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Abstract

This cross-sectional study investigated the age-related differences in dual-task performance
both in mobility and cognitive tasks and the additive dual-task costs in a sample of older,
middle-aged and young adults. 74 older adults (M = 72.63+5.57 years), 58 middle-aged
adults (M = 46.69+4.68 years) and 63 young adults (M = 25.34+3.00 years) participated in
the study. Participants performed different mobility and subtraction tasks under both single-
and dual-task conditions. Linear regressions, repeated-measures and one-way analyses of
covariance were used, The results showed: significant effects of the age on the dual and
mobility tasks (p<0.05) and differences among the age-groups in the combined dual-task
costs (p<0.05); significant decreases in mobility performance under dual-task conditions in
all groups (p<0.05) and a decrease in cognitive performance in the older group (p<0.05).
Dual-task activity affected mobility and cognitive performance, especially in older adults
who showed a higher dual-task cost, suggesting that dual-tasks activities are affected by the
age and consequently also mobility and cognitive tasks are negatively influenced.

Introduction

In everyday life, the mobility, defined as the ability to independently move around the environ-
ment [1], often requires the simultaneous performance of multiple cognitive or motor tasks. In
this situation, the successful performance of a simultaneous task is essential for the indepen-
dence of older adults, and it may be difficult [2, 3], due to the decline of physical [4-6] and cog-
nitive [7] function (i.e. executive functions) during the aging process.

The dual-task paradigm has been used to investigate the performance of simultaneous tasks
in older adults. Dual-task conditions involve attention and executive function processes [8-
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11] and typically require performing a primary task while simultaneously carrying out a con-
current secondary task [12, 13]. Previous studies used various sensorimotor primary tasks,
such as balance or walking tasks, and a secondary task, such as cognitive tasks (e.g., reaction
time, discrimination and decision-making, working memory tasks) or manual tasks (e.g.,
upper manipulation of an object) [8, 14-16]. These results underlined a possible cognitive-
motor interference under dual-task conditions, particularly in older adults compared to young
adults, that led to a decline in the mobility performance and secondary task, or both [17],
depending on the individual capability and task type [3, 15, 17].

Previous studies emphasized the role of the cognitive system during mobility performance
and the dependency of automatic and high-level cognitive processes [8, 14], especially in
advancing age. Indeed, mobility performance is a multi-dimensional process and requires a
high level of motor control and cognitive flexibility [1, 18], in order to pay attention to various
external features and stimuli [1, 19]. For example, with a complex postural balance task older
adults are not able to perform the concurrent activity as young adults, suggesting that with age
the stability of posture becomes less automatic and more controlled by the cognitive resources
[20]. Yet, studies on gait pattern emphasized the influence of the executive function during the
dual task performance [8, 21] and observed the interference with gait (reduced gait speed and
increased variability [2, 10, 22-25]). Moreover, focusing on the impact of mobility perfor-
mance on cognitive tasks, older adults are not able to perform the cognitive secondary tasks as
well as young adults. For example, using a serial subtraction of 3 and 7, Srygley and colleagues
[11] showed that a walking task might alter the cognitive performance in term of number of
mistakes among both healthy young and older adults, but the decrease of the cognitive perfor-
mance was larger in older adults. The above findings suggested that mobility performance
affects cognitive performance with age, especially when the cognitive task is difficult, probably
due to the decline in executive function observed in old age [11]. Taken together, the decreases
in both mobility and cognitive performance, interpreted as dual-task cost (e.g., the reduction
of the performance under dual-task conditions relative to the single-task condition) [26], may
lead to an impairment of everyday life activities and therefore to a mobility limitation [27] or
to an increased risk of falling [15]. The above findings have underlined that dual-task perfor-
mance may be an useful clinical test of the functional decline and frailty in older adults, and
consequently it can identify changes at an earlier stage for allowing a quick intervention to pre-
vent adverse outcomes [28].

Recently, Plummer and colleagues [27, 29] proposed a new framework for the cognitive-
motor interference measurement considering both mobility and cognitive tasks and conse-
quently taking into account the interactions between the two tasks as indicator of task abilities.
This approach allowed to investigate the attentional strategy and potential trade-offs [29].
Indeed, the measurement of only one parameter of the performance, generally the mobility
task, could lead to misleading conclusions about the effects of dual-task performance especially
in rehabilitation setting. Again, this assessment may help not to confuse the results with the
real priorities [2, 30]. Furthermore, as per the task prioritization model [29, 31], during com-
petition for attention resources an individual can decide which of the two tasks dedicate more
attention for avoiding dangers and obtaining a better performance and consequently, this dif-
ferent strategy could influence the direction and magnitude of dual task evaluation [29].

However, to the best of our knowledge, only few studies [10, 32, 33] have investigated the
effect of mobility performance on cognitive tasks.

Furthermore, previous studies [e.g. 22, 34] examined dual-task effects on mobility perfor-
mance in aging people, but as noted in a meta-analysis on the topic [14], few studies have
investigated the age-related difference in dual-task performance with a middle-aged group.
This evaluation may be useful to explore and to better understand the possible onset of
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difficulty in dual-task performance during the life span [34]. The comprehension of the cogni-
tive-motor interferences that arise in dual-task performance, considering both motor and cog-
nitive costs in older adults, may be useful to design interventions aimed to improve the
cognitive and motor skills involved in these situations. Moreover, this knowledge may be an
indicator of current and future aging-related declines in older adults (e.g., possible fall risk).
Additionally, the inclusion of a middle-aged people could provide a better understanding of
the effects of the age on activities of daily life that integrate motor and cognitive interactions.

Accordingly, the purpose of the current study was to use different mobility and secondary
cognitive tasks to investigate the changes occurring during dual-task performance in a rela-
tively large sample of young, middle-aged and older adults. Therefore, the specific aims of the
study were 1) to determine age-related differences in dual-task performance both in mobility
and cognitive tasks by comparing the performance of young, middle-aged and older adults
and 2) to investigate the additive, age-related, dual-task costs considering both the mobility
and cognitive costs.

Our main hypothesis is that it could be possible to observe age-related differences in
dual-task performance due to the changes in physical and cognitive functions during the life
span, in particular in the executive functions. Consequently, a decreasing trend in dual-task
performance with age increasing should be observed. Moreover, the older people should
show a worse performance in both mobility and cognitive tasks compared to the younger
people. Furthermore, considering both the mobility and the cognitive dual-task cost, we
expect to observe an increase in combined dual-task costs with age advancing, presumably
due to insufficient capabilities of the central processing [14, 35]. Therefore, it is important to
investigate different motor activities, such as mobility, in the presence of additional atten-
tion demanding cognitive and motor tasks. This could improve our understanding of age-
related differences in dual task performances, which will be clinically significant to guide
our future actions for improving the health and socio-economic consequences of the ageing
process, including decline in cognitive and physical abilities, life skills, and in overall quality
of life.

Materials and methods
Participants

One hundred ninety-five subjects participated in the study: 63 younger subjects between the
age of 20 and 35 years (mean age = 25.34 + 3.00 years; 30 females), 58 middle-aged subjects
between the age of 40 and 55 years (mean age = 46.69 * 4.68 years; 37 females), and 74 older
subjects between the age of 65 and 85 years (mean age = 72.63 + 5.57 years; 51 females). All of
the participants were enrolled through public advertisements in the community. The inclusion
criteria were as follows: the ability to live independently, the ability to walk without an assis-
tance device (e.g., cane or walker), and a mini-mental status examination (MMSE) score > 24
or higher in older subjects. Participants were excluded if they presented certain medical condi-
tions, such as an acute disease (e.g., myocardial infarction, coronary bypass surgery) or a
chronic disease (e.g., Alzheimer’s disease, Parkinson’s disease) or musculoskeletal conditions
(e.g., orthopaedic impairments, upper or lower extremity fracture in the past 6 months) affect-
ing mobility or balance and if they were participating in another study. The participants did
not receive any incentive to participate. All participants were informed that participation in
the study was voluntary and confidential, and they provided written informed consent prior to
the data collection. The Ethical Committee of the University of Torino approved the study.
The study was conducted during the first quarter of 2014.
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Mobility tasks

The mobility tasks consisted of the 10-meter Walking Test [36], the Timed Up and Go test
[37], and the Four Square Step test [38].

The 10-meter Walking Test (10WT) requires walking for 10 m without assistance at a com-
fortable, normal pace. This performance time was measured when the subjects crossed the
2-m mark and the 8-m mark [39]. The 2-m mark and the 8-m mark, considered as warm-up
and deceleration phases, respectively, were not included in the calculation [40].

The Timed Up and Go (TUG) test measures the time taken by a subject to stand up from
an arm chair, walk a distance of 3 meters, turn, walk back to the chair and sit down [37].

The Four Square Step (FSS) test measures the time taken by a subject to rapidly change
direction while he or she is stepping forward, backward and sideways in a predetermined
sequence over four walking sticks placed in a cross configuration on the ground [38].

The timed performance, in seconds, of each mobility task was measured with a stopwatch,
recorded and used for future analyses.

Cognitive tasks

The cognitive tasks were arithmetic tasks and consisted of a serial subtraction of 3 and 7 from
a random number between 80 and 99 [11, 23, 41, 42]. These tasks involved working memory
function [11]; therefore, they were directly linked with executive functions [43]. According to
Srygley and colleagues [11], the two arithmetic tasks were chosen to provide different levels of
task difficulty.

The single tasks were performed in a seated position for 30 s, and the performance was indi-
vidually adjusted for each mobility task combination to be equivalent to the dual-task time [32,
33]. During the single- and dual-task conditions, the total number of subtractions for each
cognitive task was counted, and every mistake was noted. We quantified the performance of
the cognitive task considering both percentage of accuracy and response rate. According to
Hall and colleagues [10] the average Correct Response Rate (CCR = response rate per
second X percent of accuracy) was computed both for single- and dual-task performance.

Procedures

After the screening for inclusion criteria, participants filled a self-report questionnaire con-
cerning socio-demographic characteristics. Afterwards, the participants attended a single data
collection session and were tested under both the single- and dual-task conditions, including
the following:

1. single mobility tasks (LOMW test, TUG test, and FSS test);

2. single cognitive tasks (serial subtraction of 3 and 7);

3. dual-task condition: mobility tasks and serial subtraction of 3;
4. dual-task condition: mobility tasks and serial subtraction of 7.

To reduce possible fatigue effects, a rest period was given after each single- and dual-task
condition, dependent on each subject [32]. The subjects were instructed to perform each
mobility task at their self-selected comfortable pace.

The order of the tasks for each participant was randomly chosen using a random number
generator to avoid performance bias in the mobility and cognitive tasks. No instructions were
given regarding which task to prioritize during the dual-task condition, in order to establish
an ecological situation similar to real life [41].
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Data analysis

To quantify the mobility dual-task costs (DTCspmebility tasks) i €ach subject for all combination
tasks, we used the following formula: DTCspy,obiity tasks = 100 X [(dual-task mobility score—sin-
gle-task mobility score)/single-task mobility score] [10]. Specifically, the single-task mobility
score indicated the performance time in the IOMW test, the TUG test, and the FSS test, while
the dual-task mobility score indicated the performance time in the 10MW test, TUG test, FSS
test during serial subtractions of 3 and 7, respectively. Alternatively, to focus on cognitive per-
formances, we calculated the cognitive dual-task costs (DTCscqgpitive tasks) Using the following
formula: DTCsognitive tasks = 100 x [(single CCR score—dual-task CCR score)/single CCR
score]. The single-task CCR score indicates the average correct response rate in the seated
position, while the dual-task cognitive score indicates the average correct response rate during
the IOMW test, the TUG test, and the FSS test. We computed the dual-task cost for mobility
and cognitive performances separately, in order to obtain comparable results. Positive values
indicate a worse performance during the dual-task conditions, while negative values indicate a
better performance. To quantify the dual-task ability, we calculated the combined mean DTC
(mDCT) during dual-task performance in all combination tasks using the following formula:
mDTC [%] = [DTCrobility task + DTCeognitive task]/2 [2, 35]. Here too, positive mDTC values
indicate a worse performance in the dual-task cost condition, while negative mDTC values
indicate a better performance.

A series of multiple regressions was run to predict mDT in the different combination tasks
from age and gender (males and females) separately. Moreover, in order to explore dual-task
performance, a series of multiple regressions was separately run for all combination tasks of
both mobility and cognitive tasks.

Controlling for gender, one-way analyses of covariance (ANCOV As) were used to assess
the differences in mDTC among the groups. A post hoc analysis with a Bonferroni adjustment
was computed to identify the age comparisons that were statistically significant. Finally, using
gender as a covariate, a series of ANCOVA with a between-factor of Age (young, middle-aged
and older adults) and a within-factor of Task Condition was used for determining the age-
related differences in mobility task performance (single-task, dual-task condition subtraction
3, dual-task condition subtraction 7) and the average correct response rate in cognitive tasks
(seated position and subtraction 3 during each mobility task; seated position and subtraction 7
during each mobility task). A post hoc analysis with a Bonferroni adjustment was computed to
identify the age comparisons and Age x Task that were statistically significant.

The significance level was set at p < 0.05. The Statistical Package for Social Sciences (SPSS
20.0 for Windows) was used for all statistical analyses.

Results
Sample characteristic

The socio-demographic characteristics of the participants are summarized in Table 1. The
mean body mass index was approximately 22 + 3 kg m™* for younger subjects, 24 + 4 kg m™
for middle-aged subjects and 26 + 4 kg m™ for older adults. Generally, older adults presented a
lower education (M = 8 + 3 years) compared to young (M = 18 + 2 years) and middle-aged
women (M = 13 + 4 years.

Age influence

Table 2 summarizes the results of regression analysis for combined mean dual-task cost,
mobility performance, and cognitive performance. Positive significant influence of age was
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Table 1. Socio-demographic characteristics of subjects.

Age Groups

Characteristics Young Middle-aged Older
Age (years) 25.34 +3.00 46.69 +4.68 72.63+5.57
Height (m) 1.72+7.85 1.66 +9.22 1.63 +8.52
Weight (kg) 65+ 12 67+13 71+£12
BMI (kg m™) 22+3 24+4 26+4
Education years (years) 18+2 13+4 8+3
Gender, n (%)

Female 30 (47.6) 21(36.2) 23(29.9)

Male 33 (52.4) 37 (63.8) 51 (43.2)

Notes: Data presented as mean and standard deviation or percentage. BMI: Body Mass Index

https://doi.org/10.1371/journal.pone.0181698.t001

observed in mDTC 10WT and subtraction 7, mDTC TUG and subtraction 3 and mDTC TUG
and subtraction 7. Regarding mobility performance in single and dual-task conditions, the
regression outcomes revealed a positive influence of age in all proposed tests, indicating a
worse performance in advancing age as hypothesised (for more detail see Table 2). Conversely,
the regression outcomes of the cognitive performance in the proposed tasks showed a negative
influence of age in all dual-task tests, but not in the majority of the sitting tasks (Table 2).

Group differences

Combined mean DTC. Fig 1 represents the combined mDTC values separately in young,
middle-aged and older subjects. The combined mDTC values clustered in two ranges among
the three groups: approximately 10-40% for most mobility tasks with subtraction of 3, and
approximately 20-40% for the mobility tasks with subtraction of 7. Generally, older subjects
presented higher mDTC values compared to middle-aged and young subjects in most combi-
nation tasks.

According to the above observations, the ANCOVA yielded a significant difference for Age
in the mDTC of the IOMW test and TUG test with serial subtraction of 3 and 7 and in the FSS
test with serial subtraction of 7 (Table 3).

Mobility task performance. Table 4 summarizes the effects of single- and dual-task con-
ditions on mobility tasks separately for young, middle-aged and older subjects, as well as the
ANCOVA outcomes and the post hoc results. In general, older subjects did not perform as
well as young and middle-aged groups in the single- and dual-task conditions. Yet, the perfor-
mance time in all mobility measures increased among the different age groups from single to
dual tasks.

Specifically, Table 2 highlights the larger performance time of older subjects in all condi-
tions of the I0MW test in comparison with young and middle-aged groups. These findings
are reflected in the ANCOVA outcomes by significant effects of Age, Task Condition, and
Age x Task Condition interaction (Table 4). Moreover, the post hoc for Age results yielded a
significant difference among the Task Condition and Age groups (Table 4). The Table 5 high-
lights the post hoc analysis for the significant Age x Task Condition interaction.

Concerning the performance in the TUG test, young and middle-aged subjects showed
similar results both in single- and dual-task conditions. On the contrary, the performance of
the single- to dual-task conditions of older subjects was more pronounced. Indeed, older
adults performed the TUG more slowly in the single and the dual-task conditions compared to
the other groups. According to the above findings, the ANCOVA results yielded significant
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Table 2. Multiple regression model for combined mean dual-task cost, motor and cognitive performances.

outcomes

Combined mean dual-task cost (mDTC) | 10WT and subtraction 3
10WT and subtraction 7
TUG and subtraction 3
TUG and subtraction 7
FSST and subtraction 3
FSST and subtraction 7
Motor task 10WT (s)
10WT and S3 (s)
10WT and S7 (s)
TUG (s)
TUG and S3 (s)
TUG and S7 (s)
FSS (s)
FSS and S3 (s)
FSS and S7 (s)
Cognitive task S3 Sitting (%)
10WT (%)
Sitting (%)
TUG (%)
Sitting (%)
FSS (%)
Cognitive task S7 Sitting (%)
10WT (%)
Sitting (%)
TUG (%)
Sitting (%)
FSS (%)

B
0.004
0.004
0.003
0.004
0.001
0.003
0.023
0.047
0.054
0.049
0.076
0.079
0.076
0.101
0.116

-0.376

-0.415

-0.317

-0.462

-0,390

-0.342

-0.208

-0.295

-0.150

-0.197

-0.137

-0.187

Age

SEB
0.002
0.002
0.001
0.001
0.001
0.001
0.003
0.006
0.007
0.005
0.008
0.008
0.006
0.010
0.012
0.118
0.109
0.095
0.082
0.092
0.073
0.081
0.079
0.083
0.052
0.064
0.053

Independent Variables

B
0.188*
0.144
0.283***
0.245%*
0.091
0.156*
0.475%**
0.494%**
0.509%**
0.590%**
0.586***
0.558%***
0.675%**
0.595***
0.577%**

-0.210%*
-0.256%**
-0.213%**
-0.345%**
-0.265**
-0.302%***
-0.175*
-0.254%**
-0.122
-0.245%**
-0.141*
-0.239**

B
-0.017
0.084
0.035
0.076
-0.020
-0.037
0.102
0.186
0.268
0.262
0.567
0.453
0.195
0.641
0.120
-25.724
-17.618
-25.782
-20.803
-25.636
-15.518
-15.542
-11.725
-17.848
-110.881
-15.665
-8.968

Gender
SEB
0.064
0.081
0.034
0.045
0.045
0.055
0.131
0.249
0.276
0.203
0.313
0.352
0.250
0.407
0.503
4.929
4.558
3.946
3.411
3.797
3.027
3.356
3.286
3.455

20.177
2.663

20.186

B
-0.019
-0.080

0.073
0.125
-0.034
-0.052
0.050
0.048
0.061
0.075
0.105
0.077
0.042
0.091
0.014
-0.345%**
-0.261%**
-0.415%**
-0.373%***
-0.420%**
-0.329%***
-0.314%**
-0.242%**
-0.349%**
-0.355%***
-0.389***
-0.274%**

R2
0.035
0.043
0.091
0.084
0.009
0.025
0.237
0.255
0.275
0.371
0.378
0.334
0.468
0.338
0.337
0.191
0.159
0.252
0.307
0.287
0.237
0.150
0.146
0.153
0.219
0.196
0.157

Model

F
3.218*
1.946*
8.977%**
7.835%*
0.773
2.130

29.760***
32.917%**
36.399***
56.563***
58.337***
48.103***
84.313***
59.517%***
48.732%**
22.609***
18.087***
32.271%**
42.581%***
38.471%**
29.889***
16.936***
16.473%**
17.362%**
26.899***
22.673***
17.872%**

Notes: mDTC, combined mean dual-task cost; 10WT, 10-meter Walking Test; TUG, Timed Up and Go test; FSS, Four Square Step test; S3, subtraction of
three; S7, subtraction of seven; 10WT, 10-meter Walking Test; TUG, Timed Up and Go test; FSS, Four Square Step test.

* indicates p < 0.05;
** indicates p< 0.01;
*** indicates p < 0.001.

https://doi.org/10.1371/journal.pone.0181698.1002

effects for Age, Task Condition, and Age x Task Condition interaction (Table 4). The post hoc
analysis revealed significant differences when comparing the young and older groups and the
middle-age and older groups (Table 2). The Table 3 highlights the post hoc analysis for the sig-
nificant Age x Task Condition interaction.
Lastly, in the FSS test, older adults generally performed worse than young and middle-aged
groups in all single- and dual-task conditions. The ANCOVA results showed significant effects
for Age, Task Condition, and Age x Task Condition interaction (Table 4). The post hoc tests
showed significant differences when comparing the young and older groups and the middle-
aged and older groups (Table 4). The Table 5 highlights the post hoc analysis for the significant

Age x Task Condition interaction.
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3

10-Meter Walking Test 10-Meter Walking Test Timed Up and Go Test Timed Up and Go Test Four Square Step Test Four Square Step Test
and Subtrz 3 and Subtraction 7 and Subtraction 3 and Subtr: 7 and Subtr: 3 and Subtr: 7

Fig 1. Combined mDTC. Mean dual-task costs (mDTCs) for the combined mobility and cognitive tasks. Each
bar represents the average score for young (gray), middle-aged (white) and older subjects (black) in the
different mobility tasks. The columns represent the means, and the error brackets represent the pertinent
standard error. * indicates p< 0.05; ** indicates p< 0.01.

https://doi.org/10.1371/journal.pone.0181698.g001

Cognitive task performance. Table 6 provides average correct response rate (CCR) in the
cognitive tasks and the results of the analyses of covariance (ANCOVA).

Generally, older adults were less accurate in both single and dual-task conditions than the
young and middle-aged groups. The CCR yielded significant effects for Age and Task Condi-
tion while performing all mobility tasks with serial subtraction of 7 when compared to serial
subtraction of 7 in seated position. Post hoc tests for Age elicited significant differences in
serial subtraction of 3 and 7 when comparing the young and older groups and between the
middle-aged and older groups while performing the IOMW test, TUG test and FSS test
(Table 6).

Discussion

This study aimed to investigate the age-related effects and differences in dual-task perfor-
mance on mobility and cognitive tasks, and the combined dual-task costs considering both the

Table 3. ANCOVAs and post hoc results for the mDTCs.

Task combination Age Post hoc

pi p2 p3
mDTC 10WT and subtraction 3 Fs 183 =3.943* * n.s. n.s.
mDTC 10WT and subtraction 7 Fo 191 =3.943* * n.s. n.s.
mDTC TUG and subtraction 3 Fo1g1 = 8.505%** * * n.s.
mDTC TUG and subtraction 7 Fo170=6.293%* *% * *
mDTC FSST and subtraction 3 F21g1=1.120"° n.s. n.s. n.s.
mDTC FSST and subtraction 7 F2170=1.906"° n.s. n.s. n.s.

Notes: mDTC, combined mean dual-task cost; 10WT, 10-meter Walking Test; TUG, Timed Up and Go test;
FSS, Four Square Step test; p 1, post hoc results for comparing the young and older groups; p 2, post hoc
results for comparing the young and middle-aged groups; p3, post hoc results for comparing the middle-
aged and older groups.

* indicates p < 0.05;

** indicates p < 0.01.

https://doi.org/10.1371/journal.pone.0181698.t003
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Table 4. ANCOVAs and post hoc results of the mobility performance tests.

Task Young | Middle-aged Older Age Task Age x Task Post hoc Post hoc
M (SD) M (SD) M (SD) Task Age
t1 | t2 | t3 | p1 | p2 | p3
10WT (s) 4.07 (0.59) | 4.40(0.64) | 5.09(1.23) Fo191= Fo380 =48.297%** Faz380= Rl e e T I B
10WT and S3(s) | 4.69 (0.82) | 5.46(1.14) | 6.70 (2.46) 29.931%** 9.387%**
10WT and S7 (s) | 4.98(0.98) | 5.98(1.38) | 7.42(2.27)
TUG (S) 666 (091) 705 (087) 883 (1 98) F2'191 = F2'332 = 69945*** F4,382 = R Il Il Bk n.s. *x¥
TUGandS3(s) | 7.52(1.25) | 8.26(1.25) 10.97 47.843%** 9.8307%**
(3.12)
TUG and S7 (s) 8.09 (1.49) | 8.94(1.62) 11.66
(3.38)
FSS (S) 753 (1 01) 886 (1 35) 1109 F2,191 = F2,332 = F4y382 = 6490** Rl Bl Bl Bl Il Rl
(2.35) 61.686*** 107.377%**
FSS and S3 (s) 9.54(1.98) | 11.79 (2.18) 14.37
(3.70)
FSS and S7 (s) 10.27 12.89 (2.52) 15.86
(2.08) (4.66)

Notes: M, mean; SD, standard deviation; 10WT, 10-meter Walking Test; TUG, Timed Up and Go test; FSS, Four Square Step test; S3, subtraction of three;
S7, subtraction of seven; t1, post hoc results for comparing single and dual-task subtraction 3; t2 post hoc results for comparing single and dual task
subtraction 7; t3 post hoc results for comparing dual task subtraction 3 and dual-task subtraction 7; p1, post hoc results for comparing the young and older
groups; p2, post hoc results for comparing the young and middle-aged groups; p3, post hoc results for comparing the middle-aged and older groups.

* indicates p < 0.05;

** indicates p< 0.01;

*** indicates p < 0.001.

https://doi.org/10.1371/journal.pone.0181698.t004

mobility and cognitive performance in a sample of young, middle-aged and older adults. For
this purpose, we focused on the changes that occurred in the dual-task performance both

in different mobility tasks and cognitive tasks by comparing the performances of young, mid-
dle-aged and older adults and on the combined dual-task cost in mobility and cognitive
performance.

Table 5. ANCOVAs and post hoc results of interaction Age x Task.

t1 t2 t3

Single-task 10WT Fo 191 =21.020%** *EX REX *HX
TUG Fo 191 =43.395%** i n.s. o

FSS F2,191 =70.116%** *%% *%% * %%

Dual-task subtraction 3 10WT Fs 191 =24.712%*% *EX n.s. *xx
TUG Fo 191 = 45.221%%* *H% n.s. *x

FSS F2,191 =46333*** * XX *X¥* * ¥ %

Dual-task subtraction 7 10WT Fo 191 =25.759%** *E® n.s. *x%
TUG Fo 191 =38.184*** Hx *xx n.s.

FSS F2119‘1 =43944*** *XK* **x ¥ **k*

Notes: M 10WT, 10-meter Walking Test; TUG, Timed Up and Go test; FSS, Four Square Step test; S3, subtraction of three; S7, subtraction of seven; t1,
post hoc results for comparing single and dual-task subtraction 3; t2 post hoc results for comparing single and dual task subtraction 7; t3 post hoc results for
comparing dual task subtraction 3 and dual-task subtraction 7.

* indicates p < 0.05;

** indicates p< 0.01;

*** indicates p < 0.001.

https://doi.org/10.1371/journal.pone.0181698.t005
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Table 6. ANCOVAs and post hoc results of the cognitive performance tests.

Task

S3 | Sitting (%)
10WT (%)
Sitting (%)
TUG (%)
Sitting (%)
FSS (%)

S7 | Sitting (%)
10WT (%)
Sitting (%)
TUG (%)
Sitting (%)
FSS (%)

Young
M (SD)

72.20 (31.64)
71.00 (29.24)
68.87 (27.12)
61.54 (25.64)
68.11 (29.51)
50.61 (21.81)
40.67 (23.77)
38.18 (22.90)
37.70 (26.12)
28.98 (16.25)
32.69 (19.75)
25.70 (17.67)

Middle-aged
M (SD)

67.20 (36.55)
61.95 (34.29)
63.21 (28.15)
52.33 (25.64)
59.94 (27.86)
44.62 (21.69)
40.89 (23.31)
33.95 (28.02)
37.94 (22.87)
25.73 (16.87)
34.00 (20.90)
22.57 (15.60)

Older
M (SD)

54.48 (38.66)
50.20 (33.13)
51.56 (32.66)
36.57 (24.97)
46.87 (29.96)
32.53(22.10)
30.93 (24.26)
22.55 (17.66)
28.55 (24.96)
17.45 (14.24)
24.39 (17.67)
15.59 (13.34)

Age

F2’1g1 = 501 6**

F2,191 = 9737***

ng191 = 10330***

F2y191 = 8884**

F2y191 = 5086**

F2y1g1 = 5841 **

Task

F1 191 = 5322*

F1’1g1 = 28165***

F1 ,191 = 68547***

F1 191 = 6238**

F1 ,191 = 33323***

F1 ,191 = 46642***

Age * Task

F2.191 = 0.504™
Fo191=2.343"
Fa, 191 =0.031 ™
F2191=1.305 n.s.
Fa191=0.744"%

F2’191 =1 634ns

Post hoc

t1

*%*

* X%

Task

t2

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

t1

n.s.

*%

*%

*%

**

Notes: M, mean; SD, standard deviation; S3, subtraction of three; S7, subtraction of seven; 10WT, 10-meter Walking Test; TUG, Timed Up and Go test;
FSS, Four Square Step test; p1, post hoc results for comparing the young and older groups; p2, post hoc results for comparing the young and middle-aged
groups; p 3, post hoc results for comparing the middle-aged and older groups.

* indicates p < 0.05;

*¥ indicates p<0.01;
*** indicates p < 0.001

https://doi.org/10.1371/journal.pone.0181698.t006

Considering the first aim of the study, we hypothesized that a decrease in mobility and cog-

nitive performance under the dual-task condition would be observed, with a worse perfor-

mance in older adults. Consistent with our hypothesis, we observed a significant effect of the

cognitive tasks on the three age groups with a larger decrease in mobility performance in older

adults. Additionally, we observed a decreasing trend in mobility performance in the three

groups when multicomponent activities were involved, such as sit-to-stand movement, initia-

tion of stepping, turning movement or stepping forward, backward and sideways with a shift

of the center of gravity to maintain a stable posture. In fact, during the TUG and ESS, we

observed a larger decrease in the mobility performance in all groups, and this decrease was

larger in older adults compared to young and middle-aged adults both during the serial sub-

traction of 3 and 7. The changes in mobility performance shown in our study are similar to the
changes observed in previous works where a similar cognitive task was used [22-24, 44]. Hol-
land and colleagues [22] reported similar decreasing trends in young, middle-aged and older
adults during a walking task, concluding that dual-task performance may have a negative effect
on walking, leading to a greater risk of falling in aging people. Similarly, we observed that
older adults’ performances were worse in the dual-task condition in each mobility task com-
pared with the single task, presumably due to the insufficient capabilities of central processing
[14, 35]. In addition, we noticed that the cognitive task complexity can differentially lead to a
performance decrease of the different mobility tasks. Indeed, our results indicated a larger
decrease in mobility performances during serial subtraction of 7 than of 3. For example, during
the TUG test, the mobility performance of older adults decreased by approximately 32% with
serial subtraction of 7 and approximately 24% with serial subtraction of 3. Similar trends were
observed also for the 10WT and FSS test. The execution of the two different tasks requires
executive function processes [8-11]. Moreover, counting backward is directly linked with
executive functions [43]. Thus, we could hypothesize that the serial subtraction of 7 involved
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more resources of executive function compared to the subtraction of 3. This might explain the
larger decrease in mobility performance during the serial subtraction of 7. Conversely, we

found that the response of young, middle-aged and older adults to cognitive loading in the dif-
ferent mobility tasks apparently depends on the difficulty level of the cognitive task [3, 11, 15].

Focusing on the impact of the mobility tasks on cognitive task performance, we observed
that the motor performance might affect the cognitive task performance depending on the
level of difficulty of the cognitive task. These differences might indicate that mobility tasks can
affect cognitive performance depending on the complexity level of the performed cognitive
task [11]. The results seem to suggest that an appropriate level of complexity could be specific
to the population of interest and that, with a properly chosen complexity level, a positive and
indicative finding is likely. For example, it might be more appropriate to use a simple task level
for frail people, such as counting backwards by 3 and a more difficult level of secondary task
might be more appropriate for healthy people, such as counting backwards by 7.

The second aim of the study was to investigate the additive age-related costs considering
both the mobility and cognitive costs. We expected to observe an increase of combined dual-
task cost in old age. Actually, we observed that the combined dual-task cost was larger for
some mobility and cognitive task combinations in older adults, partially supporting our
hypothesis. Specifically focusing on walking task performance, our results correlated with
recent reviews [35] that calculated the combined dual-task costs in walking tasks from differ-
ent studies. We found dual-task costs similar to the study using memory tasks and visual mem-
ory tasks, but not arithmetic tasks [35]. This might due to the different combination (e.g.,
mobility and cognitive tasks) used in our study. Moreover, we observed differences between
young and older adults in combined dual-task cost of the Timed and Go test (e.g. M = 16.06
and M = 35.57 respectively in subtraction 7), but not in the Four Square Step test (e.g.

M = 28.64 and M = 40.22 respectively in subtraction 7). Based on our observations, we con-
clude that the Four Square Step test requires a more rhythmic cadence compared to the other
mobility tasks. This could lead to a higher coordination of the two tasks (motor and cognitive)
and might aid in the execution of the task. Nevertheless, we observed that the dual-task cost
increased in different age groups, and a decline occurred in the concurrent execution of mobil-
ity tasks and cognitive tasks.

Additionally, according to the theoretical models of dual-task interference proposed by
Plummer and colleagues [27, 29], we found a mutual interference in both tasks in all groups
suggesting an inadequate attentional resources to maintain performance of cognitive and
mobility task in dual-task condition compared with each single task. Interestingly, our results
showed a greater mutual interference in older groups compared with the other groups, sug-
gesting a greater difficulty in older adults to successfully manage the concurrent tasks.

The higher dual-task cost observed in older adults might reflect the inability to share
resources between the mobility and the cognitive tasks [45]. These findings confirm the idea
that, in simultaneously performed tasks, the attentional resources must be divided to carry out
both primary and secondary task correctly [3, 45].

Our results add a new understanding about the simultaneous performance of mobility and
cognitive tasks in different ages. In particular, the results describe the difficulty increasing to
manage mobility and cognitive tasks in older people. These results can be useful to better
understand the request of attention resources during dual-task performance of older adults
and the ability to allocate the attention resources both to the mobility and cognitive tasks.
Moreover, our results suggest that future intervention studies, aimed to promote dual-task
ability in older people, should assess both mobility and cognitive dual-task cost due to dual-
task interference as the result of the interaction between two tasks [29].
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Some limitations should be noted. The quantification of mobility performance was charac-
terized by a single parameter (time), and the cognitive tasks used in the present study were
arithmetical tasks only. Other spatiotemporal parameters and cognitive tasks should be
included in future studies. Due to the cross-sectional nature of the study, a causal relationship
between the age of participants and the observed findings regarding mobility measured under
single and dual-task conditions cannot be drawn. Longitudinal studies are needed to detect the
factors, such as physical and cognitive decline, that may more directly contribute to the decline
in dual-task performance.

Despite these limitations, it is important to note that secondary tasks have a destabilizing
effect on mobility performance. With aging, the ability to flexibly manage two concurrent
tasks may be a challenge. The present study demonstrates that the simultaneous performance
of mobility and cognitive tasks might affect the mobility in older adults, an essential skill for
the independence and successful performance of everyday activities. Future studies are needed
to better understand the dual-task performance in similar and common mobility tasks of activ-
ities of daily life and to investigate dual-task effects in relation to different cognitive tasks (e.g.,
visuomotor processing, reaction time, verbal fluency and decision-making tasks). In everyday
life, a mobility performance is rarely conducted alone; instead, it is more often associated with
different cognitive activities. Because this simultaneous activity may negatively affect the
motor pattern in older adults, we believe that the data from this study may have functional
implications for developing future ad hoc preventive intervention programs to minimize diffi-
culties in mobility dual-task performance.
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