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Efficacy and safety of glucokinase activators for type 2 diabetes mellitus therapy: a meta-analysis
LI Jie, CHEN Xiaofei, XU Zihan, LIU Xiaoyan, ZHANG Yuechan, HAN Yi, ZHANG Wei, JIANG Zhitao(Dept.
of Pharmacy, Zhangjiagang Hospital of Traditional Chinese Medicine, Jiangsu Zhangjiagang 215600, China)

ABSTRACT OBJECTIVE To systematically evaluate the efficacy and safety of glucokinase activators in the treatment of type 2
diabetes mellitus. METHODS PubMed, Cochrane Library, Web of Science, Embase and CNKI databases were searched from the
inception to March 2022. Randomized controlled trials about glucokinase activators versus placebo (or other oral hypoglycemic
agents) in the treatment of type 2 diabetes were included, data were extracted and meta-analysis was analyzed using RevMan 5.4
software. RESULTS A total of 9 studies with 215 0 patients were included. In terms of hypoglycemic effect, compared with
control group, glucokinase activators significantly reduced glycosylated hemoglobin (HbA.c) [MD=—0.40, 95%CI ( —0.53,
—0.26) , P<<0.000 01], fasting blood glucoselMD=—0.53, 95%CI( —0.85, —0.20) , P=0.001] and 2 h postprandial blood
glucose [MD=—2.28, 95%CI ( —2.68, —1.88) , P<<0.000 01] in diabetic patients. In terms of safety, the incidence of
hypoglycemia caused by glucokinase activators was higher than control group on the whole [RR=1.55, 95%CI(1.20,2.01), P=
0.000 8]. According to the subgroup analysis of organs activated by glucokinase activator, the incidence of hypoglycemia in the
pancreas-liver dual activator group [RR=1.44, 95%CI (1.11, 1.89) , P=0.007] and liver-selective activator group [RR=2.26,
95%CI (1.02, 5.03) , P=0.05] was higher than that in the control group, the difference was statistically significant.
CONCLUSIONS Glucokinase activators can effectively reduce HbA.c, fasting blood glucose and 2 h postprandial blood glucose in
patients with type 2 diabetes, but the risk of hypoglycemia remains to be addressed.

KEYWORDS glucokinase activators; type 2 diabetes mellitus; meta-analysis; efficacy; safety
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R AR AR I FORE S0 5 B, TR IR 5 B 20 M 42 1
RIS IR BFIY & 38 T2DM 45 £77E GK DI RE I
FEIRZ AL, MTATHLE GKA] o e A A
AL AIRAET B0 ke % W RORE T 57 (glucoki-
nase activators, GKAs) fH4E T X iU , 38 1 158 GK %
P S 12 2R 3 W S A I o 4 2 o ) AR P T 4%
FEBEIE T . SR BE 5 4 GKAs IIRA T fift, #4> GKAs
FEXE ST B8 S 2 A P ) i 2 % 1 ok, 22 3GHE A 3 I
PRIRES B B 1) GKAs e AP s . BRI, GKAs /&
— LT SRR 2, 5 IR B A AR A B
T oE AT B TR A AR R PE A GK A YT
RO U T2 . JE T il AR SCR B DG RERLRT IR
{5 (randomized controlled trial, RCT) #£47 Meta 7347,
i GKAs B 5 ik R R B BEIR TR AR
1 #RERZE
L1 HWEKH

i1 % ML K & PubMed . Cochrane Library, Web of
Science . Embase , 1 [l 1 1] , 5 2 B BR324 oy 82 72 %8 2022
AE3H o SRR A B IS A = T SoR &
Shy 1 7 W AR R ) 2 AR DR 5 SR R 1) A
“glucokinase activators” “GKAs” “diabetes type 2” “diabetes
mellitus type 2” “type 2 diabetes” .
12 MNESHEERIRHE

AWFFRAVP AL - (DX R =18 2 1)
T2DM 84 5 (2) W58 RCT; (3) 150 20 58 4 1 I
GKAs, % HE2H 8.2 11 IR 22 R s HAB e 24 5 (4) T
KRGO SO SE . AR HEBRPRAE AN T < (1)
B IR O AR R Zh RE 40 45 S5 A O &
$iE 1Y T2DM B 5 (2) R E 45 Jm T br oY s (3) Joik
BRI SCHYAE Y 5 (4) R80Ty R AF TR BRI L BT B IR
9%
1.3 XEiHIE S HERHER

H 2 24 BT BT B G R SCBR I HEA T | HEER AN AR
DRICHR , Tl 42 SCHR I 52 4 SO F i — D HEBR AT 5 0 AR
WESCHR . 0 0E 58 R i 2 24 BF9E b s B BOS R, 32
BGERMEE : (1) AR A B ——a 2 —1F
TR AR R GRS IR A 5 (2)
T ZH A0 B %) T A it 5 (3) 97 304 R A Ui

¢

AL IMLZT 25 1 (glycosylated hemoglobin, HbA ¢ ) B AR I & |
25 J1§ 1l B (fasting blood glucose, FBG ) AR I & & )5 2
h I (2 h-PFG) AR JEE 5 (4) 22 25 R 1 br—1I
MR 2 A WF5E 5 38 XX E5 5L, 30 WA
G —, 55 NI E UG HE o
14 REFH

K ] Cochrane F- /£ 14 RCT i fap AU PEA T..5.
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T BT 2 75 R FH 1 4 SR 2 5 e A A Toae PRt
G IR A5 A A R Ay o X R I PY ZEAE R ARRURS:
R WS AN RE BRI
L5 ZItZEFE

K RevMan 5.4 344647 Meta 73871, R G565
HEAT S B A3 BT 6 S Bt NI AT 9E (P> 0.1, 1°<50% )
K HH & 58 RN AR B R AT Meta 43 H7 5 55 PR B8R AU BF 5%
(P<0.1,1">50%) Jcil i W 241 40 A R 5 57 S ok U, 25
S ST 238 R TG S s e DUk FH RIS N A R T 7
Meta 7381 o ¥ 22 B A% 1 % FH 359 80 2% (mean difference,
MD) , 53275 5% A HAE FE (risk ratio, RR) A JF
S5 X RIS T12% F 95% & 5 IX.[6] (confidence inter-
val,CD), K50 7Ki#Ea=0.05,
2 #R
2.1 XEKTHIELE R

FR A 2R R M AL A ik 205 Ji , 046 1255 H 30
MR L 193 s 9 SCCHR 5 0 ok B 2 SCHR S 4 1214 5 Bl
LA T2 I % 29 0 5 D 2 SCHERR NS & LR A
PR A SOk 20 5 , B 29 A SR 9 F™ 1, A2 150 4]
B
2.2 INTHTHIEAHHE

AR 9 5T A RCT, 3 e [l R4 711
TAE H A AT, FOARAESE BB SEA 7™, HEAR &
R N 58T N Ml 24 N7 1~24 AT . JEAAT
Tl GK As , X REZH 4135 A7 2 S0, LA SCRRRRE L 3% 1
2.3 MANHARHREITNER
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L A S | B ORI R e ok B
G2, o A AR A

R1 MANIEREIEARSFE

. e
R T RS BRE Pame et FEE WEE R
Amin 20159 118 345 555 69 19 PF-04937319 10.50,100 mg, qd 12 2 000
Kiyosue 2013 55 169 56.0 6. 8.6 AZDI636 10~80,20~140, 40~200 mg, qd 16 2 020
Liu 20217 15 46 50.5 20 Fii PB-201 50,100 mg, bid 5 100 mg+ 50 mg 1 1 Q00
Meininger 20111 115 4n 56 1 9 MK-0941 10,20,30,40 mg, td 4 AE 0280
Morrow 20127 8 yl 537 A 12 AZDI636 7.20,40.,80 mg,bid 1 1 0

Vella 2019 48 9 5.1 79 80 TTP399 400,800 mg,qd U 2 ®

Wilding 20134 88 276 567 6.1 83 AZDI6S6 20,40,10~140, 20~200 mg,d 16 2 02®
Zheng 202001 6 18 515 14 85 globalagliatin 20~120.80~320 mg, qd 4 Ib 000
Zhu 20189 53 202 558 32 8.4 dorzagliatin 75,100 mg, qd 2§50, 75 mg, bid 16 2 0260
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2.4 Meta 3 HTEER
2.4.1 HbAc[ARIRE 63 RCTHIE 1 HbA ¢ 45 RitE
BRI R BIF S (R S M 3 (1F=63%, P=0.000 2) .
FR A AR 5T GKAs BETHAI 5, 43 0K P i 345
2 CHAT 2RI AL 3 AR s Rl AL 4 S50
B 5 R ) 351 o P B — 2, A F 3L IR P
F AT 5T ) , SR FH BEATLAK R A 78 1 Meta 4347
SEIR LA 3, 25BN, 5XF A, SR EI64H
# HbA ¢ KRR W2, 22 R A S it 2% B X [MD=
—0.40, 95%CI(—0.53, —0.26) , P<<0.000 01], MV £H 4}
B b, IR it 2 HbA c B BRI B2 55 % RRZH AR, 25 5%
TG E X [MD=—0.18, 95%CI= ( —0.37,0.02) ,
P=0.08]; "5l it K e 77 it 0 HbA ¢ [ R ARG I 2 2 K T
PR, 22 R A Gt L [MD=—0.37, 95%CI=
( —0.50, —0.24) , P<<0.000 01; MD=—0.62, 95%CI
(—0.79, —0.44) , P<<0.000 01], Xtk Meta 4347 #E47f3k
AT 8 A 6 I RCT 32— B 5, B9k MD
J 95%CI A A7 Ab AR 25 SR B A 7= A B dT 2 ie e
WA, PR AR Meta 23 M4l A T 52
2.4.2 FBGRHIIRE 7WRCTHGE T FBGEHRES ",
KAFGE R SRR B (1P =T1%, P<<0.000 01) , 5% JTIé
MU AR AT Meta /BT OS5 R ILE 4. 53R Bow, 5
X HRZH A FE IR 50 4H 259 FBG MR IRIR BTk, 2 A 55
5 Y [MD=—0.53,95%CI(—0.85,—0.20) ,P=0.001],
ELH AT A R 2H FBG BRI 5 5 6] BEZH AT,
Z R LGB X [MD=—0.27,95%CI( —0.72,0.17) ,
P=0.23; MD=—0.20,95%CI(—0.80,0.39) , P=0.50]; /&
2 FBG [ AR K T X R, 2 A G2 5
[MD=—1.02,95%CI(—1.55,—0.48),P=0.000 2]
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Experiment[%] Controlf%] Mean Difference Mean Difference
Study or Subaroup _ Mean __ SD_Total Mean _SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.0 (€70 Bl
Amin NB 2015 016 0522 B0 -0.14 0507 61 89% -0.02(0.20,0.16] T
Kiyosue A 2013 015 1804 56 02 07 55 42% -0.05}056,045] T
Meininger GE2011 06 1084 115 -01 108 112 7.3% -0.50F0.78,-0.22] -
Wilding JP 2013 061 138 34 -045 1092 82 41% -0.16[0.68,0.36] T
Zheng § 2020 088 0624 9 -048 0605 6 32% -0.40(1.03,023 /T
Zhu DL 2018 -0.39 0907 53 -0.35 0907 53 63% -0.04[-0.39,031] U
Subtotal (95% CI) 327 369 34.0% -0.18[-0.37,0.02] g
Heterogeneity: Tau?= 0.02; Chi*= 8.95, df= 5 (P = 0.11); = 44%
Testfor overall effect Z=1.77 (P = 0.08)
1.1.2 PR
Amin NB 2015 044 0507 61 -014 0507 61 9.0% -0.30(0.48,-0.12) -
Kiyosue A 2013 027 1827 88 02 07 55 43% -0.4710.98,0.04 7
Meininger GE 2011 -07 1094 115 -01 108 112 73% -0.60[0.88,-032) -
Wilding JP 2013 067 1502 47 -045 1092 82 44% -0.22(0.71,0.27) — T
Zhu DL 2018 085 095 50 -035 0807 53 61%  -0.300.66,0.06] —
Subtotal (95% CI) 331 363 31.0% -0.37[-0.50,-024] *
Heterogeneity: Tau?= 0.00; Chi*= 3.78, df= 4 (P = 0.44); F= 0%
Testfor overall effect Z= 5.57 (P < 0.00001)
143 ¥ LA
Amin NB 2015 -061 0507 61 -014 0507 61 90% -0.47[085-029 -
Kiyosue 42013 -002 18 8 02 07 55 42% -0.22[-0.73,029] 1
Meininger GE 2011 -0.9 1.084 115 -01 108 112 7.3% -0.801.08,-0.52] —
Wilding JP 2013 4125 1746 80 -045 1092 82 49% -0.80}1.25,-0.35] e
Zheng § 2020 <11 0514 9 -048 0605 6 35% -0.62(1.21,-0.03] —
Zhu DL 2018 4112 0923 49 -035 0807 53 6% -0.77F1.13,-0.41] g
Subtotal (95% CI) 369 369 350% -0.62[-0.79,-0.44] *
Heterogeneity. Tau®= 0.02; Chi* = 7.68, df= 5 (P = 0.17); F= 35%
Testfor overall effiect Z=6.89 (P < 0.00001)
Total (95% CI) 1027 1101 100.0% -0.40[-0.53,-0.26] *
Heterogeneity: Tau= 0.04; Chi*= 43.71, df= 16 (P = 0.0002); F = 63%

Testfor overall effect Z= 5.79 (P < 0.00001)
Testfor subaroun differences: Chi*=10.97. df= 2 (P = 0.004). F= 81.8%

3 TZARBE HbA cFERIBE LA Meta AT 7RAKE

2 - 1
Favours [experiment] Favours [control]

1« 1 Mean Difference
Study or Subaroup Mea R %
1.2 (&7 AL

Amin NB 2015 027 1238 B0 048 121 61 68% -0.45[0.89,-0.01)

Kiyosue A 2013 028 3423 56 089 155 55 45% -0.61[1.60,039)

LiuDY 2021 0737 233 16 0306 1029 15 38% -1.04(230,021]

Meininger GE 2011 -0.556 3024 115 -0655 2895 112 54%  010[067,087)

Wilding JP 2013 003 3221 39 -048 2457 85 40% 021093135

Zheng § 2020 257 1626 9 108 122 6 30% -1.49(293,-0.05

ZhuDL 2018 -0.307 2 50 0801 1752 53 56% 0490023122

Subtotal (95% CI) 345 387 329% -0.27[0.72,0.17]

Heterogeneity. Tau*= 0.15; Chi*= 11.11, df= 6 (P = 0.08); = 46%
Testfor overall effect Z=1.20 (P = 0.23)

1.2.2 7y aLA

Amin NB 2015 043 1249 61 018 121 61 68% -061F1.05-017]
Kiyosue A 2013 04 342 58 089 155 55 46% -049[1.46,048
LiuDY 2021 1227 1833 15 0306 1020 15 42% -153[-260,-047]
Meininger GE 2011 -0.0833 2857 115 -0.655 2895 112 55%  057[0.18,1.32
Wilding JP 2013 004 3.408 49 -018 2457 85 41%  0.22(0.87,1.31]
ZhuDL 2018 0382 1602 50 -0801 1752 53 59%  042(0.23,1.07]

Subtotal (95% CI) 318 381 312%  -0.20[-0.80,0.39]
Heterogeneity: Tau® = 0.37; Chi*= 17.87, df= 5 (P = 0.003); = 72%
Testfor overall effect: Z= 0.68 (P = 0.50)

12,3 Fjd AL

Amin NB 2015 085 123 61 018 121 61 68% -083[1.26,-040]
Kiyosue A 2013 054 337 55 089 155 55 45% -035(1.33,063
LiuDY 2021 -1.472 0928 15 0306 1029 15 57% -178[248,-1.08]
Meininger GE 2011 1172 2994 115 -0.655 2895 112 54%  -052(1.28,0.25
Wilding JP 2013 082 4019 90 -018 2457 85 45% -064(1.62,034]
Zheng 5 2020 408 1.255 9 108 122 6 35% -3.00(427,-1.73)
ZhuDL 2018 1319 2258 49 0801 1752 53 53% -0.52(1.31,027]
Subtotal (95% CI) 394 387 359% -1.02[-1.55,-048]

Heterogeneity: Tau?= 0.35; Chi*= 19.79, df= 6 (P = 0.003); F= 70%
Testfor overall effect Z= 3,69 (P = 0.0002)

Total (95% CI) 1087 1155 100.0% -0.53[-0.85,-0.20]
Heterogeneity: Tau?= 0.35; Chi*= 64.70, df= 19 (P < 0.00001); F= 71%

Testfor overall effect Z= 3.20 (P = 0.001)

Testfor subaroun differences: Chi*= 5.46. df= 2 (P = 0.07). F= 63.4%

B4 WARBE FBGFERERE LLBHE) Meta 53 AT R A E

2.4.3 2 h-PFG%AKIRE 3T RCTHIE T 2 h-PFG L
Pt KA JC I B SR B (=0, P=0.68) , 2k H]
] 2 RN AR AT Meta 0 HT O 25 SR WLIEL 5, 255 B,
5% YA, IR IR 4 2 h-PFG (PR IRIRE Tk, 254
S it2F 5 Y [MD=—2.28,95%CI( —2.68, —1.88) , P<
0.000 01]c SEZH AT K L5 3A4NF 4 2 h-PFG 1)
RE AR I 2 35 K 5 BB AL, 22 R 39 Be i 24 8 L [MD=
—2.02, 95%CI ( —2.72, —1.31) , P<<0.000 01; MD=
—2.38, 95%CI ( —3.00, —1.76) , P<<0.000 01; MD=
—2.43,95%CI(—3.20,—1.67),P<<0.000 01],

2 1 2
Favours [experiment] Favours [control]

Experiment(mmolL]  ControlfmmolL] Mean Difference Mean Difference

Study or Subgroup _Mean ___SD _ Total Mean _ SD_Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
1.3.1 (€70 BL4RL
Liu DY 2021 -0868 3635 16 0827 133 15 43% -170(-361,022) T

Heterageneity: Chi*=1.02, df= 2 (P = 0.60); w=
Testfor overall effect 7= 6.21 (P < 0.00001)

Meininger GE2011 1622 4043 115 -0133 408 112 142% -149}255,-043] —

ZhuDL 2018 4669 2325 63 -1.987 3312 §3 133% -268(3.77,-159] —

Subtotal (95% CI) 184 180 318% -2.02[-2.72,-131] >

Heterogeneity: Chi*= 2,50, df= 2 (P = 0.29); F'= 20%

Testfor overal eflect Z= 5.61 (P < 0.00001)

1.3.2 P BLRL

Liu DY 2021 567 1208 16 0827 139 15 182% -241(3.35-148) —

Meininger GE 2011 -2078 4195 115 -0133 408 112 137% -1.94[3.02,-087) —

Zhu DL 2018 4945 3387 50 -1.987 3312 63  94% -2.96(4.25,-166] —

Subtotal (95% CI) 180 180 413% -238[-3.00,-1.76] >

Heterogeneity: Chi*=1.40, df= 2 (P = 0.50); F= 0%

Testfor overall effect Z= 7.55 (P < 0.00001)

133 F Bl

Liu DY 2021 88 3131 15 0827 139 15 53% -271[4.44,-0.97) —_—

Meininger GE 2011 -2183 4213 116 -0133 408 112 137% -205[313,-097] D

ZhuDL 2018 B9 30 49 067 3312 85 10% 201 (43150 —

Subtotal (95% C1) 180 26.8% -2.43[3.20,-1.67] -
*

Total (95% CI) 544 540 100.0% -2.28-268,-1.88]
Heterogeneity: Chi*= 5.71, df= 8 (P = 0.68); F= 0%

Testfor overall effect: Z=11.23 (P < 0.00001)

Testfor subaroun differences: Chi= 0.79. df= 2 (P = 0.67). = 0%

E5 FEEE2 h-PFGFERIERE LRI Meta AT FRAKE]

-4 -2 2 4
Favours [experiment] Favours [control]
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2.4.4  ARIMAE & 4% 9 T RCT 38 1% i % & 2E
RO ARG R TC B B R M (1°=0,P=0.71) ., &I
GKAs UG B ERR AN ], 53 A [ H JHF R U8 0 750 R i
VEPEIE ST 79 2 AL T 20 20 AT , SR FH 11 2 3580y A 7R 1y
Meta 73 Hr45 R DL IEI 6., S AR, a5 41 A4 I s & A=
RE TR, 2 54 4123 L [RR=1.55, 95%CI
(1.20,2.01),P=0.000 8], V.£H 43 Afrrh , g i J1F A X35k
EFIZH[RR=1.44,95%CI(1.11,1.89) ,P=0.007 Tk
PEE BT 7 41 [RR=2.26, 95%CI1(1.02, 5.03) , P=0.05]

PR I 2 A A 2y TR IR 22 e gt e
GKAs R Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI
1.4.1 RIS IE A G 77

Liu DY 2021 2 46 o 15 1.0% 1.70[0.09, 33.61]
Meinin: ger GE 2011 224 472 40 115 83.9% 1.36[1.04,1.78]
Zheng S 2020 3 18 0 6 1.0% 2.58(0.15, 43.86] I
Zhu DL 2018 12 202 0 53 1.0% 6.65(0.40,110.54] ]
Subtotal (95% CI) 738 189 86.8%  1.44[1.11,1.89]
Total events 241

Heterogeneity: Chi*= 1.48, df= 3 (P = 0.69); F= 0%

Testfor overall effect: Z= 2.70 (P = 0.007)

M-H, Fixed, 95% CI

1.4.2 NFERE FERGE )
Amin NB 2015 12 345
Kiyosue A 2013 1169

3 118 58% 1.37(0.39, 4.76]

0 55 10% 099(0.04,2391]

1 8  20% 1.33[0.17,10.25)
VellaA 2019 3 a2 2 48 3.4% 0.78(0.14,453]

0

B

Morrow LA 2012 4 24 B
Wilding JP 2013 24 272 87 1.0% 15.79(0.97,257.06]
Subtotal (95% CI) 902 316 13.2% 2.26[1.02, 5.03]
Total events 4

Heterogeneity: Chi*= 4.41, df= 4 (P = 0.35); F= 9%

Test for overall effect: Z= 2.00 (P = 0.05)

y owx .

Total (95% CI) 1640

Total events 285 46
Heterogeneity: Chi*=5.43, df=8 (P=0.71); F= 0%

Test for overall effect: Z= 3.35 (P = 0.0008)

Testfor subaroun differences: Chi*=1.08. df=1 (P = 0.30). F=8.1%
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