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[ Abstract] Metformin has robust glucose-lowering effects and multiple benefits beyond
hypoglycemic effects. It can also be used in combination with various hypoglycemic drugs and is cost
effective. In the absence of the strong indications of glucagon like peptide-1 receptor agonist
(GLP-1RA) or sodium glucose cotransporter 2 inhibitor (SGLT2i) for cardiorenal protection,
metformin should be used as the first-line pharmacological treatment for newly diagnosed type 2
diabetes and the basic drug for the combined treatment of hypoglycemic drugs. Metformin does not
increase the risk of liver and kidney function damage, but patients with renal dysfunction should
adjust the dosage of metformin based on estimated glomerular filtration rate (eGFR) levels.
Moreover, the correct use of metformin does not increase the risk of lactic acidosis. Because
long-term use of metformin is associated with a decrease in vitamin B, levels, patients with
insufficient intake or absorption of vitamin B,, should be regularly monitored and appropriately
supplemented with vitamin B,,. In view of the new progress made in the basic and clinical research
related to metformin, the consensus updating expert group updated the consensus on the basis of
the Expert Consensus on the Clinical Application of Metformin (2018 Edition).

[ Key words] Metformin; Diabetes mellitus, type 2; Clinical practice; Consensus

TSI AR A 1957 AFE SN TG R IR T TIRUNCAA A B R A TR 2B Ak
DR, A2 L T A 30 43 4F (9 I R S 2255 P LU eC A RAPAHSCRYIESS , O BB Z R EpE

DOI: 10.3760/cma.j.cn112138-20230305-00131

Wi EHE 2023-03-05 AXHE B

S| B AR 3T - SO PR R & R SR S0 6 R4l . — B SUNKIG PR IBE FH & 3R (2023 4R D[], A&
WRLR R, 2023, 62(6): 619-630. DOL: 10.3760/cma.j.cn112138-20230305-00131.




< 620 - rRAE RN 2023 456 H 45 62 %45 6 ] Chin J Intern Med, June 2023, Vol. 62, No. 6

SR, CEE NS 2 A FE R HERE R 2 BUOBE R FAIG R IESE H E‘ai?ﬁ?o AL, T AR W
(type 2 diabetes mellitus , T2DM ) ¥ ifil] =5 LA Y F& il A 2R & 22 648 (2018 A2 i ) Y k47 FE R

R, Hro FEIMELEW u%‘% 1,
ATAFR , — HOBUNCRE 5 8 SE At Al R A 5% 32 B — It PR A 554 FH B #IL
19T TRt B R 259 5 — W SUNIIEG A fift 1. H XU 2 o] o ILW3 ) SR RE TR T 259 . —

R HUOSUNC PR 3 24 T L

51 F B 7 r %]

Il R tth 4oz 5 4 FA R AL

1. HUOBUUUE $5c ) 5 1 34 S 60T 2500 200 GLP-TRA B SGLT2i 0 RAP SRS REUE RO BT I — ! I A
XU Sy 2 B RS 1) 1 e — 2R Rl 25 ) 0 — AR B AER YT % vh

2. %%ﬁ@'ﬁlﬁ“ & Jey T B S A A GLP-1RA 2 CR) SGLT2i YA 7, — BB o] £ S B AR 7 e e iy I B
‘I‘ e

3. U BUIGE A TR T IR R8T sl AR A 1 2 TR s f s, HL P ORI R S5 A T 4 06 % I A

1ERNHI

:%ﬂﬁﬂrmn@K%ﬂ??m%ujz%@mﬁ¢ﬂﬂﬁiﬁm S BRI 0N g PR O A A 3 1) B

FIE5T

1 ORI 800 /R A S00 me/d, d5z AR A0k 2 000 mg/d,, ﬁE)\FﬁtT’Eﬁ 142 550 mg/d. - H XUIKAY I A
IFRICHAT R AR, . A A Eﬂ% T 5% , 135 W 2 A R

2.%]EEXX(HJIL$*U AIT AT HbA, T % 1.0%~1.5% , 371 '?IUMHHJF%%*&%M ERYT , Dhalh— 25 s i i I A

3. 7F = B SO TR B2 0 HE Al FLHHIBE A5 DPP-4i ¥4 , T 5 A A58 g3 K300 i 42 ) | A

4. BTSSRI G PT ADsi/ 9 5 3 P D AU B 2 3893 77l 0 110 K T 18 o 0 R At XL Ma B

HHRABRAYS

L HXUIRAT F 10 20 B DL i L3 A 204 2 ORI FR Ia

2. AV DIREAS A0 2 UM DRI £ AE FH 24 115 B 22 52 25 W0 IR 0 ) G A ) R L IR AR eGFR /KT Ma
T A BLAIC 4 591

3.@:@%%}(%& eGFR<45 ml-min™"-1.73 m™ (¥ & 3 2 A 888 &2 (], 72 e GFR<30 ml-min™'-1.73 m™ (i 35 1] b B

4. I OBUNRAE HE A 1 T8 1 St T B 33 DL i g i £l m

5. ZHVRUIRAE bk B SR AREEAE O T S 0 28 P L3k G 1 T m

6. F [ [ AL E XU T 1 BB PRI IAYT  AHX T 10 27 DL L (48 S sl AU 1 A o 8 3 ] LA AE S0 175 [+) Ib
LR

7. KR TE B2 0 R ARG A Wi G A I BRI/ AR st A 45 FH R SUNIK, G I AR 5520 48 h HLAZ A ' Dy i Il B
TALSE F U ARIRIT

e

L. SO 5 DL PR AS R S0 S W B T8 T o /Nty , TR M sk, =1 0 o ot 790 R ot 458 I FH) o e i 2 T Ia B
R0, m s A TE AN RSO

2. OBUITAS B LT AN L T B0 35 1) AU Ma

3. HURUNR S FLURR L R P 8 A UG D1 26 3R MR 2 o E AR AP AR R R AT T, 0Tl P — U 3% Ma
LR 1 v AU

4RI SIS 24 R B, KR T A 5. Hi2E 3R B, BRI ISR 2 1 S5 B AR W 1 375 20k 2 Ma B
?Buj(qzﬂfﬁﬁn Hy

il I R ZERI N

l.zmm%,ﬁ:ﬁwbm%ﬁ%?)ﬁ{?% U g/ A SR R A BT 12 K 2 TR R A A I A B Y MTa B
JAURS , AR T 9ok /> B A7 A0 LA 05 110 2 TRURRE DR 96 R o I 5 PR AV ) XU

2. 2 TN BRI A I Sh ke R A A o 1 4 G uﬂu% SE PR R 0 ey AR R R, OSUNLS ELA Ia C
}I;Léilﬁ“dz'%‘ﬂﬁ%mﬁ%m GLP-1RA 5% SGLT2i B2 14T , A3 B T IUB43 35 35 o A MG L5 95 95 2 7

SHER BT ERA

U HUNICR] A 554 AT B i M AR 22 A 2 AR DA 1) XL b A

T : GLP-1RA Sy [ 5 B 32 R K- 1 32 (U 8 301 s SGLT2i Ay 44 A MM ) 5 32 26 11 2 SR 390 s HbA | WA I 2T 25 11 5 DPP-4i o — IR L Kl

4N 5 GFR S AR 04 S /R U A AR GO 1 AR, a2 08, b Sy al AP I, A AN G0 11 5 TR KT < A Sy i85 B i HiE

3, B Ay v A R, C A BRSO 8 % 5 I



B RL AR 2023 426 H 2 62 555 6 ] Chin J Intern Med, June 2023, Vol. 62, No. 6 - 621 -

A XUNICEAT R 4 ) B W S 7 280, O T A8 B R AR o
TEMEAL 1121 & H (hemoglobin A, , HbA, ) 3£k {H AH
L 25T, e HEA A (2 000 me/d) — HY AU
R R AT RO T At 1 IR B 2470 5 Ho Al 11 IR
FEREZGME S —ZaRIT AR L, DL = OBUNE Ry —Zkih
I I R IR B R 1 IR A 2 R S R A
I I IR E) S WG, i S5 SR R IR YT 7 R AR
AR RUNICRT 5 A A ] A 24 MK 33
I DAE— 2 A I 2 1 5 45 1B 5 2R A o i
i T LA B I 2R, DA TR ARG [ 5 2R 36 7l o
FIA) A 398 T R AR XU o — R XUIICE BAT 1 2
REpEAMFE I

THOBUICEAT R A2 A PRS2 4, Bl
FHASBE AR o B0 2 A KU, HE B i T AN BB by 2
i PR s TE AR I AR R A HT B T, M
2 FFOSUNICAS 180 v L TR LA 2 LR A TR v 7
55 5 A R 2 W AR T, ZHOBUICEA B4
AR AR o R, RN AN Z AR R
BUNICAE A T2DM 5 i 5 0B ) Sk FH 24

R C I T N N B N T
(glucagon-like peptide-1 receptor agonist, GLP-1RA)
B AN A 0 Py [R) %%z 2 1 2 30 )R] (sodium-
glucose cotransporter 2 inhibitor, SGLT2i) £ ' £ #7
SRS N A AE T, A HOBUNE Sy T2DM /9 5
e —LRIEME 25 ), I — B AR B AERE RN IR YT T &
o DR Il R4S JR it 2O 6 68 GLP-TRA
B/ SGLT2i iR Y7 I, — AU T VR I B0 7 5
FE LRI .

2. BN A 7 280N 32 AR EE KR A1)« [ st A i
BRI RAIF T 45 SR o, — O RUNPE IE 5 (R
FIAE I T2DM S8 25 v BT RO 24, R BB AH
0L, L7 I e A8 A v A el e R AR
PR, JE16 T2DM SR J2 1R R SR E AL , 15
AR RSO 47 ] e IR 0 5t FH 255

— AL

BN e 3 e W B 32 EERLAR AR T AT
JUE 90 )4 S A= el BT 5V T A SR 4
CHILPA T ), B v Ml Iy 2 AP, 18 o x4 g 4 44
SRR T, 402 2 FIL PRV D55 B, ARG T 1 M U R
VERI T i, 400 ) i B 240 0 45 JBC Ak % W, A1 20 i 2
R 16 fi 308 HE T, B R GLP-1 7K L XU A
P 737 HLA AT R85 38 2 71 ] T PEN2 (y-43 10 i
F9—EHE ) | 0 I R 6 AL 2 R (AMPKO)
B NP IR 7 B I f) R A AT G

= SRS

1. H SRS e /) e R B e A el P ) o -
500~2 000 mg/d [ 5] 2 Vi [, — FFOSUNIR ) 96 4 455
HGH R IEA G, FIBR LR ) , 500 me/d
— S AT [ AR HbA,, 0.6%, 2 000 mg/d A [ {i%
HbA, 2.0% H 1§ W iE A~ B W5 1000 mg/d 5§
1 500 mg/d JCRH I 25 5, HRUDIGERS 2% 114 fe /N
F£ 7 R 500 me/d, e A R R R 2 000 mg/d.
B3 R A] FH A d R 7 R 2 550 me/d , 28 B
RUEFF fe KR4 2 000 mg/d.

2. H GBIt 751 e 1 R« — FR U mT 7 2
A5 T A FH s i 3 BRIV R 350 8 4 D ) Sy < /N7
LG W, 8 H 4 H 5 1 500~2 000 mg,
I3 2~3 R . B 2T RO R O AT
K FH 87 A 700 6 R B O 58, i 4R 500 mg B H
2, AT R E R BN, %A &
500 mg. & H 3 % EL 1000 mg . & H 2 ¥k (8 % K i
Z i) o ORI R 4 o S R R
FEAH ) ) e

3. HOBUNR A 300 8 - i P Ak S Ry R — A
A3 0 B OO 38 R GOS8 A el —
B SO R 5 B sl e 8 . A, A — UMK HoAt
1 i B2 A 25 2EL B 2 i 591

4 TR 78— F SO A 57 501X 5] < AS Ti) 3510 84 1
T ORUIR 3 X AR 4 24 R s R O AN
[F] | AR ) 530 2k 08 11500 2 B R T A e 26 7 i
F e B VN R AR, B R RS B A i 3 R A R
B R RN AR B N2 s R
FHAS T30 R, G2 35 B A B /D 9 IS ik R S N
R RO &

5. WO 2GR : RETMEE R BR, —
F XU AT £ T2DM 8 % 19 HbA |, FEAIK 1.0%~1.5%
(FNBRZE RN ) 2 EAMIFFE B, 7E 82 W
) T2DM g H, 52 AR B, — FFBUICRA 2 (d
K 2 2 500 mg/d) ¥ 97 29 J8 AT B AR 25 I I b
3.2 mmol/L .4 )5 i 4 4.0 mmol/L . HbA . 1.8% (1%
LRI ) . REFTE B, 5L, —H
XUIRER 24 (2 000 mg/d) iR Y7 16 il AT {3712 K T2DM
HH B HbA, FRAK 1.8%, H AR Z R E LR ™
75 B2 W T2DM W46 16 9T J7 48 (MARCH)
WF 9% v, B2 W T2DM BB 3 3 2 = B XK
(1500 mg/d) & Bif K I 4% (300 mg/d) G 97 48 Jid ,
HbA, 435 TR 1.12% 1 1.11% > ; HAEAS R E S B
LTI Y A T BRSO AR AL



- 622 - BRI 2023 46 H % 62 %55 6 ] Chin J Intern Med, June 2023, Vol. 62, No. 6

6. - H XU A HoAth 17 AR Bt 25 . — H XUIR
i 5 ZE A2 0 ) (RE DR 2 25 W i 9 22 R 245 ) Bk A
P[RR T A B AR B XU o e B
W R LR HbA, KSF () T2DM S5 B 51 4%
A U A L B F B A% 31 2% B A S0 R G
HbA,, FAR MR & Az XU TG i 25 388 i =

T HORUNRS e e 2RI AR YT I, BT
BRI R 5% ZE T AV O T B FH e ot — |24
g T FOSUIIR RT  RE AERG i K ATR B A AU

TSNS oo M A A I G, P SE As
B AR S b . B T2DM H 5 76— H XU 7
BUASE BT, A B R I B g 5T g 2 1) o N R
BRI X RN A T RESE N B A AR R
J IV 1 2 A AU o

VRN 24 45 ) AN A Y T2DM AR H B A —
KL JIR i 4 311461 351 (dipeptidy] peptidase 4 inhibitor,
DPP-4i) W] A5 R M3 MK - Bt 2 R . BEF
WFFE 7, — B UG 738 in 741 £ (2 000 mg/d) iR
7 SR U1 000 mg/d) 14 DPP-4i (1957
RN 2 AR dEAR BT S ORI
XA 3697 Bz W T2DM #F 58 (VERIFY) s, 5
HOWU AR B 25 36 97 A HL , DPP-4i 5 — F XUAR
(2 000 mg/d) FIHER G167 7] B iR IR TR
SRR XU 35 499% . R IL , 45 B A AFAEAE IR
ST 37, W OS2 2 A GRS
DPP-4i JR37 , 1 S AT R Ac a8 4 30 ot s il

- FOSUICER 28 45 O AR B T2DM AR A K S
SGLT2i 1] 3 — 25 AR IR , G 25 Vs 2 AR T R A3 1
JEEESS, HETC AR E i B9 SCLT2i (& ik 4%
H Ve JEAE N RAS N SCFEAR B AEAR 51 1 L
Ko Z AU/ IEAS 54 52 D7 i 3% . SGLT2i Al L) I 2%
FEAIC T2DM A3 19 2R ’0 I = A F At T AL
Br U 7 SR e XU R B AN B 45 S XU

7. Z HSUIRER A GLP-1RA ;: — H XU EL Al | 3¢
4 GLP-1RA, AT i — DRI Hb A, £ i B 2 i ik
P, B35 IR 5 B 40 T BE AR 5 R HRHL , BRI
OISR TR, HOARS B4 A% i g =5 14 0 kAR XL
BE B BT W, 5% 2 SE IR A — H UK
AL, FPLE BREE A = FF UK B R T 300 AH 24, (H
eI NG I WSR3 2 (N 18 e s N (e
/N, BTN RN . GLP-1RA A DL R4
I T2DM 35 A 3 2R B0 I S UG, 02>
BRI R PR AR

8. BN A3 i i R« — HOBUNIC AT 384568 JHF ok

FAIJE L ok 5 R AURRME: | 5 0 5 RIS IR YT i
ALY R AR . BRIE, IR A 25 3697 b
PR T2DM 38 5 2h 5 IR 97 5 dE i fR
B ORI, AT R R 23R YT, SUIER
B B R YT W B T AL A I S
S, B AT T IRV U RURS: . 5 H 2R &R
TEST SR R A AR YT 1 B T2DM B B A
ORI AT A8 2 0 AR U8 B R T AR it
) 2 A AU

9. 28 WA I 5 ZEom AR IR YT A I T RE BT 1Y)
T2DM £ 3 AT LU e hy L — B XOAI A 6 Al ) 11 R
M2 90IR YT - IR E BT R, JE28 HbA, K40
(48 12 B T2DM J8 & 480t Ja 30 I 5 R 5 kiR T
(short-term intensive insulin therapy, IIT) & , #5624
DA RSOy 27k %) 11 IR A W 20 997 5 S ol T
B8 5 29097 YT 8O 24, BT 7 BRI 517,
BARBL RS AR, S —TAESE b, T2DM /B R
W2 90 3 JE Y T IRYT 2 5, 20 il AT — H 3L
IRAEREIG 9T, 808 34 H #4711 IR ITIRIT , Fr 2
DAF G5 SR FEIIE T YA Y7 HE AN RERE— 15 —
HOBUIRZE IR 6 B A M Dy R s PRk, X
FHZ WTIRTT e UOEAE AR A5 21 5 2 0 i #ri2
Wi T2DM R, 75 18 2 D BB AT e L 4o DL —
FH LI Ay it 14) B 24 B IR A5 RS Y 7 52

10. Z FOBUNCR; S A Al FH DA 235 K 138
BR8] < 5 9 i VA 2F R W58 (ADOPT) 7R, B i
Wi T2DM £ A B XD (2 000 mg/d) $L 259557
A AE K 3k 4 4F I 8] B2 5 — SO T 4 00 -1
HbA,<7%"*" . fE—Wi F W 104 Wt , 5
DPP-4i #2534 77 M EE , — H1 BUBK (2 000 me/d ) 2.2
16 J7 A AE S 1 HbA, <7% B I 1] 58 i 249 24 8
DRI, 7 426 11 IR I3 00 245 B 20 97 B e T 2
Y FOBUNCAT B T 2 IO 3 R A s il

11, = FOSUBIC ) 9 a0 - — H SO LA 52
WA E MM . P EDFZ W T2DM B E %
MUCELZGI6Y7 16 J8 R E IEF KR B 1)
PREEZ0 50 R4 1.47 .2.81 £ 2.92 kg s (R B R 2
PRl A 0 s, 8 R BRI 97 5 A T e
2 EIRZS Em ke RS B R R
AISE AR TR, B A U] i b 3 24 0k
BRI

IS 7 YN IS

1. 3 B0 30 v ot AR A R v T — R U7 2
TR A E RLUE o X TR M A s B 2 22 1)



FAE PR 2023 4E 6 A% 62 %55 6 ] Chin J Intern Med, June 2023, Vol. 62, No. 6 © 623 -

B YRR R . AT EHES R
FHT 38 hn g 5 2% 70 a0 DA cds i s i 22 1
ARV [R) R SE AL A BRI R
FE R GV T A U 3 N Y OBUIR 5 i 5 25 A L
RIEIMAS R AR YRS, J5 " BRI B U 9% s —
FHOSUICRT DA 2o Jifs S0k ARG LR Y, AT REXT 1R AY
AR EBERRIAMRE A2 F, S 221
TovE A R & F 3697 BB A D AN IS BRI R
Y, Z HOSUNCR] DAAE S — A Qi e e >,
XUREE FH T 1 BUBE JR %% (type 1 diabetes mellitus,
TIDM)Z21H AR i ek 70 VB N A B IR
B

2. W LI e L - — FFOBUNICRT 3 oo 2L R 7E
O SPL A0 ) AN 4 Al — BRSO, 285 SRl 2L J Tk &2
i W98 o, IR — BSOS i L0 10 e i 3L
T RIS I s ORI, FL Y/l 3R 25 vk FE LA
T 0.13~1 Z [A] . 3xX ] G2 LIRIE R Y 7 24
g R A A F R B Y 0.119%~1%"% i T-HF5E
HIREAS /N AL IR B RS A TR,
X A5 I R W A 0 LD ] P — HOBUIIOGT 22
JLRsZm . PR, 4T H T I8 = H U 2240 )L
JLEE % 7 R R e () Bt | AS & R H RS S DU
LA A2 iR A = HESUIK

3. JLEME DAET2DM B — H SR B i
ME— — AR F 10 2 & DL B L3 Fn g 4
T2DM 1 H IR B 25, & B & ) & A
2 000 mg, AHEFEFH T 10 2 LI N AYJLEE . 2023 41
3 EDRE PRI 24 23 (ADA) F8 a2 1, B DI RE LE 5 19 L
BT DAE T2DM 744 24 HbA, <8.5% I, — H XK
Y J 4R IG 97 5 R HbA, >8.5% 5% B ML 1if % >
13.9 mmol/L {45 BH & A% i 100 i R L JC B A 7R v
B EFE AR ELAN R 5 2R T, RIS FH = HHOSUIK,
I LR 2 S a7 Rl

4.65 % LI b #AERE T B IREIE W I B4
T2DM ¥, 16 & GLP-1RA 8% SGLT2i .0 B {4 477 5%
T UE B S BL T, SO 2 1 3 R 25 9
H¥EA BARP AR R A2 aE e i
B D REAN 4, I 3~6 1 H KA 1 IR DIRE , AR TS
A BB B /NERJE 1 % (estimated glomerular filtration
rate, eGFR) 7% — W XN A

5. B IHREAN A R . — O UIAS 5 %) 1 o fig
AN B2 (DR B XU DA SR DA U S, %6 T
B DI RE AN 4 s, I OBUNCE BUR & A= 7L
R P 12 R B 8 OB 388 o1, FR AR IR /T LA IR YT

/DMK A LB DR, S UURYE B H 1Y eGFR
P e s 4| G O = 5 A E s s s ' S 7
B 45 4 % eGFR<45 ml - min™' - 1.73 m™ B} 25 ] |
2022 4F JR 3G 4 Bk IE RS S 4 21 (KDIGO) 45
A 2023 4E I ADA 45 B0 HE FE L H ORUIK AE
eGFR<45 ml - min™" - 1.73 m” i & &= 1 FH , eGFR<
30 ml-min~'-1.73 m 225 .

WL 5 UE I 32 3 XUIRRT T8 1
S 3b 31 AR g, IR B S R 4
PR T XU 6 ARG A 56, LA 388 i 2L R v % b 75 XL
W, AELATS A A e Joa it 1) B AT R BRI R 3 n DA 5
WE . 2023 4F iR ADA 48 F§ #E 77 : eGFR<30 ml-min™'-
1.73 m ™ {19 H 3 2 B B OO 5 IR — LIRS 3t
S eGFR ;24 eGFR R %% <45 ml-min™'+1.73 mit,
N FE T PTG AR EETR YT 1R £ FXURS: , AN SR 24k 2
ZHUIGAEYT AT AR 259 7] i % T eGFR 30~
60 ml-min~"-1.73 m™ {35, {ff FH & Wi 52 50 22 /i
A5 B, 2022 4F it KDIGO $6 7 45
I XUAGE T eGFR>30 ml-min™ - 1.73 m™ A9
% ,eGFR 30~45 ml-min'-1.73 m™ M}, — H AU &
MAEHITE T 000 mg/d;eGFR 45~59 ml-min™'+1.73 m™H.
P LR 1R P 2 IR B, PP LI ) 8 o7 42 1 A
1 000 mg/d™’,

6. HF I BEA 4 . = F U A 28 3 P A
W, JLP A D RE S KRS . RGN R
BN R AT A 2 R R AR A I R A
UM GAE S N BB DL T Meta 20 AT ks, — AL
U2 W Wi ot —— P 24 245 ) T S 55 A A A R ol TR
FilE A7 o) B ™ HE A2 45 2 I b IR o LR 19 3
BREETT , SR % 2 i o 1E 1 BR 3 A5 A ™
DR AN 4= 10 B3 f ol — HOBUMI

7.0 1 v FR A R SUIRES I F St AR
et B R . IR 5 AR & S8
J1aE v WA RS YEC T i AR S 2 . Rl
BAFNF 55 FL R GE PP 25 SR e, T2DM & 90
7% vy B E B2 W RUIRYT I8 1T e RIS )
VAT BE B AE T KUK . T2DM & 18 M ) 25 i
AIARAIE FB 3 () HDA, JKF 23 IR B IR YT O 28, a2k
HbA, {H## i HArME 1.5% H<10%, 7] % Ji] SGLT2i
5 R AR

8.TIDM M : TIDM & 2620 ff FH Bk 5% iR
¥7 o 3R AL E OB F TIDM IR YF , (AT
T 10 % LI 08 s AR T1DM 82 3 AT LAAE 14
[ OL TS . AR SR RS =R



- 624 - BRI 2023 46 H % 62 %55 6 ] Chin J Intern Med, June 2023, Vol. 62, No. 6

IR Y7 I TIDM A& 3 B A W SO AT 42 3 % AIG
HbA, WK | AT 2 B2 A 2 1 IE [ B K
LA A A Bob PR s TR 7 2 1) & A KU
(ERN = N 1R U S DS PN = 2 N 0
s, ZHRUNCAT B3 JLE R A4 TIDM B35 1Y
OVRAR SR s TR O A H A2 TiEET

9. FB 3 1 5 BRI/ AT 452 H SO Bk
A AT FH ASF 1] < ) 00 A5 P9 3 S LAkt 5 790 T g 5 3
2SR , T RES | — OO RRURI 84 Jin 2L i 1 i
HREE I U o PRI, BB G A R AG A E
WA — UK, ZEAG A e i E > 48 h s HE A
DIRETCBAL I L TR AE o AE B2 5 M B
T Tl R 7 R I 11 T A e A TSR — R RUNE, R
F /048 h R T B D e & vE A AR S T
LEE T IRIAYT

T LAk

1. F XU A8 25 2 0E - FF SR A4 225 2 50F £,
5 - (D ™8 1 B DI RE R 45 (2) AT BEs2 T sE 1Y)
LM, WBEK T E R R TAE; (3) Rl g
U P (0 L2 20 2 00 08 R 5 s 1)
), BN e AR O T 3 by PR R v i kA
(R0 IV ZE AR 5 5 (4) 7™ S YL FA MG MR T
AR i R AR I AR A S 5 (5) X 25 AT AT 140
SHCE 5 (6) AT 2 A R vh 8, 45 AR R rh
LR (T IR AN 4 SER 3
PN (8) 4t E B, M RHL= KA IE¥ .

2. U HBUNCH WAS BN« — RS e 5 UL 1)
AR RN Kt EYS R AT AN R, 2
KA TFIRIT R B VAT R ] A RE K, R HUR
FORE DL AATEM . NSRS B ) i
ol e 28 R i 590 T 4 v S Bl i a2k

3. RN 4 £ 2R B, WS A B ) - K00 AR
A HORRRT 51 e 4 A 2 B, Bl =77, A il 4k
F B B A SO JE 11 B3 T R AR — OB
TBIT T RIGYT G AR W 1R ZEA: R B, K, 255k
Z NI YA FE, JEHGE A I A R 2 2 1Y
T

4. ZHOBUN LR M R v 25 « i TS V) A e B
& BRI B o Y OBUNIS L R 1 vh i O,
' Ty A IE H 1 R B R SIS B i 2L
PR PR T v 2 AU o T A T FH R SR A 2L i
HhEE R AR S HAL AT I 22 57

5. IS SRR 259 AR EAEH IS
{90 LS ) W it 9 R OBUNICRT (B8 AH A

YRR 2590300 5 () B 28 B /NS HEWA 1) BH B8 1
25, Ana ALK Ml o S ME B R R 2 Je
T ET W T ZORE RN EENE T
FEFRAT; (2) MR L] 5 R mobE T =5 A 2459, anwig
WIS sl AR PR OB K B R oy g | AR il
) MERER | Rk 2 DR IRRR A0l 3E
Z52h G BT 3R BE R SRR 5 (3) PR T
JIRAE A PN A F RS2 B (] O 24~48 h, 5 % A AR I o
Il FH SRR P i ) 8 3 7 48— RO e ) 2 )3
BT WO A 5 (4) R SUNICA 38 in A6 2 AR AR 4t
BT ; (5)5 FHR AR 259 (o5 &4 ik 5L
Tt ) 238/ — HBUNR A W i

6. — HRUICS g = i FH = B RSUDICESE 17 36 f TR
T o TR T LA ) A D3 A R AR DR D A
IR AS K2R S A ALk S 3 3 g AR P i A7 1)
JHF A5 D e o] 2 s 4 i M D5 -6 S0 280 1 A T £
5 IR RS A A S BB VT o AR FEOBUIC ) 4 PR s
SRR S I IR R ) 2 25 R R, 2 o = 4
W S A B 7 R PR D e fie , DT S 3850 ™ A {1
W o I T 8 2 40 s AT T B s S 0
AR LT, AR FEOSUNICHA ] T |, - B L vk
P v 2 4 JRURGS: k2 1 o o

AN PN 20!

2 FOBUBIOGT A 1t 4 8 DR VR AL T 6 46 i
MWE DR AR AR T VA B 3 R R T B I T R e
> GRAE AR AN 8 L 5035 1007 N B T e DA R A A
HHEPRAE

Z2 I AT REIG AR S | T 1 S 1 B 5
KA Meta 53 A1 347 $i 7 A< it FH = HE U500 1L 4
LA PN (17 A N 5541 2 (3 1 SO N ES ) ey
PRI A 5T (UKPDS) ¥R R T T2DM A [A]35 T7 5 W it
WE PRI I A A 520, AR I s 22 Bl 1 22 4
ik 444, UKPDS 34 B985 45 51 WoR , 768 s I
HYFr2 W T2DM v, 55 BRI 4 A Ee, 500
et FH = FROBUDICS A il 4 47 ) 20 JULAE B8 XU T [
39% , 4= AL T KU T % 36% , AT fa] 4 J s AH G 28
S XU R A 329, UKPDS K 1 Fifi 5 45 S R,
et = FROBUNIIA o7 7 00 o805 ot W42 o) i iy ke 1R 4R
WHCAZ RN RS AEAE AR AR AR, Wi Bl ik
SR RE R Ak A9 TR 8 O i B 55 2 R A (REACH) B
Vi 24P 25 R B on 5 A R 245 40 E , — H XUICAT
fif T2DM 1 o Jik ks B A Ak 1l A2 T B AR A 4 R BE
TS T R 249%™ 15 1B 5% 22 il - R0 1 45
R (HOME) W 52 B 15 4.3 4F B I B 28 15 40 A7 SR



FAE PR 2023 4E 6 A% 62 %55 6 ] Chin J Intern Med, June 2023, Vol. 62, No. 6 © 625 -

T FOBUNER A B 5 2R L B S B IA T e
T2DM F8 3 Al A =4 XU 39% . 36T B ARE
B4 FF XUTCRTIR 51 I 8 o T2 DM e bR 2 ke s
U A4S R 520 (SPREAD-DIMCAD ) #1455 Bifi 15
ARG R W T A O B T2DM e, 5
& B R AR L, — FXSUIA T AL & A0 1 A R 1
R RS B A 469%™ KR Meta 43 B 245 A1 32 ¢
ZHOBUNCAT AR T2DM & 00 £ 5o I A =1
A JRURS: RO LA AT JRURS: o 3 3 — 30t A 51 1F
FEHLEE T T2DM £ 1 SGLT2i 1 — FBUIRAE Ay
—ZRIB T IO I T, 45 0R R , B G0 LA
B R AT B B A 2 R A KU AR

DB I A TIE AR 2 BH , — SO AT ) /> e il A
JHEERBT 2 KT T2DM B8 38 T A= o LA 58 1 XU, L
ALY /D O A7 AE O LA B0 19 T2DM AR 0 I A8 %
I PR AR B AR, o 31— ORUDIC B 47 114 R A
FH B 0o i A8 A5 & B P 2R B &R A, T2DM
A I B0 K ok R A A I A 0 B0 L A R A TR
0 ST 18 B R A, A O LA B AR
25 WEFE 9 GLP-1RA B SGLT2i 5 — I XUAKEL 5 1A
I7 K AT B T IO i TR BR N A I A5 0 R A
4IRS o

& 6 PRI B T A

ZABE IR TR Ao 45 5 BoR , — H OSUIRRE RS
b 2 B AR PR T 0T 2R WE R 1 RS, A
A RN R AT B B 25 . Meta 73T
AN, TRV AR, B UK 22t 79 ol A
T 77 2 A L, #0 RT e AV 2R s AU, 6 3IF
PEE SO AR 2023 4E M ADA 45 Fig #E 75 -
W R s AT B 7 25 R (o FH — R SUIITRE 7 T2D M,
JEHOZAF#% 25~59 & AR HE 45 50>35 kg/m® . %5 JE 1L
B4 >6.1 mmol/L . HbA, >6.0% K] it N\ K BE A A 4T 1%
STBE R A Lk

A3 ] i A v = HHOSUNICH - B B b R s o
= FROSUNCE  R s wiT S00 ARRE v R 0 1A 3
G o 1 7 T S a 1 2 T NG A O = S
BTG R LB MEST SR SN, o] LA e A
116 3 T A [ s B ST oy 5 PR

JNCHAAE T

LI VR - — B SUNKRE % i35 A i 1 &
A AR, AT A ] P R AP 2% i 2 1 R T K
S AR R Bl B B R e AR [ B
VS

2. XFEIRS LG 7 B 4 P - S8 — T SUICAS

il 0 A RS T A 1k P 8 P AR A R AT Al
2 5 Z YT FRAR S SO R R . e,
XU AT FH T 8 = B A JBE T2DM & I35 10585 1 B 15
B W BERGYT ™ . — IR I B T 14 30
PRATE ST P = OBUNIO A 09 5 P B 7 JH R8I ik
A I R P R AL AR R i S
B 5% 38t s TR I 2R Ao e B0V o L 13 00
AF 5 s 000955 il 2 (TR 2 R e 2 Bl R & R i
i ) B 4 T B, S T 9% 4 s — HOSUINS O 8
NI IV A5 P RN 2T A AU AT 2 R

3. % 2PN LA MR « T [ ol AL vfE —
FOSUNCH T30 97 22 48 P 8125 5 1iE (polycystic ovary
syndrome, PCOS) . 2018 R R LA R
27 fR R ) HERE , —H OSUIAT H F FA0 5 - (1)
PCOS 15 & = AT Y B 5 (2)PCOS A A G Ky
P B AR R AR HE O AT i AT SR
0], XU T PCOS H & 5 e 362 ik 15 2 4t
AR S5 Ah B T S HEDY R A &, B2
130945 1 B — R ORURIOAS 25 386 i g 7= o ) —
FERSUIIC )4 FH A5 A I e JRURS: 386 Jin 4 56>, PCOS
HItEIREE A

4. ZHOWS e © A 98 R, T2DM 545
IENZE RN N R R W S N = LSRN
i g A R A A KRG 398 e A O Meta 43
Brigos , WA 50 o0 e | B FL
P S5 22 R e 11 2 A RS R A A OG0

5. ZHOBUIS D T fE « B OB A T fig
B5 I H R AN AR . JEREAFST Sos , —H RUIAT
i 2 AMPK {5538 B 0E T W A B2 1 41 v )
I HL 7 PKC-CBP 3 % , 2 s B 2o iy A 1, 5ot
Mo RGEH O EAE SRR BTETE WS
e R, SN {5 224 T2DM B35 A )
BV 1 & Az XU B AIAR DG [l A BA 37 A 5%
s, W RUIRAG 5 T2DM 3% & AR A 4 7590
P4 RS B AR

6. — HOBUN55 307 80 e R i e g - A B9
P 22 B, A R SUMIC ) A PR s 5 o TR e A
TR B B A AR IR 45 . 2RSSk
(el Josi 4 BA B A 5% s, A B 452 — HOWUIGR Y7 5
W DR vs B I U et R B B Y B3 () FL A FAE T
AU B AR AT 51— 51 [ 2 Meta 53 AT 7 , B
PRI 5 I8 28 e TR i i S e 0 Aol FH = PP RO
ANl RO PE T AU 8 3 Bk 26%
REHL XU 2250 BAR5E (COVID-OUT) By IR %



626 BRI 2023 46 H % 62 %55 6 ] Chin J Intern Med, June 2023, Vol. 62, No. 6

2N gL R R O OUNIG 97 T 3 AR
B T Y B A2 ie B aE T R
Wik 42%" o B2 L e R B R B W IR s AR
A7 B A AE B B A I A RN o Rk
A, e 2 s — H RUIK, 3 2 3 — W RUNCAT
B A LR 1R s XIS 8 m iy Jost

JUNES

THOSUNCELA R A BB AR FH R A 10 I
B VER KM 2 etk Rif . A 08 giEA
ATt 32, HJC GLP-1RA B SGLT2i /0> B {4 3 Y 5 i
WU E B8 T, = FOSUNATS A SRy B2 e T2DM A
AR v I Y — 2 24 TR 25 W K BRI Y
Bl 2, JF 5L TR RIS IR YT I 2L

BUE LR T s A0 B InE

HINFEIE KA T U CPRET ) - Fi B (O
BB R 2 AR SR el A B B N 20 MR ) 5 #5787 (AL ST BE B [
KRR LN WEL) s SR (BUE T — b BE B
PR 5 HE R E (b 5T R 24 58 = B e N 43I BE ) 5 iRk A
(PE bR B VG 22 [ B 1% 2 0o B2 e N 43I R ) 5 2237 4R
(At K N R BB N 43R} ) 5 2 7 A (b B e - B K
EESFPOAFIE s B2 R O ER @ E 220 14y
WL 5 25/ (B B R Z Il BE e N 43R ) 5 AR 8 £ (il
KB B — R e N AR ) s 28 W (5 LR A Bt R A2 1L
BB N 4R ) s 22 8 (5 BB i@ A L = Be O N )
X (At K2 N R E RGO NEL 5 B3 (R4S S R B o
— B 2E LG N AR AR ) B A (R T AR — R BE N A
BE) s B SCBH (i ZE RV BE B 2 — B2 P N A B ) 5 52Kk 1
(S — N R B N AR ) 5 e ([ BE R 2
J& 55— BE BE N 43 W) 5 B ST (5 B T B R B PN 3 W
BE) 5 5 00 (s SR BB B R BEZG IR ) 5 B e (ALt Py
HEE B N AT IR ) 5 B B (g B RS2 B 7 = B 79 4 Wb
BE) s Ayt (AR B R4 R 5% 5 24 Bt W )5 B e 9 43
WEE) s TR (b RT R 225 — BE Be N 20 MR ) 5 TRk el
PR A5 — B m BB N 20 W RE) 5 T A (I K2 A RS
W& PN A3 AR ) 5 AR R e (A 0t R 2 15 2 o BRI Sl 8 1 e o
WER)
FIERIMR I 1R IR 35 b2

& % x #t

(1] = HYBUIRIG PRI 3R (2018 4R []]. H [ I 4
i, 2019, 27(3): 161-173. DOL: 10.3969/j.issn. 1006-6187.
2019.03.001.

[2] Esposito K, Chiodini P, Bellastella G, etal. Proportion of
patients at HbAlc target<7% with eight classes of
antidiabetic drugs in type 2 diabetes: systematic review
of 218 randomized controlled trials with 78 945 patients

(3]

[4]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[J]. Diabetes Obes Metab, 2012, 14(3): 228-233. DOL:
10.1111/j.1463-1326.2011.01512.x.

Berkowitz SA, Krumme AA, Avorn ], et al. Initial choice of
oral glucose-lowering medication for diabetes mellitus: a
patient-centered comparative effectiveness study[]].
JAMA Intern Med, 2014, 174(12): 1955-1962. DOI:
10.1001/jamainternmed.2014.5294.

Ji L, Lu J, Weng ], etal. China type 2 diabetes treatment
status survey of treatment pattern of oral drugs users[]]. |
Diabetes, 2015, 7(2): 166-173. DOI: 10.1111/1753-0407.
12165.

Cryer DR, Nicholas SP, Henry DH, etal. Comparative
outcomes study of metformin intervention versus
conventional approach the COSMIC Approach Study[]].
Diabetes Care, 2005, 28(3): 539-543. DOI: 10.2337/
diacare.28.3.539.

Klarenbach S, Cameron C, Singh S, et al. Cost-effectiveness
of second-line antihyperglycemic therapy in patients with
type 2 diabetes mellitus inadequately controlled on
metformin[]]. CMAJ, 2011, 183(16): E1213-1220. DOI:
10.1503/cmaj.110178.

T A B 25 S RO 2 2 TP 2 BB SR B IR 4
(2020 4E ) [J]. A0 B i 44 35, 2021, 13(4): 315-409.
DOI: 10.3760/cma.j.cn115791-20210221-00095.

E R BB L, R AR R0 2, h E B4
DA P2 B PR M 22 R 2y . op [ B AR RO 1297 95 1l
(2021 4ERR) [J]. AR SRR 2435, 2021, 13(1): 14-46. DOL:
10.3760/cma.j.cn115791-20201209-00707.

de Boer IH, Khunti K, Sadusky T, etal. Diabetes
management in chronic kidney disease: a consensus
report by the American Diabetes Association (ADA) and
Kidney Disease: Improving Global Outcomes (KDIGO) [J].
Diabetes Care, 2022, 45(12): 3075-3090. DOI: 10.2337/
dci22-0027.

American Diabetes Association. Standards of care in
diabetes-2023[J]. Diabetes Care, 2023, 46(Suppl 1):
S$1-S291.

Ji L, Li H, Guo X, et al. Impact of baseline BMI on glycemic
control and weight change with metformin monotherapy
in Chinese type 2 diabetes patients: phase IV open-label
trial[J]. PLoS One, 2013, 8(2): e57222. DOI: 10.1371/
journal.pone.0057222.

Ong CR, Molyneaux LM, Constantino MI, et al. Long-term
efficacy of metformin therapy in nonobese individuals
with type 2 diabetes[]J]. Diabetes Care, 2006, 29(11):
2361-2364.DO0I: 10.2337/dc06-0827.

Forslund K, Hildebrand F, Nielsen T, etal. Disentangling
type 2 diabetes and metformin treatment signatures in
the human gut microbiota[J]. Nature, 2015, 528(7581):
262-266.DO0I: 10.1038/nature15766.

Morita Y, Nogami M, Sakaguchi K, et al. Enhanced release
of glucose into the intraluminal space of the intestine
associated with metformin treatment as revealed by [(18)
F]Fluorodeoxyglucose PET-MRI[J]. Diabetes Care, 2020,
43(8):1796-1802. DOI: 10.2337/dc20-0093.

Ma T, Tian X, Zhang B, et al. Low-dose metformin targets the
lysosomal AMPK pathway through PENZ2[]]. Nature, 2022,
603(7899): 159-165. DOI: 10.1038/541586-022-04431-8.
Garber AJ, Duncan TG, Goodman AM, etal. Efficacy of
metformin in type Il diabetes: results of a double-blind,
placebo-controlled, dose-response trial[J]]. Am ] Med,



B RL AR 2023 426 H 2 62 555 6 ] Chin J Intern Med, June 2023, Vol. 62, No. 6 - 627

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

1997, 103(6): 491-497. DOI: 10.1016/s0002-9343(97)
00254-4.

Ji L, Liu ], Yang ], etal. Comparative effectiveness of
metformin monotherapy in extended release and
immediate release formulations for the treatment of type
2 diabetes in treatment-naive Chinese patients: Analysis
of results from the CONSENT trial[J]. Diabetes Obes
Metab, 2018, 20(4): 1006-1013. DOI: 10.1111/
dom.13190.

Nabrdalik K, Skonieczna—Zydecka K, Irlik K, etal
Gastrointestinal adverse events of metformin treatment
in patients with type 2 diabetes mellitus: A systematic
review, meta-analysis and meta-regression of randomized
controlled trials[]]. Front Endocrinol (Lausanne), 2022,
13:975912. DOI: 10.3389/fendo.2022.975912.

Bolen S, Feldman L, Vassy ], etal Systematic review:
comparative effectiveness and safety of oral medications for type
2 diabetes mellitus[J]. Ann Intern Med, 2007, 147(6): 386-399.
DOI: 10.7326,/0003-4819-147-6-200709180-00178.

Sherifali D, Nerenberg K, Pullenayegum E, et al. The effect
of oral antidiabetic agents on A1C levels: a systematic
review and meta-analysis[]]. Diabetes Care, 2010, 33(8):
1859-1864. DOI: 10.2337/dc09-1727.

Saenz A, Fernandez-Esteban I, Mataix A, et al. Metformin
monotherapy for type 2 diabetes mellitus[]J]. Cochrane
Database Syst Rev, 2005, (3): CD002966. DOI: 10.1002/
14651858.CD002966.pub3.

DeFronzo RA, Goodman AM. Efficacy of metformin in
patients with non-insulin-dependent diabetes mellitus. The
Multicenter Metformin Study Group[J]. N Engl ] Med, 1995,
333(9): 541-549. DOI: 10.1056/NEJM199508313330902.
Yang W, Liu ], Shan Z, etal. Acarbose compared with
metformin as initial therapy in patients with newly
diagnosed type 2 diabetes: an open-label, non-inferiority
randomised trial[]]. Lancet Diabetes Endocrinol, 2014,
2(1): 46-55.D0I: 10.1016/S2213-8587(13)70021-4.

Fu ], LiuJ, Xu Y, et al. Comparison of therapeutic effects of
acarbose and metformin under different B-cell function
status in Chinese patients with type 2 diabetes[]J]. Endocr
], 2019, 66(5): 443-450. DOI: 10.1507 /endocrj.E]18-0466.
Wang W, Bu R, Su Q, et al. Randomized study of repaglinide
alone and in combination with metformin in Chinese
subjects with type 2 diabetes naive to oral antidiabetes
therapy[]J]. Expert Opin Pharmacother, 2011, 12(18):
2791-2799.DOI: 10.1517/14656566.2011.602341.

Derosa G, Maffioli P, Salvadeo SA, et al. Direct comparison
among oral hypoglycemic agents and their association
with insulin resistance evaluated by euglycemic
hyperinsulinemic clamp: the 60’s study([J]. Metabolism, 2009,
58(8): 1059-1066. DOI: 10.1016/j.metabol.2009.03.007.
Phillips P, Karrasch ], Scott R, etal. Acarbose improves
glycemic control in overweight type 2 diabetic patients
insufficiently treated with metformin[J]. Diabetes Care,
2003, 26(2): 269-273.DOI: 10.2337 /diacare.26.2.269.

Ji LN, Pan CY, Lu JM, etal Efficacy and safety of
combination therapy with vildagliptin and metformin
versus metformin uptitration in Chinese patients with
type 2 diabetes inadequately controlled with metformin
monotherapy: a randomized, open-label, prospective
study (VISION) [J]. Diabetes Obes Metab, 2016, 18(8):
775-782.D0I: 10.1111/dom.12667.

[29]

[30]

[31]

(32]

[33]

[34]

(35]

[36]

(37]

(38]

[39]

Ji L, Zinman B, Patel S, etal. Efficacy and safety of
linagliptin co-administered with low-dose metformin
once daily versus high-dose metformin twice daily in
treatment-naive patients with type 2 diabetes: a
double-blind randomized trial[]]. Adv Ther, 2015, 32(3):
201-215.D0I: 10.1007/s12325-015-0195-3.

Chan ], Paldanius PM, Mathieu C, et al. Early combination
therapy delayed treatment escalation in newly diagnosed
young-onset type 2 diabetes: A subanalysis of the VERIFY
study[J]. Diabetes Obes Metab, 2021, 23(1): 245-251.
DOI: 10.1111/dom.14192.

Lavalle-Gonzalez FJ], Januszewicz A, Davidson ], etal.
Efficacy and safety of canagliflozin compared with
placebo and sitagliptin in patients with type 2 diabetes on
background metformin monotherapy: a randomised trial
[J]. Diabetologia, 2013, 56(12): 2582-2592. DOI: 10.1007/
s00125-013-3039-1.

Yang W, Han P, Min KW, etal. Efficacy and safety of
dapagliflozin in Asian patients with type 2 diabetes after
metformin failure: A randomized controlled trial[]]. ]
Diabetes, 2016, 8(6): 796-808. DOI: 10.1111/
1753-0407.12357.

Yang T, Lu M, Ma L, etal. Efficacy and tolerability of
canagliflozin as add-on to metformin in the treatment of
type 2 diabetes mellitus: a meta-analysis[J]. Eur ] Clin
Pharmacol, 2015, 71(11): 1325-1332. DOI: 10.1007/
s00228-015-1923-y.

Palmer SC, Tendal B, Mustafa RA, etal. Sodium-glucose
(SGLT-2)
glucagon-like peptide-1 (GLP-1) receptor agonists for

cotransporter  protein-2 inhibitors  and
type 2 diabetes: systematic review and network
meta-analysis of randomised controlled trials[J]. BM],
2021, 372: m4573.DOI: 10.1136/bmj.m4573.

McGuire DK, Shih W], Cosentino F, etal. Association of
SGLT2 cardiovascular and kidney
outcomes in patients with type 2 diabetes: a
meta-analysis[J]. JAMA Cardiol, 2021, 6(2): 148-158. DOI:
10.1001/jamacardio.2020.4511.

Vaduganathan M, Docherty KF, Claggett BL, etal. SGLT-2
inhibitors in patients with heart failure: a comprehensive

inhibitors with

meta-analysis of five randomised controlled trials[J].
Lancet, 2022, 400(10354): 757-767. DOI: 10.1016/
S0140-6736(22)01429-5.

Nauck M, Frid A, Hermansen K, et al. Long-term efficacy
and safety comparison of liraglutide, glimepiride and
placebo, all in combination with metformin in type 2
diabetes: 2-year results from the LEAD-2 study[]].
Diabetes Obes Metab, 2013, 15(3): 204-212. DOI:
10.1111/dom.12012.

Yang W, Chen L, Ji Q etal. Liraglutide provides similar
glycaemic control as glimepiride (both in combination
with metformin) and reduces body weight and systolic
blood pressure in Asian population with type 2 diabetes
from China, South Korea and India: a 16-week,
randomized, double-blind, active control trial[J]. Diabetes
Obes Metab, 2011, 13(1): 81-88. DOI: 10.1111/
j.1463-1326.2010.01323.x.

Kristensen SL, Rgrth R, Jhund PS, etal. Cardiovascular,
mortality, and kidney outcomes with GLP-1 receptor
agonists in patients with type 2 diabetes: a systematic
review and meta-analysis of cardiovascular outcome trials



628

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

rRAE YRR 2023 4E 6 H 5 62 45 6 1Y)

Chin J Intern Med, June 2023, Vol. 62, No. 6

[J]. Lancet Diabetes Endocrinol, 2019, 7(10): 776-785.
DOI: 10.1016/S2213-8587(19)30249-9.

Sattar N, Lee M, Kristensen SL, etal. Cardiovascular,
mortality, and kidney outcomes with GLP-1 receptor
agonists in patients with type 2 diabetes: a systematic
review and meta-analysis of randomised trials[]]. Lancet
Diabetes Endocrinol, 2021, 9(10): 653-662. DOI:
10.1016/S2213-8587(21)00203-5.

Zhang Y, Zhao Z, Wang S, et al. Intensive insulin therapy
combined with metformin is associated with reduction in
both glucose variability and nocturnal hypoglycaemia in
patients with type 2 diabetes[J]. Diabetes Metab Res Rev,
2017,33(7).DOI: 10.1002/dmrr.2913.
Cheng Q,  Yang S, Zhao C, etal
metforminbased oral antidiabetic drugs is not inferior to

Efficacy of

insulin glargine in newly diagnosed type 2 diabetic
patients with severe hyperglycemia after short-term
intensive insulin therapy[]J]. ] Diabetes, 2015, 7(2):
182-191.D0I: 10.1111/1753-0407.12167.

Retnakaran R, Emery A, Ye C, etal. Short-term intensive
insulin as induction and maintenance therapy for the
preservation of beta-cell function in early type 2 diabetes
(RESET-IT Main): A 2-year randomized controlled trial[J].
Diabetes Obes Metab, 2021, 23(8): 1926-1935. DOI:
10.1111/dom.14421.

(2 BURR PR AL e 8 ZR OB AL TR IT B R IO R E T 2
2 UM PR e 1 i 5 2 niR AL VR YT L AR (2021 4R R )]
[ B N 43 AR 2 5, 2022, 42(1): 67-77. DOI: 10.3760/
cma.j.cn121383-20220114-01028.

Kahn SE, Haffner SM, Heise MA, et al. Glycemic durability
of rosiglitazone, metformin, or glyburide monotherapy(J].
N Engl ] Med, 2006, 355(23): 2427-2443. DOI: 10.1056/
NEJMo0a066224.

Williams-Herman D, Johnson ], Teng R, et al. Efficacy and
safety of sitagliptin and metformin as initial combination
therapy and as monotherapy over 2 years in patients with
type 2 diabetes[]J]. Diabetes Obes Metab, 2010, 12(5):
442-451.D0I: 10.1111/j.1463-1326.2010.01204 x.

Zhou L, Cai X, Yang W, et al. The magnitude of weight loss
induced by metformin is independently associated with
BMI at baseline in newly diagnosed type 2 diabetes:
Post-hoc analysis from data of a phase IV open-labeled
trial[J]. Adv Clin Exp Med, 2017, 26(4): 671-677. DOI:
10.17219/acem/63025.

HAR DL 2 e Rl 2 R A, P AR R A e T 7 PR
grax, B EIE G GRS 2 ARG T E IR LIk 22 5 22 4T
R 5 12 16 98 B (2022) [5 — 43T 1. Hh A0 Rl 2
&, 2022, 57(1): 3-12. DOL: 10.3760/cma. j.
cn112141-20210917-00528.

Li G, Zhao S, Cui S, et al. Effect comparison of metformin with
insulin treatment for gestational diabetes: a meta-analysis
based on RCTs[J]. Arch Gynecol Obstet, 2015, 292(1):
111-120. DOI: 10.1007/s00404-014-3566-0.

Balsells M, Garcia-Patterson A, Sola I, et al. Glibenclamide,
metformin, and insulin for the treatment of gestational
diabetes: a systematic review and meta-analysis[]]. BM]J,
2015,350: h102. DOI: 10.1136/bmj.h102.

Jiang YF, Chen XY, Ding T, et al. Comparative efficacy and
safety of OADs in management of GDM: network
meta-analysis of randomized controlled trials[]]. J Clin
Endocrinol Metab, 2015, 100(5): 2071-2080. DOI:

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

10.1210/jc.2014-4403.

Rowan JA, Rush EC, Plank LD, etal. Metformin in
gestational diabetes: the offspring follow-up (MiG TOFU):
body composition and metabolic outcomes at 7-9 years of
age[]]. BM] Open Diabetes Res Care, 2018, 6(1): e000456.
DOI: 10.1136/bmjdrc-2017-000456.

Hanem L, Stridsklev S, Juliusson PB, et al. Metformin use
in PCOS pregnancies increases the risk of offspring
overweight at 4 years of age: follow-up of two RCTs[]]. |
Clin Endocrinol Metab, 2018, 103(4): 1612-1621. DOI:
10.1210/jc.2017-02419.

Tarry-Adkins JL, Aiken CE, Ozanne SE. Neonatal, infant,
and childhood growth following metformin versus insulin
treatment for gestational diabetes: A systematic review
and meta-analysis[J]. PLoS Med, 2019, 16(8): e1002848.
DOI: 10.1371/journal.pmed.1002848.

Hanem L, Salvesen @, Juliusson PB, etal. Intrauterine
metformin exposure and offspring cardiometabolic risk
factors (PedMet study): a 5-10 year follow-up of the
PregMet randomised controlled trial[]J]. Lancet Child
Adolesc Health, 2019, 3(3): 166-174. DOI: 10.1016/
$2352-4642(18)30385-7.

Ghomian N, Vahed S, Firouz S, etal. The efficacy of
metformin compared with insulin in regulating blood
glucose levels during gestational diabetes mellitus: A
randomized clinical trial[J]. ] Cell Physiol, 2019, 234(4):
4695-4701. DOI: 10.1002/jcp.27238.

Barbour LA, Scifres C, Valent AM, etal. A cautionary
response to SMFM statement: pharmacological treatment
of gestational diabetes[]J]. Am ] Obstet Gynecol, 2018,
219(4): 367.e1-e7.DOI: 10.1016/j.ajog.2018.06.013.
Barbour LA, Feig DS. Metformin for gestational diabetes
mellitus: progeny, perspective, and a personalized
approach(J]. Diabetes Care, 2019, 42(3): 396-399. DOL:
10.2337/dci18-0055.

Gardiner §J, Kirkpatrick CM, Begg E]J, etal. Transfer of
metformin into human milk[]J]. Clin Pharmacol Ther,
2003, 73(1): 71-77.DOI: 10.1067 /mcp.2003.9.

Briggs GG, Ambrose PJ, Nageotte MP, et al. Excretion of
metformin into breast milk and the effect on nursing
infants[J]. Obstet Gynecol, 2005, 105(6): 1437-1441. DOI:
10.1097/01.A0G.0000163249.65810.5b.

AR, AR, W06, 45 . WU SUNRAE B 4F 2 B B 5 1T
FH By 22 4 ¥ AR )], e 9 B 24 3k, 2008, 47(11):
914-918.DO0I: 10.3321/j.issn:0578-1426.2008.11.012.
([ AR BURR PR BT I I R 1 ) 4 5 28 . o [l S 4 2 7
W R B 36 11 PR 36 R (2022 45 KO [7]. RS DR 24 3,
2022, 30(1): 2-51. DOI: 10.3969/j. issn. 1006-6187.
2022.01.002.

Charytan DM, Solomon SD, Ivanovich P, et al. Metformin use
and cardiovascular events in patients with type 2 diabetes
and chronic kidney disease[J]. Diabetes Obes Metab, 2019,
21(5): 1199-1208. DOI: 10.1111/dom.13642.

Clegg LE, Jing Y, Penland RC, etal. Cardiovascular and
renal safety of metformin in patients with diabetes and
moderate or severe chronic kidney disease: Observations
from the EXSCEL and SAVOR-TIMI 53 cardiovascular
outcomes trials[J]. Diabetes Obes Metab, 2021, 23(5):
1101-1110.DOI: 10.1111/dom.14313.

Kwon S, Kim YC, Park JY, etal. The long-term effects of
metformin on patients with type 2 diabetic kidney disease



B RL AR 2023 426 H 2 62 555 6 ] Chin J Intern Med, June 2023, Vol. 62, No. 6 - 629

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[J]. Diabetes Care, 2020, 43(5): 948-955. DOI: 10.2337/
dc19-0936.

Bhat A, Sebastiani G, Bhat M. Systematic review:
Preventive and therapeutic applications of metformin in
liver disease[J]. World ] Hepatol, 2015, 7(12): 1652-1659.
DOI: 10.4254 /wjh.v7.i12.1652.

Xu C, Zhao ], Zhou X, etal. Thiazolidinediones versus
metformin on improving abnormal liver enzymes in
patients with type 2 diabetes mellitus: a meta-analysis[]].
Oncotarget, 2018, 9(15): 12389-12399. DOI: 10.18632/
oncotarget.24222.

Tseng CH. Metformin use is associated with a lower risk
of hospitalization for heart failure in patients with type 2
diabetes mellitus: a retrospective cohort analysis[J]. ] Am
Heart Assoc, 2019, 8(21): e011640. DOI: 10.1161/
JAHA.118.011640.

Crowley M], Diamantidis C]J, McDuffie JR, etal. Clinical
outcomes of metformin use in populations with chronic
kidney disease, congestive heart failure, or chronic liver
disease: a systematic review[]]. Ann Intern Med, 2017,
166(3): 191-200. DOI: 10.7326/M16-1901.

Zhang F, Ji L, Hong T, etal. Expert consensus on
personalized initiation of glucose-lowering therapy in
adults with newly diagnosed type 2 diabetes without
clinical cardiovascular disease or chronic kidney disease
[J]. ] Evid Based Med, 2022, 15(2): 168-179. DOLI:
10.1111/jebm.12474.

Petrie JR, Chaturvedi N, Ford I, etal. Cardiovascular and
metabolic effects of metformin in patients with type 1
diabetes (REMOVAL): a  double-blind,
placebo-controlled trial[J]. Lancet Diabetes Endocrinol, 2017,
5(8): 597-609. DOI: 10.1016/S2213-8587(17)30194-8.
Meng H, Zhang A, Liang Y, etal. Effect of metformin on

randomised,

glycaemic control in patients with type 1 diabetes: A
meta-analysis of randomized controlled trials[]]. Diabetes
Metab Res Rev, 2018, 34(4): e2983. DOI: 10.1002/
dmrr.2983.

Yang D, Yan ], Deng H, et al. Effects of metformin added to
insulin in adolescents with type 1 diabetes: an
exploratory crossover randomized trial[]]. ] Diabetes Res,
2020, 2020: 7419345. DOI: 10.1155/2020/7419345.
Aroda VR, Edelstein SL, Goldberg RB, etal Long-term
metformin use and vitamin B12 deficiency in the diabetes
prevention program outcomes study/[J]. J Clin Endocrinol Metab,
2016,101(4): 1754-1761. DOI: 10.1210/jc.2015-3754.

Kim J, Ahn CW, Fang S, etal. Association between
metformin dose and vitamin B12 deficiency in patients
with type 2 diabetes[]J]. Medicine (Baltimore), 2019,
98(46):e17918.DOI: 10.1097/MD.0000000000017918.
Yang W, Cai X, Wu H, etal. Associations between
metformin use and vitamin B(12) levels, anemia, and
neuropathy in patients with diabetes: a meta-analysis[]]. ]
Diabetes, 2019, 11(9): 729-743. DOI: 10.1111/
1753-0407.12900.

Bell D. Metformininduced vitamin B12 deficiency can
cause or worsen distal symmetrical, autonomic and
cardiac neuropathy in the patient with diabetes[]].
Diabetes Obes Metab, 2022, 24(8): 1423-1428. DOLI:
10.1111/dom.14734.

Pratama S, Lauren BC, Wisnu W. The efficacy of vitamin B
(12) supplementation for treating vitamin B(12)

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

(87]

[88]

[89]

[90]

[91]

[92]

deficiency and peripheral neuropathy in
metformintreated type 2 diabetes mellitus patients: A
systematic review[]]. Diabetes Metab Syndr, 2022,
16(10): 102634. DOI: 10.1016/j.dsx.2022.102634.
Salpeter SR, Greyber E, Pasternak GA, etal. Risk of fatal
and nonfatal lactic acidosis with metformin use in type 2
diabetes mellitus[J]. Cochrane Database Syst Rev, 2010, 4:
CD002967.DOI: 10.1002/14651858.

Andersen LW, Mackenhauer ], Roberts JC, et al. Etiology
and therapeutic approach to elevated lactate levels[]].
Mayo Clin Proc, 2013, 88(10): 1127-1140. DOI: 10.1016/j.
mayocp.2013.06.012.

Peretz DI, Mcgregor M, Dossetor ]B. Lacticacidosis: a
clinically significant aspect of shock[]]. Can Med Assoc ],
1964,90(11): 673-675.

Hendrikx JJ, Lagas ]S, Daling R, et al. Severe lactic acidosis
in a diabetic patient after ethanol abuse and floor cleaner
intake[J]. Basic Clin Pharmacol Toxicol, 2014, 115(5):
472-475.D0I: 10.1111/bcpt.12251.

Zilov AV, Abdelaziz SI, AlShammary A, et al. Mechanisms
of action of metformin with special reference to
cardiovascular protection[]]. Diabetes Metab Res Reyv,
2019, 35(7): €3173.DOI: 10.1002/dmrr.3173.
Schernthaner G, Brand K, Bailey C]. Metformin and the
heart: Update on mechanisms of cardiovascular
protection with special reference to comorbid type 2
diabetes and heart failure[]]. Metabolism, 2022, 130:
155160. DOI: 10.1016/j.metabol.2022.155160.

UK Prospective Diabetes Study (UKPDS) Group. Effect of
intensive blood-glucose control with metformin on
complications in overweight patients with type 2 diabetes
(UKPDS 34) []J]. Lancet, 1998, 352(9131): 854-865.
Holman RR, Paul SK, Bethel MA, etal. 10-year follow-up
of intensive glucose control in type 2 diabetes[]]. N Engl |
Med, 2008, 359(15): 1577-1589. DOI: 10.1056/
NEJMo0a0806470.

Adler AL UKPDS perspective, legacy effects and 44-year
follow-up data[C]. the 58th Annual Meeting of the
European Association for the Study of Diabetes (EASD) in
Stockholm, Sweden, 19-23 September 2022.

Roussel R, Travert F, Pasquet B, et al. Metformin use and
mortality among patients with diabetes and
atherothrombosis[]]. Arch Intern Med, 2010, 170(21):
1892-1899. DOI: 10.1001 /archinternmed.2010.409.

Kooy A, de Jager ], Lehert P, etal. Long-term effects of
metformin on metabolism and microvascular and
macrovascular disease in patients with type 2 diabetes
mellitus[]]. Arch Intern Med, 2009, 169(6): 616-625. DOI:
10.1001/archinternmed.2009.20.

Hong J, Zhang Y, Lai S, etal. Effects of metformin versus
glipizide on cardiovascular outcomes in patients with
type 2 diabetes and coronary artery disease[]]. Diabetes
Care, 2013, 36(5): 1304-1311. DOI: 10.2337/dc12-0719.
Han Y, Xie H, Liu Y, et al. Effect of metformin on all-cause
and cardiovascular mortality in patients with coronary
artery diseases: a systematic review and an updated
meta-analysis[J]. Cardiovasc Diabetol, 2019, 18(1): 96.
DOI:10.1186/s12933-019-0900-7.

Zhang K, Yang W, Dai H, etal. Cardiovascular risk
following metformin treatment in patients with type 2
diabetes mellitus: Results from meta-analysis[J]. Diabetes



630

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

rRAE YRR 2023 4E 6 H 5 62 45 6 1Y)

Chin J Intern Med, June 2023, Vol. 62, No. 6

Res Clin Pract, 2020, 160: 108001. DOI: 10.1016/j.
diabres.2020.108001.

Shin H, Schneeweiss S, Glynn R], etal. Cardiovascular
outcomes in patients initiating first-line treatment of type 2
diabetes with sodium-glucose cotransporter-2 inhibitors
versus metformin: a cohort study[J]. Ann Intern Med, 2022,
175(7):927-937.DOI: 10.7326/M21-4012.

Diabetes Prevention Program Research Group; Knowler
WC, Fowler SE, etal. 10-year follow-up of diabetes
incidence and weight loss in the Diabetes Prevention
Program Outcomes Study[J]. Lancet, 2009, 374(9702):
1677-1686.D0I: 10.1016/5S0140-6736(09)61457-4.
Diabetes Prevention Program Research Group. The
10-year cost-effectiveness of lifestyle intervention or
metformin for diabetes prevention: an intent-to-treat
analysis of the DPP/DPPOSJ]]. Diabetes Care, 2012, 35(4):
723-730.DOI: 10.2337/dc11-1468.

Ramachandran A, Snehalatha C, Mary S, et al. The Indian
Diabetes Prevention Programme shows that lifestyle
modification and metformin prevent type 2 diabetes in
Asian Indian subjects with impaired glucose tolerance
(IDPP-1) [J]. Diabetologia, 2006, 49(2): 289-297. DOI:
10.1007/s00125-005-0097-z.

Madsen KS, Chi Y, Metzendorf MI, etal. Metformin for
prevention or delay of type 2 diabetes mellitus and its
associated complications in persons at increased risk for
the development of type 2 diabetes mellitus[J]. Cochrane
Database Syst Rev, 2019, 12(12): CD008558. DOI:
10.1002/14651858.CD008558.pub2.

Gillani SW, Ghayedi N, Roosta P, et al. Effect of metformin
on lipid profiles of type 2 diabetes mellitus: a
meta-analysis of randomized controlled trials[J]. ] Pharm
Bioallied Sci, 2021, 13(1): 76-82. DOI: 10.4103/jpbs.JPBS_
370_20.

Weng S, Luo Y, Zhang Z, etal. Effects of metformin on
blood lipid profiles in nondiabetic adults: a meta-analysis
of randomized controlled trials[J]. Endocrine, 2020,
67(2): 305-317. DOI: 10.1007/s12020-020-02190-y.

FEL B 2 M B 5 I I T RS P s 0 e i 7 B S 3t
W) Ay IR 4 Ak, 2021, 37(7): 589-598. DOL:
10.3760/cma.j.cn311282-20210105-00016.

Fruci B, Giuliano S, Mazza A, et al. Nonalcoholic fatty liver:
a possible new target for type 2 diabetes prevention and
treatment[J]. Int ] Mol Sci, 2013, 14(11): 22933-22966.
DOI: 10.3390/ijms141122933.

AR BRI R R Oy X N M A o R 2
O S ER B AL P 297 18 8 ] TP AR L R AR, 2018,

53(1): 2-6. DOI 10.3760/cma. j. issn. 0529-567x.
2018.01.002.
Practice Committee of the American Society for

Reproductive Medicine. Role of metformin for ovulation
induction in infertile patients with polycystic ovary
syndrome (PCOS): a guideline[J]. Fertil Steril, 2017,
108(3): 426-441. DOI: 10.1016/j.fertnstert.2017.06.026.

Pearson-Stuttard ], Papadimitriou N, Markozannes G,
etal. Type 2 diabetes and cancer: an umbrella review of
observational and mendelian randomization studies[]].
Cancer 2021, 30(6):

Epidemiol Biomarkers Prev,

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

1218-1228.D0I: 10.1158/1055-9965.EP1-20-1245.

Hu Y, Zhang X, Ma Y, etal. Incident type 2 diabetes
duration and cancer risk: a prospective study in two US
cohorts[J]. ] Natl Cancer Inst, 2021, 113(4): 381-389. DOI:
10.1093/jnci/djaal41.

Brancher S, Ribeiro AE, Toporcov TN, etal. The role of
metformin on lung cancer survival: the first systematic
review and meta-analysis of observational studies and
randomized clinical trials[J]. ] Cancer Res Clin Oncol,
2021, 147(10): 2819-2836. DOI: 10.1007/s00432-021-
03728-x.

Feng Z, Zhou X, Liu N, etal. Metformin use and prostate
cancer risk: A meta-analysis of cohort studies[J]. Medicine
(Baltimore), 2019, 98(12): e14955. DOI: 10.1097/
MD.0000000000014955.

Sakamoto K, Okabayashi K, Matsui S, et al. Association of
tumor pathological response with the use of metformin
during neoadjuvant chemoradiotherapy in rectal and
esophageal/gastroesophageal  cancer
systematic review and meta-analysis[]J]. ] Gastrointest
Surg, 2022, 26(10): 2227-2236. DOI: 10.1007/s11605-
022-05354-5.

Wang Q, Ma X, Long ], etal. Metformin and survival of
with breast A meta-analysis of
randomized controlled trials[]]. J Clin Pharm Ther, 2022,
47(3): 263-269.DO0I: 10.1111/jcpt.13500.

Wang ], Gallagher D, DeVito LM, et al. Metformin activates
an atypical PKC-CBP pathway to promote neurogenesis

patients: a

women cancer:

and enhance spatial memory formation[]]. Cell Stem Cell,
2012, 11(1): 23-35.DOI: 10.1016/j.stem.2012.03.016.
Samaras K, Makkar S, Crawford ]D, et al. Metformin use is
associated with slowed cognitive decline and reduced
incident dementia in older adults with type 2 diabetes:
The Sydney Memory and Ageing Study([]]. Diabetes Care,
2020, 43(11): 2691-2701. DOI: 10.2337/dc20-0892.
Wahlqvist ML, Lee MS, Hsu CC, et al. Metformininclusive
sulfonylurea therapy reduces the risk of Parkinson's
disease occurring with type 2 diabetes in a Taiwanese
population cohort[J]. Parkinsonism Relat Disord, 2012,
18(6): 753-758. DOI: 10.1016/j.parkreldis.2012.03.010.
Lalau JD, Al-Salameh A, Hadjadj S, et al. Metformin use is
associated with a reduced risk of mortality in patients
with diabetes hospitalised for COVID-19[]]. Diabetes
Metab, 2021, 47(5): 101216. DOI: 10.1016/j.
diabet.2020.101216.

Luo P, Qiu L, Liu Y, etal. Metformin treatment was
associated with decreased mortality in COVID-19 patients
with diabetes in a retrospective analysis[]]. Am ] Trop
Med Hyg, 2020, 103(1): 69-72. DOI: 10.4269/ajtmh.
20-0375.

Chen Y, Lv X, Lin S, etal. The association between
antidiabetic agents and clinical outcomes of COVID-19
patients with diabetes: a bayesian network meta-analysis
[J]. Front Endocrinol (Lausanne), 2022, 13: 895458. DOI:
10.3389/fendo.2022.895458.

Bramante CT, Huling JD, Tignanelli CJ, et al. Randomized
trial of metformin, ivermectin, and fluvoxamine for
Covid-19[J]. N Engl ] Med, 2022, 387(7): 599-610. DOI:
10.1056/NEJM0a2201662.



