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Abstract

Rationale—Although vitamin D is widely used to promote skeletal health, definitive data on
benefits and risks of supplemental vitamin D alone on bone are lacking. Results from large,
randomized controlled trials in the general population are sparse. Data on the effects of
supplemental omega-3 fatty acids (FASs) on bone are also limited.

Design—The VITamin D and OmegA-3 TriaL (VITAL) is a double-blind, placebo-controlled
trial assessing the role of vitamin D3 (2000 1U/d) and omega-3 FA (1 g/d) supplements in
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reducing risks of cancer and cardiovascular disease among U.S. men aged =50 and women aged
>55. To comprehensively test effects of supplemental vitamin D and/or omega-3 FAs on skeletal
health, the VITAL: Effects on Fractures ancillary study is determining the effects of these
supplements on incident fractures among 25,875 participants enrolled in the parent trial. Study
investigators adjudicate fractures through detailed review of medical records and radiological
images (hip and femur). In a complementary ancillary, VITAL: Effects on Structure and
Architecture is determining the effects of supplemental vitamin D and/or omega-3 FAs on bone
with detailed phenotyping during in-person visits. Comprehensive assessments of bone density,
turnover, structure/architecture, body composition, and physical performance are being performed
at baseline and 2 years post-randomization.

Conclusion—Results from these studies will clarify the relationship between supplemental
vitamin D and/or omega-3 FAs on bone health outcomes, and inform clinical care and public
health guidelines on the use of supplemental vitamin D for the primary prevention of fractures in
women and men.

Keywords

Vitamin D; fractures; bone turnover; omega-3 fatty acids; bone mineral density; trabecular bone
score

1. Background/Aims

Osteoporosis and vitamin D deficiency are major public health problems in the United
States. According to most recent analyses of the National Health and Nutrition Examination
Surveys (NHANES) databases, 53.6 million Americans have osteoporosis and/or low bone
mass, increasing their risk for fragility fractures, and a third of Americans are vitamin D
deficient (defined as a 25-hydroxivitamin D [25(OH)D] level of <20 ng/mL).1:2 Older
adults, blacks, obese individuals, and those with hip fractures are especially at risk for low
vitamin D levels.3-12 Osteoporosis, characterized by loss of bone mass (bone mineral density
[BMD]), alterations in bone structure, and a net increase in bone resorption relative to bone
formation, leads to skeletal fragility and increased fracture risk. Despite the widespread use
of vitamin D supplements to promote skeletal health,13 data on whether supplemental
vitamin D alone is effective in the primary prevention of fractures are conflicting. Although
some observational studies and randomized controlled trials (RCTs) show that supplemental
vitamin D protects against fractures and has beneficial effects on bone health measures,14-17
(Fig.1) other clinical trials and meta-analyses show inconsistent results.18-33 Most trials that
have tested effects of supplemental vitamin D on fracture risk have used a combined
intervention of calcium with vitamin D. Data from large, placebo-controlled, RCTs testing
the effects of supplemental vitamin D alone on fractures and bone health outcomes are
extremely limited and inconclusive.18: 20. 34 Evidence is also insufficient to determine the
effect of higher doses of supplemental vitamin D, which may be required to produce
25(0H)D levels needed to benefit bone. Some meta-analyses suggest that higher attained
25(0OH)D levels and daily, supplemental vitamin D at higher doses may be required to
reduce fracture risk.21: 24.29 |n order to separate the effects of calcium and vitamin D, and
determine whether supplemental vitamin D alone benefits bone health and fracture
outcomes, large, placebo-controlled, RCTs are needed. Given the aging of America, the age-
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related risk of fragility fractures, and the prevalence of low vitamin D levels, there is a
clinical and public health need to determine in large RCTs whether daily, high-dose
supplemental vitamin D is effective in the primary prevention of fractures.

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are omega-3 fatty acids (»-3
FAs) found in fish and widely used in fish-oil supplements. Increased use of supplemental
-3 FAs has prompted concerns about the clinical effects on skeletal health. Data from
experimental studies and a limited number of clinical trials suggest potential benefits of ®-3
FAs on BMD, but results are inconclusive.3546 An observational study in the Women's
Health Initiative of women with hip fractures and controls showed those with the highest
EPA levels had 54% lower relative risk for hip fractures.*” Other trials have reported that
high intake of fish rich in EPA+DHA is associated with preservation of femoral neck BMD
relative to low intakes.*8 While these data are promising, results from trials testing
supplemental »-3 FA and bone loss are sparse. Results from large RCTs will help to
determine the effects of »-3 FA supplements on skeletal health.

2. Material and methods

2.1 Overview of study design

2.2. Aims

VITAL-Bone Health, composed of two ancillary studies VITAL-Fracture and VITAL-Bone
Structure/Architecture, builds on the strengths of the parent VITamin D and OmegA-3 TriaL
(VITAL). VITAL is a large, 2x2 factorial, double-blind, placebo-controlled trial testing the
benefits and risks of vitamin D3 (cholecalciferol, 2000 1U/d) and omega-3 fatty acid (1 g/d;
EPA+DHA) supplementation on cancer and cardiovascular disease. In the large overall
VITAL cohort (N=25,875), randomized equally to vitamin D3 and/or omega-3 fatty acids
(or placebo), we are conducting VITAL-Fracture, an ancillary fracture study to determine
the safety and efficacy of high-dose, daily supplemental vitamin D in the primary prevention
of incident fractures (total, hip, and non-vertebral). Incident fracture outcomes are being
determined through a combination of methods including questionnaires, medical record
review, and review of radiological images (hip, femur, pelvic fractures). Levels of serum
25(0OH)D, calcium, and PTH will also be measured in 16,954 fasting blood samples taken at
baseline. A second ancillary study VITAL-Bone Structure/Architecture will be conducted
among a sub-cohort of VITAL participants (N=773) using detailed, in-person phenotyping
and bone assessments to test the effects of supplemental vitamin D and/or omega-3 fatty
acids on bone structure and architecture.

The primary aim of VITAL-Fracture is to test in a randomized, placebo-controlled trial
whether supplemental vitamin D3 and/or omega-3 fatty acids reduces the risk of incident
fractures (total, non-vertebral, and hip). In the VITAL-Bone Structure/Architecture, the
primary aims are to test whether supplemental vitamin D3 and/or omega-3 fatty acids (1) has
beneficial effects on areal bone density (aBMD) at the spine, hip, and total body and (2)
reduces bone turnover biomarkers (BTMs) (as assessed by serum c-telopeptide [CTX],
osteocalcin [OC], and amino-terminal propeptide of type 1 collagen [P1NP]).The secondary
aims will test whether the study intervention improves structure and architecture at the distal
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radius and tibia. Additional analyses will determine whether the effect of supplemental
vitamin D3 on bone structure and architecture varies according to baseline levels of serum
25(0OH)D, race/skin pigmentation, body composition, and body mass index (BMI). Parallel
assessments of the effects of omega-3 fatty acids (EPA+DHA) on the same aims will also be
performed.

2.3. Sponsors

These ancillary studies, entitled VITAL: Effects on Fracturesand VITAL: Effects on
Sructure and Architecture, are supported by the National Institute of Arthritis and
Musculoskeletal and Skin Disease (NIAMS). The studies were approved by the Partners
Human Research Committees, the Institutional Review Board of Brigham and Women's
Hospital (BWH). They are registered with clinicaltrials.gov (NCT01747447 and
NCT01704859, respectively). The parent trial has received IND approval from the FDA and
has been registered at clinicaltrials.gov (NCT01169259). A study website for the parent trial
is maintained at www.vitalstudy.org.

2.4. Summary of eligibility, recruitment, and enrollment

As a primary prevention trial, VITAL participants were selected across the U.S. for age
only. Women aged 55 years or older and men aged 50 years and older were eligible for
enrollment if they had no prior history of cancer or cardiovascular disease at baseline. Safety
exclusions included allergy to fish, renal failure, history of hypercalcemia, hypo- or
hyperparathyroidism, severe liver disease, granulomatous diseases, or other serious illnesses.
Prior to enrollment, all participants signed a detailed informed consent form and were
required to complete a 3-month, placebo run-in to demonstrate good pill-taking compliance
(defined as taking =2/3 of the study pills). With a final randomized population of 25,875
participants, VITAL surpassed its original recruitment goal of 20,000 and achieved its goal
of enrolling 5,108 African Americans (25% of study population).4® Study enrollment began
in November 2011 and closed in March 2014.

A subcohort of 1,054 VITAL participants from the New England region was established for
detailed, in-person assessments at Harvard Catalyst, the NIH-sponsored Clinical and
Translational Science Center (CTSC) in Boston. Those enrolled met the same eligibility
criteria as participants in the parent trial. Participants in the VITAL CTSC cohort were
eligible for the VITAL-Structure/Architecture ancillary study if they did not have current
use or prior history of bisphosphonates or bone-active medications within the last two years.
Enrollment in the ancillary study (N=773) exceeded the projected goal of 600 participants.

2.5. Interventions

Interventions tested in VITAL are vitamin D3 (cholecalciferol, 2000 1U/d) and active fish oil
(Omacor® fish oil, 1 g/d, EPA to DHA ratio of 1:1) and matching inert placebos.
Participants are permitted up to 800 1U/day of additional vitamin D supplementation and
intakes of 1200 mg/d of elemental calcium from all sources in accordance with safety limits
indicated by the Institute of Medicine (I0M).%0 Participants also agreed not to consume non-
study fish-oil supplements during the trial. The doses of vitamin D3 and omega-3 fatty acids
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tested in VITAL were chosen after comprehensive review of the available literature to
achieve optimal efficacy and safety.

2.6. Blood collection

Fasting blood samples in the parent VITAL study were collected during run-in from a subset
of approximately 16,954 participants. Among this subset, follow-up samples are being
obtained at years 1-4 from a randomly selected group of approximately 6,000 participants.
Blood samples will confirm intervention compliance and determine whether treatment
effects are modified by baseline and achieved blood levels.

Fasting bloods were also collected at baseline CTSC visits and will be repeated at follow-up
visits. Levels of BTMs of resorption (CTX) and formation (OC and P1NP) will be measured
in VITAL-Bone Structure/Architecture using serum specimens. These biomarkers will
determine the relationship between BTM and changes in bone mineral density, structure,
and micro-architecture.

2.7. Study Assessments

To test the effects of daily, supplemental vitamin D and/or omega-3 fatty acids on fracture
risk and bone health measures, a comprehensive list of variables is being obtained (Table 1).
Variables assessed include demographic information, anthropomorphic measures, and risk
factors for osteoporosis. In addition, a food frequency questionnaire (FFQ) is being used a
for detailed evaluation of nutrient intake and dietary and non-dietary sources of
supplemental vitamin D, marine omega-3 fatty acids, and calcium.

In the VITAL-Bone Structure/Architecture subcohort, basic clinical data obtained at
baseline includes medical history and physical exam (anthropometric indices and fasting
bloods) and assessments of bone health, body composition, and physical performance.
Identical follow-up assessments will be repeated at 2 years post-randomization. Follow-up
CTSC visits began November 2014 and will be matched by month to control for seasonal
variation in sun exposure.

2.7.1. Fracture measures—Primary tracking of fracture outcomes is being accomplished
through participant self-reporting of incident fractures on annual questionnaires and review
of medical records to confirm fracture outcomes. Participants who report a fracture are
asked to sign a medical release for relevant hospital and physician records and to complete a
questionnaire assessing basic information about the fracture. Participants are asked to return
the questionnaire and medical release to study staff within 8 weeks. Non-responders receive
two additional requests by mail and then a telephone request to collect study data.

The VITAL-Fracture study has established rigorous fracture adjudication procedures to
ascertain fracture outcomes. Study staff blinded to the randomized treatment assignment
reviews medical records to confirm or disconfirm the fracture event according to a defined
protocol. Data collection includes the date of the fracture event, location of the bone(s)
fractured, and level of trauma that caused the injury. Coding of location is also matched to
ICD-9 codes. Level of trauma associated with the fracture is quantified on a scale (none,
minor, moderate, or severe) and is determined through review of medical records as well as
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information provided by participants. Fractures of the hip and femur are further adjudicated
through radiological image review by study investigators and a musculoskeletal radiologist.
Fractures related to conditions affecting bone health such as tumors, bone cysts, Paget's
disease, and osteogenesis imperfecta are further identified as pathological fractures.
Fractures are also characterized as located near a prosthesis or as an atypical femur using
established criteria.

2.7.2. Bone density, structure, and architecture measures—In VITAL-Bone
Structure/Architecture, during CTSC visits at baseline and 2 years post-randomization,
comprehensive bone assessments including BMD, body composition (fat and lean tissue
according to dual X-ray absorptiometry [DXA]), and bone structure and architecture by
peripheral quantitative computed tomography (pQCT) will be conducted at the Bone
Density Unit at the Skeletal Health and Osteoporosis Center, BWH (Boston, MA).%1 A more
comprehensive list of measures obtained in VITAL-Bone Structure/Architecture is provided
in Figure 2. Bone density of the spine (L1-L4), hip, and total body will be measured by
DXA (Discovery W, APEX Software Version 4.2, Hologic, Bedford, MA). Using APEX 4.2
software which includes the FRAX® tool, 10-year total hip fracture risk will be calculated
using bone density and clinical risk factors. Analyses will also be performed to generate
Trabecular Bone Score (TBS) measures (Medimaps Group, Geneva, Switzerland). TBS,
generated from textural analyses of spinal BMD scans, is associated with bone
microarchitecture and is a risk factor for fractures, independent of BMD.%2 At follow-up 2
years post-randomization, high resolution pQCT (HR-pQCT) scans will be performed in a
subset of 300 CTSC participants with baseline pQCTs for measurements of bone structure
and microarchitecture.

2.7.3. Body composition measures—Body composition measurements will be
performed with a Hologic Discovery W, DXA machine. Adipose and lean mass will be
calculated as well as android and gynoid sub-regions, and rate of change reports for fat and
lean tissue. Changes in adiposity will be determined by total body fat, % total fat, VAT, fat
mass index (FMI — fat mass/height?), and regional fat measures. Measures of pQCT will
also be determined; new data show strong correlations between DXA measures of VAT and
those assessed by QCT.53 Measurements of lean body mass will also be performed,
including lean mass index (LMI — lean mass/height?), appendicular lean mass index (ALM —
appendicular lean mass/ht?), ALM/BMI, and regional lean tissue.>*

2.7.4. Physical performance measures—Physical performance measurements include
assessment of standing balance, walking speed, chair stands, grip strength, and timed up and
go. Standing balance, walking speed, and chair stands are the three tasks in the composite
Short Physical Performance Battery (SPPB), a widely-used, objective measure of lower
body function.>® Walking speed (ft/s) is being tested with a 6-meter walking course. Grip
strength testing will be performed using the JAMAR Plus+ Digital Hand Dynamometer
(Sammons Preston Rolyan, Bolingbrook, IL, USA). Variability in the use of the
dynamometer has been minimized by extensive training and regular observations during the
study period.
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2.7.5. Biochemical measures—Baseline and follow-up blood levels of 25(OH)D, EPA
+DHA, calcium, and PTH will be performed on baseline and follow-up samples.
Measurements of serum total 25(OH)D will be conducted using two assays: Atherotech
Diagnostics Abbott ARCHITECT chemiluminescent microparticle immunoassay (CMIA)
and Quest Diagnostics liquid chromatography-tandem mass spectrometry (LC-MS/MS). The
relationship between calcium, total 25(OH) D, and PTH levels will also be examined.%6-59
Assays of BTMs (CTX, OC, and P1NP) will be performed: serum CTX levels will be
measured using an e601 chemiluminescent immunoassay (Serum Elecsys CrossLaps®,
Roche Diagnostics, Indianapolis, IN); serum OC concentrations will be determined by
ELISA (Meso Scale Discovery, Rockville, MD); and serum P1NP levels will be determined
by radioimmunoassay (Orion Diagnostica, Espoo, Finland). Baseline and follow-up samples
will be run in the same assays.

2.8. Data management

For the VITAL-Bone Health studies, the computerized data management and security
systems were designed for effective follow-up. Only study personnel who communicate
with participants are able to access necessary information. In VITAL-Bone Structure/
Architecture, all data collected at the Bone Density Unit, HR-pQCT site, and CTSC are
transferred to the Division of Preventive Medicine for review, verification, and data checks
to maximize accuracy. Annually, the independent Data and Safety Monitoring Board
(DSMB) reviews all data on study endpoints and adverse events for the VITAL trial,
including these two bone substudies.*®

2.9. Analysis plan

In these bone health substudies, the first analysis will compare baseline characteristics by
randomized treatment assignment to ensure that balance during randomization was
established between the treatment groups. We will assess risk factors for fractures, including
age, gender, race/ethnicity, and baseline vitamin D, omega-3 fatty acids, calcium levels,
baseline distributions of fractures, physical activity level, use of a walking device, and the
use of bone active medications.

With the 2x2 factorial design of the parent trial, the primary analysis will be an intent-to-
treat analysis. The primary aim of these bone health substudies is to compare the main
effects of intention-to-treat with vitamin D and with fish oil on the fracture outcomes. We
will use the Cox proportional hazards model to allow for variable follow-up lengths®9 and
will estimate the cause-specific hazard ratio for fracture incidence for each intervention
using indicators for treatment exposure. Stratification factors, including the second
intervention, age, and gender will be controlled and adjustments will be made for any
imbalances by treatment group in baseline risk factors, such as age, smoking, alcohol, BMI,
physical activity, and calcium intake. In addition, we will conduct an analysis among
compliers only, and censor participants if they stop taking the study intervention. Beyond
the primary analyses, we will further assess the effect modification by omega-3 fatty acids,
by baseline risk factors, and by time. We will also be assessing fractures according to the
level of trauma. We will explore interactions between the vitamin D and/or EPA+DHA
interventions and with the baseline self-reported dietary intake of vitamin D, of calcium, and
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of EPA+DHA as well as with gender, race/skin pigmentation (for vitamin D3), and BMI (for
vitamin D3).

Analyses of treatment effects in the clinic-based VITAL-Bone Structure/Architecture
substudy will also use the intent-to-treat principle; adherence adjustment and other analyses
may be performed as secondary analyses. Changes in several measures over time for each
treatment will be examined. Our interests are (1) small increases or reduced loss of aBMD in
spine, hip, and total body as assessed by DXA, (2) reduced bone turnover as assessed by
BTMs, (3) improved total, trabecular, and cortical volumetric BMD (vBMD) assessed by
pQCT at baseline and 2 years post-randomization, (4) micro-architecture at the distal radius
and tibia as assessed by HR-pQCT at 2 years post-randomization, and (5) reductions in FM
or FMI or changes in total and regional FM and/or lean tissue. We will use linear regression
to analyze normal or nearly normal data, and employ transformations if the distribution is
non-normal, otherwise nonparametric methods, such as the Wilcoxon rank sum test will be
used to compare randomized groups. Mean changes over time will also be compared in the 4
groups. To improve power, we will also condition on baseline measures using regression
analyses [analysis of covariance (ANCOVA)]. The primary analysis will be of the main
effect of vitamin D on changes in measures of bone health, adjusting for any effects of
omega-3 FAs at baseline and during the trial. We will use regression analysis to adjust for
any imbalance in key variables at baseline. Beyond the primary analysis, we will explore
interactions between interventions and baseline and achieved 25(OH)D levels. In addition,
we will evaluate effect modification by gender, race/skin pigmentation, season, and BMI, an
important potential modifier of the treatment effect.

2.10. Statistical power

Power calculations for analysis of the time-to-event outcome in the fracture substudy are
based on a 2x2 factorial trial. Rates are based on age-specific rates from women and men in
the U.S.61. 62 power is shown in Table 2 for the observed reductions in risk. We assume an
average compliance of 80%, which is similar to the compliance achieved in our previous
RCTs. The corresponding ‘true’ relative risk (RR) is shown. Power is calculated for a two-
sided test using a log-rank analysis with a significance level of 0.05.6% We will have 80%
power to detect an observed RR of 0.90 (true RR = 0.875 if 80% compliance) for any
fractures, RR of 0.89 (true RR=0.86) for clinical non-vertebral fractures, and RR of 0.76
(true RR=0.70) for hip fractures.

Power to determine the relationship between vitamin D and BMD, vBMD, and BTMs within
the VITAL-Bone Structure/Architecture is based on measurements taken at baseline and 2-
year follow-up among randomized participants. Power computations compare mean changes
in randomized intervention groups in an intent-to-treat analysis with a two-sided test with a
significance level of 0.05. Due to anticipated loss to follow-up during the trial, we assume
that approximately 90% of participants will have follow-up measures, with additional
calculations for 80% follow-up. To incorporate imperfect compliance, power is computed
for the anticipated observed effect as well as estimated true effect under perfect compliance
assuming observed compliance to study interventions is 80%.
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Power was computed based on a trial of changes in BMD among 389 men and women,
randomized to vitamin D with calcium, or placebo.®4 In that study, the average percent
change over 3 years in the placebo group was —1.09 (+/- 1.71) for total body, —0.70 (+/-
5.03) for FN, and +1.22 (+/- 4.25) for spinal BMD. Assuming the same standard deviation
for change in our sub-study of 600 with 10% loss to follow-up, we would have over 80%
power to detect net differences between groups of 1.22% for FN, 1.03% for lumbar spine,
and 0.42% for total BMD. Assuming 20% loss to follow-up, we would have 80% power to
detect differences between groups of 1.29% for FN, 1.09% for spine, and 0.44% for total
BMD. In the previous trial, treatment effects of D plus calcium were 1.20, 0.90, and 1.15 %
for FN, spine, and total body BMD, respectively.54 The largest decreases were seen in initial
year of treatment. We thus have excellent power to detect differences between groups,
especially in total BMD, even if the effect over 2 years is less than that seen over the 3 years
in the prior study.

3. Discussion

The VITAL-Bone Health studies are testing the effects of daily, high-dose, supplemental
vitamin D alone on fracture incidence and bone health measures. These studies have several
strengths. VITAL-Fracture tests whether daily, high-dose supplemental vitamin D is
effective in the primary prevention of fractures in a large, randomized cohort of 25,875 older
adults, both women and men. The study cohort is geographically diverse, with
representation from all 50 U.S. states. Minority participation is also high, with
approximately 26% minority enrollment and an oversampling of blacks (n=5,108).49 Most
RCTs to date that have tested supplemental vitamin D and fractures have predominantly
included whites and data on the effects in minorities or in men are limited. VITAL-Fracture
is therefore uniquely able to test the effects of high-dose, supplemental vitamin D on
fractures in whites and minorities, men and women. In addition, the trial is testing an
intervention of daily, high dose vitamin D alone. No calcium is included in the supplement.
Currently, data from large RCTs on the effects of daily supplemental vitamin D, without
calcium, on fracture outcomes are sparse and inconclusive.18: 28. 34,65 \/|TAL-Bone Health
is thus responsive to the “need for research protocols that examine the effects of vitamin D
and calcium separately” noted by the I0M,50. 66

In the parallel CTSC component of the trial, VITAL-Bone Structure/Architecture, we are
performing in-depth phenotyping and detailed bone health measures in a subcohort of
participants from the New England area. While high-dose, supplemental vitamin D is widely
used to support bone health, data are limited about its effects alone on bone density,
structure, architecture, and turnover, which are important for bone strength. This study will
elucidate the role of supplemental vitamin D in skeletal health through complementary
assessments of fracture risk and bone remodeling and structure among the large VITAL
cohort. Additionally, we achieve significant cost-efficiency by leveraging resources from the
parent VITAL, its CTSC component, and Harvard Catalyst. These include a biorepository of
baseline blood samples; validated blood assays of total 25(OH)D; measurements of PTH,
calcium, and albumin; high compliance as measured with blood samples in a subset of
participants; a database built from detailed questionnaires that will be a rich resource with
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information on medical conditions, treatments and lifestyle variables; and in-depth, in-
person assessments of bone health measures from participants in the CTSC subcohort.

An additional strength is the testing the effects on fracture incidence and bone health
measures of daily, supplemental omega-3 FAs. Results from nested case-control studies and
observational studies such as WHI and the Framingham Osteoporosis study indicate that
omega-3 FAs may have benefits on fractures.#5: 47 While these data are promising,
completion of the VITAL-Bone Health studies is novel as it will be the first study to test
effects of supplemental ©-3 FAs EPA+DHA on fracture risk and bone health measures in a
placebo-controlled trial of men and women.

The two studies discussed in this paper are ancillary studies to the VITAL trial. Ancillary
studies are conducted in conjunction with a parent study, usually a larger, ongoing clinical
trial. Ancillary studies enhance the scientific impact of a clinical trial by leveraging
resources to address important research questions that were not included in the parent trial.
For example, ancillary studies make it possible to test new hypotheses and evaluate
additional clinical outcomes and biological mechanisms. Ancillary study procedures may,
however, be limited by the parent trial structure. However, this is outweighed by leveraging
the availability of a large, well-characterized cohort such as the VITAL study.

There are also a few limitations to these studies. VITAL is testing only one dose of the
intervention. To achieve the optimal balance between efficacy and safety, after
comprehensive review of the available literature, a high dose of vitamin D was chosen for
this primary prevention trial in the general population.31 Some clinical trials and subsequent
meta-analyses have concluded that daily doses >800 1U/d of supplemental vitamin D alone
are needed to promote skeletal health.25: 29 An additional limitation is that the findings will
not be generalizable to younger populations. The VITAL cohort includes older adults who
are at higher risk for osteoporotic fractures and vitamin D deficiency. Obese and overweight
individuals are at elevated risk due to vitamin D sequestration in fat and increased volume
distribution. Currently, the IOM, in accordance with a comprehensive review, recommends
600 to 800 1U/d for most of the adult population.>? However, other large organizations, such
as the National Osteoporosis Foundation (NOF) and the International Osteoporosis
Foundation (IOF) recommend that adults aged =50 may need 800 to 1000 1U/d. The
Endocrine Society Task Force recommends “at least 1500 to 2000 1U/d of supplemental
vitamin D,” and doses 2 to 3 times higher in obese patients.6”72 Black individuals are also
at increased risk for vitamin D deficiency due to lower vitamin D intakes and also because
darkly pigmented skin generates less vitamin D in response to UVB radiation. 73
Paradoxically, while blacks are more often characterized as vitamin D deficient according to
total 25(OH)D levels, they have higher BMD and lower fracture risk as compared to
whites.”* Recently, some studies have reported that, in contrast to total 25(OH)D levels,
bioavailable (free and albumin-bound fraction) vitamin D and free 25(OH)D are more
strongly correlated with BMD.4-76 Results from these cross-sectional, observational studies
highlight gaps in our understanding of the relationship between total, bioavailable, and free
25(0OH)D levels. Data from RCTs are needed to determine these relationships, their
influence on fracture outcomes, and whether there is variation according to BMI and race/
ethnicity.
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With the increasing use of vitamin D and omega-3 fatty acid supplements, it is important to
evaluate the safety of these nutritional agents and their efficacy in promoting skeletal health.
The VITAL-Bone Health ancillaries are uniquely positioned to answer open questions and
determine whether daily, high-dose, supplemental vitamin D prevents fractures and has
beneficial effects on bone health outcomes. Results from these studies are expected to
clarify the role of high-dose, supplemental vitamin D on skeletal health and inform clinical
and public health guidelines regarding its use to prevent fractures and maintain bone density,
structure, and strength.
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Figure 1.
Mechanisms through which high dose vitamin D vs. placebo may benefit bone health
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Figure 2.

Design of the VITAL bone health ancillary studies: VITAL-Fracture and VITAL-Structure/
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Table 1
Study Activities, Measures, and Outcomes
Follow-up Cycle
Pre-enrollment  Enrollment 6 MO YR1 YR2 YR3 YR4 YR5
Eligibility screening .
Waist / hip, height, weight, BMI . . .
Bone health measures
DXA for bone density and body composition . .
Bone turnover biomarkers . .
pQCT . .
HR-pQCT .
Physical performance measures . .
Pill compliance . . . . . . .
Risk factors
Alcohol consumption . .
Physical activity questionnaires . . . .
Fracture after age 50 . .
Parent and family history of fracture . . .
Sun exposure / skin pigmentation .
Menopausal, premature menopause .
Diet and dietary supplements
Food frequency questionnaire with detailed calcium . . .
intake
Fish oil / omega-3 fatty acid supplements . . . . . . .
Vitamin D / single supplements, multivitamins, or . . . . . . .
calcium supplements
Medications
Bisphosphonates or other osteoporosis medications . . . . . .
Female hormone use . . . . . .
Corticosteroids . . . . . .

Other (e.g. aromatase inhibitors, anti-depressants,
calcitriols, diabetic medication, diuretics etc.)

Diagnoses / medical history
Fracture
Malabsorption or inflammatory bowel disease
Osteoporosis or low bone mass (osteopenia)
Hypo- or hyperparathyroidism

Other (e.g., thyroid disorders, hypercalcemia, or other
conditions)
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Table 2

Power for the effect of a single agent on incident fracture outcomes

b Total Fracture

Non-Vertebral Fracture

Hip Fracture

Observed RR®  True RR
0.90 0.875 84.0 78.8 214
0.85 0.812 99.4 98.7 425
0.80 0.750 >99.9 >99.9 66.7
0.75 0.687 >99.9 >99.9 85.8
0.70 0.625 >99.9 >99.9 95.8
0.65 0.560 >99.9 >99.9 99.2
0.60 0.500 >99.9 >99.9 99.9

RR, rate ratio.

a . . . . - .
Observed RR = intent-to-treat RR, including noncompliant participants (compliance assumed to be 80%).

bTrue RR = that with perfect compliance.
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