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HE. B WKt m s 2 st 2 AR (T2DM ) Bk 5 2% (IR ) %, 773 IR 201541 A -
2016 F 10 AZIR 114 R #1569 182 48 T2DM R FAF AT &, P A &4 = Mt (FPG). =W
B% (Fins ). 22k 8 (Hb).2,3— =Bkt Hidmig (2,3-DPG ) B AFFEF 1o (HIF-1a ) ZILEFKTE,
PEsbit LM By F A8 (HOMA-IR ) 5 M B £ 408354 (HOMA-IS ); e R4z A48 (MS) 28 (49 #1))
FadE MS 28 (13347 ) IR, LARBLAAN K IGAT, HARIELF Hb RFG =515 5 34 5 I 34 IR, AR
BLEAKF5AR, R Peason X ZE ST EIGARAA XM, R MS 41 FPG. Fins, HOMA-IR. Hb, HIF-1«
R fr SUBE K & F4E MS 28, HOMA-IS A& T4 MS 28 (P <0.05), KL% Hb K -F# %, Fins. HOMA-IR
HIF-1a . 2, 3-DPG & LB K -F 2% (P <0.05), 1 HOMA-IS iZ# %4& (P <0.05), HOMA-IR 5
Hb., HIF-1a . 2, 3-DPG Z @ UBR/K-F3) 2 B4 % (r =0.197, 0.303. 0.136 #= 0.153, P =0.017. 0.000, 0.067
#20.039 ), HOMA-IS 5 Hb, HIF-1a . 2, 3-DPG B LB K-F3H 2 fitak (r=—0.197. —0.303. —0.136 F=
—0.153, P =0.017. 0.000, 0.067 #= 0.039 ), %5t T2DM &% AABEM B HEF IR ML, BEHEWE 4,
1% P20 228 BT A i A AAUIRAGZ L, Amik IR,

EEEF . M B FARIL ; SO R ; 2 BB RR Rt AR
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Effect of hypoxia on insulin resistance in patients with
type 2 diabetes mellitus

Hong-shuang Xu, Li Jin, Wei Zhang
(Department of Endocrinology, the Third Affiliated Hospital of Qiqihar Medical College,
Qigihar, Heilongjiang 161000, China)

Abstract: Objective To study the effect of hypoxia on insulin resistance (IR) in patients with type 2 diabetes
mellitus (T2DM). Methods A total of 182 patients with T2DM first diagnosed in our hospital from January 2015
to March 2016 were enrolled to the study. Fasting plsama glucose (FPG), fasting insulin (Fins), hemoglobin (Hb),
2, 3-diphosphoglyceric acid (2, 3-DPQG), hypoxia inducible factor-lo. (HIF-1a) and lactic acid level were detected,
then insulin resistance index (HOMA-IR) and insulin sensitivity index (HOMA-IS) were calculated. Hypoxia and IR
indicators were compared between metabolic syndrome (MS) group (n = 49) and non-MS group (n = 133). All cases
were divided into three groups according to the tri-sectional quantiles of Hb level, then hypoxia and IR indicators
were compared among them. Pearson correlation coefficient was used to analyze the correlation of all indexes.
Results The levels of FPG, FINS, HOMA-IR, Hb, HIF-1a and blood lactic acid in the MS group were significantly
higher than those in the non-MS group, HOMA-IS was significantly lower than that in the non-MS group (P < 0.05).
With the increase of Hb level, the levels of Fins, HOMA-IR, HIF-1a, 2, 3-DPG and lactic acid gradually increased
(P < 0.05), while HOMA-IS gradually decreased (P < 0.05). HOMA-IR was positive correlated with Hb, HIF-1a,
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2, 3-DPG and blood lactic acid level (» = 0.197, 0.303, 0.136 and 0.153, P = 0.017, 0.000, 0.067 and 0.039), and
HOMA-IS was negatively correlated with Hb, HIF-1a, 2, 3-DPG and blood lactic acid level (» = -0.197, -0.303,
-0.136 and -0.153, P = 0.017, 0.000, 0.067 and 0.039). Conclusions Chronic hypoxia and IR exist in T2DM, and

there is a close relationship between them. Chronic hypoxia may induce metabolic disturbance and accelerate IR.

Keywords: insulin resistance, hypoxia, type 2 diabetes mellitus, metabolic syndrome

2 FIHEPR G (type 2 diabetes mellitus, T2DM ) J2: i,
NIRRT , Z24E 35 ~ 40 % J5 M5, oBHERI
= 90%. BEE NG A4 = AR 2T 1B
AR T2DM IR AF BT R R insulin
resistance, IR ) J& T2DM Y EE AL, iR ik
AAF ( metabolic syndrome, MS ) KA R TR,
IR E RN PR R B R RE S IR e Ale ke, W4y
MEEL RS R ES 2 G, RS RE
FHBCR AR R EE AT, RIBR ) 22 Ab AR Bl =
FPIRAS ", AR B 5387 T2DM (835 i 20 2L AR
fobrS IR, E AR ERCR, WISl
e IR KA AT BERLH

1 ARSI

— R
PEHL 2015 4F 1 ] -2016 4F 10 1%k B #1210
182 5l T2DM [ BTN R0 ARRHE « OBEFER
IRAMEAT e i L (5 SRR AE254) 5 QImRBER
SERETEE . HEBRERE - AT EAL . . R
SEMEAR PN, LA RGP s g 5 ik 2 A
A AR IR s BT s

1.2 Fik

1210 FoAbkcE BERBERAER . 1N ZHE
DL SR B, JFI i By ey R R (WC),
B AR, PR AR E AR 8 (BMI) FIIELL
( waist=hip ratio, WHR ),

122 dppde IR A28 REFDZIXERN 5 ml =
R, 100 2RI 2S00 B R B T 80 CIR R IRAF
FF ., SR H Cobase 411 HLAb22 R IEA TN X BLE 11
i H 2 AT ) WEZSEINME (FPG ), EUIH[E
(TC). =BEHM (TG) M ENFE A FE R (LDL-C)
B B NG IR BE (HDL-C), SR HEE S ] 7
22 F] ADVIA Centaur XP fb27 6 ASUR: I 2 J e & R
( fasting insulin, Fins )o VIFa SRR A R IR
RO AR B, BV EHEHUHE 20 (homeostatic model
assessment—insulin resistance, HOMA-IR ) =[FPG ( mmol/

L) x Fins( mIU/L) ]/225,H%u%%ﬁi@?§‘§& ( homeostatic

1.1

model assessment—insulin sensitivity, HOMA-IS )=1/[FPG
(mmol/L) x Fins (mIU/L) ],

123 REEAIEAT R ps-2200 & H BT
ML AL AT CTRYIZE DUR 2 w] ) ARG Ay JE 5 Y
MH BAESR, CRILMALE A (Hb), R ELISA i
g CERDUESEA Y TR R ) A i R 460175 5 A 1
1 a (hypoxia inducible factor-1 o, HIF-1a ), 2, 3- —
AR HHHER ( 2, 3—diphosphoglycerate, 2,3-DPG ) 7K,

K E B ABL8O FLEX 2 48R bk 1L LR 7K F-
1.3 2HtRA

Z:7% 2004 4F PR BE 2R o 8 AR MEDETT MS 12
Wr, BT 4 = 3 WRIm2Weh MS : i@
o AR BE - BMI = 25 kg/m” 5 & MUK « 1L R = 140/
90 mmHg, S HHI2R = MLEIFARIT 5 =i : FBG =
6.1 mmol/L, Al (5% ) %&)5 2 h LA = 7.8 mmol/L, KE
W2 BRI T 2323697 5 AR5 - 2SR TG =
1.7 mmol/L, #1 (5% ) HDL-C % <1.0 mmol/L, %1 <
0.9 mmol/L. i AT BT A7 £ 35 43S MS 41 (49 13l )
FHEMS 41 (133 49 ), MS 454 = MLAT, 64 I H:
f = 2 T 5
1.4 FitEHE

Bl TR SPSS 19.0 ettt HHEYERIAEY
B+ BEE (xxs) FoR, PALILECR T /056, 24
BRI 2000, Wi LA T SNK—q ka3, FHC
PR FH Pearson 725, P <0.05 NZERESG %5 X,

HR

AN IR FNERREIEKIEFRELE

WiZ FPG. FINS., HOMA-IR. Hb. HIF-1 o . IfiF,
FRIKF- K HOMA-IS LU, RH] e K5, 22 mA58it
B X (P<0.05); MS 4] FPG. Fins, HOMA-IR, Hb,
HIF-1 o K FLER/K TR MS 41, HOMA-IS T
JEMS A, WK 1.
22 W Hb =HMiEfHAREAMN IR FAALRRRSE
M XIEFRELEE

DL Hb =43k ared, MR A B Hb KR
=B 3 1. 3 4 FPG KA, 2R T0S

2

2.1
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x1 AN IR FALRRSHEXIEREE  (xxs)

MS 2 (n=49) 850+1.13 995+222 3.76+1.57 10.01 +0.00  161.30+12.80 95.70+31.10 6.42+133 2.98+0.76
JEMS (n=133) 8.11+0.89 884+251 3.19+1.26 0.01 = 0.00 155.30 £15.10  80.20£35.50 597157 2.71+0.57
A 2.431 2.727 2.527 2.625 2.472 2.698 1.784 2.580

PiH 0.016 0.007 0.012 0.009 0.014 0.008 0.076 0.011

2 X (P>0.05);3 4 Fins, HOMA-IR, HIF-1« . 2,  163.5 4 Fins, HOMA-IR , HIF-1 « K IfFLERK 5T <
3-DPG M MFLRR/KF- LA, R F RS, 2Z25A%50 1502 240, HOMA-IS IR T <150.2 4. W3 2.

FRY (P<0.05), B Hb K4, Fins, HOMA- 23 |R 5/AMELSHEEIEIRAIME LS

IR, HIF-la . 2, 3-DPG R il 3L &K - 2 i ) 5. HOMA-IR 5 Hb, HIF-1a . 2, 3-DPG KINFLIR
M1 HOMA-IS 3% #7 [ 1K 5 >163.5 41 Fins. HOMA-IR. ) 5p gy 51 1 4132 (P <0.05) ; HOMA-IS 5 Hb, HIF-
HIF-1 o RIMFLEFETHAMMLL, M2, 3-DPCK 1o 2. 3-DPG. MZLMAEH S AR (P <0.05 ),
T T <1502 41, HOMA-IS IR FHAMA 5 1502 ~ s

F2 MHo ZEHMEHARSAN IR FIALRMREEIRER  (x£s)

<1502 41 (n=60)  8.08+0.63 825+1.97"% 295+092"" 0.02+£0.01"" 68.1+287"" 580+1.23" 253+055""
1(52'2 6; )163‘5 A 821+0.95  9.13+202"  3.33+0.98" 0.013 +0.01" 84.2+30.1" 6.11£1.35  2.78+0.61"
>163540 (n=61)  837+1.02  10.03=2.11 3.73 +£1.02 0.012 0.01 100.6 +29.5 6.36+1.33 3.03 +0.62
FAg 1.011 4.829 3.983 4.340 13.123 3.568 5.006
P{H 0.366 0.009 0.020 0.014 0.000 0.030 0.008

e 1) 5 >163.5 /L 4lHbAr, P<0.05; 2) 51502 ~ 163.5 gL 41H4E, P <0.05

3 IR EAARSEXIERHEXESH Ko AWIFEAIRKY], MS A IR HHLEE, &

R TR TR B M L s

B, (H ERTEINAMSION IR & MS &4 R

HOMA-IR
N s 2] 2y E -
i 0.197 0.303 0.136 0.153 Lo HRARS Eq:jb%%%; &R S ’%‘%%%’
EAEMS BB S BN A AN S KT,
Pl 0.017 0.000 0.067 0.039
S B 5 2 R 75 %0 Cinsulin sensitivity index, IST) P
" . 303 s o153 K. R MS & FAE IR, H MS a8 HkZE, ISI
! e o o BN, IS5 C MBS . A E 6 %%
P 0.017 0.000 0.067 0.039 5 GUE . 460 —TR-MS” TR Sk e Rk,
P ISR K IR W I LT 2 — o e R,
3 it APN-11391 137 25 GA Fll AA 53745 3L P #8023 MS 1 15 [

MS (L3RR RE . I . U R g e SRR, I APN KPS HOMA-IR 2H0HDC, fn
RN — RIS R TR g, PRI, 5 MS B AEAT G, AP M IFRRI
MS T H8 14 % A 50 B 36 T 288 2 B I A Eﬁ MS FEFS: FIER 1 AE DM ARE RS IR 5 5845

IR 00 A R 18 B 5 T 4 R SR 5 B O RS i A5 4 I M
XU, B AR, EL MS 15 T2DM 5 YA Zliﬂ?ﬁﬁﬁm Hb, HIF-lo , 2, 3-DPG KFLM&
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SEXT 2 TRUBH PR L T 5 AR R

AN TEPRFOR AU T T . Hb S2 R P E A4
RS 0, F Akl CO, IR AR, HhE B A
WS AALE LU AN G . HIF-1 BEE i s 5 5%
JE VLA A — RPN, SEAEERN . RAEE
Ji& K ggs A AT o HIF-1 J&—Fh 8 R,
B HIF-1 o M1 HIF-18 2 AR, Hd s HE7E
YRR E ik, AT 7R B RV . TEIE RS
BUF, AP ELURSINE] HIF-1 o 195K ; TTEGR4E
AT, HARSE . B g gl, TR
B HIF-1, W95 ZRhEHR A%, IR HIF-1 «
KT, B HIF-1 o BB R 2R 1) BT
5, Hop ARS8 .2, 3-DPG & Hb A E B AR MR 4
LI 2, 3-DPG @i 454 AU LT 8 PR R e
Hesafg, BE Hb 5 0, 3RS 71, (EUEM E s,
AR B IR B AR, BEINAA R R FEBRE S A
T, RS LT 40N 2, 3-DPG [k
AT . FURR AR PIBEHI hR 2 —,
BRACIFZ 2h LR N A= (FGE S FLERTE A
I FLFR A B QR AR O R . A LR ™ AR T
BN B RIME LA M iz i, A2 LR Tk
FhEs, T FLER A2 e B 32 B A SV A RE 1 52
MR A B E R, = ERRIE IR TR AR B4R
PRRERT, el LR Y SRFE I, o LR A
AT ] S LA A R Bt AR B o

AR I, MS &AM Hb, HIF-1o | ¥R
KA TR, $E7R MS 41 A B AR R R o Tl MS 41,
RS S Segn R WY, BRI B R B Nk
B /NE XA HIF-1 o 5 EPO AYFRIL, HFE & St
AR, P R IR AT &, S o B
N B GE R A, SRR, LI HIF-1a 5
TRLT M A LR YFEik . ZIOBRO %5 AN, MS B
IRNL I R %2, IR ZE R SR L R
SIPERRAG, SRS O, BRERIRMR, ML T18
PEHZUIAECIRAS . KAWAMOTO %5 " BF9R R0, ikt
H A E X AR AR A BRI SE T, UESE Hb 5 MS 414052
IEFRSG,

VAR, ORI 535 TF IR TR IAR N AU AR
SRS FEPUZ ISR 7 FEE YRR, B
JHEEB () HOMA 5505 IR 742 HIF-1 o 3k THE,

HPEAAAEIEASE, SR B B I 2 SR A
S5 IR, PiEEAMEM:. T2DM BEfEEE PR
SR, HBUAREE S TR RIEMIE, 4181E A ] 2
T2DM & JE h i S AL 3R . Y AL &b F 20 2L i SR
HonRES . FREAEEEL, & DM, I
JE S8 A 2 AR M . 2k S 1 LA
SRR EEELIN AR . & IR, o EH W H B
FEISARIHZE AL EERIAY MS 5 Sk IR @ 140
(Wi ) Sia, UM . IR L, 4
ZURAA AT B SLRE T BURE S W BUBPERRAR . ik IR,
AT R B8 MS B 1ML 2, 3-DPG KT,
HAR[R Hb 43 4H A1 2, 3-DPG K F bR TE 245, H
5 HOMA-IR, HOMA-IS 7M1, Xl fg & T 2,
3-DPG FLAFTETLLAM T, WA A SR il 2,
3-DPG (B, OHAR BT .

25 LR, T2DM B E AR PR 25 E0R IR )
%, HEABVIER, 1BIEAHLUE T RES R PR
WAL I IR

2 % X Wk
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