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Abstract
Objective
Mild cognitive impairment (MCI) is characterized by a mild decline in cognitive function and the risk of progression to severe
cognitive disorders, such as Alzheimer's disease. Exercise and dual-task training may be an effective method for enhancing
cognitive function. This study investigated the effects of cognitively-loaded physical exercise (CLPE) on the cognitive function
and physical health of individuals with MCL
Methods
Fifty-one aged 60 years or older with MCI were randomly assigned to 30-minute CLPE (30CLPE, n=17), 60-minute CLPE
(60CLPE, n=17), and control (n=17) groups. The CLPE program consisted of a twice-weekly exercise program for eight weeks.
During the exercise, a dual task was performed to assess cognitive load. The control group performed a typical exercise program
at a dementia center during the same period. The Korean version of the Montreal Cognitive Assessment was used to assess
cognitive function and a handgrip dynamometer and pinch gauge were used to assess grip strength. The Senior Fitness Test
assessed participants' physical fitness. Dynamic and static balance abilities and spatiotemporal gait variables were assessed.
Results
Significant improvements in cognitive function, upper limb strength, senior fitness, balance, and gait were observed in both the
30CLPE and 60CLPE groups. No outcome variables were significantly different between the 30CLPE and 60CLPE groups. No
significant change was observed in the control group.
Conclusions
Dual-task training may improve cognitive and physical function in individuals with MCI. The results underscore the importance
of maintaining exercise within an individual's manageable timeframe rather than a set time limit.

1. Introduction MCI is managed using both pharmacological

Mild cognitive impairment (MCI) is a complex clinical syndrome
characterized by declines in memory and cognitive functions.l
MCI is considered an intermediate stage between normal aging
and dementia, with a risk of progressing to serious cognitive
disorders, such as Alzheimer's disease.[1-4] Considering these
risks, appropriate management of people with MCI is very
important for the early detection of the disease and establishment
of appropriate treatment strategies. Managing this condition in an
aging society can have implications for maintaining healthy aging

and reducing societal costs.

non-pharmacological treatments. Currently, approved drugs are
effective in delaying the progression of certain types of dementia,
especially Alzheimer's disease, but their overall effectiveness
remains limited.[5,6] In addition, there is insufficient evidence
that  other  pharmacological  interventions, including
over-the-counter supplements, improve cognitive function.[7,8] In
contrast, non-pharmacological treatments can play an important
role in managing the symptoms and improving the quality of life
of patients with MCL. In particular, exercise interventions have
attracted attention as promising non-pharmacological treatments

for people with MCL.[9-11] Physical exercise has known benefits
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regarding physical control, function, mood, and cardiovascular
health and is a therapeutic intervention in rehabilitation programs
that may enhance neuroplastic processes.[12-15] Resistance
exercises have been shown to improve memory function and
neuroplasticity in people with MCL[16-19]

The dual-task approach involves simultaneous performance of
physical activity and cognitive tasks. Dual-task training may be
an effective treatment strategy for patients with MCIL This
method simultaneously activates different brain areas, strengthens
neural circuit connections and promoting neuroplasticity.[20]
Consequently, it can promote the interaction between cognitive
and physical functions and improve cognitive abilities.
Specifically, these neurobiological changes can contribute to
improvements in critical cognitive areas such as attention,
memory, and problem solving, as well as increase blood flow to
the brain and improve communication between nerve cells.
Previous studies have shown that dual-task training positively
affects cognitive function, gait, and balance.[21,22] Additionally,
it has been reported that dual-task training can produce more
significant gains in verbal fluency, endurance, and muscle
strength in people with MCI than simple exercise.[23] These
results indicate that the dual-task approach has the potential to be
used as an important factor in maintaining and improving
cognitive function.

Studies have reported the effectiveness of cognitively-loaded
physical exercise (CLPE), which combines cognitive tasks and
exercise, in people with MCI. However, studies have shown
different results regarding the intensity and frequency of exercise
required to improve cognitive abilities in older individuals, and
there is no consensus on the optimal exercise intervention
method.[24,25] Specific guidelines on the type of training and
appropriate training time and duration in these programs still need
to be developed.[26,27] Accordingly, this study aimed to
investigate the effect of combining exercise and cognitive tasks
on the cognitive function and physical health of people with MCI,
and to determine the difference that exercise time makes to these
effects. This study aimed to propose more effective management

and treatment approaches for patients with MCI

2. Methods

2.1 Participants
Participants were recruited by posting a notice for the study at a
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dementia center in Seoul. The recruits were community residents
aged 60 years with MCI. The notice clearly described the purpose
of the study, conditions for participation, an overview of the
research process, and the benefits of participating in the study.
Individuals with the following conditions were excluded from the
study: 1) serious physical condition; 2) serious health problems,
including cardiovascular, respiratory, or musculoskeletal
conditions; or 3) severe mental illness. Volunteers were screened
using the Korean version of the Montreal Cognitive Assessment
(MoCA-K). Volunteers with MoCA-K scores below the cut-off
point (24 points) were eligible to participate in the study.28,29
This study was approved by the Institutional Review Board of
Gachon University (1044396-202108-HR-175-02) and enrolled in
the Clinical Research Information Service, which complies with
the World Health Organization International Clinical Trials
Registry Platform (registration number: KCT0009053).

The participants were assigned to three groups using a stratified
randomization method. These groups comprised the 30-minute

CLPE (30CLPE), 60-minute CLPE (60CLPE), and control groups.

2.2 Intervention

The CLPE program used in this study was designed to
simultaneously improve participants’ physical ability and
cognitive function. All participants performed the exercise
program under the direction of a physical therapist.

The CLPE program comprised warm-up, main, and cool-down
exercises. The warm-up and cool-down exercises consisted of
full-body stretching of the neck, shoulders, and lower back, and
the main exercises consisted of muscle strength and balance
exercises (Table 1). Exercises were performed at progressively
increasing intensities each week (Table 2).

Stretching exercises are designed to relax the muscles, improve
mobility, and increase body temperature. The main exercises
focused on improving strength and balance, specifically targeting
the core and lower-extremity muscles.

The cognitive task consisted of counting the number of
movements in various ways while the participants performed the
exercises (Table 3).

The control group also performed exercises twice a week for
eight weeks. The control group performed a typical exercise
program at a dementia center. The exercise program consisted of
stretching, stationary cycling, and walking on a treadmill,
performed at the individual's preferred intensity for 30 minutes.

Stretching was performed for 5 min at the beginning and end of
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the program. Cycling and walking were performed for 10 min
each. A physical therapist instructed and managed stretching,
cycling, and walking.

2.3 Measurements

2.3.1 Cognitive function

This was assessed using the MoCA-K.[28,29,32] The MoCA-K
consists of 30 questions that evaluate eight cognitive domains:
short-term memory, visuospatial abilities, executive functions,
attention, concentration, working memory, language, and
orientation to time and place. The total score is 30 points, and
the cutoff score is 24 points. The MOCA-K has a sensitivity of
> 90% and a specificity of > 87% for detecting MCL

2.3.2 Grip strength

Grip strength and pinch grip strength were measured using a
Jamar handgrip dynamometer (JLW Instruments, Chicago, USA)
and Jamar pinch gauge (Patterson Medical, Bolingbrook, USA)
with an intra-rater reliability of 0.94 -0.98.[33,34] The
assessment was performed on a chair without armrests. All
subjects kept their shoulders close to the trunk, elbows bent at
90°, and the lower arms in a neutral position. The wrist was
placed in a comfortable position to create a fist (0 -30°
extension, 0 - 15° radial deviation). The maximum grasp power
was recorded as the highest value among three repeated
measurements. Each trial had a 30-second rest period, and

measurements were recorded in kilograms (kg).

2.3.3 Physical fitness

The Senior Fitness Test (SFT) assessed physical fitness. SFT is
a highly reliable test method for older adults with cognitive
decline (ICC = 0.93 - 0.98).35 The SFT consists of six items: 1)
lower-extremity strength test, 2) upper-extremity strength test, 3)
agility and dynamic balance test, 4) lower-extremity flexibility
test, 5) upper-extremity flexibility test, and 6) cardiorespiratory

endurance test.

2.3.4 Balance

Dynamic balance was assessed using a Functional Reach Test
(FRT). The FRT has been found to be a reliable method (ICC =
0.87).36 During this evaluation, the participants were upright with
the shoulder joint flexed to 90°. Following the examiner's
instructions, participants bent over and extended their arms as far

forward as possible.

Static balance was assessed by using an AMTI AccuSway force
plate (Advanced Mechanical Technology, Inc., Watertown, MA,
USA). AccuSway is an evaluation instrument with high reliability
(ICC = 0.70 - 0.89).[37]

2.3.5 Gait

Measurements of spatiotemporal gait variables were performed
using GAITRite walkway (CIR Systems Inc, USA), which has
high reliability (ICC = 0.90 - 0.99).38 Information on the center
of pressure (pressure intensity, location, and time) was analyzed
as spatiotemporal gait variables using GAITRite Platinum
software (GAITRite Plus version 4.7, CIR System Inc.).

2.4 Data analysis

. SPSS statistical software (version 25.0; IBM Corp., Armonk,
NY, USA)

@ Shapiro-Wilk test : the normality of data

@ One-way analysis of variance (ANOVA) : Distributions
between groups

@ 3 x 2 (group x time) ANOVA : differences in the main
outcome variables between the groups (30CLPE group, 60CLPE
group, and control group) and time (before and after the
program).

@ Paired t-test and one-way ANOVA : Post-hoc tests were
performed using , and

@ Tukey method :statistical values were corrected using the .
@ Significance level : a = 0.05

3. Results

3.1 General characteristics

Variables+ 3(2021‘1];];:: G(OHEL;];: Control (n = 17)¢ p-value'
Ape (vears)e 71955050 69.00 £ 5.62¢ 7094£5770 0291e,

Sex (MF)- 3/14- 2/15¢ 3/ 14+ 0.862« .,

Height (cm)e 1559646260 154324808+ 156486000 0634,
Weight (k) 61.90 + 8.72¢ 574148540  5043+793.  0381e,
Body mass index 25.44=3.19¢ 240642710 2426+25850 0349
(kg/m?)e

(Sf:)lf'al musele mass 2111328« 19.31+2.98- 2191+342 0114+
Body fat mass (kg)e 2456 = 6.75¢ 212245430 2080+449. 01920,
Total body water (L) 28.95 + 4.04¢ 266043670  2948+4240 03020,

Systolic pressure 13767=10360 13118215140 1352241048 0138

(mmHg)~

Diastolic pressure o 3 y o 4
(mmHg)e 7811 £7.05¢ 73.41£999- 76266520 0275¢
Heart rate (bpm)< 80.00 + 10.04+ 77.29 £ 8270 8126 £7.694  0313¢,
MoCA-K (score)+ 22.15+3.53¢ 22.82 340~ 21.00+1.38  0.708«,

Data are preseated as mean + standard deviation or number.+ .
30CLPE, 30-minute Cognitively-Loaded Physical Exercise provp; GOCLPE, 60-minute Cognitively- Loaded
Physical Exercise group; M, male; F, female; MoCA-K, Korean version of the Montreal Cognitive Assessment.+

3.2 Cognitive function, Upper limb strength &
Physical fitness
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i Within Between G =T+
Variahles~ Pre~ Post- p-values p-values p-values N
MoCA-K (score).
30CLPE- 2224318 2581+3.037¢ <«0.001
60CLPE< 22.82+340¢ 2729=2357T¢ <« 0.001¢ 0001¢ =<0.001¢ 031¢
Controls 2200+ 2.15¢ 22.02+3.10¢  0.208¢
Grip (kg).-
JOCLPEs 2332678 2521640 <0.001°
60CLPE- 21.17=+7.62¢ 228+807¢  «00012 04525 01342 0.08¢
Control# 2475+ 5580 25.44+353% 0121
Pinch (kg).
JOCLPE+ 6.38+£129# 6.96+1.20¢ 0.001¢
60CLPE+ 5.465+1.10¢ 6.38 = 1.58¢ 0.000- 0408 0004 020-
Controls 6.80=126¢ 6.73 = 0.90¢ 0987~
244 cm up & go (sec).
J0CLPE- 9.02+138~ 824133 <«0.001-
60CLPEs  899+172« 779+£172¢  =00012 05672 <0001+ 030¢
Control+ 849+ 186¢ 840+2.07¢ 0.100¢
30-sec chair stand (n).
30CLPE+ 17.38=+393%¢ 1841402« 0553+
G0CLPE- 1741609  2365=9487 <0.001v <0001¢ 0.009¢ 030¢
Control+ 1547 =4 960 16.75+390¢ 03330
Arm curl (n).
30CLPEs 2346544 30.54+585T¢ <« 0.001
60CLPE< 2533=6.04¢ 3253=64877¢ <0.001¢ <0.001¢ <0.0012 036<
Control+ 2318+ 7.062 2287715 0.213¢
2-min step walk (n).
30CLPE< 11535=17.82¢ 12761+ 16.727¢ < 0.001-
60CLPEs 11120=21582 12406+ 1724772 «0.0012 <0001« 0.016¢ 024«
Control+  101.12+20.78¢ 9963 £2532¢  0.614»
Back scratch (cm) -
J0CLPE» -1473=13740 -015=054¢ =0.001-
60CLPE+ -0.50+10.82¢ -617=851¢ 0.012¢ 0541 0.016¢ 0.16¢
Controls 912+022s -0.05= 8450 0961+
Chair sit & reach (cm) .
JOCLPE- 1526+ 695 19.60 = 9.05¢ < 0.001<
60CLPE+ 14.33 3520« 1993 +565 <00012 0072¢ =«<0.001s 03¢
Control+ 1403 +£10.09¢ 1398=+8356¢  0.718¢

Data expressed mean + standard deviation..
MpCA-K Korean version of the Montreal Cognitive Assessment; 30CLPE, 30-minute Cognitively-Loaded

3.3 Balance & Gait

Within Between G =T«

Variables~ Pres Post< pvalier povalies pvalies e
Static - EO sway area (mm?).
30CLPEs 232+089¢ 1.50 £ 069+ 0001+
60CLPE< 221+1.10¢ 1.10 £ 0.637¢ 0001 0029¢ 0002 0.24¢
Controle 205£129¢ 196+£127¢ 0.653¢
Static - EQ sway velocity (cm/s) .-
30CLPE< 162037« 143 £039¢ 0.361¢
60CLPEs  145=025¢ 1130237 <0.001¢ 0005 <00012 027¢
Controls 1.61 =052+ 1.60 £0.54¢ 0051+
Static - EC sway area (mm?).
30CLPE®»  4.39+237¢ 2.89£152¢ 0.005¢
60CLPEs  4.12=3.67¢ L76+074¢ <0.001¢ 0105¢ 00287 0.14¢
Controle 2952580 2.82+£239¢ 0.639+
Static - EC sway velocity (cm/s).
30CLPEs 239=1.15¢ 2.00 £0.70¢ 0.001¢
60CLPE-s 2.10=1.01¢ 168 £0.64¢ <0.001¢ 0399 0012¢ 0.17¢
Controle 2.15=0.67¢ 1.95£073¢ 0.957¢
Dynamic - FRT (Ant) (cm).
30CLPE» 33.71 £4.92¢ 37.78x 499 <0001~
60CLPEs 3350 +5.14¢ 3844483 =0001¢ 0381¢ 00020 022+
Controle  36.39 £9.29¢ 3620+ 8.68  0.702¢
Velocity (cm/s).
30CLPE- 105.18+17.74¢ 115.87=17.26¢ 0001~
G60CLPE» 105.17+15.13¢ 116.86=1798° <0.001¢ 0(.630¢ 0.044¢ 0.14¢
Controle  108.52 = 1256 110.00=20.78- 0.169=
Cadence (steps/min)..
30CLPE» 115.70=10.65¢ 112.74=1536¢ 0.169¢
G60CLPE~ 110.98+9.94¢ 116.91=10.94 0.007¢ 0646 0.013¢ 0.16¢
Controle  114.51 1097+ 113.86=13.46~ 0.133¢
Step length (cm).
30CLPE~ 56.16=7.22¢ 6110 6.72¢  0.001-
G60CLPE~  56.86 = 5.86+ 62942560 <0001+ 0551 0012« 017¢
Controle 58821030 358903+737¢ (.179¢

Data expressed mean + standard deviation.

EO, eye open; EC, eve closed; FRT, functional reach test; Ant, anterior; 30CLPE, 30-minute Cognitively-
Loaded Physical Exercize group; 60CLPE, 60-minute Cognitively-Loaded Physical Exercise group; n’,.
partial eta squared; 'Significant difference compared to the control group, "=p <003, "=p=0.01..
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