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Abstract
Background Gestational diabetes mellitus (GDM) has seen a significant rise and has become a growing concern 
worldwide, especially in Asian populations. Genetic factors, such as variations in the CDKAL1 gene, have been linked 
to its development. However, existing research on this connection is limited and inconclusive, highlighting the need 
for further investigation. This study aims to explore the association between CDKAL1 gene polymorphisms and GDM 
risk in a Chinese population using a comprehensive case-control study and meta-analysis.

Methods The SNPscan™ genotyping assay was used to genotype rs7754840 and rs7756992, in 502 control 
participants and 500 GDM patients. ANOVA, T-test, chi-square test, logistic regression, and other statistical tests were 
used to determine the differences in genotypes and alleles and their associations to the risk of GDM. Additionally, a 
meta-analysis of existing studies on CDKAL1 polymorphisms and GDM was performed to provide a broader context 
and resolve inconsistencies in the literature.

Results The GDM group had a significantly older average mean age and higher blood pressure, and fasting 
plasma glucose levels than the control group (P < 0.05). CDKAL1 rs7754840 showed significant associations under 
codominant homozygous model (CC vs. GG: OR = 1.748; 95% CI: 1.178–2.593; P = 0.006). After adjusting, these 
results indicated an association between CDKAL1 rs7754840 and increased risk of GDM in the codominant model 
(OR = 1.715; 95% CI: 1.133–2.595; P = 0.011). However, further analysis revealed no significant associations under all 
genetic models for CDKAL1 rs7756992. The study found that individuals under 30 with the rs7754840 CC genotype 
had higher fasting glucose and postprandial glucose levels (P < 0.05) compared to those with the GG genotype. 
Figure 3 A demonstrated a modest association between the CDKAL1 and GDM susceptibility (OR 1.16, 95% CI 
1.104–1.29, P = 0.0258).
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Introduction
Gestational diabetes mellitus (GDM) is a type of diabe-
tes that occurs by glucose intolerance that occurs dur-
ing pregnancy. This condition presents significant health 
risks for both the mother and the baby. The global inci-
dence of GDM is on the rise, particularly in Asian popu-
lations, including China and Japan. The development of 
GDM is influenced by a combination of genetic, envi-
ronmental, and lifestyle factors [1]. Among the genetic 
factors contributing to GDM, single nucleotide polymor-
phisms (SNPs) in various genes, such as the CDKAL1 
gene, have been identified as playing a role in the patho-
genesis of the condition [2]. The dysfunction of β-cells, 
insulin resistance, and abnormal glucose utilization are 
primary causes of diabetes mellitus including GDM, 
although the complete understanding of its pathogen-
esis remains elusive [3–6]. In a study conducted on mice, 
the knockout of CDKAL1 (CDKAL1−/−) resulted in a 
reduction of mature insulin production in response to 
hyperglycemic conditions in pancreatic β-cells [7]. The 
prevalence of GDM has increased by approximately 30% 
in several countries in recent years, making it a major 
global health concern [8, 9]. Both genetic predisposi-
tion and environmental factors contribute to the onset of 
GDM, with specific genetic variants, including SNPs and 
other polymorphisms in different genes, being associated 
with the occurrence of the condition.

The CDKAL1 gene, is found on chromosome 6p22.3, 
it makes a protein involved in the modification of tRNA 
and is crucial for proper insulin secretion [10, 11]. Several 
genetic variations within the CDKAL1 gene, specifically 
SNPs, have been identified as contributing factors to type 
2 diabetes (T2DM) [2]. More recent research has linked 
these same genetic variations to GDM [2]. Although 
many studies have investigated the connection between 
CDKAL1 polymorphisms and GDM, the exact nature of 
this relationship remains a subject of ongoing research, 
findings have been inconsistent. Some studies report a 
significant association, while others do not, suggesting 
the presence of population-specific genetic effects and 
potential interactions with environmental factors.

Previous studies have indicated that specific SNPs 
within intron 5 of the CDKAL1 gene are linked to 
the development of T2DM and GDM [2, 12–14]. 

Nevertheless, recent research by [15] did not find a rela-
tion between CDKAL1 and T2DM. A comprehensive 
analysis of existing literature reveals a lack of consistent 
evidence regarding the relationship between CDKAL1 
polymorphisms and GDM. Past studies have pro-
duced conflicting results, potentially due to variations 
in research methodologies, sample sizes, ethnic back-
grounds, and diagnostic criteria for GDM. This inconsis-
tency highlights the necessity for well-designed studies 
with robust methodologies, and meta-analysis to clarify 
the genetic factors contributing to GDM.

This research aims to address these inconsistencies 
by conducting a comprehensive case-control study and 
meta-analysis to investigate the association between 
CDKAL1 gene polymorphisms and GDM risk in a Chi-
nese Han population. By focusing on a well-defined eth-
nic group, this study seeks to clarify the role of CDKAL1 
SNPs in GDM susceptibility and contribute to a more 
nuanced understanding of genetic risk factors for GDM.

This research aims to thoroughly examine the associa-
tion between variations in the CDKAL1 gene and GDM 
among individuals of Chinese descent, using a com-
prehensive case-control study and meta-analysis. By 
addressing the limitations and contradictions of previous 
research, this study aims to enhance our understanding 
of the genetic factors contributing to GDM, ultimately 
informing better risk assessment, prevention, and man-
agement strategies for this increasingly prevalent condi-
tion and adds up to the current information in the area.

Materials and methods
The subject of study
For the research study, 1002 participants were enrolled, 
comprising 500 patients diagnosed with gestational dia-
betes mellitus (GDM) and 502 pregnant women diag-
nosed without GDM serving as control. The eligibility 
requirements were strict: individuals had to be ethnic-
ity of Han Chinese, be at least eighteen years old, have 
voluntary written informed consent, have no history 
of complications in pregnancy, finally not using any 
glucose-lowering medications during pregnancy Fig.  1. 
The study was conducted from August 2021 to January 
2022 at the Guangdong Medical University, Obstetrics 
Clinic at Shunde Maternal and Child Health Hospital. 

Conclusion Individuals with the CDKAL1 rs7754840 polymorphism was associated to an increased risk of GDM, 
whereas rs7756992 did not show significant association with GDM risk. These results provide a theoretical foundation 
for GDM testing to mitigate its associated complications by enhancing our ability to predict, prevent and manage 
GDM. Ultimately improving outcomes for both mothers and their children. This research contributes to the growing 
evidence of genetic predisposition to GDM and highlights the importance of CDKAL1 as a potential genetic marker 
for GDM risk assessment.

Keywords Case-control study, CDKAL1 gene, Genetic association, Genetic risk factors, Gestational diabetes mellitus 
(GDM), Single nucleotide polymorphisms (SNP)
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Data collection occurred during the gestational period 
of 24–28 weeks, where all participants went through a 
routine 75 g of oral glucose tolerance test (OGTT). The 
diagnosis of GDM followed the International Associa-
tion of Diabetes and Pregnancy Study Groups (IADPSG) 
criteria, which include fasting blood glucose (FBG) ≥ 5.1 
mmol/L, 1-hour postprandial glucose (PG) ≥ 10.0 
mmol/L, or 2-hour PG ≥ 8.5 mmol/L. Participants who 
met one or more of these criteria were diagnosed with 
GDM, whereas those in the control group did not exceed 
these thresholds. The research got approval from the Eth-
ics Committee and adhered to the Declaration of Hel-
sinki principles.

Collection of vital clinical data
A comprehensive patient history was obtained by con-
ducting individual interviews to gather demographic and 
clinical information for both the patients and control 
groups. This included details such as height, parity (pri-
mipara or multipara), age, pregestational weight, race, 
color, and blood pressure, along with other clinical vitals. 
These assessments were conducted during the 24–28 ges-
tational weeks. The collected data was then utilized to 
calculate the (pre-BMI, Kg/m2) pregestational body mass 
index = pregestational weight (kg) / height (m)2. To deter-
mine the obesity status according to Chinese standards, 
the following criteria were employed: went through 
(< 18.5 Kg/m2), normal (18.5–24.9 Kg/m2), overweight 
(25-29.9 Kg/m2), and obese (≥ 29  kg/m2). This classifi-
cation method was adopted based on the research con-
ducted by [16].

Single nucleotide polymorphism (SNP) genotyping
A methodical approach was used for genotyping and 
tag single-nucleotide polymorphism (SNP) selection. 
The SNPinfo, NCBI-dbSNP, and HapMap databases 
were utilized to analyze potential single nucleotide 

polymorphisms (SNPs) within the CDKAL1 gene. The 
HapMap project in 2002 focused on SNP with a MAF of 
at least 5% to identify high-frequency variants with sig-
nificant effects and explore the relationship between rare 
mutations and diseases within the population. Through a 
genome-wide association study (GWAS) of Type 2 Dia-
betes Mellitus (T2DM) and MAF greater than 0.05 in the 
Asian population, along with a comprehensive review 
of relevant literature by [1, 17, 18] two candidate SNPs 
(rs7754840 and rs7756992) potentially associated with 
GDM risk were identified. During recruitment, two mil-
liliters of fasting peripheral venous blood were collected 
in an EDTA anticoagulant tube. The samples were then 
processed, put in a small tube EP 1.5 mL and kept in a 
freezer at -80  °C until further analysis. Using a linkage 
disequilibrium criterion of r²≥0.8, SNPs of the CDKAL1 
gene between 30  kb upstream and 30  kb downstream 
were chosen from the HapMap Phase III JPT + CHB data-
base [19]. The QIAamp DNA Blood Kit from Qiagen, 
Germany was used to extract genomic DNA from blood 
cells, and Genesky Technologies Inc., Shanghai, China’s 
SNPscan technique was used for genotyping. In order to 
ensure quality control, 5% of the samples were randomly 
selected and genotyped twice.

Statistical analysis
SPSS 20.0 software was used to analyse the data. A 
P-value below 0.05 indicated a statistically significant. 
The independent sample t-test or χ2 test was utilized to 
evaluate disparities in genotypic distribution of candidate 
SNPs, allele frequency, and demographic factors between 
the GDM and control groups. The data was categorized 
and presented as frequency (n) and percentage (%), while 
quantitative data was presented as mean ± SD (¯x ± SD). 
The Hardy-Weinberg equilibrium was checked in the 
control subject using the Pearson’s chi-squared test. A 
value of P greater than 0.05 was used as a threshold to 
determine if the equilibrium was present. The ones that 
that didn’t follow the normal distribution was also anal-
ysed with nonparametric tests. Through the utilization of 
multivariate logistic regression analysis, we assessed the 
comprehensive association between genotypes and GDM 
across various six genetic models including codominant 
heterozygous, recessive, overdominant, codominant 
homozygous, allele, and dominant. One-way analysis of 
variance (ANOVA) with dunnett-t method and post-hoc 
LSD tests was used to examine the associations between 
SNP variants and variables like glucose levels, neona-
tal weight, and maternal glucose (MG) concentrations. 
In order to evaluate the linkage disequilibrium (LD) 
between SNPs in the GIP gene, we utilized the online 
software SHesis available at ( h t t p  : / /  a n a l  y s  i s .  b i o  - x . c  n /  m y 
A n a l y s i s . p h p). Variables with skewed distributions were 
log10-transformed. To account for potential factors that 

Fig. 1 . Subject selection for the study was focused on Gestational Diabe-
tes Mellitus (GDM)
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could influence the results, logistic regression was used. 
It helped adjust for the potential confounders. Odds 
ratios and their 95% confidence intervals were calcu-
lated to determine the risk of GDM. Calculations of the 
frequency distribution did not include haplotypes whose 
frequency was less than 0.03. To create statistical graphs, 
GraphPad Prism version 5.01 software was utilized. 
(GraphPad Software Inc., San Diego, CA, USA), and pre-
BMI and age-based subgroup analyses were carried out.

Meta-analysis
This meta-analysis exclusively included articles written 
and published in the English language. A wide-ranging 
literature search was done utilizing Google Scholar, Med-
line, PubMed databases, and NCBI to gather information 
on the combination of the genetic variants rs7754840 and 
rs7756992, in relation to GDM, type 2 diabetes mellitus 
(T2DM). The meta-analysis examined the association 
of two genetic variants with the T2DM and GDM. The 
included studies were case-control and cohort designs. 
Only studies that provided enough raw data for further 
analysis and discussion were considered. Research that 
did not follow the proper diagnostic criteria or had data 
that did not follow the expected pattern of genetic varia-
tion (Hardy-Weinberg equilibrium) were omitted. Data 
extraction was performed by four authors, and meta-
analyses were conducted using fixed and random effect 
models to analyze six genetic models, examining on the 

extent diversity of heterogeneity. To examine publica-
tion bias, we utilised Egger’s and Begg’s tests in the meta-
analyses, which were conducted using STATA version 
16.0. This study aimed to provide a thorough analysis of 
the genetic variants rs7754840 and rs7756992 in relation 
to T2DM, and GDM, utilizing a systematic approach to 
gather and analyze relevant literature.

Results
General medical details of the study subjects
The current research examined a total of 1,002 par-
ticipants, consisting of 502 non-GDM controls and 500 
cases with gestational diabetes mellitus (GDM), to assess 
the CDKAL1 genotype. Table  1 shows the clinical data, 
including stratified characteristics. Interestingly, the 
GDM group had a significantly higher average mean 
age of 31.40 ± 40 years compared to the control group, 
which had a smaller average mean age of 29.00 ± 40 years 
(P < 0.001). Additionally, the GDM cases group exhibited 
a notable increase in pre-pregnancy BMI than the control 
group (20.53 ± 2.58 vs. 21.51 ± 3.10; P < 0.001). Further-
more, the GDM group had higher blood pressure, fast-
ing plasma glucose (FPG), 1-hour postprandial glucose 
(1 h-PG), and 2-hour postprandial glucose (2 h-PG) than 
to the control group (P < 0.05). The study further stratified 
the participants by age and pre-BMI categories, revealing 
significant differences in glucose levels and blood pres-
sure within these strata, indicating that age and BMI are 
significant factors in GDM risk. The distribution between 
primipara (first-time mothers) and multipara (mothers 
who have given birth more than once) showed signifi-
cant differences between the healthy controls and GDM 
cases, with the GDM group having a greater proportion 
of women who have given birth multiple times (multip-
ara), suggesting a potential correlation between parity 
and GDM.

The association between genetic variations and the 
likelihood of developing gestational diabetes mellitus in 
all subjects
Table  2 provides information on the minor allele fre-
quency, chromosomal location, and Hardy-Weinberg 
equilibrium status for two single nucleotide polymor-
phisms in the control group. The HWE analysis showed a 
significant conformity (P > 0.05).

Table 1 Fundamental and stratification characteristics of 
individuals of the study
Variables Healthy 

control 
(502)

GDM cases 
(500)

t/x2 P

Age, year (mean ± SD) 29 ± 4.0 31 ± 4.0 -8.56 < 0.001
pre-BMI, kg/m2 20.53 ± 2.58 21.51 ± 3.10 -5.42 < 0.001
FPG, mmol/L 4.50 ± 0.31 4.82 ± 0.64 -9.65 < 0.001
1 h-PG, mmol/L 7.66 ± 1.27 10.17 ± 1.60 -26.32 < 0.001
2 h-PG, mmol/L 6.69 ± 0.99 8.91 ± 1.60 -25.85 < 0.001
SBP, mmHg 114 ± 10 117 ± 11 -3.53 < 0.001
DBP, mmHg 68 ± 7.0 70 ± 8.0 -3.23 0.001
Age Category
Age, year
< 30 26 ± 3.0 27 ± 2.0 -3.64 < 0.001
≥ 30 33 ± 2.0 34 ± 3.0 -3.14 0.002
pre-BMI, Category (kg/m2)
< 18.5 17.60 ± 1.50 17.45 ± 0.84 0.75 0.45
18.5 ≤ BMI < 24 20.67 ± 1.41 20.96 ± 1.49 -2.63 0.009
≥ 24 25.83 ± 3.31 26.16 ± 2.84 -0.60 0.548
Parity (n) 8.88 0.003
Primipara 258(51.4) 210(42.1)
Multipara 244(48.7) 290(58.0)
Data are presented as mean ± SD. Diastolic blood pressure = DBP, systolic 
blood pressure = SBP, fasting plasma glucose = FPG, 1-hour postprandial 
glucose = 1 h-PG, and 2-hour postprandial glucose = 2 h-PG

Table 2 Single nucleotide polymorphisms results and the HWE 
analysis in the control groups
SNP Min/Maj Chr. location MAF (Control) HWE (P)
rs7754840 CG chr6:20661019 0.338 0.842
rs7756992 GA chr6:20679478 0.448 0.207
SNP = single nucleotide polymorphisms, Hardy–Weinberg equilibrium = HWE, 
minor allele = Min, major allele = Maj, MAF = frequency of minor allele
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The association between genetic variations in the CDKAL1 
gene and the risk of developing GDM in the general 
subjects
The results of Table  3 and 4 show the odds ratios, con-
fidence intervals, and p-values for the relationship 
between CDKAL1 gene variants and GDM. These sta-
tistics were calculated using six different genetic models. 
In the case of CDKAL1 rs7756992, there was no signifi-
cant association in any of the genetic models after adjust-
ment for confounders, signifying that this SNP may have 
a minimal impact on GDM risk in the current study. 
However, analysis revealed significant associations under 
certain genetic models for SNP rs7754840. The CC gen-
otype significantly increases the risk of GDM (Adjusted 
OR = 1.715, P = 0.011) compared to the GG genotype. 
The C allele is associated with a increased risk of GDM 
(Adjusted OR = 1.313, P = 0.003). The current study 
shows a significant association of SNP rs7754840 in the 
CDKAL1 gene with GDM risk.

The SNPs in the CDKAL1 gene and their association to the 
risk of gestational diabetes mellitus in women who are 30 
or older
Our stratified analysis by age and pre-pregnancy BMI 
revealed that the SNPs rs7754840 and rs7756992 were 
not associated with GDM in individuals aged 30 or 
older. Additionally, after accounting for relevant factors, 
rs7756992 was not consistently linked to an increased 
risk of GDM in any age group. Supplementary Table 1 
(ST1) indicates that no notable associations were iden-
tified among individuals younger than 30. The results 
revealed that among individuals aged ≥ 30 years, the SNPs 
rs7754840 and rs7756992 in the CDKAL1 gene do not 
exhibit significant associations with the risk of develop-
ing GDM.

The association between genetic variations (SNPs) and 
blood glucose levels
The current rsearch assessed the association between 
the CDKAL1 variations and glucose levels in pregnant 
women. They focused on two age groups: younger than 
30 and 30 or older Table  5. The findings revealed that 
individuals aged below 30 years (< 30 years) with the 
rs7754840 CC genotype having a higher glucose level 
than those with GG genotype (P < 0.05). The CC geno-
type had significantly higher PG levels than the GC and 
GG genotypes, both for one hour and two hours after 
test. In individuals aged 30 years and older, no signifi-
cant differences were observed among the genotypes for 
fasting plasma glucose (FPG), 1 h-PG, or 2 h-PG levels. 
The rs7756992 genetic variant did not appear to influ-
ence blood glucose levels (fasting, 1-hour, or 2-hour post-
meal) in participants of any age Table 5.

Linkage disequilibrium analyses and meta-analysis results
Additionally, an assessment was conducted to deter-
mine the linkage disequilibrium (LD) between the single 
nucleotide polymorphisms (SNPs). To obtain the LD 
coefficient D, the SHEsis program was employed. The 
current study’s findings revealed a robust linkage disequi-
librium (D′ > 0.82) between two single nucleotide poly-
morphisms (SNPs), namely rs7754840 and rs7756992. 
This shows there is a difference in loci in the LD. This 
observation is depicted in Fig. 2, where the strong linkage 
between these SNPs is evident.

The final meta-analysis consisted of four studies 
examining the associations between rs7754840 and 
rs7756992 and diabetes mellitus (gestational diabetes 
mellitus (GDM) and type 2 diabetes mellitus (T2DM)). 
Detailed characteristics of the studies features can be 
found in Supplementary Table 2 (ST2). Overall, Fig.  3A 
demonstrated a modest association between the domi-
nant model of CDKAL1 and GDM susceptibility (OR 
1.16, 95% CI 1.104–1.29, p = 0.0258). While the statisti-
cal significance of the effect was established, its practi-
cal relevance was deemed limited due to its relatively 
small impact. Moreover, an analysis of other genetic 
models did not reveal any notable variations. The results 
from Eggers tests (all P > 0.05) consistently indicated the 
absence of publication bias. No significant association 
was observed in CDKAL1 rs7754840 after meta-analysis 
was done Fig. 3.

Discussion
Gestational Diabetes Mellitus (GDM) is a significant 
public health concern, affecting a substantial propor-
tion of pregnancies worldwide. GDM and Type 2 Dia-
betes Mellitus (T2DM) are complex disorders with 
multifactorial and polygenic origins, characterized by 
similar pathophysiological pathways [4–6]. Numerous 
studies have revealed a common genetic predisposition 
for both T2DM and GDM across diverse populations 
[20–23]. While its etiology is multifactorial, the present 
study aimed to compare clinical characteristics between 
GDM cases and healthy controls.

The current study assessed the relationship between 
the CDKAL1 gene and the risk of GDM. A total of 502 
healthy pregnant women without a history of GDM in 
previous pregnancies or current signs of GDM were 
enrolled, along with 500 GDM cases. When comparing 
the healthy control group to the GDM cases, we found 
significant differences in average age, pre-pregnancy 
weight, fasting blood glucose, and diastolic blood pres-
sure Table 1.

The presented data revealed statistically significant 
differences between GDM cases and healthy controls 
across multiple parameters. Notably, GDM cases exhib-
ited higher mean age, pre-pregnancy BMI, fasting plasma 
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glucose (FPG), and one-hour and two-hour post-glucose 
plasma glucose levels (1  h-PG, 2  h-PG). These findings 
align with the research conducted by [22, 24], which 
identified pre-BMI, maternal age, BMI, and obesity as 
major risk factors for GDM. Interestingly, a study by 
[25] suggested that pre-pregnancy BMI is a risk factor 
for GDM in early pregnancy. Furthermore, systolic and 
diastolic blood pressure (SBP, DBP) were elevated in the 
GDM group. These findings align with the established lit-
erature on GDM, which consistently reports associations 
between these factors and the development of the condi-
tion [26].

The stratification of data by age category provided 
additional insights. While both younger and older GDM 
cases displayed elevated glucose levels compared to their 
age-matched controls, the magnitude of these differences 
was more pronounced in the younger group. This obser-
vation suggests that younger women may be particularly 
susceptible to the development of GDM, a finding that 
warrants further investigation.

The underlying mechanisms linking the observed vari-
ables to GDM are complex and multifaceted. Insulin 
resistance, a hallmark of GDM, is influenced by various 
factors, including genetic predisposition, obesity, and 
inflammation [2]. The increased BMI in GDM cases likely 
contributes to insulin resistance through adipose tissue-
derived adipokines and chronic low-grade inflammation 
[27, 28]. used Homeostasis of Model Assessment -Insu-
lin Resistance (HOMA-IR) to observe the importance of 
taking into account age risk groups and BMI when pre-
dicting GDM. The authors revealed that women with 
a normal BMI tend to have better outcomes with lower 
cut-offs. However, in cases of advanced maternal age, 
the use of HOMA-IR does not yield accurate predic-
tions for GDM, as evidenced in our current study. Addi-
tionally, the higher FPG and post-load glucose levels 
indicate impaired glucose tolerance and beta-cell dys-
function, which are core features of GDM [29]. The role 
of hypertension in GDM pathogenesis is less clear, but it 
may contribute to endothelial dysfunction and oxidative 
stress, exacerbating insulin resistance [30].

The findings of this study highlight the need of early 
identifying and addressing risk factors associated with 
GDM. Pregnant women should routinely be screened 
for GDM, paying special attention to those who have a 
history of obesity, impaired glucose tolerance, or diabe-
tes in their family. The prevention or delay of GDM and 
its accompanying consequences is mostly dependent on 
lifestyle treatments, such as physical exercise and weight 
management [2]. Furthermore, the statistics imply that 
more stringent screening and preventive actions might 
be necessary for younger women.

It is recommended that future research focus on iden-
tifying early biomarkers of GDM using proteomics and 

metabolomics to enhance our understanding of the dis-
order’s pathophysiology. Additionally, further investi-
gation is required to ascertain the long-term metabolic 
impacts of GDM on both the mother and her offspring.

The results of the current case-control study indicate 
that there is an association between CDKAL1 rs7754840 
and the risk of GDM in the overall subject Table 3. The 
CC genotype significantly increases the risk of GDM 
(Adjusted OR = 1.715, P = 0.011) compared to the GG 
genotype. This current finding was consistent with a 
study conducted by [31, 32], in which the authors found 
a correlation between CDKAL1 rs7754840 and type 2 
diabetes in the Chinese population. Insulin resistance 
and decreased insulin secretion are key characteristics of 
GDM [33]. Variants in the CDKAL1 gene have the poten-
tial to impact the expression of CDKAL1, leading to com-
promised β-cell activity and insulin production. Research 
conducted by [34] found that the CDKAL1 variant 
rs7754840 is linked to reduced fasting insulin levels and 
alterations in the homeostasis model for β-cell function 
(HOMA-β). Mutations in the intron region of genes, as 
highlighted in a study by [35], can disrupt the splicing 
pattern of pre-mRNAs, potentially leading to splicing 
errors and incorrect transcript products that impact gene 
function.

Besides, our study observed significant differences in 
allele frequencies and genotype frequencies between 
the GDM and non-GDM groups in Chinese pregnant 
women. However, these differences were not statisti-
cally significant (P > 0.05). These findings align with 
the research conducted by [36], further supporting the 
notion that the common susceptibility rs7754840 in 
CDKAL1 is indeed associated with GDM. Current find-
ings suggest that CDKAL1 rs7756992 found no asso-
ciation in the dominant model against GDM. In a study 
conducted by [37], no significant correlation was found 
between CDKAL1 and T2DM. However, their research-
ers did observe that pregnant women in the study carried 
the risk alleles for T2D, specifically rs7754840 (C) and 
rs10811661 (T). While previous research has identified 
certain loci associated with GDM susceptibility, it’s still 
unclear how these specific genetic markers influence the 
CDKAL1 gene’s function and contribute to the develop-
ment of the condition. Additional studies are needed to 
fully elucidate the biological mechanisms involved.

According to [14], the diagnosis of optimal glucose 
tolerance is achieved when plasma glucose values are 
below the threshold values, and vice versa. The findings 
of Wang et al. [38] revealed a link between the rs7754840 
and elevated fasting glucose levels in overweight preg-
nant women. Our current research further supports 
these findings, that this genetic variant is linked to a 
higher fasting glucose and glucose levels measured one 
and two hours after eating. These findings align with the 
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results of previous studies conducted by [39]. Our results 
also indicate that high glucose levels are associated with 
the C allele of the rs7754840 locus, which is consistent 
with the findings of [14, 39, 40]. It is possible that the 
CDKAL1 rs7754840 G allele disrupts the normal secre-
tion of insulin. The role of CDKAL1 in the association 
and pathogenesis of GDM may stem from its ability to 
regulate insulin secretion even in glucotoxic conditions 
[41, 42]. This regulation of insulin secretion by CDKAL1 
is believed to play a significant role in the development 
of GDM. We propose conducting further studies in this 
area in the future to enhance our understanding of the 
mechanism by which CDKAL1 plays a role in the devel-
opment of GDM.

The current meta-analysis focuses on the CDKAL1 
rs7754840 variation, contributing to the expanding 
research on the genetic factors associated with GDM. 
Figure 3A indicates a modest association and increase in 
GDM risk, with an overall effect size (OR) of 1.16 (95% 
CI: 1.04–1.29, P = 0.0258). Although statistically signifi-
cant, the effect is modest, indicating a minimal clinical 
impact. Similar patterns have been observed in studies 

by [36, 43], although the magnitude of the effects varied, 
suggesting a potential role of CDKAL1 gene in glucose 
metabolism. This variation may be attributed to genetic 
factors specific to certain populations or differences 
in study methodologies. Studies by [14] and [40] have 
also reported odds ratios close to unity, suggesting that 
CDKAL1 may play a role in GDM. However, the specific 
role of CDKAL1 in GDM has been less extensively stud-
ied. While the observed association between CDKAL1 
rs7754840 and GDM is statistically significant, its clini-
cal utility is limited due to the small effect size. Cur-
rently, genetic testing for CDKAL1 is not recommended 
for GDM risk prediction in routine clinical practice. 
However, larger-scale studies are required to confirm 
these findings and to assess the potential interaction of 
CDKAL1 with other genetic and environmental risk fac-
tors for GDM.

The CDKAL1 gene is widely recognized for its impor-
tance in the biosynthesis of insulin within pancreatic 
beta cells. As noted by [44] CDKAL1 is involved in the 
modification of tRNA, which is crucial for the accurate 
translation and processing of proinsulin into insulin. Dis-
ruption caused by specific variants, such as rs7754840, 
may impair insulin secretion and potentially play a role 
in the pathophysiology of GDM during the insulin-
resistant stages of pregnancy. While this mechanism 
has been established in the context of type 2 diabetes, 
further research on GDM is needed to confirm its rele-
vance. It is recommended that additional studies be con-
ducted to investigate the potential interactions between 
CDKAL1 variants and lifestyle factors, such as diet and 
exercise, in influencing the risk of GDM. Furthermore, 
tracking postpartum women from conception to deliv-
ery can assist in detecting alterations in the timing of 
genetic impacts on glucose metabolism. Lastly, conduct 
comprehensive functional analyses to delineate the bio-
logical pathways affected by the variant, potentially uti-
lizing beta-cell models and CRISPR-Cas9 gene editing 
techniques. While the CDKAL1 rs7754840 variant may 
have a genetic predisposition to GDM susceptibility, our 
study’s limited correlations indicate that interpretation 
should be approached with caution.

Despite these findings, the study has some limitations. 
A larger group of participants should be examined to ver-
ify our results which is one of the limitations of our cur-
rent study. Additionally, the lack of fasting insulin data 
prevented us from accurately measuring pancreatic islet 
beta-cell function. We also acknowledge that our find-
ings may not be fully representative of the entire GDM 
population, particularly those requiring insulin therapy. 
Therefore, we propose future study to encompass GDM 
patients requiring insulin therapy in order to compare 
and contrast the findings. Lastly, because the study’s 
participants were restricted to Chinese people, more 

Table 5 The association between genetic variations (SNPs) and 
blood glucose levels
Genotype FPG (mmol/L) 1 h-PG (mmol/L) 2 h-PG (mmol/L)
rs7754840 G > C
Years (Age < 30)
GG 4.65 ± 0.06 8.36 ± 0.16 7.24 ± 0.13a

GC 4.58 ± 0.03 8.50 ± 0.11 7.39 ± 0.09ab

CC 4.71 ± 0.08 8.66 ± 0.26 7.85 ± 0.24b

F 1.10 0.64 3.25
P < 0.05 < 0.05 < 0.05
Age (years) ≥ 30
GG 4.72 ± 0.03 9.46 ± 0.14 8.16 ± 0.14
GC 4.70 ± 0.03 9.52 ± 0.11 8.40 ± 0.11
CC 4.69 ± 0.05 9.62 ± 0.22 8.64 ± 0.18
F 0.23 0.19 2.23
P > 0.05 > 0.05 > 0.05
rs7756992 A > G
Age (years) < 30
AA 4.63 ± 0.08 8.37 ± 0.19 7.39 ± 0.16
AG 4.63 ± 0.03 8.54 ± 0.12 7.37 ± 0.10
GG 4.62 ± 0.04 8.44 ± 0.18 7.44 ± 0.15
F 0.01 0.37 0.07
P > 0.05 > 0.05 > 0.05
Age (years) ≥ 30
AA 4.72 ± 0.03 9.40 ± 0.16 8.09 ± 0.15
AG 4.71 ± 0.03 9.63 ± 0.12 8.48 ± 0.12
GG 4.70 ± 0.04 9.44 ± 0.16 8.41 ± 0.16
F 0.04 0.86 2.35
P > 0.05 > 0.05 > 0.05
a the impact of rs7754840 genotypes on blood glucose levels was investigated 
using LSD. Statistically significant differences in blood glucose were observed 
between individuals with GG and CC genotypes (P < 0.05)
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investigation is required to validate our findings in other 
demographics such as Latin America, Africa, America, 
and Europe. Consequently, our study was limited by the 
absence of such information.

Conclusion
In summary, we found associations between CDKAL1 
rs7754840 and an increased risk of gestational diabe-
tes mellitus (GDM). Yet, our findings observed that 
CDKAL1 rs7756992 may not be associated with GDM in 

Fig. 3 A meta-analysis examined the relationship between the CDKAL1 rs7754840 genetic variant and the risk of gestational diabetes mellitus. Using a 
fixed-effects model, the analysis focused on two genetic models: (A) a dominant model comparing individuals with at least one copy of the GC or CC to 
those with two copies of the GG, and (B) a codominant model comparing individuals with one copy of the GC to those with two copies of the GG. The 
results, presented in Fig. 3, show the odds ratios (ORs) and corresponding confidence intervals (CIs) for each genetic model. Additionally, the I-squared 
statistic was calculated to assess the level of heterogeneity among the included studies

 

Fig. 2 Illustrates the association between genetic variations (rs7754840 G/C and rs7756992 A/G) within the CDKAL1 gene, as measured by linkage dis-
equilibrium (LD) using the D’ and R2 tests
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individuals. The meta-analysis about rs7754840 corrobo-
rates these findings, indicating a consistent association 
across different studies. These findings underscore the 
importance of further investigating the potential func-
tional variant CDKAL1 rs7754840 in the development 
of GDM. Overall, our study provided the understanding 
of the role of CDKAL1 gene variations in GDM develop-
ment in pregnant women, enhancing personalized diag-
nosis, management, prevention, and treatment. Future 
research should focus on CDKAL1 variants’ functional 
characteristics and environmental factors.
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