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Abstract

Background: A prevalent condition during pregnancy, gestational diabetes mellitus (GDM) affects a significant proportion of pregnan-
cies worldwide and poses substantial risks to maternal as well as fetal health. Polymorphisms in the glucokinase (GCK) and glucokinase
regulatory protein (GCKR) genes, which are crucial for glucose homeostasis, may modulate susceptibility to GDM. Hence, this meta-
analysis aimed to assess the relationship between GDM and polymorphisms in GCK (rs1799884, rs4607517) and GCKR (rs780094,
1s1260326). Methods: In this systematic review, we retrieved data from PubMed, EMBASE, Medline, EBSCO, Cochrane Library,
and Chinese National Knowledge Infrastructure (CNKI) databases. Studies were critically appraised using the Newcastle-Ottawa Scale,
and meta-analyses were performed using STATA 12.0. The odds ratios (ORs) were calculated with 95% confidence intervals (Cls) and
heterogeneity was assessed with Cochran’s Q test as well as /* statistical tests, respectively. Moreover, Begg’s test helped in evaluating
publication bias. Results: We included 20 studies, comprising 9745 GDM women and 15,830 controls. All genetic models showed a
strong correlation between the GCK 151799884 polymorphism and GDM, with carriers of the A allele exhibiting an increased risk. Con-
versely, GCK rs4607517, GCKR rs780094, and rs1260326 were not significantly associated. However, heterogeneity was influenced
by ethnicity and diagnostic criteria. Conclusions: The GCK rs1799884 polymorphism can be a potential predictive marker because it is
significantly associated with an increased risk of GDM.
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1. Introduction a risk factor for GDM. Moreover, GCK rs4607517, and
GCKR (rs780094 and rs1260326) polymorphisms were not
significantly associated with GDM susceptibility. How-
ever, Zhu et al. [20] found that GCKR rs1260326 polymor-
phism was significantly correlated with elevated GDM risk.
Varying results from different studies highlight the neces-
sity of a meta-analysis to assemble data and provide a more
definitive conclusion.

This meta-analysis aimed to systematically evaluate
the association between GCK (rs1799884 and rs4607517)
necessitating a comprehensive understanding of its patho- and GCKR (rs780094.1 ?I}d rsl2§0326) polymorphlsms as
physiology and genetic underpinnings to enhance preven- \yell as GDM susceptibility. By' integrating qata from mul-
tion and treatment strategies. The glucokinase (GCK) tiple studies, we sgught to clarl.fy.the genetic components
and glucokinase regulatory protein (GCKR) genes, essen- of GDM and proylde relavant insights for future research
tial for glucose metabolism and homeostasis, are linked to and clinical practice.

GDM [10,11]. Primarily expressed in pancreatic beta cells, .
GCK acts as a glucose sensor that regulates insulin secre- 2. Materials and Methods
tion [12,13]. Conversely, GCKR modulates GCK activity, 2.1 Research Selection

A significant public health concern, gestational dia-
betes mellitus (GDM) affects approximately 7%—18% of
pregnancies worldwide [1-3]. GDM is characterized by
the development of pregnancy-related glucose intolerance
[4] and is substantially risky for maternal and fetal health.
GDM increases the risk of cesarean delivery, hypertensive
disorders, and long-term metabolic complications for both
the mother and child [5-7]. Increased obesity and seden-
tary lifestyles exacerbated the incidence of GDM [8,9],

thereby influencing glucose metabolism and insulin sensi- We used databases like PubMed (https:/pubmed.n
tivity [14-16]. Thus, variations in these genes can disrupt  cbi.nlm.nih.gov/), EMBASE (https://www.embase.com/),
glucose regulation and lead to GDM [17,18]. Medline (https://www.nlm.nih.gov/medline/medline

Several studies have implicated GCK and GCKR gene home.html), = EBSCO (http://search.ebscohost.com/),
polymorphisms in GDM susceptibility [19,20]. These ge- Cochrane Library (https://www.cochranelibrary.com/),
netic variants may affect glucose metabolism and insulin ~ and the Chinese National Knowledge Infrastructure
response. She et al. [19] suggested that the GCK gene (CNKI) (https://www.cnki.net/) for literature search.
rs1799884 (-30G > A) polymorphism’s AA genotype is Keywords like “glucokinase” or “GCK”, “glucokinase
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Fig. 1. Flow diagram for eligible article selection. CNKI, China National Knowledge Infrastructure; GDM, gestational diabetes

mellitus; GCK, glucokinase; GCKR, glucokinase regulatory protein.

regulatory protein” or “GCKR”, “gestational diabetes
mellitus” or “gestational diabetes” or “GDM?”, along with
terms for genetic variations such as “polymorphisms”,
“mutations”, or “variants”, as well as “risk” and “suscep-
tibility” were used. Reference lists from identified articles
were screened to ensure a comprehensive collection of
relevant studies.

2.2 Inclusion and Exclusion Criteria

Our inclusion criteria were: (1) case-control studies
comprising both a GDM group and a control group of preg-
nant women without GDM, and (2) those with adequate
data on the genotypes of the GCK gene variants rs1799884
and rs4607517, as well as the GCKR gene variants rs780094
and rs1260326. Our exclusion criteria were: (1) studies
lacking publication details; (2) case reports, reviews, ab-
stracts, or meta-analyses; (3) those not on GCK or GCKR
polymorphisms or GDM susceptibility; (4) research with-
out case-control design; (5) those with incomplete odds
ratio (OR) calculation data, and (6) those with genotype
distributions that deviated from the control group’s Hardy-
Weinberg equilibrium (HWE).

2.3 Data Extraction

Using eligible publications, we meticulously extracted
data like the first author’s name, publication year, the partic-
ipants’ ethnicity, the genotype methodology, sample size,
gestational age, and the number of genotypes as well as al-
leles in both study and control groups, respectively.

2.4 Statistical Analysis

Each study was rigorously assessed using the
Newcastle-Ottawa Scale (NOS) score [21]. Our analysis
only included studies that met the NOS score of >5.
Meta-analysis was performed by STATA 12.0 software
(StataCorp, College Station, TX, USA). Heterogeneity
among studies was calculated by Cochran’s Q and I?
statistical tests, respectively [22]. We employed a random-
effects model to calculate pooled effects in significant
heterogeneity (p < 0.05 or I2 >50%) [23]; otherwise,
the fixed-effects model was used [24]. ORs with 95%
confidence intervals (CIs) were calculated using the Z test
to evaluate the association between the polymorphisms and
GDM susceptibility. Subgroup analyses helped to explore
potential heterogeneity sources. While publication bias
was assessed by Begg’s test [25]. GPower 3.1 (University
of Duesseldorf, Duesseldorf, Germany) conducted power
analysis for individual single nucleotide polymorphism
(SNP).

3. Results
3.1 Characteristics of Enrolled Studies

Our literature search yielded 368 articles from Em-
base, Medline, EBSCO, PubMed, CNKI, and Wanfang
databases. After removing 53 duplicates, we excluded 69
articles that did not fit our inclusion criteria, like being non-
human studies, lacking full texts, or being meta-analyses.
Additionally, 203 articles were disqualified because they
were irrelevant to GDM, did not employ a case-control
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Table 1. Characteristics of eligible studies.

Diagnosis GDM group Control group
Author Year Country Ethnicity o . ) Age ) . Age PHWE Genotype method SNPs
Procedure Criteria  Size Gestational age Size Gestational age
(mean + SD) (mean + SD)
Chiu et al. [26] 1994 USA African OGTT WHO 174 / 282+58 99 / 22.1+4.6 0.286 PCR-SSCP GCK 151799884
Zaidi et al. [30] 1997 UK Caucasian 75 g OGTT WHO 92 28-32 31+£55 45 28-32 / 0.414 PCR-SSCP GCK 151799884
Shaat et al. [29] 2006 Sweden Caucasian 75 g OGTT DPSG-EASD 642 27-28 323402 1229 27-28 30.54+0.1 0.504 PCR-RFLP GCK 151799884
UK,
Freathy et al. [27] 2010 Australia, Caucasian, Asian 75 g OGTT IADPSG 998 24-32 / 5587 24-32 / 0.91 Illumina GCK 151799884
Thailand
Santos ef al. [28] 2010 Brazil Caucasian 75 g OGTT ADA 150 24-28,32-36 31.94+6.2 600 24-28,32-36 252+6.5 0.371 PCR-RFLP GCK 151799884
Li W [31] 2011 China Asian 100 g OGTT ADA 668 282422 325439 758 27.7+26 31.2+38 0.558 TagMan GCK 151799884, GCKR
rs780094
Han et al. [34] 2015 China Asian 75 g OGTT / 948 2-32 / 975 / / 0.985 PCR-based invader assay GCK rs1799884
Tarnowski ef al. [36] 2017 Poland Caucasian 75 g OGTT IADPSG 207 24-28 31.7+45 204 / 292 4+5.0 0.875 TagMan GCK 151799884, GCKR
rs780094
Zhou [43] 2020 China Asian 75 g OGTT  National 835 24-28 30.97 £ 4.56 870 / 28.84 £4.21 0.246 MassARRAY GCK 151799884 and
154607517, GCKR
rs780094 and rs1260326
Popovaetal. [41] 2021 Russia Caucasian 75 g OGTT IADPSG 688 24-28 31.9+45 454 24-28 29.5+4.7 0.141 TagMan GCK 151799884
She et al. [19] 2022 China Asian 75 g OGTT TADPSG 835 24-28 30.97 +4.56 870 / 28.84 +4.21 0.246 MassARRAY GCK 151799884 and
rs4607517, GCKR
rs780094 and rs1260326
Wang et al. [32] 2011 China Asian 100 g OGTT ADA 1701 / 30 (30,35) 1023 / 32(28,33) 0.804 Tagman GCK 154607517
Stucbe eral, [33] 2014 UsA  Caueasian African— o o qrr / 80 2429 283461 1138 2429 / 0324  SequenomiPLEX  GCK rs4607517, GCKR
American 1$780094 and 151260326
Ao et al. [40] 2021 China Asian 75 g OGTT  National 562 / 30.18 £ 2.64 452 / 29.50 £2.68 0.28 MassARRAY GCK 154607517
Zihe[l}’:r]n'mwelm 2017 Brazil Caucasian / / 127 / 319464 125 / 30.64+4.7 0.094 RT-PCR GCKR 15780094
Jamalpour et al. [37] 2018 Malaysia Asian OGTT / 186 / / 588 / 299+44 0512 Sequenom iPLEX GCKR 15780094
Liet al. [42] 2018 China Asian 75 g OGTT ADA 127 24-32 319+ 64 125 / 30.6 4.7 0.094 RT-PCR GCKR 15780094
Franzago et al. [38] 2017  Italy Caucasian 75 g OGTT [IADPSG 102 24-28 346 £54 66 24-28 319 +5.1 0.46 High resolution melting GCKR 151260326
Franzago et al. [39] 2018 Italy Caucasian 75 g OGTT IADPSG 104 24-28 346+54 124 24-28 325452 0.276 RT-PCR GCKR 151260326
Zhu et al. [20] 2023 China Asian 75 g OGTT IADPSG 519 24-28 31 (28-34) 498 24-28 29 (27-32) 0.737 Illumina GCKR 151260326

Notes: GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test; WHO, World Health Organization; DPSG-EASD, Diabetic Pregnancy Study Group of the European Association for the Study of Diabetes;
IADPSG, new International Association of Diabetes and Pregnancy Study Groups; ADA, American Diabetes Association; PCR-SSCP, polymerase chain reaction—single strand conformation polymorphism; PCR-RFLP,

polymerase chain reaction restriction fragment-length polymorphism; RT-PCR, real time-polymerase chain reaction; SD, standard deviation; pywg, p value of Hardy-Weinberg Equilibrium in control group; SNPs, single

nucleotide polymorphisms; GCK, glucokinase; GCKR, glucokinase regulatory protein; MassARRAY, Sequenom MassARRAY iPLEX system.
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design, or did not investigate the specified GCK or GCKR
polymorphisms. This resulted in 43 full-text articles for
further analysis. Our final analysis included 20 articles
[19,20,26—43] comprising 9745 GDM patients and 15,830
healthy controls after excluding those without investiga-
tions on polymorphisms of interest (rs1799884, rs4607517,
rs780094, or rs1260326) or lacked sufficient data (Fig. 1;
Table 1, Ref. [19,20,26—43]). All included trials had NOS
scores >6 (Supplementary Table 1).

3.2 The Combined Analyses of GCK and GCKR
Polymorphisms with GDM Susceptibility

Eleven articles (encompassing 12 studies) focused on
the GCK 151799884 polymorphism with a power of 1.0,
while five articles on GCK rs4607517 had a power of 0.812.
Eight articles (including 11 studies) and six articles (in-
cluding 7 studies) concentrated on GCKR rs780094 with a
power of 0.829 and GCKR rs1260326 with a power of 1.0,
respectively. Table 2 (Ref. [19,20,26—43]) shows the geno-
type distributions for these SNPs.

For these SNPs, 2 referes risk allele and 1 defiene
as reference allele. The combined analyses for GCK
(rs1799884 and rs4607517) and GCKR (rs780094 and
rs1260326) polymorphisms indicated that these SNPs were
significantly correlated with elevated GDM susceptibility
under 22 vs. 11 (OR =1.28, 95% CI=1.08-1.51, Fig. 2A);
decreased GDM susceptibility under 12 vs. 11 (OR = 0.65,
95% CI = 0.52-0.81, Fig. 2B) and 22 vs. 11 + 12 (OR =
0.80, 95% CI =0.70-0.92, Fig. 2C) genetic models. How-
ever, no significant association was discovered in 22 + 12
vs. 11 (OR=1.05,95% CI=0.91-1.21, Fig. 2D)and 2 vs. 1
(OR =1.07, 95% CI = 0.96-1.20, Fig. 2E) genetic models,
respectively.

3.3 Pooled Association of GCK rs1799884 and rs4607517
Polymorphisms with GDM Susceptibility

Regarding the rs1799884 polymorphism, significant
heterogeneity was observed in the GA vs. GG model (p
< 0.05, Fig. 2B), but not in the other four genetic models.
Consequently, we used a random-effects model to assess
the pooled association of rs1799884 with GDM suscepti-
bility; however, a fixed-effects model was used for other
models. Additionally, rs1799884 and GDM susceptibility
were positively correlated in the AA vs. GG (OR = 1.55,
95% CI=1.29-1.86, Fig. 3A) and AA + GA vs. GG (OR =
1.19, 95% CI = 1.11-1.27, Fig. 3B) genetic models, nega-
tively correlated in the AA vs. GG + GA (OR =0.67, 95%
CI=0.56-0.80, Fig. 3C) and A vs. G(OR=1.19,95% CI =
1.12-1.26, Fig. 3D) genetic models, respectively. No sig-
nificant association was discovered between rs1799884 and
GDM susceptibility uncer GA vs. GG model (Fig. 3E). The
154607517 polymorphism showed significant heterogene-
ity across all five genetic models (Supplementary Fig. 1),
and the random-effects model revealed a significant asso-
ciation with GDM susceptibility under AA + GA vs. GG

model (OR = 0.66, 95% CI = 0.59-0.74) (Supplementary
Fig. 1C), but not in other genetic models.

3.4 Pooled Associations of GCKR rs780094 and
rs1260326 Polymorphisms with GDM Susceptibility

The rs780094 polymorphism showed significant het-
erogeneity in the TC vs. TT, CC vs. TT+TC, and C vs. T
genetic models (p < 0.05), leading to the usage of a random-
effects model. The results indicated a significant corre-
lation between the rs780094 polymorphism and reduced
GDM susceptibility in the TC vs. TT model (OR = 0.47,
95% CI = 0.30-0.73, Fig. 4A); however, no significant as-
sociations were found in the other models (Fig. 4B-D). For
the rs1260326 polymorphism, the TC vs. TT model (p
< 0.05) displayed significant heterogeneity. The random-
effects model was used to analyze the association under this
model, fixed-effects model analyzed for other genetic mod-
els. The pooled results revealed no significant association
in any of the genetic models (Supplementary Fig. 2).

3.5 Subgroup Analysis

Stratified by ethnicity and diagnostic criteria, sub-
group analyses were conducted to fine heterogeneity
sources. The heterogeneity observed in the rs1799884 poly-
morphism’s GA vs. GG model might have stemmed from
variable ethnic and diagnostic criteria. Due to fewer studies
for 154607517, rs780094, and rs1260326 polymorphisms
and multiple diagnostic criteria, diagnostic criteria-based
subgroup analysis was not feasible. The heterogeneity in
these polymorphisms was attributed to varying ethnicity.

In the ethnicity-based subgroup analysis, a positive as-
sociation between rs1799884 polymorphism and GDM sus-
ceptibility was evident in the AA vs. GG model in both
Asian (OR = 1.48, 95% CI = 1.16-1.90) and Caucasian
(OR = 1.63, 95% CI = 1.24-2.15) subgroups, respectively
(Fig. 3A). Analysis by diagnostic criteria revealed a positive
association in the AA vs. GG model in subgroups follow-
ing the Diabetic Pregnancy Study Group of the European
Association for the Study of Diabetes (DPSG-EASD) (OR
=2.21, 95% CI = 1.26-3.90), International Association of
Diabetes and Pregnancy Study Groups (IADPSG) (OR =
1.63, 95% CI = 1.25-2.13), and National criteria (OR =
1.91,95% CI = 1.17-3.12) (Supplementary Fig. 3A). We
also observed positive associations in the AA+GA vs. GG
(Fig. 3B), AA vs. GG+GA (Fig. 3C), and A vs. G (Fig. 3D)
models in the specified ethnic and diagnostic subgroups
(Supplementary Fig. 3B-D). Conversely, the ethnicity-
based subgroup analysis revealed a negative correlation be-
tween the rs780094 polymorphism and GDM susceptibil-
ity in the African-American subgroup under the TC vs. TT
model (OR =0.07,95% CI=0.02-0.20, Fig. 4A), but not in
other for genetic models (Fig. 4B—D). Only one Caucasian
study was conducted on the rs4607517 (Supplementary
Fig. 1) and one African-American study was conducted on
rs1260326 (Supplementary Fig. 2) polymorphism. Small
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Fig. 2. Forest plot for merged odds ratios (ORs) with 95% confidence intervals (CIs) for GCK and GCKR polymorphisms. (A)
Forest plot under 22 vs. 11 model. (B) Forest plot under 12 vs. 11 model. (C) Forest plot under 22 vs. 11 + 12 model. (D) Forest plot
under 22 + 12 vs. 11 model. (E) Forest plot under 2 vs. 1 model.
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Table 2. Genotype distributions of GCK and GCKR polymorphisms.

. GDM group Control group
Author Year Country Ethnicity
11 12 22 11 12 22
151799884 GG GA AA GG GA AA
Chiu et al. [26] 1994 USA African 56 37 4 63 34
Zaidi et al. [30] 1997 UK Caucasian 47 42 3 25 20
Shaat et al. [29] 2006 Sweden Caucasian 435 181 26 889 316 24
Freathy et al. [27] 2010 UK, Australia Caucasian 388 194 32 2575 1114 122
Freathy et al. [27] 2010 Thailand Asian 288 91 5 1375 311 20
Santos et al. [28] 2010 Brazil Caucasian 86 56 8 387 186 27
LiW [31] 2011 China Asian 632 349 42 552 315 40
Han et al. [34] 2015 China Asian 705 226 17 787 178 10
Tarnowski et al. [36] 2017 Poland Caucasian 163 42 2 147 52 5
Zhou [43] 2020 China Asian 506 277 47 556 280 27
Popova et al. [41] 2021 Russia Caucasian 488 173 27 343 99 12
She et al. [19] 2022 China Asian 506 277 47 556 280 27
rs4607517 GG GA AA GG GA AA
Wang et al. [32] 2011 China Asian 1420 244 37 618 356 49
Stuebe et al. [33] 2014 USA Caucasian 49 3 0 731 53
Ao et al. [40] 2021 China Asian 316 200 46 283 154 15
Zhou [43] 2020 China Asian 702 112 18 735 124
She et al. [19] 2022 China Asian 702 112 18 735 124
rs780094 TT TC CC TT TC cC
LiW [31] 2011 China Asian 275 502 247 265 453 225
Stuebe et al. [33] 2014 USA Caucasian 24 23 5 266 376 150
Stuebe et al. [33] 2014 USA African—American 16 6 0 255 87 4
Anghebem-Oliveira et al. [35] 2017 Brazil Caucasian 15 48 64 14 68 43
Jamalpour et al. [37] 2018 Malaysia Asian 18 69 95 84 284 214
Jamalpour et al. [37] 2018 Malaysia Asian 5 30 13 23 76 64
Jamalpour et al. [37] 2018 Malaysia Asian 3 13 16 16 47 39
Tarnowski et al. [36] 2017 Poland Caucasian 33 101 73 28 99 77
Lietal. [42] 2018 China Asian 64 48 15 43 68 14
Zhou [43] 2020 China Asian 200 371 213 227 401 212
She et al. [19] 2022 China Asian 200 371 213 227 401 212
rs1260326 TT TC CC TT TC cC
Stuebe et al. [33] 2014 USA Caucasian 5 26 25 154 395 291
Stuebe et al. [33] 2014 USA African—American 1 7 16 7 107 248
Franzago et al. [38] 2017 Italy Caucasian 21 58 23 15 36 15
Franzago et al. [39] 2018 Italy Caucasian 21 58 25 30 68 26
Zhou [43] 2020 China Asian 220 404 182 238 424 195
She et al. [19] 2022 China Asian 220 404 182 238 424 195
Zhu et al. [20] 2023 China Asian 142 241 122 164 245 86

Notes: GDM, gestational diabetes mellitus; GCK, glucokinase; GCKR, glucokinase regulatory protein.

number of studies, especially only one study in the sub- 3.6 Publication Bias

group, usually lead to unreliable estimation of heterogene- Begg’s test helped to assess publication bias across
ity, such as false positive result. Therefore, the ethnicity-  the combined analysis of GCK and GCKR genetic poly-
based subgroup analysis was not performed in five genetic morphisms. None of the publications showed any signif-
models of rs4607517 and rs1260326. icant publication bias (Begg’s test: p = 0.063 for 22 vs. 11,
Fig. 5A; p=0.386 for 12 vs. 11; p=0.806 for 22 vs. 11+12,

Hence, these findings suggest a significant associa- )
Fig. 5B; p = 0.088 for 22+12 vs. 11; p = 0.629 for 2 vs. 1).

tion between the rs1799884 as well as rs780094 polymor-
phisms and GDM susceptibility. However, the rs4607517
and rs1260326 polymorphisms were not be significantly as-
sociated with the overall population.
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Fig. 3. Forest plot for merged odds ratios (ORs) with 95% confidence intervals (CIs) for GCK rs1799884 polymorphism. (A)
Forest plot for subgroup analysis based on ethnicity under AA vs. GG model. (B) Forest plot for subgroup analysis based on ethnicity
under AA + GA vs. GG model. (C) Forest plot for subgroup analysis based on ethnicity under AA vs. GG + GA model. (D) Forest plot
for subgroup analysis based on ethnicity under A vs. G model. (E) Forest plot for subgroup analysis based on ethnicity under AG vs.
GG model.
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Fig. 4. Forest plot for merged odds ratios (ORs) with 95% confidence intervals (CIs) for GCKR rs780094 polymorphism. (A)
Forest plot for subgroup analysis based on ethnicity under TC vs. TT model. (B) Forest plot for subgroup analysis based on ethnicity

under CC vs. TT + TC model. (C) Forest plot for subgroup analysis based on ethnicity under C vs. T model. (D) Forest plot for subgroup

analysis based on ethnicity under CC + TC vs. TT model.
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Fig. 5. Publication bias for eligible studies of GCK and GCKR polymorphisms. (A) Publication bias under 22 vs. 11 model. (B)
Publication bias under 22 vs. 11 + 12 model. 22 is risk genotype, 12 is heterozygote genotype and 11 is the reference genotype.
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4. Discussion

We systematically reviewed 20 eligible studies in
this extensive meta-analysis that examined the relation-
ship between GDM susceptibility and GCK (rs1799884 and
rs4607517) and GCKR genes (rs780094 and rs1260326).
Our results indicated that these SNPs were significantly
correlated with GDM susceptibility. Meanwhile, GCK
rs1799884 polymorphism was significantly associated with
GDM susceptibility in five genetic models; the A allele car-
riers displayed a higher risk for GDM. This is consistent
with previous meta-analytical results that identified a posi-
tive association between the rs1799884 polymorphism and
GDM susceptibility [20,34,44]. Moreover, a positive asso-
ciation between rs1799884 polymorphism and GDM sus-
ceptibility was also noted. We found that GCK rs4607517
was a risk factor for GDM susceptibility in the AA vs. GG
genetic model. Mao et al. [45] also reported a positive cor-
relation between the GCK rs4607517 A allele and GDM
risk, suggesting that GCK polymorphisms might lead to
GDM.

However, we could not find a significant associa-
tion between GDM risk and the GCKR genes rs780094 as
well as 1s1260326. This was in contrast with a few meta-
analyses that suggested a high risk of GDM for rs780094
G allele carriers [37,46,47]. This discrepancy may be at-
tributed to variable ethnicities among the study populations.

Enhanced heterogeneity was discovered in the
151799884 polymorphism’s GA vs. GG genetic model. We
examined the rs1799884 polymorphism’s heterogeneity
origin across different ethnicities and diagnostic criteria.
The possible causes of heterogeneity include various
ethnicities and diagnostic criteria. Due to limited studies
on 154607517, rs780094, and rs1260326 polymorphisms,
we discussed their heterogeneities in different ethnic
groups. Subsequently, we found that the GCK rs4607517
heterogeneities in five genetic models stemmed from
different ethnicities. Heterogeneities were also discovered
in the TC vs. TT model of GCKR rs780094 as well as the
TC vs. TT model of rs1260326 polymorphism and were
derived from different ethnicities. However, no significant
heterogeneity was discovered in previous meta-analyses
[45-48]. Different diagnosis standards and ethnicities
might be the cause of this discrepancy.

Ethnicity-based subgroup analysis revealed a positive
correlation between rs1799884 polymorphism and GDM
susceptibility in Asian and Caucasian populations. This is
in line with the findings of Yang and Du [44] that A al-
lele of rs1799884 is a risk factor for GDM in White and
African populations. Notably, we also observed a negative
correlation between the rs780094 polymorphism and GDM
susceptibility in the African-American subgroup’s TC vs.
TT genetic model. Conversely, Jamalpour et al. [37] ob-
served that the C allele of rs780094 was positively corre-
lated with GDM susceptibility in the Asian population. The
151260326 polymorphism’s subgroup analysis was consis-
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tent with previous meta-analyses, indicating no significant
association with GDM susceptibility across different popu-
lations [46,47].

Furthermore, diagnostic criteria-based subgroup anal-
ysis confirmed their influence on the association between
the rs1799884 polymorphism and GDM susceptibility. The
DPSG-EASD and IADPSG subgroups were positively cor-
related. Yang and Du [44] demonstrated that the A allele
of rs1799884 was not significantly associated with GDM
susceptibility under World Health Organization (WHO) and
American Diabetes Association (ADA) subgroups. This
underscores the importance of standardized criteria for fu-
ture studies and the possible effects of varying GDM diag-
nostic criteria on research outcomes.

Begg’s test revealed no significant publication bias,
suggesting the reliability of observed associations. How-
ever, selection and information biases could potentially
affect our results’ generalizability and statistical power.
Our findings highlight the importance of targeted screening
guidelines for Asian and Caucasian populations as well as
focusing on nutritional and lifestyle interventions for preg-
nant women. Additional research with larger sample sizes
and multicenter studies should be conducted to validate our
findings and explore the biological mechanisms influencing
the associations between GCK and GCKR polymorphisms
as well as GDM susceptibility.

5. Conclusions

According to our meta-analysis, the GCK rs1799884
polymorphism’s A allele is associated with an increased
risk of GDM. Although certain individuals with GCK
rs4607517 and GCKR 15780094 polymorphisms may also
be at higher risk for GDM, the overall association is less
clear and warrants further investigation. These insights can
help in identifying high-risk pregnant women early as well
as emphasizing the necessity of genetic counseling and in-
terdisciplinary collaboration for preventing and managing
GDM.

Availability of Data and Materials

Corresponding authors may provide data and materi-
als.

Author Contributions

HXT and MYW designed the research study. YYZ
performed the research. HXT, YYZ and MYW analyzed
the data. HXT and MY W wrote the manuscript. All authors
contributed to editorial changes in the manuscript. All au-
thors read and approved the final manuscript. All authors
have participated sufficiently in the work and agreed to be
accountable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.


https://www.imrpress.com

Acknowledgment

Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/CEO0G26710.

References

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

10

Juan J, Yang H. Prevalence, Prevention, and Lifestyle Inter-
vention of Gestational Diabetes Mellitus in China. International
Journal of Environmental Research and Public Health. 2020; 17:
9517. https://doi.org/10.3390/ijerph17249517.

Paulo MS, Abdo NM, Bettencourt-Silva R, Al-Rifai RH. Ges-
tational Diabetes Mellitus in Europe: A Systematic Review and
Meta-Analysis of Prevalence Studies. Frontiers in Endocrinol-
ogy. 2021; 12: 691033. https://doi.org/10.3389/fendo.2021.
691033.

Gao C, Sun X, Lu L, Liu F, Yuan J. Prevalence of gestational
diabetes mellitus in mainland China: A systematic review and
meta-analysis. Journal of Diabetes Investigation. 2019; 10: 154—
162. https://doi.org/10.1111/jdi.12854.

Champion ML, Battarbee AN, Biggio JR, Casey BM, Harper
LM. Postpartum glucose intolerance following early gestational
diabetes mellitus. American Journal of Obstetrics & Gynecology
MFM. 2022; 4: 100609. https://doi.org/10.1016/j.ajogmf.2022.
100609.

Sweeting A, Wong J, Murphy HR, Ross GP. A Clinical Update
on Gestational Diabetes Mellitus. Endocrine Reviews. 2022; 43:
763-793. https://doi.org/10.1210/endrev/bnac003.
Kautzky-Willer A, Winhofer Y, Kiss H, Falcone V, Berger
A, Lechleitner M, et al. Gestational diabetes mellitus (Update
2023). Wiener klinische Wochenschrift. 2023; 135: 115-128.
(In German) https://doi.org/10.1007/s00508-023-02181-9.
Mistry SK, Das Gupta R, Alam S, Kaur K, Shamim AA,
Puthussery S. Gestational diabetes mellitus (GDM) and adverse
pregnancy outcome in South Asia: A systematic review. En-
docrinology, Diabetes & Metabolism. 2021; 4: €00285. https:
//doi.org/10.1002/edm?2.285.

Zehravi M, Magbool M, Ara 1. Correlation between obe-
sity, gestational diabetes mellitus, and pregnancy outcomes:
an overview. International Journal of Adolescent Medicine
and Health. 2021; 33: 339-345. https:/doi.org/10.1515/ijam
h-2021-0058.

LiQ,ZhuY, Wang J, Zhang Y, Pan Y, Gu R, ef al. Sedentary be-
haviors and gestational diabetes mellitus: A systematic review.
The Journal of Obstetrics and Gynaecology Research. 2022; 48:
285-299. https://doi.org/10.1111/jog.15090.

Lima Ferreira J, Voss G, Sa Couto A, Principe RM. Monogenic
diabetes caused by GCK gene mutation is misdiagnosed as ges-
tational diabetes - A multicenter study in Portugal. Diabetes
& Metabolic Syndrome. 2021; 15: 102259. https://doi.org/10.
1016/j.dsx.2021.102259.

Zhang Z, Ji G, Li M. Glucokinase regulatory protein: a balanc-

ing act between glucose and lipid metabolism in NAFLD. Fron-
tiers in Endocrinology. 2023; 14: 1247611. https://doi.org/10.

3389/fendo.2023.1247611.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Marqués P, Kamitz A, Bartolomé A, Burillo J, Martinez H,
Jiménez B, et al. Essential role of glucokinase in the pro-
tection of pancreatic 3 cells to the glucose energetic status.
Cell Death Discovery. 2019; 5: 138. https://doi.org/10.1038/
s41420-019-0219-x.

Omori K, Nakamura A, Miyoshi H, Yamauchi Y, Kawata
S, Takahashi K, et al. Glucokinase Inactivation Paradoxically
Ameliorates Glucose Intolerance by Increasing 3-Cell Mass in
db/db Mice. Diabetes. 2021; 70: 917-931. https://doi.org/10.
2337/db20-0881.

Ford BE, Chachra SS, Rodgers K, Moonira T, Al-Oanzi ZH,
Anstee QM, et al. The GCKR-P446L gene variant predis-
poses to raised blood cholesterol and lower blood glucose in
the P446L mouse-a model for GCKR rs1260326. Molecular
Metabolism. 2023; 72: 101722. https://doi.org/10.1016/j.molm
et.2023.101722.

Paliwal A, Paliwal V, Jain S, Paliwal S, Sharma S. Cur-
rent Insight on the Role of Glucokinase and Glucokinase
Regulatory Protein in Diabetes. Mini Reviews in Medici-
nal Chemistry. 2024; 24: 674—688. https://doi.org/10.2174/
1389557523666230823151927.

Liu Y, Kuang A, Talbot O, Bain JR, Muchlbauer MJ, Hayes
MG, et al. Metabolomic and genetic associations with insulin
resistance in pregnancy. Diabetologia. 2020; 63: 1783-1795.
https://doi.org/10.1007/s00125-020-05198- 1.

Lee K, Kuang A, Bain JR, Hayes MG, Muehlbauer MJ, Ilkayeva
OR, et al. Metabolomic and genetic architecture of gestational
diabetes subtypes. Diabetologia. 2024; 67: 895-907. https://do
1.org/10.1007/s00125-024-06110-x.

Lowe WL, Jr, Kuang A, Hayes MG, Hivert MF, Scholtens DM.
Genetics of glucose homeostasis in pregnancy and postpartum.
Diabetologia. 2024; 67: 2726-2739. https://doi.org/10.1007/
s00125-024-06256-8.

She L, Li W, Guo Y, Zhou J, Liu J, Zheng W, et al. Asso-
ciation of glucokinase gene and glucokinase regulatory pro-
tein gene polymorphisms with gestational diabetes mellitus: A
case-control study. Gene. 2022; 824: 146378. https://doi.org/10.
1016/j.gene.2022.146378.

Zhu M, Lv Y, Peng Y, Wu Y, Feng Y, Jia T, et al. GCKR
and ADIPOQ gene polymorphisms in women with gestational
diabetes mellitus. Acta Diabetologica. 2023; 60: 1709-1718.
https://doi.org/10.1007/s00592—-023-02165-1.

Stang A. Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies in meta-
analyses. European Journal of Epidemiology. 2010; 25: 603—
605. https://doi.org/10.1007/s10654—-010-9491-z.

Zintzaras E, Ioannidis JPA. HEGESMA: genome search meta-
analysis and heterogeneity testing. Bioinformatics. 2005; 21:
3672-3673. https://doi.org/10.1093/bioinformatics/bti536.
DerSimonian R, Laird N. Meta-analysis in clinical trials revis-
ited. Contemporary Clinical Trials. 2015; 45: 139-145. https:
//doi.org/10.1016/j.cct.2015.09.002.

Mantel N, Haenszel W. Statistical aspects of the analysis of data
from retrospective studies of disease. Journal of the National
Cancer Institute. 1959; 22: 719-748.

Begg CB, Mazumdar M. Operating characteristics of a rank cor-
relation test for publication bias. Biometrics. 1994; 50: 1088—
1101.

Chiu KC, Go RC, Aoki M, Riggs AC, Tanizawa Y, Acton RT, et
al. Glucokinase gene in gestational diabetes mellitus: population
association study and molecular scanning. Diabetologia. 1994;
37: 104-110. https://doi.org/10.1007/BF00428785.

Freathy RM, Hayes MG, Urbanek M, Lowe LP, Lee H, Acker-
man C, et al. Hyperglycemia and Adverse Pregnancy Outcome
(HAPO) study: common genetic variants in GCK and TCF7L2

&% IMR Press


https://doi.org/10.31083/CEOG26710
https://doi.org/10.31083/CEOG26710
https://doi.org/10.3390/ijerph17249517
https://doi.org/10.3389/fendo.2021.691033
https://doi.org/10.3389/fendo.2021.691033
https://doi.org/10.1111/jdi.12854
https://doi.org/10.1016/j.ajogmf.2022.100609
https://doi.org/10.1016/j.ajogmf.2022.100609
https://doi.org/10.1210/endrev/bnac003
https://doi.org/10.1007/s00508-023-02181-9
https://doi.org/10.1002/edm2.285
https://doi.org/10.1002/edm2.285
https://doi.org/10.1515/ijamh-2021–0058
https://doi.org/10.1515/ijamh-2021–0058
https://doi.org/10.1111/jog.15090
https://doi.org/10.1016/j.dsx.2021.102259
https://doi.org/10.1016/j.dsx.2021.102259
https://doi.org/10.3389/fendo.2023.1247611
https://doi.org/10.3389/fendo.2023.1247611
https://doi.org/10.1038/s41420–019–0219-x
https://doi.org/10.1038/s41420–019–0219-x
https://doi.org/10.2337/db20–0881
https://doi.org/10.2337/db20–0881
https://doi.org/10.1016/j.molmet.2023.101722
https://doi.org/10.1016/j.molmet.2023.101722
https://doi.org/10.2174/1389557523666230823151927
https://doi.org/10.2174/1389557523666230823151927
https://doi.org/10.1007/s00125–020–05198-1
https://doi.org/10.1007/s00125–024–06110-x
https://doi.org/10.1007/s00125–024–06110-x
https://doi.org/10.1007/s00125–024–06256-8
https://doi.org/10.1007/s00125–024–06256-8
https://doi.org/10.1016/j.gene.2022.146378
https://doi.org/10.1016/j.gene.2022.146378
https://doi.org/10.1007/s00592–023–02165-1
https://doi.org/10.1007/s10654–010-9491-z
https://doi.org/10.1093/bioinformatics/bti536
https://doi.org/10.1016/j.cct.2015.09.002
https://doi.org/10.1016/j.cct.2015.09.002
https://doi.org/10.1007/BF00428785
https://www.imrpress.com

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

are associated with fasting and postchallenge glucose levels in
pregnancy and with the new consensus definition of gestational
diabetes mellitus from the International Association of Diabetes
and Pregnancy Study Groups. Diabetes. 2010; 59: 2682-2689.
https://doi.org/10.2337/db10-0177.

Santos ICR, Frigeri HR, Réa RR, Almeida ACR, Souza EM,
Pedrosa FO, et al. The glucokinase gene promoter polymor-
phism -30G>A (rs1799884) is associated with fasting glucose in
healthy pregnant women but not with gestational diabetes. Clin-
ica Chimica Acta. 2010; 411: 892-893. https://doi.org/10.1016/
j.cca.2010.03.011.

Shaat N, Karlsson E, Lernmark A, Ivarsson S, Lynch K, Parikh
H, et al. Common variants in MODY genes increase the risk
of gestational diabetes mellitus. Diabetologia. 2006; 49: 1545—
1551. https://doi.org/10.1007/s00125-006—-0258-8.

Zaidi FK, Warecham NJ, McCarthy MI, Holdstock J, Kalloo-
Hosein H, Krook A, et al. Homozygosity for a common poly-
morphism in the islet-specific promoter of the glucokinase
gene is associated with a reduced early insulin response to
oral glucose in pregnant women. Diabetic Medicine. 1997; 14:
228-234. https://doi.org/10.1002/(SICI)1096-9136(199703)14:
3$<$228::AID-DIA330$>$3.0.CO;2-N.

Li W. Association of HNF1A, GCK and GCKR gene polymor-
phism with gestational diabetes mellitus in a Chinese popula-
tion. Doctoral thesis. Peking Union Medical College Chinese
Academy of Medical Sciences. 2011.

Wang Y, Nie M, Li W, Ping F, Hu Y, Ma L, ef al. Association of
six single nucleotide polymorphisms with gestational diabetes
mellitus in a Chinese population. PLoS ONE. 2011; 6: €26953.
https://doi.org/10.1371/journal.pone.0026953.

Stuebe AM, Wise A, Nguyen T, Herring A, North KE, Siega-
Riz AM. Maternal genotype and gestational diabetes. Ameri-
can Journal of Perinatology. 2014; 31: 69-76. https://doi.org/
10.1055/s—0033-1334451.

Han X, Cui H, Chen X, Xie W, Chang Y. Association
of the glucokinase gene promoter polymorphism -30G > A
(rs1799884) with gestational diabetes mellitus susceptibility: a
case-control study and meta-analysis. Archives of Gynecology
and Obstetrics. 2015; 292: 291-298. https://doi.org/10.1007/
s00404-015-3635-z.

Anghebem-Oliveira M1, Webber S, Alberton D, de Souza EM,
Klassen G, Picheth G, ef al. The GCKR Gene Polymorphism
rs780094 is a Risk Factor for Gestational Diabetes in a Brazilian
Population. Journal of Clinical Laboratory Analysis. 2017; 31:
€22035. https://doi.org/10.1002/jcla.22035.

Tarnowski M, Malinowski D, Pawlak K, Dziedziejko V, Safra-
now K, Pawlik A. GCK, GCKR, FADS1, DGKB/TMEM195
and CDKAL1 Gene Polymorphisms in Women with Gestational
Diabetes. Canadian Journal of Diabetes. 2017; 41: 372-379.
https://doi.org/10.1016/j.jcjd.2016.11.009.

Jamalpour S, Zain SM, Mosavat M, Mohamed Z, Omar SZ. A
case-control study and meta-analysis confirm glucokinase reg-
ulatory gene rs780094 is a risk factor for gestational diabetes
mellitus. Gene. 2018; 650: 34-40. https://doi.org/10.1016/j.ge

&% IMR Press

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

ne.2018.01.091.

Franzago M, Fraticelli F, Nicolucci A, Celentano C, Liberati
M, Stuppia L, et al. Molecular Analysis of a Genetic Variants
Panel Related to Nutrients and Metabolism: Association with
Susceptibility to Gestational Diabetes and Cardiometabolic Risk
in Affected Women. Journal of Diabetes Research. 2017; 2017:
4612623. https://doi.org/10.1155/2017/4612623.

Franzago M, Fraticelli F, Marchetti D, Celentano C, Liberati
M, Stuppia L, et al. Nutrigenetic variants and cardio-metabolic
risk in women with or without gestational diabetes. Diabetes Re-
search and Clinical Practice. 2018; 137: 64-71. https://doi.org/

10.1016/j.diabres.2018.01.001.
Ao D, Zhao Q, Song JY, Liu Z, Wang Y, Wang HJ, ef al. The

association of the glucokinase rs4607517 polymorphism with
gestational diabetes mellitus and its interaction with sweets con-
sumption in Chinese women. Public Health Nutrition. 2021; 24:
2563-2569. https://doi.org/10.1017/S1368980020000609.
Popova PV, Klyushina AA, Vasilyeva LB, Tkachuk AS, Va-
sukova EA, Anopova AD, et al. Association of Common Ge-
netic Risk Variants With Gestational Diabetes Mellitus and Their
Role in GDM Prediction. Frontiers in Endocrinology. 2021; 12:
628582. https://doi.org/10.3389/fend0.2021.628582.

Li Y, Xiao J, Wu Y, Wang Y. Correlation analysis between
GCKR gene rs780094(C>T) polymorphism and onset risk of
gestational diabetes mellitos. Chinese Journal of Obstetrics &
Gynecology and Pediatrics (Electronic Edition). 2018; 14: 453—
458.

Zhou Jia. Association of Glucokinase Gene and Glucokinase
Regulatory Protein Gene Polymorphisms with Gestational Dia-
betes Mellitus. Master thesis. Wuhan University of Science and
Technology. 2020.

Yang S, Du Q. Association of GCK -30G> a polymorphism with
gestational diabetes mellitus and type 2 diabetes mellitus risk: a
meta-analysis involving 18 case-control studies. Genetic Testing
and Molecular Biomarkers. 2014; 18: 289-298. https://doi.org/
10.1089/gtmb.2013.0427.

Mao H, Li Q, Gao S. Meta-analysis of the relationship between
common type 2 diabetes risk gene variants with gestational dia-
betes mellitus. PLoS ONE. 2012; 7: e45882. https://doi.org/10.
1371/journal.pone.0045882.

Guo F, Long W, Zhou W, Zhang B, Liu J, Yu B. FTO, GCKR,
CDKALL1 and CDKN2A/B gene polymorphisms and the risk of
gestational diabetes mellitus: a meta-analysis. Archives of Gy-
necology and Obstetrics. 2018; 298: 705-715. https://doi.org/
10.1007/s00404-018-4857-7.

Lin Z, Wang Y, Zhang B, Jin Z. Association of type 2 di-
abetes susceptible genes GCKR, SLC30AS8, and FTO poly-
morphisms with gestational diabetes mellitus risk: a meta-
analysis. Endocrine. 2018; 62: 34-45. https://doi.org/10.1007/
$12020-018-1651-z.

Zhang C, Bao W, Rong Y, Yang H, Bowers K, Yeung E, et al.
Genetic variants and the risk of gestational diabetes mellitus:
a systematic review. Human Reproduction Update. 2013; 19:
376-390. https://doi.org/10.1093/humupd/dmt013.

11


https://doi.org/10.2337/db10–0177
https://doi.org/10.1016/j.cca.2010.03.011
https://doi.org/10.1016/j.cca.2010.03.011
https://doi.org/10.1007/s00125–006–0258-8
https://doi.org/10.1002/(SICI)1096-9136(199703)14:3$<$228::AID-DIA330$>$3.0.CO;2-N
https://doi.org/10.1002/(SICI)1096-9136(199703)14:3$<$228::AID-DIA330$>$3.0.CO;2-N
https://doi.org/10.1371/journal.pone.0026953
https://doi.org/10.1055/s–0033-1334451
https://doi.org/10.1055/s–0033-1334451
https://doi.org/10.1007/s00404–015-3635-z
https://doi.org/10.1007/s00404–015-3635-z
https://doi.org/10.1002/jcla.22035
https://doi.org/10.1016/j.jcjd.2016.11.009
https://doi.org/10.1016/j.gene.2018.01.091
https://doi.org/10.1016/j.gene.2018.01.091
https://doi.org/10.1155/2017/4612623
https://doi.org/10.1016/j.diabres.2018.01.001
https://doi.org/10.1016/j.diabres.2018.01.001
https://doi.org/10.1017/S1368980020000609
https://doi.org/10.3389/fendo.2021.628582
https://doi.org/10.1089/gtmb.2013.0427
https://doi.org/10.1089/gtmb.2013.0427
https://doi.org/10.1371/journal.pone.0045882
https://doi.org/10.1371/journal.pone.0045882
https://doi.org/10.1007/s00404–018-4857-7
https://doi.org/10.1007/s00404–018-4857-7
https://doi.org/10.1007/s12020–018-1651-z
https://doi.org/10.1007/s12020–018-1651-z
https://doi.org/10.1093/humupd/dmt013
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Research Selection
	2.2 Inclusion and Exclusion Criteria
	2.3 Data Extraction
	2.4 Statistical Analysis

	3. Results
	3.1 Characteristics of Enrolled Studies
	3.2 The Combined Analyses of GCK and GCKR Polymorphisms with GDM Susceptibility
	3.3 Pooled Association of GCK rs1799884 and rs4607517 Polymorphisms with GDM Susceptibility
	3.4 Pooled Associations of GCKR rs780094 and rs1260326 Polymorphisms with GDM Susceptibility
	3.5 Subgroup Analysis
	3.6 Publication Bias

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

