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1 | INTRODUCTION

Abstract

Subjective cognitive decline (SCD) may represent a preclinical manifestation of objec-
tive cognitive impairment. This review consolidated existing findings to determine
if dual-tasks objectively differentiate between individuals with SCD, motoric cogni-
tive risk syndrome (MCR), mild cognitive impairment (MCI), and dementia. MEDLINE,
Embase, PsycINFO, CENTRAL, AgeLine, and CINAHL were systematically searched for
dual-task studies examining older adults with SCD and analyzed using random-effects
meta-analyses. Thirteen studies met the inclusion criteria. Within the SCD group,
faster gait speed (SMD, 1.35; 95% Cl, 0.57-2.13; p = .0007) and longer step length
(SMD, 0.85; 95% Cl, 0.44-1.26; p < .0001) favored the single compared to dual-task
condition. Faster gait speed was observed in the SCD group compared to MCI (SMD,
0.48; 95% Cl, 0.28-0.67; p = .0001). A standardized dual-task approach is needed
to track gait parameters longitudinally, beginning with changes occurring at the SCD

stage as these may precede future cognitive impairments.
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Highlights

* Evidence demonstrates that SCD may be a precursor to dementia.

» Faster dual-task gait speed was observed in the SCD group compared to MCI.

* Slower dual-task gait speed and shorter step length were observed within the SCD
group.

* Dual-tasks may help differentiate between preclinical and clinical cognitive decline.

* Dual-tasks should be standardized and changes should be tracked longitudinally.

in 2050. Since dementia treatments remain limited, increasing atten-

tion is being paid to the transitional period between healthy cognition

Dementia has been recognized as a major contributor to mortality and and cognitive impairment as it may present a critical window for inter-
disability among older adults and the prevalence of dementia is pro- ventions that help maintain cognitive health.22 This includes the stages
jected tonearly triple from 57 million casesin 2019 to 152 million cases of subjective cognitive decline (SCD) or motor cognitive risk syndrome
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(MCR) as well as mild cognitive impairment (MCI), which has been iden-
tified as a potential precursor to dementia in a subset of diagnosed
individuals.*

MCl is characterized by the presence of subjective cognitive com-
plaints (SCC), objective deficits compared to age-related norms, and
the absence of dementia and functional deficits related to cognition.3?
SCD, a distinct stage that may precede MCI, is characterized by per-
sistent, self-perceived declines in memory or other cognitive domains
that are not associated with an underlying disease.® Others have fur-
ther adapted the criteria to diagnose MCI by highlighting evidence of a
relationship between gait and cognition.” This preclinical stage, known
as MCR, is comparable to SCD in that cognitive complaints are based
on self-reports.® However, MCR also requires a clinical gait assess-
ment, which may serve as a predictor of future cognitive decline on
its own. SCD and MCR are, therefore, treated as distinct groups in the
literature.

Unlike MCI and dementia, the manifestation of SCD symptoms
remains unclear but many are exploring other objective measures such
as declines in gait speed to help identify cognitive impairments.?10
Furthermore, there are several terms used synonymously with SCD,
including subjective memory complaints (SMC), subjective cognitive
complaints (SCC), subjective cognitive impairment (SCI), and subjec-
tive memory impairment (SMI), that have yet to be standardized.!* For
clarity, SCD will be used to encompass these terms in this review.

The importance of early identification of subtle cognitive declines
has been highlighted in recent studies since SCD onset can occur up
to 15 years before objective cognitive declines emerge.’? Cognitive
complaints are also frequently attributed to aging or depression but
longitudinal studies on older adults with SCD demonstrate an elevated
risk for conversion to MCI and dementia.*!! Individuals with SCD
may also exhibit early pathology, similar to dementia, including com-
pensatory cerebral mechanisms and the presence of tau and amyloid
beta peptides.!® This is supported by a recent review that demon-
strated that structural and functional neuroimaging can be used to
differentiate between individuals with and without SCD, highlighting
the role of neural markers in SCD characterization.'* Nevertheless,
there are currently no standardized neuropsychological, self-report,
or informant instruments to identify SCD.121° Current SCD classifi-
cation approaches rely on self-reported questionnaires of everyday
functioning® or a single question related to memory decline (e.g., “Do
you feel like your memory is declining?”).1®

Alternate approaches that have been effective at differentiat-
ing between older adults at different stages of cognitive decline
include dual-task outcomes.'” Dual-task studies examine the simulta-
neous performance of two tasks, which is related to one’s attentional
capacity.’® Given that attention deficits often coincide with cognitive
decline, older adults with objective cognitive impairment (i.e., MClI,
dementia) typically exhibit worse dual-task performance and greater
changes in brain activity than healthy, age-matched older adults.!?
More specifically, motor performance outcomes during dual tasks (i.e.,
gait speed), have been increasingly proposed as objective indicators
to differentiate between those with and without SCD, MCR, MCI,

and dementia.l”:1?20 Similar to neural markers, decrements in perfor-
mance during dual (i.e., walking and talking) compared to single (i.e., just
walking) tasks may be an important tool to characterize SCD and assist
in more accurately identifying older individuals at risk of cognitive
decline.1221.22

The purpose of this systematic review and meta-analysis is to
examine dual-task studies and determine whether dual-task outcomes
can be used to identify differences within and between groups of
older adults with SCD compared to controls, MCI, and dementia.
Importantly, unlike previous reviews, the present review is the first
to examine dual-task outcomes as a measure to differentiate within
and between individuals at preclinical and clinical stages of cogni-
tive decline. This includes measures beyond cognitive performance on
traditional paper and pencil tests such as motor and neuroimaging
outcomes, which have previously been used as a proxy for cognitive
decline and occur as a result of increased cognitive load.”-23 Unlike tra-
ditional paper and pencil tests, dual tasks provide a novel approach
to understanding cognitive functioning and may have the potential
to supplement existing classification approaches that enable timely

interventions to preserve cognitive health.

2 | METHODS

2.1 | Study design

This systematic review and meta-analysis were reported following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.?* The protocol was registered in the Inter-
national Prospective Register of Systematic Reviews (PROSPERO,
CRD42023416378).

2.2 | Eligibility criteria

Inclusion and exclusion criteria were determined using the PICO
(population, intervention, comparison, and outcome) model. Eligible
studies examined older adults with SCD 60 years and older who per-
formed a dual task. SCD was defined using the criteria established
by the SCD-Initiative working group which includes individuals with
self-reported cognitive complaints but without objective cognitive
impairments.® This could be assessed using one or more questions
such as “Do you feel like your memory is worsening?”, self-report ques-
tionnaires of everyday cognitive function, or by physician assessments.
Dual-task interventions were included if two tasks (i.e., any combi-
nation of cognitive and motor tasks) were performed simultaneously.
Studies examining within- or between-group comparisons between
SCD and controls, MCR, MCI, and dementia were included. MCI was
defined using Petersen criteria, and dementia had to be diagnosed by
a physician.? Study protocols, reviews, abstracts without full-texts, and
studies specifically examining SCD with other co-occurring conditions

(e.g., stroke) were excluded.



SALZMAN ET AL.

Diagnosis, Assessment 3of14

2.3 | Search strategy

A peer reviewed?® search strategy was conducted on March 30, 2023
in MEDLINE (Ovid), Embase (Ovid), APA PsyclInfo (Ovid), Cochrane
Central Register of Controlled Trials (CENTRAL; Ovid), Ageline
(Ebsco), and CINAHL (Ebsco) (Table S1). The full search strategy can
be found in the Open Science Framework (https://osf.io/r6h29/). No
limits to language or publication date were applied. The main search
concepts comprised of terms related to older adults, SCD, and dual-
task paradigm. In addition, references from the included studies and
those from previous systematic reviews on SCD were hand-searched

for other relevant studies.

2.4 | Study selection

Search results were exported to Covidence (Veritas Health Innovation,
Melbourne, Australia), and duplicates were eliminated using the plat-
form’s duplicate identification feature. The titles and abstracts were
then independently screened in pairs, by two of four authors (S.F,, T.S.,
CT, and E.L.) followed by the full-text review. Conflicts were resolved

by a discussion until a consensus was reached.

2.5 | Data extraction and synthesis

Data extraction of study characteristics and outcomes was indepen-
dently conducted by two reviewers (T.S. and E.L.) using a custom extrac-
tion form. When there was insufficient information in an included
study (i.e., missing or unclear data), study authors were contacted
for the information. A random effects meta-analysis was conducted
using Review Manager 5.4 to compare single and dual-task outcomes
within the SCD group and between the SCD group and controls, MClI,
and dementia populations. Meta-analyses were conducted when there
were at least three studies with dual-task outcomes. The random
effects model was chosen to account for variability between dual-
task study designs. Dual-task outcomes were pooled, and Hedges’ g
statistic was used as a measure of the standardized mean difference
and 95% confidence intervals (Cls).2¢ Data were transformed for out-
comes when a larger change indicated worse performance as opposed
to better performance to ensure consistency between outcomes. Small
(d = 0.20), medium (d = 0.50), and large (d = 0.80) effect sizes were
used, and p < .05 was considered statistically significant.2” |2 statistic
was used to evaluate statistical heterogeneity and was classified into
small (<25%), medium (26%-74%), and large (>75%) groups.2® Sub-
group analyses were only conducted when there were at least three
similar studies. When an insufficient number of studies were reported

for a particular outcome, findings were described narratively.

2.6 | Risk of bias

The risk of bias and methodological quality was assessed using the

Joanna Briggs Institute Critical Appraisal tools.2? This included seven

Disease Monitoring

criteria that were rated by two reviewers (T.S. and E.L.) as yes, no,
unclear, or not applicable. Disagreements were resolved by a consen-
sus between both reviewers.

3 | RESULTS

3.1 | Search results

Database searches yielded 7644 studies and 3814 remained after
duplicate removal (Figure 1). A further 3768 records that did not meet
the eligibility criteria were excluded at the title and abstract screening
stage. Forty-six studies were then reviewed at the full-text stage and
33 studies were excluded for examining the wrong population (n = 16),
study design (n = 11), comparator (n = 2), intervention (n = 2), and
outcomes (n = 2). Thirteen studies met the eligibility criteria and were

included in the meta-analysis.17-30-41

3.2 | Study characteristics and demographics
Study demographics and baseline neuropsychological test scores are
reported in Tables 1 and 2, respectively. The publication period ranged
from 2011 to 2022 and of 1598 participants, the majority were cat-
egorized as SCD (n = 748), followed by MCI (n = 389), controls
(n = 284), and dementia (n = 175). Six studies recruited participants
from memory clinics, and seven recruited from the community. The
proportion of female to male participants was approximately equal
across studies except for two which predominantly examined female
participants.>234 The mean age of SCD participants ranged from 63.3
to 73.5 years compared to 66.4-71.9 years in controls, 70.1-73.0 years
in MCl, and 76.0-87.2 years in dementia.

All studies compared SCD to controls, MCI, or dementia groups.
Specifically, four studies compared SCD exclusively to controls343?

or MCI*%37 two compared SCD to controls and dementia, 3840

35

one compared SCD to MCI and dementia,”® one compared SCD

to controls and MCI,3® one compared SCD to controls, MCI,

17

and dementia,”’ and three studies conducted within-group SCD

analyses.?233 Single and dual-tasks outcomes were reported in seven

studies, 17:30.31,36-38,40

whereas six studies only reported dual-task
outcomes, 327353941

Walking with a cognitive task was the dual-task selected across
eight studies.30-32.35-38.4041 Other motor tasks included the Timed Up
and Go (TUG) test,” knee extensions,3® or standing balance3*
tasks, respectively. The cognitive tasks included serial seven
subtractions3:32353840 i fijve studies, animal or month naming
in three studies,”3%3> counting backwards®13> or spelling words
backwards3¢37 in two studies, and story or words recall,®® verbal
fluency,®2 and reciting alternating letters of the alphabet*! in one
study. Two studies used an auditory-visual dual task with a button

33,39

response, and one study varied sensory conditions during standing

balance.?*
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FIGURE 1

3.3 | Dual-task outcomes

3.3.1 | Neuroimaging outcomes

Four studies examined brain imaging using functional near-infrared
spectroscopy (FNIRS),*%*1 magnetic resonance imaging (MRI),3% and
functional MRI (fMRI),%? respectively. The fNIRS findings demon-
strated oxyhemoglobin changes (AHbO2) in the left prefrontal cortex
were greater during the dual task compared to a single task in the
SCD group while deoxyhemoglobin changes were reduced (AHHb).*°
In addition, the SCD group demonstrated greater AHbO2 during the
dual task compared to the control,**4! whereas reduced AHbO2 was
observed in the dementia group compared to SCD.*° When exam-
ining the blood oxygenation level dependent (BOLD) signal in fMRI,
greater bilateral thalamus (predominantly pulvinar), caudate and pos-
terior cingulate, left hippocampus, and parahippocampal gyrus changes

were observed in the SCD group compared to control without any

PRISMA flow diagram of study selection. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

differences between single- and dual-task activations.2? Using MRI,
decreased brain volume was observed in an SCD group with hyperten-
sion compared to without but the effects of hypertension on SCD were
not clearly established.33

3.3.2 | Motor outcomes
Several dual-task motor outcomes were examined but the most com-
mon was gait performance. This includes gait speed,30-3235-38 step
length,32:3840 step duration,® step velocity,*° stride time,3! and gait
cycle time variability.3? The remaining studies measured peak knee
extension®® and postural control.34

When comparing gait speed in the SCD and dementia groups, gait
speed was slower in the dementia group during the dual tasks.3°38
The dementia groups also had a reduced step length384° and veloc-

ity compared to the SCD group.“? Comparisons between SCD, control,
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and MCI groups also demonstrate worse outcomes in the MCI group
such that the knee peak extension angle was larger in the MCI group
compared to SCD and in the SCD group compared to the control.°
The SCD group also demonstrated longer center of pressure (COP)
path lengths than the control group when standing on a compliant
surface.3* Within-group comparisons in the SCD group revealed longer
COP path lengths during the eyes-closed condition compared to an
open condition.3* Similarly, informant-reported SCD was associated
with a greater dual-task coefficient of variation (CoV) of stride time
than non-informant based SCD.3!

Comparisons between single and dual tasks in the SCD group
demonstrated that gait cycle time variability was greater during the
dual task compared to walking alone.?2 Shorter step length324° and
slower velocity“? were also reported in the dual- compared to single-
task conditions. In contrast, dual-task step length and duration were

similar between SCD and controls when comparing between groups.32

3.3.3 | Cognitive outcomes

17,32,34,37,40 and com-

Cognitive accuracy was measured in five studies
pared to MCI and dementia groups. Cognitive accuracy was greater
in the SCD group during verbal fluency, serial seven subtractions, and
spelling words backward while walking.173740 One study reported
that cognitive accuracy was greater in the SCD group compared to the
control during the serial seven subtractions and walking dual task.4°
Within group manipulations of difficulty, revealed no differences in
cognitive accuracy based on the difficulty of the dual-task condition in
the SCD group.3* One study examining two different SCD group inter-
ventions only demonstrated a trend for increased cognitive accuracy

post-intervention in the dual-task intervention group at 52 weeks.32

3.3.4 | Other outcomes
Two studies examined motor reaction time via button press in response
to a stimulus.3337 Of these studies, one did not find any differences
between the SCD and controls,3? whereas the second study only com-
pared reaction times within the SCD group and demonstrated slower
reaction times in an SCD group with hypertension compared to those
no hypertension.33

Three studies demonstrated greater dual-task costs (i.e., DTC = [sin-
gle task - dual task/single task] x100) in the MCI group compared
to SCD, but these interactions did not reach significance.1”:3%35 |n
contrast, when the SCD and dementia groups were compared, the
dementia group had significantly higher dual-task costs than the SCD
group.3> Comparisons between SCD and controls prove to be more
variable with dual-task costs favoring both groups.173%3> However,

these interactions did not reach significance.

3.3.5 | Motoric cognitive risk syndrome

One study examined dual-task performance in MCR during walking

while reciting alternating letters of the alphabet task.*! Gait speed and

Disease Monitoring

stride velocity were slower and cognitive accuracy decreased during
the dual task in the MCR group compared to the controls. Dual-task
costs, however, were not significantly different between groups.

3.4 | Meta-analyses
3.4.1 | Single- and dual-task outcomes in SCD
Gait speed

Seven studies, encompassing 392 participants with SCD, compared
gait speed during dual-task walking to walking alone. One study®’
which demonstrated faster gait speed during the single compared to
dual-task condition was excluded from the meta-analysis due to an
overlapping participant sample with another study.3® The remaining
four studies3%32:35-38 demonstrated faster gait speeds during the sin-
gle compared to dual tasks, whereas one study found the opposite
effect.3! This is supported by the results of the meta-analysis which
revealed a large, pooled effect size favoring the single-task condition
(SMD, 1.35; 95% Cl, 0.57-2.13; p = .0007) (Figure 2). A high level of
heterogeneity (12 = 95%) was obtained.

Step length

Three studies examined step length.323840 Al studies demonstrated
longer step lengths when participants walked alone compared to walk-
ing with a cognitive task. The meta-analysis findings support this such
that a large, pooled effect was obtained that favored the single-task
condition (SMD, 0.85; 95% Cl, 0.44-1.26; p < .0001) (Figure 3). A
medium level of heterogeneity (12 = 45%) was obtained.

3.5 | Dual-task outcomes in SCD and controls

Three studies compared dual-task outcomes in the SCD group and
controls. When examining gait speed, two studies reported faster
gait speeds in the control compared to the SCD group,®1*® and one
study found the opposite interaction.?° Meta-analysis findings were
not significant.

3.6 | Dual-task outcomes in SCD and MCI

Four studies examined dual-task outcomes in the SCD group compared
to MC1.30:35-37 Al studies observed faster gait speeds in the SCD group
compared to MCI. However, one study®’ was excluded from the meta-
analysis due to an overlapping participant sample with another study.3¢
The meta-analysis findings demonstrated a medium effect size favoring
the SCD group (SMD, 0.48; 95% Cl,0.28-0.67; p=.0001) but with alow
level of heterogeneity (12 = 0%) (Figure 4).

3.7 | Risk of bias

A summary of all risk of bias criteriais presented in Table S2. All studies

clearly outlined the inclusion and exclusion criteria and described the
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Single task Dual-task Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ali 2022 110.8 3.7 33 984 3.2 33 15.2% 3.54 [2.75, 4.33] —_—
Beauchet 2017 110.4 18.4 69 112.7 22.9 69 17.4% -0.11 [-0.44, 0.22] -
Boa Sorte Silva 2018  116.5 16.7 63 85.4 28.2 63 17.2% 1.33[0.95, 1.72] -
Cullen 2019 115.3 25.6 46 66.2 21 46  16.7% 2.08[1.57, 2.59] —
Lowe 2020 70 14 133 60 14 133 17.6% 0.71 [0.46, 0.96] -
Rantalainen 2020 139 10.9 21 127.9 15.5 21  16.0% 0.81[0.18, 1.44] —
Total (95% CI) 365 365 100.0% 1.35[0.57, 2.13] P
Heterogeneity: Tau? = 0.89; Chi? = 105.84, df = 5 (P < 0.00001); I> = 95% _54 _52 5 é "t

Test for overall effect: Z = 3.38 (P = 0.0007)

Favours Dual-Task Favours Single-Task

FIGURE 2 Meta-analysis of gait speed within the SCD group in the dual- compared to single-task condition. SCD, subjective cognitive decline;

SD, standard deviation.

Single task Dual-task Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci 1V, Random, 95% CI
Boa Sorte Silva 2018 64.7 7.9 63 58.4 10.6 63  46.7% 0.67 [0.31, 1.03] o
Rantalainen 2020 69.5 5.1 21 659 5.6 21 27.3% 0.66 [0.04, 1.28] —
Teo 2021 71.2 4 23 63.1 7.2 23 26.0% 1.37[0.72, 2.01] —=
Total (95% CI) 107 107 100.0% 0.85 [0.44, 1.26] <&
Heterogeneity: Tau? = 0.06; Chi? = 3.64, df = 2 (P = 0.16); I> = 45% _34 _32 5 é j‘

Test for overall effect: Z = 4.03 (P < 0.0001)

Favours Dual-Task Favours Single-Task

FIGURE 3 Meta-analysis of step length within the SCD group in the dual- compared to single-task condition. SD, standard deviation; SCD,

subjective cognitive decline.

SCD MClI Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Ali 2022 94.8 18.9 33 87.7 19.1 24 13.3% 0.37 [-0.16, 0.90] T
Cullen 2019 86.4 21.9 46 77.54 246 77 27.6% 0.37[0.00, 0.74] .
Lowe 2020 60 14 133 52 15 119 59.0% 0.55 [0.30, 0.80] E 3
Total (95% ClI) 212 220 100.0% 0.48 [0.28, 0.67] L 2

Heterogeneity: Tau? = 0.00; Chi® = 0.80, df = 2 (P = 0.67); I> = 0%
Test for overall effect: Z = 4.83 (P < 0.00001)

I
1

2 -1 0 1 2
Favours MCI Favours SCD

FIGURE 4 Meta-analysis of dual-task gait speed in the SCD group compared to MCI. MCI, mild cognitive impairment; SCD, subjective

cognitive decline; SD, standard deviation.

study participants and setting. SCD was identified using a self-report
question or questionnaire in six studies,31:32:34.384041 by 5 physician
or specialist in four studies,”3°-37 and by the SCD-Initiative working
group criteria in three studies.?%333? The individual components of the
dual tasks were also clearly reported and measured in a valid and reli-
able way. For example, gait parameters were measured using a gait mat
or by delineating start and stop points for walking trials.31-3¢:37:40 Dyal-
task outcomes were analyzed using appropriate statistical methods,
suggesting a low risk of bias for these criteria. Two studies did not iden-
tify confounding factors®340 and two studies did not clearly describe
the strategies used to manage confounders.323? Due to the small num-
ber of studies omitting this criterion, it is unlikely to have affected the
overall analysis.

4 | DISCUSSION

This review examined whether dual-task outcomes could be used to
discriminate between individuals with SCD, healthy controls, and those

diagnosed with cognitive impairment such as MCl and dementia. Find-
ings revealed that dual-task performance was worse than single-task
performance within the SCD group, which is consistent with changes
observed in the literature.2 When comparing SCD to other groups,
dual-task gait speed was slower in the MCl group compared to SCD, but
findings were mixed when comparing SCD to controls. Functional imag-
ing findings show promise for delineating SCD from controls, but the
limited number of studies preclude meta-analyses in these groups. Few
studies directly compared individuals with dementia with SCD thus

preventing meta-analyses with these groups.

4.1 | Single- and dual-task outcomes within the
SCD group

Results from the current meta-analysis demonstrated that gait param-
eters differed between single and dual tasks in the SCD group. In
individuals with SCD, step length was shorter and gait speed was
slower during the dual-task condition which required participants to
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walk while executing a cognitive task in comparison to walking alone.
Consistent with the literature, dual tasks necessitate greater cogni-
tive control compared to single tasks. As stated in the capacity sharing
theory, attention is a finite resource and must be shared when two
tasks are performed simultaneously.*? Changes in step length and gait
speed may, therefore, be the result of motor adaptations and changes
in gait mechanics to meet the continuous attentional demands of dual-
tasking. These adaptations have been further linked to several different
factors including an individual’s cognitive and sensorimotor capacity.*3

A similar effect would be expected for other measures of mobil-
ity and lower limb function identified in this review such as knee
extension,3C step duration,*® step velocity,*® and stride time.3! How-
ever, insufficient data prevented pooling these outcomes in meta-
analyses. One reason for fewer studies examining these measures may
be the emergent nature of dual-task paradigms in people with SCD. In
addition, compared to other gait parameters, gait speed can be easily
measured without any specialized equipment and has been used as a

reliable marker of cognitive capacity in SCD and MC|.20:44

4.2 | Comparison of outcomes between SCD and
non-SCD groups

Another important characteristic of gait speed is that decrements in
this measure may precede the clinical onset of cognitive decline by
a decade.**~%6 This is consistent with investigations of MCR, which
specifically examine individuals with cognitive complaints and slow
gait speed, given that gait changes may serve as an early marker of
cognitive decline.® The current systematic review only identified one
dual-task MCR study which found no differences overall in dual-task
costs, but cognitive accuracy was worse in the MCR group compared
to controls.*! Since MCR groups inherently display slower baseline gait
speeds, similar dual-task costs may reflect the MCR group’s ability to
adapt motorically at the expense of cognitive performance.

Udina et al.’s (2021) findings of decreased cognitive performance
may reflect the posture-first strategy, which argues that healthy older
adults intrinsically prioritize posture over cognitive performance to
ensure stability.*” Since this was observed in MCR, this group may
be more comparable to healthy older adults than those with MCI.
However, the posture-first strategy may be context-dependent, and in
the case of a dual task, may depend on the difficulty of the cognitive
or motor task.3743 The effects of different motor tasks on dual-task
outcomes have not been examined in MCR, but evidence from an
SCD study found that SCD groups may compensate motorically under
challenging dual-task conditions.3* Specifically, increased stability (i.e.,
decreased postural sway) was observed during a complex standing bal-
ance task in an SCD group compared to controls.3* In contrast to the
MCR study, the balance task did not affect cognitive accuracy as scores
were similar between the SCD and non-SCD groups.

Due to variability in the choice of cognitive tasks, cognitive accu-
racy data could not be pooled for meta-analyses, but accuracy was
generally worse in the SCD group compared to the non-SCD control

group.7:3440 |n the studies identified in this review, certain cognitive

Disease Monitoring

tasks may have influenced dual-task outcomes such that greater cog-
nitive accuracy was observed during animal naming,’” naming months

17 and serial seven subtractions®® in the control group

backwards,
compared to the SCD group. In contrast, when a listening task was
used, there were no differences in cognitive accuracy.®* The authors
suggested that the listening task may not have been sufficiently chal-
lenging to identify differences between groups.3* Given these findings,
it is possible that dual tasks targeting cognitive domains that are more
susceptible to decline such as verbal fluency or memory may better
identify declines in older adults with SCD. Furthermore, the cognitive
dual-task component is not typically well learned like walking or stand-
ing balance motor tasks. It is unclear whether the cognitive tasks were
practiced before being evaluated and may have thus contributed to
more pronounced declines in cognitive performance.

In addition to performance measures such as gait speed and cogni-
tive accuracy, a subset of the included studies examined brain activity
in older adults with and without SCD.3339-41 The goal of these stud-
ies was to capture neural changes that are associated with changes in
attention or “mental effort” within and between groups. For example,
functional magnetic resonance imaging (fMRI), electroencephalogra-
phy (EEG), and fNIRS have all been used to examine neuroimaging
markers of SCD.3337-41 While findings point to increased brain activ-
ity, or increased mental effort being required with each successive
stage of cognitive decline, the studies included in this review each used
different neuroimaging methods and targeted different brain regions.
These findings should thus be interpreted with caution as more stud-
ies are needed to replicate existing findings. Nonetheless, a recent
review concluded that neuroimaging can be used to identify differ-
ences between individuals with and without SCD, but this was not
examined in dual tasks.* Qur lab has since investigated cerebral oxy-
genation outcomes using fNIRS and has identified differences between
individuals with and without SCD, in alignment with the findings of the
present review.*®

Recent reviews have also identified that structural imaging such as
MRI may be used to detect differences between older adults with SCD
and those at different stages of cognitive decline, but these reviews
have not been conducted using the dual-task paradigm.4#? Therefore,
future studies should consider monitoring changes in brain structure
and function during cognitively challenging scenarios as this may help
explain the underlying cause of cognitive complaints. Nonetheless, a
standardized approach is needed to determine whether these brain

changes lead to an increased risk of MCl or dementia.

4.3 | Comparison of outcomes between SCD and
other population groups

Dual-task outcomes were stratified across different stages of cognitive
decline including MCI and dementia. Although there were no signif-
icant differences in gait speed between SCD and controls, dual-task
gait speed was faster in the SCD group compared to MCI.3%35-37 Thijs
suggests that there are detectable dual-task differences in motor per-

formance between individuals who are clinically healthy and those
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with MCI. Dual tasks have been linked to greater costs in MCI groups
compared to healthy controls and demonstrate greater sensitivity in
detecting cognitive deficits than walking alone.**

The relationship between cognition and mobility has often been
linked to changes in executive function, which typically demonstrate
deficits at the MCl stage.2? This may explain why greater dual-task per-
formance decrements are present in individuals with MCI compared to
SCD.%0 In addition, changes between MCI and SCD may be more pro-
nounced due to the existence of different MCI subtypes. One study
identified that free recall is correlated with gait variables specifically
in older adults with amnesic MCI (aMCl).> Currently, SCD subclas-
sifications have not been identified nor explicitly compared with MCI
subtypes. However, SCD plus factors such as the time since SCD onset
may have a similar purpose in identifying subtypes of SCD and an
increased risk of cognitive decline.

There were no significant differences in other measures such as
dual-task costs in the SCD compared to MCI and control groups.
Dual-task costs measure any change in performance between a task
performed on its own compared to simultaneously with another. They
arise when dual-task performance decrements are greater than those
of single tasks and are typically a result of the increased task load
of performing two tasks simultaneously. Dual-task costs have thus
served as an indirect measure of executive functioning and attention.
However, among the three studies that examined it in the present
review, findings were variable in the dual-task costs were greater in the
dementia group compared to SCD but similar between SCD, MCI, and
controls.17:30:35

Few studies have directly examined changes in dual-task perfor-
mance between SCD and dementia groups.2>3849 One reason may
be that individuals experiencing significant cognitive declines may be
unable to overcome the attentional demands of dual-tasking. Nonethe-
less, among the three studies identified in this review, dementia group
findings aligned with MCI such that gait speed was slower in the
dementia group compared to MCI and SCD.3> Other gait parameters
such as step duration and step length declined in the dementia com-
pared to the SCD group further demonstrating decreased stability in

groups with objective cognitive impairments.3840

4.4 | Clinical implications
The single- and dual-task changes between SCD and other groups
identified in the present review shed light on a potential measure
to supplement the existing characterization of SCD. In turn, this may
contribute to more timely interventions to preserve cognitive out-
comes and a tool to monitor changes in cognition longitudinally. Future
research should consider evaluating clinically significant cutoffs of
dual-task performance in SCD based on conversion rates to MCI or
dementia.

On the other hand, the consequences of the overdiagnosis of SCD
must be considered. The overdiagnosis of preclinical conditions may
lead to misleading results and negative behavioral and psychological

effects, particularly in those concerned about their cognition. While

the SCD-Initiative working group suggests that SCD diagnoses should
be considered on an individual basis, actively screening for SCD may
be inadvisable.?! In addition, given the broad nature of SCD, many
individuals may be overreporting cognitive complaints.’? Therefore,
the SCD plus features set forth by the SCD-Initiative working group
suggest additional factors including whether individuals seek medical
attention, are concerned about their cognition, and report persis-
tent of cognitive complaints, among others, that should be considered
when characterizing SCD.2! Taken together, this may help facilitate the
clinical interpretation and implications of SCD.

5 | STRENGTHS AND LIMITATIONS

Significant heterogeneity was present in the meta-analyses, which
may be due to several factors. First, age plays a role in SCD such
that cognitive complaints reported in individuals aged less than 60
years may be related to worse cognitive performance compared to
those aged greater than 60 years whose complaints may signify
neurodegeneration.’® The terminology used to classify individuals with
SCD remains unstandardized and is further reflected in this review.!?
This was overcome by broadening our search terms to include more
keywords based on the established criteria of the SCD-Initiative work-
ing group.2! If SCD is to be a distinct stage within the continuum of
normal cognition to cognitive decline, then it is necessary to establish a
consensus on the terminology used to describe it.

It is important to note that differences in dual-task performance
and reports of SCD may exist between males and females and may
be a source of heterogeneity between studies. Although the studies
included in the present review did not examine sex-based differences
in SCD, females may be more likely to report cognitive complaints and
have a higher incidence of Alzheimer’s disease.>*>> Evidence also sug-
gests that females may perform better on memory and verbal fluency
tests than males, which are often used to assess SCD and objective cog-
nitive declines.>® This further extends to dual-task walking such that
women demonstrate greater dual-task gait costs and lower dual-task
cognitive costs than men.>”

Furthermore, most studies in this review included criteria or ques-
tions centralized on memory, despite various etiologies that may drive
SCD.2! To capture the complexities of SCD, other cognitive domains
such as language, executive functions, or attention should be explored
as they are frequently reported in a clinical setting.!? Finally, other
factors such as anxiety, depression, and comorbidities such as car-
diovascular conditions may be associated with SCD but were not

accounted for in this review.”®

6 | CONCLUSION

The present review compared SCD, MCI, MCR, dementia, and control
groups and identified differences in gait speed between SCD and MCI
groups and worse dual compared to single-task gait and cognitive

accuracy performance within the SCD group. Since there were no
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differences in dual-task outcomes between SCD and control groups,
gait parameters may not be effective at discriminating between
individuals with and without SCD. Dual-task imaging outcomes show
promise for differentiating SCD from controls, but more research is
needed to determine the significance of these findings across different
neuroimaging methods. In addition, dual-task outcomes must be
tracked longitudinally to determine whether they can be used as a
marker of cognitive decline, but a standardized approach is needed to
select the appropriate dual-task paradigm and outcome measures that
are sensitive enough to distinguish between individuals at different

stages of cognitive decline.
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