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Abstract: This study aimed to investigate the effectiveness of dual-task training (DTT) compared to
single-task training (STT), on gait parameters in elderly patients with mild dementia (MD). Twenty-
four elderly patients with MD were randomly assigned to the DTT (n = 13) or the STT group (n = 11).
The DTT group performed a specific cognitive-motor DTT, while the STT group received only motor
task training. Both training sessions lasted 8 weeks, with a frequency of 3 days per week, and the
cognitive functions and gait parameters were measured. A statistically significant interaction effect
was found between the two groups in stride length, stride velocity, cadence, step length, swing
phase, stance phase, and double support phase (p < 0.05). After 8 weeks, the DTT group showed
significant improvement in spatiotemporal parameters, except for the kinematic parameters (p < 0.05).
In the between-group analysis, the DTT group showed more improvement than the STT group in
stride velocity, step length, swing phase, stance phase, and double support (p < 0.05). These findings
suggest that improvements in spatiotemporal gait parameters after DTT are reported in patients with
MD. Our results can guide therapists to include dual tasks in their gait rehabilitation programs for
the treatment of mild dementia.

Keywords: mild dementia; gait analysis; dual task

1. Introduction

Dementia is a broad term used to describe the symptoms of brain disease that leads
to a gradual and long-term decline in cognitive function, including visual perception,
problem-solving, and the ability to focus and pay attention. These symptoms lead to
physical dysfunction that can affect daily activities [1,2]. Patients with dementia often
have gait impairment, which reduces mobility and can lead to the patient experiencing an
increase in incidental falling [3]. The course of dementia is generally described in several
stages that show the pattern of progressive cognitive and functional impairment: subjective
cognitive impairment, mild cognitive impairment, mild dementia, moderate dementia,
and severe dementia [4]. Epidemiological studies undertaken in the last ten years have
revealed that the prevalence of dementia in the population over the age of 65 is close to 5%.
The global population of demented patients is expected to rise from 243 million in 2001 to
81.1 million in 2040 [5].

Mild dementia (MD) is closely associated with cognitive and physical functions, such
as learning, memory, balance, and gait [6–8]. Cognitive processes affect gait in cogni-
tively normal older adults as well as those with mild cognitive impairment [9]. Impaired
cognitive function can lead to decreased walking speed, step length, step frequency, and
increased gait variability [10,11]. In addition, gait parameters have a significant correlation
with an executive function that supports the role of attention and cognitive function in
dual-task gait [12]. Thus, the measurement of gait parameters can be used as an indicator
to improve the diagnostic process of dementia [13,14]. Dual-task is defined as the ability
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to simultaneously perform two tasks, compared to the performance of a single task. The
two tasks interfere with each other, and it is assumed that both tasks compete for the same
level of information processing resources in the brain [15]. Dual-task decrements in gait
parameters were higher in elderly patients with MD compared to elderly patients who did
not have MD [16]. Impaired dual-task performance during gait has been correlated with
an increased risk of falling, reduced functional abilities, and poor quality of life [17,18]. A
previous study reported that dual-task training (DTT) is effective in improving cognitive
function by increasing cerebral blood flow [19]. Furthermore, DTT may have a modest im-
pact on spatiotemporal gait parameters and balance in Parkinson’s disease and Alzheimer’s
disease [20]. DTT, which includes simultaneously performing motor and cognitive tasks,
is suggested as a practical exercise method for MD over single-task training (STT), which
includes only motor tasks [21,22]. In addition, meta-analysis research relevant to STT
found that there was only limited evidence regarding whether this method of training
enhances cognitive function, and its statistical force was low, making it inconclusive [20,23].
Therefore, in the present study we investigated the effectiveness of DTT compared to STT,
on spatiotemporal and kinematic gait parameters in elderly patients with MD.

2. Materials and Methods
2.1. Subjects

The study design was a randomized controlled trial. Twenty-eight elderly patients with
MD, hospitalized after diagnosis by a specialist at the S nursing hospital in Gyeongsangbuk-
do, were recruited for this study. All subjects were randomly allocated to either the DTT or
the STT group. Inclusion criteria for participation were as follows: (1) diagnosis of MD and
age over 65 years; (2) Mini-Mental State Examination-Korean version scores between 18 and
23 [24–26]; (3) Global Deterioration Scale scores between 4 and 5 [26,27], (4) MD diagnosed
at least 6 months prior, and (5) no significant visual, auditory, or vestibular impairment.
Subjects were excluded if they were unable to undergo training due to paralysis or severe
balance disorders. There was one drop-out in the DTT group and three in the STT group.
All the dropouts could no longer participate because of their unstable medical conditions.
Therefore, a total of 24 participants were included in the study (Figure 1). Demographic
and clinical data were also collected. Ethical approval was obtained from the Institutional
Review Board of Daegu University and written informed consent was obtained from all of
the participants at enrollment (1040621-201711-HRBR-004-002).
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2.2. Measurements

(1) Mini-Mental State Examination-Korea version (MMSE-K)
The MMSE-K was used to evaluate the cognitive function and as a dementia screening

tool for the elderly. The MMSE-K comprises 12 questions with a total score of 30 points,
including items related to memory, attention, calculation, language, understanding, judg-
ment, and time and place orientation. The following cut-off levels were employed to
classify the severity of cognitive impairment: 24 points or higher indicated a healthy
mental state, 18 to 23 points indicated mild dementia, and 18 points or lower indicated
moderate or severe dementia [28]. The MMSE-K is a test for the screening of dementia
with the ability to diagnose DSM-IV dementia, measured with the area under the receiver
operating characteristics curve at 0.93 [29]. One physical therapist measured and managed
MMSE-K.
(2) Global deterioration scale (GDS)

The GDS is a comprehensive assessment of the cognitive, social, and daily life func-
tions of patients with suspected or diagnosed dementia. The overall degeneration scale
consists of seven stages that distinguish the severity of the symptoms of dementia: GDS 1,
no cognitive impairment; GDS 2, subjective cognitive; GDS 3, mild cognitive impairment;
GDS 4, mild dementia; GDS 5, moderate dementia; GDS 6, moderate or severe dementia;
and GDS 7, severe dementia. [30]. The GDS reliability is 0.93–1.00, and the validity is
0.80–0.99 [31]. One physical therapist measured and managed GDS.
(3) Gait analysis

The kinematic and spatiotemporal parameters of gait were objectively measured
using a validated LEGSys+ wearable device. The inertial measurement unit system is
reliable and has been validated against other kinetic and kinematic gold standards [32].
Three-dimensional acceleration and angular velocity of the shins, thighs, and trunk were
measured using five wearable sensors. Each Bluetooth-connected sensor included a triaxial
accelerometer and a triaxial gyroscope to obtain gait parameters, which were attached to
the anterior surface of both the shins 3 cm above the ankle, the anterior surface of both
then thighs 3 cm above the knee, and the center of the posterior superior iliac spine. For
statistical analysis, the LEGSys+ signal data were sampled at 100 Hz. Gait was assessed
with a minimum of five strides in a 7 m walkway. The data were recorded with three
strides, excluding the first and last strides. Gait analysis was performed three times under
usual conditions to obtain an average value. The data were collected by an experienced
physical therapist.

2.3. Motor and Cognitive Task Training

DTT requires attention to be paid to both tasks when they are being performed
concurrently. Exercise tasks are designed to be as simple as possible so that selective
attention can be provided to cognitive tasks. The contents of the task training were
established based on previous studies on MD [33–35]. Training lasted for a total of 8 weeks,
3 times a week, with each exercise method having a duration of 30 min. The STT group
performed only motor tasks, while the DTT group performed motor and cognitive tasks
simultaneously. Cognitive tasks were randomly assigned and performed simultaneously
with the motor task. Motor tasks consisted of six individual tasks, including shifting from
a sitting position to a standing position, reaching out with the arm in various directions
while standing, raising the heel while standing, kicking a ball step-by-step, walking on
a flat surface, and exercising using a cycle ergometer. Cognitive tasks consisted of five
individual tasks, including counting backward, performing arithmetic, word association
test, picture matching task, and remembering the picture (Table 1) [33,36].
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Table 1. Dual-task training methods.

Motor Training Tasks Cognitive Training Tasks

Sit to standing (5 min)
Reaching arm in various directions on
standing (5 min)
Raising the heel on standing (5 min)
Kicking a ball step by step (5 min)
Walking on flatland (5 min)
Exercising cycle ergometer (5 min)

(1) Counting backward
(ex) 100, 99, 98 . . .
(2) Doing arithmetic
(ex) 2 + 5, 9 − 4 . . .
(3) Word association test
(ex) Say a word starting with a consonant
(4) Picture matching task
(ex) things, places, animals . . .
(5) Remember and answer
(ex) Pictures, letters, objects . . .

2.4. Experimental Procedure

During the motor learning stage [37], both groups performed only motor task training
for two weeks. At the beginning of the 3rd week, the DTT group performed both executive
and cognitive tasks simultaneously. Cognitive function and gait parameters were assessed
in both groups before and after the training. When a subject was unable to sustain training
due to limited physical ability, training was stopped for that subject. If a subject expressed
fatigue, pain, or abnormal breathing, the subject was allowed a 5 min break.

2.5. Statistical Analysis

SPSS Statistics (version 25) (IBM, Armonk, NY, USA) for Windows was used for data
analysis. A Shapiro-Wilk test was conducted to determine the normal distribution of each
parameter, and all parameters were normally distributed except the height parameter. The
chi-squared test and independent t-test were performed to analyze the differences between
the two groups in terms of sex, age, weight, MMSE-K, and GDS. The height variable was
analyzed by the Mann-Whitney test. Two-way repeated-measures analysis of variance
was used to compare gait parameters before and after training between the DTT and STT
groups. The paired t-test was then used to compare gait parameters before and after
training in each group. Null hypotheses of no difference were rejected if p-values were less
than 0.05. Results are presented as the mean ± standard deviation or n (%). Clinical and
demographic data of dropouts were excluded.

3. Results

In the demographic data, no significant differences were observed in terms of age,
sex, height, weight, MMSE-K, and GDS scores between the DTT and STT groups (p > 0.05;
Table 2). Table 3 shows the spatiotemporal and kinematic parameters of gait before and
after training. No significant differences in gait parameters were observed between the two
groups in the pre-test (p > 0.05). In the post-test, a statistically significant interaction effect
was found between the two groups in stride length, stride velocity, cadence, step length,
swing phase, stance phase, and double support phase (p < 0.05). There was a significant
main effect seen on the spatiotemporal gait parameters (p < 0.05), however, there was no
significant main effect observed for kinematic gait parameters (p > 0.05). In the DTT group,
stride length, stride velocity, cadence, step length, and swing phase significantly increased
(p < 0.05). In addition, stride time, stance phase, and double support phase significantly
decreased after training (p < 0.05), but there were no significant differences in the knee
and the hip angles (p > 0.05). In the STT group, there were no significant differences in
spatiotemporal and kinematic gait parameters after training.
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Table 2. General characteristics.

DTT Group STT Group x2/t/z p

Sex (M/F) 5(38%)/8(62%) 4(36%)/7(64%) 0.011 0.920
Age (years) 80.92 ± 8.40 76.23 ± 6.37 1.521 0.143
Height (cm) 154.16 ± 10.54 154.94 ± 9.56 −0.345 0.520
Weight (kg) 58.65 ± 9.26 53.50 ± 14.27 0.922 0.367

MMSE-K (score) 20.69 ± 2.10 20.27 ± 1.90 0.509 0.616
GDS (score) 4.23 ± 0.73 4.33 ± 1.15 0.259 0.387

Values represent mean ± standard deviation; DTT, dual-task training; STT, single-task training; MMSE-K, mini
mental state examination-korean version; GDS, global deterioration scale.

Table 3. The data for the gait parameters before and after training between the groups.

DTT STT
F

(Time)

F
(Time ×
Group)Pre-Test Post-

Test t ES Pre-Test Post-
Test t ES

Stride time (s) 1.52
(0.40)

1.26
(0.18) −3.35 † 0.84 1.31

(0.32)
1.23

(0.19) −1.06 0.30 9.94 * 3.13

Stride length (m) 0.66
(0.11)

0.77
(0.10) 3.38 † 1.05 0.76

(0.28)
0.77

(0.25) 0.32 0.04 6.73 * 4.60 *

Stride velocity
(m/s)

0.45
(0.09)

0.62
(0.13) 6.48 † 1.52 0.61

(0.28)
0.62

(0.20) 0.14 0.04 12.42 * 10.68 *

Cadence
(steps/min)

83.52
(18.74)

97.21
(12.74) 3.90 † 0.85 98.23

(26.50)
99.95

(21.83) 0.42 0.07 8.24 * 4.98 *

Step length (m) 0.32
(0.06)

0.40
(0.04) 4.85 † 1.57 0.38

(0.10)
0.38

(0.08) −0.61 <0.01 9.67 * 13.70 *

Swing (%) 33.30
(3.08)

38.14
(2.57) 7.05 † 1.71 36.14

(4.36)
36.67
(4.02) 0.53 0.13 20.74 * 13.45 *

Stance (%) 66.70
(3.08)

61.86
(2.57) −7.05 † 1.71 63.86

(4.36)
63.34
(4.02) −0.53 0.12 20.74 * 13.44 *

Double support (%) 33.41
(6.16)

23.73
(5.14) −7.05 † 1.71 27.72

(8.72)
26.67
(8.04) −0.53 0.13 20.75 * 13.43 *

Left knee ROM (◦) 38.66
(5.37)

41.70
(7.59) 2.06 0.46 41.42

(11.51)
41.95

(17.37) 0.21 0.04 1.64 0.82

Right knee ROM (◦) 35.75
(7.95)

37.57
(9.60) 0.79 0.21 39.23

(12.36)
42.77

(15.70) 1.17 0.25 2.07 0.21

Left hip ROM (◦) 31.26
(5.28)

33.39
(4.69) 1.02 0.43 32.45

(10.59)
32.48
(8.41) 0.02 <0.01 0.57 0.54

Right hip ROM (◦) 32.77
(5.49)

34.02
(6.02) 0.46 0.22 32.34

(10.42)
33.71
(8.61) 0.60 0.14 <0.01 <0.01

Values represent mean (± standard deviation); DTT, dual task training group; STT, single task training group; ROM, range of motion; ES,
effect size; * p < 0.05; Significant difference within group; † p < 0.05.

4. Discussion

In the present study, we investigated the clinical effectiveness of DTT in patients with
MD. We compared the efficacy of DTT on the spatiotemporal and kinematic gait parameters.
We found that stride length, stride velocity, cadence, step length, swing phase, stance phase,
and double support phase significantly improved in the DTT group compared to the STT
group. These results suggest that DTT is more beneficial than STT in improving gait
function in elderly patients with MD and that its superiority is due to increased executive
function.

Dual-task performance could have more significant effects due to of its higher task
automatization and more efficient integration of task-related networks [38]. Furthermore,
improvements in gait parameters may result in an improved ability to prioritize a motor
task over a cognitive task. Due to limited central processing resources, the subject can
prioritize less complex tasks [39]. In the present study, we found that DTT could improve
spatiotemporal gait parameters by improving gait automatization and reducing competi-
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tion for attentional resources among the tasks. In our study, significant improvements in
spatiotemporal parameters were observed after DTT treatment. Previous studies suggested
that DTT could improve gait velocity and other spatiotemporal parameters, such as stride
time and double-support percentage. This indicated that DTT programs improved gait
automatization and decreased competition for attentional resources between tasks [38,40].

There was no significant difference in joint angles before and after STT and DTT. In
a previous study, the kinematic and kinetic variables were less affected in older adults
than in young adults or children because the variations were found only at fast speeds,
whereas the ground reaction forces did not change with the speed [41] To affect kinematic
variables in the elderly, a fast walking speed is required, therefore, we believe that this
study did not show a significant difference in joint variables due to the slow walking speed
of the elderly [42]. In addition, interventions designed to enhance the range of motion
have had little impact on gait characteristics in older adults, especially with regards to joint
motion during gait [43]. Based on previous studies, we believe that the training methods
performed in the present study did not significantly change the characteristics of the joint
angle in elderly patients with dementia. In the STT group, spatiotemporal and kinematic
parameters were not significantly different after training. A previous study reported that
single-task programs were not superior to dual-tasks in improving gait function, and
subjects who received DTT showed greater improvements in single-task gait speed [44] In
this study, the relatively short intervention period of 8 weeks may account for the lack of
significant improvement.

When comparing the mean differences between DTT and STT, significant differences
were found in stride length, stride velocity, cadence, step length, swing phase, stance phase,
and double support phase. Previous studies reported that DTT was effective in improving
gait performance, motor symptoms, and balance in Parkinson’s disease [45]. and in older
adults with early dementia, compared to other training or non-interventional methods [46].
Moreover, DTT improves attention and memory in elderly people with mild cognitive
impairment and it also improves their overall cognitive function [47]. Physical activity
has been shown to enhance neuroplasticity by elucidating the cellular and molecular
mechanisms [48] and the interconnections [49] associated with increased neurotrophins,
particularly brain-derived neurotrophic factors. These exercise-induced changes in brain
regions may explain the effects of DTT on executive functions, although it remains to be
seen whether these changes can be modified when motor training is performed concurrently
with cognitive tasks. Consequently, DTT may be beneficial for patients with MD through
multiple pathways by inducing improved gait parameters.

The results of this study suggest that cognitive-motor DTT may be incorporated into
MD rehabilitation protocols to improve gait function. However, this study had several
limitations. First, the sample size was relatively small and included individuals classified
between 20 to 23 points of the MMSE-K score, excluding those with an MMSE-K score of
<20, this was done because it was difficult for subjects with severe dementia to perform our
task training program. Therefore, the sample size may not be representative of the entire
population of patients having dementia. Second, we used standardized task training as
a way of standardization. Therefore, the training program was not designed to suit the
abilities of each subject. Future studies are required to address these limitations. Third,
this study analyzed only the dual-task training effect compared to general intervention.
Future research needs to clearly analyze the data by adding sham condition. Fourth, since
this study did not measure the appropriate exercise intensity for each patient, future study
needs to analyze cardiopulmonary functions. Fifth, this study needs to specifically analyze
the absence of imaging parameters and aspects of cognitive deficits.

In conclusion, improvements in spatiotemporal gait parameters after DTT have been
reported in patients with MD. We believe that DTT can help manage patients with MD. In
particular, the effect of DTT on spatiotemporal gait parameters can be an important issue
when planning interventional strategies for slowing down the progression of MD.



Healthcare 2021, 9, 1444 7 of 9

Author Contributions: Conceptualization, J.-W.K.; Data curation, D.-K.K.; Formal analysis, D.-
K.K.; Funding acquisition, T.-S.J.; Investigation, D.-K.K.; Project administration, T.-S.J. and J.-W.K.;
Resources, T.-S.J. and J.-W.K.; Supervision, T.-S.J. and J.-W.K.; Validation, J.-W.K.; Writing—original
draft, D.-K.K.; Writing—review & editing, D.-K.K. and J.-W.K. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of Daegu University
(1040621-201711-HRBR-004-002).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The present research was supported by the research fund of Dankook University
in 2019.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Duong, S.; Patel, T.; Chang, F. Dementia: What pharmacists need to know. Can. Pharm. J. 2017, 150, 118–129. [CrossRef]
2. Gale, S.A.; Acar, D.; Daffner, K.R. Dementia. Am. J. Med. 2018, 131, 1161. [CrossRef]
3. Beauchet, O.; Annweiler, C.; Callisaya, M.L.; De Cock, A.-M.; Helbostad, J.L.; Kressig, R.W.; Srikanth, V.; Steinmetz, J.-P.;

Blumen, H.M.; Verghese, J.; et al. Poor gait performance and prediction of dementia: Results from a meta-analysis. J. Am. Med.
Dir. Assoc. 2016, 17, 482–490. [CrossRef]

4. Morris, J.C. Clinical dementia rating: A reliable and valid diagnostic and staging measure for dementia of the Alzheimer type.
Int. Psychogeriatr. 1997, 9, 173–176. [CrossRef]

5. Ferri, C.P.; Prince, M.; Brayne, C.; Brodaty, H.; Fratiglioni, L.; Ganguli, M.; Hall, K.; Hasegawa, K.; Hendrie, H.; Huang, Y.; et al.
Global prevalence of dementia: A Delphi consensus study. Lancet 2005, 366, 2112–2117. [CrossRef]

6. Scherder, E.; Eggermont, L.; Visscher, C.; Scheltens, P.; Swaab, D.J.N.; Reviews, B. Understanding higher level gait disturbances in
mild dementia in order to improve rehabilitation:‘Last in–first out’. Neurosci. Biobehav. Rev. 2011, 35, 699–714. [CrossRef]

7. Unsworth, J.; Mode, A. Preventing falls in older people: Risk factors and primary prevention through physical activity. Br. J.
Community Nurs. 2003, 8, 214–220. [CrossRef]

8. Knopman, D.S.; Petersen, R.C. Mild cognitive impairment and mild dementia: A clinical perspective. Mayo Clin. Proc. 2014, 89,
1452–1459. [CrossRef]

9. Montero-Odasso, M.; Oteng-Amoako, A.; Speechley, M.; Gopaul, K.; Beauchet, O.; Annweiler, C.; Muir-Hunter, S.W. The Motor
Signature of Mild Cognitive Impairment: Results From the Gait and Brain Study. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2014, 69,
1415–1421. [CrossRef]

10. Lamoth, C.J.; van Deudekom, F.J.; van Campen, J.P.; Appels, B.A.; de Vries, O.J.; Pijnappels, M.J. Gait stability and variability
measures show effects of impaired cognition and dual tasking in frail people. J. Neuroeng. Rehabil. 2011, 8, 2. [CrossRef]

11. Sheridan, P.L.; Solomont, J.; Kowall, N.; Hausdorff, J.M. Influence of executive function on locomotor function: Divided attention
increases gait variability in Alzheimer’s disease. J. Am. Geriatr. Soc. 2003, 51, 1633–1637. [CrossRef]

12. IJmker, T.; Lamoth, C.J.C. Gait and cognition: The relationship between gait stability and variability with executive function in
persons with and without dementia. Gait Posture 2012, 35, 126–130. [CrossRef]

13. Taylor, M.E.; Lasschuit, D.A.; Lord, S.R.; Delbaere, K.; Kurrle, S.E.; Mikolaizak, A.S.; Kvelde, T.; Close, J.C. Slow gait speed is
associated with executive function decline in older people with mild to moderate dementia: A one year longitudinal study. Arch.
Gerontol. Geriatr. 2017, 73, 148–153. [CrossRef]

14. Grande, G.; Triolo, F.; Nuara, A.; Welmer, A.-K.; Fratiglioni, L.; Vetrano, D.L. Measuring gait speed to better identify prodromal
dementia. Exp. Gerontol. 2019, 124, 110625. [CrossRef]

15. Penko, A.L.; Streicher, M.C.; Koop, M.M.; Dey, T.; Rosenfeldt, A.B.; Bazyk, A.S.; Alberts, J.L. Dual-task Interference Disrupts
Parkinson’s Gait Across Multiple Cognitive Domains. Neuroscience 2018, 379, 375–382. [CrossRef]

16. McCulloch, K.L.; Mercer, V.; Giuliani, C.; Marshall, S. Development of a clinical measure of dual-task performance in walking:
Reliability and preliminary validity of the Walking and Remembering Test. J. Geriatr. Phys. Ther. 2009, 32, 2–9. [CrossRef]

17. Kelly, V.E.; Eusterbrock, A.J.; Shumway-Cook, A. A review of dual-task walking deficits in people with Parkinson’s disease:
Motor and cognitive contributions, mechanisms, and clinical implications. Parkinsons Dis. 2012, 2012, 918719. [CrossRef]

18. Rochester, L.; Hetherington, V.; Jones, D.; Nieuwboer, A.; Willems, A.-M.; Kwakkel, G.; van Wegen, E. Attending to the task:
Interference effects of functional tasks on walking in Parkinson’s disease and the roles of cognition, depression, fatigue, and
balance. Arch. Phys. Med. Rehabil. 2004, 85, 1578–1585. [CrossRef]

http://doi.org/10.1177/1715163517690745
http://doi.org/10.1016/j.amjmed.2018.01.022
http://doi.org/10.1016/j.jamda.2015.12.092
http://doi.org/10.1017/S1041610297004870
http://doi.org/10.1016/S0140-6736(05)67889-0
http://doi.org/10.1016/j.neubiorev.2010.08.009
http://doi.org/10.12968/bjcn.2003.8.5.11200
http://doi.org/10.1016/j.mayocp.2014.06.019
http://doi.org/10.1093/gerona/glu155
http://doi.org/10.1186/1743-0003-8-2
http://doi.org/10.1046/j.1532-5415.2003.51516.x
http://doi.org/10.1016/j.gaitpost.2011.08.022
http://doi.org/10.1016/j.archger.2017.07.023
http://doi.org/10.1016/j.exger.2019.05.014
http://doi.org/10.1016/j.neuroscience.2018.03.021
http://doi.org/10.1519/00139143-200932010-00002
http://doi.org/10.1155/2012/918719
http://doi.org/10.1016/j.apmr.2004.01.025


Healthcare 2021, 9, 1444 8 of 9

19. Erickson, K.I.; Colcombe, S.J.; Wadhwa, R.; Bherer, L.; Peterson, M.S.; Scalf, P.E.; Kim, J.; Alvarado, M.; Kramer, A. Training-
Induced Functional Activation Changes in Dual-Task Processing: An fMRI Study. Cereb. Cortex 2006, 17, 192–204. [CrossRef]

20. Fritz, N.E.; Cheek, F.M.; Nichols-Larsen, D.S. Motor-cognitive dual-task training in neurologic disorders: A systematic review. J.
Neurol. Phys. Ther. 2015, 39, 142. [CrossRef]

21. Holtzer, R.; Mahoney, J.R.; Izzetoglu, K.; Onaral, B.; Verghese, J. fNIRS Study of Walking and Walking While Talking in Young
and Old Individuals. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2011, 66, 879–887. [CrossRef]

22. Montero-Odasso, M.M.; Sarquis-Adamson, Y.; Speechley, M.; Borrie, M.J.; Hachinski, V.C.; Wells, J.; Riccio, P.M.; Schapira, M.;
Sejdic, E.; Camicioli, R.M.; et al. Association of dual-task gait with incident dementia in mild cognitive impairment: Results from
the gait and brain study. JAMA Neurol. 2017, 74, 857–865. [CrossRef]

23. Gates, N.; Singh, M.A.F.; Sachdev, P.S.; 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. [CrossRef]

24. Tombaugh, T.N.; McIntyre, N.J. The mini-mental state examination: A comprehensive review. J. Am. Geriatr. Soc. 1992, 40,
922–935. [CrossRef]

25. Park, J.-H. Standardization of Korean version of the Mini-Mental State Examination (MMSE-K) for use in the elderly. Part II.
Diagnostic validity. J. Korean Neuropsychiatr. Assoc. 1989, 28, 508–513.

26. Reisberg, B.; Ferris, S.; Kluger, A.; Franssen, E.; De Leon, M.; Mittelman, M.; Borenstein, J.; Rameshwar, K.; Alba, R. Symptomatic
changes in CNS aging and dementia of the Alzheimer type: Cross-sectional, temporal, and remediable concomitants. In Diagnosis
and Treatment of Senile Dementia; Springer: Berlin/Heidelberg, Germany, 1989; pp. 193–223.

27. Reisberg, B.; Ferris, S.; de Leon, M.; Crook, T. The Global Deterioration Scale for assessment of primary degenerative dementia.
Am. J. Psychiatry 1982, 139, 1136–1139.

28. Kwon, Y.C. Korean version of mini-mental state examination (MMSE-K). J. Korean Neurol. Assoc. 1989, 1, 123–135.
29. Kim, J.M.; Shin, I.S.; Yoon, J.S.; Lee, H.Y. Comparison of diagnostic validities between MMSE-K and K-MMSE for screening of

dementia. J. Korean Neuropsychiatr. Assoc. 2003, 42, 124–130. [CrossRef]
30. Reisberg, B.; Ferris, S.H.; Kluger, A.; Franssen, E.; Wegiel, J.; De Leon, M.J. Mild cognitive impairment (MCI): A historical

perspective. Int. Psychogeriatr. 2008, 20, 18–31. [CrossRef]
31. Choi, S.H.; Na, D.L.; Lee, B.H.; Hahm, D.S.; Jeong, J.H.; Jeong, Y.; Koo, E.J.; Ha, C.K.; Ahn, S.S. The validity of the Korean version

of Global Deterioration Scale. J. Korean Neurol. Assoc. 2002, 20, 612–617.
32. Kobsar, D.; Charlton, J.M.; Tse, C.T.; Esculier, J.-F.; Graffos, A.; Krowchuk, N.M.; Thatcher, D.; Hunt, M.A. Validity and reliability

of wearable inertial sensors in healthy adult walking: A systematic review and meta-analysis. J. Neuroeng. Rehabil. 2020, 17,
1–21. [CrossRef]

33. Hollman, J.H.; Kovash, F.M.; Kubik, J.J.; Linbo, R.A. Age-related differences in spatiotemporal markers of gait stability during
dual task walking. Gait Posture 2007, 26, 113–119. [CrossRef]

34. Dean, C.M.; Richards, C.L.; Malouin, F. Task-related circuit training improves performance of locomotor tasks in chronic stroke:
A randomized, controlled pilot trial. Arch. Phys. Med. Rehabil. 2000, 81, 409–417. [CrossRef]

35. Taylor, J.A.; Ivry, R.B. The role of strategies in motor learning. Ann. N. Y. Acad. Sci. 2012, 1251, 1–12. [CrossRef]
36. Pellecchia, G.L. Dual-task training reduces impact of cognitive task on postural sway. J. Mot. Behav. 2005, 37, 239–246. [CrossRef]
37. Magill, R.; Anderson, D. Motor Learning and Control; McGraw-Hill Publishing: New York, NY, USA, 2010.
38. Strouwen, C.; Molenaar, E.A.; Münks, L.; Keus, S.H.; Zijlmans, J.C.; Vandenberghe, W.; Bloem, B.R.; Nieuwboer, A. Training dual

tasks together or apart in Parkinson’s disease: Results from the DUALITY trial. Mov. Disord. 2017, 32, 1201–1210. [CrossRef]
39. Bloem, B.R.; Grimbergen, Y.A.; van Dijk, J.G.; Munneke, M. The “posture second” strategy: A review of wrong priorities in

Parkinson’s disease. J. Neurol. Sci. 2006, 248, 196–204. [CrossRef]
40. Geroin, C.; Nonnekes, J.; de Vries, N.M.; Strouwen, C.; Smania, N.; Tinazzi, M.; Nieuwboer, A.; Bloem, B.R. Does dual-task

training improve spatiotemporal gait parameters in Parkinson’s disease? Parkinsonism Relat. Disord. 2018, 55, 86–91. [CrossRef]
41. Kerrigan, D.; Todd, M.K.; Della Croce, U.; Lipsitz, L.A.; Collins, J.J. Biomechanical gait alterations independent of speed in the

healthy elderly: Evidence for specific limiting impairments. Arch. Phys. Med. Rehabil. 1998, 79, 317–322. [CrossRef]
42. Boyer, K.A.; Johnson, R.; Banks, J.J.; Jewell, C.; Hafer, J.F. Systematic review and meta-analysis of gait mechanics in young and

older adults. Exp. Gerontol. 2017, 95, 63–70. [CrossRef]
43. Kerrigan, D.; Xenopoulos-Oddsson, A.; Sullivan, M.J.; Lelas, J.J.; Riley, P.O. Effect of a hip flexor[ndash]stretching program on

gait in the elderly. Arch. Phys. Med. Rehabil. 2003, 84, 1–6. [CrossRef]
44. Silsupadol, P.; Shumway-Cook, A.; Lugade, V.; Van Donkelaar, P.; Chou, L.-S.; Mayr, U.; Woollacott, M.H. Effects of Single-Task

Versus Dual-Task Training on Balance Performance in Older Adults: A Double-Blind, Randomized Controlled Trial. Arch. Phys.
Med. Rehabil. 2009, 90, 381–387. [CrossRef]

45. Li, Z.; Wang, T.; Liu, H.; Jiang, Y.; Wang, Z.; Zhuang, J. Dual-task training on gait, motor symptoms, and balance in patients with
Parkinson’s disease: A systematic review and meta-analysis. Clin. Rehabil. 2020, 34, 1355–1367. [CrossRef]

46. Tay, L.; Lim, W.S.; Chan, Y.Y.M.; Ali, N.; Chong, M.S. A Combined Cognitive Stimulation and Physical Exercise Programme (MIND-
Vital) in Early Dementia: Differential Effects on Single- and Dual-Task Gait Performance. Gerontology 2016, 62, 604–610. [CrossRef]

47. Hwang, J.-H.; Park, M.-S. Effect of a Dual-task Virtual Reality Program for Seniors with Mild Cognitive Impairment. Korean J.
Clin. Lab. Sci. 2018, 50, 492–500. [CrossRef]

http://doi.org/10.1093/cercor/bhj137
http://doi.org/10.1097/NPT.0000000000000090
http://doi.org/10.1093/gerona/glr068
http://doi.org/10.1001/jamaneurol.2017.0643
http://doi.org/10.1016/j.jagp.2013.02.018
http://doi.org/10.1111/j.1532-5415.1992.tb01992.x
http://doi.org/10.5124/jkma.2003.46.2.124
http://doi.org/10.1017/S1041610207006394
http://doi.org/10.1186/s12984-020-00685-3
http://doi.org/10.1016/j.gaitpost.2006.08.005
http://doi.org/10.1053/mr.2000.3839
http://doi.org/10.1111/j.1749-6632.2011.06430.x
http://doi.org/10.3200/JMBR.37.3.239-246
http://doi.org/10.1002/mds.27014
http://doi.org/10.1016/j.jns.2006.05.010
http://doi.org/10.1016/j.parkreldis.2018.05.018
http://doi.org/10.1016/S0003-9993(98)90013-2
http://doi.org/10.1016/j.exger.2017.05.005
http://doi.org/10.1053/apmr.2003.50056
http://doi.org/10.1016/j.apmr.2008.09.559
http://doi.org/10.1177/0269215520941142
http://doi.org/10.1159/000444084
http://doi.org/10.15324/kjcls.2018.50.4.492


Healthcare 2021, 9, 1444 9 of 9

48. Stranahan, A.M.; Zhou, Y.; Martin, B.; Maudsley, S. Pharmacomimetics of exercise: Novel approaches for hippocampally-targeted
neuroprotective agents. Curr. Med. Chem. 2009, 16, 4668–4678. [CrossRef]

49. Voss, M.W.; Erickson, K.I.; Prakash, R.S.; Chaddock, L.; Malkowski, E.; Alves, H.; Kim, J.; Morris, K.S.; White, S.M.;
Wójcicki, T.R.; et al. Functional connectivity: A source of variance in the association between cardiorespiratory fitness and
cognition? Neuropsychologia 2010, 48, 1394–1406. [CrossRef]

http://doi.org/10.2174/092986709789878292
http://doi.org/10.1016/j.neuropsychologia.2010.01.005

	Introduction 
	Materials and Methods 
	Subjects 
	Measurements 
	Motor and Cognitive Task Training 
	Experimental Procedure 
	Statistical Analysis 

	Results 
	Discussion 
	References

