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ABSTRACT

Investigations into the effects of bone-targeted exercise programs on musculoskeletal health and
function in men are limited. The purpose of the Lifting Intervention For Training Muscle and
Osteoporosis Rehabilitation for Men (LIFTMOR-M) trial was to examine the efficacy and safety of two
novel, supervised, eight-month, twice-weekly exercise programs in middle-aged and older men with low
PMD. Men with low proximal femur and/or LS BMD were recruited and randomized to high-intensity
_rogressive resistance and impact training (HiRIT) or machine-based isometric axial compression (IAC).
"Atervention responses were compared with those of a non-randomized matched control group (CON).
Jutcomes included: proximal femur and LS BMD; calcaneal ultrasound parameters; anthropometry;
body composition; physical function (timed up-and-go [TUG], five-times sit-to-stand [FTSTS]); muscle
strength (back [BES] and leg extensor strength [LES]); compliance and adverse events. Ninety-three
men (67.1+7.5yrs; 82.1+11.6kg; 175.2+6.7cm; FN T-score -1.6+0.6) were recruited, and randomized to
HIRIT (n=34) or IAC (n=33), or allocated to CON (n=26). HIiRIT effects were superior to CON for
wochanteric BMD (2.8+0.8%; -0.1+£0.9%, p=0.024), LS BMD (4.1+0.7%; 0.9+0.8%, p=0.003),
hroadband ultrasound attenuation (2.2+0.7%; -0.8+0.9%, p=0.009), stiffness index (1.6+0.9%; -
2.0+£1.1%, p=0.011), lean mass (1.5+0.8%; -2.4+0.9%, p=0.002), TUG, FTSTS, BES and LES (p<0.05).
IAC improved lean mass (0.8+£0.8%; -2.4+0.9%, p=0.013) and FTSTS (-4.5£1.6%; 7.5£2.0%, p<0.001)
cuiipared with CON. HIiRIT was superior to IAC for LS BMD (4.1+0.7%; 2.0£0.7%, p=0.039), stiffness
.ndex (1.6£0.9%); -1.3+0.9%, p=0.025), and FTSTS (-10.7£1.6%); -4.5+1.7%, p=0.010). Compliance was
~igh in both exercise groups (HIRIT 77.8£16.6%; IAC 78.5+14.8%, p=0.872). There were five instances
 f minor musculoskeletal discomfort (HIRIT n=2; IAC n=3). Findings suggest HiRIT was well tolerated,

nd provides a more positive stimulus to bone and functional indices of falls and fracture risk compared
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with CON and IAC. High compliance suggests HiRIT is acceptable and feasible. Findings will facilitate

development of an optimal exercise prescription for men with low BMD.

Keywords: AGING, CLINICAL TRIALS, EXERCISE, FRACTURE PREVENTION,
OSTEOPOROSIS
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Introduction
Osteoporosis is a growing public health problem for men. Considerable growth in the number of
Australian men over the age of 50 with osteoporosis is predicted by 2022, with 285,000 currently
afflicted and a further 2.48 million living with osteopenia . The economic impact of low bone mass in
Australia is substantial; the estimated total direct cost of osteopenia, osteoporosis, and fractures in 2017
\ras $3.44 billion (US$2.77 billion) @, of which, men accounted for almost 30%. Corresponding figures
“or the United States indicate 18.1 million men over 50 years of age have osteopenia and osteoporosis ),
ccounting for almost 30% of incident fractures, and one quarter of the total cost burden (equating to
JS$4.1 billion) ®. Although osteoporotic fracture incidence is one in five for men over the age of 50
years, compared with the higher incidence of one in three for women of the same age, fragility fractures
In men are associated with higher morbidity and mortality than in women ©9),
Although an updated Cochrane review reported exercise reduced the rate of falls in older adults by 23%,
and the number of individuals experiencing fractures by 27% (), exercise remains somewhat contentious
a3 a strategy for the prevention and management of osteoporosis. Some continue to argue that the effect
of exercise on BMD is less than pharmacological interventions and that bone-targeted exercise is
hazardous for osteoporotic bone. Nevertheless, there is growing recognition that high intensity exercise
can be a potent stimulus for bone even in older age, with the added benefit of reducing the risk of falls
vy virtue of enhanced muscle strength and balance. Recently, we reported findings of the LIFTMOR
.rial (Lifting Intervention For Training Muscle and Osteoporosis Rehabilitation) in postmenopausal
Jomen with osteopenia and osteoporosis. Specifically, we observed that an eight-month supervised
"igh-intensity progressive resistance and impact training (HiRIT) program improved FN and LS BMD,

wuscle strength and physical function in postmenopausal women with low to very low bone mass ).
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Furthermore, the HiRIT program did not increase risk of vertebral fracture ©, and no serious adverse
events occurred.

Simultaneous to the rollout of the LIFTMOR trial, an exercise device was developed to facilitate a set of
four near-maximal isometric contractions (the bioDensity™ system, Performance Health Systems, USA),
theoretically to create axial compressive forces on the skeleton with a goal to improve bone mass,

F ereafter referred to as isometric axial compression (IAC). The technology is currently marketed for
dividuals with osteoporosis, however, a quality evidence base is lacking. To our knowledge, the sole
~ublished study of sufficient duration to examine the efficacy of the IAC device on bone outcomes
examined nine postmenopausal women with osteopenia and osteoporosis who improved bone mass
following six months of supervised, isometric training (one repetition of each of the four movements for
tive seconds duration, once per week) @9, The study was confounded by a lack of control group, and the
DXA subgroup included a small number of participants, thus findings must be interpreted with
considerable caution.

thus, the primary aim of the LIFTMOR for Men (LIFTMOR-M) trial was to determine the effects of
eight months of supervised HiRIT or IAC exercise on determinants of osteoporotic fracture risk in
middle-aged and older men with low BMD, and compare intervention group responses with those of a
matched but non-randomized control group of men who self-selected to follow their usual lifestyle
acuvities for eight months in parallel. The secondary aim was to determine compliance and adverse

cvents of each exercise protocol.
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Materials and Methods
Study design
The study protocol has been published Y. We conducted a single-center, three-arm, eight-month, semi-
randomized controlled exercise intervention trial. Testing was performed at baseline and eight months.
All assessments and training took place in the School of Allied Health Sciences, Griffith University,
Gold Coast, Queensland, Australia. Although it is not possible to blind exercise from non-exercise
_roups, no expectations of superiority of either exercise protocol were held by investigators, or conveyed
‘) participants, thus the intervention arm was in essence blind to a treatment hypothesis. Analyses of all
VXA and pQCT scans were verified by an investigator blind to group allocation. All research activities
were conducted in accordance with the Declaration of Helsinki. The trial was approved by the Griffith
Jniversity Human Research Ethics Committee (AHS/07/14/HREC), and registered on the Australian
New Zealand Clinical Trials Registry (ANZCTR12616000344493). All participants provided written
informed consent.
~articipants
Apparently-healthy, middle-aged and older men were recruited from the Gold Coast and surrounding
community in south-east Queensland, Australia. Recruitment ran from May 2016 to July 2018, and all
narticipants completed the intervention by April 2019. Following trial registration, the originally
supdlated minimum age of eligibility (being 50 years) was reduced to 45 years. Participants were
.equired to exhibit osteopenia or osteoporosis at the lumbar spine and/or proximal femur, determined as
. DXA-derived T-score <-1.0. Exclusion criteria included: presence of musculoskeletal, neurological,
' 2spiratory or unstable cardiovascular conditions likely to affect the ability to exercise, conditions or
1edications (apart from calcium, vitamin D, and osteoporosis medications) known to affect bone

metabolism, metal implants, notable recent radiation exposure, cancer, recent fracture or lower extremity
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surgery (in the preceding six months), or current participation in high-intensity resistance and/or impact

training. Further exclusion to the exercise arms was based on inability or unwillingness to attend twice-

weekly supervised training for the stipulated eight-month period.

Allocation

Allocation of eligible participants to the exercise arms was achieved via block randomization, stratified

¢n previous 12 month presence or absence of osteoporosis pharmacotherapy (1:1 allocation ratio, block
ize 8). Block randomization was undertaken in order to achieve equal sample sizes within each exercise

“atervention group during the study period. We defined the ‘presence’ of osteoporosis therapy as a

current minimum of 12 months of continuous treatment with an antiresorptive agent and an expectation

to remain on the same medication for the duration of the trial. The ‘absence’ of osteoporosis therapy was

aefined as an individual who was treatment naive (i.e. never been administered osteoporosis medication)

or an individual who had discontinued osteoporosis treatment a minimum of 12 months prior to

enrolment. The latter condition applied to only one participant. A researcher external to the trial

prepared the computer-generated randomization sequence, and group allocation was concealed from the

tester and participant until completion of baseline testing. The allocation sequence was filed in

sequentially numbered, opaque, sealed, envelopes.

Exercise interventions

~ uctailed description of the content and progression of the training programs has been published in the

Ltudy protocol 9. All exercise participants attended twice-weekly (non-consecutive days), 30-minute,
upervised sessions for eight months. During the initial two-week familiarization period, the HiRIT

- roup performed low-load variants of each resistance exercise focusing on technique development in
rder to ensure a safe transition to the three fundamental barbell-based, resistance exercises. The barbell-

hased, resistance-training component of each HiRIT session comprised three compound movement
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exercises (deadlift, squat and overhead press) with five sets of five repetitions, corresponding to an
intensity of > 80-85% of one repetition maximum (1RM) performed for each exercise. The Rating of
Perceived Exertion (RPE) scale (6-20 point Borg scale) was used to subjectively select exercise intensity
and guide weight progression, aiming for an RPE > 16. Load was progressed in increments of 2.5 kg
when a participant was able to perform seven repetitions at their current weight with good form.
Petermination of 1RM was performed for the deadlift and squat at weeks 12 and 24 to guide load
_rogression. The impact-training component consisted of five sets of five repetitions of jumping chin-
ps per session, with intensity progressed by encouraging participants to increase jump height and land
neavier’ as tolerated. During the initial familiarization period heel drops were performed to ensure safe
transition to high-impact loading. HIRIT participants trained in a group under the supervision of a
qualified exercise scientist (maximum ratio of participants to trainer 8:1). Each IAC exercise session
also included four exercises: chest press, leg press, core pull, and vertical lift on the bioDensity device.
During the initial two-week familiarization period, low intensity repetitions (at approximately 50% of
+RM) of each exercise were performed focusing on technique. For the remainder of the trial period one
self-initiated near-maximal five-second isometric contraction was performed for each exercise at an
intensity corresponding to > 80-85% of 1RM (RPE of > 16 on the 6-20 point Borg scale). IAC
narticipants trained individually with the same qualified exercise scientist (participant to trainer ratio
1.1,
—ontrol group activities
~he control group comprised a sample of middle-aged and older men, recruited in the same manner and
- creened using identical criteria to the exercise arms, but who were unwilling to commit to attendance at
nvice-weekly training sessions for eight months, thereby allocated to ‘no intervention’ (parallel control

aroup; CON). Our decision to apply this strategy for CON recruitment stemmed from experience in a
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pilot trial run immediately prior to LIFTMOR-M that middle-aged and older men volunteering for an
exercise trial but randomized to control are unlikely to comply with control group instructions to refrain
from initiating exercise training during the trial period. Self-selected CON participants were instructed to
continue with their usual daily routines and refrain from taking up either of the exercise modalities of the
intervention groups for a period of eight months between testing sessions. CON participants recorded
¢ Iterations in physical activity, diet, medications, and medical conditions as well as falls or injuries
‘including fractures) during the trial period using a purpose-designed lifestyle diary issued at baseline
nd returned at follow-up. CON participants were instructed to telephone the investigators in the event
of a fall or fracture so that full details could be recorded.
Anthropometrics and lifestyle characteristics
Age and race were obtained by self-report at baseline. Height and weight were measured using a wall-
mounted stadiometer (Model 216, Seca, Germany) and mechanical beam scale (Model 700, Seca,
Germany), respectively, from which BMI was calculated. Waist circumference was measured using an
anthropometric steel tape (Model W606PM, Lufkin Executive Thinline, USA) at the level of the iliac
crests. Lifetime physical activity of relevance to bone was quantified using the Bone-specific Physical
Activity Questionnaire (BPAQ) 2. Daily calcium intake, including supplementation, was estimated
from the AusCal food frequency questionnaire ¢, and responses were analyzed using Australian-
speuific dietary analysis software (FoodWorks, Xyris Software, Australia).
sone and body composition
)XA scans of the LS and skeletally non-dominant proximal femur (FN, TH and trochanter ROIs) were
* erformed to estimate BMD (Medix DR, Medilink, France). The skeletally non-dominant lower
xtremity corresponded to the functionally dominant limb @4, LS, FN and TH T-scores were calculated

1sing host software and the Geelong Osteoporosis Study reference database, an Australian-specific
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population-based sample of Caucasian men @9, Lean mass (LM), fat mass (FM), appendicular lean mass
(ALM; sum of upper and lower extremity lean mass) and body fat percentage were determined from WB
DXA scans. The short-term coefficients of variation (CV) for repeated measurements of LS, FN and TH
BMD measurements in a sample of older men in our laboratory were 0.91%, 1.52% and 0.86%,
respectively. The CVs for LM and FM were 0.62% and 2.33%, respectively. Peripheral QCT (pQCT,;
Stratec XCT-3000, Medizintechnik GmbH, Germany) of the skeletally non-dominant leg and forearm
sere performed to obtain muscle cross-sectional area (MCSA) and muscle density at the 66% sites; a
etailed description of acquisition and analyses has been published elsewhere M. CVs for pQCT-
uerived MCSA and muscle density were 0.66% and 0.75% at the leg and 1.02% and 0.44% at the
forearm, respectively. Skeletally non-dominant calcaneal broadband ultrasound attenuation (BUA),
speed of sound (SOS) and stiffness index (SI) were obtained using QUS (Lunar Achilles InSight, GE
Healthcare, USA). CVs for BUA, SOS and SI from a subsample of LIFTMOR-M participants were
0.98%, 0.35% and 1.71%, respectively. All devices underwent daily calibration and quality control
procedures, and all scans were performed by the same certified technician.
Physical function, muscle strength and muscle power
A series of common physical function tests related to risk of falling were performed to examine mobility
and dynamic balance, including: timed up-and-go (TUG) @9, five-times sit-to-stand (FTSTS) @), and
wunctional reach test (FRT) 8. Maximal isometric leg extensor strength (LES) was determined using a
.2g strength platform dynamometer (TTM Muscle Meter, Japan) @® and maximal isometric back
xtensor muscle strength (BES) was measured using a handheld dynamometer (Lafayette Manual
"Muscle Testing Systems, USA) 9. Muscle power was assessed by calculating peak impulse (N-s) and

. eak impulse relative to body weight (N-s/kg) from vertical ground reaction forces during a maximal
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countermovement vertical jump on a force plate (Advanced Mechanical Technology Inc., USA). The

specifics of all measures have been previously described @),

Exercise program compliance, adverse events and injuries

Exercise compliance was recorded in training diaries, with 100% compliance defined as completion of

70 sessions over the eight-month trial period. Prior to each training session, participants rated muscle

<oreness on a 10-point visual analog scale (VAS), any falls, fractures or injuries, and any changes in

~hysical activity, diet, medications or medical conditions since the last training session in the training
iary. We included retrospective and prospective fall and fracture data collection methods. In order to

mcrease the likelihood of capturing all data and minimize the effect of recall bias, self-administered

questionnaires were also completed at baseline and follow-up assessments to document falls and

tractures. A fall was defined as “unintentionally coming to rest on the ground, floor or other lower level

after an unexpected loss of balance which was not the result of a violent blow, loss of consciousness,

sudden onset of paralysis or an epileptic seizure, and can include a slip or trip” @Y,

oample size

FN areal BMD was selected as the primary outcome for reasons of clinical relevance due to elevated

mortality following fragility fracture at the femoral neck in middle-aged and older men with low bone

mass, and for the purposes of comparison across trials. An a priori sample size calculation was

cuniducted based on the coefficient of variation for FN BMD (1.5%) to determine least significant

_hange (4.2%), and FN BMD data from the aforementioned pilot trial of 0.790 + 0.061 g/cm?. A sample
ize of 64 participants per group was thereby predicted to be required to detect the minimum change

< ifference of 0.033 g/cm? from a two-tailed test with a power of 80% and level of significance set at o =

.05, accounting for a dropout rate of 20%.
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Statistical analysis
All statistical analyses were performed using SPSS version 25.0 (SPSS Inc, USA). Between-group
comparisons of baseline characteristics were examined using one-way ANOVA for normally distributed
continuous data, non-parametric equivalents for non-normally distributed data, and Chi-Square for
categorical data. Between-group comparisons for outcome measures were examined using repeated
rieasures Analysis of Covariance (RMANCOVA) for group, time and group-by-time interaction effects
sing raw baseline and follow-up data, adjusting for initial values if there was a significant difference
“Jentified between-groups at baseline. Mean change + SE (calculated as final value minus initial value)
and 95% CI are reported. Fisher’s LSD method was applied to adjust for multiple comparisons. All
randomized participants were included in intention-to-treat (ITT) analyses, with imputation of the mean
percentage change value for the specific group employed in the case of missing follow-up data. Per-
protocol (PP) exploratory analyses were undertaken including HiRIT and IAC participants who achieved
> 70% training program compliance. Univariate ANCOVA of percent change for primary and secondary
wutcomes was performed, adjusting for initial values if a significant difference was detected between-

aroups at baseline. Those results are presented in figures. Statistical significance was set at p < 0.05.

Results

recruitment and allocation outcomes

otudy recruitment, allocation, and follow-up are reported according to CONSORT guidelines in
supplemental Figure 1. Over the two-year period, 565 volunteers expressed interest in the study and

" sere screened for eligibility by telephone. A total of 437 volunteers were ineligible to participate. One
-undred and twenty-eight men underwent BMD assessments to confirm eligibility. Of those found to be

ineligible at baseline assessments (n = 35), reasons were: LS, FN, and/or TH T-score > -1.0 (n = 23),
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belatedly disclosed exclusion criteria (n = 10), and withdrawal of consent (n = 2). Ninety-three men
either self-selected to CON (n = 26), or were randomized to HiRIT (n = 34) or IAC exercise (n = 33).
Five CON participants were lost to follow-up. Three withdrew from HiRIT due to: medical condition or
injury unrelated to the intervention (n = 2), and lack of interest (n = 1). One HiRIT participant was lost
to follow-up due to death in a motor vehicle accident. Three withdrew from IAC due to: travel and
family commitments (n = 2), and medical condition unrelated to the intervention (n = 1).

Tarticipant physical and behavioural characteristics at baseline

"articipant characteristics at baseline are presented in Table 1. There were no significant differences
wetween groups in race, age, anthropometric characteristics, daily calcium, bone-relevant physical
activity, current osteoporosis medication usage, and LS and TH BMD or T-scores. FN BMD and T-
scores were higher for CON in comparison to both exercise intervention groups, while trochanteric
BMD was higher for CON than HiRIT. QUS-derived calcaneal characteristics were similar between-
groups. ALM was higher in CON than IAC. Physical function, muscle strength and muscle power were
similar across groups, however, CON performed FTSTS more quickly than either exercise group at
haseline. Overall, 3.8% of CON, 14.7% of HiRIT, and 21.2% of IAC were classified as osteoporotic
based on DXA-derived T-score for at least one of the LS, FN or TH sites. Durations of osteoporosis
medication use for the two participants in the HIRIT group were six years and 18 months. Durations of
usc for the two participants on osteoporosis medication in the IAC group were 9 years and 14 months.
All were taking antiresorptive medication and had received continuous treatment without a drug holiday.
~here were no significant within-group changes in amount of external physical activity from BPAQ

- cross the trial period. There were statistically significant, but arguably clinically insignificant, within-
_roup increases in daily calcium in CON (206.3 + 63.1 mg/day, p = 0.002; 95% CI: 80.9 to 331.8

mg/day) and HIRIT (166.3 + 55.2 mg/day, p = 0.003; 95% CI: 56.6 to 276.0 mg/day) but no between-
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group difference for change was observed. No participant commenced calcium supplementation or
reported any significant change to daily calcium intake.

Exercise program compliance and progression

Not including dropouts, compliance was 77.8 + 16.6% (range 35.7 to 95.7%) for HiRIT (n = 30) and
78.5 = 14.8% (range 32.9 to 97.2%) for IAC (n = 30), and did not differ between groups (p = 0.872).
Overall, 76.7% of HiRIT and 80.0% of IAC participants achieved > 70% compliance. Including only
_articipants who achieved > 70% training compliance, there was no difference between HiRIT (85.9 =
©.2%, range 72.2 t0 95.7%; n = 23) and IAC compliance (84.5 + 7.4%, range 70.8 t0 97.2%; n=24) (p =
v.466). For the HIRIT group, a significant time effect was observed for weight lifted for the deadlift,
squat and overhead press at weeks 4, 8 and 35 (all p < 0.05). From week 4 to week 35 of the HIRIT
intervention, weight lifted during the deadlift, squat and overhead press increased by 185.4 + 84.2%,
242.0 £ 176.6% and 89.7 + 37.7%, respectively. Deadlift 1RM increased from 68.0 + 14.8 kg at week 12
t0 80.8 + 18.2 kg at week 24, and squat 1RM increased from 56.5 + 15.5 kg at week 12 to 67.8 £ 21.2 kg
at week 24. For the IAC group, peak force attained during the chest press, leg press, core pull and
vertical lift increased from week 4 to 35 by 63.2 + 67.2%, 77.3 + 81.0%, 28.9 + 31.5%, and 35.9 +
43.6%, respectively. There was a significant time effect for peak force attained during all four IAC
axercises at weeks 4, 8 and 35 (all p < 0.001).

wuiie mineral density

Results of the univariate ANCOVA for eight-month percent change in BMD are presented in Figure 1A
ATT). HIRIT improved LS BMD more than CON (4.1 = 0.7% versus 0.9 + 0.8%, p = 0.003; 95% CI:
°.7t0 5.5% versus -0.7 to 2.5%) and IAC (4.1 £ 0.7% versus 2.0 £ 0.7%, p = 0.039; 95% ClI: 2.7 to

.5% versus 0.6 to 3.4%). HIRIT improved trochanteric BMD more than CON (2.8 £ 0.8% versus -0.1 =
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0.9%, p = 0.024; 95% CI: 1.2 to 4.4% versus -2.0 to 1.8%). There were no significant between-group

differences in eight-month percent change for TH and FN BMD.

Results of the ITT analyses of intervention effects on LS and proximal femur BMD are presented in

Supplemental Table 1. From RMANCOVA (adjusting for initial trochanteric BMD), eight-month

change in trochanteric BMD was greater for HiRIT than CON (p = 0.026), but no other significant

t etween-group differences were detected for BMD. Within-group analyses indicated HiRIT improved
".SBMD (p <0.001), FN BMD (p = 0.004), TH BMD (p = 0.045) and trochanteric BMD (p = 0.001),

*shile IAC increased LS BMD (p = 0.006).

riesults of PP analyses of eight-month change in DXA-derived BMD at the LS and proximal femur are

presented in Supplemental Table 2. PP analysis of participants with > 70% compliance indicate there

were no significant between-group differences in change for DXA-derived BMD at the LS or proximal

femur. Significant within-group improvements for HiRIT in LS BMD (0.038 + 0.008 g/cm?, p < 0.001)

and trochanter BMD (0.019 + 0.008 g/cm?, p = 0.024), and LS BMD (0.025 + 0.008 g/cm?, p = 0.003)
wr 1AC, were detected in PP analysis.

Calcaneal ultrasound parameters

Percent change in calcaneal ultrasound parameters, with between-group differences from univariate

ANCOVA, are presented in Figure 1C (ITT). HiRIT improved BUA (2.2 = 0.7% versus -0.8 + 0.9%, p =

v.uu9; 95% CI: 0.8 to 3.6% versus -2.5 t0 0.9%) and SI (1.6 + 0.9% versus -2.0 £ 1.1%, p = 0.011; 95%
~1:-0.2 to 3.4% versus -4.1 to 0.1%) more than CON. HiRIT also improved SI more than IAC (1.6 £
9% versus -1.3 £ 0.9%, p = 0.025; 95% CI: -0.2 to 3.4% versus -3.2 to 0.5%).

“)US-derived calcaneal data from ITT analyses of intervention effects are presented in Supplemental
‘able 3. From RMANCOVA, there was a significant difference between HIiRIT and CON in SOS (p =

0.048). Within-group analysis showed HiRIT significantly improved BUA (p = 0.003), whereas CON
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lost SI (p =0.019). IAC also lost SOS (p = 0.018). Results of the PP analyses of calcaneal parameters
(including participants with > 70% compliance, n = 71) are presented in Supplemental Table 4. While
there were no between-group differences in absolute change for calcaneal parameters, HiRIT improved
BUA (p = 0.020), and IAC lost SOS (p = 0.021) based on within-group analyses.
Anthropometrics and body composition
Percent change in DXA-derived body composition, with between-group differences from univariate
\NCOVA (adjusting for initial values for appendicular lean mass analysis), are presented in Figure 1B
L TT). HIRIT (1.5 £ 0.8% versus -2.4 = 0.9%, p = 0.002; 95% CI: -0.1 to 3.1% versus -4.2 to -0.5%) and
+AC (0.8 £ 0.8% versus -2.4 = 0.9%, p = 0.013; 95% CI: -0.9 to 2.4% versus -4.2 to -0.5%) improved
lean mass in comparison to CON. There were no between-group differences in percent change for
anthropometrics, appendicular lean mass, fat mass and body fat percent. HiRIT improved tibia (0.7 £
0.3% versus -0.4 + 0.3%, p = 0.014; 95% CI: 0.2 to 1.3% versus -1.1 to 0.3%) and radius (0.9 = 0.3%
versus -0.9 £ 0.3%, p <0.001; 95% CI: 0.3 to 1.4% versus -1.5 to -0.2%) muscle density, as well as
vadius MCSA (2.6 £ 0.7% versus -0.2 + 0.8%, p = 0.011; 95% CI: 1.2 to 4.0% versus -1.8 to 1.5%)
compared with CON. HIiRIT also improved radius MCSA more than IAC (2.6 + 0.7% versus 0.4 +
0.7%, p = 0.028; 95% CI: 1.2 to 4.0% versus -0.9 to 1.8%). IAC improved radius muscle density more
than CON (0.4 + 0.3% versus -0.9 + 0.3%, p = 0.003; 95% CI: -0.1 to 1.0% versus -1.5 to -0.2%).
e results of the ITT analyses of intervention effects on anthropometrics and body composition are
Jresented in Supplemental Table 5. From RMANCOVA, no between-group differences in change for
ny anthropometric measure or DXA-derived body composition parameter were detected. HIRIT
" nproved pQCT-derived forearm MCSA more than IAC (p = 0.038) and forearm muscle density more
1an CON (p = 0.030). Within-group analyses revealed HiRIT increased weight (p = 0.039) and BMI (p

= 0.039), and reduced fat mass (p = 0.044) and body fat percentage (p = 0.036). HIiRIT also improved
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forearm MCSA (p < 0.001), forearm muscle density (p = 0.002), and leg muscle density (p = 0.014).
IAC reduced DXA-derived FM (p = 0.020) and body fat percentage (p = 0.050). CON lost waist
circumference (p = 0.016), ALM (p = 0.003), LM (p = 0.010), and forearm muscle density (p = 0.008)
but gained FM (p = 0.004), body fat percentage (p = 0.001) and leg MCSA (p = 0.010). Results of PP
analyses of eight-month change in anthropometrics and body composition outcomes are presented in
Supplemental Table 6 and largely reflect findings from the ITT analyses.
~hysical function, muscle strength and muscle power
" ercent change in physical function, muscle strength and muscle power, with between-group differences
ivom univariate ANCOVA (adjusting for initial values for sit-to-stand analysis), are presented in Figure
2. Compared with CON, HiRIT improved TUG (-5.3 £ 1.3% versus 0.2 + 1.5%, p = 0.007; 95% ClI: -7.9
10 -2.7% versus -2.8 to 3.2%), FTSTS (-10.7 + 1.6% versus 7.5 + 2.0%, p < 0.001; 95% CI: -14.0 to -
7.4% versus 3.7 to 11.4%), BES (26.0 £ 5.1% versus 4.0 + 5.8%, p = 0.006; 95% CI: 15.9 to 36.2%
versus -7.5 to 15.6%), LES (25.1 + 3.8% versus 9.2 + 4.4%, p = 0.008; 95% ClI: 17.5 to 32.8% versus
v.5 t0 18.0%) and peak impulse (3.2 £ 2.0% versus -4.2 £ 2.3%, p = 0.017; 95% CI: -0.8 to 7.2% versus
-8.7 t0 0.3%). Improvement in FTSTS was greater in HiRIT than IAC (-10.7 = 1.6% versus -4.5 + 1.7%,
p = 0.010; 95% CI: -14.0 to -7.4% versus -7.9 to -1.1%). IAC improved FTSTS more than CON (-4.5 +
1.7% versus 7.5 £ 2.0%, p < 0.001; 95% CI: -7.9 to -1.1% versus 3.6 to 11.4%). No significant between-
yrudp differences were observed in FRT and relative peak impulse.
Setween-group differences in absolute change in physical function, muscle strength and muscle power
;om ITT RMANCOVA are presented in Supplemental Table 7. Compared with CON, HiRIT improved
"TSTS (p <0.001), LES (p = 0.008), peak impulse (p = 0.008) and peak relative impulse (p = 0.022).
AC reduced FRT and improved FTSTS compared to CON (p = 0.042 and p < 0.001, respectively).

Compared to IAC, HIRIT improved FTSTS (p = 0.005), FRT (p = 0.011), peak impulse (p = 0.001), and
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peak relative impulse (p = 0.003). Within-group analysis revealed HiRIT improved TUG (p < 0.001),
FTSTS (p < 0.010), BES (p < 0.001) and LES (p < 0.001), and that IAC improved TUG (p = 0.011),
FTSTS (p =0.004), BES (p = 0.008) and LES (p <0.001). CON improved LES (p = 0.014), but slowed
on the FTSTS task (p = 0.003). Results of PP analyses (participants with > 70% compliance) for
physical function, muscle strength and muscle power are presented in Supplemental Table 8 and largely
r=flect those of the ITT analyses, although within-group change in TUG and FTSTS was no longer
ignificant for IAC and within-group change in peak impulse reached significance for HiRIT.
"‘alls and fractures
+hree participants (3.2%) (HIRIT n = 2; IAC n = 1) reported a fall within the previous 12 months, at
baseline, and there was no between-group difference in falls history. During the trial period, CON
reported two falls resulting in minor bruising. In HiRIT, one participant reported two falls, and two
participants fell once. In IAC, two participants fell once across the trial period. No fall necessitated a
visit to a healthcare provider, nor resulted in fracture or hospital admission; none occurred during study-
«elated training or testing. There were no between-group differences in the number of falls (p = 0.878),
number of fallers (p = 0.887), number sustaining at least 1 fall (p = 0.756) or number of recurrent fallers
(p = 0.423). Nine participants (9.7%) (CON n = 2; HiRIT n = 2; IAC n = 5) reported 12 previous
fragility fractures, with no differences between groups (p = 0.377). Of those reporting multiple previous
nayllity fractures at baseline (n = 2), one IAC participant reported three radiographically-confirmed
Jsteoporotic vertebral wedge fractures, and one IAC participant reported two previous fragility fractures
L(bial plateau and talus, both conservatively managed). Both had a previous diagnosis of osteoporosis
~nd prolonged use of osteoporosis medications (> 12 months). No participant sustained a fragility
-acture during the trial period (PP data, n = 81), nor did any participant who was lost to follow-up report

any falls or fractures during the period they were active in the trial.

This article is protected by copyright. All rights reserved.



Adverse events and injuries
Three participants withdrew from the exercise groups due to unrelated medical conditions, which
included: cerebrovascular event (HIRIT n = 1), age-related disc degeneration advised by their medical
practitioner to discontinue all exercise and physical activity (IAC n = 1), and an inguinal hernia
requiring surgical repair which occurred when lifting heavy luggage on holidays (HiRIT n = 1). There
\ rere five minor adverse events directly associated with delivery of the exercise program, all including
1inor musculoskeletal discomfort reported during training; HiRIT n = 2 (mild low back muscle strain on
“1e first repetition of squat at week 26, right knee soreness during the squat at week 19 [two sessions
missed]; IAC n = 3 (right knee discomfort during leg press, left shoulder muscle discomfort during the
chest press [three weeks missed], low back discomfort after completing the vertical lift [continued
training but refused to perform the vertical lift for four subsequent sessions]. Pre-training session ratings
of muscle soreness from the 10-point VAS, were 0.89 + 1.03 for HiRIT (n = 30) and 0.22 = 0.34 for IAC
(n = 30), with a significant difference between groups (p = 0.001). Muscle soreness, however, was
«eportedly primarily associated with activity engaged in outside of the exercise intervention, for instance
lower extremity muscle soreness from bushwalking and generalized muscle soreness attributed to

gardening or occupational activity.

iscussion

. he aim of the LIFTMOR-M trial was to determine the effects of eight months supervised HiRIT or
nachine-based IAC exercise on determinants of fracture risk in middle-aged and older men with low

"’MD, and to compare with “usual lifestyle’ control (CON). In general, HiRIT improved parameters of
one strength, physical function and muscle strength compared with CON and IAC. HiRIT was well

accepted and tolerated, as evidenced by strong compliance and retention, and minimal adverse events.
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The outcomes reflect those of the LIFTMOR trial and thus demonstrate similar HiRIT efficacy in men
and women ® in terms of reducing risk factors for osteoporotic fracture.
High compliance for HiRIT and IAC suggests both programs were feasible and sufficiently appealing to
this demographic, comparing favorably to previous bone-targeted exercise interventions for men ¢2-29),
Our short-duration, low-volume exercise protocols address a predominant barrier to exercise
¢ngagement — lack of time G%. Opportunity for social interaction is a known facilitator and cost has been
“Jentified as a barrier to exercise engagement %, thus, supervised HiRIT performed in a group setting
1ay be more engaging and economically viable than one-on-one IAC training. An identical HIRIT
program achieved higher compliance in postmenopausal women ®, an observation that corresponds to
findings of a meta-analysis demonstrating that women are more compliant to exercise for BMD than
men GY,
Differences in BMD change were detected between HiRIT and CON at the LS and trochanter, and
between HIRIT and IAC at the LS. No differences were observed between IAC and CON. While HiRIT
mcreased LS, FN, TH and trochanteric BMD in within-group analyses, only LS BMD increased for
IAC, and by roughly half the amount of HiRIT.
In other studies designed to improve bone mass in men, a small number have detected a LS BMD
improvement of 1.4-1.9% @428 put more frequently no difference has been observed ?223.27:29.32) | 50-
uu year old men with unknown bone status at baseline, six months of thrice-weekly moderate- to high-
.ntensity resistance training (70 to > 90% 1RM) increased LS BMD by 1.9%, compared to no change for
"OW- to moderate-intensity resistance training (40-60% 1RM) @®, The single remaining male exercise
*“ial observing an effect at the LS, reported a smaller response (~1.5%) than we did, despite greater

-aining frequency (thrice-weekly) and intervention duration (12 months) @4,

This article is protected by copyright. All rights reserved.



Few male studies have reported trochanteric BMD, however, the majority of those that do have failed to
observe a between-group difference ?*2":2) and one study detected a difference between exercise
groups, but no difference compared to control ¥, Nine months of moderate-dose impact (40 jumps)
plus upper body resistance training reduced trochanteric BMD relative to no change for the high-dose
impact (80 jumps) plus upper body resistance training group @, showing even high-dose impact
e xercise alone was insufficient to increase trochanteric BMD (although it likely prevented loss). We
‘etected an increase in trochanteric BMD for HiRIT in comparison to CON but not IAC. The two
2maining studies that failed to detect an exercise effect at the trochanter despite greater session
irequency (thrice-weekly) and longer study duration (12 months) than ours, had lower training
intensities and incorporated machine-based, single-joint movements ?427. By contrast, our HiRIT
program incorporated high intensity, free-weight, compound movement exercises targeting the hip.
Although HiRIT increased FN and TH BMD from baseline, we did not detect between-group
differences. We note that only 12-month trials have reported improvements at the FN @4, Shorter
auration trials (six to nine months), including ours, have failed to detect differences between groups
(2328) Similarly, no exercise effect is reported at the TH for most intervention studies of men (42728),
with the exception of two ?22%, A 12-month trial in osteopenic men compared exercise modes
(resistance versus impact) and observed a superior effect for twice-weekly resistance training compared
w ule thrice-weekly impact-loading ??, however, training frequency differed.
—alcaneal QUS has been used as a surrogate for DXA-derived bone mass in prospective studies of
,ostmenopausal women, but rarely for men, to the extent that no exercise trial of men could be located
“2r comparison of QUS-derived bone response. The increase in BUA following HIRIT was of a similar
1agnitude to that reported following 12 months of daily Alendronate and calcium treatment in

nsteoporotic men @3, By contrast, SI decreased for CON, and IAC was insufficient to prevent loss of
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SOS. The positive effects of HIRIT at the calcaneus is important given findings of the prospective
Osteoporotic Fractures in Men Study which indicate that each SD reduction in BUA was associated with
a doubling of the risk of hip fracture and a 60% increase in risk of any non-spine fracture 4. The
efficacy of our HIiRIT program on BUA is therefore very encouraging.
Findings of a recent population-based study in community-dwelling older men indicate maintenance of
¢ppendicular lean mass (ALM) with an accompanying reduction in fat mass (FM) is associated with

2duced incidence of falls . While the CON group lost lean mass and gained fat mass, HiRIT
" nproved body composition with an increase in weight but reduction in fat suggesting increased lean
ass, and IAC reduced fat. Within-group effects notwithstanding, only whole body LM differed
between groups, with HiRIT and IAC effects being superior to CON. Similarly, others have shown
resistance training or resistance training combined with impact exercise increased LM compared to no-
exercise @¥ or walking (active control) @), Six months of moderate- to high-intensity resistance
exercises, similar to our HiRIT protocol, increased LM but no difference in change from low- to
.noderate-intensity machine-based resistance training was detected @®. Our lack of between-group
effects for anthropometry and a number of DXA-derived body composition parameters mirror the
findings of other resistance training and/or impact loading studies in similar populations ?22328)_ |n some
rases, brevity of loading ®® and poor compliance ?® appear to have tempered body composition
vniailges, but power may also have been a problem. Furthermore, DXA estimates of LM are confounded
Jy other soft tissues of similar density.

\s force-generating capacity is related to muscle size and density (the latter being an index of
“atramuscular fat and muscle quality), our observed improvements in forearm MCSA and density, and

>g muscle density suggest HiRIT is an effective countermeasure to age-related declines in muscle size

and quality. Indeed, higher leg muscle density is associated with a reduced likelihood of falls
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independent of functional mobility in community-dwelling older adults 8. Our non-intuitive
observation of an absence of change in leg MCSA following HiRIT may be related to moderate
statistical power (i.e. 53.3%) and low sensitivity of pQCT for subtle changes. Similarly non-intuitive
was the modest increase in leg MCSA in CON, suggesting participants engaged in non-trivial amounts
of lower extremity loading during the course of the trial, despite assurances to the contrary. It is likely
the lack of effect of IAC on any pQCT-derived soft tissue parameters is attributable to the very low
“-aining load exposure (a single repetition of the four exercises each training session, per manufacturer
acommendations).
1iIRIT improved numerous functional outcomes related to risk for falls and fracture, while I1AC
improved only FTSTS, compared with CON. HiRIT improved FTSTS compared with IAC, although
tnere were no differences between exercise groups in the remaining measures of function or strength. In
middle-aged and older men, moderate-intensity upper body resistance training in combination with
either moderate- or high-dose impact exercise was insufficient to improve lower body muscle strength or
wunctional fitness related to risk of falling compared to control ?®, suggesting impact exercise alone is
insufficient stimulus to improve function of the lower extremity. By contrast, our whole body HiRIT
program improved physical function, muscle strength and muscle power compared with CON. Overall,
the observed improvements in function and strength for HIRIT in men were consistent with the changes
rcpurted for the identical program implemented in postmenopausal women ®, showing similar
_ffectiveness for improving characteristics associated with risk of falling.
" he supervised HIRIT exercises and training loads were well tolerated, and associated with only two
“1inor musculoskeletal adverse events. Similarly, IAC was largely well tolerated, being associated with
nly three adverse events, slightly more serious than for HiRIT. There were no incident fractures during

the trial period. Our adverse event observations reflect the experiences of others who report no major
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adverse events or injuries ?228), or minor discomfort requiring less than two weeks rest 2 during
supervised resistance training interventions, albeit lower intensity than ours. By contrast, impact-only
interventions or combined resistance and impact-loading have been more problematic, with only two out
of five trials reporting an absence of training-related adverse events ?22%, In the Hip Hop study there
were eight impact intervention-related musculoskeletal adverse events, and three participants withdrew
c'ue to “discomfort during exercise’ ®®. In a 12-month multimodal exercise trial there were six instances
f exacerbation or aggravation of existing injuries that required program modification or rest, and one
' sithdrawal due to low back injury ?®. The Osteo-cise study, that combined high-velocity resistance
waining and impact exercise, reported the highest number of adverse events. In that study, approximately
42% of participants reported an adverse event, including one wrist fracture and 40 musculoskeletal
complaints or injuries by 34 participants, with six injuries leading to study discontinuation ?%. As Osteo-
cise results were presented for both sexes combined it is unknown how many adverse events were
sustained by male participants. An important difference between the latter two multimodal interventions
and the current trial is lack of full supervision. The fact that our HiRIT and IAC interventions were well
tolerated is likely a function of an initial familiarization period focusing on technique and ongoing
supervision. Training on non-consecutive days to allow sufficient recovery between sessions is also
likely to be key (per traditional resistance training protocols 7)), particularly for older ‘untrained’ adults
unaccustomed to high-intensity resistance and high-impact training. While intuitive that supervision
.educes the likelihood of improper technique and therefore injury, full supervision is traditionally
onsidered to be impractical in the older adult exercise space, despite no evidence to suggest that is the
“ase and some to suggest it is not 8. Application of the HiRIT protocol should focus on monitoring of
1dividual performance through 1RM testing and RPE, which allows for adjustments in load to maintain

the desired intensity of > 80-85% of 1RM.
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Strengths and limitations
The strength of our study lies in the application of theoretically sound principles of effective bone
loading in our exercise protocol and the inclusion of men with osteopenia and osteoporosis, some with a
history of fragility fracture. The latter are an underrepresented group, having been excluded from
previous exercise trials in men 22, LIFTMOR-M is the first trial to examine the effects of HiRIT in
comparison to machine-based IAC training on parameters of bone mass and strength, along with risk
“actors for falls and fractures, in middle-aged and older men. There are, however, a number of
" mitations that warrant acknowledgement. First, despite an extensive recruitment strategy over two
years, we did not meet our target sample size. The final sample of 93 men limited statistical power for
some analyses, including the primary outcome, FN BMD, however, numbers were sufficient to examine
rnany other important outcomes. Instead, we were able to demonstrate significant within-group
improvements following HIiRIT (LS BMD, TH BMD, FN BMD, and BUA) and IAC (LS BMD), by
employing least significant change analysis which accounts for measurement error. For those recruited,
«e intervention was feasible and enjoyable, with a low dropout rate for both exercise arms. We also note
that few participants were taking osteoporosis medications (n = 4), however, analyses for bone outcomes
excluding those individuals did not change our findings (data not presented). Second, we acknowledge
the engagement of a parallel matched but non-randomized control group who elected to continue with
wici’ customary lifestyle patterns was not ideal, nor in line with the gold standard of randomized
~ontrolled trial design. As previously described, the strategy was implemented to maximize the
~.kelihood that CON would not initiate a novel exercise program external to the study activities, as had
' een our experience in piloting the trial. Furthermore, we felt that randomizing men who are at increased
isk of fragility fracture to a no-exercise group when volunteering under the expectation of receiving a

notentially beneficial exercise program would be ethically unacceptable. Our semi-randomized
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controlled study design was therefore adopted for pragmatic and ethical reasons. Third, our sample was
limited to ‘otherwise healthy’, community-dwelling men. As individuals with uncontrolled
cardiovascular or debilitating musculoskeletal co-morbidities were excluded, our results may not be
generalizable to the broader population of men with osteoporosis, some of whom are likely to be frailer,
less physically active and less motivated to exercise. And finally, our twice-weekly machine-based IAC
t-aining protocol varied from manufacturer recommendations which stipulate only once-weekly training.
"I was important to match treatment exposure (i.e. number of sessions per week) in order to make a valid
omparison between exercise groups. As it is unlikely that doubling the extremely small dose of the IAC
stimulus would reduce its effect, we are confident that our modification in IAC protocol did not detract

from the ability of the device to apply an osteogenic stimulus.

Conclusion
In conclusion, our novel, eight-month exercise intervention of twice-weekly HiRIT improved BMD at
«ie proximal femur and LS, calcaneal ultrasound characteristics, body composition, physical function
and muscle strength in middle-aged and older men with osteopenia and osteoporosis. Furthermore, the
supervised HiRIT program was well tolerated, with no incident fractures or major adverse events across
the intervention period. High compliance suggests the regime is acceptable and feasible. By contrast,
miachine-based IAC provides a largely insufficient stimulus for musculoskeletal or functional benefits in
.nis demographic. Given a 1-2% BMD increase translates to a 5-10% reduction in fracture risk ¢, the
bserved BMD improvements for HiRIT, particularly at the spine, may confer fracture prevention
' enefits. On a backdrop of previously limited evidence for the effect of targeted exercise on BMD in
Ider men, the novel findings of the current trial suggest that twice-weekly HiRIT is strongly indicated

to reduce risk of fragility fracture in older men with low bone mass.
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Figure legends
Figure 1. Box and whisker plot of eight-month percent change (median + interquartile range) in (A)
DXA-derived bone mineral density, (B) DXA-derived body composition parameters, and (C) QUS-
derived bone characteristics at the skeletally non-dominant calcaneus. Data points that are more than 1.5
x interquartile range are presented by ‘O’ (Tukey’s outlier detection method). (DXA and body
composition ITT data n = 93; Control n = 26, HIRIT n =34, IAC n = 33; QUS ITT data n = 90; Control
=24, HiRIT n = 34, IAC n = 32). Abbreviations: ALM, appendicular lean mass; BUA, broadband
Itrasound attenuation; FM, fat mass; HiRIT, high-intensity progressive resistance and impact training;
vAC, isometric axial compression; LM, lean mass; Sl, stiffness index; SOS, speed of sound; Troc,
trochanteric. P values indicate between-group difference in percent change from univariate ANCOVA.
Note: FN BMD and trochanteric BMD were adjusted for initial values as a difference between groups at

baseline was detected with one-way ANOVA.

~igure 2. Box and whisker plot of eight-month percent change (median + interquartile range) in (A)
physical function, and (B) isometric muscle strength and muscle power. Data points that are more than
1.5 x interquartile range are presented by ‘O’ (Tukey’s outlier detection method). (ITT data n = 93;
Control n =26, HiRIT n = 34, IAC n = 33). Abbreviations: BES, back extensor strength; FRT,
wunctional reach test; FTSTS, five-times sit-to-stand; HiRIT, high-intensity progressive resistance and
.mpact training; IAC, isometric axial compression; LES, leg extensor strength; TUG, timed up-and-go. P
alues indicate between-group difference in percent change from univariate ANCOVA. Note: FTSTS
“djusted for initial values as a difference between groups at baseline was detected with one-way
\NOVA. Peak impulse calculated from maximal CMVJ (ITT data n = 92; Control n = 26, HIRIT n =

23, IAC n = 33).
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Table 1. Participant characteristics at baseline (ITT data, n = 93)

Parameter Control (n = 26) HIRIT (n = 34) IAC (n=33) p-value
Age, years 67.4+£6.3 64.9 £ 8.6 69.0+£6.8 0.072
Weight, kg 81.6 £10.0 834117 81.2+129 0.720
Height, cm 176.0+7.3 175.2+7.0 1746 +£6.1 0.712
BMI, kg/m? 26.3+28 272+35 26.6+4.0 0.636
Osteoporosis medication, n (%) 0 (0.0%) 2 (5.9%) 2 (6.1%)
Alendronate 0 (0.0%) 1 (2.9%) 1 (3.0%) 0.444»
Denosumab 0 (0.0%) 1 (2.9%) 1 (3.0%)
T-score, unitless
Lumbar spine 0.27£1.15 -0.22 £ 0.95 -0.17£1.03 0.149
Femoral neck -1.28 + 0.57 -1.62 £ 0.56t -1.77 £ 0.54¢ 0.004
Total hip -0.80 £ 0.58 -1.08 + 0.62 -1.07+0.51 0.125
BMD, g/cm?
Lumbar spine 1.153 +0.190 1.072 £ 0.154 1.082 +0.171 0.158
Femoral neck 0.832 + 0.085 0.781 + 0.083t 0.758 + 0.080% 0.004
Total hip 0.996 + 0.100 0.947 +0.107 0.948 + 0.088 0.105
Trochanter 0.830 £ 0.094 0.761 £ 0.102% 0.784 + 0.096 0.027
ALM, kg 30.1+39 28.6+3.8 275+ 3.5% 0.032
Body fat percent, % 21.2+48 23.8+5.1 23.0+6.9 0.215
'AQ, unitless 39.9+21.4 27.2+20.1 34.3+21.9 0.073
Calcium intake, mg/day 743.1 +426.3 897.1+4115 1018.5 + 602.7 0.108
Ethnicity, n (%)
Caucasian 26 (100.0%) 33 (97.1%) 31 (93.9%)
0.618 2
Asian 0 (0.0%) 1 (2.9%) 1 (3.0%)
Eurasian 0 (0.0%) 0 (0.0%) 1 (3.0%)
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Abbreviations: HIiRIT, high-intensity progressive resistance and impact training; IAC, isometric axial
compression; ITT, intention-to-treat; tBPAQ, total Bone-specific Physical Activity Questionnaire score.

Data are mean + SD unless otherwise indicated. » X? test.

Between-group difference p < 0.05: T HiRIT vs Control, £ IAC vs Control, # HIRIT vs 1AC.
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