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Abstract.
Background: Cognitive deficits and gait problems are common and progressive in Alzheimer’s disease (AD). Prescription of
a 4-wheeled walker is a common intervention to improve stability and independence, yet can be associated with an increased
falls risk.
Objectives: 1) To examine changes in spatial-temporal gait parameters while using a 4-wheeled walker under different
walking conditions, and 2) to determine the cognitive and gait task costs of walking with the aid in adults with AD and
healthy older adults.
Methods: Twenty participants with AD (age 79.1 ± 7.1 years) and 22 controls (age 68.5 ± 10.7 years) walked using a 4-
wheeled walker in a straight (6 m) and Figure of 8 path under three task conditions: single-task (no aid), dual-task (walking
with aid), and multi-task (walking with aid while counting backwards by ones).
Results: Gait velocity was statistically slower in adults with AD than the controls across all conditions (all p values <0.025).
Stride time variability was significantly different between groups for straight path single task (p = 0.045), straight path
multi-task (p = 0.031), and Figure of 8 multi-task (0.036). Gait and cognitive task costs increased while multi-tasking, with
performance decrement greater for people with AD. None of the people with AD self-prioritized gait over the cognitive task
while walking in a straight path, yet 75% were able to shift prioritization to gait in the complex walking path.
Conclusion: Learning to use a 4-wheeled walker is cognitively demanding and any additional tasks increases the demands,
further adversely affecting gait. The increased cognitive demands result in a decrease in gait velocity that is greatest in adults
with AD. Future research needs to investigate the effects of mobility aid training on gait performance.
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INTRODUCTION

Cognitive deficits, balance problems, and gait dis-
orders are common and progressive in Alzheimer’s
disease (AD) [1, 2], leading to impaired mobility,
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falls, and fall-related injuries [3]. Importantly, peo-
ple with dementia have an annual fall risk of 60–80%,
twice that of the cognitively normal [4], and have a
higher risk of major fall-related injuries, such as hip
fractures [5]. Current fall prevention guidelines have
not been successful in reducing falls in people with
dementia [6]. A first-line rehabilitation intervention
strategy for balance and gait problems is provision of
a mobility aid (e.g., cane or walker); yet, paradoxi-
cally, use of a mobility aid in people with dementia
has been shown to be associated with a three-fold
increased odds of falling independent of other factors
[7].

Mobility requires significant cognitive resources
for balance and adapting walking to negotiate obsta-
cles, and planning a path [8]. Executive function is
essential for mobility [9]; deficits in executive func-
tion happen early in AD and lead to an increased
fall risk [10]. Observing people during a gait task
while they simultaneously perform another task—the
dual-task paradigm—is an accepted way to assess
the relationship between cognition and mobility, and
reflects circumstances that lead to falls in real-life [11,
12]. If the demands of doing multiple tasks simultane-
ously exceed the cognitive capacity of an individual,
then the performance on one or both tasks will deteri-
orate [11]. The cognitive load, or difference between
the single and combined tasks, quantifies the demands
on executive function resources.

The increased falls risk with mobility aid use
could be the result of increased cognitive demands
related to attentional processing and neuromotor con-
trol that leads to an unstable gait [13]. Cognitive
demands will vary with task novelty and task com-
plexity, an increased cognitive demand is associated
with an increased falls risk [14, 15]. Task complex-
ity can include the configuration of the walking path
executed. People with AD experience a significant
deterioration in gait quality compared to age and sex
matched controls when walking in a Figure of 8 pat-
tern than walking in a straight line [16]. In this study,
lower executive function scores were associated with
a longer time to walk in a Figure of 8 pattern while
maneuvering around obstacles [16]. Ambulation with
a mobility aid is also a complex motor activity and
results in increased cognitive demands in healthy
younger adults when using a standard walker and
wheeled walker [17, 18]. Cognitive demands while
walking with a 4-wheeled walker were greater in
adults with AD compared with cognitively healthy
older adults, particularly when maneuvering around
obstacles [19]. This study by Hunter et al. did not

assess spatial or temporal gait parameters, but quan-
tified cognitive load as the difference in time (which
is directly related to velocity) and the number of steps
(which is a temporal marker) to complete a gait task
with and without use of a 4-wheeled walker.

While research has demonstrated an increased cog-
nitive load in people with AD while learning to
use a 4-wheeled walker [19], it is unknown whether
changes in temporal and spatial gait characteristics
that are markers of instability occur as well. There-
fore, the objectives of this study were to evaluate in
cognitively-healthy adults and people with mild to
moderate AD: 1) the changes in gait parameters of
velocity and stride time variability, and 2) the gait
and cognitive task cost of newly learning to use a 4-
wheeled walker using a dual-task paradigm. It was
hypothesized that using a 4-wheeled walker would
result in gait instability that was more pronounced
with complex walking paths and in conjunction with
the performance of cognitive tasks while walking
in the AD group than the cognitively healthy older
adults.

METHODS

Participants

Adults without cognitive impairment and adults
with a diagnosis of AD were included in the study.
The AD group was recruited from a local day pro-
gram and had a geriatrician confirmed diagnosis of
AD based on the National Institute of Neurologic
and Communicative Disorders and Stroke-AD and
Related Disorders Association (NINCDS-ARDRA)
criteria [20]. Controls were recruited from a local fit-
ness program. Approval of the protocol by the Heath
Sciences Ethics Review Board of the University of
Western Ontario, London, Canada was obtained prior
to the study commencement. Informed consent was
provided by either the participant or their substi-
tute decision maker. For participants with AD, if the
substitute decision maker provided informed consent
then the participant provided assent to participate in
the study.

For people with AD, the inclusion criteria were
1) confirmed diagnosed of AD within the mild to
moderate stage as indicated by a Mini-Mental State
Examination [21] score of 11–24 [22], 2) be at least 50
years of age, and 3) be able to walk for 30 meters with-
out assistance from another person and do not depend
on a mobility device for independence. Adult controls
met inclusion criteria by 1) being at least 50 years
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of age, 2) being able to walk independently without
the need of support from another person or a mobil-
ity device, 3) no subjective cognitive complaints, and
4) a score on the MMSE greater than 24. Exclusion
criteria for both groups were: 1) inability to under-
stand verbal instructions given in English, 2) having a
concurrent neurological disorder that affected motor
control, or 3) having a walking impairment due to
musculoskeletal disorders. All data were collected
over 15 months from March 2017 to May 2018.

Outcome measures

Participant information for socio-demographics
(e.g., age, sex, years of education), detailed medical
information (e.g., number of comorbidities, number
of prescription medications), and physical activity
levels (assessed by self-report: vigorous, engages in
structured exercise program for 30 min three times a
week; moderate, engages in physical activity at least
three times a week; sedentary physical activity less
than three times a week) were obtained from either the
participant or their substitution decision maker. The
Lawton-Brody Instrumental Activities of Daily Liv-
ing and Basic Activities of Daily Living scales were
used to record independence status during activities
of daily living [23]. The Iconographical-Falls Effi-
cacy Scale, a validated tool for older adults with and
without cognitive impairment was used to assess fear
of falling [24, 25]. Vision was assessed for contrast
sensitivity using the Mars Contrast Sensitivity Test
(Perceptrix®) and spatial relations with the Stereo
Fly Test (Stereo Optical Company®). All participants
completed the same study procedures.

Single-task cognitive assessment
A seated baseline measure for the time to complete

the cognitive task of performing 10 serial subtractions
by ones from 100 was completed by all participants
prior to the gait assessment. Time to the nearest 100th
of a second with a stop watch, total responses and
number of correct responses were recorded.

Gait assessment
Two tri-axial accelerometers (Locomotion Eval-

uation and Gait System, LEGSys™, BioSensics,
Cambridge, MA) were attached to the frontal plane of
each of the participant’s lower limbs to obtain spatial-
temporal gait characteristics. The gait parameters of
interest were velocity and stride time variability [26].
Stride time variability was quantified using the coef-

ficient of variation:(
Mean

Standard deviation

)
× (100)

There were a total of 6 test conditions - two walk-
ing path configurations: a straight path (SP) of 6
meters and the Figure of Eight Walking Test (F8) [27]
each with three task conditions. The task conditions
were: single-task (ST) conditions in which partic-
ipants walked each path configuration without use
of the 4-wheeled walker (SP ST, F8 ST), dual-task
(DT) conditions in each path was completed using
a 4-wheeled walker (SP DT, F8 DT), and multi-task
(MT) condition of walking each path configuration
while using a 4-wheeled walker and counting back-
wards from 100 by 1s (SP MT, F8 MT). Cognitive
performance during the multi-task testing was mea-
sured with the recording of the number of responses
and the accuracy of the responses. Participants were
not instructed to prioritize the gait or the cognitive
task during the multi-task testing. The order of testing
was straight path single-task, straight path walk-
ing with 4-wheeled walker, straight path multi-task
counting backwards by 1 s while using 4-wheeled
walker, Figure of 8 single-task, Figure of 8 walking
with 4-wheeled walker, and Figure of 8 multi-task
counting backwards by 1 s while using 4-wheeled
walker.

Participants were provided with a 4-wheeled
walker that was sized to each person by the research
assistant (i.e., height of the handles for the walker
were adjusted to be level with wrist crease with the
arm hanging by the participant’s side when standing
erect). Each person was given instructions on how to
appropriately use the 4-wheeled walker while walk-
ing, repeating instructions as required for people in
both groups. Participants were allotted 5 min to prac-
tice walking around the room with the gait aid before
gait testing commenced. In order to get accustomed
to the study protocol, participants performed a prac-
tice trial for each walking task at a self-selected usual
walking speed. Testing consisted of two trials at a
self-selected usual walking speed per condition that
were averaged for analysis.

Data analysis

Gait velocity and stride time variability data were
tested for meeting assumptions of normality Shapiro-
Wilks test, kurtosis and skewness index, and Levine’s
Test of constant variance. Stride time variability
deviated from normality and statistical analysis was
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performed using log10 transformation of the data.
The comparison of velocity and stride time variabil-
ity across walking conditions and between groups
was completed using a 2-way repeated measures
ANOVA, adjusted for age. The test condition (i.e.,
the 6 walking tasks) comprised the within-group
variable and group (i.e., controls and AD) was the
between-groups variable. Where appropriate for con-
trol of multiple comparison bias, per-comparison was
undertaken using a Bonferroni correction. Cohen’s d
effect size (ES) was calculated to quantify the mag-
nitude of the difference between the two groups.
Benchmark values for ES to estimate the magnitude
of the effect were classified as: trivial (<0.20), small
(0.20 to <0.50), moderate (0.50 to <0.80), or large
(>0.80) [28].

To address the second objective, two new outcome
measures were derived from the data (gait cost and
cognitive cost associated with the multitasking). A
negative multiplier was used in the calculation of
both gait and cognitive cost so that negative values
indicate a decay in performance and positive values
indicate an improvement in performance. Gait cost
for velocity was calculated as the percentage change
in velocity for the single-task of usual walking to each
of the DT and MT conditions for straight path and fig-

ure of 8:
[

SPST − DT or MT
SPST

]
× (100) (−1) Gait cost

for velocity was compared using a similar ANOVA
procedure described for the first objective (with fac-
tors including group and walking condition).

Task cost for cognitive performance was deter-
mined by first calculating the correct response rate
(CRR) for the single-task cognitive test and multi-
task tests as: (Response rate per second X percent
correct). CRR accounts for speed and accuracy of
responses given [29]. Cognitive task cost was calcu-
lated as:[

CRR serial subtractions seated - CRR serial subtractions walking

CRR serial subtractions seated

]
× (100) (-1)

The interpretation of the task cost value is the
same for both gait and cognition. A negative value
indicates poorer performance under the dual-task or
multi-task conditions (e.g., slower velocity under the
dual-task condition). A positive value indicates better
performance under dual-task or multi-task conditions
(e.g., faster velocity or greater number of responses or
greater accuracy of responses). A comparison of gait
task cost for velocity between the groups was again

done, using a split-plot repeated measures ANOVA
with group and walking condition as factors.

A performance-resource operating characteristic
(POC) graph was created by plotting cognitive task
cost (x-axis) versus gait task cost (y-axis) for the
multi-task conditions to demonstrate the trade-off
between the gait and cognitive tasks when performed
simultaneously [15]. Performance could fall into one
of four quadrants: 1) upper left – improvement of
gait with worsening of cognitive task, 2) upper right
– improvement of gait with improvement of cognitive
task, 3) lower left – worsening of gait with worsen-
ing of cognitive task, and 4) lower right – worsening
of gait with improvement of cognitive task. Perfor-
mance that falls on the axes at 0% task cost for gait
and cognition indicates no change in performance
between single- and dual-task conditions. A diag-
onal line cuts through quadrants 2 and 3, this line
indicates a 1 : 1 trade-off during dual-task perfor-
mance; to the left of this line gait is prioritized and
the cognitive task is prioritized to the right of the
line [15].

A priori, sample size calculation was based on our
previous research in people with dementia [19], and
suggested that a sample size of 25 participants per
group is needed for a power of 80% with � = 0.05 to
detect a 10% difference in dual-task cost.

RESULTS

Twenty-seven participants with AD were recruited,
but four were unable to subtract by 1 s and there
were technical issues with the accelerometers for
another three participants. Twenty-four controls were
recruited, but two had incomplete data for the
gait testing. Therefore, twenty participants with
AD (age = 79.1 ± 7.1 years) and 22 adult controls
(age = 68.5 ± 10.7 years) were included in the anal-
ysis for this study. Participants with AD were older,
had less formal education, were less able to com-
plete instrumental activities of daily living and scored
lower on cognitive measures than the older adult con-
trols (see Table 1).

Gait velocity results suggested a non-significant
interaction between group and test (p = 0.552),
but statistically significant main effects for group
(p = 0.001). This is graphically depicted in (Fig. 1)
(data presented in Supplementary Table 1). Gait
velocity was statistically significantly different
between the groups for each of the test conditions
(p values < 0.025).
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Table 1
Demographic and clinical characteristics of the sample of cognitively-healthy adult controls

and adults with mild to moderate Alzheimer’s disease (AD)

Characteristic Mean±SD or frequency and percentage (Min–Max)
Adult Controls (n = 22) AD (n = 20) p

Age (y) 68.5 ± 10.7 79.1 ± 7.1 0.001
(54.0–90.0) (61.0–88.0)

Sex (n, % female) 17 (74) 10 (50) 0.147
Body Mass Index (kg/cm2) 29.4 ± 5.8 26.1 ± 3.6 0.027

(20.1–40.7) (18.4–33.2)
Education (y) 16.0 ± 3.9 12.4 ± 2.8 0.004

(12.0–26.0) (8.0–17.0)
Iconographical Falls Efficacy Scale 12.4 ± 2.5 13.2 ± 4.5 0.445

(10.0–18.0) (10.0–25.0)
Instrumental Activities of Daily Living 8.0 ± .0 2.4 ± 1.5 <0.001

(8.0 – 8.0) (.0–8.0)
Basic Activities of Daily Living 6.0 ± .0 5.4 ± 2.4

(6.0–6.0) (.0–6.0)
History of falls in past 12 months (n, %) 5 (22) 3 (15) 0.586
High Contrast Sensitivity (logCS units) 0.14 ± 0.12 0.33 ± 0.23 0.002

(–0.01–0.40) (.00–1.10)
Low Contrast Sensitivity (logCS units) 0.35 ± 0.20 0.50 ± 0.25 0.031

(0.10–0.70) (0.10–1.00)
Stereo Fly Test (circles, seconds of arc) 71.36 ± 81.61 254.67 ± 254.95 0.016

(40.00–400.00) (60.00–800.00)
Stereo Fly Test (animals, seconds of arc) 100.00 ± 0.00 176.92 ± 130.09 0.054

(100.00–100.00) (100.00–400.00)
Physical Activity Level (n, %) <0.001

Sedentary 0 (0) 5 (25)
Moderate 4 (17) 11 (55)
Vigorous 19 (83) 4 (20)

Mini-Mental State Examination 29.6 ± 0.73 21.2 ± 4.2 <0.001
(27.0–30.0) (13.0–28.0)

p-value for statistical significance adjusted for multiple comparisons, p < 0.005.

Stride time variability demonstrated no statistically
significant interaction (p = 0.685) or main effects
for test condition (p = 0.378). This is graphically
depicted in (Fig. 2) (data presented in Supplementary
Table 2). There were statistically significant differ-
ences between groups for the straight path single task
(p = 0.045, Cohen’s d = 0.54), straight path multi-task
(p = 0.031, Cohen’s d = 0.73), and Figure of 8 mul-
titask (p = 0.036, Cohen’s d = 0.96) conditions, the
effect sizes ranged from moderate to large.

Task costs for gait velocity and cognition are pre-
sented in Table 2. The interaction for condition x
group was not statistically significant (p = 0.135),
but only gait velocity task cost demonstrated a
significant effect for group (p = 0.022). Pairwise
comparisons demonstrated a statistically significant
difference between groups for simple path multi-
tasking (p = 0.010, Cohen’s d = 1.19) and Figure of
8 multitasking (p = 0.003, Cohen’s d = 1.21) There
were no statistically significant interaction or main
effects for cognitive task cost. The POC graph (Fig. 3)
demonstrates that in the straight path and Figure of 8
path, performance on cognition and gait deteriorated

in the multi-task test condition for both groups. In the
straight path multi-task condition, 0% of people with
AD self-prioritized gait over cognitive performance
compared to 36.4% in the adult controls. In the Figure
of 8 multi-tasking condition, 75% (15/20) people with
AD and 59% (13/22) adult controls self-prioritized
gait over cognitive performance.

DISCUSSION

This study has demonstrated that people learn-
ing to use a 4-wheeled walker will have an increase
in cognitive demands compared to usual unassisted
walking. Post hoc pairwise comparisons indicated
differences between groups were only detected for
the multitasking condition and the demands were
greater for people with AD. Gait velocity was slower
in people with AD for all the test conditions. Inter-
estingly, people with AD had greater stride time
variability compared to the adult controls for walk-
ing in a straight path alone and in the straight path
and Figure of 8 with the walker while multitasking.
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Fig. 1. Gait velocity (mean ± standard deviation) for older adults and adults with mild to moderate Alzheimer’s disease while learning to use
a 4-wheeled walker under straight and Figure of 8 path configuration. ∗analysis adjusted for age; SP ST, straight path and walking without
the walker; SP DT, straight path and walking with 4-wheeled walker; SP MT, straight path and walking with a 4-wheeled walker while
counting backwards by ones; F8 ST, figure of 8 path and walking without the walker; F8 DT, figure of 8 path and walking with a 4-wheeled
walker; F8 MT, figure of 8 path and walking with 4-wheeled walker while counting backwards by ones.

Fig. 2. Stride time variability (mean ± standard deviation) for older adults and adults with mild to moderate Alzheimer’s disease while
learning to use a 4-wheeled walker under straight and Figure of 8 path configuration. ∗analysis adjusted for age; SP ST, straight path and
walking without the walker; SP DT, straight path and walking with 4-wheeled walker; SP MT, straight path and walking with a 4-wheeled
walker while counting backwards by ones; F8 ST, figure of 8 path and walking without the walker; F8 DT, figure of 8 path and walking
with a 4-wheeled walker; F8 MT, figure of 8 path and walking with a 4-wheeled walker while counting backwards by ones.
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Table 2
Task costs for gait and cognition for cognitively-healthy adults and adults with Alzheimer’s disease (AD) while walking with a 4-wheeled

walker and walking with a 4-wheeled walker while counting backwards by ones

Mean ± SD 2-way repeated measures ANOVA∗ (p)
SP DT SP MT F8 DT F8 MT

A. Task cost for gait (%)
AD –8.03 (12.76) –27.82 (12.47) –10.15 (12.09) –24.04 (12.59) Condition: p = 0.316
Adults –6.88 (10.36) –12.15 (13.86) –9.21 (6.82) –11.19 (8.68) Group: p = 0.022

Condition x Group: p = 0.135
p = 0.972 p = 0.010 p = 0.491 p = 0.003 Post hoc pairwise-comparisons
d = 0.10 d = 1.19 d = 0.10 d = 1.21 (p and Cohen’s d effect size)

B. Task cost for cognition (%)
AD –31.25 (39.94) –36.75 (33.02) Condition: p = 0.237
Adults –13.57 (20.26) –17.92 (23.11) Group: p = 0.162

Condition x Group: p = 0.595

SP DT, straight path and walking with 4-wheeled walker; SP MT, straight path and walking with 4-wheeled walker while counting backwards
by ones; F8 DT, figure of 8 path and walking with 4-wheeled walker; F8 MT, figure of 8 path and walking with 4-wheeled walker while
counting backwards by ones; ∗analysis adjusted for age.

Learning to walk with the 4-wheeled walker resulted
in mutual interference for the gait and cognitive tasks
in the multi-task test condition. Importantly, all of
the people with AD prioritized the cognitive task
when walking in a straight path and then shifted to
the majority prioritizing gait in the complex walk-
ing path. This is the first study the authors are aware
of to present the effects of learning to walk with a
4-wheeled walker on gait parameters and cognitive
demands.

Wright et al. [17] were the first to evaluate the cog-
nitive demands of people learning to use a walker. In
their sample of healthy young adults, verbal response
time to an auditory stimulus slowed while walking
with a standard and 4-wheeled walker. Hunter et al.
[19] found people with mild to moderate AD learn-
ing to use a 4-wheeled walker demonstrated increased
cognitive demands when walking in a complex path
maneuvering around obstacles, but not in a straight
path compared to age and sex-matched controls. Con-
sistent with the study by Hunter et al. [19], our
study found cognitive demands were not increased
in straight path walking with use of the 4-wheeled
walker only; it was when the more complex activity of
multi-tasking was performed that cognitive demands
increased when walking in a straight path. Our results
are consistent with the existing literature that learning
to use a 4-wheeled walker is cognitively demanding
for both cognitively-healthy adults and adults with
AD, those demands are greatest for those with AD
while multi-tasking.

It is understood that the concurrent performance
of multiple tasks competes for attentional resources,
but there is also an unconscious prioritization of the
tasks in the absence of explicit instructions [12]. It

is believed that older adults give priority to the gait
task over the cognitive task to ensure stability and
prevent falls while walking, what is called a posture-
first strategy [11]. In our study, we found the gait and
cognitive task costs during multi-task testing showed
a deterioration in performance when using the 4-
wheeled walker and counting backwards by ones.
In the absence of explicit instructions for task pri-
oritization in the combined test conditions, none of
the adults with AD prioritized gait in the straight
path which is consistent to findings in other patient
populations where the cognitive task is found to be
prioritized over gait, increasing the risk of falling
[12]. In contrast, the majority of the older adults and
adults with AD prioritized the gait task over the cogni-
tive task in the complex path, adopting a posture-first
strategy. Our finding that people with AD were able
to shift task prioritization to gait in the more diffi-
cult test path configuration to achieve a posture-first
strategy is a novel finding.

An increase in stride time variability has been
demonstrated in people with AD in dual-task gait test-
ing with a secondary cognitive task [30]. Stride time
variability quantifies the automaticity of gait from
one stride to the next during steady-state walking,
with greater variability indicating an unstable gait
pattern and an association with mobility decline and
falls [31]. Our study found no relationship of increas-
ing variability with increasing task complexity across
the testing conditions for stride time variability. One
explanation for the lack of an expected increasing
stride time variability in the multi-tasking condi-
tion is that the serial subtraction by ones may have
entrained and enhanced performance due to the rhyth-
micity of the counting. Beauchet et al. [32] found
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Fig. 3. Performance-resource operating characteristic graph for demonstration of between task trade-offs of gait and cognitive tasks during
multi-task gait testing (walking while using a 4-wheeled walker and counting backwards by ones) in cognitively healthy older adults (o) and
people with mild to moderate Alzheimer’s disease (o).

that some cognitively-healthy older adults were able
to significantly improve their gait variability when
performing a dual-task gait test through the rhyth-
micity of the gait and cognitive activity leading to
an improvement in cognitive capacity for the com-
bined activities. Yet, counting backwards has been
found to increase stride time variability in older adults
with dementia and frontal lobe dysfunction walking
without aids [33]. Another explanation for our results
is that the 4-wheeled walker could have provided
increased stability from bilateral upper limb support
thus offsetting the effects of the cognitive task. We did

find some difference between groups for the people
with AD having greater variability than the controls.
The potential mechanism by which mobility aid use
increases falls risk in people with dementia could be
mediated by an increase in instability quantified as
stride time variability caused by an increased cog-
nitive load. The dementia process is associated with
greater gait impairments than expected by the aging
process alone, so the increased fall risk in people
using a mobility aid is likely a proxy for advanced
disease pathology associated with greater gait impair-
ments [34].
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The results from this study provide an interesting
contrast to those seen in participants learning to use a
single-point cane (See Part I [35]). Although the use
of mobility aids led to impaired walking parameters
in both study samples, changes in spatial-temporal
gait parameter were more pronounced in the groups
learning to use a single-point cane. However, it does
highlight that even though single-point canes are con-
sidered an introductory mobility aid, our findings
suggest they are most disruptive on walking abili-
ties due to their unique motor sequencing demands.
In the present study, the gait stride time variability
appeared to increase with increasing task complexity,
particularly in the AD group. Clinically, this find-
ing may suggest that the response to increasing task
complexity is also more varied in people with AD.

This study has several limitations to review and
consider in the interpretation of the findings. Our
sample is not generalizable as our participants were
all recruited from a specialty day hospital program
for people with dementia and therefore are not rep-
resentative of all people with AD. We also did not
recruit people with severe disease who were ambu-
latory, but 15% of enrolled people were unable to
complete the counting task highlighting the variabil-
ity even within the mild to moderate disease severity.
There were also differences between the samples on
age and reported levels of physical activity, though
adjustment was done statistically future studies may
benefit from age and sex matching of the sample.
There are several strengths of this study including
the assessment of gait parameters in order to detail
the relationship between cognitive demands and gait
performance. Though our secondary cognitive task
used in the multi-tasking was serials subtraction by
ones, a low complexity activity, it challenged the peo-
ple with AD close to their performance limits which
is important in evaluating the magnitude of effects
in the cognitive-motor relationship. We also assessed
task costs related to both gait and cognition, allowing
the evaluation of task prioritization in the absence of
explicit instructions.

Conclusion

Learning to use a 4-wheeled walker is cogni-
tively demanding in both cognitively-healthy adults
and people with mild to moderate AD. The adverse
changes in gait were greatest in the people with
AD. Importantly, any additional demands to the
walking task and maneuvering around obstacles fur-
ther adversely affects gait. The increased cognitive

demands results in a decrease in gait velocity that is
greatest in adults with AD, yet there was not a sta-
tistically significant increase in stride time variability
across the tasks. Future research needs to investigate
the effects of mobility aid training on gait perfor-
mance and falls reduction in people with AD.
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