taken 

   

   

   

   

   

   

 

 

6. Have you recently visited a tanning booth/bed?    Yes   No 

 

If yes, what was the date of your last visit? ____________________ 

 

 

7.   For females, is it possible you could be pregnant?  Yes   No 

 

What was the date of your last menstrual period?   ______________________ 

 

  

8.  Have you ever been diagnosed with any of the following? 

 

 Diabetes Type I or II 

 

 Sarcoidosis 

 

 Internal cancer within the last 5 years 

 

 Kidney stones or Gallstones 
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 Other chronic disease 

 

If yes, please describe 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

____________________________________ 

 

Eligible to participate? 

 

  Yes  (document contact information below)   No 

 

  

 Date of first visit:  ___/___/___ 

 

 Washout Period 

 

 Re-contact on : ___/___/___ 

  

 Eligible after Washout? 

   

  Yes 

   

  No   

 

   Reasons for ineligibility:  

_______________________________________ 

 

 

Contact Information 

 

Name:  ______________________________________________________ 

 

Street Address:  _______________________________________________ 

                           

     _______________________________________________ 

 

City:       _______________________________________________ 

 

Zip code:            _______________________________________________ 
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Baseline Demographics Questionnaire 

 

1. Name ______________________________ 

 

2.  Street Address:  _____________________________________ 

                     _____________________________________ 

 

3.  Phone (area code first):  _______________________________ 

 

4.  E-mail address: ______________________________________ 

 

5. Date of Birth _________ Age _________ 

 

6. Gender:    Female    Male 

 

7. Which choice best describes your ethnic background? 

  Hispanic or Latino 

  Not Hispanic or Latino 

  Unknown 

 

8. Which choice best describes your racial background? 

  American Indian/Alaska Native 

  Asian 

  Native Hawaiian or Other Pacific Islander 

  Black or African American 

  White 
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  More Than One Race 

  Unknown 

 

9.  What is your eye color? 

  Blue 

  Green/hazel/gray 

  Light brown  

  Dark brown 

  Black 

 

10.  What was your natural hair color as a young adult? 

 Blond 

  Light brown 

  Dark brown 

  Black 

 Red/Auburn 

 

11. What would happen to an area of your skin that has not been exposed to sunlight if 

you did expose it to summer sun at noon, with no protection, for 45-60 minutes?  Which 

of the following best describes what would happen to you? 

 

  I would always burn, and never tan.   

  I would always burn, and tan minimally. 
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  Sometimes I would burn, but then I would tan. 

  I probably would not burn, and would always tan well. 

  I probably would not burn, and would always tan deeply. 

  I would never burn, but would tan more only with extreme sun exposure. 
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