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Abstract Objectives: To assess the efficacy and safety of oral glucokinase activator (GKA) in the treatment of type 2 diabetes
mellitus(T2DM). Methods: We searched PubMed, ClinicalTrails, Cochrane Library, Web of Science, and CNKI and collected
randomized controlled trials (RCTs) of glucokinase activator in the treatment of T2DM. Revman5.3 software was used to do
the meta-analysis. And the risk of bias in the included RCTs was evaluated according to the Cochrane tool. Results: Seven
double-blind RTCs were included in the final analysis, with a total of 762 patients. Regarding the efficacy, GKAs significantly
reduced fasting blood glucose (mean difference -0.71, 95% CI: -1.11 to -0.31, based on 459 patients from 5 literatures), and
glycated hemoglobin also significantly reduced (mean difference: -0.65%, 95% CI: -0.82 to -0.48, based on 570 patients from
4 literatures). Regarding safety, GKAs did not affect the total rate of adverse events(AEs) (relative risk(RR) 1.11, 95% CI:
0.95 to 1.30, P = 0.19), but increased the risk of hypoglycemia (RR 1.81, 95% CI: 1.35 to 2.42, P < 0.0001). And the risk of
diarrhea (RR 1.59, 95% CI: 0.7 to 3.65, P = 0.26), headache (RR 0.96, 95% CI: 0.41-2.21, P = 0.60) and nausea (RR 2.23, 95%
CI: 0.55-9.12, P = 0.24) were not significantly increased in GKAs group. Conclusions: Oral GKAs combined with metformin
has an obvious hypoglycemic effect on T2DM and good tolerance. Further clinical studies are still necessary to explore its
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Abstract



Objectives: To assess the efficacy and safety of oral glucokinase activator (GKA) in the treatment of type
2 diabetes mellitus(T2DM).

Methods: We searched PubMed, ClinicalTrails, Cochrane Library, Web of Science, and CNKI and collected
randomized controlled trials (RCTs) of glucokinase activator in the treatment of T2DM. Revman5.3 software
was used to do the meta-analysis. And the risk of bias in the included RCTs was evaluated according to the
Cochrane tool.

Results: Seven double-blind RTCs were included in the final analysis, with a total of 762 patients. Regarding
the efficacy, GKAs significantly reduced fasting blood glucose (FPG) (mean difference -0.71, 95% CI: -1.11 to
-0.31, based on 459 patients from 5 literatures), and glycated hemoglobin (HbAlc) also significantly reduced
(mean difference: -0.65%, 95% CI: -0.82 to -0.48, based on 570 patients from 4 literatures). Regarding safety,
GKAs did not affect the total rate of adverse events(AEs) (relative risk(RR) 1.11, 95% CI: 0.95 to 1.30, P
= 0.19), but increased the risk of hypoglycemia (RR 1.81, 95% CI: 1.35 to 2.42, P < 0.0001). And the risk
of diarrhea (RR 1.59, 95% CI: 0.7 to 3.65, P = 0.26), headache (RR 0.96, 95% CI: 0.41-2.21, P = 0.60) and
nausea (RR 2.23, 95% CI: 0.55-9.12, P = 0.24) were not significantly increased in GKAs group.

Conclusions:Oral GKAs combined with metformin has an obvious hypoglycemic effect on T2DM and good
tolerance. Further clinical studies are still necessary to explore its long-term efficacy and safety.

PROSPERO registration: CRD42020188517
Keywords: Glucokinase; Glucokinase activator; Type 2 diabetes; Meta-analysis
Abbreviations

ADA: The American Diabetes Association
AE: Adverse event

BID: twice a day

CI: Confidence interval

FPG: Fasting plasma glucose

GKA: Glucokinase activator

GK: Glucokinase

HbAlc: Glycated hemoglobin

PD: Pharmacodynamics

PK: Pharmacokinetics

QD: Once a day

RR: Relative risk

T2DM: Type 2 diabetes mellitus
Introduction

Type 2 diabetes mellitus (T2DM) is characterized by a chronic hyperglycaemic state due to decreases in
insulin secretion and sensitivity!. Complications caused by poor blood glucose control are the main hazards.
Increasing studies show that high-risk diseases such as heart and cerebrovascular diseases are closely related
to poor blood glucose control>#. More than 400 million adults worldwide live with diabetes, which causes
excess mortality, morbidity, and substantial economic cost. The global annual cost of diabetes is estimated at
more than $800bn (£636bn; American Diabetes Association (ADA) “Standards of Medical Care in Diabetes
(2018)”, metformin should be the first-line drug of choice for single drug treatment and the basic drug
for combined treatment; if the blood glucose control is not up to standard, it is necessary to consider the



combined treatment of two hypoglycemic drugs to minimize the risk of cardiovascular events and death in
patients. Despite these therapies and several other available classes of agents, only 52.5% of patients achieve
glycaemic control®. Therefore, novel mechanisms are needed to avoid or reduce adverse events associated
with existing drug categories and to delay or avoid loss of efficacy associated with current therapies over

time”.

Glucokinase (GK), one of the four hexokinases, catalyzes the phosphorylation of glucose to glucose-6-
phosphate in the presence of ATP and Mg?™%9. It mainly exists in islet alpha/beta-cells, hepatocytes,
glucose-sensitive ventromedial hypothalamic neurons, gastrointestinal K/L-cells and pituitary gonadotro-
pins, and functions as a key controller of glucose metabolism!®!!. In the pancreas, GK serves as a ‘glucostat’
controlling the threshold for GSIS in beta-cells. In hepatocytes, GK stored in the nucleus as a GK-glucokinase
regulatory protein (GKRP) complex 7, which plays an integral role in glucose homeostasis and offers a po-
tential therapeutic target for the treatment of T2DM!!. According to different organs activated by GK,
glucokinase activators (GKAs) can be divided into two kinds: pancreas liver double activator and liver-
selective activator. Since 2003, Grimsby et al. from Roche company found the first synthetic GKA'2?, more
than 20 small molecule GKAs have participated in phase I and II clinical trials. Though many clinical tri-
als have evaluated the ability of GKAs to regulate blood glucose, the efficacy and safety of GKAs remain
unclear'3. For example, Meininger et al. have shown that GKAs can significantly improve glycated hemoglo-
bin (HbAlc) and 2-hour postprandial blood glucose, but has no significant effect on fasting plasma glucose
(FPG), and GKAs have a significant relationship with the increased incidence of hypoglycemia, triglyceri-
des and systolic blood pressure 4. However, Vella et al. found that GKAs had a good hypoglycemic effect

without adverse effects such as hypoglycemia, dyslipidemia, and hypertension'®;

In this study, we aimed to systematically assess the regulation of GKAs on blood glucose in patients with
T2DM, including diabetes diagnostic indicators (FPG, HbAlc) and safety events, moreover, we also evaluated
the impact of different types of GKAs on hypoglycemic events.

Material and methods
Literature search

Two authors (Q.Y.Q and W.K.E) independently performed a systematic search of PubMed, Web of Science,
Clinical Trials.gov, and Cochrane Library for English-language studies up to May 30, 2020. Comprehensive
searching was conducted using the terms: “glucokinase activator” and “type 2 diabetes”. We also performed
a systematic search of the Chinese National Knowledge Infrastructure (CNKI) (http://www.cnki.net/)for
Chinese-language studies. Our study is registered on PROSPERO (CRD42020188517) and conducted accor-
ding to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.

Selection criteria and identification of studies

The following criteria were adopted: (1) clinical randomized control trials (RCTs) aiming to study using
glucokinase activator for treatment of T2DM;(2) Participants were adults (aged [?]18 years) at any risk of
diabetes, including healthy adults and those with diagnosed diabetes;(3) BMI between 19*0 kg*m and 35*0
kg*m;(4) There were no other treatment factors except metformin in the combined treatment group and
the control group.

We excluded the following articles: (1) Patients enrolled by a clinical diagnosis of type 1 diabetes; a severe
cardiovascular event within 6 months before the study; any type of malignancy; uncontrolled high blood
pressure;(2) The data was incomplete or report repeatedly; (3) Articles not comparing the GKAs to placebo
in T2DM;

Study inclusion, data extraction, and assessment of the risk of bias were conducted independently in du-
plicate. We assessed the Cochrane risk of bias tool domains'®, as well as assessing risk from compliance
problems and attention bias, specific to our set of reviews. We considered trials to be at low summary risk
of bias if we judged randomization, allocation concealment, and blinding of participants, personnel, and



outcome assessors to be adequate, whereas, on the contrary, we consider it to be at medium or high risk of
bias.

Data extraction

Two authors (Q.Y.Q. and W.K.E.) independently reviewed studies to extract potentially eligible studies.
Any discrepancies were resolved by consensus with the corresponding author (X.Z.H). The main outcomes
(reduction of FPG and HbAlc) for each study were extracted or calculated, and the adverse events (AEs) were
collected. For consistency, we collected all per-protocol analysis data. In addition, the clinical characteristics
of each study were also summarized.

Quality assessment

To further quantify the literature quality evaluation, Modified Jadad Score'® was been used to assess reported
randomization, blinding, withdrawals, dropouts, inclusion/exclusion criterion, AEs, and the statistical anal-
ysis with a maximum score of 7 points (Supplementary Table 1). Low-quality studies yielded scores of 0-3,
and high-quality studies achieved scores of 4-7. In addition, to assess publication bias, Egger’s test and
Begg’s funnel plot were performed if possible. RevMan and GradePRO software were used to assess risk
from compliance problems and attention bias.

Statistical analysis

A comprehensive meta-analysis was performed to calculate Relative risk (RR) or mean difference and their
95% confidence interval (CI) by Revman 5.3. Statistical heterogeneity was assessed by Cochran’s Q statistic
and the I’statistic. The fixed-effects model was used to pool studies when statistical heterogeneity was
absent and when substantial heterogeneity was defined as 12 >50% or chi-squared test P <0.1; otherwise,
the random-effects model was employed. For individual trials with no events in one or both groups, a
continuity correction of 0.5 was added to each cell'"-18.

Results
RCT selection

The study selection process is depicted in Figure 1 . Finally, seven independent, double-blind, randomized,
controlled trials (a total of 762 patients) were included in the current meta-analysis!®15:19-23 A1l the seven
trials were of high quality with modified Jadad scores[?] 4. The seven trials are multi-center clinical trials,
among which 3 of them!%1%:21 are transnational multicenter trials. The category of GKA is different among
the 7 trials, including MK-0941*, AZD1656'?, LY 25995062, PF-049373192%, RO4389620%2, HMS555223, and
TTP399'5. In addition, all these 7 studies use identification of HbAlc as a criterion for patient inclusion,
and the absence of glutamic acid decarboxylation antibody at admission is used to exclude patients with
type 1 diabetes. All 7 trials are placebo-controlled. The details of the included studies are summarized in
Table 1 . Details of the modified Jadad scale for each study are provided in Supplementary Table 2.
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Figure 1 Flow diagram of the study selection process

Table 1 Details of included studies

Number Number Following  Modifi
of pa- of pa- +Metformin up Jadad
Study tients tients (Y/N) GKAs GKAs Frequency days score
PLACEBO GKAs Drug Dose
name (mg-d')
Meininger 114 118 Y MK- 40 QD 60 7
et al. 0941
2011
Wilding 88 91 Y A7ZD1656 10-140 titration 120 7
et
al.2013
Zhang 22 15 N LY2599506 200 BID 90 4
et
al.2013
Amin et 61 61 Y PF- 100 QD 84 4
al.2015 04937319
Zhi et 12 7 N RO4389620 400 BID 2 4
al.2016
Zhu et 53 49 Y HMS5552 150 BID 84 7
al.2018



Number Number Following  Modifi
of pa- of pa- +Metformin up Jadad
Study tients tients (Y/N) GKAs GKAs Frequency days score

Vella et 48 42 Y TTP399 800 QD 180 7
al.2019

+Metformin: Metformin in combination; GKAs: Glucokinase Activator drugs; Y/N: YES/NO; mg-d!:
mg-day!; QD: once a day; BID: twice a day. The included references: Meininger et al. 2011; Wilding et
al.2013; Zhang et al.2013; Amin et al.2015; Zhi et al.2016; Zhu et al.2018; Vella et al.2019.

Efficacy

Among these included trails, five trails'%23 provided the main outcome of FPG after 2-120 days of treatment.

As shown inFigure 2 , GKAs reduced the FPG compared with the placebo group (mean difference -0.71,
95% CI: -1.11 to -0.31, P=0.0005). And we performed a subgroup analysis based on whether metformin was
included in the treatment regimen. As shown in Figure 3 , we found that GKAs with metformin reduced
the FPG compared with the placebo group (mean difference -0.72, 95% CI: -1.12 to -0.31, P=0.0006), but
GKAs without metformin did not affect the FPG significantly (mean difference -0.52, 95% CI: -2.57 to 1.53,
P=0.62).

Besides, four trails!4!%-2! reported the decrease of HbAlc after 60-120 days, which indicates the stability of
blood glucose control during the study period. As shown in Figure 4 , the efficacy of oral GKAs on the
HbAlc was comparable between GSK and placebo groups(difference in means -0.65, 95% CI: -0.82 to -0.48,
P <0.00001). These data indicate that GKAs has a relatively stable efficacy on blood glucose control during
the study period.

GKA PLACEBO Mean Difference Mean Difference Risk of Bias
Study or Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% C1 C
Amin, N, B. 2015 -0B5 233836729 61 018 244139378 61 224% -0.83[1.68,0.02 -
Wilding, J. P. 2013 -1.08 287707647 91 -018 102463635 88 31.5% -0.80F1.61,-0.19] |
Zhang, X 2013 339333 G7E908411 15 111122 G60169435 22 06% -229[-7.53 296
Zhi, J. 2016 1.2 158080544 7 -1 336460003 12 23% -0.20[-2.43,2.03) -1
Zhu, D. 2018 -1.319 17734803 48 D801 136713162 63 423%  -0.52[1.13,010] =
Tatal (95% CI) 223 236 100.0% -0.71[-1.11,-0.31]
Heterogeneity: Chi?= 127, df=4 (P = 0.87); F= 0% ju—'a——ﬁ

Test for overall effect Z= 2.46 (P = 0.0005) Eavours [OKA) Favours [PLACEBO)]
Riskof bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selsction hias)

(C) Blinding of and hias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition hias)

(F) Selective reporting (reporting bias)

(G) Other bias

Figure 2 Forest plot of the efficacy of GKAs and PLACEBO for the reduction of FPG (differ-
ence from baseline mean). 95% CI: 95% confidence interval. Weight%: weight coefficient.

GKA PLACEBO Mean Difference Mean Difference Risk of Bias
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Wilding, J. P. 2013 -1.08 287707647 91 018 192463635 88 31.5% -0.90[1.61,-0.19] 2013 —.— (11111 1]
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Figure 3 Forest plot of the efficacy of GKAs with and without metformin for the reduction of
FPG (difference from baseline mean). 95% CI: 95% confidence interval. Weight%: weight coefficient.

GKA PLACEBO Mean Difference Mean Difference Risk of Bias
Study or Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% C1 C
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Heterogeneity: Chi*=1.62, df=3 (P = 0.66), F= 0%

Testfor overall effect 2= 7.58 (P = 0.00001) FG;WIS'[GKA] Favours [PLAGEO]
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Figure 4 Forest plot of the efficacy of GKAs and PLACEBO for reduction of HbA1lc (difference
from baseline mean). 95% CI: 95% confidence interval. Weight%: weight coefficient.

Safety

Four included trials reported the AEs during the trial phase!#!5:19:23 "and 307 out of a total of 605 patients
had at least one AE. As shown in Figure 5 , GKAs did not significantly increase the incidence of at least
one AE compared with placebo (RR 1.11, 95% CI: 0.95 to 1.3, P = 0.19). Of note, GKAs increased the
incidence of hypoglycemic events(RR 1.181, 95% CI: 1.35 to 2.42, P <0.0001), but they did not increase the
relative risk of headache(RR 1.3, 95% CI: 0.49 to 3.43, P = 0.60), diarrhea(RR 1.64, 95% CI: 0.69 to 3.87,
P = 0.26), and nausea(RR 2.65,95%CI: 0.53 to 13.26,P=0.24).

Then, we did further subgroup meta-analysis according to the type of GKAs. As shown in Figure 6
, we found that there was no significant difference in the risk of hypoglycemia between Liver-selective
glucokinase activator and placebo (RR 1.59, 95% CI: 0.58 to 4.39, P = 0.37), but GKAs (pancreas liver
double activator) did increase the risk(RR 1.84, 95% CI: 1.36 to 2.49, P <0.0001). And in GKAs (pancreas
liver double activator) subgroup analysis, there was heterogeneity (12 > 50%). It seems that there are
significant differences in the effectiveness and incidence of hypoglycemia among different types of GKAs.

Quality of Evidence

Most of the findings were supported by high certainty evidence.Table 2 shows the GRADE summary of
findings for FPG, HbAlc, Total AEs, Hypoglycemia, Headache, Diarrhea and Nausea.



GKA PLACEBO Risk Ratio Risk Ratio Risk of Bias
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Total AEs

Meininger, G. E. 2011 73 19 58 115 407% 1.22[0.97,1.53] 2011

Wilding, J. P. 2013 40 80 32 87 224% 1.21(0.84,1.73] 2013

Zhu, D. 2018 2 s 27 53 18.3% 1.04[0.72,1.50) 2018
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Test for overall effect: Z=1.30 (P=0.19)

hypoglycemia
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Amin, N.B. 2015 6 117 3 118  B3% 202(0.52,7.88] 2015
Zhu,D. 2018 3 8 0 53 1.0% 7.27(0.38,137.31] 2018
Vella, A 2019 3 42 3 48 59% 1.14[0.24,5.36] 2019
Subtotal (95% CI) 419 421 100.0% 1.81[1.35, 2.42]
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Heterogeneity: Chi# = 5.55, df= 4 (P = 0.24), F= 28%
Testfor overall effect: Z= 4.01 (P < 0.0001)
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Subtotal (95% CI) 251 250 100.0% 1.30[0.49, 3.43] g
Total events a 7
Heterogeneity: Chi*=0.37, df= 2 (P=0.83),F=0%
Testfor overall effect: Z= 0.52 (P = 0.60)

diarrhea
Meininger, G. E. 2011 3 19 3 15 383% 0.97 [0.20, 4.69] 2011 —
Wilding, J. P. 2013 7 90 3 87 383% 2.26(0.60,8.44] 2013 B
Vella, A 2019 3 42 2 48 23.4% 1.71[0.30,9.77) 2019 -
Subtotal (95% CI) 251 250 100.0% 1.64 [0.69, 3.87] -
Total events 13 8
Heterogeneity: Chi*= 0.66, df= 2 (P=0.72), F=0%
Testfor overall effect Z=1.12 (P = 0.26)

nausea
Wilding, J. P. 2013 2 90 1 87 521% 1.83[0.18,20.84] 2013 —
Vella, A 2019 3 42 1 48 47.9% 343[0.37,31.72) 2019 —
Subtotal (95% Cl) 132 135 100.0%  2.65[0.53, 13.26] e
Total events 5 2
Heterogeneity: Chi*= 012, df=1 (P=0.73), F=0%
Testfor overall effect Z=1.19 (P = 0.24)
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Figure 5 Forest plot of the rates of total AEs, hypoglycemia, headache, diarrhea, nausea after
placebo, and GKAs treatment in T2DM patients. The value of 0.5 was added when there were no
events. GKAs: glucokinase activator drugs. 95% CI: 95% confidence interval. Weight%: weight coefficient.
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Figure 6 Forest plot of rate of hypoglycemia after liver selective activator(GKA) and pan-
creas liver double activator(GKA) treatment in T2DM patients. 95% CIL: 95% confidence interval.
Weight%: weight coefficient.

Table 2 Quality of Evidence

Outcomes



of participants

(studies)

Follow up

Certainty of the evidence
(GRADE)

Relative effect

(95% CI)

Anticipated absolute effects
Anticipated absolute effects
Risk with [PLACEBO)]

Risk difference with [GKAs]
FPG (FPG)

355 (5 RCTs)

7770 MODERATE #

The mean FPG was 0 SD

MD 0.71 SD lower (1.11 lower to 0.31 lower)
HbAlc

370 (4 RCTs)

7770 MODERATE #

The mean hbAlc was 0 SD

MD 0.65 SD lower (0.82 lower to 0.48 lower)
Total AEs

605 (4 RCTs)

7770 MODERATE #

RR 1.11 (0.95 to 1.30)

482 per 1,000

53 more per 1,000 (24 fewer to 145 more)
Hypoglycemia

840 (5 RCTs)

7770 MODERATE #

RR 1.81 (1.35 to 2.42)

109 per 1,000



89 more per 1,000 (38 more to 155 more)
Headache

501 (3 RCTs)

7770 MODERATE *

RR 1.30 (0.49 to 3.43)

28 per 1,000

8 more per 1,000 (14 fewer to 68 more)
Diarrhea

501 (3 RCTs)

7770 MODERATE #

RR 1.64 (0.69 to 3.87)

32 per 1,000

20 more per 1,000 (10 fewer to 92 more)
Nausea

267 (2 RCTs)

7770 MODERATE *

RR 2.65 (0.53 to 13.26)

15 per 1,000

24 more per 1,000 (7 fewer to 182 more)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in
the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval;
MD: Mean difference; RR: Risk ratio

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in
the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval;
MD: Mean difference; RR: Risk ratio

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in
the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval;
MD: Mean difference; RR: Risk ratio

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in
the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval;
MD: Mean difference; RR: Risk ratio

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in
the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval;
MD: Mean difference; RR: Risk ratio

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in
the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval;
MD: Mean difference; RR: Risk ratio

GRADE Working Group grades of evidence High certainty: We are very confident that the true
effect lies close to that of the estimate of the effect Moderate certainty: We are moderately confident in
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the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different Low certainty: Our confidence in the effect estimate is limited: The true
effect may be substantially different from the estimate of the effect Very low certainty: We have very little
confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect 11a. The category and dose of GKAs varied in all the trials.

GRADE Working Group grades of evidence High certainty: We are very confident that the true
effect lies close to that of the estimate of the effect Moderate certainty: We are moderately confident in
the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different Low certainty: Our confidence in the effect estimate is limited: The true
effect may be substantially different from the estimate of the effect Very low certainty: We have very little
confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect 22a. The category and dose of GKAs varied in all the trials.

GRADE Working Group grades of evidence High certainty: We are very confident that the true
effect lies close to that of the estimate of the effect Mloderate certainty: We are moderately confident in
the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different Low certainty: Our confidence in the effect estimate is limited: The true
effect may be substantially different from the estimate of the effect Very low certainty: We have very little
confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect 33a. The category and dose of GKAs varied in all the trials.

GRADE Working Group grades of evidence High certainty: We are very confident that the true
effect lies close to that of the estimate of the effect Moderate certainty: We are moderately confident in
the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different Low certainty: Our confidence in the effect estimate is limited: The true
effect may be substantially different from the estimate of the effect Very low certainty: We have very little
confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect 44a. The category and dose of GKAs varied in all the trials.

GRADE Working Group grades of evidence High certainty: We are very confident that the true
effect lies close to that of the estimate of the effect Moderate certainty: We are moderately confident in
the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different Low certainty: Our confidence in the effect estimate is limited: The true
effect may be substantially different from the estimate of the effect Very low certainty: We have very little
confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect 55a. The category and dose of GKAs varied in all the trials.

GRADE Working Group grades of evidence High certainty: We are very confident that the true
effect lies close to that of the estimate of the effect Moderate certainty: We are moderately confident in
the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different Low certainty: Our confidence in the effect estimate is limited: The true
effect may be substantially different from the estimate of the effect Very low certainty: We have very little
confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect 66a. The category and dose of GKAs varied in all the trials.

Discussion

Though metformin can effectively inhibit the secretion of glycogen in the liver and increase the sensitivity
of peripheral tissue to insulin, about 30% of patients of T2DM are still troubled by poor glycemic control
or adverse reactions. Here our analysis showed that (1) GKAs, alone or combined with metformin, could
effectively reduce FPG and glycosylated hemoglobin compared with placebo; (2) GKAs, alone or combined
with metformin, did not affect the incidence of AE but increased the incidence of hypoglycemic events
compared with placebo. Thus, our results suggest GKAs may help metformin to better regulate blood
glucose with good tolerance.
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Some previous studies have shown that the effective duration of GKAs is relatively short'424. In this study,
we included short-term treatment (2 days) and mid-term treatment (4 months), and the data showed that
GKAs was effective in the treatment of T2DM compared with the placebo-controlled group, and there was no
significant heterogeneity. Therefore, GKAs may reduce FPG and HbAlc in patients with T2DM in short to
mid-term. Moreover, our study shows that the combination of GKAs may help patients, who still have poor
glycemic control after taking metformin, better control their blood glucose. Of note, in the study of Zhang
et al 2013, the combination of GKAs and metformin could effectively reduce FPG and HbAlc in the patients
with poorly controlled blood glucose by metformin?’, suggesting that GKAs can effectively help metformin
adjust blood glucose by regulating GK. At the same time, earlier use of combination therapy to prolong the
duration of drug effect is also consistent with the direction of ADA diabetes treatment guidelines?®.

Regarding the safety, the main side effect of metformin is the gastrointestinal reaction, which can cause
nausea, vomiting, diarrhea, and so on, which is related to the main effect of metformin on the intestine.
Our analysis showed that the combination of GKAs and metformin did not significantly increase the risk of
gastrointestinal related AEs, such as nausea and diarrhea, but increased the risk of hypoglycemia. Our sub-
group analysis showed that dual-acting allosteric glucokinase activator did increase the risk of hypoglycemia
compared with the control group, however liver-selective glucokinase activator did not. A recent study in
China, D.Zhu et al.2018, has shown that the new liver selection of GKA (Dorzagliatin), which avoids the
reduction of GK targeting in the pancreas, has no risk of hypoglycemia??. Meanwhile, another study showed
that the incidence of hypoglycemia in GKAs can be effectively reduced by adjusting the affinity between
GK and substrate?®. However, some studies have shown that GKAs also bring the risk of hypoglycemia
and increasing triglycerides. Zhai at el. showed that piragliatin(GKA) combined with other diabetes drugs
increases the risk of hypoglycemia?’. And Wilding at el. showed that triglycerides increased by 18-22% in
randomized patients receiving titrated AZD1656(GKA) 4 months in the main study population'®. Therefore,
the safety of GKAs may need further evaluation, especially for hypoglycemia and triglycerides.

Although we included high-quality trials, several limitations in our meta-analysis remain to be noted as
follows: (1) The number of included studies is limited, and only groups with higher dose and frequency of
administration are included in each study, which may lead to the risk of selection bias; (2) There are other
interference factors because of the study design of each study is different, such as the type and dosage of
GKAs (MK-0941/AZD1656, etc.) and the time point or follow-up of FPG and HbAlc evaluation; (3) The
long-term efficacy and safety of GKAs are still unclear.

Conclusion

Compared with placebo, oral GKAs alone or combined with metformin seems to be effective and relatively
safe in the treatment of T2DM, which indicates that oral GKAs can be considered as a monotherapy or a
combination therapy with metformin for T2DM patients. Further clinical studies are warranted to explore
the long-term efficacy and safety of GKAs.
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