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Effect of somatosensory motor combined with neuromuscular acupoint
electrical stimulation on motor function and blood glucose among

patients with type 2 diabetes mellitus
TANG Yang, LI Lin, LIAO Xing, LIN Jian
Center of Physical Therapy and Rehabilitation, Zhejiang Hospital, Hangzhou, Zhejiang 310013, China

Abstract: Objective To evaluate the effect of high—intensity interval somatosensory training combined with neuromuscu-
lar acupoint electrical stimulation on blood glucose and motor function among patients with type 2 diabetes mellitus
(T2DM), so as to provide insights into prevention of daily life disability among T2DM patients. Methods T2DM pa-
tients treated in Zhejiang Hospital during the period from January 2019 to October 2021 were enrolled and randomly as-
signed into four groups. Patients in the K group received Kinect somatosensory interaction technology—assisted high—inten-
sity interval training, patients in the N group received neuromuscular acupoint electrical stimulation, and patients in the
KN group received high—intensity interval somatosensory training combined with neuromuscular acupoint electrical stimula-
tion, while patients in the C group were given no interventions. The 2 h postprandial plasma glucose and glycated hae-
moglobin (HbAlc) levels were measured prior to interventions and 4 and 12 weeks post—interventions, and seven physi-
cal fitness tests were performed. The blood glucose levels and motor activity were compared among four groups using

generalized estimating equations to evaluate the effectiveness of interventions. Results Totally 199 T2DM patients were
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enrolled, including 51 patients in the KN group, 49 patients in the K group, 52 patients in the N group and 47 pa-

tients in the C group. There were no significant differences in gender, age, course of disease, duration of daily exercis-

es, waist—to—hip ratio, vital capacity or maximal oxygen uptake among the four groups prior to interventions (all P>

0.05). There were time—group interaction effects in blood glucose and exercise parameters among the four groups post—in-

terventions (all P>0.05), with the largest changes seen in the KN group. The HbAlc, 2 h postprandial plasma glucose,
24 m standing and detour test and back scratch test results reduced by 17.06%, 27.01%, 36.52% and 20.94% 12

weeks post—interventions as compared to those prior to interventions, while 2 min stepping test, 30 s sit—ups, 30 s load-

ing and elbow flexion test, 6 min walking test and sit and reach test results increased by 18.85%, 34.69%, 15.41%,

7.22% and 112.37%, respectively. Conclusion High—intensity interval somatosensory training combined with neuromuscu-

lar acupoint electrical stimulation may improve the blood glucose and motor activity among patients with T2DM.

Keywords: type 2 diabetes mellitus; high—intensity interval training; somatosensory technique; neuromuscular electrical

stimulation; blood glucose; physical fitness
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Table 1 Comparison of general conditions in four groups of T2DM patients before intervention

i H Item KN4 (n=51) KZ (n=49) Nl (n=52) CH (n=47) FIy{d PMH
AEIE/ S AgelYear 54.64+7.42 52.66+5.47 52.43+7.35 52.70+6.08 1.206  0.309
PE5] Gender (Y5 Male/%Z Female) 29/22 23/26 22/30 24/23 0.777  0.508
F-IHZENE] Daily exercise duration/ (min/d) 29.75+6.35 28.64+7.25 31.69+9.91 28.90+9.53 1365  0.255
e/ H Course/Month 85.83+9.05 87.60+7.68 88.27+10.41 86.43+9.31 0.968  0.382
JEREHE WHR 0.9420.12 0.92+0.14 0.9120.17 0.91x0.17 0916  0.434

Jiliif & Vital capacity/mL
FRBE R VOs/ [mL/ (min - kg) ] 35.20+8.54

2 333.02+529.39 2 441.62+433.36 2 405.44+405.32 2 549.71+394.43 2.008 0.114
34.81+6.43 35.63+7.57 34.58+7.65 0.186 0.906

e afn KA A, 4iR b ECR A PR HABTUR Fxs ik, 4L BRI BRI E T 25017 Note: a, described with n, and compared

using chi-square test; the other items, described with x+s, and compared using one-way ANOVA.

2.2 440 T2DM B F kT THE, 4 4
8 HbAle F1 2 h PG FAAEA AN A HAER (P<
0.05), 4 #H[E] HbAle #1 2 h PG ZSfb RS ETE 2 R,
4 21 HbAlc F1 2 h PG #JBE Ff% (P<0.05), KN 4]

T W o4 JE A 12 &8 HbAle 43 5 F F& 2.21% #
17.06%, 2 h PG 435l N[ 15.43% F11 27.01%, H 4
H R R, LR 2.

R 2 4410 T2DM BFTHHIE HbAle fl1 2 h PG HAR
Table 2 Comparison of HbAlc and 2 h PG in four groups of T2DM patients before and after intervention

I H Item KN# (n=51) K4l (n=49) N4l (n=52) CHl (n=47) Wald x> i Pl
HbAlc
T-HilRi} Before 7.10+1.00 7.21+1.18 7.31+1.11 7.25+1.03 2529 * 0.470 *
T4 J5 After 4 weeks 6.94+1.01 7.10£0.98 7.18+1.01 7.18+0.98 42010 " <0.001 "
T 12 78 After 12 weeks 5.89+1.08 6.32+1.02 6.87+0.98 7.03+1.27 12.923 © 0.005
2 h PG
T Before 11.14%1.15 10.98+1.57 11.21+1.65 11.06%1.55 4.040 * 0.257 *
FHi 45 After 4 weeks 9.42+1.78 10.07+1.84 10.65+1.78 10.79+1.24 139.722 *  <0.001 "
T 12 & After 12 weeks 8.13+1.81 8.75+1.67 9.78+1.78 10.13+1.20 23.855 - <0.001 *

W oa. by RERAL) . BHE, 4L5) 58RI A EAE ST 450 . Note: a, b, ¢ represent the statistical test results for group, time,

and interaction between group and time, respectively.
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WA T FE 6.12% F1 20.94%, 2 min J5 45 1036 45

B ETF 7.94% Fi1 18.85%, 30 s Ak ik i 45
351 ETE 13.04% FI 34.69%, 6 min AT 45 5
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Table 3 Comparison of physical fitness indexes in four groups of T2DM patients before and after intervention

I H Item KN4l (n=51)  K# (n=49) N4l (n=52) CZl (n=47)  Wald }*{H P
2.4 mit BZETRYE 2.4 m standing and detour test/s
TR Before 7.68+1.00 7.66+1.13 7.44+0.96 7.61£0.98 28.120 *  <0.001 *
T4 8 After 4 weeks 6.33+0.86 6.91+0.85 7.02+0.95 7.87+0.92 255555 " <0.001 "
T 12 /& After 12 weeks 4.87+0.69 5.83£0.72 6.16+0.78 7.63£1.05 121.441 © <0.001 °
2 min BEAIRIR/K 2 min stepping test/Times
F-Hi i Before 161.45+22.86  160.75£22.69  161.99+22.28  163.19+19.45 6.197 * 0.102 *
T4 & After 4 weeks 174.27+21.81 1712542584  167.1720.75 160.61+19.18 54961 " <0.001 *
T 12 & After 12 weeks 191.87424.46  182.49+22.43 175.68425.08  163.94+21.15 23206 © <0.001
30 sAEuEIER/K 30 s sit-up test/Times
T-T5HI Before 16.08+3.12 15.68+3.76 15.65+2.98 15.84+2.74 9.671 * 0.022 *
T4 8 After 4 weeks 18.18+3.65 17.80+3.39 17.44+3.33 16.02+2.95 83.677 *  <0.001 "
FHi 12 & After 12 weeks 21.6622.68 19.12+2.79 18.50+2.97 15.61+3.54 41771 © <0.001 °
30 s 7 H i AR E/K 30 s loading and elbow
flexion test/Times
TR Before 17.07+3.67 16.96+3.21 17.39+3.42 17.26+3.02 3.592 0.309 *
FHi4 )8 After 4 weeks 17.99+3.35 17.42+3.28 17.53+3.35 17.07+3.66 14711 " <0.001 *
T 12 & After 12 weeks 19.70+3.15 18.77+3.16 18.13+2.82 17.20+4.06 9.285 ©  <0.001 *

6 minATIREE6 min walking test/m
T-HilHT Before
T4 8 After 4 weeks
T 12 J8 After 12 weeks

JEAR AT R IR Y6/ Sit and reach test/Times

T Before 3.69+2.46
T4 )& After 4 weeks 5.96+3.36
112 Jii] After 12 weeks 7.85+2.70

A5 Back scratch test/cm

TR Before —-10.85+3.34
14 ] After 4 weeks -10.19+3.07
T 12 i After 12 weeks -8.58+2.02

561.95+25.69 570.23+29.32 565.60+27.08 559.06+27.78

—-11.00+2.30
-10.41+2.31

7.884 ¢ 0.048 *

579.53+22.62 576.20+26.25 565.67+21.71 560.93+26.52 49477 *  <0.001 °
602.51+26.41 588.64+24.64 577.78+26.41 561.02+26.68 29.648 - <0.001 °
3.90+2.57 3.70+2.91 3.76+2.23 7.265 * 0.064 *

4.70+2.30 4.38+2.21 3.61+2.19 53.692 " <0.001 "

5.91+2.90 5.51+3.15 3.52+2.24 34.325 ¢ <0.001 -

-10.82+3.36 —-10.90+3.21 2.380 * 0.497 *

-10.52+2.28 -10.91+2.95 15.051 *  <0.001 "

-9.80+2.12 -10.09+2.14 —-10.85£3.22 8.676 © 0.034 ©

W oa. by oRUGRARLLN . BFE] . 50 S50 E 22 BEAEH ST K455 . Note: a, b and ¢ represent the statistical test results for group,

time, and interaction between group and time, respectively.
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