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Background: Gestational diabetes mellitus (GDM) is a universal disease caused by a combination of
environmental and genetic factors and resulting in abnormal signaling pathway function and eventual islet
cell insufficiency. According to co-expression profile network data between messenger RNA (mRINA)-long
non-coding RNA (IncRNA) in our laboratory, we selected IncRNA RPLI3PS as a candidate IncRNA related
to the GDM insulin signaling pathway and which is upregulated in GDM patients.

Methods: The study included a gestational diabetes group (n=25) and normal pregnancy group (n=19).
Expression was detected by quantitative polymerase chain reaction (QPCR) and showed the expression levels
of IncRNA RPLI3P5 in peripheral blood were significantly different between the two groups (P<0.05).
The correlation between the homeostasis model assessment insulin resistance (HOMA-IR) and IncRNA
expression was analyzed.

Results: The IncRNA RPL13p5 forms a co-expression strand with the TSC2 gene via the PI3K-Akt
signaling pathway. The sequencing of IncRNA RPLI3P5 showed high expression and the qPCR validation
results were consistent with the sequencing results. An association was observed between the expression level
of IncRNA RPLI13P5 and other clinicopathological features of GDM.

Conclusions: LncRINA RPLI3PS forms a co-expression chain with the 7SC2 gene through the PI3K-Akt

signaling pathway and becomes part of the process of insulin resistance in GDM.
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Introduction

Gestational diabetes mellitus (GDM) is defined as diagnosed
diabetes mellitus during gravidity in women with normal
glucose metabolism or with underlying hypoglycemia
before pregnancy. The worldwide prevalence is 1% to 14%,

with a significant increase in recent years (1). GDM is a
common complication of pregnancy and has a major impact
on the growth and development of the children of affected
mothers, while the likelihood of the latter developing type 2
diabetes in the future is much higher than in the general
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population (2). In mid to late pregnancy, the level of
antagonistic insulin substances increases, causing sensitivity
to insulin to decrease and making insulin secretion relatively
insufficient (3). For pregnant women with restricted insulin
secretion, gestation cannot compensate for this physiological
change and elevated blood glucose and decreased p-cell
function result from insulin resistance. The pathogenesis
of GDM has not been fully elucidated and involves genetic
factors, environmental factors (4), autoimmunity, placental
hormones, and inflammatory mediators. However, which
factors, and through which pathways they act to cause
excessive insulin resistance in patients with GDM, requires
further investigation. With the in-depth study of gene
regulatory networks, research has gradually focused on
exploring the molecular level of GDM, and has found that
the abnormal expression of insulin resistance-related genes
gradually accumulates, leading to abnormal function of
related signaling pathways and eventually defective islet cell
function. Due to the lack of typical clinical symptoms in
GDM patients, conventional diabetes mellitus examination
cannot accurately determine early insulin resistance in
a timely manner, and a molecular marker is needed to
detect this. In recent times, the relationship between long
non-coding RNAs (IncRNAs) and diabetes has received
increasing attention (5), but the relationship between
IncRNA and GDM expression is less well studied.

DNA is used as a template for genetic information in the
nucleus to guide the formation of RNA for the synthesis
of proteins by transcription and translation. The human
genome is currently known to contain about 25,000 genes.
In the organic synthesis of DNA templates, most non-coding
RNA (ncRNA) are not transcribed and only 2% of the
genome is expressed as proteins (6). Among them, IncRNAs,
which are widely present in eukaryotic cells, are involved in
regulating the rate and process of genetic information and
the synthesis and breakdown of many nutrients (7), as well
as playing a positive role in normal physiological activities
(8-10). LncRNA expression is stable, highly specific, and
not easily destroyed, and is stably expressed in blood and
urine. In recent years, with the development and widespread
appositeness of high-throughput RNA-sequencing (RNA-
seq), IncRNAs have become a new target of interest in
ncRNAs, including their role in diabetes and insulin
resistance (10-12). However, we found few studies examining
the association of insulin resistance and IncRNA by high-
throughput based on patients with gestational diabetes, such
as microarrays and RNA-seq. In our previous application (13),
which reported the expression profile of gestational diabetes
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IncRNA. In this study, the transcriptome sequences were
compared with public databases to derive differential
expression of IncRNAs and messenger RNAs (mRNAs).
LncRNA microarray analysis identified 7,498 genes (3,592
up-regulated and 3,906 down-regulated) differentially
expressed in the GDM group and healthy pregnant controls,
including 1,098 differentially expressed IncRNAs (609 up-
regulated and 489 down-regulated) (Tubles 1,2, Figure 1).
By biofunctional clustering and KEGG signaling pathway
analysis, we selected mRNAs and IncRNAs that are closely
related to the insulin signaling pathway in GDM and analyzed
their possible regulatory mechanisms in the pathogenesis of
GDM. Most differential IncRNAs being associated with islet
differentiation effects. The sequencing results were further
validated by quantitative polymerase chain reaction (QPCR).
Based on the regulatory pathways of the IncRNA mRNA
network, their co-expression network was constructed by
Pearson correlation analysis (Figure 2). The degree function
represents the degree of interrelationship between a node
and other nodes in a virtual network and the number of
nodes in the network. The IncRNAs ERMP1, TSPAN32 and
MRPL38 were found to form a co-expression network with
TPH1, which is mainly involved in the tryptophan metabolic
pathway and in the development of GDM. In addition,
IncRNA RPL13P5 formed a co-expression network with
TSC?2 gene through PI3K-Akt and insulin signaling pathway
and was involved in the process of insulin resistance in GDM.

There was no significant difference in the expression of
PTH in the qPCR validation of the GDM group (n=3) vs.
the control group (n=3), which was not consistent with the
transcriptional sequencing results. TSC2 was upregulated
in the peripheral blood of GDM patients, and the qPCR
validation results were consistent with the sequencing
results. The sequencing of IncRNA RPL13P5, which forms
a co-expression pair with TSC2, showed high expression,
and the qPCR validation results were consistent with the
sequencing results. The co-expressed mRNA-IncRNA:
IncRNA-RPLI3P5-TSC2 was selected for quantitative
reverse transcription PCR (qQRT-PCR) validation (7ible 3).
We then designed primers to verify if differential expression
was present (Table 4). indicating whether expression was
significantly higher in GDM than in normal pregnant
women (P<0.0041; #=5.908) (Figure 3). Our studies have
shown the gene encoding IncRNA RPLI3P5 was stably and
distinguishingly expressed in the outside blood of GDM in
preliminary experiments, resulting in us proposing RPLI3P5
could be a novel molecular marker of GDM and a potential
molecular marker for its early diagnosis. In a mechanistic
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Table 1 Top 10 differentially expressed IncRNAs

Li et al. Expression of IncRNA RPL13p5 in patients with GDM

Gene symbol Length Log2fold change P value Padj Style
AL732372.2 9,944 24.33780372 4.68174E-10 4.95613E-07 Up
FAS 12,963 24.29753701 1.45924E-11 2.84816E-08 Up
SUMOS3 13,163 21.936314 1.98532E-08 5.85696E-06 Up
NOP53 11,180 21.66537943 2.96336E-08 7.4481E-06 Up
LINC00894 5,682 21.23578621 5.53507E-08 1.16621E-05 Up
CDK19 1,967 21.23578621 5.53507E-08 1.16621E-05 Up
AC092821.3 22,711 21.23578621 5.53507E-08 1.16621E-05 Up
POLR1D 17,202 21.22407648 5.63745E-08 1.18354E-05 Up
ERCC6 43,335 20.89981794 8.978E-08 1.75508E-05 Up
CBWD3 46,292 20.83406406 9.85969E-08 1.88323E-05 Up
CDKN3 18,489 -22.089849 1.59153E-08 5.07163E-06 Down
FAM102A 9,840 —-22.09430301 1.58093E-08 5.07163E-06 Down
AL732372.2 15,665 -22.10367387 1.55884E-08 5.04468E-06 Down
ZMYM1 36,464 -22.19318039 1.36248E-08 4.73528E-06 Down
BRI3 3,920 —22.21577988 1.31681E-08 4.67303E-06 Down
THUMPD3-AS1 8,613 —22.40982355 9.81644E-09 3.82003E-06 Down
LRRC75A-AS1 2,910 —-22.76180551 5.70527E-09 2.79482E-06 Down
COX20 9,399 —-22.96916569 4.15816E-09 2.361E-06 Down
CEP162 52,837 -23.38720014 2.16163E-09 1.55185E-06 Down
DNAJC6 117,976 —-25.08352346 1.36117E-10 1.7529E-07 Down

LncRNA, long non-coding RNA.

study, we also combined the analysis of recent studies, and
showed RPLI3P5 may be involved in multiple key signaling
pathways in the development of insulin resistance (1). We
then verified that its differential expression was consistent
with our previous findings based on the unique structure of
IncRNA, which was conserved, stable, and tissue-specific,
indicating it could be regarded as an early indicator for the
diagnosis and prognosis assessment of GDM.

We present the following article in accordance with
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2940).

Methods
Data collection

The flow diagram for this study is presented in Figure 4.
We selected randomly 25 patients with GDM and 19 normal
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pregnant women newly diagnosed in our obstetrics
outpatient clinic from October 2019 to March 2020. The
study was approved by the Health Office Ethics Commission
of the Inner Mongolia Autonomous Region People’s
Hospital (201811005) and all study subjects signed inform
consent documentation. All procedures performed in this
study involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). The body
mass index (BMI) of patients at 36 weeks gestation, as well
as fasting blood glucose (FBQG), 1-hour glucose load, 2-hour
glucose load, fasting serum insulin, and c-peptide levels at
24-28 weeks were extracted, and based on the collected
information, we calculated a homeostasis model assessment
insulin resistance (HOMA-IR) to assess the insulin resistance
status in both groups.

Calculation formula: HOMA-IR = fasting insulin (FINS)
x FBG/22.5, as described in the reference (14).
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Table 2 Top 10 differentially expressed mRINAs

Gene symbol Length Log2fold change P value Padj Style
ASAP1 349,127 27.29460959 2.819E-12 7.92548E-09 Up
SERF2 17,496 26.83679243 4.46397E-16 3.48513E-12 Up
IFITM1 1,714 26.52378758 1.12811E-11 2.42964E-08 Up
HNRNPU 9,448 26.14058329 2.21623E-11 4.13198E-08 Up
DIAPH1 104,034 25.80045113 7.14906E-15 4.05923E-11 Up
IKZF1 100,317 25.63427718 5.33118E-11 7.92797E-08 Up
BNIP3L 27,801 25.55028294 6.1571E-11 8.84047E-08 Up
TRRAP 132,150 25.53453387 6.32523E-11 8.97866E-08 Up
SPG11 100,822 25.18641404 1.14317E-10 1.50316E-07 Up
FLNA 26,107 24.84383539 2.03059E-10 2.4868E-07 Up
CYFIP2 127,085 -25.58554936 5.79726E-11 8.51965E-08 Down
NKTR 48,048 -25.86487733 3.58405E-11 5.94006E-08 Down
SERP1 61,177 -25.90150098 3.36355E-11 5.722E-08 Down
EIF4E3 49,828 -25.91873442 3.26444E-11 5.66362E-08 Down
RPS3A 4,967 —26.03324779 2.67472E-11 4.84226E-08 Down
HNRNPUL1 41,898 -26.0500817 9.36737E-16 6.15861E-12 Down
SPOCK2 29,998 -26.39218862 1.42471E-11 2.84816E-08 Down
KMT2E 99,895 -27.53008692 1.832E-12 5.44873E-09 Down
RPS27A 3,686 —27.54330358 1.788E-12 5.44756E-09 Down
SNORD3A 217 -29.60661663 4.10063E-19 5.12235E-15 Down

mRNAs, messenger RNA.

The diagnosis of GDM relied on the American Diabetes
Association (ADA) 2019 standard (15) and was considered
present when oral glucose tolerance test (OGTT)
measurement for the glycemic load test showed blood glucose
level exceeded any of the specified cutoff values [fasting:
92 mg/dL (5.1 mmol/L); 1 h: 180 mg/dL (10.0 mmol/L);
2 h: 153 mg/dL (8.5 mmol/L)]. As previously stated (15),
those with pre-pregnancy diabetes, high blood pressure,
pre-eclampsia, or obesity (BMI) >30 (16) were excluded
from the trial (13).

Maternal characteristics

There was no significant difference in the age and BMI
between the two groups. In contrast, fasting plasma glucose

(FPG), OGTT-1 h blood glucose, OGTT-2 h blood
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glucose, insulin (mU/L), and HOMA-IR were checked at
36 weeks of pregnancy, and the differences between groups
was significant. A sample of this data is shown in Table 5.
The original data sources can be found in the published
article on the study (13).

Extraction and qPCR

According to the co-expression profile network data
between mRNA-IncRNA in our laboratory, we selected
RPLI3P5 as a candidate IncRNA related to the GDM
insulin signaling pathway. Expanded samples were
validated in the experimental group with GDM (Exp
=25) and control group of healthy pregnant women (Con
=19). Primer sequences for qPCR of IncRNARPL13P5
are that RPL13P5-F: GGGCTTAACCCTCTCATCG,
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Figure 1 Heat map and volcanic analysis for the differentiated expressing IncRNAs and mRNAs. (A) Heatmap analyses of differentially
expressed mRNAs. (B) Heatmap analyses of differendally expressed IncRNAs. (C) Volcano analyses of differentially expressed mRNAs. (D)
Volcano analyses of differentially expressed IncRNAs. LncRNA, long non-coding RNA; mRNA, messenger RNA.

RPL13P5-R: GGGACTGAGACCCGAGGTTA.
ChamQ"™ SYBR qPCR Master Mix (vazyme Q311-02) was
used to perform real-time fluorescent QPCR amplification
experiments to verify the sequencing results (Table 4).
Monitoring was also performed using the Gene Amp PCR
System 9700.

Correlation analysis between IncRNA level and insulin
resistance

Insulin resistance was indirectly evaluated using the
homeostatic index of insulin resistance. The correlation

© Annals of Palliative Medicine. All rights reserved.

between the HOMA-IR and IncRNA expression was
analyzed using Spearman correlation analysis.

Statistical analysis of IncRNA

Two independent samples were tested using z-test to
make comparisons of differential gene expression levels in
peripheral blood of both groups using SPSS22.0 statistical
software with a P value of less than 0.05 used as the standard
for calculation. Multiple linear regression was used for
analysis of the relationship of IncRNA RPLI3P5 to insulin
resistance in GDM.

Ann Palliat Med 2021;10(10):11024-11034 | https://dx.doi.org/10.21037/apm-21-2940



Annals of Palliative Medicine, Vol 10, No 10 October 2021

. ‘\.

@

|.S ENSTmﬂDDG.;ACZiSSZZ 2 \
A \

\ El NSTOODGU.ﬁ_RPL 13P5

Figure 2 mRNA-IncRNA co-expression network. mRNA, messenger RNA; IncRNA, long non-coding RNA.

Table 3 Partial results of differential genes and IncRINA attributes were presented
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Gene symbol Degree Log2fold change Biotype Gene feature
ENST00000412023.5_RPL13P5 7 1.069003946 Up Noncoding
TSC1 1 1.848237074 Up Coding

LncRNA, long non-coding RNA.
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Table 4 Primers for qQPCR of IncRNA RPL13P5 D Control groups

Amplification primer name  Amplification primer sequence |:| GDM
RPL13P5-F GGGCTTAACCCTCTCATCG 52°]

RPL13P5-R GGGACTGAGACCCGAGGTTA é 207

TSC1-F CTCCACAGCCAGATCAGACA g’ 1.5 1 -

TSC1-R ACACCTTGTTGTTGGCCTTC § 1.0 ,:,T—_.

TSC2-F AGTGGTCATCTCGCAGCTCT % 05

TSC2-R GCCATCACCTTCTCGATGAT € o0 : :

gPCR, quantitative polymerase chain reaction; IncRNA, long RPL13PS  Control groups

non-coding RNA. Figure 3 The GDM group (n=3) vs. the control group (n=3) gPCR
to validate the expression of IncRNA RPL13P5. **, P<0.01. GDM,
gestational diabetes mellitus; qPCR, quantitative polymerase chain
reaction; IncRNA, long non-coding RNA.

[ Gestational diabetes mellitus (n=25) H Normal pregnancy (n=19) ]7

Physical evaluation
Laboratory measures
and metabolic

measures [ 3 Gestational diabetes mellitus T 3 Normal pregnancy ‘ k 22 GDM

-l- N 16 Controls
L The raw data of INcRNA sequencing ‘ l \

¥ i . \ o

Sequencing quality assessment (fastac) J > Marker candidates —> if&ﬁﬁ'iﬁg&"i
! v
L Reference sequence alignment (Hisat2) J f Q-PCR verified
) ' )
L Differential expression analysis (Ballgown) J
, v
l—L The expression level analysis (StringTie) J—l

Differences gene:liDiﬁerences IncRNA

Clustering analysis

' }

‘ GO analysis Pathway anaIyS|s \ Near the location analysis

\—> Regulatory network of IncRNAs-mRNA J

Figure 4 Flow diagram for this study. GDM, gestational diabetes mellitus; IncRNA, long non-coding RNA; ¢PCR, quantitative polymerase
chain reaction; mRNA, messenger RNA.

Results insulin signaling pathway was selected for gPCR verification.

Validation of IncRNA RPLI3PS expression pattern by We designed primers to verify the differential expression

4PCR from the control group to the experimental group (Table 4).

The expression level of IncRNA RPLI3P5 was significantly
According to the mRNA IncRNA differential expression different between the two groups, and its expression in the
profile network, IncRNA RPLI3PS related to the GDM external blood of GDM was highly statistically significant
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Table 5 Characteristics of study participants
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Characteristics GDM (n=25) Control group (n=19) P value
Age, y 31.68+0.7499 30.16+0.8661 0.1907
Pre-pregnancy BMI 23.79+0.6881 21.49+0.7277 0.0287
FBG (mmol/L) 5.739+0.3522 4.286+0.0531 0.0009
OGTT-1h 10.82+0.7044 7.154+0.3189 0.0001
OGTT-2 h 9.264+0.4022 6.079+0.2557 <0.0001
Insulin (mU/L) 11.41+£1.129 6.552+0.5757 0.0012
HOMA-IR 2.62+0.2714 1.246+0.1083 0.0001

GDM, gestational diabetes mellitus; BMI, body mass index; FBG, fasting blood glucose; OGTT, oral glucose tolerance test; HOMA-IR,

homeostasis model assessment insulin resistance.

14 T
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[
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Figure 5 Validation of IncRNA RPLI3P5 expression pattern by qPCR and association between the expression level of IncRNA RPLI3PS
and other clinicopathological features of GDM. (A) gPCR of IncRNARPL13P5 expression levels in peripheral blood of patients with GDM.
(B) Correlation analysis between IncRNA level and insulin resistance. LncRNA, long non-coding RNA; qPCR, quantitative polymerase

chain reaction; GDM, gestational diabetes mellitus.

in the experimental group compared with the control group
(P<0.05) (Figure 5A).

An association was observed between the expression level
of IncRNA RPLI3P5 and other clinicopathological features
of GDM (Tuble 6, Figure 5B), indicating it might have a
biological function within the metabolic process of GDM,
and deserves further investigation.

Discussion

Excessive insulin resistance and potential impairment
of pancreatic B-cell function during pregnancy are the
pathophysiological basis of GDM, and which genes
participate in insulin resistance and are involved in the
process of pancreatic B-cells is worthy of investigation.
Human placental prolactin (HPL) is secreted in high
levels during pregnancy and has a variety of biological

© Annals of Palliative Medicine. All rights reserved.

functions, including lactation regulation, morphogenesis,
reproduction, metabolism and adaptation to physiological
stressors. HPL can accelerate lipolysis and inhibit the
deposition of fat in the body, thereby increasing the
level of free fatty acids in the blood, which are used as an
energy source to maintain physiological functions. Insulin
in the surrounding tissues is inhibited, the muscular
uptake of glucose is reduced, the utilization rate of blood
glucose is greatly reduced, and the increase in blood
glucose is conducive to the ingestion of a large amount of
glucose from the mother’s blood by the fetus for growth
and development. HPL regulates glucose metabolism
through insulin signal-related pathways and participates
in regulating the steady-state adaptation of glucose to
pregnancy (17). Therefore, the function of HPL is an
important condition for the rapid growth and development
of the fetus. Studies have shown that patients with GDM
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Table 6 Linear regression analysis with GDM HOMA-IR as the dependent variable

Model Non-standardized coefficient B Standard error Standard coefficient t Sig.
Constant -0.088 2.276 - -0.038 0.97
BMI 0.111 0.075 0.012 1.479 0.16
FPG -0.501 0.271 -0.028 -1.847 0.085
FINS 0.622 0.016 1.089 39.925 0
HOMA-IR -0.022 0.005 -0.081 -4.665 0
OGTT-1h 0.057 0.124 0.006 0.46 0.652
OGTT-2 h -0.092 0.096 -0.013 -0.965 0.35
LncRNA RPL13P5 -0.495 0.197 -0.015 -2.511 0.024

A dependent variable: insulin resistance index. GDM, gestational diabetes mellitus; HOMA-IR, homeostasis model assessment insulin
resistance; BMI, body mass index; FPG, fasting plasma glucose; FINS, fasting insulin; OGTT, oral glucose tolerance test; INcRNA, long non-

coding RNA.

have excessive insulin resistance characterized by a fifty
percent decline in insulin susceptibility in humans with the
doubling of insulin secreted. Insulin resistance is one of the
early determinants of declining cellular function (18), and
following a threshold, inadequate insulin production and
increasing insulin requirements will result in hyperglycemia
in patients with GDM (19). Patients with GDM have
increased insulin-like growth factor (IGF) (20), hormone
insulin, adrenocorticotropic hormone, as well as pulmonary
surfactant (PS), which enhances fetal access to glucose and
essential amino acids, resulting in a large fetal weight at
delivery.

In our analysis of the co-expression network, the up-
regulation of IncRNA RPLI3P5 is correlated with the
expression of STC2, and to further study the biological
function of IncRNA RPLI3PS5, we chose stann-calcin-2
(STC2) for targeted genetic analysis. 7SC is composed of
the genes 7SCI and TSC2, which are widely expressed in
various tissues of the body, encoding hamartin and tuberin
proteins separately.

The TSC1/TSC2 gene is in the center of the signal
transduction pathway and is mainly enriched in the mTOR
signal pathway, endocrine and metabolic-related signal
pathways such as PI3K/AKT, insulin signal pathway, insulin
resistance, and other signal pathways (21). Overexpression
of STC2 increased the activity of PI3K-p85a and
phosphorylated AKT (Ser473). Therefore, we speculated
that the significant overexpression of IncRNA RPL13P5S
in GDM patients may mainly promote insulin resistance
through PI3K/Akt signaling.

We also found that STC2 effectively inhibited

© Annals of Palliative Medicine. All rights reserved.

proteinolytic activity of pregnancy-associated plasma
protein-A (PAPP-A). Cys-120 and PAPP-A of STC2 are
covalently bound by disulfide bonds to reduce proteolysis,
and PAPP-A is a protein catabolic enzyme. Studies have
found (22) that on the one hand, PAPP-A can activate
insulin-like growth factor receptor (IGFR) by dissolving
lecithin, and on the other hand, it can hydrolyze insulin-like
growth factor binding protein (IGFBPs) such as IGFBP-4.
IGFBP-4 competes with IGFR for binding to IGFs (23),
and IGFs bound to IGFBP-4 are unable to exert biological
activity. IGFBP-4 protein splits and decomposes to release
biologically active IGF, which is activated by PAPP-A,
thereby initiating IGF signals and ultimately regulating
its biological functions. The effect of enhancing local IGF
has been confirmed in many studies both iz vive and in
ex vivo (24). The association with STC2 as well as
PAPP-A prevents the cleavage of IGFBP-4. In line with
this, STC2 proved to be effective in inhibiting in vitro
PAPP-A regulated IGF acceptor signaling (25). The up-
regulation of IncRNA RPLI3P5 is related to the expression
of STC2. As an RNA that is stabilized and measurable,
IncRNA RPL13P5 may be used to cure disorders through
complementary down-regulation of ncRNA expression and
inhibition of ncRNA overexpression. This shows IncRNA
RPLI13P5 is a potential biomarker for GDM.

The IncRNA transcripts associated with the GDM
insulin signaling pathway are mainly enriched in both
the PI3K/AKT signal pathway and the insulin signature
pathway. IncRNA RPLI3P5 is involved in the process of
insulin resistance in GDM by forming a co-expression
network by the PI3K-Akt signaling pathway, insulin signal
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pathway, and 7SC2 gene. Currently, most research on
IncRNA is on diabetes mellitus type 2, with an incomplete
direction of research on gestational diabetes as well as an
incomplete understanding of its mechanisms, principally
because most studies lack large sample sizes. We have
offered a fresh insight into the mechanisms underlying
insulin resistance seen in GDM, which should be explored
though further research.
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