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PROTOCOL OVERVIEW AND INTRODUCTION:

In the United States, cardiovascular disease causes over one-third of all deaths and vitamin D deficiency is epidemic.  An increasing body of data suggests that low vitamin D status adversely impacts the cardiovascular system.  It is our fundamental hypothesis that vitamin D deficiency is a risk factor for cardiovascular disease by causing a cytokine mediated pro-inflammatory milieu leading to endothelial dysfunction.  Moreover, we hypothesize that vitamin D supplementation will reduce inflammation, thus restoring endothelial function and thereby reducing cardiovascular disease risk.  To begin testing these hypotheses, the specific aims of this pilot study are to investigate the effect of vitamin D baseline status (as defined by serum 25-hydroxyvitamin D [25(OH)D] measurement) and subsequent vitamin D therapy on endothelial function, arterial stiffness, and selected plasma biomarkers of inflammation.

This pilot research will be conducted in 80 post-menopausal women where 40 will receive vitamin D3 2,500 IU daily, the others matching placebo. This study will explore the effects of vitamin D on plasma markers of inflammation, endothelial function, and arterial stiffness.  Postmenopausal women aged 55-65 years are chosen due to their highest risk for development of a subsequent new cardiovascular disease diagnosis.  All study participants will have fasting laboratory and noninvasive vascular ultrasound studies performed at baseline and four months later.  The primary outcome measure of this pilot study is change in markers of endothelial function and arterial stiffness with vitamin D3 therapy. Changes in plasma biomarkers of inflammation with vitamin D3 therapy are secondary outcome measures.  If these hypotheses are correct, our long-term goals include investigation of the effect of vitamin D repletion on subclinical atherosclerosis and subsequent cardiovascular events.

BACKGROUND

A.  Cardiovascular Disease

Cardiovascular disease (CVD) is the leading cause of mortality worldwide and causes over 36% of deaths annually in the United States. There is general agreement that age, family history, smoking status, dyslipidemia, hypertension and diabetes mellitus are causally linked risk factors for CVD. However, currently unappreciated CV risk factors may well exist; one such factor could be vitamin D inadequacy.(1)  

B.  Vitamin D

The vitamin D status of an individual is best evaluated by measurement of circulating 25(OH)D concentration. The optimal circulating 25(OH)D level has been suggested to be ~30 ng/ml or above, a value associated with maximal parathyroid hormone suppression and reduced fracture rate.(2) Using this definition, it has been estimated that approximately half of all adults in the United States have inadequate vitamin D status.(3) Therefore, if low vitamin D status contributes to the development of CVD, it is plausible that a large portion of the population may potentially be targeted for risk modification/reduction by optimization of their vitamin D status.

Vitamin D is produced in the skin when 7-dehydrocholesterol is converted to vitamin D3 (cholecalciferol) by ultraviolet B radiation.(4) Additionally, dietary or supplement intake of vitamin D contributes to circulating levels of vitamin D2 (ergocalciferol) and D3. Subsequently, vitamin D is activated by hydroxylation at 25 and 1 carbons in the liver and kidney respectively to form the active form, 1,25-dihydroxyvitamin D (calcitriol).(5) Calcitriol is important in intestinal calcium transport; thus, vitamin D deficiency has classically been recognized to cause decreased calcium absorption and impaired bone mineralization. However, it is increasingly being recognized that both 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D are important in optimal function of multiple tissues and organ systems.


(6) ADDIN EN.CITE  The CV system may be one such system.

C.  Vitamin D and the Cardiovascular System
Although it has been classically accepted that 1-(-hydroxylation of 25-hydroxyvitamin D [25(OH)D] to the active form, 1,25-dihydroxvitamin D [1-25(OH)2D] occurs in the kidney, it is now appreciated that 1-25(OH)2D is also produced by local 1(-hydroxylases in various extra-renal tissues. Extra-renal 1-25(OH)2D production is dependent on circulating levels of 25(OH)D. As locally produced 1-25(OH)2D plays an important autocrine role,


(6) ADDIN EN.CITE  vitamin D deficiency could be expected to have adverse local consequences.  For example, in the CV system, as vitamin D receptors are present in endothelium,


(7) ADDIN EN.CITE  vascular smooth muscle


(8, 9) ADDIN EN.CITE  and cardiomyocytes,(10) it is possible that low vitamin D status could adversely affect both cardiac and vascular function. Moreover, circulating 1-25(OH)2D3 is an important regulator of systemic calcium metabolism and intracellular calcium homeostasis in various tissues.


(6) ADDIN EN.CITE  Altered calcium dynamics due to vitamin D deficiency in smooth and/or cardiac myocytes could plausibly adversely affect CV function. Additional non-classical vitamin D actions include modulation of lymphocytic cytokine production,


(11-13) ADDIN EN.CITE  regulation of growth and proliferation of vascular smooth muscle and cardiomyocytes,(14) stimulation of vascular tissue anticoagulant activity(15) and suppression of renin gene expression.


(16-18) ADDIN EN.CITE . Based on the above, it is clear that vitamin D deficiency could plausibly contribute to increased CV risk.
In fact, CVD prevalence is related to availability of ultraviolet solar exposure in that epidemiologic data finds coronary artery disease (CAD) and hypertension rates to increase with distance from the equator. Specifically, greater CVD prevalence is observed in regions with less exposure to sunlight.


(19-22) ADDIN EN.CITE  Cross-sectional studies have reported associations between lower vitamin D levels and plasma renin activity,(23) blood pressure


(24, 25) ADDIN EN.CITE , coronary artery calcification


(26, 27) ADDIN EN.CITE  and CVD 


(28, 29) ADDIN EN.CITE . A recent longitudinal prospective study involving offspring of the Framingham cohort supported earlier findings associating vitamin D deficiency with incident CVD.(30) In summary, biologically plausible mechanisms combined with epidemiological data suggest that vitamin D deficiency may be an unappreciated risk factor for the development of CVD. Despite this association of vitamin D deficiency and risk of CVD, the underlying mechanism(s) remain unknown. Altered endothelial function may be the key link for this association.

D.  Endothelial Dysfunction, Cardiovascular Disease and Vitamin D Status

Measurement of endothelial function has recently emerged as a useful CVD research tool and serves as a “barometer” for CV health.(31) For example, severity of endothelial dysfunction relates to the risk for initial or recurrent CV event.


(32-35) ADDIN EN.CITE  Additionally, a number of interventions that reduce CV risk also improve endothelial function.


(36-41) ADDIN EN.CITE  This could be anticipated in that the endothelium acts to maintain vascular homeostasis through multiple complex interactions with cells in the vessel wall and lumen.(42) The endothelium regulates vascular tone by balancing production of vasodilators and vasoconstrictors. It modulates blood fluidity and coagulation through production of factors that regulate platelet activity, as well as the clotting cascade and fibrinolytic system. Finally, the endothelium has the capacity to produce cytokines and adhesion molecules that regulate and direct the inflammatory process.(43) In healthy individuals, the endothelium responds to these stimuli by releasing vasodilatory factors, particularly nitric oxide [NO]. People with angiographically proven CAD display impaired flow-mediated dilation [FMD] reflecting loss of NO and unopposed constrictor effects.(44) Measures of arterial stiffness that are affected by endothelial function, including pulse wave velocity, central aortic blood pressure and augmentation index, predict CV events.


(45, 46) ADDIN EN.CITE   As such, the endpoints chosen for this research (FMD, pulse wave velocity, central aortic pressure, and aortic augmentation index) are accepted surrogates of endothelial function and arterial stiffness. 

In a healthy condition, the endothelium maintains normal vascular tone and blood fluidity. There is little to no expression of pro-inflammatory cytokines. However, traditional and novel CVD risk factors initiate a chronic inflammatory process that is accompanied by a loss of vasodilator and anti-thrombotic factors and an increase in vasoconstrictor and pro-thrombotic products. In this regard, vitamin D also has intriguing immunoregulatory properties.


(47, 48) ADDIN EN.CITE   For example, reduced levels of C-reactive protein (CRP), erythrocyte sedimentation rate and cytokines have been noted with higher 25(OH)D levels or after vitamin D supplementation in patients with multiple sclerosis


(49, 50) ADDIN EN.CITE  and ankylosing spondylitis(51). Consistent with this, vitamin D may be of therapeutic benefit in several autoimmune disease and allograft rejection


(52, 53) ADDIN EN.CITE  and may modulate disease severity by reducing inflammation. In two small trials, vitamin D supplementation lowered CRP levels.


(54, 55) ADDIN EN.CITE   Reduction in inflammatory cytokines was also noted in patients with congestive heart failure when supplemented with vitamin D.


(56, 57) ADDIN EN.CITE  This is intriguing given the well-documented association of CRP with CV risk as either a marker of inflammation or possibly even in a causal role.


(58, 59) ADDIN EN.CITE   However, the possibility that vitamin D deficiency is causally related to CVD development via enhanced cytokine production remains unstudied.

Statins, agents accepted to reduce CV risk, may have anti-inflammatory and endothelial protective effects in addition to reducing lipids.  It is plausible that some of these beneficial effects are related to vitamin D as a recent study found atorvastatin to raise serum 25(OH)D levels among patients with a recent acute coronary syndrome event.


(60) ADDIN EN.CITE  It has been hypothesized that statins may even activate vitamin D receptors.(61) Vitamin D levels may have beneficial effects on the vascular system by reducing arterial stiffness. In a cohort of patients with end-stage renal disease, both serum 25(OH)D and 1-25(OH)2D were negatively correlated with aortic pulse wave velocity and positively correlated with brachial artery distensibility and FMD after adjustment for blood pressure and age.(62) Thus it is possible that the beneficial CV effects of statins are, in part, associated with vitamin D.

E.  Vitamin D, cardiovascular disease and the immune system
It is probable that vitamin D has important immunomodulatory effects. Identification of vitamin D receptors (VDRs) in peripheral blood mononuclear cells sparked an early interest in vitamin D as an immune regulator.


(63-65) ADDIN EN.CITE  Helper T (Th) cells are central to all antigen-specific immune responses. Th-1 cells secrete multiple pro-inflammatory cytokines including tumor necrosis factor (TNF), which are essential for cell-mediated immune responses. Th-2 cells play an important role in antibody-mediated immunity. The balance of Th cell responses dictates the outcome of any given challenge to the immune system. Both Th-1 and Th-2 cells are known targets of 1-25(OH)2D3. Vitamin D causes a relative shift away from Th-1 profile and toward a Th-2 like profile.(66) The end result of these changes is a switch away from a pro-inflammatory cytokine profile to a more anti-inflammatory profile.


(67-70) ADDIN EN.CITE  Given this, it is not surprising that vitamin D deficiency has been associated with an increased risk of Th-1 cytokine-mediated autoimmune diseases such as inflammatory bowel disease, rheumatoid arthritis, systemic lupus erythematosis, multiple sclerosis, and type 1 diabetes mellitus.


(71-73) ADDIN EN.CITE 
Inflammation is thought to be a major process mediating accelerated progression of atherosclerosis and its complications.(74) Manifold pathways tightly link inflammation with early development of atherosclerosis and plaque rupture.


(75-77) ADDIN EN.CITE  Various inflammatory factors including interleukin 6 (IL-6), TNF, and CRP are considered to be actively involved in atherogenesis and contribute to plaque instability, thrombosis and acute coronary syndromes.


(78-80) ADDIN EN.CITE  Activation of endothelial cells leads to expression of various cell adhesion molecules (CAMs) that are responsible for mediating cell-cell interaction between immune system and the endothelium. Upregulation of CAMs is a dynamic process sensitive to inflammatory cytokines.  Levels of certain CAMs (ICAM-1 and VCAM-1) are thought to be indicators of inflammation and early atherosclerosis.


(81-83) ADDIN EN.CITE  CRP has been shown to predict CV risk, independent of traditional predictive factors.


(84-86) ADDIN EN.CITE  IL-6 levels are increased both in stable CAD and acute coronary syndromes,(75) and cardiomyopathies.


(87) ADDIN EN.CITE  Several studies evaluated the predictive CVD value of IL-6 in healthy individuals independent of other inflammatory markers.(88) This may also be true in those with established CAD.(89) TNF-( also seems to have predictive value for CV outcome in adults with (90) and without underlying CVD.


(91) ADDIN EN.CITE  In the ABC study,


(87) ADDIN EN.CITE  a composite summary indicator of inflammation, including CRP, TNF-( and IL-6, showed a strong association with incident CVD and congestive heart failure in patients without CVD. Those with elevation of all three indicators in the highest tertile had a 2-3 fold higher risk.

Vitamin D treatment has been shown to inhibit production of ICAM-1,


(92-94) ADDIN EN.CITE  VCAM-1 


(93, 95) ADDIN EN.CITE  and cytokine production 


(56, 70, 96) ADDIN EN.CITE  both in vitro and in vivo settings. In summary, it is plausible that vitamin D deficiency leads to increases in pro-inflammatory cytokines, thereby contributing to the development and progression of CVD. This initial pilot work will begin to explore this possibility by evaluating the effect of vitamin D status on both endothelial function, arterial stiffness and plasma biomarkers of inflammation in postmenopausal women prior to, and following four months of treatment with vitamin D.

HYPOTHESES AND SPECIFIC AIMS
Our fundamental hypothesis is that low vitamin D status is a risk factor for CVD by causing a proinflammatory milieu, thereby leading to endothelial dysfunction.  Additionally, we hypothesize that vitamin D supplementation will reduce inflammation, thereby restoring endothelial function and ultimately reducing CVD risk.  To begin testing these hypotheses, the specific aims of this pilot study are to investigate:

1. The effect of vitamin D status, as defined by serum 25-hydroxyvitamin D [25(OH)D], on endothelial function, arterial stiffness, and selected plasma biomarkers of inflammation.

2. The effect of subsequent vitamin D therapy on endothelial function, arterial stiffness, and selected plasma biomarkers of inflammation.

To this end, we hypothesize that low vitamin D status is associated with increased circulating levels of inflammatory biomarkers. Though the primary outcome measure of this pilot study is change in markers of endothelial function and arterial stiffness with vitamin D3 therapy, changes in circulating inflammatory biomarkers are being proposed here as secondary outcome variables. If these hypotheses are correct, our long-term goals include investigation of the effect of vitamin D repletion on subclinical atherosclerosis and subsequent cardiovascular events. Ultimately, these future studies will be necessary to determine whether vitamin D supplementation could reduce future CVD events and mortality.

STUDY DESIGN AND METHODS

Specific Aim #1.  To investigate the effect of vitamin D status, as defined by serum 25-hydroxyvitamin D measurement, on endothelial function, arterial stiffness and plasma biomarkers of inflammation.  This study will utilize total of 80 postmenopausal women.  At the screening visit, following informed consent, a baseline evaluation consisting of basic demographic information, including age, ethnicity, height, and weight will be collected.  Clinical information will include personal and family medical history as well as medication and supplement use.  Screening laboratory studies consisting of serum chemistry panel, 25(OH)D, and 24-hour urine calcium will be obtained. Subsequently, qualifying volunteers will return for a baseline visit at which time a complete physical examination will be performed, including blood pressure and pulse measurements. Laboratory data will be obtained, which will include fasting glucose, fasting lipid profile, plasma inflammatory biomarkers (i.e. hsCRP, IL-6, TNF-(, ICAM-1 and VCAM-1), serum calcium, bone turnover markers and parathyroid hormone. The potential impact of vitamin D on endothelial function and arterial stiffness, which are surrogate markers for CVD, will be explored using noninvasive ultrasound technology and tonometry at baseline and again after four months.  
Specific Aim #2.  To investigate the effect of vitamin D supplementation on endothelial function, arterial stiffness and plasma biomarkers of inflammation.  At the time of their baseline study visit, volunteers will be randomly assigned to receive either 2,500 IU D3 daily or placebo.  Both volunteers and study staff will be blinded to the group assignment.  Subsequent study visits will occur after one, two, and four months.  Participants will return to the Osteoporosis Research Center in a fasting state for blood draw, which will be done between 0700 and 1100.  Serum 25(OH)D and serum calcium will be measured at all of the time points. Fasting plasma glucose, fasting lipid profile, plasma biomarkers of inflammation, bone turnover markers and PTH along with brachial artery FMD and tonometry measurements will be repeated at the four-month study conclusion visit.
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Inclusion criteria: 
· Healthy, community-dwelling ambulatory post-menopausal women.

· Able and willing to sign informed consent.

· Ages: 55-65.

· Baseline serum 25OHD concentration > 10 ng/ml and < 60 ng/ml

· Not pregnant

· Willing to avoid use of cod-liver oil and non-study vitamin D supplementation; standard multiple vitamins containing ≤ 400 IU used no more than once daily will be allowed.

· Willing to utilize sunscreen of SPF-15 or higher when sun exposure for more than 15 minutes is expected.

· Willing to fast for 12 hours.

Exclusion criteria:

· Current hypercalcemia (serum calcium > 10.5 mg/dl) or untreated primary hyperparathyroidism.

· History of nephrolithiasis

· Baseline 24-hour urine calcium > 250 mg

· Known risk factors for hypercalcemia, e.g., malignancy, tuberculosis, sarcoidosis, Paget’s disease.

· History of any form of cancer within the past five years with the exception of adequately treated squamous cell or basal cell skin carcinoma.

· Known previous personal history of cardiovascular disease.

· Renal failure; defined as a calculated creatinine clearance (using the Cockroft-Gault approach) of ≤ 25 ml/minute.

· Severe end-organ disease, e.g., cardiovascular, hepatic, hematologic, pulmonary, etc., which might limit the ability to complete this study.

· Treatment with any drug known to interfere with vitamin D metabolism, e.g., phenytoin, phenobarbital.

· Known malabsorption syndromes, e.g., celiac disease, active inflammatory bowel disease, etc.

· Known allergy to chocolate.

· Use of medications known to alter bone turnover including bisphosphonates, estrogen, selective estrogen receptor modulators, parathyroid hormone, testosterone or calcitonin.

· Treatment with any active metabolites of vitamin D, e.g., calcitriol, within six months of screening.

· Use of tanning beds or salons or unwillingness to utilize sunscreen during periods of sun exposure of 15 minutes or longer.

All participants will be reimbursed $20 for each study visit.  Project personnel will not receive recruiting incentives.

STUDY VISIT EVENT FLOW CHART
	Time (months)
	-1
	0
	1
	2
	4

	Study visit
	Screen
	Base 
	1
	2
	3

	Consent
	X
	
	
	
	

	Medical history
	X
	
	
	
	

	Physical examination
	
	X
	
	
	

	Flow-Mediated Vasodilation
	
	X
	
	
	X

	Radial Tonometry
	
	X
	
	
	X

	Serum chemistry
	X
	
	
	
	X

	Serum calcium
	
	X
	X
	X
	

	24-hour urine calcium
	X
	
	
	
	

	25(OH)D
	X
	X
	X
	X
	X

	PTH
	
	X
	
	
	X

	Bone turnover markers
	
	X
	
	
	X

	Fasting glucose 
	
	X
	
	
	X

	Fasting lipid panel
	
	X
	
	
	X

	C-reactive protein (hsCRP)
	
	X
	
	
	X

	Inflammatory Biomarkers
	
	X
	
	
	X

	Dispense supplement
	
	X
	X
	X
	

	Assess compliance
	
	
	X
	X
	X

	Adverse event recording
	
	X
	X
	X
	X


Study Food Supplement:

In this randomized trial, the study preparation will be a low calorie (~65 calories) cookie-like disc containing 2,500 IU of vitamin D3 or placebo produced by D-Rich Foods, Inc., Manitowoc, Wisconsin.  Prior to study initiation the vitamin D content of the study preparation will be independently validated in the laboratory of Dr. H. DeLuca at the University of Wisconsin.  Study participants will be asked to store the study supplement at room temperature.  All unused study supplement will be returned and counted to document compliance.

Study Randomization:
An individual in the UW-Osteoporosis Research Center will be assigned to randomize subjects and package vitamin D/placebo “cookies” with labels.  This individual will not participate in recruitment or data collection.  We will ensure that the staff will remain blinded.  The PRC has determined that this does not require their participation as this is not a drug.  
Laboratory Analyses:

Serum chemistry, fasting glucose, fasting lipid panel, high sensitivity C-reactive protein (hsCRP), and urinary calcium determinations will be performed at General Medical Laboratories (Madison, WI) in routine clinical manner.  Serum 25(OH)D concentration will be determined using reverse phase HPLC in the laboratory of Dr. Marc Drezner at the William S. Middleton VAMC (Madison, WI).  Serum intact PTH and bone turnover markers will be run in Dr. Binkley’s laboratory using commercially available kits. Plasma inflammatory biomarkers will be run at the Wisconsin Regional Primate Research Center Laboratory using commercially available assay kits.

Safety:  

The risks of participation in this study are extremely low.  Specific risks due to venipuncture include pain, bruising and infection.

Ultrasonography is used in FMD measurement.  Arterial tonometry is used in pulse wave velocity, central aortic pressure and aortic augmentation index determination.  These are low risk imaging procedures and are commonly used noninvasive techniques in the field of cardiovascular research to evaluate for endothelial dysfunction and arterial stiffness, which are considered surrogate markers for cardiovascular disease.  No significant adverse outcomes have been reported from the use of these techniques.

Safety concerns regarding the potential development of D toxicity manifesting as hypercalcemia and/or hypercalcuria could potentially be raised.  However, the risk of D toxicity with the doses utilized in this study is extremely remote. All high quality reports of D toxicity involve the long-term intake of > 40,000 IU daily.  As the maximum vitamin D dose administered over the four months of this trial will be 300,000 IU, this study has a wide margin of safety.  Based upon published literature and our clinical experience, we believe the risk of vitamin D toxicity from study supplementation to be negligible.  Given this, we do not believe that a formal data and safety monitoring board is necessary.

Despite the wide safety margin noted above, we have taken additional steps to assure participant safety by use of study criteria selected to exclude those with existing hypercalcuria, conditions associated with increased likelihood of vitamin D toxicity, e.g., tuberculosis, and the rare individual with high vitamin D status.  Adverse events will be collected and recorded on case report forms for completeness and reported at time of study publication.

An additional potential risk of study participation is breach of confidentiality.  To minimize this risk, all data will be coded with subject’s initials and ID number. This is to ensure confidentiality. Moreover, all information collected in this research study will be stored on password-protected computers or in locked cabinets at the University of Wisconsin-Madison Osteoporosis Clinical Research Program.  

Data Handling and Analysis
A study chart will be prepared for all participants and every study encounter will be recorded on case report forms (CRF’s).  Hard copies of CRF’s and laboratory reports will be kept in each participant’s study chart, which will be stored in the study coordinator’s office at 2870 University Avenue.  The study chart storage cabinet and the study coordinators office are both locked after working hours. 

All study data will be entered into an Excel database by the study coordinator or designee.  This database will reside on UW Osteoporosis Clinical Research server located at 2870 University Ave.  All OCRC computers are password protected and backed up daily utilizing a tape drive system.  To assure that the data are transmitted reliably from paper into electronic form, two different individuals, or one individual on different days, will enter all data.  Excel will verify that identical values were entered.  Any discrepancies will be corrected by referring to the CRFs.  At SMDC, all data will be entered into an access database.  As at UW, dual-entry of data will be performed on 100% of data.

ANALYTICAL APPROACHES AND CONSIDERATIONS

A. Power Calculation

In experienced laboratories with excellent reproducibility (such as in Dr. Stein’s CV research lab), a 2% to 3% improvement in FMD can be detected in parallel-groups trials with about 25 to 45 subjects per treatment arm.


(97-99) ADDIN EN.CITE  Power calculation shows that 37 subjects in each arm of this parallel group study should enable us to detect a 3% change in FMD with 80% power using a two-sample t-test with two-sided 5% level if the standard deviation of %FMD is similar to that observed by Sorenson.(98) Allowing for an 8% drop out rate, we plan to recruit 40 subjects per arm.
Endothelial function will be evaluated by measuring brachial artery FMD using ultrasound.  Studies will be read in subject pairs (baseline and four months), blinded to study time point and treatment.  Output data will include heart rate, brachial artery blood pressure, brachial artery diameter, reactive hyperemia VTI, and FMD at each time point.
Arterial stiffness will be determined from arterial tonometry using an AtCor Sphygmacor Px arterial tonometry system. Studies also will be read as described above. Output data will include heart rate, derived pulse wave velocity, central aortic systolic and diastolic pressure and aortic augmentation index, read independently and standardized to a heart rate of 75 bpm. The proposed sample size (37 per group or 74 total) will be sufficient to detect an ~10% reduction in pulse wave velocity with a standard deviation of approximately 15%, with at least 80% power using a two-sample, two-sided t-test with 5% level of significance. Thus, allowing for an 8% drop out rate, we plan to recruit 40 subjects per arm. Extrapolating from population-based studies,


(100, 101) ADDIN EN.CITE  a 10% change in pulse wave velocity would predict a significant reduction in CVD risk.
B. Statistical Analysis
The primary endpoint is change in endothelial function from baseline after 16 weeks of vitamin D supplementation compared to placebo. The primary comparison will be made using a two-tailed Student's t-test.  Multivariable linear regression modeling will be used to evaluate predictors of changes in FMD, including 25(OH)D levels, age, sex, and other CV risk factors.  For the cross-sectional baseline analysis, Pearson correlations will be used to determine associations with FMD, and multivariable linear regression modeling will be used to determine independent baseline associations.  Similar analyses will be performed for pulse wave velocity, central aortic pressure and aortic augmentation index.

Similar analyses will be performed for changes in plasma biomarker levels (hs-CRP, IL-6, TNF-(, sICAM and sVCAM) from baseline to the 16-week follow-up. The proposed sample size of 37 subjects per group will permit us to detect differences between groups of 0.6-0.7 pg/ml in IL-6, 0.4-0.5 pg/ml in TNF-( and 39-53 ng/ml in sICAM levels using a two-sample t-test with Type 1 error rate of 5% and 80% power if the standard deviations of cytokine levels are similar to those observed by Marketou.


(102) ADDIN EN.CITE  As stated above, we plan to recruit 40 subjects per arm allowing for an 8% drop out rate.
STUDY TIMELINE

34 subjects were recruited as part of protocol 2007-0211 for initial pilot data. 80 additional subjects will need to be recruited as part of this study.  Additionally, it will be necessary to obtain vitamin D and placebo chocolate discs, which will require analysis.  We anticipate to have validated study preparation on site by the Fall of 2008.  Furthermore, we have allowed up to 6 months for recruitment, making our estimated end date August 2009.
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