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E 1 e del £3E BAE] 54X Aol - maARA)
Participants Intervention
i (N, Age+SD) Out come
Author Study design (single task)
CH MCI D GMT FA
Yang, et al. case—control 62 62 2D motion analysis . . .
h
(2024) Study 71.745.2 74.045.4 NA system 8m walking Gait Speed, Cadence, Stride Lengt
Guimardes, et al cross= 13 16 Stride time, Swing time, Stance time
(2023) segi;gsal 78.549.2 83.5+7.1 W1 Rl B3P 20m walking Swing ratio, Stance ratio, etc.
Borliff:kaI' S;Z;?Ei;l 25 25 NA 3D motion analysis 8m Step Length, Step width, Step time,
' TH4. .643. i ing Time, etc.
(2022) pilot study 68.7+4.7 68.6+3.8 system walking Swing Time, etc
Bovoni;?tffnchal, S;Z;?Ei;l 30 32 31 2D motion analysis 3m Force Foot rotation angle, Step length,
. 63.6+4.8 69.9+7.0 71.849.5 system Distribution Mat Stride length, stance phase, etc.
(2022) study
Yamada, et al. Cﬂisi; | 47 45 26 3D motion analysis 9n walkin Gait speed, step length, stride time,
(2021) sectiona 72.344.2  T4.144.8  75.247.5 system s etc.
study
Pau, et al. chart review 34 37 19 . Gait speed, step length, Cadence,
(2020) study 79.143.4  78.843.6  78.943.5 hiv 30m walking stance phase, etc.
de OIIZfIZ? Silva, 5;2;?22;1 17 23 28 2D motion analysis 10m,§;$51ng Velocity, Gait cycle, Cadence, Step
: 6 +4. 145, 446, 1 h, ide 1 h
(2020) study 70.6 +4.3 77.1+5.2 78.4+46.1 system TWT ength, Stride lengt
Lowe, et al. case—control 133 119 . .
(2020) Study 69.349.6 70.949.8 NA manual ly 23ft walking Gait speed, step length
Cross- . .
Goyal, et al. 0 | 8 8 NA Force Distribution 6m Force Velocity, Cadence, Step length,
(2019) sezt;gga 73.142.2 77.94+1.7 Measurement Distribution Mat Stride length

CH: Cognitively Healthy, MCI: Mild Cognitive Impairment, D: dementia, GMT: Gait Measurement Tool, FA: Functional Assessment, IMU: inertial measurement, TUGT:
Timed Up and Go test, TWT: Treadmill walk test
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4 ZBES MI AZECAMO] B &Sk FHolx ofdA HA Aol uhe}

(<3

Adar 2da AT, dgan=de] Hiart 0.12(95% CI, 0.05-0.19)=

W ZEENN A4 mEEs ude o Fols RASEdA meiAe dns

40%, p-value = 0.17) DA EHREDZ BAs19 00 HE27F 0.21(95% CI, 0.19-
0.23)9th. Au) FIEOA FsA AN IIEHT HIY £er = A

BT(2y 2).

Healthy MCI Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Yang et al. (2024) 62 1.11 0.2000 62 0.95 0.2000 I 0.16 [0.09;0.23] 4.6% 11.9%
Guimaraes et al. (2023) 13 0.98 0.2400 16 0.93 0.2500 s 0.05 [-0.13; 0.23] 0.7% 6.9%
Boripuntakul et al. (2022) 25 1.12 0.1500 25 1.07 0.1200 T 0.05 [-0.03;0.13] 4.0% 11.7%
Bovonsunthonchai et al. (2022) 30 0.89 0.0400 32 0.84 0.0400 | 0.05 [0.03;0.07] 57.3% 13.6%
Yamada et al. (2021) 47 1.33 0.1600 45 1.24 0.2100 —p— 0.09 [0.01;0.17] 3.9% 11.7%
Pau et al. (2020) 34 0.92 0.2300 37 0.68 0.3000 ' —*— 0.24 [0.12; 0.36] 1.5% 9.3%
de Oliveira Silva et al. (2020) 17 1.26 0.2300 23 1.21 0.1800 i 0.05 [-0.08; 0.18] 1.3% 8.9%
Lowe et al. (2020) 133 0.70 0.1400 119 0.64 0.1400 o 0.06 [0.03;0.09] 19.0% 13.3%
Goyal et al. (2019) 8 1.10 0.0600 8 0.79 0.0500 i —+— 0.31 [0.26; 0.36] 7.8% 12.6%

]
P
Common effect model 369 367 O 0.08 [ 0.07; 0.10] 100.0% .
Random effects model = 0.12 [ 0.05; 0.19] . 100.0%
Heterogeneity: 12 = 91%, ©° = 0.0084, p < 0.01
-0.3-0.2-0.1 0 0.1 0.2 0.3

Healthy Dementia Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Bovonsunthonchai et al. (2022) 30 0.89 0.0400 31 0.69 0.0400 N 0.20 [0.18;0.22] 91.0% 52.2%
Yamada et al. (2021) 47 1.33 0.1600 26 1.07 0.1800 4‘“7 0.26 [0.18;0.34] 5.3% 24.4%
Pau et al. (2020) 34 0.92 0.2300 19 0.63 0.2500 ———— 0.29 [0.15; 0.43] 2.0% 12.4%
de Oliveira Silva et al. (2020) 17 1.26 0.2300 23 0.96 0.2400 —}—‘—‘— 0.30 [0.15;0.45] 1.7% 11.0%

HE
I

Common effect model 128 99 O 0.21 [0.19; 0.23] 100.0% .
Random effects model < . 0.24 [0.18; 0.29] . 100.0%

Heterogeneity: /2 = 40%, v = 0.0014, p = 0.17 f T f T

A FETE9 NI HZZEOA Aoldas EAS WElRAds F 3 A9
F&o] ¥gtEglon, o]dAo] A YER(I* = 94%, p-value < 0.01) :APF I}
2dYS Aaste] BAEQY. ddgy mele] A xpolrt 9.44(95% CI, 1.15-

17.73)2 A ZZES Hluste] MCI ZEEQ AoldArt FostA wrta 3 4

11
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Healthy McCI Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Yang, et al. (2024) 62 109.55 11.8200 62 105.78 11.5500 ' 3.77 [-0.34; 7.88] 25.0%  33.2%
Pau, et al. (2020) 34 107.30 8.5000 37 100.60 12.6000 —& 6.70 [1.74; 11.66] 17.2%  32.0%
Goyal, et al. (2019) 8 115.07 2.1200 8 97.70 3.2800 . —— 17.37 [14.66; 20.08] 57.8%  34.8%
Common effect model 104 107 < 12.13 [10.08; 14.19] 100.0%

Random effects model — ——— 9.44 [1.15;17.73] . 100.0%
Heterogeneity: 1% = 94%, 1* = 49.5337, p < 0.01 f T T T !
-20 -10 0 10 20

138 3. Aolu e ek & 1

o

A FZIES M ZIECMO &R Zo] R F 5 19 £H<

Z3At. o]AA AR A} FoF oldA o]l FelE (I = 58%, p-value =
0.05) gy wds Agstt. dgday) mdol Hy 2ol 0.11 (95% CI,

0.07-0.3)2 A ZSES] HA 3} HusISlS w MCI ZEES] Ht &1 Zolrt

El

FrelshAl g (CL™ 4).
B AT ES A AZEA ] Fr oo thE HEHEA = F 3 A9

2ol LY. FolaA S o]AAPS H(I® = 66%, p-value = 0.05)

=
fuiti}
fol
A
td
i)
o
ax
oo
p‘L
2
o

o B A3l Hot o] 7k 0.9(95% CI, 0.09-0.1)=
A4 ZZES wluste] v ZZES Fx Zo|rl fFoustA #S A=

HAT(2H 4).
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Healthy MmcCi Weight Weight

Study Total Mean SD Total Mean sb Mean Difference MD 95%-Cl (common) (random)
Yang, et al. (2024) 62 1.22 0.2100 62 1.08 0.1800 I Eaa 0.14 [0.07; 0.21] 4.4% 25.9%
Guimarées et al. (2023) 13 1.10 0.1900 16 1.06 0.1800 — 0.04 [-0.10; 0.18] 1.1% 12.4%
Bovonsunthonchai et al. (2022) 30 1.04 0.0300 32 0.97 0.0300 : 0.07 [0.06; 0.08] 92.6% 40.5%
Pau et al. (2020) 34 1.03 0.2300 37 0.81 0.3200 1 0.22 [0.09; 0.35] 1.2% 13.3%
de Oliveira Silva et al. (2020) 17 1.17 0.2700 23 1.03 0.3100 ——;—f—‘— 0.14 [-0.04; 0.32] 0.6% 8.0%
Vi
|
Common effect model 156 170 O 0.08 [ 0.06; 0.09] 100.0% .
Random effects model = 0.11 [ 0.05; 0.17] . 100.0%
1

Heterogeneity: 12 = 58%, 12 = 0.0020, p = 0.05 T T
-0.3-02-0.1 0 0.1 02 03

Healthy Dementia Weight Weight
Study Total Mean SD Total Mean sSD Mean Difference MD 95%-Cl (common) (random)
Bovonsunthonchai, et al. (2022) 30 1.04 0.0300 31 0.85 0.0300 { 0.19 [0.17;0.21] 97.9% 45.8%
Pau, et al. (2020) 34 1.03 0.2300 19 0.73 0.2300 0.30 [0.17;0.43] 1.3% 30.1%
de Oliveira Silva, et al. (2020) 17 117 0.2700 23 1.13 0.2700 — T 0.04 [-0.13;0.21] 0.8% 24.1%
i
:
Common effect model 81 73 [ 0.19 [0.18; 0.21] 100.0% .
Random effects model —— 0.19 [0.07; 0.31] . 100.0%
Heterogeneity: I° = 66%, t* = 0.0082, p = 0.05 I T T !
-04 -02 0 0.2 0.4
5 = A~
a9 4. F8 Aol fig = 1

88 ATESH NI A3 EoA o] Zgdolo ek wEREA el F 4 19 £3lo]

Hel
%
i,
32,
o
M
1%
i,
&
o
lo
ol
Y
it
rlo

(o]

124 #HA Ayl wah(12 = 89%, p-value <
0.01) AFanwdS Agagom, HFart 0.05 (95% CI, 0.02-0.07)= A4

MCI ZZE9 Adol7l foveiA &2 A5 Bt (2™ 5).

o]
4 BHES o) ZHEE W] TIT £ i B8 F(k=2)7 Hof

248 et

Healthy MCI Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Bovonsunthonchai et al. (2022) 30 0.52 0.0100 32 0.49 0.0100 -H 0.03 [0.03; 0.03] 88.0% 30.5%
Yamada et al. (2021) 47 0.68 0.0700 45 0.65 0.0900 —“‘—‘— 0.03 [-0.00; 0.06] 2.0% 19.5%
Lowe et al. (2020) 133 0.64 0.0800 119 0.60 0.1000 —r— 0.04 [0.02; 0.06] 4.3% 24.3%
Goyal et al. (2019) 8 0.57 0.0200 8 0.49 0.0200 | i —— 0.08 [0.06;0.10] 57%  25.6%
[
|
Common effect model 218 204 (o 0.03 [ 0.03; 0.04] 100.0% .
Random effects model — 0.05 [ 0.02; 0.07] . 100.0%
Heterogeneity: 12 = 87%, v = 0.0005, p < 0.01

-0.05 0 0.05
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plot) o & A|ZtA o7 FHYHEEAE 1),

A2A HPEX 3 JA+

("gait analysis" OR "gait variation" OR "gait variability") AND ("fall" OR
"fall risk")o 2 ZAME 152 A = PubMed FilterS 3] 60 Ao] 1 2F A YJFHAoH,
2 A= AR} 2m& PES 81 AL 2 A% AL 28 Aol BRHo)

gl

Ao

Sl
Mo

gistgon, B4 s nd W4E T AF 2 A9

Initial search
N =152

PubMED filtered out
N = 60

A 4

PubMED filtered
(age, language)

N = 91
Excluded after
— Title & Abstract Review
N = 63
A 4
N R « selection criteria 3 # 1
Title & Abstract reviewed . selection criteria 5 = 2

N =28 » exclusion criteria 1 =30

» exclusion criteria 2 = 30

=dAr, A7 AA, b ok A", FASE AdE FEske] & 2 oA
AAEFATE. Garcia-Villamil et al. (2021) ¢ At Al vz A2 IMUE
&-g3sto] TUG Test & T3 F3wd vl o] B3 5SS vlasiqivt. £4 23,
T8 WFR By S Aods, &

o ATl A, B AT B /) B pol A wolEe] na 54 Bhsl o

14



SR MRS el IUE B8] 2m 27 BAE FAsUn, Fo
A% WEE Aot B Ao, ny £E, Zu v} £FEA

F 2. HEREAl ¥x3d EdE5e SHIAS ol - HA)

Participants .
Authors Study design (N, Age+SD) Interventions outcomes
F N-F GAT FA
\(’}ialrlcalmai_l Crcoassse_—sceocnttlroonla1 1 10 MU TUGT Gait Speed, Cadence,
744, 243, i

ot al. (2021) study 83.7+4.6  78.243.0 Stride Length

S R S oabol do
et al. (2023) 84.245.5  80.946.5 walking § opeed,

cohort study Phase

F: Faller, NF: Non-Faller, GMT: Gait Measurement Tool, AT: Analysis Tool), IMU: inertial measurement, FA: functional
Assessment, TUGT: Timed Up and Go test

4o 5 (=2)9] ol vlalA vEREA S dalste] dabial v grte) ma

L, Aoldx, &H Ho] AZHAe WMo g3t a7](Effect Size)E B7Fst3th.

—r
[-'0
-
o
©
i)

Ae 9.7%% gtol uABgI Rdr FAsiglen, HAdolA
He g rmo Be £%7F fojab @& Ao yegtom(p < 0.0001), o=
FAASE wfg- fFon|gk zpo]E AJAMekTh. R W3t AFo](Standardized mean
difference, SMD)&= -1.21 &, o] & a¥AVE vehly, Yt 23 £x27}
H ko] Hlsl] s =1 ougti(d 7).

Faller Non-faller Standardised Mean Weight Weight

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
Garcia-Villamil et al. (2021) 11 0.58 0.2500 10 0.97 0.1700 3 [2.77;-0.70] 9.4% 13.3%
Alvarez et al. (2023) 86 0.67 0.2500 77 1.00 0.3200 5 [-1.48;-0.82] 90.6% 86.7%
Common effect model 97 87 -1.21 [-1.52; -0.89] 100.0% -
Random effects model -1.23 [-3.74; 1.29] - 100.0%

Heterogeneity: 12 = 10%, t° = 0.0164, p = 0.29

3 -2 -10 1 2 3
Standardized Mean Difference (SMD)

a8 7. By &% g3 & a8 (GAE-E YA

ool o]AAe 0.08% olAAo] gl Aew Ut nHEY ®

e
o

2
oo
rot
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>
iih)
i)
1L
oz
=
o,
)
o
)
e

N

N
=
1L
oz
=

2

vl frefstA W2 Aew

3hol 5 1 tH(p<0.0001) . SMD= -0.78 &, o)== =7boll A & @33 7] (moderate to large
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effect size)E <vwlstH, el Aojdxrt njuggdwnu fFofvsid Yas

AARRIGH( 2™ 8).

Faller Non-faller Standardised Mean Weight Weight
Study Total Mean SD Total Mean sb Difference SMD 95%-Cl (common) (random)
Garcia-Villamil et al. (2021) 11 46.63 8.2500 10 53.11 6.1300 —w— -0.85 [-1.75; 0.05] 11.1% 11.1%
Alvarez et al. (2023) 86 46.60 8.0000 77 52.10 5.8300 — -0.78 [-1.09; -0.46] 88.9% 88.9%
1
i
Common effect model 97 87 = -0.78 [-1.08; -0.48] 100.0% -
Random effects model = -0.78 [-1.08; -0.49] -~ 100.0%
| —— 1 1

Heterogeneity: 1>=0%,1°=0, p=0.88
-15-1-050 05 1 15
Standardized Mean Difference (SMD)

a9 8. Aeld A o

rot
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2 (- )

3. 28X o]

e
o

A7 o] A4e 0.04% ol d4o] g Aow Ay

32

o, 2gday =

—

0
oo
rot
M

X

g Ash gl B Aol el Hd felsA #e Ao

h

VERHTHp<0.0001). SMDE -1.13 o2 & 33 7](large effect size)E HYoH,

ol e &R HolZ} wiyAdtel we Fe] #Avks AS oudu(ad 9).

Faller Non-faller Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
Garcia-Villamil et al. (2021) 11 0.68 0.2400 10 0.97 0.1500 + -1.38 [-2.35;-0.40] 10.4% 10.4%
Alvarez et al. (2023) 86 0.79 0.2200 77 1.05 0.2500 - -1.10 [-1.43;-0.77] 89.6% 89.6%
!
i
Common effect model 97 87 S -1.13 [-1.44; -0.82] 100.0% -
Random effects model —_— -1.13 [-2.19; -0.08] == 100.0%

-2 -1 0 1 2
Standardized Mean Difference (SMD)

Heterogeneity: 2= 0%, P= 0,p =0.60

a9 9. &R oo Wigk & TH(HT-HEET)

QA7) gele] At AT 55 nAAFIMe] A5t 0% e ebs
EF Al 28 BARA P o B T BRS Bgos gt v

2ol wA A Aol W &t BAS AGSHgen], IPTAA wY LE,



Aolds, & Adol7h folahAl FAad Aoz yepsith. of#d 23s nlgew &

A3H QL E HolHAS &3 A

2 dToAe s =diEtn oAl A AlFee F ol Al Mi-
WiSH(Mind-Body Wellness in Supportive Housing) Study (ClinicalTrials.gov
Identifier NCT02346136) tlolEAl& o]-&at3itt. HolEH = 2024 W 11 € 5 & 3=
gt e] MIDAS ZHFA the = =383l
1. HlolE HA g

Mi-WiSH dlo]EH S thez=d & MISE H57F Sl 49 25 A= 133509
Agatglon, F 175 o HolHE &4 o= Srsigitt. volH e MSE H4E
NFEo® AAT s AA24 A o4, MCI(18 #H oAk 24 & wub), Awj(17 7 w|vh) 9
Al ZEEZ FReTh. T, A QER Eatel] glg st o Yk A oJF=
Z|Eo 2 Yt (Fall history = 1)9F ]9/ (Fall history = 0)& &3kl 1
Az} Gt F 32 (A5 AN ZZEE 26 1, MCI ZZEE 6 §)ollem,

HYA TS £ 143 H(RAA ZFE 93 %, MCI ZZE M4 ¥, Xu) I3 E 6 ¥)o|r}.
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3. %4 2%

Aol 23hE 169 o tAES] 542 3 3ol AAISHL lom ANOVA
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G F AN ZIENAE P H]Eol 3 0.8%(8 W), MCI I ENAE
33.3%(2 %) 2 YERgon, nygAd T A FZIEE 39.8%(37 ), MCI ZZEE

20.5%(9 )= JeERGTE, d#Ee] AS- 89 A 23 gaAE YT = AN ZTE 29,

18



=
§iv
ox
af
ol
o
ox,
R
fol
(m
co
)
=
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W Age YA AA FFEA 71,7517 (784, MCI ZZEo| A 84.00+4.94 A =

UElgth, vYATEe AA FTE 72.56+7.24 4, MCI ZEE 74.05+7.09 Al g},

Faller Non-Faller

Healthy MCI Healthy MCI
Gender M 8(30.8%) M:2(33.3%) M:37(39.8%) M:9(20.5%)

>89(N) 2 0 8 3
Age Mean £SD 71.75+7.78 84.00+4.94 72.56+7.24 74.05+7.09

(excluded age >89) iy  — — L T
MMSE (Mean+SD) 26.65+1.60 21.33+1.97 27.00%1.74 20.93+1.86
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ABSTRACT

Fall Risk Assessment in Elderly with Cognitive Disorder

Using Gait Analysis: Systemic Review and Meta Analysis

Yoo, Ah-Hyun

Dept. of Medical and Digital Engineering
Graduate School of

Hanyang University

This systematic review and meta-analysis evaluated key gait variables for assessing
fall risk in older adults with cognitive impairment. Cognitive impairment is associated
with declines in gait ability and an increased risk of falls, underscoring the importance
of quantitative assessment tools.

This systematic review employing gait analysis to investigate the relationship between
cognitive impairment and falls, published over the past decade, revealed notable
discrepancies between cognitively impaired cohorts (i.e., MCI and dementia) and control
groups in key gait variables, including gait speed, cadence, and stride length. Gait speed
was 1dentified as a sensitive indicator of cognitive decline at an early stage, while
cadence and stride length were also identified as key predictors of the interaction between
fall risk and cognitive decline.

Moreover, the findings were validated using an open dataset, which revealed significant

reductions in gait speed, cadence, and stride length in the falls group compared to the
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healthy group, supporting the clinical significance and practical applicability of these
gait variables.

This study demonstrates the feasibility of using gait analysis to assess and predict
fall risk in cognitively impaired older adults, potentially contributing to the development
of personalized fall prevention strategies and gait monitoring programs. Furthermore, it
provides a foundation for integrating gait analysis results into clinical practice and
lays the groundwork for future development of sophisticated fall risk prediction models

utilizing wearable devices and artificial intelligence technologies.
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