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Abstract
Insulin resistance (IR) is the most important factor in the pathogenesis of type 2 diabetes mellitus,
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but may also occur in type 1 diabetes (T1DM). The occurrence of IR in patients with T1DM may be
burdensome for achieving glycemic goals and may worsen the overall prognosis. The occurrence of
IR in type 1 diabetes is multifactorial, and it is often associated with overweight or obesity and a
sedentary lifestyle. In addition to impaired glycemic control and increased insulin requirements,
the presence of IR increases increased cardiovascular risk in patients with T1DM. The most im-
portant interventions that have been shown to be feasible in improving insulin sensitivity in pa-
tients with T1DM are lifestyle optimization, including dietary control, exercise, and the use of phar-
macological therapies such as metformin, sodium-glucose cotransporter protein-2 (SGLT2) inhibi-
tors, glucagon-like peptide-1 receptor agonists (GLP1-RAs), and thiazolidinediones. The pathology
of the coexistence of T1IDM and IR is multifactorial. Physiology is multifactorial, and the aim of this
paper is to describe the possible pathogenesis of IR in T1DM and to present interventions for IR in
patients with T1DM, with the aim of providing new ideas for glycemic control and improving insulin
sensitivity in TIDM.
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1. 51§

HAT, BEIR R B AR AL TR R 2 — . MR4E IDF 78 2021 4E R AT S, &FRAG1HH 5.37 12
N EBESRIE[1] . TiTHH] 2045 48, B8 FRp R NECK 8 N 229 7.83 12, FF 9t 5 A (R R Gt i 4 9660
{0 TLIAFRE VT AH[2] . FEIRFA AN EZ2RA, R EIr) 95%LA I: TIDM, BAZaxd i R =
NRHE: 2 BUHEPRI(T2DM), LU IR NHRHIE, 555 3R W ER D) RE X AL A K[3]. TIDM J&—Hh B & fu it
B, BT REARA S, EA RS RS IIEE R RR f AR . TIDM IR A /2 Mg A4 Fl
T 22 [ A B AR BERY . BRI ZR(HLA 38707, 41 DR4, DQ8 Al DQ2, f#7ET 90%ff] TIDM )
HIREE R 28 2 B A ELAE AR 1 B AR E A B SRR, B RGiss Rt m, 51K B & 5k
JBE[4]6 IR /& T2DM (1) 3 ZEEU5 R 3, FURFIE A JiR 5 22 3 1m) ZH 2000 1R 3 JR 5 /KPR R . BR SR T2DM
AL IR BRI, 1H IR AT REAEAE T TIDM . WFC SR, AEREFI AR AR 76 7 2 S5 IR
MfEf R ZR, TIDM BFEEARER A TIXEEE. Fik, IR BUCNATHERE I TIDM S M HA )
MR 2 —[5] [6].

2. 1 BIERFSRE RN
2.1. ZREE

T IR 5 AR 5 R A I AE e K RIS 7276, TIDM i IR SEH BN “ B RE " [7]. &
W55, TIDM 1 IR BK &5 HARAEI RS WEIANE, L IR 1) TIDM. T2DM AR EIZE &1k
BERAEE BAFE[L]. SEESRAME, TIDM R, IE# A EHEFBM)AMEH HIEE IR [9].
IFH, IR W ILE AR AR E IEH 1 TIDM FAFEMER RS, 5000 /256, AR KA
HEAERIEFER RGP O M ThREMIRIE ,, Wi O = B E &7 5K ThAE RS [8]. IR MR AARESE
I SRR, FUONVFZ TIDM B R ER R S 2007, B2 8, (3R f77E IR, JH
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B TS AREY, W BMIL WFAET . M AR5 . MBS BRAD 2 b pE L, AN REMRE TIDM IR 1
KA[9]. TIDM B IR FIMERRIER, 1R AR EH 825 A 2 LA R . s, BFRiER
B, TIDM W) IR AL R, 322 e B 0 B UURUFF R [ 20]

HATIN A, TIDM EE I IR vl Re SEtfeim . @EAMALR:. TIDM e, SR PEEEEAIR
BEVEL WEARA . R PERIANRORSE R A G MUREAR ANAIE 7 U A 2R B AR 08 R 7E TIDM 1)
IR KA RIEEEEIEMH. IR SEESEMA R, XIEF 5 R MR 55255 R A
By s BUBRME N EA DG, DR, TR TIDM SR REJE & R () AR 2540 sk ms T A 56 2% & 1) 7 1 [11] [12]

2.2. MERFERIES BRI

IR AR A AERERT IR TE35 4% 5y B i AR AN A R R 21 “ 38~ Ve RT, B DnfERR g 4 i £
FHNTINE TIDM R AR o IR 434 Py BEAR I AR R, B 25 oK i3t — 20 s B 4 i 11 32 5 FIBE T2 [13] [14].
AFTREAL, JEREE IR FIAISCA R, T SEUSTERIE. BEREA IS A8 VAR B E 5 % 58 2 G A vl RE i
Jil TIDM [ B & Sy ) B, (2@Exf g 4R, Mgk TIDM kA4 [13] [14]. FEMAERE b, hnig
PRV T AR R AL . TEfAR B & e B, BESSEIR, AT E S A E
X LCAN MR To[14] 0 IX P AT B T OSSR, Hod IR A E AR R o) iniE TIDM BRI
BEINFRES, TIN TIDM [ = A= s mi[15] [16]. w2, i #R i s R g 4 i foe it & S 30
Rextuly, 7O 2 Ui ) 2 ) 9 AR R I S e ML I TIDM B AE o« B3 #R A IEERT IR 7E T1IDM
R B

2.3. MR E

T1DM ] IR W] RS A 7 1 AR R 15 B 45 2577 S0 Q. IET G DU, T 38 IR 73 WA 3] 7 ik
B J5 BE TR, FEAERTIE A R38R . A, 76 TIDM 697 H10], JBE 5 3 MR A4 IS I A 6 27
NI 3 3541 B o i 5 2R 0L R P AR B8 5 2 MRE o & BTG 7 3 A i &2 2% 0 A1 7 = T (i e JHF Ok 34 o ] 4
WA R RNk 1 2 200T 166 5 R A SR BT [ 7] . R A0SR, R R & 32 B 85 /b T R 2 PR
MK IGF-1 7K, IF HAERE A KIEE A IGF 456 E B N, X el fe Z 2o IR B hnf[17] [18].
A0 JE 2R R B 3R KT AT T R OB TR B 2 S AR IR RIS 1, DT 52 10 JBR B 25 A5 5l 2 AL
AN AL LR JiR B 2R UM RR FE[19] o iR 8 2R IMUAE 2 TP TIDM /N BRI 2Rk Th RE 8 i A B, M
M4 S FFFAER IR [20]. UbAh, AN S R B S E A C[21], Wihrd, AEREEE IR
AR SR, JEREAR S L IEA R B IR FME— R R . $FRAKRY, B TIDM K ABAEAE IR[9]. X
SR IMEH, TIDM E3 IR [ AmALHIAS e AU 14 B 0 SR ke

2.4. (RRERE

IR AT REX UM SRR A SR R N il R GE . (E—TUOWE . LRGSR, Arafat 2 A\l
)R L JEERSAERE PR B AIE B AR BN TADM S LA e b 28, AT 0 B R b w4 A 23 i
WAERL, WETCEAE 240 2Bl RIE 1A KEREBUKA AR 0[22] . B YURR N —F L ik
fik, SEMiZRARG, BT RS, W0 SR TR AR Y IR R (e 2t LR/
[23]. AT, BEA K EREBUIRE SRR IE I . EZSER a2 5% %, 4Bl
BER)E, BUUREACr TR, (R AE A R AR SR AR TIDM (835 TR a7 4E, e LR
FEBE PRI AR T BT [22] o BE2E A R FR IR BOAE VG B R B : R R B35 T %, TIDM 83
AP R, AR R U E I S AR A o R e AL 20T PR PR R U 2 UL 5 R B R B 0 W K AR TADM
SR P B R AR K ORI 2K R 0 R R A T 5 S EE 23]
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3. §txt 1 BUBEPR S R B R ey T HdE e
3.1 {RBFH

TIDM & BN MR & T AR, T iR & S8R, O AL IR 7 . — I
EEX TIDM /D SERORT T AT, A v I B 1 ] I AR e =B ) BB i =, P i
AUHEHT  ARERABARIIER . —+ ZBONIRIR . WM R A — R TR IR I SR N BB [24] . [ Br ) LEE A
DEERE PRI 2 (ISPAD) 2 VU IR . W) ARIIERN, EHARAR R & [25]. BFFCRMT, RIAL A
R RIR R R A B2 AR, R TR AT T v 1 5 B AU [26] o 5 R ARG R 1 A e s Ay A e
KRG SRR R . RNy, IR D R oK SN L BB sy R EA 2 H
Z AR TR & AR TR, JFREAT € i 3l 2 PR H ith =BT 1 S 24 [ 27] . TR T2
HE 0 TIDM JBe By SR BURIE R B I ar AT AR, W Sl . RAERT . RBRAKAL &R B A B T
IR BLAN, WG R LRI BEA BT TIDM 8 8 IR, AT AR XS Bl P 1) B, IRt
POEWIBERS B2 TIDM B 1 A0 A 19 B 2 U [28] [29] -

3.2. B

XF T BT SRR B ) TIDM 835 KA, 18 3l 5 189 58O PR B 5 o ML £ RREF E5C8  B A R AH 95 [30]
RZH TIDM BE BT AR 88 [31]. 5 HE WS, 2 TG FIE3hw] L& H
B By 2R TR [32] 0 KB BT I AT 5 2 D0 4 B 1 B BMURRAYE , (ELRT JT U Fol & 2R SRURRAE PO S i AR/ B 25
[33] [34]-

3.3. AT

H B 1 AT AL 2457 B T I TIDM 3511 IR, Fr A ¢ T TADM 254 TR B0 252k U5 TR &R
PEBFTE, BTG IR ARSI AR i

3.3.1. —EANAR

PP OGUICIE o 8 AN B LR AMP AL 2 FHBOSE(AMPK) - AT #0061 2 R AR RPN BE 525400 |
T AR B REROIRAR[5] 0 He T AT ool P AEE O W S5 2 AN R Al WA B, [ I I RE AR 3E 1 By 2K VBT
SR G B R . BAh,  HOSUNGEIE I G N fIE GLP-1 A 73 WA - /b i T 71 i i 1)
WAL SRt — 2 1 i PR A I [35] . Ak, — HOXUNIGE W] et e e B i A R R AL O R AR o B T
X IUBE I, — FOBUNUIE W] A6 L AE A B D RE,  Fi I o) Bl s A 43 e R R 3 Ag, b I A A
Zirh STAT3 HIB0E, S0 Az 4R i BRI o346 [, —FORAE S AMPK /S 2 B 508 AF:
HEs U8 IR IR R AL T F R IR 3610 — HXUNKRENS 2 2 B AR a3 Bl ik A v 2 J52 B8 (CIMT) AT 3 58 Ml 2
FI(LDL)REE AR, FTBEAE K TIDM B B Lol R D0 S o BRI, o FH = FROOURIOR B (LR 5 3R 7R 5 5K
FFoE I A E B, X TIDM SR ULRATE T 8 T BN 15 RES A R L A
I AT T 2 I R BT ST [5]

3.3.2. 1 - AERENEREER 2 HIFHIF

SGLT2 | FrMLLT- 2 ¥ 7 X EEWE PRI PRIV £ 75925 2 — R Tl o2 o 78 T A1/ o o I AT IR ) S8
o XL I I SGLT2 1M, SGLT2 2 FEA ' I 5 4 bl B (EL ) S BOME R, M54 PRI i
Bl fE—LEEERN TIDM B PG T SGLT2 M7 —— B Fs——AF IR & 26T B 254 (134
R, rARZREAE 15 L Z A CHii2 0y TIDM. XU GF A E R, REER 7R 26077, (HIL
B HIRRANEEAR . WETUERRY], B S E OB 25 WX X L4 TIDM B BATRIGE W, (2%
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ANMRIRFE A, MR R s, AR EA BMI B35 R RE, RS R KRR [37] [38].

3.3.3. RS MFERFERK-1 SZREENF

GLP1-RA & — KW g B 2 2550, ] 14 s 46 B AR J S 2R ) = 2, 40 vy HBBIRAS T T o 4
MR E L 2, D B HETS, Ak, SRR ERD[39]. TR, FIRLE KT AT PR
TIDM B35 FIHE AL L2185 T (HbALC) . RF H g i 3 S AR . SR, [RE3 hn 7 f bs A B AE 1 KU [40]
[41]. HEERELER, I8 % EMH GLP1-RA.

3.3.4. EME — FE

HH T G TR T 2 T 0 B SR R 0 2 4 P B S B AR R TR R e R R AR A
Fie, DRI TR PR e — R T s ik I R R AT I s o . SRR A R, Hi T s S EUAE G N
ARV R, T8 o ARG, R Lk e s o — I )66 D 52 81 PR 1l [42] [43]

4, &Eig

IR J& T2DM [OCER EENLHI, (H7E TIDM i RIFE T RE A AL, 5 MRS ] PR o g & 2 75 SR 19 m &
O I RIS = AH DG . TIDM HY IR BRAENLII S A%, W s e R 3R B BEEEE . SRR AR
JE S R T 7\, HRT, ME— A ISR AR TIDM B3 IR 52 e T30, b, 1
WiEsh. EEAE T RMGE A R K235 T2DM F1 IR KAEHXHLHIE S TIDM & IR KIKRJEA
Ko PR, ZHIXUI. SGLT2 #i7#). GLP1-RA 525t A 1N TIDM Hh ik & s BURPEE /1. (A2 4
MG TTEEXT TIDM A IR FIHEHEZ W), B0 22 PR T8 473 75 0 A 8~ Fid it 14 Sk e AN 22 4 vk
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