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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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
microRNASs 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/m?, 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).
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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-K:; 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/uL were
included in the analysis.

MicroRNA (miRNA) Expression Analysis:

MicroRNA expression was assessed using the TagMan™
Advanced miRNA Assay System (Applied Biosystems, USA).
Complementary DNA (cDNA) synthesis was performed with
the TagMan™ Advanced miRNA cDNA Synthesis Kit, and
quantitative real-time polymerase chain reaction (QPCR) was
carried out using the TagMan™ 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. AACq values were calculated using this validated
reference miRNA.



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-¢T 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 ”AACq 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

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

microRNA Major Metabolic Roles

miR-132 Glucose/lipid metabolism, neuroendocrine regulation
miR-93-5p Adipogenesis, insulin signaling
miR-29a insulin resistance
miR-222 IRS regulation, lipid metabolism
miR-17-5p Lipid/glucose metabolism, energy balance
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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.

Ic) 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.

263



in controls (4.5), which is consistent with Figure la, 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 > AACq 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
2AACq 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 *AACq 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.
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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



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, f-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 (1619
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 Martinez-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
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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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