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Abstract

Vitamin D supplements are often used to benefit skeletal health, although data on effects of daily 

high-dose vitamin D alone on bone density and structure are lacking. The ongoing VITamin D and 
OmegA-3 TriaL (VITAL) is a double-blind, randomized, placebo-controlled trial testing effects of 

high-dose supplemental vitamin D3 (cholecalciferol; 2000 IU/day) and/or omega-3 fatty acids 

(FAs; 1 g/day) for the primary prevention of cancer and cardiovascular disease. The study has a 

mean treatment period of 5 years among 25,874 U.S. men ≥50 years and women ≥55 years old 

from all 50 states. The ancillary study, VITAL: Effects on Bone Structure and Architecture, is 

testing effects of vitamin D3 and/or omega-3 FAs on musculoskeletal outcomes and body 

composition in a subcohort of 771 participants. At in-person visits at the Harvard Catalyst Clinical 

and Translational Science Center (CTSC), participants completed bone density/architecture, body 

composition, and physical performance assessments at baseline and two-year follow-up. Baseline 

characteristics were evenly distributed among treatment groups, suggesting that any uninvestigated 

confounders will be evenly distributed; sex differences were also analyzed. Future analyses of the 

two-year follow-up visits will elucidate whether daily high-dose, supplemental vitamin D3 and/or 
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omega-3 FAs improve musculoskeletal outcomes, helping to advance clinical and public health 

recommendations.
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Introduction

There are high prevalences of osteoporosis and vitamin D deficiency in the U.S. 

Osteoporosis is the most common bone disease and is characterized by reduced bone mass, 

architectural deterioration, an imbalance in bone turnover, and compromised bone strength, 

which lead to increased fracture risk. Over 53.6 million Americans have osteoporosis or low 

bone mass [1]. Additionally, one in two women and one in five men aged 50 years and older 

will suffer an osteoporotic fracture in their remaining lifetime [2, 3]. Structural changes in 

bone, body composition, and clinical risk factors including vitamin D deficiency contribute 

to the development of osteoporosis. About 1/3 of individuals living in North America are 

vitamin D deficient (<20 ng/mL of 25-hydroxyvitamin D [25(OH)D]) [4]. Vitamin D 

deficiency is more prevalent in black individuals because of reduced activation of vitamin D 

after ultraviolet B radiation exposure [5, 6]. Overweight individuals are also more likely to 

be vitamin D deficient because vitamin D is sequestered in fat [7].

In addition to correcting low vitamin D levels, supplemental vitamin D is widely used to 

promote bone health, reduce fractures, and prevent functional decline. However, clinical 

trials and meta-analyses show inconsistent results as to whether supplemental vitamin D 

alone improves musculoskeletal health outcomes [8–29]. While randomized controlled trials 

(RCTs) provide the highest quality data, available studies are limited by designs that 

included supplemental calcium combined with vitamin D, vitamin D doses <1000 IU/d, 

bolus doses of vitamin D, studies of short duration, and/or failure to measure 25(OH)D 

levels.

Studies of the effects of omega-3 FAs on bone health are limited. In vitro studies have shown 

that omega-3 FAs suppress osteoclast formation [30], and animal studies have shown a 

reduction in bone resorption and some improvements in skeletal health [31–37]. However, 

observational and case-control studies have produced varying results [38–40], and data from 

large RCTs of omega-3 FAs’ effects on bone mineral density (BMD) and structure are sparse 

and overall do not seem to show a benefit [41–43].

The VITamin D and OmegA-3 TriaL (VITAL) is a large, double-blind RCT testing whether 

high-dose supplemental vitamin D3 (2000 IU/d) and/or omega-3 FAs (1 g/d) is effective in 

the primary prevention of cancer and cardiovascular disease [44]. The VITAL: Effects on 
Bone Structure and Architecture study is one of two ancillary studies evaluating effects of 

supplemental vitamin D alone on musculoskeletal outcomes [45]. In this study, detailed in-

person assessments at the Harvard Catalyst CTSC were performed in a subcohort of 

participants (n=771) at baseline and two years of follow-up. The study aims to determine 
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whether supplemental vitamin D alone benefits BMD, bone structure, body composition, 

and physical performance measures. A complementary ancillary study, VITAL: Effects on 
Fractures, is determining effects of these interventions on incident fractures among the 

25,874 VITAL participants nationwide. In this article, we present the baseline demographic, 

bone, body composition, physical performance, health and behavioral characteristics of the 

VITAL CTSC Bone Health subcohort by randomized treatment groups to assess the 

distribution among the interventions and whether there are sex differences in these baseline 

measures.

Materials and Methods

Overview of study design

The study design was previously described [45, 46]. VITAL is a large, randomized, 2×2 

factorial, double-blind, placebo-controlled trial testing the risks and benefits of supplemental 

vitamin D3 (cholecalciferol, 2000IU/d) and marine omega-3 FAs (Omacor® fish oil, 

eicosapentaenoic acid [EPA] + docosahexaenoic acid [DHA]; 1g/d) on cardiovascular 

disease and cancer. The mean length of treatment was 5 years, which ended on December 

31, 2017. VITAL-Bone Health consists of two ancillary studies, VITAL: Effects on 
Fractures and VITAL: Effects on Bone Structure and Architecture, which build upon the 

resources and design of the parent VITAL study to test effects of supplemental vitamin D3 

and/or omega-3 FAs on skeletal health. In this study, VITAL: Effects on Bone Structure and 
Architecture, a subcohort of participants (n=771) completed detailed phenotyping, bone 

health, body composition, and physical performance assessments at baseline and two-year 

post-randomization at the Harvard Catalyst CTSC in Boston. The baseline visits took place 

between January 2012 and March 2014, and the two-year follow-up visits occurred between 

October 2014 and July 2016. The primary aims of this ancillary study are to determine 

whether supplemental vitamin D3 and/or omega-3 FAs positively affects areal bone mineral 

density (aBMD) at the spine, total hip, femoral neck, and whole body as assessed by dual-

energy X-ray absorptiometry (DXA), as well as biomarkers of bone remodeling. Blood 

samples are frozen at −80°C so that baseline and two-year follow-up bone turnover makers 

will be measured in the same assay. Levels of 25(OH)D, EPA and DHA will also be 

measured in these blood samples to assess study pill compliance and to determine the effects 

of the interventions on study outcomes. The secondary aim of this study is to determine 

whether supplemental vitamin D3 and/or omega-3 FAs improves structure and architecture at 

the radius and tibia as assessed by peripheral quantitative computed tomography (pQCT). 

High-resolution pQCT (HR-pQCT) was also performed among a subset of participants 

during the two-year follow-up visits. The tertiary aim is to determine whether supplemental 

vitamin D3 and/or omega-3 FAs has beneficial effects on body composition and physical 

function. Biomarkers of bone remodeling, pQCT, and HR-pQCT measures will be presented 

in future publications. Studies were approved by the Partners Human Research Committees, 

the Institutional Review Board of Brigham and Women’s Hospital.

Study population

Women and men were eligible for the parent VITAL study if they were ≥55 years and ≥50 

years old, respectively, without previous history of cardiovascular disease or cancer. Safety 
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exclusions included allergy to soy or fish, renal failure, hypercalcemia, hypo- or 

hyperparathyroidism, severe liver disease, granulomatous disease, or other serious illness. 

Participants were randomized after they completed a detailed consent form and a 3-month 

placebo run-in phase. If participants demonstrated good compliance during the placebo run-

in phase (took at least 2/3 of their study pills), they were randomized into the trial. 

Participants agreed to limit their total personal supplemental vitamin D intake to ≤800IU/

day, total supplemental calcium to ≤1200mg/day, and to refrain from taking supplemental 

fish oil. A total of 25,874 participants from all 50 states, including 5,107 African Americans 

were randomized into the trial between November 2011 and March 2014. The intervention 

phase of VITAL ended on December 31, 2017. Follow-up questionnaires will continue for 

an additional two years after the intervention phase is completed.

A subcohort of VITAL participants who lived within driving distance of Boston were 

enrolled into the CTSC subcohort (n=1,054). Participants were eligible for the VITAL: 
Effects on Bone Structure and Architecture ancillary study if they met requirements for the 

parent trial and were not on bisphosphonates within the past two years or other bone active 

medications including, denosumab, human parathyroid hormone, calcitonin, raloxifene, 

tamoxifen, or systemic estrogens within the past year. No participants were on aromatase 

inhibitors in the VITAL CTSC Bone Health subcohort. Of 1,054 participants in the CTSC 

subcohort, 771 completed bone density, body composition, and physical performance 

assessments.

Bone measures

Areal BMD at the lumbar spine (L1-L4), right and left hip (total hip and femoral neck), and 

whole body was measured using DXA (Discovery W, APEX Software Version 4.2, Hologic, 

Bedford, MA). Guidelines from Hologic and the International Society for Clinical 

Densitometry (ISCD) were followed for positioning of all DXA scans. Left and right hip 

measures were averaged in our analyses; when only one hip was available due to metal 

artifact(s), only the unaffected hip was used. T-scores were generated using the default sex 

and ethnicity-matched databases in the Hologic APEX Software 4.2. Z-scores were 

generated using the age, sex, and ethnicity-matched results from the same default databases 

[47]. In the DXA Hologic system, American Indians and Alaskan Natives were compared to 

the white database [48] and Hispanic white participants were compared to the Hispanic 

database [49]. Reproducibility is very good at our site [50]. Least significant change (LSC) 

is 0.024 g/cm2 at the spine, 0.021 g/cm2 at the femoral neck, 0.017 g/cm2 at the total hip, 

and 0.008 g/cm2 for males and 0.010 g/cm2 for females at the whole body. Lumbar spine 

DXA scans were used to generate the Trabecular Bone Score (TBS; Version 2.1, Medimaps 

Group, Geneva, Switzerland). TBS is a textural analysis that can predict fracture risk 

independent of BMD [51]. Scores ≥1.350 signify normal microarchitecture, between 

1.200-1.350 partially degraded microarchitecture, and ≤1.200 degraded microarchitecture 

[52, 53]. The Fracture Risk Assessment Tool (FRAX), included in the APEX Software 

Version 4.2, predicted 10-year probability for major osteoporotic fractures (MOF) and hip 

fractures in participants with low bone mass (osteopenia; T-scores from −1.1 to −2.4 at the 

spine, hip, or femoral neck).
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When participants had internal metal (i.e. hip/knee replacements), the bone measures from 

the unaffected, contralateral side were used to replace the affected side to prevent metal from 

confounding and increasing the bone density results (n=62) [54]. When there was not an 

unaffected contralateral side to represent (i.e. metal in the spine, bilateral hip/knee 

replacements), bone measures were excluded at that site as well as at the whole body (n=27). 

Additionally, femoral neck measures were excluded for all participants with severe 

osteoarthritis at the hip (n=11). Because hip osteoarthritis elevates T-scores of the femoral 

neck compared to the total hip [55], if the difference between T-scores at the femoral neck 

and total hip was ≥1, two physicians, experienced in bone densitometry, examined the DXA 

images to determine whether severe hip osteoarthritis was present. Vertebrae were also 

excluded per the ISCD guidelines if there was more than a 1.0 T-score difference between 

the vertebra and adjacent vertebrae, or if there was a clear abnormality. If three or more 

vertebrae were excluded, the spine was not suitable for analysis. A total of 51 spine BMD 

measures were excluded because of spinal metal, scoliosis and/or severe degenerative disc 

disease. There were two participants who had bilateral breast implants who were excluded 

from whole body bone density and body composition analyses due to uncertain effects on 

bone density, fat and lean mass.

After DXA scans, all participants were sent a letter to inform them whether or not they had 

osteoporosis defined as a T-score ≤−2.5. There were relatively few participants (n=85; 12%) 

who had osteoporosis according to bone density criteria. The letters recommended that 

participants share the results of their bone density scans with their health care providers so 

that they could potentially receive treatment and/or follow-up care if needed.

Body composition measures

Body composition measures were also completed using DXA (Discovery W, APEX 

Software Version 4.2, Hologic, Bedford, MA). Measures include total and sub-regions of 

adipose and lean mass including the android and gynoid regions. Adipose tissue measures 

included total body fat, percent total fat, visceral adipose tissue (VAT), and fat mass index 

(FMI; fat mass/height2). Measurements for lean indices included lean mass index (LMI; lean 

mass/height2), appendicular lean mass (ALM), appendicular lean mass index (ALMI; 

appendicular lean mass/height2), and appendicular lean mass adjusted for body mass index 

(ALM/BMI). Precision at our site for body composition, reported as standard deviations, is 

similar to other published studies [56]. The standard deviation for whole body fat mass is 

0.220 kg for males and 0.245 kg for females; standard deviation for whole body lean mass is 

0.230 kg for males and 0.246 kg for females.

Physical performance measures

Grip strength, the Short Physical Performance Battery (SPPB; components include walking 

speed, standing balance, and chair stands), and the Timed Up and Go (TUG) were assessed 

in the participants. Grip strength was measured using a JAMAR Plus + Digital Hand 

Dynamometer (Sammons Preston Roylan, Bolingbrook, IL) [57, 58]. Grip strength is 

correlated with physical activity in hip fracture patients and has been found to be inversely 

related to hip fracture risk [59]. Both normal, everyday walking speed and a fast walking 
speed were determined over 6 meters [60, 61]. Slow everyday walking speeds are correlated 
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with mortality, hospitalization, and disability [62–64]. Standing balance was measured by 

attempting to hold three positions (tandem, semi-tandem, and side-by-side) for 10 seconds 

each [65]. Chair stands consist of participants standing and sitting down 5 times with arms 

folded using a standard straight-backed chair [66]. The inability to rise from a chair is one of 

the strongest risk factors for hip fractures in men and can predict dependence for activities of 

daily living [67, 68]. By scoring normal everyday walking speed, standing balance, and chair 

stands on a scale of 0-4, the composite SPPB was determined (ranging from 0–12) to 

measure lower body function [63, 69]. Increases in the composite SPPB score has also been 

shown to be associated with improvements in physical function in hip fracture patients [70]. 

The TUG is a timed test wish consists of participants standing up from a chair, walking 3 

meters, turning around, and returning to sit in the chair [71, 72]. A slow TUG has been 

associated with increased fracture risk [73–75].

Sarcopenia measures

Sarcopenia is characterized by a loss of muscle mass, strength, and function. There are 

several operational definitions of sarcopenia that include ALM, ALMI, TUG, and SPPB [62, 

76–83]. Here we use the sarcopenia criteria defined by the Foundation for the National 

Institutes of Health (FNIH) Biomarkers Consortium Sarcopenia Project [84]. This definition 

includes sex-specific cutpoints for ALM/BMI (men: ≤0.789, women: ≤0.512) and grip 

strength (men: <26kg, women: <16kg) to quantify low lean mass and muscle weakness, 

respectively. To measure muscle performance, slowness is defined as a gait speed of ≤0.8 

m/s for both men and women.

Clinical factors

Participants were mailed a VITAL questionnaire at baseline, 6-months, and annually to 

assess risk factors that may affect bone health and body composition. The clinical factors 

include age, sex, race/ethnicity, BMI, education, income, alcohol use, tobacco use, physical 

activity (total metabolic equivalent [MET] hours/week), diet, use of medications, and history 

of diabetes, rheumatoid arthritis, falls, and fragility fractures.

Statistical analysis

To assess whether balance was achieved by randomization among this VITAL CTSC Bone 

Health subcohort, this analysis compared baseline characteristics by randomized treatment 

assignment. All continuous variables were first examined for normality. Means (standard 

deviation) or median (25th, 75th percentiles) are reported as appropriate. We used t-tests and 

analysis of variance (ANOVA) or the Wilcoxon rank sum and Kruskal Wallis tests to 

compare continuous variables across randomized groups and by sex. Chi-square tests were 

used to compare proportions, using trend tests for ordinal data. We used regression analysis 

to adjust for age when comparing variables by sex [85]. All analyses were generated using 

SAS. Results were considered statistically significant when p<0.05.

Results

Table 1 displays the baseline characteristics of the VITAL CTSC subcohort according to 

randomized treatment group. In the VITAL CTSC subcohort (n=771), 53.3% were men and 
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46.7% were women, with a mean age of 63.8 ± 6.1 years. The subcohort consisted of 83.4% 

non-Hispanic whites, 8.9% African Americans, and 3.4% Hispanics (not African American). 

Most participants were highly educated as 89.7% of them have attended or graduated from 

college or graduate school. There were no statistically significant differences in the 

investigated demographic characteristics among the randomized treatment groups.

The majority of factors related to bone health were also evenly distributed. The mean T-

scores at the spine (−0.49±1.41), total hip (−0.53±0.90), and whole body (−0.20±1.20) were 

classified as normal, while the mean T-score at the femoral neck was osteopenic 

(−1.09±0.89). Of the 418 participants who were osteopenic, 9.6% had a hip FRAX score 

≥3% or major osteoporotic fracture FRAX score ≥20%, meeting threshold for initiation of 

osteoporosis treatment [2]. Among the participants, 13.4% had parents with a history of hip 

fracture, and 8.2% had personal histories of fragility fractures. TBS, a structural measure 

derived from the spine BMD image, has been shown to predict fracture risk independent of 

BMD. Mean TBS was not equally distributed among the treatment groups (p=0.007); 

however, when TBS was classified into architecture status [52, 53], the distribution was 

similar. About 10.1% and 50.0% of participants had degraded microarchitecture and 

partially degraded microarchitecture, respectively.

Regarding baseline body composition characteristics, participants had a mean BMI of 

28.3± 5.1 kg/m2 and body fat percentage of 36.4%. Overall, 30.0% of participants were 

obese by BMI criteria, and 38.2% were obese by FMI criteria. These variables and other 

body composition measurements including, LMI, VAT area, and truncal fat were evenly 

distributed among treatment groups. According to the FNIH sarcopenia cutpoints for ALM/

BMI, 25.3% of men and 25.6% of women had low lean mass [84].

Physical performance measures were also carried out at the CTSC, and all were evenly 

distributed among intervention groups. Overall, 98.1% of participants had a normal walking 

speed of >0.8 m/s [80, 86, 87], 99.4% completed the TUG test in under 12 seconds [71, 72], 

and 92.0% of participants were able to hold the three stances (side-by-side, semi-tandem, 

and tandem) for 10 seconds each [88]. However, only 72.6% of participants performed 5 

consecutive chair stands faster than 11.1 seconds, a threshold determined for older adults 

[69]. These three tests (normal walking speed, standing balance, and chair stands) are 

components of the composite SPPB. A total of 94.3% of participants had a SPPB score of 

≥9 out of a maximum score of 12; a score of <9 has been associated with frailty [89]. 

Muscle weakness, by FNIH grip strength criteria, was present in 5.2% of men and 3.7% of 

women [84].

With respect to other clinical risk factors, 45.7% were hypertensive, and 43.5% of 

participants had taken anti-hypertensive medication at some point during their lifetime. Of 

all participants, 10.1% had diabetes and 7.8% were currently using anti-diabetic medication. 

Additionally, 34.3% were currently using cholesterol-lowering medication and 8.0% were 

currently taking selective serotonin reuptake inhibitors (SSRIs). A total of 24.6% of 

participants reported one or more falls within the last year on their annual questionnaire. The 

only characteristic that was not equally distributed among the treatment arms was history of 

past smoking (p=0.021), but not current smoking (p=0.761; results not shown). Intake of 
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supplements and food related to vitamin D and/or omega-3 FAs are also shown in Table 1, 

with even distribution among intervention arms.

Table 2 shows the baseline characteristics according to sex among the VITAL bone health 

subcohort. No women were aged 50-54 years because of the trial’s enrollment criteria; 

consequently, women were slightly older than men (64.4 years vs. 63.3 years old). 

Therefore, variables in Table 2 were adjusted for age. All race and ethnicities were similarly 

distributed between men and women. Education and income levels were also evenly 

distributed between the sexes except that there were more men who had incomes >$120,000 

(35.1% vs. 23.3%).

Women had significantly lower BMD and T-scores than men at the whole body, spine, total 

hip, and femoral neck. Women also had lower mean TBS scores than men (1.31 vs. 1.34). 

More men had normal microarchitecture according to TBS (TBS ≥1.350) than women, and 

more women had partially degraded bone microarchitecture (TBS between 1.200 and 1.350) 

than men. However, there was no significant difference between men and women who had 

degraded microarchitecture (TBS ≤1.200). Hip FRAX scores were similar between the 

sexes, but women had higher major osteoporotic fracture risk than men (10.03% vs. 6.55%). 

Among men and women, 9.3% and 10.2%, respectively, had FRAX scores for which 

treatment for osteoporosis would be indicated, which is not significantly different [2].

Mean BMI was similar between men and women; however, there were more women who 

had normal BMI than men (33.5% vs. 20.4%), and there were more overweight men than 

overweight women (53.1% vs. 32.3%). No sex differences were present at the extreme 

BMIs, with no difference in percentages of men and women who were either underweight or 

obese. Women had higher body fat percentage than men (42.4% vs. 31.1%) and greater FMI 

(11.98 kg/m2 vs. 8.79 kg/m2). However, men had greater VAT areas than women (178.21 

cm2 vs.151.15 cm2). Men also had greater lean mass than women according to LMI, ALM, 

ALMI, and ALM/BMI.

There were not many sex differences in physical performance measures, as men and women 

had similar standing-balance times, chair-stand-test times, and SPPB scores. Normal 

walking speed did not differ between sexes, but men had faster walking speeds than women 

(1.85 m/s vs. 1.75 m/s). However, women had faster TUG test times than men (7.88 s vs. 

8.23 s).

Men were more likely to have a history of hypertension and to use anti-hypertensive 

medications. There were also more men who had diabetes and were currently taking 

cholesterol-lowering medications than women. Meanwhile, more women reported parents 

having a history of hip fractures and having a personal history of fragility fractures. There 

were no significant differences in use of anti-diabetic medication, rheumatoid arthritis, use 

of SSRIs, or number of falls in the past year between men and women.

In regards to behavioral characteristics, no sex differences were seen in smoking, physical 

activity by MET scores, personal use of supplemental vitamin D, or servings of dark-meat 

fish, or other fish and seafood. More men drank alcohol daily and used multivitamins than 
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women. Women used more supplemental calcium and had more servings of milk and other 

vitamin D-fortified foods than men.

Discussion

These analyses show that most baseline demographic, bone, body composition, physical 

performance, behavioral, and clinical history characteristics were evenly distributed among 

treatment groups in the VITAL CTSC Bone Health subcohort (p>0.05). Randomization was 

effective in distributing known musculoskeletal risk factors equally across treatment groups. 

The parent VITAL study also showed equal distribution among the interventions [90]. In this 

ancillary study, the only characteristics that were unequally distributed among a total of 67 

variables were prior history of smoking and mean TBS. These risk factors will likely not 

affect the results of the RCT as current smoking is more likely to affect bone health and this 

factor was evenly distributed. Additionally, when pack-years, the average number of 

cigarette packs multiplied by the number of smoking years, was analyzed for past and 

current smokers, smoking patterns were evenly distributed among treatment groups in this 

ancillary study. When TBS was stratified by normal, partially degraded, and degraded 

microarchitecture [52, 53], there were no differences among treatment groups. The even 

distribution suggests that uninvestigated confounding variables will also be evenly 

distributed among treatment groups. Therefore, changes observed after two years of follow-

up can be accredited to the treatment interventions.

Overall, this VITAL subcohort had relatively high BMD, as evidence by positive average Z-

scores and average T-scores in the normal range at the spine, total hip, and total body. 

Overall, 8.25% of the participants had a history of a fragility fracture and 9.6% had a FRAX 

score in the range that one would consider therapy for osteoporosis. Only 5.2% of men and 

3.7% of women had muscle weakness according to grip strength, which is similar to results 

of NHANES (5% of adults aged ≥60 years) [91]. While few participants had the more 

extreme phenotype of sarcopenia by functional measures, including grip strength, walking 

speed, and the SPPB, 25.3% of men and 25.7% of women had low muscle mass (ALM/

BMI) according to FNIH sarcopenia criteria [84]. According to an evidence-based 

evaluation using the FNIH definition that included both low muscle mass (ALM/BMI) and 

grip strength, sarcopenia affected 1.3% of men to 2.3% of women aged ≥65 years [80]. 

While there are many participants with high physical performance and bone measures at 

baseline, the vitamin D and/or omega-3 interventions may maintain and prevent the decline 

of these measures vs. placebo overtime. Therefore, it is important to investigate the effects of 

supplemental vitamin D and/or omega-3 fatty acids on these musculoskeletal outcomes.

It is also important to investigate sex differences in this subcohort. As expected, women had 

lower BMD and more fragility fractures than men; they also had higher fat percentages. In 

addition, men were more likely to be obese and, as anticipated, have greater VAT area and 

lean muscle mass than women. Few sex differences existed among physical performance 

measures including standing balance, normal walking speed, chair stands, and the SPPB. 

Men did, however, show greater grip strengths and quicker fast walking speeds. There were 

some differences in health histories, with more men having a history of hypertension, 

diabetes, and use of cholesterol-lowering medications and multivitamins. Women were more 
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likely to use calcium supplements and have more servings of milk and other vitamin D-

fortified foods suggesting possible reverse causation.

There are some limitations to this study. The majority of participants are non-Hispanic 

white. Although the overall VITAL cohort provided an over-sampling of non-Hispanic 

African Americans (20.2%), due to the regional demographics of Boston and New England, 

only 8.9% of the CTSC subcohort was African American. Additionally, because the VITAL 

CTSC subcohort required 6- to 8-hour in-person visits, participants were younger than the 

overall cohort (63.8 vs. 67.1 years) and overall healthier (less obese, hypertensive, diabetic, 

and smoked less) [90]. Despite these differences, we expect that results from VITAL: Effects 
on Bone Structure and Architecture will generate important new knowledge that will have 

high impact on clinical care among men and women in the U.S. Additional measures to be 

presented in future publications, including biomarkers of bone remodeling, pQCT, and in a 

subset at two-year, HR-pQCT, will allow us to determine whether supplemental vitamin D 

and/or omega-3 FAs have beneficial effects on bone turnover, structure, and architecture.

VITAL is one of the first RCTs to test in a primary prevention study effects of high-dose, 

daily supplemental vitamin D alone on bone density, structure, and architecture, as well as 

body composition. A parallel VITAL ancillary study is evaluating effects of supplemental 

vitamin D on incident fracture outcomes in the overall cohort of 25,874 adults nationwide. 

We have demonstrated that baseline demographic, health and musculoskeletal characteristics 

were evenly distributed among the randomized treatment groups and that there were sex 

difference in a number of these relevant variables. The ongoing VITAL-Bone Health studies 

will provide important information on mechanisms through which supplemental vitamin D 

may affect bone health and inform clinical and public health recommendations on whether 

vitamin D and/or omega-3 FAs supplementation should be used in the primary prevention of 

osteoporosis and fractures in women and men.
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Table 2

Baseline characteristics among participants in the VITAL CTSC Bone Health subcohort, according to sex and 

adjusted for age

Variable
Men
(n=411)

Women
(n= 360) P-value

Demographic characteristics

Age, mean (SD), years 63.28 (6.69) 64.39 (5.37) 0.012*

Age group, years N= 411 N= 360 <0.001*

50–54 12.90% 0.00%

55–64 48.66% 59.17%

65–74 33.57% 35.8%

75+ 4.87% 5.00%

Race/ethnicity N= 403 N= 352 0.39

Non-Hispanic white 81.38% 87.11%

African American 10.85% 5.59%

Hispanic (not African American) 3.78% 2.80%

Asian/Pacific Islander 1.74% 2.25%

American Indian/Alaskan Native 0.55% 0.83%

Other/Unknown 1.70% 1.42%

Education Level N= 411 N= 359 0.26

Did not complete high school 1.58% 0.54%

High school diploma or GED 8.42% 9.50%

Attended or graduated from college 36.64% 41.48%

Post-college 53.36% 48.48%

Income N= 361 N= 309 0.022

<$15,000 5.08% 4.54%

$15,000–49,999 16.64% 20.85%

$50.000–89.999 24.29% 31.96%

$90,000–120,000 18.93% 19.34%

>$120,000 35.07% 23.31%

Bone characteristics

Whole Body, mean (SE)

BMD, g/cm2 1.22 (0.01) 1.07 (0.01) <0.001

T-score 0.10 (0.06) −0.56 (0.06) <0.001

Z-score 0.46 (0.05) 0.23 (0.05) <0.001

Spine, mean (SE)

BMD, g/cm2 1.08 (0.01) 0.96 (0.01) <0.001

T-score −0.21 (0.07) −0.81 (0.08) <0.001

Z-score 0.51 (0.07) 0.85 (0.08) 0.001

Total Hip, mean (SE)
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Variable
Men
(n=411)

Women
(n= 360) P-value

BMD, g/cm2 1.00 (0.01) 0.85 (0.01) <0.001

T-score −0.32 (0.04) −0.77 (0.05) <0.001

Z-score 0.26 (0.04) 0.38 (0.05) 0.06

Femoral Neck, mean (SE)

BMD, g/cm2 0.82 (0.01) 0.72 (0.01) <0.001

T-score −0.95 (0.04) −1.25 (0.05) <0.001

Z-score 0.12 (0.04) 0.21 (0.05) 0.14

TBS, mean (SE) 1.34 (0.00) 1.31 (0.01) <0.001

TBS group [52, 53] N= 369 N= 303 <0.001

≥1.350 46.34% 30.86%

1.200< >1.350 43.83% 58.85%

≤1.200 9.84% 10.29%

Hip FRAX, median (interquartile range) 1.04 (0.65 – 1.52) 1.20 (0.79 – 1.61) 0.23

MOF FRAX, mean (SE) 6.55 (0.22) 10.03 (0.22) <0.001

FRAX group N= 207 N= 211 0.67

Hip FRAX ≥3% and/or MOF FRAX ≥20% 9.26% 10.23%

Hip FRAX < 3%, and MOF FRAX < 20% 90.74% 89.77%

Body Composition

Anthropometric measurements, mean (SE)

Height, in 69.26 (0.13) 63.89 (0.14) <0.001

Weight, lb 194.13 (1.68) 163.56 (1.80) <0.001

Waist, cm 102.86 (0.72) 93.71 (0.77) <0.001

BMI, mean (SE), kg/m2 28.43 (0.25) 28.17 (0.27) 0.50

BMI group, kg/m2 N= 411 N= 360 <0.001

<18.5 0.13% 0.83%

18.5–24.9 20.38% 33.51%

25–29.9 53.06% 32.32%

30–34.9 18.46% 20.55%

35+ 7.96% 12.79%

Body Fat Percentage, mean (SE) 31.12 (0.31) 42.38 (0.33) <0.001

FMI, mean (SE), kg/m2 8.79 (0.18) 11.98 (0.19) <0.001

LMI, mean (SE), kg/m2 17.92 (0.09) 14.76 (0.10) <0.001

Fat Mass/Lean Mass Ratio, mean (SE) 0.49 (0.01) 0.80 (0.01) <0.001

VAT area, mean (SE), cm2 178.21 (3.56) 151.15 (3.82) <0.001

Trunk/limb fat percent ratio, mean (SE) 1.17 (0.01) 0.91 (0.01) <0.001

Trunk/limb mass ratio, mean (SE) 1.39 (0.01) 1.03 (0.01) <0.001

Trunk Fat Mass, mean (SE), kg 15.04 (0.29) 15.50 (0.31) 0.28

ALM, mean (SE), kg 24.20 (0.15) 15.83 (0.16) <0.001
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Variable
Men
(n=411)

Women
(n= 360) P-value

ALMI, mean (SE), kg/m2 7.81 (0.04) 6.00 (0.05) <0.001

ALM/BMI, mean (SE) 0.86 (0.01) 0.57 (0.01) <0.001

Physical Performance

Standing Balance Test Time, median (interquartile range), s 30.00 (30.00 – 30.00) 30.00 (30.00 – 30.00) 0.12

Normal Walking Speed, mean (SE), m/s 1.23 (0.01) 1.24 (0.01) 0.32

Fast Walk Speed, mean (SE), m/s 1.85 (0.01) 1.75 (0.01) <0.001

Chair Stand Test, mean (SE), s 10.19 (0.12) 9.86 (0.13) 0.059

SPPB Score, median (interquartile range) 12.00 (11.00 – 12.00) 12.00 (11.54 – 12.00) 0.26

TUG, mean (SE), s 8.23 (0.07) 7.88 (0.07) <0.001

Health History

Hypertension History N= 409 N= 355 0.006

Yes 50.43% 41.46%

Ever use of anti-hypertensive medication N= 410 N= 358 0.010

Yes 47.93% 39.74%

Current use of cholesterol-lowering medication N= 406 N= 357 0.015

Yes 38.37% 30.50%

Diabetes N= 407 N= 356 0.026

Yes 12.41% 7.61%

Current use of anti-diabetic medication N= 411 N= 360 0.10

Yes 9.25% 6.12%

Parental history of hip fracture N= 373 N= 331 0.006

Yes 9.90% 17.56%

Rheumatoid arthritis N= 404 N= 355 0.65

Yes 1.83% 2.48%

History of fragility fracture N= 360 N= 295 0.003

Yes 5.30% 12.06%

Current use of SSRIs N= 403 N= 356 0.052

Yes 6.18% 10.04%

Number of falls in the last year N= 251 N= 232 0.24

None 79.07% 71.07%

One 16.95% 21.63%

Two 2.48% 3.83%

Three 1.50% 3.46%

Behavioral Characteristics

Smoking N= 407 N= 359 0.66

Never 49.00% 50.81%

Past 45.18% 43.38%

Current 5.83% 5.80%
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Variable
Men
(n=411)

Women
(n= 360) P-value

Leisure-time physical activity and stair climbing, total 
MET-hours/week, median (interquartile range)

22.15 (8.73 – 39.14) 19.74 (7.75 – 34.56) 0.47

Alcohol use N= 380 N= 345 <0.001

Never 18.66% 20.54%

Rarely to <weekly 3.64% 10.37%

1–6/week 38.47% 43.08%

Daily 39.22% 26.00%

Current use of multivitamins N= 383 N= 345 0.007

Yes 48.20% 38.86%

Current use of supplemental Vitamin D (total ≤800IU/d) N= 411 N= 360 0.90

Yes 42.09% 43.31%

Current use of supplemental calcium (total ≤1200 mg/d) N= 411 N= 360 <0.001

Yes 14.43% 34.29%

Intake of foods related to vitamin D and/or omega-3 fatty 
acids, median (interquartile range)

Milk, servings/day 0.43 (0.07 – 1.00) 0.46 (0.10 – 1.00) 0.049

Other vitamin D-fortified foods, servings/week 0.46 (0.09 – 1.00) 0.56 (0.20 – 1.05) <0.001

Dark-meat fish, servings/week 0.93 (0.47 – 1.47) 0.93 (0.47 – 1.11) 0.071

Other fish and seafood, servings/week 0.96 (0.47 – 1.47) 0.93 (0.47 – 1.47) 0.25

*
age and age-group p-value presented in Table 2 is unadjusted

Abbreviations: ALM, appendicular lean mass; ALMI, appendicular lean mass index; ALM/BMI, appendicular lean mass to body mass index ratio; 
BMD, bone mineral density; CTSC, Clinical and Translational Science Center; DXA, dual-energy X-ray absorptiometry; FAs, fatty acids; FMI, fat 
mass index; FNIH, Foundation for the National Institutes of Health; HR-pQCT, high-resolution peripheral quantitative computed tomography; 
LMI, lean mass index; LSC, least significant change; MET, metabolic equivalent; MOF, major osteoporotic fracture; NHANES, National Health 
and Nutrition Examination Surveys; pQCT, peripheral quantitative computed tomography; RCT, randomized controlled trial; SD, standard 
deviation; SE, standard error; SPPB, short physical performance battery; SSRIs, selective serotonin reuptake inhibitors; TBS, trabecular bone score; 
TUG, timed up and go; VAT, visceral adipose tissue; VITAL, VITamin D and OmegA-3 Trial.
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