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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<C0.000 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%CI1(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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Amin 20151 118 35 555 69 79 PF-04937319 10,50,100 mg,qd 12 ) 000
Kiyosue 2013 55 169 560 6.1 86 AZDI656 10~80,20~140., 40~200 mg, qd 16 2 060
Liu 20211 15 46 505 20 At PB-201 50,100 mg, bid 85 100 mg+§ 50 mg | 1 3@
Meininger 2011 115 4n 56 1 9 MK-0941 10,20,30,40 mg, tid 14 AiE 0230
Morrow 2012 § 2% 537 F i 12 AZD1656 7,20,40,80 mg, bid | 1 @

Vella 2019 48 9 5.1 19 80 TTP399 400,800 mg, gd i 2b ®

Wilding 2013 8 276 56.7 6. 83 AZDI1656 20.40,10~140, 20~200 mg, qd 16 2 000
Zheng 2020 6 18 515 14 85 globalagliatin 20~120,80~320 mg,qd 4 Ib 00®
Zhu 2018 53 20 558 32 84 dorzagliatin 75,100 mg,qd 250,75 mg, bid 16 2 D3
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TEE T B AR 6 15 RCT Z— S 55 jﬁ MD{E
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Mean Difference Mean Difference

Experiment[%] Control[%]
Mea D Total Mea D _Total

L

Amin NB 2015 <016 0522 60 -0.14 0507 61 89% -0.02[020,0.16) T
Kiyosue A 2013 015 1804 56 02 07 55 42% -0.05[-0.56,0.46] [
Meininger GE 2011 -06 1084 115 -01 108 112 73% -050[078,-0.22)

Wwilding JP 2013 061 138 34 -0.45 1092 82 41% -0.16[-0.68,0.36)

Zheng S 2020 -088 0624 9 -0.48 0605 6 32% -0.40[1.03,0.23 —
Zhu DL 2018 -039 0907 53 -0.35 0907 53 63% -0.04[039,031) =
Subtotal (95% CI) 327 369 34.0% -0.18[-0.37,0.02]

Heterogeneity: Tau®= 0.02; Ch*= 8.95, df= 5 (P = 0.11); F= 44%
Testfor overall effect Z=1.77 (P = 0.08)

1.1.2 PRl

Amin NB 2015 -0.44 0507 61 -014 0507 61 90% -0.30[048,-0.12]
Kiyosue A 2013 -027 1827 58 02 07 55 43% -0.47[0.98,0.04]
Meininger GE 2011 -0.7 1.084 115 -0 108 112 73% -0.60[0.88,-0.32]
Wilding JP 2013 -067 1502 47 -0.45 1.092 82 44% -022[0.71,0.27) ~
Zhu DL 2018 065 095 50 -0.35 0907 53 61% -0.30[-0.66,0.06)
Subtotal (95% CI) 331 363 31.0% -0.37[-0.50,-0.24]

Heterogeneity: Tau®= 0.00; Chi*=3.78, df= 4 (P = 0.44); F= 0%
Testfor overall effect Z= 5.57 (P < 0.00001)

1.1.3 B aeal

Amin NB 2015 -061 0507 61 -0.14 0507 B1  90% -0.47[-0.65,-0.29)

Kiyosue A 2013 002 18 55 02 07 5§ 42% -022[073,0.29) =
Meininger GE 2011 -0.9 1.094 115 -0 108 112 73% -0.80[1.08,-0.52]

Wwilding JP 2013 <125 1.746 80 -0.45 1.092 82 49% -0.80[1.25.-0.35

Zheng S 2020 411 0514 9 -048 0605 6 35% -062(1.21,-0.03

Zhu DL 2018 -112 0923 49 -035 0907 53 6.1% -0.77[(1.13,-041]

Subtotal (95% CI) 369 369 35.0% -0.62[-0.79,-0.44]

Heterogeneity: Tau®= 0.02; Chi*= 7.68, df= 5 (P = 0.17); F= 35%
Testfor overall effect: Z= 6.89 (P < 0.00001)

. ““II' o1 ol“'h

Total (95% C1) 1027 1101 100.0% -0.40[-0.53,-0.26]
Heterogeneity: Tau®= 0.04; Ch*= 43.71, df= 16 (P = 0.0002); F= 63%

Test for overall effect Z= 5.79 (P < 0.00001)

Testfor subaroun differences: Chi*= 10.97. df= 2 (P = 0.004). F= 81.8%

B3 WABE HbA.cFERIRRE LA Meta ST ZRIAE]

- 1
Favours [experiment] Favours [control]

1 C 1 Mean Difference
Study or Subgr Mean  SD Total Mean SD Total Weight IV,Random,95%Cl IV, Random, 95% C1
1.2 (&7 B

Amin NB 2015 027 1239 60 018 121 61 68% -045[0.89,-0.01] —
Kiyosue A 2013 028 3423 56 089 155 55 45% -0.61F1.60,038 1
LiuDY 2021 0737 233 16 0306 1029 15 36%  -1.04[(230,0.21) ]
Meininger GE 2011 -0.556 3024 115 -0.655 2895 112 54%  0.10[-067,0.87) —
Wilding JP 2013 003 3221 39 -018 2457 85 40%  0.21[0.93,1.35] I
Zheng § 2020 <257 1626 9 -108 122 6 30% -149(-2.93,-005

ZhuDL 2018 -0.307 2 50 -0801 1752 53 56%  049[023,122 2 —
Subtotal (95% C1) 345 387 329% -0.27[:072,017] -

Heterogeneity: Tau*= 0.15; Chi*= 11.11, df= 6 (P = 0.09); = 46%
Testfor overall effect Z=1.20 (P = 0.23)

1.2.2 AL

Amin NB 2015 043 1249 61 018 121 61  68% -0.61F1.05-017) et

Kiyosue A 2013 04 342 58 089 155 55 46% -0.49[1.46,048) .
LiuDY 2021 41227 1833 15 0306 1029 15 42% -1.53[-260,-0.47

Meininger GE 2011  -0.0833 2857 115 -0.655 2895 112 55%  057[018,132 T
Wilding JP 2013 004 3408 49 -018 2457 85 41%  022(0.87,1.31] e [
ZhuDL 2018 0382 1602 50 -0801 1752 53 59%  0.42[023,1.07) o
Subtotal (95% CI) 348 381 312% -0.20(-0.80,0.39] -

Heterogeneity: Tau?= 0.37; ChF= 17,87, df= 5 (P = 0.003); = 72%
Testfor overall effect Z= 0.68 (P = 0.50)

1.2.3 W7 AL

Amin NB 2015 085 123 61 018 121 61 68% -083F1.26,-040] =
Kiyosue A 2013 054 337 55 089 155 55 45% -035(1.33,063 T
LiuDY 2021 <1472 0928 15 0306 1028 15 57% -1.78[248,-1.08 I
Meininger GE 2011 -1.172 2994 115 -0.655 2895 112 54% -052[1.28,0.25 =
Wilding JP 2013 082 4019 90 -018 2457 85 45% -0641162034] I
Zheng S 2020 -408 1255 9 108 122 6 35% -300[427,-173

ZhuDL 2018 41319 2258 49 -0801 1752 53 53% -052(1.31,027] =1
Subtotal (95% C1) 394 387 359% -1.02[-1.55,-0.48] -

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). = 63.4%

B4 WWHEE FBG FERIGEE ELEH) Meta 53 HT 7R #A B

2.4.3 2 h-PFGFEMCIREE 3 RCTHi2i8 T 2 h-PFG
Pt KA Rl T e S PR (1°=0,P=0.68) , R H
[ 7 SV AR AT Meta AT S5 UL 5. S5,
XA, IR IO 2 h-PFG PR IRIR K, 2 54
it L [MD=—2.28,95%CI( —2.68, —1.88) , P<
0.000 01] SEZH AT H K L 34N F 4L 2 h-PFG 1)
RE AT 3 38 K % IR AL, 22 ¥ Se it 22 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],

Experiment(mmolL]  ControlmmolL]

2 - 1 2
Favours [experiment] Favours [control]

Mean Difference. Mean Difference

1.3.1 (&7 8L

Liu DY 2021 0869 3635 16 0827 139 15 43% -170(361,027 —
Meininger GE2011 1622 4043 115 -0133 408 112 142% -1.49(255,-043] —
Zhu DL 2018 4669 2325 53 -1.987 3312 63 133% -268(377,-1.59] —
Subtotal (95% C1) 184 180 31.8% -2.02[-2.72,-1.31] -
Heterogeneity: Chi*= 2.50, df= 2 (P = 0.29); F'= 20%

Testfor overall eflect Z= 5,61 (P < 0.00001)

132 P

Liu DY 2021 567 1200 15 0827 139 15 182% -2.41(335-148) —
Meininger GE2011  -2078 4195 115 -0133 408 112 137% -1.94(302,-087) e
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); = 0%

Test for overall efect Z=7.55 (P < 0.00001)

1.3.3 ¥z Al

Liu DY 2021 188 3131 15 0827 139 15 53% -271[4.44,-097) —
Meininger GE 2011 2183 4213 116 -0.133 408 112 137% -205(313,-097] i
Zhu DL 2018 4899 3921 49 -1.987 3312 63 79% -291[4.33,-150] -
Subtotal (95% C1) 180 180 26.8% -2.43[:3.20,-1.67] -
Heterogeneity: Chi*=1.02, df= 2 (P = 0.60); F= 0%

Testfor overall effect Z= 6.21 (P < 0.00001)

Total (95% CI) 544 540 100.0% -2.281-2.68,-1.88] *
Heterogeneity: Chi*=5.71, df= 8 (P = 0.68); = 0%

Testfor overall effect: Z= 11.23 (P < 0.00001)
Testfor subaroun differences: Chi*= 0.79. df= 2 (P = 0.67). F= 0%
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-4 -2 2 4
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2.4.4  fIRIMAE % A% 9T RCT il T K il b &
KRR JC ] R B PE (1 =0,P=0.71) ., #&MR
GKAs JE I IE A5 AN [F] , 43 A [ i e XSL38%c 17 5790 R JHE i
TEEMERE ) 2 24T W2 50T, SR T80 5 S50 AR £
Meta /AT 45 S ILIEL 6., AR 7, i S 4 A IR b & A=
R TR, 22 50 % 2% B L [RR=1.55, 95%CI
(1.20,2.01),P=0.000 8], V414347, g A I X3
R [RR=1.44,95%CI(1.11,1.89) ,P=0.007FIJT %
PEME IS I ZH [RR=2.26, 95%CI(1.02,5.03) , P=0.05]

PR I 2 2E A B vy TR IR 22 A gt e
GKAs LR Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M.-H, Fixed, 95% CI
1.4.1 JDERSAFIERRG& )

M-H, Fixed, 95% Cl

2 46 0 15 10%  1.70[0.09,3361]
Meininger GE 2011 224 472 40 115 839%  136[1.04,1.78
Zheng S 2020 3 18 6 1.0%  258(0.15,43.86) —
Zhu DL 2018 12 202 0 53 1.0% 6.65(0.40,11054 =
Subtotal (95% CI) 738 189 868%  1.44[1.11,1.89]
Total events 241
Heterogeneity: Chi*= 1.48, df= 3 (P = 0.69); F= 0%
Test for overall effect Z= 2.70 (P = 0.007)

1.4.2 NENEREF-ERGE )
Amin NB 2015 12 345
Kiyosue A 2013 169

18 58%  1.37(0.39,4.76) —

55 1.0%  0.99[0.04,23.91]

8 20% 1.33[017,10.26) —

34%  0.78(0.14,453) —
87 1.0% 15.79(0.97,257.06)

316 132%  2.26[1.02,503]

1
Morrow LA 2012 4 2
VellaA 2019 3 9
Wilding JP 2013 24 2
Subtotal (95% CI) 902
Total events 44
Heterogeneity: Chi*= 4.41, df= 4 (P = 0.35); = 9%
Testfor overall effect: Z= 2.00 (P = 0.05)

. o‘w ¥

Total (95% CI) 1640

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

Testfor overall effect: Z= 3.35 (P = 0.0008)

Testfor subaroun differences: Chi*=1.09. df=1 (P=0.30). F=8.1%
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