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INTRODUCTION

Bone health is critical for optimal performance and the prevention of fractures associated
with low bone mineral density (BMD). The specific aims of this two year project that was
granted a one-year no-cost extension focused on using the aggregate data meta-analytic
approach to (1) determine the overall effects of ground reaction force exercise on BMD at the
femoral neck (FN) and lumbar spine (LS) in adult humans > 18 years of age, and (2) using
recently developed load stimulus data for 48 different physical activities (walking, running,
lower-body weight training, etc.),* examine the dose-response effects of exercise on BMD at
the FN and LS in adult humans > 18 years of age. The two-year funding period was granted a
one-year no-cost extension in order to complete presentations and manuscripts.

. BODY

A. Statement of Work — As can be seen in the table below, all approved work has been
accomplished.

Task | Category Description Status
1 Data Search for pertinent literature dealing with the effects of Completed
Sources exercise on bone mineral density in adults (Appendix A)
2 | Study Select studies that meet inclusion criteria dealing with the Completed
Selection effects of exercise on bone mineral density in adults (Appendix B)
3 Data Develop valid and reliable codebooks and code data dealing Completed
Abstraction | with the effects of exercise on bone mineral density in adults (Appendix C)
4 | Statistical | Analyze and interpret data dealing with the effects of Completed
Analysis exercise on bone mineral density in adults (Appendix D & E)
5 Products Present and publish results dealing with the effects of Completed
exercise on bone mineral density in adults (Appendix D & E)

B. Study-Specific Summary of Completed Research

We have learned much from the two years of funding and no-cost extension year that we
were allowed for this project. As a result of this important support, we published 3
abstracts from presentations (see Appendix D) as well as three manuscripts in peer-
reviewed biomedical journals (see Appendix E).** For ease of understanding and
interpretation, we have divided this section into a concise description regarding (1) the
effects of exercise on FN and LS BMD in postmenopausal women,? (2) the effects of
exercise on FN and LS BMD in premenopausal women,® and (3) the effects of exercise
on FN and LS BMD in men.*

1. Exercise and BMD at the FN and LS in postmenopausal women. Osteoporosis is a
major public health problem affecting an estimated 200 million women worldwide.’
Congruent with osteoporosis is an increased risk for osteoporosis-related fractures, especially
in women during the postmenopausal years, generally considered to begin around 50 years of
age. ® Comparatively, the lifetime risk of an osteoporosis-related fracture in women is
equivalent to the risk of developing cardiovascular disease.” The two most common sites for
osteoporosis-related fractures are the hip and the spine, with an estimated worldwide




prevalence of 1.1 million and 862,000, respectively, in women 50 years of age and older in
the year 2000.° In the United States, the total annual costs associated with osteoporosis-
related fractures were more than $19 billion in 2005 with a predicted increase to $25.3 billion
in 2025.2 The majority of the costs in 2005 were attributed to fractures of the hip (72%)
followed by the spine (6%).2

Ground (for example, jogging) and joint reaction (for example, strength training)
force exercise has been recommended across the lifespan.”*? However, the results of
previous randomized  controlled exercise intervention trials have  reached
conflicting and underwhelming conclusions regarding the effects of ground reaction and/
or joint reaction force exercise on BMD at the femoral neck (FN) and lumbar spine (LS)
in postmenopausal women.™**” The purpose of this study was to use the aggregate data
meta-analytic approach to determine the effects of ground and/or joint reaction force exercise
on BMD at the FN and LS in postmenopausal women.

A search of six electronic databases, cross-referencing from retrieved studies, hand searching
selected journals, and expert review, resulted in the inclusion of 25 of 1,182 studies
representing 63 groups (35 exercise, 28 control) and up to 1775 participants that met the
following criteria: (1) randomized controlled trials, (2) exercise intervention > 24 weeks, (3)
comparative control group, (4) postmenopausal women, (5) participants not currently
participating in any type of regular joint and/or ground reaction force exercise, (6) published
and unpublished (master’s theses and dissertations) studies in any language since January 1,
1989 and (7) BMD (relative value of bone mineral per measured bone area or volume)
assessed at the FN and/or LS using dual-energy x-ray absorptiometry (DEXA) or dual-
photon absorptiometry (DPA).***’

Using a random-effects model and standardized effect sizes (g) classified as either trivial
(<0.20), small (>0.20 to <0.50), medium (>0.50 to <0.80), or large (>0.80),® an overall
statistically significant benefit (p = 0.002) of ground and/or joint reaction force exercise on
FN BMD was observed (Figure 1). In addition, non-overlapping confidence intervals (CIs)
were observed. The number-needed-to-treat (NNT) was 6 with an estimated 127,968
postmenopausal US women experiencing benefit in FN BMD if they began and maintained a
regular exercise program. A statistically significant association between increases in FN
BMD and decreased compliance (combined aerobic and strength training groups only),
decreases in BMI, decreases in body weight and decreases in percent body fat were observed
(p < 0.05 for all). A trend (p < 0.05 but < 0.10), for a statistically significant association was
observed for increases in FN BMD and increases in intensity (strength only), increased
compliance (strength training group only) and increases in static balance. No association was
found between changes in FN BMD and load rating.
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Figure 1. Forest plot for changes in FN BMD among postmenopausal women. The black squares represent the standardized
mean difference (g) while the left and right extremes of the squares represent the corresponding 95% confidence intervals.
The middle of the black diamond represents the overall standardized mean difference (g) while the left and right extremes of
the diamond represent the corresponding 95% confidence intervals. For subgroup, HRT means hormone replacement
therapy.

A statistically significant benefit and slightly overlapping 95% Cls were observed for LS
BMD (Figure 2). The NNT was 6 with an estimated 80,219 postmenopausal US women
maintaining and/or increasing their LS BMD if they began and maintained a regular exercise
program. Meta-regression analysis revealed a statistically significant association between
increases in LS BMD and older age, greater number of years postmenopausal, fewer minutes
of training per session (aerobic groups only), fewer minutes of training per week, greater
intensity of training (strength only), increased compliance (strength only), decreased
compliance (combined aerobic and strength training only), increases in static balance,
decreases in BMI, body weight and percent body fat. A trend for a statistically significant
association was found between increases in LS BMD and smaller increases in aerobic fitness
as well as increases in lean body mass. No association was found between changes in LS
BMD and load rating.
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Figure 2. Forest plot for changes in LS BMD among postmenopausal women. The black squares represent the standardized
mean difference (g) while the left and right extremes of the squares represent the corresponding 95% confidence intervals.
The middle of the black diamond represents the overall standardized mean difference (g) while the left and right extremes of
the diamond represent the corresponding 95% confidence intervals. For subgroup, HRT means hormone replacement
therapy.

The overall results suggest that ground and joint reaction force exercise may result in
clinically important benefits in FN and LS BMD in postmenopausal women, with results
more convincing for FN BMD. Based on previous prediction models,® the exercise-
induced changes in BMD observed at the FN and LS in the current meta-analysis would
reduce the 20-year relative risk of osteoporotic fracture at any site by approximately 11%
and 10%, respectively.

Several interesting associations were found when simple meta-regression was performed for
changes in FN and LS BMD. For both FN and LS BMD, greater increases were associated
with both greater intensity and compliance in the strength training (joint-reaction force)
groups. These findings suggest that greater loads per repetition as well as greater adherence
may provide greater benefit to FN and LS BMD. Greater improvements in both FN and LS
BMD were also associated with increases in static balance. These associations may be
especially important for reducing the risk of falling as well as subsequent fracture risk.
Greater increases in both FN and LS BMD were also associated with decreases in BMI,
body weight and percent body fat. In addition, increases in LS BMD were associated with
increases in LBM. All of these associations may be reflective of greater exercise effort. The



inverse association between increases in both FN and LS BMD with poorer compliance to
aerobic and strength training protocols may be nothing more than the play of chance.
Alternatively, studies with poorer compliance may have yielded greater benefits in FN and
LS BMD because of the greater overall volume of training prescribed. For LS BMD, the
positive association between increases in LS BMD and older age as well as a greater
number of years postmenopausal may be the result of lower initial levels of BMD. However,
we found no association between baseline LS BMD and changes in LS BMD. The negative
associations between increases in LS BMD with shorter duration and total minutes of
training per week for aerobic exercise studies may help to reinforce the belief that shorter
duration activities such as jumping may be more beneficial to LS BMD than activities such
as walking.!* One potential reason for this negative association may be the result of calcium
loss from excessive sweating in longer duration and/or higher intensity activities.**** This
causes a decrease in serum calcium followed by an increase in serum parathyroid hormone,
which then stimulates bone resorption.*®** While these findings are interesting, further
research is needed before any firm conclusions can be drawn.

A major interest of the investigative team was to examine the dose-response relationship
between changes in FN and LS BMD and exercise load ratings in postmenopausal women.
While we found no significant association between changes in FN and LS BMD and load
ratings, these associations were based on general categorical estimates versus estimates
specific to each activity." The decision to use categorical estimates was based on the
inability to accurately calculate load ratings for those studies that involved multiple types of
activities. In addition, the algorithm used requires further testing, improvement and
validation.® Future research should also focus on developing formulas for accurately
calculating load ratings from data typically provided in randomized controlled intervention
trials. Ideally, individual studies should collect and report force data in all exercise
interventions. However, the accurate measurement of such may be challenging for some
activities.” Until additional dose—response research is conducted, it would appear plausible
to suggest that postmenopausal women adhere to the exercise guidelines from the American
College of Sports Medicine.” These include weight-bearing endurance activities 3 to 5
times per week as well as resistance exercise 2 to 3 times per week.'> However, it will be
particularly important for future dose-response studies to determine whether increased
duration of aerobic exercise diminishes the potential skeletal benefits, as suggested by the
current regression analyses.

In conclusion, the overall findings of this aggregate data meta-analysis suggest that
exercise may result in clinically relevant benefits to FN and LS BMD in postmenopausal
women. However, future research regarding the dose-response relationship between exercise
and FN and LS BMD are needed.

Details regarding the aforementioned study in postmenopausal women can be found
in the manuscript located in Appendix E, pages 287-305.

2. Exercise and BMD at the FN and LS in premenopausal women. Maintaining optimal
bone mineral density (BMD) levels during the premenopausal years is important for reducing
the risk of osteoporosis and subsequent fractures during the postmenopausal years, with



relative-risk increases ranging from 1.5 to 3.0.*% In addition, the prevalence of osteopenia and
osteoporosis has been reported to be 15% and 0.6%, respectively, in premenopausal
women.*® Furthermore, it has been estimated that the loss of BMD ranges from 0.25% to 1%
per year in premenopausal women.*> While pharmacologic therapy is usually contraindicated
in premenopausal women, reliance on lifestyle factors is almost always recommended.****4
One potentially effective lifestyle approach for achieving this goal is exercise, a low-cost,
non-pharmacologic intervention that is available to the vast majority of the population. The
purpose of this study was to use the aggregate data meta-analytic approach to determine the
overall effects, as well as potential moderators and predictors of, ground and joint reaction
force exercise on FN and LS BMD in premenopausal women.

A search of six electronic databases, cross-referencing from retrieved studies, hand searching
selected journals, and expert review, resulted in 7 of 1,055 studies representing 17 groups (10
exercise, 7 control) and 521 participants (269 exercise, 252 control) that met the following
inclusion criteria: (1) randomized trials with a comparative control group, (2) premenopausal
women, (3) participants not engaged in a regular exercise program prior to study enrollment,
(4) ground and/or joint reaction force exercise intervention of at least 24 weeks, (5) published
and unpublished (master’s theses and dissertations) studies since January 1989, and (6) data
available for changes in BMD at the FN and/or LS and assessed using dual-energy X-ray
absorptiometry (DEXA) or dual-photon absorptiometry (DPA). Any studies not meeting all
six criteria were excluded.*!

Using a random-effects model and standardized effect sizes (g) classified as either trivial
(<0.20), small (>0.20 to <0.50), medium (>0.50 to <0.80), or large (>0.80),% statistically
significant (p = 0.03) benefits with non-overlapping CI’s were observed for FN BMD (Figure
3). Changes were equivalent to a 1.1% benefit (0.4% increase in the exercise groups, —0.7%
decrease in the control groups). The NNT was 5.

Study name Group Statistics for each study Hedges's g and 95% CI
Hedges's  Lower Upper
g limit limit
Bailey and Brooke-Wavell, 2010 2 days per week 0.269 —-0.399 0.937 ——
Bailey and Brooke-Wavell, 2010 4 days per week 0.655 —0.069 1.378 =
Bailey and Brooke-Wavell, 2010 7 days per week 1.076 0.365 1.787 ———
Friedlander et al., 1995 None 0.538 0.035 1.041 -
Heinonen et al., 1996 None 0.379 —-0.054 0.812 -
Liang et al., 2011 Step aerobics 0.051 —-0.607 0.708 —
Liang et al., 2011 Strength training  0.494 —0.185 1.174 =
Lohman et al., 1995 None 0.224 -0.314 0.762 ——
Warren et al., 2008 None 0.000 —0.322 0.322
0.342 0.132 0.553 -
-2 -1 0 1 2
Control Exercise

Figure 3. Forest plot for changes in FN BMD among premenopausal women. The black squares represent the standardized
mean difference (g) while the left and right extremes of the squares represent the corresponding 95% confidence intervals.
The middle of the black diamond represents the overall standardized mean difference (g) while the left and right extremes of
the diamond represent the corresponding 95% confidence intervals.

There was a trend (p > 0.05 to < 0.10) for greater benefits in FN BMD for those
participating in home versus facility-based exercise. A statistically significant ( p < 0.05)
and positive relationship was observed between benefits in FN BMD and the number of sets
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performed when resistance training while an inverse relationship was observed for exercise
frequency. A trend for statistical significance was observed for greater benefits in FN BMD
and (1) shorter exercise interventions, (2) lower initial FN BMD, (3) increases in body
weight, and (4) decreases in upper body strength. Load rating was not associated with
changes in FN BMD.

With one outlier deleted from the model, statistically significant benefits along with non-
overlapping confidence intervals were observed between exercise and changes in LS BMD
(Figure 4). The NNT was 9. A trend for a statistically significant association was observed
for greater benefits in LS BMD and earlier published studies. No statistically significant
association was found between load rating and changes in LS BMD.

Study name Group Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
g limit limit
Friedlander et al.,, 1995 None 0.409 —-0.09 0.908 =
Heinonen et al., 1996 None 0.323 —-0.109 0.754 L
Liang et al,, 2011 Step aerobics —-0.035 —-0.693 0.622 . E—
Liang et al,, 2011 Strength training  —0.183 —0.854 0.488
Lohman et al., 1995 None 0.381 -0.16 0.921 =
Warren et al., 2008 None 0.129 —0.193 0.452 —ii—
0.201 0.009 0.394 [
-15 —0.75 0 0.75 L.
Control Exercise

Figure 4. Forest plot for changes in LS BMD among premenopausal women. The black squares represent the standardized
mean difference (g) while the left and right extremes of the squares represent the corresponding 95% confidence intervals.
The middle of the black diamond represents the overall standardized mean difference (g) while the left and right extremes of
the diamond represent the corresponding 95% confidence intervals.

The overall findings suggest that exercise results in small but statistically significant benefits
in both FN and LS BMD. In addition, moderator analyses resulted in a trend for greater
benefits on FN BMD when exercise took place in the home versus a facility. Since the
investigative team is not aware of any consensus in the literature regarding which location is
superior, future research in this area appears warranted.

Simple meta-regression analyses resulted in several noteworthy associations that may be
appropriate for future investigation. Specifically, there was a trend for greater increases in
FN BMD with shorter exercise interventions as well as a statistically significant association
between increases in FN BMD and fewer days per week of exercise. One possible
explanation for the negative associations observed may have to do with the loss of calcium
from excessive exercise.***" This causes a decrease in serum calcium, followed by an
increase in serum parathyroid hormone, which then stimulates bone resorption.*>** However,
no association was observed between changes in FN BMD and duration of training as well as
exercise load rating. Thus, while these findings are interesting, further dose-response
research is needed before any firm conclusions can be drawn. For resistance training, greater
increases in FN BMD were associated with a greater number of sets. Since sweating as a
result of resistance training is usually not as great as that from aerobic exercise, it may be that
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a greater but undetermined amount of resistance training is needed to increase FN BMD in
premenopausal women. However, no association was found between the number of exercises
performed and changes in FN BMD. Given the former, it would appear appropriate to
suggest that future dose-response studies are needed to address this issue. Until that time, it
would appear plausible to suggest adherence to current exercise guidelines for optimizing
BMD in adults.*?

The trend for greater benefits in FN BMD and lower baseline BMD at the FN suggests that
those with lower FN BMD may derive the greatest benefits as a result of exercise. This
finning would seem to be entirely reasonable. The trend for increases in FN BMD to be
associated with increases in body weight supports well-established research regarding greater
BMD in heavier adult humans. Other than chance, the investigative team has no plausible
explanation for the observed association between increases in FN BMD and smaller increases
in upper body strength. Finally, there was a trend for greater benefits in LS BMD for those
studies published during the earlier years. This observed association may be reflective of
improved study designs in more recent years.

In conclusion, the overall findings of the current meta-analysis provide additional support
regarding the benefits of exercise, including NNT estimates to aid decision makers regarding
the utility of exercise for improving FN and LS BMD in premenopausal women. In addition,
this study provides first-time meta-analytic evidence, when limited to randomized controlled
trials, of potential moderators and predictors with respect to changes in FN and LS BMD
which appears worthy of pursuing in future well-designed randomized controlled trials. The
inability of the current meta-analysis to provide a definitive exercise prescription warrants
further research.

Details regarding the aforementioned study in premenopausal women can be found in
the manuscript located in Appendix E, pages 306-321.

3. Exercise and BMD at the FN and LS in men. While the prevalence of osteopenia and
osteoporosis is more common in women than men,>? the burden of this problem among men
is still substantial. For example, recent data from the US National Center for Health Statistics
reported that the age-adjusted prevalence of osteopenia among US men 50 years of age and
older was 38% while the age-adjusted prevalence for osteoporosis was 4%.°> Using 2010
population estimates from the US Census Bureau,>® this means that approximately 16.8
million US men 50 years of age and older currently have osteopenia while more than 1.7
million have osteoporosis. One potential, low-cost, readily available non-pharmacologic
approach for maintaining optimal BMD levels in men is exercise. The purpose of this study
was to use the aggregate data meta-analytic approach to examine the effects of exercise on
FN and LS BMD in men.

A search of six electronic databases, cross-referencing from retrieved studies, hand searching
selected journals, and expert review resulted in 3 of 1,055 studies representing 9 groups (five
exercise and four control) and 275 participants (152 exercise, 123 control) that met the
following inclusion criteria: (1) randomized trials with a comparative control group, (2) men
18 years of age and older, (3) participants not taking part in regular exercise prior to study
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enrollment, (4) ground and/or joint reaction force exercise intervention of at least 24 weeks,
(5) published and unpublished (master's theses and dissertations) studies since January 1989,
and (6) data available for changes in FN and/or LS BMD as assessed by dual-energy X-ray
absorptiometry (DEXA) or dual-photon absorptiometry (DPA).

Using a random-effects model and standardized effect sizes (g) classified as either trivial
(<0.20), small (>0.20 to <0.50), medium (>0.50 to <0.80), or large (>0.80),%® a statistically
significant improvement was found at the FN (3 g's, 187 participants, g=0.583, p=0.04)
(Figure 5). However, results were sensitive to influence analysis as well as collapsing
multiple groups from the same studies so that only one g represented each study. Given the
small sample size, we were unable to conduct any type of moderator or regression analyses.

Study name Subgroup within study Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper

g limit limit
Kukuljan et al., 2011 exercise and milk 0.911 0.467 1.355
Kukuljan et al., 2011 exercise only 0.727 0.291 1.164
Zeilman I, 2007 none -0.454 -1.500 0.592 L
0583 0.031 1.135 |
-2.00 -1.00 0.00 1.00 2.00
Favors Control Favors Exercise

Figure 5. Forest plot for changes in FN BMD in men. The black squares represent the standardized mean difference (g) while
the left and right extremes of the squares represent the corresponding 95% confidence intervals. The middle of the black
diamond represents the overall standardized mean difference (g) while the left and right extremes of the diamond represent
the corresponding 95% confidence intervals.

While not statistically significant, a trend for statistical significance was observed for
exercise-induced benefits in LS BMD (5 g's, 275 participants, g=0.190, p=0.10) (Figure 6).
However, results were sensitive to influence analysis as well as collapsing multiple groups
from the same studies so that only one g represented each study. Similar to FN BMD,
results were sensitive to influence analysis as well as collapsing multiple groups from the
same studies so that only one g represented each study. We were unable to conduct any
type of moderator or regression analyses because of the small sample size.

While a statistically significant benefit of exercise was observed in FN BMD and a trend in
LS BMD, the findings for both were sensitive to influence analysis and/or collapsing
multiple groups from the same study so that only one g represented each study. Thus, given
the small number of g's included and the instability of results, it is believed that there is
currently insufficient evidence to recommend exercise as a singular intervention for
improving and/or maintaining FN and LS BMD in men. However, similar to recent clinical
practice guidelines by the Endocrine Society on osteoporosis in men,* it is suggested that
men, especially those at risk for osteoporosis, participate in regular exercise. While the
Endocrine Society guidelines suggest that men participate in weight bearing, i.e., ground
reaction force exercise, three to four times per week for 30 to 40 min per session, the
American College of Sports Medicine Position Statement suggests that adults participate in
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Study name Subgroup within study  Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper
g limit limit

Hong, 2004 tai chi 0267 -0.246 0.780
Hong, 2004 weight training 0.172  -0.344 0.687
Kukuljan et al., 2011 exercise and milk -0.088 -0.511 0.334
Kukuljan et al., 2011 exercise only 0.436 0.009 0.864
Zeilman 11, 2007 none 0.181 -0.854 1.216
0.190 -0.038 0.416

=2.00 -1.00 0.00 1.00 2.00

Favors Control Favors Exercise

Figure 6. Forest plot for changes in LS BMD in men. The black squares represent the standardized mean difference (g) while
the left and right extremes of the squares represent the corresponding 95% confidence intervals. The middle of the black
diamond represents the overall standardized mean difference (g) while the left and right extremes of the diamond represent
the corresponding 95% confidence intervals

ground reaction force exercise, i.e., weight bearing endurance exercise, 3 to 5 times per week
for 30 to 60 min per session as well as joint reaction force exercise, i.e., weight training, 2 to
3 times per week.'? Despite the current lack of convincing evidence to support the use of
exercise for improving and/or maintaining FN and LS BMD in men, it would seem plausible
that adherence to the latter would be more approprlate espeCIaIIy given the other benefits
and minimal risk derived from participation in both.’>> Finally, it is clear that additional
randomized controlled trials addressing the effects of exercise on FN and LS BMD in men
are needed. This recommendation is consistent with the 2008 US Department of Health and
Human Services Physical Activity Guidelines for Americans.™

In conclusion, there is currently insufficient evidence at this time to recommend ground
and/or joint reaction force exercise for improving and/or maintaining FN and LS BMD in
men. Additional well-designed randomized controlled trials in men are needed before any
final recommendations can be formulated.

Details regarding the aforementioned study in men can be found in the
manuscript located in Appendix E, pages 322-330.

I11. KEY RESEARCH ACCOMPLISHMENTS FOR PROJECT PERIOD

A. Developed an electronic search strategy for potentially eligible studies (Appendix A).

B. Developed a reference database of intervention studies dealing with the effects of
exercise on FN and LS BMD in adults (Appendix B).

C. Developed code book and coded data for all eligible intervention studies dealing with
the effects of exercise on FN and LS BMD in adults (Appendix C).

D. Published and presented three abstracts dealing with the effects of exercise intervention
studies on FN and LS BMD in adults (Appendix D).

E. Published three meta-analytic papers dealing with the effects of exercise intervention
studies on FN and LS BMD in adults (Appendix E).
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IV. REPORTABLE OUTCOMES FOR PROJECT PERIOD

A. Published Abstracts of Presentations (Appendix D)

1. Kelley G, Kelley K, Kohrt W. (2012). Effects of ground and joint reaction force exercise on
lumbar spine and femoral neck bone mineral density in postmenopausal women: a meta-
analysis of randomized controlled trials. Arthritis and Rheumatism. 64(10):51014-S1015.
(Pages 281-282 of Appendix)

2. Kelley GA, Kelley KS, Kohrt WM. (2013) Exercise and bone mineral density in
premenopausal women: A meta-analysis of randomized controlled trials. Medicine and Science
in Sports and Exercise. 1206. (Pages 283-284 of Appendix)

3. Kelley GA, Kelley KS, Kohrt WM. (2013) Exercise and bone mineral density in men: A
meta-analysis of randomized controlled trials. Medicine and Science in Sports and Exercise.
1599. (Page 285 of Appendix)

B. Articles Published (Appendix E)

1. Kelley G, Kelley K, Kohrt W. (2012). Effects of ground and joint reaction force
exercise on lumbar spine and femoral neck bone mineral density in postmenopausal
women: a meta-analysis of randomized controlled trials. BMC Musculoskeletal
Disorders. 13(1): Article ID 177, 1-19. (Pages 287-305 of Appendix)

2. Kelley GA, Kelley KS, Kohrt WM. Exercise and bone mineral density in premenopausal
women: A meta-analysis of randomized controlled trials. International Journal of
Endocrinology 2013, Article ID 741639, 1-16. 201. (Pages 306-321 of Appendix)

3. Kelley GA, Kelley KS, Kohrt WM. Exercise and bone mineral density in men: A meta-
of randomized controlled trials. Bone. 53:103-111. (Pages 322-330 of Appendix)

C. Personnel (Paid)

1. Dr. George A. Kelley, FACSM - Principal Investigator
2. Kristi Sharpe-Kelley, M.Ed. — Research Technician
3. Dr. Wendy Kohrt — Consultant

V. CONCLUSIONS FOR PROJECT PERIOD
A. Implications of Completed Research
The overall results of our research led us to the following major conclusions:
1. Exercise increases and maintains FN and LS BMD in postmenopausal women.
2. Exercise increases and maintains FN and LS BMD in premenopausal women.

3. While promising, there is currently insufficient evidence to recommend exercise as
being beneficial for FN and LS BMD in men.
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4. Weight-bearing endurance activities 3 to 5 times per week as well as resistance
exercise 2 to 3 times per week should benefit FN and LS BMD.*?

B. Suggestions for Future Research

Based on our findings, we recommend the following areas in which additional research
IS needed:

1. Additional randomized controlled trials addressing the dose-response effects of
exercise on FN and LS BMD in adult men and women of all ages.

2. Additional randomized controlled trials addressing the overall effects of exercise on
FN and LS BMD in men.

3. The development of more valid and reliable load rating instruments that can easily
be applied in randomized controlled exercise intervention trials.

B. So What?

VI.

1.

2.

10.

Osteoporosis and osteopenia are major public health problems among both men and
women. The results of our research suggest that exercise can benefit FN and LS BMD in
pre and postmenopausal women. These benefits may reduce the risk for subsequent
fracture.
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APPENDIX A
Database Search Strategies

1. Medline

# Query Limiters/Expanders Last Run Via Results
S7 (s3 and s6) Limiters - Date of Publication from: 19890101-20100631;
Human; Age Related: All Adult: 19+ years
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - MEDLINE 402
S6 (s4 or s5) Limiters - Date of Publication from: 19890101-20100631;
Human; Age Related: All Adult: 19+ years
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - MEDLINE 387298
S5 TX clinical w1 trial* Limiters - Date of Publication from:
19890101-20100631; Human; Age Related: All Adult: 19+ years
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - MEDLINE 324417
S4 TX random* w1l control* Limiters - Date of Publication from:
19890101-20100631; Human; Age Related: All Adult: 19+ years
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - MEDLINE 211688
S3 (sl and s2) Limiters - Date of Publication from: 19890101-20100631;
Human; Age Related: All Adult: 19+ years
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - MEDLINE 1672
S2 (MH "bone density") or TX bone w1 densit* Limiters - Date of
Publication from: 19890101-20100631; Human; Age Related: All Adult: 19+
years
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - MEDLINE 21414
S1 MH exercise or TX exercise Limiters - Date of Publication from:
19890101-20100631; Human; Age Related: All Adult: 19+ years
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - MEDLINE 82574
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2. Cochrane Database of Controlled Clinical Trials

(exercise):ti,ab,kw and (bone NEAR/1 densit*):ti,ab,kw and (random* NEAR/1
control*):ti,ab,kw and (human):ti,ab,kw, from 1989 to 2010 in Clinical Trials

3. Dissertation Abstracts Online

(kw: exercise and kw: bone and kw: densit*) and kw: random*
years 1989-2010

4. Embase

Set Items Description

S1 224518 EXERCISE OR EXERCISE/DE
S2 41847 BONE(W)DENSIT? OR BONE(W)DENSITY/DE
S3 2630 S1AND S2

S4 294309 RANDOM?(W)CONTROL?

S5 868757 CLINICAL(W)TRIAL?

S6 894597 S4 OR S5

S7 585 S3 AND S6

S8 578 S7/HUMAN

S9 577 S8 AND PY=1989:2010

S10 296 S9 AND DT=ARTICLE

S11 296 S10 NOT DT=EDITORIAL

S13 54 FS=MEDLINE AND S11

5. CINAHL

# Query Limiters/Expanders Last Run Via Results
S7 (s3 and s6) Search modes - Find all my search terms Interface -
EBSCOhost
Search Screen - Advanced Search
Database - CINAHL with Full Text 224
S6 (s4 or s5) Search modes - Find all my search terms Interface -
EBSCOhost
Search Screen - Advanced Search
Database - CINAHL with Full Text 41070
S5 (MH "Clinical Trials+") Limiters - Published Date from:
19890101-20100631; Human; Age Groups: All Adult
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - CINAHL with Full Text 35755
S4 TX random* w1 control* Limiters - Published Date from:
19890101-20100631; Human; Age Groups: All Adult
Search modes - Find all my search terms Interface - EBSCOhost



Search Screen - Advanced Search

Database - CINAHL with Full Text 13913

S3 (s1 and s2) Limiters - Published Date from: 19890101-20100631; Human;
Age Groups: All Adult

Search modes - Find all my search terms Interface - EBSCOhost

Search Screen - Advanced Search

Database - CINAHL with Full Text 672

S2 (NH "bone density™) or TX bone w1 densit* Limiters - Published Date
from: 19890101-20100631; Human; Age Groups: All Adult

Search modes - Find all my search terms Interface - EBSCOhost

Search Screen - Advanced Search

Database - CINAHL with Full Text 2392

S1 MH exercise or TX exercise Limiters - Published Date from:
19890101-20100631; Human; Age Groups: All Adult

Search modes - Find all my search terms Interface - EBSCOhost

Search Screen - Advanced Search

Database - CINAHL with Full Text 29586

6. SportDiscus

# Query Limiters/Expanders Last Run Via Results
S11 (s7 and s10) Limiters - Published Date: 19890101-20100631
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - SPORTDiscus with Full Text 300
S10 (s8 or s9) Limiters - Published Date: 19890101-20100631
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - SPORTDiscus with Full Text 135179
S9 (teenager* or adolescen™ or teen* or adult or senior or aged or
geriatric or geriatrics or elder or elderly) Limiters - Published Date:
19890101-20100631
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - SPORTDiscus with Full Text 84621
S8 human Limiters - Published Date: 19890101-20100631
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - SPORTDiscus with Full Text 59183
S7 (s3 and s6) Limiters - Published Date: 19890101-20100631
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - SPORTDiscus with Full Text 639
S6 (s4 or s5) Limiters - Published Date: 19890101-20100631
Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
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Database - SPORTDiscus with Full Text 23853

S5 TX clinical wl trial* Limiters - Published Date: 19890101-20100631
Search modes - Find all my search terms Interface - EBSCOhost

Search Screen - Advanced Search

Database - SPORTDiscus with Full Text 16823

S4 TX random* w1 control* Limiters - Published Date: 19890101-20100631
Search modes - Find all my search terms Interface - EBSCOhost

Search Screen - Advanced Search

Database - SPORTDiscus with Full Text 13437

S3 (sl and s2) Limiters - Published Date: 19890101-20100631

Search modes - Find all my search terms Interface - EBSCOhost

Search Screen - Advanced Search

Database - SPORTDiscus with Full Text Display

S2 (MH "bone density") or TX bone w1 densit* Limiters - Published Date:
19890101-20100631

Search modes - Find all my search terms Interface - EBSCOhost

Search Screen - Advanced Search

Database - SPORTDiscus with Full Text Display

S1 TX exercise or MH exercise Limiters - Published Date: 19890101-20100631

Search modes - Find all my search terms Interface - EBSCOhost
Search Screen - Advanced Search
Database - SPORTDiscus with Full Text Display
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APPENDIX B

Included and Excluded BMD Studies

Initial recornds identifled

{n=1182}
- PubMed {n=402) - Cochrane [n=104}
- Embase [n=73} - DAQ {n=38)
- CINAHL [n=224) - Dther {n=2)
- Sport Discus (n=300) - Already In Flie [n=41}

1

fieconds afier ouplicaies remowved
{n = 1055)

.

Initial reconds screened basad on ttle and
absiract

{n = 1055)

Fulkext articies
assessed for eligibilty

s

Records excluded (n = B15),
with reasons”

- Apstract [n=39)

- Deserigtion of study from
review or magazine — nat the
actual study (n=4)

- Inapprogriate Comparison
Group (n=2€)

- Inappropriate Intervention

{n=515]

- Inappropriate Dutcomas (n=52)

- Inappnogriate Population

{n=123

- Nota RCT [n=343)

- Not a BMD study [n=80)

- Rewiaw articke (n=150)

- Survey or quastionnaine (n=20)

in = 239)

k.

Articlas schaduled Tor iInciuslon In
mata-analyssas
in =33}
Partlclpanis = 2855 (1547 axerclas,
1312 control]

Records excluded (n = 200),
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- Abstract [n=5)

- Description of study from
review or m igE.IIHE — nat the
actual study (=4}

- Inapprogriate Comparison
Group (n=3T)

- Inappropriate Interventian

{n=g87}

- Inagpropriate Outcomes (n=30)

- Inappropriate Population

n=71)

- Nota RCT (=128}

- Not 3 BMD study (n=7)

- Review articke {n=11)

- Survey or questionnalre in=2)

Flgure 1. Flow diagram for selecfion of articles. *, nuember of reasons excesds the numoer of
anticies because some anicles were excluded for more than one reasaon.
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Included Studies (n = 39)

Bailey CA, Brooke-Wavell K. Optimum frequency of exercise for bone health:
Randomised controlled trial of a high-impact unilateral intervention. Bone
2010;46(4):1043-9.

Bassey EJ, Rothwell MC, Littlewood JJ, Pye DW. Pre- and postmenopausal women have
different BMD responses to the same high-impact exercise. Journal Of Bone And
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Research 1998 December;13(12):1805-13.

Bergstrom I, Landgren B, Brinck J, Freyschuss B. Physical training preserves BMD in
postmenopausal women with forearm fractures and low BMD. Osteoporosis
International: A Journal Established As Result Of Cooperation Between The European
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bone minearl density of postmenopausal women without hormone replacement therapy.
Journal of Aging & Health 2009 April;21(3):519-27.
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Medicine Alert 2008 March;11(3):28-31. Not a BMD and/or ground reaction force
topic

O'Mathuna DP. Omega-3 Fatty Acid Adds Little Benefit to Resistance Training for
Older Adults. Alternative Medicine Alert 2009 July;12(7):81-2. Inappropriate
Intervention, Study less than 6 months

Okada A, Ohshima H, Itoh Y, Yasui T, Tozawa K, Kohri K. Risk of renal stone
formation induced by long-term bed rest could be decreased by premedication with
bisphosphonate and increased by resistive exercise. International Journal Of Urology:
Official Journal Of The Japanese Urological Association 2008 July;15(7):630-5. Not a
BMD and/or ground reaction force topic

Okawa T, Sato T, Koike T. [Effect of exercises on BMD and physical strength in
elderly women]. Nippon Rinsho Japanese Journal Of Clinical Medicine 2004
February;62 Suppl 2:510-4. Inappropriate Intervention, Not a randomized controlled
trial (RCT)

Oktem M, Eroglu D, Karahan HB. Black cohosh and fluoxetine in the treatment of
postmenopausal symptoms: a prospective, randomized trial. Alternative Medicine
Review 2007 September;12(3):289. Inappropriate Intervention, Diet Intervention or
Supplement Study

Olivetti L, Schurr K, Sherrington C, Wallbank G, Pamphlett P, Kwan MM-S, Herbert
RD. A novel weight-bearing strengthening program during rehabilitation of older
people is feasible and improves standing up more than a non-weight-bearing
strengthening program: a randomised trial. Australian Journal of Physiotherapy 2007
September;53(3):147-53. Inappropriate Intervention, Study less than 6 months

Olmedo-Buenrostro BA, Trujillo-Hernandez B, Perez-Vargas FD, Diaz-Giner VR,
Delgado-Enciso I, Muniz-Murguia J, Huerta M, Trujillo X, Mora-Brambila AB,
Vasquez C. [Comparison of three therapeutic exercises protocols to lumbar
hyperlordosis improvement in asyntomatic youths]. Rev Invest Clin 2010
November;62(6):568-76. Study limited to children and/or adolescents

Omasu F, Kitagawa J, Koyama K, Asakawa K, Yokouchi J, Ando D, Nakahara Y. The
influence of VDR genotype and exercise on ultrasound parameters in young adult
Japanese women. Journal Of Physiological Anthropology And Applied Human Science
2004 March;23(2):49-55. Inappropriate Intervention, Not an exercise intervention study



(659)

(660)

(661)

(662)

(663)

(664)

(665)

(666)

(667)

(668)

(669)

91

Onambele GNL, Bruce SA, Woledge RC. Oestrogen status in relation to the early
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Subjects were active, NOT sedentary

Park SA. Gardening as a physical activity for health in older adults. DAI
2007;69(05B):2689. Inappropriate Intervention, Not an exercise intervention study

Parkhouse WS, Coupland DC, Li C, Vanderhoek KJ. IGF-1 bioavailability is increased
by resistance training in older women with low BMD. Mechanisms Of Ageing And
Development 2000 February 7;113(2):75-83. No BMD data

Parsons TJ, Prentice A, Smith EA, Cole TJ, Compston JE. Bone mineral mass
consolidation in young British adults. Journal Of Bone And Mineral Research: The
Official Journal Of The American Society For Bone And Mineral Research 1996
February;11(2):264-74. Inappropriate Intervention, Prospective Study

Patade A, Devareddy L, Lucas EA, Korlagunta K, Daggy BP, Arjmandi BH. Flaxseed
reduces total and LDL cholesterol concentrations in Native American postmenopausal
women. Journal of Women's Health (15409996) 2008 April;17(3):355-66.
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mechanisms of action. Nutrition Reviews 2008 July;66(7):359-74. Not a BMD and/or
ground reaction force topic

Preisinger E, Alacamlioglu Y, Pils K, Saradeth T, Schneider B. Therapeutic exercise in
the prevention of bone loss: a controlled trial with women after menopause. American
Journal of Physical Medicine & Rehabilitation 1995 March;74(2):120-3. No BMD data

Preisinger E, Alacamlioglu Y, Pils K, Metka M, Schneider B, Ernst E. Regular physical
exercises delay forearm bone loss - Results of five controlled trials. European Journal
of Physical Medicine and Rehabilitation 1995;5(1):8-12. Inappropriate Outcomes, No
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intervention
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eccentric progressive resistance training in young women. Journal Of Strength And
Conditioning Research / National Strength & Conditioning Association 2004
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Inappropriate Intervention, Not a randomized controlled trial (RCT)

Semler O, Fricke O, Vezyroglou K, Stark C, Stabrey A, Schoenau E. Results of a
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85| Liu-Ambrose et al. journal 2004|J Clin Densitom english Canada other rct attention control
184|Lohman et al. journal 1995|J Bone Miner Res english United States usa rct nonintervention
1120|Marques et al. journal 2011|Exp Gerontol english Portugal other rct nonintervention
1121|Marques et al. journal 2011|Calcif Tissue Int english Portugal other rct nonintervention
19|Martin & Notelovitz journal 1993|J Bone Miner Res english United States usa rct other
170|Nelson et al. journal 1994|JAMA english United States usa rct nonintervention
863 |Newstead et al. journal 2004|J Geriatr Phys Ther english United States usa rct other
365 |Prince et al. journal 1995|J Bone Miner Res english Australia other rct other
174|Rhodes et al. journal 2000|Br J Sports Med english Canada other rct nonintervention
30|Villareal et al. journal 2011|N Engl J Med english United States usa rct other
913|Villareal et al. journal 2004 |Age Ageing english United States usa rct other
920|Warren et al. journal 2008|Med Sci Sports Exerc english United States usa rct usual care
239|Weaver et al. journal 2001|Med Sci Sports Exerc english United States usa rct nonintervention
922|Westby et al. journal 2000|J Rheumatol english Canada other rct other
105|Wu et al. journal 2006| Metabolism english Japan other rct other
930|Zeilman 11 dissertation | 2007 |Univ. of Florida english United States usa rct other




Study Characterisics
type_c_desc matching

control group included but also had a control leg (unilateral training) no

no
control & ex groups both received calcium & Vitamin D supplements no
control & ex groups both received calcium supplements no
asked to maintain their normal daily activity routines no
asked to keep the same activities during the period of 24 weeks yes
Nine women in control group exercised option of swimming 2x week for 20 minutes no
placebo no
control and exercise groups received a placebo (cellulose) no
control subjects asked not to increase their physical activity during the study yes
given the option to continue with current level of PA or attend 2 out of 3, 30 minute stretching classes/wk no

yes

yes
asked to maintain their current level of physical activity yes
Light stretching exercises once a week (Sham exercise) no

yes
control & ex groups both received calcium & Vitamin D supplements no
subjects received 1000 mg of calcium and 400 U vitamin D per day (same as exercise group) no
low-frequency, low intensity (50%-60% mhr) activity for 60 minutes, 1x per week for 10 weeks followed by 10 weeks of rest yes
alternate limb served as the control no
all subjects received 600 mg elemental calcium per day no

yes
required to submit weekly physical activity logs no
sham exercise (stretching) yes
subjects asked to maintain their normal daily routine no
continue their daily routine and refrain from changing physical activity levels no
asked to continue their daily routines and not to change physical activity levels during the course of the experiment no
subject's received the same calcium supplementation as the exercise group no
asked to maintain their current level of physical activity no
control & ex groups both received calcium supplements no
subject's received the same calcium supplementation (tablets) as the exercise group no
instructed to maintain their normal lifestyle throughout the study; offered training program after the study no
provided general information about a healthy diet during monthly visits with staff yes
control group did exercises for flexibility, balance and coordination 2.9 +- 1.5 days/wk; all subjects received calcium & Vit D supplements no
received AHA brochure recommending 30 minutes of moderate intensity activity on most days of the week no

yes
usual care + written materials on osteoporosis & pamphlet on ex & arthritis no
placebo (2 capsules of dextrin, daily in the morning) no
both groups took 1200 mg calcium and 400 1U Vitamin D every day; asked to continue ADL and to not start exercising no
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matching_des crossover | sequence | allocation | blind_prime | inc_prime | outcome_rep | analysis | sample_size | groups_e

no yes unclear yes unclear unclear abp yes 3

no yes unclear yes unclear unclear abp yes 3

no yes unclear no yes no abp & itt [yes 1

no yes unclear yes unclear unclear abp no 1

no yes unclear yes unclear unclear abp no 1

subjects divided by hrt use (yes versus no) and then randomly assigned to groups no yes unclear yes unclear unclear abp yes 2
no yes unclear yes yes unclear abp no 1

no yes unclear yes unclear unclear abp yes 1

no yes unclear yes unclear yes abp no 1

age no yes unclear yes yes unclear abp yes 1
no yes yes yes yes unclear abp no 1

hrt no yes unclear yes unclear unclear abp no 2
bmd, bodyweight no yes unclear yes yes unclear abp no 2
weight, oral contraceptive use no yes unclear yes yes unclear itt yes 1
no yes unclear yes unclear unclear abp no 2

gender no yes unclear yes yes unclear abp yes 4
no yes unclear yes unclear unclear abp no 1

no yes unclear yes yes unclear abp yes 1

age no yes unclear yes yes yes abp & itt [yes 1
no yes unclear yes unclear unclear abp no 2

no yes unclear yes unclear unclear abp no 2

age, calcium intake no yes unclear yes yes unclear itt yes 2
no yes unclear yes unclear unclear abp no 2

postural stability, baseline total hip areal BMD, bisphosphonate use no yes unclear yes yes unclear abp yes 2
no yes unclear yes unclear unclear abp no 1

no yes unclear yes yes unclear itt yes 2

no yes unclear yes yes unclear abp & itt [yes 1

no yes unclear yes unclear unclear abp no 2

no yes unclear yes yes unclear itt no 1

no yes unclear yes yes unclear abp yes 1

no yes yes yes unclear unclear abp no 1

no yes unclear yes unclear unclear abp no 1

gender no yes unclear yes yes unclear itt yes 1
no yes unclear yes yes unclear itt yes 1

no yes unclear yes yes unclear itt yes 1

age, oral contraceptive use no yes unclear yes unclear unclear abp no 1
no yes unclear yes yes unclear itt yes 1

no yes unclear yes yes unclear abp no 1

no yes unclear yes yes unclear abp yes 1




Study Characterisics

groups_c

groups_t

funded

notes_sc

no

yes

Postmenopasual women with BMD <2.0 SD or any woman with BMD >1.5 SD excluded

no

all participants has a previous forearm fracture

no

all participants were perimenopausal

no

postmenopasual participants not taking hormone replacement therapy

no

yes

yes

yes

all participants were overweight, postmenopausal women; study also included an exercise and isoflavone and isoflavone only group

yes

yes

exercise + calcium and exercise + placebo combined; control + calcium and control + placebo combined

yes

exercise & control group on HRT; exercise & control group not on HRT; all subjects received 800 mg calcium citrate supplements daily

no

yes

yes

yes

no

all participants given 2 grams of calcium and 1 microgram of vtaimin D3 each day

yes

all participants received 1000 mg of calcium and 400 IU vitamin D per day

yes

all participants received 1500 mg of calcium and 500 1U of cholecalciferol (vitamin D) per day

yes

yes

yes

exercise and milk versus milk only group included as well as an exercise only versus control group

yes

yes

no

yes

yes

both itt and abp analysis done but data not reported for abp analysis

yes

subjects in both exercise and control groups were given 1000 mg/d of supplemental calcium

yes

yes

yes

subjects in both exercise and control groups were given 1000 mg/d of supplemental calcium

no

yes

all participants received 1500 mg of calcium and 1000 IU of vitamin D per day; limited to obese participants

yes

subjects were frail elderly participants 78 years of age and older; partial itt

yes

yes

results poorly reported; same study as id# 202 that we chose not to code

yes

all participants received 1000 mg of calcium and 400 IU vitamin D per day; partial itt

yes

exercise subjects also received placebo (2 capsules of dextrin daily, in the morning)

el e i N L e i N e e I e N N N I N I R R N I N R R RN R R TS

NININININININININININ|WINIWIN|WIW[A]|WIBININ|N|OWIN|WIBINININININWINININ| O

no

all subjects had inflammatory bowel disease
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study_id2_new author2 group_idl group_desc i_n_e|f n_e| drop_e
2|Bailey & Brooke-Wavell 1|2 days per week 21 16 24
2|Bailey & Brooke-Wavell 2|4 days per week 22 13 41
2|Bailey & Brooke-Wavell 3|7 days per week 22 16 27
302|Bassey et al. 1|premenopausal 30
302|Bassey et al. 2|postmenopausal 45
302|Bassey et al. 3| postmenopausal-hrt 24
298|Bergstrom et al. 1 60 48 20
1057 |Bergstrom et al. 1 20 12 40
744|Bocalini et al. 1 23 15 35
1170|Brentano et al. 1|strength training 9
1170|Brentano et al. 2|circuit training 10
26|Brooke-Wavell et al. 1 43 39 9
362 |Chilibeck et al. 1 14 10 29
1085 |Choquette et al. 1 25 18 28
405|Englund et al. 1 24 21 13
407|Friedlander et al. 1 32 50
161|Going et al. 1ihrt 86 71 17
161|Going et al. 2|no hrt 91 71 22
71|Grove & Londeree/Grove 1{low impact 5 5 0
71|Grove & Londeree/Grove 2|high impact 5 5 0
21|Heinonen et al. 1 49 39 20
951|Heinonen et al. 1|calisthenics 35 26 26
951 |Heinonen et al. 2|endurance 32 23 28
1019|{Hong 1|tai chi-men 30 30 0
1019|Hong 2|weight training-men 30 29 3
1019|{Hong 3|tai chi-women 30 28 7
1019|Hong 4 |\weight training-women 30 30 0
135|lwamoto et al. 1 8
819|Jessup et al. 1 10 9 10
827|Kemmler et al. 1 123| 115 7
205 |Kerr et al. 1|weight training (high load, low reps) 28 25 11
205|Kerr et al. 2|weight training (low load, high reps) 28 21 25
322 |Kerr et al. 1|weight training 42 24 43
322|Kerr et al. 2|circuit training 42 30 29
1113 |Kukuljan et al. 1|exercise and milk 45 43 4
1113|Kukuljan et al. 2|exercise only 46 44 4
1118|Liang et al. 1|strength training 30 15 50
1118|Liang et al. 2|step aerobics 32 16 50
85|Liu-Ambrose et al. 1|weight training 34 32 6
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85|Liu-Ambrose et al. 2|agility training 36 34 6
184|Lohman et al. 1 59 22 63
1120|Marques et al. 1|resistance training 23 15 35
1120|Marques et al. 2|aerobic training 24 19 21
1121|Marques et al. 1 30 27 10
19(Martin & Notelovitz 1|30 minutes 27 20 26
19|Martin & Notelovitz 2|45 minutes 25 16 36
170|Nelson et al. 1 21 20 5
863|Newstead et al. 1 25 23 8
365|Prince et al. 1|exercise and calcium 42 31 26
174|Rhodes et al. 1 22 20 9
30| Villareal et al. 1 26 22 15
913|Villareal et al. 1 69 42 39
920|Warren et al. 1 72 62 14
239|Weaver et al. 1 77 28 64
922 |Westby et al. 1 14 11 21
105(Wu et al. 1 34 31 9
930|Zeilman Il 1 8 7 13
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reason_e adverse_e
changed circumstance (3); time constraints (1); ankle sprain (1)
changed circumstance (2); time constraints (2); personal reasons (1); lower limb discomfort(1); recurrence of back pain (1); injury unrelated to exercise (2)
time constraints (1); lower limb discomfort (3); lower back discomfort (2)
no
no
DEXA during HRT (1); inadequate level of training (11), related to intervention
vaginal bleeding (1); infection (1); knee problems (1); myoma surgery (1); myocardial infarction (1); needed hrt (2); personal resasons (1)
compliance to exercise less than 90% (5)
surgery (1); illness/bereavement (2); fall at home (1); hyperthyroidism (1)
time (4)
no
dementia(1);heart failure(1);unspecified knee pain(1)
nd (reasons reported but not separately for exercise and control groups), unrelated to intervention
no
one person injured at 11 months and all but treadmill data collected at post yes
previous musculoskeletal problems (2); lower-limb overuse injury (2); pregnancy (1); moved (2); lost interest (3), all unrelated to study protocol no
moved (1); overuse injury (1); lost interest (7) no
overuse injury (1); lost interest (8) no
no
no
no
no
yes
time (1); illness (1) no
time (1); illness (1) no
dropouts (10); noncompliance (5)
dropouts (10); noncompliance (6)
time commitment (1); ill health (1) no
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time commitment (2) no
medical issues unrelated to intervention (3); disinterest (3); personal reasons (2) no
medical issues unrelated to intervention (2); personal reasons (3) no
medical problems unrelated to intervention (2); personal reasons (1) no
myocardial infarction while on vacation (1), unrelated to intervention no
time and/or moved; injury (1) yes

no
wanted to lose weight (1); job (1); family (1); medical (1) yes

personal (3); medical problems (17)

additional participants were excluded because they became pregnant or started corticosteroid use

nd (reasons reported but not separately for exercise and control groups)

family problems (1); illness (1); other (1)

moved (1)
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adverse_desc

some exacerbation of unreported problems with bunions or knee pain (n=3)

some exacerbation of unreported problems with bunions or knee pain (n=3)

injured at 11 months (1)

mild ankle distortion(1); knee-overuse injuries(4); Achilles-tendon inflammation(1); unspecified foot pain(1); aggravated low back pains (8); partial calf muscle rupture(1)

pre-existing back & shoulder injury (2), developed wrist injury (1)
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no

no

transient musculoskeletal pain that required minor modifications to the training program (7)

knee problems (1)

back pain (2); tendon tear and tendonitis (1); ankle fracture (1); hematoma (1); transient atrial fibrillation during exercise (1)
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in_ fnc drop ¢ reason_c int{fnt gender
20 19 5|changed circumstances (1) 41 35|females
22 13|females
22 16|females
25 55|females
32 77|females
22 46[females
52 44 15|started too extensive training (8) 112 92|females
20 15 25|personal reasons (3); needed hrt (2) 40 27|females
12 10 17 35 25|females
9 18|females
10|females
41 40 2|surgery (1) 84 79|females
14 12 14|hysterectomy and hrt (1); hrt (1) 28 22|females
26 22 15 51 40[females
24 19 21]lack of interest (2); death (1); started exercise (2) 48 40[females
31 50|nd (reasons reported but not separately for exercise and control groups) 63|females
73 65 11 159| 136|females
70 59 16 161| 130|females
6 5 17 11 10[females
females
49 45 8|accidental back injury (1); moved (1); lost interest (2) 98 84 |females
34 27 21|died from cancer (1); lost interest (6) 69 53|females
32 23|females
30 29 3 60 59|males
30 29|males
30 30 0 60 58|females
30 30[females
20 28|females
10 9 10 20 18|females
123 112 9 246| 227|females
28 25 11 28 25|females
28 21 25 28 21|females
42 36 14 84 60|females
42 30(|females
45 43 4]time (2) 90 86|males
44 42 5[time (1); unsatisfied (1) 90 86|males
28 20 29|dropouts (8) 58 35[females
32 16|females
34 32 6|time commitment (1); ill (1) 68 64|females
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36 34|females
47 34 28 106 56 [females
24 20 17]surgery (1); unwilling to participate as control (2); personal reasons (1) 47 35|females

24 19[females
30 22 27|surgery (2); unwilling to particpate as control (3); personal reasons (3) 60 49|females
24 19 21 51 39|females
24 49 16|females
19 19 0|no dropouts 40 39[females
28 26 7|time and or moved 53 49[females
42 35 17 84 66|females
22 18 18|refused to participate or unavailable for testing (4) 44 38|females
27 23 15]lacked interest (3); medical reasons (1) 53 45| mixed
50 38 24|death (1); personal (4); medical (4) 119 80| mixed
76 59 22|additional participants were excluded because they became pregnant or started corticosteroid use 148 121|females
64 27 58|nd (reasons reported but not separately for exercise and control groups) 141 55|females
16 10 38 30 21|females
34 33 3|unable to cope with trial (1) 68 64 |females
10 9 10]unable to attend post-test evaluation (1) 18 16|males
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me|nfe/nmc|infc race/ethnicity age_e| agesd e| age r e || age r e u|age c|agesd c|age r cl|iagercu
16 19 30.7 7.4 18 45| 329 9.4 18.0 45.0
13 32.2 10.0 18 45
16 34.6 7.9 18 45
30 25 |white/not hispanic or latino 38.4 7.4 36.4 7.6
45 32 55.8 33 54.9 4.1
24 22 53.7 3.2 53.4 45
48 44 58.9 4.3 45 65| 59.6 3.6 45.0 65.0
12 15 47.3 2.1 44 51| 47.0 2.7 41.0 51.0
15 10 69.0 34.9 57.0 75| 67.0 25.3 57.0 75.0
9 9
10
39 40 64.9 3.0 60.0 70.0| 64.2 3.1 60.0 70.0
10 12|east indian (1), all others white/not hispanic or latino 56.8 6.3 58.8 6.2
18 22 |\white 58.0 6.0 50 70| 59.0 6.0 50.0 70.0
21 19 72.8 3.6 66 87| 73.2 4.9 66.0 87.0
32 31 |white;asian/not hispanic or latino 28.0 6.8 20 35| 301 4.0 20.0 35.0
71 65 54.8 4.0 40 65| 54.9 5.0 40.0 65.0
71 59 55.8 4.7 40 65| 57.1 5.0 40.0 65.0
5 5|white/not hispanic or latino 56.6 4.3 50.0 61.0/ 56.0 45 53.0 64.0
5 white/not hispanic or latino 54.0 1.9 51.0 56.0
39 45 39.0 3.0 35.0 45.0/ 39.0 3.0 35.0 45.0
26 27 53.1 0.9 52.0 53.0/ 53.1 0.8 52.0 53.0
23 52.9 0.9 52.0 53.0
30 29 asian/not hispanic or latino 68.2 2.4 65 74) 68.1 2.7 65.0 74.0
29 asian/not hispanic or latino 68.7 3.0 65 74
28 30/asian/not hispanic or latino 69.7 2.8 65 74)  69.3 3.0 65.0 74.0
30 asian/not hispanic or latino 69.6 3.2 65 74
8 20 |asian/not hispanic or latino 65.3 4.7 53 77| 64.9 5.7 53.0 77.0
9 9|white/not hispanic or latino 69.1 2.8 69.4 4.2
115 112 |white/not hispanic or latino 68.9 3.9 65 69.2 4.1 65.0
25 25 58.4 3.7 40 70| 58.4 3.7 40 70
21 21 55.7 4.7 40 70| 55.7 4.7 40 70
24 36 60.0 5.0 62.0 6.0
30 59.0 5.0
43 43 white 61.7 7.6 50 79| 617 7.7 50.0 79.0
44 42 white 60.7 7.1 50 79| 59.9 7.4 50.0 79.0
15 20 23.0 4.2 20 35/ 25.0 4.7 20.0 35.0
16 25.0 4.4 20 35
32 32 |white 79.6 2.1 75 85| 79.5 3.2 75.0 85.0
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34 white 78.9 2.8 75 85
22 34 |white/not hispanic or latino 34.2 2.6 28.0 39.0 344 2.7 28.0 39.0
15 20|white 67.3 5.2 61 83| 67.9 5.9 61.0 83.0
19 white 70.3 5.5 61 83
27 22|white 70.1 5.4 63 83| 68.2 5.7 63.0 83.0
20 19|white/not hispanic or latino 60.3 7.8 56.7 6.9
16 white/not hispanic or latino 57.8 7.1
20 19|white/not hispanic or latino 61.1 3.7 50.0 70.0/ 57.3 6.3 50.0 70.0
23 26 |white (34); hispanic (13); asian (1); indian (1) 56.7 3.2 50 65| 56.6 4.1 50.0 65.0
31 35 63.0 5.0 50.0 70.0/ 62.0 5.0 50.0 70.0
20 18 68.8 3.2 65 75| 68.2 35 65.0 75.0
white (43); black or african american (8); other (2) 70.0 4.0 65 69.0 4.0 65.0

31 34 21 26|white (95); other (17) 83.0 4.0 83.0 4.0
62 59 |white (95); other (53) 36.4 55 25 44| 36.2 5.6 25.0 44.0
28 27 24.0 3.8 18 31| 242 3.7 18.0 31.0
11 10|white/asian: 14/0 exercise, 15/1 control 56.4 10.1 56.0 10.8
31 33Jasian 55.2 2.8 45 60| 54.9 2.9 45.0 60.0

7 9 50.5 10.1 41 70| 59.2 6.6 51.0 72.0
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ht e | htsd_e| ht c |htsd_c| ht_metric | drugs_e drugs_desc_e
164 5 162 6|centimeters
164 7 centimeters
163 8 centimeters
164 1.2 164 1.3|centimeters |no
161 6 163 6|centimeters |no
162 5 161 6|centimeters |yes
no
no no medication known to interfere with bone metabolism
no use of any medication that may alter calcium or bone metabolism
161.9 6.1| 162.9 7.3|centimeters |no none that could affect bone metabolism
164 6.32 165| 3.46|centimeters |no chronic medication use that might influence bone metabolism or calcium balance
161 6 160 6|centimeters no medication that influences glucose or lipid metabolism
162 6.3| 160.5 5.8|centimeters |no no medications known to affect bone metabolism
163.4 7.1 1634 6.9]centimeters |no not using medications that alter bone density
163.2 6.8 163 5.3|centimeters |no not using medications that alter bone density
some no drugs that could affect calcium metabolism and absorption
some no drugs that could affect calcium metabolism and absorption
164 6 165 5|centimeters |some none that could affect the skeleton
161 6 161 5|centimeters |some
164 5 centimeters [some
152 7.84 152| 5.66|centimeters |no none that could affect bone metabolism
no osteoporosis medications but could have been taking other drugs that alter bmd
161.8 6.1 160.5 5.8|centimeters |no no medication usage (bisphosphonates, hrt, glucocorticoids, laxatives)
165.2 7| 165.2 7]centimeters |no no medication known to affect bone density including estrogen, steroid hormones, or thiazide diuretics
165.2 6.1 165.2 6.1|centimeters |no no medication known to affect bone density including estrogen, steroid hormones, or thiazide diuretics
163.3 54| 162.4 6.6]|centimeters |no no hormone replacement therapy or other medications that could affect bone
165.3 5.8 centimeters |no no hormone replacement therapy or other medications that could affect bone
174.3 6.3 1744 5.8|centimeters |no no medication known to affect bone metabolism
174.2 6.6 175 6.6]centimeters |no no medication known to affect bone metabolism
158 9.9 159 6|centimeters
158 8.3 centimeters
160.1 6/ 158.3 8.4|centimeters |some bisphosphonates (21); estrogen replacement therapy (4); no medications that would negatively affect bone density
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157 6.1 centimeters |some bisphosphonates (23); estrogen replacement therapy (5); no medications that would negatively affect bone density
165 7.2] 165.8 5.8|centimeters |no none that could affect bone metabolism
no no medication known to affect bone metabolism
no no medication known to affect bone metabolism
no no medication known to affect bone metabolism
162.3 7.1 162.1 4.1|centimeters |no no medications in the last 12 months that could affect calcium metabolism
159 5.1 centimeters |no no medications in the last 12 months that could affect calcium metabolism
162.8 6.3 164 8.3|centimeters |no none that could affect bone metabolism
163.3 44| 1617 6.6]|centimeters |no no alendronate, tamoxifen, calcitonin, raloxifene, glucocorticoids, residronate
no none that could affect bone metabolism
160.9 55 159.3 4.5|centimeters
no no drugs that could affect bone health and metabolism
164 10 163 9|centimeters |no exclusion criteria: use of bone-acting drugs within previous year
166.3 56| 165.5 6.5]|centimeters
164.55 7.16| 165.85| 7.18|centimeters |no no chronic medication that could affect bone metabolism
162 8| 1635 6.8|centimeters |yes prednisone (all); DMARD; NSAID
155.3 6.3 156.7 6.3|centimeters |no no medication known to affect the skeleton
no not currently taking hormones, osteoporosis medications or steroids
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drugs_c drugs_desc_c hrt e| hrt c| gluc_e| gluc_c| rheum e
some [some
some
some
no no no no no no
no no no no no no
yes yes |yes |no no no
no no no no no no
no no medication known to interfere with bone metabolism no no no no no
no use of any medication that may alter calcium or bone metabolism no no no no
some [some
some
no none that could affect bone metabolism no no no no no
no chronic medication use that might influence bone metabolism or calcium balance no no no no no
no medication that influences glucose or lipid metabolism no no
no no medications known to affect bone metabolism no no no no
no no
no not using medications that alter bone density yes |yes |no no
no not using medications that alter bone density no no no no
no no drugs that could affect calcium metabolism and absorption some [some [no no
some no drugs that could affect calcium metabolism and absorption some no
some none that could affect the skeleton some [some |no no
some some [some
some
no none that could affect bone metabolism no no no no
no osteoporosis medications but could have been taking other drugs that alter bmd no no
no no medication usage (bisphosphonates, hrt, glucocorticoids, laxatives) no no no no
no no medication known to affect bone density including estrogen, steroid hormones, or thiazide diuretics no no no no
no no medication known to affect bone density including estrogen, steroid hormones, or thiazide diuretics no no no no
no no hormone replacement therapy or other medications that could affect bone no no no no
no no
no no medication known to affect bone metabolism no no no no
no no medication known to affect bone metabolism no no no no
some |some
some
some bisphosphonates (22); estrogen replacement therapy (4); no medications that would negatively affect bone density some [some |[no no
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some no
no none that could affect bone metabolism no no no no
no no medication known to affect bone metabolism no no no no
no no
no no medication known to affect bone metabolism no no no no
no no medications in the last 12 months that could affect calcium metabolism no no no no
no no
no none that could affect bone metabolism no no no no
no no alendronate, tamoxifen, calcitonin, raloxifene, glucocorticoids, residronate some |[some |[no no
no none that could affect bone metabolism no no no no
no
no no drugs that could affect bone health and metabolism no no
no exclusion criteria: use of bone-acting drugs within previous year no no no no some
some |some
no no chronic medication that could affect calcium metabolism some [some |[no no
yes prednisone (all); DMARD; NSAID yes yes yes
no no medication known to affect the skeleton no no no no
no not currently taking hormones, osteoporosis medications or steroids no no no no
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rheum_c | osteo_e | osteo _c| osteo sec e | osteo_sec ¢ | osteopen_e | osteopen_c | smoke e | smoke c | alcoho e | alcoho c | regex_e | regex ¢
yes yes
yes
yes
no no no no no some some yes yes
no no no no no some some yes yes
no no no no no some some yes yes
no some some |no no some some some some yes yes
no no no no no no no some some yes yes
yes yes
yes yes
yes
no no no no no no no some some yes yes
no no no no no some some yes yes
no no some some yes yes
no no no no no no no no
no no no no no no yes yes
no no yes yes
no no yes yes
yes yes
yes
no no yes yes
no no yes yes
some some no some yes yes
some some yes
some some no no yes yes
no no yes
yes yes no no yes yes
no no yes yes
some some |no no some some yes yes
no no yes yes
no no yes yes
yes yes
yes
no no some some no no yes yes
no no some some no no yes yes
no no no no no no yes yes
no no no yes
some some some some some some yes yes
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some some some yes
yes yes
some some some some yes yes
some some yes
some some some some yes yes
no no yes yes
some yes
no no yes yes
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no more than 1 hour per week of high-impact or weight-bearing exercise

no more than 1 hour per week of high-impact or weight-bearing exercise

no more than 1 hour per week of high-impact or weight-bearing exercise

current or recent (12 months) participation in vigorous, regular exercise more than 1h/wk

current or recent (12 months) participation in vigorous, regular exercise more than 1h/wk

current or recent (12 months) participation in vigorous, regular exercise more than 1h/wk

not already training at the level of or above that of the intervention

most performed no regular physical training; none training at a level above that of the intervention

participation in a regular and structured physical activity for the last 3 months

none engaged in any type of competitive exercise and practiced sports occasionally at a recreational level

none engaged in any type of competitive exercise and practiced sports occasionally at a recreational level

not already taking regular exercise

recent participation in a vigorous exercise program

sedentary (no participation in a systematic/supervised exercise program in the last 5 years

assume subjects were generally inactive since 2 control subjects dropped because they started exercising

no history of vigorous physical activity or currently exercising greater than 3 strenuous hours per week

less than 120 minutes of physical activity per week and no weighlifting or similar activity

less than 120 minutes of physical activity per week and no weighlifting or similar activity

women not active during the last year

women not active during the last year

regular exercise not more than 2 times per week

vigorous exercise no more than 2 times per week

vigorous exercise no more than 2 times per week

no tai chi or other regular exercise

no tai chi or other regular exercise

no tai chi or other regular exercise

no tai chi or other regular exercise

no engagement in sporting activity in the previous 5 years

not participating in regular exercise for the previous 12 months

no participation in exercise studies in the past 2 years or athletic history last decade; average self-rated PA score 4 (range 1-7 with 1 low, 7 high)

not exercising for more than 3 hours per week at a high intensity; no racquet sports or weight training in last 5 years

not exercising for more than 3 hours per week at a high intensity; no racquet sports or weight training in last 5 years

not exercising for more than 2 hours per week at a moderate intensity; no weight training in last 5 years

not exercising for more than 2 hours per week at a moderate intensity; no weight training in last 5 years

no participation in resistance training in the past 12 months and/or high-impact weight bearing activities for greater than 30 minutes three times per week in the preceding 6 months

no participation in resistance training in the past 12 months and/or high-impact weight bearing activities for greater than 30 minutes three times per week in the preceding 6 months

not engaged in regular exercise training in the last 6 months and VO2 max less than or equal to 38 mil/kg/min

not engaged in regular exercise training in the last 6 months and VO2 max less than or equal to 38 ml/kg/min

not exercising regularly more than 2 times per week
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not exercising regularly more than 2 times per week

no history of participation in athletics, a regular exercise program for up to 2 years prior to the study; leisure or occupational activities requiring regular lifting, carrying or pushing against re

not engaged in regular exercise training in the last year

not engaged in regular exercise training in 