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Background: Previous studies showed that multicomponent exercise enhanced physical and cognitive
functions. This study aimed to investigate the effects of a multicomponent exercise on dual-task per-
formance and executive function and to demonstrate the relationship between improvement in dual-
task performance and enhancement in executive function among the elderly.
Methods: A total of 27 people completed the intervention, with 16 in the experimental group and 11 in
the control group. The 12-week multicomponent exercise lasted 1 h per day and 3 days per week.
Participants' gait performance was assessed in dual-task conditions and executive function was exam-
ined at both pre- and post-intervention.
Results: Results showed significant interaction effects of time x group on all selected gait parameters in
both dual-task conditions and the Executive Interview. Compared with the control group, the experi-
mental group showed greater improvements in most measures following intervention. Improved dual-
task performance was correlated with enhanced executive function (r ¼ 0.46e0.75).
Conclusion: Our results suggested that a multicomponent exercise positively affects dual-task perfor-
mance and executive function in the elderly.
Copyright © 2018, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

The ability to perform multiple tasks simultaneously is a com-
mon requirement for carrying out activities of daily living. Per-
forming dual-tasks while walking has been shown to affect older
adults' gait performance.1 Hollman et al. reported that healthy
older adults decreased gait velocity and increased gait variability
when spelling words backwards or when counting backwards.2

Dual-task decrements in gait indicated an increasing need for
directing attentional resources to walking.3

Dual-task ability relies on executive function.4 In turn, executive
function is particularly affected by aging.5 Executive function is
defined as a set of cognitive skills necessary for planning,
erapy and Assistive Technol-
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monitoring, and executing a sequence of goal-directed complex
actions. Executive function plays a key role in dual-task coordina-
tion and is sensitive to dual-task interference in older adults.6 Age-
related declines in executive function may contribute to increased
dual-task deficits in older adults.

Exercise is an evidence-based strategy for improving motor
functions in older adults.7 Previous meta-analytic and systematic
reviews also reported that exercise is associated with improve-
ments in executive function and attention in older adults.8,9

Conversely, a moderate-dose physical activity program was found
to not result in improved executive function among sedentary older
adults; however, the authors suggested that physical activity may
benefit executive function.10 This inference was derived from their
results of subgroup analyses showing that a physical activity pro-
gram improved executive function in participants with lower
baseline physical performance and those aged �80 years. Older
adults have also been recommended to regularly engage in multi-
component physical activity programs that target endurance,
icine. Published by Elsevier Taiwan LLC. This is an open access article under the CC

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yryang@ym.edu.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijge.2018.01.004&domain=pdf
www.sciencedirect.com/science/journal/18739598
http://www.ijge-online.com
https://doi.org/10.1016/j.ijge.2018.01.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijge.2018.01.004
https://doi.org/10.1016/j.ijge.2018.01.004


R.-Y. Wang et al.134
strength, flexibility, and balance in accordancewith advice from the
American College of Sports Medicine and other documents.11,12

Improved motor and cognitive functioning have been shown to
be facilitated by multicomponent exercise training.7,9,13e15

Some studies have measured the effects of multicomponent
exercise on dual-task performance. One such study showed that
multicomponent exercise might improve dual-task performance,16

while another study failed to prove a positive effect of multicom-
ponent exercise on dual-task performance.17 Both studies did not
include a control group. Moreover, investigations into the effect of
multicomponent exercise on both dual-task performance and ex-
ecutive function within the same study are scarce. Therefore, the
aim of the present study was to evaluate the effects of a multi-
component exercise on dual-task performance during gait and on
executive function, and to clarify the relationship between
improved dual-task performance and enhanced executive function
among older adults.

2. Methods

2.1. Participants

Participants were recruited from local public health centers in
Taiwan. All 30 participants met the following inclusion criteria: (1)
�65 years old; and (2) ability to walk outdoors independently
without assistive devices. The exclusion criteriawere as follows: (1)
presence of a neurological disease known to impair mobility (e.g.,
stroke and Parkinson's disease); (2) presence of musculoskeletal
problems limiting safe participation in an exercise program; and (3)
a diagnosis of cardiovascular diseases, dementia, psychosis, or
depression. Information on age, gender, and medical history were
obtained through participant interviews.

2.2. Procedure

The study protocol was approved by the Taipei City Hospital
Institutional Review Board and registered in a clinical trial registry
(ClinicalTrials.gov NCT02102308). The purpose, nature, and po-
tential risks of the experiments were fully explained to the par-
ticipants. All participants gave written, informed consent before
study participation. To increase attendance and compliance, par-
ticipants were placed into either an experimental or control group
depending on their preference. The experimental group received a
multicomponent exercise three times a week for 12 weeks, while
the control group attended six health education classes during the
12-week period. Outcome measures were obtained pre and post-
intervention. Measures included gait performance in dual-tasks
and interviews on executive function.

2.3. Intervention

Participants in the experimental group received multicompo-
nent exercise for 1 h per day and 3 days every week over 12 weeks.
The exercise program was based on the recommendations for the
elderly population from the American College of Sports Medicine,
including 20-min resistance training, 20-min endurance training,
and 20-min balance training. The sequence of intervention was
endurance, resistance, and then balance training. During the exer-
cise period, a physical therapist provided guidance and assistance
for each participant. Resistance training focused on major muscles
of the hip, knee, and ankle joints. Training dose started from 50%
maximal voluntary contraction for 10 repetitions, and then
increased to 75%e80% maximal voluntary contraction progres-
sively. A 5-min stretching exercise was conducted before and after
resistance training to prevent muscle soreness and injury. The
endurance training programwas a sequence of whole body activity
including 5-min warm-up, 20-min endurance training and a 5-min
cool-down exercise. Stepping, brisk walking and hula hoop with
upper limb movement were protocols for endurance exercise. The
training dose was set at 70e75%maximal heart rate (220�age). The
rate of perceived exertion between 12 and 14 was also considered
during the training period. The balance exercise program involved
static and dynamic balance training. Static balance training
included the participant standing on the floor or a foam mat and
changing their base of support by both forward reaching and from a
single stance with their eyes opened or closed. Dynamic balance
training included straight walking, sideway walking, backward
walking and figure-8 walking.

Participants in the control group attended six education classes
regarding health for 1 h per day and 1 day every 2 weeks over 12
weeks. The class provided information regarding common exer-
cises for the elderly, with an individualized exercise program and
teaching on prevention of injury during exercise.

2.4. Measures

2.4.1. Gait performance
The GAITRite system (GAITRite, CIR Systems Inc., USA) was used

to evaluate gait performance. The validity and reliability of gait
parameters as measured by the GAITRite system in the elderly is
well established.18,19

Gait was evaluated while walking under two dual-task condi-
tions, serial seven subtractions and naming animals. Serial sevens,
counting down from a random three-digit number, is a clinical test
that evaluates one's ability to maintain attention with distraction.
Naming animals, i.e., generating as many examples of animals as
possible, is a clinical test used to assess abstract thinking and word
generation. Participants were asked to walk three trials under each
condition. Trial interval lasted 1 min. Data were averaged from the
three trials. No instruction was provided for prioritization of one of
the tasks (walking or cognitive task) during the dual-task trials. To
minimize the learning effect and fatigue, the order of the dual-tasks
was randomized. Gait parameters of interest were velocity (cm/s),
stride time (ms), stride length (cm), stride time variability (%) and
stride length variability (%). The coefficient of variation (CV) was
used to assess the variability of gait. Lower values reflect a more
consistent gait pattern. The formula of CV given as a percentage is
as follows: standard deviation/mean � 100%.

2.4.2. Executive function
The 25-item Executive Interview (EXIT 25) is a quick screening

tool for assessing of executive function.20 The Chinese version (C-
EXIT 25) was uses in this study.21 The C-EXIT 25 had high internal
consistency and good reliability.21 The test consisted of a 25-item
rating for executive function on tasks. Scores ranged from 0 to 2
for each item, and higher scores indicated worse performance.20

2.5. Sample size

The primary outcome was gait velocity. The sample size was
determined using G*power based on an effect size f of 0.25, an
alpha level of 5%, 80% power, and an ANOVA model.22 A minimum
sample size of 28 participants was indicated.

2.6. Statistical analysis

All analyses were performed using the SPSS 20.0 statistical
package (SPSS Inc., Chicago, IL, USA). Descriptive statistics were
generated for all variables, and distributions of variables were
expressed as mean ± standard deviation. Intergroup differences
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among baseline characteristics were evaluated using an indepen-
dent t-test or chi-square analysis. A two-way analysis of variance
(group � time) was used to determine differences of each depen-
dent variable. When the interaction effect was significant, the main
factor's group and time were tested again using independent and
paired t-tests, respectively. Change scores were calculated by sub-
tracting pre-intervention data from post-intervention data. Pear-
son's test was used to analyze the correlation between change in
each dual-task parameter and change in executive function. Sta-
tistical significance was set at p < 0.05.

3. Results

3.1. Participant recruitment and attendance

Fig. 1 shows the flow of participants from time of screening to
study completion at 12 weeks. Of 30 participants, 14 self-allocated
themselves to the control group, and the other 16 self-allocated to
the experimental group. Three control group participants did not
complete intervention. The 27 participants who completed the
intervention attended all intervention sessions. None of the par-
ticipants reported any adverse events.

3.2. Participants' characteristics at baseline

Demographic characteristics of participants are presented in
Table 1. The differences in the demographics and pre-intervention-
selected measures of the two groups were insignificant.

3.3. Effects of exercise on gait in dual-task conditions

These results of intervention effects are presented in Table 2.
Analysis of variance showed a significant two-way interaction ef-
fect of time � group on all selected gait parameters in both dual-
task conditions. The analysis also showed a significant main effect
of time on all selected gait parameters in both dual-task conditions.
In the experimental group only, significant improvements were
observed on all selected gait parameters in both dual-task condi-
tions. Compared with the control group, the experimental group
demonstrated better performance in each outcome except stride
length at post-intervention.

3.4. Effects of exercise on executive function

Analysis of variance with group and time interval as between-
subjects factor and within-subject factor, respectively, showed a
significant two-way interaction effect of time � group on the C-
EXIT25 score (p < 0.001). The analysis also showed a significant
time effect on C-EXIT25 (p < 0.001). Post hoc analysis revealed that
only the experimental group showed a decrease in C-EXIT25 score
after intervention (p < 0.001) (Table 2). Post hoc analysis also
showed a significant difference between the groups at post-
intervention (p < 0.001) (Table 2).

3.5. Correlation between dual-task performance and executive
function

Table 3 shows that improved each dual-task outcome correlated
significantly with improved executive function (r ¼ 0.46e0.75).

4. Discussion

This study's main finding was that a multicomponent exercise
significantly improved gait during a dual-task activity in older
adults relative to the control group. The present results also support
the hypothesis that improved executive function following multi-
component exercise may contribute to improved dual-task
performance.

Our results demonstrated that multicomponent exercise led to
improved dual-task performance in gait compared with the control
group. These improvements may be attributed to beneficial effects
of the training intervention on both physical and cognitive func-
tions. Multicomponent exercise is an effective tool for improving
postural stability and gait performance.7,13 Improved postural sta-
bility and gait, especially gait speed, may contribute to enhanced
dual-task ability while walking.23 Additionally, executive function
plays an essential role in the ability to walk and perform another
task simultaneously.24 Dual-task decrements in gait were thought
to be closely related to executive function.23 Our results showed
moderate-to-high correlations between improved dual-task per-
formance and improved executive function. These results implied
that dual-task improvement may be partially due to enhanced
executive function. Furthermore, review studies reported mecha-
nisms underlying the exercise effect. These mechanisms include
neurotrophins, synaptic plasticity, neurogenesis, angiogenesis, and
cerebral blood flow.25,26 These mechanisms may contribute to the
positive effects of exercise on dual-task performance and executive
function.

Executive function is known to decline with age. Previous
studies have demonstrated that multicomponent exercise benefits
cognitive functions in elderly people.9,14,15 However, some studies
have failed to demonstrate that multicomponent exercise has a
positive effect on cognitive performance.27,28 These studies showed
considerable variation in exercise dose and cognitive measures. A
positive relationship between higher exercise dose and cognitive
health has been reported in aging adults.29,30 Among cognitive
measures, a consistent result was obtained regarding how exercise
improved executive function. The present findings support recently
emerging indications that multicomponent exercise positively in-
fluences executive function with a medium-to-large effect.31 Our
results showed that a multicomponent intervention improved ex-
ecutive function with a large effect compared with that of educa-
tion control. The positive results may be due to the design of the
exercise program, which was based on effective doses and patterns
from previous studies. For example, our intervention included
resistance training that was of moderate-to-high dose 32; aerobic
stepping exercise that emphasized movement agility9 and balance
training focused on postural control and coordination.31 We thus
suggest the positive effects of exercise intervention on executive
function were possible because the dose response and the additive
effect of intervention programs.

The main limitations of the present study were lack of
randomization of the sample. Non-randomized studies with inad-
equate control of biases may threaten the results. Also, non-
randomized clinical trials may overestimate the effect of an inter-
vention and the self-allocation strategy poses a threat to the study's
internal validity. However, these limitations were hard to avoid
because it was difficult to maintain participation in the programs
for 12 consecutive weeks. Despite the existing evidence of positive
effects of exercise on cognitive or motor function in participants
with neurological diseases or cardiovascular diseases,33,34 partici-
pants with these diseases were excluded in this study. The homo-
geneity of our sample limits the ability to generalize the findings to
mixed populations of healthily diverse older adults. Additionally, a
lack of adequate data in demographic characteristics and medical
conditions of the participants might cause selection bias. The re-
sults must be interpreted carefully. Other limitations included
small sample size, greater contact for the experimental group
compared with the control group and without recording partici-
pants' cognitive performance in dual-task conditions. In addition,



30 Par�cipants mee�ng selec�on criteria

30 Par�cipants assessed baseline data

14 Allocated to control group
Received 6 educa�on classes 

over 12 weeks

16 Allocated to experimental group
Received 36 sessions of mul�component 

exercise over 12 weeks

11 Included in analysis 16 Included in analysis

3 Discon�nued interven�on 0 Discon�nued interven�on

90 Individuals screened for eligibility by interview

60 Excluded
8 Mee�ng exclusion criteria
12 Not mee�ng inclusion criteria
40 Declined to par�cipate

Fig. 1. Flow chart of the participant recruitment process.

Table 1
Baseline characteristics of the participants.

Variables Control group (n ¼ 11) Experimental group (n ¼ 16) p

Gender (male/female) 3/8 4/12 1.00
Age (years) 71.00 ± 5.48 70.25 ± 4.71 0.71
C-EXIT25 (score) 10.27 ± 2.24 11.13 ± 3.38 0.47
Gait performance
Velocity (cm/s) 106.33 ± 10.41 103.65 ± 16.20 0.63
Stride time (s) 1.03 ± 0.03 1.06 ± 0.06 0.21
Stride length (cm) 108.97 ± 13.88 109.97 ± 16.54 0.87
Stride time variability (%CV) 10.13 ± 5.00 12.14 ± 7.11 0.43
Stride length variability (%CV) 5.00 ± 2.90 6.19 ± 5.78 0.54

Abbreviations: C-EXIT25 ¼ Chinese version of 25-item Executive Interview; CV ¼ coefficient of variation.
Data are presented as the mean ± SD or number.
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our data were collected by an investigator who was not blinded to
group assignment. Nonetheless, bias in study results was mini-
mized by the use of standardized instructions during testing. Future
studies should be randomized with a large sample size to investi-
gate cognitive and dual-task ability after exercise.
The current results showed that a 12-week multicomponent
exercise is effective in improving gait performance in dual-task
conditions among older adults. The beneficial effect of exercise on
executive function has also been observed. Improved dual-task
performance may be related to enhanced executive function.



Table 2
Effects of exercise on executive function and gait performance in dual-task condition.

Measures Control (n ¼ 11) Experimental (n ¼ 16) Time effect p Time � Group p

Pre Post Pre Post

C-EXIT25 (scores) 10.00 ± 2.34 10.08 ± 2.23 11.41 ± 3.48 4.94 ± 2.79***,yyy 0.000 0.000
Gait performance in serial 7 subtractions task
Velocity (cm/s) 82.65 ± 15.08 82.72 ± 15.01 82.38 ± 16.67 104.49 ± 15.25***,yy <0.001 <0.001
Stride time (s) 1.20 ± 0.12 1.20 ± 0.11 1.15 ± 0.11 1.00 ± 0.08***,yyy <0.001 <0.001
Stride length (cm) 100.39 ± 13.66 99.40 ± 13.90** 95.88 ± 18.14 107.57 ± 13.19*** 0.001 <0.001
Stride time variability (%CV) 12.38 ± 3.48 12.37 ± 3.44 13.30 ± 4.62 4.87 ± 2.14***,yyy <0.001 <0.001
Stride length variability (%CV) 11.55 ± 6.25 11.64 ± 6.12 13.06 ± 9.03 2.81 ± 2.37***,yyy <0.001 <0.001

Gait performance in naming animals task
Velocity (cm/s) 73.01 ± 18.18 73.03 ± 18.22 74.80 ± 17.27 96.91 ± 16.79***,yy <0.001 <0.001
Stride time (s) 1.31 ± 0.17 1.31 ± 0.16 1.24 ± 0.20 1.10 ± 0.13**,yy 0.003 0.003
Stride length (cm) 99.91 ± 15.92 99.87 ± 16.17 94.49 ± 19.69 105.55 ± 16.32** 0.003 0.002
Stride time variability (%CV) 18.66 ± 10.16 18.62 ± 10.14 18.89 ± 9.13 5.33 ± 3.40***,yyy <0.001 <0.001
Stride length variability (%CV) 13.27 ± 8.43 13.36 ± 8.62 15.06 ± 13.99 4.00 ± 2.19**,yyy 0.01 0.01

Abbreviations: C-EXIT25 ¼ Chinese version of 25-item Executive Interview; Pre ¼ pre-intervention; Post ¼ post-intervention; CV ¼ coefficient of variation.
Data are presented as the mean ± SD.
Double asterisks (p < 0.01) and triple asterisks (p < 0.001) show a significant difference versus pre-intervention.
Double symbol yy (p < 0.01) and triple symbol yyy (p < 0.001) show a significant difference versus control group.

Table 3
Correlation (r) between change in executive function and change in dual-task per-
formance (n ¼ 27).

Measures Executive function

r p

Serial 7 subtractions task
Velocity (cm/s) �0.71 <0.001
Stride time (s) 0.75 <0.001
Stride length (cm) �0.62 <0.001
Stride time variability (%CV) 0.66 <0.001
Stride length variability (%CV) 0.62 0.001

Naming animals task
Velocity (cm/s) �0.66 <0.001
Stride time (s) 0.49 0.009
Stride length (cm) �0.50 0.007
Stride time variability (%CV) 0.59 0.001
Stride length variability (%CV) 0.46 0.02
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Practically, a short-term thrice-weekly multicomponent exercise
including resistance training, endurance training and balance
training induces improved gait performance in dual-task condi-
tions as well as executive function. These improvements are
important to carrying out daily activities for the elderly population.
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