
Vol.:(0123456789)1 3

Sport Sciences for Health (2024) 20:309–319 
https://doi.org/10.1007/s11332-023-01145-w

REVIEW

Effect of physical exercise on fall episodes in the elderly: 
a meta‑analysis

Júlia Araujo de Figueiredo1   · Magno Conceição Garcia1   · Aldair José de Oliveira2 

Received: 27 May 2023 / Accepted: 6 November 2023 / Published online: 11 December 2023 
© The Author(s), under exclusive licence to Springer-Verlag Italia S.r.l., part of Springer Nature 2023

Abstract
Introduction  Falls are very common among the elderly and can lead to high levels of morbidity and other adversities. Given 
the importance of preventing falls, it is suggested that physical activity can contribute to preventing such events.
Objective  To investigate the protective effect of physical exercise on episodes of falls in the elderly and, after long follow-up 
intervals without other interventions, to examine the effectiveness of exercise.
Method  This systematic review and meta-analysis of randomised clinical trials reporting only interventions in physical 
exercise and falls in the elderly searched the SPORTDiscus, PubMed, Scopus, Web of Science, and Cochrane databases 
for articles published until July 2022. Meta-regression was used to investigate the post-intervention time and the quality of 
studies on the effect of physical exercise on falls. Heterogeneity was calculated using the I2 statistic. Forest plot and funnel 
plot were used to represent the fall incidence rate ratio and subgroup analysis.
Results  Physical exercise alone was not enough to protect against falls, but the follow-up period without intervention proved 
significant in protecting against falls (0.83; CI 95% 0.75–0.92).
Conclusion  Short interventions without follow-up were not enough to protect against falls, but interventions via physical 
exercise showed a protective effect on falls in the elderly when there was follow-up after long periods without interventions, 
only follow-up.

Keywords  Physical activity · Accidental falls · Aged · Physical activities

Introduction

For some years, many countries have been observed to 
be undergoing a demographic transition [1]. In addition, 
world population growth in recent decades relates primar-
ily to increasing life expectancy in developed countries. And 
under development [2]. Estimates indicate that from 1950 

to 2050, the world population will have increased 3.7 times, 
whereas the elderly population will have increased ten times 
[3]. Projections also indicate that between 2010 and 2050, 
the elderly population will have increased by 1.3 billion [3, 
4].

Given that the elderly already make up a considerable part 
of the population, numerous studies have focused on this age 
group, seeking to understand the phenomenon of aging [4]. 
However, there is a necessary delay in understanding the eco-
nomic, social, and health implications of aging [5], because 
the aging process brings with it progressive loss of muscle 
mass, resulting in significant reduction in strength from the 
6th decade of life onward [6]. Skeletal muscle in the elderly 
tends to be less powerful, weaker, and slower, in addition to 
being less stable during isometric contractions [7]. There are 
indications that some habits, such as diet and physical activ-
ity, can slow these aging-related conditions [8]. In this regard, 
investigations into the lifestyle of individuals in this age group 
can explore behaviour that delays the damage caused by aging 
and highlight chronic pathologies and accidents in everyday 
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life. Falls are one of the major causes of mortality and mor-
bidity among the elderly [9]. Worldwide, about 37.3 million 
serious falls per year require medical attention [9]. The Global 
Burden of Disease—GBD (2017) show a global age-stand-
ardised fall incidence rate of 2.23 per 100,000 [10]. The high 
frequency of such episodes also reflects in increased demand 
for health services, because severe events can result in loss of 
independence and increased likelihood of death [11, 12]. It is 
thus essential to investigate risk and protective factors, because 
falls can sometimes be avoided, thus reducing the economic 
burden of fall-related injuries [13].

Given the potential severity of falls in older adults, 
numerous researchers have turned to studying accident pre-
vention. The literature suggests that regular physical exercise 
decreases the risk of falling [14]. In addition, exercise is 
cost-effective in preventing falls [15]. Furthermore, stud-
ies have observed the protective effect of physical exercises 
against falling, especially studies of interventions aiming 
to improve balance [16–19]. However, the most significant 
protection was observed in studies of interventions involving 
physical exercise, medical care, and environmental changes 
[17, 19]. Several types of physical exercise, when practiced 
in this age group, can develop components of physical fit-
ness that prevent falls and related aggravation of some dis-
eases [17]. Aerobic and resistance training tend to contrib-
ute to functional mobility and balance, and combat muscle 
mass loss, in addition to strengthening especially the lower 
muscles, which can help prevent falls [20, 21]. Several meta-
analyses [18, 19] have shown the effect of physical exercise 
in protecting the elderly from falls. However, most studies 
that only involved physical exercise. They selected studies 
that used multifactorial interventions combining exercise 
with medication, psychological interventions, environmental 
changes, nutritional therapy, and so on. It has also yet to be 
investigated how long the protective effect of exercise lasts 
after the intervention [18, 19]. Since few meta-analyses have 
investigated the post-intervention follow-up period, there is 
little evidence of the duration of this protective effect. Given 
these issues, there is understood to be a need to investigate 
whether interventions based only on physical exercise dur-
ing a specific period can prevent falls among the elderly. 
To that end, this article examines the protective effect of 
physical exercise on fall episodes in the elderly and analyses 
the effectiveness of exercise after long follow-up intervals 
without intervention.

Method

Protocols and search strategy

This systematic review was performed to the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 

[PRISMA] guidelines and the protocol was registered 
in the Prospective International Registry of Systematic 
Reviews [PROSPERO] database [No. CRD42020197589]. 
With a view to covering a significant number of studies, 
the search in the scientific literature was not limited to spe-
cific languages. The search keywords were checked against 
the Medical Subject Headings [MeSH] and Descriptors in 
Health Sciences [DeCS] health science glossaries. After 
verification, the Boolean expression [[[[Older adults] AND 
[Exercise]] AND [Accidental falls]] AND [Randomised 
Controlled Trial] was applied to the SPORTDiscus, Pub-
Med, Scopus, Web of Science, and Cochrane databases, for 
articles published until July 2022.

Inclusion criteria and selection process

Initially, titles and abstracts of selected articles were 
extracted. Subsequently, those which met the following 
inclusion criteria were selected for further analysis:

1.	 Follow-up randomised controlled trials of exercise-only 
interventions in older adults over 60 years old at all sites.

2.	 Interventions involving physical exercise for at least 
2 months.

3.	 Elderly monitored for at least 1 year during the entire 
study and at least 6 months after the intervention.

4.	 Studies with outcomes including falls in the elderly and 
minimal prior follow-up.

There should not be any issues if the intervention and 
follow-up extend beyond the minimum duration initially 
considered. Nevertheless, studies lacking quantitative 
details regarding the follow-up period, such as the number 
of individuals in follow-up and estimations regarding this 
timeframe, will be excluded from the meta-analysis. Articles 
with little information about the intervention and outcomes 
were excluded. Studies of specific populations or of samples 
with large numbers of older adults with neurodegenerative 
diseases [such as Parkinson's, Alzheimer's, stroke and oth-
ers] were also excluded. If the title or abstract raised doubts 
as to the inclusion criteria, the reviewers accessed the full 
text for evaluation. If doubt remained, a third reviewer was 
admitted. Whenever an article was not available in full, the 
first author was contacted by e-mail.

Data synthesis and extraction

Initial searches returned 2722 articles, as follows: SPORT-
Discus, n = 40; Scopus, n = 1181; Web of Science, n = 113; 
PubMed, n = 1062; Cochrane, n = 326. Duplicates were 
excluded. Titles and abstracts were then accessed to iden-
tify compatibility; the 88 articles compatible with the initial 
inclusion criteria were retrieved in full. Of these, 22 were 
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eligible, and 66 were excluded for not meeting the inclusion 
criteria.

Quality of studies

The PEDro [Physiotherapy Evidence Database] scale was 
used to gauge the studies’ methodological quality. The scale 
classifies articles by eleven items, with a total score ranging 
from 0 to 10 [as the first item, which assesses the study’s 
external validity, is not counted]. This item was included so 
that all items on the Delphi scale would be represented on 
the PEDro scale, although the purpose of this scale is not 
to assess studies’ external validity. Scores are awarded only 
when a criterion is clearly met. Two researchers, working 
independently, evaluated each item and any disagreements 
were arbitrated by a third evaluator [22].

Data analysis [meta‑analysis]

Meta-analysis was performed to investigate the effect of 
physical exercise on falls in the elderly. The post-interven-
tion period was also investigated to detect possible conse-
quences in this follow-up period. Nonstandard weighted and 
95% confidence intervals [95% CI] were calculated using 
random-effect meta-analysis, using the incidence rate ratio as 
a measure of effect. Subgroup analysis was then performed 
to investigate whether different kinds of intervention—single 
[one type of physical exercise] and combined [a combination 
of at least two types of physical exercise]—would affect falls 
differently. Meta-regression also sought to investigate the 
role of post-intervention time and study quality in the effect 
of physical exercise on falls. Heterogeneity was calculated 
using the I2 statistic, which indicates the proportion of vari-
ability between studies that cannot be attributed to chance 
alone. Forest and funnel plots were used to represent the fall 
incidence rate ratio and the subgroup analysis. All analyses 
were conducted using the META package of R software, 
version 4.1.2.

Results

The search strategy identified 22 studies for inclusion in the 
systematic review, 14 of which were included in the meta-
analysis, Fig. 1 shows the study selection flowchart. All 
studies were carried out between 2004 and 2021. Seventeen 
studies involved older adults of both sexes, while five used 
samples of women only. In half of the studies, participants 
were 70 years old or older [n = 11]. As regards the nature of 
the interventions, some studies comparing different physical 
exercise programmes also used more than one experimen-
tal group [n = 10], and some studies used more than two 
comparison arms [n = 7]. The most frequently observed 

interventions were tai chi chuan [n = 7] and strength and 
balance training [n = 14]. Intervention duration ranged from 
3 months to 2 years. Exercise sessions generally took place 
twice weekly [n = 13] and lasted 60 min [n = 11]. PEDro 
scale scores ranged from 4 to 9 points, but most studies 
[n = 9] scored 6 points. Six of the studies selected found no 
significant differences in fall reduction. More details of the 
selected studies can be seen in Table 1.

The effect of physical exercises on the incidence rate 
of falls in the elderly was not significant [0.86 95% CI 
0.73–1.02] [Fig. 2]. The effect of single exercises was 0.82 
[95% CI 0.56–1.21], while the effect of combined exercises 
was 0.88 [95% CI 0.70–1.06]. This and other information 
can be seen in Fig. 3. The effect of physical exercise on inci-
dence rate ratio for falls in the elderly obtained from studies 
that showed estimates during the post-intervention follow-
up period was 0.83 [95% CI 0.75–0.92]. In some studies 
that continued follow-up observation after the intervention 
[but performed no further intervention], physical activity 
significantly reduced the incidence of falls. This and other 
information can be seen in Fig. 4. The meta-regression found 
that follow-up period duration did not influence the effect of 
physical exercise on falls [0.0008; 95% CI 0.0092–0.0107]. 
However, another meta-regression showed that the study 
quality influenced the effect of exercise on falls [− 0.1907; 
95% CI, − 0.2974–0.0840]. The funnel plot in Fig. 5 sug-
gested some asymmetry and it is thus possible that bias will 
be found among the selected studies. Note that less accurate 
studies, with small samples, appear in the broadest part of 
the funnel. This is the case with only one of the selected 
studies.

Discussion

This study investigated the protective effect of physical exer-
cise against fall episodes in the elderly. The results indicated 
that, when analysed together, the interventions performed 
in the selected randomised clinical trials were insufficient 
to demonstrate a significant protective effect of physical 
exercise on falls. However, when studies that continued to 
observe individuals for a long time after the intervention 
period [but without performing further interventions] were 
considered, a significant reduction in the incidence of falls 
was noted. Also, the selected articles often mentioned differ-
ent types of physical exercise, the duration of the interven-
tions and the relationship with sex. The systematic review 
highlighted conflicts in the literature on falls in the elderly, 
such as the protection against falls provided by physical 
exercise, where some interventions indicated significant pro-
tection and others did not [23–25]. Freiberg and collabora-
tors (2007), in a study of 217 older adults between 70 and 
90 years old, evaluated the effectiveness of two interventions 
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[one focused on body awareness and the other on physical 
conditioning]. After 4 months of intervention and 12 months 
of follow-up, the conditioning intervention showed a signifi-
cant reduction in falls compared to the control group [23].

By contrast, the other intervention showed no signifi-
cant reductions. This illustrates that the type and intensity 
of exercise can promote different kinds of protections [23]. 
Comparing types of physical exercise to prevent falls is 
related to the development of motor and cognitive valences 
provided by each modality [26–29]. Eggenberg and collabo-
rators (2015) investigated 71 older people. They adminis-
tered three types of intervention [virtual reality dancing, 
treadmill walking, and treadmill walking with memory 
training], together with strength and balance exercises, for 
6 months. After 1 year follow-up, they noted that, in the long 
term, different interventions could counteract functional 
decline, while walking alone proved to have little effect in 
reducing decline [30]. This strengthened the idea that the 

motor skills developed through exercise, especially balance 
and lower limb strength, tend to protect against falls.

In some studies, the intervention’s effectiveness could 
only be seen in the long term [31, 32]. It can thus be high-
lighted that the long-term protective effect that exercise can 
have on physical activity passes through the period before 
and after the intervention [24, 30, 33, 34]. HWANG and col-
laborators (2016) compared tai chi chuan with lower limb 
training, for 6 months, among older adults aged 60 years 
and over. Their results demonstrate that tai chi chuan was 
more effective in preventing falls, and this effect lasted 
after 12 months of follow-up [33]. By contrast, Taylor and 
collaborators (2012) investigated elderly individuals for 
17 months, and neither tai chi chuan nor light-intensity train-
ing yielded improvements in fall rates after a specific time. 
In both studies, the samples had already registered last drops, 
obscuring the real reasons for adherence and the benefits 
of exercise[29]. Fall-related mortality trends in the elderly 

Fig. 1   Identification of studies 
via databases and registrations
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indicate that rates are higher in men [35]. Nonetheless, 
women have often been investigated [19, 36, 37]. Suzuki 
[2004] conducted a randomised trial with elderly Japanese 
women where the intervention consisted of exercises to 

improve balance, walking ability and leg strength. The con-
trol group received a pamphlet with guidelines on fall pre-
vention. After 8 months, 40.9% of the women in the control 
group has suffered falls, against 13.6% in the intervention 

Fig. 2   Forest graph of the fall 
incidence rate ratio, using rand-
omized design meta-analysis

Fig. 3   Forest plot of fall inci-
dence rate ratio using subgroup 
analysis between single activi-
ties and combined activities

Fig. 4   Forest plot of fall inci-
dence rate ratio using random-
effect meta-analysis—follow-up 
period
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group. After 20 months, the percentage of falls in the inter-
vention group continued unchanged, but increased to 54.5% 
in the control group, showing a statistically significant dif-
ference between the two groups [38]. Note that the older 
women who took part in the interventions also fell, but less 
frequently.

Even though the research findings reported here dem-
onstrate that most studies have found a significant effect of 
physical exercise on falls, there is no uniformity among the 
findings, because of unevenness in sample sizes, nationali-
ties and interventions [duration of sessions, types of activ-
ity, and intervention timespan] [16, 39]. In a randomised 
study of elderly Australians, Oliveira (2019) assigned only a 
fall prevention leaflet to the control group. The intervention 
group received the same leaflet, plus a visit from a physi-
cal therapist, a pedometer and biweekly health training by 
telephone. However, even those individuals who practiced 
physical activity were not protected against falls [40]. It 
is also essential to categorise falls by type and severity, 
because among the elderly these accidents are related to risk 
of death [41]. Li (2019) investigated 1147 elderly Americans 
and compared three groups by intervention type (tai ji quan 
for balance and mobility, multimodal exercises, and stretch-
ing). Those who combined exercises for mobility and bal-
ance proved better protected from harmful falls (those that 
are more serious and require hospitalisation) [42].

To summarise, the findings of this systematic review 
suggest that physical exercise can be essential in prevent-
ing falls. When combined with proper medical care and 
environmental interventions, the protective effect tends to 
be greater [43]. However, the differences among interven-
tions [ranging from the type of exercise to the duration of 

the interventions] reflect differing objectives, some aiming 
to improve strength, others balance, and some to improve 
both. Therefore, the comparison between them may need 
to be given coherently, biasing the conclusions, which in 
most cases suggest that exercises have beneficial effect in the 
long term [16] The meta-analysis strategy above was used 
to interpret the findings more cohesively. The imputations 
are discussed below. The direct protective effect of physical 
activity on the frequency of falls in the elderly could not be 
observed in this study. Collecting articles focused only on 
bodily practices that excluded environmental interventions 
may contribute to this result. One of the main reasons is that 
no single protocol is used in applying the interventions, so 
that they differed in modality, intensity, duration, materials 
used, and length of each session. However, some presented 
meta-analysis results that differ from those found here. Lee 
& Kim (2017), from a meta-analysis of 21 publications, 
indicated that balance and strength training may be able to 
decrease fall rates. However, they included randomised or 
quasi-randomised trials and only studies of elderly residents 
in institutions [17]. The literature has indicated that some 
physical exercises can improve muscle strength and increase 
resistance and balance, thus increasing protection against 
falls [21].

The study reported here found protective effect in stud-
ies that followed their participants for a long time after the 
intervention. These results align with the meta-analysis 
proposed by [44], which analysed randomised controlled 
trials, cohort studies and secondary data analyses with 
long-term (> 12 months) follow-up, and exercise-based 
interventions in an elderly population [65 years and over]. 
They indicated that physical exercise affected the number 

Fig. 5   Funnel plot showing 
SE and effect size (incidence 
rate ratio) in falls prevention 
exercise trials



317Sport Sciences for Health (2024) 20:309–319	

1 3

of falls for up to 2 years after exercise-based interven-
tions [44]. A range of scientific evidence has indicated that 
physical exercise protects better against falls when other 
elements are added to the intervention, such as vitamin 
supplements, environmental modifications, eye treatment, 
and others [18, 45]. The meta-analysis by Tricco et al. 
[2017] used studies assessing the effectiveness of inter-
ventions in preventing falls in the elderly. They observed 
that interventions using physical exercise alone or physical 
exercise combined with two or more other interventions 
were associated with a lower risk of falling [19].

The individual's state of health is decisive in fall epi-
sodes. Meta-analysis by Sherrington et al. [2017] of 88 
studies totalling 19,478 participants observed a more sig-
nificant fall reduction effect in balanced physical exercise 
programmes. However, they did include studies of older 
adults with neurodegenerative diseases [18]. On the other 
hand, that analysis excluded studies with a significant 
sample of older people with neurodegenerative diseases, 
because they influence falls directly. Although too few 
studies were examined to identify the protective effect of 
physical exercise on falls, the meta-analysis reported here 
suggests a long-term protective effect by physical exercise 
against falls in the elderly. This can be explained by the 
fact that study quality was higher among those that ana-
lysed the post-intervention effect on falls. Remember also 
that the meta-regression showed that study quality was 
found to influence the effect of physical exercise on falls. 
This article has some limitations: first, the high statistical 
heterogeneity across studies calls for caution when data 
are analysed and interpreted. Also, in this regard, physical 
exercise programme content and duration were diverse and 
differed significantly between studies. Second, few studies 
examined follow-up, which may have interfered with the 
results. However, this study provides important and inno-
vative information about the long-term protective effect of 
exercise on falls in the elderly. In short, this article inves-
tigated the protective effect of physical exercise on falls. 
The meta-analysis results suggest that physical exercise in 
short interventions without follow-up was insufficient to 
protect against falls. However, interventions using physi-
cal exercise had a protective effect on falls in the elderly 
when researchers followed-up on their samples after long 
periods without performing other interventions.

In conclusion, this meta-analysis contributes insights 
into the protective effect of physical exercise on falls in the 
elderly. Future research should focus on refining exercise 
protocols, exploring the impact on specific populations, 
and addressing the limitations identified in this study. 
About clinical practice, healthcare providers should con-
sider implementing long-term exercise interventions and 
individualized monitoring to reduce fall risk effectively 
among elderlies.
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