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Abstract

Effectiveness of exercise on bone mass is closely related to the mode of exercise training regimen, as well as the study
design. This study aimed to determine the effect of different modes of exercise training on lumbar spine and femoral neck
bone mineral density (BMD) in older postmenopausal women (PMW). PubMed, CINAHL, Medline, Google Scholar, and
Scopus databases and reference lists of included studies were searched up until March 25, 2019 for randomized controlled
trials (RCTs) that evaluated the effectiveness of various modes of exercise training in PMW. Sixteen RCTs with 1624 subjects
were included. Our study found no significant change in both lumbar spine and femoral neck BMD following exercise train-
ing (MD: 0.01 g/crnz; 95% confidence interval (CI) [—0.01, 0.02] and MD: 0.00 g/cmz; 95% CI [—0.01, 0.01], respectively).
However, subgroup analysis by type of exercise training revealed that lumbar spine BMD (MD: 0.01; 95% CI [0.00, 0.02])
raised significantly when whole-body vibration (WBV) was employed as intervention compared with RCTs that utilized aero-
bic (MD: —0.01; 95% CI [-0.02, —0.01]), resistance (MD: 0.01; 95% CI [—0.04, 0.06]), and combined training (MD: 0.03;
95% CI [—0.01, 0.08]). On the other hand, lumbar spine BMD (MD: —0.01; 95% CI [—0.02, —0.01]) reduced significantly
when aerobic exercise training was used as intervention compared with RCTs that utilized resistance training, combined
training, and WBV. By contrast, these analyses did not have significant effect on change in femoral neck BMD. WBYV is an
effective method to improve lumbar spine BMD in older PMW.

Keywords Postmenopausal women - Exercise training - Bone mineral density - Meta-analysis - Randomized controlled
trials

Introduction

Osteoporosis is a loss of bone mass with a deterioration of
bone quality and increased fracture risk. There is a world-
wide epidemic associated with increased fracture risk lead-
ing to morbidity, mortality, and socioeconomic burden [1,
2]. Some studies have shown that osteoporosis prevalence
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has increased due to increased life expectancy and sedentary
lifestyle, as well as poor dietary habits [3, 4]. Clinically,
osteoporosis is a silent disease characterized by increased
bone resorption without adequate compensating forma-
tion of new bone [5]. After bone mass reaches its peak it
remains relatively stable until the onset of menopause in
women. Thus, osteoporosis affects postmenopausal women
(PMW) because of the suppression or absence of estrogen
production [6]. It should be noted that estrogen acts directly
on bone by suppression of osteocyte receptors that activate
osteoclastic activity.

The rate of change in bone mass and density is greater
at sites with predominantly trabecular bone. In older PMW,
osteogenic responses with exercise training on bone are
more sensitive at the loading sites because PMW over the
age of 70 years tend to have lower trabecular and cortical
bone mineral density (BMD) and cortical thickness, while
younger PMW between 48 and 69 years tend to have higher
total cross-sectional area and endosteal circumference [7].

Bones are active dynamic tissues undergoing constant
growth via the process of bone modeling and remodeling.
Osteocytes are the architect of the bone remodeling process
because their interconnected network of cells are capable of
detecting mechanical strain and fluid pressure by initiating
the process of bone modeling and remodeling. As described
by Robling et al. [8], mechanical forces applied to the bone
tissue induce interstitial fluid movements along the canali-
culi and osteocyte lacunae causing shear stress at the cellu-
lar level and deformations of osteocyte plasma membrane.
These changes lead to the beginning of the bone remod-
eling process that stimulates the bone resorption and for-
mation cycle [9]. Removal of these mechanical strains and
impact-loading forces, such as physical inactivity or bedrest,
lead to low bone mass and BMD. Thus, the application of
exercise training with impact loading on bone and whole-
body vibration training is to initiate bone formation and
prevent bone resorption. Individuals who have BMD value
below the osteoporotic level (i.e., femoral or lumbar spine
BMD z-score lower than — 2.5 standard deviation of young
women), sustained more than half of all hip fractures [10,
11]. Therefore, bone researchers and clinicians believed that
biomechanical strength of bone is highly related to BMD,
as well as its geometry and microarchitectural parameters.

Another clinical approach to treat or prevent osteoporosis
in PMW is by prescribing hormones and anti-resorptive and/
or osteogenic medications. This approach has been limited
and restricted because of concerns of age-related or poly-
drug interaction or side effects. Older women worry regard-
ing the increased risk of hormone therapy linked to breast
cancer as well as the unfavorable impacts and expense of
the added drugs. On the other hand, it has been reported
that various modalities of exercise activity including whole-
body vibration (WBV) training plays a significant role in
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preventing bone loss, and sustaining and enhancing BMD
[12, 13] without prescribing anti-resorption drug therapy.
Bone mass can be maintained or ameliorated with weight-
bearing exercise, resistance training or WBYV for enhancing
of BMD, and promoting physical health and quality of life in
PMW [14-16]. For example, two recent meta-analysis stud-
ies examining BMD in PMW, reported the beneficial effects
of combined resistance training and WBV on BMD, but not
isolated resistance training protocols [17, 18]. Mohr and col-
leagues have also reported an improvement in BMD (leg and
hip) in PMW following a 15-week soccer training. Neverthe-
less, research reported on other exercise modalities in PMW
have produced contradictory findings [16, 19-21]. In this
regard, the effectiveness of exercise on bone mass is closely
related to the mode of exercise training regimen, duration
and intensity of exercise, as well as the study design.

Eight meta-analyses on physical activity efficacy in PMW
were conducted previously [17, 18, 22-27], nevertheless,
their participants’ range of age differed from the current
meta-analysis. Therefore, the purpose of this study was to
carry out a systematic review and meta-analysis to clarify
the possible effective type of exercise training on BMD in
the lumbar spine and femoral neck in older PMW (60 years
or more).

Methods
Data Sources and Searches

We performed a detailed search utilizing PubMed, CINAHL,
Medline, Google Scholar, and Scopus databases. Search
criteria included a mix of both MeSH and free-text terms
relating to the keywords of bone mineral density, postmen-
opausal, exercise training, resistance training, whole-body
vibration, aerobic training, walking, physical activity, high-
impact exercise, bone loss and exercise, and bone mass. We
employed the Boolean search terms (AND, OR, or NOT) to
create the search strategy, merging the search terms of the
participation in exercise training and the outcomes (lumbar
spine and femoral neck BMD). The search strategy including
all the items from database inception was developed until
March 25, 2019. Then, following the initial screening, sys-
tematic reviews, meta-analyses, and all references were also
searched to find further studies.

Study Selection

Exercise training randomized controlled trials (RCTs) and
controlled trials in PMW were included. In our meta-anal-
ysis, exercise training included aerobic (including aerobic
training, walking, and weight-bearing training), resist-
ance (including resistance and impact training), combined
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(aerobic +resistance), and WBV training. Studies included
in this meta-analysis compared older PMW in the training
and control groups. Two authors independently reviewed the
titles, abstracts, and full texts of convenient articles to detect
eligible researches.

Inclusion/Exclusion Criteria

For study identification and selection, the following cri-
teria were applied (1) full-text RCTs and controlled tri-
als published in the English language; (2) health PMW
aged > 60 years without hormone replacement therapy
(HRT) and systematic exercise (less than 2.5 h per week)
before study registration; (3) studies in which participants
did not receive supplemental calcium and vitamin D other
than their daily requirements during the intervention period;
(4) study protocols that employed aerobic, resistance, com-
bined aerobic and resistance, and whole-body vibration
training, with an intervention period > 6 months (since this
is the minimum period used to employed positive impacts
on BMD), in a pre-post design with a non-exercise con-
trol group. Review articles, literature reviews, conference,
abstracts, and study protocols, as well as studies in which
the subjects took part in an exercise regimen during the last
6 months have been excluded.

Outcome Measures

The outcome measure was BMD (lumbar spine and/or femo-
ral regions) assessed using dual-energy x-ray absorptiometry
(DEXA) or dual-photon absorptiometry (DPA).

Data Extraction

Four authors independently extracted data from each study
included in the review. The information extracted included
the following:

1) Author, year of publication, and study design;

2) Demographic characteristics of PMW;

3) Exercise interventions feature;

4) Mean and standard deviation (SD) of continuous out-
comes;

5) Details of the biomarker evaluation methodology.

Data Synthesis

For all included studies, we summarized the effect size for
any outcome by measuring the mean difference between the
exercise and control condition from before and following the
intervention. If each article published multiple outcomes for
the current study, we estimated and reported separately any
outcome. Given the similar methods of reporting techniques

for outcomes (both femoral neck and lumbar spine BMD),
the mean difference (MD) was used. All analyses were per-
formed applying Review Manager 5.3 (The Nordic Cochrane
Centre, Copenhagen, Denmark). Extracted outcome data
were completed using the change in the mean and standard
deviation (SD) values. The pre-intervention mean was sub-
tracted from the postintervention mean, and the change SD
was calculated applying study group subject numbers in con-
junction with group p-values or 95% CI where the change
in mean and SD was not reported. In studies that reported
standard error of the mean (SEM) data instead of the SD,
this value was converted to SD [28]. Where data were not
shown in text or tables, and authors could not be contacted,
data displayed in figures were extracted or obtained where
feasible via GetData Graph Digitizer software. Where an
article contained a control group and more than one exer-
cise group, we separately labeled each exercise group and
adjusted the sample size of the control group according to
the number of exercise groups.

A random-effects inverse variance was utilized. To evalu-
ate the heterogeneity among the studies, the I statistic was
used, with values >50% showing substantial heterogeneity
[28]. Subgroup analyses were used to recognize potential
causes of heterogeneity among the articles. The mode of
exercise training (WBY, aerobic, resistance, combined aero-
bic and resistance) was considered as a predefined source
of heterogeneity. We presented meta-analysis applying For-
est plots and applied a 5% level of significance to describe
the significance of results. The risk of publication bias was
measured utilizing funnel plots [29].

Study Quality

Fifteen-point Tool for the Assessment of Study Quality
and Reporting in Exercise (TESTEX) scale was utilized for
evaluating the study quality and reporting [30]. Two review-
ers (GhRMR and AA) independently performed the study
quality and reporting assessment, NMR was consulted if
discrepancies occurred.

Results
Study and Participant Characteristics

Initially, 1579 articles were found via PubMed, Medline, and
Scopus database and hand searching. After duplicate titles,
animal studies and exclusion of articles based on abstract
and title were removed, 729 full-text articles remained for
screening. Full screening resulted in 16 articles meeting the
stated inclusion criteria (PRISMA flow diagram; Fig. 1).
The 16 included studies had a total of 1624 participants.
There were 903 (55.6%) participants in the exercise group
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Fig.1 PRISMA flow diagram
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participants in the exercise group and the control group
was 69.54 +4.25 and 70.21 +4.28 years, respectively. All
included articles were RCTs promulgated since 1992.

Intervention Details

The studies’ intervention period ranged from 24 to
120 weeks, with each session’s length of range 12—-60 min.
The reviewed full-text studies that were excluded are sup-
plied in Supplementary Table S1 with reasons.

Of the 16 [31-46] included studies, four [32, 33, 35, 37]
involved resistance training, four [41, 43, 45, 46] examined
aerobic training, three [36, 39, 44] investigated whole-
body vibration training, and two [38, 40] investigated com-
bined aerobic + resistance training. Other included studies
are isolated aerobic and resistance training [31], isolated
whole-body vibration and resistance training [34], isolated
combined (aerobic + resistance) and whole-body vibration
training [42], each one of the above studies was investi-
gated as one study (Table 1).

@ Springer

Seven studies [32, 33, 37, 40, 43, 45, 46] assessed BMD (g/
cmz) at the L,-L, spine, three studies [35, 38, 39] assessed
BMD (g/cm?) at the total of lumbar spine, and three stud-
ies [34, 42, 44] assessed BMD (g/cmz) at the L,—L, spine.
Moreover, 14 studies [31-41, 43, 45, 46] evaluated BMD
(g/cm?) at the femoral neck region. All included studies
assessed BMD employing DEXA method.

Outcome Measures
Change in Lumbar Spine BMD

Thirteen studies [32-35, 37-40, 42-46] providing a total
of 1371 participants (18 intervention groups and 13 con-
trol groups) reported changes in lumbar spine BMD as an
outcome measure. We combined the results employing the
random-effects model and revealed no significant change in
lumbar spine BMD after exercise training intervention (MD:
0.01 g/cm?; 95% CI [—0.01, 0.02]; p =0.39; Fig. 2).



581

The Impact of Different Modes of Exercise Training on Bone Mineral Density in Older Postmenopausal...

(;ud/8)/vXd -
([uo/3)/vXa -

(;wo/8)/vXa -
(;ua/8)/vXd -
([uo/3)/vXA -

(;ud/8)/ VXA -
([uo/3)/vXA -

([uo/3)/VXA -
(;wo/8)/vXa -

(;wo/8)/vXa -
([uo/3)/vXa -

([uo/3)/vXa -
(;wo/8)/vXa -

NG Yoou [eIowd]
dng auids requng

NG Jo2U [BIOW]

NG Yoou [elowd]
NG Quids requin

NG Yo2u [eIow]
NG 2uids requin|

NG dooU [eIoOWa]
dINg duids requin

NG doouU [eIoWa]
Ang auids requng

NG dooU [eIOWd]
dINg duids requing

urexn oN

uren oN

uren oN

uren oN

urer oN

ure} oN

urer oN

syjuowr ()] ‘Aysuajur

[ewTxRWqnS Je uri G|

10J POSIOIOXI + SowT)

00T (ySroy ur (wo ¢7)

SYOUI ¢) JO0[q B UMOP

pue dn paddais X yoom
/SUOTSSAS INO

syjuow ()¢ ‘Sururen

9SIOIOX9 PIsSeq-ouwoy

A[rep urw (g + Sururen
pasiatadns urw G
:dnoas asaaxy

syjuow 7|
SUIW ()G X Yoom
/SUOISSIS OM,

syiuow 9 “WAT

%08 e sdax g X s10s

€ “UI ()9 X Yoom
/SUOISSS 9IY ],

syjuow 7|

9 Surmp Jy3uyiof

yoed urw )8z sunord

-WOD ‘Ut ()7 X Joam
/sown ¢ Ised[ 1y

SYooM

£(S9SI0IOXA U2IMIdq

181 0U AT %09-SP

e sda1 ) ]—Qg X 5198

€—7) U (09 X Yoom
/SUOISSAS 9IY ],
:Sururex) yMdII)

SYoOM

£(539s U2IMIaq ISAX

un z AT %085

je sdar g—()g X $198

¥=7) Ui ()9 X yoom
/SUOISSIS I,
:Bururen 1y

syuou § <ZH O¢ Jo

Kouanboxy yyim AGMT
JOoM/SUOISSAS OM],

ISIDISX

Surreaq-peoy AJeIOPOIN  ['€FO'LL

Sururen ostorox Joedw| 71 F8CL
SOSIOIOX? UOTIRUIPIOOD
puE 2oUE[Rq ‘OIqOIdE

‘LY Jo uoneuIquo) STy FOEL

Sumwen [y €€FI199

Supjem ysug  67FES9

Sururen ymMoI) pue Iy ¢€€F819

Sururen
AGMHPUE AGMT 06FSIL

(T 11 QUON

(9L) 8 ssewr duoq MO

(6D1T QUON

W QUON

(00 91 QUON

(6) 61 Sssewr auoq MO

(#1) 8T SUON

NN

NN

NN

NN

NN

¢<

[Sp] e 1 ne

[1+] ‘e 30 usurejadioy]

[8¢] 'Te 10 pun[Sug

[s€] Te 10 umy)y

[£¥] Te 19 [oARM -0 001G

[L€] 'Te 10 ourjuarg

[6¢] SurpoN pue yoog

sjun/aanseawt
JUWISSASSY

sawodInQ

dnoi3 jonuo)

uoneInp pue Kouanb
-o17 :dno13 uonuaAIouUY

dS Fued]N

9SIOIOXQ JO SOPOIN  (SIK)a3y

(NOD) Xd

u IseASI

asnedouawr
jsed s1eax

Apmgs

SIsA[eue-2IOUI Y} UT SIAIPNIS PIPN[OUT JO SONSLIIOBILYD) | d|qeL

pringer

a's



G. R. Mohammad Rahimi et al.

582

dING Jo2U [eIOW] urer oN

(;wo/8)/vXa -

(QUO/B)/VXA -  dINE YOoU [EIOWd]

(WwoB)/VXA - A4 duids equing uren oN

(;Wo/B)/ VXA -  QING YodU [eI0wWd]
(QuWo/3)/VXA - NG duids requng uren oy
(Quo/B)/ VXA - NG 03U [RI0W]

(woB)/VXA - aAd duids equng uren oN

(WoB)/VXA - NG YooU [RIOW] uren oN

(QUo/B)/VXA - NG oSU [eI0WS]

(QUo/B)/ VXA - @NA dulds requing uren oN

(Quo/3)/ VXA - NG duids requng uren oN

syiuowr §
‘ZH (g Jo Aouanbaiy
PIM UIW 9 X $198
T X 99M/SUOISSAS OM],
:dnoas Agm
Joam-6 (NI
%6/ ve sdox g X s1as
€) I (9 X yoom
/SUOISSAS 921 ],
:dnoasg asraaxy
syuout 7 |
AT %08 Y8 sdax
L XS g puesdor{]xs |
‘UI 66—0S X 32m
/SUOTISSAS ¢
:dnoas Kysudjur-ysryg
syuowt Z1 N[
%0t 1e sdoI $ 1 Xs ¢
U G6—(S X yoom
/SUOISSIs ¢
:dnoa3 L) IsuduI-Mo|
Syoom 8t
funu ()9 X yoom
/SUOISSIS 21,
syuowr §
“TIH %$8-0S 1®
UIu ()9 X YOIM/SUOISSIS ¢
¢gur
-ured) ISRIIXI JGOIY
syiuowr §
AT %0809 e
uru ()9 X yooMm/SUuoIssas ¢
{Sururen
ISIIIIXA IDUB)SISAY

SYoM 7
fun ()G X yoom
/SUOISSAS OM ],
sypuow 1 ‘ZH §¢
Je ur ()g X yoom
/SUOISSAS AL

Suuren AGM L'SFHTS (81) 61

Sururen 1Y 4'€FS89 (81) 0t

Sururen 1y Ayrsuajut

-YSI1H pue AISUaUI-MOT 8¢ F9'89 (ap g1

Sururer uonoAII0d
armysod pue ‘aoueeq
‘Surreaq-1yStom ‘I

SeFr89 (€D ce

Sururexn o1qoioe pue Y

9'S+¢'89 o Ly

9S1019%a Surreaq-1ySrop (0L) 89

€SFIIL
uoneIqia Aoudnbay

-ysSty opuSew-mo ]  TLFETL  (9%E) $9€

QUON AN

QUON AN

QUON N

QUON ¢8I

QUON QI ~

QUON AN

auoN st

[9€]

‘& 10 SOTIOPIA-UnuUES

[£€] T2 30 sapouy

[zel T80 nnig

[o¥] 'Te 10 ¥Ted

[1€] ‘Te 10 senbrepy

[9v] 'Te 10 p10]

[++] Te 10 Sunog

sjiun/aanseaw

JUSWISSISS Y sowoonQ dnoi3 jonuo)

uoneInp pue Kouanb
-o13 :dno13 uonuaAIouU]

asFuespy (NOD) Xd

9SIOIOXQ JO SOPOIN  (SIK)a3y u

asnedouawr
aseasiq  Ised s1eax

Apmgs

(ponunuoo) | sjqey

pringer

Qs



583

The Impact of Different Modes of Exercise Training on Bone Mineral Density in Older Postmenopausal...

9SIOIAXA JIQOIdR FV “OAIISAI 9Jel 11V Yy H ‘UONUIW OU AN ‘Z)Ioy Zf ‘winwirxew uonnadar ouo py7 ‘uonnadar day ‘Sururen aoueisisal 1y ‘Ano
-wondiosqe Ael-X A31ous-Tenp yX(7 ‘AISUIP [BIUTW dUOq (FA ‘UOTIRIQIA APOQ-9[oym AJISUUI-YSTY AGMH ‘UoTeIqIA APOq-[oym AJIsuayul-mo] AgM7 ‘dnoid yoea ur syuedronted jo roquinu u

ANEQ\MV\AJAQ - QN9 Quids requng

([uo/3)/vXa -
([uo/3)/vXa -

urer) oN

AN dodu [eIoWd]
ANy duids Tequing

uren oN

syjuow g1
SULW ()7 X Y[99M/UOTS
-s9s Jururen-owoy
7+ ZH S§—Gg Jo Aouanb
-3IJ YIIM UTW ()9 X YoM
/SuoIssas pasiazadns omf,
:dnoas uoneaqip
syjuow g1
SUIW ()7 X Y9oMm/UOIs
-$9s Jururen-awoy
C+INYH %08-0L ®
urul ()9 X YOam/SuoIs
-59s pasiazadns om,
:sdnoas
LY pue Vv paulquop
sypuowt 9 (Y § X198
[ PUB INY T XS1eS €
sem AJIsua)ur syoam (]
ISe[ SN §—GT XSS T
sem A)ISUIUI YoM ]
1SIJ) UIW ()9 X YoM
/SUOISSAS 9IY ],
:dnoas 1y
syuowr 9
‘ZH 03—S¢ Jo Aouonbaiy
M UIW ()7 X Yoom
/SUOISSIS I ],
:dnoas Agm

Sururen uoneiqia
‘Sururen; ooue)sISI

puE JIqOIE PAUIqUIO))

TEFS89 (8%) €6

Sututen [ pue AGM  ¥EFTH9 o Ly

QUON

QUON

61~

91~

[zr] T2 10 [aSualg uoA

[¥€] Te 19 usIaNYOSIOA

sjian/aJanseawt
JUQWISSASSY

sowoonQ dnoi3 jonuo)

uoneInp pue Kouanb
-o13 :dno13 uonuaAIouU]

asFuespy (NOD) Xd

9SIOIOXQ JO SOPOIN  (SIK)a3y u

EN=Nrg

asnedouawr
jsed s1eax

Apmgs

(ponunuoo) | sjqey

pringer

a's



584 G. R. Mohammad Rahimi et al.

Exercise Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Rhodes 2000 003 0175 20 0 017 18 1.6%  0.03[-0.080.14] -

Verschueren 2004; RT 0001 0136 22 0004 0146 12 20% -0.00[-0.10,010) B —

Verschueren 2004, WBY ~ -0.003 0144 25 0004 0146 12 2.0% -0.01[0.11,0.09] B —

Von Stengel 2011; COM 0019 0031 50 0004 0031 25 239% 0.01[0.00, 0.03)

Von Stengel 2011; WBY 0014 0022 51 0004 0031 26 252%  0.01[0.00,0.02)

Total (95% Cl) 745 626 100.0%  0.01[-0.01,0.02]

Heterogeneity: Tau®= 0.00; Chi*= 29.46, df=17 (P = 0.03); F= 42%
Test for overall effect: Z=0.86 (P = 0.39)

05 -025 0 025 05
Favours [control] Favours [exercise]

Fig.2 Forest plot for the lumbar spine BMD changes. HWBYV high-intensity whole-body vibration, LWBV low-intensity whole-body vibration,
RT resistance training, CT circuit training, COM combined, HI high intensity, LI low intensity

Change in Femoral Neck BMD

Fourteen studies providing a total of 778 subjects (19 inter-
vention groups and 14 control groups) reported femoral
neck BMD as an outcome measure. Pooled results from
the random-effects model illustrated that exercise train-
ing did not have a significant effect on femoral neck BMD
(MD: —0.00 g/cm?; 95% CI [-0.01, 0.01]; p=0.99; Fig. 3).

Subgroup Analysis for Mode of Exercise Training

The results of the subgroup analyses are demonstrated in
Table 2. We stratified studies based on the mode of exercise
training (WBYV, aerobic, resistance, and combined). These
analyses revealed that lumbar spine BMD (MD: 0.01; 95% CI
[0.00, 0.02]; p=0.02) raised significantly when WBYV train-
ing was employed as intervention compared with RCTs that
utilized aerobic training (MD: —0.01; 95% CI [-0.02,—0.01]),
resistance training (MD: 0.01; 95% CI [—-0.04, 0.06]), and
combined training (MD: 0.03; 95% CI [—-0.01, 0.08]). On
the other hand, lumbar spine BMD (MD:-0.01; 95% CI
[-0.02,-0.01]; p<0.00001) reduced significantly when
aerobic exercise training was used as intervention compared
with RCTs that utilized resistance training, combined training,
and whole-body vibration training. By contrast, the subgroup
analyses by type of exercise training (whole-body vibration,
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aerobic, resistance, and combined training) did not have sig-
nificant impact on change in femoral neck BMD.

Study Quality

The overall quality of included studies was judged to be mod-
erate to good, with a median TESTEX score of 9.5 (range
8-12) of a maximum score of 15 (Table 3). Each one of the
criteria of monitoring of physical activity in the control group,
intention to treat analyses, and relative training intensity was
met in 6 studies. The criteria of assessor blinding were also
met in 5 studies, however, the criteria of allocation conceal-
ment were met in only 3 studies. The other TESTEX criteria
were each met in at least 50% of trials.

Heterogeneity and Publication Bias

Our analyses in both lumbar spine and femoral neck BMD
revealed low heterogeneity (I2 =42%; p=0.03 and P=27%:
p=0.14, respectively). The Egger plots suggest risk of publica-
tion bias was low (Fig. 4a and b).



The Impact of Different Modes of Exercise Training on Bone Mineral Density in Older Postmenopausal... 585
Exercise Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Beck 2010; HWBY -0.009 047 15 -0027 043 7 01%  002[-0.38,042)
Beck 2010; LWBY -0.01 005 13 -0.027 043 7 02%  002[-0.30,034)
Brentano 2008; CT -0.008 004 10 0 008 5 28% -0.01[-0.08,0.07 B
Brentano 2008; RT 0.009 0.073 9 0 008 4 19%  001[0.080.10]  —
Brooke-Wavell 2001 -0.007 0032 16 -0.002 0027 20 16.2% -0.01[-0.02,0.01) R
Chuin 2009 -0.0023 008 11 00019 0.07 7 31% -0.00[-0.07,0.07) —
Englund 2005 0 0065 2 0 01 19 50%  0.00[-0.05 005 -1
Korpelainen 2006 -0.004 0051 84 -0.007 0049 76 18.7%  0.00(-0.01,0.02) T
Lau 1992 -0.055 0.0253 11 -0.006 0.0425 12 11.7% -0.05[-0.08,-0.02) -
Lord 1996 001 0124 68 002 0114 70 7.7% -0.01[-0.05 003 -
Marques 2011; AE 0003 0108 24 -0002 0061 12 47%  0.01[-0.050.06) -
Marques 2011; RT -0.008 0086 23 -0002 0061 12 56% -0.01[0.06,0.04) -
Park 2008 0048 0082 25 -0013 0059 25 7.7% 0.06(0.02,0.10) -
Pruitt 1995; HI -0.003 0.097 8 0005 0153 6 09% -0.01[0.15013] . E—
Pruitt 1995; LI 0.008 0.072 7 0005 0153 5 08% 000[-0.14,015 I E—
Rhodes 2000 001 0115 20 -005 0095 18 34%  0.06(-0.01,013 —
Santin-Medeiros 2015 -0.01 007 19 -001 011 18 41%  0.00[-0.086,0.06) .
Verschueren 2004; RT -0.005 009 22 -0006 0107 12 29%  0.00[-0.07,007) B —
Verschueren 2004; WBY 0008 0135 25 -0006 0107 12 24%  001[-0.07,009 .
Total (95% Cl) 431 347 100.0%  0.00[-0.01,0.01] ¢
Heterogeneity: Tau®= 0.00; Chi*= 24.62, df=18 (P = 0.14); F=27% EU 5 _0125 i 0 525 0 55

Test for overall effect: Z=0.01 (P =0.99)

Favours [control] Favours [exercise]

Fig.3 Forest plot for the femoral neck BMD changes. HWBV high-intensity whole-body vibration, LWBV low-intensity whole-body vibration,
RT resistance training, CT circuit training, AE aerobic exercise, HI high intensity, LI low intensity

Table 2 Results of subgroup analysis on included RCTs in meta-analysis

Variables Type of exercise training All
Aerobic Resistance Combined Whole-body vibration
Lumbar spine BMD
N. studies 2 7 3 6 13
Mean difference (MD) —-0.01 0.01 0.03 0.01 —0.01
95% CI [-0.02, -0.01] [-0.04, 0.06] [-0.01, 0.08] [0.00, 0.02] [-0.01, —0.00]
p-value <0.00001 0.66 0.13 0.02 0.0003
I (%) 0 0 2 0 42
Femoral neck BMD
N. studies 4 8 3 4 14
Mean difference (MD) -0.01 0.01 0.02 0.01 —0.00
95% CI [-0.04,0.01] [-0.02, 0.03] [-0.03, 0.06] [-0.04, 0.05] [-0.01, 0.01]
p-value 0.31 0.62 0.45 0.82 0.78
1 (%) 71 0 71 0 27

Bold values indicate statistical significance (p < 0.05)

Discussion

The primary objective of this study was to undertake a
systematic review and meta-analysis of RCTs evaluating
the impacts of various types of exercise training on BMD
at the lumbar spine and femoral neck in older PMW. The
second objective was to assistance provide more evidence

on varying modes of exercise training protocols for the aim
of determining optimal exercise regimens for older PMW.
Our primary analysis shows that various types of exercise
training compared to control groups had no significant
effects on BMD in either the lumbar spine or the femoral
neck. Whereas, the effect of protocols that include WBV
appear to be limited to increases in lumbar spine BMD,
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Fig.4 Egger plot assessment of publication bias for analysis of a lumbar spine BMD and b femoral neck BMD

but not the femoral neck. Yet, aerobic exercise training
significantly reduced BMD in the lumbar spine.

Regarding lumbar spine and femoral neck BMD change
according to the overall analysis in older participants, our
findings differ with the findings of Marques et al. (2012),
who found that exercise of mixed loading impact is asso-
ciated with significant increments in lumbar spine and
femoral neck BMD in older adults [47]. In addition, Zhao
et al. (2017) reported that combined exercise interven-
tions positively affected the lumbar spine, femoral neck,
total hip, and total body BMD compared with the control
group [22] that differs from our findings. Our subgroup
analysis also failed to indicate a positive effect of com-
bined exercise intervention at the lumbar spine in PMW
aged > 60 years. However, both mentioned meta-analyses,
the positive change in BMD of the lumbar spine and total
femur or femoral neck were studied following only one or
two modes of exercise training. According to the findings
of Zhao et al. lumbar spine BMD of PMW aged > 60 years
was still sensitive to exercise, which designated that other
factors other than mechanical stimulus might contribute
the beneficial effects, such as exercise-related increase of
calcium absorption [48]. Yet, it should be careful to eluci-
date the findings because subgroup analysis only included
a small number of studies.

From clinical research, it is predicted that 60-80 percent
of bone mass variation through a lifetime is related to genet-
ics [49]. Under Wolft’s law, nevertheless, both mechanical
stimuli and quantity of skeletal loading are considered as an
active osteogenic promoter [5, 50]. Resistance or impact-
loaded exercise training utilizing tensions generated from
muscular contraction to stimulate bone cells with strain
stress, compression force, and shear stress [51] were used.

It should be emphasized that bone formation takes place
only when the impact stimulus of physical activity exceeds
a certain mechanical strain threshold that is above the accus-
tomed normal daily levels [52].

Land-based running/jogging/walking, as well as step aer-
obic and cycling exercise involves moderate- to high-impact
musculoskeletal loading activity on the lower extremities.
Participants developed high muscle strength in lower body,
and exhibited gain in BMD in total femur and femoral neck
[53]. The land-based resistance training involves high-
impact musculoskeletal loading activity on the upper and
lower body as well as torso region in a gravitational environ-
ment. However, Ryan et al. (1998) reported that 16 weeks
of resistance training resulted in no change in BMD in the
lumbar spine and femoral neck, and improvement in arm
and leg muscular strength in healthy PMW [54]. Liang et al.
(2011) reported that 52 weeks of moderate intensity strength
training did not induce changes in BMD of the lumbar spine
and femoral neck in healthy PMW. But, there was a signifi-
cant increase in leg muscle strength [55]. Other longitudi-
nal research studies investigating the impact of resistance
training on bone mass have shown that PMW’s BMD can
be enhanced [56-58]. It should be noted that both types of
land-based training activities might not be suitable for older
frail PMW and individuals with osteoporotic fractures. Nev-
ertheless, for the older PMW, enhancing BMD and mus-
cular force expansion also promulgates motor consonance
advancement, dynamic balance and postural stabilization,
allowing physical autonomy and promoting quality of life
[59].

Regarding WBYV, the mechanism by which vibration
improves BMD is still unclear. WBV exercise has been
prescribed for inducing BMD and bone strength [60] and
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appears to be a safe and effective training modality for
maintaining or enhancing bone metabolism in varying pop-
ulations [61]. Furthermore, WBYV training has been used
for preventing bone loss in astronauts [34, 42, 60]. Judex
and Rubin (2010) proposed a plausible mechanism by
which WBYV training can induce anabolic or anti-catabolic
responses in bone tissue, and that is the direct transmissibil-
ity of vibratory signals to bone cells, resulting in osteogenic
responses [62]. Rubin (2004) who examined WBYV training,
observed a significant difference in BMD change between
the placebo and the experimental group. At the femoral
neck, the placebo group experienced a loss of 2.1% BMD
after 1 year, those subjects completed the WBYV training with
the top compliance (upper quartile) after 1 year showed a
3.3% gain at the same BMD site (p=0.009), as compared
to the mean experimental group gain of 2.7% (p =0.02).
Rubin concluded that WBYV training may have a very posi-
tive outcome for maintaining and enhancing BMD in PMW
[63]. Due to its non-invasive, non-pharmacological nature of
intervention, the WBYV modality may be an optimal approach
of osteoporosis treatment for certain specific populations
including PMW [64].

Strengths and Limitations in the Systematic
Review and Meta-analysis

To our understanding, this is the first systematic review and
meta-analysis to investigate the effectiveness of different
modes of exercise training on lumbar spine and femoral neck
BMD in healthy older PMW. The strength of the present
study is that we pooled all included studies in our analysis
and compared the effectiveness of different modes of exer-
cise training on BMD in lumbar spine and femoral neck.
Our results show that according to the modes of exercise
training, lumbar spine BMD only responded positively to
WBYV training in older PMW.

Our meta-analysis has some limitations that should be
considered. First, the outcome of our meta-analysis is BMD
change; however, it has the inherent limitations for bone
strength analysis. The bone mineral content and structural
adaptation due to exercise training can enhance mechanical
load and bone bending strength [65—-67]. It has been reported
that only approximately 60—70 percent of bone strength
adaptation can be explained by BMD [68], and other char-
acteristics of the quality of bones, such as microarchitec-
ture, are not included. Hence, in PMW, BMD estimation
may not be a perfect indicator of osteogenic response to
exercise training. In addition, some trials only included a
smaller study population, which tended to weaken the qual-
ity of individual study and then posed a threat to risk of bias
of our meta-analysis. Finally, concerning the data collec-
tion, we computed the mean differences between pre- and
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postintervention. Notwithstanding, in situations where actual
p values within or between groups or 95% CI were una-
vailable, default p values were applied, and this may have
influenced our results. As life expectancy is rising and the
number of elderly individuals becoming more sedentary, the
development of osteoporotic fracture prevention and treat-
ment regimens is imperative. However, the difficult task of
conducting human exercise trials to investigate the impact
of exercise training on BMD or osteoporotic fractures as a
primary or secondary study endpoint is to deal with an enor-
mous sample size [69] that could provide definite proof that
exercise training can positively achieve the ultimate goals of
overall fractures prevention in older PMW [70, 71].

Conclusion

The overall conclusion of the present review and meta-
analysis was that different modes of exercise training were
unable to show improvement or maintenance of BMD in
the lumbar spine and femoral neck in older PMW. However,
subgroup analysis showed only WBYV training that improves
the lumbar spine BMD in older PMW, but not other types
of exercise training.
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