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Abstract

Non-pharmacologic approaches to preserve or increase bone mineral density (BMD) include 

whole body vibration (WBV), but its efficacy in elderly persons is not clear. Therefore, we 

conducted the Vibration to Improve Bone in Elderly Subjects (“VIBES”) trial, a randomized, 

placebo-controlled trial of 10 minutes of daily WBV (0.3g at 37 Hz) in seniors recruited from 16 

independent living communities. The primary outcomes were volumetric BMD of the hip and 

spine measured by quantitative computed tomography (QCT), and biochemical markers of bone 

turnover. We randomized 174 men and women (89 active, 85 placebo) with T-scores −1 to −2.5 

who were not taking bone active drugs and had no diseases affecting the skeleton (mean age 82 

± 7 yrs, range 65–102). Participants received daily calcium (1,000 mg) and vitamin D (800 IU). 

Study platforms were activated using radio frequency ID cards providing electronic adherence 

monitoring; placebo platforms resembled the active platforms. In total, 61% of participants in the 
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active arm and 73% in the placebo arm completed 24 months. The primary outcomes, median 

percent changes (inter-quartile range; IQR) in total volumetric femoral trabecular BMD (active 

group (2.2% [−0.8%, 5.2%]) vs. placebo 0.4% [−4.8%, 5.0%]), and in median mid-vertebral 

trabecular BMD of L1 and L2 (active group (5.3% [−6.9%, 13.3%]) vs. placebo (2.4% [−4.4%, 

11.1%]), did not differ between groups (all p-values > 0.1). Changes in biochemical markers of 

bone turnover (P1NP and sCTX) also were not different between groups (p=0.19 and p=0.97, 

respectively). In conclusion, this placebo-controlled randomized trial of daily WBV in older adults 

did not demonstrate evidence of significant beneficial effects on volumetric BMD or bone 

biomarkers; however, the high variability in vBMD changes limited our power to detect small 

treatment effects. The beneficial effects of WBV observed in previous studies of younger women 

may not occur to the same extent in elderly individuals.

INTRODUCTION

Osteoporosis, a disease characterized by compromised bone strength predisposing to an 

increased risk of fracture, results in more than 2 million incident fractures and costs the 

United States health care system over $17 billion per year.1 While pharmacologic treatment 

of osteoporosis has advanced, safety concerns related to commonly used drugs has resulted 

in recommendations to limit the duration of use. Furthermore, concern of “polypharmacy” in 

elderly persons has renewed interest in using non-pharmacologic approaches to preserve or 

even increase bone density.

One such strategy has been exercise, with the goal of harnessing the skeleton’s sensitivity to 

mechanical signals to promote bone formation.2 Exercising may be contraindicated or 

difficult in some elderly individuals, and must be approached with caution in those with 

osteoporosis.3 Mechanical signals introduced via vibration have been shown to stimulate 

bone formation4 and suppress bone resorption5 in animal models of osteoporosis, possibly 

serving as a surrogate for exercise. These signals, when introduced at very low intensities, 

are considered safe by the International Organization for Standardization and the National 

Institute for Occupational Safety and Health6 and thus represent a possible means of 

introducing a stimulus to the skeleton without risking serious adverse events.7, 8

While there is some evidence that low intensity vibration signals (<1.0g, where 1g = Earth’s 

gravitational field) may improve some skeletal outcomes in younger individuals,9, 10 it 

remains unclear if this strategy would be successful in elderly persons, given the suppressed 

responsiveness of the aging skeleton to mechanical signals,11 the diminished viability of the 

bone marrow progenitor pool12 and loss of osteocytes with aging.13

Indeed, a recent meta-analysis concluded that whole body vibration had little overall 

treatment effect on bone mineral density (BMD) in older women.14 Another publication 

concluded that “claims about whole-body vibration therapy for the prevention and treatment 

of osteoporosis cannot be made without further research.”15 Thus, the purpose of this 

randomized, double blinded, placebo-controlled trial was to determine if up to three years of 

brief daily exposure to low magnitude mechanical stimulation using low intensity whole 

body vibration in older adults demonstrated any benefit to the hip and spine, areas of high 
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susceptibility to fracture. The “VIBES” trial (Vibration to Improve Bones in Elderly 

Subjects) was registered at www.clinicaltrials.gov in 2006.

Role of the Funding Source

The National Institute on Aging (NIA) provided funding for this study and the role of the 

NIA was to approve members for the Data and Safety Monitoring Board and to review the 

progress and safety of the study at 6 monthly intervals. The investigators retained control of 

the study’s design, conduct and reporting.

METHODS

Design Overview

This was a randomized, double blinded, placebo-controlled clinical trial of whole body 

vibration to improve bone density. Participants in this two-year trial with a one year 

extension, were recruited from independent living communities in and around Boston, 

Massachusetts after approvals by Institutional Review Boards and consenting of participants.

Setting and Participants

Detailed recruitment and eligibility criteria have been described previously.16 Briefly, 

participants had to be 60 years of age or older, under 250 pounds, free of a known terminal 

disease, and cognitively intact (score < 12 on the Short Blessed Test).17 Exclusion criteria 

included: immobilization of the axial or lower appendicular skeleton within the last year; 

non-ambulatory; malignancy other than cured thyroid or skin cancer; hip replacement or 

internal fixation, total knee replacement, or lower limb fracture within the last year; use of 

bone active medications; known Paget's disease, rheumatoid arthritis or other connective 

tissue disorders requiring systemic treatment; history of Cushing's syndrome; fragility 

fracture within the last five years unless pharmacologic therapy was considered not an 

option by the participant’s physician. Participants were recruited from 16 independent living 

communities in and around Boston, MA, ranging in size from 150 to 1,695 residents.16

Residents who were judged eligible obtained a dual-energy X-ray absorptiometry (DXA) 

scan of the hip and spine using a Discovery A QDR 4500 densitometer (Hologic Inc., 

Waltham, MA) in the array (fan beam) mode. Further eligibility required that the BMD T-

score at the hip or spine be < −1.0 and > −2.5. Some individuals were enrolled with lower 

BMD or fracture histories if they had no other options for approved osteoporosis therapies 

because of medication intolerance or personal preference. Following the scan, participants 

were screened for 25 hydroxy-vitamin D (25OHD) concentration (<15 ng/mL), renal and 

liver function, and thyroid stimulating hormone concentration. If the 25 (OH) D was < 15 

ng/mL, supplements were given and participants enrolled if their values exceeded 15 ng/mL.

Randomization and Interventions

Eligible participants were randomized to either the active or placebo platform group, with 

randomization stratified by independent living community, sex, and body mass index (< 24 

vs ≥ 24) to ensure balance between treatment groups. Once enrolled, participants underwent 

a baseline quantitative computed tomography (QCT) scan of the hip and spine. All 
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participants were provided with daily calcium (1,000 mg) and vitamin D (800 IU) tablets for 

the duration of the trial. The trial duration was initially planned for two years, but near the 

end of year two, participants were invited to enroll for a third year and provide consent 

accordingly. All relevant study procedures were approved by the Institutional Review Board 

at Hebrew SeniorLife and Beth Israel Deaconess Medical Center.

1.1.1.1.1 The intervention consisted of low magnitude mechanical stimulation 

(LMMS) using a platform that delivered sinusoidal accelerations of 0.3g at 

37Hz, vibration which is barely perceptible. Accelerations of this intensity 

produced displacement of the top plate of less than 90 microns. Human 

exposure to vibration at this frequency and intensity are considered safe for 

up to four hours each day, as determined by the International Standards 

Organization (IS0-2631).18 Both active and placebo devices emitted a 

500Hz sound to mask noise that an active device might make, and to 

diminish guessing about active or placebo status. In pilot studies using this 

device, participants had difficulty discriminating between the active and 

placebo platforms when queried at the end of a six-month trial.19

Each participant was instructed during the first week of participation to stand erect, in a 

relaxed stance, with feet shoulder-width apart and knees straight, for one ten-minute session 

each day, seven days per week, although daily sessions were not monitored by research staff. 

In young healthy adults, this relaxed posture transmits approximately 65–70% of the plantar-

based acceleration up through the axial skeleton.20.The devices were available for use at any 

time, and activated by the user-specific radio-frequency identification card that activated 

only the device to which the individual was assigned. This card identified the participant and 

recorded the time, date, and duration of use. Only one 10-minute ‘dose’ of the device was 

possible a day. Regular calibrations confirmed that the proper acceleration signal was 

sustained over time.

Outcomes and Follow-up

Participants were evaluated at baseline, 1-, 2- and, when applicable, 3-year follow-up visits, 

obtaining information on demographic characteristics (baseline only), anthropometrics, 

medical history, physical activity, dietary intake, and skeletal status. All assessments were 

obtained by examiner/technologists blinded to treatment group.

QCT Measures—The primary outcome variables were changes in i) volumetric trabecular 

BMD of the total hip and ii) volumetric trabecular BMD of the lumbar vertebrae. Secondary 

outcomes included femoral neck trabecular and integral volumetric BMD, as well as integral 

volumetric BMD of the spine. Participants underwent QCT scanning of the proximal femur 

and lumbar spine (L1, L2) at baseline, 12, 24, and in some cases, 36 months using a helical 

CT scanner operating at 120 kVp, 150 mAs, 48 mm field of view and 1 mm slice thickness. 

A bone mineral reference phantom (Image Analysis, Columbia, KY) that allows conversion 

of Hounsfield units to BMD in mg/cm3 hydroxyapatite was scanned with each participant. If 

L1 and L2 were not evaluable due to fracture or anatomic technical issues, we averaged two 

consecutive vertebrae from T11 to L3 that were evaluable. If two evaluable lumbar vertebrae 

were not available, we used a single vertebral body that was consistently evaluable across all 
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time points. All QCT data were evaluated using semi-automated methodology, previously 

described.21–24 The reported short-term coefficients of variation (CVs) for the total hip 

trabecular volumetric BMD and for the vertebral trabecular volumetric BMD are 0.72% and 

2.93%.25 In our study, three repeated analyses of 10 scans produced CVs of 1.97% and 

2.88% for total hip trabecular volumetric BMD and vertebral trabecular volumetric BMD, 

respectively.

Lumbar spine scans at any visit were excluded if both vertebrae in the scan region were 

fractured, image artifacts obscured vertebrae (metal or motion), or technical limitations in 

the analysis program led to inaccurate analysis regions. Proximal hip scans were excluded if 

the image acquisition was incomplete, or there was a metal or motion artifact. A review of 

outliers, blinded to treatment arm, was conducted to check analysis regions for correct 

segmentation, resulting in some additional scans being excluded.

Biochemical Markers of Bone Turnover—Serum samples were collected from 

participants after an overnight fast during the same two hour window at baseline, 1, 3, 6, 12 

and 24 months. The samples were processed and frozen within 2 hours at −70°C until 

analysis. CTX and P1NP were measured in the Elecsys 2010 immunoassay analyzer (Roche 

Diagnostics, Indianapolis, IN) in a single batch using sandwich electrochemiluminescence 

immunoassays. All samples from each participant were analyzed in the same test run to 

minimize between-run variation. Precision of CTX measures has been previously 

published.26 The intra-run precision of P1NP gave CVs of 2.1%, 1.9% and 1.8% at 31 

ng/mL, 111 ng/mL and 299 ng/mL respectively. The batch-specific inter-run imprecision for 

P1NP gave CVs of 3.0%, 4.2% and 5.0% at 57 ng/mL, 187 ng/mL and 385 ng/mL 

respectively.

Adverse Events—Quarterly adverse event (AE) ascertainment by phone began 2 weeks 

after randomization. Serious AEs were categorized using the Medical Dictionary for 

Regulatory Activities (MedDRA) standards. Non-serious AEs were grouped into pre-

specified body system categories (e.g., musculoskeletal, neurologic, cardiovascular).

All AEs were reported to both IRBs that had oversight of the study; SAEs were reported as 

they occurred. A data and safety monitoring board (DSMB) met every six months and 

reviewed all AEs and SAEs.

Statistical analysis

Comparisons of baseline participant characteristics between active and placebo groups used 

t-tests for continuous characteristics and chi-square tests for categorical (and binary) 

characteristics.27 The primary analysis consists of participants who had completed up to two 

years; however, results for a subset of this group which completed the third year are also 

reported. We also performed two post hoc tests for interaction of the treatment effect by sex 

and by age.

Box plots were used to display the percent change from baseline for each of the major 

outcomes at the 12-, 24-, and 36-month visits. We used intention-to-treat principles for all 

analyses. Analyses and graphics were generated using SAS 9.3 (SAS Institute, Cary, NC).
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RESULTS

Figure 1 presents the CONSORT diagram of residents’ flow into the study. Of the 351 

individuals identified from the 16 participating independent living communities, 174 

individuals were randomized (89 to active and 85 to placebo platform group), with 61% of 

participants in the active group, and 73% in the placebo arm, completing the 24 month trial 

(p=0.08). Of the 116 participants who completed 24 months, 55 (47%) agreed to continue 

for a third year, with 50 (91%) completing the third year. Table 1 provides the baseline 

characteristics of the 174 randomized participants by group assignment. There were no 

significant differences at baseline for any measure.

The primary outcomes at 24 months showed that the median (IQR) percent change in total 

femoral trabecular volumetric BMD of the active group (2.2% [−0.8%, 5.2%]) was not 

significantly different from changes in the placebo group (0.4% [−4.8%, 5.0%]) (Figure 2), 

with similarly non-significant differences for vertebral trabecular volumetric BMD (active 

5.3% [−6.9%, 13.3%]; placebo 2.4% [−4.4%, 11.1%]) (Figure 3). No differences were 

detected at the end of the third year.

Changes in bone turnover markers at 24 months also did not differ by treatment group. For 

P1NP, median (IQR) percent change in the active group was −5.7% (−20.4%, 14.2%) versus 

−6.4% (−24.6%, 12.8%) in the placebo group at (Figure 4). For CTX, the median (IQR) 

percent change was −0.9% (−21.3%, 15.8%) in the active group compared with 0.0% 

(−20.0%, 20.0%) in the placebo group (Figure 5).

As shown in Supplemental Figures 1–3, there were no significant differences in the percent 

changes between groups in other BMD outcomes (femoral neck trabecular and integral 

volumetric BMD, and volumetric integral vBMD of the spine).

When we performed post hoc tests for interaction between the treatment effect and sex and 

age, we did observe a significant interaction of gender and treatment at 24 months, with 

women in the active treatment group having 10% (compared to baseline) greater trabecular 

BMD of the total femur region compared to the combined group of all men (regardless of 

treatment group) and women in the placebo group, and the interaction was significant only 

at the 24-month measurement (Pinteraction = 0.01). We did not observe a significant 

interaction in the lumbar spine (Pinteraction=0.66), and we did not observe any interactions 

with sex at any skeletal site when considering all participants regardless of the length of 

followup time (Pinteraction for the hip =0.11, Pinteraction for the spine 0.52).

Adherence for the active group was 68% versus 70% for the placebo group. There were no 

differences in any of the categories of SAEs between active and placebo groups and none 

was attributed to use of the device (Table 2). Similarly, for non-serious AEs, there were no 

differences between groups. Of the sixteen participants who withdrew from the trial and had 

symptomatic musculoskeletal adverse events such as leg or back pain, seven were in the 

placebo group and nine were in the active group.
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DISCUSSION

This two-year randomized, double-blinded, placebo-controlled trial was designed to 

determine if low magnitude, high frequency mechanical signals would increase volumetric 

BMD of the hip and spine in older adults. In 174 randomized participants with a mean age 

of 82 years, after two years of ten minutes per day whole body vibration, there were no 

significant differences in any of the BMD measures or biochemical markers of bone turnover 

between the active and placebo groups, despite adherence close to 70%. Similar results were 

observed in the subset of individuals who continued for a third year. After 3 years, there was 

no significant loss of bone, even in the placebo group, as compared to baseline.

Previous smaller-scale studies in children with disabling conditions9 and in young women 

with osteoporosis10 demonstrated that similar low intensity vibration used in this trial was 

anabolic to the skeleton. In a randomized, placebo-controlled study of recently post-

menopausal women,28 there was less bone loss in the active group of women with high 

adherence and low body weight. In contrast, Slavotska and colleagues, reporting on healthy 

postmenopausal women ages 44–79 years (mean age 60 years) randomized to 12 months of 

whole body vibration showed no effects on changes in BMD or microarchitecture when 

compared to a group who received no intervention.29 While the lack of a placebo control in 

that study, as well as a twenty year difference in mean age, represent major differences from 

our trial, it is unlikely that simply “standing” for ten minutes per day was responsible for the 

lack of bone lost in the placebo/control arm of our study. In our study, despite the longer 

duration and use of placebo platforms, there were still no significant effects of whole body 

vibration on the change in any outcome measures.

Other whole body vibration trials in older individuals, including those using high magnitude 

vibration, have combined the whole body vibration with exercise performed while standing 

on the platforms, making it difficult to disentangle the influence of the vibration from the 

exercises. In one of these trials, 113 women living in long term care residences (mean age 77 

years) were randomized to either six months of a whole body vibration “training program,” 

800 IU of vitamin D per day, or 1,600 IU vitamin D per day.30 The whole body vibration 

group exercised with static and dynamic exercises while on a platform. The vibrations 

delivered to the participants were progressively increased in frequency and magnitude, with 

the magnitude (1.6 g to 2.2 g) ultimately exceeding the current ISO safety 

recommendations,31 yet the whole body vibration program did not provide additional benefit 

over vitamin D supplementation for hip BMD, muscle mass or strength. In 2011, a meta-

analysis of whole body vibration therapy in older adults reported that in 13 randomized trials 

involving 896 participants, whole body vibration had no overall treatment effect on BMD in 

older women.14 Finally, a 2011 technical brief from the Agency for Healthcare Research and 

Quality (AHRQ) concluded that there was insufficient evidence to draw firm conclusions 

about the efficacy of whole body vibration on skeletal health.32 Thus, our findings are 

consistent with the results from these recently reported clinical trials and the meta-analysis; 

however, it is important to also recognize that the age of the participants, the vibration 

regimens, the variability of the measures in both groups, the skeletal measures of efficacy, 

and the durations of the studies all varied markedly.
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There may have been other reasons why we did not observe significant beneficial effects on 

the skeleton. If effects of the intervention differed by age, the wide age range of our 

participants may have contributed to the null findings of our study; however, we found no 

evidence for an interaction between treatment effect and age. Since we did not monitor 

posture during the daily sessions, if participants did not fully extend their legs during each 

10 minute session, the signal from the platforms may not have been adequately transmitted 

to the hip and spine. Finally since we did not hypothesize that there would be different 

effects in men and women, we may have missed an effect that differed between sexes. In our 

post hoc test for interaction of the treatment effect with sex, we did observe a difference in 

treatment effect between men and women at 24 months in terms of trabecular BMD of the 

total femur region. We did not observe a significant interaction in the spine, and the 

significant interaction for the hip appeared only at the 24-month measurement. While this 

result is intriguing, we cannot rule out that this is a chance finding and that, at the very least, 

it should be replicated before a definitive statement can be made about it.

When the VIBES trial began in 2007, less was known about the potential benefits of whole 

body vibration over extended periods. Thus our study was designed for a two year period, 

the longest clinical trial of whole body vibration to date. There were several unique aspects 

of the study. First, we specifically recruited participants of advanced age to test this non-

pharmacologic intervention to preserve or even increase BMD in elderly persons, i.e., the 

group of individuals at highest risk for fracture. Most osteoporosis trials do not include as 

many participants in the age group represented by this trial, offering insights into 

longitudinal changes in volumetric bone density in older persons. Second, we developed a 

placebo platform, which had not been used in all of the previous trials. Third, we used a 

platform that delivered vertical acceleration at a frequency and intensity that were well 

within the ISO safety recommendations, which contrasts with some commercially available 

platforms that exceed the safety recommendations.6 Fourth, our electronic adherence 

monitoring was state-of-the art, using radio frequency ID tags to ensure accurate compliance 

measures. While we successfully enrolled elderly participants, their advanced age 

contributed to an attrition rate that was not inconsequential. To examine potential differences 

between those who completed the trial and those who dropped out before two years, we 

compared baseline characteristics and observed that non-completers were on average three 

years older (p=0.01), had a greater BMI (p=0.02), were slightly less physically active 

(p=0.05), and had lower adherence during their participation compared to completers. 

Baseline measures of 25(OH) D and calcium intake, as well as the BMD and biochemical 

markers of bone turnover, did not differ between completers and non-completers.

One of the important considerations in the interpretation of our results is that the placebo 

group did not lose bone, contrary to our predictions defined during study planning. The 

reasons may include the calcium and vitamin D administered to participants, or the relatively 

active lifestyles of these well-resourced and educated seniors. Alternatively, it may be that 

these older individuals have already lost much of their trabecular bone, and do not have 

additional bone to lose,33 or have a depletion of bone cells in the progenitor pool to respond 

to such interventions.34 The sample size estimate for the primary outcome of trabecular 

vBMD assumed there would be an 8% difference in outcome between the treatment and 

control groups at the end of two years, based on a 3%/year increase in volumetric BMD (6% 
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over 2 years) in the treated group and a 1%/year decrease in vBMD (2% over 2 years) in the 

control group, both with a standard deviation of 11.8%, using prior results from a clinical 

trial of parathyroid hormone in women with osteoporosis who had a mean age 12 years 

younger than our participants (range 55–85 years).35 Data from a randomized trial of 

raloxifene in 70 year old women was used to estimate the two-year loss of 2% in a placebo 

group treated with calcium and vitamin D.36 Assuming an attrition rate of 18%, we 

projected that 82 participants would complete the study per group (i.e., a total sample of 164 

at the end of the study), providing 91% power to detect an 8% difference in bone density 

between groups (2-sided α = 0.05). The actual observed percent change in total hip 

trabecular volumetric BMD at 24 months was 3.09% (SD = 10.9, n=50) in the active group 

and 0.76% (SD = 9.5, n=58) in the placebo group, both results smaller than estimated a 

priori, and in the case of the placebo group, opposite to what was projected. Thus, for the 

magnitude of differences actually observed, we lacked sufficient statistical power (22%) to 

rule out the possibility that smaller skeletal benefits may have accrued.19

In conclusion, this trial of whole body vibration to improve bone density in elderly persons 

with osteopenia failed to demonstrate a statistically significant beneficial effect on the 

skeleton. We cannot exclude the possibility that the modest differences that we observed 

between the active and placebo groups would have been significant with a larger sample 

size, or longer duration. Nevertheless, it is not likely that whole body vibration will be 

shown to have large effects on the skeleton when administered in the same way as in our 

protocol. Future trials should use the information generated from this study and others to 

plan and enroll larger samples of participants to determine if there may be more modest 

beneficial effects on the skeleton, and if there may be a root cause for age-related differences 

in responsiveness of the skeleton to low magnitude mechanical signals. Future trials may 

also need to consider adjusting the signal to a given individual’s posture, and perhaps 

changing parameters of the mechanical signal such as the frequency, intensity or duration, as 

well as considering the incorporation of several bouts of mechanical stimulation per day, or 

even adding pharmacologic agents to whole body vibration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Consort diagram showing progress of participants through the study

*As previously described,16 these 351 individuals expressed an interest in participating in 

the trial following group information sessions and mailings.

† The numbers in parentheses represent technically valid CT scans for the primary total hip 

volumetric trabecular bone mineral density outcome analyses. For the spine, there were a 

total of 166 valid scans at baseline, 133 at 12 months, 107 at 24 months and 49 at 36 months.
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Figure 2. 
Box plots of the percent change in the primary outcome variables for the two year trial and 

the one year extension period. Each box plot shows the mean (“○ or +”), the median 

(horizontal line) and the interquartile range. The vertical bars indicate the 5th and 95th 

percentiles
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Figure 3. 
Box plots of the percent change in the primary outcome variables for the two year trial and 

the one year extension period. Each box plot shows the mean (“○ or +”), the median 

(horizontal line) and the interquartile range. The vertical bars indicate the 5th and 95th 

percentiles
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Figure 4. 
Box plots of the percent change in the primary outcome variables for the two year trial and 

the one year extension period. Each box plot shows the mean (“○ or +”), the median 

(horizontal line) and the interquartile range. The vertical bars indicate the 5th and 95th 

percentiles
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Figure 5. 
Box plots of the percent change in the primary outcome variables for the two year trial and 

the one year extension period. Each box plot shows the mean (“○ or +”), the median 

(horizontal line) and the interquartile range. The vertical bars indicate the 5th and 95th 

percentiles
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Table 1

Baseline characteristics of participants in the active and placebo arms of the VIBES clinical trial

Characteristic Active Placebo p-value

N=89 N=85

Gender 0.31

  Female 63 (70.8%) 54 (63.5%)

  Male 26 (29.2%) 31 (36.5%)

BMI (kg/m2) 0.18

  <27 55 (61.8%) 44 (51.8%)

  ≥27 34 (38.2%) 41 (48.2%)

Education 0.38

  College or above 66 (74.2%) 67 (79.8%)

  High school or below 23 (25.8%) 17 (20.2%)

Mean PASE* Score ± SD 84 ± 50 82 ± 50 0.78

Mean days in study ± SD
(Range)

702 ± 368
(8 – 1,156)

730 ± 308
(59 – 1,135)

0.59

Mean age
(Range)

82.5 ± 8.1
65.4 – 102.9

82.3 ± 6.2
67.3 – 97.7

0.84

Race 0.32

  Asian 2 (2.2%) 0 (0.0%)

  African American 2 (2.2%) 1 (1.2%)

  Caucasian 85 (95.5%) 84 (98.8%)

Marital Status 0.74

  Divorced 10 (11.2%) 9 (10.7%)

  Married 29 (32.6%) 32 (38.1%)

  Never married 6 (6.7%) 3 (3.6%)

  Widow or widower 44 (49.4%) 40 (47.6%)

History of Falls (past 6 months) 14 (15.7%) 12 (14.3%) 0.79

Mean daily calcium intake ± SD (mg) 911 ± 440 988 ± 507 0.28

Mean 25 (OH) Vitamin D ± SD (ng/ml) 37 ± 11 38 ± 11 0.65

Mean total femoral trabecular BMD (g/cm3) 0.083 ± 0.029 0.079 ± 0.027 0.37

Mean volumetric femoral neck trabecular BMD (g/cm3) 0.045 ± 0.036 0.040 ± 0.031 0.36

Mean volumetric femoral neck integral BMD (g/cm3) 0.241 ± 0.037 0.237 ± 0.032 0.45

Percent cortical bone in total femur 31.98 ± 3.68 31.55 ± 3.80 0.46
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Characteristic Active Placebo p-value

N=89 N=85

Percent cortical bone in femoral neck 35.49 ± 4.44 35.05 ± 3.84 0.50

Mean mid-vertebral trabecular BMD (g/cm3) 0.086 ± 0.029 0.084 ± 0.030 0.67

Mean volumetric integral BMD in vertebral body (g/cm3) 0.155 ± 0.032 0.15 ± 0.036 0.21

sCTX ng/mL 0.42 ± 0.21 0.45 ± 0.23 0.40

P1NP ng/mL 47 ± 23 51 ± 21 0.20

*Physical activity scale for the elderly
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Table 2

Serious and non-serious adverse events occurring in more than five participants among active and placebo 

platform groups*

Serious adverse event Active (N=89) Placebo (N=85) Total (N=174) P-value

  Infections and Infestations 5 8 13 0.34

  Injury, Poisoning, and Procedural Complications 8 4 12 0.27

  Gastrointestinal Disorders 7 4 11 0.39

  Nervous System Disorders 7 4 11 0.39

  Cardiac Disorders 7 3 10 0.22

  Respiratory, Thoracic and Mediastinal Disorders* 7 1 8 0.06

  Vascular Disorders* 5 2 7 0.44

  Musculoskeletal and Connective Tissue Disorders* 4 3 7 1.00

  Metabolism and Nutrition Disorders* 4 2 6 0.68

Non serious adverse event

  Musculoskeletal 37 30 67 0.39

  Respiratory 21 18 39 0.70

  Other 15 14 29 0.95

  Cardiovascular 12 10 22 0.73

  Ocular/Visual 7 12 19 0.19

  Neurologic 8 9 17 0.72

  Skin 8 8 16 0.92

  Gastrointestinal 9 6 15 0.47

  Genitourinary 7 6 13 0.84

*See methods for description of adverse event classification systems

†All differences in serious and non-serious adverse events were non-significant p>0.10
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