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A B S T R A C T

Introduction: Physical frailty is associated with increased risk of falls. Although exercise mitigates age-related 
declines, evidence regarding its effects on falls in older adults with frailty is limited. This systematic review 
examined the effects of exercise on fall-related outcomes in older adults with frailty.
Methods: We searched MEDLINE, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), Web of 
Science, Scopus, and CINAHL for randomised controlled trials published from 2001 (when the Fried frailty 
phenotype was introduced) to January 2024. Eligible studies included older adults with frailty and reported at 
least one of the following outcomes: i) physical function (gait speed, strength, balance), ii) fear of falling, or iii) 
falls incidence. Meta-analyses were conducted using random-effects models, with results presented as weighted/ 
standardized mean differences with 95% confidence intervals.
Results: Fourteen studies (n = 2719; mean age range 73–86 years) were included, most of which used the Fried 
frailty phenotype (n = 12) and were conducted in Europe (n = 6). Most interventions included multicomponent 
(n = 10) and resistance (n = 4) training. Exercise improved gait speed (MD 0.09 m/s, 0.02/0.15; I2=94%; n = 5), 
TUG (MD -3.73 s, -5.92/-1.55; I2=95%; n = 6), and 5-times sit-to-stand (MD -2.66 s, -4.19/-1.14; I2=77%; n = 4) 
over short-term period (≤12 weeks), with low-to-very low certainty evidence. A trend toward improved balance 
was also noted (SMD 2.80, -0.17/5.76; p = 0.06; I²=99%; n = 5), with very low certainty evidence. Limited data 
was observed for fear of falling (n = 1) and falls incidence (n = 2).
Conclusions: Exercise training enhances physical function in older adults with physical frailty. However, its 
impact on fear of falling and fall incidence remains uncertain.
Prospero registry: CRD42024502865

1. Introduction

Physical frailty, defined by the physical frailty phenotype proposed 
by Fried et al. in 2001, is a significant concern in ageing populations. 
According to this model, physical frailty is characterised by the presence 
of at least three of the following five criteria: low grip strength in lowest 
20th percentile adjusted for BMI and gender, slow walking speed - ≥6 s 
to walk 15 feet stratified by gender and height, self-reported exhaustion, 

unintentional weight loss of ≥4.5 kg over the past year, and low physical 
activity - based on kilocalories expended per week using leisure-activity 
questionnaire [1]. Based on this framework, the prevalence of physical 
frailty among individuals aged ≥ 65 years is estimated to be 10–14% 
globally, with an incidence rate of approximately 40 cases per 1000 
person-years [2,3]. International clinical practice guidelines charac
terize physical frailty as a pre-disability state, with disability defined as 
the need for assistance in Basic Activities of Daily Living [4].
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Physical frailty is a dynamic, transitional condition rather than a 
static state [5]. Individuals may progress toward worsening physical 
frailty or recover with appropriate interventions. Importantly, physical 
frailty is associated with a heightened risk of a range of adverse health 
outcomes, including falls, hospitalisations, disability, and loss of inde
pendence [3]. As the population continues to age, the prevalence of 
physical frailty is expected to rise, placing a greater burden on health
care systems. The economic impact is also substantial, with individual 
frailty components ranging from $275 to $10,559 per person annually 
[6]. This rising burden has led to increased research interest in under
standing how frailty and its individual components influence broader 
health determinants in older adults. There is also a strong focus on 
developing and evaluating therapeutic strategies to reverse physical 
frailty and mitigate its associated health risks.

One of the main concerns about physical frailty is its strong associ
ation with risk of falls. A recent meta-analysis involving over one million 
individuals aged ≥ 65 years found that physical frailty, assessed using 
the Fried frailty phenotype, was significantly associated with a 32% 
higher risk of falls compared with non-frail individuals (RR = 1.32, 95% 
CI: 1.17–1.48) [7]. Falls are not only common among older adults with 
physical frailty but also result in serious outcomes, including fractures, 
hospitalisations, loss of independence, and increased mortality [8]. 
Therefore, preventing falls among older adults with physical frailty is a 
key priority in clinical and public health settings aimed at reducing the 
burden of frailty-related consequences.

According to the World Falls Prevention Guidelines, there is a 
GRADE 1A recommendation for exercise interventions to prevent falls 
[8]. Additionally, these guidelines provide a stratification algorithm for 
fall risk management, identifying older adults with both a history of 
falling in the past year and physical frailty as a high-risk group. Imme
diate and targeted interventions are strongly recommended for these 
individuals. Although it is well established that exercise training reduces 
both the risk and rate of falls among older adults, including those living 
in the community [9–11] and long-term care facilities [12], the evidence 
remains limited and inconclusive for individuals with physical frailty. 
Indeed, recent systematic reviews with meta-analyses have highlighted 
significant gaps in the literature regarding the effects of exercise training 
on fall-related outcomes, specifically in older adults with physical 
frailty, underscoring the need for further high-quality, targeted research 
in this population [11,12].

Using a systematic review and meta-analysis, we aimed to investi
gate the effects of exercise training across a broader range of fall-related 
outcomes in older adults with physical frailty, including intermediate 
outcomes (e.g., physical function and fear of falling) and critical out
comes (e.g., falls incidence). Our secondary aim was to identify the 
minimal and optimal dose and type of exercise to improve fall-related 
outcomes in older adults with physical frailty. By addressing this gap 
in the literature, this evidence synthesis may aid clinicians by providing 
valuable insights into treating physical frailty, delaying its progression, 
and preventing falls in this high-risk population. The evidence from this 
review could help inform clinical guidelines and best practices.

2. Methods

This systematic review was conducted and reported in accordance 
with the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines [13]. The protocol was registered with 
the International Prospective Register of Systematic Reviews (PROS
PERO; reference number: CRD42024502865).

2.1. Search strategy

A systematic literature search was performed in MEDLINE (via 
Ovid), Embase (via Ovid), Cochrane Central Register of Controlled Trials 
(CENTRAL), Web of Science, Scopus, and CINAHL (via EBSCO). In 
consultation with a university librarian, database-specific search terms, 

including but not limited to keywords and MeSH headings, were used 
under four broad areas: “older adults with physical frailty and all syn
onyms”, “design, that is, randomised controlled trials and all synonyms”, 
“falls and all synonyms”, and “exercise interventions and all synonyms” 
to search the databases (Appendix 1). We also performed backwards and 
forward citation tracking of the included studies, relevant systematic 
reviews, and clinical guidelines. The searches and selection were 
restricted to English. Given that the physical frailty phenotype was 
defined in 2001 [1], we limited the search to the period from 2001 to 
January 2024.

2.2. Eligibility criteria

2.2.1. Participants
This study included older adults aged ≥65 years with physical frailty, 

as defined by Fried’s frailty phenotype. Accordingly, physical frailty was 
defined as the presence of at least 3 of the following five criteria: low 
grip strength, slow walking speed, self-reported exhaustion, uninten
tional weight loss of ≥4.5 kg in the past year, and low physical activity 
[1,4]. Studies incorporating physical components similar to those in 
Fried’s model (e.g., the Study of Osteoporotic Fractures) and meeting 
frailty criteria were also included. Studies that included mixed samples 
of older adults who were physically robust, pre-frail, or frail were 
excluded unless specific sub-analyses were provided for only those with 
physical frailty. Studies that included instruments for assessing frailty 
using multidimensional model, such as the Deficit Accumulation Index 
[14], or Tilburg Frailty Indicator [15] were not considered to avoid 
variability that could arise from using broader or mixed definitions.

2.2.2. Interventions
Interventions included prescribed exercise training programs deliv

ered in non-hospital settings (such as community dwellings, residential 
care facilities, nursing homes, or retirement villages), whether individ
ual or group-based, and supervised (in-person), semi-supervised (a mix 
of in-person and home-based), or unsupervised (home-based). The 
included studies aimed to improve physical function related to fall risk, 
fear of falling, and/or the incidence of falls in older adults with physical 
frailty. Studies with exercise training programs combined with other 
interventions (e.g. diet) were considered only if the control group 
without exercise (comparator) also received the same additional inter
vention. Studies that provided only physical activity counselling without 
a structured exercise training regimen, or that combined exercise with 
other interventions (e.g., diet) without matching the additional inter
vention across control groups, were excluded.

2.2.3. Comparator
The comparator groups maintained their habitual lifestyle (no 

treatment or waitlist) or received usual care (e.g., advice). In addition, 
these groups could include low-intensity upper limb or stretching ex
ercises without progression in frequency, intensity, duration, type, or 
balance challenges. Finally, studies involving other interventions (e.g., 
diet) were considered only if they did not include an exercise training 
program.

2.2.4. Outcomes
Three categories of fall-related outcomes were considered: 1) lower 

limb physical function and performance through clinical tests (e.g. gait 
speed, timed up and go, sit-to-stand, balance test, short physical per
formance battery [SPPB]); 2) fear of falling measured with validated 
questionnaires (e.g. Falls Efficacy Scale –International [FES-I]); and 3) 
incidence of falls, reported through different metrics such as the number 
of falls, fall rate, and/or number of individuals who experienced falls 
throughout and/or after the exercise training intervention period. A fall 
was defined according to the WHO as “an event which results in a person 
coming to rest inadvertently on the ground, floor, or other lower level” [16]. 
Falls data were included only when recorded prospectively, either 
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during the exercise intervention or at post-intervention follow-up, using 
fall calendars, phone calls, or hospital records.

2.2.5. Study design
Eligible studies included randomised controlled trials (RCTs), 

including parallel, cluster, and crossover designs, with only the first 
phase of crossover trials considered for the analysis.

2.3. Study selection and data extraction

Screening of the title/abstract and full text for eligible studies was 
independently performed against the selection criteria by two raters 
(PM/ECC/EC/LG) using Covidence. Disagreements were discussed, and 
if consensus could not be reached, they were resolved by a 3rd author. 
The authors independently extracted data using a custom-made Excel 
(Version 16.70) data extraction form. Disagreements in data extraction 
were resolved through discussion with the 3rd author. The extracted 
data included the primary author, publication year, patient population, 
geographical location, number of randomised patients, age, sex, 
confirmation of frailty by the Fried phenotype or equivalent, charac
teristics of the exercise training intervention, and fall-related outcomes. 
Post-intervention scores or change scores were used for analysis and 
change scores were preferred if studies presented both.

2.4. Quality of assessment

To assess the quality and reporting of exercise training trials, the 
Tool for the Assessment of Study Quality and Reporting in Exercise 
(TESTEX) scale was used by two independent reviewers (PM/ECC/LG). 
The TESTEX scale consists of 15 points (5 points for study quality and 10 
points for reporting), each assigned either a ‘1′ or ‘0’ by the reviewers. 
Thus, the quality of the studies was classified according to their total 
TESTEX score as “high” (≥ 12 points), “good” (7–11), or “low” (≤ 6). 
This tool assesses explicitly the study quality and reporting of RCTs, with 
clinical intervention trials in mind, where participant or researcher 
blinding is extremely difficult to implement [17].

2.5. Assessment of risk of bias

The risk of bias in the included trials was assessed using the Revised 
Cochrane Risk of Bias Tool for Randomised Trials [18]. Two reviewers 
independently resolved any disagreements by consensus or a third re
view author. The overall risk of bias was determined as ‘low risk’ when 
all domains were judged as low risk; studies were defined as having 
‘some concerns’ if at least one domain raised concerns without any being 
high risk; and an overall ‘high risk of bias’ was assigned when at least 
one domain was rated high risk or when multiple domains raised con
cerns that substantially lowered confidence in the results [18].

2.6. Data analysis

We contacted the corresponding authors to request any missing 
study characteristics and data points when required. Where possible, we 
preferred to use intention-to-treatment analyses to include all people 
who were randomised. We calculated mean differences (MD) with 95% 
confidence intervals (CI) when studies used continuous outcome vari
ables on the same scale. When different scales per outcome were used, 
we used standardised mean differences (SMD) or effect sizes with 95% 
CIs to account for variability across studies and provide a standard 
metric for comparison. We interpreted effect sizes from SMDs using 
Cohen’s d, with 〈0.2, 0.2–0.5, 0.5–0.8, and > 0.8 indicating no, small, 
medium, and significant effects, respectively [19]. For dichotomous 
data, risk ratios (RR) with corresponding 95% CIs were calculated. 
Meta-analyses were conducted using a random-effects model in Review 
Manager (RevMan) version (7.11.0), The Cochrane Collaboration, 
London, UK, 2023; Available at revman.cochrane.org. Statistical 

heterogeneity was assessed using the I² statistic, where values below 
30% were considered low, 30–60% moderate, 50–90% substantial, and 
75–100% considerable high [20]. If more than 10 trials were included in 
the analysis, we assessed reporting bias by visually inspecting the funnel 
plots for asymmetry. If asymmetry was detected, possible reasons were 
explored.

2.7. Certainty of evidence

We assessed the certainty of evidence for each outcome using the 
Grading of Recommendations Assessment, Development, and Evalua
tion (GRADE) as recommended by the Cochrane Handbook [21]. The 
certainty of evidence was based on the performance of the studies for 
five domains: 1) study limitations (downgraded by one level if 25% or 
more of the participants in the comparison are from studies with low 
methodological quality); 2) inconsistency (downgraded by one level if, 
by visual inspection, the presence of wide variation of effect estimates is 
verified or the I2 test is greater than 50%; downgraded by 2 levels if I2 

was higher than 75%); 3) indirectness (downgraded by one level if more 
than 50% of participants vary from the population of interest (e.g. mixed 
populations or multiple disorders)); 4) imprecision (a) downgraded by 
one level if, in continuous outcomes, the total sample size was less than 
400 participants; (b) when the 95% CI around the pooled or best esti
mate of effect included no effect and the CI crossed an effect size of SMD 
= 0.5, we downgraded the evidence by one level; downgrade the evi
dence by two levels when there is imprecision due to both (a) and (b); 
and 5) publication bias (downgraded by one level if publication bias was 
identified by visual inspection of funnel plots if more than 10 studies are 
included in the comparison).

2.8. Deviations from the protocol

Initially, we proposed to include only trials in which frailty was 
defined according to Fried’s Frailty Phenotype. However, during the 
selection process, we also included studies that used other validated 
definitions of frailty, incorporating objective physical components 
similar to those in Fried’s model [22,23].

To evaluate the study quality and reporting of the included trials, the 
Tool for the Assessment of Study Quality and Reporting in Exercise 
(TESTEX) was used, which is specifically designed to facilitate a 
comprehensive review of exercise training trials.

We planned to conduct subgroup analyses based on (i) participants’ 
characteristics (e.g. age and gender) and (ii) characteristics of the ex
ercise training interventions (e.g. frequency, intensity, duration, and 
type). However, due to the limited number of studies meeting the in
clusion criteria, we were only able to present subgroup analyses based 
on the duration of follow-up (short term: ≤12 weeks; long term: >12 
weeks).

We intended to perform a network meta-analysis but were unable to 
do so. Fourteen trials were included, and performing a network meta- 
analysis was not the best practice, as the nodes were too small and the 
studies were too diverse to create a meaningful network. Thus, it was not 
possible to address our secondary aim of identifying the minimal and 
optimal dose and type of exercise to improve fall-related outcomes in 
older adults with physical frailty. Therefore, we performed a systematic 
review with a meta-analysis.

3. Results

Database searches identified 3574 articles, of which 3490 remained 
after deduplication. Following title and abstract screening, 86 articles 
were selected for full-text review, of which 72 were excluded based on 
the eligibility criteria. Fig. 1 presents the hierarchical reasons and 
exclusion counts at the full-text stage. Fourteen trials met the inclusion 
criteria and were included in the evidence synthesis [22–35]; however, 
two trials [22,23] lacked appropriate data for the meta-analysis. 
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Attempts to contact the study authors were unsuccessful, and as a result, 
these two trials were excluded from the meta-analysis.

3.1. Characteristics of included studies

The participant and study characteristics are presented in Tables 1 
and 2. The 14 studies included in the qualitative synthesis involved 2756 
older participants (n = 2719 from 12 studies included in meta-analysis) 
aged ≥65 years with physical frailty (mean age ranged from 73.3 to 93.4 
years); the proportion of females ranged from 49% to 100%, one study 
including all female participants only [25]. All of the included RCTs had 
fewer than 280 participants (ranging from 30 to 278), with the excep
tion of one study, which had 1635 participants [23]. The studies were 
conducted in Europe (n = 6), Asia (n = 4), Brazil (n = 2), (n = 1) for 

Turkey, and the USA, with participants who were community-dwelling 
(n = 3) or living in nursing homes (n = 11). The tools used to assess 
frailty included standardised tools such as Fried’s frailty phenotype (n =
12), but also other validated definitions of frailty that incorporate 
objective physical components, similar to those in Fried’s model, the 
Study of Osteoporotic Fractures [22,23]. Most interventions (n = 10) 
consisted of multicomponent exercises (including endurance, strength, 
balance, and coordination), followed by resistance (n = 3) and 
mind-body exercises (n = 1), and were performed in a group (n = 7) or 
individually (n = 4) under in-person supervision (Table 2).

3.2. Quality of assessment

The quality of the included studies was overall good; the 15-point 

Fig. 1. Flow chart study selection.
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TESTEX scores of the included studies ranged from 8 to 14 (mean ± SD: 
10.6 ± 1.5). Ten (71%) studies showed good methodological quality, 
and 4 (29%) were deemed to be of high quality. The main reporting 
limitations identified were insufficient description of exercise volume 
and energy expenditure (13/14 studies), absence of activity monitoring 
in the control groups (11/14), and lack of intention-to-treat analysis (9/ 
14) (Appendix 2).

3.3. Assessment of risk of bias

Using the Cochrane Collaboration risk of bias tool-1 [20], we found 

that 13/14 studies had a high risk of bias, and one study had a low risk of 
bias. The high risk of bias was mainly due to performance bias (blinding 
of participants and personnel) and detection bias (blinding of outcome 
assessment) (Table 3).

3.4. Effect of exercise on lower-limb physical function

All 14 studies reported the effects of exercise training on markers of 
lower limb function related to falls risk, as measured by clinical tests (e. 
g., gait speed, timed up and go, sit-to-stand, and SPPB). Faber et al., 
2006 [26] (physical performance scale, without individual item scores), 

Table 1 
Characteristics of included trials.

Reference Participants (sample size, sex, age) Setting (country) Frailty criterion Outcome measures

Aas et al., 2020 n = 41, 49% females 
Exercise plus protein: 86.6 ± 6.9 y 
Control plus protein: 84.5 ± 7.2 y

Nursing homes or day 
care facilities 
(Norway)

Fried Physical function 
- 5 x sit-to-stand 
- Gait speed (10 m)

Cadore et al., 2014 n = 32, 70% females 
Exercise: 93.4 ± 3.2 y 
Control: 90.1 ± 1.1 y

Nursing home 
(Spain)

Fried Physical function 
- Gait speed (5 m) 
- Timed up and go 
- Balance FICSIT-4 tests 
- 30 s sit-to-stand 
Incidence of falls 
- Number of falls

Mollinedo Cardalda 
et al., 2019

n = 77, 70% females 
Exercise (group 1): 85.5 ± 8.1 y 
Exercise (group 2): 83.8 ± 8.3 y 
Control: 85.2 ± 7.4 y

Institutionalized 
(Spain)

Fried Physical function 
- 5 x sit-to-stand

Chou et al., 2022 n = 81, 51% females 
Exercise: 80.9 ± 7.9 y 
Control: 78.4 ± 8.2 y

Long-term care facilities 
(China)

Study of Osteoporotic 
Fractures

Physical function 
- 30 s sit-to-stand

Faber et al., 2006 n = 278, 79% females 
Exercise (group 1): 85.4 ± 5.9 y 
Exercise (group 2): 84.4 ± 6.4 y 
Control: 84.9 ± 5.9 y

Long-term care facilities 
(Netherlands)

Fried Physical function 
- Physical performance scale (walking speed, timed sit- 
to-stand, timed up and go, FICSIT-4 balance) 
Incidence of falls 
- Incidence of falls

Ferreira et al., 2018 n = 45, not reported 
Exercise: 73.3 ± 6.4 y 
Control: 77.8 ± 8.0 y

Institutionalized 
(Brazil)

Fried Physical function 
- 5 x sit-to-stand 
- Timed up and go

García-Gollarte et al., 
2023

n = 111, 69% females 
Exercise: 86.0 ± 5.9 y 
Exercise plus nutrition: 84.9 ± 6.0 y 
Control: 87.3 ± 5.3 y

Institutionalized 
(Spain)

Fried Physical function 
- 5 x sit-to-stand 
- Timed up and go 
- Berg Balance Scale 
- Gait speed (10 m) 
- SPPB

Gomes et al., 2018 n = 30, 93% females 
Exercise: 83 ± 5.9 y 
Control: 85 ± 6.2 y

Institutionalized 
(Brazil)

Fried Physical function 
- Mini-BESTest 
Fear of falling 
- Fear of falling

Kim et al., 2015 n = 131, 100% females 
MFGM: 81.0 ± 2.8 y 
Exercise plus MFGM: 81.0 ± 2.6 y 
Placebo: 80.3 ± 3.3 y 
Exercise plus placebo: 81.1 ± 2.8 y

Community based 
(Japan)

Fried Physical function 
- Gait speed (5 m) 
- Timed up and go

Sadjapong et al., 2020 n = 64, 61% females 
Exercise: 76.8 ± 1.1 y 
Control: 78.9 ± 1.3 y

Community-dwelling 
adults 
(Thailand)

Fried Physical function 
- Time up and go 
- Berg Balance Scale

Sahin et al., 2018 n = 66, not reported 
Exercise (group 1): 84.5 ± 4.8 y 
Exercise (group 2): 84.2 ± 6.8 y 
Control: 85.4 ± 4.7 y

Institutionalized 
(Turkey)

Fried Physical function 
- SPPB

Tarazona-Santabalbina 
et al., 2016

n = 100, 54% females 
Exercise: 79.7 ± 3.6 y 
Control: 80.3 ± 3.7 y

Nursing home 
(Spain)

Fried Physical function 
- SPPB 
- Tinetti Balance Index 
Incidence of falls 
- Number of falls

Trombetti et al., 2018 n = 1635, 67% females 
Exercise: 78.7 ± 5.2 y 
Control: 79.1 ± 5.2 y

Community dwelling 
(USA)

Study of Osteoporotic 
Fractures

Physical function 
- 5 x sit-to-stand

Yoon et al., 2018 n = 65, 70% females 
Exercise: 73.8 ± 4.4 y 
Control: 74.0 ± 4.3 y

Home based 
(Korea)

Fried Physical function 
- Gait speed (4 m) 
- Timed up and go 
- SPPB

Notes: MFFP = multifactorial falls prevention; MFGM= milk fat globule membrane supplementation; SPPB = Short Physical Performance Battery.
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Table 2 
Detailed exercise training interventions of included trials.

Reference Exercise 
intervention

Exercises prescribed Frequency Exercise session Intensity Progression Supervision

Aas et al., 2020 10 weeks 
Strength training

Leg press and knee 
extension

2 x week 2–4 sets 
12–6 reps 
2 min rest 
3 min warm-up

12–6 RMs Week 1: 2–3 sets of 
12 reps with 
submaximal loads 
Week 2–10: 
individually adjusted 
from 3 sets of 12 RMs 
to 4 sets of 6 RMs

In-person 
(individual) by 
experienced 
training instructors

Cadore et al., 
2014

12 weeks 
Multicomponent 
training (strength, 
balance, and gait 
training)

Strength training: 
bilateral leg 
extension, bilateral 
leg flexion, seated 
bench press 
Balance and gait 
training: 
semi-tandem foot 
standing, line 
walking, stepping 
practice, walking 
with small obstacles, 
proprioceptive 
exercises on unstable 
surfaces (foam pads 
sequence), and 
altering the base of 
support and weight 
transfer from one leg 
to the other

2 x week Strength training: 
20 min 
2–3 sets 
8–10 reps 
2 min rest 
Balance and gait 
training: 
10 min 
5 min warm-up 
5 min cool-down

40–60% of 1RM 
at high velocity 
of motion

Strength training: 
loads were 
progressively 
increased to 
optimize muscle 
power 
Balance and gait 
training: 
progressive difficulty 
tasks

In-person 
(individual) by 
experienced 
training instructors

Mollinedo 
Cardalda 
et al., 2019

12 weeks 
Theraband: 
strength-based 
training for lower 
limbs with elastic 
bands 
Multi-callisthenics: 
traditional physical 
exercise program 
focused on mobility 
and coordination 
for lower limbs

Theraband: 
plantar and dorsal 
flexors, flexors and 
knee extensors, 
flexors, extensors, 
abductors 
and hip rotators 
Multi-callisthenics: 
the exercises were 
performed mostly in 
the seated position

2 x week Theraband: 
2–4 exercises 
2–3 sets 
10–15 reps 
30–50 s rest 
10 min warm-up 
45 min 
5 min cool-down 
Multi-callisthenics: 
? exercises 
? sets 
? reps 
? rest 
1 session of 
calisthenics 
exercises and 1 
session of playful 
callisthenic games 
per week 
60 min

Theraband: 
not reported 
Multi- 
callisthenics: 
not reported

Theraband: 
Week 1–3: 2 
exercises, 2 sets of 10 
reps with 40 s rest 
between sets, 60 s 
rest between 
exercises 
Week 4–6: 3 
exercises, 3 sets of 15 
reps, with the same 
rest. Week 7–8: 2 
exercises, 3 sets of 15 
reps, with the same 
rest. 
Weeks 10–12: 4 
exercises, 3 sets of 15 
reps, but 30 s of rest 
between sets, 
50 s rest between 
exercises 
Multi-callisthenics: 
not reported

Theraband: 
in-person (groups 
with 8–9 
individuals) by 
health and fitness 
professionals 
specializing in 
physical activity for 
older adults 
Multi-callisthenics: 
in-person (groups 
with 7–9 
individuals) by 
health and fitness 
professionals 
specializing in 
physical activity for 
older adults

Chou et al., 
2022

24 weeks 
Vitality Acupunch 
exercise

Phoenix Fist (palm 
side of the fist), Tiger 
Fist (thumb side of 
the fist), Dragon Fist 
(little finger side of 
the fist), Trunk Fist 
(dorsal side of the 
fist), and Palm Beat 
(cupped palm)

3 x week Three phases with 
5 min rest: 
8 min 
Activating qi and 
blood (5 
movements) 
19 min 
Acupunch exercise 
(14 movements) 
8 min 
Relaxing the body 
and mind (5 
movements) 
40 min

Not reported The initial 4 weeks 
were motion 
teaching 
period. At each 
session, 2–3 new 
motions were taught 
and the previously 
learnt motions were 
repracticed

In-person (not 
reported) by a 
trained instructor 
with 2–3 assistants

Faber et al., 
2006

20 weeks 
Functional walking: 
balance, mobility, 
and transfer 
training 
In Balance: Tai Chi- 
based exercise 
program

Functional walking: 
standing up from a 
chair, standing with 
the feet parallel 
shoulder width apart, 
moving objects 
between two tables, 
heel stands and walk, 
walking along s 
straight line forward, 

1–2 x week Functional walking: 
10 exercises 
? sets 
? reps 
? rest 
90 min (30 min 
social activities) 
In Balance: 
not reported 

Functional 
walking: 
not reported 
In Balance: 
not reported

Functional walking: 
1 x week (week 1–4) 
2 x week (week 
5–20) 
Emphasis was put on 
a correct and safe 
performance rather 
than on speed and 
maximum 
performance. 

In-person (group) 
by 
experienced 
instructors in 
providing exercise 
activities for older 
adults and their 
assistants

(continued on next page)
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Table 2 (continued )

Reference Exercise 
intervention 

Exercises prescribed Frequency Exercise session Intensity Progression Supervision

backward, and 
sideward, stepping, 
getting up and down 
a staircase, heel-toe 
standing and 
walking, one-leg 
stand 
In Balance: 
elements of Tai Chi 
(relaxion exercises, 
stretch and relax 
exercises, pelvis 
exercise, foot and 
angle exercise, sitting 
on a chair, leg 
strengthening, 
balance exercises, 
balance dance, 
functional exercises). 
Tai Chi forms were 
introduced with the 
emphasis on slow 
and continuous 
motions, trunk 
rotation, and weight 
shifting

90 min (30 min 
social activities)

Each exercise was 
described in 3 or 4 
variations to provide 
various levels of 
complexity, thus 
creating the 
possibility for 
individual tailoring 
In Balance: 
the exercises were 
tailored to the 
individual abilities of 
the participants, in 
that participants 
were allowed to 
perform some 
exercises in a sitting 
instead of standing 
position because of 
fatigue or poor 
balance control

Ferreira et al., 
2018

12 weeks 
Multicomponent 
(mobility, 
flexibility, strength, 
and aerobic 
exercise training)

Not reported 3 x week 15–20 min 
Mobility training 
10 min 
Flexibility training 
10–20 min 
Aerobic training 
15–30 min 
Strength training 
? exercises 
? sets 
? reps 
? rest 
40 min

Moderate, RPE 
between 5–7 at 
adapted OMNI 
Scale

The intensity and 
complexity of 
exercises were 
defined based on the 
initial assessment 
and adjusted weekly 
considering the RPE 
reported by each 
participant

In-person (groups 
with 5 individuals) 
by 2 physical 
educators and 3 
monitors in a 
personalized and 
individualized way

García-Gollarte 
et al., 2023

24 weeks 
Otago Exercise 
Program (OEP; 
balance, strength, 
and aerobic 
training) 
OEP plus oral 
nutritional 
supplementation

Strength training: 
knee extensor, knee 
flexor, hip abductor, 
ankle plantar flexors 
(up on toes), ankle 
dorsiflexors (back on 
heels) 
Balance training: 
knee bends, 
backward walking, 
walking and turning 
around, sideways 
walking, tandem 
stance, tandem walk, 
heel walking, toe 
walking, sit to stand 
Aerobic training: 
walking

3 x week 45–60 min 
sets, reps, and rest 
followed the OEP 
implementation 
approach

Strength training: 
exercises at a 
“somewhat 
hard” (5–6/10) 
intensity 
according to the 
OMNI Scale with 
elastic bands in 
older adults, and 
the Modified- 
RPE Scale. 
Aerobic training: 
the same 
approach of 
strength training

Six weeks spent 
on each of the 4 
levels comprising the 
program. The 
progression 
of the exercises, 
intensity (reps and 
resistance), and 
difficulty (support 
and performance) of 
the program was 
structured according 
to the guidelines for 
the practical 
implementation of 
the OEP. 
Strength training: 
started with the 
yellow band at level 
1, which 
provided 1 to 2 kg of 
resistance, and 
increased the by 1 to 
1.5 kg at levels 2, 3, 
and 4

In-person (group) 
by a physical 
therapist. The 
chairs were set out 
in a semicircle in 
front of the 
physical therapist 
to favor participant 
eye contact

Gomes et al., 
2018

7 weeks 
Nintendo Wii Fit 
Plus (NWFP) 
interactive video 
games

10 NWFP games 
Table Tilt, Rhythm 
Parade, Obstacle 
Course, Single Leg 
Extension, Tilty City, 
Basic Step, Penguin, 
Heading Soccer, 
Basic Run, Torso 
Twist

2 x week 2 × 5 games of 2–3 
min with 3 min 
rest between 
games 
50 min

Not reported The first attempt was 
with the assistance of 
a physical therapist 
to correct the 
movements and 
posture using 
manual guidance 
and verbal feedback, 
while the 
subsequent attempt 
was performed 

In-person 
(individual) by a 
physical therapist

(continued on next page)
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Table 2 (continued )

Reference Exercise 
intervention 

Exercises prescribed Frequency Exercise session Intensity Progression Supervision

independently but 
under super-vision of 
the physical 
therapist

Kim et al., 2015 12 weeks 
Multicomponent 
(strength, balance, 
and gait exercise 
training) and 
MFGM 
supplementation 
Multicomponent 
(strength, balance, 
and gait exercise 
training) and 
placebo

Strength training: 
seated position: toe 
raises, heel raises, 
knee lifts, knee 
extensions 
standing upright: hip 
flexions, lateral leg 
raises 
elastic bands: leg 
extensions, hip 
flexions, double-arm 
pull downs, biceps 
curls 
Balance training: 
standing on one leg 
and multidirectional 
weight 
shifts. Maintenance 
of stability during 
walking, and 
increasing stride 
length, toe elevation 
of the forward limb, 
heel elevation of the 
rear limb, frequency 
of stepping, and arm 
swinging

3 x week 30 min 
Strength training 
20 min 
Balance and gait 
training 
5 min warm-up 
2 min cool-down 
60 min

Moderate, with 
RPE 12–14 on 
the 6–20 Borg 
RPE Scale

Strength training: 
progressive sequence 
from the seated to 
standing positions, 
and progressive 
resistance was 
applied with the 
Therabands, and 
increasing reps of 
each time of 
exercise. Resistance 
or progression was 
increased on a group 
basis 
when the 
participants were 
able to properly 
execute each 
exercise without 
significant fatigue or 
loss of proper 
execution

In-person (group) 
by an instructor 
and two assistant 
trainers

Sadjapong 
et al., 2020

24 weeks 
Multicomponent 
(aerobic, 
resistance, and 
balance training)

Based on songs and 
postures 
Chair aerobic training: 
seated marching, leg 
marching, arm 
swing, tap and clap, 
side bend, and arm 
raised 
Strength training with 
Theraband: 
arm curl, backward 
arm press, hip flexor, 
hip extensor, hip 
adductor, hip 
abductor, knee 
flexor, knee extensor, 
ankle plantar flexor, 
and ankle dorsiflexor 
Balance training: 
sit to stand, knee 
bends, backwards 
walking, walking and 
turning around, 
sideways walking, 
heel toe standing, 
heel toe walking, one 
leg stand

3 x week 10–20 min 
Chair aerobic 
training 
25–30 min 
Strength training 
10 exercises 
1–2 sets, 6–8 reps 
10 min 
Balance training 
8 stations (static 
and dynamic 
balance exercises 
based on OEP) 
5–10 min warm- 
up 
60 min

Moderate, with 
RPE between 
12–13 on the 
6–20 Borg RPE 
Scale) 
The intensity 
was set by the 
color of the 
Theraband, (red, 
green, blue, and 
black (1–8 kg)

Week 1–4: 1–2 sets, 
6–8 reps, 65% of 
1RM. 
Week 5–12: 
85–100% of initial 
1RM, 3 sets, 8–12 
reps

In-person (group) 
by a qualified 
trainer at the health 
service center in 
the community for 
12 weeks and 
unsupervised 
home-based 
exercises for 12 
weeks. A qualified 
trainer in exercise 
trained the 
volunteers 3 x week 
for 4 weeks and 
then became the 
exercise leader to 
facilitate the 
intervention study. 
Both the exercise 
leader and physical 
therapists were 
present taking care 
of all participants 
throughout the 
study period. All 
participants 
performed the 
exercises together 
under observation 
and 
care from the 
leader and physical 
therapists (groups 
with 8 individuals)

Sahin et al., 
2018

8 weeks 
Low-intensity 
training: strength 
training plus 
balance training 
High-intensity 
training: strength 
training plus 
balance training

Strength training with 
free weights: 
hip flexion, extension 
and abduction, knee 
flexion, extension 
and dorsiflexion and 
plantar flexion, 
shoulder flexion and 
abduction, elbow 
flexion and extension 

3 x week 20 min 
Strength training 
1 set 
6–10 reps 
6–8 s per rep 
Balance training 
not reported 
10 min warm-up 
10 min cool-down 
40 min

Low-intensity 
training: 
strength training 
at 40% of the 
1RM 
High-intensity 
training: 
strength training 
at 70% of the 
1RM 

Not reported In-person (not 
reported) by a 
physical therapist

(continued on next page)
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Table 2 (continued )

Reference Exercise 
intervention 

Exercises prescribed Frequency Exercise session Intensity Progression Supervision

Balance training: 
not reported

The adjustable 
ankle cuff system 
was used for 
lower-limb 
strength 
exercises and 
dumbbells 
for upper-limb 
strength 
exercises

Tarazona- 
Santabalbina 
et al., 2016

24 weeks 
Multicomponent 
(aerobic, strength, 
coordination, 
balance, and 
flexibility training)

Aerobic training: 
walking around a 
circuit and climbing 
stairs 
Strength training: 
elastic bands and 
included isometric, 
concentric, and 
eccentric exercises 
with arms, hands, 
and legs 
Proprioception 
training (balance and 
coordination): 
postural sway and 
dynamic balance, 
coordination, and 
flexibility of the 
lumbo-pelvic area 
Flexibility training: 
stretching exercises 
including arms, legs, 
and neck

5 x week 
(proprioception 
and balance 
training) 
3 x week (aerobic 
training) 
2 x week (strength 
training) 
5 x week 
(flexibility 
training)

10–15 min 
Proprioception 
and balance 
training 
40 min 
Aerobic training 
40 min 
Strength training 
1–3 sets 
8–30 reps 
? rest 
5 min 
Flexibility training 
65–70 min 
Aerobic and 
strength training 
were performed 
on alternating 
days

Aerobic training: 
40–65% of 
HRmax 
Strength training: 
25–75% of 1RM

Aerobic training: 
initially at 40% of 
HRmax increasing 
progressively to 65% 
of HRmax 
Strength training: 
Week 1:

In-person (group) 
by trainers at a 
ratio of 1:15

Trombetti et al., 
2018

24 months 
Multicomponent 
(aerobic, strength, 
balance, and 
flexibility training

Aerobic training: 
walking 
Strength training: 
knee extension, knee 
flexion, squats, side 
leg raises, and toe 
raises 
Balance training: 
exercises that 
challenge balance by 
first decreasing 
arm support, then 
decreasing base of 
support, and finally 
increasing the 
complexity of the 
movements are 
included 
Flexibility training: 
brief lower extremity 
stretching routine

Month 1: 3 x week 
(2 x week center- 
based training and 
1 x week home- 
based training) 
Month 2: 4 x week 
(2 x week center- 
based training and 
2 x week home- 
based training) 
Month 3–24: 5–6 x 
week (2 x week 
center-based 
training and 3–4 x 
week home-based 
training)

40 min 
Aerobic training 
10 min 
Strength training 
2 sets 
10 reps 
? rest 
10 min 
Balance training 
? min 
Flexibility training

Aerobic training: 
moderate, with 
RPE 13 on the 
6–20 Borg RPE 
Scale 
Strength training: 
vigorous, with 
RPE 15–16 on 
the 6–20 Borg 
RPE Scale 
Balance training: 
not reported 
Flexibility 
training: 
not reported

Lighter intensity and 
gradually increase 
intensity over time 
Month 1–12: 
Month 13–24:

In-person (not 
reported) by 
instructors

Yoon et al., 
2018

16 weeks 
High-speed 
strength training

Seated row, one leg 
press, applied pec 
deck flus, seated leg 
raise, lateral raise, 
semi squats, wide 
squats, bridging 
using elastic bands

3 x week 40 min 
2–3 sets 
12–15 reps 
contraction phase 
as quickly as 
possible, a 1-s 
pause, and an 
eccentric 
contraction 
exceeding 2 s 
? rest 
10 min warm-up 
10 min cool-down 
60 min

Exercise 
intensities were 
set by the color 
of the elastic 
bands. Blue 
elastic bands 
(tension: low, 20 
Nm) were used 
and the 
participants 
were instructed 
to perform 
exercise training 
at a RPE between 
12–13 on the 
Borg 6–20 Scale

Not reported In-person 
(individual) by an 
exercise instructor

Notes: reps = repetitions; RM = repetition maximum; RPE = rating of perceived exertion; HRmax = maximum heart rate.
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Sahin et al., 2018 [23] (SPPB), and Trombetti et al., 2018 [22] (5 x 
sit-to-stand) did not provide data in the required form. Therefore, these 
data were not included in the physical function meta-analysis.

3.4.1. Gait speed
Five trials (seven comparisons) [25,27,29,31,35] provided data for 

the pooled analysis. Exercise interventions significantly increased gait 
speed compared to usual care in the short term (≤12 weeks; MD = 0.09 
m/s, 95%CI 0.02 to 0.15 m/s; I2 = 94%; n = 333) (Fig. 2). The certainty 
of evidence was very low (downgraded three levels due to high risk of 
bias, inconsistency, and imprecision) (Supplementary table). One study 
(two comparisons) [25] provided data for the long term (>12 weeks), 
and exercise interventions did not affect gait speed (MD = 0.08 m/s, 
95%CI − 0.01 to 0.17 m/s; I2 = 30%; n = 130) (Fig. 2). The certainty of 
evidence was very low (downgraded three levels due to a single study, 
high risk of bias, and imprecision) (Supplementary table).

3.4.2. Timed up and go test
Six studies (eight comparisons) [25,29–31,33,35] provided sufficient 

data for the pooled analysis at short-term (≤12 weeks), and showed a 
significant difference in favour of exercise interventions (MD = − 3.73 s, 
95%CI − 5.92 to − 1.55 s; I2 = 95%; n = 409) (Fig. 3). The certainty of 
evidence was low (downgraded two levels due to high risk of bias and 
inconsistency) (Supplementary table). Two trials (three comparisons) 
[25,33] provided data for long-term (>12 weeks) exercise interventions, 
and the results showed that exercise interventions did not affect the TUG 
test (MD = − 2.17 s, 95% CI − 4.88 to 0.54 s; I2 = 91%; n = 194) (Fig. 3). 
The certainty of evidence was very low (downgraded three levels due to 
high risk of bias, inconsistency and imprecision) (Supplementary table).

3.4.3. Sit-to-stand tests

3.4.3.1. 30 s sit-to-stand. Two trials [24,29] provided sufficient data for 
pooled analysis and showed no difference in the 30 s sit-to-stand test in 
the short term (≤12 weeks; MD = 1.65, 95% CI − 2.76 to 6.06 rep; I2 =

78%; n = 105) and long term (>12 weeks; MD = 0.03, 95% CI − 1.06 to 
1.12; I2 = NA; n = 81) (Fig. 4). The certainty of evidence was very low 
(downgraded three levels due to high risk of bias, inconsistency and 
imprecision) (Supplementary table).

3.4.3.2. 5 x sit-to-stand. Four trials (six comparisons) [27,28,30,31] 
provided sufficient data for pooled analysis at short-term (≤12 weeks), 
and showed a significant difference in favour of exercise interventions 
(MD = − 2.66 s, 95%CI − 4.19 to − 1.14 s; I2 = 77%; n = 250) (Fig. 5). 

The certainty of evidence was very low (downgraded three levels due to 
high risk of bias, inconsistency, and imprecision) (Supplementary table).

One study [22] lacked sufficient data to be included in the 
meta-analysis. However, findings from the study suggested that the 
prevalence of inability to rise from a chair was 2.8% to 5.8% lower in the 
physical activity group compared to the health education group across 
assessment visits.

3.4.4. Balance
Five studies (six comparisons) [29,31–34] reported effects of exer

cise training on balance using measures such as, FICSIT-4 tests, Berg 
Balance scale, Tinetti Balance Index, and Mini-BESTest. They provided 
sufficient data for the pooled analysis of balance in the short term (≤12 
weeks) and showed no difference in favour of exercise interventions 
(SMD = 2.80, 95% CI − 0.17 to 5.76; I2 = 99%; n = 311) (Fig. 6). The 
certainty of evidence was very low (downgraded three levels due to high 
risk of bias, inconsistency, and imprecision) (Supplementary table). One 
trial [33] provided data for the long-term (>3 months), and exercise 
interventions significantly improved balance (significant effect) (SMD =
1.13, 95% CI, 0.60 to 1.66; I2 = NA; n = 64) (Fig. 6). The certainty of 
evidence was very low (downgraded by three levels, being a single 
study, high risk of bias, and imprecision) (Supplementary table)

3.4.5. SPPB
Three studies (four comparisons) [31,34,35] provided sufficient data 

for the pooled analysis of SPBB in the short term (≤12 weeks). Exercise 
interventions did not affect SPPB scores in the short term (≤12 weeks; 
MD = 0.52, 95% CI − 0.59 to 1.63; I2 = 99%; n = 236) (Fig. 7). The 
certainty of evidence was very low (downgraded three levels due to high 
risk of bias, inconsistency and imprecision) (Supplementary table).

One study [23] lacked sufficient data to be included in the 
meta-analysis. However, the findings from this study suggested that the 
final SPPB score was significantly better in the high-intensity group 
compared to the low-intensity group (p = 0.036).

3.4.6. Fear of falling
Only one study [32] reported the effects of exercise on fear of falling, 

and exercise interventions did not have any impact on fear of falling, 
with no significant benefits (MD = 5.60, 95% CI − 3.60 to 14.80; I2 =

NA; n = 30) (Fig. 8). The certainty of evidence was very low (down
graded three levels being a single study, high risk of bias, and impreci
sion) (Supplementary table).

Table 3 
Risk of bias assessment (Cochrane Risk of Bias 1 tool).

Reference Selection bias Performance bias Detection bias Attrition bias Reporting 
bias

Other 
bias

Random sequence 
generation

Allocation 
concealment

Blinding of participants and 
personnel

Blinding of outcome 
assessment

Incomplete 
outcome data

Selective 
reporting

Aas et al., 2020 High risk High risk High risk Low risk High risk Low risk High risk
Cadore et al., 2014 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Mollinedo Cardalda et al., 

2019
Low risk Unclear High risk High risk Low risk Low risk Low risk

Chou et al., 2022 Low risk Unclear High risk Low risk Low risk Low risk Unclear
Faber et al., 2006 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Ferreira et al., 2018 Low risk Low risk High risk High risk Low risk Low risk Low risk
García-Gollarte et al., 

2023
Low risk Low risk High risk Low risk High risk Low risk Low risk

Gomes et al., 2018 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Kim et al., 2015 Low risk Low risk High risk Low risk Low risk Unclear Low risk
Sadjapong et al., 2020 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Sahin et al., 2018 Low risk High risk High risk High risk Low risk Low risk Unclear
Tarazona-Santabalbina 

et al., 2016
Low risk Unclear High risk Low risk Low risk Low risk Low risk

Trombetti et al., 2018 Low risk High risk High risk Low risk Low risk Low risk Low risk
Yoon et al., 2018 Low risk Unclear High risk High risk High risk Unclear Low risk
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3.4.7. Incidence of falls
Two studies (three comparisons) [26,34] provided data for pooled 

analysis for short-term (≤ 12 weeks) fall incidence, and showed no 
difference in favour of exercise interventions (MD = − 0.16, 95% CI 

− 0.54 to 0.23; I2 = 0%; n = 314) (Fig. 9). The certainty of evidence was 
low (downgraded by two level due to a high risk of bias, and impreci
sion) (Supplementary table).

Fig. 2. Effects of exercise interventions on gait speed in older adults with physical frailty.

Fig. 3. Effects of exercise interventions on timed up and go performance in older adults with physical frailty.
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4. Discussion

This systematic review examined the effects of exercise training on a 
broad range of fall-related outcomes in older adults with physical frailty, 
including intermediate outcomes (e.g., physical function and fear of 
falling) and critical outcomes (e.g., falls incidence). Overall, exercise 
interventions were associated with short-term improvements in key 
measures of physical function, particularly gait speed, TUG, and the 5- 
times sit-to-stand test, with a trend toward improved balance. Howev
er, there was no consistent evidence of benefit for fear of falling or falls 
incidence, and long-term effects were largely inconsistent or non- 
significant across all outcomes.

From a clinical perspective, the observed improvements in functional 
lower-limb performance are highly relevant. Gait speed, TUG, sit-to- 
stand, and balance tests are widely used in clinical and institutional 

settings and are sensitive markers of mobility, functional reserve, and 
risk of future disability [36]. These observed benefits are aligned with 
previous research highlighting the role of exercise interventions, 
particularly multicomponent and resistance training in improving 
mobility-related outcomes in older adults with frailty [37,38]. Im
provements in these measures may translate into better independence in 
daily activities, safer transfers, and improved capacity to cope with 
mobility challenges. We observed mean improvements of 0.09 m/s in 
gait speed, 3.7 s in the TUG, and 2.7 s in the 5-times sit-to-stand test. 
These changes exceed commonly reported minimal clinically important 
difference (MCID) thresholds for older adults and are therefore likely to 
be clinically meaningful, even though MCID values are not specifically 
established for older adults with physical frailty [39–43]. In addition, 
increased gait speed has been consistently associated with greater 
functional independence and a lower risk of adverse outcomes, 

Fig. 4. Effects of exercise interventions on 30 s sit-to-stand performance in older adults with physical frailty.

Fig. 5. Effects of exercise interventions on 5 × sit-to-stand performance in older adults with physical frailty.
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including falls, in older adults with and without frailty [44]. Even 
modest gains in gait speed are considered clinically meaningful, as they 
have been linked to improved independence and mobility in daily life 
[45]. Taken together, these findings support the role of exercise in
terventions in improving intermediate fall-related outcomes, particu
larly lower-limb functional performance.

Fear of falling is another important intermediate outcome in the falls 
pathway, as it has been associated with activity restriction, loss of in
dependence, and functional decline in older adults [46]. In addition, 
fear of falling is a strong predictor of future falls in older populations 
[47]. In the present review, evidence on the effects of exercise in
terventions on fear of falling was very limited, with only one small trial 
addressing this outcome and showing no significant benefit. This result 
indicates that the effects of exercise interventions on fear of falling in 
older adults with physical frailty remain uncertain, highlighting the 
need for future studies specifically designed to address this fall-related 
outcome.

Similar findings were observed for falls incidence, which is the 

critical outcome for assessing the effectiveness of exercise interventions 
in preventing falls. In the present review, only two studies evaluated this 
outcome, and the results were non-significant. Importantly, none of the 
studies included in this review reported adverse events during the 
intervention period. Thus, evidence regarding the safety of exercise in
terventions in individuals with physical frailty remains limited [48]. 
Given the small number of trials and the relatively short follow-up du
rations, no definitive conclusions can be drawn regarding the effects of 
exercise training on falls incidence in older adults with physical frailty. 
It should be noted that previous systematic reviews have consistently 
demonstrated that exercise interventions, particularly multicomponent 
programmes combining functional and balance exercises with resistance 
training, reduce falls rates, injurious falls, and the number of older 
adults experiencing falls [9–12]. However, these reviews included 
broader older adult populations, and none specifically focused on in
dividuals with established physical frailty. Therefore, pragmatic RCTs 
specifically targeting older adults with physical frailty are needed to 
determine whether exercise interventions are safe and can effectively 

Fig. 6. Effects of exercise interventions on balance performance in older adults with physical frailty.

Fig. 7. Effects of exercise interventions on short physical performance battery (SPPB) in older adults with physical frailty.
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reduce falls incidence in this high-risk population.
The exercise protocols included in this review were predominantly 

multicomponent, combining strength, balance, and gait training, and 
were mostly delivered under in-person supervision in institutional or 
community settings, supporting their feasibility in older adults with 
physical frailty [49,50]. However, the substantial heterogeneity 
observed across outcomes is likely multifactorial. Included studies var
ied considerably in exercise modality, intervention duration, frequency, 
supervision, setting, baseline frailty severity, and outcome measure
ment. Although most interventions were multicomponent, the relative 
emphasis on strength, balance, gait, and functional training differed 
substantially across studies. Furthermore, several trials provided limited 
information regarding exercise intensity, progression, adherence, and 
monitoring of control-group activity, making it difficult to determine 
whether differences in exercise dosage contributed to the variability in 
outcomes. Differences in participant characteristics, particularly base
line physical function and frailty severity, may have also influenced 
responsiveness to exercise interventions. Consequently, the pooled es
timates should be interpreted as evidence supporting the general ben
efits of structured exercise for improving physical function in older 
adults with physical frailty. These issues limit reproducibility, clinical 
translation, and the identification of optimal exercise characteristics for 
improving fall-related outcomes in this population. Despite this, super
vised multicomponent exercise programmes combining strength, bal
ance, gait, and functional training appeared to provide the most 
consistent benefits on intermediate fall-related outcomes, particularly 

functional lower-limb performance, in older adults with physical frailty. 
Future research should prioritise RCTs that include falls incidence as a 
primary outcome, incorporate longer follow-up periods, safety data, and 
use standardised and clearly reported exercise protocols.

Of note, our findings are consistent with previous meta-analyses 
showing that multicomponent exercise programmes improve physical 
function in older adults, including both community-dwelling and resi
dential care settings [51]. Similarly, most interventions included in our 
review were multicomponent and resulted in significant improvements 
in mobility-related outcomes, including gait speed, TUG, and 
sit-to-stand performance. Regarding fear of falling, the effects of 
multicomponent exercise programmes appear to be more variable across 
studies and exercise modalities. Although some benefits have been re
ported, improvements tend to be more consistent in interventions with a 
greater emphasis on balance training and mind-body exercise [52–54]. 
In contrast, exercise has consistently been shown to reduce both falls 
incidence, including multicomponent exercise interventions [55]. 
However, while these benefits are well established in broader older 
adult populations, the limited number of studies evaluating fear of 
falling and falls outcomes in physically frail older adults precluded firm 
conclusions regarding these effects in the present review.

4.1. Strengths and limitations

A key strength of this review is the use of a rigorous methodology 
aligned with established guidelines for systematic reviews. All stages 

Fig. 8. Effects of exercise interventions on fear of falling in older adults with physical frailty.

Fig. 9. Effects of exercise interventions on the incidence of falls in older adults with physical frailty.
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including study selection, data extraction, and risk-of-bias assessment 
were conducted in duplicate and independently to minimise errors and 
reviewer bias. However, we do acknowledge that this study has several 
limitations, majority of which were impossible to control by the authors 
of the current review. First, the overall quality of the included studies 
was low, with 13/14 RCTs judged to be at high risk of bias, mainly due to 
inadequate blinding and incomplete reporting. This significantly re
duces the confidence in the evidence. However, this uncertainty high
lights the need for further high-quality studies. Second, the wide 
variability in exercise type, frequency, weekly volume, supervision, and 
progression introduced substantial methodological and statistical het
erogeneity, which limited the ability to draw firm conclusions about the 
most effective exercise strategies. Third, the certainty of evidence for 
most outcomes was rated as low to very low, driven by small sample 
sizes, inconsistency, and imprecision of the studies. Another potential 
limitation of this study is that only English-language trials were included 
in the analysis. This restriction may have led to language bias and the 
exclusion of potentially relevant studies published in other languages 
from our review. Finally, subgroup analyses to explore heterogeneity (e. 
g., by exercise type, intensity, weekly volume, or setting) were not 
feasible because of the small number of studies per outcome.

5. Conclusion

This systematic review indicates that multicomponent exercise in
terventions provide short-term benefits in intermediate fall-related 
outcomes, particularly functional lower-limb performance (gait speed, 
TUG, and 5-times sit-to-stand), in older adults with physical frailty. In 
contrast, evidence regarding fear of falling, another intermediate 
outcome, as well as falls incidence, the critical outcome for falls pre
vention, remains limited and inconclusive. Together, these findings 
highlight important gaps in the current literature and underscore the 
need for well-designed, adequately powered RCTs with standardised 
exercise protocols and rigorous reporting. Structured and supervised 
multicomponent exercise training should remain a core component of 
physical frailty management to preserve mobility and functional inde
pendence; however, the available evidence does not support exercise 
interventions alone as an effective strategy to reduce key fall-related 
outcomes in older adults with physical frailty.
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[28] Mollinedo Cardalda I, López A, Cancela Carral JM. The effects of different types of 
physical exercise on physical and cognitive function in frail institutionalized older 
adults with mild to moderate cognitive impairment. A randomized controlled trial. 
Arch Gerontol Geriatr 2019;83:223–30. https://doi.org/10.1016/j. 
archger.2019.05.003.

[29] Cadore EL, Casas-Herrero A, Zambom-Ferraresi F, Idoate F, Millor N, Gómez M, 
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effectiveness of long-term exercise interventions in older adults: a systematic 
review and meta-analysis of randomized controlled trials. Sports Med 2020;50(6): 
1095–106. https://doi.org/10.1007/s40279-020-01259-y.

[49] Izquierdo M, de S, Barreto P, Arai H, et al. Global consensus on optimal exercise 
recommendations for enhancing healthy longevity in older adults (ICFSR). J Nutr 
Health Aging 2025;29(1):100401. https://doi.org/10.1016/j.jnha.2024.100401.

[50] Fragala MS, Cadore EL, Dorgo S, et al. Resistance training for older adults: position 
statement from the national strength and conditioning association. J Strength Cond 
Res 2019;33(8):2019–52. https://doi.org/10.1519/JSC.0000000000003230.

[51] Valenzuela PL, Saco-Ledo G, Morales JS, et al. Effects of physical exercise on 
physical function in older adults in residential care: a systematic review and 
network meta-analysis of randomised controlled trials. Lancet Healthy Longev 
2023;4(6):e247–56. https://doi.org/10.1016/S2666-7568(23)00057-0.

[52] Zhou L, Huang J, Wang C, et al. Effect of exercise interventions on fear of falling in 
older adults: a systematic review and network meta-analysis of randomised 
controlled trials. Age Ageing 2026;55(5):afag152. https://doi.org/10.1093/ 
ageing/afag152.

[53] Feng C, Adebero T, DePaul VG, Vafaei A, Norman KE, Auais MA. Systematic review 
and meta-analysis of exercise interventions and use of exercise principles to reduce 
fear of falling in community-dwelling older adults. Phys Ther 2022;102(1): 
pzab236. https://doi.org/10.1093/ptj/pzab236.

[54] Kruisbrink M, Delbaere K, Kempen GIJM, et al. Intervention characteristics 
associated with a reduction in fear of falling among community-dwelling older 
people: a systematic review and meta-analysis of randomized controlled trials. 
Gerontologist 2021;61(6):e269–82. https://doi.org/10.1093/geront/gnaa021.

[55] Sherrington C, Fairhall NJ, Wallbank GK, et al. Exercise for preventing falls in older 
people living in the community. Cochrane Database Syst Rev 2019;2019(1): 
CD012424. https://doi.org/10.1002/14651858.CD012424.pub2. Published 2019 
Jan 31.

P. Mehta et al.                                                                                                                                                                                                                                   The Journal of Frailty & Aging 15 (2026) 100187 

16 

https://doi.org/10.1002/14651858.CD016064
https://doi.org/10.1002/14651858.CD016064
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.mad.2019.04.005
https://doi.org/10.1016/j.mad.2019.04.005
https://doi.org/10.1016/j.jamda.2009.11.003
https://www.who.int/news-room/fact-sheets/detail/falls
https://doi.org/10.1097/XEB.0000000000000020
https://doi.org/10.1097/XEB.0000000000000020
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
http://refhub.elsevier.com/S2260-1341(26)00056-3/sbref0019
http://refhub.elsevier.com/S2260-1341(26)00056-3/sbref0019
https://www.cochrane.org/handbook
https://doi.org/10.1016/j.jclinepi.2019.10.014
https://doi.org/10.7326/M16-2011
https://doi.org/10.1097/MRR.0000000000000285
https://doi.org/10.1097/MRR.0000000000000285
https://doi.org/10.1016/j.exger.2022.111799
https://doi.org/10.1016/j.exger.2022.111799
https://doi.org/10.1371/journal.pone.0116256
https://doi.org/10.1016/j.apmr.2006.04.005
https://doi.org/10.1016/j.apmr.2006.04.005
https://doi.org/10.1002/jcsm.12543
https://doi.org/10.1016/j.archger.2019.05.003
https://doi.org/10.1016/j.archger.2019.05.003
https://doi.org/10.1007/s11357-013-9586-z
https://doi.org/10.1007/s11357-013-9586-z
https://doi.org/10.1155/2018/7218102
https://doi.org/10.1155/2018/7218102
https://doi.org/10.1519/JPT.0000000000000326
https://doi.org/10.1519/JPT.0000000000000326
https://doi.org/10.1016/j.maturitas.2018.10.002
https://doi.org/10.1016/j.maturitas.2018.10.002
https://doi.org/10.3390/ijerph17113760
https://doi.org/10.3390/ijerph17113760
https://doi.org/10.1016/j.jamda.2016.01.019
https://doi.org/10.1016/j.jamda.2016.01.019
https://doi.org/10.1007/s12603-018-1090-9
https://doi.org/10.1007/s12603-018-1090-9
https://doi.org/10.1007/s00223-019-00545-w
https://doi.org/10.1007/s00223-019-00545-w
https://doi.org/10.1007/s00508-019-1484-7
https://doi.org/10.1016/j.arr.2025.102714
https://doi.org/10.1016/j.arr.2025.102714
https://doi.org/10.1111/jep.12158
https://doi.org/10.1183/09031936.00088113
https://doi.org/10.1093/gerona/glab175
https://doi.org/10.1227/NEU.0000000000001320
https://doi.org/10.1227/NEU.0000000000001320
https://doi.org/10.1007/BF03325265
https://doi.org/10.1016/j.arr.2020.101253
https://doi.org/10.1016/j.arr.2020.101253
https://doi.org/10.1186/s12877-015-0061-9
https://doi.org/10.1186/s12877-015-0061-9
https://doi.org/10.5770/cgj.24.521
https://doi.org/10.5770/cgj.24.521
https://doi.org/10.1093/ageing/afaf089
https://doi.org/10.1007/s40279-020-01259-y
https://doi.org/10.1016/j.jnha.2024.100401
https://doi.org/10.1519/JSC.0000000000003230
https://doi.org/10.1016/S2666-7568(23)00057-0
https://doi.org/10.1093/ageing/afag152
https://doi.org/10.1093/ageing/afag152
https://doi.org/10.1093/ptj/pzab236
https://doi.org/10.1093/geront/gnaa021
https://doi.org/10.1002/14651858.CD012424.pub2

	Exercise to prevent falls in older adults with physical frailty: A systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Eligibility criteria
	2.2.1 Participants
	2.2.2 Interventions
	2.2.3 Comparator
	2.2.4 Outcomes
	2.2.5 Study design

	2.3 Study selection and data extraction
	2.4 Quality of assessment
	2.5 Assessment of risk of bias
	2.6 Data analysis
	2.7 Certainty of evidence
	2.8 Deviations from the protocol

	3 Results
	3.1 Characteristics of included studies
	3.2 Quality of assessment
	3.3 Assessment of risk of bias
	3.4 Effect of exercise on lower-limb physical function
	3.4.1 Gait speed
	3.4.2 Timed up and go test
	3.4.3 Sit-to-stand tests
	3.4.3.1 30 s sit-to-stand
	3.4.3.2 5 x sit-to-stand

	3.4.4 Balance
	3.4.5 SPPB
	3.4.6 Fear of falling
	3.4.7 Incidence of falls


	4 Discussion
	4.1 Strengths and limitations

	5 Conclusion
	Declaration of generative AI and AI-assisted technologies in the writing process
	Ethical statement
	Declaration of funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	Data availability
	References


