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Abstract 
    Background: Aging is an inseparable part of life, accompanied by mild to severe cognitive disorders. This study aimed to investigate 
the influence of balance-based interventions on cognitive function in older adults, encompassing both healthy individuals and those with 
mild cognitive impairment (MCI). 
   Methods: A systematic review was conducted by searching multiple databases up to April 2023, and the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) checklist was followed for reporting. Sixteen studies, comprising 1148 participants 
aged 43 to 89 years, were analyzed. Balance exercises were administered 1 to 3 times per week, lasting 30 to 60 minutes per session. 
Methodological quality was assessed using the Downs and Black checklist. A meta-analysis was conducted for executive functions 
(Stroop Test) and complex attention (Trail-Making Test, TMT A&B), while other outcomes underwent qualitative analysis. 
   Results: Qualitative analysis revealed positive effects on specific executive functions and complex attention aspects. However, the 
meta-analysis did not show significant differences in scores between balance training and control groups, which included healthy adults 
receiving nonbalance interventions or no intervention. 
   Conclusion: Limited research and methodological constraints hinder conclusive findings on balance-based interventions for older 
adults' cognitive functions. Yet, these interventions show the potential to enhance executive function and complex attention, emphasizing 
the need for further research in disability and rehabilitation. 
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Introduction 
Aging is a process in which one's functional abilities 

gradually deteriorate over time, resulting in impairment, 
dependency, sickness, and mortality (1). The number of el-
derly people around the world is growing rapidly. The num-
ber of elderly older than 60 years will increase by 56% in 

the next 15 years, and the number of "older people" (˃80 
years) will triple by 2050 (2). In the following years, non-
communicable diseases such as hypertension, heart disease, 
type 2 diabetes, osteoporosis, osteoarthritis, loss of sensory, 
and falls will be highly prevalent in the elderly population 
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↑What is “already known” in this topic: 
Balance-based interventions demonstrate promise in enhancing 
executive function and complex attention in older adults, which may 
be beneficial for rehabilitation programs aimed at cognitive 
improvement.   
 
→What this article adds: 

Balance-based interventions should be used as potential components 
of comprehensive rehabilitation strategies for those with cognitive 
challenges, including those with mild cognitive impairment. The 
integration of balance-based interventions within rehabilitation 
programs, with a focus on optimizing their effectiveness in 
addressing cognitive decline and psychological health concerns in 
older adults is essential. Practitioners in the field of disability and 
rehabilitation should consider the potential benefits of balance 
training for specific aspects of cognitive function and its role in 
improving overall well-being among their older adults.  
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(3). Meanwhile, cognitive impairments are one of the sig-
nificant causes of disability and dependency among older 
people around the world (4). The prevalence of cognitive 
impairments and incidence in community-dwelling adults 
˃50 years ranges between 5.1% and 41% (5). The decline 
in cognitive and physical function can result in functional 
dependence and decreased ability to perform activities of 
daily living (ADL), which negatively influences the quality 
of life of older people and their caregivers (6, 7). As a re-
sult, exploring new strategies and modes of physical activ-
ity that promote the physical and cognitive functions of ag-
ing is essential. 

It is now clear that some cognitive decline related to age 
and dementia can be diminished (8, 9) or delayed (10) 
through performing physical activities as an effective non-
pharmacological therapy and maintaining an active life-
style in aging. Balance exercises are commonly used as a 
mode of exercise to improve cognitive functions (11). Bal-
ance is the ability to maintain the body’s center of mass 
over its base of support (12). Complex integration and co-
ordination of sensorimotor control systems, perceptual pro-
cesses, and cognitive influences are needed to achieve and 
maintain balance (13). It begins with sensory inputs, in-
cluding proprioception, vestibular signals, and visual cues 
(14), which are fundamental for maintaining postural sta-
bility during exercises. These sensory inputs undergo inte-
gration within specialized brain regions such as the cerebel-
lum and parietal cortex, enabling the brain to construct an 
accurate representation of body position and movement in 
space (15). In response, the brain generates precise motor 
commands, orchestrating muscle activity and coordination 
to sustain balance (14). Notably, this process demands con-
tinual cognitive engagement, calling upon attention, work-
ing memory, and executive functions to monitor and adapt 
to changing conditions during balance tasks (16). Over 
time, the repetitive nature of balance training fosters neuro-
plasticity, strengthening neural connections and promoting 
the formation of new synapses, potentially enhancing over-
all brain health and cognitive function (17). Recent evi-
dence has demonstrated that exercise interventions can 
have helpful changes in the brain structure of the elderly 
depending on the dose of exercises (18). Exercise may im-
prove specific cognitive functions in old age by increasing 
brain-derived neurotrophic factor (19), which can improve 
hippocampal atrophy and memory functions (20).  

Previous systematic reviews and meta-analyses have pro-
vided evidence demonstrating the benefits of performing 
different exercise modes on the cognitive functions of older 
people with various cognitive statuses (21, 22). Many of 
these previous studies have illustrated the effect of other 
modes of exercise such as yoga (23), resistance exercises 
(24), dance (25), aerobic exercises (26), tai chi (27), and 
pilates (28) on cognition and mental health of the elders; 
however, to the best of our knowledge, no systematic re-
view has yet been conducted to state the effect of balance 
exercises on cognitive functions of older people. Therefore, 
the main aim of this systematic review based on the PICO 
of this study (comparing the effectiveness of different types 
of balance-based interventions on cognitive functions of the 

healthy and MCI elderly) was to examine the effect of bal-
ance-based interventions on cognition functions in older 
adults who are healthy or have mild cognitive impairment 
(MCI).  

 
Methods 
Search Strategy 
An extensive electronic literature search was conducted 

in 4 prominent databases, Web of Science, PubMed, Sco-
pus, and ProQuest, to find the potential scientific docu-
ments published from inception until April 2023. First, a 
search strategy for PubMed was established, which was 
then modified for other databases (Appendix 1). The key-
word variation between databases arises from the need to 
tailor the search strategy to accommodate each database's 
functionalities and indexing structures. This approach aims 
to maximize the efficiency of retrieving relevant articles 
from each source. By adapting our keyword selection to the 
specific database characteristics, we enhance our ability to 
explore the literature while maintaining precision compre-
hensively. The PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) checklist was uti-
lized to report our findings. Four authors performed the 
search procedure, and the titles and abstracts were sepa-
rately assessed for eligibility by 2 authors (M.A. and P.P.). 
The papers' full texts were acquired after the duplicates 
were removed using Endnote X7 software. Two authors 
(M.A. and P.P.) started the paper selection procedure based 
on the qualifying criteria. Any disagreements about the se-
lection procedure were resolved through discussion be-
tween the 2 authors, with the third author (A.D.) involved 
if necessary (Figure 1).  

 
Study Types 
Clinical trials—including paired samples, parallel or 

crossover designs, un-blinded or blinded—were included 
in this review.  

According to published articles, the following criteria 
were met for inclusion: (i) studies written in any language; 
(ii) older, healthy population; (iii) studies using balance 
training to measure cognitive functions and including at 
least 1 group that received balance training exclusively; and 
(iv) population older than 60 years old.  

Studies in which participants had neurological disorders 
such as Parkinson's, Dementia, or other particular disorders 
and who were hospitalized were excluded.  

 
Assessment of Methodological Quality 
The methodological quality of the included articles was 

independently assessed by 2 authors (M.A and P.P.) using 
the modified Downs and Black checklist (29). The check-
list comprised sections on reporting, external validity, bias, 
confounding, and power. We reduced this checklist (Table 
1) to 23 elements, as excluded items (Q8, Q12, Q13, and 
Q19) were unsuitable for scoring in the included papers. 
Each question was scored with "unable to determine" 
(score 0), "no" (score 0), or "yes" (score 1) as the responses.  
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Data Extraction 
Two authors extracted the data. The following infor-

mation was extracted from the studies listed in Table 2: first 
author's name, publication year, trial design, sample size, 
population recruited (age, sex, living condition), inclusion 
and exclusion criteria, intervention administered, outcomes 
measured, and quality status. The respective authors were 
contacted for further information to compensate for the 
missing data. 

 
Outcome Measures 
The following outcome measures were considered for the 

present review based on the literature. Executive function 
and the related components (eg, inhibition, working 
memory, and problem-solving) were assessed using the fol-
lowing tests: Psytest psychological pest system, the Trail-
Making Test (TMT A&B), the Stroop test, Tower of Lon-
don software, Flanker task, Go no Go test, Digit Memory 

Test (DMT), N-back test, Digit Span test Backward (DSB), 
Catch game, and Executive Control task. Global cognition 
was assessed using the Montreal Cognitive Assessment 
(MoCA) test and Addenbrooke’s cognitive examination. 
Complex attention and the related components (eg, speed 
processing, reaction time, selective, divided, and set-shift-
ing attention) were examined by the advanced reaction time 
test, clinical reaction time test, simple reaction time test, 
choice reaction time test, TMT (A&B), Symbol Digit Mo-
dalities test (SDMT), Digit Symbol Substitution test 
(DSST), Digit Span test (DST), Visual Attention test 
(VAT), and Visual Search task. Other cognitive functions 
(eg, Memory and Spatial cognition) were evaluated using 
the Auditory Verbal Paired-associate Learning task, Ori-
enting and Perspective test (OPT), Delayed Matching to 
Sample (DMS), German Intelligence Structure test (Figure 
orientation subscale), and German Wiled Intelligence test 
(Mirror images subscale).

 
 
Figure 1. PRISMA flow chart of the study selection process 
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Table 1. Modified Downs and Black Quality Index results and total score. 
Quality item  (45) (43) (44) (33) (34) (36) (37) (38) (39) (30) (40) (41) (42) (31) (35) (32) 
hypothesis/aim Q1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Main outcomes in meth/Intro Q2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Inclusion/exclusion criteria Q3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Description of interventions Q4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
distributions of principal confounders Q5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Main findings Q6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Random variability Q7 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
Lost to follow-up Q9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Actual probability values Q10 0 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 
Representative of the entire population Q11 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 
Blind study subjects Q14 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 
Blind those measuring Q15 0 0 1 1 0 1 1 1 1 0 0 0 0 0 0 1 
data dredging Q16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
different lengths of follow-up Q17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Statistical tests appropriated Q18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Outcome measures used accurate Q20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
different intervention groups Q21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Same period of time Q22 1 1 1 0 0 1 0 1 0 1 1 1 1 1 0 0 
Random allocation Q23 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
concealed intervention from both patients and 
health care 

Q24 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

adequate adjustment for confounding Q25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Losses of patients to follow-up  Q26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Estimate of Statistical power Q27 1 1 1 0 0 1 0 1 1 0 0 1 1 0 0 0 
Total 23 possible  15 7 18 14 15 19 17 19 17 16 17 17 17 16 15 16 

1: Yes; 0: No; 0: unable to determine 
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Table 2. Characteristics of the Studies on the effect of balance-based intervention on cognitive functions in elderly 
Author 
(year) 

Study design 
 

Participants Intervention 
for 

Intervention 
group 

Intervention for 
Control group 

Follow-up Outcome measure (tool) Main findings Quality 
status 

(45) Quasi-experi-
mental 

Pre-post de-
sign 

-Total N=30 
age=73 (±5) 

-IG1=11 
-IG2=12 
-CG=7 

IG1: Aerobic 
exercise 

 
IG2: Balance 
and coordina-

tion 

CG: Reading 
while sitting 

3 Single 
sessions, 
30 min 

-Attention (Go no Go test 
(RTs and mean SD of RT for for the Go-no Go 
test), Stroop test (the no-interference (mean-
ing) phase 
of the Stroop test)), -Executive Function (Per-
formance indices for the Go no Go test and the 
Stroop test, and 
mean accuracy for the Catch Game) 

No significant differences in executive 
function scores among the interventions. 
However, Single sessions of aerobic or 
balance exercises improved attention test 
scores compared to the control condition. 
(P<0.05) 

Poor 

(43) Two-arm sin-
gle-blind 

RCT 

-Total N=70 
age= 58–91 

-IG1=28 
-IG2=27 

IG1: Sitting cal-
listhenic bal-
ance (SCB) 

 
IG2: Resistance 

training (RT) 

- 3 months 
Twice per 

week 
40-50 min 

-Global cognitive function (MoCA), 
-short-term memory 
(Digit Span and Delayed Matching to Sample), 
-set shifting (Trial Making Test Part B), 
-speed of processing simple visual stimuli 
(Simple Reaction Time), 
-decision making (Choice 
Reaction Time), 
-visual attention (Visual Attention Test 
(VAT)), and 
-neurotrophin level were examined. 

The RT program led to enhanced global 
cognitive functioning (MoCA, P= 0.02), 
while the SCB program improved set-
shifting, short-term visual memory, and 
processing speed of simple visual stimuli 
(SRT reaction time, P= 0.02; TMT B, P= 
0.03; CRT errors, P= 0.04; VAT errors, P= 
0.02). However there was no significant 
changes in the levels of neurotrophic fac-
tors. 

Good 

(44) Single-blind 
Clinical Tri-

als 

-Total N=58 
age 

-IG=29 
-CG=29 

IG: 
Receiving cog-

nitive– 
physical dual-
task training 

CG: Receiving 
functional balance 

training 

6 weeks 
12 sessions 

 

-Executive function (the Trail-Making Test 
(TMT-B)) 

The IG showed a greater improvement 
in the TMT-B (P < 0.001) compared to the 
CG. 

Good 

(33) 
 

Quasi-experi-
mental 

-Total N=13, 
age=60-75 
70.6±4.5 

IG: Balance 
training includ-

ing dynamic 
and static bal-
ance exercises 

- 10 weeks 
20 sessions 

30 min 

-Problem-solving (Tower of London software) 
- Working memory (N-back software) 
-Simple, Diagnostic, and Selective Reaction 
time (Advanced reaction time software) 

The results found meaningful improve-
ments in problem-solving (P=0.003) and 
working memory (P<0.001) after balance 
training compared with before training. 
However, no significant change was ob-
served in the reaction time. 

Poor 

(34) The pilot 
study was 

randomly as-
signed to 
groups 

-Total N=28, 
age=≥65 

 
-IG=14, 

age=70.7 ± 3.7 
-CG=14, 

age=71.6 ± 4.7 
 

IG: Multidirec-
tional perturba-

tions while 
walking on a 

treadmill 

CG: Walking on 
the treadmill but 
without experi-
encing perturba-

tions 

1 week 
2 days 
34 min 

-Information processing speed (SDMT) 
- Selective attention (TMT). 

participants in the IG showed acute 
changes in SDMT (P < 0.001) but TMT 
did not show any significant modifications 
in both 
groups 

Poor 

IG: Intervention Group, CG: Control Group, RCT: Randomized clinical trial 
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Table 2. Continued 
Author 
(year) 

Study design 
 

Participants Intervention 
for 

Intervention group 

Inter-
vention 

for 
Control 
group 

Follow-up Outcome measure (tool) Main findings Quality 
status 

(36) Assessor 
blinded, two-
arm, parallel 

RCT 

-Total N=503, 
age= over 70 

 
-IG=254, 

age=77.1±5.5 
-CG=249, 

age=77.7±5.5 

IG: Balance 
exercises delivered through 

a tablet computer and 
Health Education 

CG: 
Health 
educa-
tion for 

each 
person 

2 years 
2 hours per 

week 

-Global cognition (MoCA) 
-Set shifting (TMT) 
-Response inhibition 

(VST) 

The results showed no significant difference in cognitive and 
executive function between the two groups. P value 
VST=0.27, P value MOCA & TMT=P=NA indicate boot-
strapped outcomes, which did not allow P values to be esti-
mated. 
 

Good 

(37) Three-arm 
double-
blinded 

-Total N=68, 
age=65-79 

 
-IG=21, 

age=71.3 ±3.9 
-CG1=24, 

age=69.5 ±3.8 
-CG2=23, 

age=69.9 ±3.9 
 

IG: Challenging instability 
free-weight resistance train-

ing(I-FRT) 

CG1: 
Stable 
ma-

chine-
based 

re-
sistance 
training 
CG2: 
Stable 
ma-

chine-
based 
abduc-
tor/ad-
ductor 

training 

10 weeks 
Twice per 

week 
60 min 

-Working memory (DMT) 
-Processing speed (DSST) 

-Response inhibition (Stroop 
CWT) 

–Set-shifting (TMT) 

The results found meaningful improvements for I-FRT com-
pared to the stable resistance training groups in the DMT 
(11%), DSST (19%), and SCWT (8%). However, were de-
tected similar improvements across all groups in TMT. 

Good 

(38) RCT 
repeated-
measures 

acute 

Total 
N=20 

Age= 45-65 

IG: Balance exercise CG: 
Aero-
bic ex-
ercise 

 

2 weeks 
three times 
per week, 

30 min 

-Simple reaction time 
(Clinical reaction time test) 

-Perceptual speed 
(Visual search task) 
-Executive control 

(Flanker task) 

Although there were no significant interactions (time× 
exercise condition, P > .05), the main effects of time were 
significant in executive control (P < .05), perceptual speed (P 
< .05), and simple reaction time (P < .001), showing im-
provements after both exercises 

Good 

(30) RCT, block 
randomized 

by age 

-Total N=49, 
age= 60-over 60 

 
-IG1=15, 

age=70.2±3.2 
-IG2=14, age= 

68.7 ± 5.5 

IG1: Balance and mobility 
training (static and dynamic 
exercises on a variety of un-

stable objects on the bal-
ance obstacle course) 

or 
IG2: Balance and mobility 

CG: 
Main-
tain 

usual 
life-
style 

12 weeks 
Three 
times 
1 hour 

-Reaction time (The Audac-
ity software system was 

used to process RT) 
 

The results showed Reaction Time (P<0.05) improved and 
maintained these improvements at the follow-up. 

Fair 

Table 2. Continued 
Author 

(year) 

Study design 

 

Participants Intervention  

for 

Intervention group 

Intervention 
for Control 
group 

Follow-up Outcome measure (tool) Main findings Quality 
status 

(39) RCT -Total N=40,  

 

-IG=19, 
age=43.9±14.92 

-CG=21, 
age=46.6±15.18 

 IG: Balance training 
on varying surfaces 

CG: Relaxa-
tion training 

12 weeks 

Twice a 
week 

50 min 

-Memory auditory verbal paired-associate learn-
ing task) 
-Executive functions 

(Stroop Test) 

- Spatial cognition 

(Wilde Intelligence Test, IST-2000R, Orienting 
and Perspective Taking Test) 

The results showed balance training im-
proves cognitive functions, in particular 
memory (P= 0.043) and spatial cognition 
(P= 0.027). 

Good  

(40) RCT -Total N=27, 
age=65- over 65 

 

-IG=15,  

-CG=14 

age=mean 
age79.2±7.3 

IG: Cognitive-motor 
training 

includes an interactive 
video game-based 
physical exercise. 

CG: Con-
ventional 
balance 
training, 
static and 
dynamic ex-
ercises. 

8-10 weeks 

3 per week  

30 min 

-EFs (working memory, inhibition (go-no-go), 
(selective) attention, and switching). 

 (Four tests from Psytest Psychological Test sys-
tem) 

EFs improved both within the exergame 
(working memory (P=0.021), divided at-
tention visual (P=0.040), divided attention 
auditory (P=0.009), inhibition(P=0.008), 
set shifting (P=0.002)) and within the bal-
ance group (set shifting (P=0.042))  

 

Good  

(41) 

  

Open-label 
Pilot RCT 

-Total  

N=22 

(MCI),  

age=78.2 ± 8.7 

-IG=12 

-CG=10 

IG: The sensor-based 
balance training pro-
gram including 

-ankle point-to-point 
reaching tasks and  

-virtual obstacle cross-
ing tasks  

CG: 

No training 

4weeks  

Twice a 
week 

45 min 

 

-Global cognition  ( MOCA) 
-Trail Making A and B tests 

 

No intervention effects were obtained for 
cognitive performances (P= 0.132–0.738) 

Good  
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Table 2. Continued 
Author 

(year) 

Study design 

 

Participants Intervention  

for 

Intervention group 

Intervention 
for Control 
group 

Follow-up Outcome measure (tool) Main findings Quality 
status 

(42) RCT -Total  

N= 33 

age 74.9 ± 6.9  

 

-IG=19 

-CG=14 

Cognitive-motor video 
game dancing 
(DANCE) 

 

Balance and 
stretching 
training 
(BALANCE) 

 

 8-week 
three ses-
sions of 30 
min per 
week 

- Executive functions- general cognitive ability- 
information processing speed=  

- Shifting (the Trail Making Test B) 

 - inhibition (Stroop Word-Color Interference 
task)  

 - working memory (Executive Control task) 

- general cognitive ability 

(MoCA) 

- information processing speed (the Trail Making 
Test A) 

The results showed that both interven-
tions significantly reduced left and right 
hemispheric PFC oxygenation during the 
acceleration of walking P<0.05 

while DANCE showed a larger reduction 
at the end of the 30-s walking task com-
pared to BALANCE in the left PFC 
P=0.035 

These exercise training-induced modula-
tions in PFC oxygenation correlated with 
improved executive functions (P<0.05). 

Good  

(31) 

 

RCT -Total  

N=80 (MCI) 

age= 67.07 ±4.3 

-IG=40 
age=68±4.4 

-CG=40 
age=65.9±6.2 

IG: CogniPlus to-
gether with balance 
training 

CG: Only bal-
ance training 

10 weeks 

20 ses-
sions 
twice per 
week 

30 min 

 

 

-Cognitive functions 

(Addenbrooke’s cognitive)  

 

 

 

After training, there were significant dif-
ferences between these two groups rec-
orded in the assessment of several cogni-
tive functions by the Addenbrooke’s cog-
nitive examination in favor of the experi-
mental group (P<0.05-0.0001) 

 

Fair  
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Table 2. Continued 
Author 
(year) 

Study design 
 

Participants Intervention 
for 

Intervention group 

Inter-
vention 

for 
Control 
group 

Follow-up Outcome measure (tool) Main findings Quality status 

(32) A 12-month 
RCT 

-Total 
N=36 

age= 62-89 
-IG1= ,13 

age=67.69±2.78 
-IG2= 14, 

69.50±4.74 
-CG=9 

age=69.56±3.40 

IG: Coordination training 
(such as balance, 

eye-hand coordination, leg–
arm coordination as well as 
spatial orientation and reac-
tion to moving objects/ per-

sons). 

CG: 
Stretch-
ing and 
relaxa-

tion 

12 months 
Three 

times a 
week 

45-60 min 

-Executive control 
(Flanker task) 

-perceptual speed 
(Visual search task) 

 

Coordination training 
Increased caudate and globus pallidus volume. 
P=0.008 
Pearson product-moment correlations within the 
coordination group showed that there was no direct 
association of changes in basal ganglia volume (nei-
ther 
caudate nor globus pallidus volume) with changes in 
Flanker task accuracy or reaction time in the Visual 
Search task P=0.014 

Fair 

(35) 12-month 
longitudinal 

study 
 

Randomly 
assigned 

-Total 
N=44 

Age=62-79 
-IG1= 17 

age = 68.47 
-IG2=16 

age=71.13 
 

-CG=11 
age=69.27 

IG1: Cardiovascular training 
IG2: Coordination training 

(such as balance, 
eye-hand coordination, leg–
arm coordination as well as 
spatial orientation and reac-
tion to moving objects/ per-

sons). 

CG: 
Relaxa-

tion 
and 

stretch-
ing 

 

12 months 
three times 

a week 
1 hour 

-Perceptual speed (Visual 
Search Task) 

-Executive Control (Flanker 
Task) 

Cardiovascular and coordination training groups 
showed significant improvements in performance ac-
curacy in the Flanker Task ((P= 0.013 and P= 0.024, 
respectively)) compared to the control group. Coordi-
nation training specifically led to significant improve-
ments in the Visual Search Task (P= 0.008) while car-
diovascular training showed a marginally significant 
improvement in this Task (P= 0.08) 
 

Poor 
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Statistical Analysis   
For the quantitative analysis (meta-analysis), the Stata 

software 11.0 (Stata-Crop) was used. The mean and stand-
ard deviation of outcomes were extracted and analyzed. 
Where possible, the effect size across the studies was cal-
culated by standardized mean difference (SMD; Cohen’s d) 
and 95% confidence intervals using a random-effects 
model. The SMD of 0.2, 0.5, 0.8, and >0.8 corresponded to 
small, medium, large, and significant changes. The results 
for every comparison were represented in forest plots. The 
heterogeneity among the studies was calculated using I-
square (I2). Also, I2 values of <25%, 25%–50%, and 50%–
100% were chosen as low, medium, and high, respectively. 

 
Results 
Study Identification 
A total of 1826 records were identified from preliminary 

searches according to the predetermined search strategy. 
Two authors (M.A., P.P.) disregarded irrelevant records 
based on the abstract or the title. The authors also examined 
the studies available in other languages rather than English, 
and their abstracts were in English. Still, none of the non-
English language articles met the inclusion criteria for our 
study. A total of 76 potential studies were further evaluated 
for their eligibility, and 16 studies ultimately met the inclu-
sion criteria. However, 5 studies lacked the original data. 
We emailed the original authors; 3 provided the entire text, 
but 2 did not respond. Finally, 16 studies involving 1148 
participants were included in the review. The detailed 
screening flow used to find eligible studies is presented in 
Table 1.  

 
Quality Status 
The quality status of the studies had a scientific rigor of 

16 (medium or fair) (30-32) out of 23 and ranged from 14 
(low or poor) (33-35) to 19 (high or good) (36-42). All stud-
ies failed in items that evaluated adjustment for confound-
ing in the analyses and distributions of principal confound-
ers in each group of subjects. 

 
Characteristics of Included Studies 
The analysis of the articles showed the effect of balance 

training programs on global cognition (n = 5 (31, 36, 41-
43), executive function and the related components (n = 12; 
eg, inhibition, problem-solving, working memory (32, 33, 
35-40, 42), complex attention and its components (n = 
12;eg, reaction time, speed processing, and type of attention 
(30, 32-38, 41, 42), and other cognitive functions such as 
memory and spatial cognition (n = 3) (33, 39, 43). The char-
acteristics of each of the included studies are summarized 
in Table 2. Across 16 studies, the total sample size was 
1148 older adults (age range, 43-89 years). Fourteen studies 
explored the effect of balance on cognition in healthy older 
adults, and 2 studies with older adults with MCI (31, 41). 
Participants were recruited from the community (n = 964) 
(30, 32, 34-39, 42-45), retirement homes (n = 42) (33, 40), 
and clinical outpatients (n = 102) (31, 41).  

Balance exercises target 2 primary aspects of postural 
control—static and dynamic postural control. Static pos-
tural control or balance is the capacity to hold a support 

base with little movement. In contrast, dynamic postural 
control or balance is the ability of a person to anticipate 
postural changes while moving and to respond appropri-
ately to changes in balance (46). The frequency of balance 
training sessions varied from 1 to 3 weekly and 30 to 60 
minutes per session. One study did not mention the exact 
time of the balance intervention (2 hours per week, both 
balance training and health education) (36). The duration of 
the intervention was evaluated immediately (34). Short-
term (<3 months) (31, 33, 37, 38, 40-42) and (≥ 3 months) 
(30, 39), long-term effects were also evaluated(≥ 12 
months) (32, 35, 36). Only 1 study did not have any control 
group (33), 5 studies did not specify experimental and con-
trol groups (37, 38, 40, 42), and 5 studies had 3 groups re-
garding intervention programs (30, 32, 35, 37).  

Of these 16 studies, in 3 studies (30, 41) the experimental 
group received balance exercises while the control group 
received no intervention; in 1 study, the control group re-
ceived health education (36), in 1 study the control group 
received relaxation training  (39), in 2 studies control 
groups received relaxation and stretching exercises (32, 
35), and in 1 study, walking on the treadmill was the inter-
vention for the control group (34). Four studies (30, 31, 40) 
compared balance exercises with dual-task training (ie, 
CogniPlus program, Exergame program), 2 studies (37) 
compared these exercises with resistance exercises, 1 study 
(42) compared the exercises with dance, and 2 of them 
compared them with aerobic exercises (38).  

Three studies (30, 33) had warm-ups before intervention. 
Six studies had a cognitive screening for inclusion criteria 
as a general cognitive profile, such as the Mini-Mental 
State Examination (MMSE) (30, 31, 33, 35, 37, 40), 
Pfeiffer short portable mental status questionnaire (36), 
Clock drawing test (37), The German “Mehrfachwahl-
Wortschatztest” (MWT-B)(39), MOCA (41), digit-symbol 
substitution (32), identical picture tests (32), figural analo-
gies, letter series (32), paired associate test (32), naming the 
animals (32), and vocabulary test (32). Because of the lim-
ited number of studies for each parameter, a meta-analysis 
was conducted for executive function evaluated by the 
Stroop test (36, 37, 39, 42) and complex attention evaluated 
by TMT (A&B) (36, 37, 41, 42). Qualitative analysis was 
conducted for other outcome measures. 

 
Findings of Studies  
Global Cognition 
Five studies (31, 36, 41, 42) assessed the effect of balance 

training on global cognitive function through the MoCA, 
Addenbrooke’s cognitive examination in the old healthy 
population (36, 42), and those with MCI (31, 41). Meta-
analysis was not used because of the various tools em-
ployed in the studies above. The results of 1 study revealed 
that balance training could significantly increase global 
cognitive function among MCI participants; the experi-
mental group demonstrated a significant improvement in 
Addenbrooke's cognitive examination scores compared to 
the control group, with statistical significance ranging from 
P < 0.05 to P < 0.0001 (31).  

Other research, however, that used the MoCA test to 
compare experimental groups receiving balance therapies 
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to control groups receiving health education, no interven-
tion, resistance training, and dance did not find any signif-
icant differences (36, 41, 42). 

 
Executive Function 
Executive function and its related components were as-

sessed using the Stroop test (eg, inhibition; 5/16 studies), 
Psytest psychological test system (1/16 studies), executive 
control task (eg, working memory; 1/16 studies), digit 
memory test, and digit span test backward (eg, working 
memory; 2/16 studies), N-back test (eg, working memory; 
1/16 studies), Go no Go task (eg, inhibition; 2/16 studies), 
Flanker task (eg, inhibition, 3/16 studies), catch a game 
(1/16 studies), TMT-B (eg, set-shifting; 2/16 studies), and 
Tower of London test (eg, problem-solving; 1/16 studies).  

The meta-analysis conducted on the Stroop test (36, 37, 
39, 42) showed no significant differences between the bal-
ance training and the control groups (n = 644, SMD = 0.11, 
95% CI, –0.33 to 0.54, I-squared = 67.1% (Figure 2). The 
results of the qualitative analysis revealed that balance 
training could have a significant impact on executive func-
tion through the Psytest psychological test system (in each 
component: working memory; P = 0.021, inhibition; P = 
0.008; set-shifting; P = 0.002), and TMT-B test (set-shift-
ing; P = 0.04). In addition, significant improvements were 
observed in working memory, as measured by the Digit 
memory test (P = 0.004) (37) and the N-back test (P < 
0.001) (33). However, no significant differences in execu-
tive control task (42), Go no Go (45), Stroop test (45), catch 
game (45), TMT-B (44), and digit span test backward (43) 
were reported. Moreover, there was a significant difference 
between groups before and after balance training in the re-
sponse inhibition for the Flanker task (32, 35, 38). Problem-
solving was also assessed through the Tower of London test 
in 1 study (33), which reported a significant increase in 
problem-solving after balance training (P = 0.003). 

Complex Attention 
Complex attention was evaluated as processing speed 

through SDMT (34), DSST (37), simple reaction time (43), 
and visual search task (32, 35, 38), reaction time through 
advanced reaction time test (33), clinical reaction time test 
(38), simple reaction time test, and choice reaction time test 
(30), and auditory and visual attention, including selective, 
sustained, divided and set-shifting through the TMT (A&B) 
test (34, 36, 37, 41, 42), digit span test (43), Go no Go (45), 
Stroop test (45), and visual attention test (43). The results 
of the meta-analysis of the TMT (A&B) test revealed that 
the balance training groups were not significantly different 
from the control groups who received health education, re-
sistance training, dance, and no intervention (36, 37, 41, 
42). Figure 3 demonstrates the following values: TMT: n = 
626, SMD = 0.11, 95% CI, –0.67 to 0.88, I-squared = 
94.4%. 

Figure 4 shows the following values: TMT: n = 626, 
SMD = 0.09, 95% CI, –0.12 to 0.29, P = 0.000, I-squared = 
29.7%. 

According to the qualitative analysis, the processing 
speed showed significant improvements in SDMT (P < 
0.001) (34), medium effect in DSST between groups (P = 
0.024), significant improvement in simple reaction time (P 
= 0.020) (43), and visual search task (P = 0.050) (32, 35, 
38) after balance training. Moreover, no significant differ-
ence was found  in the advanced reaction time test (33). In 
contrast, significant differences were shown in the clinical 
reaction time test (P < 0.001) (38), simple reaction time 
test, and choice reaction time test (P < 0.05) (30) after bal-
ance interventions. Dunsky et al study indicated a signifi-
cant improvement in attentional levels after a single session 
of balance intervention, as measured by the Go-No-Go and 
Stroop tests (45) (P = 0.05). Furthermore, significant dif-
ferences were found in the digit span test for auditory and 
visual attention tests for visually sustained attention (43). 

 
Figure 2. The results of Meta-analysis in Stroop test 
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Other Cognitive Functions 
Two studies evaluated short-term memory using the au-

ditory verbal paired-associate learning task (39) and de-
layed matching to sample (DMS) (43). The results showed 
that balance training can significantly affect short-term 
memory (auditory verbal paired-associate learning task; P 
= 0.043 and DMS; P = 0.03). Additionally, spatial cogni-
tion assessed through the orienting and perspective-taking 
test (OPT), German intelligence structure test (Figure ori-
entation subscale), and German wilder intelligence test 

(mirror images subscale) were used (39). The analysis of 
spatial scores yielded a significant group effect after bal-
ance training (P = 0.027). 

 
Discussion 
This systematic review and meta-analysis aimed to show 

the effect of balance-based interventions on the perfor-
mance of cognitive domains, including global cognitive 
function, working memory, complex attention, response in-
hibition, problem-solving, and spatial memory among older 

 

Figure 3. The results of Meta-analysis in TMT-A 

  
Figure 4. The results of Meta-analysis in TMT-B 
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adults and people with MCI. Balance, or postural control, 
denotes the intricate coordination and regulation of one's 
body position in space to ensure both stability (preventing 
falls) and orientation (aligning with the surrounding envi-
ronment) (47). It arises from the intricate interplay among 
diverse bodily systems, including musculoskeletal and neu-
ral elements, collectively forming what we refer to as the 
“postural control system.” Musculoskeletal factors include 
joint flexibility, muscle properties, and biomechanical rela-
tionships among various body segments. On the other hand, 
the neural components encompass motor processes (per-
taining to muscle coordination), sensory processes (involv-
ing the visual, vestibular, and somatosensory systems), and 
higher-level cognitive processes (48). 

Cognitive functions are pivotal in postural control, im-
pacting adaptive and anticipatory balance dimensions. 
Adaptive postural control involves making real-time sen-
sory and motor systems adjustments in response to shifting 
environmental and task demands. In contrast, anticipatory 
control entails pretuning these systems based on prior ex-
periences and learned responses. These cognitive functions 
contribute to the fine-tuning of posture and stability. More-
over, attention, motivation, and intent represent additional 
cognitive processes that influence postural control. As a re-
sult, balance or postural control emerges as a dynamic and 
multifaceted process shaped by the intricate interaction of 
various bodily systems and cognitive functions, enabling 
individuals to navigate their physical surroundings while 
ensuring stability and orientation effectively (49). 

Recent evidence has indicated that balance exercises can 
positively impact the cognitive functions of the elderly. 
These exercises, designed to enhance postural control and 
stability, offer additional cognitive benefits beyond their 
primary aim. 

After mentioning 4 to 6 studies, the results give a conclu-
sion like “Collectively, these investigations suggest Breast 
Cancer survivors (BCSs) heavily rely on visual feedback to 
maintain upright posture, which may be because of the loss 
of proprioception commonly displayed after cancer treat-
ment. Clinicians should rely on tests that challenge balance 
without visual feedback or with challenging proprioceptive 
conditions when assessing balance. Furthermore, clinicians 
should use caution using the single leg stance test because 
there are mixed results when comparing with those who 
never had breast cancer and normative values.” 

Future work should continue to identify which factors 
contribute to slow gait speed and explore whether exercise 
improves these factors and, consequently, gait function in 
BCSs. 

This review provides important information for BCSs 
and clinicians. BCSs should report any noticeable changes 
in their gait or balance to clinicians because early detection 
may prevent long-term impairment. Clinicians should also 
assess gait and balance at the clinic both during and follow-
ing treatment. Assessing balance with a force plate will bet-
ter detect changes in stability, but the functional reach test 
can also be quickly administered to detect balance impair-
ments. To assess gait speed, clinicians should assess usual 
and fast gait speed over 10 m or use TUG because a shorter 

distance appears to be able to detect changes in gait. As-
sessing and tracking their gait and balance can help identify 
BCSs needing rehabilitation to improve their mobility. Im-
proving gait and balance may reduce fall risk and prevent 
fall-related injuries such as hip fractures. (39) Future re-
search is also needed to help clinicians identify the type, 
intensity, and frequency of exercises that may improve gait 
and balance and reduce fall risk tailored for BCSs.” 

 Following a thorough review of the literature, 7 studies 
were included in the meta-analysis (36, 37, 39, 41, 42). The 
meta-analysis results indicated that balance training could 
not improve some components of executive functions (eg, 
inhibition) and complex attention. However, the descriptive 
analysis of 6 of 16 publications (32, 33, 35, 38) found sig-
nificant improvements in various domains of cognitive 
functions such as set-shifting, response inhibition, working 
memory, speed processing, reaction time, problem-solving, 
short-term memory, global cognition, and spatial cognition 
after participating in balance-based interventions. 

 
Summary of Evidence and Reporting Therapeutic Bal-

ance Interventions 
Conflicting results have been reported according to the 

current overall results of studies. The balance-based inter-
ventions did not demonstrate a significant difference in 
global cognition performance as assessed by the MoCA test 
(36, 41, 42). Delbaere et al (2021) highlighted several cru-
cial factors that should be considered to ensure the study 
findings' robustness and accuracy. These factors encom-
pass the need for meticulous control of participant masking, 
careful consideration of potential errors stemming from 
subsequent multiple testing, and the recognition of the in-
fluence of participants' educational levels on the observed 
outcomes (36). In addition, limited training duration, the 
protocol of intervention with more and less cognitive de-
mands, the relatively small sample size employed in the 
study, and the absence of any exercise or intervention in the 
control group collectively contributed to the impact on the 
observed results (41). Eggenberger et al (2016) indicated 
although age cannot affect the results of balance interven-
tions on some cognitive functions, intervention design and 
the general ability (eg, physical or mental) of participants 
can affect the results (42). However, Hagovska et al (2016) 
revealed that dynamic balance training among MCI adults 
could positively enhance the subscores of Addenbrooke’s 
cognitive examination including—attention, memory, and 
language ability (31). Based on the quality status, the stud-
ies utilizing the MoCA test were deemed to have a “good” 
status, but the study with the Addenbrooke cognitive out-
come measure had a “poor” status. Despite the limited 
number of studies available and the utilization of diverse 
outcome measures, it can tentatively be inferred that bal-
ance-based interventions do not yield significant improve-
ments in global cognition performance among older healthy 
and MCI adults.  

The effect of balance training on executive function and 
its components (eg, working memory, inhibition, and prob-
lem-solving) was evaluated more than other cognitive 
functions. (32, 33, 35-40, 44, 45) Our meta-analysis results 
revealed that significant differences were not seen through 
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the Stroop test (36, 37, 39, 42). It is important to mention 
that heterogeneity within the studies was included in our 
analysis. Heterogeneity, as quantified by the I² statistic, em-
phasizes that the diversity in our meta-analysis's results re-
flects differences in the effectiveness of balance training on 
cognitive functions and variations in study designs, partic-
ipant characteristics, and intervention types. The lack of 
uniformity in cognitive outcomes highlights the complexity 
of this field, where the effects of balance exercises may be 
contingent upon specific factors. However, qualitative re-
sults indicated that balance-based intervention can be effec-
tive in improving executive function and its components 
(32, 33, 35, 38, 40). Moreover, among the studies that eval-
uated response inhibition using tests such as the Flanker test 
and Go no Go test, the majority demonstrated statistically 
significant improvements (32, 35, 38, 40). However, there 
was 1 particular study (45) that utilized the Go no Go test 
and reported no significant differences in executive func-
tion scores across the interventions.  The studies that did 
not demonstrate significant improvements in executive 
functions have identified some factors that should be con-
sidered—including control of participants’ blindness, indi-
vidual differences in education and skill acquisition, partic-
ipants’ MMSE score, intervention requirements (complex-
ity and simplicity), limited duration of the training or inad-
equate intensity, single-session intervention, and small 
sample size (36, 37, 39, 42, 45). The assessment of complex 
attention—including such measures as speed processing, 
reaction time, visual search, and attention—did not yield 
consistent results. Quantitative findings from some studies 
(36, 37, 41, 42) did not indicate significant improvements 
in the TMT (A&B) test. However, some qualitative results 
indicated significant improvement (30, 32, 34, 35, 38). The 
studies that used the same outcome measures showed the 
same results; thus, perhaps the sensitivity of the outcome 
measures can affect the results; however,  further studies 
should be conducted to illustrate the findings accurately.   

Furthermore, a diverse set of cognitive outcome 
measures—including the MoCA, TMT A&B, Stroop test, 
and Flanker test—were employed to assess the impact of 
balance-based interventions on cognitive functions. The 
MoCA test, known for its high sensitivity to change, exhib-
ited superior performance in capturing cognitive abilities 
compared to the Mini-Mental State Examination (MMSE) 
(50). However, despite the strong validity and reliability of 
the MoCA, the included studies in this systematic review 
did not show significant differences between pre- and 
postevaluations. While TMT-A was predominantly utilized 
to evaluate processing speed across most studies in this re-
view, a detailed analysis reveals that TMT-A primarily taps 
into visuoperceptual abilities. Moreover, contrary to most 
studies employing TMT-B to assess set-shifting abilities, it 
initially reflects working memory (34, 51). Thus, it is cru-
cial to carefully select appropriate and objective outcome 
measures (eg, functional magnetic resonance imaging, 
event-related potentials, and functional near-infrared spec-
troscopy for future investigations in this field.  

 
Different Types of Balance-Based Intervention  
Several reviews demonstrated engaging in various types 

of exercises could improve cognitive functions in older 
healthy and MCI adults (24, 25, 52). According to the 
World Health Organization guidelines, doing regular phys-
ical exercises is recommended to achieve optimal health 
outcomes (53). The balance-based interventions consisted 
of dynamic and static balance exercises, including pertur-
bations, instability-free weight resistance, sensor-based 
balance, and coordination training. Therefore, the protocol 
of balance interventions should be considered because 
those can affect positively the results (34, 38, 39, 54). In 
addition, the intensity and time of exercise are important to 
discriminate between the results of studies (33, 40, 54). Ad-
ditionally, the limited duration of the intervention may have 
been a significant factor in the observed results, and it has 
been suggested that longer duration can be more effective 
for improving cognitive functions (37, 41).  

Among the included research, Schwenk et al . examined 
the impact of sensor-based balancing training for 4 weeks, 
twice a week, on cognitive functions (MoCA and TMT). 
This study had the least follow-up, and the findings re-
vealed no intervention effects on cognitive performances. 

The limited duration of the follow-up assessment may not 
adequately reflect the durability or long-term sustainability 
of the intervention effect on cognitive functions (41).  In 
addition, some studies highlighted that the requirements 
and demands of the intervention could hugely affect the 
participants’ performance and the improvement of their 
cognitive functions; thus, they suggested combining bal-
ance-based interventions with cognitive demands (eg, dual 
task, dance, and Cogniplus with physical exercises) would 
be more effective to improve cognitive functions among 
seniors (31, 42).  

 
Limitations  
The present review has some limitations. First, the inter-

ventions' duration, frequency, and intensity varied across 
the included studies, making it challenging to establish the 
optimal duration required for achieving significant cogni-
tive benefits. Second, the types of balance interventions and 
their respective durations varied. Third, given the scarcity 
of studies investigating the effect of balance exercises on 
cognition, a diverse range of balance exercise types was 
considered in this review to ensure inclusivity. Fourth, this 
paper did not address potential confounding factors, such 
as differences in baseline cognitive status, participants' ed-
ucational levels, physical health, or socioeconomic factors 
that may have influenced the results. Fifth, the subgroup 
analysis was not applicable due to the small number of 
studies. Also, the limitation of not consulting with infor-
mation professionals during the search process is recog-
nized. Last, expert guidance from health sciences librarians 
or information professionals can be valuble in constrcting 
more robust search strategies. 

 
Conclusion 
Although the existing body of literature is insufficient to 

establish definitive conclusions regarding the potential ben-
efits of balance-based interventions on cognitive functions 
in the elderly, it is noteworthy that such interventions hold 
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promise as a viable therapeutic strategy for enhancing cog-
nitive functions in healthy older adults and individuals with 
MCI. These interventions have demonstrated the potential 
to improve specific cognitive domains—including execu-
tive function, complex attention, global cognition, spatial 
cognition, and memory.  
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Appendix 1. 
Web of Science 
(((((((((TS=(aging)) OR TS=(Elder*)))  OR TS=(older))  OR 
TS=(ageing))  OR TS=(senior))  AND TS=("balance training"))  OR 
TS=("equilibrium training"))  AND TS=(cognitive*)) 
Scopus 
(TITLE-ABS-KEY (elder*) OR TITLE-ABS-KEY (aging) OR TI-
TLE-ABS-KEY (senior) OR TITLE-ABS-KEY (ageing) OR 
(older)) AND (TITLE-ABS-KEY (balance training) OR TITLE-
ABS-KEY (equilibrium training)) AND (TITLE-ABS-KEY (cogni-
tive*)) 
Pubmed 
((((((((((((aging[Title/Abstract]) OR (senior[Title/Abstract])) OR 
(elder*[Title/Abstract])) OR (older[Title/Abstract])) OR (ageing[Ti-
tle/Abstract])) AND ("balance training"[Title/Abstract])) OR ("equi-
librium training"[Title/Abstract])) OR ("motor control"[Title/Ab-
stract])) OR ("control postural"[Title/Abstract])) OR ("multi 
task"[Title/Abstract])) OR ("dual task"[Title/Abstract])) AND (cog-
nitive*[Title/Abstract])) Filters: Clinical Trial, Randomized Con-
trolled Trial 
Proquest 
ab((elder* OR aging OR older OR ageing OR senior)) AND ab((bal-
ance training OR equilibrium training)) AND ab((cognitive*)) 

 


