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Abstract: Gestational diabetes mellitus (GDM) is defined as glucose intolerance that occurs during the second or third trimester of
pregnancy. As the incidence of GDM rises, so does the risk of maternal and fetal complications with short- and long-term
consequences. As a result, early diagnosis and treatment of this condition are important to avoiding adverse pregnancy outcomes.
Exosomes are tiny vesicles secreted by living cells which contain a variety of bioactive substances. They are released by cells to
facilitate cell-to-cell communication and regulate a variety of biological processes such as cellular immune response, inflammatory
response, and apoptosis, among others. Many studies have recently confirmed that changes in the expression and secretion of exosomal
miRNAs can be used as novel markers for the diagnosis, prognosis, and treatment of GDM. In this review, we summarized the various
roles of exosomal miRNAs and circulating miRNAs in GDM. We found that the changes in the expression of certain miRNAs could
be used to diagnosing GDM. Exosomal miRNAs target metabolic pathways, resulting in insulin resistance. We also highlighted the
potential for miRNAs and exosomal miRNAs to be used as biomarkers for diagnosis or therapeutic agents.
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Introduction
Gestational diabetes mellitus (GDM) is glucose intolerance diagnosed for the first time during pregnancy.1 It occurs
when the pancreatic β-cell function is unable to overcome insulin resistance (IR). According to the International
Diabetes Federation, GDM occurred in approximately 14% and 21% of the world and Asian populations, respec-
tively, in 2017.2 In recent years, the global prevalence of GDM has increased. Without proper diagnosis and
treatment, GDM can lead to adverse pregnancy outcomes for both the mother and unborn child, including short-
term adverse outcomes such as hypoxia, foetal death, hypoglycemia, and respiratory distress syndrome. In particular,
children born to mothers with GDM are at an increased risk of developing metabolic and cerebrovascular disease in
adulthood. Women with GDM are also at an increased risk of developing pregnancy-induced hypertension, pre-
eclampsia and common delivery complications.3,4 As a result, screening for abnormal blood glucose levels is
generally recommended as a routine check-up for pregnant women, but common screening diagnoses are frequently
made in the second and third trimesters of pregnancy. Improved screening strategies, early diagnosis, and early
treatment are required to ensure maternal and fetal health. Recently, many researchers are studying potential
biomarkers in the blood to diagnose GDM before 24–28 weeks of gestation.5 Exosomal microRNAs (miRNAs)
have shown considerable potential as early-trimester biomarkers for GDM due to their high stability in body fluids
and accessibility from maternal fluids throughout gestation.6

MicroRNAs are a kind of endogenous non-coding single-stranded RNAwhich are about 22 nucleotides in length and
participate in the regulation of post-transcriptional gene expression secreted by blasts cells and found in many biological
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fluids,7 such as serum and plasma. This property makes miRNAs the optimum biomarker or sensor for detecting in situ
tissue changes.

Exosomes are nanoscale extracellular vesicles (40–120nm) released from many cell types,8 and found in a variety of
natural body fluids such as peripheral blood, urine, breast milk, and amniotic fluid. Exosomes contain a large number of
proteins, long non-coding RNA (lncRNA), miRNA, and other bioactive substances which are released by cells to
facilitate cell-to-cell communication. They participate in several biological processes by regulating various physiological
and pathological functions of the recipient cells, such as cellular immune response, inflammatory response, and
apoptosis, as well as guiding tumor cells growth and development.9 Exosome concentrations in the peripheral blood
of pregnant women with GDM were significantly higher than those of non-GDM pregnant women. Importantly, age and
pregnancy status have been confirmed as important factors that contribute to changes in plasma exosome concentrations.
Although both of the exosomal consistency and concentration increase during normal and GDM pregnancies, exosomal
concentration is higher in GDM pregnancy than in normal pregnancy.10,11 Furthermore, miRNAs secreted by exosomes
contribute to tissue information transmission; thus, if miRNA secretion transmission is interrupted, it may cause tissue/
cell dysfunction in a specific disease (e.g. GDM).12,

All in all, exosomal miRNAs secreted by tissues, as exosome bioactive substances, may lead to the occurrence of
GDM. Changes in the expression of some exosomal miRNAs can promote the occurrence of complications; thus,
miRNAs can play a vital role in the early diagnosis, clinical treatment, and prognosis of diseases. We summarize the
pathophysiological significance of circulating miRNAs in the development of GDM, and their potential role in clinical
diagnosis and treatment of GDM. Additionally, we discussed the role of exosomal miRNAs in the postpartum outcome of
GDM, and the potential functions of several miRNAs and exosomal miRNAs as therapeutic targets in the pathological
pathway of GDM, thus providing new clinical insights on these biological characteristics for the treatment of GDM. In
the future, we believe that GDM will be treated and prevented by regulating the expression of exosomal miRNAs,
thereby reducing the adverse effects of GDM and its complications in both mother and child.

miRNAs and GDM Pathophysiology
Pathogenesis of GDM
The pathophysiological characteristics of GDM mainly include maternal IR, placental dysfunction, β-cell dysfunction
and inflammation,13, but the molecular mechanisms involved in its development have not been fully elucidated. To ensure
an adequate nutritional supply to the fetus, increased secretion of placental hormones is required, which leads to
a physiological increase in IR in the mid-late gestation.14 Pancreatic β-cell proliferation is a normal pregnancy
phenomenon which leads to high fasting and postprandial blood glucose levels. Under normal circumstances, insulin
compensatory secretion could preserve glucose homeostasis. However, if β-cell dysfunction occurs, the compensation
effect is lost, and hyperglycemia during pregnancy becomes notable. Inadequate adaptation of β-cells to peripheral IR
may be the main pathophysiological mechanism underlying GDM-associated glucose intolerance and hyperglycemia.15

Differentially Expressed Circulating miRNAs in Patients with GDM and Control
Subjects
Recently, many studies have shown changes in the expression and metabolism of miRNAs in GDM (see Table 1).

Seven studies found that the expressions of miRNA was lower in GDM patients compared with normal pregnant
women. A control case revealed that, the expression of miR-132 in serum and placenta of GDM patients decreased. Serum
miR-132 level of GDM patients is negatively correlated with fasting blood glucose. High glucose (HG) treatment induced
the proliferation HTR-8/SVneo cells while inhibiting miR-132 expression. Overexpression of miR-132 in HTR-8/SVneo
cells could significantly save the inhibited cell proliferation induced by HG.16 Another study shows that compared with
control group with similar gestational weeks, the expression levels of three miRANs (miR-132, miR-29a, and miR-222) in
GDM women were significantly lower. Furthermore, miR-29a knockout can increase insulin-induced gene 1 (Insig1)
expression level in HepG2 cell line, which then increase phosphoenolpyruvate carboxykinase 2 (PCK2) level.17 Other
studies found that the content of MiR-20a-5p and miR-222-3p in women with GDM decreased by 2.7 and 2.6 times,
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Table 1 Biological Functions of GDM-Related Circulating miRNAs

Study Groups/
Number

Stage of
Pregnancy
(weeks)

miRNA Target
Pathway

Species Source Role/Biological Function

Xuegui

Zhou16
108 GDM 24–28 miR-132 HTR-8/SVneo

cells

Human Serum

and
placenta

Promote the trophoblast cell

proliferation
50 CTRL

Chun
Zhao17

32 GDM 16–19 miR-132,
miR-29a and

miR-222

PCK2 in HepG2
cell lines.

Human Serum Decrease Insulin-induced gene 1 (Insig1)

32 CTRL

Carmen

Pheiffer18
81 13–31 miR-20a-5p,

miR-222-3p

– Human Serum Various metabolic pathways, including

insulin signaling.

Shuping

Qi19
156 24–28 miR-185 – Human Serum

and
placental

Increase FPG, FINS, and HOMA-IR

Chun-Yi
Guan20

137GDM 24–28 miR-21-5p PPAR-α Human Serum Inhibits cell growth and infiltration,
affect the placental function.

158CTRL

Li Deng21 68GDM 24–28 miR-29a/b – Human Serum Neonatal pathologic jaundice

55CTRL

Songbo

Fu22
90 GDM – miR-875-5p TXNRD1 Rat Serum Reduced FBG and insulin resistance,

reduced expression levels of blood lipid
and pro-inflammatory markers as well as

reduced oxidative stress

10CTRL

Guido

Sebastiani23
21 GDM 24–33 miR-330-3p Directly be

transferred from

plasma to beta-
cells

Human Plasma Modulating key target genes involved in

proliferation, differentiation, and insulin

secretion.
10 CTRL

Jianping
Wang24

102 GDM 24–28 miR-195-5p – Human Serum Fasting plasma glucose, one-hour plasma
glucose, two-hour plasma glucose, and

BMI
102 CRTL

Sujuan

Dai25
67GDM 24–28 miR-2467 Adiponectin Human Serum Increase (BMI), TC, TG, LDL-C, FPG,

HbA1c, HOMA-IR
60CTRL

Anja Elaine

Sørensen26
82GDM <20,24–

28,35-37

miR-16-5p,

−29a-3p,
and −134-5p

– Human Serum Increase the incident of macrosomia

41CRTL

Lijun Liu27 110 GDM 24–28 miR-1323 TP53INP1 Human Blood Promote the trophoblast cell viability
under HG conditions

78CTRL

Hui Shen28 25GDM 20–24 miR-181d IRS-2 Human Serum Modulated the process of insulin

signaling and cell viability and apoptosis

in pancreatic β cells
30CTRL

Jie Wen29 32 GDM 25–31 miR-520h mTOR Human Serum Inhibit cell viability and promote cell

apoptosis
48CTRL

(Continued)
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respectively.18 When compared with non-GDM group, the level of miR-185 in serum and placenta in the severe GDM
group was the lowest, while it was lower in the mild GDM group. In 156 patients with GDM, serum and placental miR-185
levels were negatively correlated with HOMA-IR, and GDM patients could be distinguished from the control group.19 In
GDM patients, the expression of miR-21-5p in placenta is down-regulated, which may affect placental function further, and
it inhibits cell growth and infiltration by up-regulating PPAR-α.20 The expression of serum miR-29a/b is down-regulated in
pregnant women with GDM disease, which is related to pathological newborn jaundice.21 Compared with normal pregnant
rats, the expression of miR-875-5p in GDM rats was down-regulated, while a TXNRD1 expression was up-regulated.
MiR8755p significantly regulated TXNRD1 expression in GDM rats. MiR-875-5p regulates iR and inflammation in GDM
rats by targeting TXNRD1.22

While eleven studies found an increase expression in miRNAs in the GDM group. One study found the up-regulation
of miR-330-3p in plasma of GDM vs non-diabetic patients. MiR-330-3p may be helpful to identify GDM patients who
may have a poor prognosis of gestational diabetes. In GDM, miR-330-3p can be directly transferred from plasma to β
cells, where it regulates key target genes involved in proliferation, differentiation, and insulin secretion.23 Another study
found that the expression of miR-195-5p in serum of GDM patients is significantly increased. The expression of miR-
195-5p is positively correlated with fasting blood glucose, 1-hour blood glucose, 2-hour blood glucose, and BMI.24 Body
mass index (BMI), TC, TG, LDL-C, FPG, HbA1c, HOMA-IR, and serum miR-2467 levels are higher in the GDM group
than in the control group. Serum miR-2467 levels in GDM pregnant women were found to be positively correlated with
them. Logistic regression analysis showed that serum miR-2467 level was an independent risk factor for GDM.
A conserved binding site was found in the 3ʹUTR region of adiponectin, and the analysis of double luciferase reporter
assay showed that adiponectin was a target gene of miR-2467.25 Compared with the control group remaining in NGT, the
levels of miR-16-5p, −29a-3p and −134-5p were increased in women who developed into GDM. The combined
application three miRNAs is more suitable than fasting blood glucose in distinguishing advanced GDM and NGT
cases, and both miR-16-5p and miR-29a-3p are related to macrosomia.26 The up-regulated level of serum miR-1323 can
be used as a diagnostic biomarker for GDM disease. Furthermore, under the condition of HG, knocking out miR-1323 in
trophoblast cells may promote trophoblast cells survival by targeting TP53INP1.27 MiR-181d expression levels are
positively correlated with fasting blood glucose levels. miR-181d regulates the insulin signal transduction process, and
cell survival rate and apoptosis of pancreatic β cells by targeting IRS-2, suggesting that miR-181d inhibition is a potential

Table 1 (Continued).

Study Groups/
Number

Stage of
Pregnancy
(weeks)

miRNA Target
Pathway

Species Source Role/Biological Function

Fuyan
Wang30

53GDM 24–28 miR-574-5p
and miR-

3135b

The metabolism
of glucose and

lipids, the insulin

signaling pathway

Human Plasma Levels of blood glucose and LDL-C;
HDL-C

46CTRL

Tao

Zheng31
60 – miR-23a-3p NOV Rat Blood and

adipocytes

Increase bodyweight, glucose level,

insulin level

Alejandra

Martínez-
Ibarra32

18GDM 28–40 miR-9-5p,

miR-16-5p,
miR-29a-3p

and miR-

330-3p

- Human Sera Urinary MEHP and BPA increase

22CTRL

H-X Li33 60 – miR-26b PI3K/AKT Rat Serum Trophoblast dysfunction

Abbreviations: CTRL, control; GDM, gestational diabetes mellitus; TXNRD1, thioredoxin reductase 1; PCK2, phosphoenolpyruvate carboxy kinase2; TP53INP1, tumor
protein p53 inducible nuclear protein 1; miRNA, microRNA; PPARα, peroxisome proliferator-activated receptor α.
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target for GDM therapy.28 miR-520h can inhibit cell survival and promote cell apoptosis by modulating mTOR
expression. Therefore, miR-520h may be a potentially important marker for diagnosis and treatment of GDM
disease.29 The expression of miR-574-5p was found to be significantly correlated to blood glucose and LDL-C levels.
MiR-3135b has a significant correlation with HDL-C. Some of predicted target genes for these two miRNAs are
associated in glucose and lipid metabolism, and the insulin signaling pathway.30 Resveratrol can improve the glucose
uptake and lipid metabolism in IR GDM mice and adipocytes by regulating the miR-23a-3p/NOV axis.31 Another study
observed that the levels of miR-9-5p, miR-29a-3p, and miR-330-3p in the serum of GDM patients were higher than in
non-diabetic subjects, and that the correlation between urine level of some phthalates and miRNA expression level was
related to GDM.32 One animal study discovered that miR-26b accelerates the process of gestational diabetes by inhibiting
the PI3K/Akt signaling pathway.33

As previously demonstrated, miRNAs regulate β-cell mass and function as well as immune system homeostasis; they
undoubtedly plays a major role in the pathogenesis of GDM, and there is a correlation between miRNA expression and
GDM development.

Role of Exosomal miRNAs on GDM Complications and Maternal and Infant
Dysfunction
The expression of 10 exosomal miRNAs in early (6–15 weeks of gestation) placental tissues collected from GDM
patients is significantly higher than that in controls. These miRNAs are involved in trophoblast proliferation and
differentiation in pregnant women, insulin secretion and regulation, and glucose transport, which may affect early
placental development.34 The expression of miRNAs in fetal tissues exposed to intrauterine diabetes differed from the
expression in fetal tissues of the unexposed offspring. Diabetes had a different effect on miRNA expression stratified by
birth weight in the diabetes and control groups, with reduced placental expression of miR-126-3p at low birth weight but
no difference at high birth weight. Moreover, GDM exposure decreased the expression of miR-148a-3p and miR-29a-3p
in infant umbilical vein endothelial cells. Therefore, GDM exposure alters the expression of miRNAs in offspring in
a tissue-specificity manner. What’s more, miRNA expression varies by tissue type, and the response to diabetic exposure
varies by tissue of origin. miRNA expression may be a potential mechanism through which maternal diabetes affects the
future metabolic state of the offspring.35

GDM predisposes the mother and offspring to long-term complications in addition to increasing the risk of
complications for both the mother and the fetus during pregnancy.

Despite the fact that more research is needed in this area, it gives us a new perspective on the possible causes of GDM
complications.

Exosomal miRNAs as Biomarkers for GDM Diagnosis
Because exosomal miRNA secretion is associated with GDM, these molecules may be used as potential biomarkers for
early GDM diagnosis because they have high stability in body fluids and easily obtained from pregnant women’s blood
throughout pregnancy (Table 2).

In total, 157 dysfunctional placental miRNAs were identified in a trial; in particular, miRNA-125b and miRNA-144
were always dysfunctional in the circulating exosomes and placenta of women with GDM, indicating their possible
diagnostic value for GDM. miRNA-125b is downregulated, in GDM, whereas miRNA-144 is up-regulated, and miRNA-
144 concentration in the circulating exosomes are negatively related to body mass index before pregnancy and delivery
and positively related to blood glucose at 1 hour.36 In another study, placental exosomes were extracted from the urine of
pregnant women during the first, second, and third months of gestation; the levels of five miRNAs were measured, and
they exhibited differential expression. In healthy pregnant women, all of them except miR-516-5p was not expressed in
the second trimester of pregnancy. MiRNA expression increased throughout pregnancy, but in patients with GDM at
three months of pregnancy, all examined miRNAs were downregulated, implying that, in addition to hematological
testing, urinary exosomes can serve as an excellent source of biomarkers.37 In plasma samples, 44 miRNAs were
upregulated in the exosomes of women with GDM compared to pregnant women with normal glucose tolerance (NGT).
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Exosome miRNA isolated from GDM women regulated the expression of glycolytic pathway-related placental genes,
including those encoding phosphofructokinase 6 and phosphopyruvate hydratase, according to IPA. Interestingly,
exosome from women with GDM increases the expression of placental genes related to glycolysis and reduced the
expression of genes related to glycolysis and the pentose phosphate pathway, respectively. This indicates that under
diabetic conditions, circulating exosomes may regulate the placental metabolic state to enhance glycogen metabolism in
GDM.38 According to studies, visceral fat thickness may cause IR by regulating the fat-derived exosome miRNA-148
family, leading in the development of GDM.39 Another study found that when compared to normal pregnancies, GDM
pregnancies had an upregulation of 12 exosomal miRNAs and a downregulation of six miRNAs. Has-miR-515-5p was
selected for further functional studies of these miRNAs. A quantitative reverse transcription polymerase chain reaction
analysis of placental tissue showed that its expression was significantly higher in GDM placenta than in NGT placenta.
Overexpression of mir-515-5p significantly increased glucose uptake in PHT cells.40

Presently, the oral glucose tolerance test (OGTT) using 75 g of glucose is used to screen and diagnose GDM by
evaluating fasting 1-hour and 2-hour blood glucose levels during 24–28 weeks of gestation.41 The OGTT blood glucose
threshold levels are 5.1, 10 and 8.5 mmol/L, respectively. GDM can be diagnosed by using one or more values that
exceed or equal these thresholds.42 Regrettably, treatment cannot begin in the first trimester of pregnancy, which
increases the possibility of fetal incidence and mortality in the late stage. Therefore, early pregnancy screening is
important in establishing appropriate timely treatment to return blood glucose to normal levels, reducing the risks of
GDM-associated adverse pregnancy outcomes.43 Because of the widespread distribution of exosomes and the high
stability of miRNAs, it may be possible to detect exosomes miRNA as a means to diagnosing early GDM in the future.

Exosomal miRNAs and miRNAs as Potential Therapeutic Targets for GDM
According to one study, increasingmiRNA-222 expression can inhibit the inflammatory response in GDM mice by
promoting the expression of C-X-C chemokine receptor type 4 (CXCR4) and inactivating the nucleotide-binding
oligomerization domain-like receptor family pyrin domain containing 3 (NLRP3) inflammasome.44 Additionally, upre-
gulation of miR-351 prevents IR and liver gluconeogenesis in GDM mice by regulating flotillin 2 protein expression to
inhibit the phosphatidylinositol 3-kinase/Akt protein kinase (PI3K/AKT) pathway.45 miRNA-221 can protect against
GDM-induced islet dysfunction by targeting the p21-activated kinase (PAK1), which regulates of islet β-cells prolifera-
tion, apoptosis, and insulin secretion.46 Interestingly, naringin can downregulate the expression of miR-140-3p in
trophoblasts and endothelial cells, thereby upregulating the expression of IR-α and insulin-like growth factor type 1

Table 2 Changes in the Expression of Exosomal miRNAs Related to Gestational Diabetes Mellitus (GDM)

Study Groups Stage of
Pregnancy

Species Source MiRNA

Lei Zhang36 57 GDM 37–41 weeks Human Placenta miRNA-125b (↓)
miRNA-144 (↑)

61 CTRL 26–40 weeks Plasma

Ana Sofía Herrera-Van

Oostdam37

27 GDM 1–3 months after

delivery

Human Urine miR-516-5p, miR-517-3p, miR-518-5p, miR-222-

3p, miR-16-5p (↓)
34 CTRL

SOUMYALEKSHMI

NAIR38
12 GDM During delivery Human Plasma -

12 CTRL

Zhenhong hang39 3000 24–28 weeks Human Plasma miR103-3p (↑), miRNA-148 family

NANTHINI

JAYABALAN40

10 GDM >37 weeks Human Omental adipose

tissue

Has-miR-515-5p (↑)

10 CTRL

Abbreviation: CTRL, control.
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receptor (IGF1R) and increasing trophoblast and endothelial cell glucose uptake.47 Lycium barbarum polysaccharide
(LBP) could downregulate six miRNAs and reverse the rise in the expression of carnitine palmitoyltransferase 1a
(CPT1A) protein to alleviate glucose intolerance, dyslipidemia and pathomorphological changes in liver histopathology
of GDM mice fed a high-fat diet.48

There are many possible therapeutic targets and regimens (Figure 1). Currently, there is insufficient data for further
animal experiments and clinical applications. It does, however, offer the possibility of treating GDM by adjusting
patients’ miRNA and exosomal miRNA. I hope it can be realized in the future through additional experimental research
and later technical development.

Conclusions and Prospects
As the incidence of GDM rises, so will the number of maternal and fetal complications, with both short- and long-term
adverse consequences. Therefore, early diagnosis and appropriate treatment of GDM are essential steps in preventing
adverse pregnancy outcomes.

Several studies have characterized the expression of miRNAs and exosomal miRNAs in pregnant women’s biological
fluids and tissues, highlighting their role in mechanisms underlying the pathogenesis of GDM, such as IR and β-cell
dysfunction. However, the potential molecular mechanisms are still not fully identified. In addition, identifying circulat-
ing biomarkers that may be effective in predicting GDM in the first trimester of pregnancy is essential to avoid maternal
and fetal complications through timely lifestyle and dietary interventions. There is evidence that several circulating
miRNAs and exosomal miRNAs have the potential to serve as early predictors of GDM. The main advantages of
exosomal miRNAs as hypothetical biomarkers of GDM are significant exosome stability and simplified sample collec-
tion, particularly the use of peripheral blood samples. In contrast, other samples, such as amniotic fluid, are not easily
collected. Early diagnosis and treatment of GDM by exosomal miRNAs appears to be highly promising in the future, but
there is still a lack of sufficient experimental data and clinical application to support some existing theories. Moreover,
research prospects should focus on the exploration of possible molecular mechanisms involved in the increased risk of
the offspring to metabolic diseases in adulthood.

Figure 1 miRNAs and exosomal miRNAS may be potential therapeutic targets for GDM.
Abbreviations: miRNA, microRNA; CXCR4, recombinant chemokine C-X-C-motif receptor 4; NLRP3, NOD-like receptors family pyrin domain-containing 3; FLOT2,
recombinant flotillin 2; LBP, Lycium barbarum polysaccharide.
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