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ABSTRACT

Background and Purpose: Tailored physical exercise interventions have the potential to
promote cognitive health in older adults and offer significant advantages for those more
vulnerable to decline. The specific relationship between physical fitness and cognition among
the elderly has not been clearly established. The purpose of this investigation was to assess the
relationship between physical fitness and cognitive function in older Korean adults.

Methods: Eighty-four community-dwelling older adults (mean age: 70.7+5.3 years; 81.0%
female) completed a standardized physical fitness battery assessing handgrip strength,
sit-and-reach, 30-second sit-to-stand, 2-minute stationary march, 3-m sit-walk-and-return,
figure-8-walk, and T-wall response time. Cognitive function was evaluated using the
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS). Descriptive
statistics, partial correlation analyses, and stepwise multiple linear regression were conducted.
Results: Slower T-wall response time was significantly correlated with lower RBANS total
index, immediate memory, and delayed memory scores. In regression models, slower T-wall
response time was independently associated with lower RBANS total index ($=-0.234,
p=0.026) and delayed memory scores ($=-0.295, p=0.029). The regression model for
immediate memory was not statistically significant overall; therefore, no predictive
conclusion was drawn for this domain. Higher education showed a significant positive
association with cognitive performance.

Conclusions: Coordination, as measured by T-wall response time, emerged as the only
physical fitness component consistently associated with cognitive performance in older
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adults. Coordination-related fitness may be an important correlate of cognitive function in
older adults and a promising target for future exercise interventions.

Keywords: Dementia; Cognition; Physical Fitness; Physical Exercise; Aging; Prevention

INTRODUCTION

In South Korea, the proportion of individuals aged 65 and above was 17.5% in 2022, with
estimates suggesting an increase to 20.6% by 2025, signaling the nation’s transition into a
super-aged society.! In 2020, among the 8,134,674 individuals in this age group, 837,992 had
dementia (10.3%). These demographic changes raise significant concerns regarding the
health, medical care, and welfare of older adults. Moreover, the World Health Organization
(WHO) has highlighted dementia and Alzheimer’s disease as vital global public health
priorities.? The 2019 “Risk Reduction of Cognitive Decline and Dementia WHO Guidelines”
advocate a “comprehensive dementia management” strategy, encompassing lifestyle practices,
social involvement, cognitive engagement, and medical considerations. A physically active
lifestyle (PAL) is a cornerstone within this approach, and interest is growing in enhancing
physical fitness among seniors for healthy and active aging, underscoring the need to explore
adaptable approaches for facilitating physical activity engagement.

Research shows that incorporating physical exercise within lifestyle interventions, either

independently**

or in conjunction with other risk factor corrections,™ produces favorable
effects in terms of dementia risk reduction and cognitive enhancement. The Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and Disability (FINGER), which
investigated a 2-year multidomain lifestyle intervention including nutritional counseling,
exercise, cognitive training, and monitoring of vascular and metabolic risk factors,
administered to older individuals with heightened dementia risk, represents an initial sizable
randomized controlled trial that demonstrated favorable cognitive effects.” Moreover, the
SoUth Korean study to PrEvent cognitive impaiRment and protect BRAIN health through
lifestyle intervention in at-risk elderly people (SUPERBRAIN) established the feasibility and
potential efficacy of adapting the multidomain intervention from the FINGER study to the
cultural and contextual nuances of another nation.>* According to a systematic review, the
amount of physical activity is associated with cognitive outcomes in older adults, regardless
of cognitive impairment status. The analysis indicated that participating in at least 52 hours
of physical exercise was linked to improvements in global cognition, attention, processing
speed, and executive functioning.” Furthermore, evidence endorses the effectiveness of
aerobic and resistance exercises, mind-body exercises, or their combinations as strategies
to counteract cognitive aging effects. However, a recent narrative review suggests adopting
diverse forms of physical exercise to promote comprehensive physical and cognitive well-
being in advanced age, considering the distinct neuroplasticity mechanisms associated
with each exercise mode.” Tailored physical exercise prescriptions could prove effective

in enhancing individual cognition. To achieve this, the connection between cognition and
specific physical fitness factors, including cardiorespiratory fitness, muscular strength/
endurance, balance, flexibility, or coordination, within a specific population needs to be
explored. Although the association between physical fitness and cognitive function is
acknowledged,"° the precise links between specific components of physical fitness and
cognitive function within specific populations have not been elucidated.
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Cognitive function assessment

Cognitive function was evaluated both prior to and following the intervention using the
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS).* The

RBANS is a widely validated and reliable cognitive screening tool consisting of 12 subtests,
requires approximately 20-30 minutes to administer, and includes 4 alternate forms (A-D) to
minimize learning effects during reevaluation. The 12 subtests are organized into 5 cognitive
domains: 1) Attention, assessed by digit span and coding; 2) Language, evaluated through
picture naming and semantic fluency; 3) Visuospatial/constructional abilities, measured with
figure copy and line orientation tasks; 4) Immediate memory, including list learning and
story recall; and 5) Delayed memory, covering list recall, recognition, story recall and figure
recall. Domain-specific scores are obtained for each of the 5 cognitive domains, and a total
index scale (range, 40-160) is calculated by summing across domains, such that higher values
represent improved general cognitive functioning. We chose the RBANS rather than brief
screening tools such as the Korean version of Mini-Mental State Examination (K-MMSE)
because it provides more sensitive, domain-specific indices for memory, attention, language,
and visuospatial/constructional abilities, which was important for exploring relationships
with specific physical fitness components in this exploratory sub-study.

Statistical analysis

The sample size was estimated through power analysis, targeting a statistical power

of 0.80 for correlation analysis (medium effect size; r=0.30, significance level 0=0.05)

and regression analysis (large effect size; £>=0.30, significance level 0=0.05), using

PASS 11 software (NCSS, Kaysville, UT, USA). With 84 participants, the estimated power was
0.987, confirming that the final sample size was sufficient to detect large effect sizes in the
relationship between physical fitness and cognitive function.

All statistical analyses in this sub-study were restricted to baseline (pre-intervention)
measurements, as the aim was to examine cross-sectional associations before any
intervention exposure.

Data analyses were implemented through R software (version 4.4.2; R Foundation for
Statistical Computing, Vienna, Austria) along with RStudio (2021.09.0+351), considering
p<0.05 as the criterion for significance. Participant demographic and clinical features

were presented using descriptive statistics. The distributional assumption of continuous
variables was tested using the Shapiro-Wilk method and further verified by Q—Q plots.
Partial correlations were calculated to determine the links between physical fitness indices
and cognitive function variables. These analyses were adjusted for age, sex, education level,
and comorbidities, such as diabetes mellitus, hypertension, dyslipidemia, cardiovascular
diseases, stroke, and traumatic brain injury (TBI). Covariates were selected according to
their commonly reported associations with cognitive performance in older adults. The
variables that showed statistically significant partial correlations were subsequently entered
into stepwise multiple linear regression models to identify significant predictors for each
RBANS domain score. Model selection was guided by the Akaike Information Criterion (AIC)
to achieve a balance between model parsimony and explanatory power. Model assumptions
for linear regression—covering linearity, homogeneity of variance, residual distribution,
and multicollinearity—were verified using diagnostic plots along with variance inflation
factor statistics. Final regression results were reported as unstandardized coefficients (B),
standardized beta coefficients (B), standard errors (SE), 95% confidence intervals (CIs), and
p-values. Model fit was evaluated using R? and adjusted R? statistics.
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RESULTS

A total of 84 older adults (mean age: 70.7+5.2 years; 81.0% female) were enrolled in

the SUPERBRAIN physical fitness sub-study. The key characteristics of participants

were as follows: mean years of education, 9.6%5.0 years; mean BMI, 24.3+2.9 kg/m?;

and mean K-MMSE total score, 28.0+1.8. Furthermore, the average baseline MVPA was
2,518.7+3,352.2 metabolic equivalent of task (MET)-minutes/week, and baseline sedentary
time was 284.4+192.5 minutes/day. The demographic and baseline clinical characteristics
are further detailed in Table 1. Table 1 summarizes baseline demographic, clinical, and
physical fitness characteristics for the total sample and provides a descriptive comparison
of participants allocated to the combined intervention group (FMI + HMI) and the control
group. All subsequent correlation and regression analyses were conducted on the entire
cohort irrespective of group assignment.

Partial correlation analyses, adjusted for age, sex, education level, BMI, and comorbidities
(diabetes mellitus, hypertension, dyslipidemia, cardiovascular disease, stroke, and TBI),

Table 1. Demographic and clinical characteristics of participants

Characteristics Total (n=84) Intervention (n=57) Control (n=27) p-value
Age (yr) 70.7+5.2 71.0+5.2 70.0+5.4 0.630
Sex, female 68 (81.0) 45 (78.9) 23(85.2) 0.670
Education (yr) 9.6+5.0 9.2+5.2 10.5+4.6 0.504
BMI (kg/m?) 24.3+9.9 23.9+9.7 25.0+3.3 0.509
Medical history
DM 19 (22.6) 8 (14.0) 11 (40.7) 0.004
HTN 39 (46.4) 26 (45.6) 13 (48.1) 0.599
Dyslipidemia 36 (42.9) 21 (36.8) 15 (55.6) 0.032
Cardiovascular diseases 9(10.7) 6 (10.5) 3(11.1) 0.383
Stroke 9(10.7) 6 (10.5) 3(11.1) 0.778
TBI 1(1.9) 0(0.0) 1(3.7) 0.003
Depression 28 (33.3) 19 (33.3) 9(33.3) 0.629
Smoking 8 (9.5) 7(12.3) 1(3.7) 0.458
Alcohol 20 (23.8) 13 (22.8) 7 (26.0) 0.620
GPAQ
MVPA time (MET-minutes/week) 2518.7+3352.2 2606.8+3437.2 2332.6£3220.9 0.776
Sedentary time (minutes/day) 284.4+192.5 284.7+194.4 283.7+192.1 0.186
K-MMSE total score 28.0+1.8 28.3+1.8 27.7£1.9 0.336
CDR 0.3+0.2 0.4+0.2 0.3+0.2 0.603
CDR-SOB 0.5+0.4 0.5+0.5 0.4+0.4 0.331
Physical fitness
Handgrip (kg) 41.7+10.3 492.3+11.3 40.1+9.4 0.202
Sit-and-reach test (cm) 11.9+9.8 12.1+7.8 11.449.1 0.739
30-sec sit-to-stand test (times) 19.0+5.9 18.7+4.8 19.8+7.7 0.585
2-min stationary march (times) 104.6+18.2 105.2+12.2 103.4+24.3 0.732
3-m sit-walk-and-return test (sec) 6.4+1.5 6.2+1.6 6.6+1.8 0.440
Figure-8-walk (sec) 28.5+6.6 28.0+4.6 29.3+8.7 0.385
T-wall response time (sec) 99.3+26.8 94.5+26.6 100.9+29.4 0.663
RBANS
Total index scale 98.6+19.6 97.7+21.3 100.7+£16.2 0.598
Immediate memory domain scale 100.6+15.5 99.8+16.0 102.3+13.8 0.202
Delayed memory domain scale 95.8+16.6 93.9+18.0 99.7+13.0 0.304
Language domain scale 108.1+13.9 106.9+15.2 110.7+11.7 0.515
Visuospatial/constructional ability domain scale 84.1+18.0 84.5+17.8 83.4+18.2 0.844
Attention domain scale 102.2+18.1 102.8+19.7 101.3+15.3 0.819

Data are mean + standard deviation or number (%).
BMI: body mass index, DM: diabetes mellitus, HTN: hypertension, TBI: traumatic brain injury, GPAQ: Global Physical Activity Questionnaire, MVPA: moderate-
to-vigorous intensity physical activity, MET: metabolic equivalent of task, K-MMSE: Korean version of Mini-Mental Status Examination, CDR: Clinical Dementia
Rating, CDR-SOB: Clinical Dementia Rating-Sum of Boxes, RBANS: Repeatable Battery for the Assessment of Neuropsychological Status.
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revealed several significant associations between physical fitness parameters and the

RBANS scores (Table 2). Notably, the T-wall response time showed significant negative
correlations with RBANS total index (=-0.266, p<0.05), immediate memory (r=-0.242,
p<0.05), and delayed memory domain scores (r=-0.262, p<0.05). In contrast, handgrip
strength was positively associated with the language domain score (=0.270, p<0.05), whereas

The Link Between Physical Fitness and Cognition

the figure-8-walk time was negatively associated with the same domain score (=-0.223,
p<0.05). Additional partial correlation analyses using MMSE and Clinical Dementia Rating
Scale Sum of Boxes as cognitive measures were conducted, and the results are summarized in
Supplementary Table 1. To further contextualize the findings, we also examined associations
of MVPA (MET-min/week) and sedentary time with cognitive outcomes and physical fitness
measures; these results are shown in Supplementary Tables 2 and 3.

Variables showing significant bivariate associations were entered into stepwise multiple
linear regression models (Table 3). T-wall response time emerged as a significant predictor
of RBANS total index (=-0.234, p=0.026) and delayed memory domain scores (f=-0.295,
p=0.029). Although the coefficient for immediate memory reached nominal significance, the
overall regression model for this domain was not statistically significant (F=0.607, p=0.817;
adjusted R?=-0.057); therefore, no predictive conclusion was drawn for immediate memory.

Table 2. Association of physical fitness with RBANS scores

Variables Tl IM DM L VCA A

Handgrip test (kg) 0.199 -0.022 0.045 0.270" 0.172 0.215
Sit-and-reach test (cm) 0.005 -0.110 0.015 0.144 0.085 -0.158
30-sec sit-to-stand test (times) 0.089 0.115 0.084 0.198 -0.129 0.053
2-min stationary march (times) 0.190 0.047 0.140 0.169 0.124 0.156
3-m sit-walk-and- return test (sec) -0.062 -0.011 0.040 -0.181 0.066 -0.161
Figure-8-walk (sec) -0.080 -0.024 -0.029 -0.223* 0.096 -0.122
T-wall response time (sec) -0.266" -0.242" -0.262* -0.155 -0.153 -0.049

Values represent partial correlation coefficients adjusted for age, sex, education level, body mass index, and comorbidities (diabetes mellitus, hypertension,
dyslipidemia, cardiovascular disease, stroke, and traumatic brain injury).

RBANS: Repeatable Battery for the Assessment of Neuropsychological Status, TI: total index scale, IM: immediate memory domain scale, DM: delayed memory
domain scale, L: language domain scale, VCA: visuospatial/constructional ability domain scale, A: attention domain scale.

*p<0.05.

Table 3. Stepwise regression analysis of predictors of RBANS scores

Dependent variable Predictor B SE(B) B p-value VIF
Tl Covariates
Age -0.755 0.362 -0.199 0.041" 1.57
Education 2.095 0.369 0.536 <0.001f 1.53
Traumatic brain injury -32.988 14.764 -1.652 0.029" 1.16
Physical fitness
T-wall, response time -0.172 0.075 -0.234 0.026" 1.80
Model summary: R?=0.600, Adjusted R*=0.536, F (11, 69)=9.404, p<0.001
IM Physical fitness
T-wall, response time -0.141 0.069 -0.317 0.044" 1.80
Model summary: R?=0.088, Adjusted R*=-0.057, F (11, 69)=0.607, p=0.817
DM Covariates
Education 0.948 0.402 0.288 0.021* 1.50
Physical fitness
T-wall, response time -0.184 0.082 -0.295 0.029* 1.80

Model summary: R>=0.332, Adjusted R?>=0.214, F (11, 69)=3.11, p=0.002
RBANS: Repeatable Battery for the Assessment of Neuropsychological Status, B: unstandardized regression coefficient, SE: standard error, : standardized

coefficient, VIF: variance inflation factor, Tl: total index scale, IM: immediate memory domain scale, DM: delayed memory domain scale.
*p<0.05, Tp<0.001.
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The final regression model presented in Table 3 includes only significant predictors.

Full regression results, including all covariates and nonsignificant variables for each

RBANS domain, can be found in Supplementary Table 4. Of note, although handgrip
strength and figure-8-walk showed significant correlations with RBANS language domain in
the partial analyses, they were not retained in the stepwise regression model owing to lack of
statistical significance in the multivariate context.

DISCUSSION

This exploratory analysis investigated the association between specific elements of physical
fitness and cognitive function among older adults. Our observational findings confirmed

that, among the fitness variables tested, coordination as measured by T-wall response

time was most consistently related to cognitive performance. Partial correlation analyses
demonstrated significant associations between slower T-wall response time—reflecting poorer
coordination—and lower RBANS total index as well as both immediate and delayed memory
domain scores. However, although the coefficient for immediate memory reached nominal
significance, the overall regression model for this domain was not statistically significant;
therefore, the predictive relevance of T-wall response time for immediate memory should

be interpreted with caution. In contrast, stepwise regression analysis indicated that T-wall
response time remained a significant negative predictor of the RBANS total index and delayed
memory scores, suggesting that coordination may play a meaningful role in cognitive aging.
The T-wall test captures visual stimulus processing, attentional control, reaction speed, and
sensorimotor integration, all of which rely on distributed neural networks involving frontal
and parietal regions. Prior research indicates that eye-hand coordination, largely mediated by
prefrontal and motor cortical systems, declines with age and cognitive impairment, affecting
motor planning and execution.?* Moreover, age-related decline in proprioception and optic
nerve integrity may further impair coordination, resulting in impairments in daily functioning
and a reduced quality of life.?*? Consistent with the present findings, previous cognitive-motor
intervention studies have demonstrated that rapid visuomotor response training can improve
memory, attention, and coordination in older adults, and that these benefits can be sustained
over time.*?** Given that the T-wall task integrates visual processing, attentional shifting, rapid
motor responses, and working memory, it may serve as a more proximal marker of cognitive
processing demands than simpler field tests of strength or aerobic capacity. Taken together,
these findings suggest that coordination-based tasks may confer multidomain cognitive
benefits and may hold clinical relevance for exercise-based dementia prevention strategies.

It is also noteworthy that, unlike coordination as assessed by the T-wall test,
cardiorespiratory fitness indexed by the 2-minute stationary march did not show significant
associations with cognitive performance, despite extensive prior evidence linking aerobic
fitness to cognition in older adults. One likely explanation is that the 2-minute stationary
march may have been too easy for this relatively high-functioning cohort, resulting in
restricted variability and possible ceiling effects that reduce its ability to discriminate subtle
cognitive differences. Moreover, the modest sample size and shared variance among fitness
domains may have limited statistical power to detect independent effects of cardiorespiratory
fitness once demographic and clinical covariates were taken into account. Thus, the lack

of significant associations for the 2-minute stationary march in this study should not be
interpreted as contradicting previous work; rather, it underscores the need for larger studies

https://doi.org/10.12779/dnd.2026.25.1.13 20



The Link Between Physical Fitness and Cognition

Dementia and
Neurocognitive
Disorder

https://dnd.or.kr

using more sensitive and specific assessments of aerobic fitness (e.g., 6-minute walk test or
direct cardiopulmonary measures) to better capture its relationship with cognitive function.

Additionally, handgrip strength showed a significantly positive association with the

RBANS language domain score in the partial correlation; however, it was not retained in the
final multivariate model. Nevertheless, this finding supports previous findings where muscle
strength was an important predictor of cognitive aging.*>** Handgrip strength, a robust
indicator of biological aging and frailty, has been linked to cognitive decline and functional
dependence.?®¥ In particular, reduced strength has been associated with attention deficit and
poor executive function.”* While handgrip strength did not remain a significant predictor
in multivariate analysis, its bivariate association with cognition suggests it may still serve as a
practical screening tool or target for intervention.

In contrast to the robust associations observed for T-wall performance, other fitness
measures, including handgrip strength, sit-to-stand performance, and figure-8-walk, showed
only modest and domain-specific correlations with RBANS scores and were not retained

as significant predictors in the multivariate models. This pattern likely reflects the limited
sample size and shared variance among fitness domains, which may have reduced power to
detect independent effects of strength, balance, or mobility on cognition. Accordingly, the
lack of significant associations for these measures in our analysis should be interpreted with
caution and not as evidence that they are unrelated to cognitive health; rather, our findings
suggest that coordination-related tasks may be particularly sensitive markers of cognitive
status in this cohort.

This study is constrained by its modest sample size and the lack of extended follow-up,
which may reduce the extent to which the findings can be generalized. Also, the sample
comprised a high proportion of women (81%), which may limit the generalizability of our
findings to older men and to more gender-balanced populations. In addition, although we
controlled several covariates, unmeasured factors, such as depression or sleep quality, may
have confounded the results. Moreover, because only 1 of the 7 fitness components showed a
consistent association with cognitive outcomes, our results should be interpreted cautiously
and not generalized to all aspects of physical fitness or exercise interventions.

In conclusion, this exploratory study identified coordination, quantified by T-wall

response time, as the only physical fitness component that consistently predicted cognitive
performance among the seven variables examined. While muscle strength also demonstrated
relevance, coordination measures may offer enhanced sensitivity in detecting incipient
cognitive changes. Rather than indicating that exercise interventions in general maintain
cognitive health, these findings tentatively suggest that coordination-oriented elements
within exercise programs may be particularly relevant for supporting cognitive function in
older adults.

Future studies should aim to replicate these results in larger and more heterogeneous
populations, adopt longitudinal and interventional designs to determine whether targeting
coordination through specific training can causally influence cognitive trajectories and
dementia risk, and clarify how coordination interacts with other fitness domains. Tailored
physical exercise prescriptions, meticulously considering individual cognitive and physical
profiles, may significantly augment the efficacy of dementia prevention strategies.
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