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Gestational diabetes mellitus —
more than the eye can see — a
warning sign for future maternal
health with

transgenerational impact
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Gestational diabetes mellitus (GDM) is regarded by many as maternal
maladaptation to physiological insulin resistance during the second half of
pregnancy. However, recent evidence indicates that alterations in
carbohydrate metabolism can already be detected in early pregnancy. This
observation, the increasing prevalence of GDM, and the significant short and
long-term implications for the mother and offspring call for reevaluation of the
conceptual paradigm of GDM as a syndrome. This review will present evidence
for the syndromic nature of GDM and the controversies regarding screening,
diagnosis, management, and treatment.
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Gestational diabetes as an obstetric syndrome

Maternal insulin resistance, which develops physiologically during the second half of
pregnancy, serves the increasing fetal requirements for free glucose required to support
growth. Disruption in the maternal metabolic support of pregnancy can lead to pregnancy
complications such as fetal growth restriction, and preterm birth in case of in sufficient
support (1) and diabetes mellitus on cases of increased glucose supply. However, GDM is
an obstetric syndrome characterized by multiple etiologies, a long subclinical phase, fetal
involvement, and complex gene-environment interactions (2).

During the subclinical phase, elevated amniotic fluid insulin concentrations in the mid-
trimester (OR 1.9, 95% CI 1.3 - 2.4) (3), the maternal metabolic profile during the first
trimester (4-7), and the proteomics profile in the first trimester (8-12) are all associated with
increased risk of GDM.
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The fetus may also play a part in the development of GDM as
maternal insulin resistance develops in response to placental
hormones, specifically human placental lactogen (hPL).
Conversely, the fetus is aftected in utero by the high-glucose
environment leading to macrosomia, polyhydramnios, and
neonatal hypoglycemia (1).

A genetic predisposition for GDM has been proposed involving
post-receptor insulin signaling and downregulation of insulin
receptor substrate-1 contributing to a reduction in glucose uptake
by skeletal muscle. Furthermore, a systematic review identified 9
single nucleotide polymorphisms (SNPs) associated with and
increased risk of GDM suggesting that gene-environment
interactions affect a patient’s risk (13).

Changes in the epidemiology of
gestational diabetes

The prevalence of GDM in a cohort of over 100 million
deliveries in the US increased 23-fold from 1979 until 2010 (14)
and s still rising, reaching 9.2% in some studies (15). This is a global
problem, with studies in Australia, North Africa and the Middle
East confirming the trend and with a prevalence as high as 36%
(16). The rate of GDM is influenced by factors such as ethnicity,
maternal age, and obesity (17-22). Indeed, the rate of GDM in
overweight, obese, and morbid obese women, reaches 10%, 15% and
21% respectively (23) (Figure 1).

Underlying mechanisms of
gestational diabetes

Significant modifications occur in maternal metabolism during
pregnancy, which are a prerequisite to adapting maternal and fetal
nutritional requirements throughout gestation (Figure 2). The most
prominent maternal metabolic adaptation during pregnancy is the
change in insulin sensitivity, which depends on the metabolic
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requirements of the developing fetus. During the early stages of
pregnancy insulin sensitivity increases in preparation for the
increasing insulin demand in later gestation, encouraging uptake
of glucose into adipose stores (24). Conversely, as pregnancy
advances, increasing maternal and placental hormones, including
estrogen, progesterone, cortisol, leptin, hPL, and placental growth
hormone (PIGH) simultaneously promote a state of insulin
resistance (25). Consequently, blood glucose is elevated and its
active transport across the placenta contributes to the accelerated
fetal growth during the third trimester. Hence, the maternal
pancreas continues to increase insulin production and secretion,
to prevent hyperglycemia. When compensation is only partially
functional, due to lack of sufficient insulin reserves, maternal
hyperglycemia and GDM ensue (26).

The most prominent of the multi-organ molecular processes
associated with the development of GDM is pancreatic B-cell
dysfunction. This is defined as the loss of ability to sense
circulating glucose concentrations or to release sufficient insulin
to maintain euglycemia, resulting from prolonged excessive insulin
secretion or post-receptor signaling defects. Consequently, most of
the reported susceptibility genes are related to B-call function (27)
(Table 1) and the metabolic stress of pregnancy may uncover minor
perturbations in previously healthy women, or lead to uncontrolled
hyperglycemia and severe cellular dysfunction in cases of pre-
existing B-cell dysfunction, a process called glucotoxicity (28).
GDM has also been associated with depletion of -cell mass or
number (29, 30) in animal models and post-mortems.

Chronic insulin resistance has also been implicated in the
development of GDM as demonstrated by a 54% reduction in
insulin stimulated glucose uptake compared to normal pregnancy.
This is mostly due to a reduced inter-cellular response to insulin
and alterations in downstream signaling (31-33), which is also
affected by saturated fatty acids, pro-inflammatory cytokines, and
adiponectin (34).

Neuro-hormonal networks are critical in the regulation of
appetite, energy expenditure and basal metabolic rate, which are
mediated by adipocytokines such as leptin and adiponectin. Leptin is
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FIGURE 1

The probability of gestational diabetes mellitus (GDM) in according to mother’s pre-pregnancy body mass index (BMI) presenting a linear association
between pre-pregnancy BMI and the probability to develop GDM during pregnancy. [23 with permission].
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Organs involved in pathophysiology in gestation diabetes mellitus. Gestational diabetes is a multisystem disorder as it affect the pancreas, gut and its

microbiome, the brain and the placenta and the fetus.

associated with maternal obesity and pre-pregnancy body mass index
(BMI), but placental production of leptin is notably increased in
women with GDM, contributing to hyperleptinemia and maternal
insulin resistance as well as fetal macrosomia (35-40). Adiponectin
has the inverse action of leptin, and its plasma concentrations
decrease as the adipose tissue mass increases, which is also
associated with GDM (41, 42). Hypertrophy of adipose tissue and
down-regulation of regulators for insulin signaling transporters of
fatty acids lead to glucotoxicity and lipotoxicity culminating in fat

accumulation in the muscles and liver. Additionally, excessive fat
contributes to maternal systemic inflammation by the secretion of
pro inflammatory cytokines (43-51).

Oxidative stress is also an important factor; women with GDM
have over production of free radicals and their scavenging capability
is decreased. The free radicals of reactive oxygen species affect
glucose uptake by cells and glycogen synthesis in the liver and
muscles, further contributing to the metabolic imbalance
associating with gestational diabetes (52-54).

TABLE 1 Candidate genes demonstrating association with GDM in meta-analysis.

Gene  Chromosome Encoded protein Protein function
IRS1 2 Insulin receptor substrate 1 Substrate of insulin receptor tyrosine kinase; key molecule in the insulin signaling pathway
IGF2BP2 3 Insulin-like growth factor 2 mRNA- Binds insulin-like growth factor 2- mRNA and may regulate protein translation; risk allele
binding protein 2 associated with decreased insulin secretion
CDKAL1 | 6 CDKS5 regulatory subunit associated A tRNA methylthiotransferase; non-pregnant carriers of the risk alleles have impaired oral
protein 1 like-1 and intravenous glucose stimulated insulin secretion
GCK 7 Glucokinase Phosphorylates glucose in pancreatic B-cells and hepatocytes; involved in the regulation of
insulin secretion
TCF7L2 10 Transcription factor 7-like 2 Transcription factor and member of the Wnt signaling pathway; risk allele associated with
reduced insulin secretion
MTNRIB | 11 Melatonin receptor 1B G-protein coupled receptor that is expressed on B-cells, binds melatonin and may
antagonize insulin release
KCNJ11 11 Potassium inwardly rectifying channel, | Integral membrane protein and inward-rectifier type potassium channel which is controlled
subfamily J, member 11 by G-proteins and associated with the sulfonylurea receptor; involved in the regulation of
insulin secretion
KCNQ1 11 Potassium voltage-gated channel, Voltage-gated potassium channel; involved in the regulation of insulin secretion
KQT-like subfamily, member 1

Adapted with permission from: Lowe WL, Jr., Karban J. Genetics, genomics and metabolomics: new insights into maternal metabolism during pregnancy. Diabet Med 2014; (31:254-262) (27).
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The placenta is both a major contributor and a target organ of
GDM. Placental hormones like hPL mediate maternal insulin
resistance. During GDM the placenta is affected as the high
concentration of insulin in these patients increases placental
glucose uptake and contributes to excessive fetal growth and
macrosomia (55, 56). Similar effect is observed in placental amino
acid transport that is markedly increased further enhancing fetal
growth (57). Interestingly, it is lipids placental transport that is
affected in GDM. Indeed, 67% of lipid pathways placental gene
expressions are affected in GDM versus only 9% of placental genes
involved in glucose pathways. These observations may also explain
the link between fetal macrosomia and maternal obesity (58).

Microbiome and gestational diabetes

Pregnancy is associated with fundamental changes in the gut
microbiota in comparison to the non-pregnant state. These changes
are evidence during the second and third trimesters, include a
reduction in alpha diversity, and increase in the beta diversity of
pregnant women in comparison to the non-pregnant state. These
chances have been attributed to the physiological insulin resistance
of pregnancy. Indeed, the chances in the gut microbiome during the
second and third trimesters are similar to those observed in patients
with metabolic syndrome (59-62).

The gut microbiome plays an essential role in carbohydrate and
lipid metabolism, insulin homeostasis, and inflammation (63, 64).
Ya-Shu Kuang et al, observed associations between gut microbiome
and GDM status. Functional analysis showed a higher quantity of
lipopolysaccharide, energy metabolism pathways, membrane
transport, and phosphotransferase systems in the microbiome of
GDM patients, while the microbiome of controls was enhanced in
the amino acid metabolic pathways (65). Another prospective
cohort study indicates that trace element exposure is associated
with specific gut microbiome features that may contribute to GDM
development (66). Recently published meta-analysis conducted the
correlation between intestinal flora and GDM. It revealed a
correlation between intestinal microecological changes and
occurrence of GDM, which manifested as a decrease in the level
of probiotics, an increase in the level of intestinal bacteria and other
strains, along with the increase in the level of inflammatory factors
in women with GDM (67).

Moreover, GDM affects not only the gut, but also the vaginal
microbiome. Indeed, vaginal dysbiosis is more prevalent among
women with GDM then in those with normal pregnancy. In
addition, the vaginal microbiome of women with GDM had lower
alpha diversity indices then those with the normal pregnancy (68, 69).

The consumption of probiotic supplements is widely
investigated for their beneficial effects on the treatment of
metabolic diseases (70). The World Health Organization (WHO)
has defined the probiotics as live microorganisms that when taken
properly contribute health benefits on the host (70-73). Intake of
probiotics is safe and effective in regulating the human gut
microbial composition and function, to support favorable
metabolic activity, produce beneficial metabolites, and normalize
the gut microbiota (71, 73, 74). In addition, supplementation with
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probiotics has been shown to improve glycemic control and lipid
profile in patients with type 2 diabetes mellitus (74-77).

Probiotic supplementation, with Lactobacillus rhamnosus and
Bifidobacteriumlactis, in non-obese women during pregnancy
resulted in a decline in the rate of GDM from 34% to 13%
according to Luoto et al. (76). However, Asemi et al. (77) did not
find an impact on glycemic control in women with GDM
supplemented with probiotics. Similar results were reported by
Lindsay et al. that found that in women with GDM probiotic
capsule intervention had no impact on glycemic control (76).
Conversely, a few recent studies demonstrated a positive effect of
different strains of probiotics on pregnant women with GDM and
showed that probiotic supplement appeared to improve glucose
metabolism and insulin resistance, as well as weight gain among
those women (78, 79). Yefet et al. in a recently published meta-
analysis of placebo-controlled RCTs (14 studies, 854 women),
which evaluated the effects of probiotic supplements in GDM,
found that probiotics had significantly lower mean fasting serum
glucose, fasting serum insulin, insulin resistance, total and very-
low-density lipoprotein cholesterol, and triglycerides levels.
Decreased neonatal birth weight was observed in Lactobacillus
acidophilus containing supplements (80). This meta-analysis had
several limitations: inter-study heterogeneity of the probiotic
supplement, the duration of treatment, the effective dose range,
and a possible positive publication bias. Another limitation was that
only fasting glucose was evaluated with a non-significant clinical
minor effect, but not mean daily glucose or postprandial glucose
levels, which better predict pregnancy complications in GDM (81).
Nachum et al. in a multicenter placebo controlled RCT among
women with GDM recently found no effect of a mixture of probiotic
strains on maternal glycemic control, particularly preprandial and
postprandial glucose values, and pregnancy outcomes (82).

What is the fetal contribution to the
development of gestational diabetes?

Maternal placental fetal interactions are the cornerstone for the
development of GDM. The placenta is a fetal endocrine organ,
which produces and secretes a variety of substances to adapt
maternal physiology to support the growing fetus. The placenta
contributes to maternal insulin resistance, ensuring that maternal
blood glucose levels rise adequately to sustain fetal growth and a
concurrent increase in maternal 3-cell mass and function maintains
maternal glucose hemostasis. A disruption in either process may
result in GDM.

Placental proteins such as leptin and adiponectin, peptide
hormones including human chorionic gonadotropin (hCG),
human placental lactogen (hPL) and placental growth hormone
(PGH) and steroid hormones progesterone and estrogen all
significantly influence maternal glucose metabolism (83).

Placental endocrinology differs between women with and
without GDM starting from the first trimester (84). It has been
suggested that first trimester hCG or B-hCG concentrations
negatively correlate with the risk for subsequent development of
GDM. This finding was further (85) confirmed in in vivo models in
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which trophoblasts from pregnancies with GDM had decreased
expression of genes associated with synthesis and differentiation of
hCG (86).

PGH, a member of the somatotropin family, is unlike other
placental hormones as it is secreted exclusively into the maternal
circulation and in a continuous non-pulsatile fashion (87) and it is
the only placental hormone directly affected by maternal glucose
concentrations in a dose-dependent manner (88). PGH stimulates
glucose-induced insulin secretion via the prolactin receptor and
growth hormone receptor on maternal [3-cells (89). Hyperglycemia
leads to decreased PGH production, followed by a decline in insulin
secretion, further worsening hyperglycemia in a self-propagating
cycle. This process is especially prominent among women with
GDM (90).

hPL is another member of the somatotropin family, detectable
from week 6 of gestation and increasing progressively until the third
trimester. Although hPL has been associated with increased
maternal B-cell mass and function, acting via the prolactin
receptor, and single nucleotide polymorphisms of the prolactin
receptor gene PRLR have been associated with an increased risk of
GDM (91), large studies have failed to demonstrate a difference in
hPL levels between GDM pregnancies and controls (92, 93).

Leptin, whose main source of production in the non-pregnant
state is the adipose tissue, increases steadily during pregnancy to peak
at 28 weeks gestation due to a significant contribution from the
placenta (94). Although leptin enhances peripheral insulin sensitivity
and [-cell function and suppresses food intake via signaling satiety in
the non-pregnant state (95), pregnancy is associated with progressive
leptin insensitivity which may promote insulin insensitivity and
glucose intolerance (94). Women with GDM have higher leptin
levels than controls (92, 96, 97). Moreover, leptin may be secreted
into fetal circulation, contributing to fetal growth and higher levels
are observed in cord blood of macrosomic newborns compared to
those with normal birthweight (96), an adverse outcome associated
with GDM. Conversely, circulating adiponectin levels decline during
pregnancy, with lowest levels in cases of rising BMI, insulin resistance
and GDM (41) and several studies show that women with GDM have
lower levels than controls (92, 96, 97).

Estrogens have demonstrated protective effects on -cells, with
estradiol (E2) promoting B-cell replication and neogenesis in
animal models (98). Unconjugated estriol (E3), the most
abundant estrogen in pregnancy, has been associated with GDM
development when levels exceed the 95th centile in the early second
trimester (99). Competitive binding of E3 and E2 to the estrogen
receptor and decreased expression of both estrogen receptors in
cases of GDM, which coincides with increased leptin expression and
the associated increase in pro-inflammatory cytokines (100) may
contribute to the development of insulin resistance.

Progesterone is associated with weight gain and fat deposition,
but also with suppression of inflammatory responses (101). The
precise effect of progesterone on f-cells remains elusive, but it has
been suggested that insulin resistance results from reduced insulin
binding, downregulation of the GLUT4 receptor (responsible for
glucose uptake in muscle and adipose tissue) and insulin-induced
hepatic gluconeogenesis (102). Conflicting studies have shown
increased risk of GDM associated with lower (103) and higher
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levels of progesterone (104). Additionally, exogenous
supplementation in the form of 170-hydroxycaproate from
prevention of preterm birth has also been demonstrated to
increase the risk of GDM (105).

Fetal sex is also emerging as a contributor to the development of
GDM with increased prevalence and severity noted in pregnancies
with male fetuses (106). This risk has been estimated to be around
4% higher than pregnancies with female fetuses (107) and is also
associated with an increased lifelong risk of type 2 DM (108). This
may indicate that regulation of glucose metabolism may differ
according to fetal sex. Some studies have noted higher insulin
resistance (109) or higher fasting glucose, indicating decreased [3-
cell function (110), although some studies have observed no
differences between pregnancies with male and female fetuses (111).

Pregnancies with a male fetus have lower average hCG levels
throughout pregnancy (112) and lower maternal PGH levels (113),
both associated with poorer control of glucose hemostasis.
Additionally, male placentas are smaller despite their relative
increased growth, and therefore assumed to be more efficient,
although with less reserve to counteract metabolic challenges
(114). Although no biologic models have been described to date,
gene expression between male and female fetuses differs from early
in pregnancy, and this, in combination with differing hormonal
expression and function, should be studied for their contribution to
the development of GDM.

Prenatal ultrasound for the
assessment of fetal effects of
gestational diabetes

Ultrasound is a non-invasive test which facilitates the
identification of various fetal complications associated with GDM.
In this article, we will focus on the limitations of fetal
weight assessment.

Sonographic estimation of fetal weight aids in the assessment of
glucose control and for planning timing and mode of delivery. Some
studies report no significant difference in the accuracy between
clinical approximations and sonographic weight estimations,
whereas others advocate that ultrasound estimation is superior
(115-118). The increasing maternal BMI and alteration in the
fetal biometrical measurements with growing thoraco-abdominal
size in diabetic pregnancies may affect the accuracy of
both methods.

Estimated fetal weight formulas are based on the measurements
of head circumference, biparietal diameter, abdominal
circumference, and femur length, either alone or in various
combinations, of non-diabetic fetuses. In most studies there was
no significant difference in the accuracy of fetal weight estimation in
diabetic pregnancies as opposed to non-diabetic pregnancies.
Recently several studies (119-121) have proposed that the
Hadlock I formula (122) is superior in accuracy in cases of GDM,
however, Cesnaite et al. (123) advocate the use of the Hsieh formula
(124) and recommended to use a combination of formulas to
improve the accuracy of estimation. Yet another approach
suggests the use of abdominal circumference alone for
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macrosomic fetuses in GDM (125). There is a lack of consensus
regarding timing and frequency of sonographic fetal weight
measurements. One study found that a single estimation at 29 to
34 weeks gestation in poorly controlled GDM failed to identify
mascrosomia at term (126), another has shown that serial
measurements improve prediction (127).

Lee et al. (128, 129) suggested the inclusion of soft tissue
development as part of a weight estimation procedure to improve
the precision of fetal weight estimation. They added three-
dimensional fractional thigh volume to two-dimensional
sonographic measurements. Data suggest that the addition of three-
dimensional measurements to conventional two- dimensional
biometry was associated with improved weight predictions in
diabetic pregnancies (130, 131). However, Tulli et al. found the
Hadlock formula to be superior to the three-dimensional method
for predicting birth weight and macrosomia in diabetic women (132).

Magnetic resonance imaging (MRI) has been reported as an
alternative modality for fetal weight estimation (133, 134) and
found to be accurate, but inaccessibility limits its’ routine use.

In summary, although ultrasound for estimated fetal weight in
the third trimester of pregnancy is a common practice, its ability to
diagnose macrosomia accurately in diabetic pregnancies is
insufficient. Therefore, caregivers should be alert to all risk factors
and to the inherent inaccuracy of fetal weight estimation to
determine timing and route of delivery.

Screening

Screening for GDM is a standard part of antenatal care and is
based on a I-hour 50g glucose challenge test (GCT). In their

10.3389/fcdhc.2025.1527076

original study, O’Sullivan et al. (135) found a cut-off of 130mg/dL
to be moderately sensitive and specific for GDM, and more
importantly to have a high negative predictive value of 99.4%.
Following these findings, several studies have evaluated cut-offs
between 130 and 140mg/dL with no consensus regarding the
optimal threshold to improve pregnancy outcomes (136).
Increasing the threshold of maternal glucose concentration for
diagnostic testing to 140mg/dL yielded higher positive predicting
values and lower false positive rates, unnecessary additional testing
and its” associated cost and patient anxiety across various racial and
ethnic groups (137). This, however, decreases sensitivity, although
this effect may be negligible (137).

The original recommendations from the American College of
Obstetricians and Gynecologists (ACOG) in 1986 proposed
screening only for women with risk factors defined as age >25
years, high risk ethnicity or first-degree relative with DM (138).
However, these criteria resulted in a failure to detect up to 50% of
cases. Subsequently since 2014 the US Preventative Task Force
recommends screening for GDM to all pregnant women at or
beyond 24 weeks gestation (139).

As a proportion of women presenting with GDM will in fact turn
out to be undiagnosed pre-gestational DM, the American Diabetes
Association (ADA) suggests early screening with diagnosis of
pregnancy for overweight or obese women with additional risk
factors (140), (Figure 3), followed by additional testing at 24-28
weeks gestation for those who screened negative in the beginning of
pregnancy (141). However, early-onset GDM diagnosed before 24
weeks was not associated with elevated rate of fetal malformations, but
with higher risks for macrosomia, shoulder dystocia, and neonatal
hypoglycemia (142). These women should undergo strict glycemic
control, intensive monitoring, and careful neonatal evaluation.

FIGURE 3

The criteria for early screening for gestational diabetes in overweight/obese women with at least one additional risk factor (ADA, [142 with
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Early screening

Early screening in pregnancy should be considered if the patient
is overweight (BMI 2 25) and has at least one additional risk factor
such as - history of GDM or macrosomia, family history of diabetes,
HbA1lc > 5.7%, impaired glucose tolerance impaired fasting glucose,
conditions associated with metabolic syndrome (hypertension, low
HDL cholesterol levels, elevated triglyceride), conditions associated
with insulin resistance including polycystic ovary syndrome and
morbid obesity, age of 35 and above, cardiovascular disease, Ist
degree family history of diabetes and other factors that may exhibit
as risk factor for pregestational diabetes (140, 143).

Noteworthy, early pregnancy evaluation may reveal women
with pregestational diabetes. In accordance with the American
Diabetes Association the diagnosis of pregestational diabetes is
confirmed if one of the following thresholds is met: fasting
126 mg/dL (7.0 mmol/L), 2-hour plasma
glucose > 200 mg/dL (11.1 mmol/L) during a 75-gram oral

plasma glucose =

glucose tolerance test, HbAlc > 6.5% or random plasma glucose
>2—mg/dL (11.1 mmol/L) in the presence of classic hyperglycemic
symptoms (140). Yefet et al in a population-based retrospective
cohort study, evaluated 219 women with GDM diagnosed prior to
the 24th week. Type 2 diabetes was diagnosed in 11 (5%) women
post pregnancy. The most accurate and the only independent
marker for undiagnosed type 2 diabetes was HbAlc > 5.8%
(sensitivity of 89%, specificity of 86%, 99.4% negative predictive
value, and 23% positive predictive value) (144). They concluded
that early-diagnosed GDM with HbAlc of 5.8% or more should be
managed as type 2 diabetes mellitus, and after delivery the definitive
diagnosis should be made.

Diagnosis

Diagnosis of GDM is made using the 100g 3-hour oral glucose
tolerance test (OGTT), performed in women who screened positive.
It is important to note that in some cases GDM can be diagnosed
following a screening GCT if plasma glucose levels exceed 200mg/
dL. The initial diagnostic criteria for GDM (135) were established in
1964 based on two or more pathological venous blood glucose
values (Table 2), which correlated with elevated risk of developing
type 2 DM postpartum, and later were found to be associated with

TABLE 2 Diagnostic criteria for oral glucose tolerance test in the USA.

O'Sullivan and Mahan
(1964)

NDDG (1979) 100g
OGTT (plasma

10.3389/fcdhc.2025.1527076

fetal and neonatal complications. Following this study, the National
Diabetes Data Group (NDDG) suggested criteria for plasma glucose
concentrations (145) and in 1994 the ACOG adopted the criteria of
Carpenter and Coustan (138, 146) all of which are presented in
Table 2. Treatment of GDM diagnosed by the later criteria led to
improved pregnancy outcomes (147).

The HAPO study (148) in 2008 attempted to establish new GDM
criteria centering around the risk of adverse pregnancy outcomes.
Based on a one-step diagnostic 2-hour 75g OGTT with no prior
screening, correlation between glucose concentrations and GDM-
related complications was identified. The criteria for GDM diagnosis
were set by the International Association of the Diabetes and
Pregnancy Study Groups (IADPSG) (Table 2). The implementation
of the IADPSG GDM diagnostic criteria led to a significant increase
in the number of women diagnosed as GDM without improving
pregnancy outcomes (149-152). These reports have led the National
Institute of Health (NIH) to conclude that there was insufficient
evidence to adopt the one-step diagnostic approach to GDM, citing
particular concern regarding the increase in the prevalence of GDM,
its’ costs and interventions (136, 153, 154).

More recently it has been shown that women with just one
abnormal value on the 3-hour 100g OGTT also have elevated risk for
adverse perinatal outcomes (155, 156), and a randomized trial has
shown that maintaining tight glycemic control with diet and insulin
may be beneficial in preventing GDM-associated complications
(157). Following this, the ACOG has recently approved the use of
one abnormal value for the diagnosis of GDM (158).

The current recommendations for the diagnosis of GDM varies
among professional societies in the USA (Table 2) and globally
(Supplementary Table 1).

Glucose monitoring

No controlled trials have been performed to identify optimal
glycemic targets. The ADA and ACOG recommend that fasting or
pre-prandial blood glucose values be below 95 mg/dL and post
prandial blood glucose values be below 140 mg/dL at 1 hour or 120
mg/dL at 2 hours to reduce the risk of macrosomia (143, 158). No
study to date has demonstrated the superiority of either approach
(159-162), and this may be because postprandial glucose peaks at
approximately 90 minutes, between the two times points using 130
mg/dL as a cutoft of two standard deviations above the mean (163).

IADPSG (2010)
759 OGTT

Carpenter and Coustan
(1982)

100g OGTT glucose concentrations) 100g OGTT (plasma
(venous blood) (plasma glucose concentrations)
glucose concentrations)
0’ (fasting) 90 105 95 92
60’ 165 190 180 180
120° 145 165 155 153
180° 125 145 “wo

OGTT, oral glucose tolerance test; NDDG, The National Diabetes Data Group; IADPSG, The International Association of Diabetes and Pregnancy Study Groups.
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Nachum et al. found that ambulatory care was more effective
than hospitalization among GDM patients regarding glycemic
control and neonatal morbidity (164). This was not only more
convenient for the pregnant diabetic patient, but significantly
reduced treatment costs.

Treatment

Several trials had proven the efficiency and importance of
treatment and glucose control on pregnancy outcomes. In a
randomized control study published in 2005, treatment
significantly reduced the rate of serious perinatal outcomes
(defined as death, shoulder dystocia, bone fracture and nerve
palsy) from 4 percent to 1 percent (165). Later, Landon et al.
(147), showed that well controlled glucose lowered the risks of fetal
overgrowth, shoulder dystocia, cesarean delivery, and preeclampsia.
In a recent RCT, early versus late treatment of GDM before and
after 20 weeks’ gestation led to only a modestly lower incidence of a
composite of adverse neonatal outcomes. Furthermore, no material
differences were observed for neonatal lean body mass or
pregnancy-related hypertension (166).

Intensified versus conventional management of GDM using
insulin treatment evaluated by Langer et al. (167) and Nachum et al.
(168) resulted in better glucose control and enhanced
perinatal outcome.

When diet and lifestyle change such as exercise fail to control
the glucose (169), pharmacological treatment with insulin or oral
metformin or glyburide is needed.

Historically, insulin was the main pharmacological treatment
for GDM. In 2000 Langer et al. compared in a RCT insulin to
glyburide, a second-generation sulfonylurea that binds to pancreatic
beta-cell adenosine triphosphate potassium channel receptors to
increase insulin secretion and insulin sensitivity of peripheral
tissues (170). They found that glyburide was a clinically effective
alternative to insulin therapy. They also reported that glyburide was
not detected in the cord serum of any infant in the glyburide group.
Other former studies revealed as well that glyburide does not cross
the placenta (171, 172).

Since then, a large nationwide retrospective cohort study in the
USA, including 10,778 women pharmacologically treated for GDM,
the use of glyburide increased from 7% in 2000 to 65% in 2011, and
has become a widespread treatment since 2007 (170).

Several guidelines considered oral agents as an acceptable first-line
treatment in select patients, such as those with normal fasting blood
glucose levels and modest postprandial hyperglycemia (171, 172).

Metformin, a biguanide that stimulates glucose uptake in
peripheral tissues, inhibits hepatic gluconeogenesis and glucose
absorption. It has been shown to freely cross the placental barrier
(173). Several studies have reported outcomes in women exposed to
metformin during pregnancy and did not reveal any adverse
outcomes including congenital malformations and neonatal
hypoglycemia (174-177). A large key RCT compared in 2008
metformin to insulin for the treatment of 751 women with GDM
(178). Both groups experienced similar rates of a composite outcome
of perinatal morbidity, consisting of neonatal hypoglycemia, need for
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phototherapy, birth trauma, respiratory distress, prematurity, and low
Apgar scores. In the metformin group, 46% received supplemental
insulin. In another prospective trial, women randomized to
metformin had lower mean glucose levels, less gestational weight
gain, and neonates with lower rates of hypoglycemia than those
randomized to insulin (179). Another recent RCT found that
metformin compared with insulin treatment was associated with a
better postprandial glycemic control for some meals, a lower risk of
hypoglycemic episodes, less maternal weight gain, and a low rate of
failure as an isolated treatment. Most obstetrical and perinatal
outcomes were similar between groups (180).

Large meta-analysis published in 2015, which compared
glibenclamide (glyburide), metformin, and insulin for the
treatment of GDM, analyzed 15 articles including 2509 subjects
(181). Glibenclamide was found to be inferior to both insulin and
metformin, regarding maternal weight gain, LGA, macrosomia and
neonatal hypoglycemia. Metformin (plus insulin when required)
performed slightly better than insulin. The authors concluded that
glibenclamide should not be used for the treatment of women with
GDM if insulin or metformin is available. Another large meta-
analysis of 4982 women with GDM who were treated with glyburide
and 4191 treated with insulin, newborns of women treated with
glyburide were at increased risk for neonatal intensive care unit
(NICU) admission (risk ratio, RR=1.4), respiratory distress
(RR=1.6), hypoglycemia (RR=1.4), birth injury (RR=1.4) and
LGA (RR=1.4), compared with those treated with insulin (182). A
recent large RCT (N=914) found glyburide inferior to insulin in
preventing perinatal complications (183). They concluded that
glyburide should not be used as a first-line treatment.

Meta-analyses comparing the use of oral agents with insulin
therapy have found that both strategies were acceptable and may
improve pregnancy outcomes in patients with GDM (176, 181,
184-189). Nevertheless, the most recent meta-analysis revealed
that maternal randomization to glyburide resulted in heavier
neonates with a propensity to increased adiposity versus insulin-
or metformin-exposed groups. Metformin-exposed neonates
were lighter with reduced lean mass versus insulin- or
glyburide-exposed groups, independent of maternal glycemic
control (187). Additional meta-analysis, which examined short
and long-term outcomes of metformin compared with insulin,
demonstrated a reduced risk for neonatal hypoglycemia and
pregnancy-induced hypertension (188).

Nachum et al. compared the efficacy and safety of glyburide
versus metformin and their combination for the treatment of GDM
(190). In the glyburide group, 17% of patients were eventually
treated with insulin compared with only 4% in the metformin group
(P = 0.03). The combination of the drugs significantly reduced the
need for insulin from 32% to 11% of patients. Mean daily blood
glucose and other obstetrical and neonatal outcomes were
comparable between groups.

Both metformin and glyburide have a similar treatment failure
rate and the same need for supplemental treatment such as insulin,
ranging from 15% to 30% (189, 190).

Whether oral antidiabetic medications during pregnancy may
affect the progression to type 2 diabetes later in life, is not yet
known. A Cochrane meta-analysis, reporting data on more than
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7000 women, which compared insulin to oral antidiabetic
pharmacological therapies (mainly metformin and glyburide),
found similar effects on health outcomes (186).

The long-term metabolic influence of metformin on the
offspring is crucial (173). A follow-up study (178) found similar
developmental outcomes by 2 years of age (191). A recent meta-
analysis revealed reasuring results: in children up to the age of 14
years, metformin usage during pregnancy was not associated with
adverse neurodevelopmental outcomes (192). A possible
explanation for the unfavorable outcomes with glyburide
treatment is that in contradiction to earlier studies reporting that
it does not cross the placenta considerably (170, 193), more recent
studies that used more sensitive methods to detect plasma
concentrations of glyburide found that glyburide readily crosses
the placenta, reaching 50-70% of total maternal plasma
concentration with similar average concentrations of maternal
and umbilical cord plasma of the unbound fraction and greater
than the maternal plasma concentration in 20-37% of the samples
(194, 195). Thus, glyburide might lead to fetal overgrowth and
neonatal hypoglycemia through excessive fetal insulin secretion,
whereas metformin increases insulin sensitivity in the target organs
without causing hyperinsulinism.

In a recent study, between 2015 and 2018 in the USA, insulin
(26 to 44%) followed by metformin (17 to 29%) has replaced
glyburide (58 to 27%) as the most common pharmacotherapy for
GDM among a privately insured US population during a time of
evolving professional guidelines (196).

The ADA and ACOG still consider insulin the preferred
treatment when pharmacologic treatment of GDM is indicated
(143, 158). Nevertheless, the ACOG recognizes that in women who
decline insulin therapy or who the obstetricians believe will be unable
to safely administer insulin, or for women who cannot afford insulin,
metformin (and rarely glyburide) is a reasonable alternative (143).
Moreover, the Society of Maternal-Fetal Medicine stated that
metformin may be used as a first line treatment for GDM (197).

Recurrence

The reported recurrence rate of GDM had a wide range from
30% to 84% (198-205). Schwartz et al. conducted a meta-analysis of
18 studies with 19,053 participants to evaluate the rate and risk
factors of recurrence (206). The overall recurrence rate of GDM was
forty eight percent (CI 95%, 41 — 54%) (206).

Primiparous women had a lower recurrence rate compared with
multiparous women (40% and 73%, respectively). A significant
association between ethnicity and GDM recurrence rate was found.
Non-Hispanic whites had lower recurrence rate compared with
other ethnicities (39% and 56%, respectively). No evidence for an
association between family history of diabetes and GDM recurrence
was found. A follow-up meta-analysis revealed that women with
GDM recurrence were older, heavier, had higher 100-g OGTT levels
and higher weight gain between pregnancies. Insulin use and fetal
macrosomia were also associated with GDM recurrence (207).
Weight gain between pregnancies and inter-pregnancy interval
were found to be modifiable risk factors for GDM recurrence. A
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model that was developed predicted that reducing the inter-
pregnancy interval and weight gain between pregnancies can
reduce substantially the risk of GDM recurrence (208). Another
important modifiable factor for recurrence may be glucose control
during pregnancy. A retrospective population-based cohort study of
426 women with first diagnosed GDM pregnancy was conducted.
The analyses revealed that the 2-hourpostprandial levels among
women with GDM recurrence were substantially higher throughout
gestation (209). This may imply that tighter postprandial glycemic
control may prevent GDM recurrence. GDM recurrence was
associated with increased risk for type 2 DM (210).

Delivery

Optimally timing of delivery should be postponed until the fetus
is fully matured, given that antepartum fetal surveillance is
reassuring and GDM is well controlled (211). Decision of labor
induction should incorporate trade-offs between the increased risk
of neonatal morbidity in early term neonates, between 37 + 0 weeks
and 38 + 6 weeks and between the ongoing risk of still birth and
delivery related complication of fetal overgrowth as shoulder
dystocia and caesarean delivery (211). Delivering women with
GDM at 38 weeks or 39 weeks of gestation would reduce overall
perinatal mortality without increasing cesarean delivery rate (158).

Well controlled GDM Al (diet treated)

Expectant management is appropriate up to 40 6/7 weeks of
gestation, unless otherwise is indicated for another problem such as
concurrent hypertensive disorders (158). Labor induction should be
offered by 39 + 0 weeks, while discussing the risks and benefits of
induction versus expectant management (158).

GDM A2 (pharmacologically treated)

Well controlled
delivery is recommended from 39 0/7 weeks to 39 6/7 weeks of
gestation (158).

Poorly controlled

the literature lacks clear guidance about the degree of glycemic
control that necessitates early induction, but delivery between 37 0/
7 weeks and 38 6/7 may be conducted. In case of failure in-hospital
attempts of glycemic control or if an abnormal fetal testing is
present, delivery in the late preterm period can be considered (158).

Cesarean delivery

Cesarean delivery should be suggested when the estimated fetal
weight is 4000 — 4500 grams considering the obstetrical history and
clinical assessment of the female pelvis (211). Furthermore, the
ACOG recommends caesarean delivery when estimated fetal weight
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exceeds 4500gr (158). During labor, in case of arrest of dilatation or
descent despite adequate contractions, the possibility of
cephalopelvic disproportion should be raised.

Shoulder dystocia is encountered in roughly 25% of delivery of
macrosomic infants complicated by a prolonged second stage of
labor. Hence, in case of protracted labor or failure of descent,
caesarean delivery should be considered (211).

Short and long-term complication of
the mother and offspring

Maternal short-term complications

Women with GDM have a higher risk of developing
preeclampsia and undergoing a cesarean delivery (158). GDM
was associated with infections (pooled-OR 1.3 95% CI [1.2-1.5]),
specially with SARS-CoV-2 (pooled-OR 1.5 95% CI [1.2-2.0]),
bacterial infections (pooled-OR were 1.2 95% CI [1.1-1.4]), and
urinary tract infections (pooled-OR of 1.2 95% CI [1.1-1.3]), but not
with vaginal candidiasis or gingivitis (212).

Maternal long-term complications

Long-term complications

It is known that risks associated with GDM extend beyond
pregnancy and the neonatal period. The history of GDM is a strong
predictor of an increased risk for developing type 2 DM, including
diabetes-related vascular disease, as well as components of
metabolic syndrome (213, 214).

Impaired glucose tolerance
During the early postpartum period, approximately 30% of
patients with GDM have impaired glucose tolerance (215).

10.3389/fcdhc.2025.1527076

Type 2 DM

Many studies estimated that 50% of patients suffering from
GDM will eventually develop type 2 DM (216). Women with GDM
had a 10-fold higher risk of developing type 2 DM during a 10-years
follow up period as compared to women with no GDM (217). A
revealed that review of 28 studies has demonstrated a rapid increase
in the incidence of type 2 DM especially in the first 5 years after
delivery (17% to 50%) (218). Greenberg et al. (219), reported an
increased risk for type 2 DM in women with any 2-h postprandial
blood glucose level of 150 mg/dl or higher during pregnancy.

Within six months at postpartum, studies demonstrated defects
in insulin secretory response and decreased insulin sensitivity in
women with GDM (220). This emphasizes the importance of
increased interest on the profound risk of developing type 2 DM
after GDM, also warrants initiatives shortly after delivery including
lifestyle, dietary and pharmacological interventions aimed to
prevent or delay the development of type 2 DM (220).

The risk of future maternal Type 2 DM is increased with the
number of abnormal OGTT values and was highest among women
having three abnormal values yielding an incidence rate of 50 per
1000 persons per year. The type of OGTT abnormality affects the
calculated risk, as women with abnormal fasting glucose had the
utmost risk, while an abnormal 2-hours value was associated with
the lowermost risk (221).

Furthermore, diagnosis by two abnormal values of the NDDG
criteria carried the highest risk of 31%, compared with 19% with
one abnormal value of the NDDG criteria, 18% by Carpenter and
Coustan criteria and 5% in the controls during a mean follow-up of
12.4 £ 5.3 years (222, Figure 4). Noteworthy, Parity, fasting glucose,
1 hour value of the OGTT and insulin use were all independent risk
factors (222).

Metabolic syndrome
GDM can be a risk factor for developing metabolic syndrome
including central obesity, hypertriglyceridemia, low HDL levels,
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hyperglycemia, and hypertension. The prevalence of the metabolic
syndrome is 2—4 times higher in women with prior GDM and more
likely to develop at the 23 months postpartum (212).

Additional prospective observational follow-up study of
patients with mild GDM (normal fasting glucose level on OGTT),
revealed that metabolic syndrome was common, being diagnosed in
33% of these women at 5-10 years (223).

Antenatal glucose measurements and BMI should be used to select
women with a higher risk of developing metabolic syndrome, so the
condition with its subsequent cardiovascular outcomes can be sought
out more effectively and prevented through lifestyle modifications,
weight loss and medical intervention when needed (224, 225).

Cardiovascular disease

Patients with GDM are more prone to develop CVD that includes
myocardial infarction and stroke, even at a younger age than those
with no history of GDM (226). Changes in hemodynamics among
GDM women, such as increased arterial stiffness and blood pressure,
was demonstrated in these women (227). A pooled analysis of nine
studies including over five million females and more than 101,000
cardiovascular events, those with GDM had a two-fold higher risk of
future CVD compared with those with no history of GDM (228).
This risk was not dependent upon the development of type 2 DM
(228). The risk of CVD in women with GDM is evident by as early as
the first decade after delivery.

Yefet et al. (225) demonstrated that glycemic control in GDM is
an important independent risk factor for future type 2 diabetes
mellitus and dyslipidemia as a part of the metabolic syndrome and
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CVD (Figure 5). The fact that it is still statistically significant after
controlling for the OGTT results, which reflect the baseline disease
severity, implies that improving glycemic control might reduce the
risk for those outcomes.

Fetal and neonatal short-
term complications

Macrosomia

Complicates as many as 50% of pregnancies in women with
GDM. Delivery of an infant weighing greater than 4500 g occurs 10
times more often in women with GDM compared with a population
of women with normal glucose tolerance (158). Deliveries of LGA
infants are at increased risk for shoulder dystocia, birth trauma and
Cesarean section. Insulin is the most important fetal growth
hormone, and fetal hyperinsulinemia results in excessive fetal
growth. Infants of mothers with GDM have an increase in fat
mass, in addition, their growth is disproportionate. Both GDM and
obesity are associated with an increased risk of LGA. In one report,
the prevalence of LGA among women with GDM who had normal
weight versus those who were obese was 14% and 22%, respectively
(229). The results of several clinical trials have shown that tight
maternal glycemic control has been associated with a reduction in
macrosomia and in fat mass (158). Landon et al. (147) reported a
rate of 9% for macrosomia when mean glucose values were less than
110 mg/dL compared with 34% when less optimal control was
achieved (147).

Limit
With Number of Subjects at Risk and 95% Confidence Limits

+ Censored
Logrank p <0001

os

[

04

Sunival Prodabilty

02

oo

2a s
3a 3
20 2s

174 0t

1as ss

10 15
time_O8 (years)

wN -
B

1: Control 2 Good glycemic contr 3: Poor glycemic contr

Limit
With Number of Subjects at Risk and 95% Confidence Limits

+ Censored
Logrank p <0001

Sunvival Probability

n2

15 P 3
10 15
time_distipidemia (years)

———— 1: Control 2 Good glycemic contr 3: Poor glycemic contr

Survival analysis (Kaplan Meier curves) of the interval (years) from pregnancy until the development of chronic maternal morbidity including: type 2
diabetes mellitus (DM) (A), obesity (OB) (B), chronic hypertension (HTN) (C), and dyslipidemia (D) for women in the: 1) control group; 2) GDM with
good glycemic control; and 3) GDM with poor glycemic control. A statistical significance was found for all the comparisons (p < 0.05) further
emphasizing the impact of gestational; diabetes on future maternal health and cardiometabolic morbidity. Control refers to women without
gestational diabetes mellitus. Excluded from analysis women with the diagnosis prior to the index pregnancy or cases in which the exact date of the

diagnosis is unknown [225 with permission].

Frontiers in Clinical Diabetes and Healthcare

11

frontiersin.org


https://doi.org/10.3389/fcdhc.2025.1527076
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

Massalha et al.

Hypoglycemia

Neonatal hypoglycemia is defined as a blood glucose level less
than 35 to 40 mg/dL during the first 12 hours of life. Hypoglycemia
is a by product of hyperinsulinemia and is common in macrosomic
newborns. The hyperinsulinemic state usually lasts for 2-4 days. A
strict monitoring of blood glucose level is obligatory for the
hypoglycemic infants, as some may need glucose supplementation.

Infants of mothers with diabetes who are preterm or small for
gestational age (SGA) are at more increased risk for persistent
hypoglycemia. Strict glycemic control during pregnancy may help
to reduce the risk of neonatal hypoglycemia (229).

Stillbirth

Patients with GDM and suboptimal glucose control appear to
have an increased risk of stillbirth compared with the general
obstetric population. Excessive stillbirth rates in pregnancies
complicated by diabetes have been linked to chronic intrauterine
hypoxia (158).

Infants of mothers with diabetes are at increased risk for
intrauterine or perinatal asphyxia due to macrosomia and its
consequences, as well as cardiomyopathy. This can result in low
Apgar scores and intrauterine fetal death. A previous study of 162
infants of mothers with diabetes, 27% had perinatal asphyxia (230).

Neonatal metabolic disorders

Neonates of pregnancies complicated by GDM have been
reported to be at increased risk of multiple, often transient
disorders including hyperbilirubinemia, hypocalcemia,
hypomagnesemia, and polycythemia.

Hypocalcemia

Defined as a total serum calcium concentration less than 7 mg/
dL or an ionized calcium value less than 4 mg/dL. The prevalence of
hypocalcemia ranges from at least 5% and up to 30% in infants of
mothers with diabetes. The lowest serum calcium concentration
typically occurs between 24 - 72 h after birth. Hypocalcemia usually
is asymptomatic and resolves without treatment. On the other
hand, when it is symptomatic, it can cause jitteriness, lethargy,
apnea, tachypnea, or seizures (158). Good glycemic control during
pregnancy is associated with a reduction in the rate of neonatal
hypocalcemia (231).

Hypomagnesemia

Defined as serum magnesium concentration less than 1.5 mg. It
can occur in up to 40% of infants of mothers with diabetes within
the first three days after birth. It is usually transient and
asymptomatic and, therefore it is not treated (232).

Hyperbilirubinemia

Hyperbilirubinemia is frequently observed in 38% of
pregnancies in women with GDM, especially in preterm infants.
In addition to prematurity, other factors associated with neonatal
jaundice include poor maternal glycemic control, macrosomia, and
polycythemia (158).
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Polycythemia and hyperviscosity syndrome

Hematocrit of more than 65% are more likely in infants of
mothers with diabetes. The underlying pathway of polycythemia
and hyperbilirubinemia most likely involves increased red blood
cells production, which is stimulated by increased erythropoietin
production caused by chronic fetal hypoxemia and fetal exposure to
oxidative stress (233). Polycythemia may lead to hyperviscosity
syndrome. Untreated neonatal polycythemia may promote vascular
sludging, ischemia, and infarction of vital tissues, such as renal vein
thrombosis seen in these infants (225).

Cardiomyopathy

Infants of mothers with diabetes are at increased risk for
transient hypertrophic cardiomyopathy. The most seen change is
thickening of the interventricular septum, resulting in potential
obstruction of left ventricular outflow. Fetal hyperinsulinemia,
which increases the synthesis and deposition of fat and glycogen
in the myocardial cells, is thought to be the cause of cardiac
hypertrophy. It is most likely to occur in mothers with poor
glycemic control during pregnancy. Infants often are
asymptomatic, but 5-10% of them have respiratory distress, signs
of poor cardiac output or heart failure (230). Symptomatic infants
typically recover after 2-3 weeks of supportive care, and
echocardiographic findings resolve within 6 -12 months (234).
The risk of cardiovascular hospitalizations of the offspring is
0.97% for GDM A2 versus 0.57% for GDM Al as compared with
0.33% for controls with no GDM, respectively; p < 0.001 (235).

Respiratory distress and NICU admission

At animal studies, there were evidence that hyperglycemia and
hyperinsulinemia can affect pulmonary surfactant biosynthesis.
Cortisol induces synthesis of fibroblast-pneumocyte factor on
pulmonary fibroblasts (230). Clinical studies produced conflicting
data. A secondary analysis of the Antenatal Late Preterm Delivery
Steroids trial reported that neonates born to women with GDM
were no more likely to meet the primary outcome (neonatal
respiratory morbidity in the first 72 hours of life) than those born
to women without GDM, even after adjusting for confounding
variables in age, parity, and hypertensive disorders of pregnancy
(12.1% vs 13.1%, adjusted RR 0.84; 95% CI 0.61-1.17), nor were they
more likely to have severe respiratory complications or prolonged
NICU admissions (236). This report included only late preterm
births (gestational age of 34 0/7 - 36 5/7 weeks) and did not provide
information about each participant’s glucose control and diabetes
treatment. Good glycemic control could have lowered the risk of
respiratory problems in the infants. In addition to RDS, other causes
of respiratory distress in infants of mothers with GDM may include
transient tachypnea of the newborn and cardiomyopathy (236).

Long-term neonatal outcomes

Prenatal exposure to high levels of glucose made the risk of
postnatal metabolic complications higher, and even impacted
neurodevelopmental outcome.
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Diabetes and glucose intolerance

Intrauterine exposure to maternal diabetes is strongly
associated with risk of developing type 2 DM, overall, 47% (95%
CI 31-64) of type 2 diabetes in youth could be attributed to
intrauterine exposure to maternal diabetes and obesity, compared
to 6% of nondiabetic youth controls (237). Offspring of mothers
with GDM history have at least 5 times greater risk of developing
impaired glucose tolerance than those not exposed to gestational
diabetes (235). One study concluded that obese youth exposed in
utero to GDM show early inability of the beta cell to compensate
adequately in response to decreasing levels of insulin sensitivity. Of
the youth that were not exposed to GDM 9% developed either
impaired glucose intolerance or type 2 diabetes compared with 31%
of the youth that were exposed to GDM. Exposure to GDM was the
most significant predictor of developing impaired glucose
intolerance or type 2 diabetes (238).

Obesity

A strong relationship was found between prenatal exposure to
maternal diabetes and increased childhood BMI. Intrauterine
exposure to hyperglycemia resulting in fetal hyperinsulinemia
may affect the development of adipose tissue and pancreatic
beta cells. One study found that children exposed in utero to
GDM had a higher rate of long- term hospitalizations with
diagnosis of endocrine morbidity (such as DM and obesity)
compared to those unexposed. The rate of obesity following in-
utero exposure to GDM was approximately 4.9% following GDM
Al and 7.8% following GDM uncontrolled by diet. The rates of
obesity in children of non-GDM women was only 1.8%
(P<0.001) (239).

Cardiometabolic sequelae

GDM is associated with 19% increased risk for the offspring to
develop early onset cardiovascular disease. It is suggested that GDM
is correlated with both functional and structural alteration of the
fetal heart (240) that along with abnormal metabolic imprinting
associated with diabetes leads to increased risk for early
development of cardiovascular morbidity during adult life. This is
part of the transgenerational effect of gestational diabetes, affecting
not only the mother but also the offspring.

Neurodevelopmental outcomes

Little is known regarding the effect of maternal GDM on the
subsequent long-term neurodevelopmental outcome of the
offspring. A review reported that maternal GDM seems to have a
negative impact on oftspring’s childhood cognitive development,
particularly language development (241). A population-based
cohort study was conducted to assess whether in utero exposure
to GDM increases the risk of long-term neuropsychiatric morbidity
in the offspring. During the study period 231,271 deliveries met the
inclusion criteria; 5.4% of the births were to mothers diagnosed with
GDM (n = 12,642), of these 4.3% had GDM Al (n = 10,076) and
1.1% had GDM A2 (n = 2566). A significant linear association was
found between the severity of the GDM (no GDM, GDMALI,
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GDMA2) and subsequent neuropsychiatric disease of the
offspring (1.02%, 1.36%, 1.68%, P<0.001, respectively) (242).

Findings also pointed to a possible association between in utero
exposure to GDM and autistic spectrum disorder of the
offspring (242).

Summary and future frontiers

GDM is now the leading medical complication during
pregnancy having significant short and long-term implications for
the mother and offspring. Although extensive research has been
done, substantial gaps still exist.

The usage of several probiotics did not improve glucose control
of GDM, but other probiotics may be found in the future to be
beneficial, and the role of the microbiome and other factors in the
pathophysiology of GDM needs further clarification.

The two-step approach for screening and diagnosis was found
to be superior to the one step approach. For screening, a GCT cutoff
of 130-140 mg/dL is used, and for diagnosis a 100 grams 3-hour
OGTT using at least two abnormal values of Carpenter and Coustan
or one abnormal value of the NDDG criteria. The preferred GCT
cutoff between 130 and 140 mg/dL and the significance of one
abnormal Carpenter and Coustan criteria or different cutoffs for the
75 grams 2-hour OGTT criteria (such as odd ratio of 2 for LGA) are
yet to be studied.

Fasting and postprandial glucose should be measured, but
should other pre-prandial values be taken, how frequent and
when to test the postprandial value (60, 90 or 120 minutes)? The
level of glucose control seems to modify short and long-term
complications for the mother and child, but what is the optimal
glucose profile to prevent those complications is not known yet.

Glyburide was found to be less effective in preventing GDM
complications in comparison with insulin and metformin, probably
because it readily crosses the placenta, and should not be used as the
first-line treatment. Is it safe enough for metformin to become the
first-line treatment with the adjunction of insulin or glyburide as a
second line?

How to improve our ability to estimate the fetal weight to
optimize GDM management, and time and mode of delivery?
When should we induce labor before 39 weeks and what is the
preferred estimated fetal weight (or other criteria) to recommend
cesarean section?

We have come a long way, but these challenges are still there
and much more research work should be done to answer those
important questions for the patients, the clinicians, and
the researchers.
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