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Abstract: Gait speed and timed-up-and-go (TUG) predict cognitive decline, falls, and mortality.
Dual-tasks may be useful in cognitive screening among people living with dementia (PWD), but more
evidence is needed. This cross-sectional study aimed to compare single- and dual-task performance
and determine the influence of dementia severity on dual-task performance and interference. Thirty
PWD in two residential care facilities (Age: 81.3 & 7.1 years; Montreal Cognitive Assessment:
10.4 & 6.0 points) completed two trials of single- (feet apart) and dual-task posture (feet apart while
counting backward), single- (walk 4 m) and dual-task gait (walk 4m while naming words), and single-
(timed-up-and-go (TUG)), and dual-task functional mobility (TUG while completing a category
task) with APDM inertial sensors. Dual-tasks resulted in greater sway frequency, jerk, and sway
area; slower gait speed; greater double limb support; shorter stride length; reduced mid-swing
elevation; longer TUG duration; reduced turn angle; and slower turn velocity than single-tasks
(ps < 0.05). Dual-task performance was impacted (reduced double limb support, greater mid-swing
elevation), and dual-task interference (greater jerk, faster gait speed) was related to moderate-to-
severe compared to mild PWD. Moderate-to-severe PWD had poorer dynamic stability and a reduced
ability to appropriately select a cautious gait during dual-tasks than those with mild PWD, indicating
the usefulness of dual-tasks for cognitive screening.

Keywords: Alzheimer’s disease; multi-task; balance; cognition; cognitive-motor interference;
dual-task interference; nursing home; assisted living

1. Introduction

Dementia is a significant and growing healthcare issue in the geriatric population [1].
People living with dementia (PWD) experience falls at a rate two times higher than those
without dementia [2]. Concurrent cognitive and motor impairments place PWD at in-
creased risk for falls [3], as they have shown greater postural sway, slower walking speed,
decreased step length, and larger double limb support than those without dementia [4,5].
These cognitive and motor impairments can make rehabilitation challenging while posing
difficulties for residential care facility placement and management [6]. It is estimated that
over 50% of PWD have not been formally diagnosed [7,8], in part due to factors such as
stigma, a lack of education of dementia signs and symptoms, system resource constraints,
and insensitivity to assessments [9]. As a result, the majority of PWD receive their diagnosis
after the onset of clinical symptoms [10], thereby narrowing the window of opportunity for
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effective therapeutic intervention [11]. The Mini-Mental State Examination (MMSE) is one
of the most popular screening tools for cognitive impairment [12]. However, like other cog-
nitive assessments, the MMSE is not sensitive to changes in cognitive capabilities, has floor
and ceiling effects, is copyrighted, is subject to the effects of language and education, and is
unable to detect the progression of dementia [13,14]. There are no cognitive assessments
that can be exclusively used to diagnose any mental status disorder, and hence, dementia
diagnoses are currently based on clinical judgment of (1) the loss of two or more cognitive
abilities (often memory with at least one other domain such as language, visuospatial, and
executive), (2) a distinct decline from prior level of cognitive function, and (3) impaired
performance in daily activities (e.g., social, occupational, self-care) [10]. Therefore, it is
important to identify more accurate methods to screen and monitor cognitive status.

Performing two tasks simultaneously (i.e., dual-tasks), such as walking while per-
forming a cognitive task, may be useful in cognitive screening and monitoring [15,16].
Dual-tasks require reallocation of cognitive resources, therefore making dual-tasks more
difficult [17]. Dual-tasks have been sensitive to discriminate between those with and with-
out dementia [15,16,18,19], predict future dementia diagnosis [20], and have exposed subtle
impairments that were not obvious under a single-task test condition [21-23]. However, no
studies have examined whether dual-tasks are sensitive to detect impairments across de-
mentia severities. Dual-tasks have also had higher accuracy in predicting future dementia
diagnoses than single-tasks among older adults with mild cognitive impairment [24]. The
dual-task timed-up-and-go (TUG) with a category cognitive task has better discriminant
validity between those with and without dementia than the single-task TUG [25]. Addition-
ally, certain dual-tasks (e.g., dual-task “Figure 8 walking test”) may be more predictive of
falls than single-tasks [26,27]. However, further work is needed to confirm these findings
because other dual-tasks, such as gait speed [28] and the TUG [29,30], have shown similar
predictability of falls and frailty as single-tasks among older adults. Altogether, a better
understanding of the role of dual-tasks during posture and gait may improve cognitive
screening and monitoring among PWD.

While dual-tasks can promote automatic postural control (i.e., decreased amplitude
and variability of postural sway) by drawing attention away from focusing on posture
and onto a secondary cognitive task among healthy young adults [31,32], the increased
attention demand of dual-tasks provokes greater conscious control of posture (i.e., reduced
automaticity) in cognitively and physically frail aging populations [15,33-35]. Impairments
in cognition and mobility are likely due to the neurodegeneration of shared brain areas
among PWD [17]. Community-dwelling PWD have shown greater sway area and path
length during dual- compared to single-task posture, likely, in part, because the control
processes associated with dual-tasks (e.g., divided attention, coordination, switching atten-
tion) are impaired [15,34]. However, it is unclear how dual-tasks influence other measures
of postural control among PWD in residential care facilities or whether dual-task postural
control is linked with dementia severity.

Dual-tasks alter spatial and temporal gait parameters relative to single-tasks, such
as greater trunk instability [36], slower gait speed [24,37,38], and greater stride time vari-
ability [36] in healthy populations. However, this dual-task interference in gait tends to
be exacerbated in PWD [36,39-41]. The majority of the dual-task gait literature in PWD
employed more conventional gait parameters (e.g., gait speed) rather than spatial or other
temporal parameters as indicators of dynamic stability [36,41]. Limited research has char-
acterized the impact of dual-tasks on gait parameters in PWD, which have all been in
community dwellers [28,39-41]. Residential care settings have been linked with a greater
risk for falls and cognitive decline compared to living in the community [42]. Despite the
potential usefulness of a dual-task assessment to screen for cognitive impairment, to our
knowledge, no studies have determined whether dual-task gait or functional mobility can
be used as a marker of dementia severity among PWD in residential care facilities.

A better understanding of the influence of dual-tasks on posture, gait, and functional
mobility, as well as whether they can be used as markers of dementia severity, may inform
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cognitive screening procedures among PWD. Additionally, PWD in residential care facilities
have less functional independence than those living in the community [43], and functional
independence may be an indicator of dual-task posture and gait [40], yet dual-task posture
and gait have yet to be investigated among PWD in residential care facilities. Accordingly,
the purpose of this study was to examine the impact of dual-tasks on posture, gait, and
functional mobility in comparison to single-tasks among PWD in residential care facilities
using wearable inertial sensors. Our second aim was to determine whether dementia
severity influenced dual-task performance and interference of posture, gait, and functional
mobility among PWD in residential care facilities using wearable inertial sensors.

2. Materials and Methods
2.1. Study Design

This was a pilot cross-sectional study using baseline data collected from our pilot,
assessor-blinded, parallel (1:1) randomized controlled trial (RCT) [44]. The RCT involved
n =21 PWD in the usual care group and n = 21 PWD in the exercise plus usual care group
who resided in two local residential care facilities.

2.2. Eligibility Criteria

The inclusion criteria were met if participants (1) were aged 55 years and above;
(2) lived in a residential care facility; (3) had any type of dementia confirmed by past
medical history and/or a physician; (4) were able to communicate in English via reading,
writing, and speaking with acceptable visual and auditory acuity; (5) were able to walk 4 m
without the help of another person; (6) were able to provide informed consent via a legally
authorized representative; (7) were able to provide assent; (8) were able to comprehend
and follow instructions; (9) had an estimated life expectancy of >12 months determined
by a healthcare provider; (10) were able to stand unassisted for 30 s. We excluded those
(1) who were unable to comprehend or follow instructions, (2) with a severe psychiatric
condition, (3) with delirium, (4) with an acute medical condition, (5) with recent surgery im-
pairing mobility, (6) who were enrolled in another research study, (7) with severe blindness,
(8) who were not able to communicate, or (9) receiving hospice care.

2.3. Recruitment

We recruited all-cause PWD from one local nursing home and one local assisted living
facility. These local sites allocated space for the assessments.

2.4. Measures and Variables

We used APDM inertial sensors (Opal v3, APDM Wearable Technologies Inc., Portland,
OR, USA) to measure single- and dual-task posture, gait, and functional mobility (Figure 1).
We counterbalanced the single- and dual-task assessments such that participants completed
one of three random assessment sequences to account for order effects. We placed a total of
six inertial sensors on the following segments: sternum, lumbar spine around L3-L4 (i.e.,
on the spine between the superior aspects of the iliac crests), bilateral wrists, and bilateral
dorsum of each foot. APDM inertial sensors exhibited moderate to excellent validity and
reliability in measuring spatiotemporal gait parameters, stability, and joint kinematics in a
variety of populations [45].
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A 98,97, 96, B C
95,94...
Stand Feet Apart 30 s Walk 4 m TUG 3 m

Figure 1. Single- and dual-task assessment schematic for (A) standing with feet apart for 30 s with no
cognitive task and while counting backward by 1’s; (B) walking 4 m with no cognitive task while
naming words that start with the letters F, A, or S; (C) timed-up-and-go (TUG) with no cognitive task
and while completing a category task.

2.5. Posture

Single- and dual-task posture involved standing with feet shoulder-width apart while
completing no cognitive task, as well as while counting backward aloud by 1’s for 30 s,
respectively. Participants were asked to stand with their hands down by their sides and
gaze at a target at eye-level 2 m away with their eyes open. We examined sway frequency
(Hz), jerk (m?/s°), mean velocity (m/s), and sway area (°/ s%).

2.6. Gait

Single- and dual-task gait involved walking 4 m with no cognitive task as well as while
naming as many words as possible starting with the letters F, A, or S, respectively [46].
Participants were asked to walk at their usual pace. Outcome measures included gait
speed (m/s), double limb support (%), stride length (m), mid-swing elevation (cm), and
medial-lateral trunk range of motion (°).

2.7. Functional Mobility

For single- and dual-task functional mobility, participants completed the timed-up-
and-go (TUG) with no cognitive task, as well as while completing a category task, including
naming fruits or animals [25,47]. The category dual-task is valid and is especially recom-
mended for those with subtraction operation difficulties [48]. The TUG involved getting up
from a chair, walking 3 m, turning around, walking back, and sitting down. Participants
were asked to walk at their usual pace. Time was started on “go”, and the trial was finished
once participants returned to the chair with their backs on the backrest. Outcome measures
included TUG duration (s), turn angle (°), turn velocity (°/s), and sit-to-stand lean angle (°).

2.8. Global Cognition

The Montreal Cognitive Assessment (MoCA) measures global cognition. The MoCA
also measures executive function, short-term memory recall, visuospatial abilities, attention,
concentration and working memory, language, and orientation to time and place [49,50]. A
MoCA score between 9-21 points indicates mild dementia, 5-8 points indicates moderate
dementia, and any score of 4 points and under indicates severe dementia [51,52].

2.9. Descriptive Measures

The Morse Fall Scale is a 6-item measure of fall risk. The items in the scale are
comprised of history of falling, secondary diagnosis, ambulatory aids, intravenous therapy,
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gait, and mental status. A Morse Fall Scale score of 0-24 represents no risk, 25-30 represents
low risk, and >51 represents high risk [53].

The Functional Comorbidity Index includes 18 evenly weighted comorbidities that
stratify on physical functional status. It is a better predictor of general health status than
other measures of comorbidity, such as the Charleston Comorbidity Index [54]. The total
number of comorbidities (0-18) was extracted from participants’ medical charts [55].

2.10. Data Analysis

We conducted the analysis in SPSS version 28.0 with a significance level of
o < 0.05. We checked for normality and calculated descriptive statistics (means, standard
deviations, percentages, and frequencies) for all variables. If Mauchly’s Test of Spheric-
ity was significant, we used the Greenhouse—-Geiser correction. We used a Bonferroni
correction when examining significant effects.

In order to determine the influence of dual-tasks on postural performance by dementia
severity, we conducted a repeated measures analysis of variance (RM-ANOVA) on Group
(mild PWD vs. moderate-to-severe PWD) by Task (single- vs. dual-task) with repeated
measures on Parameter (sway frequency, jerk, velocity, and sway area). In order to deter-
mine the influence of dual-tasks on gait performance by dementia severity, we conducted
an RM-ANOVA on Group (mild PWD vs. moderate-to-severe PWD) by Task (single- vs.
dual-task) with repeated measures on Parameter (gait speed, double limb support, stride
length, mid-swing elevation, and trunk range of motion in the medial-lateral direction).
In order to determine the influence of dual-tasks on functional mobility performance by
dementia severity, we conducted an RM-ANOVA on Group (mild PWD vs. moderate-
to-severe PWD) by Task (single- vs. dual-task) with repeated measures on Parameter
(duration, turn angle, turn velocity, and sit-to-stand lean angle). Follow-up two-sided
independent samples f-tests were conducted on significant Group x Task x Parameter
interactions. Follow-up two-sided paired samples t-tests were conducted on significant
Task x Parameter interactions.

We completed a binary logistic regression to determine whether there was a rela-
tionship between dementia severity and dual-task interference during posture, gait, and
functional mobility. The degree of dual-task interference was represented by the percent of
dual-task effect (DTE) and was calculated as follows [56]:

DTE(%) = (dual-task — single-task)/single-task x 100%

We separated mild PWD (MoCA range = 13 to 19 points) from moderate-to-severe
PWD (MoCA range = 0 to 8 points) in this regression. Variables were removed from
the model if they were correlated at ¥ > 0.3 and/or had a variance inflation factor of >2
to control for collinearity [57]. Accordingly, DTE jerk, DTE gait speed, DTE mid-swing
elevation, DTE ML ROM, and DTE TUG duration variables remained in the regression
analysis. Age and body mass index were treated as covariates.

3. Results
3.1. Descriptive Statistics

PWD were approximately 81 years old, and 40% were female. All participants stood
independently during the postural task (1 = 30). One participant could not walk without
an assistive device and did not complete the gait or TUG tests (n = 29). Twelve participants
used a walker, two used a cane, and eleven walked without an assistive device during the
gait and TUG tests (Table 1).
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Table 1. Participant characteristics for PWD; mean =+ standard deviation (range).

Variable All Participants Mild Dementia Moderate-to-Severe
(n =30) (n =16) Dementia (n = 14)

Age, years 81.3 + 7.1 (68-98) 81.0 & 8.5 (68-98) 81.6 + 5.5 (69.0-91.0)

Female Sex, n (%) 12 (40.0) 8 (26.7) 4 (13.3)

BMI, kg/m? 21.5+4.1(13.5-33.4) 23.0 £4.3 (17.0-33.4) 19.9 £+ 3.4 (13.5-29.3)

FCI, total number 34 £20(1-8) 45419 (2-8) 21+1.4(1-6)

Medications, total number
Morse Fall Scale, points

12.3 4 5.9 (0-28)
38.2 + 22.0 (15-80)

12.1 4 4.3 (7-24)
48.8 + 22.5 (15-80)

12.6 + 7.6 (0-28)
26.1 £ 14.2 (15-55)

MoCA, points 10.4 + 6.0 (0-19) 15.6 + 2.1 (13-19) 4.6 2.6 (0-8)
Dementia Type, n (%)

Alzheimer’s Disease 9 (30.0) 4 (25.0) 5(35.7)

Vascular Dementia 2(6.7) 2 (12.5) 0

Parkinson’s Disease Dementia 1(3.3) 1(6.3) 0

Alcohol-Induced Dementia 1(3.3) 1(6.3) 0

Unspecified, Without Behavioral Disturbance 17 (56.7) 8 (50.0) 9 (64.3)
Dementia Onset, years 2.8 +2.8(0.3t09.3) 29+ 27(0.4t09.3) 2.4 4+ 3.6 (0.3t06.6)
Site

Nursing Home, n (%) 15 14 1

Assisted Living, n (%) 15 2 13
Mobility Device, n (%)

Wheelchair 1(3.3) 1

Walker 15 (50.0) 12 3

Cane 3(10.0) 1 2

None 11 (36.7) 2 9

BMI—body mass index; FCI—Functional Comorbidity Index; MoCA—Montreal Cognitive Assessment.

3.2. The Influence of Dual-Tasks on Posture, Gait, and Functional Mobility by Dementia Severity

There was no Group X Task X Parameter interaction (F(1253490) = 0.12, p = 0.79,
17p2 = 0.004) or main effect of Group (F(1,28) = 0.15, p = 0.70, 17,,2 = 0.005) for posture. There
was a significant Task x Parameter interaction for posture (F(;.53490) = 5.69, p = 0.02,
11p* = 0.17). Post hoc t-tests revealed that dual-task posture prompted greater sway fre-
quency (tpg = —2.72, p = 0.01), jerk (tp9 = —2.56, p = 0.02), and sway area (ty9 = —3.22,
p = 0.003) relative to single-task posture while there was a trend for lower velocity in single-
compared to dual-task posture (t,9 = —1.87, p = 0.07; Figure 2).

There was a significant Group x Task X Parameter interaction (F(1.14,30.90) = 6.12,
p = 0.02, 17,,2 = 0.19) and a trend for a main effect of Group (F 27 = 4.08, p = 0.05,
11p* = 0.13) for gait. Follow-up two-sided independent samples t-tests revealed that mild
PWD exhibited greater double limb support percentage during dual-tasks (42.2 £ 8.3%)
than moderate-to-severe PWD (35.0 & 5.3%; tpy = —2.73, p < 0.01). Mild PWD also exhibited
lower mid-swing elevation during dual-tasks (0.66 £ 0.43 cm) than moderate-to-severe
PWD (1.2 £ 0.75 cm; tyy = 2.39, p < 0.02). There was a significant Task x Parameter in-
teraction for gait (F(1.14,30.90) = 82.26, p < 0.001, 17p2 = (.75). Post hoc t-tests revealed that
the dual-task condition elicited slower gait speed (tpg = 15.05, p < 0.001), greater double
limb support (t,3 = —8.57, p < 0.001), reduced mid-swing elevation (t,g = 5.90, p < 0.001),
and shorter stride length (f2g = 9.44, p < 0.001) during dual-task gait compared to single-
task gait, with no differences in single- compared to dual-task medial-lateral trunk sway
(trg = —1.27, p = 0.22; Figure 3).

There was no Group X Task X Parameter interaction (F(1 473980) = 0.51, p = 0.55,
17p2 = 0.02) or main effect of Group (F(127) = 2.15, p = 0.15, 17p2 = 0.07) for functional
mobility. There was a significant Task x Parameter interaction for functional mobility
(F(1.47,39.80) = 30.32, p < 0.001, 77p2 =0.53). The dual-task TUG resulted in a longer time to
completion (tpg = —6.15, p < 0.001), reduced turn angle (t,3 = 5.14, p < 0.001), and slower
turn velocity (tg = 5.89, p < 0.001) relative to the single-task TUG, with no differences in
single- compared to dual-task lean angle (t,3 = 0.48, p = 0.63; Figure 4).
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Figure 4. Single- and dual-task performance during the timed-up-and-go test for the mean
and standard error of duration (A), turn angle (B), turn velocity (C), and sit-to-stand lean angle
(D). *p < 0.05.

3.3. Relationship between Dementia Severity and Dual-Task Interference

The overall logistic regression model for dementia severity and dual-task interference
during posture, gait, and functional mobility was statistically significant (X2(7) =27.75,
Cox and Snell R? = 0.62, p <0.001; Table 2). There was a trend for an association between
dementia severity and the dual-task interference effect for jerk, such that smoother dynamic
stability during the dual-task condition was related to mild PWD (85.4% increase in jerk
from single- to dual-tasks) compared to moderate-to-severe PWD (324.2% increase in jerk
from single- to dual-tasks; f = —0.01, p = 0.08). There was a significant association between
dementia severity and the dual-task interference effect for gait speed, such that slower gait
speed during the dual-task was correlated to mild PWD (—35.7% decrease in gait speed
from single- to dual-tasks) compared to moderate-to-severe PWD (—27.6% decrease in gait
speed from single- to dual-tasks; p = —0.24, p = 0.046). All the other DTE parameters for
posture, gait, and functional mobility were not significant (p > 0.05).

Table 2. Association between dementia severity and dual-task effect (DTE) for posture, gait, and
functional mobility among PWD (n = 29).

Outcome

B

95% CI
SE Wald p-value OR Lower Upper

Constant

Age

BMI

DTE jerk *

DTE gait speed

DTE mid-swing elevation
DTE ML ROM

DTE TUG duration

—37.75 31.29 1.46 0.23 <0.001 - -
0.05 0.21 0.05 0.82 1.05 0.69 1.60

1.05 0.66 2.54 0.11 2.89 0.79 10.39
—0.01 0.01 3.05 0.08§ 0.99 0.98 1.00
—0.24 0.12 3.99 0.046 * 0.79 0.62 0.996
—0.03 0.05 0.40 0.53 0.97 0.89 1.06
—0.001 0.05 <0.001 0.99 1.00 091 1.10
0.11 0.07 2.46 0.12 111 0.97 1.27

X2(7) = 27.75, Cox and Snell R? = 0.62, p < 0.001, 93.3% prediction accuracy for mild PWD; 92.9% prediction
accuracy for moderate-to-severe PWD. Covariates included Age and BMI: body mass index. Dementia severity
was defined as 1: Montreal Cognitive Assessment = 0 to 10 (n = 14) and 2: Montreal Cognitive Assessment = 11-19
(n = 15); ML ROM: medial-lateral range of motion during gait; TUG—timed-up-and-go. SE—standard error;
OR—odds ratio; CI—confidence interval; BMI—body mass index; ML ROM—medial-lateral range of motion;
TUG—timed-up-and-go. *  indicative of a trend for smoother dynamic stability during dual-tasks in mild PWD
than in moderate-to-severe PWD. T 8 indicative of greater dual-task interference (i.e., cautious slow gait dual-task
strategy) in mild PWD than in moderate-to-severe PWD. * p < 0.05; § p = 0.084.



Sensors 2024, 24, 2691

9 of 14

4. Discussion
4.1. Main Findings

In the present study, dual-tasks resulted in greater instability, cautious gait, and
impaired functional mobility compared to single-tasks. To the best of our knowledge,
this is the first study that has examined whether dual-tasks are impacted across dementia
severities. Notably, dual-task performance and interference were related to dementia
severity. Specifically, dual-task performance was impacted (reduced double limb support,
greater mid-swing elevation), and dual-task interference (greater jerk, faster gait speed)
was related to moderate-to-severe compared to mild PWD.

4.2. The Influence of Dual-Tasks on Posture, Gait, and Functional Mobility in PWD

Our study corroborates previous work exhibiting greater sway area and path length
during the dual-task compared to single-task condition in community-dwelling PWD [15,34]
and adds that sway frequency and jerk were also increased in our sample living in resi-
dential care. Greater sway frequency during quiet standing, particularly between 1.0 and
5.0 Hz, is characteristic of trunk and leg segment antiphase oscillations [58]. The greater
sway frequency observed in dual-tasks may be suggestive of both impairments in neural
control as well as uncoordinated postural control patterns [59]. Additionally, greater jerk
is indicative of poorer dynamic stability [60]. Recent work has linked cortical thinning
with lower cognitive-motor automaticity among PWD [61], which may partly explain this
dual-task instability.

Dual-tasks promoted a unique gait signature relative to single-tasks among PWD.
Specifically, participants adopted a cautious gait pattern during dual-task gait by exhibiting
slower gait speed, greater double limb support, and shorter stride length when compared
to single-task gait. Similarly, compared to single-task functional mobility, the dual-task
functional mobility assessment exposed prolonged time to complete the TUG, reduced turn
angle, and slower turn velocity, indicating greater instability. Participants likely adopted a
cautious gait strategy in response to greater attention demand [62] in an effort to allocate
attention resources to both tasks [63]. However, the lower mid-swing elevation during
the dual-task was a maladaptive gait strategy that increased the risk of tripping. This
altered gait pattern was likely a consequence of a central misprocessing of information
that includes attention and executive functions [36,41,64]. As a result, dual-tasks provoked
PWD to adopt an unstable gait and functional mobility pattern. Our findings highlight that
dual-task assessment may be sensitive to detect further impairments in posture, gait, and
functional mobility compared to single-task assessment.

4.3. The Influence of Dementia Severity on Dual-Task Performance and Dual-Task Interference

Previous work has revealed that single-task balance and gait control progressively
deteriorate from mild to moderate dementia [65]. Our study contributes new knowledge
that dual-task performance and interference may be impacted by dementia severity. For
standing posture, we observed a trend for less dual-task interference for jerk in mild PWD
(85.4% increase in jerk from single- to dual-tasks) compared to moderate-to-severe PWD
(324.2% increase in jerk from single- to dual-tasks). Thus, it appears that greater dementia
severity may impair the ability to control smooth postural motion. We postulate that
dual-tasks may generate a greater relative impact on dynamic stability than single-tasks for
individuals with greater cognitive decline.

For gait, mild PWD exhibited greater double limb support and lower mid-swing
elevation during dual-tasks relative to moderate-to-severe PWD, which extends previous
work exhibiting single-task gait impairments by dementia severity [65]. Mild PWD also
experienced greater dual-task interference for gait speed (—35.7% decrease in gait speed
from single- to dual-tasks) than moderate-to-severe PWD (—27.6% decrease in gait speed
from single- to dual-tasks). Greater double limb support and lower mid-swing elevation
seem to coexist with slower gait speeds [66]. Our findings suggest that mild PWD employed
a cautious gait strategy during dual-tasks by appropriately increasing double limb support
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and reducing gait speed to a greater degree than moderate-to-severe PWD in an effort to
maintain stability. Impulsivity and risk-taking have been observed in PWD [67]. Older
adults who fall often attribute their accidents to hurrying and missing important cues
in the environment [68]. Additionally, wandering is more common in later stages of
dementia and has been shown to impact physical activity levels [69]. Our results convey
that those with further cognitive decline may have a reduced decision-making ability to
select an appropriate gait strategy during dual-tasks, inadvertently rush, and increase
their risk for falls. It is also possible the other symptoms of greater dementia severity,
such as wandering [69], may contribute to altered gait patterns. It is important to note
that all of our participants had slow single- and dual-task gait, as defined by a threshold
of <0.8 m/s, which is indicative of low functional ability [20]. Thus, solely employing
a slow gait threshold would have been insufficient to identify individuals across the
dementia continuum. The lack of a relationship between measures of functional mobility
and dementia severity may posit that dual-task functional mobility measures neural control
processes that are independent of, and in addition to, the traditional, clinical signs of
dementia, but further work is needed to confirm these findings. Taken together, dual-
task performance for double limb support and mid-swing elevation, as well as dual-
task interference for jerk and gait speed may be sensitive biomarkers to track dementia
progression from mild dementia to moderate-to-severe dementia. As such, we speculate
that PWD with greater cognitive decline are at a higher risk for falls due to impairments
in dual-tasks.

4.4. Implications

Clinicians can use wearable inertial sensors to objectively measure dual-task posture,
gait, and functional mobility, as the sensors are portable, simple to use, quick to administer,
have a clear interpretation of the measurement results, and are relatively inexpensive.
Our results suggest that PWD are at a greater risk for mobility impairments in their daily
lives during dual-tasks compared to single-tasks. Dual-tasks were more sensitive to detect
impairments in posture, gait, and functional mobility than single-tasks, and should be
considered for routine risk assessments among PWD. Dual-task performance in double limb
support and mid-swing elevation, as well as interference in jerk and gait speed, seem to be
promising markers that may distinguish between mild compared to moderate-to-severe
PWD, signifying that they could be considered as cognitive screening and monitoring tools.
Given that moderate-to-severe PWD have poorer dual-task performance for double limb
support and mid-swing elevation, as well as greater dual-task interference for jerk and gait
speed than mild PWD, targeting the improvement of dual-tasks should be considered in
therapeutic interventions in this population. For those in low- and middle-income countries
with no access to wearable inertial sensors, clinicians should target the improvement of
dual-tasks among PWD and use a stopwatch to measure dual-task gait speed.

4.5. Limitations

These findings are only generalizable to PWD in residential care facilities who are
able to stand and walk without the assistance of another person. We only recruited from
two residential care facilities, and participants had varying functional impairments. Most
participants took several medications. Our participant sample included only 40% females,
even though females are more likely to acquire dementia, and it is unclear whether this
affected the results [1]. The Morse Fall Scale is less sensitive to predicting falls compared to
other fall assessments [70]. Our small sample size limited our RM-ANOVA and regression
analyses. Future research in larger samples should consider determining whether dual-
task performance and interference are sensitive to distinguish between mild, moderate,
and severe PWD. It was not possible to determine whether participants were prioritizing
their attention on the motor or cognitive task during the dual-task conditions. While all
participants had a confirmed diagnosis of dementia in their medical charts, the dementia
subtype was often not recorded; this may limit our findings in terms of the root cause of
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dementia and potential dementia subtype manifestations. Larger and longitudinal studies
of postural sway, gait, and functional mobility are needed to determine if acceleration
parameters are sensitive descriptors of dementia progression and, hence, are useful in
clinical trials of neuroprotective interventions.

5. Conclusions

Dual-task jerk, double limb support, lower mid-swing elevation, and gait speed were
more sensitive to detect impairments in posture, gait, and functional mobility than single-
task assessments among PWD in residential care facilities. Mild PWD had better dynamic
stability and a superior ability to appropriately select a cautious gait strategy by increasing
double limb support and reducing gait speed during dual-tasks than moderate-to-severe
PWD. Our work suggests that dual-tasks should be considered in routine assessments to
monitor cognitive decline among PWD and identify those with increased impairment in
posture, gait, and functional mobility in residential care facilities.

Author Contributions: Conceptualization, D.A.J.; methodology, D.A.].; formal analysis, D.A.].; data
collection, D.A.J. and R.S.; writing—original draft preparation, R.L. and D.A.].; writing—review and
editing, R.S., L.Y.,, M.H., H.Z. and Y.D.; visualization, D.A.J., M.H. and Y.D.; funding acquisition,
D.A.J., M.H. and Y.D. All authors have read and agreed to the published version of the manuscript.

Funding: This study is funded by the Intramural Grants Program at Augusta University to DAJ and
MH (IGPCT00028) as well as YD (IGPP00033). These funding agencies did not play a role in the
study design.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board at Augusta University (protocol code
1836020, approved on 1 June 2022).

Informed Consent Statement: A study team member contacted the legally authorized representative
of eligible participants and obtained hand-written informed consent in person, via email, or by mail.
Once informed consent was obtained, a study team member asked the PWD for hand-written assent.

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

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

References

1.

10.

Wu, Y.T,; Beiser, A.S.; Breteler, M.M.B.; Fratiglioni, L.; Helmer, C.; Hendrie, H.C.; Honda, H.; Ikram, M.A_; Langa, K.M.; Lobo,
A.; et al. The changing prevalence and incidence of dementia over time—Current evidence. Nat. Rev. Neurol. 2017, 13, 327-339.
[CrossRef] [PubMed]

Felton, N.; Deave, T. The Lived Experience of Healthcare Workers in Preventing Falls in Community Dwelling Individuals with
Dementia. Geriatrics 2022, 7, 113. [CrossRef] [PubMed]

Yu, HX,; Wang, Z.X.; Liu, C.B,; Dai, P; Lan, Y.; Xu, G.Q. Effect of Cognitive Function on Balance and Posture Control after Stroke.
Neural Plast. 2021, 2021, 6636999. [CrossRef] [PubMed]

Kuan, Y.C.; Huang, LK.; Wang, Y.H.; Hu, C.J.; Tseng, L].; Chen, H.C,; Lin, L.E. Balance and gait performance in older adults with
early-stage cognitive impairment. Eur. J. Phys. Rehabil. Med. 2021, 57, 560-567. [CrossRef] [PubMed]

van lersel, M.B.; Hoefsloot, W.; Munneke, M.; Bloem, B.R.; Olde Rikkert, M.G. Systematic review of quantitative clinical gait
analysis in patients with dementia. Z. Gerontol. Geriatr. 2004, 37, 27-32. [CrossRef] [PubMed]

Giuliani, C.A.; Gruber-Baldini, A.L.; Park, N.S.; Schrodt, L.A.; Rokoske, F.; Sloane, P.D.; Zimmerman, S. Physical performance
characteristics of assisted living residents and risk for adverse health outcomes. Gerontologist 2008, 48, 203—212. [CrossRef]
[PubMed]

Prince, M.; Bryce, R.; Ferri, C. World Alzheimer’s Report 2011. The Benefits of Early Diagnosis and Intervention; Alzheimer’s Disease
International: London, UK, 2011.

Phung, T.K.; Waltoft, B.L.; Kessing, L.V.; Mortensen, P.B.; Waldemar, G. Time trend in diagnosing dementia in secondary care.
Dement. Geriatr. Cogn. Disord. 2010, 29, 146-153. [CrossRef] [PubMed]

Bradford, A.; Kunik, M.E.; Schulz, P.; Williams, S.P; Singh, H. Missed and delayed diagnosis of dementia in primary care:
Prevalence and contributing factors. Alzheimer Dis. Assoc. Disord. 2009, 23, 306-314. [CrossRef] [PubMed]

Arvanitakis, Z.; Shah, R.C.; Bennett, D.A. Diagnosis and Management of Dementia: Review. JAMA 2019, 322, 1589-1599.
[CrossRef]


https://doi.org/10.1038/nrneurol.2017.63
https://www.ncbi.nlm.nih.gov/pubmed/28497805
https://doi.org/10.3390/geriatrics7050113
https://www.ncbi.nlm.nih.gov/pubmed/36286216
https://doi.org/10.1155/2021/6636999
https://www.ncbi.nlm.nih.gov/pubmed/33574837
https://doi.org/10.23736/s1973-9087.20.06550-8
https://www.ncbi.nlm.nih.gov/pubmed/33258361
https://doi.org/10.1007/s00391-004-0176-7
https://www.ncbi.nlm.nih.gov/pubmed/14991293
https://doi.org/10.1093/geront/48.2.203
https://www.ncbi.nlm.nih.gov/pubmed/18483432
https://doi.org/10.1159/000269933
https://www.ncbi.nlm.nih.gov/pubmed/20150733
https://doi.org/10.1097/WAD.0b013e3181a6bebc
https://www.ncbi.nlm.nih.gov/pubmed/19568149
https://doi.org/10.1001/jama.2019.4782

Sensors 2024, 24, 2691 12 of 14

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Prince, M.; Wimo, A.; Guerchet, M.; Ali, G.C.; Wu, Y.T.; Prina, M. World Alzheimer Report 2015: The Global Impact of Dementia: An
Analysis of Prevalence, Incidence, Cost & Trends; Alzheimer’s Disease International: London, UK, 2015; pp. 1-87.

Zhuang, L.; Yang, Y.; Gao, ]. Cognitive assessment tools for mild cognitive impairment screening. J. Neurol. 2021, 268, 1615-1622.
[CrossRef]

Arevalo-Rodriguez, I.; Smailagic, N.; Roqué, LEM.; Ciapponi, A.; Sanchez-Perez, E.; Giannakou, A.; Pedraza, O.L.; Bonfill Cosp,
X.; Cullum, S. Mini-Mental State Examination (MMSE) for the detection of Alzheimer’s disease and other dementias in people
with mild cognitive impairment (MCI). Cochrane Database Syst. Rev. 2015, 2015, Cd010783. [CrossRef] [PubMed]

Norris, D.; Clark, M.S.; Shipley, S. The Mental Status Examination. Am. Fam. Physician 2016, 94, 635-641.

Andrade, L.P.d.; Rinaldi, N.M.; Coelho, F.G.d.M.; Tanaka, K; Stella, F.; Gobbi, L.T.B. Dual task and postural control in Alzheimer’s
and Parkinson’s disease. Mot. Rev. Educ. Fisica 2014, 20, 78-84. [CrossRef]

Oh, C. Single-Task or Dual-Task? Gait Assessment as a Potential Diagnostic Tool for Alzheimer’s Dementia. J. Alzheimer’s Dis.
2021, 84, 1183-1192. [CrossRef] [PubMed]

Sui, S.X.; Hendy, A.M.; Teo, W.P.,; Moran, ].T.; Nuzum, N.D.; Pasco, ].A. A Review of the Measurement of the Neurology of Gait in
Cognitive Dysfunction or Dementia, Focusing on the Application of fNIRS during Dual-Task Gait Assessment. Brain Sci. 2022, 12,
968. [CrossRef] [PubMed]

Jor’dan, A.].; McCarten, J.R.; Rottunda, S.; Stoffregen, T.A.; Manor, B.; Wade, M.G. Dementia alters standing postural adaptation
during a visual search task in older adult men. Neurosci. Lett. 2015, 593, 101-106. [CrossRef] [PubMed]

Li, Z.; Zhu, J.; Liu, J.; Shi, M.; Liu, P,; Guo, J.; Hu, Z,; Liu, S.; Yang, D. Using dual-task gait to recognize Alzheimer’s disease and
mild cognitive impairment: A cross-sectional study. Front. Hum. Neurosci. 2023, 17, 1284805. [CrossRef]

Montero-Odasso, M.M.; Sarquis-Adamson, Y.; Speechley, M.; Borrie, M.J.; Hachinski, V.C.; Wells, J.; Riccio, PM.; 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] [PubMed]

Muir, S.W.; Speechley, M.; Wells, J.; Borrie, M.; Gopaul, K.; Montero-Odasso, M. Gait assessment in mild cognitive impairment and
Alzheimer’s disease: The effect of dual-task challenges across the cognitive spectrum. Gait Posture 2012, 35, 96-100. [CrossRef]
Bahureksa, L.; Najafi, B.; Saleh, A.; Sabbagh, M.; Coon, D.; Mohler, M.].; Schwenk, M. The Impact of Mild Cognitive Impairment
on Gait and Balance: A Systematic Review and Meta-Analysis of Studies Using Instrumented Assessment. Gerontology 2017, 63,
67-83. [CrossRef]

Hunter, S.W.; Omana, H.; Madou, E.; Wittich, W.; Hill, K.D.; Johnson, A.M.; Divine, A.; Holmes, ].D. Effect of dual-tasking on
walking and cognitive demands in adults with Alzheimer’s dementia experienced in using a 4-wheeled walker. Gait Posture 2020,
77,164-170. [CrossRef] [PubMed]

Ahman, H.B.; Cedervall, Y;; Kilander, L.; Giedraitis, V; Berglund, L.; McKee, K.J.; Rosendahl, E.; Ingelsson, M.; Aberg, A.C. Dual-
task tests discriminate between dementia, mild cognitive impairment, subjective cognitive impairment, and healthy controls—A
cross-sectional cohort study. BMC Geriatr. 2020, 20, 258. [CrossRef] [PubMed]

Cedervall, Y; Stenberg, A.M.; Ahman, H.B.; Giedraitis, V.; Tinmark, F.; Berglund, L.; Halvorsen, K.; Ingelsson, M.; Rosendahl, E.;
Aberg, A.C. Timed Up-and-Go Dual-Task Testing in the Assessment of Cognitive Function: A Mixed Methods Observational
Study for Development of the UDDGait Protocol. Int. J. Environ. Res. Public Health 2020, 17, 1715. [CrossRef] [PubMed]
Nualyong, T.; Siriphorn, A. Accuracy of the figure of 8 walk test with and without dual-task to predict falls in older adults. J.
Bodyw. Mov. Ther. 2022, 30, 69-75. [CrossRef] [PubMed]

Muir-Hunter, S.W.; Wittwer, J.E. Dual-task testing to predict falls in community-dwelling older adults: A systematic review.
Physiotherapy 2016, 102, 29-40. [CrossRef] [PubMed]

Menant, ].C.; Schoene, D.; Sarofim, M.; Lord, S.R. Single and dual task tests of gait speed are equivalent in the prediction of falls
in older people: A systematic review and meta-analysis. Ageing Res. Rev. 2014, 16, 83-104. [CrossRef] [PubMed]

Asai, T.; Oshima, K.; Fukumoto, Y.; Yonezawa, Y.; Matsuo, A.; Misu, S. Does dual-tasking provide additional value in timed “up
and go” test for predicting the occurrence of falls? A longitudinal observation study by age group (young-older or old-older
adults). Aging Clin. Exp. Res. 2021, 33, 77-84. [CrossRef] [PubMed]

Presta, V.; Galuppo, L.; Condello, G.; Roda, F; Mirandola, P.; Vitale, M.; Vaccarezza, M.; Gobbi, G. Receiver Operating
Characteristic Analysis of Posture and Gait Parameters to Prevent Frailty Condition and Fall Risk in the Elderly. Appl. Sci. 2023,
13, 3387. [CrossRef]

Lajoie, Y.; Jehu, D.A.; Richer, N.; Chan, A. Continuous and difficult discrete cognitive tasks promote improved stability in older
adults. Gait Posture 2017, 55, 43-48. [CrossRef] [PubMed]

Lajoie, Y.; Richer, N.; Jehu, D.A.; Tran, Y. Continuous Cognitive Tasks Improve Postural Control Compared to Discrete Cognitive
Tasks. ] Mot. Behav. 2016, 48, 264-269. [CrossRef]

Boisgontier, M.P; Beets, I.A.; Duysens, J.; Nieuwboer, A.; Krampe, R.T.; Swinnen, S.P. Age-related differences in attentional cost
associated with postural dual tasks: Increased recruitment of generic cognitive resources in older adults. Neurosci. Biobehav. Rev.
2013, 37, 1824-1837. [CrossRef] [PubMed]

Manckoundia, P,; Pfitzenmeyer, P.; d’Athis, P.; Dubost, V.; Mourey, F. Impact of cognitive task on the posture of elderly subjects
with Alzheimer’s disease compared to healthy elderly subjects. Mov. Disord. 2006, 21, 236-241. [CrossRef] [PubMed]

Mesbah, N.; Perry, M.; Hill, K.D.; Kaur, M.; Hale, L. Postural Stability in Older Adults with Alzheimer Disease. Phys. Ther. 2017,
97,290-309. [CrossRef] [PubMed]


https://doi.org/10.1007/s00415-019-09506-7
https://doi.org/10.1002/14651858.CD010783.pub2
https://www.ncbi.nlm.nih.gov/pubmed/25740785
https://doi.org/10.1590/S1980-65742014000100012
https://doi.org/10.3233/jad-210690
https://www.ncbi.nlm.nih.gov/pubmed/34633320
https://doi.org/10.3390/brainsci12080968
https://www.ncbi.nlm.nih.gov/pubmed/35892409
https://doi.org/10.1016/j.neulet.2015.03.014
https://www.ncbi.nlm.nih.gov/pubmed/25770830
https://doi.org/10.3389/fnhum.2023.1284805
https://doi.org/10.1001/jamaneurol.2017.0643
https://www.ncbi.nlm.nih.gov/pubmed/28505243
https://doi.org/10.1016/j.gaitpost.2011.08.014
https://doi.org/10.1159/000445831
https://doi.org/10.1016/j.gaitpost.2020.01.024
https://www.ncbi.nlm.nih.gov/pubmed/32044696
https://doi.org/10.1186/s12877-020-01645-1
https://www.ncbi.nlm.nih.gov/pubmed/32727472
https://doi.org/10.3390/ijerph17051715
https://www.ncbi.nlm.nih.gov/pubmed/32150995
https://doi.org/10.1016/j.jbmt.2022.02.001
https://www.ncbi.nlm.nih.gov/pubmed/35500981
https://doi.org/10.1016/j.physio.2015.04.011
https://www.ncbi.nlm.nih.gov/pubmed/26390824
https://doi.org/10.1016/j.arr.2014.06.001
https://www.ncbi.nlm.nih.gov/pubmed/24915643
https://doi.org/10.1007/s40520-020-01510-6
https://www.ncbi.nlm.nih.gov/pubmed/32086716
https://doi.org/10.3390/app13063387
https://doi.org/10.1016/j.gaitpost.2017.04.003
https://www.ncbi.nlm.nih.gov/pubmed/28411444
https://doi.org/10.1080/00222895.2015.1089833
https://doi.org/10.1016/j.neubiorev.2013.07.014
https://www.ncbi.nlm.nih.gov/pubmed/23911924
https://doi.org/10.1002/mds.20649
https://www.ncbi.nlm.nih.gov/pubmed/16142775
https://doi.org/10.2522/ptj.20160115
https://www.ncbi.nlm.nih.gov/pubmed/28204720

Sensors 2024, 24, 2691 13 of 14

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Ijmker, T.; Lamoth, C.J. 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] [PubMed]

Guan, D.X,; Chen, H.Y,; Camicioli, R.; Montero-Odasso, M.; Smith, E.E.; Ismail, Z. Dual-task gait and mild behavioral impairment:
The interface between non-cognitive dementia markers. Exp. Gerontol. 2022, 162, 111743. [CrossRef] [PubMed]

Tramontano, M.; Morone, G.; Curcio, A.; Temperoni, G.; Medici, A.; Morelli, D.; Caltagirone, C.; Paolucci, S.; Iosa, M. Maintaining
gait stability during dual walking task: Effects of age and neurological disorders. Eur. J. Phys. Rehabil. Med. 2017, 53, 7-13.
[CrossRef] [PubMed]

Pettersson, A.F,; Olsson, E.; Wahlund, L.O. Motor function in subjects with mild cognitive impairment and early Alzheimer’s
disease. Dement. Geriatr. Cogn. Disord. 2005, 19, 299-304. [CrossRef] [PubMed]

de Oliveira Silva, F,; Ferreira, ].V.; Placido, J.; Deslandes, A.C. Spatial navigation and dual-task performance in patients with
Dementia that present partial dependence in instrumental activity of daily living. IBRO Rep. 2020, 9, 52-57. [CrossRef] [PubMed]
Rucco, R.; Agosti, V.; Jacini, F,; Sorrentino, P,; Varriale, P.; De Stefano, M.; Milan, G.; Montella, P.; Sorrentino, G. Spatio-temporal
and kinematic gait analysis in patients with Frontotemporal dementia and Alzheimer’s disease through 3D motion capture. Gait
Posture 2017, 52, 312-317. [CrossRef] [PubMed]

Susilowati, .H.; Nugraha, S.; Sabarinah, S.; Peltzer, K.; Pengpid, S.; Hasiholan, B.P. Prevalence and risk factors associated with
falls among community-dwelling and institutionalized older adults in Indonesia. Malays. Fam. Physician 2020, 15, 30-38.

Dyer, S.M.; Crotty, M.; Fairhall, N.; Magaziner, ].; Beaupre, L.A.; Cameron, 1.D.; Sherrington, C. A critical review of the long-term
disability outcomes following hip fracture. BMC Geriatr. 2016, 16, 158. [CrossRef] [PubMed]

Jehu, D.A.; Dong, Y.; Zhu, H.; Huang, Y.; Soares, A_; Patel, C.; Aden, Z.; Hergott, C.; Ange, B.; Waller, ].L.; et al. The effects of
strEngth aNd BaLance exercise on executive function in people living with dementia (ENABLED): Study protocol for a pilot
randomized controlled trial. Contemp. Clin. Trials 2023, 130, 107220. [CrossRef] [PubMed]

Kobsar, D.; Charlton, ].M.; Tse, C.T.E,; Esculier, ].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. |. Neuroeng. Rehabil. 2020, 17, 62.
[CrossRef] [PubMed]

Lezak, M.; Howieson, D.; Bigler, E.; Tranel, D. Neuropsychological Assessment, 5th ed.; Oxford University Press Inc.: New York, NY,
USA, 2012.

Nightingale, C.J.; Mitchell, S.N.; Butterfield, S.A. Validation of the Timed Up and Go Test for Assessing Balance Variables in
Adults Aged 65 and Older. |. Aging Phys. Act. 2019, 27, 230-233. [CrossRef] [PubMed]

Pumpho, A.; Chaikeeree, N.; Saengsirisuwan, V.; Boonsinsukh, R. Selection of the Better Dual-Timed Up and Go Cognitive Task
to Be Used in Patients with Stroke Characterized by Subtraction Operation Difficulties. Front. Neurol. 2020, 11, 262. [CrossRef]
[PubMed]

Davis, D.H.; Creavin, S.T.; Yip, J.L.; Noel-Storr, A.H.; Brayne, C.; Cullum, S. Montreal Cognitive Assessment for the detection of
dementia. Cochrane Database Syst. Rev. 2021, 7, Cd010775. [CrossRef] [PubMed]

Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 53,
695-699. [CrossRef] [PubMed]

Pan, LM.Y,; Lau, M.S.; Mak, S.C.; Hariman, K.W.; Hon, S.K.H.; Ching, W.K_; Cheng, K.M.; Chan, C.F. Staging of Dementia Severity
with the Hong Kong Version of the Montreal Cognitive Assessment (HK-MoCA)’s. Alzheimer Dis. Assoc. Disord. 2020, 34, 333-338.
[CrossRef] [PubMed]

Volter, C.; Fricke, H.; Faour, S.; Lueg, G.; Nasreddine, Z.S.; Gotze, L.; Dawes, P. Validation of the German Montreal-Cognitive-
Assessment-H for hearing-impaired. Front. Aging Neurosci. 2023, 15, 1209385. [CrossRef]

Chow, S.K,; Lai, C.K,; Wong, TK.; Suen, L.K,; Kong, S.K.; Chan, C.K.; Wong, LY. Evaluation of the Morse Fall Scale: Applicability
in Chinese hospital populations. Int. |. Nurs. Stud. 2007, 44, 556-565. [CrossRef]

Levine, C.G.; Weaver, E.M. Functional comorbidity index in sleep apnea. Otolaryngol. Head Neck Surg. 2014, 150, 494-500.
[CrossRef] [PubMed]

Groll, D.L,; To, T.; Bombardier, C.; Wright, ].G. The development of a comorbidity index with physical function as the outcome. J.
Clin. Epidemiol. 2005, 58, 595-602. [CrossRef] [PubMed]

Plummer, P.; Eskes, G.; Wallace, S.; Giuffrida, C.; Fraas, M.; Campbell, G.; Clifton, K.L.; Skidmore, E.R. Cognitive-motor
interference during functional mobility after stroke: State of the science and implications for future research. Arch. Phys. Med.
Rehabil. 2013, 94, 2565-2574. [CrossRef] [PubMed]

Kutner, M.H.; Nachtsheim, C.J.; Neter, J.; Li, W. Applied Linear Statistical Models; McGraw-Hill Irwin Boston: Boston, MA, USA,
2005; Volume 5.

Creath, R.; Kiemel, T.; Horak, F,; Peterka, R.; Jeka, J. A unified view of quiet and perturbed stance: Simultaneous co-existing
excitable modes. Neurosci. Lett. 2005, 377, 75-80. [CrossRef] [PubMed]

Yamamoto, T.; Smith, C.E.; Suzuki, Y.; Kiyono, K.; Tanahashi, T.; Sakoda, S.; Morasso, P.; Nomura, T. Universal and individual
characteristics of postural sway during quiet standing in healthy young adults. Physiol. Rep. 2015, 3, €12329. [CrossRef] [PubMed]
Mancini, M.; Horak, F.B.; Zampieri, C.; Carlson-Kuhta, P; Nutt, J.G.; Chiari, L. Trunk accelerometry reveals postural instability in
untreated Parkinson’s disease. Park. Relat. Disord. 2011, 17, 557-562. [CrossRef] [PubMed]


https://doi.org/10.1016/j.gaitpost.2011.08.022
https://www.ncbi.nlm.nih.gov/pubmed/21964053
https://doi.org/10.1016/j.exger.2022.111743
https://www.ncbi.nlm.nih.gov/pubmed/35182610
https://doi.org/10.23736/s1973-9087.16.04203-9
https://www.ncbi.nlm.nih.gov/pubmed/27575014
https://doi.org/10.1159/000084555
https://www.ncbi.nlm.nih.gov/pubmed/15785030
https://doi.org/10.1016/j.ibror.2020.06.006
https://www.ncbi.nlm.nih.gov/pubmed/33336104
https://doi.org/10.1016/j.gaitpost.2016.12.021
https://www.ncbi.nlm.nih.gov/pubmed/28038340
https://doi.org/10.1186/s12877-016-0332-0
https://www.ncbi.nlm.nih.gov/pubmed/27590604
https://doi.org/10.1016/j.cct.2023.107220
https://www.ncbi.nlm.nih.gov/pubmed/37156373
https://doi.org/10.1186/s12984-020-00685-3
https://www.ncbi.nlm.nih.gov/pubmed/32393301
https://doi.org/10.1123/japa.2018-0049
https://www.ncbi.nlm.nih.gov/pubmed/30117359
https://doi.org/10.3389/fneur.2020.00262
https://www.ncbi.nlm.nih.gov/pubmed/32390925
https://doi.org/10.1002/14651858.CD010775.pub3
https://www.ncbi.nlm.nih.gov/pubmed/34255351
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://www.ncbi.nlm.nih.gov/pubmed/15817019
https://doi.org/10.1097/wad.0000000000000399
https://www.ncbi.nlm.nih.gov/pubmed/32701514
https://doi.org/10.3389/fnagi.2023.1209385
https://doi.org/10.1016/j.ijnurstu.2005.12.003
https://doi.org/10.1177/0194599813518164
https://www.ncbi.nlm.nih.gov/pubmed/24395621
https://doi.org/10.1016/j.jclinepi.2004.10.018
https://www.ncbi.nlm.nih.gov/pubmed/15878473
https://doi.org/10.1016/j.apmr.2013.08.002
https://www.ncbi.nlm.nih.gov/pubmed/23973751
https://doi.org/10.1016/j.neulet.2004.11.071
https://www.ncbi.nlm.nih.gov/pubmed/15740840
https://doi.org/10.14814/phy2.12329
https://www.ncbi.nlm.nih.gov/pubmed/25780094
https://doi.org/10.1016/j.parkreldis.2011.05.010
https://www.ncbi.nlm.nih.gov/pubmed/21641263

Sensors 2024, 24, 2691 14 of 14

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Longhurst, J.K.; Sreenivasan, K.R.; Kim, J.; Cummings, J.L.; John, S.E.; Poston, B.; Cordes, D.; Rider, J.V.; Landers, M.R. Cortical
thickness is related to cognitive-motor automaticity and attention allocation in individuals with Alzheimer’s disease: A regions
of interest study. Exp. Brain Res. 2023, 241, 1489-1499. [CrossRef] [PubMed]

O’Keeffe, S.T.; Kazeem, H.; Philpott, R M.; Playfer, ].R.; Gosney, M.; Lye, M. Gait disturbance in Alzheimer’s disease: A clinical
study. Age Ageing 1996, 25, 313-316. [CrossRef] [PubMed]

Beauchet, O.; Annweiler, C.; Dubost, V.; Allali, G.; Kressig, R.W.; Bridenbaugh, S.; Berrut, G.; Assal, E.; Herrmann, ER. Stops
walking when talking: A predictor of falls in older adults? Eur. J. Neurol. 2009, 16, 786-795. [CrossRef]

Mirelman, A.; Shema, S.; Maidan, I.; Hausdorff, ].M. Gait. In Handbook of Clinical Neurology; Elsevier: Amsterdam, The Netherlands,
2018; Volume 159, pp. 119-134. [CrossRef]

Tangen, G.G.; Engedal, K.; Bergland, A.; Moger, T.A.; Mengshoel, A.M. Relationships between balance and cognition in patients
with subjective cognitive impairment, mild cognitive impairment, and Alzheimer disease. Phys. Ther. 2014, 94, 1123-1134.
[CrossRef]

Williams, D.S.; Martin, A.E. Gait modification when decreasing double support percentage. J. Biomech. 2019, 92, 76-83. [CrossRef]
[PubMed]

Van Ooteghem, K.; Musselman, K.E.; Mansfield, A.; Gold, D.; Marcil, M.N.; Keren, R.; Tartaglia, M.C.; Flint, A.].; Iaboni, A.
Key factors for the assessment of mobility in advanced dementia: A consensus approach. Alzheimer’s Dement. 2019, 5, 409-419.
[CrossRef] [PubMed]

Nyman, S.R.; Ballinger, C.; Phillips, J.E.; Newton, R. Characteristics of outdoor falls among older people: A qualitative study.
BMC Geriatr. 2013, 13, 125. [CrossRef] [PubMed]

Jehu, D.A.; Pottayil, E; Dong, Y.; Zhu, H.; Sams, R.; Young, L. Exploring the Association between Physical Activity and Cognitive
Function among People Living with Dementia. J. Alzheimer’s Dis. 2024. ahead of print. [CrossRef]

Kim, Y.J.; Choi, K.O.; Cho, S.H.; Kim, S.J. Validity of the Morse Fall Scale and the Johns Hopkins Fall Risk Assessment Tool for fall
risk assessment in an acute care setting. J. Clin. Nurs. 2022, 31, 3584-3594. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00221-023-06618-5
https://www.ncbi.nlm.nih.gov/pubmed/37085647
https://doi.org/10.1093/ageing/25.4.313
https://www.ncbi.nlm.nih.gov/pubmed/8831878
https://doi.org/10.1111/j.1468-1331.2009.02612.x
https://doi.org/10.1016/b978-0-444-63916-5.00007-0
https://doi.org/10.2522/ptj.20130298
https://doi.org/10.1016/j.jbiomech.2019.05.028
https://www.ncbi.nlm.nih.gov/pubmed/31171369
https://doi.org/10.1016/j.trci.2019.07.002
https://www.ncbi.nlm.nih.gov/pubmed/31508479
https://doi.org/10.1186/1471-2318-13-125
https://www.ncbi.nlm.nih.gov/pubmed/24245830
https://doi.org/10.3233/jad-230594
https://doi.org/10.1111/jocn.16185

	Introduction 
	Materials and Methods 
	Study Design 
	Eligibility Criteria 
	Recruitment 
	Measures and Variables 
	Posture 
	Gait 
	Functional Mobility 
	Global Cognition 
	Descriptive Measures 
	Data Analysis 

	Results 
	Descriptive Statistics 
	The Influence of Dual-Tasks on Posture, Gait, and Functional Mobility by Dementia Severity 
	Relationship between Dementia Severity and Dual-Task Interference 

	Discussion 
	Main Findings 
	The Influence of Dual-Tasks on Posture, Gait, and Functional Mobility in PWD 
	The Influence of Dementia Severity on Dual-Task Performance and Dual-Task Interference 
	Implications 
	Limitations 

	Conclusions 
	References

