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Preface

Diabetes (Type 1, Type 2 or gestational) in pregnancy can have adverse consequences for the fetus
and post-natal growth. The effects of maternal diabetes can also persist into adulthood via fetal
programming. Breastfeeding may also be problematic. However, these are simple concepts as
maternal diabetes can also be considered as a global issue. Worldwide, gestational diabetes occurs
once in every twenty-five pregnancies. In the United States the present rate of gestational diabetes lies
between 5 and 9%. However, regardless of its aetiology, diagnosis or prevalence, it is important to
point out that nutritional and/or dietary factors play an integral part in maternal diabetes. For example
good dietary practises and advice are beneficial in maintaining adequate blood glucose control. Poor
dietary practises before pregnancy, on the other hand, leads to an increase in body mass index (BMI),
which in turn is a risk factor for both Type 2 and gestational diabetes. These interrelationships
between diagnosis, causative factors, outcomes, diet and nutrition are complex. They involve
molecular biology, cells and organs. Hitherto these associations and links have not been previously
formulated into a single scientific treatise. This is however addressed in Nutrition and Diet in
Maternal Diabetes: An Evidence Based Approach. Coverage including global and country-specific
aspects, diagnosis and biomarkers, genetics and gene expression, signalling, neurology, obesity,
cardiovascular disease, polycystic ovary syndrome, glucose and insulin metabolism, minerals, vita-
mins, fatty acids, dietary supplements, exercise and many other areas. Where appropriate, chapters
have a section on either Recommendations or Guidelines and all contributions have a set of Key
Points.

Contributors are authors of international and national standing, leaders in the field and trendsetters.
Emerging fields of science and important discoveries are also incorporated in Nutrition and Diet in
Maternal Diabetes: An Evidence Based Approach.

This book is designed for nutritionists and dietitians, endocrinologists, public health scientists,
medical doctors, midwives, obstetricians, paediatricians, epidemiologists, health care professionals of
various disciplines and policy makers. It is designed for teachers and lecturers, undergraduates and
graduates, researchers and professors.

London, UK Rajkumar Rajendram
Victor R. Preedy
Vinood B. Patel
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Series Editor Preface

The great success of the Nutrition and Health Series is the result of the consistent overriding mission
of providing health professionals with texts that are essential because each includes: (1) a synthesis
of the state of the science, (2) timely, in-depth reviews by the leading researchers and clinicians in
their respective fields, (3) extensive, up-to-date fully annotated reference lists, (4) a detailed index,
(5) relevant tables and figures, (6) identification of paradigm shifts and the consequences, (7) virtually
no overlap of information between chapters, but targeted, inter-chapter referrals, (8) suggestions of
areas for future research and (9) balanced, data-driven answers to patient as well as health profes-
sionals questions which are based upon the totality of evidence rather than the findings of any single
study.

The series volumes are not the outcome of a symposium. Rather, each editor has the potential to
examine a chosen area with a broad perspective, both in subject matter as well as in the choice of
chapter authors. The international perspective, especially with regard to public health initiatives, is
emphasized where appropriate. The editors, whose trainings are both research and practice oriented,
have the opportunity to develop a primary objective for their book; define the scope and focus, and
then invite the leading and emerging authorities from around the world to be part of their initiative.
The authors are encouraged to provide an overview of the field, discuss their own research and relate
the research findings to potential human health consequences. Because each book is developed de
novo, the chapters are coordinated so that the resulting volume imparts greater knowledge than the
sum of the information contained in the individual chapters.

“Nutrition and Diet in Maternal Diabetes”, edited by Rajendram Rajkumar, Victor R. Preedy
and Vinood B. Patel is a most timely and very welcome addition to the Nutrition and Health Series
and fully exemplifies the Series’ goals. It is hard to imagine that it is only seven years ago that
international criteria were agreed upon concerning the diagnosis of gestational diabetes during the
second trimester of pregnancy. Yet, there are many nations that have not adopted these criteria and
new research discussed within this volume point to the potential for earlier diagnosis, thus enhancing
the potential to identify at risk women earlier and reduce associated adverse effects. This is the first
volume to specifically address the nutritional aspects of maternal hyperglycemia from a global
perspective. The emphasis is on identifying nutritionally related risk factors for developing gesta-
tional diabetes, for reducing the risks of Type 1 diabetes during pregnancy, for managing the
nutritional components of gestational diabetes mellitus and other causes of hyperglycemia during
pregnancy and postpartum. Chapters identify the key potential adverse effects of hyperglycemia
during pregnancy on both the mother and offspring and outline potential nutritional strategies that can
be of benefit. As one of the major risk factors for developing gestational diabetes is related to
maternal weight and weight gain, it is obvious that nutrition is a key factor in all aspects of gestational
diabetes and hyperglycemia in pregnancy, and this is the focus of “Nutrition and Diet in Maternal
Diabetes”.
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The editors of this volume are experts in their respective fields and represent the medical pro-
fession as well as the academic research community. Dr. Rajkumar Rajendram is an intensive care
physician, anaesthetist and peri-operative physician. He was trained in general medicine and intensive
care in Oxford, and he attained membership in the Royal College of Physicians (MRCP) in 2004.
Dr. Rajendram then trained in anaesthesia and intensive care in the Central School of Anesthesia,
London Deanery and became a Fellow of the Royal College of Anesthetists (FRCA) in 2009. He is
one of the first intensivists to become a Fellow of the faculty of intensive care medicine (FFICM).
Dr. Rajendram recognized that nutritional support was a fundamental aspect of critical care and, as a
visiting research Fellow in the Nutritional Sciences Research Division of King’s College London; he
has published over 50 textbook chapters, review articles, peer-reviewed papers and abstracts.
Professor Victor R. Preedy is a senior member of King’s College London where he is Professor of
Nutritional Biochemistry. He is also Director of the Genomics Centre and a member of the School of
Medicine. He is a member of the Royal College of Pathologists, a Fellow of the Society of Biology,
the Royal College of Pathologists, the Royal Society for the Promotion of Health, the Royal Institute
of Public Health, the Royal Society for Public Health and in 2012 a Fellow of the Royal Society of
Chemistry. Dr. Vinood B. Patel is a Senior Lecturer in Clinical Biochemistry at the University of
Westminster and honorary Fellow at King’s College London. Dr. Patel obtained his degree in
Pharmacology from the University of Portsmouth, his Ph.D. in protein metabolism from King’s
College London and completed postdoctoral research at Wake Forest University School of Medicine.
Dr. Patel is a recognized leader in alcohol research and was involved in several NIH funded
biomedical grants related to alcoholic liver disease. Dr. Patel has edited biomedical books in the area
of nutrition and health and disease prevention and has published over 160 articles.

The 37 chapters within this clinically important, practice-oriented volume provide the reader with
a comprehensive examination of the growing global prevalence and consequences of both the effects
of pre-existing diabetes as well as pregnancy-induced gestational diabetes mellitus (GDM) on
maternal as well as fetal health. Data consistently show that GDM is associated with complications
such as increased birth weight, macrosomia, caesarean birth and preterm birth. Women who are
diagnosed with GDM have a significantly increased risk of developing Type 2 diabetes within 10
years. GDM also increases the risk of preeclampsia.

Genetic factors that affect insulin resistance, metabolomics, oxidative stress and other critical risk
factors are reviewed in separate chapters. There is a broad-based review of the current definitions of
gestational diabetes as well as an in-depth discussion on diagnosis and maternal co-morbidities,
neonatal effects and postpartum maternal effects of gestational diabetes.

This comprehensive volume is organized into nine parts that include chapters on the clinical basis
of gestational diabetes; pregnancy in women with Type 1 diabetes; relevant research from several
different geographic areas; genetic factors associated with gestational diabetes and its consequences;
effects of pre-existing conditions, such as bariatric surgery, on maternal health when gestational
diabetes is also a critical factor; reviews of clinical data from dietary intervention studies; postpartum
effects of gestational diabetes; breast feeding; dietary components and weight gain effects, and finally,
a chapter devoted to providing additional resources and references on this expanding field of
obstetrics.

Part I. Definitions, Characterization and Diagnosis

Part I begins with an historic overview of the evolution of the terminology used to describe maternal
diabetes and Chap. 1 reviews in detail the development of diagnostic criteria for maternal gestational
diabetes beginning with the criteria provided by O’ Sullivan et al. in 1964 based on an oral glucose
tolerance test (OGTT) at 22 weeks gestation. During the 1980s there was an attempt to use the same
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criteria for Type 2 diabetes diagnosis for gestational diabetes. However, the growing knowledge
of the adverse effects of higher than normal circulating glucose levels on the fetus resulted in the
impetus to develop globally acceptable criteria for diagnosis. In 1980, the World Health Organization
(WHO) made the recommendation to use the OGTT diagnostic criteria used to diagnose Type 2
diabetes and impaired glucose tolerance. Unfortunately, different National associations chose different
blood glucose thresholds to detect abnormalities in pregnancy. The result was a variety of studies
reporting different estimates and confusion for clinicians on how to define the condition.

As more women of reproductive age started to develop Type 2 diabetes, it was important to
distinguish between pre-existing but undiagnosed diabetes in pregnancy from the milder form
(GDM) that develops at 22 weeks and resolves postpartum. For many years, sets of risk factors were
used to screen for the potential to develop gestational diabetes and it was not until 2008 that the
results of the Hyperglycemia and Adverse Pregnancy Outcomes study were published and helped to
clarify the serious adverse effects of high maternal glucose levels on the fetus and neonate. This
landmark study enrolled over 25,000 pregnant women in an international multi-centre study and
followed them through pregnancy. The results led to recommended diagnostic criteria for GDM
representing the average glucose values at which the odds for birth weight >90th percentile, cord
C-peptide >90th percentile, and neonatal percentage body fat >90th percentile reached 1.75 times the
odds of these outcomes. The thresholds established by this study were adopted by many National and
Medical Society guidelines and were also recommended by the American Diabetes Association in its
2011 position statement. We learn that in 2013 the World Health Organization proposed new criteria
for the diagnosis and definition of hyperglycemia first detected in pregnancy. The definition distin-
guishes the more serious diabetes in pregnancy (DIP), which is more likely to persist beyond the birth
and can cause serious fetal abnormalities early in pregnancy, from the relatively milder gestational
diabetes. The new definition calls for an understanding of the burden of hyperglycemia in pregnancy
and its relationship with the growing epidemic of Type 2 diabetes and distinguishes DIP from GDM
based on the degree of hyperglycemia; a reflection that the risk of serious complications is much
higher in diabetes in pregnancy than in GDM. Where studies previously reported the prevalence of
GDM, under the new definition, these figures would also include the more severe hyperglycemia
classified as diabetes in pregnancy under the broad title of hyperglycemia first detected in pregnancy
(HFDP). Added to this definition are women with diagnosed diabetes who become pregnant; the term
hyperglycemia in pregnancy (HIP) encompasses the burden of any glucose intolerance in pregnancy.

The chapter also cites the most current data on prevalence: The International Diabetes Federation
(IDF) estimates that in 2015, 16.2% of live births to women between the ages of 20 and 49 years had
some form of hyperglycemia in pregnancy. The vast majority of those cases were due to the milder
form of gestational diabetes (85.1%) while the rest represent pre-existing diabetes only about half of
which was diagnosed prior to pregnancy. This figure translates to at least 20.9 million live births
affected by some form of HIP. This informative chapter also includes 8 relevant tables and figures.

The third chapter examines the potential of various diagnostic markers to identify hyperglycemia
in pregnancy at the earliest time possible as the adverse consequences to maternal and fetal health are
cumulative. The authors suggest that biomarkers, including the glycation of proteins such as albumin
and fructosamine, represent glycemic control for the preceding 2–3 weeks be considered, as this
would serve as an earlier indicator of glycemic control in a dynamic condition, such as pregnancy.
These indicators are not dependent on the half-life of erythrocytes as is seen with haemoglobin A1C.
It is important to have relevant choices for following pregnant women’s glucose control especially if
they are diagnosed with GDM.

The last chapter in this part, Chap. 4, reviews the authors’ data concerning an Australian study that
found an increased risk of GDM in pregnant women who showed signs of depression earlier during
their pregnancy. The study followed over 3000 pregnant women and found a significant association
between having an Edinburgh Perinatal Depression Scale > 13 at the first visit to pregnancy care (12–
17 weeks) and the diagnosis of GDM at around 28 weeks of pregnancy even when the data were
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adjusted for parity, smoking, maternal weight, age and ethnicity. As a similar association has been
found in women with Type 2 diabetes, and the risk of developing Type 2 diabetes is significantly
increased in women who developed GDM, greater awareness of the potential development of
depression during pregnancy and afterwards in women with GDM is warranted.

Part II. The Type 1 Diabetic Mother

Chapters 5 and 6 examine the effects of Type 1 diabetes during pregnancy and the factors that further
exacerbate the potential for adverse effects to both the pregnant woman and her fetus/neonate.
Chapter 5 reviews the authors’ findings concerning the increased, synergistic risk of adverse preg-
nancy outcomes associated with having Type 1 diabetes and being either overweight or obese. Their
data from Sweden, which has a high rate of Type 1 diabetes that is increasing over time, indicate that
compared to normal weight women with Type 1 diabetes the overweight group had a 77% higher risk
for major fetal malformations, a 25% increased risk for premature delivery and a 70% increased risk
of caesarean section. Chapter 6 describes the importance of frequent monitoring of glucose control
during pregnancy in the Type 1 diabetic females. Hyperglycemia is detrimental to the fetus.
A fivefold increase in the rate of cardiovascular malformations and a more than twofold increase in
the rate of neural tube defects and urinary malformations have been documented and thus the chapter
provides important practice-oriented advice to healthcare providers to emphasize the critical need for
planned pregnancy and tight glucose control especially during the weeks of embryogenesis and fetal
growth.

Part III. Global Findings in Gestational Diabetes

The next three chapters report on the prevalence and care of pregnant women who develop GDM in
Iran, China or Italy. As we learned above, there can be wide differences in the prevalence of
pregnancy-related complications and GDM rates are increasing globally. Chapter 7 provides
important data on the prevalence of GDM: In Iran, there is a 4.9% estimated prevalence of GDM
which varies greatly between different regions, from 0.7% in the west to 18.6% in the south near
Tehran. Overweight, obesity, maternal age and lack of exercise are some of the major risk factors
identified. WHO guidelines for identifying women with GDM are followed and once identified,
measures to control serum glucose levels are undertaken and outlined in the chapter. The chapter
concerning GDM in China, Chap. 8, highlights the data related to vitamin D status. In China, mean
levels of circulating vitamin D among pregnant women were relatively low and about 60% are
considered deficient. The potential causes are outlined and include Asian skin tint, older age of
pregnant women, increased rate of overweight and obesity. Recent Chinese data showed that pregnant
women with vitamin D deficiency at the 16th–20th gestational week had a higher prevalence of
gestational diabetes and preterm delivery than those with sufficient vitamin D. This is a relatively new
area of research and there are few intervention data to help healthcare providers to determine whether
to either provide vitamin D supplementation or at what level of supplementation. Chapter 9 looks at
the current diagnosis and screening criteria used in Italy and the chapter provides recommendations
for increasing the sensitivity of screening tools. We learn that GDM occurs in about 11% of the Italian
population and it is also associated with an increased rate of maternal and fetal complications
compared with normal pregnancy. Maternal complications that occur with an increased frequency
include: preterm delivery, polyhydramnios, macrosomia, shoulder dystocia, stillbirth and operative
delivery. Fetal complications associated with an increased risk include: neonatal hypoglycemia,
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jaundice, polycythemia, hypocalcemia and increased frequency of neonatal intensive care unit
admission. Development of data that can identify risk factors early in pregnancy that do not depend
on prior pregnancy results was a strong driver for this research team. They found that the most
important variable for differentiating the risk of GDM was fasting plasma glucose (FPG). Women
with a FPG value lower than 4.4 mmol/l had the lowest GDM prevalence. Patients with a FPG value
higher than 5.1 mmol/l represented the subgroup of women with the highest prevalence of GDM (OR
26.5; 95% CI 14.3–49.0). In women with FPG values between 4.5 and 5.1 mmol/l, the risk of GDM
was further differentiated on the basis of pre-pregnancy BMI values. Women with a pre-pregnancy
BMI in the overweight range or above had a higher risk of developing GDM (OR 7.0; 95% CI 3.9–
12.8) that was almost double compared with women with a normal pre-pregnancy BMI (OR 3.7; 95%
CI 2.1–6.7). These data were used in Italy to derive screening criteria and the implementation is
described in detail.

Part IV. Genetic and Molecular Factors Associated with Maternal Gestational
Diabetes

Five chapters review the current associations between GDM and genetic as well as epigenetic
findings. The first three chapters describe potential early markers of GDM that are related to maternal
genetic alterations. Chapter 10 describes the epigenetic alterations in biomarkers that are associated
with GDM. The chapter reviews the disease-specific metabolic imbalances indicative of low-grade
inflammation and increased oxidative stress that can adversely affect the health of both the fetus and
pregnant woman. Using metabolomics strategies, the authors have verified that alterations in both the
level and composition of plasma lysophospholipids are the most prominent changes that correlate
with the glycemic state of GDM pregnant women. Using these techniques, they hope to be able to
identify GDM earlier and reduce the adverse metabolic consequences. The authors of Chap. 11 look
at the data concerning a bioactive molecule, adiponectin, produced by adipose tissue that is one of the
factors involved in regulating glucose metabolism. During pregnancy, the serum levels of adiponectin
change to meet the needs of the growing fetus. Abnormally low levels of adiponectin have been
associated with GDM that is associated with a glucose intolerance state. The authors suggest that
serum adiponectin concentrations may be used as an early marker of GDM risk. Moreover, there are
certain alterations in the genes affecting adiponectin synthesis that appear to increase the risk of
developing insulin resistance during gestation. Chapter 12 examines the preliminary data associating
single nucleotide polymorphisms in the genes encoding retinol binding protein 4 and increased risk of
insulin resistance in women with GDM. As this protein is the primary carrier of the essential vitamin,
vitamin A, which is critical for normal human reproduction, there appear to be several mechanisms to
link genetic alterations in this carrier protein with potential adverse pregnancy outcomes. Further
research is recommended by all three chapter authors.

Chapters 13 and 14 examine the increased risks associated with GDM to the mother and offspring.
In women who have had GDM, the risk for developing Type 2 diabetes is increased by 7.4 fold
compared to women with pregnancies unaffected by GDM. The increased risk appears to be inde-
pendent of the number of pregnancies affected by GDM. With regard to increased risk of cardio-
vascular disease, women with GDM who had higher serum glucose when challenged either during
pregnancy or postpartum demonstrated increased risk of cardiovascular disease, indicating that peak
glucose levels are important predictors for future cardiovascular disease. Chapter 13 also reviews
studies that have shown that women with GDM had decreased cardiac output, decreased stroke
volume and increased peripheral vascular resistance postpartum, predisposing these women to car-
diovascular disease. The final chapter in this part, Chap. 14, reviews data from laboratory animal
studies of epigenetic alterations in the hearts of mice born to mothers with the metabolic symptoms of
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human GDM. Provision of long chain polyunsaturated fatty acids to maternal diets reduced the risk of
developing the cardiac abnormalities. The genetic and molecular mechanisms identified in these
studies are illustrated in the seven important figures and table included in this chapter.

Part V. Pre-existing Conditions and Gestational Diabetes Risk

The three chapters in this part examine the additional burdens that are frequently seen in women who
develop GDM including hypertension that can be independent of GDM or occur prior to development
of GDM; polycystic ovarian syndrome, and obesity that has led to bariatric surgery. Hypertensive
disorders of pregnancy (HDP), which also includes the diagnosis of preeclampsia, are often seen in
women with GDM, but not always. HDP affects 5–7% of all pregnancies and 10–28% of those with
GDM. Chapter 15 examines the major modifiable risk factors for HDP and GDM including glycemic
control, obesity and gestational weight gain. This practice-oriented chapter’s figure and tables include
important recommendations for reducing the risk of HDP prior to pregnancy as well as postpartum
recommendations for reduction in risk of maternal cardiovascular disease especially if the pregnancy
is affected by preeclampsia.

Although polycystic ovarian syndrome (PCOS) and GDM are distinct conditions, there is a
significantly increased risk of GDM in women with PCOS who become pregnant. Chapter 16 reviews
the data from several studies that have found that GDM is the most predominant complication during
the pregnancy in women with PCOS and the risk of GDM was found to be approximately threefold
higher in women with PCOS compared to controls in the most recent study. There are also data that
the prevalence of polycystic ovarian morphology is higher in women with a history of GDM. The
common denominator of both is insulin resistance which is the main endocrine disruption in PCOS.
The chapter includes over 100 relevant references, tables and figures.

Chapter 17 examines the plusses and minuses of bariatric surgery for obese women prior to
pregnancy. Bariatric surgery has been shown to be the most effective and durable treatment for
obesity and to reduce obesity-related complications during pregnancy. The chapter provides
descriptions of the types of bariatric surgeries and reviews the studies that indicate that GDM was
reduced in women who had the surgery and lost significant weight prior to becoming pregnant. In
addition to lower risk of GDM, there were also decreases in HDP and preeclampsia that were
correlated with weight loss rather than the surgery; some of the studies examined women who had
pregnancies before and after bariatric surgery. This comprehensive chapter also reviews the potential
adverse effects of bariatric surgery on mother and fetus/neonate and provides the reader with over 120
relevant references, tables and figures.

Part VI. Dietary Interventions and Exercise

As discussed above, there is intense research underway to identify new diagnostic tools, many of
which include biomarkers related to nutrients. In addition to this research focus, there are six chapters
that report on potential interventions to reduce the risk of GDM. Chapter 18 looks at the potential for
a supplement of myo-inositol, a stereo-isomeric form of inositol, to reduce the risk of GDM devel-
opment. Myo-inositol is physically linked to phospholipids in the membranes of all living cells. It is
synthesized in the body from D-glucose and is found in various food sources. It affects insulin balance
and the chapter reviews the experimental and clinical data that suggest the potential for its supple-
mentation to reduce the occurrence of GDM. The preliminary data appear promising and further
large-scale studies are needed.
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The next two chapters examine the potential for low-glycemic index (GI) diets and low
carbohydrate diets to reduce several of the insulin-resistant adverse effects associated with GDM.
Chapter 19 reviews the data linking low-GI and low glycemic load diets with improvement in the
management of body weight, glycemia and cardiovascular risks, especially in hyperinsulinemic and
insulin-resistant populations. The authors assess the evidence for the treatment of GDM—a condition
closely associated with hyperinsulinemia and insulin resistance—with low-glycemic diets. Both this
chapter and Chap. 20 review all of the clinical studies available and acknowledge that further research
is warranted to determine the optimal protocol for reducing glycemic load during pregnancies affected
by GDM.

As discussed above in Chap. 10 that describes the use of metabolomics in the development of
diagnostics for GDM, Chap. 21 suggests the individual evaluation of personal food metabolomics
may become an important tool in the development of diet strategies. The chapter explains the
processes of analysis of the food metabolome (the sum of the detectable metabolites found in the
human system as a result of the ingestion and digestion of food components) for identifying dietary
biomarkers of GDM, as well as elucidating the mechanisms underlying the relationship between
maternal diet and GDM. There is a detailed discussion of the analytical considerations, and sampling
methodology required to reproducibly analyze the food metabolome for linking the maternal diet with
GDM including the analysis of blood, urine, amniotic fluid, saliva, hair, and breath. The economic
considerations are also included in this topic for future research.

Chapter 22 reviews the preliminary data from survey and randomized controlled studies that have
examined the potential for microbiome manipulation to prevent and/or treat GDM. There is currently
little information on the microbiome composition in pregnant women who develop GDM. However,
there is one study that has examined the microbiota composition in insulin-resistant women with
previous GDM compared to women who had a normoglycemic pregnancy and found alterations that
may affect insulin control. The chapter provides data on probiotic supplements used in studies as well
as sources of prebiotics that would help to maintain beneficial probiotic bacterial populations.

The final chapter in this part, Chap. 23, examines the value of exercise for pregnant women who
have GDM. The chapter discusses the studies that found that exercise can be of benefit in women with
GDM and may be of help in its prevention, although further study is needed. Studies where maternal
exercise appears to play an important role in the management of pregnancies complicated by GDM
are tabulated. In particular, exercise has been shown to assist with maintaining blood glucose con-
centrations within the appropriate range. This blood glucose lowering effect of exercise in women
with GDM has been demonstrated both acutely and in response to regular exercise participation.

Part VII. Postpartum Effects of Gestational Diabetes

Three chapters examine the postpartum effects of GDM on the mother that are independent of
breastfeeding as this topic is discussed separately below. The fourth chapter in this part looks at one
critical aspect of the neonate—neurodevelopment. Chapters 24 and 25 concern two related increased
risks to women who have GDM. Clinical and epidemiological studies indicate that women who
experience GDM while pregnant have a significantly increased risk of glucose intolerance, either in
the form of prediabetes or overt Type 2 diabetes that may be measurable in the early postpartum
period and also have up to a 60% lifetime risk for developing Type 2 diabetes. The chapter reviews
many factors that are associated with the increased risk of postpartum glucose intolerance including:
advanced maternal age at pregnancy, a family history of Type 2 diabetes, high pre-pregnancy weight
and high pregnancy weight gain, prior GDM and insulin use during pregnancy. Control of excessive
weight prior to pregnancy and excessive weight gain during pregnancy are key factors in predicting
GDM as well as postpartum hyperglycemia. Two important clinical studies are reviewed: in one
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cohort study of 1263 GDM-affected women, pre-pregnancy obesity and excessive pregnancy weight
gain were associated with the increased risk of prediabetes or Type 2 diabetes one to five years
postpartum. A randomized controlled trial from Spain (The St. Carlos Gestational study) confirmed
that a high pre-pregnancy BMI and excess weight gain in early pregnancy are the major potentially
modifiable risk factors for GDM. Chapter 26 reviews the mechanisms that may be responsible for the
increased risk of cardiovascular disease in women who have had GDM in the past. We learn that
women with GDM are at risk of developing sub-clinical inflammation as a component of GDM and
the metabolic syndrome (MetS) that may be present postpartum. The chapter identifies emerging
biomarkers of MetS including leptin, adiponectin, C-reactive protein, tumour necrosis factor alpha,
interleukin 6, plasminogen activator inhibitor 1, fibrinogen and adhesion molecules such as inter-
cellular adhesion molecule-1 (ICAM-1), vascular adhesion molecule-1 (VCAM-1) and cellular
molecule (E-selectin). Future research is required to better understand the potential effects of GDM on
risk factors for cardiovascular disease in women who have had GDM.

The last chapter in this part, Chap. 27, examines the preliminary data concerning the effects of
GDM on the cognitive functions of offspring. In addition to GDM, there are a number of factors, such
as obesity, social issues and environment that can affect neurodevelopmental and cognitive outcomes
following GDM. The chapter reviews the studies describing the school age follow up of children born
to mothers affected with GDM and show a pattern of lower cognitive scores, attention issues,
hyperactivity and poor fine motor skills following maternal GDM. Additionally, data linkage studies
reinforce concerns regarding neurodevelopmental outcome following maternal GDM and also report
a link to autism spectrum disorders. Some studies report adverse neurodevelopmental outcomes
following different pharmacological treatment regimens for GDM. Further research studies are pro-
posed by the authors.

Part VIII. Breastfeeding and Maternal Hyperglycemia

The first two chapters in this part examine the effects of GDM on the ability to breastfeed and the
effects on breast milk composition. Chapter 28 provides an in-depth insight into the important,
long-standing assistance given to both parents in Thailand that promotes exclusive breastfeeding
of the neonate for the first 4–6 months of life. Nevertheless, Thai women with GDM suffer a number
of physiological changes that often result in problems with breastfeeding. The chapter outlines the
three phases of lactogenesis: phase I occurs during 10–22 weeks gestation. Phase II lactogenesis
develops after giving birth and 3 days postpartum. Phase III lactogenesis begins after the third day
postpartum. Maternal health associated with diabetes, obesity, insulin resistance and nutrition status
has effects on all phases of lactogenesis, however, phase II involves the production of prolactin and
oxytocin that control early milk production and secretion. GDM is associated with delayed lacto-
genesis that is linked to insulin resistance and hypothyroid function that decreases production of
prolactin and oxytocin. These factors often result in obese women experience breastfeeding problems
due to insufficient milk supply. In addition, one-third of postpartum women with GDM reported
delayed milk production by the third day postpartum. Other critical issues involve the type of
delivery, size and age of the infant at birth, potential hypoglycemia of the infant and maternal
hyperglycemia.

Chapter 29 details the peptides found in human breast milk, their functions and the potential effects
of GDM on maternal synthesis of these peptides as well as the effects on the infant exposed to breast
milk from mothers affected by GDM. The peptides normally found in breast milk are important for
the regulation of neonatal metabolic pathways, modulation of appetite, regulation of fluid intake,
contribution to bone formation, nutrition, regulation of sleep, blood pressure, intestinal motility,
neuropsychiatric events, fat metabolism, stimulation of learning and antimicrobial activities. The
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functions of the major peptides are reviewed and the importance of determining the effects of GDM
on the concentrations of these bioactive peptides is emphasized.

As discussed above, pregnant women who have Type 1 diabetes are at increased risk of adverse
pregnancy outcomes associated with hyperglycemia. Chapter 30 addresses the needs of these women
from preconception to postpartum breastfeeding. The chapter reviews the data linking long-term
breastfeeding with prevention of future obesity and may protect against development of Type 1
diabetes and Type 2 diabetes in the offspring. Early breastfeeding initiated in the first 30 min of life
and repeated 10–12 times/24 h may reduce the risk of neonatal hypoglycemia. In women with Type 1
diabetes, previous experience with breastfeeding, higher educational level and number of feedings in
the first 24 h after delivery are positively associated with longer breastfeeding whereas higher
pre-pregnancy BMI and smoking are negatively associated with breastfeeding in this population.

Part IX. Specific Dietary Components and Weight Gain

The first three chapters of this six chapter part describe risks of weight gain and the many benefits of
controlling total intake as well as intake of carbohydrates pre-pregnancy in women at risk for GDM
and during any pregnancy that is affected by GDM. Chapter 31 describes the adverse effects asso-
ciated with excessive gestational weight gain. Currently, over 50% of women with diabetes gain
excessive weight during pregnancy and interventions to modify gestational weight gain have had
minimal effect on pregnancy outcomes. Women whose weight gain during pregnancy is outside the
recommended ranges are at increased risk of adverse maternal and neonatal outcomes including the
development of hypertensive disorders of pregnancy, increased risk of caesarean delivery, increased
infant birth weight and postpartum weight retention. Moreover, the attributable risk for childhood
obesity was 16.4% for mothers who had excessive gestational weight gain. The chapter reviews the
studies that looked at pregnant women with GDM who gained excessive weight during pregnancy
and were found to be three times more likely to have a macrosomic infant and other adverse effects.
Chapters 32 and 33 review the value of healthful diet choices for the women with GDM and
emphasize carbohydrates. Chapter 32 describes the importance of medical nutrition therapy (MNT).
Even though there are few available randomized controlled trials investigating the use of MNT in the
treatment of GDM, these studies show beneficial effects of MNT for the mother and offspring,
including improved glycemic control, appropriate gestational weight gain, lower frequency of insulin
therapy and fewer perinatal complications including neonatal hypoglycemia. The chapter reviews the
literature and provides valuable tables on the types of foods and intake levels of
carbohydrate-containing foods that are associated with fewer adverse effects of GDM. Chapter 33
also provides important tables and references that contain more details about the types of carbohy-
drates that can benefit women with GDM. The literature review of evidence from randomized trials in
GDM suggest that a balanced intake of higher quality complex carbohydrates results in good gly-
cemic control, improved insulin action and improved maternal glucose tolerance, improved lipemia,
and vascular benefits, while low-GI diets in particular may reduce the need for insulin, and lower
postprandial glycemia. Diets for GDM that can alter maternal/fetal metabolism in late pregnancy are
examined, as this is the time when fetal growth accelerates.

The final three chapters in this part examine essential nutrients including fatty acids, folic acid and
iron. Chapter 34 looks at the potential for reduced transfer of long chain polyunsaturated fatty acids
(LC-PUFAs) from the placenta of the woman with GDM to the fetus and consequent potential for
adverse effects on the neurological development of the fetus and neonate. GDM appears to be
associated with a significant decrease in the placental transport of LC-PUFAs. The chapter synthe-
sizes the literature that documents the crucial role of LC-PUFAs in the development of the visual and
cognitive function in the fetus, and the effects of the decrease in placental transfer of LC-PUFAs. The
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accompanying figures help the reader to understand the potential for LC-PUFA deficiency to result in
the neurodevelopmental deficiencies associated with infants born to women with GDM. Folate, an
essential water-soluble vitamin, also affects fetal neurodevelopment, as shown definitively in women
with folate deficiency whose infants develop neural tube birth defects. Chapter 35 examines the
interactions between maternal folate status, GDM and effects on the fetus. The author suggests that
further research is warranted that examines maternal vitamin B12 status, folate intake levels and birth
outcomes especially in women with GDM. This chapter, as with other forward thinking text, provides
the foundation for further hypothesis testing. Iron status in the pregnant woman with GDM is the
topic of Chap. 36. Iron status is often below recommended levels in women who become pregnant.
Iron stores (as reflected in serum ferritin levels) during pregnancy are essential in preventing negative
outcomes for both infants and mothers however, there is some evidence that iron supplementation
above recommended intake levels may increase the risk of GDM. The chapter reviews the data
showing a positive link between a high serum ferritin levels early in pregnancy and the risk of GDM.
Increased ferritin levels may be considered as a risk factor for GDM, and may be useful for screening
populations at high-risk of GDM.

Part X. Resources

The final chapter in this comprehensive volume, Chap. 37, contains a compilation of important
resources for health professionals who are interested in learning more about GDM and the nutritional
aspects and consequences of this health condition. The chapter includes lists of relevant journals,
books and references as well as websites of interest.

Conclusions

The above descriptions of the 37 chapters attest to the depth of information provided by the 100 +
well-recognized and respected editors and chapter authors who come from more than 25 countries
around the world and provide a unique perspective on the diagnosis, maintenance and nutritional
components that are most relevant to the prevention and treatment of GDM. Each chapter includes
fully defined abbreviations for the reader and consistent use of terms between chapters. Key features
of this comprehensive volume include over 150 detailed tables and informative figures, an extensive,
detailed index and more than 2000 up-to-date references that provide the reader with excellent
sources of worthwhile information. Moreover, the final chapter contains a comprehensive list of
web-based resources that will be of great value to the health provider as well as graduate and medical
students.

In conclusion, “Nutrition and Diet in Maternal Diabetes”, edited by Rajendram Rajkumar,
Victor R. Preedy and Vinood B. Patel provides health professionals in many areas of research and
practice with the most up-to-date, well referenced volume on the importance of maintaining glucose
control before, during and after pregnancy so that both mother and child increase their opportunities
for enhancing their overall health. The volume serves the reader as the benchmark in this complex
area of interrelationships between maternal hyperglycemia, GDM, Type 1 diabetes and genetic as
well as epigenetic factors that increase their risk; overweight and obesity prior to pregnancy and
during pregnancy especially if it is affected by GDM; the potential adverse pregnancy outcomes to
mother, fetus and neonate as well as potential effects on childhood cognition and increased maternal
risk of subsequent Type 2 diabetes and cardiovascular disease. Additionally, we learn that GDM
reduces the potential for breast feeding and this can greatly impact the health of the infant as well as
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the mother. The importance of diet quality including types and quantity of carbohydrates, glycemic
index and glycemic load, dietary protein intakes and long chain fatty acids are reviewed in depth. The
open questions concerning the diagnosis of GDM are clearly delineated so that students as well as
practitioners can better understand the complexities of these issues as well as learn about the newest
research in developing more sensitive and earlier diagnostic tools. The editors are applauded for their
efforts to develop the first and most authoritative and unique resource in the area of hyperglycemia
during pregnancy and its effects on the health of the mother and her child as well as the potential to
reduce the risk of diseases associated with GDM, and this excellent text is a very welcome addition to
the Nutrition and Health Series.

Adrianne Bendich, Ph.D., FACN, FASN
Series Editor
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