1duosnue Joyiny 1duosnuen Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Bone. Author manuscript; available in PMC 2016 October 01.

-, HHS Public Access
«

Published in final edited form as:
Bone. 2015 October ; 79: 203-212. doi:10.1016/j.bone.2015.06.008.

Effectiveness of resistance training or jumping-exercise to
increase bone mineral density in men with low bone mass: a 12-
month randomized, clinical trial

Pamela S. Hinton, Ph.D.2, Peggy Nigh2, and John Thyfault, Ph.D.2P
aDepartment of Nutrition and Exercise Physiology, University of Missouri, Columbia MO 65211

bInternal Medicine — Division of G| and Hepatology, University of Missouri, Columbia MO 65211

Abstract

Purpose—To examine the effects of 12 mo of resistance training (RT, 2x/wk, N=19) or jump
training (JUMP, 3x/wk, N= 19) on bone mineral density (BMD) and bone turnover markers
(BTM) in physically active (=4 hr/wk) men (mean age: 44 + 2 y; median: 44 y) with osteopenia of
the hip or spine.

Methods—~Participants rated pain and fatigue following each RT or JUMP session. All
participants received supplemental calcium (1200 mg/d) and vitamin D (10 pg/d). BMD was
measured at 0, 6, and 12 mo using DXA scans of the whole body (WB), total hip (TH) and lumbar
spine (LS). BTM and 25 OHD were measured by ELISA. The effects of RT or JUMP on BMD
and BTM were evaluated using 3x2 repeated measures ANOVA (time, group). This study was
conducted in accordance with the Declaration of Helsinki and was approved by the University of
Missouri IRB.

Results—At baseline, 36 of 38 participants were vitamin D sufficient (250HD>50 nmol/L); at
12 mo, all participants were 250HD sufficient. 250HD did not differ between groups. WB and LS
BMD significantly increased after 6 months of RT or JUMP and this increase was maintained at
12 mo; TH BMD increased only in RT. Osteocalcin increased significantly after 12 mo of RT or
JUMP; CTx decreased significantly after 6 mo and returned to baseline concentrations at 12 mo in
both RT and JUMP. Pain and fatigue ratings after RT or JUMP sessions were very low at 0, 6, and
12 mo.

Conclusion—RT or JUMP, which appeared safe and feasible, increased BMD of the whole
body and lumbar spine, while RT also increased hip BMD, in moderately active, osteopenic men.
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1. Introduction

1.1. Male osteoporosis

Osteoporosis affects more than 2 million men in the United States today and nearly 16
million more have low bone mass [1]. Men account for approximately 40% of the 9 million
new osteoporotic fractures that occur annually [2] and the lifetime fracture risk in men aged
>60 years is estimated to be as high as 25% [3]. Compared with women, men have a
significantly greater risk for complications after a hip fracture, including increased
morbidity, mortality, loss of independence, and rate of institutionalization [4, 5], yet
treatment rates are much lower in males than females [6]. Recent estimates indicate that one-
third of Caucasian males over 65 years and greater than one-half over 75 years would be
recommended pharmacologic treatment for osteoporosis based on National Osteoporosis
Foundation guidelines [7]. Yet, even after suffering an osteoporosis-related fracture, >90%
of men remain undiagnosed and untreated [8, 9]. Post-fracture, men are less likely to receive
follow-up care than women [10], including calcium and vitamin D supplementation[11] and
prescription of anti-resorptive pharmacotherapy [6].

Although anti-resorptive medications are an FDA-approved treatment for osteoporosis in
males [12], less than 10% of men with osteoporotic fractures are treated with
bisphosphonates. Enthusiasm for use of these medications in men appears to be limited by
the relative lack of long-term safety and efficacy studies in men, the especially poor
treatment compliance in males [13], and data suggesting poor cost effectiveness of
bisphosphonate treatment in men [14]. Drug treatments for osteoporosis have low rates of
compliance and persistence, and most patients who stop taking their osteoporosis medication
do not restart [15].

1.2. Exercise interventions to improve bone outcomes

Exercise-based interventions are an attractive alternative to medication due to the reduced
cost, fewer serious side effects, and additional health benefits, including improved balance
and fall reduction [16, 17]. Moreover, because osteoporotic fractures occur most frequently
at the hip and spine, site-specific interventions to increase bone mineral density are highly
desirable. Physical activity allows for targeted strengthening of the hip and spine because
sufficient skeletal loading stimulates net bone formation at the stressed skeletal sites [18]. A
recent meta-analysis and review by an expert panel strongly recommends multi-component
exercise for individuals with osteoporosis to improve bone health outcomes [16].

Most of the data that support this recommendation are from exercise intervention trials in
women. Exercise that exerts in high muscle-contraction or ground-reaction forces on the
skeleton, such as resistance training [19] or structured jump-training, respectively, increase
BMD in pre- and post-menopausal women [20-22]. Consistent with controlled studies of
high-impact exercise and resistance training in women, voluntary long-term participation in
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running or weight-lifting was associated with greater BMD compared with participation in
cycling, a weight-supported activity, in adult men [23, 24]. However, there are very few
controlled trials that examine the effects of resistance training or high-impact exercise on
bone mass in men [25-32]. Unfortunately, most of these studies have included men and
women, elderly men, or a mixed study population of men who had either normal or low
BMD. Thus, intervention trials that test the efficacy of exercise-based interventions to
increase BMD in adult males with low bone mass are needed.

1.3. Study objectives and hypotheses

Thus, the objective of this randomized clinical trial was to determine the effects of 12
months of resistance training (RT) or jump training (JUMP) on whole body (WB), total hip
(TH), and lumbar spine (LS) BMD and on markers of bone formation and resorption in
apparently healthy men with low TH or LS bone mass. We hypothesized that both the RT
and JUMP interventions would significantly increase BMD of the TH and LS, and that bone
formation would increase relative to resorption based on changes in serum markers.

2. Materials and Methods

2.1. Trial Design

This was a 12-month randomized, parallel intervention clinical trial with a 1:1 allocation
ratio of participants to either resistance training or high-intensity jump training. We did not
include a no-exercise control group, as we did not feel it was ethical to do so in men with
clinically significant low bone mass [33, 34]. This study was conducted in accordance with
the Declaration of Helsinki and was approved by the University of Missouri IRB. Informed
written consent was obtained from each study participant.

2.2. Participants

2.2.1. Inclusion and exclusion criteria and screening—Apparently healthy,
physically active (=4 hours of leisure time physical activity/week for the past 24 months)
men aged 25-60 years with low BMD of the lumbar spine or hip (>-2.5 SD T-score < -1.0
SD) were eligible to participate in this study. Exclusion criteria were as follows: use of
medications or supplements that affect bone metabolism or prevent exercise; previous or
current medical condition affecting bone health; osteoporosis of the lumbar spine and/or hip
(T score < —2.5 SD); cardiovascular disease; metal implants; current smoker (i.e., within the
past 6 months); current regular participation in high-intensity resistance training and/or
plyometrics; reversed sleep/wake cycle, i.e., sleep during the day, work at night; and drink
excessive amounts of alcohol (more than 3 drinks per day).

The Physical Activity Readiness Questionnaire (PAR-Q) and a medical history
questionnaire were used to screen for exclusion criteria. Study personnel reviewed each
subject’s responses on the medical history questionnaire and PAR-Q to verify completeness
of the written responses. In addition, DXA scans of the whole body, total hip and lumbar
spine to screen for eligibility based on BMD of the hip or lumbar spine (i.e., low bone mass,
which was defined as —2.5 SD<T-score <-1.0 SD) [35].
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2.2.2. Recruitment—Potential subjects were recruited from the university and local
community via email to university employees and fliers posted on campus, at local sporting
goods stores, parks and recreation areas and at community events. Because most potential
participants would not know their BMD status (i.e., would not have had a BMD assessment
as part of routine healthcare), recruitment was targeted to moderately active, apparently
health men aged 25-60 years.

2.3. Exercise Interventions

2.3.1. Intervention design—The RT and JUMP exercise interventions tested in this
study were designed to optimize the osteogenic response. Unlike cardiovascular and
metabolic adaptations to exercise, which depend on exercise volume (quantity and intensity,
i.e., rate of energy expenditure), the bone response does not increase with exercise volume
[36]. Therefore, we did not attempt to equalize exercise time or energy expenditure between
the RT and JUMP interventions; rather, each intervention was independently designed to
result in the greatest increases in BMD of the TH and LS. The frequency of the RT and
JUMP interventions (2 and 3 times per week, respectively) was determined by the recovery
period required for RT (48 hours) and JUMP (24 hours).

2.3.2 Exercise intervention training sessions—All training sessions were supervised
by study personnel and were performed in McKee Gym Fitness Center. Participants were
required to complete all training sessions. If a participant missed a scheduled training
session (e.g., due to illness), he was required to make up the missed session. Make-up of
missed sessions was feasible because RT trained twice per week with a minimum of 48
hours between sessions and JUMP three times per week with at least 24 hours between
training. Because the training sessions were supervised and participants were required to
complete all sessions, the “compliance” with the RT or JUMP training was 100%.

Study personnel recorded information for each RT or JUMP training set (i.e., resistance
exercise or jump type, weight lifted and % of 1-repetition maximum (RM) for RT, and
number of repetitions) in each participant’s exercise intervention log book. Before and after
each training session, participants were asked to rate their pain and fatigue on a visual
analog scale from 0 to 100 with 100 being the worst pain or fatigue imaginable. These data,
which were collected to evaluate the pain and fatigue associated with the JUMP and RT
interventions and to monitor the participants’ pain and reduce risk of injury during each
training session, were also recorded by the study personnel in the participant’s exercise
intervention log book.

2.3.3 Supplemental calcium and vitamin D—AII participants were provided
supplemental calcium (1200 mg calcium carbonate/d) and vitamin D (10 pg vitamin D3/d)
(Nature Made, Mission Hills, CA, USA) to ensure adequate intake of these nutrients by all
participants. Participants were instructed to take one calcium and vitamin D supplement
(each supplement contained 500 mg calcium and 5 g vitamin D3) in the morning and the
other in the evening. Every 6 weeks, participants were provided a 6-week supply of
supplements. Participants were required to return unconsumed supplements for
determination of compliance with the calcium and vitamin D supplementation.
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2.3.4. Jump training—Subjects randomized to the JUMP intervention were required to
attend 3 training sessions per week with a minimum of 24 hours between sessions. The
JUMP intervention was designed based on data from experimental animals showing that an
“ideal” exercise prescription for bone health should include the following: load the skeletal
sites of interest, high-impact activity, result in dynamic strain, be “unusual” and include rest
between loading cycles (10-15 seconds), sessions (8 hours), and blocks (several days) [18,
37, 38]. Because bone becomes refractory to additional loading after 40-100 loading cycles
[36], no more than 100 jumps were performed in a single training session. Therefore, the
JUMP intervention included different jump exercises that varied in intensity, direction,
single- or double-leg: squat jumps, forward hops, split-squat jumps, lateral box push-offs,
bounding, bounding with rings (lateral), box drill with rings, lateral hurdle jumps, zigzag
hops, single-leg lateral hops, progressive depth jumps (10-100 ¢cm), and jumps off a box.

To minimize risk of injury and maximize efficacy of the intervention, the JUMP training
used a progressive intensity design based on a 6-week cycle followed by a rest week; a total
of 8 cycles were completed. The number of jumps and intensity of the jumps increased
during the 6-week cycle. Intensity was determined by the estimated ground reaction forces
associated with the jumps (e.g., jump off box more “intense” than squat jump) and by the
complexity of the movement (e.g., single-leg jump more intense than double-leg jump).
Weeks 1-2 were comprised of low-intensity jumps (10 repetitions of squat jump, forward
hop, split squat and lateral box push-off jumps); weeks 3—4 also included moderate-intensity
jumps (10 repetitions of 6-8 different jumps, which included bounding, lateral bounding,
box jump, lateral hurdle, zig-zag jumps, or single-leg lateral hurdle and 2 randomly selected
low-intensity jumps); and, high-intensity jumps (depth jumps and jumps off a box) were
introduced during weeks 5-6 (10 repetitions of 10-12 different jumps, which included depth
jumps and jumps off a box and 8-10 randomly selected low- and moderate-intensity jumps).
Participants were instructed to perform the jumps “explosively”, and they were required to
rest for 10 seconds between each jump. The order in which the different types of jumps were
performed varied between sessions. The intensity of the jJumps for each 6-week cycle was
constant throughout the intervention (i.e., the height for the jumps off a box did not change).

Maximal vertical height was measured after each 6-week cycle using a vertical-jump
measuring device (Vertec, JumpUSA; Sunnyvale, CA, USA). After a light cardiovascular
warm-up (5-10 min), subjects made 3 attempts at their maximal vertical jump, and the
highest value was recorded as their maximum. Changes in vertical jump height after 6 and
12 months were used to evaluate improvements in maximal jump height due to the
intervention.

2.3.5. Resistance Training—Subjects randomized to the resistance training (RT)
intervention were required to complete 2 training sessions per week. The RT intervention
included exercises that load the hip and spine: squats, bent-over-row, modified dead lift,
military press, lunges, and calf raises. To minimize risk of injury and to account for strength
adaptations as a result of strength training improvements, the RT intervention also used a
progressive intensity design based on a 6-week cycle followed by a rest week; a total of 8
cycles were completed.
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Prior to and every 6 weeks during the RT intervention, maximal strength testing was
performed [39]. 1-RMs were conducted for squat, modified dead lift, and military press
exercises and modified maximums (10-RMs) were calculated for exercises for which 1RM
are not commonly performed. Briefly, subjects performed a warm-up set of 5-10 repetitions,
equal to 40-60% of their perceived maximum for each exercise. After a brief rest period, a
second set of 3-5 repetitions at an intensity of 60-80% of perceived maximum was
performed. Subsequent attempts were conducted using incremental increases in weight until
a failed attempt, typically within 3 to 5 maximal attempts. During the 6-week cycle, the
intensity progressively increased every 2 weeks based on the RMs measured at the end of
each 6-week cycle: weeks 1-2 were light intensity, consisting of one warm-up set of 10
repetitions at 20% 1RM and 3 sets of 10 repetitions at 50% 1RM; weeks 3—4 were moderate
intensity with one warm-up set of 10 repetitions at 20% 1RM, two sets of 10 repetitions at
60% 1RM, and one set of 6-8 repetitions at 70-75% 1RM; and weeks 5-6 were high-
intensity, starting with one warm-up set of 10 repetitions at 20% 1RM, followed by 2 sets of
10 repetitions at 60% 1RM, and one set of 3-5 repetitions at 80-90% 1RM. Participants
were instructed to perform the eccentric phase of each lift in 2—-3 seconds and to perform the
concentric contraction “explosively.” Changes in 1RMs after 6 and 12 months were
determined to evaluate changes in muscular strength due to the RT intervention.

2.3.6. Data safety monitoring plan—The RT and JUMP interventions posed minimal
risk with musculoskeletal injury the most likely adverse consequence. In addition, there was
the potential for participants to experience continued loss of bone mass over the study
period. The data safety monitoring plan for this clinical trial focused on close monitoring by
the principal investigator (P1) in conjunction with a safety officer, along with prompt
reporting of excessive adverse events and any serious adverse events to the NIH and to the
IRB at the University of Missouri. Adverse events were monitored bi-monthly and BMD
semi-annually. If a participant’s TH or LS BMD T-score at 6 months was < -2.5 SD (i.e.,
osteoporosis), then the participant would be removed from the study and referred to his
physician for follow-up care. There were no adverse events reported during the study, and
no participant became osteoporotic.

2.4. Outcomes

Primary outcomes included WB, TH, and LS BMD and markers of bone formation (OC and
BAP) and resorption (CTx and TRAP5b); primary outcomes were measured prior to the
intervention (0 months) and after 6 and 12 months of the intervention. Secondary outcomes
included measures to evaluate the safety and efficacy of the intervention (pain and fatigue
ratings of the RT and JUMP interventions, and 1RMs and vertical jump) and potential
confounders (changes in 250HD, body weight and composition, nutrient intake and physical
activity level). Secondary outcomes were measured at 0, 6, and 12 months with the
exception of 250HD that was measured only at 0 and 12 months.

2.4.1. Anthropometry and BMD—Buody weight was measured to the nearest 0.05 kg and
height to 0.5 cm, and height and weight were used to calculate body mass index (BMI,
kg/m?). Dual-energy X-ray absorptiometry (DXA) (Hologic Delphi W; Shelby Township,
MI, USA) scans of the WB, TH and LS (L1-L4) were performed for determination of areal
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BMD (g/cm?) BMD. Body composition (fat mass, fat-free mass, and percent body fat) was
determined from the whole body scan. All DXA scans were performed and analyzed by one
investigator (PN). CVs for BMD in our laboratory are <1%. Low bone mass was defined as
a TH or LS BMD T-score >-2.5 SD and <—1.0 SD and osteoporosis as < 2.5 SD.

2.4.2. Bone marker and 250H Vitamin D assays—Blood samples (15 mL) were
collected from subjects at 0, 6, and 12 months at the same time between 06:00 and 08:00
AM after an overnight fast and a 24-hour period of no exercise. All samples were allowed to
clot at room temperature and then were centrifuged at 4°C for 15 min at 2000g in a
Marathon 21000R centrifuge (Fisher Scientific, Pittsburgh, PA) for isolation of serum. The
separated serum was transferred to cryogenic vials and stored at —80°C for subsequent
analysis. All assays were performed in duplicate measurements and in a single run to
eliminate inter-assay variability. Commercially available ELISA analysis kits were used to
determine the serum concentrations of OC, BAP, TRAP5b, CTx, and 250HD. The OC,
BAP, TRAP5b ELISA kits were purchased from Quidel (San Diego, CA, USA) and had
CVsof 4.7, 4.0, and 5.5%, respectively; the CTx and 250HD kits were purchased from
Immunodiagnostic Systems (Scottsdale, AZ, USA) and had CVs of 3.7 and 2.5%,
respectively.

2.4.3. Nutrient intake and physical activity—At baseline and after 6 and 12 months of
the RT or JUMP intervention, participants completed a prospective 7-day diet record and
physical activity log. Participants recorded food/beverage type, portion size, and time of day
consumed, and nutrient intake was estimated from the diet record (Food Processor 8.0, esha,
Salem, OR, USA). Participants recorded purposeful exercise in the activity log, including
activity type, duration, and intensity. The Compendium of Physical Activities was used to
estimate daily energy expended during purposeful exercise [40].

2.5. Randomization and Blinding

Allocation of study participants to either RT or JUMP was random. One member of the
research team (i.e., the “randomization officer””) who was not involved in the day-to-day
management of the study was responsible for the randomization process, which was
accomplished using numbered sealed envelopes each containing a random allocation. The
randomization officer recorded the participant’s name, unique identifier, treatment, and date
of randomization in the “treatment allocation code”. This treatment allocation code was kept
in a locked file cabinet in a location separate from the participants’ data folders. The PI, who
was responsible for assessing outcomes and statistical analyses, was blind to the assignment
of interventions. The intervention was conducted by the study coordinator (PN) and graduate
research assistants; the PI did not attend or directly oversee any of the training sessions.

2.6. Statistical Analysis

2.6.1. Sample size—The primary objective of this study was to determine the
effectiveness of 12 months of RT or JUMP to increase TH and LS BMD. We previously
found that prevalence of osteopenia of the LS was much higher than osteopenia of the hip in
apparently healthy, moderately active men [24]. Thus, estimates of sample size were based
on: 1) preliminary data on lumbar spine BMD (0.998 + 0.019 g/cm?) of apparently healthy,
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physically active men (n=27) [24]; and, 2) an expected 2.0-2.5% difference in BMD as a
result of the RT or JUMP intervention based on a RT intervention study in men [25], and
jump-training intervention studies in pre- and postmenopausal women [20-22]. At the time
the study was designed, there were no published reports of the effects of jump training in
male subjects, nor were there any published studies that compared the effects of resistance
training to jump training in men. To detect a significant change of 2.5% in lumbar spine or
hip BMD, with the level of significance set at a = 0.05 and the power of the test at 0.80, the
estimated sample size was approximately 40 subjects (20 in each of 2 groups).

2.6.2. Descriptive and hypothesis-testing statistics—Descriptive statistics were
performed on demographic and anthropometric variables. Differences between RT and
JUMP at baseline were evaluated using independent t-tests (2-tailed). A 3x2 repeated
measures ANOVA (3 timepoints and 2 treatment groups) was employed to compare the
effects of RT versus JUMP on WB, TH, and LS BMD and serum markers of bone turnover.
In the case of a significant interaction (p<0.1), a repeated measures one-way ANOVA
within group was used to locate the interaction; within group changes over time were not
examined unless the interaction was significant. Potential covariates (e.g., age, height, body
mass, body mass change, baseline 250HD, 250HD change) were screened for inclusion in
the RMANOVA using bivariate correlations with primary outcome variables (% changes);
none of the potential covariates screened were significant. A 3x2 repeated measures
ANOVA was also used to examine changes in pain and fatigue ratings and to verify that
nutrient intake and physical activity did not change during the 12-month study. A one-factor
repeated measures ANOVA was used to evaluate changes in muscular strength and vertical
jump within group. Group means and least squared means were considered statistically
different at p < 0.05, as determined by the protected least significant difference (LSD)
technique. All statistical analyses were performed using the SPSS statistical package (SPSS/
22.0, SPSS, Chicago, IL, USA). Data are presented as means (SD) and 95% ClI.

3.1. Participant enrollment

Because DXA scans were required to determine eligibility, informed consent was obtained
prior to screening. Of the 210 individuals who were screened for study participation, 135
were determined to be ineligible, as follows: normal BMD (n=118), osteoporosis (n=5), less
4 hours/week of physical activity (n=3), current participation in RT or plyometrics (n=2),
medications/disease (n=2; inhaled steroid for asthma/allergies and Crohn’s disease treated
with prednisone), irregular sleep schedule (n=1), smoking (n=1), implanted metal (n=1),
excessive alcohol consumption (n=1), and age <25 years (n=1).

Of the 75 participants who met the eligibility criteria, 17 decided not to participate after
learning they were eligible based on their BMD; thus 58 participants started the study. Of
these, 15 voluntarily withdrew consent after being active in the study (5 from RT and 10
from JUMP). The reasons the participants gave for withdrawing consent did not suggest that
they found the RT or JUMP intervention painful. The reasons for withdrawing from the
study were: the time required to participate (n=10); did not want to take calcium/vitamin D
supplement (n=1); restriction on physical activity outside of the study (n=1); change in
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employment that precluded participation (n=1); and relocation (n=1). Participants who
withdrew from the study did not differ in age, height, weight, BMI, or baseline BMD from
those who completed the study. Participation of five individuals was terminated by the
principal investigator due to physical or mental health issues that developed during the study
that were unrelated to the RT or JUMP intervention (3 from RT and 2 from JUMP). Thirty-
eight participants completed the 12-month intervention and were included in the primary
statistical analysis. In addition, an intention-to-treat analysis (i.e., 2x2 repeated measures
ANOVA) on BMD outcomes was performed on the participants for whom baseline and 6-
month BMD data were available (n=44).

3.2. Participant baseline characteristics

Participants ranged in age from 25-60 y (median: 43.5 y; mean + SD: 43.7 £ 10.1 y). There
were no differences in age, anthropometric characteristics, nutrient intakes or physical
activity between RT and JUMP at baseline (Table 1). Of the participants who completed the
JUMP intervention, 17 of 19 were white; 18 of 19 participants who completed RT were
white. There were no differences in WB, TH, or LS BMD (Table 1) or in TH or LS T-scores
between groups [TH T-scores: RT=-0.9 (0.5); JUMP= -0.8 (0.8); LS T-scores: RT=-1.4
(0.7); JUMP= -1.5 (0.5)]. At baseline, there were no differences in 250HD between groups
[RT: 90.8 (23.2) nmol/L; JUMP: 90.4 (22.2) nmol/L]; 36 of the 38 participants were vitamin
D sufficient based on their serum 250H vitamin D concentration (i.e., >50 nmol/L) and 2
participants (1 in RT and JUMP) were vitamin D “insufficient” (28 nmol/L>250HD<50
nmol/L [41].

3.3. Pre- to post-intervention changes

3.3.1. Anthropometrics, nutrient intake and physical activity—Participants in RT
exhibited small, but statistically significant, increases in total and lean body mass over the
course of the study, and participants, regardless of group, had significantly lower percent
body fat at 12 months compared with baseline (Table 2). Nutrient intakes and physical
activity remained unchanged from pre- to post-intervention (Table 3).

3.3.2. Vertical jump and muscular strength—Participants in the JUMP intervention
increased their vertical jump height (Table 4) by 11% on average. Participants in the RT
intervention increased their RM for the squat, lunge, modified deadlift, calf raise, military
press and bent-over row (Table 4) by 79, 114, 64, 79, 52, 44%, respectively.

3.3.3. Pain and fatigue associated with RT and JUMP interventions—
Participants’ ratings of pain and fatigue immediately after an RT or JUMP training session
were low, and they did not differ between groups (Table 4). In addition, participants in
JUMP and RT reported lower pain at 6 and 12 months compared with pain at 0 months
(Table 4).

3.3.4. Bone mineral density—There was a significant time main effect whole body
BMD (Figure 1, Supplemental Table 1), such that BMD increased by 0.6% after 6 months of
RT or JUMP relative to pre-treatment and this increase was maintained at 12 months [mean
(SD), 95% CI. 0 mo: 1.123" (0.076), 1.098-1.148; 6 mo: 1.1302 (0.078), 1.104-1.155; 12
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mo: 1.1282 (0.078), 1.102-1.154 g/cm?]. There was also a significant time main effect for
LS BMD (Figure 1; Supplemental Table 1), which was significantly increased by 1.3% after
6 months of RT or JUMP compared with 0 months, and this increase was maintained at 12
months [mean (SD) 95% CI. 0 mo: 0.929 (0.069), 0.906-0.952; 6 mo: 0.9422 (0.074),
0.917-0.966; 12 mo: 0.9412 (0.072), 0.918-0.965 g/cm?]. Changes in WB and LS BMD did
not differ between groups (i.e., no significant time x group interactions); therefore, post hoc
within group comparisons were not performed. There was a significant time x group
interaction, such that TH BMD was significantly increased only by RT and not by JUMP
(Figure 1; Supplemental Table 1). In RT, TH BMD at 6 and 12 months was increased by
0.8% compared with 0 months [mean (SD) 95% CI. RT 0 mo: 0.898P (0.082), 0.851-0.945
g/cmZ; 6 mo: 0.9052 (0.087), 0.857-0.954 g/cm?; 12 mo: 0.9062 (0.089), 0.860-0.953
glem?].

An intention-to-treat analysis was performed using data from the 44 participants for whom
baseline and 6-month BMD data were available (RT, n=21; JUMP, n=23). The results were
similar to those observed for changes in BMD from baseline to 12 months. There was a
significant time x group interaction for TH BMD (p=0.027), such that TH BMD was
increased only by RT. In RT, TH BMD at 6 months was significantly increased compared
with 0 months [mean (SD) 95% CI. RT 0 mo: 0.901P (0.082), 0.858-0.944 g/cm?; 6 mo:
0.9092 (0.086), 0.866-0.953 g/cm?]. In JUMP, TH BMD did not change [mean (SD) 95%
Cl. JUMP 0 mo: 0.924 (0.109), 0.883-0.964 g/cm?; 6 mo: 0.919 (0.109), 0.878-0.961
g/em?]. There was a significant time main effect for LS BMD, which was significantly after
6 months of RT or JUMP compared with 0 months [mean (SD) 95% CI. 0 mo: 0.934°
(0.065), 0.914-0.954; 6 mo: 0.9472 (0.068), 0.927-0.968 g/cm?]. WB BMD tended to
increase from baseline to 6 months [mean (SD) 95% CI. 0 mo: 1.125 (0.072), 1.103-1.147;
6 mo: 1.139 (0.083), 1.107-1.152 g/cm?], but the time main effect did not reach statistical
significance (p=0.137).

3.3.5. 250HD and bone turnover markers—Serum 250HD increased in RT and
JUMP after 12 months of daily vitamin D supplementation (Supplemental Table 1), and all
study participants were vitamin D sufficient at 12 months [mean (SD), 95% CI. 0 mo: 90.6°
(3.7), 83.1-98.1 nmol/L; 12 mo: 97.82 (3.2), 91.1-104.6 nmol/L]. There were no differences
in bone formation (OC, BAP) or resorption (TRAP5b, CTx) markers between groups at
baseline (Figure 2; Supplemental Table 1). There was a significant time main effect for OC
and CTx (Figure 2; Supplemental Table 1), such that OC was significantly increased at 12
months compared to baseline and 6 months [mean (SD), 95% CI. 0 mo: 10.8° (5.1) 9.1-
12.5; 6 mo: 10.4° (4.7), 8.8-12.0; 12 mo: 12.32 (4.4), 10.9-13.7 pg/L]. CTx was
significantly reduced at 6 months and then returned to baseline concentrations at 12 months
[mean (SD), 95% CI. 0 mo: 0.3212 (0.202), 0.254-0.388; 6 mo: 0.274P (0.158), 0.221—
0.326; 12 mo: 0.3512 (0.192), 0.288-0.414 ug/L]. Post hoc within group comparisons were
not performed for OC or CTx as there were no significant time-by-group interactions. BAP
and TRAP5b remained unchanged over the course of the study (Figure 2; Supplemental
Table 1).
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4. Discussion

4.1. Synopsis of study results

In this 12-month randomized clinical trial of men with low bone mass of the hip or spine, we
found that RT or JUMP increased whole body and lumbar spine BMD, while only RT
increased BMD of the total hip. It is unclear why both the RT and JUMP intervention had a
greater effect on LS BMD than on TH BMD. One possible explanation is that the
participants tended to have lower BMD of LS than TH prior to the study and, thus, may have
had a greater potential to respond to the intervention at the LS compared to the TH. The
increases in BMD observed in the present study were associated with altered bone turnover;
specifically, a reduction in bone resorption and an increase in bone formation. This study is
novel because it is the first to demonstrate the efficacy of exercise-based interventions to
increase BMD in middle-aged men with low bone mass who are otherwise healthy. The
biological and clinical significance of these results can be appreciated only if one considers
that bone loss occurs with normal aging. Young adult and middle-aged men lose BMD at
rates of ~0.4-1.5% per year [42—-44]. The results are also important because they suggest
that a time-efficient (2-3 days per week) intervention of either RT or JUMP can improve
BMD in otherwise healthy men.

4.2. Exercise interventions and bone in men

4.2.1. Effects of exercise on BMD—Generally, other intervention studies that examined
the effects of RT or impact exercise on changes in BMD and/or BTM in older men reported
results similar to those of the present study. Kukuljan found that 12 mo of progressive RT
and impact exercise (3 d/wk) increased BMD of the femoral neck and LS by 1.8 and 1.5%,
respectively, in men aged 50-79 years with normal to below average BMD [29]. A 12-mo,
unilateral, high-impact exercise intervention (hopping) increased FN BMD (the only skeletal
site examined) by 0.7% in men aged 65-80 years [32]. Ryan also reported a 2.8% increase
in FN BMD after 4 months of RT in men aged ~60 years [26], and Menkes observed
significant increases LS (2.0%) and FN (3.8%) BMD in men 55-60 years of age [25].

4.2.2. Biological and clinical significance of increased BMD in men—We did not
include a no-exercise control group in the present study as we did not feel it was ethical to
do so in men with low bone mass [34, 45]. However, we previously observed that physically
active, adult men with osteopenia, similar to those in the present study, lost hip BMD at a
rate of 0.8% per year [46], consistent with the literature consensus that bone loss occurs with
aging. Therefore, the increases in BMD observed in this and previous exercise-intervention
studies, although relatively small (0.6-1.3%), are biologically significant, in that exercise
reversed the bone loss that occurs with normal aging.

The increases in BMD observed following exercise interventions likely have clinical
significance, as small increases in BMD result in much larger gains in bone strength. For
example, increasing BMD by 5% increased bone strength by 65% [37], and in women with
postmenopausal osteoporosis, a 1% increase in spine BMD reduced the risk of fracture by
8% [47]. Finally, it is worth noting that BMD, along with BTM, is the primary outcome by
which the efficacy of pharmacologic interventions is currently evaluated [48].
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4.2.3. Bone formation and resorption markers: clinical and research utility—
Clinically, bone turnover markers are used to monitor treatment efficacy. Although BMD is
primary the therapeutic target of osteoporosis medications, measurable changes in BMD can
be detected only after 12 months of treatment. BTM are clinically useful because they
respond much more quickly than BMD to interventions and also predict long-term changes
in BMD and fracture risk [49]. From a research perspective, BTM are also useful in
understanding the effects of an intervention on bone resorption versus bone formation.

4.2.4. Effects of RT or JUMP on BTM—In the present study, CTx was significantly
reduced at 6 months compared with baseline and then returned to pre-treatment
concentrations at 12 months; TRAP5b did not change over the course of the study. Because
CTx is a byproduct of breakdown of bone collagen and TRAP5D is an indicator of osteoclast
number [50], these results suggest that bone resorption was reduced after 6 months of the
RT or JUMP intervention due to a reduction in osteoclast activity rather than a reduction in
osteoclast number. Regarding bone formation markers, we observed a significant increase in
OC after 12 months of RT or JUMP, while BAP did not change. BAP and OC expression
occur at different times in osteoblast differentiation. BAP expression occurs post-
proliferation during maturation of the extracellular matrix prior to mineralization and OC is
expressed by mature osteoblasts during mineralization of the extracellular matrix [51].
Therefore, the discrepant response between OC and BAP suggests that there was an increase
in the number of mature osteoblasts or in secretion of OC by mature osteoblasts after 12
months of RT or JUMP.

Because BMD was the primary outcome of interest, our sample size was based on sufficient
statistical power to detect changes in BMD with RT or JUMP and not in the BTM, which
were secondary outcomes. Nevertheless, the observed power for the changes in CTx and OC
with RT or JUMP was 0.886 and 0.867, respectively, suggesting these findings are quite
robust. Taken together, the changes CTx and OC suggest that the RT or JUMP interventions
have both anti-resorptive and anabolic effects on bone. Given the timecourse of the changes
in CTx and OC relative to the increases in BMD, as well as the length of a remodeling cycle,
it appears that increases in WB, LS, and TH (in RT) BMD observed after 6 months were due
to the anti-resorptive effects of the RT or JUMP intervention. It is less clear whether the
maintenance of increased BMD observed at 12 months was due to decreased resorption,
increased formation or a combination, as we cannot determine when between 6 and 12
months of the intervention OC increased above baseline concentrations. Likewise, given the
delay between changes in BTM and changes in BMD, we cannot determine the effects of the
increase in OC relative to CTx after 12 months on BMD. But, presumably, if OC is elevated,
mineralization of new matrix is taking place.

Similar to the increase in OC and decrease in CTx observed in the present study, others have
reported increases in bone formation markers relative to resorption following high-intensity
resistance training in older men [30, 52, 53]. These data suggest that exercise might
counteract age-related bone loss in men, which has been attributed primarily to a deficit in
bone formation relative to bone resorption [54]. Future studies are needed to determine the
mechanisms by which chronic RT or JUMP signals changes in osteoclast and osteoblast
activity, e.g., mechanotransduction and/or endocrine effects, in men with low bone mass.
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4.3. Safety and feasibility of RT and JUMP interventions

In addition to proving to be effective, our 12-month clinical trial of RT or JUMP in men
with low bone mass also demonstrated that the RT and JUMP interventions were safe. To
evaluate safety, we assessed the pain and fatigue associated with the exercise at each RT or
JUMP training session. On average, the participants rated the intensity of the pain caused by
the RT or JUMP as a score of 10 or less, on a scale of 0-100 with 100 being the most
intense pain imaginable. In addition, the pain ratings decreased from the baseline assessment
at the 6- and 12-month timepoints. Participants also rated the fatigue associated with the
interventions as less than 30 at all timepoints, on a scale of 0 to 100 with 100 being the most
intense fatigue imaginable. In addition, there were no injuries reported during any of the
~1800 supervised RT training sessions or ~2700 JUMP training sessions. Thus, both the RT
and JUMP interventions were well tolerated by the participants and appear to have minimal
risk of injury or discomfort, which predicts both good compliance and practical application.
From a practical perspective, it is worth noting that time required to complete the RT or
JUMP training each week was minimal, ranging from 60 minutes during a “light” week to
120 minutes for a “heavy” week. In addition, the RT or JUMP interventions could be done
at home and require only minimal exercise equipment. These observations coupled with
evidence of long-term compliance with voluntary, unsupervised high-impact exercise
interventions in pre-menopausal women [55] suggests that exercise-based interventions
might be effective in the “real world.”

Our study included apparently healthy men with low bone mass who were relatively
physically active. It is not clear how the participants’ habitual physical activity affected their
response to the interventions. Although the participants in the present study were active, we
excluded men who were currently participating in resistance- or jump-training. Therefore,
the RT or JUMP intervention presented a novel training stimulus to the participants. It is
possible that being accustomed to exercise facilitated the participants’ ability to become
proficient at the RT or JUMP exercises. Whether the RT and JUMP interventions would also
be safe and effective in populations with more severe bone loss or who are not as physically
active is not known. However, other studies have reported that older adults with low bone
mass can safely perform maximal strength training (squats) [56] or jumping [57, 58].
Morever, a recent review by a panel of experts strongly recommends multi-component
exercise that includes resistance training for individuals with osteoporosis. Results of this
expert review also indicate that the evidence regarding harms associated with exercise is
very low quality, and that the possible harms do not outweigh the potential benefits [16].
Moreover, evidence from observational and intervention exercise trials suggest that
increased risk of fracture with exercise occurs under preventable conditions, e.g., walking in
slippery conditions. Osteoporosis Canada, the National Osteoporosis Foundation, and
Osteoporosis Australia’s Medical and Scientific Advisory Committee endorsed the
recommendation that individuals with osteoporosis engage in resistance training that targets
all major muscle groups at least twice per week [16].

4.4, Study strengths and limitations

4.4.1. Study strengths—A strength of this study is that the RT and JUMP interventions
were designed based on the existing literature to maximize the osteogenic response.

Bone. Author manuscript; available in PMC 2016 October 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hinton et al.

Page 14

Moreover, because all exercise sessions were supervised and because participants were
required to complete all training sessions, compliance with the exercise was not a limitation.
Another strength of the study is that all participants were provided supplemental calcium
and vitamin D, ensuring that differences in calcium or vitamin D status did not confound the
response to RT or JUMP. In addition, because all but two participants were vitamin D
sufficient at baseline and because there is a threshold effect for calcium and vitamin D on
bone (i.e., at intakes above the threshold, additional calcium or vitamin D does not further
improve bone outcomes; I0M, 2011), the effects of the interventions on BMD and BTM
were likely due to the exercise component of the treatment and not the supplemental vitamin
D. We also verified that participants’ nutrient intake and physical activity level did not
change over the course of the study.

4.4 3. Study limitations—The primary limitation of this study is that, because we studied
only healthy men who volunteered to participate in the study, the results cannot be
generalized to other populations who might benefit, such as men with more severe bone loss
(i.e., osteoporosis) or those with low bone mass due to other conditions such as diabetes or
glucocorticoid therapy. The lack of a placebo control group also could be considered a
limitation. Whether the use of placebo-controlled studies of treatments to reduce fracture
risk in participants with osteoporosis is ethical has been the focus of debate for the past
decade [33, 59]. While the present study did not include osteoporaotic patients or have
fracture as an endpoint, we determined inclusion of a placebo control group or a no
intervention group to be unethical in a study population at risk for osteoporosis and related
fractures. Our decision was guided by the Declaration of Helsinki, which cautions against
exposing participants “to additional risk of serious or irreversible harm” by use of a placebo
or no intervention [34]. Regardless, the impact of this limitation on the conclusions of the
present study is diminished by our previously published data, showing that in apparently
healthy, moderately active men with low bone mass, who declined to participate in an
intervention, lumbar spine BMD decreased by 0.8% per year [46].

5. Conclusions

In summary, the results of the present study suggest that RT or JUMP interventions are safe
and effectively increase BMD, particularly of the lumbar spine, in men with low bone mass.
These results have clinical implications, as exercise may be the appropriate “prescription”
for some individuals with low bone mass. Which intervention should be prescribed to
improve bone health depends on the individual patient’s current hip and lumbar spine BMD,
activity patterns, exercise preference, as well as time and equipment constraints. From a
basic science perspective, next questions to be answered relate to identification of whole-
animal- and cell-level mechanisms for the osteogenic effects of exercise in men with low
bone mass for possible refinement of exercise-based interventions and identification of other
therapeutic approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Bone. Author manuscript; available in PMC 2016 October 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hinton et al.

Page 15

Acknowledgments

Th

e authors gratefully thank the study participants for their essential contribution to this project. Authors’ roles:

Study design: PH and JT. Study conduct: PH and PN. Data collection: PN. Data analysis: PH. Data interpretation:
PH and JT. Drafting manuscript: PH. Revising manuscript content: PH, PN, and JT. Approving final version of
manuscript: PH, PN, and JT. Others with substantial contributions to the work reported in this manuscript: Study
conduct and data collection: Robert Rogers, Andrew Dawson, Sarah Mobley, Melissa Carter, Tim Sinak, Adam
Younkin, Zach Wehmeyer, Lynn Eaton, Jaccalyn Billeter, Jun Jiang, Nantian Lin, Matthew Strope, Blossom
Nwaneri. Study design: Erin Dannecker.

Th

is study was funded by grants from the University of Missouri Research Board RB 07-44 (PSH) and the National

Institutes of Health NIAMS R0O3AR055738 (PSH). JT was partially supported by RO1DK088940.

References
1.

10

11.

12.

13.

Wright NC, Looker AC, Saag KG, Curtis JR, Delzell ES, Randall S, et al. The Recent Prevalence of
Osteoporosis and Low Bone Mass in the United States Based on Bone Mineral Density at the
Femoral Neck or Lumbar Spine. J Bone Miner Res. 2014

. Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability associated with

osteoporotic fractures. Osteoporos Int. 2006; 17:1726-33. [PubMed: 16983459]

. Nguyen ND, Ahlborg HG, Center JR, Eisman JA, Nguyen TV. Residual lifetime risk of fractures in

women and men. J Bone Miner Res. 2007; 22:781-8. [PubMed: 17352657]

. Haentjens P, Magaziner J, Colon-Emeric CS, Vanderschueren D, Milisen K, Velkeniers B, et al.

Meta-analysis: excess mortality after hip fracture among older women and men. Ann Intern Med.
2010; 152:380-90. [PubMed: 20231569]

. Szulc P. Bone density, geometry, and fracture in elderly men. Curr Osteoporos Rep. 2006; 4:57-63.

[PubMed: 16822404]

. Antonelli M, Einstadter D, Magrey M. Screening and Treatment of Osteoporosis After Hip Fracture:

Comparison of Sex and Race. J Clin Densitom. 2014

. Donaldson MG, Cawthon PM, Lui LY, Schousboe JT, Ensrud KE, Taylor BC, et al. Estimates of

the proportion of older white men who would be recommended for pharmacologic treatment by the
new US National Osteoporosis Foundation guidelines. J Bone Miner Res. 2010; 25:1506-11.
[PubMed: 20200971]

. Papaioannou A, Kennedy CC, loannidis G, Gao Y, Sawka AM, Goltzman D, et al. The osteoporosis

care gap in men with fragility fractures: the Canadian Multicentre Osteoporosis Study. Osteoporos
Int. 2008; 19:581-7. [PubMed: 17924051]

. Feldstein AC, Nichols G, Orwoll E, Elmer PJ, Smith DH, Herson M, et al. The near absence of

osteoporosis treatment in older men with fractures. Osteoporos Int. 2005; 16:953-62. [PubMed:
15928798]

. Freedman BA, Potter BK, Nesti LJ, Giuliani JR, Hampton C, Kuklo TR. Osteoporosis and
vertebral compression fractures-continued missed opportunities. Spine J. 2008

Pro-Risquez A, Harris SS, Song L, Rudicel S, Barnewolt B, Dawson-Hughes B. Calcium
supplement and osteoporosis medication use in women and men with recent fractures. Osteoporos
Int. 2004; 15:689-94. [PubMed: 15205892]

ICSI. Diagnosis and treatment of osteoporosis. Institute for Clinical Systems Improvement;
Bloomington, MN: 2006.

Solomon DH, Avorn J, Katz JN, Finkelstein JS, Arnold M, Polinski JM, et al. Compliance with
osteoporosis medications. Arch Intern Med. 2005; 165:2414-9. [PubMed: 16287772]

14. Schousboe JT, Taylor BC, Fink HA, Kane RL, Cummings SR, Orwoll ES, et al. Cost-effectiveness

15.

of bone densitometry followed by treatment of osteoporosis in older men. Jama. 2007; 298:629—
37. [PubMed: 17684185]

Netelenbos JC, Geusens PP, Ypma G, Buijs SJ. Adherence and profile of non-persistence in
patients treated for osteoporosis—a large-scale, long-term retrospective study in The Netherlands.
Osteoporos Int. 2011; 22:1537-46. [PubMed: 20838773]

Bone. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hinton et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Page 16

Giangregorio LM, Papaioannou A, Macintyre NJ, Ashe MC, Heinonen A, Shipp K, et al. Too Fit
To Fracture: exercise recommendations for individuals with osteoporosis or osteoporotic vertebral
fracture. Osteoporos Int. 2014; 25:821-35. [PubMed: 24281053]

Schwab P, Klein RF. Nonpharmacological approaches to improve bone health and reduce
osteoporosis. Curr Opin Rheumatol. 2008; 20:213-7. [PubMed: 18349754]

Robling AG, Castillo AB, Turner CH. Biomechanical and molecular regulation of bone
remodeling. Annu Rev Biomed Eng. 2006; 8:455-98. [PubMed: 16834564]

Kelley GA, Kelley KS, Tran ZV. Resistance training and bone mineral density in women: a meta-
analysis of controlled trials. Am J Phys Med Rehabil. 2001; 80:65—-77. [PubMed: 11138958]

Heinonen A, Kannus P, Sievanen H, Oja P, Pasanen M, Rinne M, et al. Randomised controlled
trial of effect of high-impact exercise on selected risk factors for osteoporotic fractures. Lancet.
1996; 348:1343-7. [PubMed: 8918277]

Vainionpaa A, Korpelainen R, Leppaluoto J, Jamsa T. Effects of high-impact exercise on bone
mineral density: a randomized controlled trial in premenopausal women. Osteoporos Int. 2005;
16:191-7. [PubMed: 15221206]

Kato T, Terashima T, Yamashita T, Hatanaka Y, Honda A, Umemura Y. Effect of low-repetition
jump training on bone mineral density in young women. J Appl Physiol. 2006; 100:839-43.
[PubMed: 16269526]

Rector R, Rogers R, Ruebel M, Widzer MO, Hinton PS. Lean body mass and weight-bearing
activity in the prediction of bone mineral density in physically active males. J Strength Cond Res.
2009; 23:427-35. [PubMed: 19197207]

Rector RS, Rogers R, Ruebel M, Hinton PS. Participation in road cycling vs running is associated
with lower bone mineral density in men. Metabolism. 2008; 57:226-32. [PubMed: 18191053]
Menkes A, Mazel S, Redmond RA, Koffler K, Libanati CR, Gundberg CM, et al. Strength training
increases regional bone mineral density and bone remodeling in middle-aged and older men. J
Appl Physiol. 1993; 74:2478-84. [PubMed: 8335581]

Ryan AS, Treuth MS, Rubin MA, Miller JP, Nicklas BJ, Landis DM, et al. Effects of strength
training on bone mineral density: hormonal and bone turnover relationships. J Appl Physiol. 1994;
77:1678-84. [PubMed: 7836186]

Welsh L, Rutherford OM. Hip bone mineral density is improved by high-impact aerobic exercise
in postmenopausal women and men over 50 years. Eur J Appl Physiol Occup Physiol. 1996;
74:511-7. [PubMed: 8971492]

Maddalozzo GF, Snow CM. High intensity resistance training: effects on bone in older men and
women. Calcif Tissue Int. 2000; 66:399-404. [PubMed: 10821873]

Kukuljan S, Nowson CA, Bass SL, Sanders K, Nicholson GC, Seibel MJ, et al. Effects of a multi-
component exercise program and calcium-vitamin-D3-fortified milk on bone mineral density in
older men: a randomised controlled trial. Osteoporos Int. 2009; 20:1241-51. [PubMed: 18958384]

Vincent KR, Braith RW. Resistance exercise and bone turnover in elderly men and women. Med
Sci Sports Exerc. 2002; 34:17-23. [PubMed: 11782642]

Marques EA, Mota J, Viana JL, Tuna D, Figueiredo P, Guimaraes JT, et al. Response of bone
mineral density, inflammatory cytokines, and biochemical bone markers to a 32-week combined
loading exercise programme in older men and women. Arch Gerontol Geriatr. 2013; 57:226-33.
[PubMed: 23623588]

Allison SJ, Folland JP, Rennie WJ, Summers GD, Brooke-Wavell K. High impact exercise
increased femoral neck bone mineral density in older men: a randomised unilateral intervention.
Bone. 2013; 53:321-8. [PubMed: 23291565]

Stein CM, Ray WA. The ethics of placebo in studies with fracture end points in osteoporosis. N
Engl J Med. 2010; 363:1367-70. discussion e21. [PubMed: 20879888]

World Medical Association. WMA Declaration of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects. 2013. Available from: http://www.wma.net/en/
30publications/10policies/b3/.

World Health Organization. WHO Scientific Group on the assessment of osteoporosis at the
primary health care level. World Health Organization; Brussels: 2004.

Bone. Author manuscript; available in PMC 2016 October 01.


http://www.wma.net/en/30publications/10policies/b3/
http://www.wma.net/en/30publications/10policies/b3/

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hinton et al.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

Page 17

Robling AG, Hinant FM, Burr DB, Turner CH. Improved bone structure and strength after long-
term mechanical loading is greatest if loading is separated into short bouts. J Bone Miner Res.
2002; 17:1545-54. [PubMed: 12162508]

Burr DB, Robling AG, Turner CH. Effects of biomechanical stress on bones in animals. Bone.
2002; 30:781-6. [PubMed: 11996920]

Saxon LK, Robling AG, Alam I, Turner CH. Mechanosensitivity of the rat skeleton decreases after
a long period of loading, but is improved with time off. Bone. 2005; 36:454—64. [PubMed:
15777679]

Kraemer WJ, Ratamess NA. Fundamentals of resistance training: progression and exercise
prescription. Med Sci Sports Exerc. 2004; 36:674—88. [PubMed: 15064596]

Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al. Compendium of
physical activities: an update of activity codes and MET intensities. Medicine and Science in
Sports and Exercise. 2000; 32:5498-504. [PubMed: 10993420]

Ross, AC.; Taylor, CL.; Yaktine, AL.; Del Valle, HB., editors. Institute of Medicine. Dietary
Reference Intakes for Calcium and Vitamin D. Institute of Medicine; Washington, DC: 2011.
Shaffer JR, Kammerer CM, Dressen AS, Bruder JM, Bauer RL, Mitchell BD. Rate of bone loss is
greater in young Mexican American men than women: the San Antonio Family Osteoporosis
Study. Bone. 2010; 47:49-54. [PubMed: 20347056]

Riggs BL, Melton LJ, Robb RA, Camp JJ, Atkinson EJ, McDaniel L, et al. A population-based
assessment of rates of bone loss at multiple skeletal sites: evidence for substantial trabecular bone
loss in young adult women and men. J Bone Miner Res. 2008; 23:205-14. [PubMed: 17937534]
Nordstrom P, Neovius M, Nordstrom A. Early and rapid bone mineral density loss of the proximal
femur in men. J Clin Endocrinol Metab. 2007; 92:1902-8. [PubMed: 17311855]

Rosenblatt M. Is it ethical to conduct placebo-controlled clinical trials in the development of new
agents for osteoporosis? An industry perspective. J Bone Miner Res. 2003; 18:1142-5. [PubMed:
12817772]

Widzer, MO.; Rogers, RS.; Hinton, PS. Three year follow-up of bone density in male athletes with
osteopenia. Central States Chapter American College of Sports Medicine Annual Meeting; 2009;
Columbia, MO.

Hochberg MC, Greenspan S, Wasnich RD, Miller P, Thompson DE, Ross PD. Changes in bone
density and turnover explain the reductions in incidence of nonvertebral fractures that occur during
treatment with antiresorptive agents. J Clin Endocrinol Metab. 2002; 87:1586-92. [PubMed:
11932287]

Bruyere O, Reginster J-Y. Monitoring of osteoporosis therapy. Best Practice & Research Clinical
Endocrinology & Metabolism. 2014

Bonjour JP, Kohrt W, Levasseur R, Warren M, Whiting S, Kraenzlin M. Biochemical markers for
assessment of calcium economy and bone metabolism: application in clinical trials from
pharmaceutical agents to nutritional products. Nutr Res Rev. :20141-16.

Henriksen K, Tanko LB, Qvist P, Delmas PD, Christiansen C, Karsdal MA. Assessment of
osteoclast number and function: application in the development of new and improved treatment
modalities for bone diseases. Osteoporos Int. 2007; 18:681-5. [PubMed: 17124552]

Stein GS, Lian JB. Molecular mechanisms mediating proliferation/differentiation interrelationships
during progressive development of the osteoblast phenotype. Endocr Rev. 1993; 14:424-42.
[PubMed: 8223340]

Sartorio A, Lafortuna C, Capodaglio P, Vangeli V, Narici MV, Faglia G. Effects of a 16-week
progressive high-intensity strength training (HIST) on indexes of bone turnover in men over 65
years: a randomized controlled study. J Endocrinol Invest. 2001; 24:882—6. [PubMed: 11817713]
Karabulut M, Bemben DA, Sherk VD, Anderson MA, Abe T, Bemben MG. Effects of high-
intensity resistance training and low-intensity resistance training with vascular restriction on bone
markers in older men. Eur J Appl Physiol. 2011; 111:1659-67. [PubMed: 21207053]

Compston J. Age-related changes in bone remodelling and structure in men: histomorphometric
studies. J Osteoporos. 2011; 2011:108324. [PubMed: 22132344]

Bone. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Hinton et al.

55.

56.

57.

58.

59.

Page 18

Heinonen A, Kannus P, Sievanen H, Pasanen M, Oja P, Vuori |. Good maintenance of high-impact
activity-induced bone gain by voluntary, unsupervised exercises: An 8-month follow-up of a
randomized controlled trial. J Bone Miner Res. 1999; 14:125-8. [PubMed: 9893074]

Mosti MP, Kaehler N, Stunes AK, Hoff J, Syversen U. Maximal strength training in
postmenopausal women with osteoporosis or osteopenia. J Strength Cond Res. 2013; 27:2879-86.
[PubMed: 23287836]

Buehring B, Krueger D, Fidler E, Gangnon R, Heiderscheit B, Binkley N. Reproducibility of
jumping mechanography and traditional measures of physical and muscle function in older adults.
Osteoporos Int. 2015; 26:819-25. [PubMed: 25488806]

Buehring B, Krueger D, Binkley N. Jumping mechanography: a potential tool for sarcopenia
evaluation in older individuals. J Clin Densitom. 2010; 13:283-91. [PubMed: 20554231]

Rosen CJ, Khosla S. Placebo-controlled trials in osteoporosis—proceeding with caution. N Engl J
Med. 2010; 363:1365-7. discussion e22. [PubMed: 20879887]

Bone. Author manuscript; available in PMC 2016 October 01.



1duosnuepy Joyiny 1duosnuey Joyiny 1duosnuepy Joyiny

1duosnuepy Joyiny

Hinton et al.

Bone. Author manuscript; available in PMC 2016 October 01.

Page 19




1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hinton et al.

BMD (g/cm?)

BMD (g/em?)

BMD (g/cm?)

Figure 1.

B S e S S &
S b sk ek wh wh Wk e
S = N W s o o~

8

(=]
w
=1

8

-
@
@

e
@
]

?

=
w
[x]

0.90

0.88

Page 20

Whole Body
Time: 0.033 —&@— RT
Group: 0.366 a
TxG: 0.570 = o i
e
*
___-(i',
0 mo & mo 12mo
Total Hip
Time: 0.554
Group: 0838 —8- RT
TxG: 0,095 I O JUMP
T e - l
Ay
r l
0 mo & mo 12 mo
Lumbar Spine
Time: 0.001
Group: 0.335 _.' RT
TxG: 0.683 O JUMP

0 mo 6 mo 12 mo

BMD (means + SEM) of the whole body, total hip and lumbar spine after 0, 6, or 12 months
of RT or JUMP. Significant time main effect for WB BMD [mean (SD), 95% CI. 0 mo:
1.123P (0.076), 1.098-1.148; 6 mo: 1.1302 (0.078), 1.104-1.155; 12 mo: 1.1282 (0.078),
1.102-1.154 g/cm?] and LS BMD [0 mo: 0.929° (0.069), 0.906-0.952; 6 mo: 0.9422 (0.074),
0.917-0.966; 12 mo: 0.9412 (0.072), 0.918-0.965 g/cm?2); post hoc within group
comparisons were not performed for WB or LS BMD as there were no significant time-by-
group interactions. Significant time-by-group interaction for TH BMD [mean (SD), 95% CI.
RT 0 mo: 0.898 (0.082), 0.851-0.945; 6 mo: 0.905? (0.087), 0.857-0.954; 12 mo: 0.9062
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(0.089), 0.860-0.953 g/cm?]. Means with different letter superscripts are significantly
different.
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Figure 2.
Concentrations of bone formation (osteocalcin, OC; bone-specific alkaline phosphatase,

BAP) and resorption (carboxy-terminal cross-linking telopeptide of type I collagen CTx;
tartrate-resistance acid phosphatase isoform 5b, TRAP5b) markers (means + SEM) after 0,
6, and 12 months of RT or JUMP. Significant time main effect for OC [mean (SD), 95% CI.
0 mo: 10.8° (5.1) 9.1-12.5; 6 mo: 10.4° (4.7), 8.8-12.0; 12 mo: 12.32 (4.4), 10.9-13.7 ug/L)
and CTx [mean (SD), 95% CI. 0 mo: 0.3212 (0.202), 0.254-0.388; 6 mo: 0.274P (0.158),
0.221-0.326; 12 mo: 0.3512 (0.192), 0.288-0.414 ug/L]; post hoc within group comparisons
were not performed as there were no significant time-by-group interactions. Means with
different letter superscripts are significantly different.
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Table 1

Baseline characteristics of participants in the RT and JUMP interventions

1duosnue Joyiny 1duosnuen Joyiny
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Group RT (n=19) JUMP (n=19) p-value
Ade (y) 455 (9.6) 42.1(10.6) 0.325
Anthropometrics
Height (m) 1.79 (0.08) 1.76 (0.05) 0.229
Body mass (kg) 82.6 (14.2) 77.1(9.7) 0.252
BMI (kg/m?) 25.7 (4.0) 24.0 (3.9) 0.716
LBM (kg) 60.9 (8.8) 58.9 (5.5) 0.415
Fat mass (kg) 19.5(7.3) 16.0 (5.4) 0.212
% Body fat 22.8(6.1) 20.2 (4.8) 0.337
BMD (g/cm?)
wB 1.132(0.081)  1.114(0.071)  0.482
TH 0.898 (0.082) 0.912 (0.116)  0.675
LS 0.939 (0.069)  0.919 (0.056)  0.425
Nutrient intake per day
Energy (kcal) 2537 (693) 2343 (616) 0.158
Calcium (mg) 1151 (143) 944 (459) 0.070
Vitamin D (ug) 5.4 (5.2) 3.9(3.1) 0.777
Physical activity per day
Time (hr) 0.6 (0.3) 0.9 (1.7) 0.449
Energy (kcal) 338 (243) 439 (610) 0.593

Data are means (SD). P-values are for independent t-test (2-tailed) comparison of RT and JUMP means.
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