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Abstract

Background: Exercise intervention can significantly improve physical function and bone strength; however, the
effect of exercise on fall-related fractures in older adults remains controversial. This study aimed to assess the
effectiveness of exercise intervention on fall-related fractures in older adults by conducting a meta-analysis of
randomized controlled trials (RCTs).

Methods: PubMed, EMBASE, and Cochrane databases were systematically searched for RCTs through November 24,
2019 to investigate the effectiveness of exercise intervention on fall-related fractures in older adults. Pooled relative
risk (RR) with 95% confidence interval (CI) was calculated using the random-effects model. Sensitivity, subgroup,
and publication bias analyses were also conducted.

Results: A total of 7704 older adults and 428 fall-related fracture events from 20 RCTs were selected for the final
meta-analysis. The follow-up duration across included trials ranged from 6.0 months to 7.0 years. The pooled RR
suggested that exercise intervention was associated with a reduced fall-related fracture risk in older adults (RR: 0.74;
95% CI: 0.59–0.92; P = 0.007; I2 = 12.6%). The pooled conclusion was robust and not affected by any individual trial.
Subgroup analysis revealed that the significant effect of exercise intervention on fall-related fractures was mainly
detected when the study reported results from both male and female subjects, when it did not report the baseline
body mass index, when individuals received both home- and center-based interventions, when the follow-up
duration was > 1.0 year, and when it was a high-quality study.

Conclusions: Regular exercise intervention could prevent fall-related fractures in older adults. Further large-scale
RCTs should be conducted to assess the effectiveness of different exercise programs on fall-related fractures at
various sites.

Keywords: Exercise, Fracture risk, Older adults, Meta-analysis

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: renxiong02@126.com
†Qiang Wang, Xiaowei Jiang and Yingchao Shen are co-first authors and
contributed equally to this article.
Department of Orthopaedics, Changshu Hospital Affiliated to Nanjing
University of Chinese Medicine, No. 6 Huanghe Road, Changshu 215500,
China

Wang et al. BMC Geriatrics          (2020) 20:322 
https://doi.org/10.1186/s12877-020-01721-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-020-01721-6&domain=pdf
http://orcid.org/0000-0001-7140-6890
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:renxiong02@126.com


Background
Falling is the most common cause of fractures in older
adults, and fall-related injuries are the leading cause of
increased hospitalization and medical costs [1–3]. Frac-
tures occurred in older adults could affect the activities
of daily living, even mortality in serious cases [4, 5].
Nearly one-third of the individuals aged ≥65 years fall
each year, with 22–45% sustaining injuries and one-
tenth sustaining severe injuries such as a fracture or
head injury [6–8]. Injurious falls and fractures cause
long-lasting functional decline and taking care of such
older adults becomes increasingly difficult [9, 10].
Several risk factors for falls and fall-induced injuries

have already been demonstrated, which are related to
physical inactivity and decreased functional capacity.
These factors could be modified by physical activity [11].
However, frequent walking might increase fracture risk
in older adults because of increased exposure to fall haz-
ards [12]. The association between exercise intervention
and reduced fall risk in older adults has already studied
[13–15]. Moreover, numerous systematic review and
meta-analyses have already been performed to investi-
gate the role of exercise interventions on the risk of falls,
injurious falls, and fractures [16–21]. However, previous
studies did not focus on fall-related fractures [16–19,
21], and one study showed a pooled result based on 15
randomized controlled trials (RCTs) [20]. Therefore, the
present meta-analysis of RCTs was conducted to assess
the effect of exercise intervention on fall-related frac-
tures in older adults.

Methods
Data sources, search strategy, and selection criteria
This study was conducted and reported in accordance to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Statement issued in 2009 [22]. This system-
atic review and meta-analysis of RCTs investigated the ef-
fectiveness of exercise intervention on fall-related
fractures in older adults; no restrictions were placed on
publication language and status. The electronic databases
of PubMed, EMBASE, and Cochrane library were system-
atically searched for studies through November 24, 2019
using the core search terms “exercise” AND “fracture,”
then filtered with “clinical trial” and “Adult: 19–44 years
aged >65 years.” The details of search strategy in PubMed
are presented in Supplement 1. The reference lists of re-
trieved studies were reviewed by manual searches to select
any additional eligible study.
Two reviewers independently conducted the literature

search and study selection. The selection process was
based on the participants, intervention, control, out-
come, and study design (PICOS). Any disagreement be-
tween the two reviewers was resolved by discussion until
a consensus. A study was included if it met the following

inclusion criteria: (1) study design: RCT; (2) participants:
adults aged ≥50.0 years; (3) intervention: exercise pro-
gram without the use of hormone replacement therapy,
glucocorticoids, or bisphosphonates; (4) control: usual
care; and (5) outcome: fall-related fracture incidence, ir-
respective of the site. Studies designed as observational
studies, meta-analyses, letters to the editors, and animal
studies were excluded.

Data collection and quality assessment
Two reviewers assessed the abstracted data and study
quality following a standardized extraction form, and
any disagreement was resolved by an additional author
referring to the original article until a consensus was
reached. The abstracted items included the first author’s
name; publication year; country; sample size; mean age;
the percentage of male subjects; body mass index (BMI);
the number of fall-related fractures, exercise regimens,
controls, supplements; and follow-up duration. The
quality of included studies was evaluated using the Jadad
scale based on randomization, blinding, allocation con-
cealment, withdrawals and dropouts, and the use of
intention-to-treat analysis [23]. Each item was assigned
as “yes,” “no,” or “not mentioned”, and the scoring sys-
tem ranged from 0 to 5. An RCT score of 4 or 5 indi-
cated high quality.

Statistical analysis
The effectiveness of exercise intervention on fall-related
fractures in older adults was assigned as categorical data,
and relative risk (RR) with 95% confidence interval (CI)
was applied as an effect estimate. Pooled RR with 95%
CI was calculated using the random-effects model due
to the underlying variations across the included studies
[24, 25]. Heterogeneity across included trials was
assessed using I2 and Q statistics, and significant hetero-
geneity was defined as I2 > 50.0% or P < 0.10 [26, 27].
Sensitivity analysis was used for assessing the robustness
of pooled conclusions [28]. Subgroup analysis for frac-
ture risk was conducted according to the mean age
(≥70.0 years or < 70.0 years), sex (female or both), BMI
(≥25.0 kg/m2 or < 25.0 kg/m2), intervention (home-
based, center-based, or both), follow-up duration
(≥1.0 years or < 1.0 years), and study quality (high or
low), and the difference between subgroups was ana-
lyzed using P-test for interaction [29]. Publication bias
was assessed qualitatively using funnel plot and quan-
titatively using the Egger’s and Begg’s tests [30, 31].
The inspection level was two-sided, and P < 0.05 was
considered as significant. Statistical analyses were
conducted using STATA (version 10.0; Stata Corpor-
ation, College Station, TX, USA).
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Results
Literature search
A total of 4026 articles were identified from initial elec-
tronic searches, of which 1879 were excluded because they
were duplicates. An additional 2066 studies were excluded
due to the topics being irrelevant. The remaining 81 studies
were retrieved for further full-text evaluations; 61 studies
were excluded after detailed evaluations. The following
were the reasons for exclusion: study did not report fracture
incidence (n = 43), study did not use RCT design (n = 7),
and study included other interventions (n = 11). A manual
search of the reference lists of retrieved studies yielded 7
studies; all studies were contained in electronic searches.
Finally, 20 RCTs were selected for the final meta-analysis
(Fig. 1) [32–51]. Table 1 summarizes the baseline character-
istics of the included studies.

Study characteristics
A total of 7704 older adults and 428 fall-related fracture
events from 20 RCTs were included. The publication

year of the included studies ranged from 1996 to 2019,
and 20–1635 individuals were included in each trial.
Overall, 13 studies were conducted in Europe and the
remaining seven were conducted in Australia, New Zea-
land, China, USA, and Canada. A total of nine studies
included only females and the remaining 11 included
both males and females. Study quality was assessed using
the Jadad scale: 13 studies scored 5, three studies scored
4, two studies scored 3, and the remaining two studies
scored 2 (Table 2).

Meta-analysis
All included studies reported fracture incidence in the
exercise and control groups, and the RR across the in-
cluded trials ranged from 0.19 to 3.00. The pooled RR
indicated that exercise intervention significantly reduced
fall-related fracture risk (RR: 0.74; 95% CI: 0.59–0.92;
P = 0.007; Fig. 2). Moreover, unimportant heterogeneity
was observed across the included trials (I2 = 12.6%; P =
0.298). According to the sensitivity analysis, the pooled

Fig. 1 The Preferred Reporting Items for Systematic Reviews and Meta-Analysis Statement (PRISMA) flowchart describing our literature search
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conclusion was robust and did not change after sequen-
tially excluding individual trials (Fig. 3).

Subgroup analysis
Subgroup analysis for fall-related fracture risk between exer-
cise intervention and usual care was also performed. Exercise

intervention was associated with reduced fall-related frac-
tures when the study reported both males and females (RR:
0.69; 95% CI: 0.51–0.94; P= 0.019), when the study did not
report the baseline BMI (RR: 0.72; 95% CI: 0.53–0.96; P=
0.024), when individuals received both home- and center-
based interventions (RR: 0.71; 95% CI: 0.53–0.96; P= 0.025),

Table 2 Assessment of risk of bias in included studies

Study Randomization Blinding Allocation concealment Withdrawals and dropouts Use of intention-to-treat analysis Overall

Preisinger 1996 [32] Yes Yes Unclear Yes Unclear 3

McMurdo 1997 [33] Yes Unclear Unclear Unclear Yes 2

Ebrahim 1997 [34] Yes Yes Yes Yes Yes 5

Robertson 2001 [35] Yes Yes Yes Yes Yes 5

Chan 2004 [36] Yes Unclear Unclear Unclear Yes 2

Ashburn 2007 [37] Yes Yes Yes Yes Yes 5

Karinkanta 2007 [38] Yes Yes Yes Yes Yes 5

Swanenburg 2007 [39] Yes Yes Yes Yes Yes 5

Haines 2009 [40] Yes Yes Yes Yes Yes 5

Zeng 2009 [41] Yes Unclear Unclear Yes Yes 3

Bischoff-Ferrari 2010 [42] Yes Yes Yes Yes Yes 5

Kemmler 2010 [43] Yes Yes Yes Yes Yes 5

Korpelainen 2010 [44] Yes Yes Yes Yes Yes 5

Smulders 2010 [45] Yes Yes Yes Yes Yes 5

Iliffe 2014 [46] Yes Yes Yes Yes Yes 5

Gill 2016 [47] Yes Yes Yes Yes Yes 5

Uusi-Rasi 2017 [48] Yes Yes Unclear Yes Yes 4

Cockayne 2017 [49] Yes Yes Unclear Yes Yes 4

Harris 2019 [50] Yes Yes Unclear Yes Yes 4

Liu-Ambrose 2019 [51] Yes Yes Yes Yes Yes 5

Fig. 2 Forest plot for the effect of exercise intervention on the fracture risk in older adults
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when the follow-up duration was > 1.0 year (RR: 0.72;
95% CI: 0.55–0.95; P = 0.022), and when it was a
high-quality study (RR: 0.73; 95% CI: 0.58–0.92; P =
0.007). No other significant difference was observed,
and the difference between subgroups was not signifi-
cant, irrespective of stratification by mean age, sex,
BMI, intervention, or study quality (Table 3).

Publication Bias
Publication bias could not be ruled out by reviewing the
funnel plot (Fig. 4). Moreover, the Egger’s (P = 0.349)

and Begg’s test (P = 0.974) results suggested no evidence
of publication bias among included trials.

Discussion
The present study aimed to compare the effectiveness of
exercise intervention in reducing fall-related fractures in
older adults. This comprehensive quantitative meta-
analysis included 7704 older adults and reported 428
fall-related fracture events from 20 RCTs across a broad
range of individual characteristics. The findings of this
study suggested that exercise intervention reduces fall-

Fig. 3 Sensitivity analysis for the fracture risk by sequentially excluding each individual trial

Table 3 Subgroup analysis for the risk of fracture

Factors Subgroup RR and 95%CI P value Heterogeneity (%) P value for heterogeneity P value between subgroups

Mean age (years) ≥ 70.0 0.78 (0.60–1.01) 0.057 10.6 0.339 0.253

< 70.0 0.66 (0.42–1.04) 0.075 14.4 0.320

Gender Female 0.78 (0.53–1.13) 0.193 0.0 0.440 0.866

Both 0.69 (0.51–0.94) 0.019 27.4 0.183

BMI (kg/m2) ≥ 25.0 0.81 (0.50–1.33) 0.406 38.0 0.168 0.537

< 25.0 0.52 (0.24–1.13) 0.100 0.0 0.517

Not mentioned 0.72 (0.53–0.96) 0.024 13.5 0.312

Intervention Home-based 0.82 (0.45–1.47) 0.500 37.3 0.144 0.829

Center-based 0.66 (0.34–1.30) 0.233 0.0 0.648

Both 0.71 (0.53–0.96) 0.025 34.0 0.181

Follow-up duration (years) ≤ 1.0 0.75 (0.48–1.15) 0.185 12.4 0.329 0.779

> 1.0 0.72 (0.55–0.95) 0.022 20.9 0.250

Study quality High 0.73 (0.58–0.92) 0.007 14.1 0.292 0.883

Low 0.75 (0.23–2.46) 0.636 29.4 0.236
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related fractures in older adults. It might be anticipated
that exercise interventions should be used in older adults
for preventing fall-related fractures.
Several systematic reviews and meta-analyses have

already described the role of exercise intervention in
older adults. Jepsen et al. found that whole-body vibra-
tion exercise significantly reduced fall risk [16]. Hill
et al. found that exercise intervention had no significant
effect on the risk of injurious falls or fractures, although
the physical activity, balance, mobility, and muscle
strength were significantly improved [17]. Silva et al.
suggested that fall risk was significantly decreased when
individuals participated in frequent and long-term exer-
cise programs, whereas the fracture risk was not affected
by exercise intervention [18]. Kemmler et al. found that
the fracture risk was significantly reduced in older adults
who participated in exercise interventions [19]. de Souto
Berreto et al. pointed out that long-term exercise inter-
ventions significantly reduced the incidences of falls, in-
jurious falls, and probable fractures in older adults [21].
The above studies did not focus on fall-related fracture
risk in individuals who underwent exercise interventions.
A meta-analysis conducted by Zhao et al. included 15
RCTs and found that the risk of fall-related fracture risk,
falls, and leg strength were significantly improved in
older adults who underwent exercise interventions [20].
However, this study just provided a pooled result be-
tween exercise and control for fall-related fracture risk,
and whether the treatment effects between exercise and

control for fall-related fracture risk differed according to
patients’ characteristics was not illustrated [21]. Further-
more, additional five studies have already been pub-
lished, and the results should have been re-evaluated
[47–51]. Although most findings of this study were con-
sistent with a prior meta-analysis [20], the exploratory
results of subgroup analysis found significant effects of
exercise intervention on the fall-related fracture risk
mainly detected when the study reported both male and
female subjects, when the study that did not reported
baseline BMI, when individuals received both home- and
center-based interventions, when the follow-up duration
was > 1.0 year, and when it was a high-quality study.
Although most included trials reported similar trends

for the protective role of exercise intervention in older
adults, several trials reported inconsistent results. Prei-
singer et al. found that the incidence of vertebral frac-
ture in the exercise group was lower than that in the
usual care group, whereas the incidence of fragility frac-
ture in the exercise group was higher than that in the
usual care group [32]. These results could be explained
by the type of exercise program and the smaller number
of events. Ebrahim et al. found that the fracture inci-
dence within 2 years was higher in the exercise group
than in the usual care group (6 vs. 4) [34]. The potential
reason for this could be the compliance of individuals,
risk of injuries, and the intensity of exercise, balancing
the potential benefit on fall-related fracture risk. Swa-
nenburg et al. reported that within 12 months, one case

Fig. 4 Publication bias test results
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fracture was reported in the exercise group and none in
the control group; the reason for this was shorter duration
and the magnitude of the event occurred was lower than
expected [39]. Uusi-Rasi et al. found that fractures related
to falls were similar between the exercise and control
groups [48]. This result could be explained by the im-
provement of lower extremity function, mobility, and bal-
ance in older adults who underwent exercise interventions
[52, 53]. Cockayne et al. found that incidence of fractures
in the multifaceted podiatry intervention group was higher
than that in the usual care group (17 vs. 14), which may
correlate with the type of exercise program [49]. Liu-
Ambrose et al. found that individuals who participated in
five strengthening exercises and 11 balance retraining ex-
ercises may be at an increased fracture risk (RR: 1.93). The
potential reason is that older adults with vigorous exercise
intervention show low compliance and high incidence of
injuries, and low exercise intensity may show limited ef-
fects in older adults [54].
Subgroup analyses were conducted, and the results in-

dicated that the beneficial effects of exercise intervention
were mainly detected when the study reported both male
and female subjects, when the study that did not re-
ported baseline BMI, when individuals received both
home- and center-based interventions, when the follow-
up duration was > 1.0 year, and when it was a high-
quality study. There were several reasons for these re-
sults: (1) the incidence of fall-related fracture was lower,
and the statistical power in several subgroups was not
enough to detect potential differences between the exer-
cise and control groups; (2) the intensity of the exercise
program could affect the net effects of exercise on fall-
related fractures in older adults; (3) long-term exercise
interventions were associated with a reduced incidence
of falls in older adults, which could prevent fall-related
fractures; and (4) the quality of studies could affect the
reliability of individual trials, and this analysis mostly in-
cluded studies with high quality.
Several limitations of this study should be acknowl-

edged. First, the type and volume of exercise program
varies across included trials, which could affect the pro-
gression of fall-related fractures. Second, stratified ana-
lyses were conducted based on the pooled characteristics
of study or patients, and the results stratified by the de-
tails of individuals’ characteristics were not available.
Third, the analysis of this study was based on published
articles, and publication bias was inevitable.

Conclusion
In conclusion, exercise is an important strategy to de-
crease fall-related fractures in older adults. Future large-
scale RCTs should be conducted to verify the effective-
ness of exercise intervention on fall-related fractures at
various sites.
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