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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Gestational Diabetes Mellitus (GDM) is 

a significant medical problem worldwide and the cause of 
many complications for the mother and the foetus, in terms 
of pregnancy management and outcome. Early assessment of 
the risk of diabetes in pregnant women with hyperglycaemia is 
particularly important, as it allows timely preventive measures 
to help avoid potential complications

Aim: Our aim was to identify microRNAs that could enable 
the assessment of diabetes risk in pregnant women with 
hyperglycaemia. 

Methods: The study analyzed the expression of the following 
microRNAs: miR-132, miR-29a, miR-222, miR-93and miR-
17-5p, from the blood samples of pregnant women with 
hyperglycaemia, with gestational diabetes mellitus, with type 1 
or type 2 diabetes and healthy pregnant between 24 and 28 weeks 
of their pregnancy. The miR-17-5p was used as a reference. 

Results: A significant difference in the miR-222 and miR-29a 
expression level was found in plasma samples. Compared to the 
control group Among pregnant patients with hyperglycaemia 
miR-222 and miR-29a in some sample exhibit increased levels 
while others show reduced levels—suggesting its potential 
for subgroup differentiation within this population. MiR-93 
remains uniformly low in in Diabetes, GDM, Hyperglycaemia 
groups compared to the control group. A significant difference 
in the miR-93 expression level was found in plasma samples. 
miR-132 is also upregulated in GDM and diabetic patients, with 
the highest levels observed in the diabetic group, compared to 
the control group. In contrast, its expression fluctuates among 
pregnant women with hyperglycaemia.

Conclusion: The wide variability in the expression levels of 
miR-29a, miR-222 and miR-132 suggests that they may serve 
as useful predictive biomarkers for evaluating diabetes risk 
in hyperglycemic pregnant women. Further studies involving 
longitudinal follow-up of hyperglycaemic pregnant women are 
needed to determine the predictive value of these microRNAs.

Key words. Gestational diabetes, miR-17, miR-222, miR-29a, 
miR-132, biomarker, hyperglycaemia.
Introduction.

Gestational diabetes mellitus (GDM) is a form of diabetes 
that develops during pregnancy. Global incidence of GDM 
has increased significantly in recent years [1,2]. Several pre-
pregnancy conditions, including female obesity, overweight, 
sedentary lifestyle, advanced maternal age, metabolic syndrome, 
dietary patterns, history of preeclampsia, ethnicity, and 
socioeconomic or geographic influences have been identified as 
potential risk factors for GDM [3]. Last decades maternal age 

is increasing, and obesity rates among women of reproductive 
age continue to rise—factors that are expected to further elevate 
the global incidence of gestational diabetes mellitus (GDM) [4].

Both pre-existing diabetes and GDM can lead to numerous 
pregnancy-related complications, affecting not only the course 
and outcome of pregnancy but also the long-term health of 
both the mother and the offspring. Accumulating evidence has 
indicated that maternal hyperglycaemia and gestational diabetes 
contribute significantly to adverse maternal and foetal outcomes 
during pregnancy and in the postpartum period [5-8].

Maternal diabetes, whether pre-existing or developed during 
pregnancy, has also been associated with an increased risk 
of metabolic syndrome and cardiovascular disease in the 
offsprings. Moreover, longitudinal studies suggest that maternal 
hyperglycaemia may predispose the child to cardiovascular 
disease within the first four decades of life [6]. Maternal 
complications of diabetes include a higher likelihood of ceaserean 
delivery, often indicated due to macrosomia or abnormal foetal 
position. Additionally, preeclampsia and eclampsia remain 
common complications in diabetic pregnancies [9].

Gestational diabetes mellitus (GDM) is typically diagnosed 
between the 12th and 26th weeks of pregnancy, when a glucose 
screening test is performed [4,10,11].

Over the past few decades, numerous studies have revealed 
important connections between microRNAs and diabetes 
mellitus, providing a foundation for exploring similar 
associations in gestational diabetes mellitus (GDM) [12].

MicroRNAs are small, non-coding, single-stranded RNA 
molecules approximately 22 nucleotides in length. They are 
found in plants, animals, and viruses, as well as in human 
tissues and body fluids. MicroRNAs regulate gene expression 
primarily through RNA silencing and post-transcriptional 
control of messenger RNA (mRNA) stability and translation, 
thereby influencing protein synthesis. To date, more than 
2,500 microRNAs have been identified in the human genome. 
microRNAs are also secreted into the extracellular space 
and subsequently circulate within the bloodstream [13,14]. 
Because of their wide distribution in body fluids such as serum, 
plasma, urine, sweat, and saliva, circulating microRNAs represent 
accessible and promising biomarkers. In recent years, microRNAs 
have attracted growing attention as potential diagnostic and 
therapeutic tools due to their demonstrated association with 
GDM [15]. Consensus has not yet been reached on which specific 
microRNAs show consistent alterations in this condition. Therefore, 
further research and comprehensive analysis are warranted to 
identify and validate these molecular signatures [16].

Before initiating our research, we conducted an extensive 
literature review of approximately one hundred scientific 
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publications, including original studies and review articles 
indexed in leading international peer-reviewed databases. This 
review enabled us to identify and select a set of microRNAs of 
particular relevance for expression analysis in maternal blood 
samples from pregnant women with hyperglycaemia.
Materials and Methods.

A total of 100 participants, including patients and healthy 
volunteers, were enrolled in this study. All participants 
provided written informed consent prior to inclusion. The 
study was approved by the Institutional Ethics Committee 
of the Aleksandre Natishvili Institute of Morphology, Ivane 
Javakhishvili Tbilisi State University.

Patients were recruited from the following medical centers: 
Pineo Medical Ecosystem, Georgian-German Center for 
Reproductive Medicine, and Diakor– Center for Diabetes, 
Endocrine and Cardiopulmonary Diseases.

Participants were classified into four groups based on glucose 
metabolism status according to the World Health Organization 
(WHO, 2013) criteria. The healthy control group comprised 
pregnant women with normal fasting plasma glucose levels (<5.1 
mmol/L) and no history of diabetes or hyperglycemia during 
pregnancy; an oral glucose tolerance test was not performed in 
this group. The hyperglycemia group included pregnant women 
with elevated fasting plasma glucose levels that remained below 
the WHO diagnostic thresholds for gestational diabetes mellitus 
(GDM). Gestational diabetes mellitus was diagnosed using a 
75-g oral glucose tolerance test performed at 24–28 weeks of 
gestation, in accordance with WHO criteria. The diabetic group 
consisted of pregnant women with pre-existing (pregestational) 
diabetes mellitus, including type 1 and type 2 diabetes, diagnosed 
prior to pregnancy according to WHO criteria.

Blood samples for all groups were collected during 24–28 
weeks of gestation.

Potential confounding maternal factors known to influence 
glucose metabolism and circulating microRNA expression 
were considered in the study design. Participants across all 
study groups were non-smokers. The majority of women had 
overweight status, with body mass index (BMI) values ranging 
from 27 to 29 kg/m², and no statistically significant differences in 
BMI were observed between the groups. In addition, participants 
were characterized as being prone to hypertension; however, 
no cases of chronic hypertension requiring pharmacological 
treatment were present at the time of sample collection.

Given the comparable distribution of these variables among 
the groups, additional statistical adjustment for BMI, smoking 
status, or hypertension was not applied.

Blood samples were collected and analyzed from the following 
groups:

• Pregnant women with hyperglycemia (n = 45).
• Pregnant women with gestational diabetes mellitus (GDM) 

(n = 25).
• Pregnant women with type 1 or type 2 diabetes (n = 5).
• Healthy pregnant women (n = 25).
The group of pregnant women with hyperglycemia included 

45 patients (45%) with a mean age of 28.0 ± 3.6 years (age 
range: 24–32 years).

The group of patients with type 1 or type 2 diabetes consisted 
of 5 participants (5%), with a mean age of 29.0 ± 4.6 years (age 
range: 28–33 years).

The group of pregnant women with gestational diabetes 
mellitus included 25 patients (25%), with a mean age of 33.0 ± 
1.7 years (age range: 30–34 years).

The group of healthy pregnant women included 25 participants 
(25%) who had no history of diabetes or any chronic disease. 
Their mean age was 23.0 ± 4.1 years (age range: 19–24 years).
Sample Collection and Plasma Separation:

Peripheral blood samples were collected in 5 mL BD 
Vacutainer tubes (EDTA–K₂; BD, New Jersey, USA). To 
obtain plasma, the samples were centrifuged at 3000 rpm for 
15 minutes, after which approximately 1 mL of the supernatant 
was transferred into 1.5 mL microtubes (Eppendorf) and stored 
at −80 °C until further analysis.
RNA Extraction and Quantification:

Total RNA, including small RNA fractions, was isolated from 
plasma samples using the miRNeasy Serum/Plasma Kit (Qiagen, 
Hilden, Germany) following the manufacturer’s protocol. The 
concentration of extracted nucleic acids was measured using a 
Qubit 4 Fluorometer (Thermo Fisher Scientific, USA). Samples 
with total RNA concentrations ranging from 1 to 10 ng/μL were 
included in the analysis.
MicroRNA (miRNA) Expression Analysis:

MicroRNA expression was assessed using the TaqMan™ 
Advanced miRNA Assay System (Applied Biosystems, USA). 
Complementary DNA (cDNA) synthesis was performed with 
the TaqMan™ Advanced miRNA cDNA Synthesis Kit, and 
quantitative real-time polymerase chain reaction (qPCR) was 
carried out using the TaqMan™ Fast Advanced Master Mix, in 
accordance with the manufacturer’s instructions.

The study analyzed the expression of the following 
microRNAs: miR-132, miR-29a, miR-222, miR-93 and miR-
17-5p. The stably expressed miR-17-5p was used as an internal 
control for normalization to minimize inter-sample variation.

miR-17-5p was selected as the endogenous normalization 
control due to its reported stable expression during pregnancy 
and under conditions of impaired glucose metabolism. It is well 
recognized that no universally accepted endogenous reference 
miRNA exists for circulating microRNA analyses, particularly 
in pregnancy. Therefore, the choice of miR-17-5p was guided by 
both published evidence and validation within our own dataset.

Previous reference gene selection studies have demonstrated 
that members of the miR-17 family exhibit low expression 
variability and can be identified as stable candidate reference 
miRNAs using established stability algorithms such as geNorm 
and NormFinder [17,18].

In the present study, endogenous control stability was further 
evaluated using DataAssist v3.01 (Applied Biosystems) 
software, which incorporates stability assessment algorithms 
for candidate reference miRNAs. Among the tested candidates, 
miR-17-5p demonstrated the highest stability score across 
all study groups, supporting its suitability as a normalization 
control. ΔΔCq values were calculated using this validated 
reference miRNA.
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Studied microRNAs and their Roles in Metabolism and 
Disease Pathways are shown in Table 1.

Statistical analysis. The Mann-Whitney U test was used to 
determine the statistical significance for comparisons data of 
2-ΔCT and fold change. For multiple comparison nonparametric 
Kruskal-Wallis test followed by the Dunn’s post hoc tests were 
used (ANOVA). Statistical analyses were carried out using 
SPSS (version 23.0; IBM Corp.) and GraphPad Prism (version 
8.0; Dotmatics).

Results.
MiR-93 remains uniformly low in in Diabetes, GDM, 

Hyperglycaemia groups compared to the control group. A 
significant difference in the miR-93 expression level was found 
in plasma samples. The 2−ΔΔCq mean for miR-93a in Diabetes, 
GDM, Hyperglycaemia and Control group was 0.07 (± 0.54), 
0.86 (± 0.12), 2.6(± 0.29), 4.5(± 0.5), respectively. miR-93 
was consistently low in the diabetes group (0.07) and higher 

microRNA Major Metabolic Roles Main Pathogenic Pathways
miR-132 Glucose/lipid metabolism, neuroendocrine regulation Inflammation, angiogenesis, neurological disease
miR-93-5p Adipogenesis, insulin signaling Cancer, hypoxia, endothelial dysfunction
miR-29a  insulin resistance Anti-fibrotic, immunomodulation
miR-222 IRS regulation, lipid metabolism Atherosclerosis, cancer, apoptosis resistance
miR-17-5p Lipid/glucose metabolism, energy balance Oncogenesis, immune modulation, angiogenesis

Table 1. Studied MicroRNAs and their Roles in Metabolism and Disease Pathways.

Figure 1. expression levels of miR-93; miR-29a; miR-132 and miR-222, found in plasma samples.
1a) miR-93 was consistently low in the diabetes group (0.07) and higher in controls (4.5), individual control data points are elevated and diabetes 
group values are diminished.
1b) miR-29a in Diabetes, GDM group elevated, Among pregnant patients with hyperglycaemia, its expression differs from sample to sample, some 
exhibit increased levels while others show reduced levels.
1c) MiR-132 is upregulated in diabetic, GDM patients, with the highest levels observed in the diabetic group, compared to the control group. Its 
expression fluctuates among pregnant women with hyperglycaemia.
1d) MiR-222 is upregulated in diabetic and GDM patients, but its expression fluctuates among pregnant women with hyperglycaemia.
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in controls (4.5), which is consistent with Figure 1a, where 
individual control data points are elevated and diabetes group 
values are diminished. The differences between groups were 
statistically significant with P<0.001 (Figure 1a).

A significant difference in the miR-29a expression level was 
found in plasma samples. The 2−ΔΔCq mean for miR-29a in 
Diabetes, GDM, Hyperglycaemia and Control group was 1100 
(± 127.5), 583.7 (± 46.41), 381.5 (± 257.9), 1.092 (± 0.21), 
respectively. The differences between groups were statistically 
significant with P<0.001 (Figure 1b). Among pregnant patients 
with hyperglycaemia, its expression differs from sample to 
sample—some exhibit increased levels while others show 
reduced levels—The heterogeneous expression of miR-29a 
observed in the hyperglycemic group, characterized by increased 
levels in some individuals and decreased levels in others, indicates 
substantial biological variability within this group. This pattern 
likely reflects underlying metabolic heterogeneity rather than a 
uniform molecular signature. Given the cross-sectional design 
of the study and the absence of longitudinal follow-up, causal 
or predictive interpretations cannot be made. Accordingly, these 
findings should be interpreted with caution and warrant further 
investigation in larger, longitudinally designed cohorts.

miR-29a expression was markedly elevated in the diabetes 
group (1100 ± 127.5) compared to controls (1.092 ± 0.21), 
representing an approximately 1000-fold difference. To exclude 
PCR artifacts, assay performance was evaluated, including 
amplification efficiency, melt curve analysis, and technical 
replicates, confirming that the observed fold change reflects true 
differential expression.

MiR-132 is also upregulated in diabetic and GDM patients, 
with the highest levels observed in the diabetic group, compared 
to the control group. In contrast, its expression fluctuates among 
pregnant women with hyperglycaemia. A significant difference in 
the miR-132 expression level was found in plasma samples. The 
2−ΔΔCq mean for mir-132 in Diabetes, GDM, Hyperglycaemia 
and Control group was 10.2 (± 1.0), 1.93(± 0.23), 1.52 (± 0.17), 
0.853 (± 0.084), respectively. The differences between groups 
were statistically significant with P<0.001 (Figure 1c).

A significant difference in the miR-222 expression level 
was found in plasma samples. The 2−ΔΔCq mean for miR-
222 in Diabetes, GDM, Hyperglycaemia and Control group 
was 12.87(±2.438) 7.92(±1.9), 6.11(± 4.52), 1.09 (± 0.21), 
respectively. MiR-222 is upregulated in diabetic and GDM 
patients, but its expression fluctuates among pregnant women 
with hyperglycaemia. The differences between groups were 
statistically significant with P<0.001 (Figure 1d).
Discussion.

The aim of this study was to evaluate the microRNA expression 
profile in pregnant women with hyperglycemia in order to 
identify potential liquid biopsy biomarkers for predicting 
gestational diabetes (GDM). The biomarker potential of specific 
microRNAs in gestational diabetes has been discussed for many 
years. Although miR-93, miR-29a, miR-222, and miR-132 
have all been associated with GDM, their expression patterns in 
pregnant women with hyperglycemia remain unclear. Clarifying 
these profiles may help stratify the risk of developing GDM in 
this population.

Our findings partially align with the results reported by Gillett 
et al. The authors analyzed microRNA profiles in extracellular 
vesicles (EVs) isolated from serum samples collected early in 
pregnancy. Their objective was to determine whether specific 
EV-derived miRNAs could serve as early biomarkers for 
predicting GDM before clinical signs appear. They compared 
first-trimester serum samples from women who later developed 
GDM with samples from women who remained normoglycemic 
throughout pregnancy [19].

The study identified several microRNAs—miR-132-3p, miR-
29a-3p, miR-122-5p, miR-136-5p, miR-182-3p, miR-210-
3p, and miR-29b—that were differentially expressed early in 
pregnancy between women who subsequently developed GDM 
and those who did not [19].

These findings are consistent with our data, particularly 
regarding miR-132 and miR-29a, which also showed altered 
expression in our study

It is noteworthy that these microRNAs are directly involved 
in the pathogenesis of diabetes. For instance, miR-132-3p 
participates in the regulation of glucose metabolism, while miR-
29a-3p is implicated in insulin resistance in skeletal muscle 
cells.

Tiziana Filardi and colleagues investigated the expression of 
miR-222-3p and miR-409-3p in blood plasma and exosomes 
during the third trimester of pregnancy. The researchers 
demonstrated that miR-222-3p and miR-409-3p, either 
individually or in combination with other biomarkers, may 
enhance the accuracy of gestational diabetes mellitus (GDM) 
diagnosis and contribute to a better understanding of its 
pathophysiology and related complications. Activation of miR-
222-3p and miR-409-3p was confirmed. Expression levels of 
miR-222-3p and miR-409-3p showed a positive correlation 
with fasting plasma glucose (FPG) [20].

Our findings are partially consistent with previous studies. 
Based on our results, which also include data on miR-222, we 
observed that miR-222 levels are elevated not only in patients 
with diabetes and GDM but also in those with hyperglycemia. 
Therefore, it may have limited usefulness for stratifying patients 
with gestational diabetes.

An important and insightful observation has been made by 
researchers showing that microRNAs circulating in maternal 
plasma during the first trimester of pregnancy are associated 
with fasting glucose levels later in gestation. Cecilia Légaré 
and colleagues investigated the relationship between specific 
microRNAs present in maternal plasma during the first 
trimester and fasting glucose levels measured at the end of the 
second trimester. The aim of the study was to elucidate the 
link between microRNA expression and glucose regulation 
throughout pregnancy. The results demonstrated that several 
circulating microRNAs in early pregnancy—miR-16-5p, miR-
29a-3p, miR-134-5p, and miR-103a-3p—were significantly 
associated with fasting glucose levels in late pregnancy. These 
microRNAs are known to play key roles in glucose metabolism, 
insulin signaling, and placental development) [21].

Regarding the results of our study, the expression levels of 
miR-29a are consistent with the findings reported by Legaré 
and colleagues. In our analysis, miR-29a is upregulated in both 
prediabetic and diabetic pregnant women. Among pregnant 



265

patients with hyperglycemia, its expression varies from sample 
to sample—some show elevated levels, while others display 
reduced levels. This variability suggests that miR-29a may 
serve as a potential marker for identifying the risk of developing 
gestational diabetes.

The study conducted by Ling He, Xiaoli Wang, and 
Xiangyi Chen aimed to identify specific microRNAs that are 
differentially expressed in gestational diabetes mellitus (GDM) 
and to elucidate their roles in the pathophysiology of the disease, 
particularly in relation to insulin resistance, β-cell dysfunction, 
inflammation, and placental abnormalities. Several microRNAs 
were found to be significantly dysregulated in GDM, among 
them miR-29a: Downregulated in GDM; plays an essential 
role in insulin-stimulated glucose metabolism, and its reduced 
expression may contribute to insulin resistance [22].

In contrast to the findings of the aforementioned study, our 
data show that microRNA-29a expression levels vary among 
pregnant women with hyperglycaemia, highlighting its potential 
predictive value for the stratification of gestational diabetes. 
The discrepancy between our findings and those reported by 
He et al., who observed downregulation of miR-29a in GDM, 
may be attributable to methodological and population-related 
differences. These include ethnic background of the study 
cohorts, differences in biological material analyzed (plasma 
in the present study versus serum in previous reports), and 
variation in gestational age at sample collection. The landscape 
of miRNA expression in gestational diabetes mellitus (GDM) 
is highly heterogeneous, reflecting the complexity of its 
underlying pathophysiology across different populations and 
ethnic backgrounds, also at different stages of pregnancy. For 
instance, miR-29a-3p and miR-330-3p have been reported to 
be upregulated in Mexican women with GDM, while miR-9-
5p was shown to target genes involved in glycolytic pathways 
and insulin secretion [21]. In contrast, Zhao et al. (2011) 
demonstrated significant downregulation of miR-132, miR-
29a, and miR-222 in serum samples obtained from women with 
GDM (n = 24) during early second-trimester gestation (16–19 
weeks), compared with healthy pregnant controls (n = 24) [23].

Our study data correlates with the results of Martinez-Ibarra's 
study. In a study by Martínez-Ibarra et al., serum levels of 
microRNAs associated with GDM Compared with non-diabetic 
subjects. higher levels of miR-29a, miR-222 were observed in 
the serum of patients with gestational diabetes [24].

In the samples we collected, the expression of miR-29a in 
the blood of pregnant women with hyperglycemia showed 
considerable variability, with some cases exhibiting high 
levels and others showing reduced expression. Similarly, 
the expression of miR-222 was elevated in both diabetic and 
hyperglycaemic pregnant women.

The key contribution of our study is the identification of this 
expression variability within the hyperglycemic group. Such 
variability further supports the potential of these microRNAs to 
serve as early predictors of gestational diabetes.
Conclusion.

In conclusion, we identified the expression profiles of miR-
29a, miR-222, miR-93, and miR-132 in women with gestational 

diabetes and hyperglycaemia. Among these, miR-29a and 
miR-222 appears to be a promising predictive biomarker for 
assessing diabetes risk in hyperglycaemic pregnant women. 
MiR-132 also shows potential as a biomarker and warrants 
further investigation in larger study populations.

These results underscore the important contribution of these 
microRNAs to the development of gestational diabetes. Such 
insights may be valuable for improving early detection and 
management of GDM and the postpartum period.
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GDM: Gestational Diabetes Mellitus; RNA: Ribonucleic Acid; 
MicroRNA: Micro Ribonucleic Acid; Camp: Cyclic Adenosine 
Monophosphate; CREB: cAMP Response Element-Binding 
Protein; p300: Protein 300; SIRT1: Sirtuin 1-deacetylase 
involved in metabolism, aging, inflammation, insulin sensitivity, 
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