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Abstract: Objective: This study aims to in-
vestigate the role of microRNAs (miRNAs) 
as biomarkers in the early diagnosis, moni-
toring and prognosis of fetal growth restric-
tion (FGR). Method: A literature review was 
carried out following the PVO (Population, 
Variables and Outcome) strategy. The search 
took place on the PubMed database, using the 
keywords “microRNA”, “fetal growth restric-
tion” and “diagnosis”, combined with Boolean 
operators. After initial screening of 91 arti-
cles, 23 were selected based on inclusion and 
exclusion criteria. Discussion: miRNAs play 
an essential role in regulating fetal growth, 
influencing processes such as angiogenesis, 
apoptosis and cell metabolism. Specific pro-
files, including miR-16-5p, miR-27b-3p, miR-
206 and miR-185-5p, have been associated 
with placental function and response to hypo-
xia, suggesting their potential as diagnostic 
and prognostic biomarkers. However, there 
are differences between the studies, especially 
regarding the specificity and sensitivity of 
these markers, as well as limitations such as 
small sample sizes and lack of methodological 
standardization. Final considerations: miR-
NAs show significant potential as diagnostic 
tools in CRF, offering a promising approa-
ch for early detection and clinical follow-up. 
However, additional robust studies are needed 
to validate the profiles identified and explore 
their interactions with other molecular fac-
tors. Standardization of methodologies and 
the development of clear clinical protocols are 
essential to enable their practical incorpora-
tion into the management of CRF, providing 
more accurate diagnoses and personalized in-
terventions.
Keywords: Microrna, Fetal Growth Restric-
tion, Diagnosis, Biomarkers, Angiogenesis, 
Gene Expression.

https://orcid.org/0009-0006-7709-6540
https://orcid.org/0000-0002-4320-7007
https://orcid.org/0009-0006-7664-1914
https://orcid.org/0009-0003-1089-5450
https://orcid.org/0009-0005-3389-8771


 3
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.159552515014

INTRODUCTION
MicroRNAs (miRNAs), small non-coding 

RNA molecules, play crucial roles in gene re-
gulation and in mediating fundamental bio-
logical processes such as proliferation, cell 
differentiation and angiogenesis. These me-
chanisms are particularly relevant in preg-
nancy, where placental functionality and fetal 
development depend on balanced molecular 
regulation. Recent studies have highlighted 
the association of miRNAs with fetal growth 
restriction (FGR), a condition characterized 
by impaired intrauterine development, with 
a significant impact on neonatal and lifelong 
health (Kennedy et al., 2023; Jin et al., 2024).

According to the literature, the differen-
tial expression of miRNAs in placental sam-
ples and in the maternal circulation has been 
linked to various obstetric complications, 
including pre-eclampsia, preterm birth and 
small for gestational age (Ali et al., 2021; Tsai 
et al., 2017). These changes not only reflect 
placental dysfunction, but also suggest a po-
tential for miRNAs to act as biomarkers in the 
early diagnosis and monitoring of these con-
ditions. Specifically, exosomal miRNAs, due 
to their stability and presence in the maternal 
circulation, are emerging as a promising tool 
for non-invasive clinical applications (Jin et 
al., 2024; Wen et al., 2017).

Despite advances in the identification of 
miRNAs associated with CRF, gaps remain in 
the understanding of their underlying mole-
cular mechanisms and in the integration of 
these biomarkers into clinical protocols. Stu-
dies indicate that miRNAs regulate essential 
signaling pathways such as TGF-β and IGF/
IGFR, directly influencing angiogenesis and 
nutrient transport across the placenta (Chio-
falo et al., 2017; Tsai et al., 2017). However, the 
heterogeneity of miRNA expression profiles 
in different populations and clinical condi-
tions limits their universal validation as bio-
markers.

This study aims to evaluate the role of 
miRNAs as biomarkers in the early diagnosis, 
monitoring and prognosis of CRF. The aim 
is to understand how these small regulators 
can contribute to the identification of fetuses 
at risk, improve the assessment of placental 
function and elucidate the molecular mecha-
nisms of the pathophysiology of CRF, with a 
view to advancing the clinical management of 
this condition.

METHOD
This study consists of a literature review 

based on the PVO (Population, Variables and 
Outcome) strategy. The guiding question for-
mulated was: “How can microRNAs (miRNAs) 
act as effective biomarkers in the early diagno-
sis, monitoring and prognosis of fetal growth 
restriction (FGR), contributing to the identifi-
cation of fetuses at risk, assessment of placental 
function and understanding of the molecular 
mechanisms involved in the pathophysiology of 
FGR?” In this context, the population or pro-
blem of the study refers to patients with fetal 
growth restriction (FGR), focusing on the ex-
pression of microRNAs as biomarkers for the 
identification of fetuses at risk, evaluation of 
placental function and understanding of the 
molecular mechanisms of the pathophysiolo-
gy of FGR.

The searches were carried out in the Pub-
Med Central (PMC) database using descrip-
tors combined with the Boolean operator 
“AND”. The search strategy included the ter-
ms: (“microrna s”[All Fields] OR “micror-
nas”[MeSH Terms] OR “microrna”[All Fiel-
ds]) AND (“diagnosis”[MeSH Terms] OR 
“diagnosing”[All Fields]) AND (“fetal growth 
retardation”[MeSH Terms] OR “fetal grow-
th restriction”[All Fields]). The initial search 
resulted in 91 articles, which were submitted 
to the selection criteria. The inclusion criteria 
were: articles in English, published between 
2014 and 2024, which directly addressed the 
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proposed theme, including reviews and meta-
-analyses, and which were available in full. On 
the other hand, the exclusion criteria inclu-
ded: duplicate articles, publications available 
only in the form of abstracts and studies that 
did not directly address the proposed theme 
or that did not meet the defined criteria.

After applying the inclusion and exclusion 
criteria, 23 articles were selected to make up 
the body of evidence for this study. This me-
thodology was designed to ensure the qua-
lity and relevance of the studies included, 
enabling an in-depth analysis of the role of 
miRNAs as biomarkers in the early diagno-
sis, monitoring and prognosis of fetal growth 
restriction (FGR), as well as in understanding 
the molecular mechanisms involved in the pa-
thogenesis of this condition.

DISCUSSION

THE IMPORTANCE OF MICRORNAS 
IN THE PATHOPHYSIOLOGY AND 
DIAGNOSIS OF FETAL GROWTH 
RESTRICTION
MicroRNAs (miRNAs) play a central role 

in gene regulation during pregnancy, influen-
cing fundamental processes such as angio-
genesis, vascular remodeling and placental 
signaling. Studies show that the differential 
expression of miRNAs is directly related to 
placental dysfunction, one of the main de-
terminants of fetal growth restriction (FGR). 
MiRNAs such as miR-210-5p (Awamleh and 
Han, 2020) and miR-141-3p (Saha et al., 2017) 
have been identified as critical regulators of 
pathways associated with placental hypoxia, 
negatively affecting trophoblast invasion and 
nutrient transport to the fetus.

MicroRNAs, such as miR-28-5p and miR-
-301a-3p (Baker et al., 2021), also show sig-
nificant relevance in regulating molecular 
mechanisms associated with fetal growth res-
triction (FGR). These miRNAs not only act 

as mediators in cell communication, but also 
have potential as therapeutic targets in condi-
tions of placental hypoxia. Furthermore, the 
identification of miRNAs in maternal circula-
tion, such as miR-127-3p (Gusar et al., 2017), 
allows for a direct correlation between placen-
tal molecular alterations and fetal pathophy-
siological status, highlighting their relevance 
as non-invasive diagnostic biomarkers. These 
findings reinforce the potential of miRNAs to 
elucidate mechanisms underlying FGR and 
advance early diagnosis, enabling more preci-
se and effective medical interventions.

MiRNAs AS BIOMARKERS AND 
THERAPEUTIC TARGETS IN 
GESTATIONAL COMPLICATIONS
The use of miRNAs as biomarkers has 

emerged as a promising tool for the mana-
gement of gestational complications. MiR-
NAs such as miR-206 (Li and Liu, 2020) and 
miR-132 (Morales-Roselló et al., 2022a) have 
shown high predictive accuracy for complica-
tions such as pre-eclampsia and late FGR, es-
pecially when combined with clinical parame-
ters such as the cerebroplacental ratio (CPR).

The expression of miRNAs such as miR-210 
(Chen et al., 2021) also reinforces their poten-
tial as a biomarker in complications such as 
pre-eclampsia and placental insufficiency, due 
to their direct impact on trophoblast invasion 
and placental angiogenesis. In addition, the 
therapeutic potential of miRNAs has been ex-
plored in conditions of placental insufficien-
cy. MiRNAs such as miR-25-3p (Gusar et al., 
2017), which regulates placental redox state, 
offer new prospects for molecular interven-
tions that can restore cellular homeostasis and 
mitigate the effects of intrauterine hypoxia. 
However, the challenge lies in the effective 
and safe delivery of these miRNAs as targeted 
therapies.
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The development of technologies to deliver 
miRNAs as therapeutic agents has also shown 
significant progress. The use of lipid nanopar-
ticles to stabilize miRNAs and deliver them 
locally can overcome the limitations of toxici-
ty and specificity. This reflects significant po-
tential for the future of personalized medicine 
in obstetric complications.

CLINICAL POTENTIAL OF miRNAs 
IN PREDICTING AND MONITORING 
FETAL GROWTH
miRNAs have great potential as clinical to-

ols for predicting and monitoring CRF. Stu-
dies such as that by Tagliaferri et al. (2021) 
show that miRNAs such as miR-16-5p can be 
detected in maternal plasma before clinical 
signs appear, allowing for early interventions. 
Similarly, miR-185-5p was associated with 
brain redistribution in fetuses with late-onset 
FGR, reflecting adaptations to fetal hypoxia 
(Morales-Roselló et al., 2022).

Studies such as that by Hromadnikova, 
Kotlabova and Krofta (2022), identify miR-
NAs associated with cardiovascular diseases 
as promising tools for predicting adverse ou-
tcomes, including CHR. These miRNAs have 
demonstrated a significant relationship with 
placental functionality, allowing for more 
refined monitoring throughout pregnancy. 
Despite this, challenges remain in the broad 
clinical validation of miRNAs as biomarkers 
(Hromadnikova; Kotlabova; Krofta, 2022). 
Heterogeneity in collection and analysis pro-
tocols, as well as population differences, limit 
the generalizability of results (Rahman et al., 
2018). Thus, the integration of miRNAs into 
biomarker panels, combined with imaging 
techniques and genetic testing, represents the 
future of personalized management of CRF 
(Pinson et al., 2023).

THE ROLE OF miRNAs IN 
MATERNAL-FETAL INTERACTION 
AND EPIGENETIC PROGRAMMING
Maternal-fetal interaction, mediated by 

miRNAs, plays a crucial role in the adapta-
tion of the fetus to adverse intrauterine con-
ditions. MiRNAs such as miR-148b-3p (Mo-
rales-Roselló et al., 2020) are associated with 
the epigenetic regulation of genes related to 
neurodevelopment and metabolism. In ad-
dition, studies in animal models have shown 
that miRNAs such as miR-449a influence cri-
tical hormonal axes, such as the hypothalami-
c-pituitary-adrenal axis, affecting growth and 
stress axis programming (Nemoto; Kakinu-
ma; Shibasaki, 2015).

This evidence highlights that altered expres-
sion of miRNAs during pregnancy not only in-
fluences immediate fetal development, but also 
impacts long-term health, with the potential 
to predispose to chronic diseases in adulthood 
(Hromadnikova et al., 2017; Morales-Roselló 
et al., 2020). Future studies should explore the 
possibility of miRNA-based interventions to 
prevent or mitigate these programmatic effects 
(Nemoto; Kakinuma; Shibasaki, 2015). The in-
tegration of technological advances to analyze 
miRNA regulatory networks and their interac-
tion with the maternal-fetal epigenome could 
open up new therapeutic perspectives in the 
field of fetal medicine.

FINAL CONSIDERATIONS
The review highlighted the relevance of 

microRNAs (miRNAs) in fetal growth restric-
tion (FGR), highlighting their role as diagnos-
tic biomarkers and potential therapeutic tar-
gets. MiRNAs such as miR-210-5p, miR-132 
and miR-206 were identified as crucial regu-
lators of placental processes, broadening the 
understanding of the pathophysiology of FGR 
and consolidating them as promising tools in 
fetal medicine. Despite these advances, the 
review highlighted gaps in the field, such as 



 6
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.159552515014

the need for large-scale clinical validation and 
the standardization of miRNA detection me-
thods. In addition, there are challenges related 
to population heterogeneity and biomarker 
specificity, which limit the broad application 
of miRNAs in clinical contexts. The clinical 
implications of these findings are significant, 
including the possibility of early diagnosis 
and targeted interventions to mitigate the ef-
fects of CRF. The integration of miRNAs with 
diagnostic technologies such as imaging te-
chniques and multibiomarker panels could 
improve diagnostic and therapeutic accuracy. 
It is recommended that future research prio-

ritize longitudinal studies that explore the 
interaction between miRNAs and epigenetic 
networks, as well as clinical trials to evalua-
te the therapeutic use of modified miRNAs. 
These studies will be essential for translating 
scientific advances into effective clinical solu-
tions, promoting substantial improvements in 
maternal and fetal outcomes. Finally, the con-
solidation of miRNAs as biomarkers and the-
rapeutic targets reinforces their relevance in 
the management of CRF and highlights their 
role in the personalization of fetal medicine, 
promoting significant advances in diagnosis 
and treatment.
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