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Abstract

Vertebral fractures (VFs) are among the most common osteoporotic fractures. The effect of vitamin D3, omega-3s or a simple home exercise
program (SHEP) on VFs is unclear. We examined whether vitamin D3, omega-3s, or SHEP alone or in combination, over 3 years, reduce the
incidence rate of VFs among European older adults. DO-HEALTH is a multi-center, 2 x 2 x 2 factorial design, randomized controlled trial, which
included older adults (>70 years) free from major health events in the 5 years prior to enrollment. The study interventions were vitamin D3
(20001U/d), omega-3s (1 g/d), and SHEP (3 x 30 min/wk), applied alone or in combination. Quantitative and qualitative VF assessment was
determined from lateral thoracolumbar DXA scans. The primary outcome for this analysis was the incidence rate (IR) of total VFs, defined
as the number of any new and progressed VFs over the 3-year follow-up. Sensitivity analyses were conducted for only new VFs and only VF
progressions. Negative binomial regression models were fit, adjusted for age, sex, prior fall, BMI, study site and participants’ follow-up time. 1488
participants (mean age 74.9 years; 77 % had low bone mass or osteoporosis; 43.8% had 25(0H)D levels <20 ng/mL) were included. There were
93 incident VFs, of which 58 were new VFs and 35 were progressions. None of the three treatments reduced the IR of total VFs overall, however,
the IR was reduced with SHEP compared to the control exercise program in women (IR ratio 0.52, 95% Cl 0.28, 0.98). In the sensitivity analysis
for VF progressions, SHEP reduced the IR (IR ratio 0.34, 95% CI 0.16, 0.75). Among generally healthy older adults, vitamin D3 and omega-3s
supplementation did not reduce the incidence rate of VFs. SHEP reduced the incidence rate of total VFs in women and of VF progressions
overall. Exercise may play a role in the prevention of VFs.

Keywords: Vertebral morphology, vertebral deformity, vertebral fracture progression, low bone mass, osteoporosis, nutritional supplements, community-
dwelling older adults, prevention

Lay Summary

Vertebral fractures are one of the most common consequences of osteoporosis. Vitamin D, omega-3 fatty acids (omega-3s), and exercise are
simple but promising strategies to improve bone health and reduce fracture risk, however, their effect on vertebral fractures in healthy older
adults across a 3-year duration was unclear. In this study, we examined whether daily vitamin D supplementation (2000 |U/d), daily omega-
3 s supplementation (1 g/d) or a simple home exercise program performed three times per week, either applied alone (eg, only vitamin D
supplements) or in combination (eg, vitamin D and omega-3s supplements) would reduce the number of new vertebral fractures over 3 years.
We included 1488 healthy older adults from Switzerland, Germany, France, and Portugal who were at least 70 years of age and who had not
experienced any major health events in the b years before study start. Taking omega-3s or vitamin D supplements showed no benefit. The simple
home exercise program reduced the number of new fractures in women, and reduced the number of vertebral fractures that progressed in their
severity (ie, collapsed further). Exercise may therefore play a role in the prevention of vertebral fractures.
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Introduction

Vertebral fractures (VFs) are a hallmark of osteoporosis.!'»?

They are highly prevalent’ and associated with significant
morbidity, including acute and chronic pain, impaired pul-
monary function, loss of height and spinal deformities such as
thoracic kyphosis.*~® Furthermore, VFs are associated with a
5-fold increased risk of subsequent VFs and a 2-fold increased
risk of non-vertebral fracture.”

Vitamin D plays a major role in calcium and phosphorus
homeostasis, the regulation of parathyroid hormone produc-
tion and bone turnover and it may thereby support bone
health.® While a large number of trials and meta-analyses have
examined the effect of vitamin D supplementation on non-
vertebral fracture risk,”~1! there is little evidence on VF risk.
Existing meta-analyses do not support a benefit of vitamin D
supplementation for VF risk reduction,'?~! but are limited
by the relatively small number of included trials (72=4-9),
and heterogeneity in terms to co-administration of calcium
supplements, dosing regimens (eg, bolus dosing, known to be
detrimental for bone health!?:1¢) and VF assessment methods.

Omega-3 fatty acids (omega-3s) affect bone turnover
through regulation of vitamin D-dependent intestinal calcium
absorption and anti-inflammatory pathways.!” The number
of randomized controlled trials examining the effect of omega-
3s on bone health is limited. Current evidence from RCTs and
small meta-analyses does not suggest a benefit of omega-3s
supplementation for BMD,'® bone turnover markers'”?>2 or
non-vertebral fracture risk.2! Data on VFs are lacking.

Exercise can improve bone strength through mechanical
loading (mechano-transduction)*>~2% and reduce the risk of
falling,> thereby reducing the risk for fracture. Meta-analyses
report a significant risk reduction for major osteoporotic frac-
tures as well as for incident VFs, however, data on the effect of
exercise on incident VFs are limited by small sample sizes (eg,
<100) and relatively short follow-up duration (6-12 mo).2»?3

Based on the distinct mechanisms of action, we hypothe-
sized that the combination of vitamin D3, omega-3s and exer-
cise may exhibit greater benefits for fracture prevention than

either alone. However, this hypothesis was rejected for the pri-
mary outcome non-vertebral fracture risk in DO-HEALTH,
for which none of the interventions showed a benefit.

The present analysis examines the individual and combined
effects of vitamin D3 supplementation, omega-3s supplemen-
tation and a simple home exercise program on incident VFs,
including new VFs and VF progressions, a predefined sec-
ondary outcome in DO-HEALTH, assessed in a subsample of
participants from four out of seven recruitment sites equipped
with DXA machines.

Materials and methods
Study design
DO-HEALTH was a 3-year, double-blind, 2 x 2 x 2 factorial
design randomized controlled trial. A total of 2157 partici-
pants were recruited from seven study centers in five Euro-
pean countries (Switzerland, Germany, Austria, France, and
Portugal). The study protocol including the statistical analysis
plan has been published.?” Incident VFs was a predefined, sec-
ondary outcome and assessed in a subsample of participants
from four study centers, which were equipped with DXA
scanners (Zurich, Switzerland; Berlin, Germany; Toulouse,
France; Coimbra, Portugal). Over the 3 years, participants
attended yearly clinical visits at baseline, 12, 24, and 36
months. Participants were recruited between December 2012
and November 2014, and the final follow-up visits took place
in November 2017.

The trial protocol was registered in the International Trials
Registry (clinicaltrials.gov, registration ID: NCT01745263)
and approved by regulatory agencies of all countries.?”

Study participants

Inclusion criteria were >70 years of age, a score of >24 on
the Mini Mental State Examination, living in the community
and sufficient mobility to come to the study centers. Exclusion
criteria relevant to osteoporosis and fracture risk included
major health events in the 5 years prior to enrolment (eg,
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cancer, myocardial infarction, and stroke), use of active vita-
min D metabolites, PTH treatment (eg, teriparatide) or calci-
tonin, Paget’s disease of bone, hypo- or hyperparathyroidism,
epilepsy or use of anti-convulsive drugs. Furthermore, partic-
ipants had to be willing to limit calcium supplementation to a
maximum dose of 500 mg/d, limit vitamin D supplementation
to 800 IU/d and forgo omega-3s supplementation for the
duration of the 3-year trial. Having had a fracture within the
past 6 weeks was a temporary exclusion criteria and partic-
ipants were eligible after fracture healing. In order to recruit
participants with an increased risk of falling, DO-HEALTH
specifically aimed to recruit 40% of participants at each study
site who reported a fall in the 12 months prior to enrolment.
The full list of eligibility criteria has been published.?”

Interventions

This trial had three primary treatment comparisons: vitamin
D3 (2000 IU/d) compared to placebo, omega-3s (1 g/d) com-
pared to placebo and a simple home exercise program (SHEP)
of 30 min three times per week compared to an attention
control exercise program (flexibility exercises) also conducted
three times per week.

Vitamin D3 capsules contained 1000 TU of cholecalcif-
erol, stabilized with dl-a-tocopherol (vitamin E, 2.5 permille).
Omega-3s capsules contained 500 mg of eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) in a ratio of 1:2.
Placebo capsules contained sunflower oil and were similar
in appearance to vitamin D3 and omega-3s capsules, respec-
tively. For both the vitamin D3 and omega-3s interventions,
participants were asked to take 2 capsules a day to achieve the
dose of 2000 IU of vitamin D3 and 1 g of omega-3s per day.

The simple home exercise program (SHEP) consisted of
the following five exercises: sit-to-stand, single leg stance,
pull back against elastic resistance, external shoulder rotation
against elastic resistance, and stepping up and down one step
on stairs. Three sets of 10 repetitions were performed for
each exercise, except for single leg stance, where 10 sets of
10 s were performed for each leg. Participants were allowed
to hold on to a stable object (eg, a desk) or the wall during
the single leg stance. The attention control was a flexibility
exercise program including 5 exercises targeting hip, knee,
ankle, trunk, chest, and shoulder. Participants were instructed
to perform the exercises 3 times per week.

Adherence to the interventions was assessed by participant
self-report at each 3-monthly contact (phone calls and clinical
visits) and through capsule counts, which were returned by
the participants at each visit.

Randomization and blinding

Allocation to one of the eight treatment arms was computer-
based (DO-HEALTH randomization software), using strati-
fied block (block size of 16 individuals) randomization. Strat-
ification variables were age (70-84 years, >85 years), sex,
study center, and history of falling in the 12 months prior to
enrolment (yes/no). Treatment allocation was concealed and
all study staff, data analyses and participants were blinded.
The exception was a single physiotherapist who instructed
the home exercise programs but was not involved in the trial
otherwise.

Outcome

The primary endpoint of this DO-HEALTH VF analysis was
the incidence rate of total osteoporotic VFs, including both

new VFs and progression of existing VFs. Sensitivity analyses
were conducted for incidence rate of new VFs only (exclud-
ing VF progressions) and incidence rate of VF progressions
(excluding new VFs).

Lateral thoracolumbar spine scans were performed in the
lateral decubitus position, using DXA (Lunar iDXA, GE
Healthcare) at each clinical visit (BL, 12, 24, and 36 months).
Semi-automated enCORE morphometry analysis software
(version 13.60.033) was used for morphometric evaluation
of anterior, mid and posterior vertebral height from T4 to
L4. Manual correction of measurement points was applied
if necessary. A vertebra was considered as deformed, if the
height ratio for anterior/posterior or mid/posterior was below
80%. Etiology of vertebral deformities was then classified
as osteoporotic (low trauma), traumatic (high trauma),
degenerative or other (eg, Morbus Bechterew, hemivertebra)
based on published radiological criteria, including reduction
of anterior, mid and/or posterior height, height of the disk
space, change in vertebral width, presence of spondylophytes,
sclerotic endplates, and encroachment of the spinal canal.28
For our outcome incident VFs, only deformities that were
classified as osteoporotic were included in the analysis. For
osteoporotic VFs, the grade of severity as well as shape of
fracture was classified using the Genant method?®: mild
(grade 1%, 20%-25% reduction in either anterior or middle
height relative to posterior height of the same vertebral body,
or reduction of posterior height relative to posterior height of
adjacent vertebral bodies); moderate (grade 2%, 26%-40%
reduction in any height); and severe (grade 3, >40% reduction
in any height). In addition to new fractures, we evaluated
the progression of existing fractures. A VF progression was
defined as a progression in severity (ie, mild to moderate, mild
to severe and moderate to severe) or a progression in defor-
mity type (eg, wedge to crush deformity). For the analyses on
VF progression we only included participants with a prevalent
VF at baseline, or those with an incident VF at year 1 or year 2.

For participant positioning and scan acquisition standard
operating procedures were followed. A designated quality
assurance center (Berlin) and experienced radiologist (GA)
ensured consistency in scan acquisition among the different
densitometry sites and performed all morphometric analyses.
The center in Berlin also performed quality control of the
DXA machines, as well as training and certification of all staff
involved in DO-HEALTH DXA data collection.

Statistical analyses

Characteristics of study participants are described overall
and by treatment group. Normally distributed continuous
variables are presented as mean and SD and non-normally
distributed variables as median and IQR. Categorical vari-
ables are presented as frequencies and percentages. Base-
line characteristics were compared between treatment groups
using a #-test for normally distributed continuous variables,
the Wilcoxon test for non-normally distributed continuous
variables, and the chi-square test for categorical variables.
The treatment effects on the incidence rate of VFs were
analyzed using negative binomial regression models. Three-
way and two-way interactions between the treatment groups
were tested for each outcome and no significant interactions
were found (p > .05) for any of the outcomes. Therefore, three
dichotomous indicators (ie, the main effect of each treatment)
were included in the models. The main effect represents the
mean effect of the intervention over the 3-year follow-up.
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For the primary outcome, total VFs, predefined subgroup
analyses were performed by sex (female, male), age (70-
74 vs >75 vyears), and vitamin D deficiency (<20 vs
>20 ng/mL), median baseline polyunsaturated fatty acid levels
(DHA +EPA <100 vs >100 pug/mL) and physical activity
levels (active <1 vs >1/wk). Stratified analysis by subgroups
were conducted if a significant interaction (p < .05) was found
between at least one of the treatment groups and the respective
subgroup.

A sensitivity analysis restricted to participants who were
not taking bone medications for the outcome total VFs was
conducted. In addition, sensitivity analyses were conducted
for new VFs only (excluding VF progressions) and VF pro-
gressions only (excluding new VFs).

Models were adjusted for sex, age, linear spline at age 83,
prior fall, study site, and BMI. Additionally, an offset of the
logarithm of each participant’s time in the study was also
included to account for exposure time.

Power calculations for the DO-HEALTH trial were based
on primary outcomes?’ and no a priori sample size calcula-
tions were conducted for secondary outcomes, including VE.
Nevertheless, we conducted a posterori power analysis for the
outcome total VFs. With a sample size of 1369 participants
the study can detect an incidence rate ratio (IRR) of 0.47 with
80% power and a 5% significance level.

The significance level was set at 0.05 (two-sided) and analy-
ses were performed in SAS v9.4 statistical software (Copyright
2004 by SAS Institute Inc.).

Results
Study participants

Lateral spine DXA scans were available for 1488 participants
at baseline. Of those, 1369 had available DXA scans at
follow-up and were included in the analyses. The CONSORT
diagram for this subsample of DO-HEALTH participants is
shown in Figure S1. The mean age of participants at baseline
was 74.9 years, 63.1% were women and 80.7% were phys-
ically active at least once per week. The mean comorbidity
score was 3.4, the mean femoral neck T-score was —1.4,
and 77.0% of participants had low bone mass (osteopenia)
or osteoporosis at baseline. Overall, 43.8% of participants
were vitamin D deficient (serum 25[OH]|D levels <20 ng/mL)
and mean 25(OH)D serum levels were 21.9 ng/mL. Baseline
characteristics of participants are shown in Table 1. Baseline
characteristics by sex are shown in Table S1. Women had a
significantly higher comorbidity score, lower T-scores at the
lumbar spine and femoral neck, were more likely to have
osteopenia or osteoporosis, and had lower physical activity
levels compared to men.

Adherence to the study medication and the exercise pro-
gram for this study sample of 1369 DO-HEALTH participants
are presented in Table S2. By year 3, >78% participants still
took at least 80% of their total study medication and >65%
performed the SHEP at least twice per week.

Outcome total osteoporotic VFs

Over the 3-year follow-up among 1369 participants, there
were a total of 93 VFs, of which 58 were new VFs and 35
were progressions of existing VFs. The 58 new VFs occurred
in 50 participants, of which 42 had a single incident VF and
8 had 2 incident VFs. The 35 VF progressions occurred in

Journal of Bone and Mineral Research, 2025, Volume 00 Issue 00

31 out of 157 participants with prevalent fractures. Of the
31 participants, 28 sustained one incident VF progression, 2
participants sustained 2 VF progressions, and 1 participant
sustained 3 VF progressions.

For the outcome total VFs, there were no 3- or 2-way treat-
ment interactions. Therefore, results from main effect analyses
are presented and treatment effects are additive. For vitamin
D3, omega-3s and SHEP, there were no significant differences
in total VF between treatment and comparison groups across
the 3-year follow (Table 2). Similarly, there were no significant
effects for treatment combinations (Figure 1). There was a
significant interaction for the subgroup by sex and SHEP
(p = .04, Table S3) suggesting a possible benefit among women
(IRR=0.52, 95% CI 0.28, 0.98) and no benefit among men
(IRR=2.27,95% CI 0.81, 6.38; Table S4). Furthermore, there
was a significant interaction for the subgroup by vitamin D
deficiency and omega-3s (p =.04, Table S3) but there were
no significant treatment effects for omega-3s in those with
vitamin D deficiency (IRR =0.69,95% CI10.29,1.63) or those
with vitamin D sufficiency (IRR=1.63, 95% CI 0.82, 3.22;
Table S5). There were no significant interactions between
baseline physical activity or serum PUFA levels and any of the
3 treatments (Table S3).

Results from sensitivity analyses

For all sensitivity analyses there were no 3- or 2-way treatment
interactions. For sensitivity analyses, only main effects are
shown, without treatment combinations.

For new VFs only, there were no significant differences
between treatment and comparison groups across the 3-year
follow up (Table 3).

For VF progressions only, there were no significant effects
for Vitamin D and omega-3s, whereas SHEP significantly
reduced the incidence rate of VF progressions (IRR =0.34,
95% CI0.16, 0.75; Table 4) compared to the control exercise
program.

For the sensitivity analysis on total VFs, excluding partic-
ipants who were taking bone medications at baseline, there
were no significant differences between treatment and com-
parison groups across the 3-year follow up (Table S6).

Discussion

The purpose of the present study was to examine the inde-
pendent and combined effects of daily vitamin D3 supple-
mentation, daily omega-3s supplementation and/or a thrice-
weekly exercise program on the incidence rate of VFs over a
3-year follow-up period in a subsample of 1369 DO-HEALTH
participants. Supplementation with 2000 IU vitamin D3 or 1 g
of omega-3s per day showed no benefit on the incidence rate
of total, new or progression of VFs. The simple home exercise
program had no effect on the incidence rate of total or new
VFs, however, it significantly reduced the incidence rate of VF
progressions.

Several meta-analyses report beneficial effects of exercise,
and particularly strength and resistance training, on reduc-
tion of major osteoporotic fractures or non-vertebral frac-
tures.2:23:30 However, few trials have examined and reported
exercise effects on VFs. A small meta-analysis of three trials
concluded a 44% reduction in VFs among older adults, how-
ever, results did not reach statistical significance (RR =0.56,
95% CI 0.30-1.04).2 Our findings confirm a positive effect
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Table 1. Baseline characteristics of study participants.

Vitamin D Omega-3s Exercise
Characteristics Overall Vitamin D No vitaminD  P* Omega-3s No omega-3s p SHEP (n=746) Control exercise p
(n=1488) (n=742) (1 =746) (n=745) (n=743) (n=742)
Age [years], mean (SD)P 74.9 (4.4) 75.0 (4.4) 74.9 (4.3) 0.63 74.8 (4.2) 75.0 (4.5) 023 75.0 (4.4) 74.8 (4.3) 0.49
BMI [kg/m?], mean (SD)¢ 26.6 (4.3) 26.7 (4.4) 26.50 (4.2) 022 26.6(4.2) 26.6 (4.3) 0.76 26.6 (4.3) 26.5 (4.3) 0.72
Women, # (%) 939 (63.1) 473 (63.8) 466 (62.5) 0.61 471 (63.2) 468 (63.0) 0.93 469 (62.9) 470 (63.3) 0.85
Comorbidity score, mean (SD)"> ¢ 3.4 (3.2) 3.4 (3.2) 3.3(3.1) 0.57  3.4(3.3) 3.3(3.0) 0.63 3.3(3.2) 3.4 (3.1) 0.37
Lumbar spine T-score, mean (SD) —-1.3(-1.4) —-1.3(1.4) —-1.3 (1.5) 0.81 —-1.4(1.4) —1.1(1.5) 0.001 —-1.2(1.4) —-1.3 (1.5) 0.53
Femoral neck T-score, mean (SD) —1.4 (1.0) —1.4 (1.0) —1.4 (1.0) 0.89 —1.5(1.0)  —1.4(1.0) 0.04 —1.4(1.0) —1.4(1.0) 0.74
Bone status based on T-scores®, 7 (%) 0.04 0.21 0.38
Normal 336 (23.0) 157 (21.5) 179 (24.4) 162 (22.1) 174 (23.9) 173 (23.6) 163 (22.4)
Osteopenia 792 (54.1) 419 (57.5) 373 (50.8) 390 (53.1) 402 (55.1) 404 (55.0) 388 (53.2)
Osteoporosis 335 (22.9) 153 (21.0) 182 (24.8) 182 (24.8) 153 (21.0) 157 (21.4) 178 (24.4)
Bone medication intake, # (%) 186 (12.5) 1(12.3) 95 (12.7) 0.78 89 (12.0) 97 (13.1) 0.52 88(11.8) 98 (13.2) 0.41
Fall history, 7 (%) 598 (40.2) 297 (40.0) 301 (40.4) 0.90 296 (39.7) 302 (40.7) 0.72 300 (40.2) 298 (40.2) 0.98
SPPB score, median (IQR)f 11 (10, 12) 11 (10, 12) 11 (10, 12) 11 (10, 12) 11 (10, 12) 11 (10, 12) 11 (10, 12) 0.846
Physical activity level, # (%) 0.04 0.94 0.82
Inactive 287 (19.3) 162 (21.8) 125 (16.8) 141 (19.0) 146 (19.7) 141 (18.9) 146 (19.7)
Moderately active (1-3 times/weeks) 472 (31.7) 225 (30.3) 247 (33.2) 237 (31.9) 235 (31.6) 242 (32.5) 230 (31.0)
Active (>3 times/weeks) 728 (49.0) 355 (47.8) 373 (50.0) 366 (49.2) 362 (48.7) 362 (48.6) 366 (49.3)
Serum DHA concentration [ug/mL], mean (SD)  80.7 (38.3) 80.6 (39.2) 80.8 (37.4) 0.92  81.4 (38.5) 80.1 (38.1) 0.52 80.9 (37.5) 80.6 (39.2) 0.89
Serum EPA concentration [ug/mL], median (IQR) 26.9 (18.6,39.6) 26.2 (18.3,39.2) 27.3 (19.3,40.0) 0.16 26.8 (18.7,39.5) 26.9 (18.4,40.3) 0.89 26.3 (18.2, 39.4) 27.3 (19.4,39.9) 0.24
Serum 25(OH)D concentration [ng/mL], mean 21.9 (8.3) 21.9 (8.4) 21.8 (8.3) 0.71 21.8(8.3) 21.9 (8.4) 0.74 22.3 (8.5) 21.4 (8.2) 0.04
(SD)
Vitamin D deficiency (<20 ng/mL), 7 (%) 646 (43.8) 311 (42.3) 335 (45.2) 0.26 320 (43.4) 326 (44.2) 0.75 312 (42.3) 334 (45.3) 0.25

Abbreviations: BMI, body mass index; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; IQR, interquartile range; SD, standard deviation; SHEP, simple home exercise program; SPPB, short physical
performance battery. ?p values from #-test for normally distributed continuous variables, Wilcoxon test for non-normally distributed continuous variables, and the chi-square test for categorical variables. PMedian

and IQR are presented for non-normally distributed variables. SBMI was calculated as weight in kilograms divided by height in meters squared. 4Comorbidity was measured by the Self-Administered Comorbidity
Questionnaire, which assesses 12 comorbidities by three dimensions (presence, medication, and limitation of activities). It has a range of 0-36 points and lower scores indicate better health. €A T-score at the lumbar

spine and/or femoral neck and/or total hip of >1.0 was defined as normal, <—1.0 to >—2.5 as osteopenia and <—2.5 as osteoporosis. {The SPPB assesses lower extremity function. Scores range from 0 to 12, in
which higher scores are better.
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Treated vs. non-treated

Vitamin D + Omega-3s

Omega-3s + SHEP

Group Adjusted IRR (95% Cl)

Vitamin D 0.88 (0.52, 1.49), P = 0.63
Omega-3s 1.08 (0.64, 1.83), P=0.77
SHEP 0.81 (0.47, 1.36), P = 0.42

Vitamin D + SHEP — .

Vitamin D + Omega-3s + SHEP =

0.95 (0.45, 2.00), P = 0.89
- 0.70 (0.34, 1.46), P= 0.35
0.87 (0.41, 1.81), P= 0.70

0.76 (0.31, 1.86), P = 0.55

IRR (95% Cl)

Figure 1. Treatment effects on the incidence rate of total VFs over the 3-year follow-up. Analyses adjusted for age, linear spline at age 85 years, sex, prior

fall, BMI, and study site. N =1369.

of exercise on total VFs in women. Women had lower lum-
bar spine and femoral neck T-scores at baseline, were more
likely to have osteopenia or osteoporosis, were less physically
active and had a higher comorbidity score than men. These
factors may have contributed to the positive effects detected
in women but not men. Furthermore, we observed a positive
effect of SHEP in the analyses restricted to VF progression.
Little is known about the progression patterns and clinical
risk factors for progression of VFs,*! and to the best of our
knowledge, this is the first trial to examine exercise effects on
VF progression. Our results thus add new insights to existing
evidence on the potential role of exercise for the preven-
tion of osteoporotic VFs.32:33 It is possible that overall, the
intensity of the SHEP tested in DO-HEALTH was insufficient
to stimulate an effect on BMD'® and to reduce falls** and
non-vertebral fracture risk?® among healthy and active older
adults, but was sufficient to prevent VF progression. While
we can only speculate about the mechanism by which SHEP
reduced VF progression, it is possible that SHEP may have
exerted positive effects on back extensor strength and spine
mobility (2 factors that were not assessed in DO-HEALTH)
and thus prevented VF progression. Overall, and although
our results were only significant in sensitivity and subgroup
analysis, they align with the well acknowledged benefits of
exercise for fracture prevention.23-30

In this trial, supplemental vitamin D3 did not reduce the
rate of VFs. This finding aligns with the results for the DO-
HEALTH primary outcome non-vertebral fractures?® and the
findings from the Vitamin D and Omega-3 Trial (VITAL).>
The VITAL trial tested the same dose of 2000 IU vitamin
D3 over a median follow-up of 5.3 years, included 25 871
participants (mean age 67 years) and reported no benefits
for total, non-vertebral and hip fracture risk.!! Importantly,
DO-HEALTH and VITAL were primary prevention trials and
included middle-aged and older adults, unselected for vitamin
D deficiency, osteoporosis or fracture risk. The evidence from
these 2 large-scale trials and recent meta-analyses!#3¢:37 do
not support the use of vitamin D supplements for primary

prevention of osteoporotic fractures in vitamin D replete
adults. However, vitamin D deficiency is associated with
reduced bone strength and an increased fracture risk.>¢:38
Although in the present trial, the subgroup analyses by vitamin
D deficiency did not yield any significant effects for vitamin
D supplementation, previous studies have shown that daily
supplementation with 600-800 IU vitamin D can correct
vitamin D deficiency and significantly reduce fracture risk
in individuals with vitamin D deficiency or high fracture
risk.3*=*1 Our findings thus do not challenge the current
recommended daily intake of 800-1000 IU for those older
adults with high fracture risk.*>*> Further, our prior data
do support a benefit of 2000 IU vitamin D in DO-HEALTH
regarding hip BMD.'®

The mechanistic link between omega-3s and bone metabolism

as well as epidemiological data have led to interest in the
effect of omega-3s supplementation on fracture risk. For
example, observational data from the Women’s Health
initiative suggests a 54% lower risk for hip fracture among
those with the highest compared to the lowest EPA levels.*?
Until recently, data from large clinical trials testing the
effect of omega-3s supplementation on bone health and
fracture risk were lacking. However, both the DO-HEALTH
(N=2157) and the VITAL (N=25871) trials showed no
benefit of daily omega-3s supplementation on non-vertebral
fracture risk,2'>2¢ BMD (assessed in a subsample in both
trials)'8>3 or vertebral fracture risk, as shown in the present
study. Furthermore, there were no benefits of omega-3s on
bone turnover markers, including sclerostin, PINP or CTx
in DO-HEALTH.** Current evidence therefore does not
support omega-3s supplementation to improve bone health in
generally healthy middle-aged to older adults.

This study has some important strengths. First, the sample
size and follow-up duration exceed that of many previous
trials, particularly those on omega-3s supplementation and
exercise. Second, the methodology for VF assessment follows
the current guidelines of the International Society on Clinical
Densitometry and included both morphology as well as visual
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Table 2. Treatment effects on the incidence rate of total VFs (new and progressed).

Vitamin D3 No vitamin D3 Omega-3s No omega-3s SHEP Control exercise
No. of participants 680 689 683 686 681 688
No. of total VFs 44 49 46 47 41 52

Incidence rate per person-year®
Incidence rate ratio®

p value?
Adjusted estimates

Adjusted incidence rate per person-year (95% CI)
Adjusted incidence rate ratio (95% CI)

p value

b

0.02 (0.02, 0.03)
0.91 (0.54, 1.54)
0.73

0.02 (0.01, 0.03)
0.88 (0.52, 1.49)
0.63

0.02 (0.02, 0.03)

0.02 (0.01, 0.03)

0.02 (0.02, 0.03)
0.99 (0.58, 1.67)
0.96

0.02 (0.01, 0.03)
1.08 (0.64, 1.83)
0.77

0.02 (0.02, 0.03)

0.02 (0.01, 0.03)

0.02 (0.01, 0.03)
0.79 (0.46, 1.33)
0.37

0.02 (0.01, 0.02)
0.81 (0.47, 1.36)
0.42

0.03 (0.02, 0.04)

0.02 (0.01, 0.03)

Abbreviations: CI, confidence interval; SHEP, simple home exercise program; VEF, vertebral fracture. ?Rates and p values are from negative binomial regression models, adjusted for participants’ follow-up times, but

not for covariates. PRates and p values from negative binominal regression models, adjusted for participants’ follow-up times, age, linear spline at age 85 years, sex, prior fall, BMI, study site.

Table 3. Treatment effects on the incidence rate of new VFs, excluding VF progressions, results from sensitivity analyses.

Vitamin D3 No vitamin D3 Omega-3s No omega-3s SHEP Control exercise
No. of participants 680 689 683 686 681 688
No. of new VFs 28 30 30 28 31 27

Incidence rate per person-year®
Incidence rate ratio®

p value?
Adjusted estimates

Adjusted incidence rate per person-year (95% CI)
Adjusted incidence rate ratio (95% CI)

p value

b

0.01 (0.01, 0.02)
0.95 (0.53, 1.70)
0.85

0.01 (0.01, 0.02)
0.93 (0.52, 1.67)
0.81

0.01 (0.01, 0.02)

0.01 (0.01, 0.02)

0.01 (0.01, 0.02)
1.08 (0.60, 1.94)
0.80

0.01 (0.01, 0.02)
1.13 (0.63, 2.02)
0.68

0.01 (0.01, 0.02)

0.01 (0.01, 0.02)

0.02 (0.01, 0.02)
1.15 (0.64, 2.06)
0.65

0.01 (0.01, 0.02)
1.09 (0.61, 1.96)
0.77

0.01 (0.01, 0.02)

0.01 (0.01, 0.02)

Abbreviations: CI, confidence interval; SHEP, simple home exercise program; VE, vertebral fracture. *Rates and p values are from negative binomial regression models, adjusted for participants’ follow-up times, but

not for covariates. "Rates and p values from negative binominal regression models, adjusted for participants’ follow-up times, age, linear spline at age 85 years, sex, prior fall, BMI, study site.
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Table 4. Treatment effects on the incidence rate of VF progressions, excluding new VFs, results from sensitivity analyses.

Control exercise

74

SHEP

No omega-3s

Omega-3s
74

No vitamin D3

Vitamin D3

No. of participants

19 16 19 10 25

16

No. of VF progressions

0.13 (0.09, 0.19)

0.04 (0.02, 0.08)
0.34 (0.16, 0.72)

0.005

0.09 (0.06, 0.15)

0.08 (0.05, 0.12)
0.82 (0.41, 1.62)

0.56

0.09 (0.06, 0.15)

0.08 (0.05, 0.12)
0.81(0.41, 1.61)

0.55

Incidence rate per person-year®
Incidence rate ratio®

p value?
Adjusted estimates®

0.11 (0.07, 0.18)

0.04 (0.02, 0.07)
0.34 (0.16, 0.75)

0.007

0.07 (0.04, 0.12)

0.06 (0.03, 0.10)
0.78 (0.40, 1.54)

0.47

0.07 (0.04, 0.11)

0.06 (0.03, 0.11)
0.92 (0.46, 1.84)

0.81

Adjusted incidence rate per person-year (95% CI)

Adjusted incidence rate ratio (95% CI)

p value

Abbreviations: CI, confidence interval; SHEP, simple home exercise program; VF, vertebral fracture. ?Rates and p values are from negative binomial regression models, adjusted for participants’ follow-up times, but

not for covariates. bRates and p values from negative binominal regression models, adjusted for participants’ follow-up times, age, linear spline at age 85 years, sex, prior fall, BMI, study site.
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evaluation. Furthermore, all DXA images across the four
study centres were assessed by a single and highly experienced
radiographer, which ensures reliability of the assessments.

We also acknowledge some limitations of the present study.
First, participants were physically active at baseline, were not
selected for low bone mass or increased fracture risk, nor
where they selected for vitamin D deficiency. This reflects
a conservative approach and may have limited the ability
to detect significant treatment effects. Second, in line with
current guidelines, all participants were allowed to take up
to 800 TU/d of supplemental vitamin D3, outside the trial
interventions. Third, the sample size for VF progressions was
small. Furthermore, generalization of findings to populations
at higher fracture risk is limited. And last, p values were not
adjusted for multiple testing and consideration of multiple
comparisons is warranted when interpreting our findings.

In conclusion, vitamin D3 and omega-3s supplements did
not reduce the incidence rate of total VFs and new VFs
over the 3-year follow-up among generally healthy and active
older adults. The simple home exercise program reduced the
incidence rate of total VFs in women and of VF progressions
overall. Exercise may play a role in the prevention of VFs,
however, further trials are needed to confirm these findings in
a larger sample, particularly for VF progressions.

DO-HEALTH Research Group

The members of DO-HEALTH Research Group are Bischoff-
Ferrari Heike A., Egli Andreas, Rival Sandrine, Wanner
Guido A., Vellas Bruno, Guyonnet Sophie, Rizzoli René, Biver
Emmanuel, Merminod Fanny, Kressig Reto W., Bridenbaugh
Stephanie, Suhm Norbert, Da Silva José A.P., Duarte Citia
C.M.,, Pinto Filipa Ana, Felsenberg Dieter, Borst Hendrikje,
Armbrecht Gabriele, Blauth Michael, Spicher Anna, Felson
David T., Kanis John A., Mccloskey Eugene V., Johansson
Elena, Watzl Bernhard, Gomez Rodriguez Manuel, Hofbauer
Lorenz, Tsourdi Elena, Rauner Martina, Siebert Uwe, Kanis
John A., Halbout Philippe, Ferrari Stephen M., Gut Benno,
Ba Marieme, Wittwer Schegg Jonas, Etheve Stéphane,
Eggersdorfer Manfred, Delannoy Carla Sofa, Reuschling
Monika, Orav Endel J., Willett Walter C., Manson JoAnn
E., Dawson-Hughes Bess, Stachelin Hannes B., Walter Paul
W., Dick Walter, Fried Michael, von Eckardstein Arnold,
Theiler Robert, Simmen Hans-Peter, Langhans Wolfgang,
Zinkernagel Annelies, Mueller Nicolas, Distler Oliver, Graetz
Klaus, Nitschke Ina, Dietrich Thomas, Baer Walter, Landau
Klara, Ruschitzka Frank, Manz Markus, and Burckhardt
Peter.

Author contributions

Melanie Kistler-Fischbacher (Data curation, Formal analysis, Fund-
ing acquisition, Investigation, Project administration, Validation,
Visualization, Writing—original draft, Writing—review & editing),
Gabriele Armbrecht (Data curation, Investigation, Methodology,
Project administration, Resources, Validation, Writing—original draft,
Writing—review & editing), José A.P. da Silva (Conceptualization,
Investigation, Methodology, Project administration, Resources, Super-
vision, Writing—review & editing), Caroline de Godoi Rezende
Costa Molino (Data curation, Formal analysis, Software, Validation,
Visualization, Writing—original draft, Writing—review & editing),
Robert Theiler (Supervision, Writing—review & editing), René Rizzoli
(Conceptualization, Investigation, Methodology, Project administra-
tion, Resources, Supervision, Writing—review & editing), Bruno Vellas

G20z aunr €z uo 1sanb Aq L896G | 8/8504elZ/IWqlEB0L 0 L/10p/al0IE-20UBAPE/IWGI/WOO"dNo-ojWapede//:Sdny Woly papeojumoq



Journal of Bone and Mineral Research, 2025, Volume 00 Issue 00

(Conceptualization, Investigation, Methodology, Project administra-
tion, Resources, Supervision, Writing—review & editing), Bess Dawson-
Hughes (Methodology, Supervision, Writing—review & editing), John
A. Kanis (Methodology, Supervision, Writing—review & editing),
Lorenz C. Hofbauer (Supervision, Writing—review & editing), Endel
John Orav (Formal analysis, Methodology, Writing—review & editing),
Reto W. Kressig (Conceptualization, Funding acquisition, Investiga-
tion, Methodology, Project administration, Resources, Supervision,
Writing—review & editing), Andreas Egli (Conceptualization, Formal
analysis, Funding acquisition, Methodology, Project administration,
Resources, Supervision, Writing—original draft, Writing—review &
editing), Guido A. Wanner (Supervision, Writing—review & editing),
and Heike A. Bischoff-Ferrari (Conceptualization, Formal analysis,
Funding acquisition, Methodology, Project administration, Resources,
Supervision, Writing—original draft, Writing—review & editing).
Melanie Kistler-Fischbacher and Gabriele Armbrecht contributed
equally to this work.

Supplementary material

Supplementary material is available at Journal of Bone and Mineral
Research online.

Funding

DO-HEALTH was funded under the 7th framework program of the
European Union (EC-GA No. 278588), and within this framework,
also by the University of Zurich (Chair for Geriatric Medicine and
Aging Research), DSM nutritional products AG, ROCHE Diagnos-
tics (Switzerland) AG, NESTEC S.A., Pfizer Consumer Healthcare
GmbH, and STREULI Pharma AG. This analysis was funded by an
independent personal grant (M.K.-F.) by Vontobel Foundation. The
funding/supporting organizations had no role in the design and con-
duct of DOHEALTH, including collection, management, analysis, and
interpretation of the data, as well as preparation, review, or approval of
the manuscript or decision to submit the manuscript for publication.

Conflicts of interest

J.A.K.is a director of Osteoporosis Research Ltd that maintains FRAX.
L.C.H. has received honoraria for advisory boards or educational
lectures from Amgen, Ascendis, BluePrint, and UCB to himself, and
support for clinical trials from Ascendis and Amolyt to his institution.
H.A.B.-F. reports as the PI of the DO-HEALTH trial, grants from the
European Commission (Grant Agreement No. 278588), from the Uni-
versity of Zurich, from NESTEC, from PFIZER Consumer Healthcare,
from Streuli Pharma, plus non-financial support from DSM Nutritional
Products and from Roche Diagnostics. Furthermore, H.A.B.-F. reports
speaker fees from Wild, Pfizer, Vifor, Mylan, Roche Diagnostics, and
independent and investigator initiated grants from Pfizer and from
Vifor, outside the submitted work. M.K.-E, G.A., J.A.P.D., C.G., R.T.,
R.R., B.V,, B.D.-H., E.J.O., R W.K., A.E., and G.A.W. declare no con-
flicts of interest.

Data availability

The datasets generated and/or analyzed during the current study are
available from the corresponding author on reasonable request.

References

1. Kanis JA, Norton N, Harvey NC, et al. SCOPE 2021: a new score-
card for osteoporosis in Europe. Arch Osteoporos. 2021;16(1):82.
https://doi.org/10.1007/s11657-020-00871-9

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kemmler W, Hiberle L, von Stengel S. Effects of exercise on
fracture reduction in older adults: a systematic review and meta-
analysis. Osteoporos Int. 2013;24(7):1937-1950. https://doi.o
rg/10.1007/s00198-012-2248-7

Dong Y, Peng R, Kang H, et al. Global incidence, prevalence, and
disability of vertebral fractures: a systematic analysis of the global
burden of disease study 2019. Spine J. 2022;22(5):857-868. https://
doi.org/10.1016/j.spinee.2021.12.007

Rizkallah M, Bachour F, Khoury ME, et al. Comparison of morbid-
ity and mortality of hip and vertebral fragility fractures: which one
has the highest burden? Osteoporos Sarcopenia. 2020;6(3):146-
150. https://doi.org/10.1016/j.af0s.2020.07.002

Koelé MC, Lems WF, Willems HC. The clinical relevance of
hyperkyphosis: a narrative review. Front Endocrinol (Lausanne).
2020;11:5. https://doi.org/10.3389/fend0.2020.00005

Nevitt MC, Ettinger B, Black DM, et al. The association of
radiographically detected vertebral fractures with back pain and
function: a prospective study. Ann Intern Med. 1998;128(10):
793-800. https://doi.org/10.7326/0003-4819-128-10-199805150-
00001

Black DM, Arden NK, Palermo L, Pearson J, Cummings SR. Preva-
lent vertebral deformities predict hip fractures and new vertebral
deformities but not wrist fractures. Study of osteoporotic fractures
research group. | Bone Miner Res. 1999;14(5):821-828. https:/
doi.org/10.1359/jbmr.1999.14.5.821

. DeLuca HF. Overview of general physiologic features and func-

tions of vitamin D. Am | Clin Nutr. 2004;80(6 Suppl):1689s-
1696s. https://doi.org/10.1093/ajcn/80.6.1689S

Bolland MJ, Grey A, Avenell A. Effects of vitamin D supplementa-
tion on musculoskeletal health: a systematic review, meta-analysis,
and trial sequential analysis. Lancet Diabetes Endocrinol.
2018;6(11):847-858.  https://doi.org/10.1016/52213-8587(18)30
265-1

Weaver CM, Alexander DD, Boushey CJ, et al. Calcium plus
vitamin D supplementation and risk of fractures: an updated
meta-analysis from the National Osteoporosis Foundation.
Osteoporos Int. 2016;27(1):367-376. https://doi.org/10.1007/
s00198-015-3386-5

LeBoff MS, Chou SH, Ratliff KA, et al. Supplemental vitamin D
and incident fractures in midlife and older adults. N Engl | Med.
2022;387(4):299-309. https://doi.org/10.1056/NEJM0a2202106
Myung S-K, Cho H. Effects of intermittent or single high-dose vita-
min D supplementation on risk of falls and fractures: a systematic
review and meta-analysis. Osteoporos Int.2023;34(8):1355-1367.
https://doi.org/10.1007/s00198-023-06761-3

Avenell A, Mak JC, O’Connell D. Vitamin D and vitamin D
analogues for preventing fractures in post-menopausal women and
older men. Cochrane Database Syst Rev.2014;2014(4):Cd000227.
https://doi.org/10.1002/14651858.CD000227.pub4

Zhao JG, Zeng XT, Wang ], Liu L. Association between
calcium or vitamin D supplementation and fracture inci-
dence in community-dwelling older adults: a systematic review
and Meta-analysis. JAMA. 2017;318(24):2466-2482. https://doi.o
rg/10.1001/jama.2017.19344

Hu ZC, Tang Q, Sang CM, et al. Comparison of fracture risk
using different supplemental doses of vitamin D, calcium or their
combination: a network meta-analysis of randomised controlled
trials. BMJ] Open. 2019;9(10):e024595. https://doi.org/10.1136/
bmjopen-2018-024595

Mazess RB, Bischoff-Ferrari HA, Dawson-Hughes B. Vitamin D:
bolus is bogus-a narrative review. JBMR Plus. 2021;5(12):¢10567.
https:/doi.org/10.1002/jbm4.10567

Orchard TS, Pan X, Cheek F, Ing SW, Jackson RD. A sys-
tematic review of omega-3 fatty acids and osteoporosis. Br |
Nutr. 2012;107(02):5253-5260. https://doi.org/10.1017/s000711
4512001638

Kistler-Fischbacher M, Armbrecht G, Gingler S, et al. Effects
of vitamin D3, omega-3 s and a simple strength training exer-
cise program on bone health: the DO-HEALTH randomized

G20z aunr €z uo 1sanb Aq L896G | 8/8504elZ/IWqlEB0L 0 L/10p/al0IE-20UBAPE/IWGI/WOO"dNo-ojWapede//:Sdny Woly papeojumoq


https://academic.oup.com/jbmr/article-lookup/doi/10.1093/jbmr/zjaf058#supplementary-data
https://doi.org/10.1007/s11657-020-00871-9
https://doi.org/10.1007/s11657-020-00871-9
https://doi.org/10.1007/s11657-020-00871-9
https://doi.org/10.1007/s11657-020-00871-9
https://doi.org/10.1007/s00198-012-2248-7
https://doi.org/10.1007/s00198-012-2248-7
https://doi.org/10.1007/s00198-012-2248-7
https://doi.org/10.1007/s00198-012-2248-7
https://doi.org/10.1016/j.spinee.2021.12.007
https://doi.org/10.1016/j.spinee.2021.12.007
https://doi.org/10.1016/j.spinee.2021.12.007
https://doi.org/10.1016/j.spinee.2021.12.007
https://doi.org/10.1016/j.spinee.2021.12.007
https://doi.org/10.1016/j.spinee.2021.12.007
https://doi.org/10.1016/j.afos.2020.07.002
https://doi.org/10.1016/j.afos.2020.07.002
https://doi.org/10.1016/j.afos.2020.07.002
https://doi.org/10.1016/j.afos.2020.07.002
https://doi.org/10.1016/j.afos.2020.07.002
https://doi.org/10.1016/j.afos.2020.07.002
https://doi.org/10.3389/fendo.2020.00005
https://doi.org/10.3389/fendo.2020.00005
https://doi.org/10.3389/fendo.2020.00005
https://doi.org/10.3389/fendo.2020.00005
https://doi.org/10.3389/fendo.2020.00005
https://doi.org/10.7326/0003-4819-128-10-199805150-00001
https://doi.org/10.1359/jbmr.1999.14.5.821
https://doi.org/10.1359/jbmr.1999.14.5.821
https://doi.org/10.1359/jbmr.1999.14.5.821
https://doi.org/10.1359/jbmr.1999.14.5.821
https://doi.org/10.1093/ajcn/80.6.1689S
https://doi.org/10.1093/ajcn/80.6.1689S
https://doi.org/10.1093/ajcn/80.6.1689S
https://doi.org/10.1093/ajcn/80.6.1689S
https://doi.org/10.1093/ajcn/80.6.1689S
https://doi.org/10.1016/s2213-8587(18)30265-1
https://doi.org/10.1007/s00198-015-3386-5
https://doi.org/10.1007/s00198-015-3386-5
https://doi.org/10.1007/s00198-015-3386-5
https://doi.org/10.1007/s00198-015-3386-5
https://doi.org/10.1056/NEJMoa2202106
https://doi.org/10.1056/NEJMoa2202106
https://doi.org/10.1056/NEJMoa2202106
https://doi.org/10.1056/NEJMoa2202106
https://doi.org/10.1056/NEJMoa2202106
https://doi.org/10.1007/s00198-023-06761-3
https://doi.org/10.1007/s00198-023-06761-3
https://doi.org/10.1007/s00198-023-06761-3
https://doi.org/10.1007/s00198-023-06761-3
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.1001/jama.2017.19344
https://doi.org/10.1001/jama.2017.19344
https://doi.org/10.1001/jama.2017.19344
https://doi.org/10.1001/jama.2017.19344
https://doi.org/10.1001/jama.2017.19344
https://doi.org/10.1136/bmjopen-2018-024595
https://doi.org/10.1136/bmjopen-2018-024595
https://doi.org/10.1136/bmjopen-2018-024595
https://doi.org/10.1136/bmjopen-2018-024595
https://doi.org/10.1136/bmjopen-2018-024595
https://doi.org/10.1136/bmjopen-2018-024595
https://doi.org/10.1002/jbm4.10567
https://doi.org/10.1002/jbm4.10567
https://doi.org/10.1002/jbm4.10567
https://doi.org/10.1002/jbm4.10567
https://doi.org/10.1017/s0007114512001638

10 Journal of Bone and Mineral Research, 2025, Volume 00 Issue 00
controlled trial. ] Bone Miner Res. 2024;39(6):661-671. https:/ in the elderly: a population-based study. BMC Musculoskelet
doi.org/10.1093/jbmr/zjae054 Disord. 2024;25(1):110. https://doi.org/10.1186/s12891-024-07

19. Abdelhamid A, Hooper L, Sivakaran R, Hayhoe RPG, Welch A. 254-y
The relationship between Omega-3, Omega-6 and Total polyun- 32. Gibbs JC, Maclntyre NJ, Ponzano M, et al. Exercise for
saturated fat and musculoskeletal health and functional sta- improving outcomes after osteoporotic vertebral fracture.
tus in adults: a systematic review and Meta-analysis of RCTs. Cochrane Database Syst Rev. 2019;7(7):Cd008618. https://doi.o
Calcif Tissue Int. 2019;105(4):353-372. https://doi.org/10.1007/ rg/10.1002/14651858.CD008618.pub3
$00223-019-00584-3 33. Kanis JA, Cooper C, Rizzoli R, Reginster JY. European guid-

20. Dou Y, Wang Y, Chen Z, Yu X, Ma D. Effect of n-3 polyun- ance for the diagnosis and management of osteoporosis in post-
saturated fatty acid on bone health: a systematic review and menopausal women. Osteoporos Int. 2019;30(1):3-44. https:/
meta-analysis of randomized controlled trials. Food Sci Nutr. doi.org/10.1007/s00198-018-4704-5
2022;10(1):145-154. https://doi.org/10.1002/fsn3.2655 34. Bischoff-Ferrari HA, Freystitter G, Vellas B, et al. Effects of vitamin

21. Le Boff MS, Sharon HC, Kristin AR, et al. Effects of Omega-3 fatty D, omega-3 fatty acids, and a simple home strength exercise
acid supplementation on incident fractures in midlife and older program on fall prevention: the DO-HEALTH randomized clin-
adults enrolled in VITamin D and OmegA-3 TriaL (VITAL). ] Bone ical trial. Am J Clin Nutr. 2022;115(5):1311-1321. https://doi.o
Miner Res. 2022;38(Suppl 1):Accessed July 5, 2023. Available at rg/10.1093/ajcn/nqac022
https://www.asbmr.org/meetings/2022-abstracts. 35. LeBoff MS, Chou SH, Murata EM, et al. Effects of supplemental

22. Kistler-Fischbacher M, Weeks BK, Beck BR. The effect of exercise vitamin D on bone health outcomes in women and men in the
intensity on bone in postmenopausal women (part 1): a system- VITamin D and OmegA-3 Trial (VITAL). ] Bone Miner Res.
atic review. Bone. 2021;143:115696. https://doi.org/10.1016/j.bo 2020;35(5):883-893. https://doi.org/10.1002/jbmr.3958
ne.2020.115696 36. Bischoff-Ferrari HA. Hype about vitamin D substitution: what

23. Kistler-Fischbacher M, Weeks BK, Beck BR. The effect of exer- remains? Internist (Berl). 2020;61(11):1196-1203. https://doi.o
cise intensity on bone in postmenopausal women (part 2): a rg/10.1007/s00108-020-00869-y
meta-analysis. Bone. 2021;143:115697. https://doi.org/10.1016/j. 37. Grossman DC, Curry SJ, Owens DK, et al. Vitamin D, cal-
bone.2020.115697 cium, or combined supplementation for the primary prevention

24. Chang X, Xu S, Zhang H. Regulation of bone health through phys- of fractures in community-dwelling adults: US preventive services
ical exercise: mechanisms and types. Front Endocrinol (Lausanne). task force recommendation statement. JAMA.2018;319(15):1592-
2022;13:1029475. https://doi.org/10.3389/fend0.2022.1029475 1599. https://doi.org/10.1001/jama.2018.3185

25. Sherrington C, Fairhall NJ, Wallbank GK, et al. Exercise 38. Cauley JA, Lacroix AZ, Wu L, et al. Serum 25-hydroxyvitamin
for preventing falls in older people living in the community. D concentrations and risk for hip fractures. Ann Intern
Cochrane Database Syst Rev. 2019;1(1):Cd012424. https://doi.o Med. 2008;149(4):242-250. https://doi.org/10.7326/0003-4819-
rg/10.1002/14651858.CD012424.pub2 149-4-200808190-00005

26. Bischoff-Ferrari HA, Vellas B, Rizzoli R, et al. Effect of 39. Gallagher JC, Sai A, Templin T 2nd, Smith L. Dose response to
vitamin D supplementation, Omega-3 fatty acid supplementa- vitamin D supplementation in postmenopausal women: a ran-
tion, or a strength-training exercise program on clinical out- domized trial. Ann Intern Med.2012;156(6):425-437. https://doi.o
comes in older adults: the DO-HEALTH randomized clinical rg/10.7326/0003-4819-156-6-201203200-00005
trial. JAMA. 2020;324(18):1855-1868. https://doi.org/10.1001/ja 40. Bischoff-Ferrari HA, Orav EJ, Abderhalden L, Dawson-Hughes
ma.2020.16909 B, Willett WC. Vitamin D supplementation and musculoskeletal

27. Bischoff-Ferrari HA, de Godoi Rezende Costa Molino C, Rival health. Lancet Diabetes Endocrinol. 2019;7(2):85. https://doi.o
S, et al. DO-HEALTH: vitamin D3 - Omega-3 - home exercise - rg/10.1016/52213-8587(18)30347-4
healthy aging and longevity trial - design of a multinational clinical 41. Chakhtoura M, Bacha DS, Gharios C, et al. Vitamin D supple-
trial on healthy aging among European seniors. Contemp Clin Tri- mentation and fractures in adults: a systematic umbrella review
als. 2021;100:106124. https://doi.org/10.1016/j.cct.2020.106124 of Meta-analyses of controlled trials. | Clin Endocrinol Metab.

28. Armbrecht G, Blenk T, Chesnut CH 3rd, et al. Vertebral frac- 2022;107(3):882-898. https://doi.org/10.1210/clinem/dgab742
ture diagnosis in the multinational BONE study of oral iban- 42. LeBoff MS, Bischoff-Ferrari HA. The effects of vitamin D supple-
dronate: quality management in radiology. J Clin Densitom. mentation on musculoskeletal health: the VITAL and DO-health
2008;11(2):221-231. https://doi.org/10.1016/j.jocd.2007.10.002 trials. | Gerontol A Biol Sci Med Sci. 2023;78(Supplement_1):73-

29. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture 78. https://doi.org/10.1093/geronal/glad073
assessment using a semiquantitative technique. | Bone Miner Res. 43. Farina EK, Kiel DP, Roubenoff R, Schaefer EJ, Cupples LA,
1993;8(9):1137-1148. https://doi.org/10.1002/jbmr.5650080915 Tucker KL. Dietary intakes of arachidonic acid and «-linolenic

30. Hoffmann I, Shojaa M, Kohl M, et al. Exercise reduces the number acid are associated with reduced risk of hip fracture in
of overall and major osteoporotic fractures in adults. Does super- older Adults12. ] Nutr. 2011;141(6):1146-1153. https://doi.o
vision make a difference? Systematic review and Meta-analysis. | rg/10.3945/in.110.133728
Bone Miner Res.2022;37(11):2132-2148. https://doi.org/10.1002/ 44. Tsourdi E, Gingler S, Kistler-Fischbacher M, et al. Effect of vitamin
jbmr.4683 D3, omega-3 fatty acids, and exercise on serum sclerostin levels and

31. Akeda K, Nakase K, Yamada J, Takegami N, Fujiwara T, Sudo A. bone turnover markers. | Clin Endocrinol Metab. 2024:dgae859.
Progression of vertebral deformity of prevalent vertebral fractures Online ahead of print. https://doi.org/10.1210/clinem/dgae859

© The Author(s) 2025. l’ub}lsh:d by Oxford University Press on behalf of the American Society for Bone and Mineral Research. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which permits

unrestricted reuse, distribution, and reproduction in any medium, provided the original work s properly cited.

arch, 2025, 00, 1-10

G20z aunr €z uo 1sanb Aq L896G | 8/8504elZ/IWqlEB0L 0 L/10p/al0IE-20UBAPE/IWGI/WOO"dNo-ojWapede//:Sdny Woly papeojumoq


https://doi.org/10.1093/jbmr/zjae054
https://doi.org/10.1093/jbmr/zjae054
https://doi.org/10.1093/jbmr/zjae054
https://doi.org/10.1093/jbmr/zjae054
https://doi.org/10.1093/jbmr/zjae054
https://doi.org/10.1007/s00223-019-00584-3
https://doi.org/10.1007/s00223-019-00584-3
https://doi.org/10.1007/s00223-019-00584-3
https://doi.org/10.1007/s00223-019-00584-3
https://doi.org/10.1002/fsn3.2655
https://doi.org/10.1002/fsn3.2655
https://doi.org/10.1002/fsn3.2655
https://doi.org/10.1002/fsn3.2655
https://www.asbmr.org/meetings/2022-abstracts
https://www.asbmr.org/meetings/2022-abstracts
https://www.asbmr.org/meetings/2022-abstracts
https://www.asbmr.org/meetings/2022-abstracts
https://www.asbmr.org/meetings/2022-abstracts
https://www.asbmr.org/meetings/2022-abstracts
https://www.asbmr.org/meetings/2022-abstracts
https://www.asbmr.org/meetings/2022-abstracts
https://www.asbmr.org/meetings/2022-abstracts
https://doi.org/10.1016/j.bone.2020.115696
https://doi.org/10.1016/j.bone.2020.115696
https://doi.org/10.1016/j.bone.2020.115696
https://doi.org/10.1016/j.bone.2020.115696
https://doi.org/10.1016/j.bone.2020.115696
https://doi.org/10.1016/j.bone.2020.115696
https://doi.org/10.1016/j.bone.2020.115697
https://doi.org/10.1016/j.bone.2020.115697
https://doi.org/10.1016/j.bone.2020.115697
https://doi.org/10.1016/j.bone.2020.115697
https://doi.org/10.1016/j.bone.2020.115697
https://doi.org/10.1016/j.bone.2020.115697
https://doi.org/10.3389/fendo.2022.1029475
https://doi.org/10.3389/fendo.2022.1029475
https://doi.org/10.3389/fendo.2022.1029475
https://doi.org/10.3389/fendo.2022.1029475
https://doi.org/10.3389/fendo.2022.1029475
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1001/jama.2020.16909
https://doi.org/10.1001/jama.2020.16909
https://doi.org/10.1001/jama.2020.16909
https://doi.org/10.1001/jama.2020.16909
https://doi.org/10.1001/jama.2020.16909
https://doi.org/10.1016/j.cct.2020.106124
https://doi.org/10.1016/j.cct.2020.106124
https://doi.org/10.1016/j.cct.2020.106124
https://doi.org/10.1016/j.cct.2020.106124
https://doi.org/10.1016/j.cct.2020.106124
https://doi.org/10.1016/j.jocd.2007.10.002
https://doi.org/10.1016/j.jocd.2007.10.002
https://doi.org/10.1016/j.jocd.2007.10.002
https://doi.org/10.1016/j.jocd.2007.10.002
https://doi.org/10.1016/j.jocd.2007.10.002
https://doi.org/10.1016/j.jocd.2007.10.002
https://doi.org/10.1002/jbmr.5650080915
https://doi.org/10.1002/jbmr.5650080915
https://doi.org/10.1002/jbmr.5650080915
https://doi.org/10.1002/jbmr.5650080915
https://doi.org/10.1002/jbmr.4683
https://doi.org/10.1002/jbmr.4683
https://doi.org/10.1002/jbmr.4683
https://doi.org/10.1002/jbmr.4683
https://doi.org/10.1186/s12891-024-07254-y
https://doi.org/10.1002/14651858.CD008618.pub3
https://doi.org/10.1002/14651858.CD008618.pub3
https://doi.org/10.1002/14651858.CD008618.pub3
https://doi.org/10.1002/14651858.CD008618.pub3
https://doi.org/10.1002/14651858.CD008618.pub3
https://doi.org/10.1002/14651858.CD008618.pub3
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1093/ajcn/nqac022
https://doi.org/10.1093/ajcn/nqac022
https://doi.org/10.1093/ajcn/nqac022
https://doi.org/10.1093/ajcn/nqac022
https://doi.org/10.1093/ajcn/nqac022
https://doi.org/10.1093/ajcn/nqac022
https://doi.org/10.1002/jbmr.3958
https://doi.org/10.1002/jbmr.3958
https://doi.org/10.1002/jbmr.3958
https://doi.org/10.1002/jbmr.3958
https://doi.org/10.1007/s00108-020-00869-y
https://doi.org/10.1007/s00108-020-00869-y
https://doi.org/10.1007/s00108-020-00869-y
https://doi.org/10.1007/s00108-020-00869-y
https://doi.org/10.1007/s00108-020-00869-y
https://doi.org/10.1001/jama.2018.3185
https://doi.org/10.1001/jama.2018.3185
https://doi.org/10.1001/jama.2018.3185
https://doi.org/10.1001/jama.2018.3185
https://doi.org/10.1001/jama.2018.3185
https://doi.org/10.7326/0003-4819-149-4-200808190-00005
https://doi.org/10.7326/0003-4819-156-6-201203200-00005
https://doi.org/10.7326/0003-4819-156-6-201203200-00005
https://doi.org/10.7326/0003-4819-156-6-201203200-00005
https://doi.org/10.1016/s2213-8587(18)30347-4
https://doi.org/10.1016/s2213-8587(18)30347-4
https://doi.org/10.1016/s2213-8587(18)30347-4
https://doi.org/10.1016/s2213-8587(18)30347-4
https://doi.org/10.1016/s2213-8587(18)30347-4
https://doi.org/10.1016/s2213-8587(18)30347-4
https://doi.org/10.1210/clinem/dgab742
https://doi.org/10.1210/clinem/dgab742
https://doi.org/10.1210/clinem/dgab742
https://doi.org/10.1210/clinem/dgab742
https://doi.org/10.1210/clinem/dgab742
https://doi.org/10.1210/clinem/dgab742
https://doi.org/10.1210/clinem/dgab742
https://doi.org/10.1210/clinem/dgab742
https://doi.org/10.1093/gerona/glad073
https://doi.org/10.1093/gerona/glad073
https://doi.org/10.1093/gerona/glad073
https://doi.org/10.1093/gerona/glad073
https://doi.org/10.1093/gerona/glad073
https://doi.org/10.1093/gerona/glad073
https://doi.org/10.1093/gerona/glad073
https://doi.org/10.1093/gerona/glad073
https://doi.org/10.3945/jn.110.133728
https://doi.org/10.3945/jn.110.133728
https://doi.org/10.3945/jn.110.133728
https://doi.org/10.3945/jn.110.133728
https://doi.org/10.1210/clinem/dgae859
https://doi.org/10.1210/clinem/dgae859
https://doi.org/10.1210/clinem/dgae859
https://doi.org/10.1210/clinem/dgae859
https://doi.org/10.1210/clinem/dgae859
https://doi.org/10.1210/clinem/dgae859
https://doi.org/10.1210/clinem/dgae859
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/jbmr/zjaf058

	 Effects of vitamin D3, omega-3s, and a simple home exercise program on incident vertebral fractures: the DO-HEALTH randomized controlled trial
	Introduction
	Materials and methods
	Results
	Discussion
	Author contributions
	Supplementary material
	Funding
	Conflicts of interest
	Data availability


