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[ Abstract] Objective To explore any effect of 8 weeks of high-intensity interval training ( HIIT) on glyce-
mia and pancreatic 3-cell function among persons with type 2 diabetes to provide data for optimizing their exercise
protocol. Methods Sixty patients with type 2 diabetes and without a habit of regular exercise were randomly divided
into an exercise group (n=30) and a control group (n=30). Both groups maintained their daily living habits, except
that the exercise group practiced HIIT on a power vehicle ergometer 3 times a week for 8 weeks. Before and after the
intervention, the 2-hour oral glucose tolerance test (OGTT) was conducted to evaluate glycemia and pancreatic B-cell
function. Body composition was also detected using dual-energy X-ray absorptiometry. Results After the interven-
tion a significant decrease was observed in the fasting blood glucose, mean blood glucose, glycosylated hemoglobin,
blood glucose levels at the end of a 2h OGTT, blood glucose area under the curve and homeostatic model assessment
of insulin resistance, as well as waist circumference and abdominal fat content of the exercise group. And there was a
significant increase in the homeostatic model assessment of pancreatic -cell function and disposition index among the
exercise group. In the control group no significant differences were observed. Conclusion Eight weeks of HIIT can
improve glycemia and pancreatic B-cell function and reduce abdominal fat among persons with type 2 diabetes. It can
be used as an effective rehabilitation protocol.

[ Key words)] Interval training; Diabetes mellitus; Glycemic control; Pancreatic B-cells; Body compo-
sition
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2 FDHH PR A — T oy o AR U B AL, R
FEHUM MWE S8 T SRS ARG AR B
PRI IR 23 AR S BHE | 2013 4F 4 BROBE R H 2 8
BN 3.82 12, Wit F] 2030 4F 3% % 7 #4355 5.92
A2 AET RN B A 3 16 3h T i s AL A A A b
Fads, R 2 BB RO AR B K P 1Y T
BEY RO R TS R I 2 BUWE PR R R D
#4T 150 min H1AFE R BE (AH2S T 50% ~ 70% fie Ko
K F Rz sh Y R 8T Wi 2 BB IR IR IR
F7 LA E AR A E 7R LR St AT T I 1 22 ()
B ALEE B IRIT S AL R = 58 Bl ) DL SR A
P20 AR B s T,

B As A RiE s i d AR S 2 UM R
BE R AR I IO IR, T 75 T4 R 9 0 S 132 o)
T BE 2 1 — A Bl 38 g OBE R R Ak
50 B [0] @K1 2% ( high-intensity interval training, HIIT ) {f
h—F 4 B R 2 Bl ORI R T BRI R O i
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By a (R BE Wi MR Wi o R R 16 sh A Bl
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POE EPp7
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BBFEWASERS . O¥FFE 2 BRI 2 Bibr
W, 23 BE I > 7.0 mmol/ L 1 11 IR % 26 0 i 1350565 (o-
ral glucose tolerance test, OGTT) 2 h 7 IfiL ## 7K - ## ik
11.1 mmol/L; @4 <65 % ; @ T ML I 3~ 51, B4
JB Rk <3 W/ A, 8 S [ <30 min, 2
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B IO e AR A 2 5
O FHAMEE I 55 2R 5 A WO T I 25 9 251
Ol @M B FL A s O 2 4R 9 1A 8 Ak o
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22 B3 AL (202004007 ) o SR A BEALEC 7 RikH H oy
Shyis B2 Bt RRZE RRE 30 I, TS S A |
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TR A GTF A, BRI R 2 S G # R L
(P>0.05) , HAT AT Lotk
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T, iz shint ] 2 e A R B o — ) = % E R I
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FHIE IO A A R B8 (Polar Team 2 Pro, 25 %) Wil |
IR BF B FEh HR 048, 0 sz sh i | A A
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= BL AU E

TIH UGB s T WAHT 1 5 (55 0 JA) Fniz ) T i
SERJE R —JE (55 9 JR) 9T 1) ) AT B2k S T T
JE I, B2 K 1UE M A 46 3 A I (R
e 3 N ARZELE H 7)) , BRI N AT

LK A AG I 6 455 B v R A 48 21 (body
mass index, BMI) &M MRS58 45, [ 7#E4T OGTT
T TE A AH 5 AR AR S 7 B R R R DK
O IBUINHE  SRe JH Te 200 AR €0 33 12 00 7 4 Ak 1l 21 26
(hemoglobin Alc,HbA,, ) & &, >k HIEUH S0 26
Jik e I 2R 2, >R T AR 82 H i v 0 S i s A A
+5 B [E 5 (total cholesterol , TC) | H i =5 ( triglyce-
ride, TG) %5 B£ JI§ 25 F1 JIH [& % (low density lipopro-
tein cholesterol , LDL-c ) F1 & %% & g £& 11 JIH [& B ( high
density lipoprotein cholesterol, HDL-c ), Pfi J5 #F 17

1 OAEN 2 HEHE - BFRHE L
. “ A P (i) I e B ENESD REFREL
ZH 5 151451 (% 3e5) I 5 (4F ,x+s) (m,%+s) (kg,®+s) (kg/m? ,z+s)
iZgh 4 29 55.6+6.0 18 11 9.7+3.7 1.71+0.09 84.4+8.1 29.2+3.8
X HR 2 30 52.3+7.1 22 8 7.9+4.0 1.69+0.09 87.7+11.3 31.1%5.3
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OGTTIRX B, Ve f8 5 11 & 75 o 0 40 W AV WL, A )
0,30,60,90 A1 120 min A 9 1005 K B8 5% R AE . dhZk
T 1AL (areaunder curve, AUC) i8S T 1 ALk SR 15,
Fa A 1 JiE 5 25 HE B 45 20 ( homeostatic model assess-
ment of insulin resistance, HOMA-IR ) 1 %5 & I b
(fasting plasma glucose, FPG) & 75 J§ Il 3¢ i & &
(fasting plasma insulin, FPI) & & #f =&, HOMA-IR =
(FPGxFPI)/22.5, TaARAIIPAL B 40 it D) BE 45 %L
(homeostatic model assessment of pancreatic B-cell func-
tion, HOMA-%B )= (20xFPI)/(FPG-3.5), & R
JBME 8 80 (insulin  sensitivity index, ISI) = 10000/
(FPGXFPI) x(CEHIMBE T - F RS R &) |, H

HE 8 IR R P R R A R 2002 OGTT 4% I
) MU DR 2R 5 A X, R JBR B 32 2R IR
) (insulinogenic index, IGI) PRGBS F I E L, M
30 min WG B R SHAM R LU, RARBRE B
4t Dy fi8 R FH 1 A A 2 0 Ak 45 % ( disposition index,
DI) 4T PEAS , B DI=1GIXISI

2.3 B < A1) 2 1 17 e 3z 2y 56 I S BB A fe R
% & (maximal oxygen uptake,VO,, ), VBB H SR
TR AN L ( MONARKS3E , Hif it ) BEAT 3 min 3 )i
PEFSAEUN25:(20 W), B T 46 1E 2k, A 41z 2l
A 20 W, & 1 min 2658 20 W, B MR E N
60 rpm, K iz O il I R 8 (7 ) s R
A CO, Mo PR S 251, AU Polar S800
RIEMLOAR (OF 277 il B H 0%, Kkl
bR Ok shim R HR R T 75
1 ORI FT > 1.15; @0 = 180 W/ 43 ; @ E W 9%
57 188 3% (rating of perceived exertion, RPE ) PE4% =
18 94, @Zi#H vy, W& Bik 5 MriErh iy 3 4
R 11350, R B R VO,

3L C. A BLRE X £ % AL (GE Lunar
Prodigy , 525 ) Rl 8 2 B A i o3, PPk AR AR 1 40 L
K JEEBRE &

M Geite o

K FH SPSS for Windows 20.0 WREE T2 4 AL £ 7

BT, 2R U R X K0 i 2248 i 4 N
TR 5 BCR BT REAS ¢ K56, 2 18] b 8%
STEEAS ¢ B P<0.05F R E R BA G5 X,

# X

— PR A 2 4 IR R R o s

AW5E Iz s 4B E YRR 58 iR (Bl s sk
M, I SEBR 58 BRI 25 0 32 3l A T 1 R v B
A FER) H 98.4%[ 685/ (8x3x29) |, TERFFE M
2 HBEHTLARFMHLEA, THN G 2 A&
HME MRS A S EH 9 K 0] 22 R ¥ RG24
X (P>0.05) , LG IR 2,

T THET L JE 2 AR OB A A O AR

TR 2 ZH A A TR A ) b 4 ) 22 S 1
LGt E L (P>0.05) . 5T Wi, T W5z
B4 FPG -3 1B HbA, . OGTT 2 h A Ifi b & & |
M4 AUC ¥ 5838 F % (P<0.05) ,FPL JHE S 2 AUC,
SR8 5 R I R v AR 2 R B LB R AUC By
ToiR F AL (P>0.05) , % B 2H I A 45 10 i A 4 i F5
P83 BURT I B A8 1 (P>0.05) 5l ad i — 24
] Fb i & B, il J5 32 sh 41 FPG 34 LA HbA |, |
OGTT 2 h A MW & DL K b AUC ¥ 58 351K F Xt
WK, ) 22 R B A Gt %8 L (P<0.05) , 2
PRGN 3,

= CTHET a2 A AR B 40 M BE A
RIS H %

T AT 2 A H R B Al i ) AE S S R Akt
BB ER Y TG 2E X (P>0.05), 5+
H L %, T il 5 iz 3 41 HOMA-IR B 4 f& % ( P<
0.05) ,HOMA-%B & DI #5538 & 7t 5 ( P<0.05) ,
IST A1 IGT #4) i & A8 4k (P>0.05) , % R4 ik 425
BT T IC I AR 4K (P>0.05) ;38 i 7F— A 4
]t & B, 1 Fil)5 12 Bl 4 HOMA-IR #2 %) Bt 20 B
PR ( P<0.05) ,HOMA-%B S DI 4% %} fE 20 B g 7
e, ) 22 B B e iR 08 L (P<0.05) , BARE i
W4,

&2 TG G 2 4UEHE MR R e i AL (xs)

24 5] %% W45 (mmHg) &5k (mmHg) TC( mmol/L) TG ( mmol/L) LDL-¢c(mmol/L)  HDL-¢( mmol/L)
iz
T 30 135.5+10.6 87.9+6.1 5 1 .5 8 4
THE 29 131.7+12.8 85.7+5.8 5.0+ 1.420.6 2.9+ 1.620.6
X RRZH
TTmT 30 133.9+11.7 85.8+5.5 4 3 1 3.3+0.6 1 4
TG 30 134.6+13.0 86.2+6.0 4.5+ + 3.4£1.3 £0.5
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15 s FPG (mmol/LL) (fnfgﬁ HbA,. (%) OGTz imhoﬁﬂ)ﬁﬁ (mﬂ?@: ;?HC/L)
iz Ehdl
F I 30 8.2+1.4 11.7£2.5 8.5%2.3 15.8+3.1 1687.1+636.9
THE 29 7.1£1.5% 9.2+1.9% 7.7+1.8% 12.2+2.8% 1187.8+533.1%
X R ZH
i 30 S+ 10.8+2.2 8.8+2.0 14.7+2.6 1487.0+588.2
THE 30 8.7+1.8 11.9+2.6 9.0+2.3 15.3£3.0 1533.7+431.9
AL ks FPI(mU/L) (%ﬂ% iﬁgf ) ﬁﬁ%ﬁ? éﬂg(ﬂfjﬂl )%%E\ EJ(é 'imﬁn?/rﬁlgc
izl
T 30 8. 2107.9+988.0 16.7+5.5 81.2+21.6 7188.3+£2768.2
TG 29 7.5+ 1927.6+876.6 14.7+5.0 75.3+18.9 6532.9+2318.0
Xf BRZH
R ) 30 8.9+3.0 1835.2+912.7 13.8+4.7 70.9+25.5 6722.7£1989.1
T 30 9.1+3.9 2201.7+1012.5 17.1£6.9 78.3£22.6 7318.5+3103.7
T SN T AT H A, * P<0.05 ; 5 % B4 T 5 He s, P P<0.05
Fz4 THH G 2 AEEEIR B 4HMTIRE KRS FZ IS EOLE (7+5)
451 % HOMA-IR HOMA-%8 ISI IGI DI
iz
T 30 3.2+1.0 34.7+6.2 93.6+31.5 0 436.7£125.6
FHs 29 2.3+0.8% 45.2+7.7% 110.8+43.9 £2.6 658.6+255.8"
X HEZH
R 30 3.4x1.2 36.7+7.0 98.7+37.6 496.2+205.8
i 30 3.6x1.4 30.5%6.5 102.8+40.2 43%2.3 447.6+189.3

SN TR RS, 2 P<0.05 ; 5% IR T iU g, P P<0.05

VU FHET U5 2 4R B AR

THUHT 2 40 BHR R 4 S8 ) 25 7 3 o e
TR (P>0.05) . 5T HiRT e, T B iz sh 41
Pl K N i 2 e 44 B 3 8D (P<0.05) |, X HR2H By fA
45 ST B E AR (P>0.05) 3l ad iE— 2 4 (]
P B, T 1R 32 sl 20 N 1B e S g o e YA A I
AN B BREH K, AL ) 22 S B Gt 8 L (P<
0.05) , FAREHE LR 5,

®S5 THIET G 2 HEE SRR SELE (x2s)

mp pg e (PREOME LB
iz shdl

T 30 95.6+11.2 28.7+4.6 3.2+0.8

THiE 29 90.3+9.8% 26.8+5.0 2.9+0.6
X a2

T 30 97.8+12.5 29.7+4.3 3.5%1.0

T 30 98.0+10.1 29.9+5.5 3.6x1.2

L 5N TR L, 2 P<0.05 5 5% BAH T FUS HhiR, P P<0.05

i i
AW R, B shH g2 8 s sh TG, Hizs
HE A OGTT 356 2 h =K i 4 /K S | i AUC DL &
HbA, &1 B F K, 428 HIT T WA sE 2 Ap

',

PRI BB M), 5 Hamasaki AR TR 45 AR —
0, B HIIT Y1255 5 B S50 B A 41z 3 g 38 A a0k
5 2 RUME PR B MBI 59 AN R &3, 2
USRI 2 5 ) HOT kg2 2 & |t
G H OGTT WU AUC B i [ B DR 06 By 30 A
ZPyR HUT T WS, 3o OGTT B i 4 52 7 o 5511
ARG £ B ) 2 % B s I 2 K S AE HIOT Bl
YO0 B, AT 2 O PR AR S TIE )
2 HINT T 15 AR 45 SRS AR — 3,

DI 2N 5 B ANARTh e B B E 48 A5, 38
PGl 2R 43 b B R B R AR PUE AR TR e R L ) B
I T E R , TR A mT N 2 AORE IR e R
B Karstoft 212 R L, S Fskia gl o, ANIR o B
B (40 70% VO, 5% 40% VO, ) [E 8172 336
iE—20 035 2 RO PR ER A DT, 345 g8 5 2 f0sk
RN R 5 R AU TC B s, 78 55— A 8 A A 1)
WF5E & 30 i 250 BF (40% ~ 55% VO, ) Il &85
XTAESE 8 2 DI Y 38 RCR P T 55 98 B (65% ~ 80%
VO,,.)izzh ™[RI SCHER R T ACAR AR 5
BHEX R R 3 W I 12 8 /e 5 B R I 2k
J&i , R DI W G kst AR AT 45 R R as sh A
BEZ HIT T8, 45 H IST J 16T K & A B i AR
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B 4 o AR 5 ZR KGNS 5 53 A1 ek IR 7 AR AR L UL e
WP R AN R 7 (IR BE  WLIEE g0 -6
A RE RS B AN ThAE B A MGEER T,

2 FUH PRI & 95 5 IR MR P 43D T e 32 11 S ik 5 2
BURME T REA &, BUA IF5E B UESE , 32 sh 1 6 FEAIK
2 TRUME R & g UK B AT 3540 (H LA 4642 Bk
HIIT 30X} 2 M R g 8 1 5 28 S50 114 52 i 47)
KEARRS L AN BFE LA AR (R AR B PR IR Z X
NREEXT G, A IR AL A2 Bl g PR AR AZ 03 FE il g & 2K
S, U6 553 i £ 2R X 2 M £ e 1 S R R R
ZAREHNE RS R HURERE N, BAE R R 2
T PR R 25 6 J8 HIT T35, L 1S1 B ok 32
RFFRLE R TR, TG 2 4R E ST ¥R KR AEBE
Ak, 220 HIT T %t A3k 2 BUE bR H 3 TR 5 A
TEPETCH B 1 L IR ST 4 AT AE 22 S B SR A
Al i 5320 T LK 38 37 % DL KT T )R ]
FNEA X, MO, AT 83 7 T FU ] 224k 2k 0
R KA 25 , i 255 iz o) (] B AH B4 A AT AR 2
SO 1 AR G AR R R 2 —

HOMA-IR Fl HOMA-% B & FRAF i 5 R #lht S ik
RRINBER B IR AR, ARFITLE R BN, 24 8 JE T
J5 iz 3 41 HOMA-IR &% HOMA-% B ¥ B & ok 3%,
Durrer 25 % #1122 BA YR HIIT B AT FEAG A A IR BE A BE
HOMA-IR, 4K Gillen ZE12 HINESZ , AEIRE o Xk % 42
6 Jil HIIT TG , )R8 H SR 5l 0 S #% LA b e
e {H HOMA-IR K HOMA-% B #JCHH .2k, &
B R AT 45 RN — B IR AT e sz SN ZR Ty
EARRAE R, mTREVIREN, E5H %83 T
FEATE W ol 2 HOBE IR H o I E Y A
AHFGELE FAHEM , 32 By 58 BE 5% W HLAA e 5% R ALY
KRR

Maillard %5 % 81,2 RO PRI H8 & 22 16 J& HIIT
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AEPIEST R L X S 2 12 A s sh A P RE

YIgkSe , & BHAE R G o 0 R R AR, A 58 gk
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0 e 5 R T 44 % A ZEL R I /b . RS H TR
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A/ AHLIfG R 45 S 22 i 11 T 3508 A 7 0k 20> s B
T ENRE . A0 Maillard 2520 BIF5E 2 B, HIIT 1124
WAL G A iz oh et — SRR L 2 1) 2 BRI R
S BRI KOS SRR Wi & 5. M AT T HIT {15
JI 05 U /0 B VI ML AR 4 S A A, FTAE S HIOT 5% L &S
Py e e 2 H B R R R A %, P8
B Bl LS e (R R A 1 R T
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