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Application of metformin in the treatment of type 1 diabetes
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[ Abstract}Insulin replacement is the basis for the treatment of type 1 diabetes,but long—term clinical usage of insulin also brings
many problems, particularly weight gain. More and more clinical studies of metformin in type 1 diabetes as an adjunct treatment showed

that metformin did reduce the amount of insulin and weight gain,but whether there is cardiovascular benefits needed more clinical re-

searches.

[Key words]type 1 diabetes;insulin;metformin; fat

1R RIS R —F I B SR SRR B AUM I BT
PEREIR , AT B 5 RS B - T T Y B B B R
BRERT B 1 ARSI, B RS ZBR8
TR | BUBRIRRIAIT R, BAKBIERBESRRITH 1
R P RS BN DU E , EEHHNES ER
BIEH AT 1 1U/(kg-d)], T MR RRREERE HE
FIRCRE AR REFETL, ETIRRIUIR, 7E06E FH R B R IByT

EENE. % x|, Email : mickmick-0624@163.com,
BER 6 R A R IR ARG

BEESE: 2 8 X, Email; ziwenliang99@163.com,

BEEEENR:FAL L #R ALF _FEXREDHHER
A EE, PRERLENSEEELBRMFEE
R EATPRELESGATRSELINILER FHMH
B ERATEFLRS R FRENTELER, EATF
E¥eHABRFmMM¥E, AEN 5K T/ 25 F,
IHERERMFERL AR BERYG AGAEAHE
S EBEFAGRM 1A, BAETASL 6 F, LA SCIi
L13%, BRARLISHE, AHE R+ -2 R HH
(MM FEFEAREIF(ERABEAEIEF 2%, £
HEGHBREE EBER FREDELSES BAF
EWEZEBRHAE D, LA RETBRBL,

5% HH AB - hitp://www.cnki.net/kems/detail/50.1046.r.20161116.1611.006.html
(2016-11-16)

kel BRI R TARE iR R — B G HZAT R, Y
RERS A Ot | B RR B E AT E R, R E
WHME B R FTHERZ B0 2 RO BRI IRYT — 2R LUIR A2y B4R
FREHZITE 1| BIBERIIIEST TSR o A 308E — B A
1 BB BRFEYT P N R R AT MR , B DR T — UK
TRIT 1 ZURERIR L A R S T et

1 BEBES | BERR

1 RS RR B EREERE =—" ARBRIVE
HHE, {HiE AR A B E AR AR RENMUE L EHEDF
NEE R, W BLAER A | BRI R B R 0,
FHOFE | BBRRREWERSEE SEEF SEARH
YRR i 25%~35%, ERE-TRITRERERR D,
507 BAELS 8~16 5 1 1 BUGERREZIRE , 7E 0 10 4ERE YT
VA P AEE AR A A R E 33949, BAh, TE—TUHrS W
RIS 1 BB IRAE AFEBA T 3T v, AR R R 37909, 7R K
FIW~—I5 501 BURLA 1 BIREARR B R Y R 50%
BB AR AR, £ DL — TR RBEE o, STt B
7~ 85 B 1 RV RSB, 18~25 B A B 8.6% . 2ot 26.3%
HBE, BM 6.9% Aotk 3.5%AR R ;25~34 B A B 33.3%,
Pk 192%BE, B 3.7% 2otk 11.5%E8, S REPHE
FURRREAE | BB RN BE F AR RR R, SN REREEYW



BERERMKXFFIR 2016 £ 41 %5 11 8 ( Journal of Chongging Medical University 2016.Vol.41 No.11 )

— 1099 —

FIEJHE A28 g, 2 B R S B — TR B 2 o M PR 5 40
A 12 774 BULERF A4E 1| BB , LW T RRNATT %
XA R BRI, 455 B RS BRI IT UG B R S R
B & R TR RS A, TR R I , Bk
1 BUREFR P B B B i 5% B AT MM LR B UL
FCIR AR R R A0 BUBR S RGO EC Y, Rk, AT
FPEBGERRRE | BERRH KBRS REET T, &
IR A P A R 5 R BRI TR 25, 17— XL
KRS Oy R R W3 RO A 3 R 5 RARIL R R SR B | R
P38 AR MBS 2 A AR B EE SR, SR TR S R
SREBREIRT | BIERIN ., UL, SRR B A
UGS 1 RUBERR R RBT S ARG BOT R

2 ZHRNHLE | BERmAT R RB R EN
L M 4T & 5 HRs

Burchardt Z'24R 3B T 7 — B FEML . FFCHEDF ST A, 1 B
W PR B B L Sy — TR U R 5 R B e 5
BITA L, SR B AER RSB B E L mL
[ (glycosylated hemoglobin, HbAle) , 44 35 #X (body mass
index, BMI) | {2 /& 5 2 F1 0 [E B (low density lipoprotein—
cholesterol,LDL~C) , H J# =8 (triacylglycerol, TG ) ¥ B & T
e, MEALERSRIGITH 6 MAB L LR, A ERY
JEH7ET AR BT Al BMI B03E18 25 F = SUNIA YT FS I 4 il
L LR R 5 BRI N, 36T W SUIKIVI/E e 2 ROBEIR
RE TR EARKRER, HALHITE T RE A Sl s A
B, TEREE R R A2 B i R TR, S A0 M X B 5% R
B, SRR R, B S E R A RRRA N
EHRGERERELRIMER . (8 R T IR A B8R I R 5T
UESE Z BUOBUURAE | B08% BRI 32 A IR AT Uiz fr B,
BRULLAST , TR IR &5 3 B all_E 3R 6 R — B XUIA Y7 L EME IR
TR IRA 5T R B, — B XSUMRAE AR A R L E iz
FATT LA AR HbAle B ER E N R, AR HE LT R
fmetsl, Nadeau 5558 UK —TBRENL T LRI BHATG 3
A 74 FIF AR 1 BUBIRIG , BRA M P DU 5 R4
AHEL, BMIL B & H SRS RFIELE 3 ~H .6 ™A BERE
fikve, ARG EHAZENG, SRS EANEE3I A 64
A BEFE 2 4HY HbAle FEAEMB M S BRE RELER ., &
T, Meta 3HTIESE R XUAT LI 1 BURE R R BB H
R ENE AR EAHREREA LDL-C K-,

B, R RIS ZH T 1 R RR AR,
{ELE 2 58 BN s R 5T P B9 S 361 — R UMIPE 3B
BEAFH HbA e #25 [RI Al LA 1 BIBE R BB AR R
FIR AR B 7 T B 40 1 500 P AT ST BT R X b 43
B T HAEIE S R IRIT (n=57 487) M1 —H RUMBE & R S R IE
I7 (n=525) JLEMELE 1 BIVEIRE , 85 R R BUAHX F R4
B SRA, —F XIKFH AR 900 me/d) SFEEEHE N
Ve BMI 8 50THE | ILME ¥ ) 2 (HbAle =) AR &2
(EERRIME  MAEEAL LS RIS RS
In)E 26,285 B Z A EA T —BeHE (3 142 ) H
XUIK, BMI AniE 28R4 \HbAle %5 H BB R B L B 21k,
R SAHECRTAY 1 385 Bl (1:5) A AHEL , BMI #14 H R S R H

B BEWL W HbAle KFLEEFEEZRY, B—-TUE o4
A 28 Bl 1 B RIS B2 BOBEAL DU | RTI % BB 5T
BUE T HIUAGZS oo, FRIERT 1 BUBHRm R E B A —
B SOUNICRT LA R i 5 R I RD . BA TR R BN F 1 8
BEIRR B, A RS K HbAle F#—
G, T — TN AE R AR TR EFATAE R 1
AR R R E M PG 6 M H B BN ES
FRMBHES  ZPIST A 140 8 A 1 B RBNE /4E
(488 12~19 % | E X0 7 4F) , 2 55 SN B3 =
FE SUREH (71 48], <2 000 mg/d) FIZ2 BRI 2H (69 41) , BT
B2 6 A EREBIES 13 FHF AT H HbAlc
/BT, {B7ESE 26 R 2 4 HbAle FIHE BB EL
HbAle K (8.8% ) AN 0.29%, 76 \EEE B 26 FAISHAS I
W 2 HE R AERITFER, PIRARIAH 24
HbA lc 7K V22 F7E T K B ] 9 7 4 H BLAG BT B R A,
YIA 197 THFR BT R BR, EEE R B0RR
A UG T LE SR | BB R RS &
IR (HARBEAE HbAle AT, XSS A S0, 4
FPFFRRIRE T IR E R 1 BRI AN

- HbAle 7KF=2,

3 ZTRXRAGAEST | BIRERRH AR O M E IR

O MR R 1 RN RA ST R RETE
ER 20 FEFTEEAUCE, IEERA 1 BIRERRLEEFE
PN N B ThRERERT P M WLTh RE SR 1A | N B 2 SR e 4
I0AEC L SR, 1 RO SRR R I T AR R A
Pl 2 HE FERE RAL SR R RAKHUA K, B0
B AR MR R SR B T HOAT LIGE O
. KEOIFTIET AR R H R IR | R BRS  ME 2 1
TR DR R B0 DI AR I 8 R AP, — TR T8
1 W DUBINT 1 B B 8 2 I P B T B R M B BT S R
BT 42 GIRIE 1 BIERORRE 6 A SR BN 5 x 4
M, OIS E Rk &, A Sl B Y K IaE
BERMATSIRE F2o(RALRIBEER ) B30, B s &
P IRThRE SR AR AR, KAt 847 0 NMD HBAlc,
MR SR ANR S B HN B 7E I 2 A B2 208, P
2 T DU 1 TR DH AR BEINPGF 20 Y43, 45 1M
BEGBEARRETR, BZrmNHIRAS FEE
ZHEHL OB I PREZ IR TFAE — HAGAST 1 U RR A
MR B . Fo0 3T 1 BUBERR R E A A
XUMR2 A5 B AN MU P XURS: , b Rl RBP4 3R BRI S
A—HXAUEEA T 1 B RR S E RS R AR A

R IR A BRI,

Bz A 1 AR S E R AT, JE B E R R
RRGEET BARS RITEMEX MR RESE, FHE
[ RARTUINEE , Rt S DB PR {0 B R K ML 45 5 S
RS, B o R SUIRCRT LU R A B B R H RS R
A BT, AT BB R MBS 1) S A0SR, S A R R i 3
RAEWRABIR A , PR — FORUIKTE 1 BUREFRIR AT AP B M
KBEENE, B, HTPE 1 RERRARERM, BiXH



— 1100 —

BERERASEEIR 2016 £ 41 %% 11 85 ( Journal of Chongging Medical University 2016.Vol.41 No.11 )

S REEMEREAR, BIERSIR, EEFERS _F
SURIEYT , e H R B R BB R B i — R
IS MBI VAR BOmIgk AR 7 HAT M JCE iRtk = - E 4K
#, WELEK EHTELNE, WESBT REX T/EE#
FRABIH,

5 2 ¥ W

[1] Bacha F, Klinepeter Bartz S. Insulin resistance,role of metformin
and other non—insulin therapies in pediatric type 1 diabetes[]]. Pediatr
Diabetes,2015. DOI;10.1111/pedi.12337. {Epub ahead of print]

[2] Cunningham SA,Kramer MR, Narayan KM. Incidence of childhood
obesity in the United States[J]. N Engl ] Med,2014,370(17) :1659.

[3] Flechtner—-Mors M,Schwab KO, Frohlich Reiterer EE et al. Over—
weight and obesity based on four reference systems in 18 382 paedi-
atric patients with type 1 diabetes from Germany and Austria[J]. J Dia—

betes Res,2014,2015:1-10.

[4] Baskaran C,Volkening LK,Diaz M,et al. A decade of temporal
trends in overweight/obesity in youth with type 1 diabetes after the dia—
betes control and complications trial[J]. Pediatr Diabetes,2015,16(4):

263-270.

[5]1 Polsky S,Ellis SL. Obesity, insulin resistance,and type 1 diabetes
mellitus[J]. Curr Opin Endocrinol Diabetes Obes,2015,22(4):277-
282.

[6] Fourlanos S,Elkassaby S, Varney MD, et al. Higher body mass in—
dex in adults at diagnosis of the slowly progressive formof type 1 dia-

betes mellitus is associated with lower risk HLA genes[J]. Diabetes Res
Clin Pract,2014,104(3) :e69-€71.

[7] Price SA,Gorelik A,Fourlanos S,et al. Obesity is associated with
retinopathy and macrovascular disease in type 1 diabetes[J]. Obes Res
Clin Pract,2014,8(2):e178—e182.

[8] Pinhas~Hamiel O,Levek—Motola N, Kaidar K, et al. Prevalence of
overweight ,obesity and metabolic syndrome components in children,

adolescents and young adults with type 1 diabetes mellitus[J]. Diabetes
Metab Res Rev,2015,31(1):76-84.

[9] Frohlich-Reiterer EE, Rosenbauer J, Bechtold-Dalla Pozza S, et al.

Predictors of increasing BMI during the course of diabetes in children
and adolescents with type 1 diabetes:data from the German/Austrian
DPV multicentre surveyJ]. Arch Dis Child,2014,99(8).738-743.

[10] Cleland SJ,Fisher BM, Colhoun HM, et al. Insulin resistance in
type 1 diabetes;what is ‘double diabetes’ and what are the risks?[J].

Diabetologia,2013,56(7) : 1462-1470.

[11] Kaul K, Apostolopoulou M, Roden M. Insulin resistance in type 1

diabetes mellitus{J]. Metabolism; Clinical and Experimental, 201564
(12):1629-1639.

[12] Burchardt P,Zawada A ,Tabaczewski P,et al. Metformin added to
intensive insulin therapy reduces plasma levels of glycated but not oxi-
dized lowdensity lipoprotein in young patients with type 1 diabetes and
obesity in comparison with insulin alone:a pilot study[J]. Polskie Archi-

wum Medycyny Wewnetrznej,2013,123(10):526-532.

[13] Pitocco D,Zaccardi F,Tarzia P, et al. Metformin improves endothe—
lial function in type 1 diabetic subjects:a pilot, placebo—controlled ran—
domized study[J]. Diabetes Obes Metah,2013,15(5) :427-431.

[14] Hamilton J,Cummings E,Zdravkovic V,et al. Metformin as an ad—
junct therapy in adolescents with type 1 diabetes and insulin resis—
tance ; a randomized controlled trial{J}. Diabetes Care,2003,26(1).138-
143.

[15] Sarnblad S,Kroon M, Aman J. Metformin as additional therapy in
adolescents with poorly controlled type 1 diabetes:randomised placebo—
controlled trial with aspects on insulin sensitivity[J]. European Journal
of Endocrinology/European Federation of Endocrine Societies,2003,

149(4):323-329.

[16] Nadeau KJ,Chow K,Alam S, et al. Effects of low dose metformin
in adolescents with type I diabetes mellitus:a randomized,double —
blinded placebo~controlled study[J]. Pediatric Diabetes,2015,16(3):

196-203.

[17] Liu C,Wu D,Zheng X, et al. Efficacy and safety of metformin for
patients with type 1 diabetes mellitus:a Meta—analysis[J]. Diabetes

Technol Ther,2015,17(2):142-148.

[18] Vella S, Buetow L,Royle P,et al. The use of metformin in type 1

diabetes:a systematic review of efficacy[J]. Diabetologia,2010,53(5):

809-820.

[19] Konrad K,Datz N, Engelsberger I, et al. Current use of metformin

in addition to insulin in pediatric patients with type 1 diabetes melli—
tus:an analysis based on a large diabetes registry in Germany and Aus—
tria[J]. Pediatr Diabetes,2015,16(7) :529-537.

[20] Nwosu BU,Maranda L,Cullen K, et al. A randomized,double—
blind , placebo—controlled trial of adjunctive metformin therapy in over—
weight/obese youth with type 1 diabetes[J]. PLoS One,2015,10(9):

e0137525.

[21] Libman IM,Miller KM, DiMeglio LA, et al. Effect of metformin
added to insulin on glycemic control among overweight/obese adoles—
cents with type 1 diabetes:a randomized clinical trialfJ]. JAMA,2015,

314(21):2241-2250.

[22] Urakami T,Morimoto S,0wada M et al. Usefulness of the ad-—
dition of metformin to insulin in pediatric patients with type 1 dia—

betes mellitus[J]. Pediatr Int,2005,47(4):430-433.

[23] Gémez R,Mokhashi MH,Rao J, et al. Metformin adjunctive ther—

apy with insulin improves glycemic control in patients with type 1 dia—
betes mellitus:a pilot study[J]. J Pediatr Endocrinol Metab,2002,15(8):

1147-1151.

[24] Harrington J,Pefia AS,Gent R, et al. Aortic intima media thick—
ness is an early marker of atherosclerosis in children with type 1 dia—

betes mellitus[J]. J Pediatr,2010,156(2):237-241.

[25] Pefia AS,Wiltshire E,MacKenzie K,et al. Vascular endothelial

and smooth muscle function relates to body mass index and glucose in
obese and nonobese children[J]. J Clin Endocrinol Metab,2006,91(11):

4467-4471.

[26] Faienza MF, Acquafredda A,Tesse R, et al. Risk factors for sub—
clinical atherosclerosis in diabetic and obese children[J]. Int J Med Sci,

2013,10(3):338-343.

[27] Margeirsdottir HD, Stensaeth KH, Larsen JR et al. Early signs of
atherosclerosis in diabetic children on intensive insulin treatment:a
population-based study[J}. Diabetes Care,2010,33(9).:2043-2048.



