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Abstract

Exercise is a cost-effective, widely available intervention that has been reported to help main-
tain optimal bone mineral density (BMD) in men, however, consideration of exercise modality
is needed if the aim is to promote skeletal health. A previous meta-analysis of randomised con-
trolled trials observed a moderate benefit on femoral neck (FN) but no benefit on lumbar spine
(LS) BMD. However, since that analysis more randomised controlled trials (RCTs) have been
published and updated methods of meta-analysis have been developed and therefore an updated
systematic review and meta-analysis is required. Methods and analysis: RCTs of ¿24 weeks
and published in English up to 01/05/20 will be retrieved by searching 3 electronic databases,
cross referencing and expert review. The primary outcome measures will be changes in FN and LS
BMD and lower limb BMD. Risk of bias for each study will be assessed using the Cochrane Risk of
Bias instrument for RCTs, while the strength of evidence for each outcome will be assessed using
the Grading of Recommendations Assessment, Development and Evaluation (GRADE) instru-
ment. Standardised effect sizes will be calculated from each study and pooled using the inverse
heterogeneity (IVhet) model. Trial Registration number: CRD42020180441.
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1 Introduction

Osteoporosis is a skeletal disorder characterized by low bone mineral density (BMD), compromised
bone strength and architectural damage of the bone [1]. A reported 8.9 million osteoporotic fractures
occur in Europe each year [1] and it is estimated to affect 200 million people worldwide [2]. While
osteoporosis is four-fold more common in women than men, there is evidence that men have more
osteoporosis-related complications [3, 4], with 30% experiencing a fracture [5]. Men who suffer a
proximal femur fracture are also younger, less healthy and have a 2-3 fold higher mortality [6, 7, 8]
and morbidity [9] than their female counterparts.

Exercise is a cost-effective, widely available intervention that has been reported to help maintain
optimal BMD in men [10]; however, consideration of exercise modality is needed if the aim is to promote
skeletal health. For example, swimming and cycling have been shown to have little or no effect on
BMD [11, 12], with some studies finding that these forms of exercise actually reduce BMD at both the
lumbar spine (LS) and proximal femur, often lower than inactive controls [13, 14, 15]. Weight-bearing,
high-impact and strength training exercises have been recognised widely to be the gold standard for
long-term skeletal health, with a 60% reduction in hip-fracture in men who were physically active
compared to inactive men [16]. A previous meta-analysis of randomised controlled trials by Kelley et
al. in 2013 [10] investigated the effects of exercise on BMD in men. The authors observed that there
was moderate benefit of exercise on femoral neck (FN) BMD (g = 0.583 [0.031, 1.135]) but no benefit
on LS BMD (g = 0.190 [-0.036, 0.416]). They concluded that there was insufficient evidence at that
time to recommend ground- and/or joint-reaction force exercise for improving and/or maintaining FN
and LS BMD in men and recommended that well-designed randomised controlled trials in men should
be performed to formulate any final recommendations.

While the results reported by Kelley et al. are noteworthy, they were limited to only three ran-
domised controlled trials published up to August of 2011 and lacked assessment of BMD using periph-
eral quantitative computed tomography (pQCT) [10]. However, since that time, additional randomised
controlled trials have been published [17, 18] and more robust methods for the conduct and interpre-
tation of meta-analytic results have been developed [19, 20, 21, 22]. Furthermore, to the best of the
authors knowledge, no systematic review of previous systematic reviews with meta-analysis or original
systematic review with meta-analysis has been conducted on the effects of exercise on BMD in men.
Finally, using previously developed guidelines for when to update a systematic review, it was decided
that an updated review on this topic was needed [23]. Thus, given 1) the deleterious consequences of
low BMD in men, 2) the potential benefits of certain types of exercise on BMD in men [10], 3) the
lack of recent meta-analytic work in this area, 4) the use of more robust methods for conducting meta-
analytic research [19, 20, 21, 22], and 5) decision tree analysis of when to update a systematic review
[23] our aim is to update the systematic review with meta-analysis by Kelley et al. [10], whereby we
will examine the effects of exercise on BMD in men.

2 Materials and Methods

2.1 Study Eligibility Criteria
As this meta-analysis aims to update the Kelley et al. [10] meta-analysis, the same a priori inclusion
criteria will be employed as shown in Table 1, with additional studies identified from 01/08/2011.
Studies not meeting the criteria outlined in Table 1 will be excluded from the analysis. Studies will be
limited to randomised controlled trials (RCTs) as this is the only way to ensure that confounders that
are understood can be controlled, as well as to eliminate the overestimation that has been described
in non-RCTs [24, 25].
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As this meta-analysis is interested in the effects of exercise on skeletal health, studies with multiple
interventions (e.g. diet combined with exercise) will only be included as long as there is a comparative
control group (e.g. diet only). Resistance training studies will be limited to those studies that include
lower body activities.

This meta-analysis will adhere to the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) [26]. The protocol for this meta-analysis is registered on PROSPERO (trial
registration number: CRD42020180441 [27]).

2.2 Data Sources

Studies published up to 01/05/2020 will be retrieved from three electronic sources (PubMed, Embase,
SportDiscus). Keywords relevant to all searches will include “exercise”, “bone”, “randomised”. Based
on PRISMA guidelines [26], an example search strategy will be submitted as supplementary material
on completion. The first author (BH) will conduct all electronic database searches. In addition to
electronic database searches, cross-referencing from retrieved studies will also be conducted.

2.3 Study Records and Selection

All studies will be imported into EndNote (EndNote X9.3.1, Clarivate Analytics, USA) and duplicates
removed by the first author (BH). A copy of the database will then be provided to the last author
(FMG) for duplicate screening. The first and last authors (BH and FMG) will select studies indepen-
dent of each another. Multiple studies will be handled by including only the most recently published
articles. The screeners will not be blinded to either the journal titles or to the study authors/affiliations.
Reasons for exclusion will be coded based on one or more of the following; 1) inappropriate population,
2) inappropriate intervention, 3) inappropriate comparison(s), 4) inappropriate outcome(s), 5) inap-
propriate study design or 6) other. On completion, the screeners will meet to discuss their selections
and reconcile any discrepancies by consensus. If agreement cannot be achieved, the second author (KS)
will provide a recommendation. The agreement rate, prior to the reconciliation of any discrepancies,
will be calculated using Cohen’s κ statistic [28]. The precision of searches will also be calculated as
the number of studies included divided by the number of studies screened (less duplicates) [29]. We
will then calculate the number-needed-to-screen (NNS) by taking the reciprocal of the precision [29]
A flow diagram of this process and a full list of studies will be made available as a supplementary file
on submission of Stage 2.

2.4 Data Abstraction

Prior to data abstraction an electronic code book will be developed by the first (BH) and last (FMG)
authors with input from all others. The data will be coded based on the following major categories; 1)
study characteristics (e.g., author, journal, year, etc.), 2) participant characteristics (e.g. age, height,
mass, etc.), 3) intervention details (e.g., type, length, frequency, etc.), and 4) outcome characteristics
(e.g., sample sizes, baseline/post exercise means and SDs, etc.). The first (BH) and last (FMG)
authors will extract all data independent of one another before meeting to resolve any discrepancies
by consensus. When this cannot be achieved, the second author (KS) will provide a recommendation.
Prior to this, the overall agreement rate will be assessed by Cohen’s κ statistic [28].

2.5 Outcome Measures

A priori primary outcome measures will include changes in FN and LS BMD measured by DXA or
DPA and lower limb BMD measured by pQCT. Secondary, a priori outcomes will include changes in
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body mass, body mass index, lean mass, and fat mass. Obtaining missing data will be attempted
for all primary and secondary outcome measures if assessed by a study but the data provided proves
inadequate to calculate an effect size. The corresponding author will be contacted three times via
email with one-week between each communication. These communications will be tracked (e.g., dates,
responses, success rates, etc.) to establish the success rate of this process.

2.6 Risk of Bias Assessment

Risk of bias for each study will be assessed using the recently revised Cochrane Risk of Bias instrument
for randomised controlled trials (RoB 2) [30]. Using one or more signalling questions, the RoB 2
instrument assesses risk of bias in five distinct domains: (1) bias arising from the randomisation
process, (2) bias due to deviations from intended interventions, (3) bias due to missing outcome data,
(4) bias in measurement of the outcome, and (5) bias in selection of the reported result. Based on
signalling questions, each domain is assessed as either ‘low risk’, ‘high risk’, or ‘some concerns’. Based
on responses to each domain, the overall risk of bias for each study is then assessed as either ‘low
risk’, ‘high risk’, or ‘some concerns’. We chose to use this risk of bias instrument over the various
study quality instruments, including those focused on exercise intervention studies [31, 32] given the
difficulty of the latter in differentiating between the quality of reporting and the quality in the conduct
of a study [30]. No studies will be excluded from the analysis based on risk of bias assessment [33].
The first (BH) and last (FMG) authors will undertake the risk of bias assessment independently of one
another, before meeting to resolve any discrepancies by consensus. Where this cannot be achieved,
the second author (KS) will provide a recommendation.

2.7 Statistical Analysis

2.7.1 Calculation of effect sizes

The a priori primary outcomes for this meta-analysis will be changes in FN and LS BMD, calculated
using the Hedges standardised mean difference effect size (ES), g, adjusted for small sample sizes
[34]. The g for each group will be calculated as the change score difference (absolute or relative)
in the exercise group minus the change score difference for the control group, divided by the pooled
standard deviation. If this information is not available, g will be calculated using procedures described
by Follmann et al. [35]. For studies reporting multiple post-intervention time points, we plan on
calculating g based on baseline and the final time point closest to the end of the intervention.

2.7.2 Effect size pooling

Results will be pooled using the recently developed inverse heterogeneity (IVhet) model [19], a model
which has been shown to be more robust than the traditional random-effects model employed by Kelley
et al. [10]. Two-tailed z-α values ¡0.05 and non-overlapping 95% confidence intervals will be considered
statistically significant.

2.7.3 Heterogeneity and Inconsistency

For each pooled outcome, heterogeneity will be assessed using Q [36], with an α level of ¡0.10 considered
to represent statistically significant heterogeneity. Inconsistency will be assessed using I2, an extension
of Q. For this meta-analysis, inconsistency will be categorised as very low (¡25%), low (25-50%),
moderate (50-75%) or large (¿75%) [36]. Absolute between-study heterogeneity will be assessed using
tau squared (τ 2). In addition, influence analysis will be conducted by removing each study from
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our analysis once in order to examine the effect of that study on the overall findings. Furthermore,
the recently developed E-value will be used as a form of sensitivity analysis against unknown and/or
unmeasured confounders [21]. The E-value is defined as the “minimum strength of association, on the
risk ratio scale, that an unmeasured confounder would need to have with both the treatment and the
outcome to fully explain away a specific treatment-outcome association, conditional on the measured
covariates” [21]. Larger E-values (¿2.0) suggest that a substantial amount of unmeasured confounding
would be necessary to explain away a treatment effect [21]. Given the expected small sample size, no
subgroup or meta-regression analysis will be conducted.

2.8 Meta-biases

Small-study effects (publication bias, etc.) will be assessed qualitatively using the Doi plot and quanti-
tatively using the Luis Furuya-Kanamori index (LFK index) [22, 37]. The Doi plot has been suggested
to be more intuitive than the funnel plot and the LFK index more robust than the commonly used
Egger’ regression-intercept test [22, 37]. LFK values within ±1, greater than ±1 but within ±2, and
greater than ±2 are considered to represent no, minor, and major asymmetry, respectively [22].

2.9 Strength of evidence

Strength of findings for each outcome will be assessed using the most recent version of the Grading
of Recommendations Assessment, Development and Evaluation (GRADE) for meta-analysis tool [38].
Quality of evidence was assessed across the domains of risk of bias, consistency, directness, precision
and publication bias. Quality was judged as high (further research is very unlikely to change our
confidence in the estimate of effect), moderate (further research is likely to have an important impact
on our confidence in the estimate of effect and may change the estimate), low (further research is very
likely to have an important impact on our confidence in the estimate of effect and is likely to change
the estimate), or very low (very uncertain about the estimate of effect) [38].

2.10 Software used for analysis

All data will be analysed using Meta XL (version 5.3). Upon completion, all data will be made available
as supplementary material.

3 Contributions

Conceptualization, FMG. and KS; methodology, BH, FMG and GK; writing–original draft preparation,
BH and FMG; writing–review and editing, ALL

4 Funding Information

This research received no external funding
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5 Abbreviations

The following abbreviations are used in this manuscript:
BMD Bone Mineral Density
DPA Dual-energy Photon Absorptiometry
DXA Dual-energy X-ray Absorptiometry
ES effect size
FN Femoral Neck
g Hedges standardised mean difference effect size
GRADE Grading of Recommendations Assessment, Development and Evaluation
IVhet Inverse heterogeneity
LFK Luis Furuya-Kanamori
LS Lumbar Spine
NNS Number-needed-to-screen
PRISMA Preferred Reporting Items for Systematic reviews and Meta-Analyses
pQCT peripheral Quantified Computer Tomography
RCT Randomised Controlled Trial
SD Standard Deviation
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Table 1: Study eligibility criteria.

Criteria
1) Randomised trials with comparative control group
2) Published in English
3) Men 18 years of age and older
4) Participants not taking part in regular exercise prior to the study enrolment
5) Ground- and/or joint-reaction force exercise intervention of at least 24 weeks duration
6) Included in Kelley et al. [10] OR published since 01 August 2011
7) Data available for changes in FN and/or LS BMD as assessed by dual-energy x-ray absorptiome-
try (DXA), dual-photon absorptiometry (DPA), or peripheral quantitative computed tomography
(pQCT)
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