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ABSTRACT

Objective: This study investigated the cognitive and motor dual-task
performance and falls in middle-aged and elderly adults.

Materials and Method: This cross-sectional study included 84 adults,
separated into two age groups of middle-aged adults (50-64 years) and
elderly adults (65 years and older). The descriptive characteristics of the
participants and the fall rate in the last year were recorded. The timed
up-and-go test, four square step test and one leg step test performances
were evaluated under single task, cognitive dual task (verbal fluency) and
motor dual task (tray-carrying) conditions.

Results: The fall rate was 16.7% in middle-aged adults and 33.3% in elderly
adults. The performance of elderly adults in the timed up-and-go test,
four square step test and one leg stance test was lower than those of
middle-aged adults under single task, cognitive dual task and motor dual
task conditions (p<0.05). Performance was lower under cognitive dual
task conditions for all tests in middle-aged and elderly adults (p<0.05). The
timed up and go test and four square step test performances of non-faller
elderly adults were better than those who fell (p<0.05).

Conclusion: The results of this study showed that single-task and dual-task
balance performance in older adults is lower than in middle-aged adults,
and lower in elderly adults who have a history of falls than in non-fallers.
Efforts such as dual-task balance training to improve dual-task performance
from middle age may be beneficial in reducing the risk of falls.
Keywords: Aging, dual task, balance, fall

oz

Amag: Bu calismanin amaci, orta yash ve yash yetiskinlerde bilissel ve
motor ikili gérev performansini ve diismeyi arastirmaktir.

Gereg ve Yontem: Bu kesitsel calismaya seksen dort yetiskin dahil edildi.
Katilimcilar yasa gore orta yash yetiskinler (50-64 yas) ve yash yetiskinler
(65 yas ve Ustl) olarak iki gruba ayrildi. Katiimcilarin tanimlayici 6zellikleri
ve son bir yildaki disme oranlari kaydedildi. Tekli gérev, bilissel ikili gérev
(sozel akicilik) ve motor ikili gorev (tepsi tagima) kosullarinda stireli kalk ve
yuri testi, dort kare adim testi ve tek ayak Gzerinde durma testi perfor-
manslari degerlendirildi.

Bulgular: Disme orani orta yasl eriskinlerde %16,7 ve yasl eriskinlerde
%33,3 idi. Tek gorev, bilissel ikili gorev ve motor ikili gérev kosullarinda
yash yetiskinlerin streli kalk ve yir( testi, dort kare adim testi ve tek ayak
Gzerinde durma testi performanslari orta yasl yetiskinlere gére daha
dustktl (p<0,05). Performans, orta yasl ve yash eriskinlerde tim testler
icin biligsel ikili gorev kosullarinda daha dugukti (p<0,05). Disen ve diis-
meyen yasli yetiskinler arasinda zamanli kalk ve yiri testi ile dort kare
adim testi performanslarinda anlaml fark bulundu (p<0,05).

Sonug: Bu calismanin sonuglari, yash yetiskinlerde tek gorev ve ikili gérev
denge performansinin orta yagh eriskinlere gére daha disik oldugunu ve
dusen yasli yetiskinlerde diismeyenlere gére daha disiik oldugunu goster-
mektedir. Orta yastan itibaren ikili gérev performansini gelistirmeye yone-
lik ikili gorev denge egitimi gibi ¢alismalar disme riskini azaltmak agisin-
dan faydali olabilir.

Anahtar Kelimeler: Yaslanma, ikili gérev, denge, diisme
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INTRODUCTION

Balance deteriorates due to functional losses caused by natural
physiological processes such as loss of strength and flexibility
and cognitive disorders seen with aging. Maintaining balance
in the elderly population is an important factor for maintaining
functional independence (1). Balance disorders have been iden-
tified as one of the strongest predictors of falls (2). Impaired
balance and gait, and a history of falls are major risk factors for
falls in elderly individuals (3). Considering the role of balance
in maintaining postural balance, improving balance capability
in the elderly is often a goal of fall prevention interventions (4).

Activities of daily living are complex tasks, as they require in-
dividuals to perform multiple tasks at the same time and falls
often occur during activities that require multitasking. There-
fore, dual task (DT) ability indicates the individual’s real daily
life activity performance (5). Successful dual-task performance
is necessary for elderly individuals to remain independent and
can be difficult due to the decrease in cognitive and physical
functions during the aging process (6).

Deterioration in both motor and cognitive performances may
occur in individuals because of the decreased ability to divide
attention resources and the degeneration of neural pathways
in the aging process (7). Due to task complexity and decreased
sensory feedback, balance disorders can be detected in the
pre-elderly period (8). There is emerging evidence that midlife
may represent an important period for balance related inter-
ventions. It has been reported that the prevalence of falls is
significant in middle-aged adults, at a rate of 8.7%-31.1% (9).

Static and dynamic balance are important indicators of physi-
cal function and mobility in the elderly (10). It is important to
evaluate balance and mobility in different dual-task conditions,
as dual-task ability is critical to the safe performance of many
activities of daily living (7). With current increases in the elderly
population, it is of great importance to evaluate balance and
mobility performance in different age groups so that preventive
interventions related to physical function can be developed to
reduce adverse events. The hypothesis of this study was that
motor and cognitive dual-task performance would be worse
in elderly adults and fallers. Therefore, the aim of this study
was to evaluate cognitive and motor dual-task performance in
middle-aged and elderly adults and to compare them according
to age and fall history.

MATERIAL and METHODS

Study design and participants

This cross-sectional study was conducted at the University of
Health Sciences Turkey, Faculty of Physiotherapy and Rehabili-
tation. Community-dwelling middle-aged and elderly individu-
als aged 50-82 years were included in the study. The inclusion
criteria were; 1) age between 50-82 years, 2) ability to walk at
least ten meters without using a walking aid, 3) Standardized

Mini Mental Test score of 224 points. The exclusion criteria
were; 1) diagnosis of any orthopedic, cognitive or neurological
iliness, 2) polypharmacy (>5 medication)

Ethical approval

The study was approved by the University of Health Sciences
Turkey, Gulhane Scientific Research Ethics Committee in ac-
cordance with the declaration of Helsinki (Date/N0:2022,147).
Written consent was obtained from the participants who vo-
lunteered for the study.

Procedure

All the participants were questioned about age, height, weight,
education level, marital status, living environment, number of
falls in the last year, physical exercise habits, and number of
medications. A fall was defined as an event that resulted in
inadvertently landing on the ground (3). For those who repor-
ted falling, the place of fall and the reason for falling were
questioned. Those who had one or more fall history in the last
year were classified as “fallers”, and those without a fall history
were classified as “non-fallers”. The Standardized Mini Mental
State (MMS) examination was used to assess cognitive level.
The timed up-and-go test, four square step test and one leg
stance test were used to evaluate mobility and balance. The
order of the tests was decided randomly. Balance and mobility
performance were evaluated in single task (ST), motor dual task
(DT) and cognitive DT conditions. As a cognitive concurrent
task, individuals counted words beginning with a specific letter
(K, E or A letters) while performing balance or mobility tasks. As
a motor concurrent task, individuals carried a tray with a glass
of water on it. The order of single task, motor DT and cognitive
DT tests was chosen randomly. Verbal fluency and tray carrying
are frequently used tasks to evaluate dual-task performance in
the elderly (11, 12). The following formula was used to calculate
the dual task cost (DTC):“DTC=((single task performance-dual
task performance)/single task performance)x100”. According to
this formula, negative values indicate that the DT performance
value is greater (13).

Outcome measures

The Standardized Mini Mental State test is a standardized met-
hod used to evaluate cognitive status. This test consists of 11
items. The highest possible score is 30 points. As a result of the
evaluation, 23/24 points and above are considered as normal
cognitive function. The Turkish version of the Standardized Mini
Mental Test is proven to be valid and reliable (14, 15).

The timed up-and-go (TUG) test is a test often used to evalu-
ate functional mobility. The test measures speed during many
functional maneuvers such as standing up, walking, turning,
and sitting. It is a test frequently used in elderly individuals to
determine the risk of falling (16, 17).

The Four Square Step (FSS) test was used to evaluate dynamic
balance. In this test, individuals are asked to step into four
squares as quickly as possible. The ability to step to the right,
left, front and back is evaluated. It is a valid and reliable test in
elderly individuals (18,19).
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The one-leg stance (OLS) test is a commonly used balance test
in the evaluation of static balance (20). The duration of standing
on the preferred leg with the eyes open was recorded. The test
is terminated when the position of the arms and the raised foot
deteriorates or the foot in contact with the ground moves to
maintain balance, or at the completion of 45 seconds. A longer
test time indicates better balance ability (21,22).

Statistical analysis

Data were analyzed using the SPSS version 25.0 statistical soft-
ware (SPSS Inc., Chicago, IL, USA). The conformity of the data
to normal distribution was examined using visual and analytical
methods. Continuous variables were presented as mean and
standard deviation or median and interquartile range values,
and categorical variables as frequency and percentage. The

Table 1: Descriptive characteristics of the participants

Mann-Whitney U test was used to compare the single task and
DT functional performance of middle-aged and elderly individu-
als. The Mann-Whitney U test was used to compare the single
task and DT functional performance of fallers and non-fallers
in elderly individuals. Effect size (ES) was calculated with the
formula “ES = z / VN” using the z score of the Mann-Whitney
U test. An ES value of 0.1-0.3 indicates a small effect size, 0.3-
0.5 indicates medium, and >0.5 indicates a large effect size.
Wilcoxon Paired Samples tests were used to compare single
task performance-cognitive DT performance and single task
performance-motor DT performance. The level of statistical
significance was accepted as p<0.05.

GPower 3.1.9.4 software (Heinrich-Heine-Universitat Dussel-
dorf) was used to determine the required sample size. When

Middle-aged adults (n=42) Elderly adults (n=42)

Mean Star.1de.1rd Mean Star.1de.|rd
deviation deviation
Age (years) 56.19 4.46 71.59 4.62
Height (cm) 160.23 7.35 158.33 9.11
Weight (kg) 73.04 10.77 70.94 11.14
Body mass index (kg/m?) 28.47 4.01 28.35 4.22
Z(;"r""i:z:it:r" sst;t:’: 27.54 2.19 26.52 2.56
n % n %
Gender Female 33 78.6 31 73.8
Male 9 11.9 11 26.2
Marital status Single 3 7.1 3 7.1
Married 33 78.6 25 59.5
Widow 6 14.3 14 334
Educational status <5 years 33 78.6 31 73.8
>5 years 9 11.9 11 26.2
Living environment Alone at home 2 4.8 11 26.2
With a spouse at home 13 31 22 52.4
With spouse and children at home 20 47.6 2 4.8
With children/relatives at home 7 16.6 7 16.6
Physical exercise habit No exercise 36 85.7 35 83.3
Less than 2 hours per week 3 7.1 4 9.5
More than 2 hours per week 3 7.1 3 7.1
Fall history No 35 83.3 28 66.7
1-2 in the last year 6 14.3 9 215
3-4 in the last year 0 0 2 4.8
More than 5 in the last year 1 2.4 3 7.1
Number of medications 0 29 69 6 14.3
1 8 19 18 42.8
2 4 9.5 7 16.7
More than 3 1 2.4 11 26.2

297
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the timed up-and-go test was accepted as the primary outcome
measure, it was calculated that there should be 40 people in
each group for 0.843 ES, 0.05 alpha and 0.98 power (1). The
study was completed with 84 participants.

RESULTS

Evaluation was made of 84 middle-aged and elderly individuals.
Most of the participants were female (76.5%), married (68.2%),
and had a sedentary lifestyle (84.7%). The descriptive characte-
ristics of all the participants are presented in Table 1.

Tripping was seen to be the most common cause of falls in
elderly fallers (50%). Other causes of falls include slipping, diz-
ziness, ankle sprains, and lifting heavy objects. In middle-aged
individuals, the causes of falls were reported as slipping, trip-
ping and loss of balance. It was noted that most falls (85.7%)

in middle-aged adults occurred outdoors, while in older adults
most (57.1%) falls occurred at home.

The TUG test, FSS test and OLS test performance under single
task, motor DT and cognitive DT conditions were significantly
different in middle-aged and elderly adults (p<0.001), and ef-
fect sizes were medium or large (Table 2). In the middle-aged
group, the TUG test duration under cognitive DT condition was
greater than its single task value (p<0.001), the FSS test dura-
tion under cognitive DT condition was greater than its single
task value (p<0.001), the OLS test duration under cognitive DT
condition was lower than its single task value (p=0.037), and
the OLS test duration under motor DT condition was lower than
its single task value (p=0.013). In the elderly group, the TUG
test duration under cognitive DT condition was greater than its
single task value (p<0.001), the FSS test duration under cogniti-
ve DT condition was greater than its single task value (p<0.001),

Table 2: Functional performance results under single task, cognitive dual task and motor dual task conditions in middle

aged and elderly adults

Middle-aged adults (N=42)

Single task Median IQR
Timed up and go test (s) 8.64 2.63
Four square step test (s) 10.43 3.47
One leg stance test (s) 45 18.37
Coghnitive dual task

Timed up and go test (s) 10.65* 3.48
Four square step test (s) 15.19* 5.75
One leg stance test (s) 40* 24.43
Motor dual task

Timed up and go test (s) 8.58 2.32
Four square step test (s) 10.69 3.35
One leg stance test (s) 37.5% 26.84

Elderly adults (N=42)

Median IQR P ES
11.28 2.87 <0.001 0.48
14.88 4.37 <0.001 0.63
11.01 21.48 <0.001 0.58
14.15* 6.5 <0.001 0.42

18.14* 10.4 0.001 0.36

9* 3.25 <0.001 0.55
11.27 3.89 <0.001 0.50
14.4 4.43 <0.001 0.57
12.5 20.8 <0.001 0.49

IQR: Interquartile range, ES: Effect size, *Wilcoxon Paired sample test, significantly different from its value in single task condition (p<0.05)

Table 3: Dual-Task Costs of functional performance tests under cognitive dual task and motor dual task

conditions in middle-aged and elderly adults.

Middle-aged adults (N=42)

Elderly adults (N=42)

Median IQR Median IQR P

Coghnitive dual task cost

Timed up and go test (%) -24.99 22.47 -23.06 26.9 0.795
Four square step test (%) -37.49 31.78 -29.4 31.13 0.074
One leg stance test (%) 0 25.18 16.44 57.94 0.148
Motor dual task cost

Timed up and go test (%) 0.58 10.63 0.86 7.53 0.823
Four square step test (%) -2.03 11.48 1.33 9.35 0.019
One leg stance test (%) 0 29.82 0 46.54 0.124

IQR: Interquartile range
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Table 4: Comparison of single task and dual task performances of faller and non-faller elderly

Fallers (N=14)

Non-fallers (N=28)

Single task Median IQR Median IQR P ES
Timed up and go test (s) 13.82 4.93 10.59 3.06 0.016 0.37
Four square step test (s) 16.15 5.74 13.64 3.36 0.035 0.32
One leg stance test (s) 9.45 19.83 13.79 22.85 0.321 0.15
Cognitive dual task

Timed up and go test (s) 19.65* 9.63 12.8% 4.53 0.043 0.31
Four square step test (s) 21.66* 16.85 17.23* 8.86 0.107 0.25
One leg stance test (s) 8.31 14.5 9.67 21.86 0.321 0.15
Motor dual task

Timed up and go test (s) 14.78 4.94 10.65 2.47 0.01 0.39
Four square step test (s) 16.15 5.59 13.46 3.25 0.043 0.31
One leg stance test (s) 12.25 17.3 12.66 29.3 0.376 0.13

IQR: Interquartile range, ES: Effect size, *Wilcoxon Paired sample test, significantly different from its value in single task condition (p<0.05)

Table 5: Dual-Task Costs of functional performance tests under cognitive dual task and motor dual task

conditions in faller and non-faller elderly.

Fallers (N=14)

Non-fallers (N=28)

Median IQR Median IQR P

Cognitive dual task cost

Timed up and go test (%) -32 48.2 -21.03 21.88 0.947
Four square step test (%) -27.45 35.32 -29.54 35.64 0.722
One leg stance test (%) 14.26 74.36 21.12 56.47 0.793
Motor dual task cost

Timed up and go test (%) 1.21 7.47 -0.78 7.25 0.420
Four square step test (%) 2.51 9.09 0.96 8.99 0.626
One leg stance test (%) 0 46.72 -1.85 50.95 0.709

IQR: Interquartile range

and the OLS test duration under cognitive DT condition was
lower than its single task value (p=0.043).

There was no significant difference between the cognitive or
motor DTCs of the TUG test (p=0.795, p=0.823 respectively)
and OLS test (p=0.148, p=0.124 respectively) in middle-aged
and elderly individuals. The motor DTC of the four square step
test was significantly different in middle-aged and elderly adults
(p=0.019) (Table 3).

As the rate of middle-aged participants with a history of falls
was low, no analysis could be performed. The TUG test times
of the faller elderly under single task, cognitive DT and motor
DT conditions were higher than those of the non-faller elderly
(p=0.016, p=0.043, p=0.01 respectively). The FSS test times un-
der single task and motor DT conditions of faller elderly indi-
viduals were longer than those of elderly individuals who did
not fall (p=0.035, p=0.043 respectively), (Table 4). The TUG test
duration under cognitive DT condition was greater than its sing-

le task value (p=0.001), the FSS test duration under cognitive
DT condition was greater than its single task value (p=0.002) in
the faller elderly group. The TUG test duration under cognitive
DT condition was greater than its single task value and the FSS
test duration under cognitive DT condition was greater than
its single task value (p<0.001) in the non-faller elderly group.

There was no significant difference between the faller and non-
faller elderly individuals in respect of the cognitive or motor
DTCs of the functional performance tests (p>0.05) (Table 5).

DISCUSSION

This study was planned to evaluate dual-task balance and mo-
bility performance in middle-aged and elderly individuals, and
the results showed that single task, DT balance and mobility per-
formance were worse in elderly individuals, but no significant
difference was found between the age groups in terms of DTC.
Performance was worse under cognitive DT conditions in both
age groups. Although it was observed that balance and mobility
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were worse under single task and cognitive DT conditions in
faller elderly individuals than in non-faller elderly individuals,
no difference was found in terms of DTC.

Cognitive DT performance is adversely affected in older indi-
viduals due to the decline in executive function over time and
age-related neurodegenerative conditions (7). Considering the
studies that evaluated balance performance under dual task
conditions, it is thought that this is the reason why the cogniti-
ve task is used more frequently as a secondary task. However,
performing a simultaneous motor task while walking increases
demands for dynamic balance, and the effort not to spill water
from the glass also increases attention demands (23). Mobility
performance is multidimensional and requires high levels of
motor control and cognitive load to pay attention to various
external stimuli (6). Therefore, in the current study, balance per-
formance was evaluated under both motor DT and cognitive
DT conditions.

In the pre-elderly period, when balance ability and physical
functions begin to decline, it is a critical period for early inter-
ventions to prevent falls (9). Single task and DT mobility and
balance performance are reported to worsen with aging (1, 6,
13). In the current study, balance and mobility performance was
found to be better in middle-aged individuals under single task,
motor DT and cognitive DT conditions. Efforts to protect these
performances of middle-aged adults would be beneficial in or-
der to prevent adverse events that could occur in the future.

Itis reported that DTCs related to gait parameters do not chan-
ge with age or are higher in young individuals than in older
individuals (24, 25). Research found that the postural DTCs of
younger adults and older adults are similar in stable standing
conditions (26). No age-related change was detected in the cost
of the TUG test under motor DT conditions, and the cost of
cognitive DT is reported to be higher in elderly individuals (13).
The current study results demonstrated no difference betwe-
en middle-aged and elderly adults with respect to DTCs. One
reason for this could be that the middle-aged group was in the
immediate pre-elderly age range. The fact that DTCs in functio-
nal performance tests are similar between age groups suggested
that DT assessments should be considered in individuals aged
50-64 years, also called the pre-elderly period, as well as in el-
derly individuals (27).

Li et al. reported that the rate of outdoor falls is higher in midd-
le-aged individuals than in elderly individuals, tripping is the
most common cause of falls and poor health is an important
risk factor, especially for indoor falls (28). In the current study,
the rates of falling at home were higher in the elderly, partly
because the elderly spent less time outside and partly because
the elderly were in poorer health. In the current study, indivi-
duals who fell had worse performance in both single task and
cognitive DT conditions, although the DTCs were similar. Muha-
idat et al. found that the test performances were different and
DTCs were similar in faller and non-faller adults (29). Asai et al.
reported that DTCs were lower in faller elderly adults (30). This
could be due to the inclusion of community-dwelling elderly

individuals with good cognitive status. The results of the current
study suggested that in community-dwelling elderly people with
good cognitive status, fallers could manage dual-task conditions
similarly to non-fallers and that assessments of falls should focus
on single task and cognitive DT performance rather than DTC.

This is the first study that examined the effects of motor and
cognitive simultaneous tasks on functional mobility, static and
dynamic balance in middle-aged and older adults in Turkey. The
results of this study provide important information about the
change and decline in cognitive DT and motor DT performance
during the aging process. However, the fact that most of the
participants were female and sedentary individuals limits the
generalizability of the results. In addition, the use of only one
type of cognitive and motor task could be considered a limita-
tion. It is suggested that in future studies, cognitive and motor
simultaneous task performance of varying degrees of difficulty
be evaluated in middle-aged and elderly individuals.

CONCLUSION

The results of this study suggested that balance and mobility
performance deteriorates with aging in single task, motor DT
and cognitive DT conditions and a simultaneous cognitive task
significantly reduced balance and mobility performance. It also
showed that balance and mobility performance in single task
and cognitive DT conditions were worse in elderly individuals
with a history of falls than in non-fallers. In order to prevent
future adverse events, the evaluation of single task and DT
performances in middle-aged and elderly individuals should
be considered.
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