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1. Introduction

This special issue was focused on original research and review
articles regarding the pathophysiology of glucose and lipid
metabolism in women with previous gestational diabetes
mellitus, as well as the identification of early markers for the
risk of developing type 2 diabetes and related cardiovascular
complications in that category of women. In addition, the
study of the metabolic condition during pregnancy, that is,
during overt gestational diabetes, was also of interest for
the special issue. Some reports on educational programs
for behavior modification and improved awareness of the
disease were also included. In fact, it is known that the
risk of developing type 2 diabetes is increased when the
condition of previous gestational diabetes is accompanied
by other factors, which predispose to diabetes also in
different categories of subjects, like improper diet habits,
sedentary lifestyle, obesity, or weight gain. The following
paragraphs briefly present the articles included in this
special issue. In the first section, we summarize the articles
related to basic studies of pathophysiology, with special
focus on the relationships between metabolic, endocrine,
and cardiovascular parameters. The second section refers to
articles more directly related to the disease care, including
possible approaches for prevention and for improved clinical
care and home support. In the last section some review
articles are reported.

2. Pathophysiology/Metabolic, Endocrine,
Cardiovascular Interactions

The study by S. Farhan et al. investigated the possible
relationships between fetuin-A and gestational diabetes.
Fetuin-A is calcification inhibitor, also interacting with
insulin receptor tyrosine kinase, thus possibly causing insulin
resistance. In fact, in human studies fetuin-A was found
to be related to insulin resistance and metabolic syndrome,
and linked to incident diabetes mellitus. In the women with
gestational diabetes analyzed by S. Farhan et al., significant
relationships between fetuin-A and parameters of insulin
sensitivity or metabolic control were not observed, but a
strong relationship was found with the early postpartum
body mass index.

The study by E. Vitacolonna et al. investigated the preva-
lence of thyroid dysfunction and autoimmunity in women
with gestational diabetes. They report that increased inci-
dence of organ-specific autoimmunity towards endocrine
cells other than beta-cells was described in type 1 diabetes,
but recently some studies also reported increased incidence
of thyroid autoimmunity in type 2 diabetes, thus suggesting
that diabetes can trigger the onset of the thyroid autoimmune
disorder. However, few studies evaluated the prevalence
of thyroid dysfunction and autoimmunity in women with
gestational diabetes. E. Vitacolonna et al. found that maternal
hyperglycemia is a risk factor for later development of
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thyroid autoimmunity. In fact, during pregnancy they did
not observe different prevalence in thyroid dysfunction and
autoimmunity between gestational diabetic and normally
pregnant women, but a significant increase in thyroid
autoimmunity was seen after gestation in the women previ-
ously affected by gestational diabetes.

In the study by A. Sokup et al., the hypothesis that
in women with a history of gestational diabetes, early
endothelial dysfunction (2 to 24 months after delivery) is
associated with the development of glucose dysregulation
and other atherosclerosis risk factors was explored. A. Sokup
et al. analyzed several parameters, with special focus to
some parameters of endothelial dysfunction, such as the
concentration of soluble E-selectin, vascular cell adhesion
molecule-1 (VCAM-1), and intracellular adhesion molecule-
1 (ICAM-1). They found that soluble VCAM-1 and some
parameters of atherogenic dyslipidemia were associated with
previous gestational diabetes independently of body mass
index, insulin resistance, and fasting glucose, whereas soluble
E-selectin correlated with metabolic syndrome components,
but it was not independently associated with abnormal
glucose regulation. They concluded that the atherogenic dys-
lipidemia may be a key metabolic predictor of cardiovascular
risk in women with previous gestational diabetes.

The study by A. Ghio et al. aimed to assess if changes in
insulin action and secretion during pregnancy are related to
1-hour plasma glucose concentration during an oral glucose
tolerance test. According to the new international criteria of
gestational diabetes (IADPSG criteria) each glucose value,
that is, fasting, 1 hour, and 2 hours are equally but indepen-
dently important and may present different pathophysiologic
conditions. A. Ghio et al. found that for each 20 mg/dL
increase in 1-hour plasma glucose concentration there was a
concomitant impairment in insulin action and reduction in
insulin secretion. In the authors’ opinion, the alterations in
insulin action and secretion are more apparent for elevations
of the 1-hour plasma glucose than for other time samples
of the oral glucose tolerance test. Thus, it is suggested
that 1-hour value may provide a better parameter for risk
stratification in pregnant women.

In the study by G. Pacini et al., the incretin effect was
assessed in a group of women with a history of gestational
diabetes who underwent both intravenous and oral glucose
tolerance test immediately after partum. Since it is known
that the incretin hormones contribute to insulin secretion
after oral administration of glucose, the incretin effect
was assessed by comparing in each individual the possible
differences in beta-cell function between intravenous and
oral glucose tolerance tests. G. Pacini et al. found that
normotolerant women with previous gestational diabetes
exhibit an incretin effect similar to that of healthy women,
who had a normal pregnancy. At contrast, compromised
incretin effect, proper of obese and type 2 diabetic subjects,
characterizes women with previous gestational diabetes and
current condition of impaired glucose tolerance. Prevention
studies in women with a history of gestational diabetes using
incretin-based therapies will clarify if these drugs may exert a
specific benefit in this subgroup of subjects at increased risk
of type 2 diabetes.

3. Improved Prevention, Clinical and
Home Care Approaches

The study by A. M. Ramos-Levı́ et al. proposed a model for
the assessment of risk of developing gestational diabetes. A.
M. Ramos-Levı́ et al. analyzed women attending prenatal
care that were screened for gestational diabetes. Women
completed a questionnaire on sociodemographic, anthropo-
morphic, and behavioral characteristics, and reproductive
and medical history. The authors found that acting on
modifiable factors, that is promoting healthy lifestyle habits
such as moderate intake of coffee, low intake of biscuits,
sugared drinks and red meats, and regular physical activity
may represent a promising approach for the prevention of
gestational diabetes.

The article by E. Korpi-Hyövälti et al. describes a
study aimed to the increase of postpartum testing, based
on oral glucose tolerance tests and other associated fac-
tors, in women at risk for gestational diabetes. E. Korpi-
Hyövälti et al. found that the most important explaining
factor for compliance to the postpartum testing program
was a special call or reminder from the central hospital.
They concluded suggesting that communication between
primary care providers, obstetrics and gynecology care
providers, and endocrinologists should be encouraged, and
a reminding system for primary care should be devel-
oped.

The report from A. Lapolla et al. presented some
results from the DAWN (Diabetes Attitudes, Wishes and
Needs) study. The DAWN study is a survey promoted by
the International Diabetes Federation to recognize needs,
perceptions, and feelings of people affected by diabetes
mellitus, and identify possible areas of concern. Within the
DAWN framework, A. Lapolla et al. performed a survey
specifically addressed to women with gestational diabetes.
The survey included questions on several topics, such as
the general characteristics of the women, the evolution of
gestational diabetes, the diet and lifestyle regime during
gestation, the relationships with the gestational diabetes
specialist and the other medical doctors, the quality of
family support, and the feelings related to the diagnosis of
gestational diabetes. It was found that the large majority
of women were satisfied with the quality of care, though
the degree of cooperation between diabetes specialists and
gynecologists was considered sometimes unsatisfactory. In
addition, some women reported troubles in following the
prescribed program of glucose self-monitoring and the
suggested dietary regimen.

The study by H. D. McIntyre et al. proposed a home-
based exercise program with telephone support for the
early postpartum period in women with recent gestational
diabetes. H. D. McIntyre et al. found that the physical activity
(walking being the predominant type) was increased in
the women included in the educational program compared
to women receiving usual care support. However, it was
acknowledged that significant changes were not observed in
body weight and composition, or in the main parameters
of glucose metabolism, probably due to the relatively short
duration of the study.
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The study by B. Valentini et al. suggests that when
a diet for immigrant women with gestational diabetes is
prescribed, their different traditional eating habits should be
considered. To this purpose, B. Valentini et al. proposed a
food plan including dishes typical of the foreign women’s
original countries (the “ethnic meal plan”). They compared
the ethnic meal plan to a standard meal plan in immigrant
women with gestational diabetes. They found that the ethnic
approach to diet has positive effect on the outcome of
pregnancy, as the ethnic meal plan group had babies with
a lower birth weight, and no cases of macrosomia were
observed. They concluded that the ethnic method could be
considered a valid approach to the nutritional management
of immigrant pregnant women with gestational diabetes.

The study by X. Jian Yun et al. assessed to what extent
short-term use of corticosteroids for fetal lung maturation
affects fasting blood glucose and insulin levels in normal
singleton pregnancies, normal twin pregnancies, and preg-
nancies with impaired glucose tolerance condition but not
requiring insulin treatment. Specifically, X. Jian Yun et al.
investigated whether glucose and insulin levels differ after
the administration of dexamethasone. They found that the
degree of modification of the maternal fasting plasma glucose
and insulin levels determined by dexamethasone was corre-
lated with the basic maternal glucose metabolic condition,
and may be correlated with twin pregnancy status. They
concluded that blood glucose levels of twin pregnancies,
and those with impaired glucose tolerance, should be closely
monitored during the use of dexamethasone.

4. Review Articles

The article by G. E. Rice et al. is a review on the benefits
of screening for type 2 diabetes in women with a previous
history of gestational diabetes. In fact, it is known that
women with previous gestational diabetes are at a greater risk
of developing type 2 diabetes within 10 to 20 years of their
index pregnancy. However, there is still the need for better
early detection of predisposition to the development of the
disease. G. E. Rice et al. discuss some screening approaches,
with special attention to preconception screening strategies.
Furthermore, as regards preconception programs in women
already with overt diabetes, the authors report that several
studies have documented evidence of positive financial
returns for preconception counseling, mainly based on
savings in hospitalisation costs.

One article by N. Vrachnis et al. is a review on
the role of adipokines and other inflammatory mediators
in gestational diabetes. Previous gestational diabetes has
been associated with future development of both type 2
diabetes and metabolic syndrome. N. Vrachnis et al. report
that the pathogenesis and risk factors implicated in the
later development of these conditions are not as yet fully
understood, but scientific research has recently focused on a
group of substances produced mainly by adipose tissue called
adipokines (such as adiponectin, leptin, retinol-binding
protein-4 (RBP-4), and resistin). These substances as well as

other inflammatory mediators (CRP, IL-6, PAI-1, and TNF-
α) seem to play an important role in glucose tolerance and
insulin sensitivity dysregulation in women with previous
gestational diabetes. In fact, such women are characterized by
chronic subclinical inflammation, which is associated with
insulin resistance and abnormality in glucose metabolism.

Another review article by N. Vrachnis et al. revised the
role of possible markers of risk for cardiovascular diseases
in women with a history of previous gestational diabetes.
In fact, it is known that previous gestational diabetes can
increase the risk of developing not only type 2 diabetes, but
also cardiovascular diseases independently of a diagnosis of
diabetes. N. Vrachnis et al. report and discuss several markers
for cardiovascular diseases risk, such as insulin resistance,
hyperlipidemia, increased levels of ICAM-1, VCAM-1, E-
selectin, and low levels of adiponectin.

5. Conclusions

Several topics have been addressed in the studies included
in this special issue dedicated to gestational diabetes. The
focus of these studies was not limited to the assessment of
the main parameters in glucose metabolism, such as insulin
sensitivity, insulin secretion, and beta-cell function, but also
to the analysis of the interactions between such metabolic
variables and different hormones and parameters, such as
fetuin-A, thyroid parameters, and cardiovascular markers. In
addition, several studies were specifically focused on different
aspects of care, including strategies to enhance adherence
to prescriptions in terms of glucose testing, appropriate
diet, and improved general lifestyle, for prevention of both
type 2 diabetes and cardiovascular diseases. The variety
of the presented studies shows that gestational diabetes
is a metabolic condition of primary clinical interest. In
our opinion, some other research topics not specifically
addressed in this special issue, which will gain increasing
relevance, are the study of offspring of women with a
history of gestational diabetes, fetal programming research
for improved understanding of intrauterine environment
influences on both short and long-term fetal outcomes, and
epigenetic studies to identify the processes that drive the
evolution of an individual phenotype from the genome,
and investigate to what extent the intrauterine environment
determines how these genes act. In summary, we believe that
in the next future several new interesting studies will come in
the field of gestational diabetes.

Andrea Tura
Alexandra Kautzky-Willer

Graziano Di Cianni
Yariv Yogev
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The aim of this paper is to consider the relative benefits of screening for type two diabetes mellitus in women with a previous
pregnancy complicated by gestational diabetes mellitus. Recent studies suggest that women who experience GDM are at a greater
risk of developing type 2 diabetes within 10–20 years of their index pregnancy. If considered as a stand-alone indicator of the risk
of developing type 2 diabetes, GDM is a poor diagnostic test. Most women do not develop GDM during pregnancy and of those
that do most do not develop type 2 diabetes. There is, however, a clear need for better early detection of predisposition to disease
and/or disease onset to significantly impact on this global pandemic. The putative benefits of multivariate approaches and first
trimester and preconception screening to increase the sensitivity of risk assignment modalities for type 2 diabetes are proposed.

1. Introduction

The keystone to improving disease management and health
outcomes remains the early and accurate diagnosis of the
predisposition to, or onset of, disease. Early detection of
disease risk and onset is the first step in implementing effi-
cacious treatment and improving patient outcomes. In the
context of screening for prediabetic and diabetic conditions
in asymptomatic individuals, early detection may allow the
implementation of dietary, lifestyle, and/or pharmacologic
interventions that limit or prevent the development of
disease-specific pathophysiologies. The rationale for seeking
to develop predictive tests for diabetes and other metabolic
disorders, thus, is clearly evident.

Recent studies suggest that women who experience gesta-
tional diabetes mellitus (GDM) are at a greater risk of devel-
oping type 2 diabetes mellitus (type 2 diabetes) within 10–
20 years of their index pregnancy [1]. Monitoring glycemic
control and intervention strategies to delay or prevent disease
onset have been advocated in such women. Type 2 diabetes,
however, is a disease of heterogeneous aetiology and GDM is
but one risk factor. If considered as a stand-alone indicator
of the risk of developing type 2 diabetes, GDM is a poor

diagnostic test. Most women do not develop GDM during
pregnancy and of those that do most do not develop type 2
diabetes. Postpartum monitoring of women who developed
GDM during pregnancy, nevertheless, may be of clinical
utility in this higher risk cohort. There is, however, a clear
need for better early detection of predisposition to disease
and/or disease onset to significantly impact on this global
pandemic.

For women (and their partners), pregnancy represents a
period of increased interaction with the healthcare system
and a period where changes in lifestyle may have significant
impact not only on the parents but also on the disease
susceptibility of the next generation. This period represents
an opportunity to implement more comprehensive educa-
tional, lifestyle, and disease susceptibility or onset screening
initiatives, either during first trimester or, perhaps more
effectively, in the setting of a preconception clinic. The
objectives of preconception care are to promote the health of
women (and their partners) before conception and thereby
improve pregnancy-related outcomes (both current and
future) and to reduce the risk of adult-onset disease (e.g.,
cardiovascular and metabolic) in their children. Over the
next decade, the combined effects of an increase in the
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incidence of type 2 diabetes in younger women [2] and
an increased maternal age at first delivery will result in an
increased number of pregnancies exposed to the potentially
adverse effects of undiagnosed diabetic conditions. Globally,
the number of live births each year is estimated to be
more than 134 million. Preconception programs, thus, have
the potential to specifically target more than 360 million
individuals per year (i.e., the parents and the offspring).

The aim of this paper is to consider the relative benefits
of screening for type 2 diabetes in women with a previous
pregnancy complicated by GDM. The putative benefits of
multivariate approaches and preconception screening to
increase the sensitivity of risk assignment modalities for type
2 diabetes are proposed.

2. Diabetes Mellitus

2.1. Epidemiology. Diabetes mellitus is one of the most
common chronic diseases. The number of adults with
diabetes has more than doubled over the past 30 years. Recent
reports by Danaei et al. [3] and Shaw et al. [4] estimate
the global prevalence of diabetes to be between 285 and 347
million people. By 2030, diabetes is expected to affect 552
million people. The prevalence of this disease is increasing
in most countries as changing lifestyles lead to reduced
physical activity and increased obesity [4]. Since 1980,
the age-standardised fasting plasma glucose concentration
has increased by 0.07 mmol/L per decade for men and
0.09 mmol/L per decade for women [3]. These data are con-
sistent with an overall population-based decline in glycemic
control.

The incidence of diabetes has also increased dramatically
in women of reproductive age (i.e., 18–44 years). For
example, in the USA, the rate of diabetes has increased by
70% in women aged 30–39 years over the past decade. It is
estimated that 12.6 million women (or 10.8% of women over
the age of 20) have diabetes, and of these women, 90–95%
have type 2 diabetes. Death rates for women aged 25–44 years
with diabetes are more than 3 times that for women without
diabetes [5].

2.2. Aetiology of Type 2 Diabetes. The available data are
consistent with type 2 diabetes being of genetic origin;
however, its precise aetiology remains to be unequivocally
established. Behavioural, lifestyle, and environmental factors
have all been implicated as modifiers of disease risk. Recent
genome-wide screening studies have identified multiple
susceptibility variants consistent with type 2 diabetes being
of polygenic origin [6–10]. Thus, type 2 diabetes may be a
phenotypic manifestation of many different aetiologies that
simply share hyperglycemia as a common outcome [11].

A hallmark of the onset of type 2 diabetes is a progressive
decrease in insulin-stimulated glucose uptake. High circulat-
ing concentrations of glucose induce pancreatic β-cell hyper-
trophy and/or hyperplasia and increased secretion of insulin.
When the capacity of β-cells fails to compensate for the
degree of insulin resistance, insulin deficiency and ultimately
type 2 diabetes ensue [12]. Pancreatic β-cell failure displays
specificity for insulin signaling pathway; while retaining

capacity to respond to challenges (such as, β-adrenergic
agonists, amino acids, and sulfonylurea drugs), cells lose
their capacity to respond to glucose. If not adequately
managed, hyperglycaemia may induce a glucotoxicity and
lipotoxicity involving oxidative and endoplasmic reticulum
stress, overexpression of proinflammatory autacoids, and
increased rates of β-cell apoptosis [12, 13].

It is becoming increasingly evident that inflammation
plays a key role in the pathogenesis of type 2 diabetes. It
is well established that systemic markers of inflammation,
including C-reactive protein, haemoglobin, serum amyloid
A, proinflammatory cytokines and chemokines are elevated
in the blood of type 2 diabetics. The source of these media-
tors is of multiorgan origin and, at least in part, in response
to elevated concentrations of glucose and fatty acids. Both
secretagogues promote proinflammatory conditions in many
tissues (including pancreatic isLet-7 cells, adipose tissue,
liver, and muscle), induce the release of inflammatory auta-
coids, and alter redox status. Chemokines further promote
the recruitment of macrophages to affected tissues and
together with T-cell and possibly mast cells may establish
a local chronic inflammation that involves the constitutive
activation of gene transcription factors such as the nuclear
factor κB (NF-κB) family.

NF-κB is a sequence-specific family of transcription fac-
tors critically involved in inflammation and innate immune
responses. The NF-κB family comprises at least five proteins,
of which the most abundant form in unstimulated cells
occurs in the cytoplasm as a heterodimer composed of two
proteins, p50 and p65 bound to an inhibitory subunit, IκBα.
Upon stimulation, IκBα is phosphorylated by an IκB kinase
complex, thus, targeting IκBα for ubiquitin-dependent
degradation and liberates NF-κB dimers to translocate to
the nucleus where they bind to the consensus sequence
5-GGGPuNNPyPyCC-3. This κB motif has been identified
in the promoter regions of many proinflammatory medi-
ators, including adhesion molecules (ICAM-1), enzymes
(including, inducible nitric oxide synthase, phospholipase
A2s, cyclo-oxygenase-2, urokinase plasminogen activator,
metalloproteinases, superoxide dismutase), cytokines (e.g.,
IL-1β, IL-6, TNFα), and chemokines (IL-8) [14].

It is noteworthy that recent studies in breast cancer [15]
provide data implicating NF-κB, IL-6, and Let-7 micro-RNA
(miRNA) in an epigenetic switch or positive feedback loop
that resets inflammatory pathways to a heightened state of
responsiveness. In this model, a triggering event induces NF-
κB DNA binding activity and Lin28 expression and represses
Let-7 miRNA action. One of the actions of Let-7 is to
suppress IL6 formation. Thus, inhibition of Let-7 results in
higher levels of expression of IL6 than achieved by NF-κB
activation alone. IL6 activation of the STAT3 transcription
factor is necessary for neoplastic cellular transformation, and
IL6 activates NF-κB, thereby completing a positive feedback
loop.

We propose that a similar mechanism may induce
a sustained inflammatory response, activation of NF-κB-
regulated genes, and insulin resistance in type 2 and gesta-
tional diabetes. That is, that a primary pathophysiological
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insult (Figure 1, e.g., obesity, metabolic stress, hypergly-
caemia, or hyperlipidaemia) may activate NF-κB-mediated
gene expression and proinflammatory regulatory pathways.
Subsequent secondary or repetitive insults may induce a per-
sistent, heightened response, the positive feedback loop being
established via the induction of the RNA-binding protein
Lin28 that suppresses Let-7 microRNA family members. Let-
7 miRNA suppresses interleukin-6 expression (binding IL-6
mRNA though its 3′ UTR) and other growth and metabolic
mediators. The resulting positive feedback loop between NF-
κB and, in particular, IL-6 and the inhibitory effects of Lin 28
and IL-6 on Let-7 is sufficient to result in sustained elevation
and responsiveness of these pathways.

In support of this hypothesis, Zhu et al. [16] recently
reported that the Lin28/Let-7 axis plays a role in the repro-
graming of glucose metabolism in malignancy. Lin28a and
Lin28b were reported to promote insulin-sensitivity and
resistance to high-fat-diet-induced diabetes. Furthermore,
muscle-specific inhibition of Lin28a or overexpression of
Let-7 results in insulin resistance and impaired glucose
tolerance. These effects were mediated, in part, via Let-7
repression of the insulin-PI3K-mTOR pathway, including the
insulin receptor, insulin receptor substrate 2, and insulin-like
growth factor 1 receptor. In normal adult individuals, Lin28
expression is low and, thus, Let-7 represses the expression
of a cassette of gene pathways associated with growth,
cell migration, and catabolic metabolism. Under conditions
where Lin28 is induced (e.g., via activation of NF-κB re-
sponse pathways), Let-7 repression of these genes is removed.
In the case of type 2 diabetes, triggers such as obesity, oxida-
tive stress, and inflammatory mediators may initiate aberrant
activation of the NF-κB pathway and initiate a feedback loop
that sustains and progressively increases insulin resistance.

2.3. Management and Intervention. The available data sup-
port the contention that the adverse sequelae of diabetes
(including microvascular, cardiovascular, and renal disease)
can be, at least, ameliorated by adequate glycaemic control
[17]. Recent trials have established the benefits of inter-
ventions to prevent or delay diabetes and reduce diabetes-
related complications and/or associated risk factors [18–
21]. Intensive lifestyle modification to promote weight loss
and increase physical activity resulted in a 58% reduction
in the risk of type 2 diabetes in adults with impaired
glucose tolerance [21]. Early diagnosis of predisposition to
type 2 diabetes and implementation of effective intervention
represent a strategy to abate the incidence of type 2 diabetes
and its associated health care burden.

3. Gestational Diabetes Mellitus

3.1. Epidemiology. GDM is glucose intolerance with onset or
first recognition during pregnancy [22]. GDM affects ∼5%
of all pregnancies and its incidence is increasing in parallel
with the global increase in obesity and type 2 diabetes. In
the USA, GDM affects 135, 000 pregnancies per year. GDM
has been associated with not only acute increased risk for
complications of pregnancy but also long-term disease risks
for both mother and baby (Australian Institute of Health and
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Figure 1: Diabetes-related triggers may initiate a positive feedback
loop resulting in heighten responsiveness of the NF-κB by the inhi-
bition of miRNA repressors by NF-κB-induced RNA binding
proteins.

Welfare, 2010). Perinatal morbidity includes hyperinsuli-
naemia, macrosomia, hypoglynaemia, hyperbilirubinaemia,
and respiratory distress syndrome which in turn may
generate subsequent complications. Longer-term morbidity
for the offspring includes obesity and diabetes independent
of genetic factors [23–26]. GDM in the mother is associated
with increased risk of overt diabetes later in life. A higher risk
of developing metabolic and cardiovascular disease has been
reported for women who develop GDM during pregnancy.

In 2011, the American Diabetes Association (ADA) and
the International Association of Diabetes and Pregnancy
Study Groups (IADPSG) revised recommendations regard-
ing GDM. It is now recommended that patients at increased
risk for type 2 diabetes be screened for diabetes using
standard diagnostic criteria at their first prenatal visit. High-
risk women are defined as having impaired fasting plasma
glucose levels of 5.6 mmol/L to 6.9 mmol/L [100 mg/dL
to 125 mg/dL]) or impaired glucose tolerance (2-hour
OGTT values of 7.8 mmol/L to 11.0 mmol/L [140 mg/dL to
199 mg/dL]). Women with an HbA1c of 5.7% to 6.4% are
also considered at increased risk. In these patients, confirmed
fasting glucose levels of ≥7.0 mmol/L (126 mg/dL) or ran-
dom glucose levels≥11.1 mmol/L (200 mg/dL) are also diag-
nostic of diabetes. The ADA and the IADPSG recommended
that such high-risk women with diabetes diagnosed on the
basis of standard diagnostic criteria receive a diagnosis of
overt rather than gestational diabetes.

At 24 to 28 weeks of gestation, all women not known to
have diabetes (including high-risk women if the initial testing
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was normal) should undergo a 75 g OGTT, with diagnosis of
GDM based upon the finding of 1 abnormality, rather than
the previously recommended 2.

3.2. Aetiology. Normal pregnancy is attended by significant
changes in maternal metabolism [27] that are induced, at
least in part, by the release of placenta-derived autacoids
[28–30]. Early pregnancy is anabolic and associated with
the accretion of maternal fat. Late pregnancy is catabolic
and characterised by increasing insulin resistance, lipolysis,
hyperinsulinaemia, hyperglycaemia, increased postprandial
fatty acid concentrations, and declining maternal fat reserves.
The net effect of these late gestation changes are increased
availability of energy and anabolic substrates to sustain the
growth of the feto-placental unit, increased utilisation of
glycolytic energy production, and increased free fatty acid
availability [31]. Late pregnancy is also associated with a
decreased ability to produce glucose via gluconeogenesis,
glycogenolysis and lipolysis. This is in part a consequence
of an attenuation of hypoglycaemia to induce glucagon,
norepinephrine and cortisol.

It has been suggested that GDM and type 2 diabetes may
share common pathogenic mechanisms, however, pregnancy
may serve to unmask disease in those women who are
predisposed and destined to develop type 2 diabetes later in
life. Similar to type 2 diabetes, GDM is manifested by the
inability of pancreatic β-cell insulin release to compensate for
pregnancy-induced insulin resistance resulting in maternal
hyperglycaemia and hyperinsulinaemia. Moderate hyperin-
sulinaemia is considered adaptive during normal pregnancy
and a response to increased energy utilisation and demand
by the developing fetus. In GDM, the adaptive changes in
insulin resistance extend beyond those normally observed
[32, 33]. For example, during normal pregnancy, insulin-
stimulated glucose transport by skeletal muscle fibers is
reduced by ∼40%. In women with GDM, glucose transport
has been reported to be reduced by up to 65% [34]. Environ-
mental (modifiable) risk factors, including, preconception
conditioning, maternal diet and exercise, and other lifestyle
factors, may impact on the severity of its manifestation. In
most cases, however, symptoms of metabolic dysfunction
disappear postpartum following the withdrawal of placental
autacoid mediators.

The effects of hyperglycaemia on pregnancy outcome are
underpinned by experimental studies that identify putative
effector pathways by which exposure to high glucose con-
centrations may alter placental and maternal adipose tissue
phenotype and responsiveness [35–37]. Similar to type 2
diabetes, the role of inflammatory mechanisms in disease
progression is evident. Increased biomarkers of oxygen
radical damage and an impairment of antioxidant defense
have been identified in individuals with type 2 diabetes
[38] and in women with GDM [37, 39–41]. Previously,
we demonstrated that the placentae of women with GDM
display a reduced capacity to respond to oxidative stress in
terms of 8-isoprostane and tumour necrosis factor α (TNF
α) release [35]. We concluded that GDM placenta may be
preconditioned by transient intracellular oxidative stress.

The role of oxidative stress in the aetiology of GDM has
recently been reviewed [42].

4. Screening for Diabetes

4.1. Screening for GDM. Currently, GDM is diagnosed in
the late second or early third trimester of pregnancy. Any
pathology is probably already established by this time and
reversal of the potential adverse perinatal outcomes may
be limited. The lack of a reliable early test for GDM has
hampered the development of useful intervention therapies
that may impact not only on the acute but long-term health
outcomes (Figure 2). Thus, there is a need to diagnose and
predict GDM earlier so that appropriate management can be
initiated and tailored to the needs of the patient in order to
minimise perinatal complications and their sequelae.

GDM is currently diagnosed by an In Vitro Diagnostic
(IVD) Oral Glucose Tolerance Test performed at 24–28
weeks of gestation. A glucose load (75 g) is administered
to fasting individuals, and blood glucose concentration is
determined at 1 hour and 2 hours [43, 44]. The Third Inter-
national Workshop-Conference on GDM emphasised the
critical importance of developing new diagnostic criteria
that are based on the potential to detect pregnancies at
risk for adverse perinatal outcome as a result of maternal
hyperglycaemia, rather than placing primary emphasis on
the identification of mothers at risk for progression to
diabetes outside of pregnancy. With the obesity epidemic
well entrenched in the Western world and with more women
delaying pregnancy and the associated increase in pre-
pregnancy body mass index (BMI), the incidence of GDM
is increasing irrespective of the diagnostic criteria used.

First trimester pregnancy and preconceptional risk-
factors for GDM have been identified including family
history of GDM and/or diabetes [45], maternal pregnancy
weight gain [46, 47], fasting plasma glucose [48], 1-hour
glucose challenge test [49], oral glucose tolerance test
[50], and haemoglobin A1c [51] adiponectin [52, 53], C-
reactive protein [54], serum triglycerides [55], sex hormone-
binding globulin [56], placental growth factor [57] leptin
[58], oxidised DNA [59], and follistatin-like-3 levels [60].
Although some have been able to provide a good negative
predictive measure for subsequent GDM [61], most tests
suffer from poor positive predictive values and are of limited
efficacy.

It is now widely acknowledged that single biomarkers are
unlikely to deliver significant incremental gain in sensitivity
and specificity that will be required for the development of
effective screening and classification tests requisite for the
implementation of personalised medicine. New approaches
based upon the measurement of multiple biomarkers of
disease risk afford opportunity to increase diagnostic test
sensitivity and specificity. Even the use of two biomarkers can
deliver improved performance [62]. The use of modelling
algorithms to combine multiple known biomarkers (e.g.,
candidate-based approaches) similarly may increase diag-
nostic efficiency and deliver classification models of clinical
utility [63–66]. Both candidate-based applications (i.e., in
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Figure 2: GDM disease progression. GDM is currently diagnosed (Clinically Overt) in 3rd trimester (24–28 weeks of gestation) following an
oral glucose tolerance test (OGTT). Using this diagnostic threshold, there is no opportunity to prevent pathological changes (accumulated
damage) that may occur during 1st and 2nd trimester (Undiagnosed Period). The implementation of screening tests during early pregnancy
or the preconception period affords opportunity to identify women at risk of disease and to evaluate intervention strategies on pregnancy
outcome and the long-term health of both mother and baby.

which the identity of the analytes being measured are well-
established [67]) and signature profiling applications (i.e., in
which characteristic patterns or motifs within a signal profile
are identified, see [68]) may be utilised in the development
of multivariate modelling strategies for the delivery of more
informative diagnostic tests [69].

A recent trend in the development of more efficient diag-
nostic tests has been the use of algorithm-based multivariate
index assays (IVDMIAs). With the development of this new
class of IVD, the discipline has sought new biostatistical
approaches for assessing and quantifying incremental gains
in diagnostic efficiency. Traditionally, the area under the
receiver operator characteristic curve (AUC) has been used
as a measure and comparator of diagnostic efficiency. Several
investigators have argued that this measure alone may be
imperfect and inefficient for comparing the true clinical
usefulness of alternative marker panels [70, 71]. These
authors reviewed several biomarker studies and observed
that when evaluating improvement in risk assignment of
biomarkers, very large odds ratios were often associated with
very small increases in the AUC. This feature of the receiver
operator characteristic curve analysis limits its utility in iden-
tifying putative beneficial contributions of new biomarkers
to algorithm-based models. Pencina et al. [72] therefore,
proposed the use of two new methods for evaluating the
diagnostic efficiency of biomarkers. These two methods
are (i) Net Reclassification Improvement (NRI) and (ii)
Integrated Discrimination Improvement (IDI). The NRI is
based on counts of the number of true positives showing an
increase in probability of an event and the number of true
negatives showing a decrease in probability of an event. The
IDI is based on the integral of sensitivity and specificity of
all possible thresholds. These new biostatistical approaches
may facilitate the development of biomarker panels with
improved diagnostic efficiency and aid in the screening and
earlier detection of diabetic conditions.

IVDMIA approaches are being developed for risk assign-
ment modalities for use in the first trimester of pregnancy,
including the evaluation of multiple candidate-based profil-
ing of blood-borne biomarkers. For example, we measured
multiple plasma biomarkers at 11 weeks of gestation in
women who subsequently experienced a normal pregnancy

outcome and women who subsequently developed gesta-
tional diabetes [73]. Of the biomarkers considered, algo-
rithms that included adiponectin, insulin, and random blood
glucose delivered the greatest diagnostic efficiency when
compared to individual biomarkers alone. The IVDMIA
increased AUC by more than 10%. This simple example
demonstrates the putative benefit of a multimarker approach
for improving diagnostic efficiency.

4.2. Screening for Type 2 Diabetes after GDM. As discussed
above, GDM may unmask a predisposition to type 2 diabetes
and, as such, GDM may be diagnostic for type 2 diabetes.
A recent meta-analysis [74] reviewed 20 studies conducted
between 1960–2009 to estimate the relative risk of developing
type 2 diabetes following GDM. The combined cohort
involved more than 675,000 pregnancies of which 31,867
cases of GDM were identified (i.e., 4.7% of all pregnancies
included in the analysis). Of these cases of GDM, 10,859
incident cases of type 2 diabetes were identified. The relative
risk for type 2 diabetes following GDM was estimated to
be 7.43 (compared to women who had normoglycaemic
pregnancies). Bellamy et al. [74] suggested that increased
awareness of the risk of type 2 diabetes after GDM could
provide an opportunity to test and use dietary, lifestyle, and
pharmacological interventions that might prevent or delay
the onset of type 2 diabetes.

While the conclusion that GDM is a risk factor for type
2 diabetes is supported by the available data, it is pertinent
to note that more than 95% of women in the cohort did
not develop gestational diabetes and that more that 64% of
women who have had GDM do not have type 2 diabetes 20
years postindex pregnancy. The prevalence of type 2 diabetes
in women 10–20 years after index pregnancy is estimated
to be ∼5%; thus, in a cohort of 675,000, ∼33,700 incidence
cases would be expected, that is, 22,841 cases in this cohort
were not associated with a previous GDM pregnancy (i.e.,
a false positive rate of 0.659). The positive predictive value
of GDM as a diagnostic test for type 2 diabetes is only 34%
(sensitivity = 0.322 and specificity of 0.967).

Similarly, Göbl et al. [75] recently reported results of a
small prospective cohort (n = 110) with 10-year followup of
women who experienced GDM in which 78.7% of women
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did not develop type 2 diabetes. Of the 21.3% who did
progress to type 2 diabetes, a multivariate analysis identified
2-hour oral GTT concentration, HDL cholesterol, and age
as the best predictors. Women with two or more risk factors
were at a higher risk than women with only one.

It has further been proposed that women with a previous
GDM pregnancy should be followed up by OGTT postpar-
tum and, if positive, intervention and monitoring strategies
implemented. While this may be appropriate, it does not
assist the ∼68% of women who develop type 2 diabetes in
the absence of GDM complicated pregnancies. Specifically
targeting and monitoring women with a previous GDM
pregnancy is an aid in identifying predisposition to type 2
diabetes but is a poor stand-alone diagnostic test for type 2
diabetes in women. Alternative strategies for early detection
screening, intervention, and prevention are requisite to
reducing the overall burden of type 2 diabetes at a commu-
nity level.

The objectives of any disease screening program are to

(1) identify asymptomatic individuals at higher risk of,
or predisposition to disease,

(2) afford the opportunity for treatment or prevention of
disease thus limiting severity,

(3) reduce disease burden in the community.

A number of opportunities for developing screening
applications that target women of reproductive age exist,
including the development of preconception screening.

4.3. Preconception Conditioning and Screening. The concept
that information defining contemporary environmental con-
ditions is coded in maternal physiology and is sensed and
informs and adapts the development of the fetus is not
novel [76, 77]. This tenet is the basis of epigenetics and
the developmental origins of adult disease [78]. Modifiable
maternal and environmental factors reported to affect preg-
nancy outcome and/or disease risk in the offspring include
BMI [79, 80], weight gain during pregnancy [47], diet [81–
83] physical activity [84, 85], preexisting diabetes [86, 87],
and alcohol consumption [88]. The placenta functions as an
environmental sensor for the embryo and not only integrates
information encoded within the maternal milieu but its own
ontogenic development and function may be altered by such
information. Known modifiers of the placental epigenome in
human and animal models include micronutrients [89, 90],
diet [91], smoking [92], bacterial infection [93], obesity [94],
stress [95], diabetes [96], and hypertension [97, 98].

Based upon the available data, a sound case can be made
for the implementation and evaluation of preconception
care programs that attempt to optimise or, at least, improve
general health, life style, and conditioning of women and
their partners before conception. The premise underpinning
promoting preconception in addition to prenatal care is
that for some maternal conditions and exposures, altered
programing and/or damage can occur before prenatal care
begins. To promote normal placentation and reduce risks
of complications of pregnancy, education and appropriate

interventions must be identified and implemented prior to
conception.

In 2006, the Centers for Disease Control and Prevention
(CDC) published a report of the CDC/ATSDR Preconcep-
tion Care Work Group and the Select Panel on Preconception
Care [99, 100]. The panel identified four primary objectives:

(1) improve knowledge, attitudes, and behaviors of men
and women related to preconception health,

(2) assure that all women of childbearing age receive
preconception care services that will enable them to
enter pregnancy in optimal health,

(3) reduce risks identified by a previous poor pregnancy
outcome through interventions during the inter-
conception period, which can prevent or minimize
health problems for a mother and her future children,

(4) reduce disparities in adverse pregnancy outcomes.

The actual benefits of preconception care programs
remain to be established as there is a paucity of randomised
control data on the health outcomes and economic ben-
efit of attempts to improve preconception maternal (and
paternal) health. Several studies, however, have reported
some evidence of positive financial returns for preconception
counseling for women with diabetes, based on savings in
hospitalisation costs [101, 102]. Similarly, case control stud-
ies on the health care costs associated with maternal obesity
provide further support, reporting that the cost of prenatal
care was 5 times higher in mothers who were overweight
before pregnancy than in normal-weight control women
[103]. More recently, Moos and Bennett [104] reviewed the
evidence supporting preconception care for diabetic women.

The implementation of preconception care programs
afford opportunity for more broadly based screening for
prediabetic conditions and early intervention to reduce the
incidence of type 2 diabetes. The efficacy of screening this
cohort has yet to be established it would, however, afford
opportunity for longitudinal monitoring of biomarkers.
Longitudinal monitoring is an approach that has proved
effective in increasing the diagnostic performance of oncol-
ogy diagnostics [105, 106]. It is likely that such an approach
would also improve the positive predictive value for the
diagnosis of type 2 diabetes.

5. Conclusion

Type 2 diabetes is a “communicable disease” that is transmit-
ted between individuals and intergenerationally by the adop-
tion of societal and lifestyle behaviors—behaviours that chal-
lenge fundamental energy homeostasis. The juxtaposition of
a susceptible genetic background with the ability to access
a surfeit of energy dense foods without counterpoise energy
expenditure predisposes to obesity and failure of glycaemic
control. Modifiable risk factors have been identified that may
reduce disease severity. Early identification of individuals
at higher risk of developing type 2 diabetes will play a
critical role in improving disease management and health
outcomes. Of significant promise is the development and
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implementation of high performance IVDMIAs and their use
in longitudinal monitoring programs.

Abbreviation

IVDMIA: In Vitro Diagnostic Multivariate Index Assay.
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Background. About 10% of pregnancies are complicated by previously unknown impairment of glucose metabolism, which is
defined as gestational diabetes. There are little data available on prevalence of thyroid disorders in patients affected by gestational
diabetes, and about their postgestational thyroid function and autoimmunity. We therefore investigated pancreatic and thyroid
autoimmunity in gestational diabetic patients and in women who had had a previous gestational diabetic pregnancy. Methods. We
investigated 126 pregnant women at the time of a 100-g oral glucose tolerance test: 91 were classified as gestational diabetics, and
35 were negative (controls). We also studied 69 women who had delivered a baby 18–120 months prior to this investigation and
who were classified at that time gestational diabetics (38 women) or normally pregnant (31 women; controls). Results. Our data
show no differences for both thyroid function and prevalence of autoimmune disorders during pregnancy; however, a significant
increase in thyroid autoimmunity was seen in women previously affected by gestational diabetes. This increased prevalence of
thyroid autoimmunity was not associated with the development of impaired glucose metabolism after pregnancy. Conclusions.
Our data suggest that maternal hyperglycemia is a risk factor for the development of thyroid autoimmunity, a conclusion that
should now be confirmed in a larger cohort of patients.

1. Introduction

Gestational diabetes (GDM) is defined as any degree of
carbohydrate intolerance that is first diagnosed during
pregnancy [1]. The prevalence of GDM ranges between 1%
and 14% [1–3], and it is most frequent in women aged ≥35
years in the second trimester of pregnancy. In a minority
(<10%) of patients, the need for insulin therapy continues
after delivery, and in these cases detection of anti-glutamic-
acid-decarboxylase- (GAD-) 65 antibodies (GAD65-Ab) is
common, and so GDM is considered the onset of type
1 diabetes [4–6]. Increased incidence of organ-specific
autoimmunity towards endocrine cells other than β-cells

has been described in type 1 diabetes patients [7], and it is
believed to be caused by a genetic propensity to autoimmune
disorders. In the majority of patients, however, GDM is
believed to be caused by β-cell dysfunction that occurs on a
background of chronic insulin resistance. Although in these
patients GDM usually resolves after delivery, up to 70% of
them develop overt type 2 diabetes mellitus within 10 years
[4, 8].

Recent studies have reported increased incidence of
thyroid autoimmunity in type 2 diabetes [9, 10], thus
implying that diabetes can trigger the onset of thyroid
autoimmunity. Few studies have, however, evaluated the
prevalence of thyroid dysfunction and autoimmunity in
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women with GDM [11–13]. Moreover, little is known
about thyroid autoimmunity in post-GDM patients, who
usually return to normal glucose control after delivery. In
our opinion, GDM offers a good opportunity to study if
diabetes and hyperglycemia might predispose to thyroid
autoimmunity.

In the present study, we therefore investigated (1) pan-
creatic and thyroid autoimmunity in GDM patients and (2)
pancreatic and thyroid autoimmunity in women with previ-
ous GDM.

2. Patients and Methods

2.1. Patients. One-hundred-and-ninety-five women (aged
18 to 51) who were referred to the Diabetic Outpatient Clinic
of the “Santo Spirito” Pescara Hospital were evaluated; none
of these patients had a hyperglycemic disease before gesta-
tion. Initially, 126 consecutive pregnant (group A) women
were evaluated at the 14th to 34th weeks of pregnancy at the
time of a 100 g oral glucose tolerance test (OGTT), which was
interpreted according to the O’ Sullivan and Mahan criteria
revised by Carpenter and Coustan [14–16]. According to the
OGTT results, these patients were further subdivided into
two groups.

(i) A1: 91 patients (mean age, 33±10 years) with a posi-
tive OGTT, considered as women affected by GDM.

(ii) A2: 35 women (mean age, 29±11 years) with a nega-
tive OGTT, considered as normally pregnant women
(controls).

The remaining 69 women (group B) had delivered a baby
18 months to 120 months before this study. During their
pregnancy, they had been evaluated by an OGTT and were
diagnosed accordingly as having been affected, or not, by
GDM. For the purpose of this study, these patients were also
further subdivided into two groups.

(i) B1: 38 patients (mean age, 40 ± 11 years) with a
positive OGTT during their pregnancy, considered
as women previously affected by GDM. At the time
of the present study (18–120 months after delivery),
they were evaluated again for thyroid function and
glucose metabolism by a 75 g OGTT.

(ii) B2: 31 women (mean age, 40 ± 5.7 years) with a
negative OGTT during their pregnancy who did not
develop diabetes after delivery, considered as previ-
ously normal pregnancy controls; the time elapsed
since their delivery was 18 months to 96 months.
They were enrolled as mothers whose children were
attending the family care clinic of two pediatricians
operating in the Pescara area.

Women with a positive history for thyroid diseases and
who had taken any drug known to interfere with thyroid
function or the immune system were excluded from the
study. None of the subjects enrolled in the study were
evaluated twice; therefore, none of the patients in group A
were also included in group B. All women with elevated TSH

levels in groups A1 and A2 were treated with L-thyroxine;
for women of group B1 we individually evaluated the option
of treatment. Informed consent was obtained from all of the
participants in the study.

2.2. Methods. Commercially available kits were used to
determine the levels of free thyroxine (FT4) (immunofluo-
rometric assay; normal range 0.76–1.42 ng/dL; Perkin Elmer
Italia spa, Monza, Italy), thyrotropin (TSH) (immunofluoro-
metric assay TSH ultra; normal range 0.4–4.2 μIU/L; Perkin
Elmer Italia spa, Monza, Italy), antiperoxidase antibod-
ies (TPO) (TPO-Ab radioimmunoassay kit; normal value
<15 IU/mL; Becton, Dickinson and Co, Franklin Lakes, NJ,
USA), antithyroglobulin antibodies (Tg) (Tg-Ab Elisa Kit;
normal value <100 IU/mL; Alpco Diagnostics, Salem, NH,
USA), and antiglutamic acid decarboxylase-65 antibodies
(GAD65-Ab radioimmunoassay; normal value <1 IU/mL;
Adaltis Italia spa, Casalecchio di Reno, Italy).

Stimulating TSH receptor antibodies (TSHr-Abs) were
calculated using a biological assay, as previously described
[17]. Briefly, Chinese hamster ovary (CHO) cells were
subjected to a two-step double stable transfection: in the first
step, the cells were transfected with a CRE-luc construct,
which makes the cells particularly sensitive to changes in
cAMP levels. In the second step, the cells were transfected
with wild-type human TSHr. These cells were maintained
in Ham’s F12 nonessential amino acids supplemented
with 10% fetal calf serum and penicillin/streptomycin
(1 U/mL/1 mg/mL, resp.) for 24 hours, which was then
replaced with starvation media (Hank’s balanced salt solu-
tion; no fetal calf serum) for another 24 hours. All of the cells
were maintained at 37◦C, in 5% CO2 and at 95% relative
humidity. Cut-off of normal values was determined in the
following manner: the mean of ≥5 samples from normal
subjects was calculated. The standard deviation between
these normal samples was determined, and this value was
multiplied by two and added to the calculated mean. The
cut-off value obtained in this way was arbitrarily considered
equal to 1 unit (AU). The luciferase activity was determined
using the Bright-Glow reagent, by measurement of the light
output using a single-tube luminometer. Interassay and
intra-assay variability were <5%.

Student’ T tests were used with unpaired data, and
Fisher’s exact tests and χ2 tests were performed.

3. Results

The presence of pancreatic autoimmunity in the cohort
of patients was evaluated by determination of GAD65-Ab
levels. We observed that 3 (3.3%) patients were positive for
GAD65-Ab in group A1, 2 of whom had low GAD-65 titers
(<2 IU/mL), while the third had a GAD-65 titer of 33 IU/mL.
All of the patients in group A2 were negative for GAD65-
Ab. In the group of previously gestational women (B1), 2
(5.3%) patients had GAD65-Ab-positive values, 1 of whom
had low level positivity (<2 IU/mL), and the second, who
had a GAD65-Ab value of 16 IU/mL, was diagnosed as type
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Table 1: Clinical characteristics and laboratory data of the four groups of women evaluated.

Groups

A1 (n = 91) A2 (n = 35) B1 (n = 38) B2 (n = 31)

Mean age (years) 33± 10 29± 11 40± 11 40± 6

Time from delivery (range, months) — — 18–120 18–96

BMI at OGTT 29.8± 4.0 28.1± 4.7 27.2± 2.2 —

BMI at follow-up — — 24.1± 2.8 23.5± 3.7

GAD65-Ab positivity [n (%)] 3 (3.3) 0 2 (5.3) 0

Mean FT4 (ng/dL) 0.82± 0.13 0.83± 0.09 0.93± 0.21 0.92± 0.17

Mean TSH (mIU/L) 1.46± 1.02 1.90± 1.4 2.45± 4.32 1.44± 0.92

TSH < 0.4 mIU/L [n (%)] 8 (8.8) 2 (5.7) 5 (13.1) 2 (6.5)

TSH > 4.2 mIU/L [n (%)] 2 (2.2) 2 (5.7) 4 (10.5) 1 (3.2)

Overall abnormal TSH [n (%)] 10 (11.0) 4 (11.4) 9 (23.7)∗ 3 (9.7)

Thyroid Ab positivity [n (%)] 16 (17.6) 5 (14.4) 12 (31.6)∗ 3 (9.7)

Abnormal TSH + thyroid Ab positivity [n (%)] 3 (3.3) 0 (−) 7 (18.4)∗∗ 1 (3.2)
∗P < 0.05 versus groups A1 and B2; ∗∗P < 0.05 versus groups B2 and P < 0.001 versus group A1. Where indicated, data are means ± SD.

1 diabetic and is on insulin treatment. None of the B2 group
(control group) showed positive GAD65-Ab values (Table 1).

The mean TSH values were not significantly different
between the four groups (1.46±1.02 versus 1.90±1.4 mIU/L
in groups A1 and A2, resp., and 2.45 ± 4.32 versus 1.44 ±
0.92 mIU/L in groups B1 and B2, resp.) (Table 1). No
significant differences were seen between the four groups
either considering these mean TSH values or separately
evaluating the TSH values as below and above the normal
range. However, if we consider the overall incidence of
abnormal TSH values, a significantly higher incidence (P <
0.05) was seen for group B1 versus both groups A1 and B2
(Figure 1).

The FT4 levels were not significantly different when
comparing either gestational versus normal pregnancies
(0.82 ± 0.13 versus 0.83 ± 0.09 ng/dL for groups A1 and A2,
resp.) or postgestational versus controls (0.94 ± 0.21 versus
0.92±0.17 ng/dL for groups B1 and B2, resp.) (Table 1). Our
data confirm the significantly lower FT4 values in pregnancy
(0.82 ± 0.13 versus 0.93 ± 0.19 ng/dL, resp.; P < 0.001);
however, FT4 was within the normal range in all of the
pregnant women if the values are modified according to
pregnancy [18].

Anti-TPO-Abs were detected in 16 (17.6%) patients in
group A1, 5 (14.3%) in group A2, 10 (26.3%) in group B1,
and 3 (9.7%) in group B2. Anti-Tg-Abs were detected in
6 (6.6%) patients in group A1, 1 (2.8%) in group A2, 6
(15.8%) in group B1, and 1 (3.2%) in group B2. Moreover,
1 patient in group B1 (of previously gestational women)
had positive stimulating TSHr-Ab, with a suppressed TSH
(<0.01 μIU/mL) and negative TPO-Ab. Therefore, the overall
incidence of thyroid autoimmunity (12/38, 31.6%) in group
B1 was significantly (P < 0.05) greater than in groups B2 and
A1 (Figure 1). No other subjects were positive for stimulating
TSHr-Ab. Only 1 patient (in group A1) had positivity for
both GAD65-Ab and TPO-Ab.

When considering the coincident presence of thyroid
autoimmunity and abnormal TSH values, it is interesting
to note that the combination of both was observed in 3/91
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Figure 1: Patients (as percentages within each single group)
affected by thyroid autoimmunity (TPO-Ab, Tg-Ab, and TSHr-Ab
positivity), thyroid dysfunction (TSH < 0.4 mIU/L or >4.2 mIU/L)
or the combination. Group A1: GDM pregnant women; group A2:
non-GDM pregnant women; group B1: post-GDM women; group
B2: healthy mothers. ∗P < 0.05 versus groups A1 and B2; ∗∗P <
0.05 versus group B2 and P < 0.001 versus group A1.

(3.3%) patients in group A1, 0/35 (0.0%) in group A2, 7/38
(18.4%) in group B1, and 1/31 (3.3%) in group B2. The
association of abnormal TSH and TPO-Ab positivity was
significantly greater in group B1 versus both groups B2 (P <
0.05) and A1 (P < 0.001) (Table 1 and Figure 1).

The possibility that thyroid Ab positivity is associated
with the onset of permanently impaired glucose metabolism
in the previously gestational women (Table 2) was also
considered. Here, 18/38 (47.4%) previously gestational
women showed hyperglycemic disease at the follow-up;
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Table 2: Glucose abnormalities and thyroid autoimmunity in post-
GDM women (group B1).

Thyroid
autoimmunity

Condition
Glucose

metabolism
[n (%)]

Thyroid Ab positive
(n = 12)

Normal 5 (41.7)

Type 1 diabetes mellitus 1 (8.3)

Type 2 diabetes mellitus 2 (16.7)

Impaired glucose
tolerance

3 (25)

Impaired fasting glucose 1 (8.3)

Thyroid Ab negative
(n = 26)

Normal 15 (57.7)

Type 1 diabetes mellitus 1 (3.8)

Type 2 diabetes mellitus 2 (7.7)

Impaired glucose
tolerance

8 (30.8)

Impaired fasting glucose —

these patients were widely distributed between thyroid
autoimmune and nonautoimmune patients. Indeed, 7/12
(58.3%) women with thyroid Ab (TPO-Ab and TSHr-Ab)
positivity showed hyperglycemia, while 11/26 (42.3%) with
negative thyroid Abs had impaired glucose metabolism; no
statistically significant differences were detected between
these two groups.

4. Discussion

The prevalence of pancreatic autoimmunity in GDM has
been widely investigated [3, 5, 6, 19], and it has been shown
to differ for racial and geographic reasons. In the present
study, GAD65-Abs were detected in 3.3% of our population,
a level that is in agreement with several previous reports
[2, 3, 5, 6, 19]. In our study we have chosen to determine only
anti-GAD, because GAD autoantibodies are markers with the
highest diagnostic sensitivity in LADA, so they should be
used to identify such patient [20].

Fewer studies have investigated the prevalence of thyroid
autoimmunity during GDM: most of these did not show a
significant increase [13, 21], although few reports [11, 22]
showed a higher risk of thyroid autoimmunity in women
with a family history of diabetes and thyroid diseases. The
present study also shows no significant differences.

The mean TSH value of the GDM patients was similar to
that seen in normally pregnant women, and no differences
were seen relating to the prevalence of abnormal TSH values
between these two groups. At the same time, the FT4
levels were not significantly different. In summary, it can
be concluded that no differences in thyroid function and
autoimmunity were detected in the present study in GDM
patients, as compared with normally pregnant women.

To our knowledge, little data are available on the
prevalence of thyroid autoimmunity in women with pre-
vious GDM. We found an increased frequency of thyroid
antibodies in patients with previous GDM; indeed, 31.6% of

our patients were positive for TPO-Ab, Tg-Abs or TSHr-Ab,
as compared with 9.7% for women with previously normal
pregnancies. We would also underline that in one patient,
thyroid autoimmunity was only revealed by the TSHr-Ab
assay. The presence of the TSHr-Ab as the only marker
of thyroid autoimmunity has been described previously for
a population of type 1 diabetes patients [23]; however,
GAD65-Abs were negative in our patients, and there is no
need at present for insulin therapy. The TSHr-Ab assay has
therefore to be considered as a useful tool to reveal subclinical
autoimmune hyperthyroidism whenever TSH is below the
normal range, even if TPO-Abs are negative and there is no
other sign of endocrine autoimmunity.

An association of thyroid dysfunction and Ab positivity
was detected more frequently in the previously gestational
women (7/38 [18.4%] in group B1, and 1/31 [3.3%] in group
B2). On the basis of our data, it can be speculated that
an increase in thyroid autoimmunity occurs in post-GDM
women and that this phenomenon is relevant enough to
cause subclinical thyroid dysfunction.

An association between autoimmune diabetes (type 1
and latent autoimmune diabetes) and other organ-specific
autoimmune disorders has been widely described [7, 24];
however, in the present study, only 1 woman showed
positivity for both pancreatic and thyroid autoimmunities.
A common (pancreatic and thyroid) autoimmune trait
appears therefore an unlikely explanation for the increased
prevalence of thyroid autoimmunity in our post-GDM
patients. Igawa et al. [25] suggested that the clinical
association between chronic autoimmune thyroiditis and
type 2 diabetes is related to a common antigen that is
shared by pancreatic β-cells and thyroid follicular cells.
More recently, we have shown that a 10 mM increase in
glucose levels in cultured thyroid cells can upregulate major
histocompatibility complex (MHC) class I expression [26].
We therefore hypothesized that this phenomenon causes the
thyrocyte to become an antigen-presenting cell and possibly
to overcome self-tolerance. It has indeed been shown that
elevated levels of MHC molecules, which increase thyroid
antigen presentation, can trigger thyroid autoimmunity in
animal models [27, 28].

In accordance with this observation, we speculate that
hyperglycemia at the time of pregnancy or immediately after
delivery triggered the autoimmune disorder in our patients.
If this is the case, GDM represents a unique chance to
evaluate progression of thyroid autoimmunity from its onset.

It has to be emphasized, however, that the present study
and our speculative explanation should still be considered as
a preliminary step. In our study the diagnosis of GDM was
carried out by OGTT with 100 g of glucose, and as is known
new diagnostic criteria suggested by IADPSG [29] and ADA
have been recently introduced. We cannot say whether the
conduct would have been the same with new criteria. In
fact the new criteria for diagnosing GDM identified a group
of women previously classifiable as normal according to
the 4th International Workshop Conference criteria, but
revealing metabolic characteristics and pregnancy outcomes
resembling those of women who would have been considered
to have gestational diabetes by the previous criteria [30].
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A major limit of this study is indeed the relatively small
number of subjects evaluated. Therefore, observations on a
larger population are needed to confirm our data.

In this context, we also cannot rule out the possibility that
progression towards hyperglycemic disease after delivery can
further facilitate the onset of thyroid autoimmune disease;
the small number of patients did not allow the reaching
of statistical significance, even if a higher percentage of
patients with impaired glucose metabolism showed thyroid
Ab positivity (58.3% versus 42.3%). In a 20-year follow-up,
Männistö and colleagues [31] showed that instead of thyroid
antibodies presence of overt hypothyroidism poses risk of
diabetes. On the other side, the presence of TPO-Ab is not
predisposing to the development of GDM [32]. Indeed, in a
large study that included more than 600 pregnant women,
GDM was seen in 8.1% of the women with TPO-antibody
positivity, as compared to 6.8% without the TPO antibody,
and this difference was not significant.

In summary, the main and new finding from our
study is the higher prevalence of thyroid autoimmunity in
women who have had previous GDM; in the same group,
thyroid dysfunction is also more prevalent. We speculate that
gestational hyperglycemia can trigger thyroid autoimmunity.
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The DAWN (Diabetes Attitudes, Wishes and Needs) study is a survey promoted by the International Diabetes Federation to
recognize the perceptions and attitudes of people suffering from diabetes mellitus. In this context, we evaluated the quality of
life of Italian and immigrant women with gestational diabetes mellitus (GDM). Information was gathered using a structured
questionnaire for patients’ self-compilation. In a 3-month period, a 51-item questionnaire was submitted to 198 Italians and 88
immigrants (from 27 different foreign nationalities). Italian women were older and had higher education than the immigrants.
60% of the Italians and 38% of the immigrants had a family history of diabetes mellitus. In both groups, the diagnosis of GDM
caused anxiety; one-third of women feared their child could contract diabetes at delivery and/or have congenital malformations.
Some women had trouble in following treatment regimens: the major concern being dietary advice and blood glucose testing. Most
women were satisfied (34%) or highly satisfied (60%) with the quality of care, although the degree of cooperation between diabetes
specialists and gynaecologists was considered sometimes unsatisfactory. In order to optimize maternal and foetal outcomes,
educational projects and improved communication between patients and the healthcare provider team are recommended.

1. Introduction

The DAWN study (Diabetes Attitudes, Wishes and Needs) is
a survey promoted by the International Diabetes Federation,
with the aim of recognizing the feelings and attitudes of
patients suffering from diabetes mellitus and the healthcare
professionals responsible for patient management and care.
Up to now the results of the DAWN study have shown that
about half of the people with diabetes have a lower quality
of life. The most important factors predicting discomfort or
worse quality of life among diabetic patients are the country
of residence and, subsequently, the type of healthcare system
adopted there (i.e., the presence or absence of a specialized

team dedicated to the care and assistance for diabetic patients
and their chronic complications) [1, 2].

Inside the Italian DAWN study framework, the Italian
DAWN Study Group on Pregnancy performed this survey
to evaluate the wishes and needs of Italian and immigrant
women affected by GDM.

2. Materials and Methods

2.1. Study Design. The research was conducted in 10 Italian
centres specialized in the care of pregnant women with
diabetes. Each centre supplied 20 questionnaires submitted

mailto:g.dicianni@usl6.toscana.it
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to pregnant women with GDM by nurses who had previously
been trained in this task during a specific briefing session.
Overall, 198 questionnaires were collected and analyzed.

The project was also targeted at immigrant women with
GDM. The questionnaire used was based on the same criteria
as those ones used for Italian women, with the addition
of seven questions about the specific condition experienced
by immigrants. A Cultural Mediator helped immigrant
pregnant women with language difficulties. Overall, 88 ques-
tionnaires were collected. The two surveys were conducted in
the same period.

The 51 questions covered the following topics:

(i) the general characteristics of women with GDM,

(ii) the feelings related to the diagnosis of diabetes during
pregnancy,

(iii) the evolution of diabetes,

(iv) the diet in pregnancy,

(v) the family support,

(vi) the gestational diabetes specialist centre,

(vii) the relationship with medical doctors.

The study was approved by the local ethics committee
and the women gave their informed consent to participation
in accordance with the Declaration of Helsinki.

GDM was diagnosed according to the Carpenter and
Coustan’s criteria [3]. Women with GDM were helped
to achieve good metabolic control: fasting plasma glu-
cose (FPG) <5.3 mM and 2 h postprandial plasma glucose
(PPG) <6.7 mM. Patients were given dietary advice about
the nutritional requirements of pregnancy [1], and nurse
educators showed them how to self-monitor blood glucose.
They attended the centres every two weeks for specialist
consultations. Insulin treatment was started when FPG was
higher than 5.3 mM and/or 2 h PPG higher than 6.7 mM [4].
All women with GDM were monitored for metabolic and
obstetric purposes until delivery.

2.2. Statistical Evaluation. Data are expressed as absolute
values, percentages, or mean ± Standard Deviation (SD).
Differences among groups were tested using the chi square or
F-test. Statistical significance was set at P < 0.05. Significant
differences obtained using the F-test were confirmed by the
Mann-Whitney U-test if the assumptions of the F-tests were
not met. All statistical analyses were performed using SPSS
statistical package, version 16.0 (SPSS, Chicago, IL).

3. Results

3.1. General Characteristics. General characteristics of Italian
and immigrant women with GDM are reported in Table 1.

The immigrant respondents belonged to as many as
27 different foreign nationalities; the countries of origin
with the highest representation were Romania and Morocco,
followed by Bangladesh, Albania, and Nigeria. 39% of the
immigrant women with GDM lived in Italy for 5–9 years,
30% for 3-4 years, 22% for 1-2 years, and 12.5% for 10–14
years.

Table 1: General characteristics of women with GDM.

Italians Immigrants

Cases (n) 198 88

Age (years) 34.2± 5 32.5± 4∗

Primiparous (%) 50.5 44∗

Married (%) 92 95

Single/Divorced (%) 8 5

School level

University/High School
(%)

72 24∗

Primary/Middle (%) 28 76∗

Occupation

Office workers (%) 34 —

Housewife (%) 20 52

Factory workers (%) 18 10

Shop assistant (%) 14 —

Housemaid (%) 2 16

Caregiver for elderly (%) — 5

Unemployed (%) 6 12

Other occupations (%) 6 5
∗P < 0.05.

3.2. Pregnancy and Diabetes. A previous pregnancy compli-
cated by GDM was reported in 25% of Italian women and
42% of Immigrant ones (P < 0.005). In 88.5% of immigrant
cases, the previous GDM was diagnosed in Italy.

The time of diagnosis of GDM in current pregnancy
was made mostly (58.5%) between the 25th–29th week of
gestation, although an early diagnosis (before 20 weeks of
gestation) was performed in 40.5% of the immigrant women
and 27% of the Italian women (P < 0.05). Like the Italian
respondents, about 90% of the immigrant women were
advised to undergo tests to diagnose gestational diabetes by
their gynaecologist.

3.2.1. Feelings Arising from the Diagnosis of Diabetes during
Pregnancy. The diagnosis of diabetes resulted in the devel-
opment of anxiety in the same way as in both immigrant
women and Italian women (90% versus 87%, P = ns). The
most predominant feeling among pregnant women was the
fear of possible consequences for their child (66%), while a
significant minority (28.9%) was also worried about possible
malformations in their babies.

Although worried about their general health, 52% of
Italian respondents were moderately optimistic through-
out their pregnancy. In fact, the frequency of respon-
dents concerned about the consequences for their child
(including malformation) decreased, being the mother’s
main care that of a serious illness or a possible fail-
ure in her pregnancy. In contrast, a higher number of
immigrant respondents were anxious about their general
conditions and about the consequences for their child, and
fewer of them were moderately optimistic, (P < 0.05),
(Figure 1).
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Figure 1: Patients’ current concerns in relation to pregnancy. (The sum exceeds 100% because multiple answers were possible). The
differences between Italian and Immigrant pregnant women are significant (P < 0.05).

Table 2: Difficulties and anxiety related to diabetes monitoring.

Italians Immigrants

Difficulty in following:

Dietary advice (%) 58 43.5∗

Home blood glucose (%) 63 36.5◦

Physical activity (%) 50.5 61

Increase in anxiety for insulin
therapy

31.5 40

∗P < 0.02; ◦P > 0.01.

3.2.2. Difficulties Related to Diabetes Monitoring. A con-
siderable number of respondents claimed that they had
experienced some difficulties in following the dietary advice,
home blood glucose, and physical activity recommendations.
The initiation of insulin therapy, that occurred in 31.5% of
Italian and 40% of immigrant women, increased women’s
anxiety because they believed that insulin might cause
problems for their unborn child (Table 2).

In all respondents, the treatment costs were not a load for
the family budget.

The great majority of pregnant women with diabetes did
not think that their diet was different from that of pregnant
women without diabetes; however, a significantly higher
proportion of immigrant women with GDM thought that
the diets were indeed different (31% versus 16.7%; P < 0.02),
(Figure 2). The reasons for this belief can be ascribed to
their own experience and comparison with pregnant friends
without diabetes, as well as to opinions held within their
family, traditional beliefs, and a certain degree of perceived
“suffering” from having to follow strict eating patterns and
to abstain completely from sugar and sweets. In this respect,
it is noteworthy that 78% of the immigrant respondents
changed their eating habits nonetheless, and even though
80% of them said they had easy access to shops selling ethnic
foods, the majority (58%) had a mixed diet that combined
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Figure 2: Patients’ opinions about whether diet was different from
that of pregnant women without diabetes. The differences between
Italian and immigrant pregnant women are significant (P < 0.02).

the cuisine of their country with Italian eating habits. 25%
of the immigrant women, mostly Muslim, said that there are
religious recommendations about diet during pregnancy, but
only one third of these women actually put these ones into
practice.

95% of Italian women and only 29% of immigrants
(P < 0.001) felt that their husband and other family
members (parents, parents-in-law, sisters, etc.) helped them
to deal with the problems related to their pregnancy. Among
immigrant women, 40% said that they were helped by other
family members, 30% by friends of the same country, 13% by
Italian friends, 10% by Cultural Mediator, and 7% by a social
worker.
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Figure 3: Relationship between patients and diabetes centre. (The sum exceeds 100% because multiple answers were possible).

3.3. The Gestational Diabetes Specialized Centre and the Rela-
tionship with Medical Doctors. The majority of respondents
(83%) said they had heard about the Diabetes Centre from
their gynaecologist; only 3.5% of Italian women and 23.5%
of immigrant women received this information from their
general practitioner. Most respondents were satisfied (34%)
or highly satisfied (60%) for the quality of care provided by
Diabetes Centres (Figure 3).

Pregnant women were usually comfortable talking to
their gynaecologist and diabetes specialists. Among immi-
grant respondents, 8% declared some difficulties to have an
appointment for gynaecologist consultancy and 13% did not
have a gynaecologist they could trust. Gynaecologists and
diabetes specialists cooperated in only 25-26% of cases, and
most pregnant women (73%) felt that better cooperation
between these practitioners is the best way to improve the
care available to pregnant women with diabetes.

4. Discussion

The data from this survey, which is the first conducted in the
field of gestational diabetes, has highlighted several areas of
concern.

The diagnosis of a chronic disease, for example, diabetes
mellitus, may generate anxiety [5]; this is especially true for
women who received the diagnosis of diabetes during their
pregnancy [6, 7]. An effective and satisfactory communica-
tion between pregnant women with gestational diabetes and
healthcare providers can be fundamental to reduce their level
of anxiety. These women need information about the disease,
the potential risks for mother and child, the management
strategy, and a treatment plan to avoid maternal and foetal
complications [8].

In our study population, all women received structured
information from a healthcare team comprising diabetol-
ogists, experienced nurses and dieticians. This results in

relatively few fears related to GDM, and in a moderate degree
of optimism in many women. Thus, the role of the care team
is crucial for immigrant women with GDM, particularly
when considering their possible language difficulties, as well
as cultural and religious differences [9–11].

Most women were satisfied with the treatment received
at the Diabetic Centre for the competence of the healthcare
team and the availability of the experienced nurses to listen
to their doubts and worries and to help them to overcome
their concerns. Nevertheless, it should be emphasized that
a great number of women regarded the degree of coop-
eration between diabetes specialists and gynaecologists as
unsatisfactory. We found that gynaecologists and diabetes
specialists cooperated in about 25% of cases. Therefore,
it was not surprising to find that most pregnant women
indicated greater contact between these practitioners as the
main way through which to improve the care of women
with GDM. If you consider the difficulties that immigrant
women encountered in contacting or being visited by their
gynaecologist, it is essential that general practitioners should
play a more crucial role in the care of pregnancy complicated
by diabetes throughout the gestation period, starting with
the diagnostic procedures and, finally, in the preconception
period.

This survey shows that even in centres that have reached
a good standard for treatment of pregnant women, GDM
is often diagnosed at a late stage of pregnancy, confirming
recently published Italian data [12]. Finally, the presence
of an increasing number of women from foreign countries
contacting diabetes centres during their pregnancies suggests
a need for dedicated practices, with specially trained person-
nel, to ensure that treatment regimens are well adopted [10].

The limitations of this study are that the maternal and
foetal outcomes of pregnant women were not considered
and the results were obtained only from selected centres
specializing in the care of diabetes during pregnancy in Italy
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(most small diabetes centres are not included in this survey).
Nevertheless, the strength of the survey is that, to the best
of the authors’ knowledge, no other similar study has been
published so far. The data have allowed us to identify some
care aspects that need to be examined in order to improve
the quality of life of women with GDM and reduce the
related foetal-maternal morbidity. To achieve this outcome,
it is essential to carry out information campaigns directed
to young women, using the press and other mass media, to
raise awareness of the issues such as screening, diagnosis, and
postpartum followup of diabetes mellitus.

Furthermore, immigrants make up a significant pro-
portion of the pregnant population in Italy, as well as in
other European countries [13], so it is necessary to promote
training initiatives for the establishment of regional networks
to improve communication between patients, cultural medi-
ators, and healthcare professionals. In conclusion, measures
to improve communication and cooperation between the
various healthcare professionals will be essential if local and
immigrant women with GDM are to deliver healthy, full-
term babies with minimal risk to themselves.
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Objective. We hypothesised that the endothelial dysfunction is associated with early glucose dysregulation and/or atherosclerosis
risk factors in nondiabetic women with a previous history of gestational diabetes (pGDM). Material/Methods. Anthropometric
parameters, glucose regulation (OGTT), insulin resistance (HOMA), lipids, biomarkers of endothelial dysfunction, and
inflammation were evaluated in 85 women with pGDM and in 40 controls 2–24 months postpartum. Results. The pGDM group
consisted of 67% normoglycemic women (pGDM-N) and 33% with prediabetic state (pGDM-P). The BMI, waist circumference,
fasting and 2 h glucose (OGTT), soluble adhesion molecules, tissue plasminogen activator antigen, high sensitivity C-reactive
protein, total-, LDL-cholesterol, and triglycerides/HDL-cholesterol ratio were higher in the pGDM women compared with the
controls. After adjustment for BMI and fasting glucose, only higher triglycerides, higher TG/HDL and lower HDL-cholesterol
were associated with pGDM. The pGDM-P differed from pGDM-N for only higher triglycerides and TG/HDL. The plasma level
of sE-selectin was not independently associated with glucose concentration in pGDM group. sE-selectin level correlated with
triglycerides, TG/HDL, plasminogen activator inhibitor-1 antigen, and sICAM-1. Conclusions. sE-selectin level correlated with
components of metabolic syndrome, but only the atherogenic lipid profile was independently associated with a previous history
of GDM in nondiabetic women 2–24 months postpartum.

1. Introduction

Women with the previous history of gestational diabetes
mellitus (pGDM) have a significantly increased risk of type
2 diabetes and cardiovascular disease in the next years
after delivery [1]. Very important problem is both GDM
and its future consequences are drastically increasing public
health and global problem which requires specific preventive
strategies.

In the years postpartum, women with pGDM have an
increased cardiometabolic derangement, including vascular
risk factors and early vascular dysfunction [2–4]. Several
studies performed early (6 weeks-2 years) after delivery have

found the association of cardiovascular risk factors with
glucose intolerance, and in particular with type 2 diabetes
[5, 6].

Shah et al. [1] have observed that there is an increased
prevalence of metabolic syndrome in the third month
postpartum among women with even mild glucose intol-
erance during pregnancy. Thus, it is possible that dif-
ferent stages of glucose dysregulation diagnosed during
pregnancy are associated with early cardiovascular risk
postpartum [7]. It has been suggested that the association
between prediabetic state or diabetes and cardiovascular
disease may be mediated through endothelial dysfunction
[8, 9].
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Soluble forms of adhesion molecules are released from
shedding or proteolytic cleavage from the endothelial cell
surface and may reflect overexpression of their respective
membrane-bound forms [10]. Circulating levels of some
endothelial-derived factors, soluble cell adhesion molecules,
von Willebrand factor (vWF), tissue plasminogen activator
(t-PA), and plasminogen activator inhibitor type1 (PAI-1)
have been linked to the risk of type 2 diabetes in populations
without pGDM [8, 11–13]. There are few controversial
data concerning the associations between levels of soluble
adhesion molecules and glucose regulation status in women
with the pGDM. Studies simultaneously have assessed the
associations with soluble adhesion molecules and hemo-
static endothelial activation biomarkers with prediabetic and
proatherogenic state in women with the pGDM [14–16].

In current study we hypothesized that early (2–24
months) endothelial dysfunction is associated with the
development of early glucose dysregulation and/or the other
atherosclerosis risk factors and may be the potential target
included in preventive strategies in women with the pGDM.
The aim of current study was to assess selected parameters
of dysfunction of endothelium such as concentration of
soluble E-selectin (sE-selectin), soluble vascular cell adhesion
molecule-1 (sVCAM-1), and soluble intracellular adhesion
molecule-1 (sICAM) in women with pGDM 2–24 months
postpartum.

2. Material and Methods

2.1. Patients and Subjects. The research was conducted at the
Diabetes and Pregnancy Unit at the Dr. J. Biziel University
Hospital in Bydgoszcz, Poland, between 2005 and 2007.

A total of 85 Caucasian women with single gestations
complicated by previous GDM (pGDM) and 40 women
with normal glucose status during pregnancy (previous
normal glucose tolerance—pNGT) as the control group were
evaluated in the period of 2–24 months after delivery.

All subjects ingested at least 150 g carbohydrates a day
and refrained from exercise for at least 3 days before the
study. None of the participants had renal, hepatic, or car-
diovascular disease. None of them were taking medications
that affected lipid or carbohydrate metabolism. Women with
a family history of diabetes mellitus, in addition of infectious
processes, under stress as well as, those who were smoking,
were not included.

GDM was diagnosed according to the modified criteria
of the World Health Organization [17] after performing a
fasting and 2 h 75 g oral glucose tolerance test (OGTT). These
modified criteria are commonly used in Poland and are based
on taking fasting glucose concentration of <5.6 mmol/L as a
norm. This test was carried out in all pregnant women with a
screening test (GCT-50-g oral glucose challenge) showing 2 h
glucose value equal to or above 7.8 mmol/L. The screening
test was performed during the first prenatal visit in all study
groups and was repeated in the 24–28 weeks of gestation.

At the postpartum assessment, all participants under-
went a physical examination that included anthropometric
measurements. Waist circumference was measured at the

smallest circumference between the ribs and iliac crest. BMI
was calculated as weight in kilograms divided by the squared
height in meters.

The standard 75 g 2 h OGTT was performed in order
to assess glucose tolerance after delivery. The current status
of glucose regulation was defined according to the modified
WHO recommendations.

Venous blood (4.5 mL) for endothelial markers tests
was collected in a fasting state into cooled tubes (Becton
Dickinson Vacutainer System, Plymouth, UK) containing
0.13 mol/L trisodium citrate (the final blood-anticoagulant
ratio was 9 : 1) after 30 min of rest between 7.00 and 9.00
am and after a 12 h overnight fast. The blood samples were
immediately mixed and centrifuged at 3000× g at +4◦C
for 20 min. The obtained platelet-poor plasma was divided
into 200 μL Eppendorf-type tubes, and then samples were
frozen at−86◦C until assayed, but no longer than six months.
Blood for serum lipids; insulin concentration, and high
sensitivity C-reactive protein (hsCRP) was collected in a tube
containing no anticoagulant (Becton Dickinson Vacutainer
17490, Plymouth, UK), and the serum was separated by
centrifuging at 2500× g for 15 min and kept at +4◦C until
analyzed.

Serum glucose levels in samples from the OGTT were
analyzed using the glucose hexokinase method on the
automatic analyzer (Olympus Diagnostica GmbH, Ireland).
Serum insulin concentration was determined using an
immunochemical assay (8K41 Architect Insulin, Abbott
Diagnostics, Denka Seiken, Japan) performed in the Archi-
tect Insulin analyzer (Abbott Diagnostics, Denka Seiken,
Japan). Serum concentrations of triglycerides and total
LDL and HDL cholesterol were measured by enzymatic
techniques (Olympus Diagnostica GmbH, Ireland) on the
Olympus automatic analyzer (Olympus Diagnostica GmbH,
Ireland).

The concentration of t-PA:Ag was determined by
Enzyme-Linked Immunosorbent Assay (ELISA)- ASSER-
ACHROM t-PA (Diagnostica Stago, Asnieres, France),
and PAI-1:Ag was determined by ELISA-ASSERACHROM
PAI-1-(Diagnostica Stago, Asnieres, France), vWF:Ag was
assessed by ELISA-STA-Liatest VWF:Ag (Diagnostica Stago,
Asnieres, France), C-reactive protein (CRP) was measured
with a high-sensitivity assay by test IMUCLONE CRP (hs)
ELISA, C-Reactive Protein-ADI, using reagents from the
American Diagnostica. Soluble sICAM-1 and sVCAM-1
were measured by using reagents from Bender Medsystems
(Biomedica, Poland), and soluble E-selectin was determined
by testing E-selectin (ELAM-1) antibody using reagent from
IBL (Hamburg, Germany).

The homeostasis model assessment of insulin resistance
(HOMA-IR) index was calculated as a sensitivity index
of the insulin sensitivity of the whole body. The HOMA
index was calculated by multiplying the fasting glucose level
(millimoles per liter) by the fasting insulin level (microunits
per milliliter) and dividing the product by 22.5 [18].

2.2. Statistical Methods. The statistical analysis was car-
ried out using Statistica 8,0 (StatStoft, Cracow, Poland).
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The analyzed parameters were tested for normal distribution
using the Shapiro-Wilk test. Variables were not normally
distributed; U Mann Whitney test was used. Results shown
are median (interquartile range) or frequencies (percent-
ages). These results were further adjusted for BMI and
fasting glucose. The P values <0.05 were considered statis-
tically significant. Spearmans correlation coefficients were
calculated to determine if there were associations between
measured parametric values and sE-selectin level in the
group with the history of GDM. To investigate the associa-
tion between glucose level and plasma levels of biomarkers
of endothelial dysfunction, all pGDM women were divided
into two subgroups in accordance with low and high-glucose
concentration within the prediabetic range. The high-
glucose subgroup comprised of women with fasting glucose
equal or above 6.4 mmol/L and <7.8 mmol/L at 2 h after
75 g glucose challenge (OGTT), women with fasting glucose
<5.6 mmol/L and >8.9 mmol/L at 2 h, and women with fast-
ing glucose equal to or above 6.4 mmol/L and >8.9 mmol/L
at 2 h. Other pGDM women were included into the low-
glucose subgroup. We compared plasma levels of endothe-
lial dysfunction biomarkers in these subgroups. Addi-
tionally, the association of sE-selectin concentration with
fasting glucose was examined by multiple logistic regression
analysis.

2.3. Results. At the postpartum assessment of 85 women
with pGDM and 40 women with normal glucose regulation
during pregnancy (previous normal glucose tolerance—
pNGT group), 7 women (8.24%) in pGDM group had
impaired fasting glucose with normal glucose tolerance at
2 h OGTT (IFG/NGT), 16 (18.82%) normal fasting glucose
with impaired glucose tolerance at 2 h OGTT (NFG/IGT),
5 (5.88%) impaired fasting glucose with impaired glucose
tolerance at 2 h OGTT (IFG/IGT), and 57 women (67.06%)
with normal glucose regulation (NFG/NGT). In the pNGT
group all women were classified as NFG/NGT.

Women in pGDM group had significantly higher
levels of fasting glucose, 2 h (OGTT) glucose, HbA1c,
sVICAM-1, sICAM-1, sE-selectin, tPA:Ag, BMI, waist cir-
cumference, total cholesterol, LDL-cholesterol, triglycerides,
and triglycerides/HDL-cholesterol ratio and lower HDL-
cholesterol. After adjustment for BMI and fasting glucose,
the pGDM was associated only with higher sVCAM-1,
higher triglycerides, lower HDL-cholesterol, and higher
triglycerides/HDL-cholesterol ratio (Tables 1 and 2).

Women in pGDM-P subgroup differed from pGDM-
N group for higher fasting, 2 h (OGTT) glucose and
higher triglycerides and triglycerides/HDL-cholesterol ratio
(Table 2).

Only sE-selectin levels were significantly higher in high-
glucose subgroup compared with the low-glucose subgroup,
but this result was eliminated after further adjustment for
BMI (Table 3). In multivariate regression analysis fasting
glucose was associated only with insulin (P = 0.0087 and
HOMA-IR (P = 0.0013).

In pGDM group sE-selectin was significantly correlated
with triglycerides (r = 0.32), triglycerides/cholesterol-HDL

ratio (r = 0.2910), PAI-1:Ag (r = 0.2647), tPA:Ag (r =
0.2622), and sICAM-1 (r = 0.2504).

3. Discussion

Among the 85 apparently healthy women with the previ-
ous history of gestational diabetes (pGDM), 33% showed
prediabetic state; 19% impaired glucose tolerance, 8%
impaired fasting glucose and 6% impaired fasting glucose
with impaired glucose tolerance at two hours of oral glucose
tolerance test. These results are in accordance with previous
reports [5].

Our study shows that these nondiabetic women with
pGDM have higher concentrations of cardiovascular risk
factors at average 10 months assessment after delivery in
comparison with women with normal glucose regulation
during pregnancy. The pGDM population was characterized
by higher values of body fat indexes as well as levels of
endothelial dysfunction parameters (sICAM-1, sVCAM-1,
sE-selectin, tPA:Ag) and low-grade inflammation (hsCRP)
which coexisted with dyslipidemic lipids profile and compa-
rable insulin resistance. After adjustment for BMI and fasting
glucose, only higher triglycerides, higher sVCAM-1, lower
HDL-cholesterol, and higher triglycerides/HDL-cholesterol
ratio were associated with pGDM.

Thus, our results suggest that the atherogenic dyslipi-
demia my be specific and important metabolic feature
of nondiabetic women with pGDM during first years
pospartum. It is well known and generally accepted that
this metabolic abnormality is associated with endothelial
dysfunction and insulin resistance [19–21]. Interestingly, our
current study shows that atherogenic lipids profile in pGDM
nondiabetic women is independent of both insulin resistance
and BMI.

Our results are inconsistent with one previous report
suggesting elevated sE-selectin levels during 12–26 months
after delivery only in pGDM women with abnormal glucose
regulation and with other two studies presenting higher sE-
selectin levels irrespectively of glucose regulation status [14–
16] and metabolic abnormalities related to insulin resistance
[16]. Moreover, results of these studies suggest that elevated
level of sE-selectin in post-GDM women is independent of
time since delivery [14, 16].

The current study is the first in which we observed higher
plasma levels of sICAM-1, sE-selectin, and tPA:Ag levels with
simultaneously normal levels of PAI-1:Ag and vWF:Ag in
nondiabetic pGDM women with both abnormal and normal
glucose regulation.

Several studies have shown that circulating levels of
ICAM-1, E-selectin [8, 11], tPA:Ag [12, 13], vWF:Ag, and
PAI-1:Ag [12] have been linked to the risk of type 2 diabetes
in populations without the previous history of GDM.

In our study we have found that in the case of non-
diabetic women with pGDM, high-glucose concentrations
within the prediabetic range were associated with higher sE-
selectin levels. This association was eliminated after further
adjustment for BMI. Additionally, in multivariate regression
analysis, fasting glucose was associated only with insulin
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Table 1: Characteristics of women with previous history of GDM (pGDM group) and control participants with normal glucose regulation
during pregnancy (pNGT group).

Variables (units) pGDM (n = 85) pNGT (n = 40) P-values

Age (years) 29.00 (26.00, 35.00) 27.00 (25.00, 35.50) 0.2040

BMI (kg/m2) 23.68 (20.96, 27.54) 22.00 (20.31, 24.33) 0.0098

Waist (m) 0.80 (0.73–0.92) 0.74 (0.69–0.78) 0.0007

HbA1C (%) 5.50 (5.40–5.70) 5.40 (5.30–5.40) 0.4399∗

Fasting plasma glucose (mmol/L) 4.50 (4.61–5.33) 4.72 (4.50–4.78) 0.0001∗

2-h (OGTT) plasma glucose (mmol/L) 6.16 (5.55–7.66) 4.84 (4.77–5.44) 0.1655∗

Insulin (pmol/L) 54.87 (41.67–80,56) 63.20 (54.87–71.53) 0.1755

sVCAM-1 (ng/mL) 1113.53 (419.60–1616.70) 672.05 (455.70–1113.46) 0.00018∗

sICAM-1 (ng/mL) 294.89 (238.73–364.19) 140.40 (121.34–179.90) 0.5053∗

sE-selectin (ng/mL) 28.13 (19.17–43.95) 20.90 (17.11–26.01)
0.0791∗

0.4791∗∗

tPA:Ag (ng/mL) 4.89 (3.53–7.66) 3.50 (2.66–4.64) 0.4058∗

vWF:Ag (%) 104.30 (96.20–122.30) 104.87 (74.96–125.67) 0.4405

PAI-1:Ag (ng/mL) 57.09 (46.28–79.43) 71.36 (50.54–81.80) 0.1371

hsCRP (μg/mL) 1.22 (0.66–2.76) 0.41 (0.22–0.79)
<0.0004∗

0.1939∗∗

Total-cholesterol (mmol/L) 5.04 (4.55–5.51) 4.56 (4.27–5.09) 0.9940∗

HDL-cholesterol (mmol/L) 1.53 (1.28–1.73) 1.73 (1.56–1.82)
0.0027∗

0.0449∗∗

LDL-cholesterol (mmol/L) 3.10 (2.79–3.54) 2.57 (2.30–3.05) 0.4022∗

Triglyceride (mmol/L) 0.97 (0.78–12.83) 0.86 (0.67–1.05)
0.0006∗

<0.0001∗∗

Triglyceride/HDL cholesterol 1.52 (1.06–2.63) 1.11 (0.89–1.50)
<0.0001∗

<0.0001∗∗

HOMA-IR (%) 1.67 (1.22–2.80) 1.89 (1.58–2.37) 0.3973

NFG/IGT n (%) 16 (18.82) — —

IFG/NGT n (%) 7 (8.24) — —

IFG/IGT n (%) 5 (5.88) — —

NFG/NGT n (%) 57 (67.06) 40 (100) —

Values are median (IQR) or n (%). P values were from U-Mann Whitney test. ∗adjusted for body mass index, ∗∗adjusted for fasting glucose.

concentration and insulin resistance assessed by HOMA-
index. Thus, our results showed that endothelial dysfunction
evaluated by soluble forms of its specific biomarkers was
not independently associated with glucose dysregulation in
nondiabetic women with pGDM.

In the whole population of pGDM women, sE-selectin
levels correlated positively with other markers of endothelial
dysfunction, tPA:Ag, sICAM-1, and with surrogate mark-
ers of insulin resistance, triglycerides, triglycerides/HDL-
cholesterol ratio, and PAI-1 : Ag level. Recently, triglyc-
erides/HDL cholesterol ratio has been suggested to be a
predictor of insulin resistance and of the proportion of
small and dense LDL particles, which is characteristic of
atherogenic phenotype of the metabolic syndrome [22].

Results of our study suggest also that endothelial dys-
function at assessment 2–24 months (average 10 months)
after delivery in nondiabetic women with pGDM is char-
acterized by higher plasma levels of circulating ICAM-1,
sE-selectin, and tPA:Ag in women with normal glucose
regulation as well as pGDM women with prediabetic state,
matched for age, body fat indexes values, inflammation, and

PAI-1:Ag level. These observations agree with the previous
studies of Bo et al. performed 6.5 years after delivery
in pGDM women. In this study, they obtained higher
levels of sE-selectin and sICAM-1 and higher intima media
thickness (IMT) values characterized pGDM women, even
those without any components of the metabolic syndrome
except for glycaemia [16]. In all pGDM women, sE-selectin,
sICAM-1, interleukin-6, and hsCRP values were significantly
associated with IMT, thus supporting associations of these
biomarkers with pathogenesis of atherosclerosis [16].

Our present findings contrast with the results of previous
study of Lawrence et al. [15]. These authors have found
clinical and biochemical markers of insulin resistance but
have not shown any associations between sE-selectin levels
and these markers [15]. Additionally, higher levels of sE-
selectin in post-GDM women were restricted to women
with abnormal glucose regulation. Thus, discrepant results
of current study and the study of Lawrence et al. may
suggest pathophysiological differences in populations subject
to examinations [15].
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Table 2: Clinical and laboratory data for participants in studied groups: pGDM-P, pGDM-N and pNGT as a control group.

Variable (units) pGDM-P n = 29 pGDM-N n = 56 pNGT n = 40 P-values

Age (years) 31.50 (27.50–35.50) 30.00 (26.00–35.00) 27.00 (25.00–35.50) 0.1145

BMI (kg/m2) 25.12 (21.83–29.04)b 24.44 (21.26–27.22)a 22.00 (20.31–24.33) 0.0022

Waist circumference (cm) 80.00 (73.00–96.00)b 82.00 (73.00–90.00)a 74.50 (69.00−78.00) 0.0010

Fasting plasma glucose (mmol/L) 5.16 (4.77−5.88)b,c 4.77 (4.44−5.13) 4.72 (4.50−4.78) 0.0002

2-h (OGTT) plasma glucose (mmol/L) 8.27 (8.05−8.77)b,c 5.88 (5.44–6.66)a 4.84 (4.77–5.44) <0.0001

Insulin (pmol/L) 57.44 (42.36–95.84)cc 54.17 (41.67–69.45) 63.20 (54.87–71.53) 0.0353

sVCAM-1 (ng/mL) 960.30 (353.73–1638.03) 1127.63 (466.68–1582.58)a 672.05 (455.70–1113.46) 0.0553

sICAM-1 (ng/mL) 295.90 (238.80–363.38)b 299.28 (243.46–364.19)a 140.40 (121.34–179.90) <0.0001

sE-selectin (ng/mL) 35.80 (26.37–43.65)b 28.57 (20.35–42.54)a 20.90 (17.11–26.01) 0.0022

tPA:Ag (ng/mL) 6.01 (4.09–7.51)b 4.68 (3.25–7.24)a 3.50 (2.66–4.64) 0.0005

vWF:Ag (%) 107.79 (96.20–131.59) 104.30 (95.36–117.22) 104.87 (74.96–125.67) 0.6498

PAI-1:Ag (ng/mL) 57.67 (49.44–83.75) 57.09 (42.85–85.12) 71.36 (50.54–81.80) 0.2178

hsCRP (μg/mL) 1.30 (0.81–2.86)b 1.32 (0.66–2.76)a 0.41 (0.22–0.79) <0.0001

Total-cholesterol (mmol/L) 5.33 (4.84–5.92)b 5.02 (4.50–5.48)a 4.56 (4.27–5.09) 0.0022

HDL-cholesterol (mmol/L) 1.45 (1.29–1.73)b 1.55 (1.27–1.73)a 1.73 (1.56–1.82) 0.0048

LDL- cholesterol (mmol/L) 3.26 (2.97–4.06)b 3.03 (2.77–3.54)a 2.57 (2.30–3.05) <0.0001

Triglyceride (mmol/L) 1.21 (1.02–2.22)b,c 79.00 (63.00–116.00) 74.50 (58.50–91.00) 0.0004

Triglyceride/HDL cholesterol 1.83 (1.35–4.06)b,c 1.33 (0.95–2.30) 1.11 (0.89–1.50) 0.0003

HOMA-IR (mmol/L) 2.32 (1.27–3.49)ccc 1.64 (1.22–2.15) 1.89 (1.58–2.37) 0.0499

P-values for testing over the three groups (ANOVA): a: P < 0.05 controls versus previous GDM with normal glucose regulation; b: P < 0.05 controls versus
previous GDM with prediabetic state; c: P < 0.05 previous GDM with normal glucose status versus previous GDM with prediabetic state, cc: P = 0.05, ccc:
P = 0.06.

Table 3: Plasma concentrations of endothelium markers according to low and high-glucose concentration within the prediabetic range.

Variable (units) Low glucose (n = 58) High glucose (n = 27) P-values

sVCAM (ng/mL) 849.78 (550.70–1285.55) 669.18 (419.60–13.90) 0.3610

sICAM (ng/mL) 222.44 (152.66–317.08) 247.79 (212.59–338.68) 0.1066

sE-selectin (ng/mL) 25.90 (19.03–40.17) 37.75 (27.93–46.15)
0.0314

0.0791∗

vWF:Ag (%) 101.72 (91.76–119.04) 107.10 (86.68–136.34) 0.3457

tPA:Ag (ng/mL) 4.05 (2.63–6.05) 4.92 (3.69–6.68) 0.0838

PAI-1:Ag (ng/mL) 61.85 (47.42–85.18) 55.47 (44.93–83.75) 0.7013

Values are median (IQR), and P values were from U Mann Whitney test. ∗Adjusted for body mass index.

4. Conclusion

Higher body fat indexes, glucose during OGTT, levels of
endothelial dysfunction biomarkers, low-grade inflamma-
tion (hscRP), and atherogenic dyslipidemia characterized
nondiabetic women with pGDM and normal glucose regu-
lation as well as women with pGDM and prediabetic state
assessed 2–24 months after delivery. Our findings indi-
cated that only parameters of atherogenic dyslipidemia and
sVCAM-1 level were associated with pGDM independently
of BMI, insulin resistance, and fasting glucose. sE-selectin
levels correlated with metabolic syndrome components but
were not independently associated with abnormal glucose
regulation. Thus, the atherogenic dyslipidemia may be the
key metabolic feature and a predictor of cardiovascular risk
in women with pGDM and thus needs early and regular
monitoring and special therapeutic interventions after an
index pregnancy.
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Background and Aims. Women with former gestational diabetes (fGDM) are characterized by impaired beta-cell function (BC).
Incretin hormones contribute to insulin secretion after oral administration of glucose. We aimed to assess the possible role of
incretins on altered insulin release in fGDM. Materials and Methods. We studied 104 fGDM women within 6 months after
delivery and 35 healthy women after normal pregnancy (CNT) with a 75 g oral (OGTT) and a 0.33 g/kg intravenous (IVGTT)
glucose test, both lasting 3 h. The ratio of suprabasal areas under the concentration curves for glucose (dAUCGL) and C-peptide
(dAUCCP) evaluated BC during OGTT (BCOG) and IVGTT (BCIV). Incretin effect was computed in all fGDM and in fGDM
with normal tolerance (fGDMNGT) and with impaired glucose regulation (fGDMIGR). Results. dAUCGL of fGDM was higher
(P < 0.0001) than CNT for both tests; while dAUCCP were not different. BCOG and BCIV were lower in fGDM versus CNT
(1.42 ± 0.17nmolCP/mmolGLUC versus 2.53 ± 0.61, P = 0.015 and 0.41 ± 0.03 versus 0.68 ± 0.10, P = 0.0006, respectively). IE
in CNT (66 ± 4 %) was not different from that of all fGDM (59 ± 3) and fGDMNGT (60 ± 3), but higher than that of fGDMIGR

(52± 6; P = 0.03). IE normalized to BMI was 2.77± 0.19 % m2/kg in CNT, higher than that of fGDMIGR (1.75± 0.21; P = 0.02)
and also of fGDMNGT (2.33 ± 0.11; P = 0.038). Conclusion. Compromised IE characterizes fGDMIGR. In both fGDM categories,
regardless their glucose tolerance, IE normalized to BMI was reduced, signifying an intrinsic characteristic of fGDM. Therefore,
the diminished IE of fGDM seems to reflect an early abnormality of the general beta-cell dysfunction in the progression toward
type 2 diabetes.

1. Introduction

The incretin effect is the potentiation of the glucose-me-
diated insulin secretion due to the gut hormones, namely,
glucose-dependent insulinotropic polypeptide (GIP) and
glucagon-like peptide-1 (GLP-1). They are released by the
intestine in the blood stream after oral glucose load, such
as during an oral glucose tolerance test or a meal [1].
The incretin effect has been demonstrated by comparing
insulin concentration during oral and intravenous glucose
administration that yielded the same peripheral glucose con-
centration; however, insulin concentration was significantly
higher after the oral load. Since this happened despite the
same glucose levels than with the intravenous load [2],
the difference in insulin concentration was ascribed to the
effect of the incretin hormones. In type 2 diabetic patients,

a reduction of this effect has been reported [3, 4] and
pharmacological agents have been developed to restore this
effect, important for maintaining a good glucose homeostasis
[5].

Women with former gestational diabetes (fGDM) exhibit
markedly increased risk for the later development of type
2 diabetes and related complications. They often present
metabolic abnormalities in insulin sensitivity compared to
control subjects, but even greater differences have been ob-
served for beta-cell function. In a previous study on fGDM,
we have assessed beta-cell function by the analysis of two
independent tests, intravenous (IVGTT) and oral (OGTT)
glucose tolerance tests and found that the impairment in
beta-cell function was observable only with OGTT [6]. We
hypothesize that the incretin effect may play a pivotal role



2 International Journal of Endocrinology

in the subtle derangement of beta-cell function observed in
fGDM.

Therefore, the aim of this study was to evaluate the
incretin effect in a larger group of fGDM, who underwent
both IVGTT and OGTT immediately after partum. They
were also divided according to their glucose tolerance to
evaluate if it plays some role on the possible changes of the
incretin effect in fGDM.

2. Materials and Methods

A total of 104 fGDM were studied within 6 months after
delivery and compared to 35 healthy women after normal
pregnancy (CNT). Table 1 shows the main characteristics
of the two groups; body mass index (BMI) of fGDM was
borderline higher, but in general still in the overweight
range. Every subject randomly underwent a 75 g OGTT
with sampling at 10, 20, 30, 60, 90, 120, 150, 180 min
and a 0.33 g/kg frequently sampled intravenous glucose test
(IVGTT) with insulin (0.03 IU/kg, Humulin R; Eli Lilly,
Indianapolis, IN, USA) intravenous infusion at time 20
for 5 min. Less than 3 weeks elapsed between the two
tests, without any diet or habit changes in between. Both
tests lasted 3 h; glucose and C-peptide were determined in
duplicate by commercially available radioimmunoassay kits
with an interassay coefficient of variation <5%. Further
details on the performance of the two tests were reported
previously [7, 8].

Out of 104 fGDM, 77 resulted with normal glucose
tolerance (fGDMNGT) according to the OGTT criteria of
the American Diabetes Association, 6 with type 2 diabetes
and 21 with impaired glucose regulation (fGDMIGR), which
included both impaired fasting glucose and impaired glucose
tolerance. All CNT exhibited normal glucose tolerance.

For the purpose of this study, we calculated the area
under the concentration curves (AUC) for glucose (AUCGL)
and C-peptide (AUCCP) for 3 h in both tests, by using the
trapezoidal rule. The suprabasal, dynamic AUC (dAUC)
were computed by subtracting from the AUC the basal
area (i.e., fasting value × 180 min). AUCCP represents the
absolute insulin release at the beta-cell level. The beta-cell
function describes the ability of glucose to stimulate insulin
release from the beta-cell. Beta-cell function during OGTT
(BCOG) and that during IVGTT (BCIV) were calculated
according to the respective ratio dAUCCP/dAUCGL in both
tests: units nmolCP/mmolGLUC. The incretin action occurs
only during an oral administration of glucose; thus, it can
be estimated by subtracting the glucose stimulated secretion
during the IVGTT from that evaluated during the OGTT:
the formula 100× (BCOG − BCIV)/BCOG yields therefore the
percent incretin effect [3]. This approach has been already
successfully exploited in previous studies [9, 10].

In order to evaluate whether different glucose tolerance
within the fGDM plays a role in the assessment of beta-
cell function and incretin effect, these parameters were also
computed in the single subgroups of normotolerant and
impaired metabolism.

Data are expressed as mean ± SE; means have been com-
pared with the Student’s t-test.

3. Results

Fasting and total AUC glucose in both tests were markedly
higher in fGDM (Table 1); fasting C-peptide was not dif-
ferent, while the dynamic C-peptide response to glucose
stimulation only tended to be higher in fGDM, but only
with borderline significance. Suprabasal AUC of glucose
(dAUCGL), which represents the main stimulus to the
secretory response of the beta-cell, was higher in fGDM than
that of CNT for both tests (338 ± 20 mmol/L 3 h versus
189 ± 21, P = 0.0001 for OGTT; 206 ± 13 versus 119 ±
16, P = 0.0002 for IVGTT). Dynamic insulin secretion,
dAUCCP was not different between fGDM and CNT in both
tests, but much higher (P < 0.00001) during OGTT (285 ±
9 nmol/L 3 h versus 257 ± 15, P = 0.13 fGDM versus CNT
for OGTT; 61± 3 versus 55 ± 5, P = 0.36 for IVGTT).

Beta-cell function and incretin effect are shown in
Table 2, where fGDM was also divided into fGDMNGT and
fGDMIGR, the latter presenting with higher BMI. From these
subgroups the 6 type 2 diabetics were excluded, since their
small number allowed no statistical power for any possible
comparison. BCOG was markedly higher than BCIV in both
fGDM and CNT (P = 0.003); both BCOG and BCIV were
lower in fGDM (all together) compared to CNT; and were
lower in fGDMIGR compared to fGDMNGT.

When comparing the normotolerant fGDMNGT to CNT,
both BCOG and BCIV were not different, while beta-cell
functions of fGDMIGR were significantly lower than those
of CNT. Incretin effect resulted similar between fGDM all
together and CNT; that of fGDMNGT was not different from
that of CNT (P value ranging in both cases 0.2–0.8); while
that of fGDMIGR was significantly lower than that of women
with normal pregnancy (Table 2). When incretin effect was
normalized to BMI, to take into account that the main
determinant of IGR was the increased BMI, the differences
in the incretin effect were even more substantial. The value
for CNT was 2.77 ± 0.19% m2/kg, still higher than that of
fGDMIGR (1.75 ± 0.21; P = 0.019), but also the difference
with that of fGDMNGT (2.33± 0.11) became significant (P =
0.038). Incretin effect normalized to BMI was 2.21 ± 0.10;
P = 0.006 versus CNT).

4. Discussion

Within a short period after partum, beta-cell function, eval-
uated both with the oral and with the intravenous glucose
tests, was reduced in a general population of overweight
women who exhibited gestational diabetes mellitus during
pregnancy [7]. Indeed, in both tests, fGDM exhibited C-
peptide release only slightly increased despite markedly
higher glucose. Results of this study show that incretins do
not play a fundamental role in this observed reduced beta-
cell function characterizing fGDM: in fact, the surrogate
index of incretin effect used here did not differ from the
same index evaluated in a population of healthy women,
who had a normal pregnancy, studied within the same
period after partum. In both CNT and fGDM, the beta-cell
function obtained with the OGTT was much higher than that
with IVGTT, showing that incretins have a potent effect in
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Table 1: Main characteristics and area under the concentration curve (AUC) of glucose and C-peptide, in the two tests, for women with
former gestational diabetes (fGDM) and women who had normal pregnancy (CNT).

fGDM CNT P value

N 104 35

Age (time of the study) (years) 33.5± 0.5 31.8± 0.9 0.076

Body mass index (kg/m2) 27.3± 0.5 25.3± 1.0 0.048

Fasting glucose (mmol/L) 5.08± 0.08 4.62± 0.06 0.0008

Fasting insulin (pmol/L) 60± 4 57± 5 0.668

Fasting C-peptide (pmol/L) 646± 31 582± 31 0.258

AUC glucose (OGTT) (mol/L 3 h) 1.26± 0.03 1.02± 0.02 0.00001

AUC C-peptide (OGTT) (nmol/L 3 h) 402± 13 353± 19 0.048

AUC glucose (IVGTT) (mol/L 3 h) 0.98± 0.02 0.85± 0.02 0.0001

AUC C-peptide (IVGTT) (nmol/L 3 h) 150± 8 122± 9 0.055

Table 2: Beta-cell function from OGTT (BCOG) and IVGTT (BCIV) and incretin effect (IE) in all fGDM and in the two subgroups of fGDM
characterized by normal glucose tolerance (fGDMNGT) and impaired glucose metabolism (fGDMIGR), compared to women who had normal
pregnancy (CNT).

fGDMIGR fGDMNGT Pa CNT Pb all fGDM Pc

N 21 77 35 104

BMI 30.2± 1.0 26.2± 0.5 0.001 27.3± 0.5 0.001 25.3± 1.0 0.048

BCOG 0.67± 0.06 1.70± 0.21 0.014 2.53± 0.61 0.023 1.42± 0.17 0.016

BCIV 0.29± 0.17 0.47± 0.04 0.011 0.61± 0.10 0.020 0.41± 0.03 0.012

IE 51.5± 5.8 60.0± 2.8 0.171 65.8± 3.6 0.030 58.9± 2.5 0.146

BMI: body mass index (kg/m2); units for BCOG and BCIV: nmolCP/mmolGLUC; for IE: %; all fGDM include also 6 fGDM type 2 diabetic women; P values:
afGDMIGR versus fGDMNGT; bfGDMIGR versus CNT; call fGDM versus CNT.

both groups. The elevated beta-cell response during OGTT
could mask possible significant differences in the beta-cell
sensitivity to glucose between fGDM and CNT; however, no
difference is also highlighted by the IVGTT, which provides
the evaluation independent on incretins.

Our results on beta-cell function seem to be in contrast
with a previous study [11], where it is reported an unchanged
beta-cell function in fGDM. However, in that study, the
authors used the 30 min insulinogenic index with insulin,
which is known to be not fully reliable [12], while the
present investigation exploited C-peptide evaluated during
the whole 3 h duration of the test: a more reliable figure
of the incretin-mediated sensitivity of the beta-cell to the
glucose stimulation. To quantify this process, we have used
the percent (normalized) difference of the beta-cell function
between the tests, which gauges the relative contribution of
the incretins in fostering glucose-dependent insulin release.
We have used the beta-cell function instead of the simple
AUCs as previously done [3, 9, 10], because the OGTT and
the IVGTT did not yield isoglycemic patterns; thus, we had
to normalize the insulin release to glucose with the ratios
dAUCCP/dAUCGL. The incretin effect we estimated is a kind
of general measurement and cannot discriminate between
the real effect of the incretins and the possible reduction
in fGDM of the incretins production [13]. In fact, our
measurement is an indirect surrogate, since we have not
measured the incretin hormones concentration. This is the
main weakness of our study. Having for instance the pattern

of GLP-1, we could apply another straightforward method
[14] that quantifies the direct incretin action, independently
on the actual hormone secretion. Some investigators found
a mildly reduced GLP-1 response to oral glucose only during
the first 30 min, while the entire 2 h GLP-1 AUC did not differ
from that of the control subjects [13]. This was substantiated
by other studies that reported no differences in the secretion
of incretin hormones after oral glucose ingestion in women
with a history of gestational diabetes [11]. Therefore, we
are quite confident that the incretin effect we observed in
our study is prevalently due to the action of incretins in
sensitizing the beta-cell.

A recent report [10] showed that incretin effect is
reduced with obesity, which is known to be characterized
by insulin resistance and reduced glucose tolerance. Another
study related incretin effect to various degrees of glucose
intolerance [15]. These findings in a general population were
then verified in our fGDM, who were divided into normo-
and impaired tolerant. To the best of our knowledge, this is a
novelty of our study. We have found a clear reduction in the
incretin effect in fGDM with IGR. Incretin effect was instead
similar between former GDM with NGT and CNT. The
reason may be in the fact that IGR have a slightly higher BMI,
though not reaching overt obesity yet. This fact corroborates
more our point, since it is known that obesity is accompanied
by hyperinsulinemia before the onset of overt diabetes. Thus
the circumstance that fGDMIGR still presents reduced beta-
cell sensitivity to glucose, despite higher BMI, appears to
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be an intrinsic defect of this population. In fact, when the
incretin effect was normalized to BMI, fGDMNGT too had
a lower index, despite similar BMI than CNT. Since the
majority of fGDM return normal after delivery, in general,
we can claim that a reduced incretin effect likely remains a
characteristic of this condition.

In conclusion, normotolerant women with previous ges-
tational diabetes exhibit an incretin effect similar to that of
healthy women, who had a normal pregnancy. Compromised
incretin effect, proper of obese and type 2 diabetic subjects,
characterizes instead fGDM with impaired glucose tolerance,
probably related to their, though slightly, augmented body
weight. When the incretin effect was evaluated after nor-
malization to BMI, it resulted in reduced in both categories,
giving the impression of an intrinsic characteristic of fGDM,
regardless of their glucose tolerance. The diminished incretin
effect of fGDM seems therefore to reflect an early abnormal-
ity of the general beta-cell dysfunction in the progression
toward type 2 diabetes.
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M. José Torrejón,2 and Alfonso L. Calle-Pascual1
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2 Department of Laboratory Analysis, Hospital Cĺınico San Carlos, Professor Mart́ın Lagos Street s/n, 28040 Madrid, Spain
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The aim of this study is to establish a risk appraisal model for GDM by identifying modifiable factors that can help predict the risk
of GDM in a large population of 2194 women living in Spain. They were recruited between 2009-2010 when screening for GDM
was performed. Participants completed a questionnaire on socio-demographic, anthropomorphic and behavioral characteristics,
and reproductive and medical history. A total of 213 (9.7%) women were diagnosed as having GDM. Age, pregestational body
weight (BW) and body mass index (BMI), and number of events of medical, obstetric and family history were significantly
associated with GDM. After logistic regression model, biscuits and pastries intake <4 times/week, red and processed meats
intake <6 servings/week, sugared drinks <4 servings/week, light walking >30 minutes/day, and 30 minutes/day of sports at least 2
days/week, compared with opposite consumption, was associated with less GDM risk. Our study identified several pregestational
modifiable lifestyle risk factors associated with an increase in the risk of developing GDM. This may represent a promising
approach for the prevention of GDM and subsequent complications. Further intervention studies are needed to evaluate if this
appraisal model of risk calculation can be useful for prevention and treatment of GDM.

1. Introduction

Gestational diabetes mellitus (GDM) has been defined for
many years as any degree of glucose intolerance with onset
or first recognition during pregnancy [1]. According to
the hyperglycemia and adverse pregnancy outcomes (HAPO
study) [2], a large-scale multinational epidemiologic study,
the risk of adverse maternal, fetal, and neonatal outcomes
continuously increases as a function of maternal glycemia at
24–28 weeks of gestation. There was no threshold for most
of these complications, but preventing and early identifying
GDM is a growing health concern.

Because the prevalence of GDM is increasing in a similar
way to the ongoing epidemic of obesity and type 2 diabetes

in women of child-bearing age [3], understanding the sig-
nificance of risk factors becomes of highlighted importance.
Nonmodifiable risk factors such as past history of GDM and
increasing maternal age have been identified [4, 5]. However,
the impact of diet and lifestyle modifiable risk factors has
not yet been systematically synthesized [6, 7]; they can be
different in countries of the Mediterranean area, and only
preliminary data are known [8].

The aim of this study is to establish a risk appraisal model
for GDM by identifying modifiable factors that can help
predict the risk of GDM in a large population of women
living in Spain and target early intervention, at the time
of screening for GDM, with the potential of preventing the
development of or ameliorating GDM.
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Table 1: Demographic and anthropomorphic characteristics of the 2194 women enrolled in the study, according to diagnosis of GDM.

Ethnicity
GDM

NO Yes

N Mean SD N Mean SD P value

Caucasian Spanish

Age (years) 1068 32.7 5.0 134 35.0 4.3 0.000

Pregestational body weight (kg) 60.9 10.5 68.5 14.7 0.000

Pregestational BMI (kg/m2) 22.7 3.7 25.7 5.2 0.000

Gestational body weight (kg) 65.8 10.6 71.4 14.8 0.000

Gestational BMI (kg/m2) 24.6 3.7 26.9 5.0 0.000

Caucasian non-spanish

Age (years) 121 29.0 5.1 13 30.5 4.6 0.264

Pregestational body weight (kg) 60.8 10.3 73.5 23.2 0.038

Pregestational BMI (kg/m2) 22.4 3.5 27.9 8.1 0.016

Gestational body weight (kg) 67.2 12.6 72.7 13.3 0.114

Gestational BMI (kg/m2) 24.5 4.5 27.9 5.0 0.041

Hispanic

Age (years) 692 29.1 5.9 54 34.0 4.8 0.000

Pregestational body weight (kg) 61.3 12.3 68.8 12.4 0.000

Pregestational BMI (kg/m2) 24.3 4.8 27.6 4.9 0.000

Gestational body weight (kg) 66.5 12.0 70.0 11.1 0.014

Gestational BMI (kg/m2) 26.3 4.6 28.4 4.1 0.001

African

Age (years) 42 29.4 5.7 8 34.0 5.5 0.053

Pregestational body weight (kg) 67.1 11.6 63.6 8.0 0.436

Pregestational BMI (kg/m2) 25.7 3.4 24.1 2.1 0.324

Gestational body weight (kg) 70.5 12.1 69.5 8.2 0.900

Gestational BMI (kg/m2) 26.8 3.8 26.0 2.2 0.559

Asian

Age (years) 28 28.2 5.9 2 31.5 0.7 0.588

Pregestational body weight (kg) 52.5 7.7 · · —

Pregestational BMI (kg/m2) 19.9 2.5 · · —

Gestational body weight (kg) 59.1 8.1 52.5 3.5 0.193

Gestational BMI (kg/m2) 22.5 2.3 22.9 · 0.931

Other

Age (years) 30 29.4 7.0 2 31.0 8.5 0.700

Pregestational body weight (kg) 58.2 8.1 · · —

Pregestational BMI (kg/m2) 21.6 2.1 · · —

Gestational body weight (kg) 65.8 10.6 · · —

Gestational BMI (kg/m2) 25.0 3.7 · · —

2. Population, Research Design, and Methods

Participants were recruited from women attending prenatal
care at our Hospital during the years 2009-2010, at 24–28
weeks of gestation, when screening for GDM was performed.
A total of 2194 women were invited to participate and gave
their written informed consent. The study was approved by
the Ethical Committee of the Hospital Clı́nico San Carlos
and was carried out following the principles expressed in
the Helsinki Declaration. Table 1 shows a summary of the
demographic and anthropomorphic characteristics of the
study population, according to the positive or negative
diagnosis of GDM.

Women were screened for GDM based on the two-step
American Diabetes Association recommendations: at week
24–28 of gestation, women with no previous history of
diabetes mellitus were assessed, after a 12-hour fasting and
no diet restriction on previous days, via the O’Sullivan test

(OS). When plasma glucose levels one hour after glucose
load were ≥7.2 mmol/L (≥140 mg/dL), a further 100-gram
OGTT was performed, and new glucose levels were measured
while fasting and 1, 2, and 3 hours after the intake. GDM was
diagnosed according to Coustan and Carpenter criteria.

At enrollment, participants completed a questionnaire
with supervision of a trained nurse. These questionnaires
were used to gather information on sociodemographic,
anthropomorphic and behavioral characteristics, and repro-
ductive and medical histories. The following were stratified
in a semiquantitative way: history of smoking habit (never,
smoke—to 6 months before pregnancy,—to pregnancy,—
currently), pregestational and gestational physical activity
(walking frequency, climbing up stairs per day and at
least 30-minute moderate intensity sports per week), and
pregestational and gestational weekly intake of vegetables,
salads, fruit, dried fruits, nuts, blue fish, whole wheat bread,
legumes, skimmed dairy products, red and processed meats,
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Table 2: Number of women with gestational, personal and family medical history for the 2194 women enrolled in the study, according to
the diagnosis of GDM.

Ethnicity History Events
GDM

P valueNo Yes

N % N %

Caucasian Spanish

Gestational history

None 815 76.4 88 66.2 0.002

One 233 21.8 37 27.8

More than one 13 1.2 7 5.3

Unknown 6 0.6 1 0.8

Personal Medical history

None 955 89.5 110 82.7 0.028

One 101 9.5 19 14.3

More than one 5 0.5 3 2.3

Unknown 6 0.6 1 0.8

Family Medical history

None 310 37.5 30 36.1 0.101

One 276 33.4 19 22.9

More than one 236 28.5 33 39.8

Unknown 5 0.6 1 1.2

Caucasian non-Spanish

Gestational history

None 76 62.8 8 61.5 0.158

One 41 33.9 3 23.1

More than one 1 0.8 1 7.7

Unknown 3 2.5 1 7.7

Personal medical history

None 110 90.9 12 92.3 0.871

One 6 5.0 1 7.7

More than one 1 0.8 0 0

Unknown 4 3.3 0 0

Family medical history

None 53 54.6 8 72.7 0.399

One 29 29.9 1 9.1

More than one 11 11.3 2 18.2

Unknown 4 4.1 0 0

Hispanic

Gestational history

None 394 57.0 24 44.4 0.024

One 250 36.2 21 38.9

More than one 19 2.7 5 9.3

Unknown 28 4.1 4 7.4

Personal medical history

None 574 83.1 35 66.0 0.008

One 80 11.6 10 18.9

More than one 7 1.0 2 3.8

Unknown 30 4.3 6 11.3

Family medical history

None 333 56.1 16 43.2 0.296

One 156 26.3 12 32.4

More than one 75 12.6 5 13.5

Unknown 30 5.1 4 10.8

African

Gestational history

None 23 54.8 5 62.5 0.791

One 17 40.5 3 37.5

More than one 2 4.8 0 0

Unknown 0 0 0 0

Personal medical history

None 39 92.9 5 62.5 0.015

One 3 7.1 3 37.5

More than one 0 0 0 0

Unknown 0 0 0 0

Family medical history

None 20 57.1 1 14.3 0.052

One 13 37.1 4 57.1

More than one 2 5.7 2 28.6

Unknown 0 0 0 0
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Table 2: Continued.

Ethnicity History Events
GDM

P valueNo Yes

N % N %

Asian

Gestational history

None 20 71.4 2 100 0.377

One 8 28.6 0 0

More than one 0 0 0 0

Unknown 0 0 0 0

Personal medical history

None 26 92.9 2 100 0.696

One 2 7.1 0 0

More than one 0 0 0 0

Unknown 0 0 0 0

Family medical history

None 15 65.2 0 0 —

One 4 17.4 0 0

More than one 4 17.4 0 0

Unknown 0 0 0 0

Other

Gestational history

None 18 64.3 0 0 0.082

One 7 25.0 2 100

More than one 0 0 0 0

Unknown 3 10.7 0 0

Personal medical history

None 20 71.4 2 100 0.677

One 5 17.9 0 0

More than one 0 0 0 0

Unknown 3 10.7 0 0

Family medical history

None 10 47.6 0 0 —

One 3 14.3 0 0

More than one 6 28.6 0 0

Unknown 2 9.5 0 0

sauces, sugared drinks and sodas, juices, biscuits, pastries,
alcohol, coffee and water. This questionnaire has been
previously reported [9, 10].

Regarding medical history, three groups were analyzed:
obstetric history, which included previous abortion, GDM
and hypertension; personal medical history, which con-
sidered overweight, dyslipidemia, hypertension and altered
glucose metabolism; family history, which grouped diabetes,
obesity, dyslipidemia and hypertension. Answers were reor-
ganized according to the number of events in each category,
and the differences between the GDM and non-GDM groups
were analyzed (Table 2).

IBM SPSS program version 19.0 was used for data pro-
cessing. The relationship between the nonmodifiable factors
age, pregestational weight, ethnicity, and personal and family
past medical history, and the independent variable GDM,
was assessed. The population’s lifestyle habits were evaluated,
and the chi-square test was used to investigate the existence of
possible differences in their association to the characteristic
of GDM/non-GDM.

To analyze the effects of the different items of lifestyle
habits, a generalized lineal model of binary logistic type
was performed. The dependent variable was the diagnosis
or not of GDM; reference category was taken as value 0,
meaning non-GDM, whilst diagnosis of GDM was taken
as value 1. Seventeen items were selected as predictors

of GDM: ten related to pregestational intake of nutrients
(biscuits and pastries, red and processed meats, fruit, dried
fruit and nuts, skimmed dairy products, legumes, whole
wheat bread, blue fish, sauces, vegetables and salad); four
regarding pregestational consumption of beverages (water,
alcohol, sugared drinks and juices and coffee); three related
to pregestational physical activity (sports, light walking and
climbing up stairs). For each of the previous indicators,
intensity was graded according to an ordinary increasing
scale with three category levels; low, medium, and high.
Missing values were excluded from the analysis. A model of
the principal effects of each of the factors considered was
chosen, including the intercept. Hybrid method was selected
to estimate the different parameters. Type III analysis was
used because of the fact that the items considered do not
follow any specific arrangement.

To be able to refine and improve the interpretation of
the results of the generalized lineal model of binary logistic
type, an automatic lineal regression analysis of the model was
elaborated. The characteristic of GDM was again considered
the outcome, and all of the items previously referred to
regarding lifestyle habits were taken as entry predictors. The
option of automatic preparation of data was selected; this
option may group some of the categories of the items so that
the procedure’s predictive capacity can be optimized.



International Journal of Endocrinology 5

Table 3: Logistic regression equation for GDM = 1 using pregestational lifestyle habits.

−0, 3862 ∗ [biscuits and pastries = <2/week] + −0,2925 ∗ [biscuits and pastries = 2–4/week] +

−0, 3664 ∗ [red and processed meats = <3/week] + −0,4235 ∗ [red and processed meats = 3–6/week] +

−0, 2434 ∗ [fruit = <6/week] + −0,2750 ∗ [fruit = 6–12/week] +

−0, 0780 ∗ [dried fruit and nuts = <0/week] + −0,2132 ∗ [dried fruit and nuts = 1–3/week] +

−0,07478 ∗ [skimmed dairy products = <3/week] + 0,1928 ∗ [skimmed dairy products = 3–6/week] +

0,1409 ∗ [legumes = <1/week] + 0,1305 ∗ [legumes = 1-2/week] +

0,0580 ∗ [blue fish = <3/week] + 0,3042 ∗ [blue fish = 3–6/week] +

0,1638 ∗ [whole wheat bread = <1/week] + −0,3230 ∗ [whole wheat bread = 1–3/week] +

−0,2706 ∗ [sauces = <2/week] + 0,3943 ∗ [sauces = 2–4/week] +

0,3967 ∗ [vegetables and salads = <6/week] + 0,3068 ∗ [vegetables and salads = 6–12/week] +

−0,1582 ∗ [water = no] + 0,0288 ∗ [water = shared] +

0,2084 ∗ [alcohol = 1–4/day] + 0,0998 ∗ [alcohol = 4–6/day] +

−0,2761 ∗ [sugared drinks = <2/week] + −0,01169 ∗ [sugared drinks = 2–4/week] +

−0,2931 ∗ [coffee = 0-1/day] + −0,4721 ∗ [coffee = 2-3/day] +

0,2078 ∗ [light walking = <30 minutes/day] + 0,0530 ∗ [light walking = 30–60 minutes/day] +

−0,1544 ∗ [climbing up stairs = <4/day] + −0,1006 ∗ [climbing up stairs = 4–16/day] +

0,6758 ∗ [sports = <2 days/week] + 0,3991 ∗ [sports = 2-3 days/week] + −2,357

3. Results

Mean age of the pregnant women enrolled in the study
was 31.35 years old [range 13–47]. Diagnosis of GDM was
confirmed in 213 (9.7%) women (Table 1). Differences in
GDM rate were observed between ethnicities (P ≤ 0.05),
although it must be pointed out that the number of African
and Asian women in the sample was small.

Age, pregestational BW and BMI did not follow a normal
distribution (Kolmogorov-Smirnof test, P < 0.001 in all
cases). Independent samples of Mann-Whitney U Test used
to compare the effect of these variables on the diagnosis of
GDM showed significant differences between the GDM and
non-GDM groups. However, some of these differences were
not observed when comparisons according to the different
ethnicities were made (Table 1).

The distribution of the number of events related to
medical history, according to the different ethnicities, for
the GDM and non-GDM groups is shown in Table 2. The
chi-square test showed significant differences for some of
the comparisons and these were more evident when cases
for which events were unknown were excluded. Again, it is
worth mentioning the fact that, in some cases, the number of
observations was small.

Figure 1 displays the results of lifestyle patterns according
to the diagnosis of GDM. The colored bar represents the
distribution of the intake levels or practice frequency of each
lifestyle item. Significant differences in the intake of red and
processed meats (P = 0.023), sugared drinks (P = 0.035),
and coffee (P = 0.022) were found. We observed a trend for
differences in biscuits and pastries (P = 0.068) and lifestyle
habits related to sports and light walking (P = 0.073 and
P = 0.088, resp.). Differences among the remaining factors
were not found.

When comparing distributions by pairs, the following
significant differences were found: high intake of biscuits

and pastries (>4/week), red and processed meats (>6/week),
sugared drinks (>4/week), and coffee (>3/day), and low
level of practice of sports (<2 days/week) and light walking
(<30 minutes/day) was greater amongst GDM. Low intake
(<2/week) of sugared drinks was greater in non-GDM.

Logistic regression model is shown in Table 3. The
significant coefficients observed were red and processed
meats = 3–6 times/week (B = −0.423; P = 0.015); coffee
= 2-3 times/day (B = −0.472; P = 0.051); sauces = 2–4/week
(B = 0.394; P = 0.058); practice of sports = less than 2
times/week (B = 0,676; P = 0.038).

Automatic lineal modeling discarded all except the
following factors: biscuits and pastries, red and processed
meats, sugared drinks, coffee, light walking, and sports.
The model reclassified the values as shown in Table 4 in
order to optimize the signification level. The direction of
the influence of the each factor is sketched in Figure 2.
Bearing this fact in mind, the logistic regression using the
transformed variables as independent variables was applied.
The new equation for GDM = 1 obtained is shown in Table 5.
The signification of factors are now biscuits and pastries
<4/week (P = 0.118), red and processed meats <6/week (P =
0.017), sugared drinks <4/week (P = 0.146), coffee <3/day
(P = 0.066), light walking <60 minutes/day (P = 0.310), and
sports <2 days/week (P = 0.026). The corresponding odds
ratio (OR) at 95% CI are represented in Figure 3.

4. Discussion

The prevalence of GDM in different ethnic populations has
been reported between 1 and 17.8% [11, 12]. The number
is steadily increasing [13], and it is becoming a growing
health concern during the last decade. According to data
obtained in this study, the prevalence of GDM was between
2–17%, similar to figures previously reported. Considering
this number, the purpose of our study gains importance,
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Figure 1: Lifestyle patterns of our study population, according to the diagnosis of GDM. For each of the elements considered, for simplifying
purposes, a categorical schematic scale of three levels—low, medium, and high—was elaborated to classify the quantity of intake or practice.
The limits varied depending on the factor. Biscuits and pastries <2/week, 2–4/week, >4/week; red and processed meats <3/week, 3–6/week,
>6/week; fruit <6/week, 6–12/week, >12/week; dried fruits and nuts 0/week; 1–3/week; >3/week; skimmed dairy products <3/week, 3–
6/week, >6/week; legumes <1/week, 1-2/week, >2/week; blue fish <3/week, 3–6/week, >6/week; whole wheat bread <1/week, 1–3/week,
>3/week; sauces <2/week, 2–4/week, >4/week; vegetables and salads <6/week, 6–12/week, >12/week; water no, shared, exclusive; alcohol 1–
4/day, 4–6/day, >6/day; sugared drinks <2/week, 2–4/week, >4/week; coffee 0-1/day 2-3/day, >3/day; light walking <30 minutes/day, 30–60
minutes/day, >60 minutes/day; climbing up stairs <4/day, 4–16/day, >16/day; sports <2 days/week, 2-3 days/week, >3 days/week. (“<” means
less than; “>” means more than).

as potential nutritional intervention could be carried out to
avoid progression of prevalence.

Previous risk factors established for GDM, including
prepregnancy BW and BMI, age and history of GDM [14,
15], were confirmed in this study as independent predictors
of glucose intolerance.

Regarding the distribution of eating habits, the results
show that intake of certain foods can modify the GDM

risk. Several published case-control and prospective cohort
studies have examined associations of diet with GDM [16–
21]. They mostly agreed that diet with low fiber, low complex
carbohydrates and high glycemic load was associated with
an increased risk of GDM. According to data obtained
in this study, differences between the GDM and the non-
GDM group in the distribution of the intake of biscuits and
pastries, red and processed meats, coffee and sugared drinks
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Figure 2: Influence in GDM of each factor according to the
automatic lineal regression model. “Positive” means lower risk for
GDM and “Negative” means greater risk for GDM. The width of the
line is directly proportional to the magnitude of the effect and the
significance.

Table 4: Cutoff points identified by the automatic lineal regression
model.

Factor (transformed) Value = 0 Value = 1

Biscuits and pastries ≤4/week >4/week

Red and processed meats ≤6/week >6/week

Sugared drinks ≤4/week >4/week

Coffee ≤3/day >3/day

Light walking ≤60 minutes/day >60 minutes/day

Sports <2 days/week ≥2 days/week

Table 5: Equation for GDM = 1 when applying logistic regression
using the transformed variables as independent variables.

−0,2511 ∗ [biscuits and pastries = ≤4/week] +

−0,3717 ∗ [red and processed meats = ≤6/week] +

−0,2351 ∗ [sugared drinks = ≤4/week] +

−0,3885 ∗ [coffee = ≤3/day] +

0,1625 ∗ [light walking = ≤60 minutes/day] +

0,4025 ∗ [sports = <2 days/week] +

+ −1,819

were found. The association of these factors to the risk of
developing type 2 diabetes is widely known, and because
of the increasing prevalence of the analogous GDM, several
published studies have begun to study this association. Our
data support these previous findings and go one step further
in providing new information; they show which types of food
are related to higher risk of developing GDM and with what
odds. We can then calculate a coefficient of risk based on
the level (low, medium, or high) of the factor considered
and evaluate how the odds of being diagnosed as GDM are
modified.

By using generalized logistic regression and an automatic
lineal regression model, we could identify the factors related
to GDM. We could further analyze them according to age,
weight or ethnicity. This stratification would not be possible
for all of the items in the questionnaire because for some of
the options data would be insufficient. To be able to assure
the influence of these factors despite other circumstances
such as age or ethnicity, our study population should be
greater, allowing a greater number of women diagnosed with
GDM.

If we look at the results regarding coffee intake, although
its association with type 2 diabetes has been widely studied
[22, 23], there are few papers that consider its role in preg-
nant women. The systematic review of Van Dam and Hu [23]
concluded that habitual coffee consumption was associated
with a substantially lower risk of type 2 diabetes, but Wedick
et al. [22], on the other hand, could not demonstrate changes
in glycemia or insulin sensitivity with coffee consumption.
The study by Adeney et al. [24] concluded that moderate
prepregnancy caffeinated coffee consumption may have a
protective association with GDM. Our study agrees with
these previous findings and emphasizes the fact that a higher
level of consumption can nullify this protective effect. A
possible explanation for this is that, in Spanish population,
an increase in coffee intake is associated with an increase in
the intake of whole milk and sweets. Prospective studies are
still necessary to establish a possible threshold.

Another emerging factor whose influence in GDM is
being evaluated is physical activity. Previous data have
described that this is one of the strongest predictors con-
tributing to the inverse association to GDM [15, 25–27], and
the results of a recent systematic review and meta-analysis
demonstrated that greater physical activity before or during
early pregnancy is significantly associated with lower risk of
GDM, with the magnitude of the association being stronger
for prepregnancy physical activity [6]. Our results agree with
these previous studies, showing that the less exercise women
practiced prior to pregnancy, the more likely they were to
develop GDM, and vice versa, the more exercise, the less
likely the diagnosis of GDM.

Our study has some limitations that are worth men-
tioning. Firstly, data regarding information on sociode-
mographic anthropometric and behavioral characteristics
was gathered via self-report in questionnaires. Although
these were completed with supervision of a trained nurse,
we cannot rule out possible imprecision of pregestational
BW and misclassification of food frequency intake and
lifestyle habits. This is a common bias in any nutritional
epidemiological study, but we assume, however, that bias
would occur in a constant and random way, especially
because women were unaware of their GDM diagnosis at
the time of assessment, and the resulting error would be
minimized.

Another possible source of bias is the differential report-
ing by participant subgroups. For example, women with
higher BMI may tend to underreport their food intake,
either globally or with specific foods, such as “junk foods.”
This introduces a source of confounding that is difficult to
account for statistically, although, again, we assume that the
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magnitude of the error is low, because women were unaware
of the OGTT result.

Instructions for women attending prenatal care for GDM
screening were the same for all participants, all had no
previous history of diabetes mellitus and all glucose deter-
minations were made in the same laboratory. This avoids
possible measurement errors and misclassification of GDM.

The fact that information on lifestyle habits was reported
to be “pregestational” allows a plausible temporal relation-
ship between behavioral characteristics and GDM, which
usually develops after the second trimester.

In conclusion, promoting healthy lifestyle habits among
women of reproductive age, such as moderate intake of
coffee, low intake of biscuits and pastries, sugared drinks
and red and processed meats, and regular physical activity,
may represent a promising approach for the prevention
of GDM and subsequent complications of children born
from pregnancies affected by GDM. Moreover, if we know
what a woman’s pregestational lifestyle habits are before the
screening for GDM, we can predict how the risk is modified,
in relation to the population’s prevalence. However, further
intervention studies are needed to evaluate if this appraisal
model of risk calculation can be useful for prevention and
treatment of altered glucose metabolism during pregnancy.
It is still unknown whether intervention in dietary habits
and beginning an exercise routine before pregnancy results
in GDM prevention. Further research and cost-effectiveness
studies are warranted to establish the possible risk reduction
and economic benefit.
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[8] N. Pérez-Ferre, M. D. Fernández, L. del Valle et al., “Effect
of lifestylechanges on the risk of gestational diabetes and
obstetrics outcomes in immigrant women living in Spain,”
Obesity and Metabolism. In press.

[9] A. Durán, P. Martı́n, I. Runkle et al., “Benefits of self-
monitoring blood glucose in the management of new-onset
Type 2 diabetes mellitus: The St carlos study, a prospective
randomized clinic-based interventional study with parallel
groups,” Journal of Diabetes, vol. 2, no. 3, pp. 203–211, 2010.

[10] P. M. Rojas-Marcos, L. del Valle, M. F. Ferrer et al., “The
lifestyle patterns in a Mediterranean population and its
association with diabetes mellitus. MOPOR case control
study,” Obesity and Metabolism, vol. 6, no. 2-3, pp. 69–75,
2010.



International Journal of Endocrinology 9

[11] American Diabetes Association, “Gestational diabetes melli-
tus,” Diabetes Care, vol. 27, supplement 1, pp. S88–S90, 2004.

[12] V. Seshiah, V. Balaji, M. S. Balaji et al., “Prevalence of
gestational diabetes mellitus in South India (Tamil Nadu)—
a community based study,” Journal of Association of Physicians
of India, vol. 56, pp. 329–333, 2008.

[13] D. Dabelea, J. K. Snell-Bergeon, C. L. Hartsfield, K. J. Bischoff,
R. F. Hamman, and R. S. McDuffie, “Increasing prevalence
of gestational diabetes mellitus (GDM) over time and by
birth cohort: Kaiser Permanente of Colorado GDM screening
program,” Diabetes Care, vol. 28, no. 3, pp. 579–584, 2005.

[14] X. Xiong, L. D. Saunders, F. L. Wang, and N. N. Demianczuk,
“Gestational diabetes mellitus: prevalence, risk factors, mater-
nal and infant outcomes,” International Journal of Gynecology
and Obstetrics, vol. 75, no. 3, pp. 221–228, 2001.

[15] M. R. Torloni, A. P. Betrán, B. L. Horta et al., “Prepregnancy
BMI and the risk of gestational diabetes: a systematic review of
the literature with meta-analysis,” Obesity Reviews, vol. 10, no.
2, pp. 194–203, 2009.

[16] S. Bo, G. Menato, A. Lezo et al., “Dietary fat and gestational
hyperglycaemia,” Diabetologia, vol. 44, no. 8, pp. 972–978,
2001.

[17] R. G. Moses, J. L. Shand, and L. C. Tapsell, “The recurrence of
gestational diabetes: could dietary differences in fat intake be
an explanation?” Diabetes Care, vol. 20, no. 11, pp. 1647–1650,
1997.

[18] Y. Wang, L. H. Storlien, A. B. Jenkins et al., “Dietary variables
and glucose tolerance in pregnancy,” Diabetes Care, vol. 23, no.
4, pp. 460–464, 2000.

[19] T. M. Saldana, A. M. Siega-Riz, and L. S. Adair, “Effect
of macronutrient intake on the development of glucose
intolerance during pregnancy,” American Journal of Clinical
Nutrition, vol. 79, no. 3, pp. 479–486, 2004.

[20] C. Zhang, M. B. Schulze, C. G. Solomon, and F. B. Hu, “A
prospective study of dietary patterns, meat intake and the risk
of gestational diabetes mellitus,” Diabetologia, vol. 49, no. 11,
pp. 2604–2613, 2006.

[21] Y. J. Hwang, B. K. Park, S. Park, and S. H. Kim, “A comparative
study of eating habits and food intake in women with
gestational diabetes according to early postpartum glucose
yolerance status,” Journal of Diabetes and Metabolism, vol. 35,
pp. 354–363, 2011.

[22] N. M. Wedick, A. M. Brennan, Q. Sun, F. B. Hu, C. S.
Mantzoros, and R. M. van Dam, “Effects of caffeinated and
decaffeinated coffee on biological risk factors for type 2
diabetes: a randomized controlled trial,” Nutrition Journal, vol.
10, no. 1, article 93, 2011.

[23] R. M. van Dam and F. B. Hu, “Coffee consumption and risk of
type 2 diabetes: a systematic review,” Journal of the American
Medical Association, vol. 294, no. 1, pp. 97–104, 2005.

[24] K. L. Adeney, M. A. Williams, M. A. Schiff, C. Qiu, and T. K.
Sorensen, “Coffee consumption and the risk of gestational dia-
betes mellitus,” Acta Obstetricia et Gynecologica Scandinavica,
vol. 86, no. 2, pp. 161–166, 2007.

[25] C. Zhang, C. G. Solomon, J. E. Manson, and F. B. Hu, “A
prospective study of pregravid physical activity and sedentary
behaviors in relation to the risk for gestational diabetes
mellitus,” Archives of Internal Medicine, vol. 166, no. 5, pp.
543–548, 2006.

[26] V. C. Harizopoulou, A. Kritikos, Z. Papanikolaou et al.,
“Maternal physical activity before and during early pregnancy
as a risk factor for gestational diabetes mellitus,” Acta Diabeto-
logica, vol. 47, supplement 1, pp. 83–89, 2010.

[27] J. C. Dempsey, T. K. Sorensen, M. A. Williams et al.,
“Prospective study of gestational diabetes mellitus risk in
relation to maternal recreational physical activity before and
during pregnancy,” American Journal of Epidemiology, vol. 159,
no. 7, pp. 663–670, 2004.



Hindawi Publishing Corporation
International Journal of Endocrinology
Volume 2012, Article ID 460509, 5 pages
doi:10.1155/2012/460509

Clinical Study

1-Hour OGTT Plasma Glucose as a Marker of Progressive
Deterioration of Insulin Secretion and Action in Pregnant Women

Alessandra Ghio,1 Giuseppe Seghieri,2 Cristina Lencioni,3

Roberto Anichini,2 Alessandra Bertolotto,1 Alessandra De Bellis,2 Veronica Resi,1

Emilia Lacaria,1 Stefano Del Prato,1 and Graziano Di Cianni3

1 Section of Metabolic Diseases and Diabetes, Department of Endocrinology and Metabolism, AOUP Pisa, University of Pisa,
Ospedale Cisanello, Via Paradisa, 56124 Pisa, Italy

2 Department of Internal Medicine, Spedali Riuniti, 51100 Pistoia, Italy
3 Department of Diabetes and Metabolic Diseases, Livorno Hospital, 57100 Livorno, Italy

Correspondence should be addressed to Alessandra Ghio, alessandraghio76@libero.it

Received 13 December 2011; Revised 2 February 2012; Accepted 9 February 2012

Academic Editor: Andrea Tura

Copyright © 2012 Alessandra Ghio et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Considering old GDM diagnostic criteria, alterations in insulin secretion and action are present in women with GDM as well as
in women with one abnormal value (OAV) during OGTT. Our aim is to assess if changes in insulin action and secretion during
pregnancy are related to 1-hour plasma glucose concentration during OGTT. We evaluated 3 h/100 g OGTT in 4,053 pregnant
women, dividing our population on the basis of 20 mg/dL increment of plasma glucose concentration at 1 h OGTT generating 5
groups (<120 mg/dL, n = 661; 120–139 mg/dL, n = 710; 140–159 mg/dL, n = 912; 160–179 mg/dL, n = 885; and ≥180 mg/dL,
n = 996). We calculated incremental area under glucose (AUCgluc) and insulin curves (AUCins), indexes of insulin secretion
(HOMA-B), and insulin sensitivity (HOMA-R), AUCins/AUCgluc. AUCgluc and AUCins progressively increased according to 1-hour
plasma glucose concentrations (both P < 0.0001 for trend). HOMA-B progressively declined (P < 0.001), and HOMA-R pro-
gressively increased across the five groups. AUCins/AUCgluc decreased in a linear manner across the 5 groups (P < 0.001). Analysing
the groups with 1-hour value <180 mg/dL, defects in insulin secretion (HOMA-B: −29.7%) and sensitivity (HOMA-R: +15%) in-
dexes were still apparent (all P < 0.001). Progressive increase in 1-hour OGTT is associated with deterioration of glucose tolerance
and alterations in indexes of insulin action and secretion.

1. Introduction

Pregnancy is characterized by a complex endocrine-meta-
bolic adaptation process including impaired insulin sensitivi-
ty, increased β-cell function, moderate elevation of blood
glucose levels, particularly following the ingestion of a meal,
and changes in the circulating levels of free fatty acids, tri-
glycerides, cholesterol, and phospholipids [1]. These changes
do not reflect a pathological condition; rather, they represent
a necessary and indispensable adaptation to meet the energy
demand of the foetus and to prepare the maternal organism
for delivery and lactation. However, in 3–5% of pregnant
women this physiologic adaptation [2] becomes abnormal
and gestational diabetes may develop. Therefore, a condition

that should result in healthy growth of the foetus, may turn
into a threatening condition for both the mother and her
baby. Most likely the development of gestational diabetes
reflects individual predisposition [2] because, in spite of
common restoration of normal glucose tolerance upon deliv-
ery, a large percentage of these women will develop overt type
2 diabetes later in life [3].

The importance of effective and timely diagnosis has
been recognized and diagnostic criteria have been estab-
lished. According to the criteria proposed by Carpenter and
Coustan, gestational diabetes is diagnosed whenever, in re-
sponse to a 3-hour OGTT, two abnormal glucose levels are
recorded [4]. These criteria have been recently revisioned,
following the report of the HAPO study [5] because there was
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concern that full assessment of risk was not be sufficiently
disclosed by old criteria. For instance, we have recently
shown that there is no much difference in insulin sensitivity
or insulin secretion between GDM women and those who
have only one abnormal value (i.e., not diagnostic for GDM)
[6]. These alterations were particularly apparent for eleva-
tions of the 1-hour plasma glucose than it was for other
OGTT time points, suggesting that this value may provide a
better parameter for risk stratification. In order to assess this
hypothesis, we have reanalysed our cohort of pregnant wo-
men by assessing changes in indexes of insulin action and sec-
retion as a function of changes of 1-hour plasma glucose con-
centration in response to a 100 g OGTT.

2. Research Design and Methods

The study was performed on the same cohort of our previous
observation [6]. Briefly, a total of 4,053 pregnant women
with positive glucose challenge test (GCT: plasma glucose
value ≥140 mg/dL 1 hr after a standard 50 g glucose load)
carried out around the 27th week of gestation underwent a
3 h 100 g OGTT (samples: 0′, 1 hr, 2 hr, 3 hr) for determina-
tion of plasma glucose and insulin concentrations.

On the morning of the test, demographic, anthropomet-
ric, and clinical data were recorded. Glucose tolerance was
defined according to the criteria of Carpenter and Coustan
[4]. GDM was diagnosed when two or more plasma glucose
levels exceeded the cutoff values; women with a single altered
value were classified as having OAV and women not meeting
any cutoff values were considered normotolerant.

In the current analysis we have arbitrarily divided the
study population based on 20 mg/dL increment of plasma
glucose concentration at 1-hour OGTT generating 5 groups
(<120 mg/dL, n = 661; 120–139 mg/dL, n = 710; 140–
159 mg/dL, n = 912; 160–179 mg/dL, n = 885; and≥180 mg/
dL n = 996).

The study was approved by local ethics committees and
women gave their written informed consent to the collection
of information, from their medical records.

2.1. Measurements and Statistical Analysis. Plasma glucose
levels were determined on a Beckman Glucose Analyzer
2 (Beckman, Fullerton, CA) based on the glucose oxidase
method and plasma insulin concentrations were measured
by radioimmunoassay (INSI-CTK Irma; Dia Sorin). The
inter- and intraassay coefficients of variation for all param-
eters were ≤5%.

Incremental areas under the glucose curve (AUCgluc) and
insulin curve (AUCins) during the OGTT were calculated
using the trapezoidal rule. As a measure of insulin secretion,
basal insulin and glucose concentrations were used for the
estimation of β-cell secretion according to the homeostasis
model assessment (HOMA-B) [7]: (20× Ins0)/(Gluc0 − 3.5).
HOMA-R index was calculated [7] to reflect insulin action
in a manner independent of OGTT responses. We computed
AUCins/AUCgluc as generalized insulinogenic index.

Data are given as percentages or mean ± SD. ANOVA
with post hoc Bonferroni analysis was used to assess univari-
ate differences among continuous variables; for qualitative
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Figure 1: GDM and OAV prevalence according to 1-hour OGTT
plasma glycaemia. GDM: gestational diabetes mellitus; OAV: wo-
men with one abnormal value during OGTT. The prevalence of
GDM and OAV increases in the five groups of pregnant women
(both P < 0.0001).

variables, we used the χ2 test to compare observed frequency
between groups. All statistical comparisons were considered
significant at P < 0.05. Statistical analyses were performed
using a statistical package (Statview SE; SAS Institute, Cary,
NC) on a Macintosh computer (Apple, Cupertino, CA).

3. Results

The main clinical characteristics of the 5 groups of ascending
1-hour plasma glucose are shown in Table 1. These 5 groups
were comparable for all parameters with the exception of
BMI although absolute differences did not exceed 1.2 kg/m2.
Of interest, no difference was apparent in body weight gain
during pregnancy among the 5 groups. The prevalence of
GDM (0.3, 1.8, 3.9, 13.7, 80.3%) and that of one abnor-
mal value (including 1-hour, 2-hour, 3-hour OAV) progres-
sively increased in the 5 groups of pregnant women (both P <
0.0001, Figure 1). Fasting glucose and insulin levels increas-
ed among the 5 groups as shown in Table 2 (P < 0, 0001;
P < 0, 01, resp.). Accordingly, both AUCgluc and AUCins pro-
gressively increased over the spectrum of 1-hour plasma
glucose concentrations (AUCgluc from 8894 ± 1295 mg/dL/
min to 14493 ± 1841 mg/dL/min, AUCins from 6562 ±
3274 pmol/l/min to 9150± 5516 pmol/l/min; both P < 0.0001
for trend). Moreover, HOMA-R increased in a linear manner
from the group with the lowest to the one with the highest 1-
hour plasma glucose level (P < 0, 001) (Figure 2). HOMA-B
progressively declined (P < 0.001) over the entire spectrum
(Figure 3(a)). AUCins/AUCgluc decreased in a linear manner
across the 5 groups (from 13, 19 ± 6.59 to 11, 24 ± 6.53,
P < 0, 001, Figure 3(b)). When the analysis was restricted to
groups with 1-hour plasma glucose<180 mg/dL, the progres-
sive nature of defects in insulin secretion (HOMA-B:−29.7%)
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Table 1: Clinical features of pregnant women related to 1-hour glucose values during OGTT (data are means ± SD).

1 h glycaemia (mg/dL) <120 120–139 140–159 160–179 ≥180 ANOVA (P)

N 661 710 912 885 886

Age (years) 30.7± 4 31.1± 4 31.7± 4 32.1± 4 32.2± 4 NS

Prepregnancy weight (kg) 64.9± 10 63.5± 9 64.3± 11 65.1± 12 66.2± 12 <0.001

Prepregnancy BMI (kg/m2) 24.4± 3.8 23.7± 3.6 24± 4.2 24.3± 4.6 24.9± 4.4 <0.01

Weight gain (kg) 7.5± 3.4 7.7± 3.3 7.5± 3.3 7.7± 3.5 7.7± 3.6 NS

Systolic BP (mmHg) 116.8± 11 115.1± 10 116± 12 114.8± 12 116.7± 12 NS

Diastolic BP (mmHg) 71.9± 8 71.4± 8 71.2 8 71.1 ± 8 71.7± 8 NS

Total cholesterol (mg/dL) 261± 45 258± 46 257± 44 254± 39 263± 50 NS

LDL cholesterol (mg/dL) 160± 43 179± 32 162± 36 166± 45 166± 40 NS

HDL cholesterol (mg/dL) 54.3± 18 58.3± 18 59.2± 20 61.1± 18 62.2± 19 NS

Triglycerides (mg/dL) 199± 67 205± 81 201± 66 191± 79 197± 77 NS
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Figure 2: HOMA-R index according to 1-hour OGTT plasma gly-
caemia. HOMA-R index is estimated using the formulas proposed
by Matthews et al. [7].

and insulin sensitivity (HOMA-R: +15%) were still apparent
(all P < 0.001).

4. Discussion

Although gestational diabetes is a well-recognized condition
that may affect maternal and foetus health state, evidence is
mounting that nondiabetic abnormalities of glucose home-
ostasis should be looked at with some caution [8, 9]. Carr
et al. [10] have shown that pregnant women with OAV have
twofold greater risk for subsequent diabetes as compared to
women with no abnormal values in response to an OGTT.
More recently, the HAPO study (Hyperglycemia and Adverse
Pregnancy Outcome) [5], a clinical trial conducted on a
large cohort of pregnant women aimed at clarifying the
risk of adverse outcomes associated with various nondiabetic
degrees of maternal glucose intolerance, showed a strong,
continuous association between maternal glucose levels and
increased birth weight as well as poor pregnancy outcomes.
Moreover, among pregnant women with OAV, the alteration
of 1-hour plasma glucose seems to provide the best predictive
effect in terms of both pathophysiologic involvement and
clinical outcome as initially highlighted by Retnakaran and
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Figure 3: HOMA-B index and AUCins/AUCgluc according to 1-hour
OGTT plasma glycaemia. HOMA-B index is estimated using the
formulas proposed by Matthews et al. [7].

colleagues [11]. In their paper they showed that all measures
of severity of glycemic control were highest in women with
GDM group, followed by the 1-hour OAV, 2-hour or 3-
hour OAV, and NGT groups. Consistent with this find-
ing, insulin sensitivity was highest in the NGT group and
worsened in a progressive manner through the 2-hour or 3-
hour OAV, 1-h OAV, and GDM groups. In our previous study,
we showed that pregnant women with 1-hour OAV also
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Table 2: Fasting glucose and insulin levels related to 1-hour glucose values during OGTT (data are means ± SD).

1 h glycaemia (mg/dL) <120 120–139 140–159 160–179 ≥180 ANOVA (P)

Fasting glucose (mg/dL) 72.4± 10.4 80.8± 9.14 82.11±9.16 84.1± 10 87.5± 11 <0.0001

Fasting insulin (pmol/L) 55.19±29.5 57.5± 36.6 61.8± 47 63.5± 53 67.7± 51 <0.01

had a greater impairment in their measures of β-cell func-
tion [6]. Moreover, pregnant women with 1-hour OAV,
compared with those with 2-hour or 3-hour OAV, have a
higher prevalence of adverse obstetric outcome, including
caesarean delivery, macrosomia, and hypertensive disorder
[12]. Finally, 3 months after delivery, women with 1-hour
OAV tend to have persistent metabolic dysfunction, includ-
ing higher plasma glucose levels, greater insulin resistance,
and poorer β-cell function, very much alike women with
prior GDM [13].

In summary, 1-hour OAV in pregnant women may be
used for the stratification of the pregnancy risk. In order to
gain further insights in the significance of 1-hour glucose, we
have reanalyzed data from a large cohort of pregnant women
showing that the progressive increase in this parameter is
associated with a progressive loss of β-cell function as well
as a decline in insulin sensitivity. Moreover the deterioration
of the two main homeostatic parameters becomes apparent
well within the so-called normal range of glucose tolerance in
pregnancy. We would underline that in the same range (i.e.,
1 h glucose values <120 mg/dL) GDM (0,3%) and OAV (4%)
were also present and their prevalence progressively increases
according to 1 h glucose values. These data suggest that even
in categories with normal or very low 1-hour glucose values
an alteration in glucose homeostasis is already apparent.

This also raises the question on the reason for 1-hour
plasma glucose value to be so linked to degeneration of
glucose homeostatic mechanisms. Although not directly
assessed in the present study, it has already been reported that
in nondiabetic individuals, the progressive increase of plasma
glucose concentration at 30–60 min after an OGTT is depen-
dent on β-cell function and insulin sensitivity in peripheral
tissues [14, 15]. Therefore, it is plausible that development
of insulin resistance in the liver and in the skeletal muscle
and concomitant weakening of insulin secretion will result
in progressive elevation of 1-hour glucose concentration, as
suggested by our results. Moreover, in nondiabetic individu-
als it has been shown that 1-hour plasma glucose concentra-
tion has a stronger correlation with surrogates measures of
hepatic and muscle insulin resistance and β-cell dysfunction
compared with 2-hour plasma glucose levels [16].

The 1-hour plasma glucose value has been advocated as
a risk marker not only in pregnant women. Abdul-Ghani
et al. [17] have shown that the plasma glucose concentration
at 1-hour after an OGTT is a powerful predictor of future
risk for type 2 diabetes. He was also proposing a cutoff
point of 155/mL dL to stratify diabetes risk. Moreover,
Succurro et al. [18] have recently shown that individuals with
normal glucose tolerance but a 1-hour plasma glucose levels
≥155 mg/dL have an atherogenic profile similar to IGT sub-
jects. Obviously, we cannot extrapolate the continuous
relationship between 1-hour plasma glucose levels and

alterations in insulin action and secretion to the general
population, but the strong similarities existing between
GDM and IGT/type 2 diabetes are worth being considered.
Our data, indeed, strongly suggest that alterations in glucose
homeostasis related to increasing t 1-hour plasma glucose
value are continuous variables: for each 20 mg/dL increase in
1-hour plasma glucose concentration there is a concomitant
impairment in insulin action and a reduction in insulin
secretion.

A limitation of our study should be represented by the
indexes we used to determine insulin secretion and action
that involve only basal glucose and insulin concentration;
anyway, these indexes decrease as 1 h glucose value increases.

In conclusion, this study underlines the concept that
the spectrum of glucose tolerance in pregnancy identifies a
continuum of disturbance of glucose homeostasis and that
1-hour glucose level after 100 g OGTT may be considered a
relevant marker for improving risk stratification in pregnant
women. Moreover, although new IADPSG criteria for GDM
diagnosis [19] erase the difference between GDM and OAV,
the importance of 1-hour glucose level impairment still re-
mains and our data reinforce the concept that the new low-
er diagnostic criteria will be useful in reducing the risk for
short- (obstetrical) and long-term (metabolic and cardiovas-
cular) complications.

Abbreviations
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Previous Gestational Diabetes Mellitus (pGDM) is a common condition and has been associated with future development of Type
2 Diabetes Mellitus (T2DM) and Metabolic Syndrome (MS) in women affected. The pathogenesis and risk factors implicated
in the development of these conditions later in the lives of women with pGDM are not as yet fully understood. Research has
recently focused on a group of substances produced mainly by adipose tissue called adipokines, this group including, among others,
adiponectin, leptin, Retinol-Binding Protein-4 (RBP-4), and resistin. These substances as well as other inflammatory mediators
(CRP, IL-6, PAI-1, TNF-α) seem to play an important role in glucose tolerance and insulin sensitivity dysregulation in women with
pGDM. We summarize the data available on the role of these molecules.

1. Introduction

Pregnancy is a progressively hyperglycemic period of life,
accompanied by increasing insulin resistance as from mid-
gestation, with the hyperglycemia serving a highly important
role in the nutrition and development of the fetus by pro-
viding it with adequate levels of glucose [1].

Gestational Diabetes Mellitus is a common pathologic
state that increases the incidence of complications in both the
mother and the fetus [2]. Furthermore, GDM and gestational
dysregulation of blood glucose levels expose the women
affected to higher risk for subsequent development of type
2 diabetes mellitus and cardiovascular disease later in their
lives [3–5], the risk being proportional to the degree of the
dysregulation.

Glucose tolerance and metabolism as well as insulin re-
sistance are altered in Type II Diabetes Mellitus (T2DM),

Gestational Diabetes Mellitus (GDM), and the postpartum
period of a pregnancy complicated by pGDM. T2DM and
pGDM have the same predisposing factors, namely, high
body mass index before pregnancy, elevated levels of fasting
glucose, and a degree of hyperglycemia in pregnancy, these
leading to dysglycemia 1 to 4 months after delivery and re-
current gestational diabetes mellitus [6–26].

Although the pathophysiologic mechanisms responsible
for these changes are not as yet completely understood,
growing insight into the processes involved has been gained
over the last few years. There are two main pathways leading
to GDM, T2DM, and possibly pGDM: insulin resistance and
chronic subclinical inflammation.

Insulin resistance is caused by the inability of tissues to
respond to insulin and the deficient secretion of insulin by
pancreatic beta cells [27–29]. The deficient secretion cannot
compensate for the pregnancy-induced insulin resistance,
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this resulting in GDM, a condition which sometimes persists
after delivery [8–12, 30].

With regard to the contribution of inflammatory pro-
cesses to the pathogenesis of dysglycemia conditions, it
has been reported that long-term activation of the acute
phase inflammatory response is a risk factor for T2DM and
cardiovascular disease [31].

Furthermore, obesity has a role in the development of
both T2DM and GDM through chronic subclinical inflam-
mation, low-grade activation of the acute phase response,
and dysregulation of adipokines [31–33]. Increased levels of
inflammatory agents during and after pregnancy have been
reported in patients with GDM, while increased body fat has
been strongly associated with inflammation and adipocyte
necrosis, hypoxia, and release of chemokines which cause
macrophages to infiltrate adipose tissue. Macrophages
secrete cytokines which activate the subsequent secretion
of inflammation mediating agents, specifically interleukin-
6 (IL-6) and C-reactive protein (CRP). Moreover, other
molecules such as Plasminogen Activator Inhibitor 1 (PAI-1)
and sialic acid lead to dysregulations of metabolism, hyper-
glycemia, insulin resistance, and, finally, overt T2DM [31,
34–46].

Crucially, hormones produced by the placenta [47] and
increased maternal fat mass [48] have been reported to
play a major role in GDM. In this context, the gaps in the
mechanisms underlying glucose metabolism in pregnancy
and nonpregnancy states have initiated research efforts to
uncover other potential mediators of insulin resistance,
namely, the adipokines. These are a group of substances,
knowledge about which is continuously expanding, that are
produced mainly in the adipose tissue [49]. The group
includes leptin, adiponectin, tumor necrosis factor alpha
(TNF-α), retinol-binding protein-4 (RBP-4), resistin, vis-
fatin, and apelin. These molecules are involved in a wide
range of physiological processes including lipid metabolism,
atherosclerosis, blood pressure regulation, insulin sensitiv-
ity, and angiogenesis, while they also influence immunity
and inflammation. Their levels in pathologic states appear
increased, with the exception of adiponectin which shows
decreased levels.

In this paper we summarize the data available concerning
the role of these mediators in women with pGDM.

2. Adipokines in pGDM

Adipokines, whose significant role in the pathogenesis of nu-
merous pathologic conditions has recently been recognized,
are adipose tissue-derived substances mediating communi-
cation and endocrine function between this metabolically
active tissue and other sites throughout the body. A summary
of the levels of adipokines and other inflammatory mediators
in cases of pGDM is shown in Table 1.

2.1. Adiponectin. Adiponectin, a well-studied protein, is
secreted by adipose tissue. It has insulin-sensitizing action,
stimulating glucose uptake in skeletal muscle, and reduces
hepatic glucose production through AMP-activated protein

kinase [50], while it also possesses antiatherogenic and anti-
inflammatory properties [51, 52]. The levels of adiponectin
decrease as visceral fat increases [53–56] in such conditions
as central obesity, insulin resistance, and diabetes mellitus;
lower adiponectin levels have notably been associated with
subclinical inflammation [43]. It has been shown that
adiponectin levels begin to decrease early in the pathogenesis
of diabetes, as adipose tissue increases in tandem with re-
duction in insulin sensitivity [57]. Hypoadiponectinemia has
also been associated with beta cell dysfunction [58, 59], while
it has additionally been linked to future development of
insulin resistance [60] and type 2 diabetes mellitus [61–64],
in the development of which adiponectin appears to have a
causative role.

Adiponectin has also been studied in animal experiments
in which it was demonstrated that it can reduce insulin re-
sistance and enhance the action of insulin in liver, resulting
in lowering of glucose blood levels [65–67]. In normal
human pregnancy, adiponectin levels have been found to be
unchanged or decreased [68–72] and negatively correlated
with maternal BMI and insulin sensitivity [73].

In GDM pregnancies adiponectin appears to be de-
creased independently of maternal body mass index (BMI)
or insulin sensitivity [68, 74–85]. Additionally, the fact that
low circulating levels of adiponectin are found early in preg-
nancy has been associated with subsequent development of
GDM [81]. Meanwhile, low levels of adiponectin in preg-
nancy, which have incidentally been associated with certain
ethnic groups such as women of South Asian origin, have a
significant impact on the development of GDM [86–88].

While hypoadiponectinemia is strongly associated with
beta-cell dysfunction in pregnancy [89], the levels of
adiponectin after delivery have been investigated in only
a few studies. In one of them the investigators measured
adiponectin levels in 89 women with pGDM at both 3 and
12 months postpartum and compared the values obtained
with normal controls (women with normal pregnancies).
They found that adiponectin levels were lower in women
with pGDM at 3 months postpartum [43]. This registered
decrease remains valid even after correction for body fat mass
(BFM). The lower values of adiponectin are also associated
with decreased insulin sensitivity and low HDL. It is of note
that plasma adiponectin further decreased by 10% after 1
year in insulin-resistant women with pGDM.

Other investigators [90] studying 25 women with pGDM
and comparing their adiponectin levels with those of 23
women with normal pregnancies at least 1 year after the
index pregnancy (mean 4 years) found that the levels were
significantly lower in women with pGDM compared to
normal controls. The difference remained significant even
after adjustment for BMI. This study also showed that
adiponectin was negatively correlated to other inflammatory
markers, namely, CRP, PAI-1, and IL-6, the which correla-
tions remained unchanged even after adjustment for BMI.

In another study, 140 women with previous GDM and
various states of glucose tolerance after delivery (8 with
diabetes mellitus, 60 with impaired glucose tolerance and
72 with normal glucose tolerance) were studied and com-
pared with 17 women with normal pregnancies [91].



International Journal of Endocrinology 3

Table 1: Adipokines and other inflammatory mediators in normal pregnancy, obesity/DM, GDM, and pGDM.

Pregnancy Obesity/DM GDM pGDM

Adiponectin [43, 50–92]
Decreased
Unaltered

Decreased Decreased Decreased

Leptin [43, 91–105] Increased Increased
Increased
Unaltered
Decreased

Increased
Unaltered

Resistin [68, 70, 73, 76, 106–121] Increased Increased
Increased
Unaltered
Decreased

Increased

RBP-4 [106, 122–138]
Increased
Decreased

Increased
Decreased

Increased
Decreased
Unaltered

Increased

Visfatin [139–154] Increased Increased Increased ?

CRP [31, 34–36, 40–46, 90, 155–161] Increased Increased Increased Increased

PAI-1 [31, 34–36, 42, 43, 98, 162] Increased Increased Increased Increased

IL-6 [98, 163–167] Increased Increased Increased Increased

TNF-α [43, 84, 100, 103, 104, 155, 163–167] Increased Increased Increased Increased

The authors reported lower adiponectin levels in the women
with pGDM 1.57 years postdelivery, while it is also of interest
that the levels of adiponectin were progressively lower, the
postpartum glucose tolerance values ranging from normality
to impaired glucose tolerance and finally Diabetes Mellitus
after GDM (P for linearity = 0.006). Plasma adiponectin was
moreover negatively correlated with fasting glucose, fasting
insulin, and RBP-4 levels.

Another recent study examined 60 women with GDM at
30 weeks of gestation and 6 weeks and 6 months postpartum
and compared the results with normal pregnancies [92].
They did not find significantly different levels of adiponectin
during and after pregnancy in the group of GDM women,
but they did observe a significant difference in the group
of non-GDM women (both at 6 weeks and 6 months
postpartum, P < 0.01).

2.2. Leptin. Leptin is an adipokine that is produced by the
ob (obese) gene in adipose tissue cells, especially in white
adipose tissue, its action at the hypothalamus resulting in
decreasing food intake and increasing energy consumption
[93, 94]. It also regulates endocrine function, inflammation,
immune response, and angiogenesis.

Its mechanism of action is to increase insulin sensitivity
by influencing insulin secretion, glucose utilization, glycogen
synthesis, and fatty acid metabolism [93–95]. Furthermore,
it adjusts gonadotropin releasing-hormone secretion from
the hypothalamus and activates the sympathetic nervous
system.

In normal pregnancy, leptin concentration increases
from early pregnancy onwards and decreases to normal pre-
pregnancy levels before delivery [96–99]. This initial increase
may be due to placental synthesis, since it occurs before the
rise in maternal BMI and rapidly falls after delivery [99].
The function of increased maternal leptin is to enhance the
mobilization of maternal fat stores thus enabling access of
lipid substrates to the fetus [100].

In GDM, leptin has a more debatable role, since it ap-
pears to be elevated in women with GDM [101–103] but,
after adjustment for BMI and insulin resistance [104, 105],
it is shown to be decreased or even unaltered [102], while it
has also been associated with insulin resistance in pregnancy
[101, 103, 105].

There is to date an insufficient number of studies exam-
ining the role of leptin in the postpartum period following a
GDM pregnancy. In one study, 89 women with pGDM were
followed and found to have significantly increased plasma
leptin at 3 months after delivery (P < 0.003) compared to
controls [43]. Leptin levels were negatively associated with
adiponectin but this association was not significant after the
adjustment for BFM. Meanwhile, other authors have failed
to find any difference in leptin levels between pGDM and
normal pregnancies 18 months after delivery [91].

Leptin levels were studied [92] during pregnancy and
6 weeks and 6 months after delivery both in normal
pregnancies and in pregnancies complicated by GDM. There
were significantly higher levels of leptin in previous GDM
pregnancies compared with normal pregnancies both at 6
weeks and 6 months postpartum.

2.3. Retinol-Binding Protein-4. RBP-4, which is an adipokine
synthesized in hepatocytes and adipocytes, serves as a carrier
for retinol in blood and is postulated to play a role in
regulating glucose metabolism and insulin sensitivity [122,
123].

In pathologic glucose tolerance states (such as obesity,
insulin resistance, polycystic ovary syndrome, and cardio-
vascular disease), RBP-4 concentration has been shown to
be elevated [106, 124–128]. Other studies have reported low
levels of the protein in humans with T2DM and have deter-
mined that RBP-4 concentration does not relate to insulin
sensitivity in calorie restricted obese individuals [129–131].
It has moreover been demonstrated that overexpression of
RBP-4 in normal mice increases insulin resistance, whereas
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genetic disruption of this adipokine increases insulin sensi-
tivity [123].

In normal pregnancy, RBP-4 increases significantly
between early and late pregnancy with a parallel decrease
in insulin sensitivity [132], although other authors have
reported a decrease in the levels of this hormone after early
gestation [133].

GDM has been associated with increased, decreased, or
even stable levels of RBP-4 [134–138]. In pGDM it has been
shown that RBP-4 was significantly higher more than 18
months postpartum in women with normal or impaired
glucose tolerance or with diabetes mellitus in the postpartum
period compared with women without GDM. A trend was
also documented of increasing RBP-4 values from normality
to DM in the pGDM group (P for linearity = 0.006).
Furthermore, RBP-4 was positively correlated with fasting
insulin, whereas the correlation to adiponectin was negative.
Finally, RBP-4 concentration was significantly higher in
women with metabolic syndrome than in those without [91].

Another study [92] that measured RPB-4 levels in 60
women with GDM during pregnancy as well as 6 weeks
and 6 months after delivery found a positive correlation
of RBP-4 with fasting insulin levels. Additionally, there
was a significant reduction in RBP-4 in the control group
between delivery and 6 weeks and 6 months postpartum,
although there was no respective decrease in the GDM
group. Between the two groups, a significant difference in the
levels of RBP-4 (P < 0.05) was not observed until 6 weeks
postpartum.

2.4. Resistin. Resistin, a hormone expressed by adipocytes as
well as monocytes and macrophages [107], appears to have
levels that parallel the mass of adipose tissue [107–109]. In
obesity and insulin resistance, the role of resistin is as yet
highly controversial [110, 111], although its function has
been associated with impaired glucose tolerance [106, 111].
The results in animal experiments are indicative of insulin
resistance induction in animals, but the same is not true in
humans [107, 111–113].

In normal pregnancy it is expressed in human placenta
[114], with plasma resistin levels in pregnant women being
significantly higher as compared to normal controls. It
increases in the third trimester [68, 76, 114–116] and may
regulate energy metabolism during pregnancy.

In GDM its levels have been found either elevated or
decreased [76, 117–120], with some studies having reported
elevated maternal resistin in GDM [68, 118, 121, 147], while
others found lower [73, 118] or unaltered values [70].

With regard to pGDM, one study [91] showed that
resistin was significantly higher 18 months postpartum in
women with normal or impaired glucose tolerance who
had pGDM compared to a group of women who did not
develop DM during pregnancy. This could be explained by
a biphasic effect of insulin on the release of resistin, whereby
low concentration of insulin increases the release of resistin,
while this is reduced at higher insulin levels [76]. The authors
also reported that plasma resistin levels correlated with BMI,
fat quantity, and plasma insulin and that the presence of

metabolic syndrome was not significantly associated with
plasma resistin levels in the postpartum period.

2.5. Visfatin. Visfatin is an adipocytokine produced mainly
in visceral fat, as compared to subcutaneous fat, which exerts
insulin mimetic action [139] and, additionally, plays a pro-
inflammatory role [140].

It has higher concentrations in cases of obesity or insulin
resistance, including T2DM and metabolic syndrome [139,
141, 142]. Conversely, other studies showed no relation of
visfatin to insulin sensitivity or increased BMI and visceral
fat mass [143, 144].

In pregnancy, although this hormone has been reported
by some authors to maintain the same levels in the third
trimester as in the non-pregnant state [145], other studies
have demonstrated an increase [72, 146]. Visfatin levels peak
between 19 and 26 weeks of gestation, while at between 27
and 34 weeks visfatin has the lowest serum concentrations
[147].

Morgan et al. reported that visfatin may have a paracrine
or autocrine action since it is locally increased in omental fat
without increased plasma levels in pregnancy [148].

Some studies have shown elevated levels in women with
GDM [149–151] with a further increase of these levels
detected in the presence of high maternal blood glucose
levels. In contrast, a number of other studies found that
visfatin levels are lower in GDM [146, 152–154]. Figure 1
displays aspects of the aforementioned adipokines.

3. Other Mediators of Inflammation in pGDM

3.1. TNF-α and IL-6. TNF-α and IL-6 are inflammatory
mediators produced by monocytes and macrophages in the
adipose tissue. These cytokines are increased in obesity
and have multiple effects on insulin sensitivity in muscles,
liver, or beta cells of the pancreas, ultimately leading to
insulin resistance [32, 168]. In pregnancy, TNF-α and IL-
6 production occurs in placenta [163, 164], while it is
considered that a chronic inflammatory process in the
adipose tissue may contribute to pregnancy-induced insulin
resistance [164–167, 169]. Placental production of TNF has
been shown to be maximized late in pregnancy [163] and to
decline rapidly after pregnancy, this being in accordance with
placental production of TNF-α [155]. In early pregnancy
TNF-α mRNA is present mainly in syncytiotrophblast. Later
in pregnancy and specifically near term, TNF-α mRNA also
appears in villous stromal cells and TNF-α transcripts are
present in maternal cells in the decidua adjacent to the
extracellular membranes [164]. Most of the TNF-α produced
by the placenta is delivered to maternal circulation and by
comparison only a small amount to the fetal compartment
[164].

Though in a GDM pregnancy IL-6 and TNF-α rarely
increase [165–167], when this does occur, the increase
is caused by the oxidative stress and the inflammation
associated with the hyperglycemia [169]. Conversely, TNF-
α possibly inhibits insulin secretion and insulin regulated
glucose uptake in GDM [84, 104, 165, 166, 170]. An in vitro
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Figure 1: Molecular structure of the main adipokines produced by adipose tissue in GDM and pGDM. Adiponectin is a 244-amino-acid
polypeptide that decreases as adipose tissue increases; it enhances insulin action and is decreased in pGDM and GDM. Leptin is a 167-
amino-acid protein; it causes insulin action to increase and its levels show variability with respect to GDM and pGDM. Resistin (or adipose
tissue-specific secretory factor) has 108 amino acids in the prepeptide form; its action on insulin has yet to be clarified. RBP-4 is a 183-
amino-acid protein which reduces insulin action. Both resistin and RBP-4 levels appear increased, decreased, or unaltered in GDM but are
uniformly increased in pGDM. The visfatin molecule consists of 491 amino acids; it facilitates insulin action and increases in GDM, while
its actions in pGDM need further clarification.

experiment showed that placentas from women with GDM
released more TNF-α in response to a glucose stimulus than
placentas from women with normal glucose tolerance [156].

IL-6 levels are significantly higher in women with pGDM
at least 1 year postdelivery (mean 4 years postpartum) com-
pared with normal controls [98], this difference becoming
nonsignificant when it was adjusted for BMI. It is interesting
to note that when nonobese women with pGDM were
examined, the difference remained significant for IL-6 (BMI
played no role) and that IL-6 was positively related to CRP,
this persisting even after adjustment for BMI.

TNF-α was not significantly different in pGDM 3 months
after delivery compared to women with normal glucose
tolerance during pregnancy [43]. By contrast, IL-6 was
significantly higher before adjusting for BFM but after
adjustment for BFM adiponectin did not correlate to IL-6.
Hauguel-de Mouzon et al. reported in a recent study that
TNF-α rose significantly 6 weeks postpartum both in women
with normal pregnancies and in GDM pregnancies when
compared to antepartum values [100]. The increase for TNF-
α was not significant for both groups 6 months postpartum.

In another study, 18 women with pGDM at least 12
months after delivery were compared with normal con-
trols and women with polycystic ovary syndrome (PCOS).

They found no significant difference in TNF-α between the
pGDM cases and controls, although the difference between
PCOS and controls was significant [157].

3.2. C-Reactive Protein. CRP, an inflammatory agent com-
mon in numerous pathologic conditions, has been associated
with metabolic abnormal states such as insulin resistance,
hyperglycemia, and T2DM [31, 34–36], while it also appears
to be associated with central obesity [44, 46].

In the first trimester of pregnancy the levels of CRP are
increased and have been related to higher risk for GDM
development [156, 157], this association also being valid with
measurement of CRP later in the course of pregnancy [160,
170]. Furthermore, CRP is increased in maternal obesity,
insulin resistance, and maternal dysglycemia [158, 161, 162].
The pathophysiologic role of inflammatory proteins and
adiponectin seem to be the gradual impairment of beta
cell function and increasing insulin resistance, which results
in ineffective plasma glucose regulation and subsequent
dysglycemia in the months and years that follow pregnancy.

As concerns pGDM, there is some evidence that women
with a history of prior GDM have postpartum increased
CRP that manifests chronic subclinical inflammation [40–
46]. Increased CRP levels in women with pGDM, which have
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also been related to metabolic syndrome [45], have been re-
ported in several studies [43–46].

The postpartum period which is complicated by gesta-
tional diabetes is a period of chronic subclinical inflamma-
tion. Some investigators have shown significantly increased
levels of CRP 3 months after delivery in women with pGDM
compared with controls [43]. Other authors also found a
negative correlation between adiponectin levels and CRP, but
this correlation became nonsignificant after adjustment for
BFM, the latter being explained by the finding that CRP
is also related to central obesity [44, 46]. The NHANES
III study showed that adjustment of CRP values for waist
circumference attenuated differences in women with pGDM
and normal women [171].

Another study [172] recruiting 46 women with pGDM
3 years postpartum reported that women with pGDM had
significantly elevated high-sensitivity CRP (hs-CRP) com-
pared with controls.

Heitritter et al. [90] studied 25 women with pGDM and
found that in a mean period of 4 years postpartum they had
significantly higher CRP levels compared to controls. The
difference remained significant after adjustment for BMI.
CRP was negatively related to adiponectin and positively
related to IL-6 and these associations remained unchanged
after adjustment for BMI.

In another study, 18 women with pGDM at least 12
months after index delivery were found to have no significant
difference in hs-CRP compared with normal controls [157].

On the other hand, other authors [46] studied 70
women with pGDM 6 years after their pregnancy and found
significantly higher CRP levels in women with pGDM in the
presence of abdominal obesity; they also found abnormal
glucose tolerance compared with the women without a
history of GDM. This was further confirmed in another
study where significantly elevated CRP levels and fibrinogen
were detected in 26 women with pGDM as compared with
controls [44].

3.3. Plasminogen Activator Inhibitor 1. Plasminogen Activa-
tor Inhibitor 1 (PAI-1) is a protein that in humans is en-
coded by the SERPINE1 gene and is mainly produced by the
endothelial cells, though it is also secreted by other tissue
types, such as adipose tissue. Its main function is to inhibit
tissue plasminogen activator (tPA) and urokinase (uPA),
the activators of plasminogen, and hence fibrinolysis. PAI-
1 is increased in various disease states, such as obesity, MS,
insulin resistance, and T2DM [31, 34–36].

PAI-1 is increased in women with pGDM compared
with normal women 3 months after delivery [43]. In this
study PAI-1 remained higher after adjustment for BFM,
while the authors also found a negative correlation between
adiponectin levels and PAI-1.

Another study [172] reported that women with pGDM
had significantly elevated PAI-1 compared with controls 3
years after delivery.

Other authors studying 74 women with pGDM 3 months
after delivery found them to exhibit increased PAI-1 levels
when they had impaired insulin sensitivity postpartum,

while tPA was also observed to be elevated [42]. In another
study, 25 women with pGDM demonstrated significantly
higher PAI-1 levels compared to controls in a mean period
of 4 years postpartum [98], although the difference lost sig-
nificance after adjustment for BMI. Meanwhile, adiponectin
levels correlated to PAI-1 levels before and after adjustment
for BMI.

4. Conclusions

Women with pGDM are characterized by chronic subclinical
inflammation which is associated with insulin resistance and
abnormality in glucose metabolism. Approximately 30% of
these women have metabolic syndrome and many of them
will develop T2DM within 5 years of diagnosis [26, 31, 173].
The conversion rates from GDM to T2DM range from 2.6%
to 70% over a period of 6 weeks to 28 years postpartum
[174]. The problem of gestational diabetes is common and its
incidence is exhibiting an increasing prevalence. Early recog-
nition and management of women predisposed to develop
T2DM later in their lives is thus crucial in the development
of primary health care strategies, modification of lifestyle,
and dietary habits significantly enabling prevention or delay
of appearance of glucose intolerance states in predisposed
women.
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[6] C. Kühl, “Etiology and pathogenesis of gestational diabetes,”
Diabetes Care, vol. 21, no. 2, pp. B19–B26, 1998.

[7] P. M. Catalano, E. D. Tyzbir, R. R. Wolfe et al., “Carbo-
hydrate metabolism during pregnancy in control subjects
and women with gestational diabetes,” American Journal of
Physiology, vol. 264, no. 1, pp. E60–E67, 1993.

[8] W. K. Ward, C. L.W. Johnston, J. C. Beard, T. J. Benedetti, J.
B. Halter, and D. Porte Jr., “Insulin resistance and impaired



International Journal of Endocrinology 7

insulin secretion in subjects with histories of gestational
diabetes mellitus,” Diabetes, vol. 34, no. 9, pp. 861–869, 1985.

[9] M. M. Byrne, J. Sturis, N. M. O’Meara, and K. S. Polonsky,
“Insulin secretion in insulin-resistant women with a history
of gestational diabetes,” Metabolism, vol. 44, no. 8, pp. 1067–
1073, 1995.

[10] E. A. Ryan, S. Imes, D. Liu et al., “Defects in insulin secretion
and action in women with a history of gestational diabetes,”
Diabetes, vol. 44, no. 5, pp. 506–512, 1995.

[11] C. Homko, E. Sivan, X. Chen, E. A. Reece, and G.
Boden, “Insulin secretion during and after pregnancy in
patients with gestational diabetes mellitus,” Journal of Clinical
Endocrinology and Metabolism, vol. 86, no. 2, pp. 568–573,
2001.

[12] T. A. Buchanan, “Pancreatic B-cell defects in gestational
diabetes: implications for the pathogenesis and prevention
of type 2 diabetes,” Journal of Clinical Endocrinology and
Metabolism, vol. 86, no. 3, pp. 989–993, 2001.

[13] R. N. Bergman, L. S. Phillips, and C. Cobelli, “Physiologic
evaluation of factors controlling glucose tolerance in man.
Measurement of insulin sensitivity and β-cell glucose sensi-
tivity from the response to intravenous glucose,” Journal of
Clinical Investigation, vol. 68, no. 6, pp. 1456–1467, 1981.

[14] S. E. Kahn, R. L. Prigeon, D. K. McCulloch et al., “Quantifi-
cation of the relationship between insulin sensitivity and β-
cell function in human subjects: evidence for a hyperbolic
function,” Diabetes, vol. 42, no. 11, pp. 1663–1672, 1993.

[15] R. Retnakaran, S. Shen, A. J. Hanley, V. Vuksan, J. K.
Hamilton, and B. Zinman, “Hyperbolic relationship between
insulin secretion and sensitivity on oral glucose tolerance
test,” Obesity, vol. 16, no. 8, pp. 1901–1907, 2008.

[16] P. Damm, C. Kuhl, A. Bertelsen, and L. Molsted-Pedersen,
“Predictive factors for the development of diabetes in women
with previous gestational diabetes mellitus,” American Jour-
nal of Obstetrics and Gynecology, vol. 167, no. 3, pp. 607–616,
1992.

[17] B. E. Metzger, N. H. Cho, S. M. Roston, and R. Radvany,
“Prepregnancy weight and antepartum insulin secretion
predict glucose tolerance five years after gestational diabetes
mellitus,” Diabetes Care, vol. 16, no. 12, pp. 1598–1605, 1993.

[18] S. L. Kjos, R. K. Peters, A. Xiang, O. A. Henry, M. Montoro,
and T. A. Buchanan, “Predicting future diabetes in Latino
women with gestational diabetes: utility of early postpartum
glucose tolerance testing,” Diabetes, vol. 44, no. 5, pp. 586–
591, 1995.

[19] R. K. Peters, S. L. Kjos, A. Xiang, and T. A. Buchahan, “Long-
term diabetogenic effect of single pregnancy in women with
previous gestational diabetes mellitus,” The Lancet, vol. 347,
no. 8996, pp. 227–230, 1996.

[20] S. L. Kjos, R. K. Peters, A. Xiang, D. Thomas, U. Schaefer,
and T. A. Buchanan, “Contraception and the risk of type 2
diabetes mellitus in latina women with prior gestational dia-
betes mellitus,” Journal of the American Medical Association,
vol. 280, no. 6, pp. 533–538, 1998.

[21] T. A. Buchanan, A. Xiang, S. L. Kjos et al., “Gestational dia-
betes: antepartum characteristics predict postpartum glucose
intolerance and type 2 diabetes in Latino women,” Diabetes,
vol. 47, no. 8, pp. 1302–1310, 1998.

[22] F. Pallardo, L. Herranz, T. Garcia-Ingelmo et al., “Early
postpartum metabolic assessment in women with prior
gestational diabetes,” Diabetes Care, vol. 22, no. 7, pp. 1053–
1058, 1999.

[23] T. A. Buchanan, A. H. Xiang, S. L. Kjos, E. Trigo, W. P. Lee,
and R. K. Peters, “Antepartum predictors of the development

of type 2 diabetes in Latino women 11-26 months after
pregnancies complicated by gestational diabetes,” Diabetes,
vol. 48, no. 12, pp. 2430–2436, 1999.

[24] U. M. Schaefer-Graf, T. A. Buchanan, A. H. Xiang, R. K.
Peters, and S. L. Kjos, “Clinical predictors for a high risk
for the development of diabetes rnellitus in the early puer-
perium in women with recent gestational diabetes mellitus,”
American Journal of Obstetrics and Gynecology, vol. 186, no.
4, pp. 751–756, 2002.

[25] B. Sinha, P. Brydon, R. S. Taylor et al., “Maternal ante-
natal parameters as predictors of persistent postnatal glucose
intolerance: a comparative study between Afro-Caribbeans,
Asians and Caucasians,” Diabetic Medicine, vol. 20, no. 5, pp.
382–386, 2003.

[26] M. Albareda, A. Caballero, G. Badell et al., “Diabetes and
abnormal glucose tolerance in women with previous gesta-
tional diabetes,” Diabetes Care, vol. 26, no. 4, pp. 1199–1205,
2003.

[27] S. E. Kahn, “The relative contributions of insulin resistance
and beta-cell dysfunction to the pathophysiology of Type 2
diabetes,” Diabetologia, vol. 46, no. 1, pp. 3–19, 2003.

[28] R. N. Bergman, D. T. Finegood, and S. E. Kahn, “The
evolution of β-cell dysfunction and insulin resistance in type
2 diabetes,” European Journal of Clinical Investigation, vol. 32,
supplement 3, pp. 35–45, 2002.

[29] V. Lyssenko, P. Almgren, D. Anevski et al., “Predictors of
and longitudinal changes in insulin sensitivity and secretion
preceding onset of type 2 diabetes,” Diabetes, vol. 54, no. 1,
pp. 166–174, 2005.

[30] T. A. Buchanan and A. H. Xiang, “Gestational diabetes
mellitus,” Journal of Clinical Investigation, vol. 115, no. 3, pp.
485–491, 2005.

[31] J. C. Pickup and M. A. Crook, “Is type II diabetes mellitus a
disease of the innate immune system?” Diabetologia, vol. 41,
no. 10, pp. 1241–1248, 1998.

[32] A. S. Greenberg and M. L. McDaniel, “Identifying the
links between obesity, insulin resistance and β-cell func-
tion: potential role of adipocyte-derived cytokines in the
pathogenesis of type 2 diabetes,” European Journal of Clinical
Investigation, vol. 32, supplement 3, pp. 24–34, 2002.

[33] J. S. Yudkin, C. D. A. Stehouwer, J. J. Emeis, and S. W. Cop-
pack, “C-reactive protein in healthy subjects: associations
with obesity, insulin resistance, and endothelial dysfunction:
a potential role for cytokines originating from adipose
tissue?” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 19, no. 4, pp. 972–978, 1999.

[34] J. C. Pickup, M. B. Mattock, G. D. Chusney, and D.
Burt, “NIDDM as a disease of the innate immune system:
association of acute-phase reactants and interleukin-6 with
metabolic syndrome X,” Diabetologia, vol. 40, no. 11, pp.
1286–1292, 1997.

[35] A. Festa, R. D’Agostino Jr., G. Howard, L. Mykkänen, R. P.
Tracy, and S. M. Haffner, “Chronic subclinical inflammation
as part of the insulin resistance syndrome: the insulin resist-
ance atherosclerosis study (IRAS),” Circulation, vol. 102, no.
1, pp. 42–47, 2000.

[36] J. C. Pickup, “Inflammation and activated innate immunity
in the pathogenesis of type 2 diabletes,” Diabetes Care, vol.
27, no. 3, pp. 813–823, 2004.

[37] A. D. Pradhan, J. E. Manson, N. Rifai, J. E. Buring, and
P. M. Ridker, “C-reactive protein, interleukin 6, and risk of
developing type 2 diabetes mellitus,” Journal of the American
Medical Association, vol. 286, no. 3, pp. 327–334, 2001.



8 International Journal of Endocrinology

[38] D. J. Freeman, J. Norrie, M. J. Caslake et al., “C-reactive
protein is an independent predictor of risk for the develop-
ment of diabetes in the west of Scotland coronary prevention
study,” Diabetes, vol. 51, no. 5, pp. 1596–1600, 2002.

[39] J. I. Barzilay, L. Abraham, S. R. Heckbert et al., “The relation
of markers of inflammation to the development of glucose
disorders in the elderly: the cardiovascular health study,”
Diabetes, vol. 50, no. 10, pp. 2384–2389, 2001.

[40] A. Festa, R. D’Agostino Jr., R. P. Tracy, and S. M. Haffner,
“Elevated levels of acute-phase proteins and plasminogen
activator inhibitor-1 predict the development of type 2 dia-
betes: the insulin resistance atherosclerosis study,” Diabetes,
vol. 51, no. 4, pp. 1131–1137, 2002.

[41] M. Sriharan, A. J. Reichelt, M. L. R. Opperman et al., “Total
sialic acid and associated elements of the metabolic syndrome
in women with and without previous gestational diabetes,”
Diabetes Care, vol. 25, no. 8, pp. 1331–1335, 2002.

[42] S. Farhan, C. Winzer, A. Tura et al., “Fibrinolytic dysfunc-
tion in insulin-resistant women with previous gestational
diabetes,” European Journal of Clinical Investigation, vol. 36,
no. 5, pp. 345–352, 2006.

[43] C. Winzer, O. Wagner, A. Festa et al., “Plasma adiponectin,
insulin sensitivity, and subclinical inflammation in women
with prior gestational diabetes mellitus,” Diabetes Care, vol.
27, no. 7, pp. 1721–1727, 2004.

[44] A. Di Benedetto, G. T. Russo, F. Corrado et al., “Inflammatory
markers in women with a recent history of gestational
diabetes mellitus,” Journal of Endocrinological Investigation,
vol. 28, no. 1, pp. 34–38, 2005.

[45] G. Di Cianni, C. Lencioni, L. Volpe et al., “C-reactive protein
and metabolic syndrome in women with previous gestational
diabetes,” Diabetes/Metabolism Research and Reviews, vol. 23,
no. 2, pp. 135–140, 2007.

[46] T. B. Ferraz, R. S. Motta, C. L. Ferraz, D. M. Capibaribe, A.
C. Forti, and A. R. Chacra, “C-reactive protein and features
of metabolic syndrome in Brazilian women with previous
gestational diabetes,” Diabetes Research and Clinical Practice,
vol. 78, no. 1, pp. 23–29, 2007.

[47] E. A. Ryan and L. Enns, “Role of gestational hormones in the
induction of insulin resistance,” Journal of Clinical Endocri-
nology and Metabolism, vol. 67, no. 2, pp. 341–347, 1988.

[48] P. M. Catalano, N. M. Roman-Drago, S. B. Amini, and E.
A. H. Sims, “Longitudinal changes in body composition and
energy balance in lean women with normal and abnormal
glucose tolerance during pregnancy,” American Journal of
Obstetrics and Gynecology, vol. 179, no. 1, pp. 156–165, 1998.

[49] T. Ronti, G. Lupattelli, and E. Mannarino, “The endocrine
function of adipose tissue: an update,” Clinical Endocrinology,
vol. 64, no. 4, pp. 355–365, 2006.
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D. Klimis-Zacas, and C. S. Mantzoros, “Body fat mass and
macronutrient intake in relation to circulating soluble leptin
receptor, free leptin index, adiponectin, and resistin concen-
trations in healthy humans,” Journal of Clinical Endocrinology
and Metabolism, vol. 88, no. 4, pp. 1730–1736, 2003.

[110] K. M. Utzschneider, D. B. Carr, J. Tong et al., “Resistin is not
associated with insulin sensitivity or the metabolic syndrome
in humans,” Diabetologia, vol. 48, no. 11, pp. 2330–2333,
2005.

[111] S. L. Lay, J. Boucher, A. Rey et al., “Decreased resistin
expression in mice with different sensitivities to a high-fat
diet,” Biochemical and Biophysical Research Communications,
vol. 289, no. 2, pp. 564–567, 2001.

[112] C. M. Steppan and M. A. Lazar, “Resistin and obesity-
associated insulin resistance,” Trends in Endocrinology and
Metabolism, vol. 13, no. 1, pp. 18–23, 2002.

[113] J. T. Kielstein, B. Becker, S. Graf, G. Brabant, H. Haller, and D.
Fliser, “Increased resistin blood levels are not associated with
insulin resistance in patients with renal disease,” American
Journal of Kidney Diseases, vol. 42, no. 1, pp. 62–66, 2003.

[114] S. Yura, N. Sagawa, H. Itoh et al., “Resistin is expressed in
the human placenta,” Journal of Clinical Endocrinology and
Metabolism, vol. 88, no. 3, pp. 1394–1397, 2003.

[115] D. Chen, M. Dong, Q. Fang, J. He, Z. Wang, and X. Yang,
“Alterations of serum resistin in normal pregnancy and pre-
eclampsia,” Clinical Science, vol. 108, no. 1, pp. 81–84, 2005.

[116] J. K. Nien, S. Mazaki-Tovi, R. Romero et al., “Resistin: a
hormone which induces insulin resistance is increased in
normal pregnancy,” Journal of Perinatal Medicine, vol. 35, no.
6, pp. 513–521, 2007.

[117] D. Chen, Q. Fang, Y. Chai, H. Wang, H. Huang, and M.
Dong, “Serum resistin in gestational diabetes mellitus and
early postpartum,” Clinical Endocrinology, vol. 67, no. 2, pp.
208–211, 2007.

[118] A. Megia, J. Vendrell, C. Gutierrez et al., “Insulin sensitivity
and resistin levels in gestational diabetes mellitus and after
parturition,” European Journal of Endocrinology, vol. 158, no.
2, pp. 173–178, 2008.

[119] K. Y. Lain, A. R. Daftary, R. B. Ness, and J. M. Roberts,
“First trimester adipocytokine concentrations and risk of
developing gestational diabetes later in pregnancy,” Clinical
Endocrinology, vol. 69, no. 3, pp. 407–411, 2008.

[120] J. H. Lee, J. L. Chan, N. Yiannakouris et al., “Circulating
resistin levels are not associated with obesity or insulin
resistance in humans and are not regulated by fasting
or leptin administration: cross-sectional and interventional
studies in normal, insulin-resistant, and diabetic subjects,”
Journal of Clinical Endocrinology and Metabolism, vol. 88, no.
10, pp. 4848–4856, 2003.

[121] E. Palik, E. Baranyi, Z. Melczer et al., “Elevated serum acy-
lated (biologically active) ghrelin and resistin levels associate
with pregnancy-induced weight gain and insulin resistance,”
Diabetes Research and Clinical Practice, vol. 76, no. 3, pp. 351–
357, 2007.

[122] L. Quadro, W. S. Blaner, D. J. Salchow et al., “Impaired retinal
function and vitamin A availability in mice lacking retinol-
binding protein,” The EMBO Journal, vol. 18, no. 17, pp.
4633–4644, 1999.

[123] Q. Yang, T. E. Graham, N. Mody et al., “Serum retinol
binding protein 4 contributes to insulin resistance in obesity
and type 2 diabetes,” Nature, vol. 436, no. 7049, pp. 356–362,
2005.

[124] N. Rasouli and P. A. Kern, “Adipocytokines and the metabolic
complications of obesity,” Journal of Clinical Endocrinology
and Metabolism, vol. 93, no. 11, supplement 1, pp. s64–s73,
2008.

[125] E. Esteve, W. Ricart, and J. M. Fernández-Real, “Adipocy-
tokines and insulin resistance: the possible role of lipocalin-
2, retinol binding protein-4, and adiponectin,” Diabetes Care,
vol. 32, supplement 2, pp. S362–367, 2009.

[126] T. E. Graham, Q. Yang, M. Blüher et al., “Retinol-binding
protein 4 and insulin resistance in lean, obese, and diabetic
subjects,” The New England Journal of Medicine, vol. 354, no.
24, pp. 2552–2563, 2006.

[127] M. C. Young, B. S. Youn, H. Lee et al., “Plasma retinol-
binding protein-4 concentrations are elevated in human



International Journal of Endocrinology 11

subjects with impaired glucose tolerance and type 2 diabetes,”
Diabetes Care, vol. 29, no. 11, pp. 2457–2461, 2006.

[128] P. Balagopal, T. E. Graham, B. B. Kahn, A. Altomare, V.
Funanage, and D. George, “Reduction of elevated serum ret-
inol binding protein in obese children by lifestyle interven-
tion: association with subclinical inflammation,” Journal of
Clinical Endocrinology and Metabolism, vol. 92, no. 5, pp.
1971–1974, 2007.

[129] J. Janke, S. Engeli, M. Boschmann et al., “Retinol-binding
protein 4 in human obesity,” Diabetes, vol. 55, no. 10, pp.
2805–2810, 2006.

[130] C. Erikstrup, O. H. Mortensen, and B. K. Pedersen, “Retinol-
binding protein 4 and insulin resistance [16],” The New
England Journal of Medicine, vol. 355, no. 13, pp. 1393–1394,
2006.

[131] M. Vitkova, E. Klimcakova, M. Kovacikova et al., “Plasma
levels and adipose tissue messenger ribonucleic acid expres-
sion of retinol-binding protein 4 are reduced during calorie
restriction in obese subjects but are not related to diet-
induced changes in insulin sensitivity,” Journal of Clinical
Endocrinology and Metabolism, vol. 92, no. 6, pp. 2330–2335,
2007.

[132] T. Ueland, T. Dalsoren, N. Voldner, K. Godang, T. Henriksen,
and J. Bollerslev, “Retinol-binding protein-4 is not strongly
associated with insulin sensitivity in normal pregnancies,”
European Journal of Endocrinology, vol. 159, no. 1, pp. 49–54,
2008.

[133] K. Naruse, M. Yamasaki, H. Umekage, T. Sado, Y. Sakamoto,
and H. Morikawa, “Peripheral blood concentrations of
adiponectin, an adipocyte-specific plasma protein, in nor-
mal pregnancy and preeclampsia,” Journal of Reproductive
Immunology, vol. 65, no. 1, pp. 65–75, 2005.

[134] R. D’Anna, G. Baviera, F. Corrado, D. Giordano, A. Di
Benedetto, and V. M. Jasonni, “Plasma adiponectin concen-
tration in early pregnancy and subsequent risk of hyperten-
sive disorders,” Obstetrics and Gynecology, vol. 106, no. 2, pp.
340–344, 2005.

[135] T. F. Chan, H. S. Chen, Y. C. Chen et al., “Increased serum
retinol-binding protein 4 concentrations in women with
gestational diabetes mellitus,” Reproductive Sciences, vol. 14,
no. 2, pp. 169–174, 2007.

[136] K. C. Lewandowski, N. Stojanovic, M. Bienkiewicz et al.,
“Elevated concentrations of retinol-binding protein-4 (RBP-
4) in gestational diabetes mellitus: negative correlation
with soluble vascular cell adhesion molecule-1 (sVCAM-
1),” Gynecological Endocrinology, vol. 24, no. 6, pp. 300–305,
2008.

[137] K. Ichida, T. Moriyama, H. Morita et al., “Plasma adiponectin
concentrations and placental adiponectin expression in pre-
eclamptic women,” Gynecological Endocrinology, vol. 23, no.
4, pp. 238–243, 2007.

[138] N. Suwaki, H. Masuyama, H. Nakatsukasa et al., “Hypoad-
iponectinemia and circulating angiogenic factors in over-
weight patients complicated with pre-eclampsia,” American
Journal of Obstetrics and Gynecology, vol. 195, no. 6, pp. 1687–
1692, 2006.

[139] A. Fukuhara, M. Matsuda, M. Nishizawa et al., “Visfatin:
a protein secreted by visceral fat that Mimics the effects of
insulin,” Science, vol. 307, no. 5708, pp. 426–430, 2005.

[140] R. Retnakaran, B. S. Youn, Y. Liu et al., “Correlation of cir-
culating full-length visfatin (PBEF/NAMPT) with metabolic
parameters in subjects with and without diabetes: a cross-
sectional study,” Clinical Endocrinology, vol. 69, no. 6, pp.
885–893, 2008.

[141] M.-P. Chen, F.-M. Chung, D.-M. Chang et al., “Elevated
plasma level of visfatin/pre-B cell colony-enhancing factor
in patients with type 2 diabetes mellitus,” Journal of Clinical
Endocrinology and Metabolism, vol. 91, no. 1, pp. 295–299,
2006.

[142] T. D. Filippatos, C. S. Derdemezis, I. F. Gazi et al., “Increased
plasma visfatin levels in subjects with the metabolic syn-
drome [3],” European Journal of Clinical Investigation, vol. 38,
no. 1, pp. 71–72, 2008.
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Optimal strategies to prevent progression towards overt diabetes in women with recent gestational diabetes remain ill defined. We
report a pilot study of a convenient, home based exercise program with telephone support, suited to the early post-partum period.
Twenty eight women with recent gestational diabetes were enrolled at six weeks post-partum into a 12 week randomised controlled
trial of Usual Care (n = 13) versus Supported Care (individualised exercise program with regular telephone support; n = 15).
Baseline characteristics (Mean ± SD) were: Age 33 ± 4 years; Weight 80 ± 20 kg and Body Mass Index (BMI) 30.0 ± 9.7 kg/m2.
The primary outcome, planned physical activity {Median (Range)}, increased by 60 (0–540) mins/week in the SC group versus
0 (0–580) mins/week in the UC group (P = 0.234). Walking was the predominant physical activity. Body weight, BMI, waist
circumference, % body fat, fasting glucose and insulin did not change significantly over time in either group. This intervention
designed to increase physical activity in post-partum women with previous gestational diabetes proved feasible. However, no
measurable improvement in metabolic or biometric parameters was observed over a three month period.

1. Background

Strategies to prevent the progression from impaired glucose
tolerance to overt (principally type 2) diabetes in middle-
aged and older adults have been developed by a number
of groups worldwide, drawing on the results of major
randomised controlled trials [1–3]. Women with previous
gestational diabetes (GDM) are known to be at high risk
of progression to type 2 diabetes [4]. However, strategies
for diabetes prevention for women with previous GDM
in the period immediately following pregnancy are less
well defined. The TRIPOD [5] and PIPOD studies [6]
demonstrated that thiazolidinedione (TZD) therapy could
delay progression to diabetes in a high risk group of women.
Some benefits have also been suggested for metformin by
Ratner and colleagues [7] in women with previous GDM

(mean age at study entry 43 years) who participated in
the Diabetes Prevention Program (DPP). In women with
previous GDM, metformin led to a 50% reduction of the
risk of progression from impaired glucose tolerance to overt
diabetes, whereas lifestyle intervention was associated with
a 53% risk reduction. However, medication-based strategies
may not be appropriate for women of child-bearing age and
are unlikely to be feasible or desirable on a broader scale.

Anecdotally, the pressures of caring for a new baby tend
to dominate the early postpartum period, with Australian
women potentially experiencing difficulty focusing on their
own long-term health, and specifically their exercise, in
this context. This belief is supported by a recent qualitative
study conducted in the USA that found that having young
children/child was a major barrier to an active lifestyle in
the first 12 months postpartum [8]. Our recent work [9] has
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demonstrated that women with previous GDM frequently
have ongoing deficits in health promoting physical activity.
By contrast, the recent findings of Retnakaran et al. [10] were
more positive, suggesting some improvement in physical
activity following a GDM pregnancy.

Changes in lifestyle patterns at this time might poten-
tially prove to be valuable in preventing longer term pro-
gression towards diabetes, as well as influencing the woman’s
entire family towards adopting health promoting behaviours.
However, Cheung et al. have reported little success with
a group intervention that used patient-centred counselling
[11] or more recently with a pedometer-linked programme
[12]. In contrast, several intervention studies based on the
Social Cognitive Theory [13] have demonstrated success in
increasing and even maintaining physical activity among
individuals with type 2 diabetes [14]. This pilot study sought
to evaluate the feasibility and efficacy of an individualised
programme, based on the social cognitive theory, to assist
women to be more physically active in the early post natal
period.

2. Research Design and Methods

The protocol was approved by Hospital and University
Human Research Ethics Committees. Participants consented
in writing after appropriate verbal and written explanation
of the study. The study was registered with the Aus-
tralian and New Zealand Clinical Trials Registry: ACTRN
12608000280303.

Seventy-two women were approached to join the trial
prior to six weeks postpartum. Forty-three women refused
participation and one was excluded due to detection of overt
diabetes on the entry oral glucose tolerance test (OGTT),
leaving 28 randomised participants. At six weeks after deliv-
ery of the index pregnancy complicated by GDM, partic-
ipants underwent baseline assessment. Parameters assessed
included a 75 g OGTT, fasting insulin, body weight and
height using standardised instruments, and body com-
position using bioimpedance methodology. Insulin resis-
tance was estimated using the HOMA-IR equation [15]
(HOMA-IR = Fasting insulin (μU/mL) × Fasting glucose
(mmol/L)/22.5). Physical Activity was assessed using the
validated Australian Women’s Activity Survey [16].

Women were then randomly assigned to one of two
groups. The Usual Care group (“UC”, n = 13) received brief
printed materials outlining the importance of diet and exer-
cise for the prevention of future diabetes. The Supported
Care (“SC”, n = 15) group underwent an initial face-to-
face consultation with an exercise physiologist where specific,
individualised goals for initiating and maintaining regular
health-enhancing physical activity were developed. Consis-
tent with current physical activity guidelines a physical activ-
ity target of 150 mins/wk was set, to be achieved gradually
over the 12 weeks intervention through activities acceptable
to the individual. The exercise physiologist contacted each
woman in the SC group weekly by telephone for the next
four weeks and then every 2 weeks thereafter to assess
progress, promote accountability, and to provide tailored

expert support for recognising and overcoming experienced
constraints to physical activity behaviour change.

Twelve weeks following baseline assessment (total 18
weeks postpartum), both groups underwent repeat exam-
inations as noted above, except that samples for fasting
glucose and insulin alone were taken without a repeat OGTT.
The primary outcome measure was change in self-reported
physical activity. Secondary outcomes were change in insulin
resistance (HOMA—IR), change in weight, and changes in
body composition.

Statistical analyses were performed using data from those
women who completed both assessments n = 11 “UC” and
n = 14 “SC” women. All comparisons between the UC
and SC groups consider differences between these groups
in the change or “Delta” (Delta = Value18 weeks post partum−
Value6 weeks post partum) in each variable between six and
18 weeks postpartum. Statistical comparisons have been
performed using unpaired t-tests for normally distributed
variables and Mann Whitney U tests for nonnormally
distributed variables. Categorical variables were analysed
using Fisher’s exact test due to small cell sizes. Significance
was accepted at the 5% level for two-tailed analysis for all
variables.

3. Results

Typical of an Australian GDM cohort, the women were
generally in their early thirties and their mean body mass
index (BMI) at six weeks postpartum was in the obese range.
Importantly there were no significant differences between
the study groups demographic, physical activity or insulin
resistance at baseline (see Table 1). Two UC and one SC
participant dropped out of the study prior to the follow-up
assessment.

Consistent with previous studies, the physical activity
data were nonnormally distributed (see Table 2). Median
(range) planned physical activity increased by 60 (0–
540) mins/wk in the SC group versus 0 (0–580) mins/wk in
the UC group, but this change was not statistically significant
(P = 0.234, Mann-Whitney U test). The change observed in
the SC group’s physical activity comprised mostly increased
planned walking. A pre defined categorical analysis examined
differences between SC and UC groups in the proportion of
women increasing planned physical activity by >60 mins/wk;
67% of women who received SC achieved this criterion
compared to 31% of women who received UC. Despite this,
most women regardless of group allocation failed to reach
the recommended physical activity level of 150 mins/wk (see
Table 2).

Metabolic assessments revealed no changes in weight
or insulin resistance in either group (see Table 2). Body
composition (% lean mass, % fat mass) was also unchanged.
Breast feeding status (full/partial/nil) was also noted at six
and 18 weeks postpartum. Weight loss and other metabolic
parameters did not differ between breastfeeding groups.

Open-ended feedback regarding the intervention pro-
gramme was obtained from the SC group. Whilst most
women responded positively to the programme, many com-
mented that the starting point of six weeks postpartum was
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Table 1: Prestudy characteristics of women, at the baseline visit (six weeks postpartum), divided by treatment group.

Parameter Usual Care group (n = 13) Supported Care group (n = 15)

Mean ± SD Mean ± SD

Age—years 31.5± 3.9 34.6± 4.4

Weight—kg 80.3± 17.4 79.3± 20.7

BMI—kg/m2 30.3± 7.4 30.6± 8.5

Waist circumference (cm) 96.0± 11.0 97.6± 15.2

% Body fat 32.7± 8.1 33.5± 8.3

Fasting glucose—mmol/L; 4.7± 0.7 4.6± 0.7

Fasting insulin—μU/mL; 8.4± 7.5 8.4± 7.5

HOMA—IR 1.9± 2.0 1.8± 1.8

n (%) n (%)

Parity > 1 9 (69%) 9 (60%)

Education > high school 8 (62%) 9 (60%)

Planned physical activity (mins/wk)
Median (range) Median (range)

0 (0–420) 0 (0–300)

Table 2: Changes in physical activity, weight, and insulin resistance of women between baseline (six weeks postpartum) and followup (18
weeks postpartum) by treatment group. All changes calculated as (Value18 weeks post partum− Value6 weeks post partum).

Parameter
Usual Care group Supported Care group

(n = 11 at end of study) (n = 14 at end of study)

Median (range) Median (range)

Change in planned physical activity (mins/wk) 0 (0–580) 60 (0–540)

Change in planned walking (mins/wk) 0 (0–360) 60(0–345)

% %

Change in planned physical activity > 60 mins/wk 31% 67%

Meets physical activity goal of 150 mins/wk
Never: 54% Never 53%

18 weeks only 31% 18 weeks only 40%

6 & 18 weeks 15% 6 & 18 weeks 7%

Mean ± SD Mean ± SD

Change in Weight (kg) 0.22± 4.2 0.97± 3.7

Change in Waist circumference (cm) −3.6± 7.3 −0.35± 3.8

Change in % Body Fat −1.2± 3.3 1.0± 4.4

Change in fasting glucose (mmol/L) 0.12± 0.42 0.25± 0.56

Change in fasting insulin (μU/mL) 0.06± 3.89 1.49± 4.23

Change in HOMA IR −0.08± 1.02 0.43± 1.28

too early for maximum benefit, as they were still adapting
to life with a new baby and found it difficult to focus on
personal lifestyle changes such as increasing physical activity
at that time.

4. Discussion

This pilot study was designed to evaluate and refine a
potential early postpartum intervention designed to increase
physical activity in women with previous gestational diabetes
for future dissemination and evaluation. Our findings sug-
gest that a postpartum programme designed to encourage

and assist women with prior GDM to be more physically
active is feasible.

Specific strengths of our study included the randomized
design and good overall retention of participants. Weak-
nesses included relatively poor recruitment rates, anecdotally
contributed to by the predominance of “baby-related” con-
cerns in early postpartum period, short duration of followup,
and small total study cohort.

As noted in Tables 1 and 2, there was great variability in
physical activity both at baseline and at followup, with many
women reporting essentially zero planned physical activity.
The variance in all biophysical study measures was large,
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in particular for HOMA-IR where the standard deviations
approached or exceeded the mean values. In designing future
studies, it may be worthwhile to stratify women according to
BMI at entry, as this is likely to be a major factor influencing
the degree of insulin resistance.

Notwithstanding the timing of commencement, the in-
tervention was well received. Anecdotally, women were
happy that their potential health problems were being
addressed in an organised programme. Although changes
in physical activity between groups did not reach statistical
significance, the proportion of women increasing their
physical activity by >60 mins/wk in the SC group was twice
that of women in the UC group. If confirmed in a larger
study sample and maintained over a longer period of time,
this would provide significant health benefits [17].

Commencement of programmes designed to increase
physical activity in the early postpartum period has some
potential advantages in terms of capitalizing on the increased
motivation often seen in pregnancy. However, the focus of
attention frequently shifts to the baby at this stage, making
alterations in ingrained maternal behaviours potentially
difficult to achieve. The emotional stress of adapting to a new
baby and the fear of receiving a diagnosis of diabetes are key
barriers to follow-up care for GDM [18].

As noted previously, other studies of interventions in
the postpartum period [10–12] have met with limited and
variable success and the optimal timing and content of
postpartum programmes remains undefined. Group-based
programmes may help increase motivation [11, 12] but
achieving “buy in” and maintaining participation appears
challenging. Despite the theoretical advantage of commenc-
ing diabetes prevention at an earlier stage of pathophysiology,
practical barriers may make women more resistant to change
at this stage of the life cycle.

Despite some evidence of increased physical activity,
measures of glucose metabolism were not altered by this
intervention over a three-month period. This was not
unexpected given the small sample size and short duration
of the study, but we noted absolutely no trends in favour
of metabolic improvement. Weight and body composition
were also unchanged. Although early postpartum breast
feeding status did not appear to influence our findings,
the potential importance of breast feeding in longer term
diabetes prevention has also been noted in a recent review
[18].

Alternatively, one could argue in favour of pharmacologic
prevention of progression towards diabetes following GDM,
citing the results of the TRIPOD [5], PIPOD [6], and DPP
[7] studies. However, thiazolidinediones are rapidly disap-
pearing from the pharmacotherapy of type 2 diabetes due to
an unfavourable risk/benefit profile and their potential use
in diabetes prevention appears severely limited. Metformin
was reported to be equally efficacious as an intensive
diet/lifestyle programme in women with previous GDM who
participated in the DPP [7], but this finding relates to much
older women (mean age 46 years at study entry), rather
than those in the early postpartum period. For large scale
intervention, lifestyle measures appear intrinsically more

attractive, though metformin may still deserve consideration
in those struggling to make effective lifestyle changes.

Further research is warranted to improve the physical
activity levels and general health of women with previous
GDM. We suggest that studies combining physical activity
and dietary interventions may potentially offer greater
benefits and we are currently planning such studies, using the
pilot data reported in this paper. We hope that our findings
will also assist other researchers in determining in the design
and conduct of more definitive studies, in particular by
allowing pre hoc power calculations to be performed in a
more robust fashion.
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“Diabetes NetPLAY: a physical activity website and linked
email counselling randomized intervention for individuals
with type 2 diabetes,” International Journal of Behavioral
Nutrition and Physical Activity, vol. 6, article 18, 2009.

[15] D. R. Matthews, J. P. Hosker, and A. S. Rudenski, “Homeostasis
model assessment: insulin resistance and β-cell function from
fasting plasma glucose and insulin concentrations in man,”
Diabetologia, vol. 28, no. 7, pp. 412–419, 1985.

[16] B. S. Fjeldsoe, A. L. Marshall, and Y. D. Miller, “Measurement
properties of the Australian women’s activity survey,” Medicine
and Science in Sports and Exercise, vol. 41, no. 5, pp. 1020–
1033, 2009.

[17] S. S. Bassuk and J. E. Manson, “Physical activity and cardiovas-
cular disease prevention in women: a review of the epidemi-
ologic evidence,” Nutrition, Metabolism and Cardiovascular
Diseases, vol. 20, no. 6, pp. 467–473, 2010.

[18] R. Bentley-Lewis, S. Levkoff, A. Stuebe, and E. W. Seely,
“Gestational diabetes mellitus: postpartum opportunities for
the diagnosis and prevention of type 2 diabetes mellitus,”

Nature Clinical Practice Endocrinology and Metabolism, vol. 4,
no. 10, pp. 552–558, 2008.



Hindawi Publishing Corporation
International Journal of Endocrinology
Volume 2012, Article ID 896736, 5 pages
doi:10.1155/2012/896736

Clinical Study

Fetuin-A Characteristics during and after Pregnancy:
Result from a Case Control Pilot Study

Serdar Farhan,1 Ammon Handisurya,2 Jelena Todoric,2 Andrea Tura,3

Giovanni Pacini,3 Oswald Wagner,4 Katharina Klein,5 Rudolf Jarai,1 Kurt Huber,1

and Alexandra Kautzky-Willer2

1 3rd Department of Medicine, Cardiology and Emergency Medicine, Wilhelminen Hospital, Montleartstrasse 37,
1160 Vienna, Austria

2 Gender Medicine Unit, Division of Endocrinology and Metabolism, Department of Internal Medicine III,
Medical University of Vienna, Vienna, Austria

3 Metabolic Unit, Institute of Biomedical Engineering, National Research Council, Padova, Italy
4 Clinical Institute for Medical and Chemical Laboratory Diagnostic, General Hospital of Vienna, Vienna, Austria
5 Department of Obstetrics and Gynecology, Medical University of Vienna, Vienna, Austria

Correspondence should be addressed to Serdar Farhan, serdarfarhan@yahoo.de

Received 30 October 2011; Accepted 23 January 2012

Academic Editor: Graziano Di Cianni

Copyright © 2012 Serdar Farhan et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. Fetuin-A has been associated with gestational diabetes mellitus (GDM). We investigated fetuin-A levels during and
after pregnancy in women with GDM. Fetuin-A measurements were performed in 10 women with GDM and 10 age and body
mass index (BMI) matched healthy pregnant women. All women underwent an oral glucose tolerance test (OGTT) in and 3
months after gestation. Results. Fasting fetuin-A correlated with BMI in women with former GDM (r = 0.90, P < 0.0001) but
showed no association with parameters of glucose tolerance in women with GDM or post-GDM. GDM featured significantly
lower insulin sensitivity and higher insulin and C-peptide secretion profiles compared to NGT during pregnancy (P < 0.05).
Fasting and postprandial fetuin-A did not differ between groups, neither during nor after pregnancy. Conclusion. Fetuin-A is not
influenced by glucose tolerance during or after pregnancy or acute glucose elevations following glucose ingestion in young women,
but closely relates to BMI early postpartum.

1. Introduction

Fetuin-A is a potent systemic calcification inhibitor [1]. Be-
side this function fetuin-A has been shown to interact with
insulin receptor tyrosine kinase, thereby inducing insulin
resistance in rodents [2, 3]. In cross-sectional human studies,
fetuin-A has been linked to insulin resistance and metabolic
syndrome [4]. Furthermore fetuin-A has been linked to
incident diabetes mellitus in the Health ABC study [5].
Stefan et al. were able to demonstrate a relation between
fetuin-A and liver fat accumulation in insulin-resistant sub-
jects [6]. In pregnant women fetuin-A levels were shown to
increase with gestational age [7]. Furthermore women with

gestational diabetes (GDM) display higher levels of fetuin-
A compared to normal glucose tolerant counterparts [7].
However, GDM being regarded as pre-type 2 diabetes may
comprise a very heterogeneous group of women of different
ethnicity and with varying degree of obesity. Therefore, in-
vestigating fetuin-A behavior in women with GDM may
provide a possibility to further elucidate the role of fetuin-
A in early stages of diabetes mellitus. Therefore we aimed to
investigate the role of acute glucose ingestion during a stand-
ardized oral glucose tolerance test (OGTT) on plasma fetuin-
A levels in a homogeneous group of European young nor-
mal-weight to moderately overweight women with and
without GDM during as well as after partum.
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2. Methods

The study was performed as a case-control study. Women
with GDM were recruited consecutively from the Depart-
ment of Obstetrics and Gynecology of the Medical University
of Vienna. Those who gave informed consent underwent a
2 h oral glucose tolerance test (OGTT). Data from 10 women
with GDM and 10 women with NGT during pregnancy (28th
week of gestation), matched for age and BMI in a 1 : 1 ratio,
were analyzed. A second OGTT was performed 10–12 weeks
after delivery. Women with previous ketoacidosis and/or
beta-cell antibodies (GAD, ICA, IA2), severe chronic disease,
kidney or liver disease, and those on chronic medication
of drugs known to influence carbohydrate metabolism were
excluded.

2.1. OGTT. GDM was diagnosed according to the criteria of
the 4th International. Workshop Conference on GDM [8].
After an overnight fast for at least 12 h, blood samples for the
measurement of glucose, insulin, and C-peptide were taken
at baseline as well as at 30, 60, 90, and 120 min after ingestion
of 75 g glucose. Fetuin-A levels were measured at fasting as
well as 30, 60, and 120 minutes after glucose load.

2.2. Plasma Metabolites. Plasma levels of fetuin-A were
measured by an enzyme-linked radioimmunoassay (ELISA)
(Biovendor laboratory medicine, Modreci, Czech republic).
Intra-assay coefficients of variation were 3.5% and interassay
coefficient of variation 5.4%. Glucose, insulin, C-peptide,
glutamate oxalacetat transaminase (GOT), glutamat-pyru-
vat-transaminase (GPT), bilirubin, cholinesterase (CHE),
cholesterol, high-density lipoprotein cholesterol (HDL-c),
low-density lipoprotein cholesterol (LDL-c), triglyceride
(TG), and HbA1c were measured using standard kits avail-
able in our central laboratory.

2.3. Data Analysis. The kinetics of glucose, insulin, and
C-peptide during OGTT were analyzed by quantitative
methods to obtain metabolic parameters, such as insulin sen-
sitivity through oral glucose insulin sensitivity index (OGIS),
which describes glucose clearance per unit change of insulin
concentration [9]. Total insulin secretion (TIS) from C-pep-
tide, its suprabasal component (dynamic TIS), and hepatic
insulin extraction (HIE) were obtained with a mathematical
model of insulin/C-peptide interactions [10, 11]. β-Cell
function was described as the ability of the β-cell to adapt
insulin secretion to the prevailing insulin resistance and
was quantified by the products: OGIS dynamic AUC insulin
(termed disposition index) and OGIS dynamic TIS (termed
adaptation index), where AUC is the area under the insulin
concentration curve during the whole test.

2.4. Statistical Analysis. Comparisons of quantitative vari-
ables among groups were performed using Student’s t-test.
Associations between continuous variables are described by
the Spearman correlation coefficient. Levels of statistical sig-
nificance were set at P < 0.05.

3. Results

Women with and without GDM were comparable in terms of
their medical history. There were also no differences in bas-
eline as well as 3 months postpartum laboratory parameters
of lipoproteins and liver enzymes (Table 1). During gestation
women with GDM displayed significant higher fasting insu-
lin, C-peptide, and AUC of both parameters during OGTT.
OGIS was significantly lower in women with GDM com-
pared to those with NGT (Table 1) and Figure 1(a).

Three months after delivery, 3 women from the GDM
group had a pathologic glucose tolerance status and the
remaining 7 returned to normal glucose values. Insulin and
C-peptide secretion profiles were still higher in women from
the former GDM compared to NGT group but without
reaching statistical significance (Table 1). Also OGIS were
still lower in the former GDM group compared to women
with NGT without statistical significance (Table 1) and
Figure 1(b).

Fasting and postprandial fetuin-A plasma levels did not
differ between women with GDM and NGT during as well as
3 months after pregnancy (Table 1). During pregnancy there
were no correlations between fetuin-A plasma levels and
parameters of insulin resistance and secretion. Three months
after gestation there was significant correlation between
fasting fetuin-A and BMI (r = 0.90, P < 0.0001) in women
with former GDM (Figure 2). There were no correlations
between fetuin-A plasma concentrations and GOT, GPT, or
bilirubin.

4. Discussion

In the present study we found that fetuin-A plasma levels did
not differ between women with and without GDM even
when measured during as well as after pregnancy. Addition-
ally we found that fetuin-A was not affected by acute glucose
ingestion both during as well as after gestation. Interestingly
we found that fetuin-A did not correlate with parameters
of obesity and insulin resistance during pregnancy. However
three months after gestation there was a strong correlation
between fasting fetuin-A and BMI in those from the former
GDM group. One study investigated the relation between
fetuin-A levels and parameters of insulin resistance during
normal pregnancy and in women with GDM [7]. In that
study fetuin-A levels increased during the course of uncom-
plicated gestation [7]. Additionally women with GDM had
significantly higher fetuin-A levels compared to healthy
pregnant women [7]. Furthermore they found a significant
correlation between fetuin-A levels and parameters of insulin
resistance such as fasting C-peptide and C-peptide to glucose
ratio [7]. However the differences between those results and
our findings could be explained by study design and meth-
ods. GDM women in the study of Kabaly et al. were more
obese than subjects in our investigation. Furthermore we
used more sophisticated methods to measure insulin resis-
tance. Under experimental conditions high glucose levels
were able to activate fetuin-A gene promoter [12]. This acti-
vation was dose dependent and occurred after at least 3



International Journal of Endocrinology 3

0 1

NGT GDM

450

400

350

300

250

O
G

IS
 d

u
ri

n
g 

pr
eg

n
an

cy

(a)

600

500

400

300

O
G

IS
 p

os
tp

ar
tu

m

0 1

NGT GDM

(b)

Figure 1: (a) Boxplot of OGIS level (mL min−1 m−2) in women with and without gestational diabetes mellitus during pregnancy (P = 0.001).
(b) Boxplot of OGIS level (mL min−1 m−2) in women with and without gestational diabetes mellitus 3 months after delivery (P = 0.06).

Table 1: Patient’s characteristics and laboratory parameters.

Variable
Third trimester of gestation

P-Value
Three months postpartum

P Value
NGT (n = 10) GDM (n = 10) NGT (n = 10) GDM (n = 10)

BMI (Kg/m2) 27.3± 1.3 28.9± 1.31 0.4 26.5± 1.58 27.9± 1.30 0.5

Age (years) 30.4± 1.7 32± 2.3 0.5 — — —

Parity 1.1± 0.4 2± 1 0.4 — — —

Systolic blood pressure (mmHg) 116.5± 4.2 110± 4.1 0.2 117.6± 2.9 106.4± 4.4 0.05

Diastolic blood pressure (mmHg) 71.5± 2.5 67.7± 2 0.2 73.1± 2.4 65± 2.6 0.04

Total cholesterol (mg/dL) 277.1± 16.4 227.2± 11.6 0.02 204.5± 15.2 203± 10.2 0.9

LDL cholesterol (mg/dL) 159± 14.8 115± 9.1 0.02 129.5± 13 118.4± 6.8 0.4

HDL cholesterol (mg/dL) 75.6± 21.3 69.9± 3.7 0.4 64.7± 6 61.6± 4.5 0.6

Triglycerides (mg/dL) 197.1± 20.2 207± 24.9 0.7 81± 7.5 116.3± 18.7 0.09

HbA1c (%) 4.9± 0.11 4.9± 0.14 0.9 5.2± 0.1 5.3± 0.08 0.5

Cholinesterase () 5.31± 0.71 5.23± 1.39 0.6 7.07± 0.7 7.76± 1.48 0.1

Bilirubin () 0.33± 0.13 0.37± 0.14 0.5 0.7± 0.42 0.48± 0.16 0.1

GOT (U/L) 21.6± 5.1 20.1± 3.9 0.8 26.3± 7.5 26.3± 8.9 0.2

GPT (U/L) 15.8± 6.1 17.1± 7.4 0.4 27± 13.7 40.1± 23.3 0.9

hs-CRP (mg/dL) 0.43± 0.05 2.15± 1.75 0.3 0.29± 0.07 0.21± 0.07 0.5

Fasting glucose (mg/dL) 80.3± 2.3 88.1± 2.6 0.039 82.4± 2.9 92.4± 3.6 0.04

1-hour postload glucose (mg/dL) 135.6± 7.2 186.1± 11.5 0.002 105.3± 8.6 114.1± 13.4 0.6

Fasting insulin secretion (pmol/L) 12.2± 1.6 16.0± 1.81 0.1 7.8± 1.4 11.3± 2.3 0.2

OGIS 434.05± 12 341.51± 19.35 0.001 476.79± 30.23 408.19± 18.72 0.06

Disposition index (nmol/m3) 3.87± 0.44 5.15± 0.50 0.07 2.49± 0.43 3.57± 0.31 0.059

AUC-glucose (mmol/L/min.) 14.21± 0.54 19.28± 0.73 0.0001 14.17± 0.89 17.26± 1.26 0.1

AUC-insulin (nmol/L/min.) 8.93± 0.98 15.7± 2.01 0.007 5.41± 1.08 9.11± 1.15 0.46

AUC-C-peptide (nmol/L/min.) 1016.7± 44.9 1441.3± 137.9 0.009 777.5± 98.9 1131.4± 156.3 0.1

Fasting fetuin-A (ng/mL) 497.5± 64.3 580± 46.4 0.8 560.38± 69.3 571.4± 80.4 0.8

30-min. after load fetuin-A (ng/mL) 453.9± 29.8 549.3± 50 0.5 569.4± 86.1 571.3± 87.2 0.5

60-min. after load fetuin-A (ng/mL) 581± 43.2 513± 42.1 0.7 577.5± 114.1 542.7± 43.8 0.7

120-min. after load fetuin-A (ng/mL) 524.5± 39.9 539.6± 33 0.1 414.8± 48.6 552± 47.6 0.1
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Figure 2: Scatter diagram of the correlation between fasting post-
partum fetuin-A (ng/mL) and body mass index (BMI) (Kg/m2) in
women with history of gestational diabetes mellitus (r = 0.90, P <
0.0001).

hours of incubation [12]. In our study during OGTT fetuin-
A plasma levels remained unchanged. We could not exclude
a late elevation of fetuin-A after OGTT. Further studies with
longer fetuin-A collection time points during OGTT or in-
travenous glucose tolerance test are needed to further in-
vestigate the influence of glucose per se on fetuin-A plasma
concentrations.

However, the fact that even chronic hyperglycemia linked
to GDM did not alter fetuin-A levels argues against a prom-
inent effect of glucose fluctuations/elevation on fetuin-A
release. Fetuin-A has been linked to obesity in a study per-
formed in patients with morbid obesity [13]. In that study,
fetuin-A levels decreased after weight loss due to gastric by-
pass surgery [13]. Another study investigated the relation
between fetuin-A with parameters of insulin resistance and
fatty liver [14]. In that study obese children with and with-
out nonalcoholic fatty liver (NAFL) were compared. The au-
thors found a relation between fetuin-A and NAFL as well as
a reduction in fetuin-A after weight loss [14]. In our study
we did not investigate the presence of NAFL by ultrasound
as recommended. Despite this there were no differences in
hepatic transaminases as well as cholinesterase between
women with and without GDM neither in nor after preg-
nancy. Additionally we found no correlation of fetuin-A with
those liver enzymes (data not presented). Women in our
study were only of moderate obesity as compared to children
from the investigation of Reinher and Roth [14]. Based on
our results and in light of previous findings, it appears that
fetuin-A could be the link between fatty liver disease and
metabolic syndrome. Further investigations in subjects with
obesity with and without NAFL should be performed to fi-
nally evidence a link between fatty liver disease, fetuin-A, and
insulin resistance.

4.1. Study Limitations. First, as we examined a small cohort it
is difficult to translate our findings to the general GDM pop-
ulation. Second the subjects investigated were young females,
which were besides having GDM healthy. Also the mean BMI
of our GDM patients was lower than that of the subjects
investigated by Kalabay et al. [7]. Third we did not investigate
the presence of NAFL by ultrasound examination.

5. Conclusion

Our preliminary study suggests that fetuin-A does not relate
to parameters of insulin sensitivity or metabolic control and
does not seem to play a role in the pathogenesis of GDM. Fur-
thermore acute glucose changes during an OGTT do not af-
fect fetuin-A plasma concentrations both during and after
pregnancy. However preexisting overweight, which may be
masked by pregnancy, related changes in body weight or
weight retention after pregnancy may have a strong impact
on fetuin-A release.
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7 Faculty of Health Sciences, University of Eastern Finland, Kuopio Campus, 70211 Kuopio, Finland

Correspondence should be addressed to Eeva Korpi-Hyövälti, eeva.korpi-hyovalti@epshp.fi
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Women with a history of gestational diabetes mellitus (GDM) are at increased risk for diabetes mellitus but postpartum followup is
problematic for frequent nonattendance. Our aim was to increase coverage of postpartum oral glucose tolerance tests (ppOGTTs)
and examine associated factors. This was a prospective observational study of altogether 266 high-risk women for GDM from
2005 to 2008 in four Finnish municipalities. The groups were as follows: women (n = 54) who had previously participated in
early pregnancy lifestyle intervention study and high-risk women (n = 102) from the same municipalities studied within one-
year after delivery. Furthermore, in two neighboring municipalities nurses were reminded to perform a ppOGTT on high-risk
women (n = 110). The primary outcome was the prevalence of ppOGTT performed and associated factors. Overall the ppOGTT
was performed in 35.7% of women. Only 14.7% of women returned for testing to health care centers, 30.9% after a reminder in
municipalities, and 82.5% to the central hospital, respectively. The most important explaining factor was a special call or reminder
from the central hospital (OR 13.4 (4.6–38.1), P < 0.001). Thus, additional reminders improved communication between primary
care and secondary care and more attention to postpartum oral glucose testing in primary care are of great importance.

1. Introduction

Gestational diabetes mellitus (GDM) implies a substantial
risk of later diabetes. Pregnancy seems to identify women
who are at risk of developing diabetes later in life. In our
study the prevalence of GDM in South Ostrobothnia was
13.0% [1]. About 10% of Finnish women with GDM will
develop diabetes over the next 6 years; nearly half of them
develop type 1 diabetes and the other half type 2 diabetes
[2]. In the meta-analysis of 675,455 women with 10,859 cases
of type 2 diabetes Bellamy found that women who have had
gestational diabetes have at least a sevenfold increased risk of

developing type 2 diabetes mellitus in the future compared
with those who have had a normoglycaemic pregnancy. The
strength of the association between gestational diabetes and
type 2 diabetes and the knowledge that many of the risk
factors (family history of diabetes, raised body-mass index,
increased age, and Asian and black origin) are the same,
suggest that the two disorders might have an overlapping
cause [3].

Recommendations from the International Workshop
Conference of GDM suggest screening at 6 weeks post-
partum using the 75 gram, 2 hour oral glucose tolerance
test (OGTT), which should then be repeated at one-year
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postpartum and then at least every 3 years thereafter [4]. The
postpartum period allows for the identification of women at
high risk for diabetes and provides an important opportunity
for intervention. Type 2 diabetes has been prevented or
delayed by lifestyle intervention not only in randomized
controlled studies [5], but also in the primary health care
setting [6].

Despite the elevated risk for diabetes and recommenda-
tions for close followup, the opportunities for postpartum
screening and intervention are missed. The variation of
screening rate is from 14% in usual care to 60% in a ran-
domized control trial [7]. In a retrospective study a reminder
system of automated orders to physicians and telephone and
e-mail reminder messages to patients improves the coverage
of tested women 50% [8].

GDM strongly predisposes to type 2 diabetes. GDM and
type 2 diabetes also share many of the same risk factors,
suggesting that the two disorders have an overlapping path-
ogenesis [3]. Excessive gestational weight gain is a risk,
factor for short-term postpartum weight retention and thus
overweight in women. In a meta-analysis of >65,000 women
Nehring showed that women with a gestational weight gain
above recommendations retained 3 kg more weight 3 years
postpartum than did those who gained weight within the
recommendations [9]. Therefore, women at a high risk for
GDM are a high-risk group for diabetes, especially if they
have postpartum weight retention.

Our aim in this study was to explore the optimal strat-
egies to increase the amount of postpartum oral glucose
tolerance test (ppOGTT). The primary outcome was the
prevalence of women at high risk for GDM who underwent
an OGTT in the postpartum period in four rural munic-
ipalities. In two municipalities we had our previous early
pregnancy intervention study group women for preventing
GDM [1] and other high-risk women for GDM with
usual care, and in two neighboring municipalities high-risk
women who received a special telephone call for postpartum
glucose testing.

2. Methods

This study was a prospective observational multicenter study
of postpartum glucose screening in 266 women at high risk
for GDM in South Ostrobothnia, Finland. The risk of GDM
was estimated during index pregnancy from Apr 2005 to May
2006. We analyzed data from Apr 2005 to Jan 2008 from
Seinäjoki Central Hospital and four rural municipalities
Kauhajoki, Lapua, Jalasjärvi, and Kurikka.

A database contained clinical, glycemic, and delivery
data of all women from four municipalities in the study
period. The inclusion criteria for this study were at least
one of the follows: (1) BMI >25 kg/m2, (2) birth of child
>4.5 kg, (3) age over 40 years, (4) family history of diabetes
and (5) glucosuria. The risk factors for GDM were reasked
in connection with the ppOGTT at the central hospital
and in the neighboring municipalities. In the usual care
municipalities the information of risk factors was extracted
from the self reported questionnaire in the beginning of
index pregnancy.

We included also our previous early pregnancy lifestyle
intervention study group to the current examination. The
protocol was approved by the ethics committee of South
Ostrobothnia Hospital District in Seinäjoki, Finland. It was
in accordance with Helsinki Declaration. All women partici-
pating in ppOGTT gave written informed consent.

2.1. Diabetes Care during Pregnancy. According to guidelines
in Finland at the time of study, GDM testing was focused
on women with risk factors. Diagnosis of glucose intolerance
was established by 2-h 75-g OGTT performed between 24
and 28 weeks of gestation. In women with a high risk for
diabetes, testing was done in early pregnancy. OGTT testing
was also offered if women had polyhydramnion, macrosomia
or glucosuria later during pregnancy [10]. The GDM
criteria were modified from the World Health Organization
as a fasting plasma glucose ≥5.6 mmol/L or 2 h plasma
glucose ≥7.8 mmol/L [1]. From 1998 onward, the WHO
classified any glucose levels above normal as indicative of
gestational diabetes [11].

The health care nurses gave women counseling about
healthy lifestyle in the beginning of pregnancy. The dietary
and exercise advice were provided both verbally and writing.
Women were advised to stop alcohol intake and smoking.
The nurse in the health care centers had on average 13
appointments with the women during pregnancy.

In the study group a clinical nutritionist gave dietary
advice tailored to each subject individually six times and a
physiotherapist gave exercise advice six times. In the control
group the women were given general information on diet
and physical activity in a single session to decrease the risk
of GDM during pregnancy group [1].

After a diagnosis of GDM women were given instructions
and advised to perform blood glucose monitoring. Insulin
therapy was initiated when fasting capillary plasma glucose
exceeded 5.8 mmol/L and postprandial capillary plasma
glucose was >8.5 mmol/L in the study period.

All the women were followed in maternal health care
in municipalities and all the women gave birth at the
Central Hospital of Seinäjoki. During pregnancy the women
were seen at the central hospital only if fasting capillary
plasma glucose exceeded 5.8 mmol/L or postprandial cap-
illary plasma glucose exceeded 8.5 mmol/L or in the case
of macrosomia, polyhydramnion, lack of compliance, BMI
>30 kg/m2, or some complicating illness.

2.2. Postpartum Testing. Women with GDM requiring in-
sulin were asked to continue glucose testing at home after
discharge. The women with a diagnosis of GDM were
offered an OGTT after one year after delivery based on local
instructions.

The high-risk women who underwent a lifestyle inter-
vention during pregnancy were offered an OGTT at the
central hospital irrespective of whether they developed
GDM. We generated a list of women at high risk for GDM
in two neighboring municipalities, took it to the health care
nurses and advised them to call the women by telephone for
glucose testing in the primary care.
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Table 1: Characteristics of the women at high risk for gestational diabetes mellitus during the index pregnancy.

Characteristics No postpartum glucose screening (n = 171) Postpartum glucose screening (n = 95) P1

Age (years), mean ± SD 30.1± 5.7 30.2± 5.7 0.968

<25 (%) 19.3 (33/171) 18.9 (18/95)

25–35 (%) 63.2 (108/171) 61.1 (58/95)

≥36 (%) 17.5 (30/171) 20.0 (19/95)

Educational status 0.044

Higher education (%) 8.8 (15/171) 26.3 (25/95)

Other education (%) 91.2 (156/171) 73.7 (70/95)

Parity 0.001

Nulliparous (%) 25.1 (43/171) 45.3 (44/95)

Multiparous (%) 74.9 (128/171) 53.7 (51/95)

Body mass index (kg/m2), mean ± SD 28.2± 5.4 26.7± 4.7 0.024

≤25.0 (%) 26.3 (45/171) 38.9 (37/95)

25.1–30.0 (%) 45.0 (77/171) 45.3 (43/95)

30.1–35.0 (%) 19.9 (35/171) 9.5 (9/95)

>35.0 (%) 8.2 (14/171) 6.3 (6/95)

Weight gain (kg), mean ± SD 11.5± 6.5 12.0± 5.8 0.453

≤11.5 (%) 50.9 (87/171) 46.3 (44/95)

11.6–16.0 (%) 26.9 (47/171) 28.4 (27/95)

>16.0 (%) 21.1 (37/171) 24.2 (23/95)

GDM diagnosed (%) 19.9 (34/171) 24.2 (23/95) 0.385

Insulin therapy during pregnancy (%) 6.4 (11/171) 10.5 (10/95) 0.235

Blood sample of newborn for glucose (%) 36.3 (62/171) 48.4 (46/95) 0.049

Risk factors for GDM

BMI >25 (kg/m2) (%) 78.9 (135/171) 67.4 (64/95) 0.037

Previous birth of child >4.5 kg (%) 5.3 (9/171) 1.1 (1/95) 0.102

Age >40 years (%) 3.5 (6/171) 3.2 (3/95) 1.000

Previous history of GDM (%) 18.1 (31/171) 14.7 (14/95) 0.480

Family history of diabetes (%) 18.1 (31/171) 52.6 (50/95) <0.001

Special call for OGTT (%) 49.1 (84/171) 83.2 (79/95) <0.001
1
P values (two sided): χ2 test or Mann-Whitney U-test.

A 75 g 2 h oral glucose tolerance test after overnight
fasting for 12 hour was performed one year post partum.
Diabetes was diagnosed by either fasting venous plasma glu-
cose≥7.0 mmol/L or 2 h value≥11.1 mmol/L, impaired fast-
ing glucose (IFG) tolerance by fasting glucose ≥6.1 mmol/L
and impaired glucose tolerance (IGT) by 2-h glucose
≥7.8 mmol/L and <11.1 mmol/L.

2.3. Data Collection and Statistical Analysis. Antenatal mater-
nal clinical, glycemic, delivery, neonatal, and ppOGTT data
were derived from the database of the central hospital and
the health care centers. Variables considered as potentially
predictive for a participation in the ppOGTT were analyzed
with the statistical package SPSS 19.0 (SPSS, Chicago, IL,
USA). Data are presented as numbers and proportion for
categorical variables or as means ± SD for continuous
variables, respectively. A χ2 test or two-sided Mann-Whitney
U-test was used to test for differences between women
who participated in the ppOGTT and those who did not.
Differences with P < 0.05 were regarded as statistically sig-
nificant. A multivariable logistic regression model was used

to evaluate the association between participation in the pp-
OGTT and demographic factors, anthropometric and clini-
cal risk factors and special call for ppOGTT. Results for each
risk factor are presented as odds ratios (ORs) with 95% CI.

3. Results

The baseline characteristics of the 266 women at high risk
for GDM are seen in Table 1. The women in the lifestyle
intervention study group (n = 54) were thinner (P = 0.040),
they were more often nulliparous (P = 0.001) and more
frequently had a family history of diabetes (P = 0.005) than
the other women at a high risk for GDM (n = 212). During
pregnancy GDM was diagnosed in fewer women (P = 0.005)
in the lifestyle intervention group (P = 0.010) than in the
other high-risk women (data not shown). Otherwise there
were no differences on tested baseline variables between the
lifestyle intervention group and other risk women for GDM
in four municipalities.

Women who underwent ppOGTT were more likely to
have received a telephone call from the central hospital to
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Figure 1: The flowchart of postprandial glucose screening in women at high risk for gestational diabetes mellitus.1GDM: gestational diabetes
mellitus, 2BMI: body mass index, 3OGTT: oral glucose tolerance test, 4DM: diabetes mellitus, 5IFG: impaired fasting glucose, 6IGT: impaired
glucose tolerance.

remind about the OGTT than women who did not undergo
testing (83.2% (79/95) and 49.1% (84/171), respectively,
P < 0.001). The women in the lifestyle intervention study
group returned for testing significantly more often than the
other women at high risk for GDM, adjusted OR 2.5 (5.4–
29.5), P < 0.001. The overall return rate for postpartum
testing in women was 35.7% (95/266). In the usual care
in the two municipalities in which no reminder call was
made the return rate was lowest 14.5% (15/102), 30.9%
(34/110) for those receiving the reminder call and in the
lifestyle intervention study group 85.2% (46/54) (Figure 1).
All of the women who participated in postpartum testing also
had OGTT during pregnancy. In the lifestyle intervention
study group, 6 women were pregnant again, one had moved
away, and one was not willing to undergo testing. In the
reminder group 7 women were pregnant, and 68 women
refused testing for professional or child care reasons or most
because of unknown problems. In the usual care group the
reasons could not be assessed.

We tested age, educational status, parity, BMI, weight
gain during pregnancy, GDM diagnosed during pregnancy,
blood sample of newborn for glucose and risk factors for
GDM (BMI >25 kg/m2, previous birth of child >4.5 kg,
age >40 years, previous history of GDM and family history
of diabetes), and special call for ppOGTT. In univariable
analysis unadjusted nulliparous women, women with normal
weight and higher education returned more often for glucose
testing (Table 1).

The most important explanatory factor was the reminder
telephone call for testing either at the central hospital or
reminding from the central hospital to the care providers in
the health care centers (adjusted OR 13.4 (4.6–38.1), P <
0.001). Another statistically significant risk factor was family
history of diabetes, (adjusted OR 5.1 (2.1–12.2), P < 0.001)
(Table 2).

Fourteen women (8.2%) had abnormal glucose toler-
ance: 3 had DM-, 4 had IGT- and 7 had IFG. Two women
out of 4 with IGT diagnosis and one woman out of 7 with

IFG-diagnosis had normal glucose tolerance during preg-
nancy. One woman was obese, BMI 40 kg/m2 and she had
2 kg of weight retention postpartum, the other had 8.5 kg of
weight retention and the third 6 kg.

4. Discussion

GDM is a significant risk factor for the development of
diabetes. Early identification of women at high risk for
diabetes is critical to prevent or delay onset of diabetes.
However, in the real world the opportunities for postpartum
screening and intervention are frequently missed. In the
present study the inclusion criteria were BMI >25 kg/m2,
birth of child >4.5 kg, age over 40 years, family history of
diabetes and glucosuria. In the usual care in the health
care centers, the testing rate was only 14.5%. The return
rate was doubled (30.9%) in municipalities in which health
professionals from the central hospital reminded the nurses
in health care centers to call the high-risk women for
glucose testing. The return rate for postpartum testing of
women at high risk for GDM was highest (85.2%) in those
who participated in the lifestyle intervention study group.
Thus a simple reminder from the central hospital was the
most important factor explaining better compliance with
ppOGTT. To our knowledge there are no earlier reports
of postpartum testing women with risk factors for GDM
without GDM diagnosis.

The overall return rate for postpartum testing was 35.7%
(14.5%, the usual care; 30.9%, after the reminder call; 82.5%,
the study group) in the current study. The frequency of
follow-up with an OGTT was 33.7% in a retrospective cohort
study of women with previous GDM (n = 745) in New York
[12]. The overall return rate was 51.1% (79.6%, Kiel; 65.0%,
Bonn; 23.4%, Berlin) in a German prospective multicenter
study of 605 women with GDM [13]. In the Canadian study
the postpartum reminding system doubled screening rate
from 14% to 28% in the usual care [7]. This result is in
accordance with our study. All the Canadian women had
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Table 2: Multivariable logistic regression model predicting post-
partum glucose screening among women at high risk for gestational
diabetes mellitus.

Odds ratio (95% CI)1 P

Age (years)

<25 1.00

25–35 0.73 (0.25–2.15) 0.571

>35 0.75 (0.19–2.98) 0.684

Educational status

Other education 1.00

Higher education 0.65 (0.25–1.73) 0.393

Parity

Nulliparous 1.00

Multiparous 0.51 (0.20–1.27) 0.149

Body mass index (kg/m2)

≤25.0 1.00

25.1–30.0 1.07 (0.18–6.36) 0.941

30.1–35.0 1.79 (0.25–12.86) 0.564

>35.0 1.67 (0.19–14.83) 0.646

Weight gain during pregnancy

≤11.5 1.00

11.6–16.0 0.71 (0.27–1.89) 0.491

>16.1 0.67 (0.23–1.92) 0.454

GDM diagnosed during index
pregnancy

2.23 (0.54–9.26) 0.269

Insulin therapy during index
pregnancy

1.31 (0.19–9.12) 0.782

Blood sample of newborn for
glucose

1.30 (0.57–2.97) 0.536

Risk factors for GDM

BMI >25 (kg/m2) 0.99 (0.29–3.36) 0.989

Previous birth of child >4.5 kg 0.21 (0.01–3.09) 0.256

Age >40 years 0.95 (0.13–7.06) 0.961

Previous history of GDM 1.63 (0.48–5.52) 0.435

Family history of diabetes 5.09 (2.13–12.12) <0.001

Special call for OGTT 13.4 (4.64–38.1) <0.001
1
Adjusted odds ratios (ORs), and their 95% confidence intervals (CIs) and

P values.

GDM, whereas in our study 21.4% (57/266) had GDM, and
the rest were at high risk for GDM. However, 42% (11/26)
of those women who had GDM returned for glucose testing
in usual care. All (4/4) of the women with GDM who had
undergone in the lifestyle intervention and 33% (9/27) of the
women with GDM who were given a reminder telephone call
took a postpartum OGTT. It is worth noting that 2 women
with IGT and one woman with IFG had normal glucose
tolerance during pregnancy. One woman was morbidly obese
and the rest had excessive weight retention one year after
pregnancy. Gestational diabetes and type 2 diabetes have
the same risk factors, and overweight and weight retention

after index pregnancy also seems to be important predictive
factors for impaired postpartum glucose tolerance.

Hunt has identified in a prospective cohort study of 707
women several factors associated with postpartum screening:
fewer children, lower fasting blood glucose levels at GDM
diagnosis, and no insulin treatment in pregnancy [14]. Thus
the women who returned for postpartum glucose screening
had less severe GDM than women who failed to return.
The same tendency was observed also in the current study:
over half (58% 33/57) of women with GDM and (57%
12/21) of women with insulin therapy did not attend for
testing. In an observational German study Schaefer-Graf
examined the association between an abnormal postpartum
OGTT and four risk factors: body mass index ≥30 kg/m2,
gestational age at diagnosis <24 weeks, 1 h antenatal glucose
value >11.1 mmol/L and insulin therapy. Women with two or
more risk factors had a high risk for an abnormal ppOGTT,
and 86% of postpartum diabetes was diagnosed within this
group [13].

Even though clinicians are aware that women with GDM
are at high risk of developing type 2 diabetes they do not
routinely screen patients. Providers identified poor commu-
nication between primary care providers and obstetric and
gynecology care providers as a major barrier to screening
[15]. The current study and the other reminding system
studies [7, 16, 17] shows that we have other barriers as
well. Feelings of emotional stress due to adjusting to a baby
and the fear of receiving a diagnosis of diabetes at the visit
were identified as key barriers in a small interview study
of 22 women [16]. Child care availability and desire for
checkup were among the key facilitators to screening. The
fear of receiving a diagnosis of diabetes may have explained
in the current study why overweight, multiparous and less
educated women frequently did not attend. This may also be
a reflection of a “healthy cohort” effect, in which individuals
who are more health-conscious are more likely to seek
treatment or followup. On the other hand guidance during
pregnancy in the intervention group seems to increase the
likelihood for postpartum testing.

One of the strengths of this study is that it was performed
in a community-based setting in a rural area. This is the
first study where the women with risk factors for GDM were
called for postpartum glucose testing. The limitation of this
study is the small number of women. The Electrical Medical
Record (EMR) covers now the study area and improves
the possibilities for expanding the system of reminding
by telephone. Timing the testing six months after delivery
when breastfeeding is finished and child care organized may
remove barriers.

5. Conclusion

We should improve the communication between primary
care providers and obstetrics and gynecology care providers
and endocrinologists and develop a reminding system for
primary care. A lifestyle intervention during pregnancy and
the knowledge that diabetes can be prevented may encourage
the women to participate in postpartum testing.
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Aims. Antenatal dexamethasone administration for fetal lung development may impair maternal glucose tolerance. In this study,
we investigated whether glucose and insulin levels differed among singleton and twin pregnancies and pregnancies with impaired
glucose tolerance (IGT) after treatment with dexamethasone. Methods. Singleton pregnancies, twin pregnancies, and pregnancies
with IGT between 28 and 33 weeks of gestation whose mothers were treated with dexamethasone were enrolled in this study.
Exclusion criteria included gestational hypertension, diabetes, renal disorders, and infectious diseases. The fasting plasma glucose
and insulin levels were checked before administration and 24 h, 48 h, and 72 h after treatment was completed. Results. Mean
glucose levels were significantly higher in the twin pregnancy and IGT groups at 24 h and 48 h after the administration of
dexamethasone than those in the singleton pregnancy group (P < 0.05). Although there was no significant difference in glucose
levels before administration and 72 h after dexamethasone administration among the three groups, insulin levels in the IGT
group were significantly higher (P < 0.05). Insulin levels in the singleton pregnancy group at 24 h and 48 h after treatment were
significantly lower than in the twin and IGT groups. Conclusion. The effects on maternal fasting blood glucose and insulin levels
of dexamethasone administrated to promote fetal lung maturation correlated with embryo number and the presence of IGT.

1. Introduction

The most common cause of deaths among preterm babies
is respiratory distress syndrome (RDS); antenatal corti-
costeroid (ACS) treatment for pregnant women at risk
of preterm birth is an established intervention for the
prevention of RDS. Liggins and Howie first described this
indication in 1972, when they demonstrated that ACS could
reduce the risk of neonatal RDS from 25.8% to 9.0%,
and the rate of neonatal mortality dropped from 15.0% to
3.2% [1, 2]. In 1994, a National Institutes of Health (NIH)
consensus conference recommended that women at risk of
preterm birth before 34 weeks of gestation, who delivered
within 7 days, should routinely be given a course of ACS
[3]. Since then, the incidence and mortality rates of RDS,
intraventricular hemorrhage, and necrotizing enterocolitis in
preterm infants have been significantly reduced.

However, corticosteroid therapy has some adverse mater-
nal effects, including adrenal suppression and altered glu-
cose tolerance [4]. Mathiesen [5] reported that diabetic

mothers receiving glucocorticoid treatment for fetal lung
maturation may have poor glycemic control and need to
adjust insulin usage. To what extend short-term use of
corticosteroids for fetal lung maturation affects fasting blood
glucose and insulin levels in normal singleton pregnancies,
normal twin pregnancies, and IGT pregnancies who do not
require insulin treatment is still uncertain. In this study, we
investigated whether glucose and insulin levels differ after
the administration of dexamethasone among singleton and
twin pregnancies and in pregnancies with impaired glucose
tolerance (IGT) [6].

2. Materials and Methods

Fifty-six women aged between 25 and 35 years old who
received dexamethasone therapy for fetal lung maturation
between 28 and 33 weeks of gestation at the Women’s
Hospital School of the Medicine Zhejiang University from
Jan 2009 to Jan 2011 were recruited into this study. All of
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Table 1: Demographic characteristics (x ± s).

Group Number of
people

Age (years)
Gestational
age (weeks)

BMI

I 22 27.1± 4.2 30.4± 3.1 22.4± 3.2

II 18 29.3± 2.8 31.2± 2.4 21.7± 2.9

III 16 27.2± 3.4 32.8± 2.7 23.4± 2.8

them had received oral glucose tolerance test (OGTT) [6]
between 24 and 28 weeks to screen for gestational diabetes.
Exclusion criteria included gestational hypertension, dia-
betes, renal disorders, and infectious diseases. Patients were
divided into three groups: group I (singleton pregnancies)
22 people, group II (twin pregnancies) 18 people, and group
III (singleton pregnancies with IGT) 16 people. All of the
women gave their informed consent prior to inclusion into
the study, which was approved by the Ethics Committee of
Zhejiang University.

Dexamethasone usage was according to the Guideline
by Obstetrics group of Chinese Medical Association [7];
the women with singleton pregnancies received four doses
of 5 mg dexamethasone intramuscularly every 12 h; women
with twin pregnancies received six doses of 5 mg dexametha-
sone intramuscularly every 8 h. Fasting blood samples were
collected before the dexamethasone therapy was commenced
in the morning and 24 h, 48 h, and 72 h after treatment
was completed. Plasma glucose and insulin levels were then
detected.

SPSS 11.5 statistical software was used for statistical
analysis. All data were expressed as mean ± standard
deviation. The F-test was used to determine statistically
significant differences between the groups. A P value of <0.05
was considered to be statistically significant.

3. Results

There was no significant difference in terms of age, ges-
tational weeks, and prepregnancy body mass index (BMI;
Table 1). The blood glucose level in group I was significantly
lower than that in groups II and III 24 h and 48 h after
dexamethasone therapy was started (P < 0.01). However,
there was no significant difference before treatment was
started and 72 h after treatment (P > 0.05; Table 2). The
insulin level in group III was significantly higher than that in
groups I and II before treatment was started and 72 h after
treatment (P < 0.05); 24 h and 48 h after dexamethasone
therapy, the insulin levels in group I were significantly lower
than those in groups II and III (P < 0.01). There was no
difference in the insulin level between groups II and III (P >
0.05; Table 3).

4. Discussion

In this study, we found that the fasting blood glucose levels
24 h and 48 h after the first injection of dexamethasone in
groups II and III were significantly higher than those in
group I (P < 0.01), but the difference of blood glucose

Table 2: Blood glucose levels before and after dexamethasone
therapy (x ± s mmol/L).

Group Before treatment 24 h 48 h 72 h

I 4.1± 1.9 5.3± 2.2∗ 5.4± 1.6∗ 4.9± 2.1

II 3.8± 2.2 6.9± 2.5 7.3± 1.9 4.7± 1.9

III 4.2± .4 7.3± 2.4 8.1± 3.1 5.2± 2.1
∗

Group I compared with group II and group III, ∗P < 0.01.

Table 3: Blood insulin levels before and after dexamethasone
therapy (x ± s mmol/L).

Group Before
treatment

24 h 48 h 72 h

I 8.4± 2.1
45.3±
17.2∗∗

56.2±
21.4∗∗

6.1± 2.8

II 9.0± 3.2 68.8± 21.5 98.3± 31.9 8.2± 3.0

III 19.2± 3.4∗ 76.9± 22.4 106.1± 33.1 20.2± 4.4∗
∗

Group III compared with group I and group II, ∗P < 0.05; ∗∗group I
compared with group II and group III, ∗∗P < 0.01.

levels among all three groups either before treatment or
72 h afterwards was not significant. Since the biologic half-
life of dexamethasone is approximately 36 h to 54 h [8],
this indicates that blood glucose levels elevation in groups
II and III were consistent with elevated concentration of
dexamethasone after injection.

In twin pregnancies, perhaps due to the enlarged pla-
centa, more insulin antagonistic hormones are secreted,
such as glucocorticoids, placental lactogen, progesterone,
estrogen, and others. In IGT women, exceed insulins were
secreted to maintain normal glucose levels although the
baseline blood glucose level in groups II and III in our study
was within the normal reference range before dexamethasone
administration. In these groups, insulin secretion by the
pancreatic β-cells was in a “full load” state due to the
increased levels of insulin antagonistic hormones. After
dexamethasone was given to promote fetal lung matura-
tion, insulin resistance increased, which meant that β-cell
secretion was not sufficient to offset the insulin antagonistic
hormones. This was the most likely mechanism that led to
the resultant hyperglycemia.

Determination of insulin levels before and after dex-
amethasone injection showed that the insulin levels before
and 72 h after the injections in group III were significantly
greater than those of groups I and II, which indicated an
increased absolute insulin value and an insulin resistance
state in women with IGT. The blood glucose and the insulin
levels 24 h and 48 h after dexamethasone administration
in groups II and III were both synchronized with the
corresponding values in group I. Foglia et al. [9] have sug-
gested that dexamethasone has different effect on maternal
glucose levels in twin and singleton pregnancies. Within
24 h of the first corticosteroid injection, twin pregnancies
had a higher average maternal glucose levels than singleton
pregnancies. This may be due to a higher rate of abnormal
glucose tolerance in mothers with twin pregnancies than
singleton pregnancies. In addition, Yang et al. [10] found that
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the use of dexamethasone in the final trimester of pregnancy
could increase insulin resistance. Pregnant women with
normal glucose tolerance have normal pancreatic islet β-cell
function. Insulin secretion is increased through enhance-
ment of pancreatic islet β-cell function. Consequently, the
antagonistic effect of dexamethasone is ameliorated, so that
blood glucose levels remain within a normal narrow range.
However, the insulin secretion of pregnant women with
IGT is significantly increased under normal circumstances.
After the administration of dexamethasone, these women are
unable to compensate for the action of corticosteroids by
enhancing islet β-cell function, which results in the increased
blood glucose levels.

In conclusion, promoting fetal lung maturation with
dexamethasone affects maternal glucose metabolism. The
degree of modification of the maternal fasting plasma glucose
and insulin levels is correlated with the basic maternal
glucose metabolic situation and may correlated with twin
pregnancy status. Consequently, blood glucose levels of twin
pregnancies and those with impaired glucose metabolism
should be closely monitored during the use of dexametha-
sone for fetal lung maturation.
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The prevalence of gestational diabetes mellitus (GDM) in the developed world has increased at an alarming rate over the last few
decades. GDM has been shown to be associated with postpartum diabetes, insulin resistance, hypertension, and dyslipidemia. A
history of previous GDM (pGDM), associated or not with any of these metabolic abnormalities, can increase the risk of developing
not only type 2 diabetes mellitus but also cardiovascular disease (CVD) independent of a diagnosis of type 2 diabetes later in life.
In this paper we discuss the relationship among inflammatory markers, metabolic abnormalities, and vascular dysfunction in
women with pGDM. We also review the current knowledge on metabolic modifications occurring in normal pregnancy and the
link between alterations of a normal metabolic state with the long-term maternal complications that may result in increased CVD
risk. Our review of studies on pGDM prompts us to recommend that these women be considered a population at risk for later
CVD events, which however could be avoided via the use of specially designed follow-up programs in the future.

1. Introduction

Gestational diabetes mellitus (GDM) is any degree of glucose
intolerance with onset or first recognition during pregnan-
cy [1, 2]. In early gestation fasting blood glucose is lower
and insulin sensitivity decreases slightly. This is followed by
progressively increasing insulin resistance in the second and
third trimesters with a borderline increase of insulin produc-
tion or hyperinsulinemia. Furthermore, insulin resistance
occurs as a result of placental hormones that antagonize
insulin, estrogen, progesterone, human placental lactogen
(HPL), human placental growth hormone, cortisol, pro-
lactin, and tumor necrosis factor-alpha (TNF-α) [3]. The
above different pathophysiologic mechanisms accompanying
pregnancy result in metabolic changes that allow for higher
postprandial maternal glucose. Pregnancy is a hyperinsuline-
mic state which may develop into impaired glucose tolerance
if insulin secretion is unable to compensate for pregnancy-
associated insulin resistance [3–5].

The condition of GDM is a state of chronic low-
grade subclinical inflammation characterized by abnormal
production of cytokine and mediators and activation of
a network of inflammatory signaling pathways. Although
the characteristic of GDM is insulin resistance, the exact
mechanism involved in this process is still unknown. The
increased insulin resistance during pregnancy has been,
as just described, attributed to cortisol and gestational
hormones, but more recent data have shown that cytokines
may also be involved in this process [6]. The most significant
maternal risk is that of development of metabolic syndrome
characterized by central obesity, dyslipidemia, and insulin
resistance, which predispose to increased risk for coronary
artery disease, stroke, and type 2 diabetes later in life [7–11].

The incidence of type 2 diabetes in women with previous
GDM (pGDM) who were examined six weeks to 28 years
postpartum was estimated to range from 2.6% to 70%
[12, 13]. Other researchers found that women with pGDM
have a 18–50% risk of developing type 2 diabetes mellitus
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Figure 1: Metabolic status during pregnancy and pGDM may result
in outcomes later in life like metabolic abnormalities, DMII, CVD,
and DMII + CVD as it is shown following the arrows.

within 5 years following pregnancy [14–17], and diabetes
is an established risk factor for CVD [18, 19]. In addition,
women with a history of GDM are at increased risk of other
cardiovascular risk factors, such as obesity, hypertension,
dyslipidemia, and subclinical atherosclerosis [20–22]. It is
unclear whether women with a history of GDM who do
not subsequently develop type 2 diabetes mellitus are also
at an increased CVD risk in the future. The metabolic
abnormalities which accompany GDM preceding type 2
diabetes and which remain in effect during the natural course
of the disease place women at high risk for CVD [23].

In this paper we review the interrelationship among
inflammatory markers, metabolic abnormalities, and endo-
thelium dysfunction in pGDM and discuss whether these
women could be considered at risk for cardiovascular disease
later in life. Based on the small amount of existing literature,
we discuss the inflammatory and metabolic abnormalities
underlying the status of pGDM and the potential that endo-
thelial dysfunction is a marker of future CVD risk. To our
knowledge, this is the first paper presented in the literature
dealing with markers of CVD risk in women with a history
of gestational diabetes.

2. Surrogate Markers of
Increased Cardiovascular Risk

Although the majority of women with GDM return to nor-
mal glucose tolerance after delivery, they remain, as a group,
at substantially increased risk of developing type 2 diabetes
in later life, a known condition that leads to an increased risk
for CVD [24].

Inflammation may contribute to atherosclerosis by a va-
riety of mechanisms depending on the stage of the disease.
Circulating markers of systemic inflammation have been
shown to predict future CVD [25]. These markers include C-
reactive protein (CRP), proinflammatory cytokines such as
interleukin-6 (IL-6), and soluble adhesion molecules. Most
attention has been focused on CRP which, along with IL-6,

has been revealed in large prospective studies to be a
consistent predictor of future cardiovascular events [26, 27].

Epidemiological and experimental studies have estab-
lished the association of markers of subclinical inflamma-
tion with CVD, type 2 diabetes, and metabolic syndrome
(Figure 1). Pregnancy is a hyperinsulinemic state in which
the increased insulin resistance during pregnancy may be
attributed not only to gestational hormones but also possibly
to cytokines, which, as mentioned in Section 1, may play
a role [28–30]. Increased levels of inflammatory markers
such as CRP, plasminogen activator inhibitor-1 (PAI-1),
and IL-6 are predictors of future establishment of type 2
diabetes and CVD [31–34]. Adiponectin, a peptide with anti-
inflammatory properties, has in some studies been associated
with a decreased risk of type 2 diabetes and CVD [35, 36].

Markers of endothelial dysfunction, like circulating levels
of E-selectin, vascular adhesion molecule-1 (VCAM-1),
intercellular adhesion molecule 1 (ICAM-1), as well as
inflammatory parameters like CRP and IL-6, have been
reported to be associated with CVD in several studies
[37–42]. Furthermore, the adhesion molecules E-selectin,
VCAM-1, and ICAM-1 are thought to play a major role in
the pathogenesis of vascular disease [6]. These molecules
are markers of endothelial dysfunction and are expressed on
the endothelial wall in response to inflammatory mediators.
They contribute to the formation of atherosclerotic plaques
and can be detected in soluble form in the circulation
[43]. More reliable, and thus of great interest, are the
measurements of carotid intima media thickness (IMT)
and flow-mediated vasodilatation (FMD). Both indexes have
been used in epidemiological studies as surrogate markers
of early atherosclerosis. Carotid IMT increases with age, is
correlated with cardiovascular risk factors, and identifies
subjects at increased risk of severe coronary artery disease
and cardiovascular morbidity [37]. Intima media thickness
(IMT) is an ultrasound marker of CVD risk. Heiss et al.
in their study found positive relation of this marker to
cardiovascular risk factors and CVD risk [44].

Mediators of inflammation may exert pathologic action
by inducing vascular dysfunction, thus leading to many
of the diverse effects of the insulin resistance condition,
like hypertension, dyslipidemia, and impaired fibrinolysis
[62]. Insulin resistance has been associated with impaired
endothelial function, which interacts with coagulation
and hypofibrinolysis [63, 64], while hypofibrinolysis and
procoagulant activity are linked with increased risk for
cardiovascular events (Table 1). It is of note that raised
levels of circulating inhibitors of the fibrinolytic system
have been observed in patients with insulin resistance [64].
Plasminogen activator inhibitor-1 (PAI-1) is elevated in a
variety of clinical situations that are associated with insulin
resistance and cardiovascular disorders [65].

Osteoprotegerin (OPG) is a glycoprotein, a soluble mem-
ber of the tumor necrosis factor (TNF) receptor superfamily,
which inhibits receptor activator of nuclear-factor-κB-ligand
(RANKL-) mediated osteoclastic bone resorption [66]. It
has been reported to be expressed in the arterial wall [67].
Elevated serum OPG levels have been found to be associated
with atherosclerosis [68].
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Table 1: Markers of increased CVD risk in normoglycemic women with GDM or pGDM.

Authors Number of subjects Months/years postpartum Markers of CVD risk

Kousta et al., 2003 [45] 78 3 years
↑ Insulin resistance
↑ lipidemia

Anastasiou et al., 1998 [46] 68 3–6 months ↓ FMD

Hu et al., 1998 [47] 37 2–4 years
↓ Acetylcholine induced

vasodilatation

Knock et al., 1997 [48] 32 During cesarean section
↑ Vascular pathology, vessel

myography

Paradisi et al., 2002 [49] 38 During GDM pregnancy ↓ FMD

Heitritter et al., 2005 [50] 48 1 year ↓ Adiponectin

Winzer et al., 2004 [51] 108 3 months ↓ Adiponectin

Bo et al., 2007 [52] 195 6-7 years
↑ E-selectin
↑ ICAM-1
↑ IMT

Thomaseth et al., 1997 [53] 10 1 year
↑ E-selectin
↑ VCAM-1

Lawrence et al., 2002 [54] 265 recent GDM ≈ E-selectin

Kautzky-Willer et al., 1997 [55] 41 3 months
↑ E-selectin
↑ VCAM-1

Shah et al., 2008 [56] 89.500 p GDM ↑ CVD events

Akinci et al., 2008 [57] 76 p GDM
↑ OPG
↑ IMT

Akinci et al., 2011 [58] 195 3 years ↑ OPG

Banerjee et al., 2011 [59] 29 2 years
↑ Vascular pathology, vessel

myography

Farhan et al., 2006 [60] 70 recent GDM ↑ PAI-1

Madarász et al., 2009 [61] 107 4 years
↑ CVD risk factors, disturbed
carbohydrate metabolism

Vessel stiffness measured by arterial tonometry is asso-
ciated with endothelial dysfunction and increased CVD risk
[69, 70].

3. Studies in pGDM Women for Identification of
the Risk of Cardiovascular Complications

The study of women in the pGDM state serves as a
model for the detection of early metabolic abnormalities.
Normoglycemic women with pGDM have increased insulin
resistance and decreased endothelium-dependent vasodi-
latation when compared with women who had uncompli-
cated pregnancies [45, 46]. During the first 3–6 months
postpartum, women with pGDM had impaired endothelial
function assessed by FMD, this tending to confirm the
assumption that glucose metabolism derangement is closely
related to vascular dysfunction [46]. A cross-sectional study
showed that 2–4 years after the postpartum period, pGDM
had impaired acetylcholine-induced skin vasodilatation in
hand and foot, as assessed by laser Doppler flow, when
compared with normal controls [47]. Two cohort studies
have reported signs of vascular endothelial dysfunction in
vitro and in vivo during pregnancies complicated by GDM.
The first study evaluated vascular endothelial function in

small subcutaneous arteries dissected from biopsies obtained
at cesarean section using vessel myograph and the second
during pregnancy with impaired glucose tolerance and
gestational diabetes mellitus assessing brachial artery FMD
[48, 49].

Heitritter et al. compared biochemical and hemody-
namic surrogate markers of CVD in nondiabetic women with
and without a history of GDM who were at least one year
postpartum and concluded that nondiabetic women with
pGDM have evidence of subclinical inflammation, hypoad-
iponectinemia, and early vascular dysfunction and may be
at increased risk of developing CVD [50]. Lower plasma
adiponectin concentrations characterize women with pGDM
by contrast to controls, independently of the prevailing
insulin sensitivity or the degree of obesity and are associated
with subclinical inflammation and atherogenic parameters
[51]. Bo et al. showed in their study that pGDM women
had higher values of markers of endothelial dysfunction
and IMT than controls and an increased future CVD risk;
however, few data are available concerning the association
between pGDM and inflammation markers of endothelial
dysfunction [52]. E-selectin and VCAM-1 concentrations
were found to be elevated in a cohort study of women
with pGDM one year after delivery [53]. A larger study
many months postpartum failed to display the same results
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[54]. Kautzky-Willer et al. demonstrated that pGDM was
characterized by persistently raised levels of E-selectin and
VCAM-1 12 weeks after delivery [55]. In a large population-
based study, women who had GDM in pregnancy compared
with controls were at higher risk of CVD events [56].

Akinci et al. observed that OPG serum levels tended to
be elevated in pGDM and moreover reported an association
with carotid IMT, thus showing that osteoprotegerin may
play a role in the pathogenesis of endothelial dysfunction
in these women [57]. Furthermore, a very recent study
conducted by the same group concluded that OPG was
related to CVD risk factors and metabolic syndrome and may
be involved in the development of CVD disorders in pGDM
[58]. Farhan et al. recorded elevated PAI-1 levels in pGDM
[60].

Another study examined the relationship between gly-
cemia during pregnancy and small artery function 2 years
postpartum. In this study subcutaneous arteries from gluteal
fat biopsy were examined as to structure, stiffness, and vaso-
constrictor response using myography. The results showed
that vascular pathology is detectable very early in women at
risk of type 2 diabetes [59]. Studying the prevalence of abnor-
mal glucose tolerance and metabolic syndrome in a cohort
of pGDM, the results demonstrated disturbed carbohydrate
metabolism and a clustering of CVD factors in these women
[61, 71].

Surrogate markers of increased cardiovascular risk in
population-based studies are commonly used in routine
practice. However, though in studies of pGDM markers are
used that link this condition with future CVD risk [72], the
evidence is as yet inadequate for the markers to be applied
in the routine followup of these women. Nevertheless, the
aforementioned studies are promising, as several of these
biochemical and hemodynamic markers may in future prove
to be of great value in follow-up programs, contributing to
reducing the risk in pGDM for cardiovascular morbidities
later in life.

4. Conclusions

It has been shown that women with pGDM are more insulin
resistant than women with normal carbohydrate tolerance
during their pregnancies. Diabetic complications may be in
progress during the phase of insulin resistance in pregnancy
even in the absence of hyperglycemia, while furthermore
there is evidence that pGDM is associated with postpartum
diabetes, insulin resistance, hypertension, and dyslipidemia.
A history of pGDM can increase the risk of developing not
only type 2 diabetes mellitus, which is a major risk factor
for the development of cardiovascular disorders, but also
CVD independent of the presence of type 2 diabetes. Also
mentioned in this paper is the fact that a number of studies
have reported pGDM to be additionally associated with the
increased prevalence of metabolic syndrome, an important
factor of cardiovascular disorders.

Having reviewed the current literature concerning the re-
lationship between inflammatory markers, metabolic abnor-
malities, and vascular dysfunction in pGDM, we proceeded
to evaluate, for the first time to our knowledge, the sum total

of this information for the purpose of seeking to identify
women at future risk. We additionally reviewed the current
knowledge on normal metabolic modifications that occur in
pregnancy and the link between these normal modifications
and the ensuing long-term complications in this group of
women. Based on the evidence related to pGDM, we suggest
that these women be considered at an increased risk for
subsequent cardiovascular morbidity. Identifying women at
increased risk for developing cardiovascular morbidities and,
at a later date, placing them in follow-up programs that
will include the use of established selected markers, has
the potential to substantially hold back their CVD risk
in terms of both, lower incidence and reduced severity of
cardiovascular events later in life.
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bohydrate metabolism and cardiovascular risk factors 4 years
after a pregnancy complicated by gestational diabetes,” Dia-
betes Research and Clinical Practice, vol. 85, no. 2, pp. 197–202,
2009.

[62] J. B. Meigs, F. B. Hu, N. Rifai, and J. E. Manson, “Biomarkers
of Endothelial Dysfunction and Risk of Type 2 Diabetes
Mellitus,” Journal of the American Medical Association, vol. 291,
no. 16, pp. 1978–1986, 2004.

[63] H. Yki-Järvinen, “Insulin resistance and endothelial dysfunc-
tion,” Best Practice and Research: Clinical Endocrinology and
Metabolism, vol. 17, no. 3, pp. 411–430, 2003.

[64] P. J. Grant, “Diabetes mellitus as a prothrombotic condition,”
Journal of Internal Medicine, vol. 262, no. 2, pp. 157–172, 2007.

[65] I. Juhan-Vague and M. C. Alessi, “PAI-1, obesity, insulin
resistance and risk of cardiovascular events,” Thrombosis and
Haemostasis, vol. 78, no. 1, pp. 656–660, 1997.

[66] H. Min, S. Morony, I. Sarosi et al., “Osteoprotegerin reverses
osteoporosis by inhibiting endosteal osteoclasts and prevents
vascular calcification by blocking a process resembling osteo-
clastogenesis,” Journal of Experimental Medicine, vol. 192, no.
4, pp. 463–474, 2000.

[67] C. R. Dhore, J. P. M. Cleutjens, E. Lutgens et al., “Differential
expression of bone matrix regulatory proteins in human
atherosclerotic plaques,” Arteriosclerosis, Thrombosis, and Vas-
cular Biology, vol. 21, no. 12, pp. 1998–2003, 2001.

[68] M. Abedin, T. Omland, T. Ueland et al., “Relation of Osteo-
protegerin to Coronary Calcium and Aortic Plaque (from the
Dallas Heart Study),” American Journal of Cardiology, vol. 99,
no. 4, pp. 513–518, 2007.

[69] A. Nigam, G. F. Mitchell, J. Lambert, and J. C. Tardif, “Relation
between conduit vessel stiffness (assessed by tonometry) and
endothelial function (assessed by flow-mediated dilatation) in
patients with and without coronary heart disease,” American
Journal of Cardiology, vol. 92, no. 4, pp. 395–399, 2003.

[70] T. Weber, J. Auer, M. F. O’Rourke et al., “Arterial Stiffness,
Wave Reflections, and the Risk of Coronary Artery Disease,”
Circulation, vol. 109, no. 2, pp. 184–189, 2004.

[71] G. Di Cianni, A. Ghio, V. Resi, and L. Volpe, “Gestational
diabetes mellitus: an opportunity to prevent type 2 diabetes
and cardiovascular disease in young women,” Women’s Health,
vol. 6, no. 1, pp. 97–105, 2010.

[72] R. Bentley-Lewis, “Late cardiovascular consequences of gesta-
tional diabetes mellitus,” Seminars in Reproductive Medicine,
vol. 27, no. 4, pp. 322–329, 2009.



Hindawi Publishing Corporation
International Journal of Endocrinology
Volume 2012, Article ID 985136, 6 pages
doi:10.1155/2012/985136

Clinical Study

A Pilot Study on Dietary Approaches in Multiethnicity:
Two Methods Compared

Romina Valentini, Maria Grazia Dalfrà, Michela Masin, Antonella Barison,
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Background. Medical nutritional therapy is the most important method for normalizing glucose levels in pregnancy. In this setting,
there is a new problem to consider relating to migrants, their personal food preferences, and ethnic, cultural, and religious aspects
of their diet. We compared maternal and fetal outcomes between two multiethnic groups of pregnant women, one adopting a
food plan that included dishes typical of the foreign women’s original countries (the “ethnic meal plan” group), while the other
group adopted a standard meal plan. Findings. To develop the meal plan, each dish chosen by the women was broken down into its
principal ingredients. The quantity of each food was given in tablespoons, teaspoons, slices, and cups, and there were photographs
of the complete dish. The group treated with the ethnic meal plan achieved a better metabolic control at the end of the pregnancy
and a lower weight gain (though the difference was not statistically significant). As for fetal outcome, the group on the ethnic meal
plan had babies with a lower birth weight and there were no cases of macrosomia or LGA babies. Conclusions. This preliminary
study indicates the positive effect of an ethnic approach to diet on the outcome of pregnancy.

1. Introduction

Gestational diabetes (GDM), that is, carbohydrate intoler-
ance first recognized and/or diagnosed during pregnancy [1],
is the most common metabolic complication of gestation,
with a prevalence estimated at around 14% [2, 3]. Obesity,
family history of diabetes, and belonging to certain ethnic
groups increase the risk of GDM [4–11]. If the disorder is
not properly monitored and treated, it can cause severe com-
plications in both mother (including preeclampsia, cesarean
delivery, glucose intolerance, or type 2 diabetes after delivery)
and child (macrosomia, hypoglycemia, hyperbilirubinemia,
adolescent obesity, glucose intolerance, and diabetes) [2, 4,
12, 13].

Immigration rates have recently increased in Italy, and
immigrants now account for about 4% of the resident
population; 48% of the immigrant population consists of
women, and 65% of them are of reproductive age [14]. Some
studies have demonstrated a tendency for adverse outcomes

of pregnancy among immigrant women from countries with
high rates of diabetes [5–8].

The first step in treating GDM is nutrition therapy
[1, 15]. Immigrants differ in their cultural background and
eating habits, so we aimed to assess such women’s compliance
with dietary restrictions and the possible benefit, in terms
of maternal and fetal outcome, of adopting a nonstandard,
ethnic-based approach to their diet.

2. Materials and Methods

For this pilot study, twenty pregnant immigrant women
with GDM followed up at the Metabolic Disease and
Diabetology Unit of Padova University between January
and June 2008 were enrolled. The study protocol complied
with the Helsinki Declaration and was approved by the
local Ethics Committee, and written informed consent was
obtained from all participants.
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Table 1: Example of two diets on 1800 kilocalories.

Standard meal plan Ethnic meal plan

Meal Porzion size Meal Porzion size

Breakfast
Milk, skimmed 1 cup Yogurt, skimmed 1

White bread 1 slice Crackers 4 slices

Snack Apple 1 Mango 1

Lunch

Pasta 1 cup Cous cous 1 cup

Vegetables 1/2 cup Vegetables 1/2 cup

Meat 100 g Poultry 3/4

Bread without yeast 1 slices

Olive oil 2 T Sunflower oil 2 T

Snack
Yogurt, skim 1 Banana 1

White bread 1 slice Yogurt, skim 1

Dinner

Soup with: Soup with:

Pasta 1/2 cup Beans 1/2 cup

Parmesan 1 T Potatoes One small

Lentils 1/2 cup

White bread 2 slice Plantain one

Vegetables 1/2 cup Vegetables 1/2 cup

Mozzarella 100 g

Olive oil 2 T Olive oil 2 T

Snack at bedtime
Milk, skimmed 1 cup Yogurt, skimmed 1

White bread 1 slice Crackers 2 slices

T: tablespoon = 10 g; 1 cup liquid = 200 mL; 1 cup solid = 80 g; one slice = 30 g; Plantain = 100 g; 1 Fruit = 200 g.

Screening for GDM was done with a glucose challenge
test (GCT) between weeks 24 and 28 of gestation, and the
diagnosis was confirmed with a 100 g oral glucose tolerance
test (OGTT) as recommended by the 4th International
Workshop Conference on GDM [1].

The women enrolled were randomly assigned to two
groups: one adopted a standard meal plan (SMP) prepared
according to the ADA guidelines [15], the other an ethnic
meal plan (EMP) (Table 1).

All the women were monitored to achieve a good
metabolic control, that is, fasting plasma glucose (FPG)
<5.3 mmol/L and 1 h postprandial plasma glucose (1 h
PPPG) <7.2 mmol/L, and nurses taught them to monitor
their own blood glucose levels [15]. The pregnant women
on diet treatment performed 2 measurements per day,
measuring fasting and 1 h postprandial glucose on alternate
meals over the course of a week. The women on insulin
therapy performed self-glucose monitoring four times a day
(fasting and 1 h after breakfast, lunch, and dinner). They saw
a specialist every two weeks. Insulin treatment was started
when FPG and/or 1-hour PPPG exceeded the above level
in more than one measurement [15]. All GDM women
were followed up for metabolic and obstetric purposes until
delivery.

For maternal characteristics and outcome, we considered
age, prepregnancy body mass index (BMI, kg/m2), time of
GDM diagnosis, HbA1c (when GDM was diagnosed and
at delivery), percentage of patients on insulin, weight gain,
timing and mode of delivery, and hypertensive disorders.

For fetal outcome, we considered birth weight, infants
large or small for gestational age (LGA, SGA), and fetal
composite outcome (hypoglycemia, neonatal asphyxia, respi-
ratory distress syndrome, and hyperbilirubinemia, hypocal-
cemia) and fetal malformations. Babies were LGA if their
birth weight was above the 90th percentile and SGA if it was
below the 10th percentile according to population-specific
standard growth tables [16]. Macrosomia was diagnosed for
a fetus weighing more than 4000 g.

A dietary assessment was conducted to determine
whether a woman’s intake of essential nutrients was adequate
and whether she was eating excessively and to identify foods
she avoided, as well as food intolerances or allergies. A
meal plan was then developed, and patient and dietician
prepared a sample menu. Food models, using measures in
cups, glasses, and bowls, proved helpful props when teaching
appropriate serving sizes.

The two groups received different meal plans: group 1
adopted the SMP for GDM according to the ADA guidelines
[15]; group 2 adopted the EMP, which included typical
foods of the women’s home countries, identified using
a photographic atlas (Dietmeter and Photographic Atlas,
Scotti Bassani) [17–19].

The EMP included foods commonly consumed by
patients according to their ethnicity. Dishes were broken
down into the various ingredients, shown raw and cooked.
Due to difficulties in using kitchen scales, measures such
as cups, or spoonfuls handfuls or pinches, were preferred
(Figure 1). Furthermore, the food pyramids of the specific
country of origin were used.
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Figure 1: Example of ethnic meal plan.

The two meal plans had the same nutrient composition
(SMP: CHO 53%, L 28%, P 18% fiber 26 g; EMP: CHO 55%,
L 28%, P 17%, fiber 21 g), and energy intake was from 1800
to 2200 Kcal, depending on prepregnancy BMI.

Adherence to the diet was measured using a 24-hour food
intake recall method and scored as 0 for an intake more
than 20% higher than prescribed, 1 if the intake was 10–20%
higher; 2 if it was consistent with the plan or up to 10% lower.
The intake was calculated in individual tables, based on the
INRAN nutritional tables, 2000 version [20].

Plasma glucose was evaluated using the glucose-oxidase
method [21]. HbA1c was measured using standard HPLC;
the normal range assumed for healthy pregnant women was
4.0–5.5% (20–37 mmol/mol) [22].

2.1. Statistical Evaluation. Data are given as means ± stan-
dard deviations and were compared using Student’s t-test
for unpaired data or for paired data when comparisons were
drawn at different times in the same sample. The groups were
compared for categorical data or frequency of an event using
the χ2 test with Yates’ correction. A P value of less than 0.05
was considered significant. The data were processed using the
SPSS18 for Windows program.

3. Results

3.1. Clinical and Metabolic Features. The ethnic distribution
in EMP group was Chinese 1; Filipino 1; Moroccan 1;
Nigerian 3; Romanian 4; Bangladeshi 1. In SMP group, was
Chinese 1; Moroccan 1; Nigerian 1; Romanian 4; Sudanese 1,
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Table 2: Clinical and metabolic characteristics and pregnancy outcome of the subjects under study.

SMP group EMP group
P

n = 10 n = 10

Age (yrs) 30.2± 4.7 28.9± 3.3 0,622

Prepregnancy BMI (kg/m2) 24.1± 4.7 25.7± 3.6 0,784

Time of GDM diagnosis (gw) 27.1± 5.9 21.3± 6.8 0,316

Weight gain during pregnancy (kg) 14.3± 6.9 12.1± 4.3 0,869

Insulin therapy (n) 1 2 0,509

Gestational hypertension (n) 1 0 0,330

Delivery (gw) 38.4± 1.1 38.0± 0.5 0,409

Cesarean section (n.) 5 6 1,000

Birth weight (g) 3434± 649 3064± 626 0,164

LGA babies (n) 3 0 0,001

SGA babies (n) 1 0 0,330

Macrosomia (n) 2 0 0,186

Fetal composite outcome (n) 0 0 —

Fetal malformations (n) 0 0 —

SMP: standard meal plan, EMP: ethnic meal plan, BMI: body mass index, LGA: large for gestational age, SGA: small for gestational age, gw: weeks of gestation.

Bangladeshi 1, Hungarian 1, with no difference between the
two meal plan groups.

Table 2 shows the women’s clinical and metabolic char-
acteristics, and maternal and fetal outcomes. Mean age,
prepregnancy BMI, and time of GDM diagnosis were
comparable for the two groups. The EMP group had better
FPG, 1hPPPG, and HbA1c values than the SMP group.
Weight gain was lower, though not significantly, in the EMP
group (Figure 2).

3.2. Pregnancy Outcome. No differences in maternal out-
come emerged between the two groups. The newborns’ birth
weight was slightly higher in the SMP group, which also
included more LGA (3 versus 0, P < 0.001) and macrosomic
babies (2 versus 0) than the EMP group. There were no
cases of SGA babies. No fetal complications or congenital
malformations were seen in either group (Table 2).

3.3. Adherence to Dietary Recommendations. Adherence to
the meal plans was better in the EMP group, with 7 women
scoring 1 or 2 (good adherence), as opposed to 2 women in
the SMP group. This difference was statistically significant
(χ2 = 0.025).

4. Discussion

Immigration flows have increased in Italy, meaning rising
numbers of pregnant immigrant women [14]. Italian data
[14] on pregnancy indicate a relatively poor outcome of such
pregnancies due to difficulties in accessing care and following
medical recommendations for cultural and social reasons.
Some immigrant populations are also at higher risk of type 2
diabetes and gestational diabetes [2, 8, 10].

Better standards of living in host countries often have
negative effects on the health of immigrant populations,
partly because foreign citizens acquire eating habits and

lifestyles unsuited to their genetic profile. Regarding GDM,
the problem is exacerbated by a genetic predisposition
of African, Afro-American, and Hispanic races to develop
diabetes [4, 8, 9].

Nutritional therapy for immigrant women should take
the social, cultural, and religious value attached to food by
the various ethnic groups into account.

In our study, the main problems the women had with
their prescribed diet were related to difficulties in changing
their eating habits; problems with managing a meal plan
and weighing the foods; doubts concerning which foods to
choose; difficulties in achieving the right nutritional balance.

On the other hand, many studies have confirmed the
important influence of dietary treatment on the outcome of
GDM [12].

The real difference between the two meal plans we used
lies in how the diet and examples of typical dishes are
presented [23]. The meal plan containing new elements
adapted to different ethnic and cultural needs, with photos
and practical domestic units of measure to illustrate the
quantities of each food, plus lists of alternative foods and
photos showing the foods raw and cooked proved useful
and effective for our immigrant women with GDM, since
adherence was better among the patients adopting the EMP.

Better adherence coincided with better glycemic control,
a more normal weight gain [24], and a better pregnancy
outcome, that is, the birth weights were lower, and there were
no LGA or SGA babies in the EMP group.

The weakness of our study lies in the small numbers of
patients considered but, to the best of our knowledge, this
is the first study on the feasibility and efficacy of customized
dietary treatment for immigrant GDM patients.

5. Conclusion

This pilot study indicates the positive effect of an ethnic
approach to diet on the outcome of pregnancy. The new
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Figure 2: Metabolic parameters ((a) HbA1c; (b) FPG; (c) PPPG) evaluated in the subjects under study, AMP group: standard meal plan;
EMP group: ethic meal plan; FPG: fasting plasma glucose; PPPG: 1-hour postprandial plasma glucose.

methods introduced in our study could be considered a
valid approach to the nutritional management of immigrant
pregnant women with gestational diabetes mellitus. It points
out that, when prescribing a diet for immigrant women,
their different traditional eating habits should be borne in
mind. A study with an adequate number of women chosen in
accordance with the power calculation is necessary and useful
to confirm these preliminary data.
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