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ABSTRACT

Background and Purpose: The purpose of this study was to investigate the impact of multi-
tasking exercise on cognitive and motor function in patients with mild cognitive impairment 
(MCI) and cognitive normal elderly (CNE).
Methods: A total of 144 subjects were recruited from 14 regional dementia centers in Busan 
Metropolitan City. With the exception of 77 subjects unsuitable for the study, 67 subjects 
participated in the intervention. The Korean version of Mini-Mental State Examination for 
Dementia Screening (MMSE-DS), Subject Memory Complain Questionnaire (SMCQ), and 
the Korean version of the Short-Form Geriatric Depression Scale (SGDS-K) were used to 
determine changes in cognitive function and depressive symptoms pre-post intervention in 
patients with MCI and CNE, respectively. To observe changes in motor function, 5-chair sit 
to stand and 5-meter walking speed on the lower body strength and walking ability were also 
measured in both groups.
Results: For the MCI group, changes in cognitive and depressive symptoms on the tasks 
of MMSE-DS (p=0.006), SMCQ (p=0.000), SGDS-K (p=0.000) and the result of the motor 
function analysis on the items of 5-chair sit to stand (p=0.000), normal speed (p=0.004) 
and maximal speed (p=0.002) of 5-meter walking speed (p<0.005). In the CNE group, all the 
items except MMSE-DS (p=0.068) and SGDS-K (p=0.095) showed statistically significant 
improvement.
Conclusions: Multi-tasking exercise intervention, including exercise and cognitive tasks, may 
possibly improve the cognitive and motor function in patients with MCI and CNE.
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INTRODUCTION

There are approximately seven million elderly people age 65 or older in Korea. The number of 
dementia patients is estimated at 705,473 (10%), which is expected to rise to more than one 
million by 2025. In particular, the number of elderly people with mild cognitive impairment 
(MCI), which can be transferred to dementia, is rapidly increasing. In 2018, 22.5% of elderly 
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people age 65 or older are estimated to have MCI.1 In advanced studies, 10%–12% of the MCI 
reported migrating to dementia within a year.2 Thus, it can be observed that the cognitive 
improvement of the MCI is critical in preventing dementia. However, there are some 
pharmacological therapies associated with cognitive impairment, but it is difficult to expect 
fundamental treatment with this. Thus, it is effective to combine non-pharmacological 
therapies with pharmacological therapies.3

Recently, a variety of non-pharmacotherapies has been proposed. Among them, non-
pharmacotherapy comprising physical activity, cognitive training, and social interaction 
activities.4 These interventions strengthen the cognitive reserve of the elderly with dementia 
and MCI. Cognitive reserve is a driving force in maintaining cognitive function against 
neurological brain injury such as dementia as well as atrophy of the brain due to aging, which 
also means the potential to strengthen the existing neural pathways of the brain and enlarge 
the new neural pathways.5 Especially, physical activity including exercise, is facilitates the 
strengthening of cognitive reserve.6 Various previous studies have shown muscle and aerobic 
exercise can delay cognitive decline such as memory and concentration in dementia patients.7 
The meta-analysis of physical activity program for dementia patients also showed significant 
improvement in cognitive function.8 Physical activity has a positive impact on cognitive 
function. However, in a recent meta-analysis of the MCI population, 92% of the elderly 
with MCI who engaged in single exercise reported that the impact was unclear.9 Conversely, 
multi-tasking exercise rather than single exercise is effective in increasing brain function10 
and because the dual task or multiple task exercise method with exercise and cognitive task 
rather than just one exercise method is more effective in improving cognitive function, It 
can be predicted that it also impacts the brain's cognitive reserve. However, there is a lack of 
research on cognitive function improvement of programs that combine exercise and cognitive 
tasks of the MCI subject. The purpose of this study was to investigate the impact of multi-
tasking exercise on the cognitive and motor functions of the Cognitive Normal Elderly (CNE) 
and MCI.

METHODS

Study design and participants
In this study, 144 MCI and CNE registered in 16 regional dementia centers in Busan 
metropolitan city were recruited. Among them, a total of 67 subjects participated, except 
for 77 subjects, diagnosed with dementia or who refused to participate in the study. Each 
regional dementia center used promotional posters, homepage advertisements, and local 
newspapers for recruitment of participants. The contents of the advertisement described the 
multi-tasking exercise and guided local residents to visit the regional dementia center. MCI 
subjects in this study were diagnosed by neurologists and psychiatrists based on the results of 
Mini-Mental State Examination-Dementia Screening (MMSE-DS), Seoul Neuropsychological 
Screening Battery (SNSB), and Korean Version of the Consortium to Establish a Registry 
for Alzheimer Disease (CERAD-K). The diagnosis of MCI was made according to Petersen's 
criteria.11 The subjects of the CNE were assigned to the study according to the value of 
normative of MMSE-DS.12 The final selected 67 subjects (MCI group=33, CNE group=32) 
participated in the intervention program for approximately six months (May-October), 2018 
at 14 regional dementia centers in Busan metropolitan city. Each institution conducted an 
intervention program of a total of eight sessions (eight weeks) once weekly for six months. 
The start of the program was different for each institution, but the total sessions and 

123https://doi.org/10.12779/dnd.2019.18.4.122

Effect of Multi-tasking Exercise Intervention

https://dnd.or.kr



operating periods were identical. Additionally, pre-assessments were performed within 
one week before the start of the program, and post-assessments were performed within 
one week after the end of the program. During the intervention, two subjects withdrew 
from participation with musculoskeletal disorders, and a total of 65 subjects were tested for 
cognitive and motor functions (Fig. 1).

Multi-tasking exercise intervention
The intervention program consisted of eight sessions 60–80 minutes per session and 
subjects participated in this study for a total of eight weeks once weekly. Before the start of 
the main exercise, the preparation exercise was conducted for approximately 20 minutes. 
It was designed to perform stretching and strength training at home. This main exercise 
consisted of stretching, muscle strengthening, balance exercise, aerobic exercise, double 
task, and multi-tasking exercise for 60 minutes. The multi-tasking exercise was designed 
to exercise as well as improve attention, performance, and memory by introducing the dual 
task. It has the characteristic to conduct tasks such as conversation, thinking, and calculation 
simultaneously while exercising. The program was operated directly by practitioners 
(occupational therapist, registered nurse, social worker) who completed training on multi-
tasking exercise at the Busan Metropolitan Dementia Center. Before starting the exercise, the 
condition of the subject was checked and all the subjects checked and signed the agreement 
of the emergency situations response guide of the dementia center. The manual for the 
multi-tasking exercise is shown in Table 1.

Neuropsychological and motor function assessment
Three assessment tools were used to analyze the subjects' cognitive ability and depression. 
And MMSE-DS was used to measure overall cognitive change. The Short-Form Geriatric 
Depression Scale (SGDS-K) was used to assess the change of depressive mood status.13-15 Also, 
the Subject Memory Complain Questionnaire (SMCQ) was used to assess subjective memory 
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Screened patients (n=144)

Evaluable patients (n=80)

Included for intervention (n=67)
(Multi-tasking exercise)

Screened failure (n=64)

Excluded from assessment (n=13)
· Lost-to follow-up (n=3)
· Withdrawn (n=7)
· Participating other research project (n=3)

MCI group (n=33) CNE group (n=34)

Completed study (n=33) Completed study (n=32)
(2 drop out due to musculoskeletal disorders)

Fig. 1. Flow chart of the study. 
MCI: mild cognitive impairment, CNE: cognitive normal elderly.



decline.16 The subjects' motor ability status and changes were measured by 5-chair sit to stand 
and 5-meter walking speed. The “5-chair sit to stand” is a tool used for evaluating leg strength 
and coordination, which measures the time spent by the subject sitting and standing in a chair 
five times. The “5-meter walking speed” measures the time that passes a 5 m walking section 
by setting acceleration and deceleration sections of 1.5 m at the starting and ending points of 
a total of 8 m of walking length. The measurements were performed for four times in total, 
and the normal walking speed was measured three times and the average speed was measured 
accordingly and measured once the maximum walking speed without running.

Statistical analyses
The data collected in this study were analyzed using SPSS version 21 (IBM Corp., Armonk, 
NY, USA). The descriptive statistics were used to analyze the general characteristics of the 
subjects and the paired t-test was used to analyze pre-post intervention changes in cognitive 
and motor function. The p-values less than 0.05 were statistically significant.

RESULTS

Characteristics of participants
A total of 65 subjects (MCI group=33, CNE group=32) were assigned to this study. The mean 
age of subjects in MCI group was age 73.88±7.46, 12 males and 21 females. The CNE group 
was age 76.50±5.60, 8 males and 24 females. The education level was 8.03±3.46 for the MCI 
group and 7.69±4.83 for the CNE group. The MCI group showed a higher education level than 
the CNE group. Additionally, subjects diagnosed with hypertension were identified as the 
MCI group 9 (27.3%) and the CNE group 5 (15.6%), and in the question of if they are currently 
smoking, 5 (15.2%) in the MCI group and 7 in the CNE group (21.9%) of the subjects 
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Table 1. Manual of the multi-tasking exercise
Categories Process time 

(min)
Session

Preparatory exercise/finishing exercise 20
Sitting and stretching 1, 5, 6, 8
Stretching by the chair 2, 7, 8
Standing and stretching 3, 4, 8

Main exercise 60
Walking posture education & walking round trip 1
Walking while talking 2, 3
Walking while talking or calculating 4, 5, 6
Walking while end-to-end 7, 8
Walking along the line while end-to-end 5, 6
Walking along the while calculating or end-to-end 8
Rock-paper-scissors by the body 2, 5, 7, 8
Rock-paper-scissors by toes 1, 3, 4, 6, 8
Pick things with one's toes 1, 3
Ladder 2, 3, 4
Ladder & multi-tasking exercise 5, 6, 7, 8
Ladder & walking along the line 1
Step box 1, 2, 3, 4
Step box & multi-tasking exercise 5, 6, 7, 8
Sera-band (rubber band) 1, 3, 4, 8

The program takes 80 minutes per session and consist of eight sessions in total. Each session includes 
“Preparatory and finishing exercise” that takes 20 minutes, and “Main exercise” consisting of one exercise or 
multi-tasking exercise, which takes 60 minutes.



responded yes. The respondents who answered ‘yes’ to the question if they are currently 
drinking alcohol were 6 (18.2%) in the MCI group and 9 (28.2%) in the CNE group (Table 2).

Comparison of the Pre-Post in the MCI Group
The results of MCI group showed statistically significant improvement in cognitive and 
motor function evaluation items (p<0.05). The MMSE-DS (score) improved by 2.24 (p=0.006) 
from 21.12±4.30 before intervention to 23.36±3.32 after intervention and the SMCQ 
(score) improved by 1.33 (p=0.000) from 6.60±3.62 before intervention to 5.27±3.19 after 
intervention. The SGDS-K (score) improved by 1.3 (p=0.000) from 4.93±3.62 to 3.63±2.76. 
The “5-chair sit to stand (sec)” was shortened by 1.72 (p=0.000) from 13.55±4.26 before 
intervention to 11.83±3.89 after intervention and the normal speed of the “5-meter walking 
speed (sec)” was shortened by 0.47 (p=0.004) from 6.39±3.31 before intervention to 5.92±3.33 
after intervention and the maximal speed was shortened by 0.41 (p=0.002) from 5.38±3.40 
before intervention to 4.97±3.41 after intervention (Table 3).

Comparison of the pre-post in the CNE group
The results of the cognitive and motor function evaluation of the CNE subjects showed 
statistically significant improvement in all items except MMSE-DS and SGDS-K (p<0.05). 
The SMCQ (score) improved by 1.5 (p=0.002) from 7.12±3.44 before intervention to 5.62±3.01 
after intervention and the “5-chair sit to stand (sec)” was shortened by 2.46 (p=0.002) from 
14.59±5.65 before intervention to 12.13±3.89 after intervention and the normal speed of 
the “5-meter walking speed (sec)” was shortened by 0.24 (p=0.013) from 5.61±2.54 before 
intervention to 5.37±2.46 after intervention and the maximal speed was shortened by 0.26 
(p=0.007) from 4.91±2.66 before intervention to 4.65±2.40 after intervention (Table 4).
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Table 2. Characteristics of participants (n=65)
Categories MCI Group (n=33) CNE group (n=32) p-value
Age (yr) 73.88±7.46 76.50±5.60 0.239
Sex (Female) 21/33 (63.6) 24/32 (75) 0.467
Education level (yr) 8.03±3.46 7.69±4.83 0.939
Hypertension 9/33 (27.3) 5/32 (15.6) 0.157
Smoking 5/33 (15.2) 7/32 (21.9) 0.527
Alcohol consumption 6/33 (18.2) 9/32 (28.1) 0.366
Data are shown as mean±standard deviation or number (%).
MCI: mild cognitive impairment, CNE: cognitive normal elderly, SD: standard deviation.

Table 3. Comparison of the pre-post in the MCI group (n=33)
Categories Pre Post t p-value

Mean±SD Mean±SD
MMSE-DS (score) 21.12±4.30 23.36±3.32 −2.922 0.006*
SMCQ (score) 6.60±3.62 5.27±3.19 4.392 0.000†

SGDS-K (score) 4.93±3.62 3.63±2.76 3.915 0.000†

5-Chair it to stand (sec) 13.55±4.26 11.83±3.89 4.390 0.000†

5-Meter walking speed (sec)
Normal speed 6.39±3.31 5.92±3.33 3.058 0.004†

Maximal speed 5.38±3.40 4.97±3.41 3.428 0.002†

MCI: mild cognitive impairment, SD: standard deviation, MMSE-DS: Mini-Mental State Examination-Dementia 
Screening, SMCQ: Subject Memory Complain Questionnaire, SGDS-K: Short-Form Geriatric Depression Scale-
Korean version.
*p<0.05; †p<0.005.



DISCUSSION

In this study, multi-tasking exercise was provided to the MCI and CNE groups to analyze 
their impact. As a result, statistically significant improvement on cognitive functions with 
psychological symptom was observed in both groups for pre-post intervention comparison. 
In the case of the MCI group, the MMSE-DS score improved by 2.2 points compared to 
before the intervention and the CNE group improved by 0.7 points, and the score of the 
SMCQ decreased by 1.3 points in the MCI group and 1.5 points in the CNE group, and the 
degree of subjective memory decline improved. The SGDS-K score decreased by 1.3 points 
in the MCI group and by 0.6 points in the CNE group, and it was confirmed that the degree 
of depression improved. Especially in this study, we examined the change in improving 
cognitive function as well as motor function. In the case of the 5-chair sit to stand, compared 
with that before intervention, 1.7 seconds in the MCI group, CNE group it was shortened to 
2.5 seconds. In the 5-meter walking speed, the normal speed of the MCI group was shortened 
by 0.5 seconds, the maximum speed was shortened by 0.4 seconds, the normal speed of the 
CNE group was shortened by 0.2 seconds, and the maximum speed was shortened by 0.3 
seconds. These results suggest that multi-tasking exercise can have a positive impact on the 
MCI and CNE groups. In this study, we applied the program to the MCI group and CNE group 
respectively, and compared if it is more effective in improvement cognition in which group, 
and selected a group suitable for the program. However, this study did not measure cognitive 
and motor function changes between groups, since the ceiling effects of the CNE groups are 
not considered, there is a limit to comparing the differences in the impact between the two 
groups. Since the baseline cognitive function was lower in the MCI group compared to the 
CNE group, the change in cognitive function may be better represented in the MCI group. 
The MCI group is characterized by marked memory impairment, and characterized in that 
general cognitive impairments such as language ability, frontal lobe function, and visual-
spatial ability are displayed, but the activities of daily living is maintained to some extent.17 In 
particular, more than 40% of MCI patients are reported to recover to normal status18 and this 
can be viewed as critical to intervention before progressing to dementia.

As a result of analyzing advanced research, it is obvious that physical activity positively 
impacts cognitive function,19 but when exercise or cognitive therapy is applied in a task, the 
impact is insufficient.20 In this program, the subject has to make a more extensive mental 
effort by solving the problems of aerobic exercise, stretching, strength training, and cognitive 
activities. In particular, when performing multiple tasks, it has been reported that the blood 
flow in the brain rises,21 activates a wide area of the brain, and positively impacts cognitive 
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Table 4. Comparison of the pre-post in the CNE group (n=32)
Categories Pre Post t p-value

Mean±SD Mean±SD
MMSE-DS (score) 25.12±3.55 25.81±2.72 −1.893 0.068
SMCQ (score) 7.12±3.44 5.62±3.01 3.375 0.002*
SGDS-K (score) 5.06±3.68 4.47±3.55 1.724 0.095
5-Chair sit to stand (sec) 14.59±5.65 12.13±3.18 3.300 0.002*
5-Meter walking speed (sec)

Normal speed 5.61±2.54 5.37±2.46 2.630 0.013†

Maximal speed 4.91±2.66 4.65±2.40 2.908 0.007*, †

CNE: cognitive normal elderly, SD: standard deviation, MMSE-DS: Mini-Mental State Examination-Dementia 
Screening, SMCQ: Subject Memory Complain Questionnaire, SGDS-K: Short-Form Geriatric Depression Scale-
Korean version.
*p<0.005; †p<0.05.



functions22 and in the future, there may be many changes in applying the intervention 
model of the MCI patients. Additionally, the MCI group are accompanied by behavioral and 
emotional symptoms with cognitive decline, and in particular, the proportion of suffering 
from depression is seen most frequently in 20.1%–44.3%,23 and various advanced studies 
It has been reported that depression causes damage to overall cognitive function. This can 
be viewed as an alleviation of depressive symptoms in MCI patients that impacts cognitive 
function improvement. In this study, it was confirmed that the MCI group significantly 
alleviated depressive symptoms after intervention compared to before intervention 
(p<0.005). This demonstrates that multi-tasking exercise can facilitate in alleviating general 
cognitive and mental symptoms observed in MCI patients. In considering the impact of this 
study, it is considered to be an effective program for improving MCI cognitive functions, 
alleviating depression, and improving physical activity.

Our study has shortcomings. We did not include the control group who did not conduct 
the intervention and the number of subjects was relatively small, the arbitration period was 
short, and it was difficult to fully observe the impact. Also, the usual exercise and living 
habits of each individual would have impacted the result, and the neurocognitive tests and 
brain imaging were not performed, so we could not confirm the impact of specific cognitive 
area and neurological brain changes in detail. It is necessary to recruit homogeneous groups 
in the future and to conduct research on a large number of patients. Additionally, there is a 
need for clinical intervention research that can cognitively improve through multicenters, 
randomized controlled trial research, and necessitate further studies on the impact of 
preventing dementia.

REFERENCES

	 1.	 Ministry of Health and Welfare (KR), National Institute of Dementia (KR). Korean Dementia Observatory 
2018, Report No.: NIDR-1802-0023. Seongnam: National Institute of Dementia; 2018.

	 2.	 Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cognitive impairment: clinical 
characterization and outcome. Arch Neurol 1999;56:303-308. 
PUBMED | CROSSREF

	 3.	 Gravitz L. Drugs: a tangled web of targets. Nature 2011;475:S9-S11. 
PUBMED | CROSSREF

	 4.	 Shin SJ, Lee JS, Kim SK, Jeon BJ. The effect of a group occupational therapy on cognitive function and 
depression for mild dementia patients in a community. J Korean Acad Occup Ther 2013;21:45-60.

	 5.	 Brickman AM, Siedlecki KL, Stern Y. Cognitive and brain reserve. In: Depp CA, Jeste DV, editors. Successful 
Cognitive and Emotional Aging. Arlington, VA: American Psychiatric Pub.; 2010;157-172.

	 6.	 Barnett JH, Salmond CH, Jones PB, Sahakian BJ. Cognitive reserve in neuropsychiatry. Psychol Med 
2006;36:1053-1064. 
PUBMED | CROSSREF

	 7.	 Bossers WJ, van der Woude LH, Boersma F, Hortobágyi T, Scherder EJ, van Heuvelen MJ. A 9-week aerobic 
and strength training program improves cognitive and motor function in patients with dementia: a 
randomized, controlled trial. Am J Geriatr Psychiatry 2015;23:1106-1116. 
PUBMED | CROSSREF

	 8.	 Lee HS, Park YJ. The effect of physical activity program for elderly with dementia on cognitive function: 
meta-analysis of studies in Korea. J Korean Soc Phys Med 2016;11:115-121. 
CROSSREF

	 9.	 Gates N, Fiatarone Singh MA, Sachdev PS, Valenzuela M. The effect of exercise training on cognitive 
function in older adults with mild cognitive impairment: a meta-analysis of randomized controlled trials. 
Am J Geriatr Psychiatry 2013;21:1086-1097. 
PUBMED | CROSSREF

128https://doi.org/10.12779/dnd.2019.18.4.122

Effect of Multi-tasking Exercise Intervention

https://dnd.or.kr



	10.	 Holtzer R, Mahoney JR, Izzetoglu M, Izzetoglu K, Onaral B, Verghese J. fNIRS study of walking and 
walking while talking in young and old individuals. J Gerontol A Biol Sci Med Sci 2011;66:879-887. 
PUBMED | CROSSREF

	11.	 Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cognitive impairment: clinical 
characterization and outcome. Arch Neurol 1999;56:303-308. 
PUBMED | CROSSREF

	12.	 Han JW, Kim TH, Jhoo JH, Park JH, Kim JL, Pyu SH, et al. A normative study of the Mini-Mental State 
Examination for Dementia Screening (MMSE-DS) and its Short form(MMSE-DS) in the Korean elderly.  
J Korean Geriatr Psychiatry 2010;14:27-37.

	13.	 Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. Development and validation of a geriatric 
depression screening scale: a preliminary report. J Psychiatr Res 1982-1983;17:37-49. 
PUBMED | CROSSREF

	14.	 Sheikh JL, Yesavage JA. Geriatric Depression Scale (GDS): recent evidence and development of a shorter 
version. Clin Gerontol 1986;5:165-173.

	15.	 Bae JN, Cho MJ. Development of the Korean version of the Geriatric Depression Scale and its short form 
among elderly psychiatric patients. J Psychosom Res 2004;57:297-305. 
PUBMED | CROSSREF

	16.	 Youn JC, Kim KW, Lee DY, Jhoo JH, Lee SB, Park JH, et al. Development of the subjective memory 
complaints questionnaire. Dement Geriatr Cogn Disord 2009;27:310-317. 
PUBMED | CROSSREF

	17.	 Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO, et al. Mild cognitive impairment--
beyond controversies, towards a consensus: report of the International Working Group on Mild Cognitive 
Impairment. J Intern Med 2004;256:240-246. 
PUBMED | CROSSREF

	18.	 Larrieu S, Letenneur L, Orgogozo JM, Fabrigoule C, Amieva H, Le Carret N, et al. Incidence and outcome 
of mild cognitive impairment in a population-based prospective cohort. Neurology 2002;59:1594-1599. 
PUBMED | CROSSREF

	19.	 Sofi F, Valecchi D, Bacci D, Abbate R, Gensini GF, Casini A, et al. Physical activity and risk of cognitive 
decline: a meta-analysis of prospective studies. J Intern Med 2011;269:107-117. 
PUBMED | CROSSREF

	20.	 Kim WY, Han CH, Heo EJ, Kang HW, Jeon WK. A review of non-pharmacological intervention efficacy in 
patients with mild cognitive impairment. J Orient Neuropsychiatry 2011;22:1-11. 
CROSSREF

	21.	 Erickson KI, Colcombe SJ, Wadhwa R, Bherer L, Peterson MS, Scalf PE, et al. Training-induced functional 
activation changes in dual-task processing: an FMRI study. Cereb Cortex 2007;17:192-204. 
PUBMED | CROSSREF

	22.	 Lee BT, Lee KM. Neural basis involved in the interference effects during dual task: interaction between 
calculation and memory retrieval. Korean Journal of Cognitive Science 2007;18:159-178. 
CROSSREF

	23.	 Panza F, Frisardi V, Capurso C, D'Introno A, Colacicco AM, Imbimbo BP, et al. Late-life depression, mild 
cognitive impairment, and dementia: possible continuum? Am J Geriatr Psychiatry 2010;18:98-116. 
PUBMED | CROSSREF

129https://doi.org/10.12779/dnd.2019.18.4.122

Effect of Multi-tasking Exercise Intervention

https://dnd.or.kr


