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Abstract
Purpose of Review This review aims to explore which cognitive domain is more closely associated with which type of bal-
ance (static or dynamic).
Resent Finding Based on recent reviews, inhibitory control, a part of cognition, plays a crucial role in balance performance. 
Previous reviews report significant links between cognition, mobility, and physical function in older adults. However, evi-
dence regarding the relationship between cognition and balance scores remains inconclusive.
Summary The strength of association between cognition and balance appears to be domain-specific and task-specific. 
Executive function exhibits the strongest correlation with balance, while episodic memory shows a small link with dynamic 
balance. Processing speed and global cognition demonstrate moderate correlations. Additionally, there is a slight associa-
tion between cognitive domains and static balance. Further research is needed to elucidate the underlying mechanisms and 
develop targeted interventions for managing balance-related concerns that are domain-specific and task-specific.

Keywords Global cognition · Executive function · Processing speed · Relationship, Physical mobility · Static vs dynamic 
balance

Introduction

Population ageing is a global issue [1], with one-third of 
those over 65 years old falling each year [2]. A major con-
tributing factor to these falls is impaired balance, defined as 

difficulty in keeping the center of gravity within the base of 
support [3]. Balance is the complex integration and coor-
dination of several underlying systems that cover sensory/
perceptual processes, cognitive influences, and motor per-
formance [4]. This sensory cognitive–motor network ensures 
the precision of movements [5]. Recent studies have shown 
an association between cognition and balance in older adults.

Cognition includes multiple domains that work together 
to process information during tasks [6] such as balance [7]. 
Cognition helps to have an effective adaptation to chang-
ing environments [8]. It includes domains such as execu-
tive function [9], processing speed, memory, attention, 
and language [10]. However, not all domains of cognition 
are equally correlated with physical function [11].Ageing 
does not homogeneously affect all cognitive domains [10]. 
Moreover, mobility is more strongly related to fluid aspects 
of cognition [11]. Therefore, it seems that some cognitive 
domains have a stronger association with balance than 
others.

Static balance entails maintaining stability while remain-
ing stationary, whereas dynamic balance requires maintain-
ing stability while moving. These different demands may 
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require different cognitive processes. The impact of cog-
nitive processes on motor skills, such as postural balance, 
depends on task difficulty [12, 13•]. The dynamic balance 
task is more challenging, requiring greater mental process-
ing capacity [14••]. Therefore, balance and cognition may 
be more closely related to dynamic tasks than static ones. 
Comparing the associations between cognition and static 
versus dynamic balance can help us to understand these 
differences.

The relationship between cognitive domains and both 
static and dynamic balance tasks is poorly understood. A 
2020 review showed a clear association between physical 
and executive function, but the link between executive func-
tion and balance was less certain due to limited evidence 
[15••]. They included seven studies examining the associa-
tion of executive function and balance, and a few of them 
included people with mild cognitive impairment in their 
review. In a 2022 review, inhibitory control (a subdomain 
of cognition) was highlighted as crucial for balance task per-
formance [7], but their results were limited to just inhibitory 
control. No review studies have looked at the relationship 
between different cognitive domains and balance tasks spe-
cifically. A meta-analysis in 2016 focused on the association 
between some cognitive domains and balance [16•]; how-
ever, it was limited to only five articles and did not compare 
this association between static and dynamic balance tasks. 
Further examination of the recent existing literature deter-
mines which cognitive domains are most strongly associ-
ated with each type of balance task. This may help prioritize 
identifying the type of cognitive domain that may be added 
as a dual task activity to balance intervention to enhance 
their effectiveness. This can lead to improved rehabilitation 
outcomes and more effective screening and diagnosis of cog-
nitive and balance problems.

To fill this gap in the literature, a systematic review and 
meta-analysis were conducted to compare the association 
of various cognitive domains with static and dynamic bal-
ance in older community-dwelling adults. To our knowledge, 
this study is the first to compare the correlation between 
cognitive domains and both dynamic and static balance 
tasks. To check the genuine relationship between balance 
and cognition, we concentrated on single tasks. The decline 
in dual-task performance in older adults can result from 
either cognitive or physical changes associated with ageing. 
Furthermore, since dual-task conditions involve cognitive 
components, examining the relationships between balance 
and cognitive tasks would lead to problems with collinear-
ity. This makes it challenging to determine whether any 
observed correlations are due to shared cognitive compo-
nents or a genuine relationship between balance and cog-
nition [16•]. The aims of this review are: 1. to check the 
evidence for associations between cognitive domains and 
balance among healthy older adults, 2. to investigate whether 

cognitive domains vary in their correlation with dynamic 
and static balance measures, and 3. to investigate whether 
this association is different from dynamic balance compared 
to static balance among different cognitive domains.

Methods

Literature Search

Data Sources and Search Strategy The review was conducted 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) [17]. All studies 
that examined the association between balance and cognitive 
function in healthy adults over 60 years of age until the end 
of May 2023 were included. Studies were searched online 
using electronic databases, including EMBASE, MEDLINE, 
Scopus, PubMed, Science Direct, and Ovid. In addition, the 
reference lists of existing studies and reviews were searched 
manually. The search terms were postural stability OR pos-
tural sway OR balance OR mobility OR equilibrium OR 
physical function AND cognition OR cognitive domains OR 
attention OR executive function OR processing speed OR 
memory OR language AND association OR correlation OR 
relationship. Where appropriate, the keywords were modi-
fied based on the glossary of each database and mapped to 
Medical Subject Heading (MeSH) terms. Appendix A (in 
supplementary documents (SD)) provides an example of the 
search strategy for the EMBASE database that has been pro-
vided. The results were exported to Endnote X9 (Clarivate 
Analytics, Philadelphia, USA) to remove duplicates.

Study Selection Two reviewers (authors N.D and M.V) 
independently screened titles and abstracts to ensure they 
met inclusion criteria. The full articles were read by two 
authors (authors N.D and Sh.J), discussed and compared 
with inclusion criteria. Any disagreements were resolved via 
consultation with a third reviewer (author M.B) if required.

The inclusion criteria were as follows: 1. English-language 
papers, published in peer-reviewed journals. 2. Investigated 
dynamic or static balance. 3. Investigated the cognitive 
ability by tests of global cognition or tests for any specific 
cognitive domain. 4. Cross-sectional studies investigated the 
association between balance and cognitive domains based 
on concurrent collection of data in a single task. 5. Healthy 
adults older than 60 years without any neurological patho-
logical conditions.

The exclusion criteria were as follows: 1. Any pathologi-
cal conditions, such as dementia and its subtypes, or any 
cognitive impairment. 2. Participants with neurological 
pathological conditions such as stroke, Parkinson’s disease, 
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or traumatic brain injury. 3. Used self-reports as the outcome 
measure of balance (e.g., the Balance Self-Perception Test).

Quality Assessment and Data Extraction

The quality of the selected studies was assessed by two 
reviewers (authors N.D and Sh.J). The Newcastle–Ottawa 
Scale, adapted for cross-sectional studies, was used for 
the assessment of quality. The Newcastle–Ottawa Quality 
Assessment Scale includes eight multiple-choice questions 
from three broad domains: four items related to the selection 
of cohorts, one item related to the comparability of cohorts, 
and three items related to the assessment of outcomes [18]. 
The risk of bias was assessed using an adapted version of 
the AXIS-tool using two reviewers (authors N.D and Sh.J) 
[19]. Disagreements were discussed and resolved via the 
third person (author M.B).

Data were extracted, categorized, and entered into a 
spreadsheet, and then verified by another reviewer (author 
Sh.J). Regular meetings between the two reviewers were 
held weekly during the data extraction and analysis to 
achieve consistency and consensus (author N.D and Sh.J). 
For each included study, the following details were extracted 
(Tables 1, 2 and Table 1 in SD): demographic informa-
tion (sample size, sex, and mean age), cognitive domains 
(global cognition, executive function, memory, processing 
speed, attention, and language), outcome measures for bal-
ance (Score on Berg Balance Test, Time of stance in dif-
ferent foot positions, Timed Up and Go Test, Distance on 
Functional Reach Test, Equilibrium score based on postural 
sway, Postural sway, Score on Tinetti Balance Test, Fuller-
ton Advanced Balance (FAB) score and stability index) and 
the results (significant or insignificant results and Pearson 
correlation). All the extracted information was categorized 
based on the cognitive domains and balance tests used in the 
studies (Tables 1, 2 and Table 1 in SD).

Data Synthesis and Analysis

Meta-analyses were conducted using Comprehensive Meta-
Analysis software, version 4. The effect size index was 
calculated. Pearson’s r coefficient reported in the included 
studies was used [20]. If any study reported Spearman’s rho 
or beta coefficient, it was converted to Pearson’s r coeffi-
cient by using the following formula: Spearman’s rho was 
transformed using the equation (r = 2sin [rs π/6]) [21]. Beta 
coefficients were transformed into Pearson’s correlation 
coefficients. The formula is: r = 0.98β + 0.05γ (if (β ≥ 0, 
γ = 1; β < 0, γ = 0) [20, 22]. To interpret the results, pooled 
rz values were retransformed to r values with an inverse 
Fisher z transformation: r = e2rz − 1 / e2rz + 1, where e is 
approximately equal to 2.718 and rz is the Fisher-z-trans-
formed r value [23]. Effect sizes were categorized based on 

static and dynamic balance outcome measures and cognitive 
domains. Due to differences in the study sample and design, 
the random-effects model was used to calculate the pooled 
mean effect size [16•, 23]. Q-statistics were used to test the 
heterogeneity across studies [24]. The  I2 index was used to 
test consistency between them [25]. The  I2 index ranging 
from 0 to 100%. A percentage of 25%, 50%, and 75% is 
assigned to low, moderate, and high levels of heterogeneity, 
respectively [25]. Forest plots with 95% confidence intervals 
(CIs) are reported and standardized effect sizes were inter-
preted as small (0.1), medium (0.3), or large (0.5) [26]. A 
leave-one-out sensitivity analysis was conducted to identify 
studies contributing excessively to heterogeneity. The asso-
ciation of cognition with each balance task was checked to 
assess certainty (or confidence) in the body of evidence for 
an outcome.

If better performance in balance tests was associated with 
better performance on cognitive tests, the association was 
considered positive, even if it was reported as a negative 
association in the study. For example, some studies have 
shown a negative association between the time of the TUG 
test and the number of correct answers on cognitive tests. 
This means that better balance (shorter time for the TUG 
test) was associated with better cognitive results (higher 
scores for correct answers to cognitive tests). Therefore, in 
this case, the association is reversed, and considered positive 
in this review [16•].

Results

Studies and Participants

After removing duplicates and screening titles and abstracts, 
92 studies were identified. After applying the eligibility cri-
teria, only 32 studies met the inclusion criteria and were 
finally included in this review (Fig. 1).

Balance association with global cognition, executive 
function, processing speed, and episodic memory were 
reported among studies. Global cognition was analyzed in 13 
studies, executive function in 22 studies, processing speed in 
nine studies, and episodic memory in seven studies. A few 
authors have not reported a correlation when the association 
was not significant. All were contacted via email. The char-
acteristics of the included studies and reported correlations 
are summarized in Tables 1, 2 and Table 1 in SD.

Cognitive domains and balance tests were classified based 
on the descriptions provided in each study. If the name of 
those was not specified in a study, that was classified based 
on a systematic review about clinical tests of balance used 
in seniors and recent articles about domains of cognition and 
their assessments [27, 28]. Most commonly, the outcome 
measure for cognition, dynamic balance, and static balance 
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Table 1  Characteristics of the relationship between measures of executive function and dynamic/static balance

First Author Number of 
participants

Mean Age % Female Balance Task Executive Function Association

Executive Function and dynamic balance: EF
  Kang, et al. [29] 2022 94 72.6 ± 5.3 100% TUG Seoul Neuropsychological 

Screening Battery
NS
r: 0.099

  Jovanovic, et al. [30] 2022 98 68.5 83.6% TUG Trail Making Test S
r: 0.217

  Matos, et al. [31] 2020 28 66.7 ± 7.6 84% TUG N-Back Test S
r: 0.531

  Netz, et al. [32] 2018 33 M 77.2 ± 5.5 0% TUG MOXO DNSCPT ADHD Test, 
based on Go No Go Test

S
0.653

  Kose, et al. [33] 2016 80 75.7 ± 5.8 45% TUG Trail Making Test B S
r: 0.358

  Blackwood, et al. [34] 2015 47 74.9 ± 5.9 48.6% TUG Trail Making Test B S
r: 0.308

  Kawagoe, et al. [35] 2015 32 73.1 37.5% TUG N-Back Test S
r: 0.58

  Berryman, et al. [36] 2013 48 70.5 ± 5.3 58% TUG Stroop Test S
r: 0.565

  Herman, et al. [37] 2011 265 76.4 58% TUG Verbal Fluency S
r: 0.217

  Hirato, et al. [38] 2010 493 73.3 66.7% TUG ∆Trail Making Test S
r: 0.335

  Won, et al. [39] 2014 164 66 ± 4.6 66.5% FRT Clock Drawing Test S
r: 0.201

  Tsutsumimato, et al. [40] 
2013

59 88 ± 87 83% FRT Trail Making Test S
r: 0.10

  Redfern, et al. [41] 2019 34 76 ± 4 61.7% Postural Sway Task Switching Test NS
r: 0.29

  Redfern, et al. [42] 2009 24 74.2 ± 4.4 50% Postural Sway MAPIT battery for Motor Inhibi-
tion

S
r: 0.39

  Van Iresel, et al. [43] 2008 100 80.6 50% Postural Sway Trail Making Test S
r: 0.893

  Rabbit, et al.[44] 2006 69 73.2 ± 8.1 57.97% TBT Color/Word Stroop Test 1 S
r: 0.326

  Zettel-Watson, et al. [45] 
2017

50 69.5 ± 8.1 64% FABS Summing Stroop Color-Word 
Test, BP distraction, and EPT

S
0.31

  Muir-Hunter, et al. [46] 2014 24 76.18 100% BBS Trail Making Test A S
r: 0.550

Executive Function and static balance
  Redfern, et al. [41] 2019 34 76 ± 4 61.7% Postural sway Perceptual and Motor Inhibition 

Test
S
r: 0.54

  Netz, et al. [32] 2018 38 F 77.2 ± 5.5 100% Postural sway MOXO DNSCPT ADHD Test, 
based on Go No Go

S
r: 0.427

  Muir-Hunter, et al. [46] 2014 24 76.18 100% Postural sway Trail Making Test A S
r: 0.089

  Redfern, et al. [42] 2009 24 74.2 ± 4.4 50% Postural sway MAPIT battery for Motor Inhibi-
tion

NS
r: 0.21

  Boolani, et al. [47] 2019 11 76.55 ± 7.58 72% mCTCIB Serial subtraction 7 S
r: 0.433

  Demnitz, et al. [48] 2017 387 69.0 ± 5.1 19% SLS Digit span NS
r: 0.056

  Won, et al. [39] 2014 164 66 ± 4.6 66.5% SLS Clock Drawing Test S
r: 0.07

  Tsutsumimato, et al. [40] 
2013

59 88 ± 87 83% SLS Trail Making Test S
r: 0.36
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were executive function, TUG, and a single-leg stance and 
postural sway, respectively.

Some of the studies reported that their participants had 
a score of higher than 24 in the Mini-Mental State Test 
(MMSE). These studies are summarized in bold in Tables 1, 
2 and Table 1 in Supplementary documents. The results of 
the systematic review for each cognitive domain are sum-
marized as follows:

The Systematic Review of The Association Between 
Cognitive Domains and Balance

The Association Between Executive Function and Bal‑
ance Eighteen studies investigated the relationship between 
executive function and dynamic balance. The most com-
monly used measure for dynamic balance was the Timed 
Up and Go (TUG) test time, employed in ten studies. Pos-
tural sway, Functional Reach Test (FRT), Berg Balance Test 
(BBT), Turn 360, and Fullerton Advanced Balance Scale 
(FABS) were used in the remaining studies. All but two 
studies reported a significant association between executive 
function and dynamic balance, with effect sizes ranging 
from small to moderate (Table 1).

Eleven studies examined the association between executive 
function and static balance. The main outcome measure was 
stance time, particularly standing on one leg in six studies, 
followed by postural sway in four studies. With the excep-
tion of two studies, most reported a significant association 
between executive function and static balance, albeit with 
mostly small effect sizes. Overall, the results indicated that 
better executive function was associated with better dynamic 
and static balance (Table 1).

The Association Between Episodic Memory and   Bal‑
ance Seven studies investigated the association between 
processing speed and dynamic balance. Four studies exam-
ined this relationship with static balance. Various outcome 

measures for dynamic balance were used, while postural 
sway and single leg stance time were chosen outcome meas-
ures for static balance. Significant associations were reported 
in nearly all the included studies. The results showed that 
faster processing speeds were associated with better dynamic 
and static balance (Table 1 in SD).

The Association Between Episodic Memory and Bal‑
ance Eight studies were focused on exploring the connec-
tion between measures of episodic memory and balance. 
Out of these studies, six specifically investigated the rela-
tionship between episodic memory and dynamic balance. 
However, the majority of the studies did not find a signifi-
cant association between episodic memory and balance 
(Table 1 in SD).

The Association Between Global Cognition and Bal‑
ance Eighteen studies examined the relationship between 
global cognition and balance. Out of these studies, nine spe-
cifically focused on investigating the association between 
global cognition and dynamic balance. The findings from 
these studies are mixed, as some suggest a non-significant 
association between global cognition and both static and 
dynamic balance, while others indicate a significant associa-
tion between the two variables (Table 2).

Meta‑analysis for Assessing the Associations Between 
Cognitive Domains and Balance

The Effect Size for the Correlation of Executive Function 
and Balance A meta-analysis including 18 studies revealed 
a medium effect size of 0.425 (95% CI = 0.286–0.546, 
p = 0.000; Fig. 2) in favor of a positive association between 
executive function and dynamic balance. The results sug-
gest that older adults with higher executive function scores 
performed better on dynamic tests. However, the studies 
were substantially heterogeneous (Q = 151.216, p = 0.000, 

Table 1  (continued)

First Author Number of 
participants

Mean Age % Female Balance Task Executive Function Association

  Bruce- Keller, et al. [49] 2012 50 74.2 ± 7.8 42% Stance time on SPPB Digit Symbol Test S
r: 0.07

  Hirato, et al. [38] 2010 493 73.8 66.7% SLS ∆Trail Making Test S
r: 0.312

  Rosano, et al.[50] 2005 2893 73.4 ± 2.8 52% Stance time Trail Making Test S
r: 0.190

No Number of participants, M male, F Female, Number reference of the study, TUG  Timed Up and Go Test, FRT Functional Reach Test, TBT 
Tinetti Balance Test, BBT Berg Balance Test, FABS Fullerton Advanced Balance Score, SPBB Balance Score on the Short Physical Performance 
Battery, SLS Single leg stance time, mCTCIB, Modified Clinical Test of Sensory Interaction on Balance, NS Non-significant, S Significant. r cor-
relation. Bolds are studies which had MMSE score > 24 as inclusion criteria
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 I2 = 88%). The result is stable after removing the studies one 
by one.

A meta-analysis of 11 studies revealed a small effect size of 
0.209 (95% CI = 0.131–0.284, p = 0.000; Fig. 3) in favor of 
a positive association between executive function and static 
balance. These results suggest that older adults with higher 
executive function scores performed better on static balance 
tasks. However, the studies were substantially heterogeneous 

(Q = 26.192, p = 0.003,  I2 = 61%). Based on the sensitivity 
analysis, it was found that Redfern et al. 2019 and Demnitz 
et al. 2017 were the main contributors to heterogeneity, and 
after their exclusion, heterogeneity became insignificant 
(p = 0.142), resulting in a significant unchanged effect size 
of 0.3 (95% CI = 0.218–0.377, p = 0.000).

The Effect Size for the Correlation of Processing Speed and 
Balance A meta-analysis of seven studies found a medium 

Table 2  Characteristics of the relationship between measures of global cognition and dynamic/static balance

No Number of participants, M male, F Female, Number reference of the study, TUG  Timed Up and Go Test, FRT Functional Reach Test, TBT 
Tinetti Balance Test, BBT Berg Balance Test, FABS Fullerton Advanced Balance Score, SPBB Balance Score on the Short Physical Performance 
Battery. SLS Single leg stance time, mCTCIB Modified Clinical Test of Sensory Interaction on Balance. NS Non-significant, S Significant, R cor-
relation. Bolds are studies which had MMSE score > 24 as inclusion criteria

First Author Number of 
participants

Mean age % Female Balance task Global cognition Association

Global cognition and dynamic balance
  Zhao, et al. [51] 2022 107 71.7 ± 5 70% TUG Mini-Mental State Examination NS

r: 0.21
  Jovanovic, et al. [30] 2022 98 68.5 83.6% TUG Montreal Cognitive Assessment NS

r: 0.125
  Abe, et al. [52] 2017 169 72.4 ± 4.8 47.3% TUG 5-Cog Battery S

r: 0.371
  Kose, et al. [33] 2016 80 75.7 ± 5.8 45% TUG Mini-Mental State Examination NS

0.126
  Kwan, et al. [53] 2011 280 74.9 ± 6.4 42.8% TUG Mini-Mental State Examination NS

r: 0.30
  Won et al. [39] 2014 164 66 ± 4.6 66.5% FRT Mini-Mental State Examination NS

0.168
  Tsutsumimato, et al. [40] 2013 59 88 ± 87 83% FRT Mini-Mental State Examination NS

r: 0.07
  Woo, et al. [54] 2017 385 79.1 ± 2.9 64% BBS Mini-Mental State Examination S

r: 0.485
  Muir-Hunter, et al. [46] 2016 24 76.18 100% FABS Montreal Cognitive Assessment S

r: 0.510
Global cognition and static balance

  Imaoka, et al. [55] 2022 20 70.4 ± 4.9 45% Postural sway Montreal Cognitive Assessment NS
r: 0.35

  Goto, et al. [56] 2018 79 M 67.8 ± 5 0% Postural Sway Mini-Mental State Examination S
r: 0.239

  Muir-Hunter, et al. [46] 2016 24 76.18 100% Postural Sway Montreal Cognitive Assessment S
r: 0.510

  Won et al. [39] 2014 164 66 ± 4.6 66.5% Postural Sway Mini-Mental State Examination NS
0.022

  Zhao, et al. [51] 2022 107 71.7 ± 5 70% SLS Mini-Mental State Examination NS
r: 0.08

  Abe, et al. [52] 2017 169 72.4 ± 4.8 47.3% SLS 5-Cog Battery S
r: 0.338

  Tsutsumimato et al. [40] 2013 59 88 ± 87 83% SLS Mini-Mental State Examination S
r: 0.19

  Bruce- Keller, et al. [49] 2012 50 74.2 ± 7.8 42% Balance SPPB Mini-Mental State Examination NS
r: 0.20

  Rosano, et al. [50] 2005 2893 73.6 52% SLS ratio Mini-Mental State Examination S
r: 0.17



687Current Neurology and Neuroscience Reports (2023) 23:681–693 

1 3

effect size of 0.287 (95% CI = 0.206–0.363, p < 0.000; 
Fig. 2), in favor of a positive association between process-
ing speed and dynamic balance. The results suggest that 
older adults with faster processing speeds performed better 
on the dynamic tests. There was no significant heterogeneity 
(Q = 7.612, p = 0.268,  I2 = 0.21).

A meta-analysis of four analysis results in four included 
studies found an overall small effect size of 0.166 (95% 
CI = 0.102–0.229, p < 0.000; Fig. 3), in favor of a positive 
association between processing speed measures and static 
balance. There was no significant heterogeneity (Q = 4.629, 
p = 0.201,  I2 = 35).

The Effect Size for the Correlation of Episodic Memory and 
Balance A meta-analysis of six studies found a very small 
effect size of 0.098 (95% CI = 0.063–0.131, p = 0.000; 
Fig. 2), in favor of a positive association between epi-
sodic memory measures and dynamic balance. In addi-
tion, the studies were not heterogeneous (Q = 4.880, 
p = 0.43,  I2 = 0). We did not have enough studies for a 
meta-analysis of association between episodic memory 
and static balance.

The Effect Size for the Correlation of Global Cognition and 
Balance A meta-analysis of nine studies revealed a medium 

effect size of 0.258 (95% CI = 0.134 to 0.370, p = 0.000; 
Fig. 2) in favor of a positive association between global 
cognition and dynamic balance. They were significantly 
heterogeneous (Q = 39.847, p = 0.000¸  I2 = 79). The result 
is stable after removing the studies one by one.

A meta-analysis of seven analysis results in nine 
included studies revealed a small effect size of 0.192 
(95% CI = 0.113 to 0.268, p = 0.000; Fig. 3) in favor of a 
positive association between global cognition and static 
balance. This suggests that older adults with better perfor-
mance on global cognition tests performed better on static 
balance measures. There was not significant heterogeneity 
(Q = 14.107, p = 0.079¸  I2 = 43).

Analyzing the Relationship Between Cognitive Domains 
and Dynamic Balance in Comparison to Cognitive Domains 
and Static Balance

Correlations between executive function, processing 
speed, and global cognition and dynamic balance had 
moderate effect sizes, whereas correlations between those 
and static balance had small effect sizes. The result was the 
same when the meta-analysis was done for each dynamic 
and static test with cognition which confirms the result.

Fig. 1  Flowchart for the process 
of literature search
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Fig. 2  Statistical summary and 
forest plot of effect sizes for the 
association of executive func-
tion, processing speed, global 
cognition, and memory with 
dynamic balance

Memory & dynamic balance Statistics for each study Correlation and 95%CI

Lower Upper
Correlation limit limit Z-Value p-Value

Jovano, et al, 2022 0.076 -0.124 0.270 0.742 0.458
Sprague, et al, 2019 0.090 0.053 0.127 4.758 0.000
Rabbit, et al, 2006 0.070 -0.169 0.302 0.570 0.569
Kose, et al, 2016 0.073 -0.149 0.288 0.642 0.521
Kang, et al, 2022 0.304 0.108 0.477 2.995 0.003
Won et al, 2014 0.142 -0.012 0.289 1.814 0.070
Pooled 0.098 0.063 0.131 5.595 0.000
Prediction Interval

-1.00 -0.50 0.00 0.50 1.00

Negative association Positive association
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Discussion

The aims of this review are threefold: 1. to investigate the 
association between cognitive domains and balance in 
healthy older adults; 2. to pool the individual associations 
between each cognitive domain with static and dynamic bal-
ance to understand which cognitive domain is more sensitive 
to static or dynamic balance disturbances; 3. To Investigate 
whether this association is different from dynamic balance 
compared to static balance, and between different outcome 
measures of balance. To the best of our knowledge, this sys-
tematic review and meta-analysis is the first to compare the 
relationship between cognitive domains with static versus 
dynamic balance tasks, while the primary focus of previ-
ous systematic reviews has been on the broader association 
between physical and cognitive function [15••, 16•].

Regarding aim 1, the findings in this review showed a 
consistent positive association between cognitive domains 
(executive function, processing speed, and global cognition) 
and balance. The reviewed evidence shows that individuals 

with better balance perform better in assessments of global 
cognition, executive function, and processing speed. There 
have been some reports of non-significant findings, but the 
positive direction of all significant associations encour-
aged our conclusion. Regarding aim 2, the findings of this 
meta-analysis showed that the association was significant 
and consistent across all available cognitive domains. This 
consistency in findings suggests that the association between 
cognition and balance may not be exclusive to a single cog-
nitive domain. However, the strength of this association was 
not equal for all cognitive domains, with executive func-
tion having the strongest and memory having the weakest 
association. Probably executive function and processing 
speed play more important roles in postural adjustment 
than episodic memory. Similarly, Demnitz et al. found an 
association between executive function and global cognition 
and postural balance in their meta-analysis. They reported 
a small effect size for this association, whereas we found a 
moderate effect size for dynamic balance and a small effect 
size for static balance in the present study [16•]. Compared 

Processing speed and static balance Statistics for each study Correlation and 95%CI

Lower Upper
Correlation limit limit Z-Value p-Value

Redfern, et al, 2019 0.360 0.025 0.622 2.098 0.036

Rosano, et al, 2004 0.190 0.155 0.225 10.340 0.000

Won et al, 2014 0.050 -0.104 0.202 0.635 0.525

Demnitz, et al, 2017 0.151 0.052 0.247 2.982 0.003

Pooled 0.166 0.102 0.229 5.040 0.000

Prediction Interval 0.166 -0.057 0.373

-1.00 -0.50 0.00 0.50 1.00

Negative association Positive association

Gobal cognition & static balance Statistics for each study Correlation and 95%CI

Lower Upper
Correlation limit limit Z-Value p-Value

Goto, et al,, 2018 0.239 0.019 0.437 2.125 0.034
Tsutsumimoto, et al, 2013 (5) 0.190 -0.069 0.425 1.439 0.150
Rosano, et al, 2005 0.170 0.134 0.205 9.229 0.000
Abe, et al, 2017 0.338 0.197 0.465 4.533 0.000
Zhao, et al, 2022 0.080 -0.112 0.266 0.818 0.414
Muir-Hunter, et al, 2014 0.510 0.134 0.758 2.579 0.010
Won, et al, 2014 0.022 -0.132 0.175 0.279 0.780
Bruce- Keller, et al, 2012 0.200 -0.083 0.453 1.390 0.165
Imoaka, et al, 2022 0.350 -0.109 0.686 1.507 0.132
Pooled 0.192 0.113 0.268 4.711 0.000
Prediction Interval 0.192 -0.004 0.373

-1.00 -0.50 0.00 0.50 1.00

Negative association Positive association

Fig. 3  Statistical summary and forest plot of effect sizes for the association of executive function, processing speed, and global cognition with 
static balance
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to Demnitz et al.’s 2016 meta-analysis, which included only 
three studies, the current study included 32 studies. Fur-
thermore, they considered balance as a general ability with 
no further sub-categorization, whereas in the current study, 
balance was categorized as static and dynamic subtypes.

The current review also showed a significant positive 
association of memory and processing speed with postural 
balance. These findings are consistent with previous studies 
[41, 42, 45, 57]. However, there is a discrepancy between 
these findings and those of Demnitz et al.’s study in 2017 
[48]. The ceiling effect in this study could be one contribut-
ing factor to this disparity. Seventy-two percent of the par-
ticipants completed the balance test at the ceiling for 72% 
of their participants. There is evidence that the relationship 
between cognition and balance manifests itself in more dif-
ficult activities [15••, 58, 59].

Regarding aim 3, this meta-analysis shows that dynamic 
balance has a moderate correlation with executive function, 
processing speed, and global cognition, while they have 
small correlation with static balance. Additionally, all bal-
ance tests (timed up and go, postural sway in dynamic and 
static conditions, and time in balance in single-leg stance 
position) were positively associated with cognition, with 
dynamic balance tests showing a moderate association, 
and static balance tests showing a small association. Inter-
estingly, the correlation between cognitive domains and 
dynamic balance was found to be statistically greater than 
the correlation between cognitive domains and static bal-
ance. Although the brain structures responsible for control-
ling static and dynamic balance are the same, their differing 
contributions to each balance condition may explain these 
findings [60]. This suggests that the association between 
cognition and balance is task-specific and stronger in more 
complex balance tasks, such as dynamic balance tasks. The 
relationship between cognition and mobility is affected by 
task difficulty [59]. Cognitive inputs required for postural 
control vary with task complexity and the individual’s pos-
tural control abilities [4]. Dynamic balance tasks are more 
complex than static ones. Dynamic balance tasks, which 
involve continuous changes in the environment and acting 
forces, require greater cognitive involvement compared to 
static balance tasks [14••]. In addition, imaging studies in 
healthy older adults showed task-specific compensatory acti-
vation in several brain areas [61]. These findings further 
support the notion that the association between cognition 
and balance is task-specific and stronger in more complex 
balance tasks, such as dynamic balance tasks.

Limitations

Two concerns were identified in terms of cognitive meas-
ures: inconsistency among studies in the tests used to meas-
ure cognitive domains and difficulty in accurately classifying 

cognitive domains. Two concerns were also identified in 
relation to balance outcome measures: variability in tests 
used to measure dynamic and static balance and the multi-
factorial nature of postural balance control. Factors affecting 
balance such as muscle strength or physical inactivity, may 
affect the relationship between cognition and balance. This 
review did not include participants with neurological condi-
tions, and so cannot be generalized to those populations.

Suggestions for future research

To shed light on the directionality of this relationship, more 
longitudinal studies are needed to assess whether balance 
or cognition is more likely to decline first over time. Fur-
ther research into the mechanisms underlying the associa-
tion between cognition and balance, including studies that 
measure brain activity during different balance tasks, is rec-
ommended. It is advisable to explore the correlation between 
cognitive domains and balance in various cognitive disor-
ders as well, as they may impact balance differently.

Conclusion

In conclusion, as for aim 1, this systematic review shows a posi-
tive association between balance and cognitive domains (execu-
tive function, processing speed, memory, and global cognition) 
in healthy older adults. For aim 2, while balance and cognition 
are not exclusively linked by one cognitive domain, executive 
function shows the strongest association with balance while 
memory shows the weakest association. For aim 3, a comparison 
of the correlation between cognitive domains and static versus 
dynamic types of balance showed that the association between 
executive function, processing speed, and global cognition and 
dynamic balance was moderate, whereas it was small between 
these cognitive domains and static balance. In addition, the asso-
ciation between cognition and each type of dynamic balance 
test was moderate, while it was small for this association with 
each type of static balance test. Hence, the type of balance task 
appears to influence the relationship between cognition and bal-
ance. These findings have implications for assessment, treatment 
planning, fall prevention, functional training, cognitive–motor 
integration, and rehabilitation outcomes. It allows clinicians to 
prioritize incorporating cognitive domains such as executive 
function and processing speed tasks as a dual task with dynamic 
balance interventions to enhance their effectiveness.
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