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Abstract; Objective To investigate the effect of KAATSU ( pressure) and resistance training on bone mineral density (BMD) ,
insulin sensitivity, muscle strength and hormone metabolism in pre-diabetic patients, and to provide references for the promotion of
new exercise prescriptions for improving insulin sensitivity and bone health. Methods 90 pre-diabetic patients were enrolled into
this study. All subjects had pre-test two weeks before the experiment. The pretest included 1RM test of leg squat and leg lift, insulin
sensitivity, glucose tolerance test, bone mineral density, bone metabolic index, leg muscle mass, isokinetic muscle strength,
jumping ability ( vertical swinging and stepping swinging ), growth hormone ( GH) and blood testosterone. All subjects were
randomly divided into control group (C group), KAATSU and resistance training group (KR group) and resistance training group
(R group), with 30 subjects in each group. After the completion of the randomization, the training program for each group lasted

for a period of 36 weeks, and participants had 5 times per week training intervention. At the end of the 36 weeks training
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intervention, post-test was conducted within 3 days, and the items were consistent with those of the pre-test. Using SPSS statistical
software, independent samples ¢ test and analysis of variance were performed. Results The post-test result of OGTT -2 h,
HOMA-IR, urinary HOP, urinary DPD and plasma TRACP in KR group and R group were significantly lower than those of pretest
(P <0.05), and those in group C (P <0.05). The post-test result of these variables in group KR were significantly lower than
those in group R (P <0.05). The post-test result of femoral neck BMD, Ward’ s triangle BMD and greater trochanter BMD of KR
group and R group were significantly higher than those of pre-test (P <0.05), and those of group C (P <0.05). The post-test

result of lower extremity muscle mass and lower extremity muscle strength were significantly higher in the KR group and the R group

than those of the pre-test (P <0.05), and the post-test result of KR group were significantly higher than those of R group (P <

0.05). Conclusion

In pre-diabetic patients, KAATSU training combined with resistance training could reduce fasting blood

glucose and fasting insulin, improve insulin sensitivity, and at the same time increase bone density, reduce bone resorption and

increase muscle strength and muscle mass of lower limbs. The increase in growth hormone secretion, IGF — 1 and testosterone

induced by venous pool caused by pressurization could be the main influencing factor of the above effects.
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Table 1 The basic characteristics of the study participants

00 BUBRA BN S IR R I G AR TR BMIke/m)
KAATSU and rosi o KR 4 n = CH 30 49.65 +5.21 23.82 £2.31
( and resistance training group, ZH,n = KR 4 10 48,93 +7. 0 24 41 +4.20
30) HLBH I 2k 2H (resistance training group,R #{,n = R4 30 50.12 £4.15 23.12 £3.32
30) Xt BB 2H ( control group,C 4H,n =30) , Zid H £
F2 ARG S BE RS T W &
Table 2 Test completion and training intervention plan for different groups
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B BR 2 O T J if # BE A 6 205K 5] 90°, 5 T vk ik #
A LI DR R L5 i 36y R A LT
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Microtube H, Fi A —80 C YUK B R ARTE S

L5.6 MAmiH 578 (1) 3 %ERN. H %
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HRZRZABEN 2% ~3% ,Ward's = fIKRE R
BOEN 3% ~5% . (2) 8 FACHHE br Al A1) 2
IR, JR 32 il & R (hydroxyproline , HOP) | 1l 3% 4t
WA MW M B R B8 ( tartrate resistant  acid
phosphatase, TRACP ). Jg Wi & mk m& w5 ok
( deoxypyridinoline, DPD ) {lll & #] A k # SIGMA-
ALDRICH A= 7=ia{5) & , #EAT BEEK S 9% 53 A ELISA %
HEATRI , (3) BEARHHTR AR B = IR A, A B
SIGMA-ALDRICH Ak 7 By i 1) &, F) FH %0 0 v 4
AL B 3k I 5 25 ME I B B B (asting blood glucose,
FBG), (4) O filk %5 2 ¥ it & 20 48 (oral glucose
tolerance test 2 h, OGTT-2 h) : M5B8 8 h, B E
B EFRK I, 72 5 min NERATE T 300 mL 2K Y
ToKHEHRE 75 g, RS R R TR S, 2R KE
B, IR B K BB, ZERE A fS 2 h ICH
R s . (5) JBR S R BRI R RS R
71 (homeostasis model assessment, HOMA ) i} & %
& 2 W PL 48 B (homeostasis model assessment insulin
resistance, HOMA-IR ), i+ B /% & 5. HOMA-IR =
FINS(Mu/L) x FBG (mmol/L)/22. 5,2 tf FINS 3%
25 MG R R B, FBG S & I ks, (6) BRER
WUA & AT ST VISR T a0 1 B IR 455 3
d Ny, FI & E 7 InBody 770 £ {4 43 #7430 47 4 M
BRFRALA &, FEHZ W 2 h WA KSR |, (7) %

BRSO3 AHI X L AT 4 Wk S LA, 7 H
W J5 W SR R A R L ) R 3R R 60°/s ., 180°/s i
R, EB B TS 1 K VI 25 20k ki i3 2R A
LGNS EE 60°/s MK, A 3 B P Biodex
SN R G AT R, 58 1 20 B i 2
BHTh L, R R KBl 3O )
Ky A5° R E R H T IR R, AT R
TR BRI & 90°, Y 23K K A TR IS, A
REHE B LR T OB RTBRSC T . WU T BRI, 52
IR0 e L R e, I R A% R AT L R
2 WA, RE WA 3T, i kSR,
B SN e B R KT AE IR, (8) RN
R F H 48 7= HITACHI-7000 4 [ 3 4 4k 43 #1712
Ko i35 GH . IGF-1 (221 ,
1.6 Siil2aHr

ATFFEFI I SPSS 22.0 it A4 4T e 14347
) 4 3 1 43 A7 0 320 B AR BT R A T
TSEREAS ¢ 46 30 08 %% B L (RIS R A R 5 3R AR
PR bR R ER AL TS LA & WLER ¥ B8 ( creatine kinase,
CK) If FL82 (GH | Ifil 52 i 55 A7 R J5 L 45, F1) A B R
T AT AT 4L IR B A AT . AN 9 T A 4R AR LA
SEEIY + bR MIE R, BE KT R « =0.05,

2 HR

2.1 JREBFRGUBMH RS SR

£ FBG 71, KR 41 A1 R ZH B J5 I &% SR 41K F
Hil L, BERARAS 2R L (P>0.05),CH)5
W25 2R ¥ 82 & TAf (P <0.05) ,KR 44 . R 4 )5
MEERWEM|RT CH(P<0.05), OGTT-2 h Jri,
KRAF RAMEWEERY B EMTATN (P <
0.05) , KRAMRAWEFEME R BEM T C 4
(P<0.05), KR HAEMERBEMT RA(P <
0.05), HOMA-IR i, KR 41 f1 R 40 i J5 I 4%
¥ EZMLTAIM (P <0.05) ,KR ZH A R 4H 19 /5 I 45
RIGFEZEMT CH(P<0.05) KR 454 R PE
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R3O A B e B 2 EUR M A9 2R AR 1R

Table 3 Changes in insulin sensitivity in different groups

13 2= B M A ( mmol/L) OGTT -2 h(mmol/L}) HOMA-IR

) i Je i Ja HT Ji

CH 5.78 £0.45 6.13 +£0.59" 9.73 £0. 65 9.79 £0.53 9.97 £0.42 10.24 £0.23
KR 21 5.75 £0.51 5.43 +0. 58* 9.43 +0.47 8.03 +0.51 %" 10.48 +£0.45 8.12 +£0.21 %
R 2 5.79 £0.42 5.58 +0. 67" 9.58 +3.37 8.78 +0.56 ** 10.45 +0. 42 9.24 £0.19"*

W BRI R EREAGR BN (P<0.05) " £m 5 CHILRERAFRI EEX(P<0.05) ;" B G RAUKERAESR

HFRX(P <0.05),
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2.2 EEEME RGBSR

JUE B 50 % B 5 T, KR 41 A0 R 21 i J5 I 45
¥4 2 & T AT (P <0.05) KR 4R R 41 J5 W 45
BB EETF CH4(P<0.05) KR4S RS T
RA HERAEESHITHEE(P>0.05), Ward’
s AT, KR 4R R 489 )5 W 45 R 34 W 3
BT HII (P <0.05) KR ZHH0 R 40 ()5 I 45 58 2% 1

FETCH(P<0.05) , KRAFMEREESTR
H(P<0.05), KEFHHEHE, KR AR R AW
Jo 25 R 3 1 355 TR (P <0.05) KR 4 F1 R 41
B eI aE R BT C 4 (P <0.05) ,KR 45
GRETRABERAEARITEE L (P>
0.05), HEWFE4,

%% 4 Kﬁﬁﬂ%ﬂﬁ%fﬁ%ﬂh‘%ﬁ(g/(mz)

Table 4 Results of changes in bone mineral density in different groups

1 BB B R Ward”s “fa B9 KETERE

i Sl T J& T J& )
c4 0.81 +0.25 0.78 +0.23 0.67 +0.21 0.65+0.19 0.60 +0.11 0.58 +0. 08
KR 4 0.81 =0.31 0.85+0.31"% 0.67 £0.17 0.73 £0.25*%4 0.60 £0.09 0.64 £0.11""
R4 0.82 +0.27 0.84 +0.27"* 0.68 +0.23 0.70 £0.18 " 0.61 0. 13 0.62£0.10"

F KRR WA LR EARTEEL(P<0.05) " £R5 CAUBRERAFGEIT¥EN(P<0.05);* £ G RAULBEREFE

HEER (P <0.05)

7E )% HOP Jrii , KR 41 F1 R 4l 54 B34 &
R TRII(P <0.05) KR 41F1 R 4110 J5 W45 5 1
BT C 4 (P <0.05) KR 454550 W E KT
R4 (P <0.05). fEJR DPD i, KR 2871 R 48 14
Ji W2 SR AR T T (P <0.05) KR 40/ R 41
9 5 0 45 SR 35 K F C 41 (P <0.05) KR 415l

HFHRBEFEMT RA(P <0.05), fEM I TRACP Jy
HLKR A R AW FME LY B EMRTRW (P <
0.05) KR M RAMEME R BEMT CAH
(P<0.05), KR /M4 RBEZEMF RA(P <
0.05), B S5,

RS ONFEARE TSR

Table 5 Results of changes in bone metabolic index in different groups

fR HOP(mg/g)

FK DPD{( mmol/L)

lit % TRACP( pg/L)

25

I Ja i Gopll S gl b=puL]
C# 17.62 £4.43 18.34 +4.52 3.52 £0.08 3.88 £0. 04 156.45 £11. 8 167. 11 £20.98
KR 4 17. 68 +4.21 16.21 £5.39 * %% 3.33+0.05 3.1820. 117 % 156.62 +12.03 138.76 +8.33 *%*
R4 17.60 +4.33 17.01 =4.34** 3.38 £0.03 3.29+0.09"* 155.94 +8.76 147.89 £4.87"*

W BRSHWHEZEREAETFEL(P<0.05) "R CARBRERAFRTFEL(P<0.05) ;" ER S RALBERAFTE

HEBEX(P<0.05),

2.3 THENEERL AL R
TR LN B 77 m, KR 41 f1 R 41 69 J5 I 45

¥REBTAM (P <0.05) KR 411 R 4155 0 &5
REBERF CHL(P<0.05) KR 454K 8 ¥E
=T RA(P<0.05), 7E 60°/s Pzt A JHE il J7 6 AN
W F 5T, KR A R A e 45 3R 4 B E =
TR (P <0.05) , KR A0 R Y J500 45 R 35 B &
BT CH(P<0.05) KRARFMLEREESTR
H(P<0.05), £ 180°/s P4z A e 77 56 A1 B J
FIHE T KR LA R 4109 J5 D0 45 R 29 8 3 = T T
M(P<0.05) KR AMR AW FMERH B ERT
CHl(P<0.05) KR AUFMERBERT RA4(P

<0.05), HWF*6,
2.4 WE WAL

76 GH i, KR Af R AMFINEGE RBEE
FTRIM(P <0.05) ,KR ZH A1 R £ %) J5 I 45 8 24 @
EEF CLH(P<0.05) KRYFMEREEET R
H(P<0.05), 7¢ IGF-1 J7im KR ZH A1 R 41y J5 )
ZE BB TR (P <0.05) KR 4 R A5
MR BERT CH(P<0.05) KR 4 )5 0458
SBE®T RACP <0.05), TEEM /71, KR HH R
ZH Y S M 45 SR B 2R T RO (P <0.05) KR 20 Al
RAMFMEERYBERT CH(P<0.05) ,KR 4
EMEgREERT RA(P<0.05), FRLET,
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Table 6 Results of changes in muscle mass and muscle strength of lower limbs in different groups

MR & 60°/s 180°/s
4 5 , W fs 3 46 (Nm) WD F7 55 (Nm) A 75 (Nm) JEE T 73 4 (Nm)
Hil I il — — . — — .
i Je i 3 J5 it S5 B [= i S5
cu B34 826+  177.89+ 174.89+ 11245+ 111.27+ 124.51=  123.34+ 10402 + 100. 89 +
= 0.56 0.92 41.38 38.24 21.98 17.90 31.23 24. 89 32,03 20.76
kRa B2BE 904 178.90%  21L45=  114.05: 13435 122.55s  149.04x 10318 121.11 +
. 0.34 0.737%  39.45  45.90°%  18.35  21.34°% 3371 32.22°" 2233 28.11*%
R 832 8.67+  179.05+ 195.56= 113.90+ 122.87+ 124.21« 136.56+  104.31 = 115.20 +
= 0.92 0.78 %" 38.35 33577 18. 41 12.89 " 20. 66 28.20% 22,49 22.65*

W T EAGHW R EFAARITFEL(P<0.05) P FHRG CAUBERAAHITFRL(P<0.05); RREG RAUBREFALY

B X (P<0.05),

=7 SREBES W

Table 7 Hormone secretion changes in different groups

21 51 = ot : = for - s FH :
IR J& RiT J& HiT ] Sl
(o1 1.67 +0.35 1.70 +0. 21 92.36 +29.21 90. 45 £22.20 5.78 +0. 87 5.79 £0.91
KR 41 2.71 0. 41 3,13 +0.51**  91.98 £20.89 107. 45 +£30. 98 * #* 5.67+1.12 6.34 1,43 "%
R 41 2.66 +0.33 2.73 £0.42"* 91.42 +22.8 102.62 £22.23** 5.59 £1.30 5.63+1.22"*

U7 208 S iR
R (P <0.05).

3 i

3.1 NS A HUBH N 2R X R & 3 U 1 52
IR N 2 2 48 ) A o s IR o 55 Jact st i) L BT 7 Pk
I 37 5, 5000 50 40 0 e JOk IO 2 % WS A b B Bk
RN, LEE /N S5 0 0 R, 7 A B e I 3k
N o ASHIEGT K B I 0 A EE LI & 45 & B I
i A&l 36 HBy I, 25 E I L OGTT-2 h il
B R ARPUAE B B B o . B A2 B atih I
SR T & R IR A2 i 36 MU ER S, 5aril
o Wb OGTT-2 h RS RICPT B HE AT
s o (R RURAE AN I R 45 A BRI 2k 4L G 3%
KA X B2 A2 A3 9 25 IR OB AR & R R
I H I B A S, AR INES &5
RN 25 1 B 5 BB B IR A .
(1) R 45 & B BH I 25 e % ol B AR 38, 35 g &
THFE 28 RGE HATHRERE  IHAERESFRE R W I,
A R 0 5 A v 2 B P I 2 5 Al o
S AT U BN ZRAE B, F0BE 5 BB AE Y B H AR B 4R T
23% ~28% P, ABFIEHEATIOUI G0 R, RE B B
HREIREMEHITS 5B, #FnikEiRimE. (2)
AW TE X R 4 W 5 AR R A B, A B 5T
GH 1 IGF-1 Ay B 253 36 R 45 & $ibH I 4:45
i EET, BT IE & TR H ISR, X Al
BE 5 0 38 0 Bk RN A G . IGF-1 55 F 4k

SSRGS L(P <0.05) PR C Al

R BTG HERY(P<0.05);% #RE RURLBEERANE

ZARYE A IS e AR SRR B 2 0 A RN, AR
P 2 W R B, W T A Th R 5 L SRR
JHEA S 04 1, R B 2 1 T AR T 6 A, [ B 3 o) 35
S EHE G IGF-1 EZ A PR A A, 2 BUBE IR R
IR IGF-1 & &0 B MK, A A B otir
SELHR TR IV IGF-1 ¥ B, GE 48 ot 35 i I 22 9K AUk
o ImIRBFFIA R IGF-1 H T 224 2 BUBE IR i 2B
I FAR L EA W B RO, 7 I AR % T 4 5
WG R B R HOt R AE M &4 . GH 55 IGF-1 %
YIAHE, GH G2 4 4k J & 2 RN 22 43 3 = /R 35 0m
o TR T e g A R 2 TR I 2R AR Yy e AL T Y
WhEABEER . B2 IESE BRI 2500
WA RS RS EAREER, X AR
S22 Y11 £ 00 8 4 3 RE 85 00 A0 I 25 77 AR LW GH 1 IGF-
1 A3 AL F 220 .
3.2 IR NGRES A PTREIINZE R RN
A

AW 5T e BN 45 A 470 BEL I 25 20 4 e BEL )1 2
Ptk B BRI IR Ward’ s = . KRET 5%
o Hd Ward’ s =AM EHE, BEZNELSEH
PN SR 32 1A B 38 T2 R aihr I 40 09 52 3K
# o ABFIE R H BT B I 45 30 7F S O B R B 2%, R
M 50% 1RM, FEis s i R 2 B9 ) 1 b
77, [7 Bk 388 2o 5 - i A 0 X 8 e T A
77,77 A A AR A R AR B R ORISR, 5 BB A A



FEE RGN ZeE 2018 4E 11 HEE 24 5% 11 8] Chin J Osteoporos, November 2018 ,Vol 24, No. 11 1457

PR R SE A B L, AT IR BB R B N B RR
(B P47 BN 5 4 5 0l BEL VI 5 28 4 B, ok ok
TTIEAN A SR 07 %6 — 30,8 e 21 B 5% B 388
AR EAR T B Al b B4, n e Tl e 2 3 R 2 59 IR
o ARWFRUESE 36 J& N 45 & FrbH il 45 5 i fr
RE N2 b4, GH F IGF-1 (1 ¥k J32 42 T i J8 58 K,
55 R T IGF-1 KV 54 R A B R s 19 %
REGAME ", Loenneke %" WA 7E GH KT
BRAERRANERENEMRTIEY A, IGF-1
HE 1% ) S A0 I A Ak DA S 38 5, FEXHE SE B R B LT
BiEmARUNKERGEERE FHEAEEME
H. IGF-1 5H R Z K58 & 6 5, BOs A
5 P A SE %, T AR M A A AR L R e
IGF-1 tH iR 43 0t , 30 40 A7 Gl A2 B SR v, Y a7 |
R A AR Bl B i, R A T R O i ik B
B e T T A R T o AN, R A I
)5 TGF-1 7K V-4t 0 10 2 WA, {H 253 ¥ 7 1
REAR N iR 15 RARPL B R 5 IGF-1 K V24 fF B T),
TENZREE % B 3 8 GH A1 IGF-1 # /K, i
{2 BB 0y A BVE AR 2F B % B 03 . (R A, HURE
BTN A R e S s RS, 7
PRI R U R R, R B0OE % I a0 A A
EIESS S PG a5 Wi,
3.3 RS A PR ZRxE T UL B9
A5 & BN it 2 A A BEZE 285 36 JE A1)l
Gr)g AT IR 45 A P BRI 2 iR A S gt 3 A7 BrBE I
25 B 32 AR T UL PR R UL 24 0 AR L ERUS
FHEE BTN RS A BB 5 0y 52 i A gk A
B AT Y MR REE N R E . HREA
4732 3 T B84 235 WLy 0 L P B 3 B R e B
%, XS AR Z R FRA X, U PR 8
1 33 B G EAR AT HA T R BT , 4 B LA 2
A4 SAER K B AL, 45% 1RM Ll R0 E
BT RRE LA B AL BOA IE R Ak S HE N T
L FULA R RIS R A PR o S A A EORR
T2 BN IA g Xt TR T 2 U A A B B0 T R PR 2, G
T T T e ik 6 AR I B R R 5 2R R Y R i A%
RARAER . HARZTRIAN & RS 32
PRSI i 85 38 SO 7 A R A S L e 4
S YA R, A 50 B U 2 b &5 6 in e 2 i 3 FR ) B
e VE L & AL B K Abe 25T BFSE R
B, G A + R SR BT R I % , s i B
334000 288 UL S D 3K UL A A UL UL ) B T AR AT DL P
o, TR RS I A K B S B A TR

AL AT PO 25, 00 T I E L A B
S, Takarada 25" BF 9% & BL, IR 9767 + o5 R 9B 3
REL 0 FE N 2 %68 UL AT & UL PR A v AR LA B L T 3G
A—E R BEAE . X B 5 5 7R B 5% B 55 45 SR A
1oL, A B 5% 2 30 % W T A el AV s A 64T 50% 1RM
B EPTRE ISR, 2 AN Y ERFR A0 R , HOULA & 0
WU B $2 TH RO B @ 0 T 846 50% 1RM & /Y 4t
REUN SR, ASHE ST sl R Ik B 7= A B L AL A
F74 4 I 5 AR B S AT SCER R 70% ~75% B 1RM $i FH
W ZRBRCRM ML, AR A, 5ULR 4K AL
HEINAASC B9 GH 152 il vk B 7E & i m Y 25, 7
A RN B EIN . MR UI X GH Fl 2 1{ 4 %
MRV REZ SR MR B mm B8R E,
g5 Bk AR IEIN N LU R 455 50% LRM 59351
Y2 A8 05 & 2 B TH B ot s A B 9 R A LR & A
WU, N R R 5 o v i B o BE N 2R 25 SR 2540
3.4 JNIEZE S BTN ZRN BER 4 W B 5 R
AT B 83 36 JH A U2 , 42 32 Bt B Ui 25 A
T 25 4 B BRI 25 1) B Tt o 0 (IS AR E GHLLIGF-1
2R R B BT, RS A BB I 2R 00 32K
H GH IGF-1 SR ARk & & v F B 4l 415 P I 25
M52 3R % . ZBE M BT RE 5 R S BRI &
A %o Reeves 2™ BF5¢ f, b it — 3k UL /0N i 9
FRFIFHEATHIN S, 230 5 MR AL R ¥ B &5 T
B Sl AT N B R s 20 5 B A BIF 583 8 0 R 18 Bl X
LR B4 52 0, 25 5 30 s 0 AT 55 e BH 2 7L R vk
W e T H AT R R B bR 2 3h nY s A4
Takarada 25" BEAT 69 K B9 BF 5% b 2EAT I JE WLi2 30
Z 8, B R WoR I AR BH A LR e B S TR
LA BEL I 5 4 B 5 B B S, i B R R 4R
I Hs T R 0 A 4 BR ), T 6 2 3 n 2L AR i
o RZHFF R BT, SEIR 43 0 42 i 5 i 2L iR 1
W B v B R G, BL IR A B T I8 2 AL ] T 4
PN SE R Y A B, FLIR A U AR P= 4 , 1 v RE$HAT Al
WG BB ST MG B oy 1o RS & S Ik
FECFLIR R G, R IR S IV S TR LA
He 3 7L R HE AR 2, MK i R 8 BE 2 B 52 R 4
Wb, B B A 0 R I S R v R R T B Al 6 A
iz 7, Takarada 25 g WF 58 Ih 2 GH £ A i 3L B8
Fh i Pr 2 AR 04 1R M BF BR80T AR . Loenneke
2 VA S T B R I I 7 B0 IR A4 FR R UL P PN Y
LR A 27 % b 1R A0 HICES I W, 1 AL A PN IR 1 2R
B B TR 9R e 2 B RN, A =T R I {E
SRR R MR RV A S T RO



1458 MR

2018 £ 11 % 24 %% 11 #] Chin J Osteoporos, November 2018 ,Vol 24, No. 11

M TR GH A& 5 i, ARBFIE & B IGF- 1
25 DR A I I 5 T B0, Liw 45751500, 1 B By R
FARBEFETRBREOR SRS MRIEAR
K, 4k GH LTt 23 O Bk 23 3% IGF-1, W] B
i 3 7 WAL GH 4y 3, Takarada 2571 1)
I B e BE I 25 45 & Jm 38 R Ul 45 75, IGF-1 & &
I, FIRERY, Abe 25 T LUK IR B BB VI 2R 45 &
SRR, R 2R, %S 12 d, Ul %5 IGF-1 # &
FW ., AP L 36 AT, 7 IGF-1 ,GH Al
ST (3 e 8 38 0 T B 5 A 2R AT B BEL Nk mp T 3h R
67 Jin s PR #3850 S i ) BEL DA #0 Pk al 9 R, 49 n
3 (0 0 ok i 2 BT BT, R R kb R, 5 | A LR
HEAR 3R 10 R R R AR — R B R SR D
T 98 28 40 000 1) T4 3 e 2 S s Tt R R A BB R
R B R R R UL PR R D UL 3 i A
H#E,

4 g

R T 2 U AU B R AT I R 45 B HU B I R BB i 42
o MRS, T R R ORI R B R L
WA AR R 35 R L ) AL . IR
J B R I ot AR R BT S R B A R LV IGF-1 SRR Y
SR AR RS R B EE WA E,

{ 2 % x & |

[1] Wongdee K,Charoenphandhu N. Update on type 2 diabetesrelated
osteoporosis [ J]. World Journal of Diabetes, 2015, 6 (5):
673-678.

[2] Hiate, 3. slimSE S ey 28 /b X8 sh o H g iy
WFFTHLIELT ). o B 4 2016,22(11) : 14911494,

[3] ZUF0, BRRek. MIRMEIESH KRB ML HIELWIIT
[J]. b B R B A 4L 2 2017 23 (11) ;1457-1461.

[4] Hage MP, El-Hajj, Fuleihan G. Bone and mineral metabolism
inpatients undergoing roux-en-y gastric bypass [ J ]. Osteoporos
Int,2014 ,25(2) ; 423439,

[5] EIER, . 45 is 30 X280 AR5 S REURIER
B[] RERTT ¥ B i ,2013,39(9) : 18,

[6] |, B, &8, 5. 2 BRI 2B BB 6040 6 fE 1
WHE )] RERY,2015,26(8) : 824-827.

(7] RER3C, X35 #EIR 5B BB A B A0 e B et R [0 ], &
T EE 2 2015 ,22(10) ; 1275-1277.

[ 8] Xul,Dong YH, Huang X, et al. Effe ct of type 2 diabetes
mellitus on bone me tabolism; an in vivo study [ J]. Chin J
Osteoporos,2014,2(20) ; 238241,

[9] ¥, L MEARBNGF XXMM TEEFTRE,
2013,12(33) ;71-80.

[10] gt mUE ISR E B iR sh VI g3t 2 4 5 1B AR M AUB 3% )8

[11]

[12]

[13]

[14]

[15]

[16]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Fm[J]. b B A, 2018 ,24(3) :290-293.

Salo Y. The history and [ulure of KAATSU training [ J].
International Journal of KAATSU Training Research, 2005, 1
(1):1-5.

Madarame H, Neya M, Ochi E, et al. Cross-lransler ellecls of
resislance Lraining with blood [low restriclion[ J]. Medicine and
Science in Sports and Exercise,2011,40(2) :258-263.
L0, T7 R, B R BB I X O R S 4R BB T R RO
mRe b [T]. B B A 4 7K, 2014,20(6):
649-652.

SKRFEHT, T B AR B G S E A RACE B R T].
A B R A 2 A% ,2013,19(7) :761-765.

WARA, R, AL, L A2 )5 B SR AR AR TR T R S
PERELT]. M B A4 2 75,2010, 16 (8) : 602-605.
XX, 4 B Rah i grxd 2 BUBERR A5 K R AFE SREBP -
leEARZHWEMLI]. B A BT EE,2015,42(8):
1468-1471.

FF U - W TKOE 20 R IR R O BB A R R B 5 i B AR R AL
FIID]. #2014,

Toenneke JP, Thrower AD, Balapur A, et al. Blood flow-
restricted walking does mot result in an accumulation of
metabolites [ J ]. Clinical Physiology and Functional Tmaging,
2012,32(1) :80-82.

Teppala 3, Shankar A. Association between serum TGF-1 and
diabetes among U. S. adults[ J]. Diabetes Care,2010,33(10) .
2257-2259.

Higgins TF, Johnson BD. Effect of exogenous TGF-1 on
chondrocyte apoptosis in a rabbit intraarticular osteotomy model
[J].7 Orthop Res,2010,28(1) . 125-130.

Ma KJ, Zhu ZZ, Yu CH, et al. Analgesic, anti-inflammatory,
and antipyretic activities of the ethanol extract from desmodium
caudatum|[ J]. Pharm Biol ,2011,49(4) : 403407,

Abe T, Kearns CF. Muscle sizeand strength are increased
following walk training with restricted venous blood flow from the
leg muscle, Kaatsu-walk training [ J]. Journal of Applied
Physiology, 2006,100(5) :1460-1466.

Takarada Y, Tsuruta T, Ishii N. Cooperative effocts of exercise
and occlusive stimuli on muscular function in low-intensity
resistance exercise with moderate vascular occlusion [ J].
Japanese Journal of Physiology, 2004 ,54(6) :585-592.

Reeves GV, Kraemer R, Hollander DB, et al. Comparison of
hormone responses following light resistance exercise with partial
vascular occlusion and moderately difficult resistance exercise
without occlusion[ J]. Journal of Applied Physiology, 2006, 101
(6):1616-1622.

Liu Y, Zhai M, Guo F, et al. Whole body vibration improves
insulin resistance in db/db mice; Amelioration of lipid
accumulation and oxidative stress[ ) ]. Applied biochemistry and

biotechnology , 2016, 179(5) :819-829.
(W ks A #1. 2018-03-31 ;& [0l H 34 : 2018-04-13)



