Choice of Glucose-Lowering Drugs as Initial Monotherapy for
Type 2 Diabetes Patients with Contraindications or Intolerance
to Metformin: A Systematic Review and Meta-Analysis
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27 glucose-lowering drugs from nine drug classes were targeted:

Biguanide
SUs

TZDs
NIDEs
AGIs
DPP-4is
SGLT2is
INSs
GLP-1RAs

Metformin

Glyburide, glimepiride, gliclazide, glipizide, and gliquidone
Rosiglitazone and pioglitazone

Repaglinide, nateglinide, and mitiglinide

Acarbose, voglibose, and miglitol

Sitagliptin, saxagliptin, vildagliptin, linagliptin, and alogliptin
Dapagliflozin, empagliflozin, and canagliflozin

[nsulin and insulin analogs

Exenatide, liraglutide, lixisenatide, and beinaglutide




30,122 records identified through

3729 Web of Science, 3582 CNKI,
10,260 WanFang Data, 776 Chongqing VIEF

database searching 2 additional records

4940 PubMed, 6135 Embase, identified through
other sources

v

24.307 records screened
after duplicates removed

h

23,887 records excluded from
title and absitract review

420 Mull-text articles assessed
for eligibility

h

185 studies included in
systematic review

:

235 Mall-text articles excluded

* 149 not a targeted drug vs
placebo/lifestyle intervention or
has concomitant medication

* 54 no required outcome or no
specific value

« 16 study duration =12 weeks or
not reported

= 6 drug dose not targeted or not
reported

=2 meeting abstract or no full-text

=7 duplicate

=1 other

185 studies included in
meta-analysis

Figure 1. PRISMA flow diagram of study search and selection.




U ff — 1.1,

LGS | — 24, 1.4

.28 | — 235, 1 Iy R

O30 ] DT, (1 I B R

DS o (A, Loy =

150 — 3™, 0L

L5322 a0y

.39 =163,

T {315, 23~

A — 1 200, OL8T)

o L1 H. OU1LH])

1524 —4.57. B25)

544200, 1402k "

.50 | — 269,
.36 {157,
B =270,
AT o —1L.HT,

A5 —-3.59, 11T ™
41§ -3940, 1L.FE™
T IZ W —3.4T, (1
30T | =355, 2.0 -

NI —1.48, 03]
1.7 ks, 3 035"

D=0 — 194, 0.34)

022§ — 1.5k 1.17)

0575 — 154, 0.34%)
O =215, 35F)

020 —{Lad, OLZF)
OLEZ | =0k, OZ9)
OOF | —0OuE, 02 T)
AL §—N.6 Z47F)

1524 —4.57. 2 25)

2EE 045, I 5=
S0 (D25, S9U9E)
F-EL 2=, Z3 A

OLES o — 1 0,

190 =32 T3, R e g

DAa3 (S, 059 =

L o =018, DZET)

D2 T, LT ™

OFH | =237 293)

Do o231 a3

OLaS | TS,

1L.FA | =323 1143 ™

D] (4=, 1 35"

D25 O, O 46k "

LG f [P, OO ™

243 {—1.55. &47F)

A LS, 1.35])

Pl e B | —=1.1TF, 20§ =234, 1T&ET3™ 038 | —0DuOF, OUET) s f 32, OL14]) DS {00, L3 6 179 —633, T74) LSS (L3O, 1.53)
IS OLag o — a5, OLFS o — 1404, sy - L0 f — B2, W] ML D39, DUE1) LD D21, DFF) 558 (1233, L.3F) 157 (34, 5.55)

B g L s OLas f k51, LA =1 2, osouy * —_ —_ —_ —_ {1 =l e e B e |
P b i OLAS | =079, DU =1, [ o - 1.29, 144 O] D3 DH1]) O0H [ D21, 0LF3F) 558 (1233 0F7) 2D 026, IS5 T3
ACls L2 | -7, .19 =173, ey ™ 4% — 1 326, 0.2H) OIS | .58, [ R o3 (=01, 0L17) 140 4 F1, 0.9T) ss 0L51. 1.45)

S b DL o — S, LT o —1L.H3, [y g 1.6, CLaa] O3 — A, [y R OO [~ 11, DLES) DA R T, BT T.2% (O34, 4. Z3)
ol o OL30 o 53, LIS =358, OLOZ) LR, OUEE) LS | =92, OLAGT) LT o —dLaH, O 14) —_ DS 010, B9
Sl gl OLS3 | — =S, hE  —DLHE, OLHG) —_ —_ —_ —_ O oad, 1.44]
LFE i OLAS | — DA, DUl f 1 A3, (L a7 | =L, O=25) 0o f =11, OLEE]) OL0E [ O] D] OO 1.4 5.14] 2% LA7. 1.1=]
Ll g e O3 | =T, .07 | =130, [ LR — .24, B44]) e (e, LR "™ e | —DLOZE, OL14) 038 {—=1.2F. 1.64) L7 (L5, 1.30)
sl petien OS2 | —[kal, OLHS o — 1 O, ey ™ A4S | —~Z 0k, 1.1} —_ —_ —_ 120 (.52, 2.H1)
Wil g i s oLas i — .57, 056 | a2, =0~ DS — 2009, OU9F) LR —dLH3, O.59) —_ —_ TG (54, 2.13)
L i I8 i oLEeS | — 079, U i 1.1, [y g —_ OS2, L) OOE | — O, OL1Z) 1F4 | —4F5, 1.26) 5T (.26, 1.401])
A bovgg ligretiion OuGS | — 7S, 0T | =127, sy ™ DH1 {027, 1. 35" L1 | 30, (1 I R A o g, OIS 05 =153, 2 7a6) ZTOF LN BT
ST e OLH o 5T, 158 {151, R g DA — 1 55, 0L W 13 O3~ L T, LRI ™ 418 | 484, Isx- oss OS5 1.57)
Erapsa glaflosimn oLes | 7T, 1.7 | =149, R hED o — 1 53, OLEF) O o — L 24, OL2NT) O3 [0, 0L15) 30 | 5412, A= 1.2 (0.5, 2.535)
Enypaglidloein OLFR ] — S, 1.BE | 197, L7~ —_ D30 eSO 33 = D 0O, LR = 3239 | —434, A= O3L {014, OTF1LE "

DU s, (L

X209 =231, 1=

O30 IS, T ™

DU T, LA ™

536 | A5, 4. 343 ™

157 (L9, 3.1

(= WP 1. W

DU — L3, oFE -

BoGk ff — 2, .=

BOS | — 1850, =

CLaZ f — &N, =3~

0o | i, D]

ZaE | 46T,

157 (OLHZ, 340)

Ewwrmatide Persce—daily
Lira gl ot
[ IR ESNT LR 5 PR

DA f —[HT, (LI S T
LIT7F =147, [LIE_ v
DLl f D, o=

LAS { =235, T ™

B0 | — 1 66h, OLOT)

[eBe i |
D56 §

0=, sl ™
T, 0340~

L DU DLE]
OIS s, L ™

219 54T,
TR =524,

A5 OLH4, 1353
157 (oL5H, 3.75)
T 025, 4.9

Clucose- Lowermg
g

s b

13 d =145, (LN T

097 | =247, 147"

DLOF 147, =]~
Tobal

Wascumlar Evemis

Bl asdial Tl el B

Hieart Fable e

Sernkos

I skt Polaps Bura pea b 5

AE-lmdescsd
T i o el B esadione

et

= O a1 S50

5N (OL2Z. 3730

(0L e D B ey |

(- e D B ey |

(= e DB T |

1.5 00, B2 HE)

T A O, 1.A3)

Sl

1.0 LZF_ 4.5T)

DA (OU R, & Oy

T AT (O, 2335

L& (oL, 3700

2= LT RHE)

il b e
Ol v e
L TR PR TS B
il i b

1A (OLOF. 16300
1.6 (LS. 9.3
LD (OUOE, 4HET)
LA (CLOE, SHEE)

S (LS, 7 g

T AT (LS, 33 250

LR (OO, 3700

224 031, 1650
(- e DB ] |
LD OUE, S4H S
Ased (OLT4, ZTH S5

T 0S5 L8810 T 44 (0385 55 OET(OLLE 506 OS5 L1, a9 S (OL1E, 7 Z0) OS5 (OUE, 48 550 1 2% (OLH1,. 1.95)
B el g L B 0.5 D2 3 T A OO, G 40 A O, G 400 D O, G 40 —_ —_ = (L4323
ol e 0.5 (Dl 2.355) 150 (37 617 OFE{0 I, 5.13) 0SS (LA, 5.75) S (OL1E, 7. Z0) 050 (OUIE, 48 750 1 == (OLHZ, 2. 33)

MEDEs S O O, R —_ —_ —_ —_ —_ O (L2, 3.851])

B i
Pol g B b

Lol gt | e B - My |
O (O, B )

{1 =l e e B e |
s 0L 1E hoaT )

LT

107 (4l 2.7=)

155 (L 1s,. 12 50)

TS5 (O G, I2.74)

ZSEF{l6d, £ 00k "

2 ca b

g Lo
Pt il

OS5 (oLEE, 3 31)
LS9 0L, BoTED
LG (O30, 12592

s (OO, 45040
LS O LG, 22740

LS O LG, 22740

ZI1S{1L. T 3ATSp "
(1 e e BB |
535 (210, 13889 "

D F-4dis

O (D51, 1.5

ODET (A7 1 41

AT (TR 1.1&)

O O T, FATE)

(U [l B e ]

LSS (0L T4, 5290

O (OLFE. 1140

Shtace liptim
Sasaneli petins
Wik g ligetisn
B irsaglipe i

2 Lo i it i

OS2 (0.3, 2300
144 (Ouas, 4.3
A O, 2SS
LSS 0L L, 4 500
O 0L, 3

ES [OL2E, 1 &5
O (22, 1.73)
5SS (OL21.. 4. 5]
205 (OLIE,. 1223

SE DU, 353
D330, 1 300
O33N o=k, 2. 52

TS LG, 2233

T A LA, TR )

5 (LG, BS540

O34 OU, H 35

LEF L6, 22150

D33 (0. B.15)

LAET 06, 22150

e (LaZ,. 1.25)
1. == a8, 2.47)
THES (LT3, 10
LSS o 50, LS ) =
DT (O gz, 1S

Ll T i

=L LA, 1S

A OLAS 2 T

O (OL1F. 3640

e e ]

OS= 012, 2 &=

153 (056 4. 12)

s LA 1. 24)

107 (a1, 2 8y
OE3 (1S 1. H51)
OFF 17, 3.55)

LTRSS (DL 3H, 365
=D (D21, 34
L T, S Sy

= O, 5.15)
L, S S

R i D]

O34 Joun, 3.2
L, S S

T RS (0.3H, 365
ATE (L4, 35 2=

15 (OLHE,. 3.27)
N5 {05, 07 "
1. 7= (OLFH, 441T)

O DL, 243

O3 (oL, 1.5

a7 oLk, B13)

aT oLk, BO.13)

aT o=k, B130

s (OUES, B2 )

T e, 254

B s ticler Peaice-cladly
B st e
L s na i e

0.5 (014 BT
086 (DLIF. 2.7

OUES (OUOZE. HATE)
O35 (0uEE. 1.55)

OUES (O, SHATE)
ST 0L 25 650

DS (O, S ATED
S0 00U 25 650

DS OUEE, S ATR)
S0 (OUFL. I5 650

[ES OUE, SHEATE)
L7 (OUOE, 37 ==

263 0LE9, 140D
a3 LS 161]
400 (OLHS, TH =)




Y Draw

v

| @

Read aloud

+

6

of20 | /s)

k!

Table 2. Treatment effects of glucose-lowering drugs compared with each other.

HbA1c, %
(Left Lower Half)

FPG, mmol/L
(Right Upper Half)

Metformin
043(0.12,0.74)*
—0.07 (~032,0.18)
—052(—0.84, —0.20)*
-0.34(-0.60, —-0.08) *
~033(-054, -0.12)*
—0.16 (=037, 0.05)
0.03(-0.26, 0.32)

1.05 (045, 1.66) *
SUs
-0.50(-0.78, -022) *
—095(~129, —061)*
—0.77 (-1.06, -048) *
—0.76 (~1.00, —052) *
—0.59 (~084, -034)*
-0.40(-072, -0.09) *

026 (—0.23,0.75)
—079(-136, -0.22)*
TZDs
—045(~074, —0.16) *
—027 (~050, —0.04) *
—026 (~042, —0.10)*
—0.09 (—0.26,0.08)
0.10 (—0.16,0.36)

—0.90 (~138, —042)*
~1.95(-251, -1.39)*
~1.16(~159, -073) *
NIDEs
0.18 (—0.12, 0.48)
0.19 (—0.06, 0.44)
0.36 (0.10,0.62) *
055 (0.23,087) *

—0.46 (—1.12,0.20)

—151(-2.23, -0.79) "

-0.72(-1.35, —-0.09)*
0.4 (~0.18, 1.06)

AGIs

0.01(~0.17,0.19)
0.18(-0.01,0.37)
0.37 (0.10, 0.64) *

~0.71(~1.10, -032)*
~176(-224, -128)*
—0.97 (—130, —0.64)*
019 (—0.12, 0.50)
—0.25 (~0.80,0.30)
DPP—dis
0.17 (0.08,0.26)*
036 (0.14,058) *

—0.07 (~051,0.37)
-112(-1.65, -0.59) *
—0.33 (=072, 0.06)
0.83 (0.46,1.20)*
039 (~0.20, 0.98)
0.64 (0.40,0.88) *
SGLT2is
0.19 (003, 041)

—0.01 (—0.53,051)
~1.06(~1.66, —0.46) *
~027 (—0.75,021)
089 (043,1.36)*
045 (—0.20, 1.10)
070(0.33,1.07)*
0.06 (—0.37, 0.49)
GLP-1RAs

BMI, kg/m?2
(Left Lower Half)

TC, mmol/L
(Right Upper Half)

Metformin

0.10 (—072,092)

-031(-057, -0.05)*

-0.51 (-1.13,0.11)

—-0.01(-0.34,032)

—0.26 (—0.44, —0.08)*

~052(-0.71, -0.33)*

0.12(-0.14, 0.38)

-250(-3.96, -1.04)* SUs -041(-1.24,042) -0.61 (-1.61,0.39) —0.11(-0.96,0.74) —0.36(—1.16, 0.44) -0.62(-143,0.19) 0.02(—0.80, 0.84)
~191(-295, —0.87)* 059 (—0.56, 1.74) TZDs ~0.20 (—0.83,0.43) 0.30 (—0.06, 0.66) 0.05(-0.17,0.27) —021(—043,001) 043 (0.15,0.71)*
~136(—3.04,0.32) 1.14 (~061,2.89) 0.55 (—0.86, 1.96) NIDEs 050(-0.17,1.17) 0.25(—0.35, 0.85) —0.01 (~062, 0.60) 063 (—0.00, 1.26)
—0.79 (—2.03,0.45) 1.71 (038, 3.05) * 1.12(027,197)* 057 (~1.00,2.14) AGls —0.25(—0.55, 0.05) —051(-0.81, —0.21)* 0.13(-0.22, 0.48)
—175(-2.84, —0.66)* 0.75 (—0.44, 1.94) 0.16 (0.4, 0.76) ~0.39 (—1.84, 1.06) —0.96 (—1.87, —0.05)* DPP—dis —0.26(-0.37, —0.15)* 038 (0.17, 0.59) *
—0.68 (—2.30, 0.94) 1.82(0.13,351) * 123(-0.11,2.57) 0.68 (—1.20, 2.56) 0.11(~1.39, 1.61) 1.07 (=031, 2.45) SGLT2is 064 (043,0.86)*
-023(-147,1.01) 227(0.94,3.60)* 1.68(0.84,2.52)* 1.13 (-043,2.69) 0.56 (-0.52,1.64) 1.52(0.62,242)* 0.45(-1.05,195) GLP-1RAs
HDL-C, mmol/L SBF, mmHg
(Left Lower Half) (Right Upper Half)
Metformin —3.34(-10.15,347) -228(-6.17,1.61) 4.48(-227,11.23) -0.10(-4.12,3.92) —1.52(—-4.07, 1.03) 2.68(0.30,5.06) * 148 (-1.36,432)
0.05(-0.13,0.23) SUs 1.06 (—6.08, 8.20) 7.82 (~120,16.84) 324(-397,1045) 1.82 (—4.69, 8.33) 6.02 (—0.42,12.46) 4.82(—1581,11.45)
-007(-0.13, —0.01)* -0.12(-0.31,0.07) TZDs 6.76 (-0.33, 13.85) 2.18(-2.39,6.75) 0.76 (—2.58,4.10) 496(1.74,8.18)* 376(0.19,7.33)*
—0.03 (-0.32,0.26) —0.08 (~0.42, 0.26) 0.04 (—0.25,0.33) NIDEs —458(-1174,258) —6.00 (~12.45,0.45) —1.80 (—8.18,4.58) ~3.00 (—9.57,357)
0.02(-0.13,0.17) —0.03 (—0.26,020) 0.09 (—0.06,0.24) 0.05 (—0.27,0.37) AGIs —142(-491,207) 278 (~0.59, 6.15) 158 (-2.13,5.29)
0.02 (—0.3, 0.07) —0.03 (-021,0.15) 0.09 (0.03,0.15) 0.05 (~024,0.34) 0.00 (~0.15, 0.15) DPP—4is 420(2.90,5.50)* 3.00(0.98,5.02)*
—0.04 (—0.08, 0.00) —0.09 (027, 0.09) 0.03 (—0.02, 0.08) —0.01 (—0.30,0.28) —0.06 (—0.21,0.09) —0.06 (—0.10, —0.02)* SGLT2is —120(-3.01,061)
0.02 (~0.03, 0.07) —0.03 (=021, 0.15) 0.09 (0.03,0.15)* 0.05 (~024,0.34) 0.00 (-0.15,0.15) 0.00 (~0.05, 0.05) 0.06 (0.02,0.10)* GLP-1RAs
Hypoglycemia Death
(Left Lower Half) (Right Upper Half)
Metformin 0.80 (0.17,3.80) 0.93(0.36,2.39) 0.92 (0.17, 5.09) 0.83 (0.26, 2.63) 0.99 (042, 2.35) 1.09 (0.42,2.79) 0.99 (030, 3.29)
028(0.10,0.81)* SUs 1.15(0.24,5.55) 1.15 (0.14, 9.57) 1.03(0.19,5.67) 1.23(0.27, 5.65) 1.36 (0.28, 6.51) 124(0.22,7.01)
313(132,742)* 11.08 (3.33,36.87) * TZDs 0.99 (0.18, 5.58) 0.89 (0.28, 2.90) 1.07 (044, 2.61) 1.18 (0.45, 3.09) 1.07 (0.32, 3.62)
1.12(0.26, 4.90) 397 (0.73, 21.66) 0.36 (0.07, 1.76) NIDEs 0.90 (0.14,5.71) 1.08 (020, 5.78) 1.19(0.21, 6.64) 1.08 (0.17, 7.05)
1.79 (0.89, 3.57) 6.33(2.14,1873)* 057 (0.23,1.42) 1.60 (0.36, 7.16) AGIs 1.20 (039, 3.64) 1.32(0.41,4.27) 1.20(0.30, 4.82)
173(1.02,2.95)* 6.14(2.28,16.51) * 055(0.25,1.22) 1.55 (0.37, 6.49) 097 (0.53,1.76) DPP-4is 1.10 (0.46, 2.67) 101 (032, 3.19)
1.78(0.93,3.38) 6.30(2.20,18.05)* 0.57 (0.24, 1.36) 1.59 (0.36, 6.96) 0.99 (0.49, 2.00) 1.03 (0.60, 1.76) SGLT2is 091(0.27, 3.07)
097 (0.4, 2.15) 3.45(1.09,1091) * 0.31(0.12, 0.84) 0.87 (0.19, 4.10) 055 (0.24,1.26) 0.56 (028, 1.15) 055(0.25,1.22) GLP-1RAs
AE-Induced
To('l:l:{ f::l::::lef;‘ b Discontinuations
(Right Upper Half)
Metformin 0.46 (0.14, 1.46) 0.82(0.48,1.42) 1.07 (026, 437) 0.40 (0.23,0.70) * 1.12(0.76, 1.66) 1.16 (0.73, 1.85) 084 (0.38, 1.85)
1.9 (0.09, 42.75) SUs 1.79 (0.54,5.91) 233 (040, 13.59) 0.88 (0.27,2.90) 2.45(0.79, 7.58) 253 (0.80, 8.06) 1.82 (0.49, 6.85)
063 (0.09, 437) 032 (0.02, 659) TZDs 1.30 (031, 5.48) 049 (0.26,0.92)* 137(0.84,2.23) 141 (0.81,2.46) 1.02 (0.4, 2.37)
i — — NIDEs 0.38(0.09,1.59) 1.05 (0.26, 4.22) 1.09 (0.27, 4.46) 078 (0.17, 3.69)
059 (0.05, 7.30) 0.30 (0.01,9.16) 093 (0.08, 10.98) o AGls 2.80(1.70, 4.61)* 2.89(1.65,5.07)* 2,08 (0.89, 4.88)
1.12(0.25, 5.08) 0.56 (0.04, 9.07) 1.76 (0.42,7.38) — 1.90(0.22, 16.48) DPP-4is 1.03 (0.69, 1.54) 0.75(0.35, 1.58)
0.91(0.18, 4.61) 0.46 (0.03, 7.86) 1.44(0.31,6.74) — 156 (0.17, 1453) 0.82(0.31,2.15) SGLI2is 0.72(0.33, 1.60)
2.33(0.32,16.87) 1.17 (0.06, 24.97) 367 (0.54,25.02) —_ 3.96(0.32, 48.69) 2.08(0.47, 9.30) 2.55(0.51, 12.66) GLP-1RAs

Treatment estimates are WMD (95% Cls) (or RR (95% Cls)) of the column-defining treatment compared with the
row-defining treatment for HbAlc, BMI (or hypoglycemia, total vascular events) (left lower half), and WMD > 0
(or RR > 1) favor the row-defining treatment. Treatment estimates are WMD (95% Cls) of the column-defining
treatment compared with the row-defining treatment for HDL-C (left lower half), and WMD > 0 favor the column-
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