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Protective effect of insulin injection on balance function in
elderly patients with type 2 diabetes mellitus®

Shi-meng Sun?, Yan-fang Wang? Le Ding? Hong-xia Liu?, Xin-ru Deng? Rui-zhi Zheng?
(1. Xinxiang Medical University, Xinxiang, Henan 453003, China; 2. Department of
Endocrinology, Henan Province People's Hospital, Zhengzhou 450003, China)

Abstract: Objective To investigate the protective effects of insulin injection to relieve high glucose
toxicity on balance function in elderly patients with type 2 diabetes mellitus. Methods A total of 98 elderly
patients with type 2 diabetes were included in this study and were randomly divided into 2 groups: A-group
(50 cases) with short-term continuous subcutaneous insulin pump, and B-group (48 cases) with subcutaneous
insulin injection for several times. The capability of dynamic balancing and the static balancing were
evaluated by the timed up go test (TUGT) and the One-Leg Stance Test (OLST), respectively. Myodynamia of
lower limbs was tested by the five times sit-stand test (FTSST). All experiments were performed before and
after insulin treatments. Lab tests including fasting blood glucose (FPG), postprandial 2 h blood glucose (2 hPG)
were also performed in this study. Results After 2 weeks of insulin treatment, both groups showed
improvement in FPG, 2 hPG, TUGT and OLST (open) (P< 0.05) while A-group experienced better recovery of
TUGT and OLST (open) when compared with B-group (P< 0.05). No obvious differences in FTSST and OLST
(closed) were observed before and after insulin treatments (P> 0.05). The TUGT value was positively correlated
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with age, stage of disease, HbAlc, 2 hPG, and FTSST
OLST (closed) (P< 0.05). OLST value was negatively correlated with age, FPG, TUGT, and FTSST (P < 0.05),
and positively correlated with OLST (closed) (P< 0.05). Conclusion Insulin injection to relieve glucose toxicity
improves dynamic balance ability and static balance ability in elderly patients; short -term insulin pump
experiences better achievement compared with discontinuous subcutaneous injection, which could be a better
choice for patients with type 2 diabetes to reduce the risk of falls.

Keywords:

BB A N R AE BUR MBI AL A
RZ—, BN A B o i IR B R & AR
BRI N T A, AR N R A BB 1 A A
Fl B e B2 it 2 UMK e e — g PEAL
PR , USRI A RRE , ARG I 1 AE
BRI PRI T SRR PR AN REMEA T 1E 5 B4 T 28 e, 4
JH R T e A ket PR A R g T, BRI Y b
F1EE, 2 U PRY% (type 2 diabetes mellitus, T2DM)
B2 B U =B R R, P 2RI
JiE , N2 AR A0 RSO AR o CL A ISR UESE , R PR
I e U HE A 295 A8 S0 PR F - e
Z TV FFAEAE DM, E A i A 38 o A (] e 5 220
IR AR MRS R g B AT 2 BB IR
BE A TIRE BRI IER 1 H .

1 ZMERE
1.1 WHRITH

PEHL 2015 4F 12 A -2016 4E 7 A T & A
PR B e PN A3 MR B T4 G AN A PR HERY 98 151 224
T2DM B35 R Rt 4. Horh, 544 51 491, Lotk 47
i ; 4% 60 ~ 85 % o UAFRIEN : DF#E =60 2 ;@)
2 BB PRI 0, £ 1999 A AL 114 46 41 56 T
FRIG IS WRE ®; @7 1Y (fasting blood glu
cose,FPG) =10 mmol/L ; 4 — & [ PRAR A4 g
RERE IS, AT E AN TT ZE AT 45 i 5 By s @B ali i FH R
FE259) A HAME s @ DL BT A Ak 3 A R
SIS A AU R & o HEBRARUE B R & T
ST AR PR 2 R IR BUR BTE B IR
B SEMAAT A , v XU AR A T A 22 R G
BRI SR (AN s RE LIS ) T O™ E R ) ™
BRI AIBERS , XELAE SIS IR (i =
180 mmHg) A BES AN BT Y 8
1.2 Mm¥ETFHEE

T B W R A I FPG )5 2 h
1% (postprandial 2 h blood glucose,2 hPG) KAk Ifi
218 H (HbALe) , FF-#EA TAHOCTT A iy A 2r o $i HE Pl

(P<0.05), and negatively correlated with OLST and

glucose toxicity; balance; falls; type 2 diabetes mellitus; insulin

P00 BB A A 41(50 i) ) Fil B 41(48 f4i]), A
4 Ry R R S B R B B A P A AR A
H] AT AIEL(300 u/3 ml) iR R H 0.4 ~ 0.5 Ulkg,
Horb 50% LA, 509% A % F R & AR IE 3 4
W35 2 T AR A0 235 SR o 3 55, 7 0l
13545 (FPG < 7.0 mmol/L,2 hPG <10.0 mmol/L),
BAUNZ KRG R L g . 7 Kig 3 %]
10 min {8 VA VB K T T S B G HORG R 2
ERTEST, WA H 0.4 ~ 0.5 ulkg JFEA AR FE Wil 45
TR T S A 5 R 4 38 P B B BN B A AR
KA 259 , BV R 2 J sk iR s I Ut RS
2 h [k, 1% <3.9 mmol/L {8 it
1.3 FEge kA E

BITRISARYT 2 I /3 I A AT DR
TR, R - A7 K (timed up go test, TUGT)
WAL Sh 68 J7, R A SRR 336 5790 4K (one-leg
stance test,OLST) PFAk # A F- 568 /1, FH 5 WAL ST
85 (five times sit-stand test, FTSST) A% T L
J7 5 B I XA AT, SRR R |~ 3 IR
PR AN AR R, IF AR K 3 WK, G-
B, FrA e 38 ih R— A H S B Ll A B
SER
131 TUGT Sl fef fE s R+ 1, 03|
$Eom e LIS T g PR 3 B 2 O A 67 I B8 0 1E Ry O
3 m AN A bR A [E 20 R A L R T SR A
B RS HAE A O, i FH e [R] /L | 15 BH 2l 25 Al
REJIHEAT , =14 s R IR B XU,
132 OLST Zil#EmF g, WG A
ST VAR TR, Y0 3] A, PSR A S PE R
SR b, D — R AR, 0 R BT b, OF
[ Ji RS (BT RS ) o it s B HR AR PAT HIR s 4
i~ A BRSO ORI ] >5 s, RWIFEAE
B XU,
1.3.3 FTSST Az AL 7E 43 om /& ok F s+
e BRI Hb ORI SRR T, BT ST MR, 7R
Wy BT 4 a2 I, ACTFAE SCT MR AN Ge 431, ol

- 60 -



527

M, 55 R AR R B m B M 4 2 BUBRIR 35 A DU AR Y32 )

ST BRI s AR 1, DA A3 58 i 5 IR
ST AIAE T BhfE . Il a2 S 5 UG AR BhPE Y
Bf (] FTSST 3R (] B i 7E 12 ~ 16 s, B[] i
Vi B DA Bk Zh VR RE 1 B4,
14 FHitEHE

BARAL /7R SPSS 20.0 SeitAk ek
DAFIEL + ARt (x £ s)Fm sl 8 CF U o 4,
EPUAEEO) FR , SR A IR B R RS 56, BT
B (%) Fow, B x> Kask:, AOCHHH
Spearman 7%, P<0.05 N2 R A G X

2 #R

— R AR

PR 2H F8 35 T TR 7R AR M R (BMILLFPG
K 2 hPG 255 i 22 57 L4 i2¢ 2 X (P>0.05) . 7Epf
Dk R, A 4B 2 B GR I R 4%), RR B &R
L, AN AR RGE 16158 4B 1 I GE H

2.1

22%), KA R R TIRYT T R, WAk 1,
22 MABREBRAFAXEREHKER

W PR 995 I % 0400 0 R A% | RS AR R 8
R AE B KNG AR AE P AL LB 25 R RS R
(P >0.05), 4 BRI A I 0 Qs i | i i e 55
SR TE A LU 22 R T g i 5 L (P>0.05), I
2,
2.3 F¥iErfEmAEET R TUGT.OLST.FTSST
Mk 25 R EL 8

1RYT 2 JAUE AT HRT HeEg, 4 FPG .2 hPG,
TUGT .OLST (it ) {E 344 Frek 3 (P <0.05), H A 201
TUGT .OLST ()AL F B 41 (P <0.05), ifif OLST
(M) FTSST TG e A K, 2R TG i E X
(P>0.05), W% 3.
2.4 TUGT.OLST(B )ESHMIEtREX D

TUGT .OLST (W )BT T 5 b 22 A 4 it
255 S 24T TUGT \OLST (1 )l 5 HoA 35 4T

x1 FTHATRASREN—RIRLLR

25 AR | B4 AR/ BMI/ W2 KIE /AR HbA1C/ FPG/. 2 hPG/
(% ,x+5s) il (4F,x £5) (kg/m?) 1#1(%) (%,x+s)  (mmolL,xxs)  (mmol/L,xxs)
A#41(n=50) 68.8+6.1 28/22 14.5(9.2,20.0) 25.8+3.3 20(40) 8.9+14 125+2.3 15.0+2.3
B 41(n=48) 70.1+6.3 23/25  125(8.0,18.7) 25.33.2 16(34) 9.0+15 129+2.6 155+ 2.4
NG VAL: -0.977 0.641 -1.001 0.628 0.468 -0.556 -0.855 -1.396
PAE 0.381 0.423 0.317 0.531 0.494 0.781 0.395 0.116
F:2 MABREBERRFRERESHERGERIEALEE %
45 AP 5 A B A PHEIRAS PNIIKERT IS o I TR I FEELNIF
A41(n=50) 22 18 32 48 28 30 8
B 41(n=48) 27.1 125 313 39.6 33.3 25 10.4
X1 0.342 0.571 0.006 0.705 0.328 0.307 0.171
PAE 0.559 0.450 0.936 0.401 0.567 0.586 0.679
£33 FTHBIEMAETLRE TUGT.OLST.FTSST ik & R bk
- FPG/(mmol/L,x +s) 2 hPG/(mmol/L,x + ) TUGT/[s, i CF P4 %5, b U433 450)]
T TG T TG T T
A41(n=48) 125+2.3 72+16 15.0+2.3 9.8+1.3" 10.5(9.0,13.8) 8.0(7.0,10.0)¢
B 41 (n=47) 12.9+2.6 7.3+1.2 155+2.4 9.4+10 13.0(9.0,16.0) 10.0(7.0,13.0)"
11z 1 -0.836 -0.157 -1.230 1.552 -1.562 -2.658
P{E 0.405 0.876 0.222 0.124 0.118 0.008”
13 OLST Mt /[s, HH A4 (R PUSMr%, EPUSMYE)]  OLST bl /s, HHAr4it (R PU4 ik, P4 3igi] FTSST/(s,x+5)
T TR T T TR THUE
A4l(n=48) 45(3.0,95) 7.5(4.3,14.8)" 2.0(1.0,4.0) 2.0(1.0,4.0) 134+46 13.2+46
B 41(n=47) 3.0(1.0,75) 4.0(2.0,8.0) 1.0(1.0,3.0) 1.0(1.0,3.0) 145+49 141+47
tIZ1H -1.461 -2.946 -2.020 -1.296 -1.076 -1.010
P{E 0.144 0.003? 0.053 0.195 0.285 0.315

e 5ARA T, P<0.05

- 61 -



T E A A

521 %

BYAHCME . £8 Spearman #56 &Z BE, TUGT {H-54F#5 |
S \HbA1C .2 hPG .FTSST {H £ IEAHE (P<0.05),
55 OLST(H#8) .OLST (M fE £ A5 ( P<0.05) ;OLST

(B ) H 548 . FPG . TUGT .FTSST (H 2 fiAH X (P <
0.05),5 OLST(MI)H ZIEAX(P<0.05).,

*F 4 TUGT.OLST(Bs ){ES HMistragHE X4

REL AERY A | BMI/ HbA1C/ FPG/ 2hPG/  OLSTH/ OLSTF/  FTSST/ TUGT/
= & g (kg/m?) % (mmol/L)  (mmol/L) s s s s
TUGT
rfH 0.530 0.215 0.100 0.237 0.139 0.224 -0.753 -0.652 0.737 -
P{E 0.000 0.036 0.334 0.021 0.180 0.029 0.000 0.000 0.000 -
OLST(H)
rfH -0.495 -0.178 -0.157 -0.091 -0.235 -0.114 - 0.759 -0.585 -0.753
P{H 0.000 0.084 0.128 0.381 0.022 0.271 - 0.000 0.000 0.000
3 iTig RS- RE 7, LA PR B A8 20 R BT T i e

S AR 2 TR PRI F 3 AR ) i PR R 222
SELLT LA : AR , B IR, SR A5
ST IZ S BE 1M N R, ST R IR AL LA £F 4
AR R T RS, AR RGE , 60 & 21 fE
555 437K U4, 60 % LTI e ) AERETE R A 1Y
K, Z )54 10 4E TR 16%aE 5 £200, Qe , ik
I i BE AR, 005 I R 28 A2 1 A 2 1
5 B0 B R 78 R B A AR R DR BT
R ()i AR A 2 I AL K Bl fik PN RE
BREHIE R, 25T i, (i A sz sl i
SE 5 R T i A e A9 GO G BE T FEAIE, o i
BRI RO R, BT B KA B e s
SR AT PRI AR I R A2 5 | A R
LB, ZAE AT DI RE AOUEAR |, #1125 5 M A v
AT AT, 2 DR 3R Bl S A PR R R I
EAE N 5 M BURAINREREIR , 12 3 e D I
ST e IR |, S A AR G XU in , DT 5
AR DRI B Y B O R AN AE TR T, R, PP
EAE 2 TR PR BB 10T BE T B A 5 e S R
TR FE N 2 WA e T

ARAFGREE R B, A B m S S, TUGT
ERFA, OLST (1 ) (E 3 in , 2 BF 0 303 B AR I ] e 5%
LAT 2 RUWE BRI A 1 B 251 B ) S 1 AR B 1Y)
[ EOR A i WANER ) T e Y Ay i & 2 IR
BT B NS, it AR i sh A A 1 JF i
LTSRN K o SR 7 A LA 240 it o 0 A 53 o
BEVEST , (IO A T8 S #5040 BT, 240 B ke 4 a0 i o TR
MR, AT RE S s AR 2 UM DRI HR o I A g SR
DOR JEE K T T LA A, 5 ) 9 285 A B o e IR s

By RN G Bk B DL ERCR . i IESE R, 2
TR DR (8 MRS AL SRR 5 K- 20 BT BE R ST
(e U= A 07, 5 D AT IE 2R GE D RE FRees , A
1115 SRR S HIEALR BRRES) T R, SPTDRE
WA, D300, NS T ), RIS R I ) 2 4F
T2DM B, AR A ) A th S 3 P i T
A R AP, X5 WANG SEEMIFTE #2518 8 —
2,0 119 Bl 2 TR IRIA AR L MERE VT A B, B
B MR AN ORI, it HA 2 s 4R 2
TR PR S BT R, ARG M7 i, 2
B R BAF IS S USHAS X B8 A R LAk
AR . RS RE S M PR Z W2
ARG WAL o DRI, ) AR | S S PR 5
FRE A B B S AR, nTRE i 84 2 2k
VR R P BT RE D , AR A A A By RS . (R
AWFFEBAAE R BRI , I AREA BN, Bl s e
Ji AR A T R S A AR S g e, AN BE 4z
PTRE 7 BRI XUBS: , S04 I o e i — AP AR T

L5 L FTIR  GHad AS [5] 1B 8 3R T A il 2 R
B RO IR BR BT R T, AT R B AF 2 TR IR
9o 5B S AP H RE T B IR I i P A BE ), B
R A A 4 DU

=

=

% x  #f:

SR DL, TEHGDT, 34, A5 2 BOBR DRI BE Y ST A 1 4T 5 v 18]
FT). e A B 2443k, 2016, 35(2): 217-220.
LIM K, KIM D J, NOH J, et al. Comparison of balance ability
between patients with type 2 diabetes and with and without pe-
ripheral neuropathy[J]. PM R, 2014, 6(3): 209-214.
[3] SHINJI KAWAHITO, HIROSHI KITAHATA, et al. Problems as-

(1]

[2]

.62 -



527

M, 55 R AR R B m B M 4 2 BUBRIR 35 A DU AR Y32 )

[4

[5

[6

[7

8

[9

o

—

—

]

—_

—

sociated with glucose toxicity: Role of hyperglycemia-induced ox-
idative stress[J]. World J Gastroenterol, 2009, 15(33): 4137-4142.
LEE K, LEE S, SONG C. Whole-body vibration training im-
proves balance, muscle strength and glycosylated Hmoglobin in
elderly patients with diabetes neuropathy[J]. Tohoku J Exp Med,
2013, 231(4): 305-314.

PUAVILAI G, CHANPRASERTYOTIN S, SRIPHRAPRADAENG
A, et al. Diagnostic criteria for diabetes mellitus and other cate-
gories of glucose intolerance: 1997 criteria by the Expert Com-
mittee on the Diagnosis and Classifi cation of Diabetes Mellitus
(ADA), 1998 WHO consultation criteria, and 1985 WHO criteria.
World Health Organization[J]. Diabetes Res Clin Pract, 1999, 44(1):
21-26.

PRI, MR, SCHIPREAMI. 5 13 iR dbnt ARTIA: I ARA,
2009: 1051.

MAURER M 'S, BURCHAM J, CHENG H. Diabetes mellitus is
associated with an increased risk of falls in elderly residents of
a long-term care facility[J]. J Gerontol A Biol Sci Med Sci,
2005, 60(9): 1157-1162.

§iy 0 N 4 VAL R VAT W 2 e i 1811 B o SN S D e
B B RCPED). Hh R R A 2k, 2012, 27(10): 908-912.

HICKS G E, SHARDELL M, ALLEY D E, Absolute
strength and loss of strength as predictors of mobility decline in
older adults: the in CHIANTI study[J]. J Gerontol A Biol Sci
Med Sci, 2012, 67(1): 66-73.

et al

63

(10]

(11]

(12]

(13]

(14]

(15]

(16]

[17]

KING M B, JUDGE JO, WOLFSON L. Functional base of sup-
port decreases with age[J].J Gerontol, 1994, 49(6): 258-263.
AKBARI M, JAFARI H, MOSHASHAEE A, et al. Do diabetic
neuropathy patients benefit from balance training[J]. J Rehabil
Res Dev, 2012, 49(2): 333-338.

HANDSAKER J C, BROWN S J, BOWLING F L, et al. Con-
tributory factors to unsteadiness during walking up and down
stairs in patients with diabetic peripheral neuropathy[J]. Diabetes
Care, 2014, 37(11): 3047-3053.

ROMAN D E, METTELINGE T, CAMBIER D, et al. Under-
standing the relationship between type 2 diabetes mellitus and-
falls in older adults: a prospective cohort study[J]. PloS One,
2013, 8(1/5): e67055.

SODERSTROM M, ALBACK A, et al. Angiosome-targeted in-
frapopliteal endovascular revascularization for treatment of dia-
betic foot ulcers[J]. J Vasc Surg, 2013, 57(2): 427-435.

BOYD S R, ADVANI A, ALTOMARE F, et al. Retinopathy[J].
Can J Diabetes, 2013, 37(Suppl 1): 137-141.

XK, XU, 5 =, 55, WIS B HiEE DI RE A 22 14 ki 0],
P [ B B I Sk 141 R, 2015, 22(5): 236-238.

WANG C P, HAZUDA H P, et al. Better glycemic control is
associated with maintenance of lower-extremity function over
time in Mexican American and European American older adults
with diabetes[J]. Diabetes Care, 2011, 34(2): 268-273.

(ERIT )



