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PURPOSE: The purpose of this study was to examine the 

effects of dual-task training with cognitive tasks on cognitive 

functions and β-amyloid levels in the elderly with mild 

dementia.

METHODS: The subjects were 36 elderly inpatients 

diagnosed with mild dementia at S Hospital located in 

Gyeongsangbuk-do, South Korea. The patients were randomly 

divided into a dual-task training group (DTG; n = 18) or a 

single-task training group (STG; n = 18). DTG performed 

dual-task training with cognitive tasks while STG performed 

only exercise tasks. These groups performed their respective 

exercises during a 30-minute session occurring three times a 

week over an 8-week period. MMSE-K and GDS were used 

to measure the subjects’ cognitive function. To assess the 

subjects’ dementia-related factors, their β-amyloid levels 

were measured by blood analysis.

RESULTS: The results of the experiment were as follows: 
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DTG showed statistically significant differences between 

their MMSE-K scores and β-amyloid levels before and after 

training (p < .05), whereas they exhibited no statistically 

significant differences in their GDS scores. MMSE-K scores 

and β-amyloid levels were significantly different between 

DTG and STG after training.

CONCLUSION: The present study’s overall results 

indicate that dual-task training with cognitive tasks is more 

effective than single-task training in improving cognitive 

functions and β-amyloid levels in the elderly with mild 

dementia. In other words, regular dual-task training can be 

considered as effective in improving cognitive function and 

dementia-related factors in the elderly with mild dementia and 

thus may be suggested as an effective exercise method for the 

treatment and early prevention of dementia.

Key Words: Dual-Task Training, Cognitive function, 

β-amyloid, Mild dementia

Ⅰ. Introduction

Dementia is a representative chronic disease in which 

the normal brain is physically damaged or destroyed by 

ectogenic causes such as acquired trauma or disease, and 

it is generally accompanied by a decline in cognitive 

functions such as intelligence and learning, deterioration 
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of higher mental functions, and onset of behavioral 

disorders. It is also a complex clinical syndrome that causes 

difficulties in social life [1]. In the elderly aged 65 years 

or older, the prevalence of dementia is increased by about 

two-fold for every 4-year increase in age [2]. Considering 

Korea’s aging trend, the elderly dementia population is 

expected to increase further. Therefore, dementia is 

emerging as a social issue, not just an individual or family 

matter.

Alzheimer's dementia, the most common type of 

dementia, is when a protein called β-amyloid is deposited 

in the brain in large quantities, forming plaque. This plaque 

is toxic to brain cells and gradually causes necrosis of 

brain cells. It is a degenerative brain disease that causes 

dementia symptoms by eventually losing the function and 

atrophy of the brain due to poor signal transmission between 

cells [3,4]. As a result, Alzheimer's dementia is irreversible 

and currently impossible to cure. However, early diagnosis 

and treatment can slow the progression of dementia or 

improve symptoms [5].

A representative clinical symptom of dementia is 

reduction of cognitive function. Degradation of cognitive 

function generally implies partial impairments such as 

memory, persistence, attention, judgment, language, 

execution, and time and space classification [6]. In other 

words, the deterioration of cognitive ability in the elderly 

with dementia leads to a reduction in the ability to perform 

daily life functions and tasks, which in turn leads to 

deterioration of quality of life. 

Currently, the main treatment for dementia is drug 

treatment, but recent studies have shown that non- 

pharmaceutical treatments such as cognitive rehabilitation, 

aerobic training, daily life movement training, and exercise 

therapy for the elderly with dementia are associated with 

improvements in cognitive function and performance of 

daily living activities [7]. Regular exercise facilitates the 

supply of oxygen and nutrients to the brain of the elderly 

with dementia. It also increases blood flow, improving brain 

function. In particular, it increases the production of nerve 

cells in the hippocampus area and the frontal lobe area, 

which are responsible for memory and learning, thereby 

improving cognitive function [8]. However, a meta-analysis 

of patients with mild dementia found that single-task 

training did not clearly improve dementia [10]. In addition, 

the criteria in that study, such as the type and frequency 

of single-task training, were not clear, and the patient’s 

motivation and interest levels were low, which resulted 

in a poor treatment prognosis [10].

Recent studies have suggested dual-task training as a 

new exercise method for dementia rather than single-task 

training [11]. Dual-task training means performing another 

task at the same time when performing one task. In other 

words, cognitive ability and concentration are required by 

performing tasks at the same time, which is reported to 

be effective in improving brain function and cognitive 

function [12]. Studies have shown that dual-task exercise 

training involving cognitive tasks such as calculations as 

well as word matching dual-task training can improve 

cognitive ability, balance ability, and walking ability in 

the normal elderly, stroke patients, and Parkinson’s disease 

patients. It has also been reported to have a significant 

effect on improving daily living performance [13,14].

Dual-task exercise-based training with cognitive tasks 

has been reported to be effective in improving cognitive 

function and functional ability in neurologically impaired 

patients as well as the elderly [15]. Additional studies on 

effective prevention and exercise methods for dementia are 

needed, specifically studies that prove the effectiveness of 

dual-task training with cognitive tasks for the demented 

elderly. Therefore, the purpose of this study was to evaluate 

the effects of dual-task training with cognitive tasks on 

cognitive functions and β-amyloid levels, which cause 

Alzheimer's disease, in the elderly with mild dementia. 

In addition, dual-task training was assessed as being more 

effective in improving cognitive function and β-amyloid 

levels in the elderly with dementia than single-task training.
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Ⅱ. Methods

1. Subjects

This study was carried out on 40 elderly patients aged 

65 years or older who were hospitalized after being 

diagnosed with dementia by a specialist at S nursing 

hospital in Gyeongsangbuk-do. In order to determine the 

appropriate number of subjects, the program G-power 

3.1.9.2 was used. Based on previous studies, 20 subjects 

were calculated for each group by calculating the effect 

size .5, significance level .05, and power (80%). Using 

a drawing lots program, the subjects were randomly 

assigned to a dual-task training group (DTG, n = 20) or 

single-task training group (STG, n = 20), with final numbers 

of 18 in each group after four dropouts during the 

experiment. Considering that the subjects were dementia 

patients, the purpose of the study and the contents of the 

experiment had been previously explained to all guardians 

of the subjects. Voluntary participation was obtained 

(1040621-201711-HRBR-004-002) according to the 

procedure. The criteria for the selection of subjects were 

elderly people over 65 years of age who had been diagnosed 

with dementia by doctors according to the following 

criteria: Korean version of the Mini-Mental State 

Examination (MMSE-K) based on 18–23 points, Global 

Deterioration Scale (GDS) based on 4-5 points, standing 

or walking independently, or using orthosis. Exclusion 

criteria were bed-rest elderly and those who had participated 

in other exercise programs.

2. Experimental Procedures

1) Dual-task Training 

Dual-task training with cognitive tasks requires attention 

when both tasks are performed simultaneously, and exercise 

tasks are designed to be as simple as possible so that 

selective attention can be given to cognitive tasks. The 

dual-task training applied to the elderly with mild dementia 

was revised and supplemented in accordance with the 

purpose of this study, based on previous studies. Dual-task 

training with cognitive tasks based on exercise tasks 

consisted of aerobic, balance, and strength strengthening 

exercises, and the cognitive tasks consisted of cognitive 

stimulation training using numbers, words, and pictures 

[16,17]. Specific training methods are shown in Table 1. 

2) Single-task Training

Single-task training consisted of aerobic, balance, and 

strength training exercises. The specific training method 

consisted of standing up on the bed, in a standing posture 

stretch your arms in many directions, lifting the heels while 

in a standing posture, putting one foot on the wall with 

alternating tolerance, walking on a flat surface, and 

stationary bikes. The training was conducted three times 

Exercise Additional Cognitive Task

Standing up on the Bed (5 minutes) (1) Counting numbers without sound

Ex) 100, 99, 98, 97 ...

(2) Simple arithmetic

Ex) 2 + 3, 9 - 4

(3) Word association

Say a word starting with a consonant

(4) Matching the proposed picture

Ex) Things, places, animals, etc.

(5) Pictures, letters, objects, etc. presented;

Remember and answer

In a Standing Posture Stretch your Arms in Many Directions (5 minutes)

In a Standing Posture Lifting the Heels (5 minutes)

One Foot on the Wall Alternating Tolerance (5 minutes)

Walking on Flat (5 minutes)

Stationary Bikes (5 minutes)

Table 1. Dual-Task Training



26 | J Korean Soc Phys Med  Vol. 15, No. 2

a week for a total of 8 weeks. One training session was 

30 minutes. During the training, the therapist verbally 

instructed the subject to be in the correct posture, and the 

subject performed the training while maintaining correct 

posture. In addition, when subjects complained of fatigue, 

discomfort, or pain during training, they were allowed to 

rest.

3. Measurement 

1) Korean version Mini-Mental State Examination 

(MMSE-K)

The Korean version of the Mini-Mental State 

Examination (MMSE-K) is the most widely used dementia 

screening tool in Korea and has the advantage of being 

able to easily assess the intellectual condition and cognitive 

function of the subject in a short time. The Korean version 

of the MMSE-K consists of 12 questions, including five 

points of orientation relating to time, five points of 

orientation relating to place, three points pertaining to 

memory registration, three points to memory recall ability, 

five points to attention and computation, and nine points 

to understanding, judgment, and language. The test has 

a total of 30 points. The MMSE-K reliability is .99 and 

the validity is -.78 [18,19].

2) Global Deterioration Scale (GDS)

The Global Deterioration Scale (GDS) is a comprehensive 

assessment of the cognitive, social, and daily life functions 

of patients with suspected dementia and those diagnosed 

with dementia. It is a measure of the severity of dementia 

in a single measure. The GDS is very useful in 

understanding how the patient’s condition changes over 

time in response to a treatment and has the advantage of 

being easy to apply. The overall degeneration scale consists 

of seven stages that distinguish the severity of dementia 

symptoms: GDS 1 (no cognitive impairment), GDS 2 (very 

mild cognitive impairment) GDS 3 (mild cognitive 

impairment), GDS 4 (moderate cognitive impairment), 

GDS 5 (early severe cognitive impairment), GDS 6 (severe 

cognitive impairment), and GDS 7 (late severe cognitive 

impairment). GDS 4-5 is considered to be mild dementia, 

and GDS 6-7 is moderate and severe dementia. The GDS 

reliability is .93-1.00, and the validity is .80-.99 [20].

3) Blood Analysis

Blood assays were performed to assess β-amyloid levels. 

For the blood analysis, 10 ml of blood was collected before 

and after 8 weeks of exercise. Specifically, the subjects 

fasted for 12 hours, and blood was collected from the 

anterocubital vein using a disposable syringe between 6 

and 7 am. Blood collection was performed by nurses with 

more than 10 years of experience. The collected blood 

was stored at room temperature for 30 minutes or more, 

followed by centrifugation at 3000 rpm for 10 minutes. 

The separated serum was stored at -20 ° C or lower for 

analysis. In this study, a blood analysis device (Infinite 

M200Pro ELISA Reader, Austria) was used, and blood 

analysis was performed by the Enzyme Immuno Assay 

(EIA) method. 

4. Statistical Analyses

A Shapiro-Wilk test was conducted to determine the 

normal distribution of each measurement item, and all items 

were normally distributed. The experimental data of this 

study were described as the mean ± standard deviation 

(Mean ± SD), and general characteristics of the subjects 

were analyzed using descriptive statistics and Independent 

t-test. Paired t-test was performed to compare the effects 

of pre-training and post-training in the dual-task and 

single-task training groups. Independent t-test was 

performed for comparison between the dual-task and 

single-task training groups. Data collected in this study 

were statistically processed using SPSS 23.0 for Windows, 

and the statistical significance level (p) was set to .05.
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Ⅲ. Results

The homogeneity test of the subjects showed there was 

no statistical difference between the groups (p > .05) 

(Table 2). The MMSE-K scores and β-amyloid levels 

showed significant differences after training in the dual-task 

training group (p < .05), but not in the single-task training 

group (p > .05). When comparing the variation between 

the dual-task and single-task training groups, there was 

a significant difference in the MMSE-K scores and β

-amyloid levels (p < .05). There was no significant 

difference as a result of comparing the variation in GDS 

scores between the groups (p > .05).

Ⅳ. Discussion

The purpose of this study was to provide basic data 

in order to develop an effective exercise method for the 

prevention of dementia as well as investigate the effect 

of dual-task training with cognitive tasks on the elderly 

with mild dementia. In order to evaluate the effect of 

training, cognitive function and β-amyloid levels were 

evaluated.

According to the results, the MMSE-K scores 

significantly increased after training in the dual-task 

training group, whereas there was no significant difference 

after exercise in the single-task training group. After 

training, there was a significant difference in the 

comparison of variation in MMSE-K scores between the 

dual-task and single-task training groups. These findings 

are consistent with the prior results of a combined program 

based on cognitive training and exercise in the elderly in 

which MMSE-K scores improved [21]. Another report 

found that a dual-task exercise and cognitive program 

significantly improved overall cognitive function in the 

elderly with mild cognitive impairment [22]. Moreover, 

memory significantly improved, and about 80% of the 

dual-task experimental groups showed improved cognitive 

function [23]. As dementia progresses, degenerative 

changes occur in various parts of the cerebral cortex, 

resulting in cognitive degradation in various areas. 

Therefore, dual-task training is more effective than single 

task training that acts on specific functions of the brain, 

so cognitive function, execution function, concentration, 

etc. are required at the same time to improve the overall 

cognitive function of the elderly with dementia [24]. Also, 

performing complex and diverse tasks in daily life requires 

cognitive coordination on various tasks [25]. It is believed 

to be practiced through dual-task training.

GDS scores were not significantly different between the 

single-task and dual-task training groups. Specifically, after 

training, there was no significant difference in the 

comparison of variation in GDS scores between the 

dual-task and single-task training groups. Unlike the 

DTG (n = 18) STG (n = 18) x2/t p

Gender (M / F) 4 / 14 3 / 15 .177 .674

Age (year) 79.94 ± 8.37 79.61 ± 7.45 .126 .900

Height (cm) 154.94 ± 10.66 153.33 ± 8.99 .490 .627

Weight (kg) 52.33 ± 11.77 46.22 ± 11.71 1.561 .128

*p < .05

Mean ± SD : Mean ± Standard Deviation

M : Male, F : Female

DTG : Dual-Task Training Group

STG : Single-Task Training Group

Table 2. General Characteristics of Subjects                                                                  (unit)
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MMSE-K, which consists of multiple questions, the overall 

degeneration scale test evaluates cognitive function, social 

activity, and daily life functions as well as classifies the 

severity of dementia symptoms into seven levels according 

to the characteristics of each step. Therefore, the dual-task 

training program did not significantly alter the general 

degeneration scale of the elderly with mild dementia. 

Previous studies have also reported that long-term exercise 

is effective in improving the cognitive function of dementia 

patients [26]. However, in this study, a short exercise period 

of 8 weeks was not sufficient to alter the overall severity 

of dementia symptoms. In other words, long-term dual task 

training may be effective in improving cognitive function 

and alleviating dementia symptoms in elderly people with 

dementia.

The study also found that β-amyloid levels in the 

dual-task training group significantly decreased after 

training, whereas there was no significant difference after 

exercise in the single-task training group. After training, 

there was a significant difference in the comparison of 

variation in β-amyloid levels between the dual-task and 

single-task training groups. These results were consistent 

with previous results in which dual-task training in the 

elderly showed a significant effect on β-amyloid reduction 

compared to single-task training and aerobic exercise [27]. 

In addition, dual-task training for the elderly with mild 

cognitive impairment has been reported to be effective in 

improving overall cognitive function by increasing the 

intensity of EEG responsible for attention and memory 

[28]. It has been reported that wider areas of the brain 

are activated by exercise, as synaptic plasticity involved 

in cognitive function is improved and β-amyloid levels 

Variables DTG (n = 18) STG (n = 18) t p

MMSE-K (score)

Pre-training 20.55 ± 1.75 20.11 ± 2.21 .666 .510

Post-training 21.72 ± 1.80 20.22 ± 2.26 2.196 .035*

change 1.16 .11 3.747 .001*

t -7.000 -.489

P .000* .631

GDS   (score)

Pre-training 4.11 ± .75 4.55 ± 1.19 -1.329 .193

Post-training 4.00 ± .76 4.44 ± 1.09 -1.409 .168

change -.111 -.111 .000 1.000

t 1.000 1.000

P .331 .331

β-amyloid (pg/㎖)

Pre-training 308.96 ± 64.22 318.33 ± 80.86 -.385 .702

Post-training 267.26 ± 43.10 310.14 ± 63.86 -2.361 .024*

change -41.70 -8.19 -2.402 .022*

t 3.610 1.046

P .002* .310

*p < .05

Mean ± SD : mean ± Standard Deviation

DTG : Dual-Task Training Group

STG : Single-Task Training Group

MMSE-K : Korean Version Mini-Mental State Examination

GDS : Global Deterioration Scale

Table 3. Comparison of Cognitive Function and Body Function for Each Group                                  (unit)
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are elevated by increasing blood flow to the brain [29]. 

In this study, dual-task training resulted in a reduction in 

β-amyloid levels among the elderly with mild dementia, 

which seemed to improve overall cognitive function. In 

other words, dual-task training is an effective exercise 

method to reduce the risk of dementia.

As a limitation of this study the first, only the elderly 

with mild dementia who are hospitalized at nursing 

hospitals were selected as eligible. Further research is 

needed to investigate the effects of exercise according to 

the specific types and severity of dementia. Second, a 

retention test was not conducted. In a future study, we 

will examine whether or not the effectiveness of training 

persists through retention tests.

Ⅴ. Conclusion

Based on the results of this study, in order to improve 

cognitive function and dementia-related β-amyloid levels 

in patients with mild dementia, dual-task training is more 

effective training than single-task training. In other words, 

regular dual-task training may be suggested as an effective 

exercise method for non-pharmaceutical treatment and early 

prevention of dementia.
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