J Korean Soc Phys Med, 2022; 17(1): 93-108
https://doi.org/10.13066/kspm.2022.17.1.93

Online ISSN:2287-7215
Print ISSN:1975-311X

Research Article

AA71s ZAE7 Ae =909 °olF Al B3P AA7)THe]
Ao dig AAH £ 3F

AT - 2O - ZRIg - Tl UKL - BlRlEE - M2 - AlSl - e -
UFEY - W4 £2EL - 0[5t
A et B 2ett

The Correlation between Gait and Cognitive Function in Dual-task Walking
of the Elderly with Cognitive Impairment: A Systematic Literature Review

Jae—Yeon Shin - Ye—Jin Kim - Ji-=Sue Kim - Su—Bin Min - Jae—Ni Park - Jae—Han Bae -
Hee—Eun Seo - Hee—Sun Shin - Young—Eun Yu - Ju=Young Lim - Ji-Soo Jang -
Young-Woo Cho - Han—-Suk Lee, PT, PhD'

Department of Physical Therapy, Eulji University

Received: November 7 2021 / Revised: November 8 2021 / Accepted: December 3 2021

(©2022 J Korean Soc Phys Med

| Abstract |

PURPOSE: This review sought to confirm the correlation
between dual-task gait and cognitive function in cognitively
impaired and healthy older adults.

METHOD: We used four databases (DBs), Pubmed,
Cochrane library, Kmbase, and Koreamed. Searches were
carried out according to the PICOS method, P (participants)
were the elderly (above 65 years) with cognitive decline, 1
(intervention) was walking with dual tasks, C (control group)
comprised the elderly without cognitive decline, O (outcome)

was the correlation between gait and cognitive function and S
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(study) was the cross-sectional study. For the methodological
quality assessment of each study, we used the Quality
Assessment Tool for Observation Cohort and Cross-
Sectional Studies provided by the National Institutes of
Health (NIH).

RESULTS: A total of 10 articles were included in this
systematic review. For the components of gait, we used pace,
rhythm, and variability and we observed that mild cognitive
impairment mostly causes low gait performance while
performing dual tasks. Among the 10 articles, 9 articles
studied pace, of which 7 showed significant results. However,
2 were not significant. Also, 1 article that studied rhythm and
3 articles that studied variability showed significant results.
The methodological quality of the 10 studies was fair.
CONCLUSION: Gait pace was found to have a high
correlation between memory, which is a cognitive ability, and

overall cognitive function. It was observed that older adults
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with mild cognitive impairment have reduced gait pace in
single-task walking, and further decrease in dual-task gait
pace shows the correlation between memory and gait pace

during walking.

Key Words: Cognition, Dual-task, Gait, Old adult, Cognitive
dysfunction
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Table 1. Keywords used for the Searches by Database

Cochrane

PubMed

Kmbase

Koreamed

Locomotion

MeSH headings: gait, gait
disorders, neurologic,
walking, executive function,
reaction time, psychomotor
performance, task
performance, and analysis

MeSH headings: 'gait, gait
disorders, neurologic, walking,

executive function, reaction time

Keywords: walk*, stride*, step,
steps, stepping, gait*,
locomotion*, processing speed,
pace*, velocity*, rhythm*,
symmetry, asymmetry, step

length*, step time, swing time*,

stance time*

Keywords: gait*, step*, stride*,

walk*

Keywords: gait, walk, step, stride

MeSH headings: cognition,
cognition disorders, cognitive

MeSH headings: cognition,
cognition disorders, cognitive

Key words: cognit*

MeSH heading: cognition,
cognition disorders, cognitive

. dysfunction dysfunction, attention dysfunction
Cognition .. .. ..
Keywords: cognitiv*, Keywords: cognitive, cognition
neurocognitiv*, MCI, benign
senescent
Dual-task dual task, two task, second dual task, two task, second task, Keywords: dual-task, two task, Keywords: dual-task, two task,
ual-tas
task, concurrent task concurrent task second task, concurrent task  second task, concurrent task
MeSH headings: dementia, ~MeSH headings: dementia, Keywords: dementia*, MeSH heading: dementia,
Alzheimer disease, Parkinson Alzheimer disease, Parkinson Alzheimer disease* Alzheimer disease
. disease, stroke disease, stroke Keywords: dementia, Alzheimer
Dementia

Keywords: dementia*,
Alzheimer*, forgetfulness,
impair*, pre-dementia state
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Table 3. The results of the Quality Assessment Tool for the Observational Cohort and Cross-Sectional Studies, National

Institutes of Health

Total li
Study (authors & years) I 23 4 5 6 7 8 9 101 12 13 14 loa Quly
score  power
Auvinet B. et al., 2017 1 1 1 1 1 0 0 1 1 0 1 0 NA 0 8 Fair
Coppin, A. K. et al., 2006 1 1 1 1 0o 0 0 1 1 0 1 0 NA 0 7 Fair
Doi, T. et al, 2014 1 1 1 1 0o 0 0 1 1 0 1 1 NA 1 9 Fair
Gillain, S. et al., 2009 1 1 1 1 0 0 0 1 1 1 1 0 NA 0 8 Fair
Ijmker, T. & Lamoth, C. J, 2012 1 1 1 1 0O 0 0 1 1 0 1 0 NA 1 8 Fair
Konig, A. et al., 2017 1 1 1 1 0o 0 0 1 1 0 1 0 NA O 7 Fair
Montero-Odasso, M. et al., 2009 I 1 1 1 I 0 0 1 1 0 1 I NA 0 9 Fair
Montero-Odasso, M. et al., 2014 I 1 1 1. 0 0 0 1 I 0 1 0 NA 1 8 Fair
Sheridan, P. L. et al., 2003 1 1 1 1 0 0 O 1 1 0 1 0 NA O0 7 Fair
Venema, D. M. et al., 2013 1 1 1 I 0 0 0 1 1 0 1 0 NA 0 7 Fair
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822 Records screened

l

143 Full-text articles
assessed for eligibility

Screening

673 Records excluded in
title and abstract reading

)

Full-text articles excluded,
with reasons

- Study population under
l the age of 65 (N=15)

- Study population with
other gatt disorders such
as Parkinson’s diseaze,
stroke (N<7)
l = Studies focusing on falls,

depression, physical
actvity, single task (N+20)
- Studies that dlearly

Eligibility

10 Studies included in
qualitative synthesis

)

10 Studies included in
quantitative synthesis
(system review)
(n=10)

Included

deviate form the purpose
of our research (N=33)

(

Fig. 1. Prisma flow chart presenting the search yield for the
structured review.
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Table 4. Main Characteristics of the Studies
Authors Chmctérislics of Performance of Dual-Task walking Gt analysis tools ComponentAof gait  Cognitive function Main findings
subjects Used tasks Results domain tested (test used)
Correlated

Dual-task (walking with

_ e 1. 30m walking with ~ Walking speed 1.0+.3nmvs, TUG Gait speed (m/s), counting backward);
Auvinet B, et al[41] I;Afllgw‘lg:);i:amégzz counting backward Stride frequency straight 30m Stride frequency ~ Global cognition + memory
: i - N 2 by 1 starting from 50 92+.07Hz, corridor, (Hz), (MMSE) impaiment, | gait speed.
at the usual pace Stride regularity 258+54 Locometrix Stride regularity ’
| stride frequency, | stride
regularity.
Correlated
Dual-task (pick up an
ATMT object, walking over
Usual pace; obstacles, carrying a
Talking while walking weighted vest);
1. Talking while walking  : high .91, intermediate 1 Executive
(usual pace 7m) 96, low 97, function, 1 gait speed
2. Walking with Walking with picking-up Usual pace 7m;
picking-up object object Talking while walking
(usual pace 7m) : high .91, intermediate (p=764), Walking with
Coppin. A K- et 72150, 35Me30F,  package (usual pace S e mowalk e eed () (MMSE), L e
al[44] . ’ packag P . Jarge péckage i 60m walk test (vs) pe Exccutive function  1aree package (p=003)
MMSE 27.2+1.8 7m) : high 1.17, intermediate (M) Fast pace 7m;
4. Walking with 1.20, low 1.18 Walking with obstacles
obstacles (fast pace Fast pace; (p=.000)
7m) Walking with obstacles Fast pace 60m;
5. Walking with a : high 1.13, intermediate Walking with a weight vest
weighted vest (fast 120, low 1.5, (=319

pace 60m)

Walking with a weighted
vest
< high 1.20, intermediate
1.24, low 1.26

No correlated
dual-task (talking while
walking, carrying a large
package): Between
executive function and gait
speed
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h istics of Performance of Dual-Task walking f oait  Cogniti i
Authors Cl amctgrlstlcs of Gait analyss tools Component‘o gait  Cognitive function Main findings
subjects Used tasks Results domain tested (test used)
Correlated
Dual-task (walking while
counting backward);
| Gait speed, | cognitive
a-MCI (n=191), Global cognition -p 4 gn
na- MCT (n=198) (MMSE), functions, | working
age; 71.6+4.9, Processing speed memory,( m all MCI
48%M&52%F, SDST L. Walking whil (SDST), Pparticipants.
I . Walking while . - . Between Processing speed,
. 38.9+74, TMI-B . 5 Horizontal walkway . Executive function
Doi, T. et al[33] 4354167, DS-backward Eounnll:)go backward  Gait speed 1.23+.32m/s (11m) Gait speed (m/s) (TMEB), executive function with
m T™E .
51416, RAVIT 73834, © Memory it speed.
Visual reproduction (DS-backward, DTW qul cognitive
21.9+8.8, MMSE RAVL, Visual functions in all MCT;
26.7£1.9 reproduction) SDST (=395), TMI-B
(r=.373), Digit span
(r=307), RAVLT (=238),
Visual reproduction
(=325).
AD (n=6), age; 73.66,
3M&3F, MMSE ..
22.8342.14, Mattis scale Gx;:"ﬁh"f:" Correlated
22834214, Rey's AD ( : S Dual-task (walking while
complex figure test | Gait speed, Stride length Asca e)’ﬂ/ counting backward);
23.66£6.82, Grober and (When comparing TS-TD, I\/‘I‘:“"" ; 1 global cognitive level,
. Mol
Buschke 16-item free, 1. Walking while Speed -.28+27 / Stride o 1 gait speed, 1 stride
Language (Grober gait spe
Gillin, S. et al[39] recall/cued recall test counting backwards length -.13+.22) TUG, Gait speed (mvs), 4 Buschk frequency in MCL
. .| N
A S LB NOr (ne14), age; 7285, by IUs starting from MC Locometrix Stride length (m) ?m ““ﬁee MMSE:
item free, .
TM&TF, MMSE 50 it speed, Stride length - :
; A Gait specd, Siide | Recallicued recall  Speed (=55), Stride
26.71+1.68, Mattis scale (When comparing TS-TD, test) length (=65)
26.71+1.68, Rey’: _ . ) X ’
% B S speed —.17+.16 / Stride Visuospatial skill Mattis scale; ‘
complex figure test length -.06+.06) (Rey’s complex Speed (r=38), Stride
.60+3.93, Grober and 1 =30
figure test) ength (r=39)
Buschke 16-item free,
recall/cued recall test
Correlated
Older adults (n=14), age; Dual-task (walking with
76.9+4.1, 12M&2F, Global y say a word);
obal cognition . .
MMSE 28.5+1.16, oA MVEE g‘lzm 1 Gait speed, 1 gait
TMI-B -2.5£82, DS Speed .98+.10m/s, Ambulant Gt d () i ) variability, | executive
Jait spee s), luency),
19.8+5.54, CF 31.6+6.01 STm 1.10+.05 1 ter (walk function. i i
. i " 1. Walking with say a m > acoeterometer ( Mezn stride time (s), Memory (TMI-B, function, in dementia.
[imker, T, & Stroop 35.3+10.79 . STev 4.26+1.00% for three minutes at . Gait speed:
Lamoth, C. J[47]  Dementia (n=15) word that starts with Dementi -selected Coefficient of Category fluency), speed;
m L ntia (n=15), 3 i - .. S . 2 (=
Amott mentia age "r", "g", and "p". et A SEESECA PACE  iation stride time  Attention (TMT-B, MMSE (=710), Category
81.746.3, 13M&2F, Speed .51+.18my/s, up and down a 10m %) Diit Span), fluency (r=670), Letter
MMSE 19.643.58, STm 1.19£11s, long course) Executive functi fluency (r=.680)
=X [TV Inction
TMEB -3.6:147, DS STev 12.8856.78% eeutive Tunctio CV sride time:
(Stroop) >
16.8+5.50, CF 143643, MMSE (= 660), Category
Stroop 17.9+7.90 fluency (r=.550), Letter
fluency (r=.480)
AD (n=23), age; 77£9,
12M&11F, MMSE
1744.62, TMI-A ..
66.58+37.67, TMI-B AD Global cognition No correlated
YT N ) (MMSE, FAB),  Dualtask (walking while
279.29+64.05, FAB 1. Walking while Gait speed (sec) 31.91 ine backwards):
10.89+3.94 counting backwards (SD=7.79) CE-marked Memory/ counting backvards):
Kénig, A. et al.[38] o . : Walking speed (sec) ~ Attention (MMSE, DT duration and attention;
MCI (n=24), age; 7549, from 305 in steps of MCI accelerometer .
. TMT-A/B). MMSE subscale attention
8M&16F, MMSE 1 Gait speed (sec) 30.95 Visuospatial ;kill d calculai 190
0S| 3 =—
24754318, TMEA (SD=10) (FpAB) and calculation (=—.190),
564£19.1, TMEB TMIB (=294).

171.73+94.78, FAB
15.1£1.74
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Characteristics of

Performance of Dual-Task walking

Component of gait

Cognitive function

Authors subjects Used ks Rowtlts Gait analysis tools domain fested (test used) Main findings
Correlated
Dual-task (walking with
B naming animals, walking
MCT (n=55), age; L . Global cognition s counting backward);
7774580, someosy, - Velkdng with maming L nimals (MMSE, MoCA), | it speed, | exceutive
Montero-Odasso,  MMSE 268:2.1, MoCA A 65£2mis, ) i Executive finction* on, | memory:
Mot alfde] 224832 LNS 76224, - king vith Countng backward (100 o WIking test - Gt speed (m’) (LNS). dow counting GV
TMEA 558209, couing backward o 1) .63£20ms Memory/ —038), sl . bal GV
™EB 178808 (00 stion G5, 4o
(IMEAB) (p=031).
No correlated
global cognitive level
under dual-tasks.
na-MCI (n=22), age; Correlated
74.1846.54, SM&14F, na-MCI Dual-task (walking with
MMSE 29.14+83, Counting; counting backwards,
MoCA 25.6742.03, Velocity walking with subtracting,
TMT-A 43.31+14.97, 105.16+£21.75¢cmy/s, waking with naming
TMEB 107.70439.72, STev 2.90+98% Global cognition animals);
DS-forward 11.41:2.04, Subtracting; (MMSE, MoCA). 1 aMC | Gait speed,
DS-backward 7.95+2.10, Velocity 93.69+26.32cm/s, Attention L memory (RAVL,
LNS 8.5542.32, RAVLT 1. Walking with STev 4.8343.53% (TMT-A/B, )
(/15) 7.95£2.17, RAVLT counting backwards Naming animals; DS—forward/backw p<}010} dexeautive
(45) 18.954.18, BNT  from 100 by ones  Velocity 95.93:25.63cms, Velocty () ard, INS), ﬁ“‘:“"“ (:,,T\g_B’ lF‘OfO)'
Montero-Odasso, 13.89£1.10 2. Walking with STev 3.82+2.10% GAITRite (@0k) Stide ﬁme‘ g Memory 1 naviL moma
M. et al[42] aMCI (n742), age; subtracting serial 7 a-MCI A o (TMI-A/B, memory, | executive
77.33+7.26, 260M&I18F, from 100 Counting; variability (CV. %) RAVLT), function, | attention.
MMSE 27.2442.07, 3. Walking with naming  Velocity 90.32+25.63cm/s, Executive function Velocity;
MoCA 22.76+2.88, animals STev 4.8143.73% (LNS), Counting gait (p=030),
TMTA 51.03+15.28, Subtracting; Processing speed Naming animal gait
TMIB 141.9:67.81, Velocity 77.90:29.03cmls, (LNS), (p=030),
DS-forward 10.811.82, STev 64745.71% Language (BNT)  Serial sevens gait (p=050)
DS-backward 6.36+2.13, Naming animals; Stride time variability;
LNS 7.2412.85, RAVLT Velocity Counting gait (p=010),
(/15) 2.93+1.83, RAVLT 79.27+27.323cms, Naming animal gait
(/45) 14.05£4.06, BNT STev 5.6345.00% (p=080),
13.20£1.57 Serial sevens gait (p=.270)
Correlated
Dual-task (walking while
performing forward digit
span);
1 Gait variability,
| memory, | executive
function, | global
» cognition, | attention.
AD (n=28), age; Gt speed: 092 18msec Glomi‘; tion MMSE and Stride
77.9+6.9, MMSE . . i T ’ . o o o variability (=470, p=011)
Sheridan, P, L. et 138479, CLOX I 1. Walklng while Sm.de-t(_)-stnde SD of the Foot switch (50 fe, Stride variability ~ Executive function CLOX 1 and Stride
performing forward  stride time 170+99msec, (CV, % mfs), (CLOX 1711, Verbal -
al43] 3545, CLOX T digit span Stride-to-stride CV: ) Gait speed (m/sec) fluency), vasiabily (=460, KF.AOIS)
5.545.3, Verbal fluency 15.8456.4% Atention/ CI;?X I ar;lo Sm(i;:O .
35432, DS 5319 Memory (DS) variability (=490, p=008)

Verbal Fluency and Stride
variability (=530, p=.004)
No correlated
Dual-task (walking while
performing forward digit
span);

Gait speed and memory,
executive function, global
cognition, attention.
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Characteristics of Performance of Dual-Task walking

Authors

Component of gait Cognitive function

Gait analysis tools Main findings

subjects Used tasks Results domain tested (test used)
1. SfSWS ;vh;l? Tf)mlmg Correlated
Zl%wm% ! v SSWS3, TUGI, TUG3
(SSWS1) ! with MMSE and DTC
2. SSWS while counting (=430-570).
= -.. .
backward by 3’s
MCI (n=23), age; - .. Low correlated
G D. M et SSWS3 TUG (3 Global cogniti
e"emal’[ ) ¢ 802480, TM&IGE, 3 (TU o h)_l i sswls( (g")’ Pace (m/s) 7o clg]g O SSWS had a weaker with
& MMSE 22.7:6.6 'f ’V; 'be cl‘f"" e SSWS (6m) (MM MMSE and DTC (=360),
forward by 1’s I
SSWSI (=360, p=090).
(TUGH) (=360, p=090)

4. TUG while counting
backward by 3’s
(TUG3)

SSWS3 (=430, p=.040),
TUGL (=570, p=010),
TUGS (=440, p=040).

Abbreviations as follows; AD (Alzheimer Disease), a-MCI (amnestic MCI), BNT (Boston naming test), CF (Category Fluency), CLOX (Clock drawing task), CV (Coefficient of variation), DS
(Digit Span), DT (Dual-task), DTC (Dual-task cost), DTW (Dual-Task Walking), FAB (Frontal Assessment Battery), GV (Gait Velocity), LNS (Letter Number Sequencing), MCI (Mild Cognitive
Impairment), MMSE (Mini-Mental Status Examination), MoCA (Montreal Cognitive Assessment), na-MCI (non-amnestic MCI), OA (Old Adult), RAVLT (Rey Auditory Verbal Learning Test),
SD (Standard deviation), SDST (Symbol Digit Substitution Task), SSWS (Self-Selected Walking Speed), STev (coefficient of variation stride time), STm (mean stride time), TD (Dual-task), TMT

(Trail Making Test), TS (Single task), TUG (Timed Up and Go), ATMT=Part B-Part A

Table 5. Relationships between Cognitive Function and Gait Domain in Walking with Dual Tasks

Cogniti
. . ognition Global cognition Memory Attention Executive function  Processing speed
Gait domain
® 103
o 104 ® 203
® 507 o 4 ® 3
Pace ® 5 ® 507
® 38
O 709 O 9 O 609 o 9
Rhythm o ! o 1
A ® 5038
Variability ® 5009 ® o ® O ® 905

@ indicates an association was found.

QO indicates no association found.

(1) Auvinet, B et al. (2017); (2) Coppin, A. K et al. (2006); (3) Doi, T. et al. (2014); (4) Gillain, S. et al. (2009); (5) Ijmker,
T., & Lamoth, C. J. (2012); (6) Konig, A. et al. (2017); (7) Montero-Odasso, M. et al. (2009); (8) Montero-Odasso, M. et al.

(2014); (9) Sheridan, P. L. et al. (2003)

(Category fluency: r = .67). 47]12] S17H[46,48,49,47]01| 4]
A3 751 A A, 1709 A-H4s]el A=
QA7) STk Doi SHTIS A 7157} 2al S
7tel 2o A#E W83 th-.373)(Table 5).

2) B3 25(Rhythm)

e 7P ARlER 54
17he] AF@elA Axere] Ay
(Table 5). Auvinet S{431& Auka €1, 7]z}
Wl & (stride frequency), 22 & A(stride regularity)

(i
I
o
Mo rE
B
o
n=

L

o} 5 1Y
E 39 $85-go] Yrbal B 11819 thTable 4).

lo
o o2
£
oL
flo
Jor
r [}
9|L
2
o
_=)
ro
N,
b
e
o
jukad

23] WA (Variability)

9 WEAS BE WEA(stide variability) 7} 2.2
AIZE A strde time variabilityy S AT EL SO, 37)
9] &1H45,49,44]00| 4] H7}=] Q1. [jmker €} Lamoth[49]
AN QIR 7olea} BE A7 WEA 7o) 27
oA e Awe Awye wAsos -
-48~-.66), a-MCI2} na-MCI7} ol gt o H[44]of| A=
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