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Abstract

BACKGROUND: The decreased postural control ability due to mild cognitive impairment in elderly people leads to the increased risk of falls. Dual-task is the
primary research paradigm for evaluating the relationship between cognition and postural control in the scenes close to real life. The sample entropy of the
plantar center of pressure (COP) displacement during standing can represent the complexity of postural control.

OBIJECTIVE: Based on the COP displacement sample entropy, to analyze the differences in postural stability characteristics and control strategies between older
adults with mild cognitive impairment and cognitively normal older adults during the dual-task with postural control and spatial working memory, aiming to
explore the impact of cognitive impairment on the postural control ability during standing.

METHODS: Sixteen older adults with mild cognitive impairment and 17 cognitively normal older adults were eligible and selected for the study. They completed
five test tasks, including spatial working memory, double-feet balance stance, Romberg stance, double-feet balance stance-spatial working memory dual-task,
and Romberg stance-spatial working memory dual-task, with three valid completions of each task. The plantar COP data were collected by the Kistler 3D force
platform. The indicators included cognitive behavior (cognitive score and reaction time) and kinematic indexes (COP displacement and sample entropy).
RESULTS AND CONCLUSION: The older adults with mild cognitive impairment performed the spatial working memory task with the greatest cognitive score
and the shortest reaction time, the double-feet balance stance-spatial working memory dual-task with moderate cognitive score and reaction time, and the
Romberg stance-spatial working memory dual-task with the smallest cognitive score and the longest reaction time, where the differences were significant
among the tasks (P < 0.05). In the older adults with mild cognitive impairment, the anterior-posterior and medial-lateral COP displacements were significantly
greater, and their sample entropy values were significantly smaller in the double-feet balance stance-spatial working memory dual-task and Romberg stance-
spatial working memory dual-task than in the double-feet balance stance and Romberg stance tasks (P < 0.05). In the spatial working memory task, there were
no significant differences in cognitive score and reaction time between the both groups (P > 0.05); however, in the double-feet balance stance-spatial working
memory dual-task and Romberg stance-spatial working memory dual-task, cognitive scores were significantly smaller and reaction times were longer in the
older adults with mild cognitive impairment compared with the cognitively normal older adults (P < 0.05). In the double-feet balance stance-spatial working
memory dual-task and Romberg stance-spatial working memory dual-task, the older adults with mild cognitive impairment exhibited significantly greater
anterior-posterior and medial-lateral COP displacements and significantly smaller sample entropy values compared with the cognitively normal older adults

(P <0.05). All findings indicate that compared with cognitively normal older adults, older adults with mild cognitive impairment exhibit smaller complexity,
poorer systematic adaption and decreased automatic regulation of the postural control during performing the dual-tasks, who are more susceptible to spatial

working memory interference, leading to the increased risk of falls.
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Figure 1 | Example of spatial working memory
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Figure 2 | Flow chart of the trial
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Table 1 | Comparison of baseline information of subjects in both groups

T H BEENEIRER  RNEFZEN PE
Z4EAN (n=16)  (n=17)

P (55 / L, n) 13/3 13/4

MoCA-B(Xts, 43 ) 22.56+1.93 27.1240.99 -8.599  <0.001

ES (Rts, %) 67.44%2.19 68.18+2.34 0.292 0.773

B (R+s, cm) 163.0243.98 164.4243.70 -0.160  0.297

AR (xts, kg) 62.86%6.30 64.70+5.21 -0.914  0.368

FHEER (Rbs, ) 7.31x2.44 7.06+2.36 0.304 0.763

2.4 ZERIARBIATAFER NS5 RN KAEH
B G455 18 B AT S H G (P < 0.05), = Jm P P L L 3% 2.

*2 | RAEFAZTHE=ETECIZITAZERE (xts)

Table 2 | Behavioral data of spatial working memory test in older adults

415 N1y JRLI K ()
BRIE NG ZAEN (n=16)
SIT 9.501+1.826 46.625+7.089
DD 6.875+2.062 54.751+7.751
DR 4.501+2.033 62.250+7.793
IHIER 24N (n=17)
SIT 10.034+2.121 43.353+5.243
DD 9.412+1.502 48.765+6.359
DR 6.882+1.616 50.118+6.594
R4 2 A
FI§ 3.927 3.233
P14 0.048 0.030
n,2 11 0.106 0.072
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2 P 7% S (SIT vs. DD, P <0.001; SIT vs. DR, P < 0.001;
DD vs. DR, P=0.002); %% I\ ARG 2 4 NFEAT SIT AF
%I ) BRI K B B2, DD AT S &, DRAES &, 1145
(] LU A 22 e 3 W PR X (SIT vs. DD, P=0.003; SIT vs.
DR, P<0.001; DD vs. DR, P=0.008). @i\%IIE & ZEN
FEMAT DRAT S BFINFIAS 70 e/, /N T SITAESS (P <
0.001) 1 DD f£:4% (P=0.006), SIT {555 DD {F55 LL# 7% =
T2 MR X (P=0.528); W\HIIE S Z 4 ATEAT SIT (155
B S NI B i, 2 T DD {145 (P=0.019) 1 DR {1-5%
(P=0.015), {H DD {1455 DRAESS Lh#i 2 R L B E M X
(P=0.788), L SITAES T, HHZFENMINIE T K
o7 I K bl A 38 2 5 O B 3 R R L (N KIAS 4 P=0.445, %
I P=0.439); 1E DD T55 N, % NN Refig & 4 A1)
WHITG 2 B2/ TINANE S 24N (P <0.001), KB
BERTINVHIER ZEN (P=0.014); {EDRALSK T, B
INRIBEAS NN B &N TFINVRIER ZFEN (P <
0.001), SR 525 R T AENIE R Z4E A (P<0.001).
25 RRsEZAESTRIKENFSAzABLER KO0
R e 3 54T 45 181 AT 28 BN (P < 0.05), H MMk
Bk 3.

R3 | MEZFAZTHER, WESWUIHEAPFORBER ks, m)
Table 3 | Center of pressure displacement in older adults during single-
and dual-task stance

2H 51 S, FESHt
BEENHBRRT Z4EN (n=16)
SD 0.045+0.015 0.043£0.013
SR 0.073+0.028 0.082+0.025
DD 0.054+0.018 0.069+0.018
DR 0.093+0.037 0.130£0.037
IWHIEH Z4E N (n=17)
SD 0.047+0.013 0.039+0.006
SR 0.065+0.024 0.066+0.014
DD 0.045+0.012 0.063+0.022
DR 0.081+0.027 0.095+0.045
R4 28 BN
FAH 9.571 11.934
P 0.019 <0.001
n,* B 0.224 0.168

Fik: SD AYRUHSF- it 37 SR Jy Romberg 3fi37; DD Ay XY i il 37 — 2% i) AR
ICIZXUAT45: DR 2y Romberg 3 37 — 7 [A] TARICAZWUTE s ap: i )5 75 A #:
ml: AT IR o

BN ARG 2 NTESAT DRAES I AT G AN
) [ /) ez # B K (DR vs. SD, HifJ5 P <0.001, A4k P<
0.001; DRvs. SR, Tfff j§ P=0.017, P4} P <0.001; DR vs.
DD, HijJi P<0.001, 4k P<0.001), 47 SD Hf#/)s (SD
vs. SR, )5 P <0.001, P4k P <0.001; SDvs. DD, RS
P=0.031, P44} P<0.001).

7t SRy DD, DRAES5 T, %% A AR A5 2 4 Nl
Ja~ PANIT A DT H O B KT NAIE B AR A (SR

Al J§ P=0.034, P 4h P <0.001; DD i J5 P=0.043, P 4
P=0.001; DR FfJii P=0.015, %} P=0.026).

26 RRSBIAESTREAENFSEBERALER KN
AL R A A 2L 0 5 A 55 [R] B AT S FLAUME (P < 0.05),
FIEPIM AL 4.

Fa | FEEEAZRES, WESWESIEDFOMBERELER

(xxs)
Table 4 | The sample entropy of the center of pressure displacement
during single- and dual-task stance

2H 51 SampEn- £ /0, SampEn- JE Jhls
BRI\ 2N (n=16)
SD 1.229+0.491 0.966+0.108
SR 1.478+0.145 1.217+0.283
DD 0.904+0.049 0.722+0.157
DR 0.631£0.207 0.525+0.174
INEIIE R 29N (n=17)
SD 1.241+0.386 0.9910.123
SR 1.556+0.523 1.345+0.125
DD 0.97440.214 0.829+0.101
DR 0.691+0.201 0.621+0.067
R4 28 BN
F1E 5.762 6.241
PfH 0.048 0.036
n,> 8 0.121 0.154

FvE: SD XU #7355 37 SR: Romberg 337, DD Jy XU 7 3k 37 — 45 1) TAF
L IZXUAT 55 DR N Romberg 337 — 28 [0 TAEICAZAUT %o ap: # )5 77 AL B
ml: NAMTIRAES: SampEn: FEARE.

RN ARG 2 NAESAT DRAES I AT G AN
I {4 T 3 oo B BE AR IR 5% /)N (DR vs. SD, i Ji5 P < 0.001,
W4k P<0.001; DRvs.SR, Hif5 P<0.001, P4 P<0.001;
DRvs. DD, {5 P <0.001, P4k P<0.001), #4T SRATS
i} 5% K (SR vs. SD, i Ji5 P < 0.001, P4k P <0.001; SR vs.
DD, #iJ5 P<0.001, N4 P<0.001).

£ SR\ DD. DRAESS T, BELNAIBERGEF NATE
WA 7 1] g H O AL RS AR AR S 3 /N TN R IE S AR N
(SR i J5 P < 0.001, M4k P <0.001; DD {5 P=0.001, W
4k P=0.001; DR Ff 5 P=0.003, P4} P=0.002).
2.7 REFM PHZARETE RS AT S i A2
ERZ ARy, RREREBRE. SHRAE. Sk
BRSSO .

3 1571 Discussion

BRI AR B, 8 B DN T B 15 22 4 N Bl il 7 5 35
MEFEYGIN, FIE WANITIR A R 3E K. FE A A
Wk, INFIRIAR 2= WG vk LR AE IS N, B
HIFERGE N PR HZ 2T EIh Oy,
AR 25 TR R b 2 3 s i B ) FRAR 2, T Sy RS
TRE 2905 sk /IS 0] s B A B[] RUBE | B Bl A0 T B 2 35 1 e
BRAE > *%, ROERDINK 25 B )\ Sy i 3542 1) 52 51 il o 15
TE AR I8 93 /I8 sz it 223 34 425 1) P 5 B 22 VR T R BE /D ) H
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HAEZE

Zfk. MANOR 2 B2 i i 22 RORE A o0 W e fb 4 Ry ( fg
R AR RS AR A R R RS AN RS ) 1R
SR NAE 22§l SRR — 36 37 0T 45 i B R A7 o
TR (FEARRE ), SRR EPARSAMLL, BT HRF
K4 HAFEE S DA B R A . Rl ae )1 T %
A 8 A2 BT A I AT 23 18] TARICAZAT 55 kb 1 YRR L 34
P (VR B SRR B, R R A N, K
P 5 NI 55 2 4 27 KA BR B A 508, 5 800UE
S5 1 LR R A s ) SR L SR A P I BT S R BT R
B B, T s ) B A A Ty, A ) A EE SR A
KA S5 AT RE 20t Ho = A 3 R T B9 CHENG 45 7 i 7t
R, LB KR PAT B RNCAZAE S, FRAE
NN BT 55 R BT 55 35 %2 5%, il B 5 2 )i 42
FH GBI 0 B2 I8 [FRE TR T2 A s il i 4% . 78 ekt
Fur,  XUIF- 7 5k 37 3] Romberg 3537, M ELAT 55 B XL
R4, He3AP il e BBk R R, i i 0 BRI 75 SRk
FR Ko HPATE IR MAESS I, B R BRI S5 1 AR AL
SENE RN S SEER, DI RS RREs) .
BN ARG 2 AR 3 ) TR B 2 AME 2% 2 1],
FIRA N DI RE R, FHEOL R WG ) 5 INVAIRE 13538
FE o RUAT S PAT e 77 0] LUAE Sy & 48 N A5 1) T0 B8 3%
WAT 55 R IR ZE , kAR JRURG: e B2

WM VRE B P A N R AE 2 ) T AR i 12 SR AT 25
T I LA S U S 88 3k ST BT 4% 48 A I 8 0 O THI R 22
S, BIREZE NBIREUE R ba o 58 . 7E AT XUE 55 I Bl
B R 0, RN BN B 22 R AR B TA N
B2 NRIH ERIE oA, AN E I
OB FE AR I B B 22 A AT I, 55 MONTERO-ODASSO
25 WL BRI A R — 8 BRACIESE, ZAEN NI RS
FRAS R AR R ) B IEM O, WA TR T M E S 4
Ayl pe ey, Rz iz,

B2 BN FN B AG 2 FE NAEPAT IR S I AT G AT
] & 7 AL R AE 38 /N TN AR T 2N MR B Ak
FEM R, SIRISEN B E AR, R LA R NIE
B, NPIRBEIE R A R IR AR P, B R G0E N
PEZE, AREH BRI RGN SR B PR R oA
W/ SR L3 AR fE ) PR, S fae iz,
D IR AR e IR AR LS &, RLBEHIZER
ToRL: TR S e AR T R AR S AR R B B
SRR P, COSTA 25 M ROR, RIATRIE A I B R
A DAME Sy — e AR R A OO I br . SR ThRERE )i
W T2 RGN R TAEHRTER T — N E 2RI,
AT DA M3 B & Fh i F7 0 (ERE B R4 (3 K sl R
Wi, LIRS, SERE IS, 4553 A B AR,
i By A 75 5 2 B2 U5, B VR T b A R A e
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TR, RHIEHIENRESIEZE, SINFIEHE ZHE AL,
R DN RN PR 152 £F N A7 A 75 5 e A R A0 DU o
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Jrrhts BANKIAT 2l SROD LT e A B A A R
BR i) 1 R N i 23 A P I R B b 22 A N A8 S 42 1) o
A ) J& FE AL -

£ H5IHIEEZHEANME, BEAFEGZ 4
NAEPAT WA 55 I 25 35 P i R IR L BRAIR, R G it I ke
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PREei DN

fEETEk: RAE A THBA TS SR IES, TR TEER
WEEEREGHBELE, KE G THBLRITT ML TLRT, HERT
KO b A Rk

PR LFehAEL FY, ERAFA AL FRE LT R
HAEA B R,

FEHURENASBE: X 2 — & P AR, ARIE (Feif F 34T 1)
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