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Abstract Gestational diabetes mellitus (GDM) is defined
as any degree of glucose intolerance with onset or first
recognition during pregnancy. The definition of GDM does
not preclude the possibility that unrecognized glucose
intolerance may have existed before the pregnancy, and
the definition applies whether insulin, oral antidiabetic
agents, or dietary modification is used for treatment.
Approximately 7% of all pregnancies in the United States
are complicated by gestational diabetes resulting in more
than 200,000 cases annually, but the prevalence ranges
from 1% to 14% of all pregnancies depending on the
population studied and the diagnostic tests used. Despite
the better detection of GDM and recognition of its adverse
consequences for mother and baby in many countries, there
is still no consensus regarding GDM pathophysiology; as a
result, diagnosis and treatment of GDM remain controver-
sial. A better understanding of obesity along with new
studies in GDM has identified the intra-abdominal meta-
bolically active adipose tissue as a major factor in the
pathophysiology of GDM. This review examines recent
research regarding the link between obesity and glucose
intolerance and highlights studies in the areas of genetics,
glucose transport, and adipokines.
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Introduction

Gestational diabetes mellitus (GDM) is a relatively com-
mon medical condition, complicating approximately 7% of
pregnancies in the United States. Despite the high preva-
lence of GDM and the long time since its identification, its
exact pathophysiology is still unclear. This review discusses
some new aspects of recent advances regarding GDM
pathophysiology. Future understanding of GDM pathophys-
iology will hopefully lead to worldwide agreement regard-
ing diagnosis and treatment options.

Obstetrical Management of the Pregnancy Complicated
by Diabetes

For over 30 years, GDM has been defined as “carbohydrate
intolerance of varying degrees of severity with onset or first
recognition during pregnancy” [1]. The prevalence of GDM
ranges from 1% to 14% of pregnancies depending on the
studied population. For example, in the United States,
GDM affects 4% of pregnancies, resulting in 135,000 cases
each year. Of all pregnancies complicated by diabetes
mellitus, GDM represents 90% of the cases [2]. GDM is not
“simply impaired glucose tolerance temporarily associated
with pregnancy,” as once thought, [3] but a medical
condition associated with maternal and fetal morbidity.
Excessive fetal growth and its consequences are the main
concerns of GDM [4]. Consequences of excessive fetal
growth include birth trauma, maternal morbidity from
operative delivery, and possible lifelong increased risks of
glucose intolerance and obesity in the offspring. The
cesarean delivery rate is increased in patients with GDM,
in part to avoid birth trauma and to avoid another potential
morbidity of shoulder dystocia and newborn asphyxia, both
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associated with large-for-gestational-age newborns [5, 6].
Other neonatal morbidities that potentially occur more
frequently in infants of women with GDM include
hypoglycemia, hyperbilirubinemia, hypocalcemia, erythre-
mia, and poor feeding [4]. Although GDM is a very
common problem, its exact pathophysiology remains
unclear, causing controversies regarding diagnosis and
treatment.

GDM Pathophysiology

Insulin resistance is an impaired response to insulin that
characterizes normal pregnancy. The physiologic result of
insulin resistance is an increase of insulin secretion by the
pancreatic β cells. The same metabolic changes characterize
obesity, a well-known factor on the path of the metabolic
syndrome to the end point of type 2 diabetes mellitus. Women
with GDM are unable to increase insulin production to
compensate for the increased insulin resistance [7].

Insulin resistance and the relative insulin deficiency due to
the pancreatic β-cell deterioration are the primary metabolic
changes in GDM, and same process occurs in prediabetes
stages of type 2 diabetes mellitus. As β-cell function further
declines, hyperglycemia becomes more severe. A total of 40%
of β-cell mass may be lost in individuals who have glucose
intolerance, and approximately 60%may be lost when clinical
type 2 diabetes develops. Moreover, these changes do not
affect the pancreas alone. Gluconeogenesis is increased as a
result of hepatic insulin resistance and relative insulin
deficiency. As a consequence, hyperglycemia is worsened.
Understanding the path of the metabolic changes mentioned
leads to the conclusion that prediabetes may include patients
with metabolic syndrome, GDM, and impaired glucose
tolerance—all represent “stations” on the road to type 2
diabetes [8••]. Support for the association between GDM and
insulin resistance was recently published [9]. In a large
population-based study, we examined lipid profile changes
during gestation in pregnancies with and without preeclamp-
sia and/or gestational diabetes (Fig. 1). One of the major
findings was that elevated levels of triglycerides during
pregnancy are associated with an increased risk for pre-
eclampsia, GDM, and greater birth weight. The metabolic
syndrome and insulin resistance as a part of it might explain
the findings.

GDM Genetics and Glucose Transport Activity

Several investigators studied the genetics of GDM [10–12]
and the genetic relationship with type 2 diabetes mellitus
[13]. In a recently published study by Enquobahrie et al.
[14], 66 genes were found to participate in cell functions
involving cell activation, immune response, organ develop-

ment, and regulation of cell death, which were differentially
expressed in GDM placentas. These studies revealed the
association between the abnormal glucose tolerance in
GDM and in type 2 diabetes, but reflected the end point
of the pathologic process and not the underlying cause of
the abnormality.

To understand the pathophysiology, Friedman et al. [15]
examined impaired glucose transport and insulin receptor
tyrosine phosphorylation in skeletal muscle from obese
women with gestational diabetes. Glucose transport activity
and the expression and phosphorylation of the insulin
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delivery). HDL—high-density lipoprotein
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receptor and insulin receptor substrate (IRS)-1 in human
skeletal muscle fiber strips obtained during cesarean
delivery were compared in pregnant women with normal
glucose tolerance, women with diagnosed GDM, and
nonpregnant women. Compared with nonpregnant control
subjects, maximal insulin-stimulated IRS-1 tyrosine phos-
phorylation was significantly lower in normal pregnancies;
in GDM subjects, the IRS-1 tyrosine phosphorylation was
the lowest, as reflected by a 23% (P<0.05) and 44% (P<
0.002) reduction in IRS-1 protein levels in muscle from
pregnant control and GDM subjects, respectively. Tyrosine
phosphorylation of the insulin receptor was 37% lower (P<
0.05) in GDM subjects than in pregnant control subjects
and was not related to changes in the abundance of the
insulin receptor. The authors concluded that insulin resis-
tance to glucose transport during pregnancy is uniquely
associated with a decrease in IRS-1 tyrosine phosphoryla-
tion, primarily due to decreased expression of IRS-1
protein. Nevertheless, in GDM subjects, a decrease in
tyrosine phosphorylation of the insulin receptor β subunit is
associated with further decreases in glucose transport
activity.

Adipokines

The association between obesity and glucose intolerance
has been widely studied in recent years. Interest has been
focused on a number of adipose tissue-related mediators
implicated in the pathogenesis of insulin resistance, such as
leptin, adiponectin, and resistin. Adiponectin is an adipo-
cytokine that has been shown to have antiatherogenic, anti-
inflammatory, and antidiabetic roles [16]. Chen et al. [17]
found that the expression of adiponectin and its receptors is
altered in women with GDM and suggested that adiponec-
tin may play a role in adapting energy metabolism at the
maternofetal interface. The involvement of adiponectin in
insulin resistance during gestation was established by
Cortelazzi et al. [18] who measured serum adiponectin
and resistin in 30 healthy nonpregnant women, 73 pregnant
women including normal pregnancies, pregnancies compli-
cated with GDM, gestational hypertension, preeclampsia,
and chronic hypertension. Samples were taken from 40
fetuses as well. In women with GDM, adiponectin levels
were significantly lower than those found in nondiabetic
women at the same gestational age. No correlation was
found between maternal weight and adiponectin or resistin
concentration and between maternal resistin and adiponec-
tin concentration. Fetuses of diabetic mothers exhibited
significantly lower adiponectin levels compared with
normal fetuses of the same gestational age. Regarding
adiponectin, the authors concluded that the secretion pattern
of adiponectin in normal and complicated pregnancies
strongly suggests an involvement of adiponectin in insulin

resistance during gestation. The low adiponectin levels in
fetuses of diabetic mothers further supports the impact of
adiponectin on energy metabolism during gestation.

Resistin, a circulating cytokine, is produced in adipo-
cytes and expressed abundantly in monocytes and macro-
phages. In animal experiments, resistin induces insulin
resistance. The human physiologic effect of the cytokine is
less pronounced. Increased serum resistin levels were found
in obesity, but controversy exists concerning its role in type
2 diabetes, insulin resistance, and hypertension in humans
[19]. Zhou et al. [20] found that resistin was closely related
to central obesity, leading to insulin resistance, obesity, and
type 2 diabetes mellitus. The relationship between circulat-
ing resistin levels and insulin sensitivity in GDM was
assessed by Megia et al. [21]. Serum resistin and insulin
sensitivity were examined in GDM during and after
pregnancy in a total of 58 women undergoing an oral
glucose tolerance test. Lower serum resistin levels were
observed in GDM compared with normal pregnancies and
decreased after parturition, suggesting a role for resistin in
the development of this disease. Nevertheless, an indepen-
dent relationship between resistin levels and insulin
sensitivity during pregnancy could not be established,
signifying differences in the regulation of resistin levels in
pregnancies complicated by diabetes. A recently published
study measured maternal serum resistin and insulin levels
in 30 patients with GDM compared with 30 normal
parturients [22]. In addition, at the time of delivery, umbilical
levels of resistin and insulin were measured. No significant
difference in maternal serum resistin levels nor in umbilical
resistin levels was found. There was no correlation between
infant weight and maternal resistin at 24–26 weeks or
umbilical resistin levels. These findings correlate well with
the previous publication by Cortelazzi et al. [18]. According
to these recent studies, resistin seems to play a rather minor
role in the pathophysiology of GDM and the energy
metabolism during fetal life.

Adipose Tissue Pathogenicity

Obesity has been proposed to impose a variety of stresses
on adipose tissue, including inflammatory, metabolic,
oxidative, and endoplasmic reticulum stress (Fig. 2) [23•].
It is well established that adipose tissue is a metabolically
active tissue. Intra-abdominal fat contributes uniquely to the
comorbidity of obesity compared with subcutaneous (SC)
fat. Stress signaling pathways constitute phosphorylation-
based activation of kinases in response to various intracel-
lular and extracellular stimuli. The activation of the kinases
phosphorylates different protein substrates on Ser/Thr
residues, thereby altering their function [24]. In addition
to the activation of the kinases in the fat tissue, macrophage
infiltration into the intra-abdominal omental (OM) fat was
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observed in different studies. This inflammatory response
of OM fat, but not SC fat, correlated with comorbid states
of obesity [25, 26]. In a recently published study, Bluher et
al. [27••] provided evidence of the ASK1-MKK4-p38
MAPK/JNK stress-sensing pathway in OM fat of obese
patients that strongly associates with clinical markers of
morbidity and predicts whole-body insulin sensitivity. They
suggested a sequence of events in which obesity induces
adipose tissue inflammation, which activates apoptosis
signal-regulating kinase (ASK1)–mediated signaling in
adipose tissue.

Trying to investigate the stress-sensing pathway in OM
fat of pregnant women, at the 29th Society for Maternal-
Fetal Medicine annual meeting [28], we presented the
results of a study in which we prospectively collected OM
and abdominal SC fat samples from 20 women with normal
pregnancies and nine GDM pregnancies during cesarean
delivery. Tissue lysates were prepared and subjected to
quantitative Western blot analyses using p38 mitogen-
activated protein (MAP) kinase, phospho-Thr/Tyr (active)
p38 MAP kinase, MAP kinase kinase (MKK)4, pMKK4,
and anti-adiponectin antibodies, followed by quantification
densitometry analysis. Similar to obesity in nonpregnant
women, the total expression of p38 MAP kinase was
increased nearly twofold in OM compared with SC fat in
normal (2.01±0.18 vs 1.16±0.1, P<0.001, respectively)
and GDM (1.25±0.22 vs 1.94±0.38, P=0.038, respectively)
pregnancies, without significant differences between the two
groups. However, no differences in the expression of
phosphorylated p-p38MAP kinase, or in the expression and

phosphorylation of MKK4 (a p38 MAP kinase and JNK
kinase), were noted between OM and SC fat, either in
normal or in GDM pregnancies. Likewise, GDM preg-
nancies were not associated with increased adipose tissue
p-p38MAP kinase. The known elevated adiponectin
expression in OM versus SC fat was not detected in
adipose tissue from pregnant women, and GDM was not
associated with lower adiponectin expression compared
with normal pregnancy. Much to our surprise, we
concluded that normal pregnancy, unlike obesity, is not
associated with an increased phosphorylation of the
stress-responsive signaling pathway involving p38 MAP
kinase in OM fat. However, increased expression of the total
protein was noted. GDM does not impose increased intra-
abdominal fat stress compared with normal pregnancy.

Macrophage Infiltration to the Adipose Tissue

In human obesity, infiltration of fat by macrophages has
been reported [29, 30]. However, the contribution of fat
tissue macrophages to the pathophysiology of human
obesity and its related morbidities is still largely unknown.

An intriguing question is whether macrophage infiltra-
tion can be linked to the increased “pathogenicity” of intra-
abdominal compared with SC fat. Several indirect lines of
evidence exist for increased macrophage infiltration into
OM fat [31]. Recently, macrophage infiltration into OM,
but not SC, fat was shown to be associated with clinical
parameters of obesity comorbidity, as well as with the
severity of histologic changes in liver biopsies [32].
Harman-Boehm et al. [25] found that preferential macro-
phage infiltration into OM fat is a general phenomenon
exaggerated by central obesity, potentially linking central
adiposity with increased risk of diabetes and coronary heart
disease. The association between the macrophage infiltra-
tion to the OM adipose tissue and the stress signaling
pathway was recently established [27••]. In a study
confirming the activated ASK1-MKK4-p38 MAPK/JNK
stress signaling pathway, Bluher et al. [27••] reported that
the stress signaling pathway in human OM fat tissue may
link increased intra-abdominal fat mass and OM macro-
phage infiltration to impaired whole-body insulin sensitiv-
ity. Still, there are no data regarding macrophage infiltration
into fat tissue, as well as the expression of proteins and
cytokines in OM versus SC fat of pregnant women.

Conclusions

GDM is a significant and growing problem worldwide.
Although traditionally deemed not as dangerous for the
developing fetus as pregestational diabetes, we now know

Stress type Inflammation

ASK1

MKK4

JNK

c-Jun

p38 MAPK

MAPKAP2

MKK7 MKK3 MKK6

MLK3 TAK1

Oxidative Metabolic

MAP3K

MAP2K

MAPK

Fig. 2 Stress signaling in fat tissue by different stress sources. ASK—
apoptosis signal-regulating kinase; JNK—c-Jun N-terminal kinase;
MAP—mitogen-activated protein; MAPK—mitogen-activated protein
kinase; MAPKAP2—mitogen-activated protein kinase-activated protein-
2; MKK—mitogen-activated protein kinase kinase; MLK—mixed
lineage kinase; TAK—transforming growth factor β-activated kinase

Curr Diab Rep (2010) 10:242–247 245



that GDM has serious, long-term consequences for both
baby and mother.

The recent advances in understanding GDM pathophys-
iology involve the detection of the major role the adipose
tissue plays, especially the intra-abdominal OM fat. Obesity
imposes stress on this metabolically active tissue, altering
its function, and the end point is glucose intolerance, GDM,
and type 2 diabetes mellitus. The vast advance in our
understanding obesity pathophysiology cannot be directly
extrapolated to insulin resistance during pregnancy or
GDM because the pathophysiology of the two is not
necessarily identical. Therefore, further investigation of
the GDM pathophysiology is warranted, parallel to the
studies of insulin resistance occurring outside of pregnancy.

The glucose intolerance continuum is a central concept
in the diagnosis and treatment of GDM. Our limited
understanding of GDM pathophysiology contributes to the
controversies regarding GDM diagnosis and treatment.
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