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[ Abstract] Objective  To explore the effect of high-intensity interval training ( HIIT) and moderate-intensi-
ty continuous training ( MICT) on the aerobic capacity of middle-aged and elderly patients with type 2 diabetes.
Methods A total of 95 patients with type 2 diabetes (aged 45 to 70 years) were randomly divided into an HIIT
group (n=35), an MICT group (n=35) and a sedentary control group ( CON group) (n=25). All of the subjects
maintained their daily habits, but the HIIT and MICT groups performed their corresponding exercise using a bicycle
ergometer 4 times/week for 8 weeks. Before and after the 8 weeks, each subject’s maximum oxygen uptake (VO,, )
was measured using a graded exercise test. Results  Eighty-three of the subjects (87.4%) completed the study.
The follow-up loss rate in the HIIT group was 13% and in the MICT group it was 14%. After the intervention, the av-
had increased by (11.5£2.3) % in the HIIT group and (8.1£1.9)% in the MICT group, a difference
which is not significant. Conclusion Either HIIT or MICT is feasible, well tolerated, safe and effective for impro-

erage VO,,,,
ving the aerobic capacity of middle-aged and elderly patients with type 2 diabetes.
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UTAEARAT Z2 35U X8 o ML A8 50 P AR i S o
Al PRAF T ¢ BH | /= 558 J32 [1] 832 ) (high-intensity inter-
val training, HIIT) 7ESCGENLIAA A RE 1 7 TR [R) S e
THAER) H 2555 B 154232 5)] ( moderate-intensity continuous
training , MICT) AR s AH K ZH00F 58 5k H %) HIIT
TR bR R B b 2 A 2 BB R R
HWAA TR 32 BR 25 5 K A B, Wt 48 HIOT
a8l 5 B HAEAEIZ B XU R I TE i AR hiiig 3h
T (AT AT 4 RN 2555 ) B85 W] RE 5 4
Z AEZN S M AR A RIS, Hwang 25000 fi B 22 4F
AR HIT 480 MICT Y125, SR FH D 3R 420 2 A3 4351
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M52k, He T AT 23 ) R 2 238 200 D 4300 2
4F 2 OB PRI BB UEAT HIIT 5 MICT i, 3 M5
PRI R Ty 2000 85 A ERE T 52
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M4k AL X HIS I AR 2 TR IR B 1 ik o %
ZBEMASR TS OB 5 2 BB R 12 W br
HE QAR 45~70 % s QTR A IS Bh 2T 15, R 1
SENEEIZ SR <3 UK, B UGB SR EE I 1) A i
30 min; @BFH X AW AT Z MG R E 1, &
AR AL . OB R BT AS | 5 =2
A B A7 O L B R XU e PR IR ILAE |
JHF 0 8 JER e O 55 ; @ HR B WAL T ( systolic blood
pressure, SBP) =160 mmHg 5% 4 5K [ ( diastolic blood
pressure, DBP) =100 mmHg; @7 W 48 | B 5 ; @5
PRI AL @it 2 1 A AR BB YT L
FUIRGEE# 24 ; @i 2% 6 D H IR AL > 5% 5 AHTSE
[F) BF 2R A5 K M K 27 1R B 2 B A8 B & 5L & o it
(201903112) , A7 95 fil ik Ak, R AL 7F %
Pk H A HIT 4 MICT 21 )% % i % B4 ( sedentary
control group, fAiiF#K CON ZH) , HIIT 41 MICT 2144 &
# 35 fi,CON 445 5 25 1,

ARSI

UHTRALHLAR A EUHE 71 A hr v 2 Je R A8 A i
( maximal oxygen uptake ,VO,, ), AHF5 R FH TR 20
Ui 47 3% 3 171 47 32 3l 1 55 ( graded exercise test,
GExT) , RNy T - 323 S 47 10 min
T8, 4045 5 min R K 5 min RO W) B
JE IR EIIR R AR AT 5 W, AP g 20 W,
P ZEATREE N 50 ~60 rpm,, IR EE bR ifE L EE . D
Wiz Sk BRI, 321 B AL T 6 40 Qg A2

1 >1.15; @0 (heart rate, HR) =180 b/min; @
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Ja 1R 24 h myEXEHEESE 3 d(HP A 1 R0
KRB H) BEEER AT A,

£ Gt

K SPSS for Windows 20.0 MRGE 24k 17
G AT, THECTOR L BCR FH X K5, T R ALY
USRS REAS ¢ K56, 41 1] FL 35 R FH S IR 2R 22
8T, P<0.05F R 22 A G E L,

# X
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WFFE ] HIIT 20 MICT 4043504 5 1) .7 s
Rvi , RV B 255 Ta it #E X (P>0.05), 3
HEBHE— B RHMEELR 1, RP B4
RN 22 R G L (P>0.05) , A ]
FetE, 7 8 JERRE T s # v, HINT 41 F1 MICT 41 &
HOE YRS IR B 5 3R (3.7£0.2) IR AT (3.5«
0.2) U, I ZR3 58 i (F e i 35 3 SR A ) 43 )
J9(91.8+5.0) % F1(88.5+5.1) % , H [ 2% F ¥ LG it
Y (P>0.05), HIT 441 MICT 2131 %1] Il 2k 5k
U0 960 IR (8x4x30) Fil 896 1K (8x4x28) , WEK
HAE] HIIT 201 MICT 2H 435SR 78 YR 103 ¥, 4 18]
ER LG 2 X (P>0.05), L8 EH (77/83,

92.8% )TN R I 2 it # M 15, AX MICT 414 3 il B &
(3/83,3.6% ) W\ Haz 8 7 A Te

3 HEBFEAENGWIM AR &R E E 2 RIE 1™
AR (OO IUEZESS ) s HIT 204 149 83511 %%
B 1 ORI 2BE A 0, 190 B P e B 2R 1) JR A A
YIZRJG HEE 1 RS SR I e B, H 34 oK & A= 1% i
BEEE X 2 B 2 BRSNS B, IF 4k
2258 U 5 R 2 U2k

= IR R 3 AR EAA AR A

ATERT 3 48 E VO, GEXT FHREei i) 4 ) 2% F
IS¢ X (P>0.05) ; Y14k )5 HIIT 41 MICT 41
VO,,.. \GEXT RFEL} [ #4158 A BERT K2 CON 20 B & 34 fin
(P<0.05) ,{H HIT 40 MICT 21 | iR 48 bR 2H 7] 2% 5475
TGt X (P>0.05) s VIR 5 3 4% 4% HR
K HR,, B0 E AL (P>0.05) , bk s} a] 25 2] fa] 2%
SINTCGE 4 L(P>0.05) , BARRR 3 2,

= IZRAT 5 3 4L MR ] R i AR ARk b g

YIZRAT 3 20 H HbALC | I | Il 77 19 5% 2% K S
FfLAE (4245 TC . TG LDL-¢ Fl HDL-c ) & & 41 i) 2% 7%
WG L (P>0.05) ;)I1Zk)5 3 41L& Fik 40

SARISTCH] B ARE (P>0.05) |, 4] 22 F A oG 20 i

X (P>0.05) , BAAREHE L& 3,

DU IR U5 3 4L E B Rk e s

YT J5 3 H B E B R4 S8 (BIEIRE
BMI R & & 2R s AMANE & 43 1 ) 2100 B A8k

R OAER 3 AEE RO DL HL A

1] % P51 (B Il USRS s SBP- DBP
5B ks (% ,5+s) (4F,x4s) (m,x+s) (mmHg,x+s) (mmHg,x+s)
HIIT 4 30 11 19 61.5+£6.5 8.2+1.0 1.70+0.76 125.8+11.0 71.1+4.9
MICT 21 28 10 18 61.5+5.8 7.6+1.0 1.72+0.08 127.4+10.8 73.4+5.6
CON 24 25 9 16 63.5+6.9 8.5+1.2 1.72+0.09 122.3+11.1 71.2+4.4
F2 LT 3 HBER ARSI B ILE (74s)
] s ‘ Vozjﬁ“( ml/kg/\minA) CFXU%&EJIETJ( miTl) i #jﬁ’iﬁ HR( b/n‘rlin ) i Hj}"‘a‘( h/mi\n) A
YR UIESE YIZRHi UENE plER[ UENE YR UESE
HIT 2 30 22.7+4.9 25.3+5.0% 11.7£1.8 13.5+2.0 67+3 664 1536 155+5
MICT £H 28 25.8+5.4 27.9+4.7% 11.5+1.5 13.2+1.9% 68+3 664 156+5 158+6
CON 21 25 23.4+4.1 22.0+4.7 10.9+2.3 10.2+2.5 70+4 70+3 153+6 154+5
TE G NYIRT ILEL,  P<0.05; 5 CON 4LAHIF 7] 25 L4, P P<0.05
£ 3 UNZEET G 3 4L IR ] I NG & LR (Rs)
TR R— LY e TRTA ) Tt/
PIER:) VIERE PIER:) VIERE PIER) YERE YR VIERE
HIIT £ 30 7.5+£0.7 7.4+0.9 147+26 143+31 11.5£2.9 10.2+2.5 6.1£1.0 5.8+1.3
MICT 1 28 7.4+0.9 7.2+1.1 140+29 135+36 12.0+£2.2 11.3£2.7 6.2+1.5 5.9+1.7
CON %4 25 7.1£1.0 7.2+1.2 145+31 147+30 11.7£3.0 12.2+3.5 5.9+1.3 6.0+1.1
15 %L i %TG( mmol/L) i : ‘ yIiDL_C( mmol/L? : ‘ EDL—C( mmol/L‘) :
Y LT lENE pIER e IE R YENE
HIIT 4 30 2.0+0.5 1.8+0.6 4.7+0.8 4.5+£0.9 0.9+0.2 1.0£0.2
MICT 21 28 1.9+0.4 1.8+0.5 4.6+0.7 4.4+0.8 0.9+0.1 1.1£0.3
CON 24 25 1.8+£0.5 1.9£0.6 4.6+0.6 4.7+1.0 1.0£0.2 0.9+0.3
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(P>0.05) , 2T Bk Je 3 4L B R4 25
6] 22 S G2 X (P>0.05) , BRI W3 4,

L NZRRT 5 3 4L H R G s A A
AR

YIZkaT 5 3 4LRE H AR G sh il 5 (45
Yis Sl B AR s i) MR R AR (EIERE R oK
&Y BRI M A B4 ) B TCH B 22 4k (P>0.05) , I
Y M ZR)n 3 LR b ARl 7] 25 F B4
TH#E L (P>0.05) , LAAEE L% 5 .% 6,

it

ARG FAUESE K AR 7 HIT 3¢ MICT Il 250
FHTF v AF 2 RUNE PR £ 3532 Sl B & R W] 47 11 5 A
5% HIIT 4480 MICT 21364 82.9% 1) H 3 5¢ Wiz sl it
R BAE S X B R AR R A 2 A Y AR
WFSE AT 12 11 5 35 FLAE PR FE R 4 i 35, A5 SR RE 1 8%
% (E AV R R i P 290 B Gk, Herpr 2 1)
HARR B SE 1 9] PR ) ASC e AR AN 38 1 451 PR RS JES 9 M
4.3 BIRBE A By I 8 3 461 oy A AR L & 2 6l
PR B T PR 2 AR AR BF 5 58 B HIIT B MICT I|
YRt B L BMI K& VO, SR TR S (4390 20.7 ~
38.3 kg/m” il 14.3 ~34.3 ml/kg/min) , $&/R A 57 K
FAi2 3h 52 T 2 BRI X 5k B A b s A 48R 0 ™ B
G BB PR BB TR I AT

AWFGE HUT 41 K% MICT 40 5 3% 2 17 8 4% 5
14.3%F1 20.0% , iz S 2 ( B SEBR 58 BN 2Rk BB

DLz sk 1R B 43 51108 (91.8+5.0) % 1 (88.5+
5.1)% e sl Zrad firh 2 B HE W™ EA
R R A IRA BRI RS O, $278 HIIT A1 MICT
YIZRI893E F T 24 2 RUBE IR 3, FLYIZRad f
BETN 2 Ltk BT,

AT HIIT 20 K MICT 4% 2 8 R,
H VO, BIINZRHT 43 B30 (2.6+0.7) ml/kg/min
(2.120.5) ml/kg/min,, %280 BAT 2R R, R
B K, Zik# V0, BN 3.5 ml/kg/min, H4
PIAET SRR 15% , 00 MU AU TSR FRAK 19% 7 5 I
HMATE SCERARAE , HLIARF S RE T 38 v, BB 35 s 2 Y
WER g /B 3 AR TG Y L 56 T8 s S el s HL A
VO, BIHLH] BT A B, 7T 68 S5 4E 8 2l O i)
([N ARG = E e MR = e i D 9@ || B8 | R4S EARES S AL NG
Wi AT AT Y MRS HITT 2 % MICT 20
BHL 8 TG , H GEXT £zt W] B sin 3R
B 12 SN A B O S I Lyerly 450 UESE, 2 #Y
W DR £ 12 sl e 5 4 R R0 IS P SE T L
ARAECHE, FaRg5 R R HIT K& MICT Y| 2R3 n]
PEE AT 2 BRI BB R AR Sz sl i, A B
Tl R AR T BRI T R,

VIR IY R , 20 ~ 70 & 2 FUBE PRI B £
12 AR XM G2 sh 5, &8 HIT 4854 A %A Bk
T AGERTEEFF 20% |, 1] MICT 41 5 3% 45 A g 1 W 6
MR 5 R R AN R, AR I A R, X
T A B S B 2R AT HIT VI 25 1) v 2 45 2 5005 bR 95

F4 YLD UG 3 4URE BB S EUL L (x49)

" A (ke) BMI(kg/m’)
HIIT 21 30 87.219.1 86.0+5.8 30.3:4.4 29.9+3.5
MICT 4H 28 84.3£6.0 84.6+4.1 28.7+3.7 28.8+3.3
CON 2 25 86.8+8.6 87.2+7.7 29.3+3.6 29.5+3.6
amo b o M () — IRk — IRAAIL(%)
UIE R UENE plER UENE IR UESE
HIIT 21 30 27.0+£3.2 26.2+2.7 60.2+8.6 59.8+6.2 31.2+3.9 30.6+£3.7
MICT £H 28 26.0+£2.7 25.5+2.5 58.3+6.3 59.1+£5.2 31.0+3.8 30.2+3.4
CON 2 25 26.1+3.1 27.5+2.8 60.7+8.9 59.8+7.7 30.3+4.9 31.7+4.0
x5 YILRAT G 3 HEH HEERINES I LK (s)
27 il i %{%](ﬁfjﬂﬁﬁ( Counts/min{d) i A(ﬁfj]%( steps/d) .
YIIZRTi UENE YR UERE
HIIT 21 30 321+38 335+41 5122+639 5118+698
MICT 4H 28 368+44 352+35 5327+701 5287+769
CON 244 25 355+40 370+33 5375811 5512+970
Fo6 VIG5 3 HEEEEHRARZLILE (2xs)
P — (T 311 N G,
YR UESE YR UENE YR UESE Y2 VIERE
HIIT 2 30 1829+276 1933+298 212+37 228+39 759 80+11 82+9 88+12
MICT 4H 28 1886+253 1898+305 210+28 223+31 82+12 7910 83+10 79+14
CON 2 25 1875+269 1837+320 226+35 208+43 78+8 75+9 78+11 80+9
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B SRR AT MICT YA SR 2,
IR R A2 R RN AT B S iE i R (fhis
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WFFEAEVI GRS RIS T A 3 Az o B (A0 R) ifE 47
R W AR T RAIE 45 A8 B it (RE S TH A€ ) A IR, A B0
HIIT MICT 32 gl X} 35 S RE 1 I GEVE FARLL, 7T /E
5ABE B E R TRACHA- 7 e = AR 116 3 A ¢
HAEIZFIANY B, HIT A1 MICT Y2534 A) @ 3548 7 i
ARG SR | T2 A AERLA) B &2 A6, 1T HIIT
AP v RS E I 2l d 8 BG4 RE W.PH.,

ARG A A B FIINRTT  J5 AR  BMI S &
i BN DL AR A 4t AR AR bR Y O 2 AR Ak
HHIE Meta SR8 H 2 O PR 5 & SR R K
SERZE S GRE Y AIE BE AE I Zhad AR
PIPRAFE H R 2T IBURAR il ad I A AR B i i A B,
Ywr e 3 HAEBEEREEHA RS L E EEL (P>
0.05) , HbHED 25 4k K iz sh il gkt el ( >8 J&]) Fl/ Bk
AR R BE R AT T RE X SR AR S SRR A
S AHIZ AR SA T 1 — AR IR S

AHIFFE LI 1] £ 21 FR 3 1) AR A 24 B e 2 Wy b
557 [R)AF R FH BEAIL T B 38 T Do 1 4% 4 i 3 3k
LRARAE— 20, [RIIH FH 25 TR 28 5% 4% LS 38 b 4t SR 160 532 i
YER#IN, ARBFFE A A B VI ZRAT 5 H A 0 il
Hil484% HbAlc /KFEYJC A4k, nl 51z sh T TR
(B O, ANFST 454 BB 3 I 2Rt e e I B K 7
IRTCI B 225, B AT RE S K (72.3%) B H
IETEMR AT T 22506 ¢, Qs — T Meta 43 M7 45
W, S AT T 2R 2595 B4t , A SRas s A 7
RN R BRI

25 B Ao 25 0 R JE 1 HIIT A MICT
iz gl H3E AT 2 USROG B, B ZRad fp
AT A7 S e R A, I 8 JR B HINT 5 MICT
YL AT 2 OB PRI B8 B A SR ) SRz gl it
o EA M S RO, A BT i R A T T, R
R A RAE T O MU PR AL TR

Z % x #t

[1] BEFEFEZERL, FIREE S BFEZE 2, P E B F R )
MR L 22 5y 23, T [ AR B DR 2T 5 1 (2021 4R RR)
[J]. P4l JR G 4= 4, 2021, 13 (1) : 14-46. DOI; 10.3760/ cma. j.
¢n115791-20201209-00707.

[2] Nath T,Ahima RS,Santhanam P.Body fat predicts exercise capacity in
persons with Type 2 Diabetes Mellitus: a machine learning approach

[J].PLoS One,2021,16(3) :e0248039.DOI; 10.1371/journal. pone.

[4]

(5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

0248039.
Stefani L, Galanti G.Physical exercise prescription in metabolic chro-
nic disease [ J]. Adv Exp Med Biol, 2017, 1005 123-141. DOI. 10.
1007/978-981-10-5717-5_6.
Wewege M, van den Berg R, Ward RE, et al.The effects of high-inten-
sity interval training vs moderate-intensity continuous training on body
composition in overweight and obese adults: a systematic review and
meta-analysis[ J ]. Obes Rev,2017,18(6) :635-646.DOI. 10.1111/
obr.12532.
Dun Y,Smith JR,Liu S, et al.High-intensity interval training in cardi-
ac rehabilitation[ J ].Clin Geriatr Med, 2019,35(4) ;469-487.DOI.;
10.1016/j.cger.2019.07.011.
Hwang CL, Yoo JK, Kim HK, et al.Novel all-extremity high-intensity
interval training improves aerobic fitness, cardiac function and insulin
resistance in healthy older adults[ J].Exp Gerontol,2016,82( 10) ;
112-119.DOI:10.1016/j.exger.2016.06.009.
W, PNFAL, K — RO E S5 5 6 min b T RS ISR IT 6
TR LB [ )], o B AL TR 5Y, 2016, 20 (2) £ 292-296.
DOI:10.3969/j.issn.2095-4344.2016.02.024.
Colberg SR, Sigal RJ, Yardley JE, et al.Physical activity/exercise and
diabetes: a position statement of the American Diabetes Association
[J].Diabetes Care,2016,39 (11) :2065-2079.DOI; 10.2337/dc16-
1728.
Lee DC,Sui X, Artero EG, et al.Long-term effects of changes in car-
diorespiratory fitness and body mass index on all-cause and cardiovas-
cular disease mortality in men:the Aerobics Center Longitudinal Study
[J].Circulation, 2011, 124 (23) . 2483-2490. DOI: 10.1161/CIRCU-
LATIONAHA.111.038422.
Awotidebe TO, Adedoyin RA, Oke KI, et al. Relationship between
functional capacity and health-related quality of life of patients with
type-2 diabetes[ J | .Diabetes Metab Syndr,2017,11(1) :1-5.DOI;10.
1016/].dsx.2016.06.004.
Vega RB, Konhilas JP,Kelly DP , et al. Molecular mechanisms underly-
ing cardiac adaptation to exercise[ J].Cell Metab,2017,25(5) :1012-
1026.D0I:10.1016/].cmet.2017.04.025.
Lyerly GW, Sui X, Church TS, et al. Maximal exercise electrocardio-
graphy responses and coronary heart disease mortality among men with
diabetes mellitus|[ J ]. Circulation, 2008, 117 ( 21) ; 2734-2742. DOI;
10.1161/CIRCULATIONAHA.107.729277.
Stoa EM, Meling S, Nyhus LK, et al. High-intensity aerobic interval
training improves aerobic fitness and HbAlc among persons diagnosed
with type 2 diabetes[ J].Eur J Appl Physiol ,2017,117(3) :455-467.
DOI:10.1007/s00421-017-3540-1.
Hu M,Kong Z,Sun S, et al.Interval training causes the same exercise
enjoyment as moderate-intensity training to improve cardiorespiratory
fitness and body composition in young Chinese women with elevated
BMI[J].J Sports Sci,2021,26(2) :1-10.DOI. 10.1080/02640414.
2021.1892946.
Grace A,Chan E,Giallauria F, et al.Clinical outcomes and glycaemic
responses to different aerobic exercise training intensities in type II di-
abetes:a systematic review and meta-analysis[ J ] . Cardiovasc Diabe-
tol,2017,16(1) :37-47.D01.:10.1186/512933-017-0518-6.
Gui YJ,Liao CX,Liu Q, et al.Efficacy and safety of statins and exer-
cise combination therapy compared to statin monotherapy in patients
with dyslipidaemia;a systematic review and meta-analysis[ J].Eur J
Prev Cardiol, 2017, 24 ( 9 ). 907-916. DOI. 10. 1177/
2047487317691874.

(&l H1%:2020-12-18)

(ARG 5 )



