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Key summary points
Aim  To identify the optimal dosage of dual-task intervention required for improving dynamic balance and functional mobil-
ity and reducing falls in healthy older adults.
Findings  Dynamic balance and functional mobility improved with 95% adherence to the prescribed dual-task training, 
practiced three times weekly. More studies are required to assess the dosage of dual-task training for fall reduction.
Message  An adequate dosage of dual-task training requires improving dynamic balance and functional mobility.

Abstract
Purpose  To investigate whether dual-task (DT) training improves dynamic balance and functional mobility and reduces falls 
and determine how DT training dosage, including exercise duration, intensity, challenge and adherence, affects treatment 
outcomes in older adults.
Methods  Databases were searched until May 2025. Methodology, risk of bias and evidence quality were assessed using the 
Physiotherapy Evidence Database (PEDro), Cochrane risk of bias and Grading of Recommendations, Assessment, Develop-
ment, and Evaluation tools, respectively. Dynamic balance was assessed using the Berg Balance Scale (BBS) and Fullerton 
Advanced Balance (FAB), and functional mobility using Timed Up and Go (TUG), and falls assessed the frequency of fall.
Results  Forty-four studies involving 2782 older adults were included. The mean PEDro score was 6.1, 58% of studies 
were found to have low risk of bias, and evidence quality ranged from very low to moderate. Meta-analysis indicated that 
DT exercise significantly improves dynamic balance and functional mobility, and reduces fall frequency. Meta-regression 
revealed that dynamic balance improved with 95% adherence to 30 min of moderately challenging and moderate-intensity 
DT training three times per week for four weeks. Functional mobility improved with 95% adherence to 50 min of mildly 
challenging and moderate-intensity DT training three times per week for 13 weeks.
Conclusion  DT training improved dynamic balance and functional mobility and reduced falls. The recommended dosages 
may elicit optimal outcomes. Additional meta-regression analyses are needed to determine the impact of DT training dos-
age on falls.
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Introduction

Each year, nearly one in four people over 65 years of age 
experiences one or more falls in the USA [1]. Falls lead 
to significant morbidity and mortality and substantially 
increase global healthcare costs [2]. Fall prevention in the 
ageing population is therefore a pressing public health issue 
[3]. Over a decade ago, national healthcare organisations in 
Australia and the UK actively tailored fall prevention train-
ing to older adults [4, 5]. However, a recent review revealed 
that many nations are far from adopting fall prevention pro-
grammes into their national healthcare agendas [6].

Although the causes of falls are multifaceted, impaired 
balance and cognition are significant contributing factors 
[7]. Extensive research has thus examined the interaction 
between balance and cognition following dual-task (DT) 
training [8], in which two tasks are performed concurrently 
[9]. The execution of a DT requires the division of atten-
tion and resources between the two tasks [9]. Compared 
to single-task training, DT exercises train older adults to 
effectively divide their attention and resources to improve 
their multitasking ability and integrate their movement 
capacity and cognitive function [9]. Regular DT training 
enhances daily function more effectively than single-task 
training by simulating real-life multitasking scenarios [10]. 
The most commonly employed forms of DT training include 
motor–motor, cognitive–cognitive and motor–cognitive 
tasks [9], which require the simultaneous performance of 
two motor tasks, two cognitive tasks and a combination of 
motor and cognitive tasks, respectively [9].

Structured DT training improves both dynamic and static 
balance and reduces fall in older adults compared to sin-
gle-task training, multimodal training and usual care [11]. 
Earlier studies have reported that the DT gait test offers an 
additional ability to better distinguish between older adults 
at risk and those not at risk of falls [12, 13]. A recent study 
highlights seemingly contradicting findings, where both sin-
gle-task and dual-task gait tests are equally effective in pre-
dicting fall risk among community-living older adults [14]. 
It is important to note that findings pertain to the assessment 
of gait, rather than evaluating the effects of interventions.

Published studies have reported a low to moderate effect 
of DT training on fall reduction [11, 15]. However, previous 
findings regarding improved dynamic balance and functional 
mobility and reduced falls with DT training are demographi-
cally varied, heterogeneous in risk of bias and dependent 
on training context [16, 17]. Meta-regression analysis 
addresses these limitations by examining between-study 
heterogeneity and assessing whether study-level features 

(e.g., minutes of exercise per week, frequency per week, 
intervention duration, intensity, challenge, adherence) are 
linked to superior training effects [16]. To the best of our 
knowledge, no studies have evaluated between-study het-
erogeneity and the relationship between higher DT training 
effects and study-level features, which have been found to 
improve dynamic balance and functional mobility and pre-
vent falls in older adults [15, 18]. Secondly, the available 
recent evidence for the efficacy of DT training in reducing 
falls is limited to participants among community-dwelling 
older adults [11]. Therefore, there is a need for conducting a 
subsequent review that explores the benefits of intervention 
across other study settings, such as old-age homes, hospitals, 
and other inpatient services. This review thus aimed to (1) 
compare the effectiveness of DT training with single-task 
exercise and no exercise in improving dynamic balance and 
functional mobility and reducing falls among older adults 
and (2) investigate whether characteristics of specific DT 
training dosage, including intensity, challenge, adherence 
and training hours per week, are linked to better improve-
ments in dynamic balance, functional mobility and fall fre-
quency in this population.

Methods

This systematic review was prospectively registered in 
PROSPERO (CRD42022334024). This review followed the 
PRISMA guidelines and is reported in Supplementary file 1.

Searches

A systematic search of 12 databases (PubMed, Cochrane 
Library, CINAHL, Embase, MEDLINE, Web of Science, 
SCOPUS, PEDro, PsycINFO, SafetyLit, CNKI and Wan-
Fang Data), a manual search of Clinical Trials (https://​
clini​caltr​ials.​gov/), International Clinical Trials Registry 
Platform (https://​www.​who.​int/​clini​cal-​trials-​regis​try-​
platf​orm), the reference lists of recent current controlled 
trials, a common search engine (Google) and a scholarly 
search engine (Google Scholar) dated to May 2025 was 
performed to identify additional studies. No limitations 
were placed on the publication date. The search strategies 
employed four themes: “Older adults”, “dual-task”, “bal-
ance” or “fall”, and “randomized controlled trial”. The 
search strategy utilised for PubMed is reported in Sup-
plementary file 2.

https://clinicaltrials.gov/
https://clinicaltrials.gov/
https://www.who.int/clinical-trials-registry-platform
https://www.who.int/clinical-trials-registry-platform
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Inclusion and exclusion criteria

Studies were included if (1) they were randomised controlled 
trials of adults above 60 years of age; (2) the primary inter-
vention was DT training; (3) dynamic balance was assessed 
using the Berg Balance Scale (BBS) or Fullerton Advanced 
Balance (FAB) scale, functional mobility was evaluated 
using the Timed Up and Go (TUG) test, including the dual-
task TUG (dTUG), and falls were reported using means, 
standard deviations, rates or numbers. The search was lim-
ited to measures commonly used among older adults. The 
BBS and FAB scales were frequently used to assess dynamic 
balance in community-dwelling older adults [19, 20]. The 
TUG and dual-task TUG were standard measures for evalu-
ating functional mobility in this population [21, 22]. Falls 
were typically reported as rates,means. numbers, or standard 
deviations among older adults in community settings [23]; 
(4) they were published in English or Chinese; (5) they con-
sidered the first phase of the intervention outcome in the 
case of crossover trials; and (6) they compared DT train-
ing to single-task exercise, no intervention, usual activity or 
care, health education classes or social visits.

Studies were excluded if (1) DT training was a component 
of a blended protocol in which participants received addi-
tional interventions (e.g., brain stimulation, dance, music, 
tai chi); (2) they included older adults with conditions that 
impair balance, such as stroke, Parkinson’s disease, dementia 
and other neurodegenerative diseases. Excluding participants 
with balance impairments ensures a homogeneous study 
population and isolates the effects of DT training on balance 
and fall risk in generally healthy older adults. Including par-
ticipants with such conditions could confound the results, as 
their balance impairments have different underlying causes 
and respond differently to interventions compared to healthy 
older adults [24]; (3) the full text was unavailable; and (4) 
only a study protocol was available.

Operational definitions

Dual‑task (DT)

Performing one task while simultaneously engaging in 
another task is considered a DT. An example of this is 
walking while talking on the phone. This review exam-
ined three DT types: motor–cognitive, motor–motor and 
cognitive–cognitive.

Falls

“A fall is defined as an event which results in a person 
coming to rest inadvertently on the ground or floor or other 
lower level (WHO)” [25].

Intensity

Intensity is defined as the energy required to complete a 
DT within a specified period. Intensity was categorised 
using metabolic equivalents of task (METs). One MET 
corresponds to the activity per minute required when 
sitting at rest (1 MET = 3.5 mL/kg/min). Intensity was 
categorized 1.6–2.9 METs have mild intensity, 3.0–5.9 
METs have moderate intensity and ≥ 6.0 METs have high 
intensity [26]. Mild-intensity exercise includes light walk-
ing, moderate-intensity exercise includes ascending stairs 
and using a wheeled walker, and high-intensity exercise 
includes running or carrying heavy loads upstairs [26]. 
Additional information regarding the exercises used to 
estimate METs can be found in Table 1.

Challenge

Challenge refers to the level of difficulty of the DT train-
ing. The challenge level was classified based on the dif-
ficulty of the secondary motor or cognitive task. For motor 
tasks, difficulty was increased by (1) altering the centre 
of gravity, (2) reducing upper limb support, (3) decreas-
ing visual feedback, (4) reducing the base of support, and 
(5) disrupting the supporting surface. Motor tasks were 
categorised as mildly challenging if one of these condi-
tions was adjusted, moderately challenging if two con-
ditions were adjusted, and highly challenging if three or 
more conditions were adjusted. In no particular order of 
difficulty, the cognitive tasks, included the following: (1) 
verbal fluency, (2) visual search exercises, (3) arithmetic 
exercises, (4) recall and memory exercises, and (5) infor-
mation processing speed. Simialr to the motor tasks, mild 
challenge were those adjusting any one of these cognitive 
conditions, moderately challenging if two conditions were 
adjusted, and highly challenging if three or more condi-
tions were adjusted.

Adherence rate

Adherence rate is the percentage of sessions attended com-
pared to the total number of sessions offered. In this review, 
studies were considered to have excellent adherence if par-
ticipants attended 95% or more of sessions, good adher-
ence if participants attended 90%–94% of sessions and poor 
adherence if participants attended < 90% of sessions.

Data extraction

First, all titles were evaluated by a single reviewer. Two 
reviewers were then responsible for screening the abstracts 
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and full texts. Four steps were employed to screen the stud-
ies. Disagreements were settled through discussion. If the 
two reviewers were unable to reach a consensus, a third 
reviewer was consulted. Two authors independently con-
ducted data extraction. Data from the included studies were 
extracted and summarised in Excel before being imported 
into STATA for analysis.

Quality assessment

The included studies’ methodological quality was assessed 
using the Physiotherapy Evidence Database (PEDro) scale 
[27]. The derived PEDro scores were used in the meta-
regression [16]. Available PEDro scores were retrieved from 
the PEDro database and one reviewer manually determined 
scores for any studies not included on the PEDro website. 
As meta-regression analysis requires a numerical score for 
methodological quality, the PEDro score was preferred over 
other methodological quality rating tools [16]. In subgroup 
analysis, the PEDro score was used to measure the random 
effect size of high-quality studies. A study’s methodological 
quality was categorised as high if the PEDro score was ≥ 6, 
moderate if the PEDro score was 4–5 and low if the PEDro 
score was ≤ 3 [28].

Risk of bias in the included studies was evaluated using 
the Cochrane risk of bias tool [29], which rates studies as 
having low, some concern or high risk of bias [29]. Stud-
ies were classified as having low risk of bias if all domains 
had low risk, some concern for risk of bias if one or more 
domains had some concern and high risk of bias if one or 
more domains had high risk [29].

The transparent Grading of Recommendations, Assess-
ment, Development, and Evaluations (GRADE) approach 
was utilised to report the quality of the evidence [29]. The 
strength of the evidence was rated as either "strong," "mod-
erate," "low," or "very low" according to GRADE [29]. The 
strength of the evidence was rated as either high, moder-
ate, low or very low according to the GRADE tool, which 
assesses evidence quality based on five domains: indirect-
ness, inconsistency, publication bias, imprecision and risk 
of bias [29]. The GRADE rating was decreased by one or 
two levels in studies with “serious concern” or “very serious 
concern” in any of the five domains [29]. The GRADE rat-
ing was upgraded if trials were well-designed and reported 
significant effect sizes, dose–response relationships or con-
vincing evidence [29].

Outcome measures

Falls is measured using both retrospective recall and pro-
spective recording methods [30]. Falls are monitored 
through participant self-reports collected during monthly 
follow-up interviews [31]. The self-reported data is collected 

using monthly diaries and a questionnaire [32]. This method 
is often used in fall prevention studies for its feasibility and 
low cost [33].

The BBS is a 14-item objective tool that assesses dynamic 
balance [34]. Each item is scored from 0 to 4, with total 
scores ranging from 0 to 56 and higher scores indicating 
better balance [34]. Completing the BBS requires approxi-
mately 20 min. The BBS is suggested as a standard measure 
of dynamic balance in older adults, with excellent inter-rater 
reliability (ICC = 0.99; CI: 0.988–0.996) and concurrent 
validity (r = 0.84; P < 0.001) [34].

The FAB scale is a 10-item performance-based tool that 
evaluates dynamic balance [20]. Each item is scored from 
0 to 4, with total scores ranging from 0 to 40. Participants 
complete 10 actions that test diverse components of dynamic 
balance, including standing with eyes closed, reaching for-
ward, turning, walking and balancing on one leg. Higher 
scores indicate better balance [20]. The FAB scale requires 
approximately 12 min to complete and is suggested as a 
standard measure of dynamic balance in older adults due 
to its excellent test–retest reliability (ICC = 0.96; P < 0.001) 
and concurrent validity (r = − 0.75; P < 0.05) [20].

The TUG assesses functional mobility and is recorded in 
seconds [35]. The TUG is a timed task requiring the partici-
pant to stand up from a chair, walk 3 m, turn 180 degrees and 
return to the chair [35]. Shorter times to complete the task 
indicate better functional mobility. The TUG is suggested 
as a standard measure of functional mobility in older adults, 
with high inter-rater reliability (ICC = 0.97; CI: 0.66–0.82) 
and acceptable concurrent validity (r = − 0.88; P < 0.001) 
[35, 36]. The dTUG assesses DT ability and is similarly 
recorded in seconds [37]. The testing procedure is identi-
cal to the conventional TUG except that the participant per-
forms a cognitive task such as a mental calculation while 
completing the TUG [37]. Shorter completion times indicate 
better DT ability [37]. The dTUG is suggested as a stand-
ard measure of DT ability in older adults, with excellent 
test–retest reliability (rT1–T2 = 0.98) and concurrent validity 
(r = − 0.66; P < 0.001) [37].

Statistical analyses

Relevant data, including study design, sample demographics, 
DT training design and intervention effects, were extracted 
from each study. Study design information included sample 
size, follow-up period and PEDro score; sample demograph-
ics included mean age, DT training design included train-
ing type, training hours per week, training intensity, chal-
lenge level and intervention adherence; intervention effects 
included number of falls and means and standard deviations 
for the BBS, FAB scale, TUG and dTUG. For studies that 
did not provide raw mean and standard deviation, standard 
error of the mean, or median and interquartile range data, 
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numerical data were obtained from the study’s graphs or fig-
ures using an online computer program (https://​apps.​autom​
eris.​io/​wpd/).

The statistical cutoff value for the level of significance 
was P ≤ 0.05, the confidence interval (CI) was 95%, hetero-
geneity greater than 50% was considered high in the meta-
analysis and meta-regression and a regression coefficient 
between 0 and 1 was considered significant [16]. STATA 
version 17 (Stata Corp LLC, College Station, TX, USA) 
was used for the random-effects meta-analysis and meta-
regression. The random-effects model was employed due 
to its better results for high heterogeneity and small sample 
sizes (< 30) [38]. Covariates were not included in the meta-
regression analysis.

Subgroup analysis was conducted to test the stability of 
the results of the random-effects meta-analysis. To mini-
mise the small-study effect of DT training on dynamic bal-
ance, motor function and falls, a random effect size in the 
subgroup analysis was utilised [39]. The subgroup analysis 
included the following components: 1) sample size, dis-
tinguishing between smaller samples (fewer than 30 par-
ticipants at randomisation) and larger samples (30 or more 
participants at randomisation), as fewer than 30 participants 
may limit statistical power and increase the risk of type 
II errors [40]; 2) methodological quality, categorised as 
lower quality (PEDro score < 6) and higher quality (PEDro 
score ≥ 6) 3) instructor- or physiotherapist-guided interven-
tions; 4) comparator type, including active, control and usual 
care; 5) use of technology-mediated DT (tmDT) training; 
6) use of conventional DT exercises without technological 
components and 7) DT type, encompassing motor–motor, 
cognitive–cognitive and motor–cognitive exercises. Sub-
group analysis was conducted to explore how the impact of 
DT training on dynamic balance, functional mobility and 
falls varied among subgroups.

Only the BBS and TUG were considered for meta-regres-
sion, as the other scales did not meet the criterion of having 
a minimum of 10 studies [29]. The regression coefficient 
obtained from meta-regression analysis describes how the 
intervention effect changes with a one-unit increase in the 
potential effect modifiers. A statistically significant regres-
sion coefficient explains the linear relationship between the 
intervention effect and the explanatory variables [29]. Meta-
regression analysis was performed to evaluate the effects of 
study-level features corresponding to study design (sample 
size, follow-up period, PEDro score, instructor guidance, 
physiotherapist guidance and exercise tailored to particip-
nats), sample characteristics (mean age), training features 
(minutes of exercise per week; frequency per week; inter-
vention duration; mild, moderate or high intensity of DT 
training; mild, moderate or high challenge level of DT train-
ing; and excellent adherence to DT training (95% of treat-
ment sessions were attended by 100% of participants) [16].

A visual examination of funnel plots and Egger’s test 
were used to evaluate the effects of small studies. The 
mean difference (MD) determined in the meta-analysis was 
compared with the minimal clinically important difference 
(MCID) for the given outcome measure to explore if any 
changes were clinically meaningful.

Results

The database search yielded 2418 studies. After screening, 
44 studies (dynamic balance (n = 21), functional mobility 
(n = 21) and falls (n = 6)) met the inclusion criteria. All 44 
studies, including 54 comparisons, were eligible for meta-
analysis. Thirty-seven studies [31, 41–76] encompassing 
47 comparisons were eligible for meta-regression. Figure 1 
presents the systematic search flow and the excluded studies 
with the reasons for exclusion.

Study characteristics

Forty-four studies conducted among 2782 older adults were 
included in the meta-analysis. All included studies were pub-
lished in English, with none published in Chinese. Eighteen 
studies (23 comparisons) measured dynamic balance using 
the BBS [41–43, 54, 56–59, 62, 63, 65–71, 75], three stud-
ies (five comparisons) measured dynamic balance using the 
FAB scale [77–79], 21 studies measured functional mobil-
ity using the TUG [31, 41, 44–50, 52, 53, 55, 58, 60, 61, 
64, 72–74, 76, 80], and six  (two comparisons) measured 
DT ability using the dTUG [44, 45, 48, 49, 51, 61], and 
six studies (seven comparisons) assessed fall frequency [31, 
51, 52, 81–83]. Only 37% (n = 16) of the studies [41–43, 
45, 46, 48, 49, 52, 55, 56, 63, 64, 74, 76, 77, 83] DT train-
ing to participants’ performance level, and 57% (n = 25) of 
the studies delivered instructor-supervised training [41, 42, 
45–51, 56, 57, 59–62, 64, 69, 70, 74–79, 81]. A summary 
of the included studies is provided in Table 1. Motor–cogni-
tive DT exercise (93.0%, n = 39) was the most common DT 
type. Table 1 presents a summary of the included studies 
categorised by the outcome measures of interest.

Quality of the included studies

The mean PEDro score across all included studies was 6.05, 
indicating high methodological quality. Individual PEDro 
scores are reported in Table 2. Among the 44 studies, 70.5% 
(n = 31) had high PEDro scores, 25% (n = 11) had moder-
ate PEDro scores and 4.5% (n = 2) had low PEDro scores 
(Table 1). Low risk of bias was found in 54% (n = 24) of the 
studies, while 25% (n = 11) of the studies had some con-
cern for risk of bias (Fig. 2). The GRADE evidence qual-
ity ranged from low to moderate (Supplementary file 3). 

https://apps.automeris.io/wpd/
https://apps.automeris.io/wpd/
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Evidence quality was very low for studies assessing dynamic 
balance using the BBS, low for studies assessing functional 
mobility using the TUG, moderate for studies assessing 
dynamic balance using the FAB scale and moderate for stud-
ies assessing fall frequency. Serious risk of bias and high 
heterogeneity were the primary reasons for downgraded 
evidence quality levels.

Meta‑analysis: effects of DT training on balance 
and falls

Compared to control conditions, DT training had a signifi-
cant effect on dynamic balance assessed using the BBS. This 
comparison was derived from 18 studies [41–43, 54, 56–59, 
62, 63, 65–71, 75] of low to high risk of bias and very low 
evidence quality (MD = 1.78; 95%CI: 0.72, 2.83; P < 0.001; 
I2 = 93.07%; n = 18). Changes in functional mobility assessed 
using the TUG were significantly different between the DT 
and control groups (MD =  − 0.73; 95%CI: − 1.12, − 0.34; 
P < 0.001; I2 = 93.56%; n = 21). The comparison was based 
on 21 studies [31, 41, 44–53, 55, 58, 60, 61, 64, 72–74, 76] 
of low to high risk of bias and low evidence quality. Among 
six studies of low to high risk of bias [44, 45, 48, 49, 51, 61], 
DT training significantly improved DT ability assessed using 

the dTUG (MD =  − 0.93; 95%CI: − 1.63, − 0.23; P < 0.001; 
I2 = 80.83%; n = 6). DT training had a significant effect on 
dynamic balance measured using the FAB scale accord-
ing to three studies [77–79] of low to high risk of bias and 
moderate evidence quality (MD = 2.80; 95%CI: 0.93, 4.66; 
P < 0.001; I2 = 78.27%, n = 3). Among the six studies assess-
ing falls [31, 51, 80–83], which had low to some concerns 
for risk of bias and moderate evidence quality, DT training 
had a significant effect (MD =  − 0.33; 95%CI: − 0.63, − 0.03; 
P < 0.001; I2 = 83.22%; n = 6) on reducing fall frequency 
(Figs. 2 and 3).

Subgroup analysis: effect of subgroup analysis of DT 
training on balance and falls

Subgroup analyses revealed a significant treatment effect of 
the DT intervention on dynamic balance assessed using the 
BBS among studies with higher PEDro-rated methodological 
quality (MD = 1.75; 95%CI: 1.20, 1.94; P < 0.001, I2 = 23%; 
n = 11 [41–43, 54, 56, 59, 62, 63, 68, 71]), a sample size ≥ 30 
(MD = 1.70; 95%CI: 1.25, 2.14; P < 0.001; I2 = 47%; 
n = 15 [41–43, 54, 56–59, 62, 63, 65–67, 71, 75]), physi-
otherapist-guided training (MD = 1.44; 95%CI: 1.05, 1.83; 
P < 0.001; I2 = 23.82%; n = 7 [41, 42, 56, 59, 62, 63, 70]), 

Fig. 1   Flow diagram for systematic search process of databases, registers and other sources
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motor–cognitive DT training (MD = 1.55; 95% CI: 1.09, 
2.01; P < 0.001; I2 = 49%; n = 16 [41–43, 54, 56–59, 62, 63, 
65, 66, 68–71]) and tmDT training (MD = 2.19; 95%CI: 1.81, 
2.57; P < 0.001; I2 = 0.00%; n = 12 [42, 43, 56–59, 63, 65, 67, 
69–71]). Studies with higher methodological quality based 
on a PEDro score ≥ 6 (MD =  − 0.77; 95%CI: − 0.96, − 0.59; 
P < 0.001; I2 = 59.06%; n = 17 [31, 41, 44, 45, 47–53, 
55, 61, 72–74, 76]), a sample size ≥ 30 (MD =  − 0.53; 
95%CI: −   0.64, −  0.42; P < 0.001; I2 = 13.73%; n = 17 
[31, 41, 46–53, 55, 58, 60, 61, 72, 73, 76]), physiothera-
pist-guided training (MD =  − 2.33; 95%CI: − 2.7, − 1.96; 
P < 0.001; I2 = 0.00%; n = 3 [47, 50, 61]), motor–cogni-
tive DT training (MD =  − 0.63; 95%CI: − 0.80, − 0.46; 
P < 0.001; I2 = 49%; n = 20 [31, 41, 44–48, 50–53, 55, 58, 
60, 61, 64, 72–74, 76]) and conventional DT exercises 

(MD =  − 0.73; 95%CI: − 0.92, − 0.55; P < 0.001; I2 = 47.0%; 
n = 14 [41, 44–47, 49–51, 53, 55, 61, 72, 74, 76]) had a 
significant treatment effect on functional mobility assessed 
using the TUG. A non-significant intervention effect 
on dynamic balance based on the BBS was found for 
motor–motor (MD =  − 0.22.07; 95%CI: − 23.26, − 20.89; 
P < 0.001; I2 = 0.00%; n = 2 [67, 75]) and cogni-
tive–cognitive (MD =  − 0.14; 95%CI: − 2.80, − 3.08; 
P = 0.93; n = 1 [43]) DT interventions. Likewise, a non-
significant intervention effect on functional mobility 
per the TUG was found for motor–motor (MD =  − 0.74; 
95%CI: − 1.10, − 0.38; P = 0.31; I2 = 0.00%; n = 1 [49]) and 
cognitive–cognitive (MD =  − 3.10; 95%CI: − 4.66, − 1.54; 
P < 0.001; n = 1 [52]) DT interventions. Studies with 
high methodological quality based on PEDro score ≥ 6 

Table 2   Summary of included comparisons (54 comparisons in 44 studies) grouped by scales and falls

Variables/ characteristics Balance (scales) Falls

BBS TUG​ dTUG​ FAB

Study design
 Number of studies (Intervention) 18(20) 21(24) 6(6) 3(4) 6(8)
 Number of comparisons 23 24 7 5 7
 Age, mean(SD) 73.51(4.24) 72.14(4.5) 70.4(3.72) 67.36(1.53) 76.23 (3.00)
 PEDro score, mean(SD) 5.67(1.28) 6.38(1.17) 6.67(1.14) 6.33(1.5) 5.83(0.71)
 PEDro score, range (minimum–maximum) 3–7 4–9 6–9 5–8 5–7
 Sample size at randomization, mean(SD) 43(18.9) 70(109.17) 33(10.16) 69.33(20.82) 157.83(198.81)
 Total sample size at randomization 780 1477 199 208 947
 Sample size at randomization, Range (minimum–maximum) 18–88 17–514 16–44 44–95 30–514
 Intervention duration(minutes), mean(SD) 42.34(18.55) 48.11(15.2) 57.5(14.75) 50(8.16) 47.39(22.19)
 Intervention duration(minutes), range (minimum–maximum) 13–80 30–75 30–75 40–60 30–75
 Pre-post intervention (weeks), mean(SD) 6.72(4.34) 13.19(6.44) 14(5.05) 6(1.63) 19.33 (7.08)
 Pre-post intervention (weeks), Range (minimum–maximum) 3–24 4–24 6–24 4–8 6–26
 Follow-up (weeks), mean(SD) 1.34(4.3) 2.29(5.27) 4(6.41) – 10.5(12.53)
 Follow-up (weeks), Range (minimum–maximum) 0–12 0–12 0–12 – 0–39

Control type Active, comparisons/study number 19/14 13/11 2/2 5/3 4/3
Usual care, comparisons/study number 4/4 11/10 5/4 – 3/3

Intensity adjusted to participants' ability, comparisons/study number 8/5 12/10 4/3 1/1 1/1
Exercise supervised, comparisons/study number 13/9 15/13 6/5 4/2 3/3
Minutes of exercise per week 90 8/5 3/3 – – –

150 – 1/1 – 2/1 –
Days per week 3 16/12 12/11 3/3 5/3 5/4
Total intervention week 4 7/9 1/1 – 2/1 –

13 – 1/1 – – –
Intensity Mild (1.6–2.9 METs), comparisons/study 

number
1/1 3/3 1/1 – 2/2

Moderate (3.0–5.9 METs), comparisons/study 
number

16/12 16/13 5/4 5/3 4/3

High (≥ 6.0 METs) comparisons/study number 6/5 5/5 1/1 – 1/1
Challenge Mild, comparisons/study number 8/6 6/5 1/1 1/1 2/2

Moderate, comparisons/study number 12/9 16/14 5/4 4/2 5/4
High, comparisons/study number 3/3 2/2 1/1 – –

Adherence  ≥ 95%, comparisons/study number 17/13 15/12 4/3 5/3 3/2
 ≥ 95%, mean (SD) 99.54 (1.09) 99.79(0.67) 99.16(1.44) 91(9.91) 98.5(2.12)
 ≥ 90%, comparisons/study number 21/16 19/16 6/5 5/3 5/4
 ≥ 90%, mean (SD) 98.19(3.24) 97.92 (3.51) 96.5(3.5) 91(9.91) 95.5(4.14)
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(MD =  − 0.25; 95%CI: − 0.42, − 0.07; P = 0.01; I2 = 0.00%; 
n = 4 [31, 51, 80, 82]), physiotherapist-guided training 
(MD =  − 0.73; 95%CI: − 1.05, − 0.42; P < 0.001; I2 = 0.00%; 
n = 2 [51, 81]) and conventional DT training (MD =  − 0.39; 
95%CI: − 0.71, − 0.06; P = 0.02, I2 = 0.00%; n = 2 [51, 80]) 
had a  significanttreatment effect on fall frequency (Table 3).

Meta‑regression: effects of study features of DT 
training on dynamic balance and functional 
mobility

The effects of DT training study features on balance are 
shown in Table 4. Among the studies assessing dynamic 
balance using the BBS, studies that delivered interven-
tions for 90 min minutes per week (meta-regression coef-
ficient = 0.83; 95%CI: 0.45, 1.21; P < 0.001; I2 = 9.05%; 
n = 5 [42, 54, 58, 65, 67]), three days per week, (0.64; 
95%CI: 0.42, 0.86; P < 0.001; I2 = 2.62%; n = 12 [41, 42, 
54, 57, 58, 62, 63, 65, 66, 68, 70, 75]), 30 min per ses-
sion for four weeks (0.75; 95%CI: 0.15, 1.36; P = 0.015; 
I2 = 1.46%; n = 7 [54, 57, 59, 62, 66, 68, 75]), at a mod-
erate challenge level (0.59; 95%CI: 0.36, 0.82; P < 0.00; 

I2 = 2.39%; n = 9 [41–43, 54, 63, 65, 67, 69, 71]), at a 
moderate intensity (0.32; 95%CI: 0.004, 0.63; P = 0.05; 
I2 = 9.26%; n = 12 [42, 56–59, 62, 63, 66–70]) and with 
95% adherence (0.71; 95%CI: 0.49, 0.94; P < 0.001; 
I2 = 2.47%; n = 13 [41, 42, 54, 56, 58, 62, 63, 65–67, 70, 
71, 75]) were highly significant. Among the studies assess-
ing functional mobility using the TUG, studies that deliv-
ered interventions for 150 min minutes per week (0.89; 
95%CI: 0.02, 1.76; P < 0.04; I2 = 7.73%; n = 1 [55]), 
three days per week (0.90; 95%CI: 0.03, 1.77; P < 0.04; 
I2 = 89%; n = 11 [41, 45, 46, 48, 51, 52, 55, 58, 60, 64, 
73], 50 min per session for 13 weeks (0.89; 95%CI: 0.02, 
1.76; P = 0.04; I2 = 7.73%; n = 1 [76]), at a mild challenge 
level (0.92; 95%CI: 0.19, 1.66; P < 0.01; I2 = 0.00%; n = 5 
[46, 51, 53, 58, 60]), at a moderate intensity (0.56; 95%CI: 
0.16, 0.95; P = 0.006; I2 = 9%; n = 13 [31, 44–46, 48–50, 
55, 58, 60, 72–74]) and with 95% adherence (0.65; 95%CI: 
0.09, 1.2; P < 0.02; I2 = 84%; n = 12 [31, 41, 44, 46, 48–50, 
58, 64, 72, 74, 76]) were highly significant.

Fig. 2   Risk of bias assessment of included studies for dynamic balance. BBS Berg balance scale, FAB Fullerton advanced balance, TUG​ Timed 
up and go
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Consequences of small‑study effect

Significant asymmetry was not present in the funnel plots, 
indicating no small-study effects (Supplementary file 4). 
We considered studies with sample sizes smaller than 
30 in the examination of small-study effects. Ten studies 
using the BBS and TUG had sample sizes under 30. Egg-
er’s test suggested no small-study effect in the meta-anal-
ysis of studies assessing dynamic balance using the BBS 
(β(SE) = 5.84(3.34), P = 0.08) and functional mobility using 
the TUG (β(SE) = 2.08(0.49), P = 0.22).

Discussion

This systematic review with meta-analysis and meta-regres-
sion provides very low to moderate quality evidence that DT 
training improves dynamic balance and functional mobility 
and reduces falls among older adults. This is the first study 
to use meta-regression to examine if intensity, challenge, 
adherence and training hours per week are linked to greater 
benefits following DT interventions in this population. We 
found that DT training for 90 min spread over three days 
per week (30 min per session) for four weeks, performed at 

Fig. 3   Random effects of DT training on improving balance measuring BBS, TUG, dTUG, and FAB, and reducing falls. DT Dua-task, BBS Berg 
Balance Scale, TUG​ Timed up and go, dTUG​ Dual-task TUG, FAB Fullerton advanced balance
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moderate intensity and challenge levels, with at least 95% 
adherence, elicited the best dynamic balance outcomes.

Meta-analysis revealed an MD of 1.78 for the BBS 
and − 0.73 for the TUG. Though the comparisons were 
significant, the MD did not meet the MCID threshold of 3 

for the BBS [84] and − 2.2 for the TUG [85]. As none of 
the studies in this meta-analysis met the optimal treatment 
dosage criteria, we hypothesise a higher MD if the optimal 
treatment dosage is met. In addition, only 33% of the studies 
included in the meta-analysis of dynamic balance assessed 

Fig. 3   (continued)



European Geriatric Medicine	

using the BBS had a low risk of bias, and the quality of the 
evidence was very low. Recent reviews analysing dynamic 
balance and functional mobility in healthy older adults [11, 
18]. The reviews found smaller effect sizes for the BBS 

and TUG than those found in our study, suggesting that the 
effects were statistically significant but trivial compared with 
the MCID threshold value [86]. The previous review’s meta-
analysis included studies with low to high methodological 

Fig. 3   (continued)
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quality [86]. The studies included in our meta-analysis for 
the BBS and TUG were generally of good methodological 
quality, with a range of low to high risk of bias and very low 
to low evidence quality. Future high-quality studies evalu-
ating DT training at the optimal treatment dosage are thus 
recommended.

Our meta-analysis reported DT training significantly 
reduced fall frequency among healthy older adults resid-
ing in community, residential care and nursing homes. This 
finding aligns with a recent review, which reported that DT 
training reduced the incidence of falls among community-
dwelling older adults [11]. Despite these promising results, 
a limitation across included studies is the method of data 
collection. All six included studies retrospectively collected 
fall on self-reported falls using a questionnaire at baseline 
assessment [31, 51, 80–83]. At post-assessment, three stud-
ies prospectively collected data on self-reported falls using 
fall diaries [31, 82, 83] while three did not use fall diaries 
[51, 80, 81]. The self-reported approach is subject to recall 
bias and may potentially result in underreporting or over-
reporting fall data [30, 33]. These limitations impact the 
accuracy of fall incidence data and lead to underestimation 
of intervention effects [87]. Future studies should adopt 
more rigorous, prospective fall monitoring approaches, like 
daily diaries, routine phone check-ins, or wearable sensors, 
to improve data precision and comparability.

In our analysis, DT interventions improved DT ability. 
Risk of bias was low among all studies included in this 
comparison. DT ability improves secondary to enhanced 
executive functioning [88], as explained by executive func-
tion theory [9]. The process involves enhancing task inhibi-
tion, updating working memory and shifting between tasks 
to improve balance while promoting cognitive function [9]. 
Through DT training, the primary task, either motor or cog-
nitive, is prioritised, working memory is updated and an 
effective transition between motor and cognitive tasks is 
facilitated [9]. These mechanisms improve executive func-
tion and in turn improve DT ability in older adults.

Motor–cognitive DT interventions improved dynamic 
balance according to our analysis. Few studies utilised 
motor–motor interventions, and subgroup analysis revealed 
non-significant effects of motor–motor training on dynamic 
balance using the BBS and functional mobility using the 
TUG. Likewise, cognitive–cognitive DT interventions had 
a non-significant effect on dynamic balance assessed using 
the BBS, though were significant in improving functional 
mobility assessed using the TUG. The available recent lit-
erature does not support the use of motor–motor and cogni-
tive–cognitive exercises for improving dynamic balance and 
functional mobility and reducing falls [11, 18], and it is nota-
ble that the number of studies investigating motor–motor 
(n = 3) and cognitive–cognitive (n = 2) DT training was low 

Fig. 3   (continued)



European Geriatric Medicine	

Table 3   Effects of dual-task exercise on improving dynamic balance and functional mobility and reducing falls among older adults, results of the 
primary meta-analysis and subgroup analysis

Variables BBS TUG​ FAB Fall

All comparisons MD (95%): 1.78 (0.72, 2.83)
P-value: < 0.001
I2: 93.07%
N. study: 18
Participant: 1107

MD (95%): − 0.73 
(− 1.12, − 0.34)

P-value: < 0.001
I2: 93.56%
N. study: 21
Participant: 2798

MD (95%): 2.80 (0.93, 4.66)
P-value: < 0.001
I2: 78.27%
N. study: 3
Participant: 277

MD (95%): − 0.30 
(− 0.54, − 0.06)

P-value: < 0.001
I2: 71.77%
N. study: 6
Participant: 1570

Participants, n ≥ 30 MD (95%): 1.70 (1.25, 2.14)
P-value: < 0.001
I2: 47%
N. study: 15
Participant: 1040

MD (95%): − 0.53 (− 0.64, 
-0.42)

P-value: < 0.001
I2: 13.73%
N. study: 17
Participant: 2662

Participants, n < 30 MD (95%): − 1.26 (− 2.75, 
0.23)

P-value: 0.02
I2: 17%
N. study: 3
Participant: 67

MD (95%): 0.47 (− 0.39, 
1.34)

P-value: 28
I2: 42%
N. study: 4
Participant: 136

PEDro score ≥ 6 MD (95%): 1.75 (1.20, 1.94)
P-value: < 0.001
I2: 23%
N. study: 11
Participant: 720

MD (95%): − 0.77 
(− 0.96, − 0.59)

P-value: < 0.001
I2: 59.06%
N. study: 17
Participant: 2617

MD (95%):2.82 (1.62, 4.02)
P-value: < 0.001
I2: 47%
N. study: 2
Participant: 233

MD (95%): − 0.25 
(− 0.42, − 0.07)

P-value: 0.01
I2: 0.00%
N. study: 4
Participant: 1318

PEDro score < 6 MD (95%): 0.41 (-049, 1.31)
P-value & I2: < 0.001
I2: 37%
N. study: 4
Participant: 387

MD (95%): − 0.15 (− 0.78, 
0.48)

P-value: < 0.001
I2: 45%
N. study: 4 &
Participant: 181

MD (95%): 2.00 (-0.83, 
4.83)

P-value: < 0.17
I2: 0.00%
N. study: 1
participant& 44

MD (95%): 0.02 (0.00, 0.04)
P-value: < 0.001
I2: 0.00%
N. study: 2
Participant: 252

Instructor MD (95%): 1.40 (1.02, 1.77),
P-value: < 0.001
I2: 21.75%
N. study: 9
Participant: 593

MD (95%): − 0.90 
(− 1.12, − 0.69)

P-value: < 0.001
I2: 49%
N. study:13
Participant: 1085

MD (95%): − 0.61 
(− 0.86, − 0.37)

P-value: < 0.001
I2: 0.00%
N. study: 3
Participant: 1312

Physiotherapist MD (95%): 1.44 (1.05, 1.83)
P-value: < 0.001
I2: 23.82%
N. study: 7
Participant: 527

MD (95%): − 2.33 
(− 2.7, − 1.96)

P-value: < 0.001
I2: 0.00%
N. study: 3
Participant: 233

MD (95%): − 0.73 
(− 1.05, − 0.42)

P-value: < 0.001
I2: 0.00%
N. study: 1
Participant: 70

Active control MD (95%): 1.30 (0.83, 1.77)
P-value: < 0.001
I2: 47%
N. study: 14
Participant: 887

MD (95%): − 0.28 
(− 0.41, − 0.15)

P-value: < 0.001
I2: 15.26%
N. study: 11
Participant: 1094

MD (95%): 3.11 (2.08, 4.13)
P-value: < 0.001
I2: 0.00%
N. study: 3
Participant: 277

MD (95%): − 0.03 (− 0.19, 
0.13)

P-value: 0.05
I2: 33.15%
N. study: 3
Participant: 805

Usual care/
no intervention

MD (95%): 2.8 (1.07, 4.53)
P-value: 0.11
I2: 26.57%
N. study: 4
Participant: 220

MD (95%): − 1.07 
(− 1.32, − 0.81)

P-value: < 0.001
I2: 37%
N. study: 10
Participant: 1654

MD (95%): − 0.61 
(− 0.89, − 0.34)

P-value: 0.3
I2: 25.73%
N. study: 3
Participant: 765
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in our review. Additional studies comparing the treatment 
effects of different DT training types on balance and falls in 
this population are recommended.

DT interventions are widely used to reduce balance defi-
cits and prevent falls in diverse populations of older adults. 
The use of motor–cognitive DT interventions has been 
reported in Asia [42], South America [41], North America 
[74], Europe [60], and Australia [73], and in middle-income 
[78] and high-income [74] countries. Fewer reports from 
India, Germany and the USA have assessed motor–motor DT 
training [67, 72, 75], while cognitive–cognitive DT interven-
tions are even rarer [43, 52], which may be attributed to an 
inaccessibility of technology and a lack of evidence.

This study included older adults of both sexes, though 
participation was higher among females than males. A pre-
vious review reported similar findings [7]. Sex differences 
have been found in the incidence of balance deficits and risk 
of falls among older adults, with females having a higher 
incidence of both compared to men [89, 90]. Sex differences 
DT training treatment effects may additionally exist [91], 

though the influence of sex on DT interventions is uncertain 
due to a lack of sex-stratified analysis in previous study [92]. 
Future studies should thus include sex-stratified analysis to 
determine if DT intervention effects vary between sexes.

A previous review examining dose–response relationships 
in balance training found that a dosage of three sessions per 
week, each lasting 31–45 min, for 11–12 weeks was most 
effective for improving balance performance [93]. Another 
review revealed that exercise reduced falls in older adults 
by 21%, with greater benefits observed for high-challenge 
exercises performed for more than three hours per week 
[16]. However, these studies [16, 93] did not include opti-
mal exercise intensity. Our meta-analysis results suggest an 
optimal dosage for improving balance and reducing falls. 
In contrast to previous evidence [93], our meta-regression 
confirmed that DT training three times per week for an aver-
age of 30 min each session for four weeks is optimal for 
improving dynamic balance in older adults.

Our study proposes a minimum adherence of 95% DT 
training of the proposed session is effective for improving 

Table 3   (continued)

Variables BBS TUG​ FAB Fall

tmDT MD (95%): 2.19 (1.81, 2.57)
P-value: < 0.001
I2: 0.00%
N. study: 12
Participant: 792

MD (95%): − 0.55 
(− 0.88, − 0.22)

P-value: < 0.001
I2: 43%
N. study: 7
Participant: 1674

MD (95%): − 0.17 
(− 0.31, − 0.02)

P-value: < 0.001
I2: 35.08%
N. study: 4
Participant: 1382

Conventional DT MD (95%): 1.01 (-0.02, 2.04)
P-value: < 0.001
I2: 67%
N. study: 6
Participant: 315

MD (95%): − 0.73 
(− 0.92, − 0.55)

P-value: < 0.001
I2: 47.0%
N. study: 14
Participant: 1124

MD (95%): − 0.39 
(− 0.71, − 0.06)

P-value: 0.02
I2: 0.00%
N. study: 2
Participant: 188

Motor-cognitive MD (95%):1.55 (1.09, 2.01)
P-value: < 0.001
I2: 49%
N. study: 16
Participant: 1002

MD (95%): − 0.63 
(− 0.80, − 0.46)

P-value: < 0.001
I2: 49%
N. study: 20
Participant: 2561

Motor-motor MD (95%): − 22.07 
(− 23.26, − 20.89)

P-value: < 0.001
I2: 0.00%
N. study: 2
Participant: 105

MD (95%): − 0.74 
(− 1.10, − 0.38)

P-value: 0.31
I2: 0.00%
N. study: 1
Participant: 237

Cognitive-cognitive MD (95%): 0.14 
(− 2.80, − 3.08)

P-value: 0.93
I2: 0.001%
N. study: 1
Participant: 36

MD (95%): − 3.10 
(− 4.66, − 1.54)

P-value: < 0.001
I2: 0.001%
N. study: 1
Participant: 51

Statistically and positively significant comparisons are shown in italics, N Number
BBS Berg balance scale, N Number, tmDT Technology-mediated dual-task, TUG​ Time up and go, FAB Fullerton advanced balance, > Greater 
than, < Less than, ≥ Greater than equal, ≤ Less than equal
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Table 4   Results of meta-regression explore effect of study-level characteristics on improvement of dynamic balance and functional mobility in 
older adults

Variables BBS TUG​ Interpretation

Study design
 PEDro score Coef. (95%): 0.13 (− 0.61, 

0.88)
P-value: 0.15
I2: 90%
N. study: 18
Participant: 1107

Coef. (95%): − 0.103 
(− 0.15, − 0.05)

P-value: 0.00
I2: 92%
N. study: 21
Participant: 2798

Instructors have a significant 
effect on dual-task interven-
tion in improving dynamic 
balance

Compared with instructors 
performing a dual-task inter-
vention with physiotherapist 
instructions, this significantly 
improves functional mobility

Dual-task exercise tailored to 
the ability of the perfor-
mance level of older adults 
significantly improves 
dynamic balance and func-
tional mobility

 Sample Size Coef. (95%): − 0.006 (− 0.06, 
0.05)

P-value: 0.83
I2: 93%
N. study: 18
Participant: 1107

Coef. (95%): − 0.002 
(− 0.005, 0.001)

P-value: 0.23
I2: 97%
N. study: 21
Participant: 2798

 Instructor Coef. (95%): 0.31 (0.77, 
0.85)

P-value: 0.00
I2: 2.15%
N. study: 9
Participant: 593

Coef. (95%): -0.79 (-1.25, 
-0.33)

P-value: 0.001
I2: 92.49%
N. study: 13
Participant: 1085

 Physiotherapy instructor Coef. (95%): 0.29 (0.12, 
0.47)

P-value: 0.001
I2: 0.00%
N. study: 7
Participant: 527

Coef. (95%): 0.97 (1.51, 
0.47)

P-value: 0.001
I2: 0.00%
N. study: 3
Participant: 233

 Exercise tailored to ability Coef. (95%): 0.61 (0.37, 
0.85)

P-value: < 0.001
I2: 2.15%
N. study: 5
Participant: 398

Coef. (95%): 0.65 (0.3, 1.0)
P-value: < 0.001
I2: 51.87%
N. study: 10
Participant: 746

Sample features
 Average age Coef. (95%): 0.02 (0.01, 

0.04)
P-value: 0.001
I2: 91.5%
N. study: 18
Participant: 1107

Coef. (95%): 0.05 (0.015, 
0.08)

P-value: 0.005
I2: 43.48%
N. study: 21
Participant: 2798

Dual-task intervention 
improves the dynamic bal-
ance and functional mobility 
of older adults

Intervention features
 Minutes of exercise per week 90 Coef. (95%): 0.83 (0.45, 

1.21)
P-value: < 0.001
I2: 9.05%
N. study: 5
Participant: 360

Ninety minutes of DT exer-
cise is required weekly to 
improve dynamic balance

150 Coef. (95%): 0.89 (0.02, 
1.76)

P-value: 0.04
I2: 7.73%
N. study: 1
Participant: 61

150 min of DT exercise is 
required weekly to improve 
functional mobility

 Days per week 3 Coef. (95%): 0.64 (0.42, 
0.86)

P-value: < 0.001
I2: 2.62%
N. study: 12
Participant: 555

Coef. (95%): 0.90 (0.03, 
1.77)

P-value: 0.04
I2: 89.58%
N. study: 11
Participant: 1324

Three days are required to 
practice DT to have an 
expected improvement in 
balance
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balance. However, this level of adherence could pose chal-
lenges for feasibility and clinical practice. Achieving a 95% 
adherence rate requires older adults to attend nearly all 
sessions, a challenge in real-world clinical settings due to 
barriers such as health issues, transportation, or other com-
mitments. An earlier study has highlighted that high adher-
ence rates are often difficult to achieve outside of controlled 
research environments [94]. Therefore, while 95% adher-
ence rate is required for balance improvement, clinicians 
and practitioners should consider individual patient circum-
stances and potential barriers to adherence when designing 
DT interventions.

Our findings should be interpreted with caution due to the 
following limitations. (1) Meta-analysis findings, with nearly 
100% heterogeneity, indicate significant variability among 

the included studies, which restricts the interpretability and 
generalizability [95]. To address this limitation, we used a 
random-effects model and conducted subgroup to explore 
potential sources of variability. Despite high heterogeneity, 
our findings offer a broader understanding of the interven-
tion’s effects. (2) Among the three DT training types, the 
number of motor–motor [67, 72, 75] and cognitive–cognitive 
DT training studies was low [43, 52]. Therefore, generalising 
the findings to all DT training types may not be appropriate. 
(3) The findings of our review are limited to the five out-
come measures of interest. Other standardized measures of 
dynamic balance, such as the Mini-Balance Evaluation Sys-
tems Test (Mini-BESTest) were not considered. The findings 
based on such outcome measures are still unknown; there-
fore, future reviews may consider including those outcome 

Table 4   (continued)

Variables BBS TUG​ Interpretation

 Total intervention week 4 Coef. (95%): 0.75 (0.15, 
1.36)

P-valueI2: 0.015
I2: 1.46%
N. study: 7
Participant: 498

DT intervention requires 
implementation for 4 weeks 
and 13 weeks to achieve 
significant improvement in 
dynamic balance and func-
tional mobility, respectively

13 Coef. (95%): 0.89 (0.02, 
1.76)

P-value: 0.04
I2: 7.73%
N. study: 1
Participant: 85

 Intensity Moderate
(3.0–5.9 METs)

Coef. (95%): 0.32 (0.004, 
0.63)

P-value: 0.05
I2: 9.26%
N. study: 12
Participant: 818

Coef. (95%): 0.56 (0.16, 
0.95)

P-value: 0.006
I2: 9%
N. study: 13
Participant: 2192

DT intervention with moderate 
intensity requires improving 
balance

 Challenge Mild Coef. (95%): 0.92 (0.19, 
1.66)

P-value: 0.01
I2: 0.00%
N. study: 5
Participant: 369

DT intervention with mild and 
moderate challenges requires 
improving dynamic balance 
and functional mobility

Moderate Coef. (95%): 0.59 (0.36, 
0.82)

P-value: < 0.001
I2: 2.39%
N. study: 9
Participant: 542

 Adherence  ≥ 95% Coef. (95%): 0.71 (0.49, 
0.94)

P-value: < 0.00
I2: 2.47%
N. study: 13
Participant: 781

Coef. (95%): 0.65 (0.09, 1.2)
P-value: 0.02
I2: 84.68%
N. study: 12
Participant: 2023

Older adults require 95% 
adherence to DT intervention 
to improve balance

Statistically and positively significant comparisons are shown in italics
BBS Berg balance scale, DT Dual task, METs Metabolic equivalents, TUG​ Time up and go, FAB Fullerton advanced balance, > Greater 
than, < Less than, ≥ Greater than equal, PEDro Physiotherapy evidence database, N Number
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measures. (4) Meta-regression analysis was not performed 
for the FAB scale or fall frequency due to the inadequate 
number of available studies. (5) Participants in the major-
ity of included studies were ambulatory and independent, 
limiting the study’s generalisability to frail older adults. (6) 
As only studies in English and Chinese were considered, 
relevant studies in other languages may have been excluded. 
(7) We did not account for unpublished studies, which may 
have excluded relevant articles.

This review has several notable strengths. (1) This is the 
first systematic review with meta-analysis and meta-regres-
sion to compare the effects of DT training with single-task 
exercise or no intervention on balance and falls in older 
adults. Previous systematic reviews have comprised quali-
tative syntheses or meta-analyses without meta-regression 
[7, 15], (2) Comprehensive electronic database and manual 
searches were conducted to identify a broad range of rel-
evant studies [96], and (3) Our use of PEDro, Cochrane risk 
of bias and GRADE recommendations increases the trans-
parency of the review’s findings.

Conclusion

There is very low to moderate quality evidence for the use of 
DT training as a single intervention to improve dynamic bal-
ance and functional mobility and reduce falls in older adults. 
We recommend DT interventions with moderate challenge 
and intensity, a minimum adherence of 95%, 30 min of train-
ing per session, a frequency of three days per week and a 
duration of four weeks to effectively improve dynamic bal-
ance. Functional mobility following DT training improved 
with mild challenge and moderate intensity, a minimum 
adherence of 95%, 50 min of training per session, a fre-
quency of three days per week and a duration of 13 weeks. 
Additional high-quality studies are needed to determine the 
impact of DT training on falls and compare the treatment 
effects of different DT training types on balance and falls.
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