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Abstract. — Gestational diabetes mellitus (GDM)
is the most common pregnancy metabolic disorder
in which a person with no history of hyperglyce-
mia exhibits any degree of impaired glucose toler-
ance during gestation. GDM can be resolved on its
own after birth, but mothers with GDM are more at
risk for future problems, such as type 2 diabetes,
obesity, and cardiovascular disease. In addition,
GDM can cause macrosomia in infants and obesi-
ty or even the risk of diabetes in childhood. Stan-
dard diagnostic tests for GDM are the oral glucose
tolerance test (OGTT) and glucose challenge test
(GCT), which is a mandatory test at 28-28 weeks
of pregnancy in most countries. Disorders in var-
ious molecular mechanisms, such as hepatocyte
growth factor (HGF), mechanistic target of rapamy-
cin (mTOR), and nuclear factor-kappaB (NF-«B) sig-
naling pathways are involved in GDM. Therefore,
a better understanding of these mechanisms can
help find new therapeutic and diagnostic strategies
accordingly. In this review, we first deal with molec-
ular mechanisms involved in GDM occurrence and
then summarized the studies that hired this knowl-
edge for early diagnosis and prognosis of GDM. Fi-
nally, we present the latest achievements in the di-
agnosis of GDM based on exosomes, microRNAs,
glycosylated hemoglobin, and inflammatory fac-
tors detection in maternal circulation.
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Introduction

Gestational diabetes (GDM) is a pregnancy
disorder characterized by increased blood sugar
during pregnancy because of the decrease in the
sensitivity of maternal cells to insulin'. The mass
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of pancreatic [ cells increases in normal pregnan-
cies to compensate for this decrease in insulin
sensitivity. Some complex metabolic changes can
cause GDM by inhibiting this increase in B-cell
mass, which makes insulin insufficient to regulate
blood glucose. Although GDM usually resolves
after birth, some mothers may develop type 2 di-
abetes, obesity, and cardiovascular disease in lat-
er years. Furthermore, because excess maternal
blood glucose passes through the placenta and is
stored as fetal body fat, these infants are predom-
inantly macrosomia (birth weight of more than 4
kg), which causes birth complications and risk of
neonatal infection'. There are also pieces of evi-
dence showing that children who had GDM moth-
ers are more prevalently susceptible to childhood
obesity and diabetes?. Risk factors for GDM are
not well understood, but women with advanced
gestational age, obesity or overweight, and a fam-
ily history of diabetes or previous history of GDM
are high-risk groups. Therefore, the incidence of
GDM has increased with the increase in female
obesity rates and mild cases can be resolved by
modifying diet and exercise, but in severe cases
requires medical interventions, such as insulin
injections.

Traditional diagnostic tests for GDM are fast-
ing glucose concentration tests followed by an
oral glucose tolerance test (OGTT) or a glucose
challenge test (GCT), which is widely performed
at 24-28 weeks of pregnancy for all women world-
wide. Diagnostic criteria of GDM include one or
more of the following results: fasting plasma glu-
cose of 92-125 mg/dL followed by an OGTT (75
g oral glucose load) and plasma glucose of >180
mg/dL after 1 hour or greater than 153-199 mg/dL
after 2 hours’.
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Also, these tests and many others are used to
determine GDM and various diagnostic criteria
have been defined to cover all cases, yet many ef-
forts have been made by scientists to find safer
and newer methods for the prognosis and early
diagnosis of GDM. This review attempts to sum-
marize the most achievements of these efforts and
to outline what the future of GDM diagnosis will
be based on.

Molecular Mechanisms
Involved in GDM

Dysfunction of pancreatic B-cell and resistance
of target cells to insulin are the main causes of
hyperglycemia in all types of diabetes. GDM can
be caused by several complex events and phys-
iological changes necessary to provide nutrients
to the developing fetus and the hormones needed
to maintain the pregnancy. Hormones produced
by the placenta, such as estrogen, cortisol, and
human placental lactogen (hPL), have an insu-
lin-blocking effect to increase circulating glucose
in the mother by inducing insulin resistance. This
extra glucose is not only needed for the growing
fetus but also provides the energy needed for the
metabolic changes of the placenta®.

In the second and third trimesters of pregnan-
cy, the sensitivity of maternal cells to insulin de-
creases, and blood glucose increases relatively, so
compensatory insulin secretion increases. These
events help maintain glucose homeostasis by
shifting maternal metabolism to produce energy
from lipids instead of carbohydrates, thus saving
glucose for fetal consumption®. The increase in
insulin secretion is the result of the growth of pan-
creatic B-cell mass, which returns to a normal lev-
el within 10 days after birth through the increase
of B-cell apoptosis. This growth in B-cell mass is
critical for normal glucose tolerance during preg-
nancy, and if disrupted, f-cell compensation may
fail, leading to GDM°. An in-vivo study’ showed
that hepatocyte growth factor (HGF) as a mito-
genic, anti-apoptotic, and insulinotropic agent for
B-cells plays an important role in the expansion
of B-cell mass. The authors showed that loss of
c-Met (HGF receptor) in the pancreas reduces
maternal B-cell proliferation, leading to reduced
B-cell mass expansion, hypo-insulinemia, hyper-
glycemia, and glucose intolerance in pregnant
mice. Another study by Liu et al® investigated the
molecular mechanism involved in the effect of
high blood glucose on apoptosis and inflamma-

tory response in pancreatic f-cells in GDM. The
results of this study showed that the activation of
TGFp-activated kinase 1 (TAK1) was increased
in these cells as a result of miR-143-3p downreg-
ulation. Activated TAK1 can ultimately activate
the inflammatory transcription factor nuclear
factor-kappaB (NF-kB). This activated NF-xB
then promotes transcription of genes associated
with pathways controlling inflammatory respons-
es, cell proliferation, and apoptosis, and impairs
B-cell survival and function®. Reduction of Per-
oxisome proliferator-activated receptor alpha
(PPAR0) expression in GDM is another mecha-
nism to reduce B-cells mass by activating the in-
flammatory pathways caused by NF-«xB’.

In addition to the change of factors in maternal
circulation, abnormal expression of some placen-
tal factors can also lead to GDM. The mechanistic
target of rapamycin (mTOR) pathway is respon-
sible for the availability of nutrients and growth
factors that regulate cell growth in the placenta
during pregnancy. Overactivation of the mTOR
pathway in trophoblasts (a cell population in the
placenta) is associated with the development of
GDM. Up-regulation of the placental mTOR
signaling pathway along with the activation of
placental insulin-like growth factor-I (IGF-I) can
also increase the expression of amino acid trans-
porters in women with GDM, which is the rea-
son for the birth of macrosomic infants'. There
is evidence'? suggesting that maternal overweight
leads to the upregulation of placental mTOR ac-
tivity and nutrient transport, resulting in the over-
growth of the fetus.

Leptin is another GDM-related factor that pro-
duces both mother adipose tissue and placenta
trophoblastic cells. Leptin is a peptide hormone
that is primarily produced by fat cells and plays
an important role in the regulation of energy ho-
meostasis, glucose metabolism, and body weight.
It acts on the hypothalamus to suppress appetite
and increase energy expenditure, thus maintain-
ing body weight. During pregnancy, there is an
increase in maternal fat mass, resulting in higher
leptin production. However, despite the increase
in leptin levels, pregnant women with GDM often
resist its effects due to a decrease in the sensitiv-
ity of target tissues to this hormone". This ulti-
mately leads to an inability to adequately regu-
late energy balance and appetite suppression, as
well as the secretion of compensatory doses of
hormones. The abnormal expression of leptin by
the placenta also causes an increase in the size of
the placenta and fetus and, finally, macrosomia.
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Leptin is an inducer of protein synthesis, a key
event that causes GDM. Also, leptin can facilitate
the transport of nutrients to the fetus in cases of
GDM by increasing the expression of the glycerol
transporter aquaporin-9. Research'*'> has shown
that plasma leptin levels are significantly higher
in GDM women compared to non-GDM women.
High placental leptin production can be one of the
reasons for this difference. Another reason is the
high maternal fat mass in obese women, which
secretes more leptin, and this amount of plasma
leptin can eventually cause insulin resistance as-
sociated with GDM in obese mothers".

Another hypothesis regarding the relationship
between leptin and diabetic hyperglycemia during
pregnancy suggests that high glucose levels affect
the epigenetic profile of the leptin gene by induc-
ing DNA methylation. This hypothesis suggests
that leptin promoter’s DNA methylation can reg-
ulate placental leptin gene expression and is asso-
ciated with GDM incidence'®!". Thus, leptin may
have crucial influences on the development and
prognosis of GDM.

Overall, insulin resistance during pregnancy,
which causes the mother’s body to need more in-
sulin to maintain normal blood sugar levels, and
the inefficiency of the pancreas to produce this ex-
cess insulin, pregnancy hormonal changes which
can interfere with insulin signaling and contrib-
ute to insulin resistance, inflammatory factors
that play a role in impairing insulin signaling and
promoting insulin resistance are the most import-
ant mechanisms of the development of GDM.

New Approaches for Diagnosis
and Prognosis of Gestational
Diabetes Mellitus

Prognosis and early diagnosis of GDM in the
first weeks of pregnancy are not possible without
finding new biomarkers that appear in the moth-
er’s bloodstream at the beginning of pregnancy.
In this regard, many studies in the literature have
attempted to find new biomarkers to improve the
current diagnostic practices performed in the
clinic for the diagnosis and screening of GDM.

Exosomes, miRNAs, glycosylated hemoglo-
bin, and inflammatory factors are some of the
candidates that have been considered in many
papers as potential biomarkers for GDM prog-
nosis and early detection. In this section, we
collected some of the most valuable findings of
these studies.

Exosome

Using circulating exosomes for early diagnosis
of GDM has many advantages, as they are safe
and accessible particles secret from both placenta
and mother cells and reveal valuable information
about various factors within these cells. Exo-
somes contain cytoplasmic proteins, inflammato-
ry factors such as cytokines, membrane proteins
such as receptors, lipids, and various coding and
non-coding RNAs (ncRNAs) derived from their
cell of origin. Studying the content of circulating
exosomes in GDM cases can not only help deci-
pher the underlying mechanisms of GDM compli-
cations but is also considered a potential source of
new biomarkers for early diagnosis of GDM. The
concentration of circulating exosomes, especial-
ly placenta-derived exosomes, increases during
pregnancy. Interestingly, this increase is signifi-
cantly higher in GDM cases compared to normal
pregnancies'®. In this regard, Rice et al’’ designed
a study in which primary first-trimester tropho-
blast cells were isolated from the placenta and in-
cubated with D-glucose (25 mM). They showed
that glucose significantly increased the release of
exosomes from trophoblast cells, especially under
hypoxic conditions.

The protein content of exosomes in GDM is
mainly associated with metabolic pathways, en-
ergy-releasing pathways, and glucose and insu-
lin-related proteins. These proteins also can in-
clude growth factors, cytokines, enzymes, and
signaling molecules. The protein content of pla-
cental-derived exosomes in GDM is mainly asso-
ciated with energy production, inflammation, and
metabolism?.

In addition, another study by Bernea et al*
compared the protein content of exosomes isolat-
ed from maternal blood samples of women with
GDM and the control group. The proteomics
analysis revealed 78 significantly altered proteins,
related to complement and coagulation cascades,
platelet activation, prothrombotic factors and cho-
lesterol metabolism?..

One of these proteins is pregnancy-associated
plasma protein-A (PAPP-A) secret, specifically
in the placenta, and has lower concentrations in
women who develop GDM and gestational hy-
pertension, which is caused by changes in insulin
sensitivity??. Calcium-calmodulin (CaM)-depen-
dent protein kinase II (CaMKII) is another insu-
lin-related protein that reduces insulin-stimulated
glucose uptake through the Akt and ERK sig-
naling pathways?*. Jayabalan et al*® showed that
these two proteins’ exosomal concentration has
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the potential to be GDM biomarkers as PAPP-A
downregulates and CaMKIIP upregulates in the
exosomes isolated from GDM pregnancies. An-
other study** conducted by this team compared
the total protein content of exosomes derived
from maternal adipose tissue in normal and GDM
pregnancies. They showed that proteins related to
mitochondrial function and signaling pathways
targeting SIRT, oxidative phosphorylation (OX-
PHOS), and EIF2 were differentially expressed
in exosomes derived from adipose tissue of GDM
and normal pregnant women, which may play a
role in the pathophysiology of GDM. They also
found that proteins that target mTOR, elF4, and
p70S6K, as well as the SIRT and EIF2 signaling
pathways, are differentially expressed in GDM
exosomes. These findings®* indicate that adipose
tissue-derived exosomes of GDM women carry
a specific set of proteins associated with glucose
and gluconeogenesis metabolism.

The ncRNA content of exosomes is one of the
most interesting topics for scientists to obtain new
GDM biomarkers. Many microRNAs (miRNAs)
have a higher abundance in placental exosomes of
GDM pregnant women than in normal pregnant
women, such as miR-518 family, miR-525-5p, and
miR-520c-3p®. In a cross-sectional study?*, a total
of 764 miRNAs were evaluated to investigate the
diagnostic value of aberrant expression of placen-
tal and circulating exosomal miRNAs for GDM.
The results showed that there are 114 up-regulated
miRNAs and 43 down-regulated miRNAs in the
placental tissue of GDM patients, whose expres-
sion patterns were analyzed in peripheral blood
exosomes. Among them, decreased expression of
circulating exosomal miRNA-125b was signifi-
cantly associated with GDM. Also, the expres-
sion of miRNA-144 in GDM plasma exosomes
increased significantly during the third trimester.
In conclusion, this study® introduced these two
miRNAs as potential novel biomarkers of GDM,
which are also involved in the pathogenesis of
GDM. Gao et al?isolated placental mesenchymal
stem cell-derived exosomes from GDM pregnant
women and measured miR-130b-3p content in
these exosomes. The team found that this miRNA
was highly expressed in exosomes derived from
GDM-MSCs-derived exosomes.

Huang et al*® used umbilical cord blood to
isolate the exosomes from GDM patients and
revealed that the expression of circular RNA
circ_ 0074673 was upregulated in these pregnant
women compared to normal pregnant wom-
en. They also showed that the knockdown of

circ_0074673 can reduce the advance of GDM by
sponging miR-1200.

To obtain a sample available in large quan-
tities, with non-invasive collection methods,
Herrera-Van Oostdam et al*’ purified placental
exosomes from the urine of patients with GDM
to evaluate their miRNA content as a potential
biomarker®. Placental exosomes were isolated
from urine in the first, second, and third trimes-
ters of pregnancy and the concentration of chro-
mosome 19 miRNA cluster (C19MC), including
miR-516b-5p, miR-517-5p, and miR-518a-3p,
as well as miR-222-3p and miR-16-5p were de-
termined. The results of this study showed that
miR-16-5p was detectable in the second trimester
only in exosomes of GDM patients, while it was
undetectable in healthy pregnant women. C1I9MC
miRNAs were also differentially expressed in
women with GDM compared to controls, which
was detected with an increase in the second tri-
mester and then a decrease in the third trimester.
The team® suggests that urinary exosomes could
be a noted source for biomarker screening strate-
gies in the second trimester, and in this respect,
miR-16-5p, miR-518-5p, and miR-517-3p have
shown an acceptable diagnostic value. Overall,
exosomes have attracted much attention as new-
ly recognized participants in the development of
GDM with great potential to become a biomarker,
and studies in this direction are increasing.

MiRNAs

Nowadays, many studies have been done to
determine the selective expression of miRNA
in maternal circulation and its relationship with
GDM conditions. Advances in current skills in
nucleic acid amplification, sequencing, and anal-
ysis have made it possible to identify circulating
miRNAs released from the mother or placenta in
GDM conditions, to achieve novel biomarkers for
diagnosis of this disturbance. To protect miRNAs
against ribonucleases, in addition to encapsulat-
ing them in exosomes, they can bind to protein
complexes to prevent their digestion in body flu-
ids. Therefore, evaluating circulating miRNAs
can be considered a separate approach from the
isolation of miRNAs from exosomes.

A meta-analysis®® investigated the diagnos-
tic potential of circulating miRNAs in detecting
GDM patients. By analyzing the results of twelve
studies in this regard, the team suggested that
miRNAs have a good capacity to become new
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biomarkers for GDM, and their sensitivity for di-
agnosing GDM is 74.5%, while their specificity
is 84.1%. To obtain an early diagnosis of GDM,
Yoffe et al*! investigated the frequency of circu-
lating miRNAs in the plasma of pregnant wom-
en during their first trimester. They used several
types of multivariable machine learning mod-
els to assess the prognostic value of differential
miRNA expression in GDM vs. healthy pregnant
women. They suggested that two upregulated
circulating miRNAs (miR-223 and miR-23a)
have the potential to be good GDM biomarkers
in the first trimester. Other circulating miRNAs
that have prognostic value in pregnant women at
risk or with GDM and are overexpressed before
20 weeks of gestation are miR-17-5p, miR-210-3p,
miR-16-5p, miR-342-3p, and miR-20a-5p, while
miR-222 is downregulated. Circulating levels of
miR-21-3p and miR-155-5p increase even faster
and are detectable at 16 weeks of gestation, which
is associated with a higher chance of GDM*. To
detect which miRNAs can predict the occurrence

of GDM in the second trimester of gestation,
Légaré et al** examined maternal circulating miR-
NAs in the first trimester (before the 16" week) of
pregnancy and followed the incidence rate of in-
sulin resistance in these cases at the 24-29 weeks.
They showed that 18 of the first-trimester miR-
NAs (most belonging to the C19MC) could pre-
dict insulin resistance in the late second trimes-
ter of pregnancy. Another study** systematically
evaluated sixteen articles from GDM patients in
12 countries. They reported that among the 135
unique miRNAs described in these papers which
were related to GDM, 8 miRNAs (miR-29a-3p,
miR-20a-5p, miR-195-5p, miR-16-5p, miR-17-5p,
miR-222-3p, miR-342-3p, and miR-210-3p) in two
or more studies described. Among these, the up-
regulation of miR-16-5p was described in 4 stud-
ies, and the upregulation of miR-20a-5p, miR-17-
5p, and miR-342-3p was described in 3 studies,
which seem to be better candidates for more eval-
uations. The results of other studies in this field

are summarized in Table 1.

Table I. miRNAs that have diagnostic value in gestational diabetes mellitus.

MiRNA Detection Circulation Other Detection Reference
time in level compare findings method
circulation to normal
pregnancy
MiR-330-3p Third trimester Increased Associated with RT-PCR 35
insulin-secretory
defects
MiR-16-5p, -29a- Before 20 weeks  Increased — RT-PCR 36
3p and -134-5p of gestation
MicroRNA- 24-28 weeks Increased Correlated RT-PCR 37
16-5p, -17-5p of gestation with insulin
and -20a-5p resistance
MiRNA-340 24-32 weeks Decreased Insulin can RT-PCR 38
of gestation epigenetically
induce miRNA-340
expression
MiR-20a-5p and  13-31 weeks Decreased MiR-20a-5p controls MiScript® 39
miR-222-3p of gestation various metabolic miRNA
pathways, including PCR arrays
insulin signaling
MiR-222 38-39 weeks Increased MiR-222 is a potential AFFX miRNA 40
of gestation regulator of estrogen expression
receptor o expression chips, and
in estrogen-induced RT-PCR
insulin resistance
in GDM
MiR-223 Second or third Increased Angiopoietin-Like RT-PCR 41
trimester Protein 8 (ANGPTLS)
also increased
in GDM cases
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Overall, miRNAs can be used as potential bio-
markers for predicting the risk of GDM and its
complications. Additionally, miRNAs can also
be used to monitor the response to treatment and
predict the long-term outcomes of GDM. How-
ever, further research is needed to validate these
findings and develop miRNA-based diagnostic
and prognostic tools for GDM.

Glycated Hemoglobin

Glycosylated hemoglobin Alc (HbAlc), which
results from the spontaneous binding of glucose
to the B-chain of hemoglobin, is increased in vari-
ous types of diabetes in the circulation, indicating
a high concentration of glucose during the two to
three previous months. The use of HbAlc as a di-
agnostic factor for diabetes has many advantages,
such as no need for overnight fasting, availabil-
ity for measurement at any time of the day, less
inter-individual variability, more reproducibility,
and better analytical stability than blood glucose.
It also has more advantages for diagnosing GDM
because it is more convenient for pregnant women
than taking the 75-100 g of glucose required for
glucose tolerance tests. Today, HbAlc is mainly
used to screen for type 2 diabetes, but its potential
to diagnose GDM has been explored in the liter-
ature. A paper** published in 2020 systematical-
ly reviewed all studies from 2000 to 2019 on the
performance of HbAlc in the early diagnosis of
GDM. This article included studies that measured
HbAlc at 20 weeks of gestation or less with no
history of previous diabetes and examined HbAlc
levels below 6.5%. By examining the results of all
10 studies included in this systematic review, they
reported a positive relationship between higher
HbAc values in early pregnancy below 6.5% and
the development of GDM. The risk of developing
GDM increases with HbAlc >5.7%, and values
>6.0% identify almost all patients who subse-
quently develop GDM. The findings also showed
that HbAlc above 5.9% in early pregnancy was
associated with an at least two-fold increase in
GDM-related risks, such as preeclampsia, con-
genital anomalies, shoulder dystocia, and perina-
tal death. After identifying patients with HbAlc
within these ranges, these articles recommend an
early 75 g oral glucose tolerance test for early di-
agnosis of GDM. After that, in another related*
study, the accuracy of HbAlc in the diagnosis
of GDM was evaluated in comparison with 100
g OGTT. They included 114 pregnant women at
24 weeks or more of gestation with an abnormal
GCT of 50 g and measured HbA 1c simultaneous-

10588

ly with a 100 g OGTT. The results showed that
although HbAlc is higher in women with GDM
than women without GDM, HbA 1c values cannot
replace 100 g OGTT to diagnose GDM. They sug-
gested that using two cut-off values (<4.5% and
>5.8%), only women with HbAlc values between
4.5-5.8% needed further OGTT to confirm the di-
agnosis of GDM. Likewise, a prospective study*
was conducted on 700 Iranian pregnant women
from March 2018 to March 2020 to evaluate the
use of HbAlc in the early diagnosis of GDM. The
results obtained from this study similarly showed
that the first-trimester HbAlc cannot replace
OGTT for the detection of GDM cases due to its
inadequate specificity and sensitivity, but wom-
en with higher HbAlc in the first trimester had a
higher risk of developing GDM.

To determine the relationship between HbAlc
levels and fetal abnormalities in women with
GDM, Al-Shwyiat and Radwan® reported month-
ly HbAlc in 157 pregnant women with GDM. Fe-
tal abnormalities, in the order of more occurrence,
included cardiovascular, skeletal-muscular, genito-
urinary system, digestive system, face, and central
nervous system, which were recorded in 8.6% of
the studied women with GDM. The results of this
study showed that the value of HbAlc >6.5 in the
first trimester significantly increases the relative
risk and probability of these abnormalities®.

Furthermore, a study by Muhuza et al*® eval-
uated the association between HbAlc level and
pregnancy adverse outcomes among 2,048 wom-
en with GDM. The results showed that there is
a solid association between HbAlc and these
adverse outcomes at the time of GDM diagnosis
(24 to 28 weeks). Pregnant women with HbAlc
greater than 5.5% had a higher risk of adverse
events compared with pregnant women with
HbAlc between 5.1-5.4% and especially less than
5.0%. Based on these findings, the team suggests
that HbAlc may be an adverse pregnancy out-
come-predicting biomarker in GDM women*.

Inflammatory Factors

As we mentioned earlier, increased inflam-
matory factors, such as leptin and tumor necrosis
factor alpha (TNF-a), contribute greatly to insulin
resistance and unwanted consequences of GDM.
Evaluating the amount of these circulating fac-
tors also has the potential to predict and diagnose
GDM. In this section, we summarize the results
of studies that have addressed this issue.

Adipokines are a group of bioactive molecules
secreted by adipose tissue, which play a crucial
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role in regulating various physiological process-
es, including metabolism, inflammation, and im-
munity. Some adipokines, such as adiponectin
and leptin, are cell signaling proteins secreted by
adipocytes that stimulate several inflammatory
processes, and their potential in early detection of
GDM has been reported. To determine the pre-
dictive value of adiponectin, leptin, and CMPF
(3-carboxy-4-methyl-5-propyl-2-furanpropanoic
acid) circulation levels and the adipokines/leptin
ratio in the early diagnosis of GDM, Florian et
al?’ prospectively studied 68 Caucasian pregnant
women between 11 and 13 weeks of gestation. Of
this population, 21 individuals developed GDM
in whom leptin levels were significantly high-
er (above the cutoff value of 16 ng/ml) than the
rest, with a sensitivity of 100% and a specificity
of 48.9% for predicting GDM. They also reported
that the ratio of adipokine/leptin was significant-
ly lower in GDM cases, while adiponectin and
CMPF levels were not associated with GDM. This
study showed that the levels of leptin and the ratio
of adipokines/leptin, along with the advanced ma-
ternal age, are predictive factors for the develop-
ment of GDM in the first trimester of pregnancy.

Two other candidate adipokines for the diagno-
sis and prognosis of GDM are nesfatin-1 and vaspin.
Nesfatin-1 is a food intake regulator adipokine that
is secreted from several regions of the hypothal-
amus and affects feelings of hunger and satiety.
Nesfatin-1 plays a key role in glucose homeostasis
and is involved in the pathogenesis of type 2 diabe-
tes*®. Vaspin is mainly expressed in adipose tissue,
but its expression is also observed in the placenta,
and its concentration gradually increases during
pregnancy and reaches a maximum at the end of
pregnancy®. To determine the predictive value of
serum levels of these adipokines, Mierzynski et
al®® measured their concentrations in 153 women
with GDM. The results showed that serum levels
of both nesfatin-1 (5.15£3.51 vs. 6.69+4.21 ng/mL)
and vaspin (0.49+0.24 vs. 0.83+£0.27 ng/mL) were
significantly inferior in the GDM group compared
to the healthy pregnant women with similar BMI.
The analysis showed that serum vaspin levels
could predict approximately 40% of GDM cases,
while serum nesfatin-1 levels could predict only
13%. Nevertheless, this group suggests that serum
levels of nesfatin-1 and vaspin have the potential to
be novel predictive biomarkers for the early detec-
tion of GDM.

Interleukin-6 (IL-6) is a cytokine produced by
adipose and endothelial cells and affects glucose
metabolism by increasing insulin secretion from

pancreatic beta cells'. IL-6 has been well-studied
as another inflammatory factor that has the po-
tential to be a marker for the diagnosis of GDM.
Amirian et al*> addressed this issue and system-
atically evaluated the results of articles between
2009 and 2020 to determine the value of IL-6 as
a potential GDM biomarker*>. Among the 24 ar-
ticles they evaluated, 16 reported an association
between elevated 1L-6 serum levels and GDM,
while 8 studies reported no association. Overall,
they concluded that the evaluation of IL-6 serum
level can be considered as a diagnostic biomarker
for GDM.

New Detection Methods
for GDM Diagnosis

Although all the diagnostic and prognostic
biomarkers introduced in this article have a bright
future in the early diagnosis of GDM, the use of
these biological products for this purpose requires
the development of methods that can easily detect
them in the bloodstream. Today, the discovery
of new biomarkers simultaneous with detection
techniques is growing to increase the possibility
of using these markers in the clinic. Considering
this issue, in this section, we take a look at the
new developments in the detection methods of
exosomes, miRNAs, and HbAlc that have been
reported in recent articles™ .

As we mentioned earlier, the detection of
placental exosomes, which are detectable in the
maternal circulation as early as the sixth week of
pregnancy, is one of the most useful methods for
diagnosing GDM. Placental-type alkaline phos-
phatase (PLAP) is a reliable protein marker for
exosomes of placental origin, and many studies>-
have used PLAP antibodies to isolate these exo-
somes by flow cytometry or fluorescence-based
nanoparticle tracking analysis. Nanoparticle
tracking analysis separates particles around 100
nm in size, and the combination of this method
with a fluorescent dye makes it detectable by flow
cytometry. A PLAP antibody and flow cytome-
ter-based method for isolating placental exosomes
is the single extracellular vesicle (SEV) analysis.
Li et al>® used this technique to analyze the distri-
bution pattern of placental exosomes in maternal
circulation by PLAP antibody. In this method,
after the isolation of all plasma exosomes, these
exosomes are labeled by PLAP antibody, and af-
ter washing the unlabeled exosomes, the labeled
exosomes are collected by ultracentrifugation for
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identification with the nano flow cytometer. Since
the sensitivity of the nano flow cytometer is sig-
nificantly higher than the ELISA, the SEV analy-
sis method provides a more sensitive tool for the
detection of circulating protein markers, such as
PLAP. Therefore, this method can provide a more
accurate detection of placental exosomes.

However, there is a need to improve anti-
body-free PLAP-based exosome isolation meth-
ods to advance the finding of placental exo-
some-based biomarkers of GDM. In this regard,
Lai et al’” developed an antibody-free method
for PLAP quantification with a mass spectrom-
etry-based proteomics method. In this workflow,
which was introduced as Multiple Reaction Mon-
itoring High Resolution (MRMHR), a tandem
mass spectrometer was used to refine peptides
that uniquely correspond to PLAP. The resulting
data were processed using Skyline software for
the TripleTOF 5600 system. This new and unique
placental exosome isolation method could pave
the way for exosome-based diagnostic methods
for GDM.

Another advanced method in this regard was
introduced by Gebara et al®®, who studied in depth
the characteristics of exosomes in term amniot-
ic fluid using several orthogonal techniques, in-
cluding chip-based platform, cytofluorimetric
bead-based multiplex assay, and super-resolution
microscopy analysis. In this study, exosomes
were purified from amniotic fluid by sequential
centrifugation and size exclusion chromatogra-
phy and characterized based on their size using
nanoparticle tracking analysis. Then, they used a
specific kit (MACSPlex) capable of semi-quanti-
tative fluorescent analysis of 39 different exosome
surface markers. In addition, super-resolution mi-
croscopy was used to analyze the size and expres-
sion of some of these markers at a single-molecule
level in separated exosomes. With these advanced
techniques, they identified the multiple origins of
each exosome of amniotic fluid, such as placental
tissues, fetal urine, and stem cells®®. Using such a
technique in the early stages of pregnancy can be
a useful way to track and identify exosome-based
GDM markers in the maternal bloodstream.

Advances in the development of sensitive tech-
nologies based on the amplification and identifi-
cation of miRNAs in blood have made it possible
to find the association of these nucleic acids with
human diseases. Techniques such as TagMan ar-
ray microfluidic cards®, next-generation sequenc-
ing (NGS)®, liquid biopsy®', and microarray® are
expanding day by day and have made it possible
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to detect circulating GDM-related miRNAs more
easily. However, the use of these methods is lim-
ited to research laboratories, and making them
available for easy use in diagnostic laboratories
and clinics in the future requires more effort.

HbAlc is another promising biomarker of
GDM, as we mentioned before. There are also
some advanced methods for the accurate detec-
tion of HbAlc in blood serum, such as Fluores-
cent-Based Lateral Flow Immunoassay (LFIAs)
for HbAlc detection®. Whereas Roche COBAS is
a well-known method that has been performed in
many HbAlc studies®-*® in GDM, the lateral flow
immunoassays (LFIAs) is a novel rapid test for
diabetes screening, which has the potential to get
the attention of GDM in future studies.

There are also many other new methods that
need more studies to consider for GDM diag-
nosis in the future. Some of these methods are
Non-Invasive Prenatal Testing (NIPT), Contin-
uous Glucose Monitoring (CGM), and Artificial
Intelligence (AI) technology. CGM is a new ap-
proach that involves the use of a small sensor that
is placed under the skin to measure glucose levels
continuously. This approach provides real-time
data on glucose levels, which can help in the diag-
nosis and management of GDM®. NIPT is a new
approach that involves analyzing fetal DNA in
maternal blood samples to detect genetic abnor-
malities and other conditions, including GDM®,
Al technology is being used to develop predictive
models for GDM. These models use data from
electronic health records, medical imaging, and
other sources to predict the risk of developing
GDM and its complications®. Despite that, our
knowledge of these techniques is limited due to
the small number of studies and the high technol-
ogy and devices required to use these methods,
but they could be the future of GDM diagnosis.

Conclusions

GDM is a recognized pregnancy problem with
high levels of glucose in the mother’s circulation,
which can be detected by OGTT and GCT tests at
24-28 weeks of pregnancy. During pregnancy, the
sensitivity of the mother’s cells to insulin decreas-
es so that more glucose is available to the fetus.
However, insulin production in normal pregnancy
is compensated to some extent by increased pro-
liferation of pancreatic beta cells. GDM occurs
due to the inability of maternal pancreatic 3 cells
to secrete excess insulin, which can be due to mu-
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tations in HGF, a critical growth factor for B-cells
and its receptor c-Met, or increased inflammatory
factors, such as NF-xB, which cause the disorder
in the survival and proliferation of B cells. Since
early diagnosis and prognosis of GDM, with tests
that are more convenient for pregnant women, are
necessary to prevent subsequent adverse conse-
quences, many studies have attempted to find novel
biomarkers in maternal circulation during the first
trimester of pregnancy. Exosomes are one of these
factors that are secreted into the blood by placental
and maternal cells. PAPP-A and PLAP are some
placenta-derived exosome markers that can help
identify the origin of these exosomes. Circulating
miRNAs are likewise promising makers for early
diagnosis of GDM. Despite this, miRNAs, such as
CI9MC, miR-17-5p, miR-20a-5p, miR-21-3p, miR-
23a, miR-155-5p, miR-210-3p, miR-223, and miR-
342-3p have been detected in the first trimester
of pregnancy in pregnant women who developed
GDM, but more studies are needed to find the best
miRNA marker in this regard. HbAlc and inflam-
matory factors are the other potential biomarkers
for early diagnosis of GDM. However, early diag-
nosis of GDM based on novel biomarkers need the
achievement of advanced detection method due to
the low rate of these markers in circulation in the
beginning weeks of pregnancy. Techniques, such
as SEV analysis, nanoparticle tracking analysis,
mass spectrometry-based proteomics, and chip-
based platforms have been developed to detect exo-
somes, especially placental exosomes, in maternal
circulation. In addition, some miRNA detection
techniques, such as microfluidic cards, NGS, liquid
biopsy, and microarray, have been developed for
more accurate detection of miRNAs in the blood-
stream. However, the transfer of these methods to
the clinic to help in the fast and easy diagnosis of
GDM still requires a lot of effort to achieve.

Ethics Approval and Informed Consent
Not applicable.

Availability of Data and Materials
Not applicable.

Conflict of Interests
The authors declare no competing interests.

Funding
Not applicable.

Authors’ Contributions

ZG, QS, WG, GZ, YS, YT, MW , YG, WW and JC partici-
pated the conceptualization, writing—original draft prepa-
ration, designing preparing table, reviewing and editing.
All authors read and approved final manuscript.

ORCID ID
Weiming Wu: 0000-0001-9592-2806
Jia Chen: 0000-0002-3546-2462

References

1) Karagoz ZK, Aydin S, Ugur K, Tigli A, Deniz R,
Baykus Y, Sahin I, Yalcin MH, Yavuz A, Aksoy A,
Aydin S. Molecular communication between Ape-
lin-13, Apelin-36, Elabela, and nitric oxide in ges-
tational diabetes mellitus. Eur Rev Med Pharma-
col Sci 2022; 26: 3289-3300.

2) Ersahin SS, Yurci A. Cord blood and maternal se-
rum preptin and irisin concentrations are regulat-
ed independently in GDM. Eur Rev Med Pharma-
col Sci 2021; 25: 1954-1958.

3) Zito G, Della Corte L, Giampaolino P, Terzic M, Terzic
S, Di Guardo F, Ricci G, Della Pieta I, Maso G, Gar-
zon S. Gestational diabetes mellitus: Prevention, di-
agnosis and treatment. A fresh look to a busy corner.
J Neonatal Perinatal Med 2020; 13: 529-541.

4) llisley NP, Baumann MU. Human placental glu-
cose transport in fetoplacental growth and me-
tabolism. Mol Basis Dis 2020; 1866: 165359.

5) Di Cianni G, Miccoli R, Volpe L, Lencioni C, Del
Prato S. Intermediate metabolism in normal preg-
nancy and in gestational diabetes. Diabetes Me-
tab Res Rev 2003; 19: 259-270.

6) Hu G. Are insulin sensitivity and B-cell function
associated with adverse pregnancy outcomes
among women with gestational diabetes? Chin
Med J (Engl) 2022; 135: 2521-2524.

7) Demirci C, Ernst S, Alvarez-Perez JC, Rosa T, Val-
le S, Shridhar V, Casinelli GP, Alonso LC, Vasava-
da RC, Garcia-Ocana A. Loss of HGF/c-Met Sig-
naling in Pancreatic B-Cells Leads to Incomplete
Maternal B-Cell Adaptation and Gestational Dia-
betes Mellitus. Diabetes 2012; 61: 1143-1152.

8) Liu C, Feng H, Zhang L, Guo Y, Ma J, Yang L. Mi-
croRNA-143-3p levels are reduced in the periph-
eral blood of patients with gestational diabetes
mellitus and influences pancreatic B-cell function
and viability. Exp Ther Med 2023; 25: 81.

9) Qiu H, Liu X, Yao S, Zhou J, Zhang X, Du J. Reg-
ulation and mechanism of miR-518d through the
PPARa-mediated NF-kB pathway in the develop-
ment of gestational diabetes mellitus. J Diabetes
Res 2020; 2020: 7019597.

10) Tsai K, Tullis B, Jensen T, Graff T, Reynolds P,
Arroyo J. Differential expression of mTOR related
molecules in the placenta from gestational diabe-



Z.-J. Gu, Q.. Song, W.-Q. Gu, G.-P. Zhang, Y. Su, et al

tes mellitus (GDM), intrauterine growth restriction
(IUGR) and preeclampsia patients. Reprod Biol
2021; 21: 1005083.

11) Shang M, Wen Z. Increased placental IGF-1/
mTOR activity in macrosomia born to women with
gestational diabetes. Diabetes Res Clin Pract
2018; 146: 211-219.

12) Gaccioli F, White V, Capobianco E, Powell TL,
Jawerbaum A, Jansson T. Maternal Overweight
Induced by a Diet with High Content of Saturated
Fat Activates Placental mTOR and elF2alpha Sig-
naling and Increases Fetal Growth in Rats1. Biol
Reprod 2013; 89: 96.

13) Pérez-Pérez A, Vilarifio-Garcia T, Guadix P, Duefas
JL, Sanchez-Margalet V. Leptin and Nutrition in
Gestational Diabetes. Nutrients 2020; 12: 1970.

14) Xiao WQ, He JR, Shen SY, Lu JH, Kuang YS,
Wei XL, Qiu X. Maternal circulating leptin profile
during preghancy and gestational diabetes melli-
tus. Diabetes Res Clin Pract 2020; 161: 108041.

15) Soheilykhah S, Mojibian M, Rahimi-Saghand S,
Rashidi M, Hadinedoushan H. Maternal serum
leptin concentration in gestational diabetes. Tai-
wan J Obstet Gynecol 2011; 50: 149-153.

16) Bouchard L, Thibault S, Guay SP, Santure M,
Monpetit A, St-Pierre J, Perron P, Brisson D.
Leptin Gene Epigenetic Adaptation to Impaired
Glucose Metabolism During Pregnancy. Diabetes
Care 2010; 33: 2436-2441.

17) Lesseur C, Armstrong DA, Paquette AG, Li Z,
Padbury JF, Marsit CJ. Maternal obesity and ges-
tational diabetes are associated with placental
leptin DNA methylation. Am J Obstet Gynecol
2014; 211: 654-659.

18) Salomon C, Nuzhat Z, Dixon CL, Menon R. Pla-
cental exosomes during gestation: liquid biopsies
carrying signals for the regulation of human par-
turition. Curr Pharm Des 2018; 24: 974-982.

19) Rice GE, Scholz-Romero K, Sweeney E, Peiris
H, Kobayashi M, Duncombe G, Mitchell MD, Sa-
lomon C. The Effect of Glucose on the Release
and Bioactivity of Exosomes From First Trimester
Trophoblast Cells. J Clin Endocrinol Metab 2015;
100: 1280-1288.

20) Jayabalan N, Lai A, Nair S, Guanzon D, Scholz-
Romero K, Palma C, Mclintyre HD, Lappas M, Salo-
mon C. Quantitative proteomics by SWATH-MS sug-
gest an association between circulating exosomes
and maternal metabolic changes in gestational dia-
betes mellitus. Proteomics 2019; 19: 1800164.

21) Bernea EG, Suica VI, Uyy E, Cerveanu-Hogas A,
Boteanu RM, Ivan L, Ceausu |, Mihai DA, lones-
cu-Tirgoviste C, Antohe F. Exosome Proteomics
Reveals the Deregulation of Coagulation, Comple-
ment and Lipid Metabolism Proteins in Gestational
Diabetes Mellitus. Molecules 2022; 27: 5502.

22) Petry CJ, Ong KK, Hughes IA, Acerini CL, Fry-
styk J, Dunger DB. Early Pregnancy-Associated
Plasma Protein A Concentrations Are Associated
With Third Trimester Insulin Sensitivity. J Clin En-
docrinol Metab 2017; 102: 2000-2008.

10592

23) lllario M, Monaco S, Cavallo AL, Esposito |, For-
misano P, D’Andrea L, Cipolletta E, Trimarco B,
Fenzi G, Rossi G, Vitale M. Calcium-calmod-
ulin-dependent kinase Il (CaMKIl) mediates in-
sulin-stimulated proliferation and glucose uptake.
Cellular Signalling 2009; 21: 786-792.

24) Jayabalan N, Lai A, Ormazabal V, Adam S, Guan-
zon D, Palma C, Scholz-Romero K, Lim R, Jans-
son T, Mcintyre HD, Lappas M, Salomon C. Adi-
pose Tissue Exosomal Proteomic Profile Reveals
a Role on Placenta Glucose Metabolism in Ges-
tational Diabetes Mellitus. J Clin Endocrinol Me-
tab 2019; 104: 1735-1752.

25) Chen T, Liu D. The Mystery of Exosomes in Ges-
tational Diabetes Mellitus. Oxid Med Cell Longev
2022; 2022: 2169259.

26) Zhang L, Zhang T, Sun D, Cheng G, Ren H, Hong
H, Chen L, Jiao X, Du 'Y, Zou Y, Wang L. Diagnos-
tic value of dysregulated microribonucleic acids in
the placenta and circulating exosomes in gesta-
tional diabetes mellitus. J Diabetes Investig 2021;
12: 1490-1500.

27) Gao Z, Wang N, Liu X. Human placenta mesen-
chymal stem cell-derived exosome shuttling mi-
croRNA-130b-3p from gestational diabetes melli-
tus patients targets ICAM-1 and perturbs human
umbilical vein endothelial cell angiogenesis. Acta
Diabetol 2022; 59: 1091-1107.

28) Huang Y, Liang B, Chen X. Exosomal circular
RNA circ_0074673 regulates the proliferation,
migration, and angiogenesis of human umbili-
cal vein endothelial cells via the microRNA-1200/
MEOX2 axis. Bioengineered 2021; 12: 6782-
6792.

29) Herrera-Van QOostdam AS, Toro-Ortiz JC,
Lépez JA, Noyola DE, Garcia-Lopez DA,
Duran-Figueroa NV, Martinez-Martinez E,
Portales-Pérez DP, Salgado-Bustamante M,
Lépez-Hernandez Y. Placental exosomes isolat-
ed from urine of patients with gestational diabe-
tes exhibit a differential profile expression of mi-
croRNAs across gestation. Int J Mol Med 2020;
46: 546-560.

30) Lazarus G, Dirjayanto VJ, Sambowo NB, Vianca
E. Detection of gestational diabetes mellitus by
circulating plasma and serum microRNAs: A sys-
tematic review and meta-analysis. Diabetes Me-
tab Syndr 2022; 16: 102383.

31) Yoffe L, Polsky A, Gilam A, Raff C, Mecacci F,
Ognibene A, Crispi F, Gratacés E, Kanety H,
Mazaki-Tovi S, Shomron N, Hod M. Early diagno-
sis of gestational diabetes mellitus using circulat-
ing microRNAs. Eur J Endocrinol 2019; 181: 565-
577.

32) Vasu S, Kumano K, Darden CM, Rahman |, Law-
rence MC, Naziruddin B. MicroRNA Signatures
as Future Biomarkers for Diagnosis of Diabetes
States. Cells 2019; 8: 1533

33) Légaré C, Desgagné V, Poirier C, Thibeault K,
White F, Clément AA, Scott MS, Jacques PE,
Perron P, Guérin R, Hivert MF, Bouchard L. First
trimester plasma microRNAs levels predict Mat-



New approaches in the diagnosis and prognosis of gestational diabetes mellitus

suda Index-estimated insulin sensitivity between
24th and 29th week of pregnancy. BMJ Open Di-
abetes Res Care 2022; 10: e002703.

34) Lewis KA, Chang L, Cheung J, Aouizerat BE, Jel-
liffe-Pawlowski LL, McLemore MR, Piening B,
Rand L, Ryckman KK, Flowers E. Systematic re-
view of transcriptome and microRNAome asso-
ciations with gestational diabetes mellitus. Front
Endocrinol (Lausanne) 2022; 13: 971354.

35) Pfeiffer S, Sanchez-Lechuga B, Donovan P,
Halang L, Prehn JHM, Campos-Caro A, Byrne
MM, Loépez-Tinoco C. Circulating miR-330-3p in
Late Pregnancy is Associated with Pregnancy
Outcomes Among Lean Women with GDM. Sci
Rep 2020; 10: 908.

36) Sgrensen AE, van Poppel MNM, Desoye G,
Damm P, Simmons D, Jensen DM, Dalgaard LT.
The Predictive Value of miR-16, -29a and -134
for Early Identification of Gestational Diabetes: A
Nested Analysis of the DALI Cohort. Cells 2021;
10: 170.

37) Cao YL, Jia YJ, Xing BH, Shi DD, Dong XJ. Plas-
ma microRNA-16-5p, -17-5p and -20a-5p: Nov-
el diagnostic biomarkers for gestational diabetes
mellitus. J Obstet Gynaecol Res 2017; 43: 974-
981.

38) Stirm L, Huypens P, Sass S, Batra R, Fritsche L,
Brucker S, Abele H, Hennige AM, Theis F, Beck-
ers J. Maternal whole blood cell miRNA-340 is el-
evated in gestational diabetes and inversely reg-
ulated by glucose and insulin. Sci Rep 2018; 8:
1366.

39) Pheiffer C, Dias S, Rheeder P, Adam S. De-
creased Expression of Circulating miR-20a-5p in
South African Women with Gestational Diabetes
Mellitus. Mol Diag Therapy 2018; 22: 345-352.

40) Shi Z, Zhao C, Guo X, Ding H, Cui Y, Shen R, Liu
J. Differential Expression of MicroRNAs in Omen-
tal Adipose Tissue From Gestational Diabetes
Mellitus Subjects Reveals miR-222 as a Regula-
tor of ERa Expression in Estrogen-Induced Insu-
lin Resistance. Endocrinol 2014; 155: 1982-1990.

41) Abdeltawab A, Zaki ME, Abdeldayem Y, Mo-
hamed AA, Zaied SM. Circulating micro RNA-
223 and angiopoietin-like protein 8 as biomark-
ers of gestational diabetes mellitus. Br J Biomed
Sci 2021; 78: 12-17.

42) Kattini R, Hummelen R, Kelly L. Early Gestation-
al Diabetes Mellitus Screening With Glycated He-
moglobin: A Systematic Review. J Obstet Gynae-
col Can 2020; 42: 1379-1384.

43) Siricharoenthai P, Phupong V. Diagnostic accu-
racy of HbA1c in detecting gestational diabetes
mellitus. J Matern Fetal Neonatal Med 2020; 33:
3497-3500.

44) Valadan M, Bahramnezhad Z, Golshahi F, Feiz-
abad E. The role of first-trimester HbA1c in the
early detection of gestational diabetes. BMC
Pregnancy Childbirth 2022; 22: 71.

45) Al-Shwyiat RMM, Radwan AM. Fetal anomalies
in gestational diabetes mellitus and risk of fetal

anomalies in relation to pre-conceptional blood
sugar and glycosylated hemoglobin. J Mother
Child 2022; 26: 73-77.

46) Muhuza MPU, Zhang L, Wu Q, Qi L, Chen D,
Liang Z. The association between maternal
HbA1c and adverse outcomes in gestational di-
abetes. Front Endocrinol (Lausanne) 2023; 14:
1105899.

47) Florian AR, Cruciat G, Pop RM, Staicu A, Daniel
M, Florin S. Predictive role of altered leptin, adi-
ponectin and 3-carboxy-4-methyl-5-propyl-2-fu-
ranpropanoic acid secretion in gestational diabe-
tes mellitus. Exp Ther Med 2021; 21: 520.

48) Li QC, Wang HY, Chen X, Guan HZ, Jiang ZY.
Fasting plasma levels of nesfatin-1 in patients
with type 1 and type 2 diabetes mellitus and the
nutrient-related fluctuation of nesfatin-1 level in
normal humans. Regul Pept 2010; 159: 72-77.

49) Caminos JE, Bravo SB, Garcés MF, Gonzalez
CR, Cepeda LA, Gonzélez AC, Nogueiras R, Gal-
lego R, Garcia-Caballero T, Cordido F. Vaspin
and amylin are expressed in human and rat pla-
centa and regulated by nutritional status. Histol
Histopathol 2009; 24: 979-990.

50) Mierzyniski R, Poniedziatek-Czajkowska E, Dtus-
ki D, Patro-Matysza J, Kimber-Trojnar Z, Majster-
ek M, Leszczynska-Gorzelak B. Nesfatin-1 and
Vaspin as Potential Novel Biomarkers for the Pre-
diction and Early Diagnosis of Gestational Diabe-
tes Mellitus. Int J Mol Sci 2019; 20: 159

51) Suzuki T, Imai J, Yamada T, Ishigaki Y, Kaneko K,
Uno K, Hasegawa Y, Ishihara H, Oka Y, Katagi-
ri H. Interleukin-6 Enhances Glucose-Stimulated
Insulin Secretion From Pancreatic B-Cells: Poten-
tial Involvement of the PLC-IP3—-Dependent Path-
way. Diabetes 2011; 60: 537-547.

52) Amirian A, Mahani MB, Abdi F. Role of interleu-
kin-6 (IL-6) in predicting gestational diabetes mel-
litus. Obstet Gynecol Sci 2020; 63: 407-416.

53) Dragovic RA, Collett GP, Hole P, Ferguson DJ,
Redman CW, Sargent IL, Tannetta DS. Isolation
of syncytiotrophoblast microvesicles and exo-
somes and their characterisation by multicolour
flow cytometry and fluorescence Nanoparticle
Tracking Analysis. Methods 2015; 87: 64-74.

54) Carnell-Morris P, Tannetta D, Siupa A, Hole P,
Dragovic R. Analysis of Extracellular Vesicles Us-
ing Fluorescence Nanoparticle Tracking Analysis.
Methods Mol Biol 2017; 1660: 153-173.

55) Clemente L, Boeldt DS, Grummer MA, Mori-
ta M, Morgan TK, Wiepz GJ, Bertics PJ, Bird
IM. Adenoviral transduction of EGFR into preg-
nancy-adapted uterine artery endothelial cells
remaps growth factor induction of endotheli-
al dysfunction. Mol Cell Endocrinol 2020; 499:
110590.

56) Li Z, Tao M, Huang M, Pan W, Huang Q, Wang P,
Zhang Y, Situ B, Zheng L. Quantification of pla-
cental extracellular vesicles in different pregnan-
cy status via single particle analysis method. Clin
Chimica Acta 2023; 539: 266-273.

10593



Z.-J. Gu, Q.. Song, W.-Q. Gu, G.-P. Zhang, Y. Su, et al

57) Lai A, Palma C, Salas A, Carrion F, Salomon C.
Targeted Mass Spectrometry-Based Proteomics
Method to Quantify Placental Extracellular Vesi-
cles. Methods Mol Biol 2022; 2504: 79-89.

58) Gebara N, Scheel J, Skovronova R, Grange C,
Marozio L, Gupta S, Giorgione V, Caicci F, Ben-
edetto C, Khalil A, Bussolati B. Single extracel-
lular vesicle analysis in human amniotic fluid
shows evidence of phenotype alterations in pre-
eclampsia. J Extracell Vesicles 2022; 11: 12217.

59) Sebastiani G, Guarino E, Grieco GE, Formichi C,
Delli Poggi C, Ceccarelli E, Dotta F. Circulating
microRNA (miRNA) Expression Profiling in Plas-
ma of Patients with Gestational Diabetes Melli-
tus Reveals Upregulation of miRNA miR-330-3p.
Frontiers in Endocrinology 2017; 8: 345.

60) Légaré C, Desgagné V, Thibeault K, White F, Clé-
ment AA, Poirier C, Luo ZC, Scott MS, Jacques
PE, Perron P, Guérin R, Hivert MF, Bouchard L.
First Trimester Plasma MicroRNA Levels Predict
Risk of Developing Gestational Diabetes Mellitus.
Front Endocrinol (Lausanne) 2022; 13: 928508.

61) Cheong JK, Tang YC, Zhou L, Cheng H, Too HP.
Advances in quantifying circulatory microRNA
for early disease detection. Curr Opin Biotechnol
2022; 74: 256-262.

62) Li Z, Zhou X, Gao W, Sun M, Chen H, Meng T.
Circular RNA VRKI1 facilitates pre-eclampsia pro-
gression via sponging miR-221-3P to regulate
PTEN/Akt. J Cell Mol Med 2022; 26: 1826-1841

63) Younes N, Ghwairi MMA, Da’as SI, Zaabi EA, Ma-
jdalawieh AF, Al-Dewik N, Nasrallah GK: Perfor-
mance Evaluation of a New Fluorescent-Based

10594

Lateral Flow Immunoassay for Quantification of
Hemoglobin Aic (HBA1c) in Diabetic Patients.
Front Biosci (Landmark Ed) 2023; 28: 60.

64) Coetzee A, Mason D, Hall DR, Hoffmann M,
Conradie M. Evidence for the utility of antenatal
HbA1c to predict early postpartum diabetes af-
ter gestational diabetes in South Africa. Diabetes
Res Clin Prac 2018; 143: 50-55.

65) Fleming JK. Evaluation of HbA1c on the Roche
COBAS Integra 800 closed tube system. Clin Bio-
chem 2007; 40: 822-827.

66) Benaiges D, Flores-Le Roux JA, Marcelo |, Mafé L,
Rodriguez M, Navarro X, Chillarén JJ, Llauradé G,
Gortazar L, Pedro-Botet J, Paya A. Is first-trimester
HbA1c useful in the diagnosis of gestational diabe-
tes?. Diabetes Res Clin Pract 2017; 133: 85-91.

67) Garcia-Moreno RM, Benitez-Valderrama P, Bar-
quiel B, Gonzéalez Pérez-de-Villar N, Hillman N,
Lora Pablos D, Herranz L. Efficacy of continuous
glucose monitoring on maternal and neonatal out-
comes in gestational diabetes mellitus: a system-
atic review and meta-analysis of randomized clin-
ical trials. Diabet Med 2022; 39: 14703.

68) Yuan X, Zhou L, Zhang B, Wang H, Yu B, Xu
J. Association between low fetal fraction of cell
free DNA at the early second-trimester and ad-
verse pregnancy outcomes. Pregnancy Hyper-
tens 2020; 22: 101-108.

69) Daley BJ, N'Man M, Neves MR, Bobby Huda MS,
Marsh W, Fenton NE, Hitman GA, McLachlan S.
mHealth apps for gestational diabetes mellitus that
provide clinical decision support or artificial intelli-
gence: A scoping review. Diabet Med 2022; 39: 14735.



