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Part 1: Research Plan

la. Anticipated Timeline and Enrollment
Planned Start Date 12/01/2013
Planned End Date 11/30/2017
Anticipated Enrollment

1b. Hypothesis and Specific Aims
Please describe the question(s) you are asking and what you expect to happen (3/4 page limit).

More than 79 million US adults have pre-diabetes, a condition which progresses to diabetes at a rate of
approximately 10% per year (1,2). Lower blood vitamin D levels are associated with prevalent pre-diabetes,
progression to overt diabetes, and excess cardiovascular disease (CVD) mortality (3-9). Thus, patients with
pre-diabetes may be excellent candidates for early interventions with vitamin D supplementation to potentially
reduce the development of type 2 diabetes (T2DM), atherosclerosis, and CVD events; however, such
hypotheses have not been adequately tested in interventional studies. The proposed study, which is an ancillary
study to D2d, will determine whether vitamin D3 supplementation reduces CVD progression, inflammation, and
inflammatory markers in participants with pre-diabetes.

In prior short-term studies, we and others have shown that vitamin D treatment improves factors linked to
vascular inflammation in pre-diabetes and T2DM: it improves insulin secretion and peripheral insulin action,
suppresses the renin angiotensin system, decreases systemic inflammatory mediators, decreases macrophage
cytokine release, and prevents monocyte adhesion and migration and macrophage cholesterol deposition by
downregulation of endoplasmic reticulum (ER) stress (10-17). Thus, we hypothesize that long-term vitamin D3
supplementation will reduce vascular inflammation and atherosclerotic progression in pre-diabetes.

In the carotid atherosclerotic plaque, monocytes and macrophages exist in at least two distinctly differentiated
phenotypes: classically activated M1 and alternatively activated M2 cells (18). We found that T2DM patients with
higher 25(OH)D levels have decreased monocyte migration and adhesion to endothelial cells and reduction of
both M2 and M1 membrane markers, suggesting that vitamin D suppresses both monocyte subsets present in
the atherosclerotic plaque (16,17). In addition, active vitamin D supplementation reverses macrophage
cholesterol deposition to generate cells with anti-atherogenic properties (15,16). We performed a small
short-term pilot and feasibility trial in vitamin D-deficient patients with T2DM and found that vitamin D3 4000
international units (IU)/day decreases progression of carotid intima-media thickness (CIMT) and improves
endothelial dysfunction [by brachial artery reactivity testing (BART)] compared to 400 IU/day. This evidence
suggests that immune modulation by vitamin D may prevent CVD progression.

To further test our hypothesis, we propose an ancillary study (D2d-CVD) in 236 D2d participants, followed for
the first two years of intervention. We expect the D2d-CVD study to accomplish the following specific aims:

1. To determine if vitamin D3 supplementation (4000 |U/day) improves non-invasive markers of subclinical CVD
in patients with pre-diabetes. Participants will be evaluated for changes in a) vascular morphology (CIMT); b)
systemic inflammation [hsCRP, matrix metalloproteinase 9 (MMP-9), tumor necrosis factor a (TNFa), interleukin
(IL) 1]. Aim 1A: In mediation analyses, test whether changes in systemic inflammatory markers predict change in
CIMT.

2. Determine if vitamin D3 supplementation (4000 1U/day) promotes an anti-atherogenic phenotype in
monocytes derived from patients with pre-diabetes. At the same time points as in Aim 1, we will assess:
membrane receptor phenotype, monocyte adhesion and migration and Aim 2A: in mediation analyses, test
whether monocyte membrane receptor phenotype (M1 vs. M2 differentiated monocytes) or monocyte adhesion
or migration predict change in CIMT.
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1c. Significance and Brief Background
Please describe the scientific relevance (1 page limit).

Pre-diabetes has been called the “largest healthcare epidemic” in the United States. Pre-diabetes is the
leading risk factor for T2DM and is present in a staggering 79 million adults in the U.S., more than 1 in 3 (2).
While pre-diabetes progresses to T2DM at a rate of approximately 10% per year, it also constitutes an
independent factor risk for CVD, with annual CVD mortality rates being nearly twice that of normoglycemic
individuals (1). Hyperglycemia accounts for some of the increased risk of CV events in these patients. However,
other risk factors such as hypertension and vascular inflammation are considered critical to the development of
coronary disease (19). Therefore, it is imperative to elucidate mechanisms linking vascular inflammation to
pre-diabetes and cardiovascular risk factors that may lead to novel therapies to treat these pervasive diseases.

Data linking vitamin D and CVD comes primarily from observational studies, but a recent meta-analysis of 9
prospective cohort studies showed an association between low 250HD levels and risk for CVD in only half of
these studies (20). Randomized controlled trials in this area are scarce and do not demonstrate a significant
effect on CV outcomes or mortality; however, major study limitations limit conclusions from the available trials
(21-25). No randomized controlled trials have been published primarily examining the effects of vitamin D on CV
outcomes or focusing on the use of vitamin D on markers of CVD progression in patients with pre-diabetes, and
thus, the proposed study addresses an unmet clinical need.

Population-based and intervention studies have shown that CIMT is a valid and reliable surrogate measure of
coronary atherosclerosis (26). Previous meta-analysis shows that patients with impaired glucose tolerance (IGT)
have a CIMT 0.04 mm thicker than control subjects, the magnitude of which is about 1/3 of that observed in
diabetics, supporting that pre-diabetes is associated with risk factors typical of T2DM (27,28). In T2DM patients,
low levels of 250HD are strongly and independently associated with increased CIMT (29); however, no studies
have evaluated the effects of vitamin D supplementation on CIMT in pre-diabetics. Endothelial dysfunction
reflected by impaired BART response is another subclinical marker for the development of CVD (30). The only
interventional study of vitamin D on surrogate markers of CVD in diabetics showed that a single dose of 100,000
IU of vitamin D2 in those who are deficient significantly improves BART at 8 weeks after adjusting for blood
pressure (BP) changes (31). Therefore, vitamin D treatment may slow the progression of vascular dysfunction in
pre-diabetics when administered in early stage disease.

Inflammation of large arteries alters elasticity, increases stiffness, and contributes to the high prevalence of
CVD in T2DM and pre-diabetes (32-34). Vitamin D influences multiple known mechanisms responsible for the
increased vascular inflammation seen in patients with pre-diabetes. Long-term vitamin D3 supplementation
significantly reduces plasma levels of CRP, MMP 1 and 9, and its inhibitor (TIMP-1) in vitamin D-deficient,
non-diabetic individuals and has beneficial effects on the elastic properties of the common carotid artery in
postmenopausal women (35,36). However, the effects of long-term vitamin D supplementation on systemic
inflammatory markers of CVD in pre-diabetes are unknown. Monocytes and macrophages play a critical role in
the development of atherosclerosis and exist in at least two distinctly differentiated phenotypes: classically
activated M1 and alternatively activated M2 cells (37). Initial theories have suggested that M1 cells perpetuate
inflammation associated with atherosclerosis, while the role of M2 cells is unclear (38). Our results from prior
studies suggest that the presence of adequate vitamin D can shift this paradigm. We found that in macrophages
from diabetic patients, 1,25(0OH)2D3 supplementation switches vitamin D-deficient, M2-predominant
proinflammatory macrophages into M1-predominant macrophages with reduced proinflammatory cytokine
secretion, migration and adhesion to endothelial cells, and foam cell formation, all suggestive of an
anti-atherogenic M1 phenotype (15-17). From these data, we devised the macrophage phenotype ratio (MPR) to
determine the relative proportion of macrophage M1 versus M2 marker expression, finding a consistent
correlation of higher MPR with higher 25(OH)D and suppressed atherogenic properties within diabetics (17).
Therefore, the next logical step is to determine in vivo whether vitamin D supplementation in pre-diabetic
subjects generates an anti-atherogenic monocyte phenotype that suppresses vascular inflammation to prevent
atherosclerotic progression.
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1d. Innovation & Impact
Please describe the research innovation and potential impact (1/2 page limit).

The expansion of the D2d study with this proposal represents a unique opportunity to determine the effects of
a highly promising and novel intervention on cardiovascular outcomes. The Dd2-CVD will integrate the effects of
vitamin D on progression of CVD and progression to overt diabetes and determine whether these effects are
independent or interrelated. Furthermore, vitamin D deficiency is more prevalent in pre-diabetes, and current
evidence demonstrate vitamin D as an immunomodulator and contributor to CVD risk factors. Thus, we are
taking a mechanistically-directed approach to treat systemic inflammation for prevention of CVD with the
potential to affect long-term outcomes. The D2d-CVD will be the first long-term randomized clinical trial studying
the effects of vitamin D supplementation on CVD progression in pre-diabetes.

This proposal will combine clinical and basic research by characterizing the role of vitamin D in regulating
monocyte differentiation and vascular inflammation, thus impacting the progression of atherosclerosis. The
macrophage phenotype ratio (M1/M2) and monocyte adhesion and migration will be characterized over time as
novel biomarkers for atherosclerotic disease progression. Based on our preliminary data showing that
monocytes from vitamin D sufficient patients with T2DM have a predominantly M1 phenotype with less vascular
adhesion and migration, we propose to examine in vivo whether vitamin D supplementation in pre-diabetes
generates a similar monocyte phenotype and to validate whether this novel biomarker predicts CIMT response
to vitamin D supplementation. Furthermore, the chronic inflammatory state in this population will allow us to
determine whether vitamin D suppresses systemic inflammatory markers and if these changes correspond to
changes in inflammatory monocytes and predict CIMT response to vitamin D.

le. Research Approach
Please address the following: (1 and 1/2 page limit)
»  Study type (e.g. interventional or observational)
» Population and setting (inclusion/exclusion criteria)
= Study design (e.g. details of study procedures, outcome assessments, confounders, bias)
= Schedule of assessments
= Sample size (power) calculations
= Data analysis plan

Study Type. We propose an ancillary study to assess markers of cardiovascular disease in a subset of the
D2d study population for 2 years of follow-up. D2d-CVD will follow the D2d protocol; patients randomized in a
double-blinded fashion to vitamin D3, 4000 |U/day versus placebo, will be asked to participate in the ancillary
study. Aim 1 will determine the effects of vitamin D3 supplementation on early atherosclerosis assessed by
CIMT (primary endpoint). Additionally, in Aim 1, we will investigate the effects of vitamin D3 on systemic
inflammatory markers, and whether changes in inflammatory markers predict CIMT response. In Aim 2, we will
assess whether vitamin D3 supplementation alters the monocyte receptor phenotype or monocyte adhesion and
migration, and whether these properties predict change in CIMT. We expect to recruit all needed patients during
the first 2 years of funding, with two years of follow-up and a year of data cleaning and analyses.

Population and Setting. Inclusion criteria are identical to those of the D2d protocol and include: 1) Pre-diabetes
defined by meeting 2-out-of-3 of the following glycemic criteria: fasting plasma glucose 100-125 mg/dI, inclusive
(impaired fasting glucose, IFG); 2 hour plasma glucose; 140-199 mg/dl, inclusive (impaired glucose tolerance,
IGT); A1C 5.7-6.4%, inclusive; 2) Age = 30 years with a Body Mass Index (BMI) 25 (23 for Asians) to 40 kg/m2.
Exclusion criteria are also identical to those of the D2d protocol and are thus omitted here secondary to length.

Study design/schedule of assessments. All outcomes will be assessed at baseline, 1 year (M12), and 2 years
(M24), and will include the following procedures: A) Carotid Artery Intima-Media Thickness (CIMT). A
commercially-available ultrasound system will be used by a single, blinded vascular sonographer at each site for

Please continue Research Approach on next page.
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CIMT. The distal 1 cm posterior wall of bilateral common carotid arteries will be measured using an automatic
edge detection function, as previously described (39). Bilateral CIMT values will be averaged to obtain a single
mean and maximal CIMT for each individual. For inflammatory markers, 0.5 ml of frozen serum will be obtained
from the D2d Central Laboratory and stored at -80° C until analysis by the PI's laboratory. Samples will be
analyzed by ELISA assays for systemic markers of inflammation associated with vascular disease (hsCRP,
fibrinogen, TNFa, IL-1, MMP-9). B) Monocyte isolation. Forty ml of peripheral venous blood will be drawn from
each individual, and monocytes will be isolated by standard Ficoll techniques, followed by CD14 marker-positive
selection by magnetic beads. Monocytes will be stained with primary antibodies for markers of M1 differentiation
(CCR7 and CD86) and M2 differentiation (CD163 and MR) and subjected to flow cytometry to determine the
macrophage phenotype ratio. For adhesion assays, monocytes will be added to human umbilical vein
endothelial cells (HUVEC) cells attached to culture plates, and adhered cells will be stained and quantified (17).
For migration assays, Costar Transwells will be coated with fibronectin. Monocytes will be added to the upper
chamber, and MCP1 will be added to the lower chamber as a stimulus for macrophage migration. Cells that
migrate into the lower chambers will be counted (18).

Sample Size Calculations. Power computations are based on the proposed changes in CIMT over 2 years in
the placebo group vs. the vitamin D group. Sample size calculations were based on two published
placebo-controlled intervention studies of glucose-lowering agents in patients with pre-diabetes (40,41), in which
the weighted annualized CIMT change was 0.010 mm in the placebo group vs. 0.0053 mm in the intervention
group in 497 subjects. We assumed twice these changes in CIMT for both the control and vitamin D groups over
2 years, but for the standard deviations, conservatively utilized the higher values of the two studies and added
an additional 25%, thus giving us estimated CIMT changes of 0.021 £ 0.22 mm for placebo and 0.010 £ 0.24
mm for intervention. Thus, 94 subjects per group will yield a power of 0.9 at the 0.05 level of significance. To
account for a projected dropout rate of 10%/year, or 20% total, our goal will be to randomize 236 subijects.

Analytical Methods. All data analyses and cardiovascular imaging analyses will be performed at Washington
University. Interpretation of CIMT studies will be performed by the Washington University Core Lab. For quality
control of CIMT, 25 subjects (study or non-study) spread over all centers over the duration of the study will have
CIMT performed twice each, one week apart. Studies will be reviewed to ensure consistency of ultrasound
procedures. Quality control of interpretation of CIMT will consist of independent interpretation of 10% of studies
by two additional cardiologists who specialize in cardiovascular imaging. Statistical analyses will be focused on
comparing changes over time across groups in CIMT, inflammatory markers, macrophage phenotype ratio (MPR
— the ratio of macrophage M1 markers to M2 markers), and macrophage adhesion and migration. Initially, t-tests
will compare baseline values in the two groups. The longitudinal analytic strategy will be a mixed model
repeated measures analysis of variance, comparing the change from baseline to 2 years in the control vs.
vitamin D group. Subsequent to these analyses, we will adjust for covariates, including age, BP, body mass
index, smoking status, changes in A1C, and baseline vitamin D level. Finally, the monocyte outcomes and
inflammatory markers will be treated as covariates in mixed model repeated measures analyses that seek an
understanding of their role in predicting the CIMT response to vitamin D therapy. Analyses will be intention to
treat in that all subjects who provide any follow up data will be included.
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1f. References Cited
Please attach a list of references (PDF format document) with the application.

Part 2: Description of Data

2a. Required Sources of Data
Please select all that apply:
(0] Existing data collected as part of D2d study
If yes, please complete D2d Ancillary Study Data Request Form
[O]New data derived through use of stored biological specimens collected as part of D2d study
If yes, please complete D2d Ancillary Study Specimen Request Form
[O] New data derived through direct contact with D2d participants (e.g. procedure, survey, observation)
If yes, please complete question 2b
If available, please include a copy of the proposed protocol with your application.

2b. New Data Acquisition, if applicable
Please describe the additional procedures, interventions or surveys required for new data acquisition and
address the need for additional visits and/or the prolongation of existing visits. (1/2 page limit).

All new data acquisition can be achieved by prolongation of existing visits, with no need for additional visits. At
each of 3 visits (Baseline, M12, and M24), 2 additional procedures will need to be performed. These procedures
include the following (described in detail above under Research Approach):

1. Carotid intima-media thickness: Ultrasound of bilateral carotid arteries requires approximately 15-30 minutes
to complete.

2. Blood samples: Collection of 4 x 10-ml green-top sodium heparin vaccutainer tubes can be performed at the
same time as scheduled D2d blood samples and thus will only require an additional 5 minutes to obtain.

In total, the procedures for this proposed ancillary study would prolong 3 existing visits (at baseline, 12 months,
and 24 months) by approximately 45 minutes to 1 hour . As an alternative to the baseline visit, the baseline
measurements for D2d-CVD study may also be performed at the randomization visit to allow site and participant
flexibility.

Each site will receive compensation for the additional required time for each ancillary study visit. Compensation
for the site will consist of two global fees. The first takes into account effort for the ultrasonographer, CIMT
procedures, and transfer of cardiovascular imaging data. The second takes into account effort for the site Pl and
research coordinator, to include additional blood draw, effort for packaging biospecimens (including supplies
such as dry ice, biohazard bags, etc.), scheduling time, and IRB approvals. We will supply individual sites with
blood collection tubes, styrofoam biospecimen transport boxes, and biospecimen shipment fees. Additional
compensation will be provided to participants.
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Part 3: Facilities & Resources

3a. D2d Collaborating Clinical Sites

Please note: By marking the box next to a site(s), the ancillary study Pl has secured the commitment of the
site(s) to the proposed ancillary study to allow generation of new data by direct contact with D2d participants at
the site.

Please select all D2d collaborating clinical sites that have agreed to participate in the proposed Ancillary Study.

[]Atlanta VA Medical Center [O] Northwestern University

] Baylor College of Medicine []Pennington Biomedical Research Center
[]Duke University Medical Center [] stanford University Medical Center

[Florida Hospital Translational Research Institute [O] Tufts Medical Center

[[]HealthPartners Research Foundation []Tulane University Health Sciences

[]Los Angeles Roybal [l University of Cincinnati VA Medical Center
[C]Maine Medical Center Research Institute [O] University of Kansas Medical Center

[IMedical University of South Carolina []University of Nebraska Medical Center

[ ]MedStar Health Research Institute ] University of Tennessee Health Science Center
IE NIDDK Phoenix |:| University of Texas Southwestern Medical Center

3b. Description of Clinical Laboratory Facilities, if applicable
Please describe clinical laboratory facilities and where and how bio-specimens will be handled (e.g. storage,
shipping of biological material; laboratory staff experience).

Dr. Bernal-Mizrachi's lab space is located within the Washington University Medical Center and consists of
1,100 square feet. It has a hood for working with toxic chemicals and radioisotopes and is equipped for
processing, storage, and analysis of blood and tissue samples. It houses 4 computers for data analysis, a
Sorvall refrigerated centrifuge, a -20° non-frost freezer, and 3 -80° freezers. A separate room contains cell
culture equipment, C02 incubator (Fisher 3530), a Biosafety Class Il cabinet (Fisher Hamilton 54L92700), and a
liquid nitrogen container (Thermo Electron 8030). We have access to a Nikon fluorescence microscope
equipped with a CCD Camera and Magnafire image analysis tools and a 4°C cold room for sample preparation,
temporary storage, and gamma counter. The Flow Cytometry and Fluorescence Activated Cell Sorting Core in
the Department of Pathology and Immunology offers services for flow cytometry-based cell analysis and cell
sorting, including 4 benchtop analyzers and 3 cell sorters with the sorting capacity of 7 traditional cell sorters.

Blood samples for monocytes will be collected at baseline, 1 year, and 2 years. Four 10-mL green top sodium
heparin tubes will be obtained. These tubes will be placed in styrofoam boxes for transport in a sealed biohazard
bag with adsorbent (towel) and gel packs for cooling. The package will be stored in the refrigerator (1-6°C) until
pickup by FedEx for overnight delivery. For inflammatory markers, serum samples from the same time points as
the monocytes will be requested from the D2d Central Laboratory and batch transported to the Pl on dry ice.

Our laboratory staff has 7 years of experience handling blood samples, performing human monocyte isolation,
monocyte staining for flow cytometry, monocyte migration and adhesion to HUVEC, and analysis of macrophage
cytokine production. Also, our laboratory is experienced in performing multiplex assessments using the
Affymetrix platform for systemic markers of vascular inflammation (TNFa, IL-1, hsCRP, MMP-9, fibrinogen).

The Cardiovascular Imaging and Clinical Research Core Laboratory at WU (WU Core Lab) operates within 350
square feet for clinical research studies at the university. State-of-the art equipment is available for the
performance and analysis of CV studies (e.g. echocardiograms, vascular ultrasound and endothelial function
studies) and ambulatory BP and telemetry. Available equipment includes two large ultrasound machines and two
portable systems equipped with cardiac and vascular transducers. Equipment is also available for oxygen
consumption studies (VO2 max) and ambulatory BP monitoring. There are computers and a server/workstation
for data storage and statistical analysis, and a digital ultrasound review and reading station (ProSolv).
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Part 4. Potential Burden on the D2d study

Please describe the potential burden of the ancillary study on the D2d study in relation to the following and
provide ways to minimize the burden:

4a. Participant Burden and Potential for Compromising Participant Retention

The primary participant burden is time. Overall, the time commitment is reasonable (extension of 3 visits by 1
hour) and can be minimized by efficiency of procedures (D2d-CVD blood draws can be performed at the time of
D2d blood draws). Additionally, participants will be reimbursed for the extra time required for the ancillary study.
The burden of additional safety risk is low as the only additional procedures will include additional blood
collection (without a second venipuncture) and CIMT, as described above. CIMT requires ultrasonography at
frequencies for which there are no known risks to humans.

4b. Participant Safety and Confidentiality
Please describe measures taken to ensure participant safety and confidentiality and address plan for data
management (secure storage, monitoring etc.).

See safety risks above. To maintain confidentiality, all data requested from the D2d Coordinating Center will be
de-identified. Additionally, all data and specimens required for new data acquisition will be de-identified prior to
their transport from the ancillary study sites, the D2d Coordinating Center, or the D2d Central Laboratory to
Washington University. In addition, any hard-copy research records will be housed within the PI's research area
in locked cabinets and/or locked rooms within locked suites located on the Washington University (WU) campus
in accordance with HIPAA guidelines. Electronic data will be maintained on WU network servers, which are
HIPAA-compliant with 2-key security and monitored access. Cardiovascular imaging data will be sent directly
through a web-based, password-protected image transfer protocol and database maintained by the WU Core
Laboratory. Major characteristics of the database include: 1) Secure (accessible only to those who are
authorized and HIPAA-compliant) with accessibility depending on the individual role on the project; 2) Data
transfer encrypted via SSL; 3) Firewall protected; 4) Expandable (able to support thousands of records and link
subjects across studies and projects); 5) Allows imported data from external sources; 6) Allows export of data in
multiple formats, including Microsoft excel, SAS, or in a comma or tab delimited format.

4c. Burden on Collaborating Clinical Sites

The CIMT studies require a commercially available ultrasound system equipped with high-frequency
transducers (8-15MHz) for each site and an ultrasonographer qualified to perform the studies. Prior to study
initiation, any collaborating staff who require it will come to WU for a 1-day training program for CIMT at the WU
Core Lab that will include review of study background, imaging protocol, instrumentation, image acquisition and
submission. There will also be a hands-on session under supervision by medical and technical staff. Each site
must be certified in CIMT studies, achieved by submitting a sample study to the WU Core Lab for review that
must be 100% adherent to protocol. For transfer of CV studies, sites must have the ability to store studies in a
HIPAA-compliant fashion electronically for the duration of the study. For transfer of biospecimens, sites must
have an individual trained in shipment of dangerous goods so samples can be packaged appropriately, as well
as a standard refrigerator for storage of 4°C samples pending shipment by FedEx.
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4d. Regulatory Requirements
Please describe how informed consent will be obtained and describe plan for local IRB approval. If available,
please attach a copy of the informed consent form.

Informed consent will occur at each clinical site by its respective investigators. IRB approval with an additional
consent form will thus be necessary at each clinical site. We will provide copies of the detailed protocol including
all risks and benefits to each site in order to facilitate preparation for submission to their IRB. We will also be
available for any assistance needed by individual sites with IRB submission. In addition, we will also submit an
IRB proposal to the Washington University Human Research Protection Office for data analysis.

Part 5: D2d Support

Please note: The costs associated with the use of resources (D2d or other) must be included in the plans for
funding the ancillary study. All negotiated services must be documented in a letter of commitment from the
provider of such services.

Please select resources at the D2d Coordinating Center or D2d Central Laboratory that will be required. There
will be a fee associated with these services:
[0]Data extraction and transfer
@Specimen selection and transfer
[]Data analyses (depending upon staff availability, proposed analyses may be conducted by the
analytical team at the D2d Coordinating Center)
[Jother study-specific services for studies that will collect new data in real time

Part 6: Funding

6a. Funding Source(s)
Please describe ancillary study funding source(s) or plans to apply for funding.

We plan to apply to NIH RFA-HL-14-004, for Ancillary Studies in Clinical Trials. Given that this is an RFA, we
see this as a unique opportunity to be competitive for securing funding.

6b. Planned Date of Submission to Funding Agency 09/24/2013

Part 7: NIH Biosketch

Please attach NIH Biosketches for Pl only with your application upon submission.
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Part 8: Acknowledgement of D2d Ancillary Studies Policies & Procedures

| have read and agree to abide by the policies and procedures for D2d Ancillary Studies as described in
the document titled: D2d Ancillary Studies Policies and Procedures & Instructions for Submission of
Proposals, and specifically regarding the presentation and publication of ancillary study results and
data sharing policies.

Digitally signed by Carlo; Bern_al-Mizrachi
o _ _ Carlos Bernal-Mizrachi oy e e & e
Principal Investigator Signature Date: 2013.06,02 14101:09 0500 Date 04/28/2013

(e-signature accepted)

Part 9: Attachments

Please indicate all documents that are included with your application:
[C]NIH Biosketches for Pl only (required for all applications)
[O]References Cited (required for all applications)

[O]p2d Ancillary Study Data Request Form
[Ip2d Ancillary Study Specimen Request Form

Please note: The following forms are not required with application, but are required prior to study initiation:
|:|Ancillary Study Proposal
|:|Ancillary Study Manual of Procedures
[ ]informed Consent Form (required for studies involving generation of new data via direct contact with
D2d participants)
[ ]IRB Approval Letter

Final steps to submission:

Save a copy of this form to your computer.

Click on the “Submit” button, which will open an email and automatically attach application. In that email, attach additional
documents checked above to complete application then send.

Submit

Thank you for your interest in the D2d Study
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Office Use

Ancillary Study Number Date Submitted (MM/DD/YYYY)
Title of Proposal Vitamin D Supplementation to Reduce Vascular Risk Progression

(81 character limit)

Principal Investigator Carlos Bernal-Mizrachi
Institutional Affiliation Washington University School of Medicine

1. Data Requested

Please indicate required time assessments for each outcome category requested.

End of study

Outcome Category Time Assessed

Base | M0O3 | M0O6 M12 M18 | M24 | M30 | M36 M42 | M48 | Conf*

Medical History

Physical Examination

Vital Signs

Waist Circumference

XL XX X
X XX
X XX

X
X

Non-Study Medication
Review
Food Frequency
Questionnaire
Physical Activity
Questionnaire

Study Pill Adherence

HbA1c, Fasting Plasma
Glucose
2-hour Plasma Glucose
(OGTT)
Plasma Glucose after 30 min
(OGTT)

25-hydroxyvitamin D

X X

XX
X X

XX
XX
X X

Serum Insulin, fasting

Serum Insulin, after 30 min
(OGTT)
Urine Albumin-Creatinine ><
Ratio
Urine Calcium-Creatinine
Ratio
*Conf = a confirmatory visit to confirm the diagnosis of diabetes.

X - X - - -
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2. Comments

If necessary, please use the space below to provide additional comments.

Final steps to submission:
Save a copy of this form to your computer.
Attach to D2d Ancillary Study application and submit in a single email to: D2d@TuftsMedicalCenter.org.

Page 2 of 2
v. 2013.3






		Ancillary Study Number: 

		Principal Investigator: Carlos Bernal-Mizrachi

		Institutional Affiliation: Washington University School of Medicine

		If necessary please use the space below to provide additional comments: 

		Date Submitted: 

		Title of proposal: Vitamin D Supplementation to Reduce Vascular Risk Progression

		MedHis B: Yes

		MedHis 3: 

		MedHis 6: 

		MedHis 12: Yes

		MedHis M18: 

		MedHis 24: Yes

		MedHis 30: 

		MedHis 36: 

		MedHis 42: 

		MedHis 48: 

		MedHis Conf: 

		Phys Base: Yes

		Phys 3: 

		Phys 6: 

		Phys 12: Yes

		Phys 18: 

		Phys 24: Yes

		Phys 30: 

		Phys 36: 

		Phys 42: 

		Phys 48: 

		Phys conf: 

		Vital base: Yes

		Vital 3: 

		Vital 6: 

		Vital 12: Yes

		Vital 18: 

		Vital 24: Yes

		Vital 30: 

		Vital 36: 

		Vital 42: 

		Vital 48: 

		Vital Conf: 

		Waist base: 

		Rx base: Yes

		Rx 3: 

		Rx 6: 

		Rx 12: Yes

		Rx 18: 

		Rx 24: Yes

		Rx 30: 

		Rx 36: 

		Rx 42: 

		Rx 48: 

		Rx Conf: 

		FFQ base: 

		FFQ 48: 

		FFQ conf: 

		PA base: 

		PA 12: 

		PA 24: 

		PA 36: 

		PA 48: 

		Ad base: Yes

		Ad 6: 

		Ad 12: Yes

		Ad 18: 

		Ad 24: Yes

		Ad 30: 

		Ad 36: 

		Ad 42: 

		Ad 48: 

		Ad conf: 

		Gluc base: Yes

		Gluc 6: 

		Gluc 12: Yes

		Gluc 18: 

		Gluc 24: Yes

		Gluc 30: 

		Gluc 36: 

		Gluc 42: 

		Gluc 48: 

		Gluc conf: 

		2h OGTT base: Off

		2h OGTT 12: Off

		2h OGTT 24: Off

		2h OGTT 36: 

		2h OGTT 48: 

		2h OGTT conf: 

		d base: Yes

		d 12: Yes

		d 24: Yes

		d 36: 

		d 48: 

		30m OGTT gluc 12: Off

		30m OGTT gluc base: Off

		30m OGTT gluc 24: Off

		30m OGTT gluc 36: 

		30m OGTT gluc 48: 

		insul base: Yes

		insul 12: Yes

		insul 24: Yes

		insul 36: 

		insul 48: 

		30m OGTT insul base: Off

		30m OGTT insul 12: Off

		30m OGTT insul 24: Off

		30m OGTT insul 36: 

		30m OGTT insul 48: 

		u alb base: Yes

		u alb 12: Yes

		u alb 24: Yes

		u alb 36: 

		u alb 48: 

		u calc base: 

		u calc 12: 

		u calc 24: 

		u calc 36: 

		u calc 48: 






References

1. Garber AJ, Handelsman Y, Einhorn D, Bergman DA, Bloomgarden ZT, Fonseca V, Garvey WT, Gavin JR, 3rd,
Grunberger G, Horton ES, Jellinger PS, Jones KL, Lebovitz H, Levy P, McGuire DK, Moghissi ES, Nesto RW.
Diagnosis and management of prediabetes in the continuum of hyperglycemia: When do the risks of diabetes begin?
A consensus statement from the american college of endocrinology and the american association of clinical
endocrinologists. Endocrine practice : official journal of the American College of Endocrinology and the American
Association of Clinical Endocrinologists. 2008;14:933-946

2. Lee M, Saver JL, Hong KS, Song S, Chang KH, Ovbiagele B. Effect of pre- diabetes on future risk of

stroke: Meta-analysis. BMJ. 2012;344:e3564

3. Fiscella K, Franks P. Vitamin d, race, and cardiovascular mortality: Findings from a national us sample. Ann Fam
Med. 2010;8:11-18

4. Isaia G, Giorgino R, Adami S. High prevalence of hypovitaminosis d in female type 2 diabetic population.
Diabetes Care. 2001;24:1496

5. Cigolini M, lagulli MP, Miconi V, Galiotto M, Lombardi S, Targher G. Serum 25-hydroxyvitamin d3
concentrations and prevalence of cardiovascular disease among type 2 diabetic patients. Diabetes Care. 2006;29:722-
724

6. Harris SS. Vitamin d and african americans. J Nutr. 2006;136:1126-1129

7. Gupta AK, Brashear MM, Johnson WD. Prediabetes and prehypertension in healthy adults are associated

with low vitamin d levels. Diabetes Care.2011;34:658-660

8. Barengolts E. Vitamin d role and use in prediabetes. Endocrine practice : official journal of the American
College of Endocrinology and the American Association of Clinical Endocrinologists. 2010;16:476-485

9. Pinelli NR, Jaber LA, Brown MB, Herman WH. Serum 25-hydroxy vitamin d and insulin resistance, metabolic
syndrome, and glucose intolerance among arab americans. Diabetes Care. 2010;33:1373-1375

10.Chiu KC, Chu A, Go VL, Saad MF. Hypovitaminosis d is associated with insulin resistance and beta cell
dysfunction. Am J Clin Nutr. 2004;79:820-825

11. Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao LP. 1,25-dihydroxyvitamin d(3) is a negative endocrine regulator
of the renin-angiotensin system. J Clin Invest.2002;110:229-238

12. Giulietti A, van Etten E, Overbergh L, Stoffels K, Bouillon R, Mathieu C. Monocytes from type 2 diabetic
patients have a pro-inflammatory profile. 1,25- dihydroxyvitamin d(3) works as anti-inflammatory. Diabetes Res Clin
Pract.2007;77:47-57

13. Holick MF. Vitamin d: Importance in the prevention of cancers, type 1 diabetes, heart disease, and
osteoporosis. Am J Clin Nutr. 2004;79:362-371

14. Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of vitamin d and calcium in type 2 diabetes. A systematic
review and meta-analysis. J Clin Endocrinol Metab.2007;92:2017-2029

15. Oh J, Weng S, Felton SK, Bhandare S, Riek A, Butler B, Proctor BM, Petty M, Chen Z, Schechtman KB,
Bernal-Mizrachi L, Bernal-Mizrachi C. 1,25(oh)2 vitamin d inhibits foam cell formation and suppresses
macrophage cholesterol uptake in patients with type 2 diabetes mellitus. Circulation. 2009;120:687-698

16. Riek AE, Oh J, Bernal-Mizrachi C. 1,25(oh)(2) vitamin d suppresses macrophage migration and reverses
atherogenic cholesterol metabolism in type 2 diabetic patients. J Steroid Biochem Mol Biol. 2013

17. Riek AE, Oh J, Sprague JE, Timpson A, de las Fuentes L, Bernal-Mizrachi L, Schechtman KB,
Bernal-Mizrachi C. Vitamin d suppression of endoplasmic reticulum stress promotes an antiatherogenic
monocyte/macrophage phenotype in type 2 diabetic patients. J Biol Chem. 2012;287:38482-38494

18. Bouhlel MA, Derudas B, Rigamonti E, Dievart R, Brozek J, Haulon S, Zawadzki C, Jude B, Torpier

G, Marx N, Staels B, Chinetti-Gbaguidi G. Ppargamma activation primes human monocytes into

alternative m2 macrophages with anti- inflammatory properties. Cell Metab. 2007;6:137-143

19. Tight blood pressure control and risk of macrovascular and microvascular complications in type 2
diabetes: Ukpds 38. Uk prospective diabetes study group. Bmj. 1998;317:703-713

20. Pittas AG, Chung M, Trikalinos T, Mitri J, Brendel M, Patel K, Lichtenstein AH, Lau J, Balk EM.
Systematic review: Vitamin d and cardiometabolic outcomes. Ann Intern Med.152:307-314

21. Trivedi DP, Doll R, Khaw KT. Effect of four monthly oral vitamin d3 (cholecalciferol)

supplementation on fractures and mortality in men and women living in the community: Randomised

double blind controlled trial. BMJ. 2003;326:469

22. Brazier M, Grados F, Kamel S, Mathieu M, Morel A, Maamer M, Sebert JL, Fardellone P. Clinical

and laboratory safety of one year's use of a combination calcium + vitamin d tablet in ambulatory

elderly women with vitamin d insufficiency: Results of a multicenter, randomized, double-blind,

placebo- controlled study. Clin Ther. 2005;27:1885-1893





23. Prince RL, Austin N, Devine A, Dick IM, Bruce D, Zhu K. Effects of ergocalciferol added to calcium

on the risk of falls in elderly high-risk women. Arch Intern Med.

2008;168:103-108

24. Hsia J, Heiss G, Ren H, Allison M, Dolan NC, Greenland P, Heckbert SR, Johnson KC,

Manson JE, Sidney S, Trevisan M. Calcium/vitamin d supplementation and cardiovascular events.

Circulation. 2007;115:846-854

25. Shankar A, Sabanayagam C, Kalidindi S. Serum 25-hydroxyvitamin d levels and prediabetes among
subjects free of diabetes. Diabetes Care. 2011;34:1114-1119

26.Blankenhorn DH, Hodis HN. George lyman duff memorial lecture. Arterial imaging and atherosclerosis
reversal. Arterioscler Thromb. 1994;14:177-192

27. Brohall G, Oden A, Fagerberg B. Carotid artery intima-media thickness in

patients with type 2 diabetes mellitus and impaired glucose tolerance: A systematic review.

Diabetic medicine : a journal of the British Diabetic Association. 2006;23:609-616

28. Faeh D, William J, Yerly P, Paccaud F, Bovet P. Diabetes and pre-diabetes are associated with
cardiovascular risk factors and carotid/femoral intima-media thickness independently of markers of

insulin resistance and adiposity. Cardiovasc Diabetol. 2007;6:32

29.Targher G, Bertolini L, Padovani R, Zenari L, Scala L, Cigolini M, Arcaro G.

Serum 25-hydroxyvitamin d3 concentrations and carotid artery intima-media thickness among type 2

diabetic patients. Clin Endocrinol (Oxf). 2006;65:593-597

30.Toborek M, Kaiser S. Endothelial cell functions. Relationship to atherogenesis. Basic Res Cardiol.
1999;94:295-314

31.Sugden JA, Davies JI, Witham MD, Morris AD, Struthers AD. Vitamin d improves endothelial

function in patients with type 2 diabetes mellitus and low vitamin d levels. Diabetic medicine : a journal

of the British Diabetic Association.2008;25:320-32

32.Gupta AK, Johnson WD. Prediabetes and prehypertension in disease free obese adults correlate with an
exacerbated systemic proinflammatory milieu. J Inflamm (Lond). 2010;7:36

33. Tordjman K, Bernal-Mizrachi C, Zemany L, Weng S, Feng C, Zhang F, Leone TC, Coleman T, Kelly DP,
Semenkovich CF. Pparalpha deficiency reduces insulin resistance and atherosclerosis in apoe-null mice. J Clin
Invest. 2001;107:1025-1034

34. Schneider JG, Finck BN, Ren J, Standley KN, Takagi M, Maclean KH, Bernal- Mizrachi C, Muslin AJ, Kastan
MB, Semenkovich CF. Atm-dependent suppression of stress signaling reduces vascular disease in metabolic
syndrome. Cell Metab. 2006;4:377-389

35. Norman PE, Powell JT. Vitamin d, shedding light on the development of disease in peripheral arteries.
Arterioscler Thromb Vasc Biol. 2005;25:39-46

36.Timms PM, Mannan N, Hitman GA, Noonan K, Mills PG, Syndercombe-Court D, Aganna E, Price CP, Boucher
BJ. Circulating mmp?9, vitamin d and variation in the timp-1 response with vdr genotype: Mechanisms for
inflammatory damage in chronic disorders? Qjm. 2002;95:787-796

37.Martinez FO, Helming L, Gordon S. Alternative activation of macrophages: An immunologic functional
perspective. Annu Rev Immunol. 2009;27:451-483

38. Gordon S. Alternative activation of macrophages. Nature reviews. Immunology.2003;3:23-35

39. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, Najjar SS, Rembold CM, Post WS. Use of
carotid ultrasound to identify subclinical vascular disease and evaluate cardiovascular disease risk: A consensus
statement from the american society of echocardiography carotid intima-media thickness task force. Endorsed by
the society for vascular medicine. J] Am Soc Echocardiogr. 2008;21:93-111; quiz 189-190

40.Hanefeld M, Chiasson JL, Koehler C, Henkel E, Schaper F, Temelkova- Kurktschiev T. Acarbose slows
progression of intima-media thickness of the carotid arteries in subjects with impaired glucose tolerance.
Stroke.2004;35:1073-1078

41. Saremi A, Schwenke DC, Buchanan TA, Hodis HN, Mack WJ, Banerji M, Bray GA, Clement SC, Henry RR,
Kitabchi AE, Mudaliar S, Ratner RE, Stentz FB, Musi N, Tripathy D, DeFronzo RA, Reaven PD. Pioglitazone
slows progression of atherosclerosis in prediabetes independent of changes in cardiovascular risk factors.
Arterioscler Thromb Vasc Biol. 2013;33:393-399






Program Director/Principal Investigator (Last, First, Middle):  Bernal-Mizrachi, Carlos

BIOGRAPHICAL SKETCH

Provide the following information for the Senior/key personnel and other significant contributors in the order listed on Form Page 2.

Follow this format for each person. DO NOT EXCEED FOUR PAGES.

NAME POSITION TITLE

Bernal-Mizrachi, Carlos M.D. Assistant Professor

eRA COMMONS USER NAME (credential, e.g., agency login) Endocrinology, Metabolism and Lipid Research
CBERNAL

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and
residency training if applicable.)

INSTITUTION AND LOCATION (/fDa;Eu?/iF;SEe) MM/YY FIELD OF STUDY
Universidad del Valle School of Medicine M.D. 12/90 Medical School
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University of Miami 06/98 Internal Medicine
. . . . . Endocrinology, Diabetes
Washington University, Barnes-Jewish Hospital 06/02 & Metabolism

A. Personal Statement

The major purpose of this proposal is to determine the effects of vitamin D supplementation on subclinical
markers of cardiovascular disease in a high risk population of pre-diabetics. | have established myself
over the past decade in the field of nuclear receptors, insulin receptors, and cardiovascular disease with
multiple publications in high-visibility journals. Over the last 7 years, my interests have narrowed to focus
on the effects of vitamin D deficiency on the development of cardiovascular disease in diabetes. We have
established the potential mechanism by which vitamin D regulates macrophage cholesterol metabolism in
patients with diabetes. | have translated these basic research findings into humans by conducting two
randomized controlled trial to assess the effects of vitamin D supplementation on cardiovascular disease
markers and risk factors. As part of our trials, | have developed a team of collaborators from different
medical specialties (Cardiology, Endocrinology, Geriatrics, Pathology, Epidemiology and Statistics) with
many years of experience in clinical and translational research to assist me for the current and future trials
of the effects of vitamin D replacement on vascular complications. This background puts my group in an
ideal position to utilize the opportunity of the D2d parent study to conduct this ancillary analysis and study
cardiovascular disease progression in a high risk population of pre-diabetics.
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2006-

Internship and Residency in Internal Medicine, Hospital Universitario del Valle, Cali-Colombia
Internship and Residency in Internal Medicine, University of Miami/Jackson Memorial Hospital,
Miami, Florida

Fellowship in Endocrinology, Diabetes and Metabolism, Barnes-Jewish Hospital, St. Louis, Missouri
Instructor in Medicine, Division of Endocrinology, Metabolism and Lipid Research, Washington
University, St. Louis, Missouri

Assistant Professor in Medicine, Cell Biology and Physiology. Division of Endocrinology,
Metabolism and Lipid Research, Washington University, St. Louis, Missouri

Honors and Awards
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1987
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Gold Medal “Francisco de Paula Santander” (best baccalaureate student); Colegio Santa
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Best Medical Student; Tulane University School of Medicine/Universidad del Valle School of
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Medicina Interna (Colombian Association of Internal Medicine).

1996 “Always right, Always sure” Award; Internal Medicine Residents, University of Miami Miller
School of Medicine.

1998 Chief Resident; Internal Medicine Residency Program, University of Miami Miller School of
Medicine.

2001 Outstanding Original Research Award, Endocrinology Fellows Forum of Excellence at the
American Diabetes Association meeting in Philadelphia, Pennsylvania.

2006 El Premio Orquidea al Mejor Medico Cientifico Hispano en Estados Unidos (Orchid Award for
Best Colombian Medical Scientist in the U.S.); Colombian Consulate in United States.

2007 Paula and David Kipnis Scholar for Research Achievements; Internal Medicine, Washington
University School of Medicine, St. Louis, Missouri.

2012 Elected to the American Society for Clinical Investigation
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D. Research Support

Ongoing Research Support

R01HL094818. Bernal-Mizrachi (PI) 04/15/10-01/31/15
NIH/NHLBI/ODS

Vitamin D, Insulin Resistance and Cardiovascular Disease

The goal of this grant is to determine the potential mechanism of vitamin D in blood pressure control by
performing randomized control trial in patients with type 2 diabetes and determine the mechanism using
genetically modified mouse models.

Role: Principal Investigator

ADA 1-12-CT-08. Bernal-Mizrachi (PI) 07/01/12-06/30/15

American Diabetes Association

Effects of Vitamin D on Markers of Vascular Disease in Diabetic African Americans

The goal of this grant is to identify whether vitamin D supplementation reduces carotid intimal thickness and
improve vascular reactivity in African Americans with diabetes mellitus type 2.

Role: Principal Investigator

CH-11-2012-209. Bernal-Mizrachi (P1) 02/01/12-01/31/15

Child Discovery Institute

Developmental Origins of Metabolic Syndrome and Cardiovascular Disease

The goal of this grant is to evaluate whether vitamin D deficiency in utero induces epigenetic reprogramming of
hematopoietic stem cells resulting in adult onset of metabolic syndrome and atherosclerosis.

Role: Principal Investigator

ICTS/BJHF. Bernal-Mizrachi (P1) 06/01/12-05/31/13

Vitamin D and Cardiovascular Disease in Diabetic African Americans

The goal is to determine the effects of vitamin D replacement in inflammatory markers in African Americans
with type 2 diabetes mellitus.

Role: Principal Investigator

RR024992. Evanoff (PI) 09/17/07-6/30/13

NIH/NCRR

Washington University Institute of Clinical and Translational Sciences (KL2 Award)

The Clinical and Translational Science Award is the key component for the establishment of the Washington
University Institute of Clinical and Translational Science (ICTS).

Role: Bernal-Mizrachi (Mentor)
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Recent Completed Research Support

ADA 07-08-CR-08. Bernal-Mizrachi (PI) 07/01/08-06/30/10

American Diabetes Association

Vitamin D, Insulin Resistance and Cardiovascular Disease

The goal of this project is to determine whether vitamin D replacement decreases blood pressure in patients
with diabetes.

Role: Principal Investigator

P30 DK079333. Hammerman (PI) 07/01/09-06/30/11

NIH/NIDDK

Pilot and Feasibility

Vitamin D and Atherosclerosis

The goal is to identify the physiological and pathological vascular consequences of vitamin D deficiency in
mice and define the cellular and molecular mechanism(s) by which altered macrophage vitamin D receptor
signaling induces vascular inflammation and atherosclerosis.

Role: Principal Investigator

Endocrinology Fellows Foundation. Riek (PI) 07/01/10-06/30/11
Vitamin D, Insulin Resistance and Cardiovascular Disease

Effects of vitamin D in vascular response.

Role: Bernal-Mizrachi (Mentor)

Lilly Endocrine Scholars Award. Riek (PI) 07/01/10-06/30/11

The Effects of Vitamin D on Blood Pressure Control in Diabetes

This project is a randomized, double-blind, placebo-controlled trial evaluating whether vitamin D3 replacement
in Vitamin D-deficient patients with hypertension decreases blood pressure.

Role: Bernal-Mizrachi (Mentor)
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Office Use
Ancillary Study Number Date Submitted (MM/DD/YYYY)
Title of Proposal Vitamin D Supplementation to Reduce Vascular Risk Progression

(81 character limit)

Principal Investigator Carlos Bernal-Mizrachi

Institutional Affiliation Washington University

1. Sample Specifications

Please select all that apply:

Age Range (® All (30 years and older)
OOther, please specify:

Sex @Al
OFemale

O Male

Race @Al
OWhite
OBlack
O Asian

QO other, please specify:

Ethnicity @Al

QO Hispanic
O Non-Hispanic
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D2d Ancillary Study Specimen Request Form

2. Specimens Requested

D24

Please indicate treatment group and time-point (in months, starting with baseline) for each specimen type

requested. Specimens not collected at a particular time-point are indicated with a dash.

Please note:

Each vial of serum or plasma contains 0.5 mL

Each vial of whole blood contains 2 mL
Each vial of urine contains 1.5 mL

Specimen
Type

18

Placebo

24

30

36

42

48

12

Vitamin D

18

24

30

36

42

48

DNA - -

Whole Blood -

Serum >< ><

Plasma

Urine without
preservative

Urine with acid
preservative

Final steps to submission:

Save a copy of this form to your computer.
Attach to D2d Ancillary Study application and submit in a single email to: D2d@ TuftsMedicalCenter.org.
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	Research approach:    Study Type. We propose an ancillary study to assess markers of cardiovascular disease in a subset of the D2d study population for 2 years of follow-up. D2d-CVD will follow the D2d protocol; patients randomized in a double-blinded fashion to vitamin D3, 4000 IU/day versus placebo, will be asked to participate in the ancillary study. Aim 1 will determine the effects of vitamin D3 supplementation on early atherosclerosis assessed by CIMT (primary endpoint). Additionally, in Aim 1, we will investigate the effects of vitamin D3 on systemic inflammatory markers, and whether changes in inflammatory markers predict CIMT response. In Aim 2, we will assess whether vitamin D3 supplementation alters the monocyte receptor phenotype or monocyte adhesion and migration, and whether these properties predict change in CIMT. We expect to recruit all needed patients during the first 2 years of funding, with two years of follow-up and a year of data cleaning and analyses.
   Population and Setting. Inclusion criteria are identical to those of the D2d protocol and include: 1) Pre-diabetes defined by meeting 2-out-of-3 of the following glycemic criteria: fasting plasma glucose 100-125 mg/dl, inclusive (impaired fasting glucose, IFG); 2 hour plasma glucose; 140-199 mg/dl, inclusive (impaired glucose tolerance, IGT); A1C 5.7-6.4%, inclusive; 2) Age ≥ 30 years with a Body Mass Index (BMI) 25 (23 for Asians) to 40 kg/m2. Exclusion criteria are also identical to those of the D2d protocol and are thus omitted here secondary to length.
   Study design/schedule of assessments. All outcomes will be assessed at baseline, 1 year (M12), and 2 years (M24), and will include the following procedures: A) Carotid Artery Intima-Media Thickness (CIMT). A commercially-available ultrasound system will be used by a single, blinded vascular sonographer at each site for 
	Research approach 2: CIMT. The distal 1 cm posterior wall of bilateral common carotid arteries will be measured using an automatic edge detection function, as previously described (39). Bilateral CIMT values will be averaged to obtain a single mean and maximal CIMT for each individual. For inflammatory markers, 0.5 ml of frozen serum will be obtained from the D2d Central Laboratory and stored at -80º C until analysis by the PI’s laboratory. Samples will be analyzed by ELISA assays for systemic markers of inflammation associated with vascular disease (hsCRP, fibrinogen, TNFα, IL-1, MMP-9). B) Monocyte isolation. Forty ml of peripheral venous blood will be drawn from each individual, and monocytes will be isolated by standard Ficoll techniques, followed by CD14 marker-positive selection by magnetic beads. Monocytes will be stained with primary antibodies for markers of M1 differentiation (CCR7 and CD86) and M2 differentiation (CD163 and MR) and subjected to flow cytometry to determine the macrophage phenotype ratio. For adhesion assays, monocytes will be added to human umbilical vein endothelial cells (HUVEC) cells attached to culture plates, and adhered cells will be stained and quantified (17). For migration assays, Costar Transwells will be coated with fibronectin. Monocytes will be added to the upper chamber, and MCP1 will be added to the lower chamber as a stimulus for macrophage migration. Cells that migrate into the lower chambers will be counted (18). 
   Sample Size Calculations. Power computations are based on the proposed changes in CIMT over 2 years in the placebo group vs. the vitamin D group. Sample size calculations were based on two published placebo-controlled intervention studies of glucose-lowering agents in patients with pre-diabetes (40,41), in which the weighted annualized CIMT change was 0.010 mm in the placebo group vs. 0.0053 mm in the intervention group in 497 subjects. We assumed twice these changes in CIMT for both the control and vitamin D groups over 2 years, but for the standard deviations, conservatively utilized the higher values of the two studies and added an additional 25%, thus giving us estimated CIMT changes of 0.021 ± 0.22 mm for placebo and 0.010 ± 0.24 mm for intervention. Thus, 94 subjects per group will yield a power of 0.9 at the 0.05 level of significance. To account for a projected dropout rate of 10%/year, or 20% total, our goal will be to randomize 236  subjects.
   Analytical Methods. All data analyses and cardiovascular imaging analyses will be performed at Washington University. Interpretation of CIMT studies will be performed by the Washington University Core Lab. For quality control of CIMT, 25 subjects (study or non-study) spread over all centers over the duration of the study will have CIMT performed twice each, one week apart. Studies will be reviewed to ensure consistency of ultrasound procedures. Quality control of interpretation of CIMT  will consist of independent interpretation of 10% of studies by two additional cardiologists who specialize in cardiovascular imaging. Statistical analyses will be focused on comparing changes over time across groups in CIMT, inflammatory markers, macrophage phenotype ratio (MPR – the ratio of macrophage M1 markers to M2 markers), and macrophage adhesion and migration. Initially, t-tests will compare baseline values in the two groups. The longitudinal analytic strategy will be a mixed model repeated measures analysis of variance, comparing the change from baseline to 2 years in the control vs. vitamin D group. Subsequent to these analyses, we will adjust for covariates, including age, BP, body mass index, smoking status, changes in A1C, and baseline vitamin D level. Finally, the monocyte outcomes and inflammatory markers will be treated as covariates in mixed model repeated measures analyses that seek an understanding of their role in predicting the CIMT response to vitamin D therapy. Analyses will be intention to treat in that all subjects who provide any follow up data will be included. 
	New Data Acquisition, if applicable: All new data acquisition can be achieved by prolongation of existing visits, with no need for additional visits. At each of 3 visits (Baseline, M12, and M24), 2 additional procedures will need to be performed. These procedures include the following (described in detail above under Research Approach):

1. Carotid intima-media thickness: Ultrasound of bilateral carotid arteries requires approximately 15-30 minutes to complete. 

2. Blood samples: Collection of 4 x 10-ml green-top sodium heparin vaccutainer tubes can be performed at the same time as scheduled D2d blood samples and thus will only require an additional 5 minutes to obtain. 

In total, the procedures for this proposed ancillary study would prolong 3 existing visits (at baseline, 12 months, and 24 months) by approximately 45 minutes to 1 hour . As an alternative to the baseline visit, the baseline measurements for D2d-CVD study may also be performed at the randomization visit to allow site and participant flexibility.

Each site will receive compensation for the additional required time for each ancillary study visit. Compensation for the site will consist of two global fees. The first takes into account effort for the ultrasonographer, CIMT procedures, and transfer of cardiovascular imaging data. The second takes into account effort for the site PI and research coordinator, to include additional blood draw, effort for packaging biospecimens (including supplies such as dry ice, biohazard bags, etc.), scheduling time, and IRB approvals. We will supply individual sites with blood collection tubes, styrofoam biospecimen transport boxes, and biospecimen shipment fees. Additional compensation will be provided to participants.
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	Description of clinical laboratories:    Dr. Bernal-Mizrachi’s lab space is located within the Washington University Medical Center and consists of 1,100 square feet. It has a hood for working with toxic chemicals and radioisotopes and is equipped for processing, storage, and analysis of blood and tissue samples. It houses 4 computers for data analysis, a Sorvall refrigerated centrifuge, a -20° non-frost freezer, and 3 -80° freezers. A separate room contains cell culture equipment, C02 incubator (Fisher 3530), a Biosafety Class II cabinet (Fisher Hamilton 54L92700), and a liquid nitrogen container (Thermo Electron 8030). We have access to a Nikon fluorescence microscope equipped with a CCD Camera and Magnafire image analysis tools and a 4°C cold room for sample preparation, temporary storage, and gamma counter. The Flow Cytometry and Fluorescence Activated Cell Sorting Core in the Department of Pathology and Immunology offers services for flow cytometry-based cell analysis and cell sorting, including 4 benchtop analyzers and 3 cell sorters with the sorting capacity of 7 traditional cell sorters.
   Blood samples for monocytes will be collected at baseline, 1 year, and 2 years. Four 10-mL green top sodium heparin tubes will be obtained. These tubes will be placed in styrofoam boxes for transport in a sealed biohazard bag with adsorbent (towel) and gel packs for cooling. The package will be stored in the refrigerator (1-6°C) until pickup by FedEx for overnight delivery. For inflammatory markers, serum samples from the same time points as the monocytes will be requested from the D2d Central Laboratory and batch transported to the PI on dry ice.
   Our laboratory staff has 7 years of experience handling blood samples, performing human monocyte isolation, monocyte staining for flow cytometry, monocyte migration and adhesion to HUVEC, and analysis of macrophage cytokine production. Also, our laboratory is experienced in performing multiplex assessments using the Affymetrix platform for systemic markers of vascular inflammation (TNFα, IL-1, hsCRP, MMP-9, fibrinogen).
  The Cardiovascular Imaging and Clinical Research Core Laboratory at WU (WU Core Lab) operates within 350 square feet for clinical research studies at the university. State-of-the art equipment is available for the performance and analysis of CV studies (e.g. echocardiograms, vascular ultrasound and endothelial function studies) and ambulatory BP and telemetry. Available equipment includes two large ultrasound machines and two portable systems equipped with cardiac and vascular transducers. Equipment is also available for oxygen consumption studies (VO2 max) and ambulatory BP monitoring. There are computers and a server/workstation for data storage and statistical analysis, and a digital ultrasound review and reading station (ProSolv).
	Participant Burden and Potential for Compromising Participant Retention: The primary participant burden is time. Overall, the time commitment is reasonable (extension of 3 visits by 1 hour) and can be minimized by efficiency of procedures (D2d-CVD blood draws can be performed at the time of D2d blood draws). Additionally, participants will be reimbursed for the extra time required for the ancillary study. The burden of additional safety risk is low as the only additional procedures will include additional blood collection (without a second venipuncture) and CIMT, as described above. CIMT requires ultrasonography at frequencies for which there are no known risks to humans. 
	Participant safety and confidentiality: See safety risks above. To maintain confidentiality, all data requested from the D2d Coordinating Center will be de-identified. Additionally, all data and specimens required for new data acquisition will be de-identified prior to their transport from the ancillary study sites, the D2d Coordinating Center, or the D2d Central Laboratory to Washington University. In addition, any hard-copy research records will be housed within the PI’s research area in locked cabinets and/or locked rooms within locked suites located on the Washington University (WU) campus in accordance with HIPAA guidelines. Electronic data will be maintained on WU network servers, which are HIPAA-compliant with 2-key security and monitored access. Cardiovascular imaging data will be sent directly through a web-based, password-protected image transfer protocol and database maintained by the WU Core Laboratory. Major characteristics of the database include: 1) Secure (accessible only to those who are authorized and HIPAA-compliant) with accessibility depending on the individual role on the project; 2) Data transfer encrypted via SSL; 3) Firewall protected; 4) Expandable (able to support thousands of records and link subjects across studies and projects); 5) Allows imported data from external sources; 6) Allows export of data in multiple formats, including Microsoft excel, SAS, or in a comma or tab delimited format.
	Burden on Collaborating Clinical Sites: The CIMT  studies require a commercially available ultrasound system equipped with high-frequency transducers (8-15MHz) for each site and an ultrasonographer qualified to perform the studies. Prior to study initiation, any collaborating staff who require it will come to WU for a 1-day training program for CIMT at the WU Core Lab that will include review of study background, imaging protocol, instrumentation, image acquisition and submission. There will also be a hands-on session under supervision by medical and technical staff. Each site must be certified in CIMT studies, achieved by submitting a sample study to the WU Core Lab for review that must be 100% adherent to protocol. For transfer of CV studies, sites must have the ability to store studies in a HIPAA-compliant fashion electronically for the duration of the study. For transfer of biospecimens, sites must have an individual trained in shipment of dangerous goods so samples can be packaged appropriately, as well as a standard refrigerator for storage of 4°C samples pending shipment by FedEx.
	Regulatory requirements: Informed consent will occur at each clinical site by its respective investigators. IRB approval with an additional consent form will thus be necessary at each clinical site. We will provide copies of the detailed protocol including all risks and benefits to each site in order to facilitate preparation for submission to their IRB. We will also be available for any assistance needed by individual sites with IRB submission. In addition, we will also submit an IRB proposal to the Washington University Human Research Protection Office for data analysis.
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	Funding Sources: We plan to apply to NIH RFA-HL-14-004, for Ancillary Studies in Clinical Trials. Given that this is an RFA, we see this as a unique opportunity to be competitive for securing funding.
	Planned Date of Submission to Funding Agency: September 24th, 2013
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	Innovation and impact:    The expansion of the D2d study with this proposal represents a unique opportunity to determine the effects of a highly promising and novel intervention on cardiovascular outcomes. The Dd2-CVD will integrate the effects of vitamin D on progression of CVD and progression to overt diabetes and determine whether these effects are independent or interrelated. Furthermore, vitamin D deficiency is more prevalent in pre-diabetes, and current evidence demonstrate vitamin D as an immunomodulator and contributor to CVD risk factors. Thus, we are taking a mechanistically-directed approach to treat systemic inflammation for prevention of CVD with the potential to affect long-term outcomes. The D2d-CVD will be the first long-term randomized clinical trial studying the effects of vitamin D supplementation on CVD progression in pre-diabetes. 
   This proposal will combine clinical and basic research by characterizing the role of vitamin D in regulating monocyte differentiation and vascular inflammation, thus impacting the progression of atherosclerosis. The macrophage phenotype ratio (M1/M2) and monocyte adhesion and migration will be characterized over time as novel biomarkers for atherosclerotic disease progression. Based on our preliminary data showing that monocytes from vitamin D sufficient patients with T2DM have a predominantly M1 phenotype with less vascular adhesion and migration, we propose to examine in vivo whether vitamin D supplementation in pre-diabetes  generates a similar monocyte phenotype and to validate whether this novel biomarker predicts CIMT response to vitamin D supplementation. Furthermore, the chronic inflammatory state in this population will allow us to determine whether vitamin D suppresses systemic inflammatory markers and if these changes correspond to changes in inflammatory monocytes and predict CIMT response to vitamin D. 
	Significance and brief background:    Pre-diabetes has been called the “largest healthcare epidemic” in the United States. Pre-diabetes is the leading risk factor for T2DM and is present in a staggering 79 million adults in the U.S., more than 1 in 3 (2). While pre-diabetes progresses to T2DM at a rate of approximately 10% per year, it also constitutes an independent factor risk for CVD, with annual CVD mortality rates being nearly twice that of normoglycemic individuals (1). Hyperglycemia accounts for some of the increased risk of CV events in these patients. However, other risk factors such as hypertension and vascular inflammation are considered critical to the development of coronary disease (19). Therefore, it is imperative to elucidate mechanisms linking vascular inflammation to  pre-diabetes and cardiovascular risk factors that may lead to novel therapies to treat these pervasive diseases. 
   Data linking vitamin D and CVD comes primarily from observational studies, but a recent meta-analysis of 9 prospective cohort studies showed an association between low 25OHD levels and risk for CVD in only half of these studies (20). Randomized controlled trials in this area are scarce and do not demonstrate a significant effect on CV outcomes or mortality; however, major study limitations limit conclusions from the available trials (21-25).  No randomized controlled trials have been published primarily examining the effects of vitamin D on CV outcomes or  focusing on the use of vitamin D on markers of CVD progression in patients with pre-diabetes, and thus, the proposed study addresses an unmet clinical need. 
   Population-based and intervention studies have shown that CIMT is a valid and reliable surrogate measure of coronary atherosclerosis (26). Previous meta-analysis shows that patients with impaired glucose tolerance (IGT) have a CIMT 0.04 mm thicker than control subjects, the magnitude of which is about 1/3 of that observed in diabetics, supporting that pre-diabetes is associated with risk factors typical of T2DM (27,28). In T2DM patients, low levels of 25OHD are strongly and independently associated with increased CIMT (29); however, no studies have evaluated the effects of vitamin D supplementation on CIMT in pre-diabetics. Endothelial dysfunction reflected by impaired BART response is another subclinical marker for the development of CVD (30). The only interventional study of vitamin D on surrogate markers of CVD in diabetics showed that a single dose of 100,000 IU of vitamin D2 in those who are deficient significantly improves BART at 8 weeks after adjusting for blood pressure (BP) changes (31). Therefore, vitamin D treatment may slow the progression of vascular dysfunction in pre-diabetics when administered in early stage disease.
   Inflammation of large arteries alters elasticity, increases stiffness, and contributes to the high prevalence of CVD in T2DM and pre-diabetes (32-34). Vitamin D influences multiple known mechanisms responsible for the increased vascular inflammation seen in patients with pre-diabetes. Long-term vitamin D3 supplementation significantly reduces plasma levels of CRP, MMP 1 and 9, and its inhibitor (TIMP-1) in vitamin D-deficient, non-diabetic individuals and has beneficial effects on the elastic properties of the common carotid artery in postmenopausal women (35,36). However, the effects of long-term vitamin D supplementation on systemic inflammatory markers of CVD in pre-diabetes are unknown. Monocytes and macrophages play a critical role in the development of atherosclerosis and exist in at least two distinctly differentiated phenotypes: classically activated M1 and alternatively activated M2 cells (37). Initial theories have suggested that M1 cells perpetuate inflammation associated with atherosclerosis, while the role of M2 cells is unclear (38). Our results from prior studies suggest that the presence of adequate vitamin D can shift this paradigm. We found that in macrophages from diabetic patients, 1,25(OH)2D3 supplementation switches vitamin D-deficient, M2-predominant proinflammatory macrophages into M1-predominant macrophages with reduced proinflammatory cytokine secretion, migration and adhesion to endothelial cells, and foam cell formation, all suggestive of an anti-atherogenic M1 phenotype (15-17). From these data, we devised the macrophage phenotype ratio (MPR) to determine the relative proportion of macrophage M1 versus M2 marker expression, finding a consistent correlation of higher MPR with higher 25(OH)D and suppressed atherogenic properties within diabetics (17). Therefore, the next logical step is to determine in vivo whether vitamin D supplementation in pre-diabetic subjects generates an anti-atherogenic monocyte phenotype that suppresses vascular inflammation to prevent atherosclerotic progression.
	Hypothesis and specific aims:    More than 79 million US adults have pre-diabetes, a condition which progresses to diabetes at a rate of approximately 10% per year (1,2). Lower blood vitamin D levels are associated with prevalent pre-diabetes, progression to overt diabetes, and excess cardiovascular disease (CVD) mortality (3-9). Thus, patients with pre-diabetes may be excellent candidates for early interventions with vitamin D supplementation to potentially reduce the development of type 2 diabetes (T2DM), atherosclerosis, and CVD events; however, such hypotheses have not been adequately tested in interventional studies. The proposed study, which is an ancillary study to D2d, will determine whether vitamin D3 supplementation reduces  CVD progression, inflammation, and inflammatory markers in participants with pre-diabetes.
   In prior short-term studies, we and others have shown that vitamin D treatment improves factors linked to vascular inflammation in pre-diabetes and T2DM: it improves insulin secretion and peripheral insulin action, suppresses the renin angiotensin system, decreases systemic inflammatory mediators, decreases macrophage cytokine release, and prevents monocyte adhesion and migration and macrophage cholesterol deposition by downregulation of endoplasmic reticulum (ER) stress (10-17). Thus, we hypothesize that long-term vitamin D3 supplementation will reduce vascular inflammation and atherosclerotic progression in pre-diabetes. 
   In the carotid atherosclerotic plaque, monocytes and macrophages exist in at least two distinctly differentiated phenotypes: classically activated M1 and alternatively activated M2 cells (18). We found that T2DM patients with higher 25(OH)D levels have decreased monocyte migration and adhesion to endothelial cells and reduction of both M2 and M1 membrane markers, suggesting that vitamin D suppresses both monocyte subsets present in the atherosclerotic plaque (16,17). In addition, active vitamin D supplementation reverses macrophage cholesterol deposition to generate cells with anti-atherogenic properties (15,16). We performed a small short-term pilot and feasibility trial in vitamin D-deficient patients with T2DM and found that vitamin D3 4000 international units (IU)/day decreases progression of carotid intima-media thickness (CIMT) and improves endothelial dysfunction [by brachial artery reactivity testing (BART)] compared to 400 IU/day. This evidence suggests that immune modulation by vitamin D may prevent CVD progression.
   To further test our hypothesis, we propose an ancillary study (D2d-CVD) in 236 D2d participants, followed for the first two years of intervention. We expect the D2d-CVD study to accomplish the following specific aims:

1. To determine if vitamin D3 supplementation (4000 IU/day) improves non-invasive markers of subclinical CVD in patients with pre-diabetes. Participants will be evaluated for changes in a) vascular morphology (CIMT); b) systemic inflammation [hsCRP, matrix metalloproteinase 9 (MMP-9), tumor necrosis factor α (TNFα), interleukin (IL) 1]. Aim 1A: In mediation analyses, test whether changes in systemic inflammatory markers predict change in CIMT. 

2. Determine if vitamin D3 supplementation (4000 IU/day) promotes an anti-atherogenic phenotype in monocytes derived from patients with pre-diabetes. At the same time points as in Aim 1, we will assess: membrane receptor phenotype, monocyte adhesion and migration and Aim 2A: in mediation analyses, test whether monocyte membrane receptor phenotype (M1 vs. M2 differentiated monocytes) or monocyte adhesion or migration predict change in CIMT.
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