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Background: Research on osteoporosis and physical activity often focuses on women.
We aimed to conduct a systematic review to assess the benefits and harms of physical
activity interventions for men’s bone health. Methods: We used standard methods and
searched for randomized controlled trials (RCTs) (duration, ≥6 months) published in all
languages across multiple databases and trial registries. The last search was conducted
on July 22, 2020. Results: We included 11 studies (14 publications), resulting in a sample
of N=723 men (range, 17–132 participants). We found low-certainty evidence that
physical activity has little influence on the areal bone mineral density (aBMD) at the total
hip (5 RCTs, N=324; mean difference [MD], 0.03 [95 confidence interval (CI), 0.01 to 0.05])
and little or no influence on the aBMD at the femoral neck (3 RCTs, N=186; MD, 0.00
[95% CI, -0.04 to 0.04]), lumbar spine (3 RCTs; N=213; MD, 0.05 [95% CI, -0.01 to 0.11]),
and whole body (4 RCTs, N=203; MD, -0.00 [95% CI, -0.03 to 0.02]). Conclusions: We
found low-certainty evidence that physical activity (≥6 months) has some effect on the
total hip in men, but new evidence may change this finding. This review highlights the
gap in the evidence on specific intervention prescriptions that can benefit the bone geometry, structure, microarchitecture, and, ultimately, bone strength in men. Future research should engage in comprehensive reporting of harms, quality of life outcomes,
advanced imaging findings, and long-term interventions.
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INTRODUCTION
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which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original
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Postmenopausal women have a higher risk of low-trauma fractures, but up to
25% of men have an osteoporosis-related fracture in their lifetime,[1,2] and they
may have worse outcomes compared with women after hip fractures.[3] Older
men are more likely to have a low-trauma fracture than a diagnosis of prostate or
lung cancer,[4] but men are frequently not considered to have osteoporosis and
or osteoporosis-related low-trauma fractures. As few as 5% of men with a lowtrauma fracture are investigated for their bone health.[5] The economic burden is
https://e-jbm.org/  27
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substantial: In Canada in 2007-2008, the annual cost of osteoporotic fractures in men aged 50 years and older was
estimated at CAD $570 M.[6]
Physical activity is an important prevention strategy across
the lifespan to maximize bone health in the later years. It
can provide health benefits across body systems, including
enhanced bone health [7] and reduced risk of falls.[8] In
the aging skeleton most of our knowledge about the role
of physical activity for maintaining bone mass/density/
strength is from studies of postmenopausal women. For
this review, we focused on men and aimed to synthesize
the evidence on the effect of physical activity interventions on fracture (when available) quality of life (QOL), and
bone strength and its related outcomes (density). Our objective was to assess the benefits and harms of physical activity interventions for preventing or managing osteoporosis in men aged 19 years and older. This current review updates previous work exploring the effect of physical activity and bone health in men.[9-13]

METHODS
We followed the recommendations outlined in Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [14] and Grading of Recommendations Assessment, Development, and Evaluation (GRADE).[15]

1. Types of study designs
We included randomized controlled trials (RCTs), cluster
RCTs and cross-over trials that examined the effects of a
physical activity intervention (≥6 month duration) on bone
outcomes in men. We included interventions that had a
full-text report available for review, and excluded abstractonly citations, theses, and grey literature.

2. Types of participants
We included trials that enrolled community-dwelling
men (aged 19 years and older) with or without a diagnosis
of osteoporosis. We also had interventions with both men
and women where the analysis of major outcomes (e.g.,
bone health) was reported separately.

3. Types of interventions
We included trials that compared physical activity interventions with usual care, no intervention, and/or wait list
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control. Interventions included aerobic, high impact loading and resistance training, sport, Tai Chi, and combined
programs. We excluded interventions designed specifically
for weight loss, interventions that contained supplements,
or included clinical populations (other than studies with
men with low bone mass).

4. Types of outcomes
We included the following major outcomes: Number and
rate of (1) vertebral; (2) non-vertebral hip; and (3) other
fractures; (4) QOL; and (5) adverse events (withdrawals, serious and total). If fracture data were unavailable, we substituted the first 3 outcomes with total hip areal bone mineral density (aBMD), femoral neck aBMD, lumbar spine
aBMD, and whole-body aBMD. We planned to include volumetric outcomes (density and strength), if available. We
also had attendance as a minor outcome.
We identified items from the following databases: CINA
HL via EBSCO (1980-present); The Cochrane Library via Wiley including the Cochrane Central Register of Controlled
Trials (CENTRAL), the Cochrane Database of Systematic Reviews, the Database of Reviews of Effects (DARE), and the
Health Technology Assessment database (HTA); EMBASE
via Ovid (1947-present); Google Scholar (Advanced Feature: keywords in title); MEDLINE via Ovid (1946 to present); and SPORTDiscus. The electronic search strategy for
MEDLINE is provided in Supplementary Table 1. We adapted this search strategy for use with other databases. We
used the sensitivity and precision-maximising version filter
designed to identify clinical trials.[16] To limit the search to
‘men’ we used a filter validated for this purpose.[17] Two
authors (blinded for peer-review) reviewed the reference
lists of relevant systematic reviews. We searched for errata
or retractions of included studies published in full text on
PubMed and reported the date this was done within the
review. We searched the World Health Organization International Clinical Trials Registry Platform and ClinicalTrials.
gov to identify any interventions in progress. We did not
restrict the search by language or publication status. The
last search was conducted on July 22, 2020.
Following development of the search strategy, one author (blinded for peer-review) conducted the database sear
ches and uploaded them to Covidence systematic review
software (Covidence; Veritas Health Innovation, Melbourne,
Australia; www.covidence.org), where duplicates were rehttps://doi.org/10.11005/jbm.2021.28.1.27
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moved. Next, 2 authors (blinded for peer-review) independently screened titles and abstracts (Level 1). We retrieved
the full-text records (Level 2) and 2 review authors (blinded
for peer-review) independently screened the full text and
identified records for inclusion, and recorded reasons for
exclusion of the ineligible records. We resolved any disagreement through discussion with a third author (blinded for
peer-review). We collated multiple reports of the same intervention so that each study was the unit of interest in
the review. We recorded the selection process in sufficient
detail to complete a PRISMA flow diagram using data from
Covidence.
We used a data collection form for intervention characteristics and outcome data and piloted it on 2 interventions
in the review. One review author (blinded for peer-review)
extracted intervention characteristics from included interventions, and 5 review authors (blinded for peer-review)
confirmed the extracted information. Three authors (blinded for peer-review) checked all data for accuracy. Another
author (blinded for peer-review) was available to confirm
data extraction and or adjudicate discrepancies. Data were
obtained from published literature. For included studies,
we obtained additional information or clarification of data
through email correspondence with authors.
Two of 4 review authors (blinded for peer-review) independently assessed the risk of bias for each intervention
using the criteria outlined by the Cochrane Collaboration.
[18] We resolved any disagreements by discussion or by involving another author (blinded for peer-review). To assess
outcome reporting bias, we checked trial registrations against
published reports.
We analysed continuous data as mean difference with
95% confidence intervals (CIs) between groups, and reported either final values or change data for each outcome
(depending on availability). We calculated the mean difference based on the number of men analysed at the final
time point. If the number of men analysed was not presented for each time point, we used the number of randomized men in each group at baseline. We contacted authors to verify key intervention characteristics and obtain
missing numerical outcome data where possible (e.g., when
data were not available for all participants).
Four authors (blinded for peer-review) independently
assessed the evidence and 4 authors (blinded for peer-review) confirmed these findings. We used the 5 GRADE conhttps://doi.org/10.11005/jbm.2021.28.1.27

siderations (intervention limitations, consistency of effect,
imprecision, indirectness, and publication bias) to assess
the body of evidence that contributed data to the metaanalysis for the pre-specified outcomes. We used methods
and recommendations from the Cochrane Collaboration
using the GRADEpro Guideline Development Tool Software
(McMaster University, 2015).[19] We justified all decisions
to down- or up-grade the quality of interventions. Two authors (blinded for peer-review) confirmed these findings at
the conclusion of the review process.
We undertook meta-analysis only where this was meaningful (i.e., if the treatments, participants, and the underlying clinical question were similar enough for pooling to
make sense). We reported results using a fixed-effects model, or random-effects model when there was (clinical and
statistical) heterogeneity between study participants and
physical activity interventions. For interventions with 2 or
more arms, in the meta-analysis we combined the 2 interventions using standard procedures, as outlined in Section
9.3.9 of the Cochrane Handbook.[20] The effect estimates
were computed using the DerSimonian-Laird method with
the Knapp-Hartung small-sample adjustments.[21] We used
R (version 4.0.3; The R Foundation for Statistical Computing, Vienna, Austria) [22] using the meta-package.[23]
We planned to carry out subgroup analysis of outcomes
by 2 age groups (men aged 19-44 years and men aged
45+ years); and sensitivity analysis for outcomes from interventions with low risk of bias versus high risk of bias for
(1) allocation concealment; and (2) blinding of outcome
assessor. We conducted additional sensitivity analysis for
the type of statistical modeling (random vs. fixed effects)
and men with and without a diagnosis of osteoporosis.

RESULTS
Table 1 is a summary of the main differences between
our review protocol and full systematic review. See Figure 1
for the PRISMA flow diagram.[14] We identified 2,919 unique
records from bibliographic database searches, 1 record
from searching related systematic review publications, and
one record from a trial we identified on a registry. There
were 324 duplicates removed, leaving 2,597 records reviewed at Level 1. We screened 114 studies at Level 2 and
included 14 publications and 11 studies in the review. We
identified 2 instances of records reporting on the same
https://e-jbm.org/  29
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Table 1. Major differences between the original protocol and full systematic review
1

Instead of 2 authors (as stated in the protocol), 1 librarian developed the strategy and 1 author ran the search.

2

Contrary to the protocol, we did not look at presence of chronic disease and disease duration, we added the exclusion criteria to exclude
interventions that enrolled clinical populations (except osteoporosis). Thus, the subgroup analysis comparing interventions of men with
chronic disease and healthy men no longer applied to the review.

3

We did not include studies focused on comparing 2 physical activity interventions or intensities, and do not provide a description or
discussion of dose-response in the manuscript.

4

In the data extraction and management section we changed the protocol to: “1 review author (blinded for peer-review) extracted intervention
characteristics from included interventions and 5 review authors (blinded for peer-review) confirmed the extracted information. Finally, 3
authors (blinded for peer-review) checked all data for accuracy.”

5

We looked at program compliance and adverse events separately.

6

In the risk of bias section, we determined: greater than 20% loss of data was consider high risk.

7

We conducted a sensitivity analysis for type of statistical modelling (random vs. fixed effects) and for men with and without osteoporosis
diagnosis.

Identification

Last search completed on
July 22, 2020
Records identified through database
searching (n=2,919)

Additional records identified through
other sources (n=2)

Eligibility

Screening

Duplicates removed
(n=324)

Records screened
(n=2,597)

Records excluded
(n=2,483)

Full-text articles assessed for
eligibility (n=114)

Included

Included in synthesis (n=14)
publications and 11 studies

Studies included in quantitative
synthesis (meta-analysis) (n=6)

Full-text articles excluded, with
reasons (n=100)
15 Intervention <6 months
14 Wrong study design
12 Supplements
11 Protocol
10 Conference abstract
10 No separate date for men
9 Wrong outcomes
7 Clinical populations
6 Duplicate
5 Weight loss study
1 Graduate thesis

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.

study cohort, but different outcomes.[24-28] In these instances, we collated the data so that each intervention was
the unit of interest, rather than each record. We searched
PubMed on July 24, 2020 but did not locate errata or retractions for included studies.
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1. Included Studies
We included 14 publications for 11 studies with N=723
men at final assessment (sample size 17-132 participants),
all included studies were RCTs. In 10 of the 11 studies, the
mean age for men was >45 years of age. Participants were
from Asia [29]; Australia [26,27,30,31]; Europe [24,25,32https://doi.org/10.11005/jbm.2021.28.1.27
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Allison et al.
[24]
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Bolam et al.
[30]

Helge et al.
[32]

Huuskonen
et al. [33]

Kukuljan et al. 2009
[26]

27

42

50

100

2018

Alayat et al.
[35]

86

132

23

36

35

100

N N (final)

Year

References
(1) HILT+EX; (2) PL+EX; (3)
HILT only; (4) PL. Combination EX program: aerobic (treadmill walking),
weight-bearing (stairclimbing and jumping),
flexibility, strengthening,
and balance EXs.

Type of intervention

Aerobic (brisk walking)

Community-dwelling men aged 50–79 Combination: (1) resistance
years with normal to below average
training; (2) high impact
bone mineral density.
(jumping)

Community-dwelling men aged 53-62
years, randomly sampled from a
Finnish population registry.

Community-dwelling men aged 65–75 2 intervention groups: (1)
years, who did not smoke, but were
sport (football); (2) resisnot physically active within the
tance training
previous 5 years.

Yes

No

Yes

Adverse events

4 years

3x/week,
18 months
60-75 min

5x/week,
60 min

2-3x/week, 12 months
45-60 min

9 months

12 months

(Continued to the next page)

No study-related withdrawals: 2 participants who
withdrew because of non-study related illness/
injury from the EX and control groups (N=4).
Minor injuries reported included: gout (N=1);
knee/hip pain (N=2); low back injury (N=2);
shoulder injury (N=2); and hernia (N=3).

Study-related withdrawals unclear: 4 men died,
and 4 men dropped out for personal reasons.

Study-related withdrawal: achilles tendon
rupture (N=1)

Study-related withdrawal: 1 participant had a
hernia, but was able to return to the intervention after a rest period. One participant withdrew because of a pre-existing injury.

Study-related withdrawals: 3 participants withdrew due to discomfort during EX (knee pain:
N=2; sciatic pain: N=1); and 9 participants
because of unrelated health problems. For
those who completed the study, 8 participants
reported discomfort but continued with study
after a rest period (ankle/knee: N=1; back:
N=3; hip: N=1; knee: N=2; and toe: N=1).

3x/week, not 6 months
No study-related withdrawals: no participants
reported
(24 weeks)
withdrew from the study at 6 months. At 1
year follow-up, 15 participants withdrew from
the study: HILT+EX (N=3); PL+EX (N=3); HILT
(N=4); and PL (N=6).

Frequency,
Duration of
session
intervention
length (min)

Some home
7x/week,
sessions, but 15 min
monitored and
progressed by
staff

Yes

Supervised

Community-dwelling men aged 50–74 Combination: (1) resistance Half of EX ses- 4x/week,
years with no medical diagnosis that training; (2) high impact
sions (clinic
60 min
could affect bone metabolism or
(jumping) (dose response) and home)
ability to engage in in EX.
with 2 intervention
groups: (1) high dose; (2)
moderate dose

Community-dwelling men aged 65-80 High impact (unilateral
years with no medical diagnosis that hopping)
could affect bone metabolism or
ability to engage in EX.

Community-dwelling men aged >50
years, diagnosed with osteopenia
or osteoporosis.

Population

Table 2. Summary characteristics for the included studies
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2000

1995

2010

2010

2007

Maddalozzo
and Snow
[36]

McCartney
et al. [37]

Randers et al.
[34]

Whiteford
et al. [31]

Woo et al.
[29]

90

143

22

63

28

88

127

17

52

24

N N (final)

Type of intervention

Community-dwelling men (and women) 2 intervention groups:
aged 65-74 years
(1) resistance training;
(2) Tai Chi

Community-dwelling men aged 55-80 Resistance training
years who did not smoke, were not
engaged in resistance training in the
previous 5 years, did not take calcium
supplements or medications that
affect bone metabolism.

Community-dwelling men aged 20–43 Sport (football)
years

Community-dwelling men (and women) Resistance training
aged 60-80 years, who did not smoke,
and without significant chronic cardiac or respiratory disease, osteoporosis, musculoskeletal disability, and/
or high BMI.

Community-dwelling men (and women) Resistance training protoaged 50-60 years without chronic
cols: (1) MIM; (2) HIF
disease and/or not on medications
which affect bone metabolism.

Population

Yes

Yes

Yes

Yes

Yes

Supervised

Adverse events

12 months

3x/week, not 12 months
reported

3x/week,
60 min

Study-related withdrawals not reported.

Study-related withdrawals unclear: withdrawal
from the intervention group: bypass surgery
(N=1); T12 fracture (N=1); hip replacement,
(N=1); depression (N=1); hip problems (N=1);
and undiagnosed chronic illness (N=1). From
the active control group: depression (N=1).

2.4 then 1.3 14 months
Study-related withdrawals not reported.
sessions/
(64 weeks)
week, 60
min

No study-related withdrawals: 11 men from the
EX group dropped out of the study; 7 of these
participants were in the 60-70-year-old group.

6 months
No study-related withdrawals: those who left
(24 weeks)
the study did so for personal, work-related,
or family reasons.

2x/week, not 10 months
reported

3x/week,
75 min

Frequency,
Duration of
session
intervention
length (min)

BMI, body mass index; HILT, high intensity laser therapy; EX, exercise; PL, placebo laser; MIM, moderate intensity; HIF, high intensity.

Year

References

Table 2. Continued
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34]; Middle East [35]; and North America [36,37]. Physical
activity interventions ranged from 6 months to 4 years and
included aerobic, high impact loading, resistance training,
sport, Tai Chi, and combined programs. Comparator interventions included usual activity, placebo, and no intervention. There was 1 study that included aerobic training [33];
3 studies that included high impact, either alone or in combination [24-27,30]; 5 studies included resistance training
[29,31,32,36,37]; 2 studies included sport [32,34]; 1 study
included Tai Chi [29]; and 3 studies used a combination of
physical activity types [26,27,30,35]. Two studies compared
different types of interventions (Table 2).[29,32]
No included studies had fracture as their primary outcome but fracture was included as an adverse event; 1 study
[28] included health–related QOL outcomes and reported
no differences after 12 months between exercise (progressive resistance training and impact weight-bearing) and
control groups. All included studies assessed bone using
dual energy X-ray absorptiometry (DXA; aBMD). Two studies [24-27] reported volumetric BMD (vBMD) and/or bone
strength outcomes, but data reported were inconsistent
for measurement sites and insufficient data, precluding
the inclusion of vBMD in meta-analysis. We included 6 stud-

ies in the meta-analysis [29-32,34,35] with N=391 (391/723,
54% of total sample). Study sample sizes in the meta-analysis ranged from 17 to 127 participants: 3 studies [29,31,35]
had a sample size greater than 50 participants (at final assessment). Based on GRADE quality assessments, all outcomes for aBMD, as measured with DXA, were rated as low
certainty evidence. Reasons for downgrading the body of
evidence for all outcomes was based on (1) many high or
unclear risk of bias ratings; and (2) aBMD is a surrogate measure for fracture (indirectness). We did not downgrade for
(3) imprecision, however noted that most studies were
small; (4) inconsistency because although results varied
between studies a possible explanation was the different
study populations and physical activity interventions; or (5)
publication bias because we conducted a comprehensive
search for evidence, and although there were small trials,
some studies reported findings with no statistically significant differences.

2. Risk of Bias
Please see Figure 2 for a summary of the risk of bias. We
were unable to undertake formal statistical tests to investigate funnel plot asymmetry for our primary analysis be-

B

A

https://doi.org/10.11005/jbm.2021.28.1.27

Fig. 2. Risk of bias ratings for individual studies (A) and overall summary of risk of bias
for the collective evidence (B).
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cause of the low number of studies (<10 interventions).

3. Summary of Meta-analysis
Overall, based on the meta-analysis of aBMD mean difference (MD) and GRADE, there is low certainty evidence
that physical activity makes a small difference in aBMD at
the total hip (5 RCTs, N =324; MD, 0.03 [95% CI, 0.01 to
0.05]); but small to no difference at the femoral neck (3
RCTs, N =186; MD, 0.00 [95% CI, -0.04 to 0.04]); lumbar

spine [3 RCTs; n=213; MD, 0.05 [95% CI, -0.01 to 0.11]); or
whole body (4 RCTs, N=203; MD, -0.00 [95% CI, -0.03 to
0.02]) aBMD. We did not conduct subgroup analysis due to
a lack of available data. Total hip and lumbar spine aBMD
results changed using a fixed-effects model. However, we
decided to use the fixed-effect model only for the total hip
aBMD because of the lower heterogeneity of the pooled
effect (47%) (Fig. 3).

Femoral neck aBMD

A
Total hip aBMD

B
Lumbar spine aBMD

C
Whole body aBMD

D

Fig. 3. Forest plots for areal bone mineral density (aBMD) evidence for femoral neck (A), total hip (B), lumbar spine (C), and whole body (D). SD,
standard deviation; MD, mean difference; CI, confidence interval.
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4. Summary of findings from studies not
included in meta-analysis
Of the 11 studies included in this review, 5 studies [26,
27,33,36,37] were not included in the meta-analysis because of insufficient data or different bone outcomes,[24-27,
33] participants acted as their control group,[24,25,36] or
bone outcomes not measured by DXA.[36] We note the
following findings reported in these publications. In the
study by Huuskonen and colleagues [33] there were no
differences in BMD between groups or at any skeletal sites
after 4 years. In the study by Maddalozzo and Snow [36]
where participants’ control period aBMD was included as a
covariate, there was a significant (group×time) increase in
lumbar spine (1.9%) and whole-body BMD for high-intensity resistance training. McCartney and colleagues [37] reported "no change in lumbar spine and whole-body BMD
as a result of the training program." page B101. There were
2 studies that reported vBMD.[24-27] In the study by Allison and colleagues [24,25], we did not include aBMD outcomes in the meta-analysis because participants’ legs were
randomized to receive the intervention or controlled conditions (and thus results were not independent). Although
the generic inverse variance method could be employed
to account for data type, we did not have the standard error of the individual intervention-control differences. Regardless, aBMD was different over time between legs (favoring the intervention) at the femoral neck, but not total
hip. For the volumetric bone outcomes, trochanter cortical
bone mineral content increased on the exercise leg, and
the femoral neck buckling ratio (a measure of “bone instability” defined by the outer bone layer and cortical thickness [38]) decreased more on the exercise leg. There were
also significant localized changes at the proximal femur on
the leg that completed the exercises. For the study by Kukuljan and colleagues [26,27] and Matthews and colleagues
[28] participants in the exercise group increased aBMD at
the femoral neck at 12 months (Fig. 2), increased femoral
neck cross-sectional area and bone strength (section modulus), and increased lumbar spine aBMD at 12 months (Fig.
2) and trabecular vBMD. No other significant effects for bone
outcomes (using DXA or QCT) were noted.

5. Adverse events
Across studies, there was inconsistency and lack of clarity in reporting adverse events. Studies did not provide inhttps://doi.org/10.11005/jbm.2021.28.1.27

formation on if/how adverse or serious adverse events were
adjudicated as resulting (or not) from the intervention. For
example, the Huuskonen and colleagues [33] reported 3
participants died during the 4 years of the study, but no
other information was provided. The number of reported
adverse events ranged from 1 [32] to 11 [24,25] (Table 2).
Overall, 2 studies did not report on adverse events,[29,34]
2 studies were unclear with reporting events,[31,33] 5 studies reported no adverse events-related withdrawals,[26,27,
30,35-37] and 2 studies reported adverse events-related
withdrawals.[24,25,32] From the 2 studies, only one study
reported a serious adverse event (Achilles tendon rupture)
[32]; while the other study reported musculoskeletal discomfort (knee pain and sciatica).[24,25]

6. Intervention attendance
Ten of the 11 included studies reported attendance (number and/or percentage), although in 2 of the studies [33,35]
the information provided was unclear, or was not provided
separately for men.[37] Attendance for the remaining eight
intervention groups ranged from 53% [30] to 93% [36]. Specifically, mean attendance was as follows: 90.5% [24,25];
53% to 65% [30]; 66% to 73% [32]; 63% [26,27]; 88% for
men and women [37]; 71% [31]; 76% to 81% [29]; and 93%
[36].

DISCUSSION
Minimizing fracture risk is important for everyone across
the lifespan, however, there are knowledge and practice
gaps for physical activity and fracture prevention in men.
We cautiously report low certainty evidence for a small effect favoring physical activity for aBMD (a surrogate measure of fracture) at the total hip in men. There are small or
no effects for femoral neck, lumbar spine, and whole-body
aBMD. We did not locate RCTs of physical activity interventions that reported fracture as a major outcome, importantly from a person-centered perspective only one study
reporting QOL, and there were relatively few studies (and
with small sample sizes and relatively short duration), and
adverse events were inconsistently reported without information for how these events were adjudicated. We further
underscore limited evidence (2 included studies) [24-28]
that used 3-dimensional (3D) imaging to assess changes in
bone outcomes. Given that imaging has advanced in rehttps://e-jbm.org/  35

Maureen C. Ashe, et al.

cent years, it is important for future interventions to use
instruments that can provide better characterization of
bone structure and strength. Taken together, we report
promising (but small) findings for physical activity at the
total hip in men; but acknowledge the results should be
viewed cautiously, as they might change considerably with
new evidence. It is imperative future studies address knowledge gaps to support development of physical activity gui
delines specifically for men’s bone health.
Our findings extend previous systematic reviews of physical activity and men's bone health [9-13] highlighting gaps
in the field: many interventions were shorter in duration,
included few participants, and lacked data from 3D bone
imaging. We extend evidence from the most recent systematic review from Kemmler and colleagues [13] (last
search data November 2016; 8 studies) by incorporating 3
additional studies, including the study with men with osteoporosis, from Alayat and colleagues [35]. We acknowledge that the study by Alayat and colleagues [35] had the
highest weighting in the meta-analysis, and the results
were not sustained in the sensitivity analysis, however, this
study had a lower risk of bias across almost all domains,
and the population was older men with a diagnosis of osteoporosis. Further, the exercise intervention included a
comprehensive thrice weekly 6 months program of aerobic training (treadmill walking), weight-bearing (including
stair-climbing and jumping with supervision), flexibility,
strengthening, and balance exercises. Potential corroboration of the results from Alayat and colleagues [35] are observed in the study by Harding and colleagues [39,40]. We
were not able to include the study by Harding and collea
gues [39,40] in the systematic review because the control
group was not based on randomization; however, they
also reported a positive effect for aBMD at the hip and lumbar spine for men with low bone mass engaged in a high
intensity resistance training and bone loading program.
Exercise intensity may contribute to bone outcomes:
higher physical activity intensity or loading may result in
greater change in bone outcomes.[41] Although approximately half of the included studies involved higher impact
activities (e.g., jumping, football),[24-28,30,32,34,35] we
were unable to include 2 of these studies in the meta-analysis.[24-28] Of note, the studies by Allison and colleagues
[24,25], Kukuljan and colleagues [26,27], and Matthews
and colleagues [28] included higher impact activities and
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noted improvements in BMD (areal and volumetric) at different regions of the hip, and lumbar spine. Our findings
are in line with those reported in a 2011 Cochrane Systematic Review on exercise and bone health in postmenopausal women [7]: small increase in BMD at hip (especially with
progressive resistance training) and lumbar spine (combination programs) favoring exercise. However, the body of
evidence reporting on the effects of physical activity on
bone strength in older women is much larger: our review
of studies in men across the lifespan had 11 studies (N=723)
compared with a much larger number of studies in postmenopausal women (43 studies; N=4,320) in the Cochrane
review.
We noted several limitations in the identified literature,
such as the diversity of the interventions, small sample sizes, (relatively) short duration of interventions, and low quality of evidence. There were also interventions that we could
not include, as data from men and women were not reported separately, or they were not provided in the record
(and we were unable to make contact with the authors). In
addition, during our meta-analysis, we grouped together
all types of physical activity and age groups, because of the
small number of studies available. Finally, adverse event reporting was not consistent across studies, and this limited
our ability to quantitatively evaluate possible harms associated with physical activity. To our knowledge, we are not
aware of any other potential biases while conducting this
review: we were not authors/investigators on any interventions included in this review; we included publications
from all years and all languages; and we conducted a comprehensive search for literature across multiple databases.
In summary, it is important to promote health behaviors
to optimize bone health for everyone. Physical activity interventions show promise for men’s bone health, but the
current evidence must be viewed cautiously. Given the importance of bone health for both men and women, our review highlights a gap in evidence as to the specific intervention prescription that benefits men’s bone geometry,
structure, microarchitecture and ultimately bone’s strength.
Future studies should better report possible adverse events,
include QOL outcomes, and use more advanced imaging
instruments in larger samples (and with a longer timeframe)
to support discerning the certainty of the evidence for the
effect of different types of physical activity for men’s bone
health.
https://doi.org/10.11005/jbm.2021.28.1.27
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Supplementary Appendix 1. MEDLINE search strategy
No.

Medical Subject Heading (MeSH) or keywords

1

osteoporosis/

2

osteoporo$.tw.

3

osteopenia.tw.

4

bone loss$.tw.

5

bone mineral densit$.tw.

6

decalcifi$.tw.

7

deminerali?ed bone.tw.

8

or/1-7

9

exp exercise/

10

exp exercise therapy/

11

physical fitness/

12

physical activit$.tw.

13

vibration/tu

14

vibration therap$.mp.

15

Physical Therapy Modalities/

16

Physical Exertion/

17

exp Physical Endurance/

18

exp Sports/

19

Pliability/

20

exertion$.tw.

21

exercis$.tw.

22

sport$.tw.

23

((physical or motion) adj5 (fitness or therapy or therapies)).tw.

24

(physical$ adj2 endur$).tw.

25

weight train$.tw.

26

or/9-25

27

8 and 26

28

27 and (male or males or men).tw.

29

27 and Male/

30

28 or 29

31

26 and 30

32

randomized controlled trial.pt.

33

controlled clinical trial.pt.

34

randomized.ab.

35

placebo.ab.

36

clinical trials as topic.sh.

37

randomly.ab.

38

trial.ti.

39

or/32-38

40

exp animals/ not humans.sh.

41

39 not 40

42

31 and 41
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