D2d Ancillary Study Application

Office Use
Ancillary Study Number AS12-01 Date Submitted

Title of Proposal

(81 character limit) Pathways linking vitamin D and transition to diabetes

Principal Investigator Lisa Ceglia, MD MS

Institutional Affiliation Tufts Medical Center

Street Address 1 Division of Endocrinology, Diabetes, and Metabolism
Street Address 2 800 Washington St., Box 268
City  Boston State MA Zip (9-digit) 02111-1552

Phone (617)556-3085 Fax (617)556-3305 Email Iceglia@tuftsmedicalcenter.org

Co-Investigator 1 Bess Dawson-Hughes, MD

Institutional Affiliation USDA Human Nutrition Research Center on Aging at Tufts University

Phone (617)556-3066 Fax (617)556-3305 Email bess.dawson-hughes@tufts.edu

Co-Investigator 2 Clifford Rosen, MD

Institutional Affiliation Maine Medical Center

Phone (207) 885-8120 Fax (207) 885-8179 Email crofen@gmail.com

If Principal Investigator is not a member of the D2d study group, please specify:
D2d Co-Investigator Bess Dawson-Hughes, MD

Institutional Affiliation USDA Human Nutrition Research Center on Aging at Tufts University

Other Key Persons or additional Co-Investigators

Name Anastassios G. Pittas, MD MS Ancillary Study Role  Co-Investigator

Name James H. Ware, PhD Ancillary Study Role  Statistician (Co-Investigator)
Name Ancillary Study Role

Name Ancillary Study Role

D2d Ancillary Study Subcommittee Use Only

Ancillary Studies Subcommittee Action APProve Date
Steering Committee Action Please Select Date
DSMB Action Please Select Date

Approved Applications

Consent form required? '©S

Page 1 of 10
v. 8/2012



D2d Ancillary Study Application

Part 1: Research Plan

la. Anticipated Timeline and Enroliment
Planned Start Date 6/1/2013
Planned End Date 5/31/2018
Anticipated Enrollment ~ 7/1/2013

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

The objective of this proposal is to identify mechanisms and describe pathways by which vitamin D
supplementation influences glycemia and pancreatic beta-cell function in pre-diabetes. The central hypothesis
is that vitamin D3 supplementation in adults at risk for T2DM will lower T2DM risk via 1) enhancing the
adipokine profile and 2) favorably influencing body composition. We will test our hypothesis and accomplish the
objectives of this application by conducting an ancillary study to the Vitamin D and type 2 diabetes (D2d) study.

Primary Aim:

1a) To determine effect of vitamin D3 vs. placebo on 1 and 3-yr changes in circulating adipokines (adiponectin
and interleukin-6 [IL-6]).

1b) To assess if changes in these inflammatory markers predict changes in glycemia and beta-cell function.
Hypothesis: Vitamin D supplementation will increase adiponectin and reduce IL-6 levels in pre-diabetes, and
these changes will be associated with favorable effects on glycemia and pancreatic beta-cell function.

Secondary Aim:

2a) To determine effect of vitamin D3 vs. placebo on 1 and 3-yr changes in body composition, assessed by DXA
(total and central fat, lean mass, and total body bone mineral content).

2b) To assess if changes in body composition predict changes in glycemia and beta-cell function independent
of changes in adipokines.

Hypothesis: Vitamin D supplementation will reduce central fat and the loss of lean mass. Body composition
changes will favorably affect glycemia and pancreatic beta-cell function independent of change in adipokines.

Exploratory Aim:

To examine whether altering circulating adipokines and body composition affects incident T2DM.

Hypothesis: We anticipate that favorable changes in adipokine profiles and body composition will reduce
incident T2DM.
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D2d Ancillary Study Application

1c. Significance and Brief Background
Please describe the scientific relevance (1 page limit).

Prevention of type 2 diabetes mellitus (T2DM) is a high public health priority. Current strategies to delay the
onset of T2DM mainly involve weight loss by caloric restriction, exercise, or both;! yet, maintaining weight loss
long-term has proved to be elusive. Thus, approaches that are simple to implement and maintain long-term are
needed. We have previously shown, in observational studies, that vitamin D status is associated with a reduced
risk of developing T2DM?23 and, in interventional studies, that supplementation with vitamin D5 favorably affects
markers of glycemia and pancreatic beta-cell function*® - findings that support vitamin D as a potential modifier
of T2DM risk. There are, however, critical gaps in our knowledge of the mechanisms by which vitamin D may
influence the pathophysiology of T2DM.

Although a direct effect via a vitamin D receptor on pancreatic beta-cells may play a role,®” emerging data from
preclinical and clinical studies suggest that vitamin D influences regulation of glucose homeostasis by way of
indirect effects on the immune system, adipose tissue, and skeletal muscle - organ systems that interact with
one another and have, in turn, important links to T2DM risk, as summarized next. Pre-diabetes/T2DM are
pro-inflammatory states that promote insulin resistance and vascular complications.®® Pro-inflammatory
cytokines (i.e. IL-6)'° are elevated, whereas metabolically-favorable adipokines (i.e. adiponectin),’’ are
suppressed. These circulating hormones are secreted mainly from fat tissue with differing concentrations in
central/visceral vs. subcutaneous compartments.'? With fat accumulation and increased pro-inflammation,
skeletal muscle mass - an important regulator of glucose metabolism - declines in pre-diabetes/T2DM."3

Vitamin D is also linked to cytokine and adipokine concentrations, fat, and muscle. Vitamin D administration in
cultured leukocytes reduces various pro-inflammatory cytokines.'® A 1-year randomized trial in 200 obese
adults reported that >3000 IU of vitamin D3 vs. placebo lowered IL-6 levels.'® Observational data suggest that

vitamin D status is inversely associated with adiponectin.’® Vitamin D stimulates adipocyte and myocyte
differentiation.’”-'8 In observational studies, vitamin D status is inversely associated with body fat and positively
associated with muscle mass.'9-20

The proposed study will determine whether these pathways adipokines and body composition) mediate the
effects of vitamin D supplementation on intermediate indices of T2DM risk (measures of glycemia and
pancreatic beta-cell function). Figure 1 attached describes the proposal's conceptual model. Filling these
knowledge gaps will advance understanding of how vitamin D influences T2DM risk and provide the scientific
justification for using vitamin D as a nutritional therapeutic modality for the prevention of T2DM. As the
pathways studied in this proposal involve multi-organ system interactions, the study will also provide insight into
how vitamin D can be used to target other chronic diseases.
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D2d Ancillary Study Application

1d. Innovation & Impact
Please describe the research innovation and potential impact (1/2 page limit).

This proposal addresses the novel concepts of a 'cross-talk' between vitamin D, immune cells, fat, muscle and
glucose homeostasis. The study will identify mechanisms by which vitamin D influences T2DM risk via effects
on adipokines and body composition. This application will require innovative mediation analyses to address the
aims. It will examine important novel adipokines (adiponectin) that have been linked to T2DM.

This study will not only present strong scientific evidence on whether a daily supplement of vitamin D impacts
adipokines, fat, and muscle in pre-diabetes, but also address whether these other organ effects influence
changes in glycemia and pancreatic beta-cell function in this population.

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: This ancillary proposal involves a 3-year intervention (same as the D2d intervention)

Population/Setting: All eligible D2d participants (at increased risk for type 2 diabetes [pre-diabetes]) at D2d
sites that have agreed to participate in the ancillary study.

Study Design: Study procedures - This ancillary study will involve collecting additional blood at Baseline (Day
-49 to -5), Month 12, and Month 36 and performing DXA scans of the total body, spine, and hip at
Randomization (Day 0), Month 12, and Month 36 of the parent study. The participants will need to sign a
separate consent form at Baseline (Day -49 to -5) for the additional blood to be drawn and the DXA scan.
Outcomes assessment and time points - Study outcomes include 1) 1 and 3-yr change in adipokines, 2) 1 and
3-yr change in total and central body fat, lean body mass, and bone mineral content (BMC). The study will also
examine whether 1 and 3-year changes in these outcomes influence changes in intermediate indices of
glycemia and pancreatic beta-cell function and incident T2DM. Confounders - Confounders will include vitamin
D status, calcium intake, age, sex, race, body mass index, body weight change, physical activity, and hormone
replacement therapy.

Please continue Research Approach on next page.
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D2d Ancillary Study Application

Schedule of Assessments: See attached Table.

'Biochemical Measurements: Blood will be drawn at Baseline (Day -49 to -5), Month 12, and Month 36 during the
scheduled D2d blood draw. We will measure IL-6 and adiponectin. A 0.5 ml serum tube will be kept as an archive.

°2DXA Measurements: Participants will have, at Randomization, Month 12, and Month 36 visits, DXA
measurements of the total body. The following measurements are derived from these scans: total fat mass
(kg), total non-fat soft tissue mass (kg, i.e. non-fat, non-bone or “lean mass”); the android to gynoid fat ratio,
and bone mineral content (BMC, g) of the total body.

Analytical Methods:

Data Analysis Plan - To describe the direct effects of vitamin D supplementation on adipokines and body
composition (Aims 1a and 2a), we will fit linear regression models with treatment group as the independent
variable of primary interest and include other covariates as necessary (i.e. to investigate effect modification.
Dependent variables will be transformed as appropriate to achieve approximate normality. To investigate the
role of adipokines and body composition as mediators of the effect of vitamin D supplementation on glycemia
and pancreatic beta-cell function (Aims 1b and 2b), we will use the methods of mediation analysis for
measured variables described by MacKinnon et al.?! to estimate the percentage of the direct effect of vitamin D
supplementation on glycemia and pancreatic beta-cell function that is explained by its effects on the mediating
variable as represented in Figure 1. We will test for interactions by age (<55 or 255 yrs), sex, and race. For our
exploratory Aim, Kaplan-Meier estimates of “time to confirmed diabetes” distributions will be calculated for
each treatment group. The log-rank test will then be used to perform an adjusted comparison of the
time-to-event distributions in the two treatment groups. Cox proportional hazard models will be used to
calculate an estimate of the adjusted hazard ratio. Analyses will be conducted in SAS. For the primary
hypothesis, two-sided P-values less than 0.05 will be considered to indicate statistical significance.

Sample size/power calculations/assumptions - To estimate power for our primary ancillary study outcome (1
and 3-yr changes in circulating adipokines), we used a randomized trial in obese non-diabetic adults'® that
found that the 1-yr change in circulating IL-6 levels was 1.6 pg/mL larger in the group receiving vitamin D; 3332
IU/day compared to the placebo group. Assuming a similar group difference of 1.6 pg/mL, pooled standard
deviation (SD) of 12 pg/mL, and testing at the two-sided 0.05 level, a sample size of 951 per group (80% of total
projected parent D2d study sample) will provide power of 0.83 at 1 year. In another randomized trial in patients
with T2DM,%2 vitamin D3 500 IU/day raised adiponectin levels by 31.1 mcg/L over 3 months compared to
placebo. Assuming a smaller group difference of 15 mcg/L in a population with prediabetes and a similar pooled
SD of 74 mcg/L, a sample size of 951 per group will provide more than a power of 0.9. To estimate power for
our secondary ancillary study outcome (1 and 3-yr changes in fat mass, lean mass, and bone mineral content),
we used a randomized trial in postmenopausal women on either vitamin D3 400 IU/day or placebo for 1 year.?3
Group differences in 1-yr percent change in fat mass was 0.21% with a 95% confidence interval (Cl) of -1.99 to
2.41. Group differences in 1-yr percent change in lean mass was 0.07% with a 95% confidence interval (Cl) of
-0.64 to 0.50. Assuming lower group differences in fat mass change (0.17%) and a 10% larger 95%CI given the
younger multiracial sample, a sample size of 951 per group would provide a power of 0.86 to to detect a
significant difference between groups at the two-sided 0.05 level. Similarly, assuming a lower group difference
in percent change in lean mass (0.06%) with a 10% larger 95%CI, 951 per group provide a power of 0.97.
[Note: Of 20 potential sites, 17 have accepted, 2 have declined, and 1 has decision pending.]

Page 5 of 10
v. 8/2012




D2d Ancillary Study Application

1f. References Cited
Please attach a list of references (as a Word or PDF 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
] 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 also 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).

1) At the Baseline (Day -49 to -5) visit, participants will sign separate consent form to have a modest amount of
additional blood drawn and DXA scans as described below.

2) At the Baseline (Day -49 to -5), Month 12, and Month 36 visits, a modest amount of blood will be drawn at the
same time as the scheduled D2d blood draw. The tube would be shipped to the central lab along with the others
for analysis.

3) At Randomization (Day 0), Month 12, and Month 36 visits, a DXA scan on the total body will be performed.
This procedure takes approximately 30 minutes.
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D2d Ancillary Study Application
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 Pennington Biomedical Research Center

Baylor College of Medicine Stanford University Medical Center

Duke University Medical Center Tufts Medical Center

Florida Hospital Tulane University

HealthPartners Research Foundation University of Cincinnati (Cincinnati VA)

Maine Medical Center University of Kansas Medical Center

Medical University of South Carolina University of Nebraska Medical Center

MedStar Health Research Institute University of Southern California (Keck)

NIDDK Phoenix University of Tennessee Health Science Center
Northwestern University University of Texas Southwestern Medical Center

EIOEEEEE O EE
CEIEEEEOE E EE

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).

Biochemical Analyses: In order to minimize burden for the collaborating sites, shipping costs, and potential
confusion of samples, the ancillary study will utilize the main Central D2d Laboratory headed by Dr. Russell
Tracy at the University of Vermont. The laboratory has extensive experience measuring a variety of
immunoassays and functional assay techniques to probe plasma samples from large populations in
epidemiological studies. They have extensive experience in several multicenter projects. The ancillary study will
budget for storage freezer space, shipping, and analysis of samples.

DXA Scans: Scan data will be sent from clinical sites to the D2d Coordinating Center and quality control of
these data will be completed by our bone unit at Tufts. Specifically, Tufts staff, under the direction of Dr. Ceglia,
will set criteria for soft tissue measurements and changes that are “out-of-range” and thus require further
investigation. The D2d Coordinating Center will identify these out of range data and provide associated scan
reports to Tufts staff who, blinded to treatment assignment, will inspect them for problems (e.g. wrong person
scanned, wrong hip scanned, vertebrae mislabeled, improper positioning, artifact in the scan field, etc.). When
re-analysis of scan data is indicated (this must be done at the originating site) the Coordinating Center will
communicate with the site and correct the database as needed.
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D2d Ancillary Study Application
Part 4: Potential Burden on the D2d study
Please describe the potential burden of the ancillary study on the D2d study in relation to:

4a. Participant Burden and Potential for Compromising Participant Retention

Participant Burden: This ancillary study requires participants to:
1) Sign a separate consent form at Baseline (Day -49 to -5),
2) Have a modest additional amount of blood drawn at Baseline (Day -49 to -5), Month 12, and Month 36 at the

same time as the D2d blood draw,
3) Undergo total body DXA scans at Randomization (Day 0), Month 12, and Month 36
4) Estimated time to perform DXA scans is 30 min.

Potential for Compromising Participant Retention: The additional participant procedures are low risk and
add a small amount of time to the total study visit. Therefore, we anticipate that the study will not compromise
participant retention.

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.).

Safety: Risks to participants will be minimal. Radiation exposure from a single total body DXA scan is
approximately 1 mrem to the whole body. This is equivalent to the amount of natural background radiation
received in one day at sea level. The risk of an additional tube of blood will be minimal. The study will be
approved by local IRBs before recruitment for the study. Study personnel will be certified by local IRBs to work
with human subjects. All research activity will take place within the D2d study. Written informed consent will be
obtained from all participants.

Confidentiality: Participant personal information will not be given to anyone unless the law requires it. The
local IRB may check records that identify specific participants. The records of this study might also be reviewed
by the NIH to make sure all rules and guidelines are followed. DXA information will be kept in locked medical
records at the D2d Coordinating Center. The computer files will contain identification numbers but not personal
identifiers.

4c. Burden on Collaborating Clinical Sites

1) Collaborating sites will obtain local IRB approval to conduct the ancillary study. We will minimize this burden
by uploading copies of all required materials for local IRB approval on the D2d web portal. With the help of the
D2d Coordinating Center, we will also help sites track dates for IRB recertification.

2) The DXA unit staff at collaborating sites will undergo training and perform quality control and phantom data to
standardize DXA scans. We will minimize this burden by providing a training video and accompanying manual
of operating procedures to all sites.

4) Sites will administer separate consent form, draw additional blood at 3 visits, ship specimens to central lab,
and perform DXA scans at 3 visits.
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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.

Prior to ancillary study initiation, the ancillary study protocol will have undergone IRB approval at each of the
D2d sites. The ancillary study investigators will distribute materials (i.e. Manual of Operating Procedures, Study
Protocol, Informed Consent Form) for the IRB approval process to all participating D2d sites via the D2d web
portal. These study-specific forms will be submitted by each D2d site for local IRB approval. The D2d
Coordinating Center will be kept informed of all IRB approvals and IRB-specific renewals during the ancillary

study.

A separate informed consent form for the ancillary study will be given to D2d participants at Baseline (Day -49
to -5). The form will include a detailed description, time involved, and risks of the additional blood draw to be
obtained at Baseline (Day -49 to -5), Month 12, and Month 36 and DXA scan at Randomization (Day 0), Month
12, and Month 36. D2d study personnel at the specific sites will administer, co-sign, and file a copy of the
ancillary study consent form in the participants' D2d chart.

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 that

provider.

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:
[E] Data extraction and transfer

[O] Specimen selection and transfer
[[] Data analyses (depending upon staff availability, proposed analyses may be conducted by the D2d

Coordinating Center [analytical team])

Part 6: Funding

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

The funding source will be the NIH NIDDK. The specific RO1 program announcement will be PAR-12-265
“Ancillary Studies to Major Ongoing Clinical Research Studies to Advance Areas of Scientific Interest within the
Mission of the NIDDK (RO1)”. We intend to submit the application on October 5, 2012 in order to be able to
enroll a large proportion of the D2d participants into the study based on our power calculations.

6b. Planned Date of Submission to Funding Agency October 5th, 2012

Part 7: NIH Biosketch

Please attach NIH Biosketches for all investigators and key persons 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.

Principal Investigator Signature Date

(e-signature accepted)

D2d Co-Investigator Signature Date

(e-signature accepted)
Part 9: Attachments

Please indicate all documents that are included with your application:
[C] NIH Biosketches for Investigators and Key Persons (required for all applications)
[O] References Cited (required for all applications)
[O] D2d Ancillary Study Data Request Form
[o] D2d 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

O Odno

Return completed application and attachments to d2d @tuftsmedicalcenter.org
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	Ancillary Studies Subcommittee Action Date: 
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	DSMB Action Date: 
	Hypothesis and Specific Aims: The objective of this proposal is to identify mechanisms and describe pathways by which vitamin D supplementation influences glycemia and pancreatic beta-cell function in pre-diabetes. The central hypothesis is that vitamin D3 supplementation in adults at risk for T2DM will lower T2DM risk via 1) enhancing the adipokine profile and 2) favorably influencing body composition. We will test our hypothesis and accomplish the objectives of this application by conducting an ancillary study to the Vitamin D and type 2 diabetes (D2d) study.
Primary Aim:
1a) To determine effect of vitamin D3 vs. placebo on 1 and 3-yr changes in circulating adipokines (adiponectin and interleukin-6 [IL-6]). 
1b) To assess if changes in these inflammatory markers predict changes in glycemia and beta-cell function.
Hypothesis: Vitamin D supplementation will increase adiponectin and reduce IL-6 levels in pre-diabetes, and these changes will be associated with favorable effects on glycemia and pancreatic beta-cell function.
 
Secondary Aim: 
2a) To determine effect of vitamin D3 vs. placebo on 1 and 3-yr changes in body composition, assessed by DXA (total and central fat, lean mass, and total body bone mineral content). 
2b) To assess if changes in body composition predict changes in glycemia and beta-cell function independent of changes in adipokines.
Hypothesis: Vitamin D supplementation will reduce central fat and the loss of lean mass. Body composition changes will favorably affect glycemia and pancreatic beta-cell function independent of change in adipokines.
 
Exploratory Aim: 
To examine whether altering circulating adipokines and body composition affects incident T2DM.
Hypothesis: We anticipate that favorable changes in adipokine profiles and body composition will reduce incident T2DM.
 
	Significance and Brief Background: Prevention of type 2 diabetes mellitus (T2DM) is a high public health priority. Current strategies to delay the onset of T2DM mainly involve weight loss by caloric restriction, exercise, or both;1 yet, maintaining weight loss long-term has proved to be elusive. Thus, approaches that are simple to implement and maintain long-term are needed. We have previously shown, in observational studies, that vitamin D status is associated with a reduced risk of developing T2DM2,3 and, in interventional studies, that supplementation with vitamin D3 favorably affects markers of glycemia and pancreatic beta-cell function4,5 - findings that support vitamin D as a potential modifier of T2DM risk. There are, however, critical gaps in our knowledge of the mechanisms by which vitamin D may influence the pathophysiology of T2DM. 
 
Although a direct effect via a vitamin D receptor on pancreatic beta-cells may play a role,6,7 emerging data from preclinical and clinical studies suggest that vitamin D influences regulation of glucose homeostasis by way of indirect effects on the immune system, adipose tissue, and skeletal muscle - organ systems that interact with one another and have, in turn, important links to T2DM risk, as summarized next. Pre-diabetes/T2DM are pro-inflammatory states that promote insulin resistance and vascular complications.8,9 Pro-inflammatory  cytokines (i.e. IL-6)10 are elevated, whereas metabolically-favorable adipokines (i.e. adiponectin),11 are suppressed. These circulating hormones are secreted mainly from fat tissue with differing concentrations in central/visceral vs. subcutaneous compartments.12 With fat accumulation and increased pro-inflammation, skeletal muscle mass - an important regulator of glucose metabolism - declines in pre-diabetes/T2DM.13  
 
Vitamin D is also linked to cytokine and adipokine concentrations, fat, and muscle. Vitamin D administration in cultured leukocytes reduces various pro-inflammatory cytokines.14 A 1-year randomized trial in 200 obese adults reported that >3000 IU of vitamin D3 vs. placebo lowered IL-6 levels.15 Observational data suggest that vitamin D status is inversely associated with adiponectin.16 Vitamin D stimulates adipocyte and myocyte differentiation.17,18 In observational studies, vitamin D status is inversely associated with body fat and positively associated with muscle mass.19,20 
 
The proposed study will determine whether these pathways adipokines and body composition) mediate the effects of vitamin D supplementation on intermediate indices of T2DM risk (measures of glycemia and pancreatic beta-cell function). Figure 1 attached describes the proposal's conceptual model. Filling these knowledge gaps will advance understanding of how vitamin D influences T2DM risk and provide the scientific justification for using vitamin D as a nutritional therapeutic modality for the prevention of T2DM. As the pathways studied in this proposal involve multi-organ system interactions, the study will also provide insight into how vitamin D can be used to target other chronic diseases.
	Innovation & Impact: This proposal addresses the novel concepts of a 'cross-talk' between vitamin D, immune cells, fat, muscle and glucose homeostasis. The study will identify mechanisms by which vitamin D influences T2DM risk via effects on adipokines and body composition. This application will require innovative mediation analyses to address the aims. It will examine important novel adipokines (adiponectin) that have been linked to T2DM. 
This study will not only present strong scientific evidence on whether a daily supplement of vitamin D impacts adipokines, fat, and muscle in pre-diabetes, but also address whether these other organ effects influence changes in glycemia and pancreatic beta-cell function in this population. 
	Research Approach 1: Study Type: This ancillary proposal involves a 3-year intervention (same as the D2d intervention)
Population/Setting: All eligible D2d participants (at increased risk for type 2 diabetes [pre-diabetes]) at D2d sites that have agreed to participate in the ancillary study.
Study Design: Study procedures - This ancillary study will involve collecting additional blood at Baseline (Day -49 to -5), Month 12, and Month 36 and performing DXA scans of the total body, spine, and hip at Randomization (Day 0), Month 12, and Month 36 of the parent study. The participants will need to sign a separate consent form at Baseline (Day -49 to -5) for the additional blood to be drawn and the DXA scan. Outcomes assessment and time points - Study outcomes include 1) 1 and 3-yr change in adipokines, 2) 1 and 3-yr change in total and central body fat, lean body mass, and bone mineral content (BMC). The study will also examine whether 1 and 3-year changes in these outcomes influence changes in intermediate indices of glycemia and pancreatic beta-cell function and incident T2DM. Confounders - Confounders will include vitamin D status, calcium intake, age, sex, race, body mass index, body weight change, physical activity, and hormone replacement therapy. 
	Research Approach 2: Schedule of Assessments: See attached Table. 
1Biochemical Measurements: Blood will be drawn at Baseline (Day -49 to -5), Month 12, and Month 36 during the scheduled D2d blood draw. We will measure IL-6 and adiponectin. A 0.5 ml serum tube will be kept as an archive. 
2DXA Measurements: Participants will have, at Randomization, Month 12, and Month 36 visits, DXA measurements of the total body.  The following measurements are derived from these scans: total fat mass (kg), total non-fat soft tissue mass (kg, i.e. non-fat, non-bone or “lean mass”); the android to gynoid fat ratio, and bone mineral content (BMC, g) of the total body.  
Analytical Methods: 
Data Analysis Plan  - To describe the direct effects of vitamin D supplementation on adipokines and body composition (Aims 1a and 2a), we will fit linear regression models with treatment group as the independent variable of primary interest and include other covariates as necessary (i.e. to investigate effect modification.  Dependent variables will be transformed as appropriate to achieve approximate normality. To investigate the role of adipokines and body composition as mediators of the effect of vitamin D supplementation on glycemia and pancreatic beta-cell function (Aims 1b and 2b), we will use the methods of mediation analysis for measured variables described by MacKinnon et al.21 to estimate the percentage of the direct effect of vitamin D supplementation on glycemia and pancreatic beta-cell function that is explained by its effects on the mediating variable as represented in Figure 1. We will test for interactions by age (<55 or ≥55 yrs), sex, and race. For our exploratory Aim, Kaplan-Meier estimates of “time to confirmed diabetes” distributions will be calculated for each treatment group. The log-rank test will then be used to perform an adjusted comparison of the time-to-event distributions in the two treatment groups.  Cox proportional hazard models will be used to calculate an estimate of the adjusted hazard ratio. Analyses will be conducted in SAS.  For the primary hypothesis, two-sided P-values less than 0.05 will be considered to indicate statistical significance.  
Sample size/power calculations/assumptions - To estimate power for our primary ancillary study outcome (1 and 3-yr changes in circulating adipokines), we used a randomized trial in obese non-diabetic adults15 that found that the 1-yr change in circulating IL-6 levels was 1.6 pg/mL larger in the group receiving vitamin D3 3332 IU/day compared to the placebo group. Assuming a similar group difference of 1.6 pg/mL, pooled standard deviation (SD) of 12 pg/mL, and testing at the two-sided 0.05 level, a sample size of 951 per group (80% of total projected parent D2d study sample) will provide power of 0.83 at 1 year. In another randomized trial in patients with T2DM,22 vitamin D3 500 IU/day raised adiponectin levels by 31.1 mcg/L over 3 months compared to placebo. Assuming a smaller group difference of 15 mcg/L in a population with prediabetes and a similar pooled SD of 74 mcg/L, a sample size of 951 per group will provide more than a power of 0.9. To estimate power for our secondary ancillary study outcome (1 and 3-yr changes in fat mass, lean mass, and bone mineral content), we used a randomized trial in postmenopausal women on either vitamin D3 400 IU/day or placebo for 1 year.23 Group differences in 1-yr percent change in fat mass was 0.21% with a 95% confidence interval (CI) of -1.99 to 2.41. Group differences in 1-yr percent change in lean mass was 0.07% with a 95% confidence interval (CI) of -0.64 to 0.50. Assuming lower group differences in fat mass change (0.17%) and a 10% larger 95%CI given the younger multiracial sample, a sample size of 951 per group would provide a power of 0.86 to to detect a significant difference between groups at the two-sided 0.05 level. Similarly, assuming a lower group difference in percent change in lean mass (0.06%) with a 10% larger 95%CI, 951 per group provide a power of 0.97.  [Note: Of 20 potential sites, 17 have accepted, 2 have declined, and 1 has decision pending.]
 
	New Data Acquisition: 1) At the Baseline (Day -49 to -5) visit, participants will sign separate consent form to have a modest amount of additional blood drawn and DXA scans as described below. 
2) At the Baseline (Day -49 to -5), Month 12, and Month 36 visits, a modest amount of blood will be drawn at the same time as the scheduled D2d blood draw. The tube would be shipped to the central lab along with the others for analysis.
3) At Randomization (Day 0), Month 12, and Month 36 visits, a DXA scan on the total body will be performed. This procedure takes approximately 30 minutes. 
	Description of Clinical Laboratory Facilities: Biochemical Analyses: In order to minimize burden for the collaborating sites, shipping costs, and potential confusion of samples, the ancillary study will utilize the main Central D2d Laboratory headed by Dr. Russell Tracy at the University of Vermont. The laboratory has extensive experience measuring a variety of immunoassays and functional assay techniques to probe plasma samples from large populations in epidemiological studies. They have extensive experience in several multicenter projects. The ancillary study will budget for storage freezer space, shipping, and analysis of samples.
 
DXA Scans: Scan data will be sent from clinical sites to the D2d Coordinating Center and quality control of these data will be completed by our bone unit at Tufts. Specifically, Tufts staff, under the direction of Dr. Ceglia, will set criteria for soft tissue measurements and changes that are “out-of-range” and thus require further investigation. The D2d Coordinating Center will identify these out of range data and provide associated scan reports to Tufts staff who, blinded to treatment assignment, will inspect them for problems (e.g. wrong person scanned, wrong hip scanned, vertebrae mislabeled, improper positioning, artifact in the scan field, etc.).  When re-analysis of scan data is indicated (this must be done at the originating site) the Coordinating Center will communicate with the site and correct the database as needed.
	Participant Safety and Confidentiality: Safety: Risks to participants will be minimal. Radiation exposure from a single total body DXA scan is approximately 1 mrem to the whole body. This is equivalent to the amount of natural background radiation received in one day at sea level. The risk of an additional tube of blood will be minimal. The study will be approved by local IRBs before recruitment for the study. Study personnel will be certified by local IRBs to work with human subjects. All research activity will take place within the D2d study. Written informed consent will be obtained from all participants. 
Confidentiality: Participant personal information will not be given to anyone unless the law requires it. The local IRB may check records that identify specific participants. The records of this study might also be reviewed by the NIH to make sure all rules and guidelines are followed. DXA information will be kept in locked medical records at the D2d Coordinating Center.  The computer files will contain identification numbers but not personal identifiers.
	Burden on Collaborating Clinical Sites: 1) Collaborating sites will obtain local IRB approval to conduct the ancillary study. We will minimize this burden by uploading copies of all required materials for local IRB approval on the D2d web portal. With the help of the D2d Coordinating Center, we will also help sites track dates for IRB recertification.
2) The DXA unit staff at collaborating sites will undergo training and perform quality control and phantom data to standardize DXA scans. We will minimize this burden by providing a training video and accompanying manual of operating procedures to all sites.
4) Sites will administer separate consent form, draw additional blood at 3 visits, ship specimens to central lab, and perform DXA scans at 3 visits.
	Regulatory Requirements: Prior to ancillary study initiation, the ancillary study protocol will have undergone IRB approval at each of the D2d sites. The ancillary study investigators will distribute materials (i.e. Manual of Operating Procedures, Study Protocol, Informed Consent Form) for the IRB approval process to all participating D2d sites via the D2d web portal. These study-specific forms will be submitted by each D2d site for local IRB approval. The D2d Coordinating Center will be kept informed of all IRB approvals and IRB-specific renewals during the ancillary study.
 
A separate informed consent form for the ancillary study will be given to D2d participants at Baseline (Day -49 to -5). The form will include a detailed description, time involved, and risks of the additional blood draw to be obtained at Baseline (Day -49 to -5), Month 12, and Month 36 and DXA scan at Randomization (Day 0), Month 12, and Month 36. D2d study personnel at the specific sites will administer, co-sign, and file a copy of the ancillary study consent form in the participants' D2d chart. 
	Funding Source(s): The funding source will be the NIH NIDDK. The specific RO1 program announcement will be PAR-12-265 “Ancillary Studies to Major Ongoing Clinical Research Studies to Advance Areas of Scientific Interest within the Mission of the NIDDK (RO1)”. We intend to submit the application on October 5, 2012 in order to be able to enroll a large proportion of the D2d participants into the study based on our power calculations.
	Principal Investigator Signature Date: 
	D2d Co-Investigator Signature Date: 
	Steering Committee Action: [Please Select]
	Ancillary Studies Subcommittee Action: [Approve]
	DSMB Action: [Please Select]
	Consent Required?: [Yes]
	Participant Burden and Potential for Compromising Participant Retention: Participant Burden: This ancillary study requires participants to: 
1) Sign a separate consent form at Baseline (Day -49 to -5),
2) Have a modest additional amount of blood drawn at Baseline (Day -49 to -5), Month 12, and Month 36 at the same time as the D2d blood draw,
3) Undergo total body DXA scans at Randomization (Day 0), Month 12, and Month 36
4) Estimated time to perform DXA scans is 30 min.
 
Potential for Compromising Participant Retention: The additional participant procedures are low risk and add a small amount of time to the total study visit. Therefore, we anticipate that the study will not compromise participant retention.
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