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Abstract

This systematic review detected only limited positive effects of exercise on bone mineral density in older men. Further, based on
the present literature, we were unable to suggest dedicated exercise prescriptions for this male cohort that might differ from
recommendations based on studies with postmenopausal women. The primary aim of this systematic review was to determine the
effect of exercise on bone mineral density (BMD) in healthy older men. A systematic review of the literature according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement included only randomized or non-randomized
controlled trials of exercise training > 6 months with study groups of > eight healthy men aged 50 years or older, not using bone-
relevant pharmacological therapy, that determined BMD by dual-energy X-ray absorptiometry. We searched PubMed, Scopus,
Web of Science, Cochrane, Science Direct, and Eric up to November 2016. Risk of bias was assessed using the PEDro scale. We
identified eight trials with 789 participants (PEDro-score, mean value 6 of 10) which satisfied our eligibility criteria. Studies vary
considerably with respect to type and composition of exercise. Study interventions of six trials were considered to be appropriate
for successfully addressing BMD in this cohort. Between-group differences were not or not consistently reported by three studies.
Three studies reported significant exercise effects on BMD for proximal femur; one of them determined significant differences
between the exercise groups. None of the exercise trials determined significant BMD effects at the lumbar spine. Based on the
present studies, there is only limited evidence for a favorable effect of exercise on BMD in men. More well-designed and
sophisticated studies on BMD in healthy older men have to address this topic. Further, there is a need to define intervention
quality standards and implement a universal scoring system that allows this pivotal determinant to be addressed much more
intensively.
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Introduction

Physical exercise is a powerful fracture prevention strategy in
older women [1, 2]. With respect to bone strength as a key
determinant of fracture prevention, or more precisely, its
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surrogate bone mineral density (BMD), most exercise trials
reported favorable effects after different types of interventions
(review in [3—6]). Due to the higher prevalence of osteoporo-
sis in women compared with men [7], the vast majority of
exercise studies focus on (postmenopausal) women, however.
Nevertheless, from a clinical perspective, the BMD-fracture
association is stronger in older men than in older women [8,
9]; thus bone strengthening as part of fracture prevention
might be even more relevant for men. Unfortunately, only a
few studies focus on the effect of exercise on BMD in men.
Based on various eligibility criteria, recent systematic reviews
and meta-analyses of exercise trials with men [10-12] identi-
fied eight [11], nine [10], or when applying very strict criteria,
three [12] exercise trials. However, not only the subject char-
acteristics but also the type, mode, and application of the in-
terventions vary considerably among the exercise trials.
Heterogeneity among the exercise interventions is a crucial
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aspect, since exercise is quite a complex agent, with some
types of exercise actually being counterproductive for
preventing musculoskeletal problems (e.g., [13] review in
[14]). However, a large number of the early exercise studies
just applied any kind of exercise intervention without properly
respecting the basic principles of exercise application on the
bone. This trial and error strategy, applied in a phase III set-
ting, generated a large volume of unfavorable study results
that confound the results of systematic reviews or meta-
analyses in this area.

The general objective of this study was therefore to review
and summarize the present literature of exercise effects on
BMD at the lumbar spine (LS) and total proximal femur
(TPF) regions of interest (ROL: total hip (tHip), femoral neck
(FN)) in male cohorts under special consideration of their
intervention (i.e., the exercise-specific need to address
BMD). In detail, we aimed (1) to identify and describe all
the relevant exercise trials that determine the effect of exercise
on BMD in healthy men 50 years+ without pharmacological
therapy with impact on the bone, (2) to rate the appropriate-
ness of the study protocol under special consideration of the
exercise intervention in order to estimate its potential to ad-
dress BMD, (3) to summarize the identified studies within a
quantitative (meta-) analysis under specific consideration of
their methodological and intervention-specific quality and ap-
propriateness, and (4) to derive the most effective exercise
protocols for increasing BMD at LS and TPF-ROls.

Material and methods
Data sources and search strategy

A comprehensive search of electronic databases was conduct-
ed in PubMed, Scopus, Web of Science, Cochrane, Science
Direct, and Eric for all articles on the effect of exercise on
BMD among men published in English up to November 30,
2016. The search strategy utilized a population, intervention,
comparison, and outcome approach. The literature search was
constructed around search terms for “bone mineral density,”
“exercise,” “training,” and “men.” A standard protocol for this
search was developed, and controlled vocabulary (Mesh term
for MEDLINE) was used. Key words and their synonyms were
used to sensitize the search by running the following query,
(“Bone Density” or “Bone Mineral Content” or “Bone Loss”
or “Osteoporosis” or “Osteopenia”) AND (“men” or “male™)
AND (“Exercises” or “Aerobic Exercise” or “Isometric
Exercise” or “Physical Exercises” or “Physical activity” or
“Locomotor Activities”). Additionally, reference lists of the
included studies were searched manually. We did not consider
unpublished reports. Duplicate publications were identified by
comparing author names, treatment comparisons, publication
dates, sample sizes, and outcomes.
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Review selection, data extraction

Three independent reviewers (WK, MS, and SvS) responsible
for eligibility screened the titles and abstracts. Relevant articles
were obtained in full and were assessed against the inclusion
and exclusion criteria described below. Disagreements between
the reviewers were resolved by reaching a consensus. A spe-
cialized extraction form was designed and used to list the meth-
odological details for each study: authors, country, and year of
publication; and details of the study including study design,
study objectives, sample size, inclusion, and exclusion criteria
for participants, participant characteristics (i.e., age, weight,
height), description of intervention (i.e., frequency, intensity,
duration, type of intervention), number of participants at base-
line and study completion (including number of withdrawals),
risk assessment, types of outcome variables assessed, and their
values at baseline and study completion.

Inclusion and exclusion criteria

Only studies that applied an exercise intervention, i.e., either
randomized controlled trials (RCT) or non-randomized con-
trolled trials (NCT) that examined the effect of exercise on
BMD in men, were included in the review. Studies with a
sample size of at least eight per group' conducted with men
50 years and older for the specified outcomes were eligible (see
discussion). When there were multiple publications from a sin-
gle project, the largest study was included. Review articles,
observation studies, case reports, case series, editorials, confer-
ence abstracts, animal studies, and letters were excluded.
Studies which had intervention <6 months were not included,
either. We likewise eliminated studies with mixed sex without
separate results for men and women. All the studies that report-
ed inclusion of subjects taking any type of pharmacological
therapy with relevant positive or negative impact on the bone
were also omitted. However, studies that provided calcium and/
or Vit-D as an adjuvant supplementation were not excluded.

Outcome measures

The primary outcomes in our study were (areal) BMD at lum-
bar spine, total hip (tHip), and femoral neck (FN) region of
interest (ROI) as assessed by dual-energy X-ray absorptiom-
etry (DXA) or dual photon absorptiometry (DPA) at baseline
and study end.

Quality assessment

All the articles that satisfied the predefined inclusion criteria
were independently assessed for risk of bias by two

! The rational for this decision is reviewed in the “Study limitations” section of
the “Discussion”
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independent raters (WK and MV) using the PEDro
(Physiotherapy Evidence Database) scale [15, 16].
Differences of opinion were discussed with a third assessor
(SvS) until a consensus was reached. This procedure was only
required in two cases with respect to allocation concealment
and similarity of prognostic indicators, however.

The same procedure was used to determine the intervention
quality and the appropriateness of the intervention (Table 3) to
address the primary endpoint BMD [2]. Briefly, the
Intervention Quality Score examines whether the most rele-
vant intervention criteria were adequately reported. This in-
cludes (1) general focus of the exercise program, (2) detailed
and comprehensive description of exercise type, (3) length of
the exercise period, (4) exercise frequency, duration, or vol-
ume, (5) exercise intensity, (6) progression, (7) periodization,
(8) supervision, and (9) monitoring of adherence/attendance/
drop-out. Based on this information, WK and SvS rated the
appropriateness of the exercise intervention for addressing
BMD (1 =low to 3 =high appropriateness) [2], considering
and applying basic principles of osteoanabolic exercise gen-
erated by animal studies and cross-sectional studies with ath-
letes [14, 17].

In cases of missing relevant information, authors of the
corresponding articles were contacted in order to ensure the
completeness of the data.

Results
Study characteristics and quality assessments

In total, our search identified eight articles [18-25] that met
the inclusion and exclusion criteria, as seen in Fig. 1. When
considering the age-adjusted groups of McCartney [23] as a
single exercise and control group, the effect of exercise on
BMD among older men was evaluated in 12 participants in
the exercise versus eight participants in the control group.
Table 1 presents the characteristics of the included exercise
trials. Of importance, we contacted six authors with missing
data, and four authors responded; however, in two cases, data
were not available. In summary, all but one study [25] focused
on healthy, Caucasian, or predominately Caucasian men. Two
studies recruited both genders, but their results were reported
separately for each sex [23, 25]. Based on our criteria, studies
were only included if they focused on subjects 50 years and
older. Four studies [18, 19, 21, 22] applied a threshold of
50 years, while the other trials used slightly (55 years; [24])
or considerably higher (65 years; [20]) ages to include partic-
ipants. Further, the upper threshold for age varied between 60
and 80 years [23, 24]. Sample size varied from 8§ [20, 23] to 73
[24] participants/group, and all the included studies were
RCTs. The studies were conducted in Denmark [20],
Australia [19, 22, 24], Finland [21], UK [18], Canada [23],

and Hong Kong [25]. All but one study [23] (DPA) used the
DXA technique; furthermore, all the studies reported areal
BMD changes on at least one of the study endpoints. One
study additionally used quantitative computed tomography
(QCT) of the lumbar spine [22] and reported changes for total
and trabecular volumetric BMD (vBMD) from baseline to
study-end.

The methodological quality of the studies was rated using
the PEDro scale. Because the exercise interventions could not
be blinded (i.e., blinding of participants or instructors/person-
nel), the maximum attainable Pedro scale score is 8 out of 10.
The Pedro Score of the reviewed studies ranged from 4 to 7
(Table 2).

Three studies reported allocation concealment [18, 19, 25],
and two studies conducted a blinding of study assessors [18,
25]. Lastly, three studies applied the intention-to-treat princi-
ple [19, 22, 24]. Level of agreement between the raters for
methodological quality of the studies was 100%.

Intervention characteristics
Vitamin D and calcium supplementation

Apart from the study of Kukuljan et al. [22] that supplied
fortified milk (1000 mg/day calcium, 800 IE/day Vit-D) in
two of their four study arms, no other study reported having
provided calcium or Vit-D.

Exercise

Table 3 specifies the exercise intervention of the included
studies. Most of the RCTs compared a single exercise group
(EG) with a single inactive control group (CG). One study,
however, determined the effect of unilateral jumping using the
inactive leg as a control [18]. Two exercise trials implemented
two exercise arms with different types of exercise [20, 25],
and one study incorporated an additional exercise and fortified
milk supplement group [22]. Two of the studies implemented
an active control group that was asked to conduct two or three
sessions/week of (brisk) walking [23, 24]; the detailed exer-
cise protocol and corresponding adherence rate were not pro-
vided. However (Table 3), most of the studies [18, 19, 22-25]
properly reported data on the training status of their partici-
pants. Of importance, all of these studies excluded subjects
who were specifically trained, e.g., men who already conduct-
ed the type of exercise that was being applied as the study
intervention.

Type and strain parameters of the exercise protocols vary
considerably between the trials (Table 3). Two studies com-
pared different types of exercise (RT and soccer [20]), or Tai
Chi and RT [25]) vs. control. Excluding these, six studies
applied dynamic resistance exercise [19, 20, 22-25]; two of
them further applied jumping protocols with high or very high

@ Springer



1496

Osteoporos Int (2018) 29:1493-1504

Fig. 1 Flow diagram of search
process according to PRISMA
[52]

Records identified through
database searching (n=6131)
- 3711 PubMed

540 Scopus

915 Web of Science

153 Cochrane,

761 Science Direct Additional records identified
51 Eric through other sources (n=3)

7

7

Number of duplicates
removed (n =2196)

7

7

Records screened (n=3938)

7

7

Records excluded after reading
abstracts and titles (n =3881)
Exclusions due to: publication type,
intervention, outcome measures,
mixed sex without separate analysis,
did not meet age, sex, exercise status,
diseases/therapy with impact on bone

Full-text articles assessed
for eligibility (n=57)

7

7

Studies included in
systematic review (n =8)

Full-text articles excluded (n =49)

Exclusions due to: outcome measures,
intervention, study duration <6
months, not in English, study design,
mixed sex without separate analysis,
did not meet age, sex, exercise status,
diseases/therapy with impact on bone

ground reaction forces [19, 22]. One study each determined
the effect of unilateral jumping [18], soccer [20], walking [21],
or Tai Chi [25]. Among the studies that prescribed resistance
exercise protocols, five studies focused on all or most of the
main muscle groups [20, 22-25], and one study applied upper
body (RT) exercises only [19]. The intervention durations
ranged from 9 months [19] to 4 years [21]; all the studies
prescribed an exercise frequency of at least two times per
week (2x week to daily exercise) (Table 3). Apart from the
4-year (walking) study of Huuskonen et al. [21], all the studies
reported at least the attendance rate of the intervention groups,
which ranged between 53 and 91%. Thus, the estimated exer-
cise frequency varied from = 1.5 sessions [20] to > 6 sessions/
week [18].% Length of the exercise sessions varied from 15
[18] to 60—75 min [22]. Bone-specific exercise intensity var-
ied considerably between the trials. The three studies [18, 19,
22] that prescribed an additional or isolated jumping protocol
generated high strain magnitudes (and rates) with GRF peaks
of up to 9.7x body weight [22]. With respect to RT, all the
trials applied a multiple set protocol; four of the six trials [19,
20, 22-25] prescribed a relative exercise intensity of about
75-85% (or 8RM), while two trials used lower intensities
([19]: 60% 1RM; [25]: = 40-50% (i.e., 30 reps). Two studies
[20, 22] report that they focused on high strain rates during the
concentric phase of the movement. None of the studies

2 However, some authors did not give the corresponding adherence rate, so it
is difficult to decide how rigorously this protocol was followed.

@ Springer

provided information about the absolute intensity (i.e., work
to failure or not [26]). With respect to aerobic exercise, the
walking protocol of Huuskonen [21] prescribed a wide range
of between 40 and 60% VO,max; no corresponding data were
provided for the walking control groups of McCartney et al.
[23] and Whiteford et al. [24].

Most of the studies progressively increased the intensity
and/or volume of their exercise intervention [18-20, 22-24],
although this was not always applied consistently. No progres-
sive RT or Tai Chi was implemented for the 12-month study of
Woo et al. [25] and Huuskonen et al. [21] which increased the
volume of the 4-year walking exercise training only once after
3 months. Lastly, only one study [22] used a periodized exer-
cise protocol.

Five studies [19, 20, 22-24] focused on supervised group
exercise with [19] or without home exercise, two trials [18,
21] focused on non-supervised exercise only, and one study
did not state the corresponding setting [25].

With respect to the intervention quality score, and the re-
lated appropriateness of the exercise intervention, both SvS
and WK provided identical ratings. In summary, the highest
score was achieved by Kukuljan et al [22], who almost per-
fectly designed and reported their 18-month intervention [2,
14]. In contrast, the exercise protocol of Woo et al. [25] was
rated very low (3 of 9 points) because important exercise
parameters were not reported and thus probably not realized.

However, most studies reported their exercise protocol
thoroughly and comprehensively. When rating the power of
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Total
score®

Measure
of

Intention Between-
group

to treat

Blinding Blinding Participation
personnel assessors >85%

Blinding
subjects

Inter-group
homogeneity

Allocation
concealment

Random
allocation

Eligibility
criteria®

Table 2  Assessment of risk of bias for included studies

Trial
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analysis comparison variability

allocation

y
y
y

Allison et al. [18]
Bolam et al. [19]

Helge et al. [20]

Huuskonen et al.

[21]

Kukuljan et al. [22]
McCartney et al.

y

[23]
Whiteford et al.

[24]
Woo et al. [25]

y

# Criteria not included as a score point

® Only sex and age were reported as eligibility criteria

¢ From 10 score points, however, a proper blinding of subjects and personnel is not possible in exercise studies; thus 8 score-points can be considered as a maximum

the different exercise protocol to address BMD, the majority
of the studies (i.e., six trials [18-20, 22-24]) applied adequate
types of exercise and prescribed a promising composition of
exercise parameters. One study [21] used an in essence non-
progressive walking protocol for 4 years. Another study [25]
applied non-progressive (high repetition, i.e., low intensity)
resistance and Tai Chi training. Two studies were shorter than
12 months [19, 23] and so may not have captured the total
extent of exercise-induced BMD changes in this older cohort.
Of importance, with respect to exercise-induced negative
side effects, one study that applied a low-volume, high-
intensity unilateral jumping protocol [18] reported adverse
effects (knee and hip pain, Table 4) of exercise during their
intervention in three of their 50 men 70 years of age. Four
studies listed did not observe negative side effects, and three
studies did not report data on adverse effects (Table 4).

Results of primary outcomes

As given in Table 4, with two exceptions (TPF-ROIs only
[20]; LS only [23]), all the studies determined BMD at the
LS and TPF ROIs. Unfortunately, within and between-group
changes/differences for BMD along with the corresponding
significance levels were not always given (Table 4). With
respect to the significance of the within-group changes, results
for EG and/or CG were not available in some studies [21, 22,
25]. Even more importantly, three studies did not report the
significance of the difference between exercise and control for
LS and (all) TPF ROIs at all [20, 23, 25] and three studies [21,
22, 24] listed non-significant differences without an exact p
value.

In summary, no study found significant differences in the
changes in lumbar spine BMD, as assessed by DXA, in older
men who exercised compared with controls. Three studies
reported significant exercise effects on BMD for total proxi-
mal femur ROIs [18, 19, 22] (Table 4); however, none of the
studies consistently reported group differences for the tHip
and FN-ROI. Surprisingly, one of the latter studies determined
an effect between the two exercise groups [19], which dif-
fered, however, only by the number of jumps per session (40
vs. 80). One study reported significant within-group changes
for the LS [21], and three studies [20, 21, 24] reported signif-
icant changes at least at one TPF-ROL.

Discussion

The present contribution pursued four objectives that are ad-
dressed consecutively during the discussion below.

Firstly, this systematic review aimed to identify all the re-
liable randomized and non-randomized controlled trials that
set out to determine the effect of exercise on BMD in compa-
rable cohorts of healthy men 50 years and older with



1499

Osteoporos Int (2018) 29:1493-1504

JUS[[90X3,, SIOYINE I} 0} FUIPIOIOY

(ssouorerrdordde ySiy = ¢ 0) MO] = [) JINE SUISSAIPPE 10} UOHUIAIDUI SI2I0XD Ay Jo ssouajeridordde ayp jo Suney

no-doip/eouepusye/eousIdype Jo SuLojiuou () pue

‘uorsiazadns (g) ‘uonezipouad/uonesiaAo (1) cuorssargord (9) (AJISuUI 9SIIOXD () QWN[OA IO ‘UoneInp ‘Aouonbaly as1019%x9 (§) ‘pouad as1o10xd 2y Jo 3u? (§) ‘uondrosap 2d£) 2s1019%2 dAISULYRIdWI0D
pue pajrelap (7) ‘weidoid as1019x%a Ay Jo snooy [erouad (1) :papodar pue ‘paquidsald parapisuod Ajojenbope d1om BLIAILID UONUSAINUI JUBAS[II JSOW AU} JOYIOYM SIUIUIBXD 2109G AJ[en() UONUSAINU] Y], ,

UQAIS J0U 3¢ “TUNUWIXew

uonnadar auo pyy; ‘(sdwnf gf) swnjoa mof A7 ‘(sdwnl (g) swn[oA YIIY £Af 9SI0I0XD X7 M[TW PayIIo} ./ ‘dnoid jonuoo H) ‘Fururen romod Jg ‘Sururen a0ueISISAI 7Yy ‘(10300s 1) [[8qI00}

o

€<

S'L

$9

9L :Id

18 DL
Su:n)

‘TL I

3un)

%06 -NA
‘%€9 °

LUAAIS JON

€L 14
99 -dd

S9 ANT
€S ‘fAH

4

SI

91

9 iy 18K
¢ iz Ik

4!

0¢

SPRM /UL OE x €

oM/ UI X T

(UQAIZ AISuuI JSIIOXD OUL)

Spueq OnSed YIMm

sdox (¢ ‘soSIOIOX 9 ‘SYPOM x € I
91K1S Suex JO SULIOJ 7 ‘SH0M x€ 1D,
JAYR Je S19S € SOSINOXd ()]
S[PAM/UI G x € (8 JYOOM YY)
1501 JO UI ¢

T %08 0 (A1rentun) 9,05

e sda1 71— 19S €—7 ‘SISI0I0X0

L YA JINOII0 ‘T SYQ9M x T

(youeq wd (¢ & woyy dwnf-doip)
MExL 6 01 dn 4D ynm
uoIssas/s3urpeoy yoedwt 08106

‘1Y paseg-1omod :ypuow 9

1se[ 3501 UTW Z-] ‘(pazipouad
Apreaut)) INM T %$8-09

308 [ “(dn-umesm) INMT %5909

e do1 718 99S [ ‘SasIoIoXd

01—L (€1 0oMm Jolje) [ SHOoM x €
XeWCOA %090 e Suryfem jo
SIM/UI (09 x G :(TT YoM YY)
syeaIq s ‘oseyd ouoouoo

ur poeads “Xew (7] Joom

Ioe) JARIS S10S 7 ‘SOSIIOND /—G I
JSaI UIW 7 ‘“XeuryH

%06—19 18 g4 Uil G198

¥ :(T1 Yoom 1aye) ] SYM x§—
sduml o (1 oM 10ye) (AT
sdwn( 0g (1 oom 1oye) :fAH
(fea1q umw [ S EX8°S—9Y

LD ‘sdar 816 “S1eS ¢

‘S9S1010X9 ¢) yoom/Surdwnf xg +
(AT %09 ‘sdox 7] “sps ¢
SASI0IOXD ) 1Y Apoq Joddn pue
Surdwn( :eom/ur ()9 xg M xi
10S [oBO U0OMIOq ISAT S G

9usioy doy wnwirxew yim sdunf
01 “S19S G oM x/ (O] YoM YY)

QUON

Sunyrem

Sunyiem

QUON

QUON

QUON

QUON

QUON

L 10 1) ref

I Poseq-101udd <7

I  Poseq-Iouad 0]

Surpeo|

joedwl pue [ 4/1¥  POsSeq-Iojued (g|

Sunjepr  poseq-owoy g

Ld/Id
10 (192008) g

1¥ pue Surdwng

Surdwnf

[e1ole[IU)  PAseq-owoy (7|

DD 'sA 14

Sug 10 14D 181 [s2] 'Te 10 oopm

ODsAd  [$T] Te 10 proyoym

0D sA Y [€7] 'Te w0 AsuneDo

DO SA WA
10 NA+xg10°xg  [gg] e e uelnynyy

0D 'sa Junjepry  [17] Te 30 usuoysnny

Paseq-10ju0d

T AT DD sa Iy Io g [0z] T 10 230H

paseq-awioy
pue -10JUd0 ‘6

DD 'sA AT

1o fAH pue 1y [61] 'Te 10 wejog

DD s sdwnf [81] 'Te 30 wosiy

qlodojoxd o
ssoudyeridorddy

21008
UOTJUQAIU]

9, el
QouepUSNY

9, 9ye1
[eMeIPYIIA

oo ur

UOTJUIAIU] UOTJUOAIU]

9SI019%9 JO odAJ,

umeg
(uow)
uoneIng

sule Apmg Joyne ‘Apmg

SOIPIYS PAPNJOUT A} JO SONSLIAOLIEYD ISIOIOXY € d|qe]

pringer

Qs



1493-1504

Osteoporos Int (2018) 29:

1500

SIOYINE 3Y) AQ USAIS JUSWAIRIS

(@ urweyIA O] (08 Pue Wnid[es Aep/Sw ()08 YIM Kep/[ur (Of) N[ paynIog

JueoyTusIs 9q Y3 sdnoid oY) udam)dq OUAIIYIP (8

ydei3 woxy pajewnsa eje(

= 1) MO K1oA st dz1s ofdues oy ySnoyiy

LAPIAT yim paredwod 1oySiy Apueoyiusis a1om Y [AH 10J SOSuBYD ‘S[EAISIUT dJUIPIJUOD 9,6 PUB SIN[BA UBIW YIM P)SI] S)$9) asimired U0 paseq ‘10AdMOH ,

JueoyIUSIS-uou s'u ‘UdAIS Jou 3u ‘1) 1], D7 ‘(sdwnf () swnjoa mof £A7 ‘(sdwnf
08) QWNJOA YSIY £A ] “OSI0IOX X7 N[IW PAYIIO] A/ ‘Sururen zomod [ ‘Suturen) 9duejsIsal, 7y (199908 “o°T) [[eqI00] g7 ISQINUI JO UOISI }IU [BIOWJ AL ISeI1oul Jo uorSar diy [ejoy diyyy ‘ourds requin| §7

“8'u=d “8'u :(WZT) LY ‘B0°0FEL'0 - LY
‘su "8'U:(WzT) ‘0T°0789°0 ‘8'u=d “8'u :(WZT) D1 ‘TT'0769°0 DL N4
‘B'U=d d ‘D %C'T {(WZT) ‘60°0¥68°0 ‘1Y
s'u ‘8'u=d ‘P %0 :(WTT) TT'0¥58°0 "8'u=d ‘P %S0 {(WZT) ‘TT'0¥98°0 0L diHa
‘B'u=d ‘| %ET:(WZT) ‘9T°0%66°0 ‘1Y [se]
‘8'u s'u ‘8'u=d ‘' %50 (WZT) ‘ST'0796°0 "UaAI3 J0U=d ‘|, %P'T (WZT) ‘9T°0%56°0 :IL Sl ‘|e 12 00\
s'u 's'U=d ‘“M%9°0 :(WZT) ‘9ET0%2L6'0 's'U=d ‘% €0 :(WZT) TYT'0¥996'0 N4
s'u 'S0'0>d ‘L %6°0 :(WZT) ‘YT 0FIY0'T 'S0°0>d ‘L %6°0 :(WZT) ‘T9T'0FSV0'T diH} [vel e
‘8'u s'u 'S'U=d ‘J,%T°0 :(WZT) ‘89T 0FSVT'T 's'U=d ‘“M%T°0 :(WLT) ‘68T°0F9EC'T S1 | 38 pJofauym
SRETE) [ez] "le1s
9sianpe oN ‘Su 'S'u=d ‘,uolUdAIUI JoYe 3seasoul W3S, “8'N 'S'U=d ‘, ,uonudAIRul JaYe a8ueyd ging ou,, “8'N S Asunedon
100°0> "8'u=d “P%L°0 :(WST) ‘¥80'0FEEE'0 I “8'u=d ‘L %0'T :(WST) ‘'080°0¥8€6°0 X3
100°0> "8'U=d ‘“M%L'0 :(W8T) ‘9L0°0F6T6'0 N4 “8'u=d ‘L %0'T :(WST) ‘TL0°0FCT6°0 :IN4+X3 N4
s'u "8'U=d ‘L %T°0 :(W8T) ‘STT'0FOTO'T :|043u0) “8'u=d ‘L %0 :(WST) ‘260°0¥¢Z0'T X3
s'u "8'U=d ‘L %0 :(W8T) ‘S80°0FY00'T N4 “8'u=d ‘L %0 (WST) ‘6L0°0F9Z0'T IN4+X3 diH}
S109442 s'u “8'U=d “M%T°0 :(WST) ‘69T'0F8ET'T :|013u0) “8'u=d ‘L %0°'T :(WST) ‘OvT 0FLYC'T X3 [zl e
asiaApe ON su ‘Fu=d ‘L %T'T {(WST) ‘9vT'0¥90Z'T ‘N "8'u=d ‘|, %0'T :(WST) ‘€9T 0FTET'T ,N4+X3 S1| 39 uelimyny
s'u ‘8'u=d “8'u (wgy) ‘LET'0FYTO'T "T00°0=d ‘“N%0°T :(W8Y) ‘BET'0F0TO'T NA
S10949 s'u "8'u=d “8'u :(W8y) ‘SYT'0FEOT'T "T00°0>d ‘“M%S'T (W8h) ‘TET'0FI60'T diH1 [Tzl le1s
9sanpe oN s'u "8'u=d “8'u :(W8y) ‘S8T'0FC6T'T 'T00°0>d ‘,\ %€ (W8Y) ‘LT 0FEEC'T S1| usuoysnny
's'U=d ‘%0 :(WZT) ‘€¥0°0F000°'T :1¥
BN 'S'U =d ‘%0 :(WZT) ‘S90°0¥L00°T "T00°0>d ‘L %€€ :(WeT) ‘YE0°0¥888°0 84 N4
's'U=d ‘P %0 :(WTT) ‘6¥0°0FL0T ‘LY (o14]
By J8u 's'U=d ‘| %€E°0 :(WZT) ‘8¥0°07080'T "100°0>d ‘|, %L°C :(WZT) ‘€0°07556°0 ‘94 diH} | ‘|32 @8jeH
s'u 'S'U=d ‘“P%E'T (W) ‘STT'0FOSL LHUBIAT
s'u 's'U=d “N%8'0 :(W6) ‘0ST'0¥68L°0 's'U=d ‘%0 :(W6) ‘6¥T°0FL08 :LYBIAH N4
s'u 'S0°05d “M%T'T :(W6) ‘080°0FrY6'0 *LUBIAT
,Su 's'U=d “N%2°0 :(W6) ‘LST'0FLS6°0 's'U=d ‘%0 :(W6) ‘6ET°0FIL6°0 :LUBIAH diHi
sp3y9 s'u 's'U=d “M%P'0 :(W6) :STT'0FEEO'T LUBIAT [6T]
9sianpe oN s'u 's'U=d ‘L %T'T {(W6) ‘TTT'0FT00'T 's'U=d ‘| %0'T :(W6) ‘€TT'07090°'T :LU'BIAH S1| |e1d wejog
ured diy €000 UanIg 10u=d ‘%60 :(WZT) ‘8T0'0F7S6°0 "B'u=d '\ %9°0 :(WZT) ‘8TO0F8Y6°0 N4
pue sauy 90Z°0 ‘8'u=d ‘%0 {(WZT) ‘8TO0F620'T "8'u=d ‘L %E0 {(WZT) ‘8TO'0FLTO'T diH1 [8T]
Yum g=u - - '90°0=d ‘\ %6'0:(WZT) ‘0€0°0¥85C'T S1| ‘|e1s uoslly
s394 | sdnou8 usamiaq syjuow (x) Joye sadueyd adejusdiad pue suljaseg | syjuow (x) Jaye sadueyd adejuadiad pue ANEu\mV auljaseg Joyine
9SI9NPY anjea-d dnou3 |0J3u02 Ul gIAG 4O 1NsaY dnou8 Suiuiesy ur NG Jo 3nsay | uoi3ay ‘Apmis

Tenusjod OIJ0QEUBO3)SO MO] [ILM SI[OILIE OY) OIE POPEYS "dUOQ A} UO SJOJJO ISIOIOXI JO SHNSSY d|qel

pringer

Qs



Osteoporos Int (2018) 29:1493-1504

1501

reasonable sample sizes and study duration. The latter aspect
is of particular importance since studies < 6 months were con-
sidered unable to determine the full amount of bone adaptation
at LS and TPF due to the decelerated bone metabolism in
older adults along with the average duration of a load-driven
remodeling process [27, 28]. We also looked at the description
of factors that may confound the effect of exercise on BMD.
This includes training status, active control groups, supervi-
sion of the exercise protocol, and attendance/adherence. Thus,
we provide a complete overview of studies (Tables 1, 2, 3, and
4) that allows the reader to rank their potential and limitations
for addressing BMD in the relevant cohort of healthy men
50 years+.

Appropriateness of the study interventions to address
BMD

Although we were unable to consistently decide whether impor-
tant exercise parameters were not reported due to space con-
straints or were simply not applied, both scenarios indicate that
the crucial osteoanabolic relevance of exercise parameters might
not have been realized by all authors. Even when considering
this limitation and the fact that our rating system is based largely
on bone adaptations in postmenopausal women and that sex
differences in adaptive response of the bone to exercise [10]
might confound our rating, we think the appropriateness of the
exercise intervention for addressing BMD (Table 3) was com-
prehensively and reliably evaluated. In conclusion, there was
considerable heterogeneity between the studies for the interven-
tion quality (Table 3). With respect to appropriateness of the
exercise protocol to address the bone, only two exercise trials
[21, 25] applied exercise protocols with exercise types and/or
strain parameters considered inadequate for favorably affecting
BMD, at least when taking age and status of their participants
into account. All the other studies used state-of-the-art exercise
programs [18-20, 22-24] or protocols that also included chal-
lenging strain constellations (e.g., soccer; [20]) for the bone.

Apart from favorable effects of exercise on the bone, ad-
verse effects should not be overlooked. However, only one
study that applied a non-supervised, home-based low-volume,
high-intensity unilateral jumping protocol [18] reported nega-
tive effects (Table 4) in three of their 50 participants.
Considering the advanced age of their initially untrained co-
hort (70 £4 years), the conditioning phase of this study
(4 weeks) may have been too short to prevent overloading of
the musculoskeletal system.

Quantification of study results to provide a general
conclusion

The third aim of this project was to provide a general conclusion
as to whether and to what extent exercise significantly affects
BMD in older men. Although biometric procedures allow the

addressing of common limitations of meta-analysis [15, 29, 30],
we think that the most important decision in a meta-analysis
remains the threshold up to which a study can still be meaning-
fully included. However, the essential heterogeneity of the exer-
cise intervention, the implementation of active control groups (or
not), and the borderline short duration of some studies hinder the
meaningful application of a meta-analysis. Even when intending
to summarize studies with comparable interventions, the corre-
sponding trials vary considerably for (1) eligibility criteria [20,
23, 24], (2) primary study endpoint [20, 23, 24], (3) intensity of
the jumping [19, 22] and/or RT-protocol [20, 23, 24], (4) active/
inactive control groups [20, 23, 24], and (5) specific type of
exercise (e.g., power vs. strength-type RT) [20, 23, 24]) or study
duration [19, 22]. This might indicate that “it does not always
make sense to perform a meta-analysis” [31]. For the reader less
familiar with exercise interventions, some of these aspects may
appear irrelevant. However, the fact that even differences in
movement velocity of the concentric phase will trigger different
effects on BMD [32] underlines the need for more scientific
accuracy in designing and reporting exercise trials that focus
on bone strengthening. Unfortunately, several meta-analytic ap-
proaches in this area did not adequately consider presumed de-
tails of exercise programs and thus failed to provide meaningful
results. Consequently, researchers have to exhibit both an under-
standing of the underlying methodology and the expertise in the
exercise domain [33]. Although there is some evidence that
weight-bearing impact exercises can have a positive effect on
TPF-BMD, in summary, we feel unable to provide a precise
conclusion about what degree of exercise is effective for
influencing both lumbar spine and proximal femur BMD in
older male cohorts.

Generation of exercise recommendation for men

Finally, the desired aim of this systematic review was to iden-
tify the most effective exercise protocol(s) for increasing
BMD at LS and TPF in older men. Firstly, high impact exer-
cise—with or without intense resistance exercise, and soccer
with its intrinsic running and jumping (i.e., moderate-high
GRF) demands—generated significant effects at the proximal
femur ROIs (although not consistently for tHip and FN-
BMD). So far, the data largely correspond to exercise trials
with women of similar age and overall status. Applying rec-
ommendations derived by studies with postmenopausal fe-
males, the exercise protocol provided by Kukuljan et al. [22]
is close to optimum. Indeed, the authors reported a significant
effect for FN-BMD but failed to generate positive effects for
tHip and LS-BMD after 18 months,® however. Interestingly,
group differences were much more pronounced after
12 months of exercise (p <.05 for LS-BMD, DXA) [34].

3 However, additional 18-month QCT assessments of the more sensitive tra-
becular LS determined significant positive effects on volumetric BMD.

@ Springer
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Reviewing the studies included in this review, isolated re-
sistance exercise protocols generated no effects on BMD at
the spine or TPF-ROIs, although exercises were applied with
adequately high strain magnitude and/or rate [23, 24]. Further,
and unexpectedly, none of the studies of older men reported
significant effects on LS-BMD, even though they applied ex-
ercise protocols that generated (very) high strain magnitude
and strain rates induced by very high ground (up to = 10x
body weight) and/or joint reaction forces.

This finding does not correspond with the much more ex-
tensive literature with female cohorts (review in [3, 6,
35-38]). Indeed, all of these meta-analyses consistently re-
ported significant positive BMD effects on femoral neck and
LS ROI in women. Moreover, one meta-analysis [39] stated
the opposite effect: that “in premenopausal women high-
intensity progressive resistance training was efficacious in in-
creasing BMD at the lumbar spine (p <0.001), but not at the
femoral neck (p=0.78).” Consequently, recognized recom-
mendations derived from exercise studies with women might
not necessarily be effective in male cohorts.

The RCTs of Woo et al. [25] and McCartney et al. [23], who
conducted studies that compared BMD changes between older
men and women, may provide a further insight into differences
in sex-specific exercise responses. Woo et al. [25] did not deter-
mine any positive effects of Tai Chi or low-volume/low-intensity
resistance exercise on BMD in men but reported significant
BMD changes at the total hip after both types of exercise and
borderline significant BMD changes at the LS after RT for their
female peers. The authors attribute the different results to the low
intensity of both types of exercise that may be inefficient in men,
while their female counterparts might still adapt to these rather
low mechanical stimuli. Further, it is reasonable to expect that
healthy older men have to exercise with higher (absolute) inten-
sity compared with their female counterparts. In contrast,
McCarthney et al. [23] applied a much more challenging RT
protocol in a comparably aged male and female cohort and did
not determine any LS-BMD change in the groups.

In summary, we are unable to recommend specific exercise
protocols in terms of the optimal type and dose (e.g., exercise
frequency, strain magnitude, strain rate) of training to increase
BMD in older men.

Thus, upcoming exercise trials for bone strengthening with
high methodologic and intervention quality will have to generate
a definite conclusion about (1) the relevance of exercise inter-
ventions in older males and in parallel (2) the most optimum type
and composition of exercise to address BMD in this cohort.

Study limitations
Some limitations and features of this work should be ad-

dressed to allow the reader to rate the relevance of our findings
and to follow our conclusions.

@ Springer

(1) We only included studies that applied an exercise
intervention, i.e., RCTs or non-randomized CTs. This is in
line with most (e.g., [5, 10, 11, 37, 40—43]), but not all
(e.g., [3, 4, 12, 44]), systematic reviews and meta-
analyses in the field of exercise and BMD. (2) With re-
spect to other eligibility criteria, we focus on studies that
included apparently healthy men 50 years+ without any
medication that relevantly impacts the bone (either posi-
tively or negatively). We have to admit that the cut-off
point of 50 years was somewhat arbitrary and was aligned
to the age range typical of osteoanabolic exercise studies
in postmenopausal women. Further, apart from some ex-
ceptions that focus on specific interventions (e.g., military
service [45—47]), all the studies that determine exercise
effects on BMD in healthy older male adults included
people 50 years and older. Thus, our approach can be
considered as a compromise so as to include all the rele-
vant studies with older male cohorts but prevent con-
founding results due to varying age-dependent adaptation
processes of the bone. (3) We further included only stud-
ies with intervention periods >6 months because the du-
ration of a remodeling cycle averages 200 days for can-
cellous and 120 days for cortical bone (review in [48]),
and thus it is not likely that any true physiological
exercise-induced skeletal changes would occur prior to
this period [49]. (4) We included only studies with sample
sizes of >eight people at baseline. This decision was
based on our own data of exercise-induced BMD changes
in women [50] that allow a significant effect to be deter-
mined with eight subjects per group. (5) We included
studies irrespective of whether BMD was the primary
study endpoint. As mentioned, one study [23] might have
considered BMD as a secondary study endpoint and might
thus be underpowered to address BMD changes at LS and
TPF. However, many (older) exercise studies did not re-
port a hierarchy within their study endpoints; thus, we did
not consider this aspect as an exclusion criterion. (6)
Finally, we failed to register the study (PROSPERO), be-
cause at the time of registration, we were (far) beyond the
point of data extraction.

Not a study limitation, but a recommendation for fur-
ther studies in the area of exercise and bone strength in
people with advance age is the aspect to using alternative
techniques to determine additional characteristics of bone
strength beyond the assessment of bone mass (or BMD)
by DXA. This specifically refers to QCT, which enables
the isolated validation of trabecular BMD and thus pre-
vents confounding effects of degenerative changes of in-
creased age particular relevant for the lumbar spine site
[51]. Further, applying this technique would allow the
proper calculation of biomechanical bone strength indices
and so provide further insight in the effect of exercise on
bone strength in older cohorts.
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Conclusion

This systematic review identified only limited evidence for the
favorable effect of exercise on BMD in older men. Although
there is some evidence that exercises can have a positive effect
on TPF-BMD, the lack of positive effects on LS-BMS is dis-
couraging. Of importance, even when focusing on the few high-
quality studies that adequately address the effects of exercise on
the bone, the result was unsatisfying in terms of the skeletal
benefits on both lumbar spine and proximal femur BMD.

In summary, apart from the need for more well-designed
studies that properly address exercise effects on BMD changes
in older men, it is important to further evaluate whether there
are differences between men and women in bone adaptation to
exercise. Corresponding approaches would be helpful for gaug-
ing the legitimacy of transferring recognized exercise recom-
mendations from older women to the cohort of older men.
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