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Foreword

‘ N J ITH BOTH THE PREVALENCE OF DIABETES AND AGE OF preg-

nant individuals increasing in the United States, more per-
sons enter pregnancy with diabetes or are diagnosed with gestational
diabetes. With diabetes impacting a growing number of pregnancies,
it is essential to have accurate, clear information to manage the care
of these individuals. Under the expert leadership of Alyce Thomas,
RDN, FAND, the Academy of Nutrition and Dietetics has created The
Health Professional’s Guide to Nutrition, Diabetes, and Pregnancy. This
work builds on a prior publication that focused solely on gestational
diabetes, and the expanded content now addresses the critical need
for information directed at persons with diabetes entering pregnancy
as well as diabetes that develops during pregnancy.

Ms. Thomas assembled experts to author the chapters, creating
a stand-alone edition for the practitioner. Beginning with an over-
view of diabetes in pregnancy, the text provides a foundation to
understand the complexity and breadth of the conditions. The chap-
ters on management are comprehensive and provide clear, concise
guidance—they not only provide details on what to do but also a clear
understanding of the pathophysiology underlying the recommenda-
tions. Importantly, there is also guidance on medications, both for
the treatment of diabetes and common conditions in pregnancy.

A gem of the text is the case studies, providing real-life situations,
including the workup, analysis, and guidance. These case studies
bring the recommendations to life—demonstrating clearly the
implementation and outcomes. This level of detail and management
throughout gestation will be invaluable to the practitioner.

I commend the Academy of Nutrition and Dietetics for the
foresight to commission this work and to Alyce Thomas’s lead-
ership for creating such a comprehensive text. As a maternal fetal
medicine physician, I care for persons with diabetes in pregnancy—
and, personally, as a woman who had gestational diabetes in three
pregnancies—I appreciate the importance of the material in this text.
The Health Professional’s Guide to Nutrition, Diabetes, and Pregnancy is
an excellent addition to the literature for practitioners.

Catherine Y. Spong, MD

Professor and Vice Chair, Department of Obstetrics and Gynecology
Chief, Division of Maternal-Fetal Medicine.

University of Texas Southwestern Medical Center

Gillette Professorship in Obstetrics and Gynecology



Preface

THE FIRST BOOK PUBLISHED BY THE ACADEMY OF NUTRITION
and Dietetics on nutrition, diabetes, and pregnancy, The
American Dietetic Association Guide to Gestational Diabetes, focused
solely on gestational diabetes mellitus (GDM). In this expanded
edition, care of pregnant persons with preexisting diabetes—type
1 and type 2—is now included. Although GDM is one of the most
common complications in pregnancy and continues to comprise
most cases of diabetes in pregnancy, more persons with type 1 and
type 2 diabetes are becoming pregnant, and health professionals
need to know the similarities and the differences in managing all
persons with diabetes during their pregnancies. In other words,
“one size does not fit all,” and neither should all diabetes in preg-
nancy be managed the same way.

The Health Professional’s Guide to Nutrition, Diabetes, and
Pregnancy provides a resource for those involved in the care of preg-
nant persons with diabetes. It is intended for registered dietitian
nutritionists, registered dietetic technicians, diabetes care and edu-
cation specialists, physicians, nurses, pharmacists, and other allied
health professionals. To better address the full spectrum of care,
the authors of this edition include registered dietitian nutrition-
ists, physicians, a nurse, and pharmacologists. Most are CDCESs
(Certified Diabetes Care and Education Specialists), and all are con-
sidered experts in their respective fields, which gives this book an
interdisciplinary and global perspective on diabetes and pregnancy.

The chapters in this book are divided into five main sections:

®  Overview of Diabetes and Pregnancy (Chapters 1 through
3): Chapter 1 includes a discussion on the current demograph-
ics of diabetes and pregnancy and a historical overview of
diabetes and pregnancy management. Chapter 2 describes the
major physiological changes in energy metabolism in normal
pregnancy and in pregnancies complicated with diabetes. This
chapter also provides a discussion on how hyperglycemia may
affect fetal growth and development. Culture and health liter-
acy are two important areas that impact diabetes care, and both
are addressed in Chapter 3.

= Diabetes Management From Preconception Through
Postpartum (Chapters 4 through 6): Chapter 4 begins with
preconception care of persons with type 1 and type 2 diabetes

XV
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mellitus. A successful pregnancy begins with preconception
counseling and care, which are critically important with
preexisting diabetes. Any preexisting comorbid conditions
should be managed closely to help improve pregnancy out-
comes. Chapter 5 describes the management of pregnancy
and diabetes. Rather than separating chapters for preexist-
ing diabetes and GDM, antepartum care is addressed in this
single chapter, highlighting when applicable any differences
in management. The last chapter in this section, Chapter 6,
discusses postpartum care and diabetes.

= Medication Use in Diabetes and Pregnancy (Chapters
7 and 8): Medication use in pregnancy is always an import-
ant topic because of the possible maternal and fetal adverse
effects. This section was separated into two chapters: Chapter
7 focuses on diabetes medications, and Chapter 8 discusses
nondiabetes medications used in pregnancy, such as tocolytic
agents and antihypertensive medications.

®  Case Studies: A case study is presented for each type of dia-
betes to help illustrate how to address common issues of care
in pregnancy and diabetes.

®  Appendixes: The appendixes contain nutrition guidelines,
sample forms, and other nutrition-related information that
will be useful to the reader.

A special thank you is due to all authors for their tremendous
effort in making this book a reality and I want to acknowledge each
of their contributions. Celeste Durnwald, MD, authored the medi-
cal aspects of the normal physiology of pregnancy in Chapter 2 and
addressed preconception, antepartum, and postpartum medical care
of type 2 diabetes mellitus and GDM in Chapters 4, 5, and 6. She
also cowrote with Neda Ghaffari, MD, the content on type 1 diabetes
mellitus preconception, antepartum, and postpartum medical care in
these chapters. Donna Jornsay, MS, BSN, CPNP, CDCES, BC-ADM,
CDTG, is an experienced diabetes care and education specialist in
perinatal nursing. Her skillful techniques are evident in her excellent
summary on glucose monitoring in Chapter 4 and antenatal testing
in Chapter 5. Medical nutrition therapy, which is the cornerstone
of diabetes and pregnancy management, and is woven throughout
the book was authored by Diana M Gonzales-Pacheco, DCN, RDN,
and Breanna S. Oberlin, MS, RD, CD, CDCES. Diane M. Reader,
RDN, CDCES, contributed to the interconception and prevention
of type 2 diabetes in persons with histories of GDM in Chapter 6.
Chapters 7 and 8, addressing medications, were expertly written by



Elif Ozdener—Poyraz, PharmD, BCACP, CDCES, AAHIVP; Christine
Lam, PharmD, BCPS, BCACP, CDCES, BCGP; and Antonia Carbone,
PharmD, CDCES, BCACP. Maria Duarte-Gardea, PhD, RDN, LD,
coauthored with me Chapter 3 on cultural aspects and health literacy
and also contributed to the case studies.

It is my hope this Health Professional’s Guide to Nutrition, Diabetes,
and Pregnancy will become a valuable resource tool for those who,
like me, have a passion for prenatal care, and especially those with
diabetes.

Alyce Thomas, RDN, FAND

PREFACE  xvii
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Publisher’s Note on
Gender-Inclusive
Language

The Academy of Nutrition and Dietetics encourages diversity and
inclusion by striving to recognize, respect, and include differences in
ability, age, creed, culture, ethnicity, gender, gender identity, political
affiliation, race, religion, sexual orientation, size, and socioeconomic
characteristics in the nutrition and dietetics profession.’

As PART OF OUR COMMITMENT TO DIVERSITY AND INCLUSION, all new
and updated editions of professional books and practitioner
resources published by the Academy of Nutrition and Dietetics will
transition to the use of inclusive language. With recognition and
respect for all people who are or may become pregnant, this first
edition of the Health Professional’s Guide to Nutrition, Diabetes, and
Pregnancy uses gender-inclusive language to refer to individuals
who experience pregnancy. Referring only to women in relation to
pregnancy excludes a diverse group of transgender and nonbinary
people who have health and nutrition needs similar to but distinct
from those of cisgender women.?

Although this edition does not specifically address the care of
transgender men during pregnancy due to limited research, there is
growing recognition of the need for inclusion of transgender and non-
binary individuals in reproductive care, and gaps in available research
are being identified.>* Similarly, the complication of diabetes in
transgender pregnancy has received very little attention in the litera-
ture; however, there is awareness of the need for additional study on
the effects of hormone therapy on insulin resistance and the risk for
diabetes.>® As research continues to explore the unique health and
nutrition needs of transgender people, especially during pregnancy
and lactation, nutrition and health practitioners can increase their
knowledge and understanding by reviewing resources that provide
guidance for person-centered care of gender-diverse individuals.”
Appendix A defines relevant terminology related to gender, including
cisgender, gender identity, nonbinary, and transgender.
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The use of inclusive language is consistent with the American

Medical Association’s AMA Manual of Style as well as other health
professional groups and government organizations, including the

National Institute of Child Health and Human Development, the
American College of Obstetrics and Gynecology, the American
College of Nurse Midwives, and the Midwives Alliance of North

America."* The Academy of Nutrition and Dietetics will continue

to evolve to adopt consensus best practices related to nutrition care
of gender-diverse individuals that maximize inclusivity and improve
equitable and evidence-based care.

10.

11.

12.

13.

14.

Diversity and Inclusion Statement. Academy of Nutrition and Dietetics
website. Accessed July 16, 2021. www.eatrightpro.org/practice/practice
-resources/diversity-and-inclusion
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CHAPTER

Prevalence and
Demographics
of Diabetes in
Pregnancy

Diabetes and
Pregnancy:
Demographics and
History

Alyce Thomas, RDN, FAND

CHAPTER OBJECTIVES

= Describe the prevalence of diabetes in pregnancy.

= Discuss the historical treatment of diabetes during
pregnancy.

= |dentify the evolution of medical nutrition therapy in the
treatment of diabetes during pregnancy.

= Define diabetes and the types of diabetes.

The prevalence of diabetes in the United States is increasing.! As of
2020, the Centers for Disease Control and Prevention (CDC) esti-
mated that diabetes (including type 1, type 2, and gestational dia-
betes mellitus) affects 13% of the US adult population (34.1 million
people), depending on the diagnostic criteria used. See Box 1.1 for
the definition and types of diabetes. In 20% to 23% of these individ-
uals (6.3 to 8.4 million people), diabetes is undiagnosed (Box 1.2).?
Prediabetes, an asymptomatic abnormal state in which blood glucose
levels are higher than normal—but not high enough for a diagnosis
of diabetes—affects 34.5% of US adults aged 18 years or older.! The
diagnostic criteria for prediabetes are not uniform across various
international professional organizations, yet prediabetes is recog-
nized as a state of high risk for developing diabetes.’ Diabetes is the
seventh leading cause of death in the United States after heart disease,
cancer, accidents, stroke, and Alzheimer disease.* However, research
from the National Health and Nutrition Examination Survey and
the National Health Interview Survey suggests diabetes has a higher
mortality rate. Based on this analysis and the proportion of deaths in
which diabetes is the underlying cause, this places the condition as
the third leading cause of death in the United States.



BOX 1.1

Definition and
Types of Diabetes®’

BOX 1.2

Prevalence of
Diabetes in
Adults in the
United States’

Diabetes is defined as a group of metabolic diseases characterized
by hyperglycemia resulting from a defect in insulin secretion, insulin
action, or both.

Diabetes classification

According to the American Diabetes Association’s Standards of Care,
diabetes can be classified into four general categories:

o type 1 diabetes: diabetes caused by autoimmune B-cell destruction,
usually leading to absolute insulin deficiency

» type 2 diabetes: diabetes caused by a progressive loss of -cell
insulin secretion, frequently with the background of insulin
resistance)

+ gestational diabetes mellitus (GDM), diabetes diagnosed in the
second or third trimester of pregnancy that was not clearly overt
diabetes prior to gestation

 specific types of diabetes due to other causes (such as monogenic
diabetes syndromes), diseases of the exocrine pancreas (such as
cystic fibrosis and pancreatitis), and drug- or chemical-induced
diabetes (such as after organ transplantation).

NOTE: Prediabetes is not included in the classification of diabetes.
Itis defined by an impaired fasting glucose, impaired glucose
tolerance, glycosylated hemoglobin A1c (HbA1c) of 5.7% to 6.4% (39 to
47 mmol/mol), or a combination of these.

34.1 million adults Prevalence of diabetes by
(18 years of age and older)  race/ethnicity
with diabetes (13% of US

population) e 14.7% American Indians/

Alaska Natives

« 26.8% million diagnosed » 11.7% Non-Hispanic Blacks
« 7.3 million undiagnosed 12.5% Hispanic

. 5.2% with type 1 diabetes e 9.2% Non-Hispanic Asians
« 34.5% had prediabetes 7.5% Non-Hispanic Whites

The true prevalence of diabetes in pregnancy, both preexisting
and gestational diabetes mellitus (GDM), is unknown. According to
the CDC, the prevalence of preexisting diabetes is 0.9% and GDM
is 6.0%.® Blacks, Hispanics, American Indian, Asians, and Pacific
Islanders are at higher risk of developing diabetes (including GDM)
than are non-Hispanic Whites.’

Diabetes during pregnancy can have detrimental effects. In per-
sons who have preexisting diabetes, uncontrolled blood glucose levels
are associated with an increased risk of birth defects, macrosomia,
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miscarriage, and preeclampsia. While GDM is considered a milder
form of diabetes, it is associated with an increased risk of jaundice,
macrosomia, and respiratory challenges in the infant and an increased
risk for developing type 2 diabetes later in life. A detailed discussion
of potential complications is found in Chapter 2.

Historical Preinsulin Era

Bac kg round The management of diabetes during pregnancy has undergone many
changes throughout the years. With preexisting diabetes, intensive
blood glucose control before and continuing throughout pregnancy
has led to decreased perinatal morbidity and mortality.'*"* Yet nearly
100 years ago, before the first clinical use of insulin to treat diabetes
(1922), this was not the case. Very few cases of diabetes during preg-
nancy were recorded. Many with diabetes experienced amenorrhea
and generally were thought to be infertile. If a person with diabetes
became pregnant, the mortality rate during pregnancy was approxi-
mately 50%, with the major cause of death attributed to ketoacidosis
or diabetic coma.'*¢ Because of this high mortality rate, persons with
diabetes were encouraged to avoid or terminate any pregnancy.'’
Those with diabetes not only died during pregnancy but could also
succumb to diabetes complications as long as 2 years postpartum.
(The records do not indicate if these individuals had preexisting or
gestational diabetes.)

In 1824, a 22-year-old German woman became one of the first
recorded cases of gestational diabetes in pregnancy.'® According to
this case report, she did not experience diabetes in her first three
pregnancies but developed polyuria, polydipsia, and glycosuria
during her fourth pregnancy. These conditions disappeared after
delivery but reappeared during her fifth pregnancy. Treatment
included bloodletting, a high-protein diet, and beer to relieve
her thirst. Unfortunately, at 36 weeks’ gestation, she delivered a
12-pound stillborn with shoulder dystocia.'**

Nearly 60 years later, Matthew Duncan, an obstetrician from
Edinburgh, Scotland, used data compiled from cases of diabetes com-
plicating pregnancy and noted only 22 pregnancies in 15 participants’.
The outcomes of these cases were 13 fetal deaths and nine perinatal
deaths within 1 year postpartum.*"*> One of Duncan’s observations was
that diabetes might occur during pregnancy but was absent soon after
delivery. He also noted that these infants tended to be larger than the

t Study participants were described as women. Gender was not further specified. Please
see pages xix to xx and Appendix A for more on gender-inclusive terminology. This note
applies to all appearances of the 3 symbol in this chapter.
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average newborn and that diabetes could recur later in life.** In 1915,
Elliott P. Joslin, founder of the Joslin Diabetes Center (Boston, MA),
observed similar features where diabetes symptoms disappeared after
delivery but recurred during subsequent pregnancies and sometimes
progressed to type 2 diabetes.*

Early Insulin Use and Pregnancy

The first clinical use of insulin in pregnancy in 1923** led to a sub-
sequent decline in perinatal mortality*® but did not provide any
positive effect on the fetus.”® Many of these infants were stillborn or
survived with major congenital anomalies (eg, congenital heart dis-
ease, cerebral palsy, intellectual disability). They also were observed
to be much larger than infants born to those without diabetes.*”*®
Because no decrease in the perinatal mortality rate was achieved, per-
sons with diabetes were advised to avoid becoming pregnant.” Those
who chose to continue the pregnancy were usually admitted to a
hospital during the last month of pregnancy and underwent cesarean
delivery at 38 weeks’ gestation or earlier to prevent late-term fetal
demise."*%®

During this time, persons with diabetes who had a live birth often
experienced difficulty in breastfeeding their infants. MclIlroy and
colleagues suggested those with diabetes avoid breastfeeding due to
possible deficiencies in their milk supply.* It is now understood that
inadequate milk production can be due to consequences of premature
birth (eg, inability of infant to suck, lack of opportunity to establish
breastfeeding), a frequent outcome of diabetes in pregnancy.*

Distinction Between Preexisting Diabetes and
Gestational Diabetes Mellitus

In 1931, Rowe and colleagues observed a relationship between
glycemia and glycosuria during pregnancy.* Richardson and Bitter
believed pregnancy placed a strain on the glucose metabolizing
apparatus.’ Damage to the kidney tubules, which caused excretion
of larger amounts of microscopic sugar crystals, was thought to be a
possible cause. Their 1932 study of 247 participants’ was conducted
to determine why glycosuria occurred in pregnancy and whether
this was a serious condition.’* Eight percent of the participants in
the study showed a blood glucose curve analogous to that of dia-
betes mellitus or of decreased carbohydrate tolerance (gestational
diabetes). Glycosuria was observed in 42% of the participants after
delivery, but 50% showed little to no trace of glucose in their urine
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12 days postpartum. The cause of the glycosuria in pregnancy was
thought to be either hyperglycemia in the presence of a normal
renal threshold similar to that of diabetes mellitus or a lower renal
threshold with normal blood glucose levels.

Diabetes that occurred during pregnancy often was referred to as
“mild” or “transitory” diabetes. In 1946, a review article by Eastman
reported that there were no differences in treatment modalities for
those with diabetes occurring during pregnancy than for those with
preexisting diabetes.”® By 1954, Hoet and Lukens observed that some
pregnancies caused abnormal carbohydrate metabolism (character-
ized by a hyperglycemic glucose tolerance curve).** The curve became
abnormal around the fourth month of gestation but disappeared or
diminished with delivery, whether or not glycosuria was present. The
fetal mortality rate was proportionate to the increased severity of the
abnormal carbohydrate metabolism. In their article, Hoet and Lukens
suggested that correcting the abnormal carbohydrate metabolism using
insulin would reduce fetal and infant mortality. They hoped that, in the
future, the use of exogenous insulin to correct hyperglycemia during
pregnancy would not only improve survival but also would result in
normal fetal growth and development. Reis and colleagues—and later,
Hagbard and Svanborg—observed that diabetes developing during
pregnancy was of shorter duration and less severe than preexisting dia-
betes.*>* In most people, the symptoms disappeared, and oral glucose
tolerance test results were normal after delivery and lactation. Reis
and colleagues observed that most participants* who had mild diabetes
during pregnancy were older and obese.*

By 1960, “temporary diabetes” referred to the condition in which
women produced large babies and tended to develop diabetes mellitus
later in life.”” In studies from the mid-20th century, persons with pre-
diabetes had a fetal loss rate of 20% to 67%, and those with preexisting
diabetes whose pregnancies ended with live births had a higher rate
(20%) of large-for-gestational-age babies.***** John O’Sullivan, one of
the first researchers to use the term gestational diabetes, defined it as
“unsuspected, asymptomatic diabetes ... occurring during pregnancy.”*

Classification of Diabetes in Pregnancy

Priscilla White, MD, of the Joslin Diabetes Center was the first phy-
sician to classify diabetes in pregnancy based on the age of onset, its
duration, and the presence or absence of vascular complications.*
White’s system used various letters of the alphabet to categorize fetal
risk (classes A through E) and perinatal risk (class F), as shown in
Box 1.3.#
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BOX 1.3

White'’s
Classification
of Diabetes

in Pregnancy
(Original)*?

Class A Diagnosis of diabetes made when glucose tolerance
test results deviated slightly from normal. No
insulin was required with little dietary regulation.

Class B Diabetes onset occurred at age 20 years or older,
and duration was shorter than 10 years, with no
vascular disease.

Class C Diabetes duration was 10 to 19 years, or its onset
occurred at age 10 to 19 years, or vascular disease
was minimal.

Class D Diabetes duration was 20 years or longer, or onset
occurred before age 10 years, or evidence of
vascular disease was notable.

Class E Calcified pelvic arteries were seen on radiograph.

Class F All women?® with nephritis.

aWomen was the original wording in the classification.

BOX 1.4

White’s
Classification
of Diabetes
in Pregnancy

(Final)+

The classification system was revised by White in 1965, 1978,*
and finally by Hare and White in 1980.* Each revision added classes
due to the increasingly recognized complexity of diabetes and preg-
nancy. The last version included the addition of retinopathy, hyper-
tension, arteriosclerotic heart disease, and prior renal transplantation.
Gestational diabetes was classified as a separate category; the lettering
system was used only for preexisting diabetes (Box 1.4).*

Gestational Abnormal results of oral glucose tolerance test, but

diabetes euglycemia maintained by diet alone or may require
insulin

Class A Managed by diet alone, any duration, or onset age

Class B Onset age 20 years or older and duration less than
10 years

Class C Onset age 10 to 19 years or duration 10 to 19 years

Class D Onset age younger than 10 years, duration

longer than 20 years, background retinopathy, or
hypertension (not preeclampsia)

Class R Proliferative retinopathy or vitreous hemorrhage
Class F Nephropathy with proteinuria above 500 mg/d
Class RF Criteria for both Classes R and F coexist

Class H Arteriosclerotic heart disease clinically evident
ClassT Prior renal transplantation

CHAPTER 1: Diabetes and Pregnancy: Demographics and History 7



BOX 1.5

Proposed
Classification
System for
Diabetes in
Pregnancy*

Gestational Diabetes diagnosed during pregnancy that is not

diabetes clearly overt (type 1 or type 2) diabetes
Type 1 Diabetes resulting from B-cell destruction, usually
diabetes leading to absolute insulin deficiency

» without vascular complications
« with vascular complications

Type 2 Diabetes resulting from inadequate insulin
diabetes secretion in the face of increased insulin resistance
« without vascular complications

« with vascular complications

Other types Examples: genetic in origin, associated with
of diabetes pancreatic disease, or drug-induced or chemically
induced

The American College of Obstetricians and Gynecologists
(ACOG) has not included the White classification system in its
Technical Bulletins since 1986 because it is considered less helpful
since fetal assessment, neonatal care, and the overall management of
pregnancy have improved.** However, two recent studies have found
White’s classification system still useful for pregnancies with preex-
isting diabetes in the presence of hypertension or in estimating the
risk of preeclampsia.””*® Sacks and Metzger proposed a classification
using the American Diabetes Association’s (ADA) definitions of dia-
betes tailored specifically to pregnancy (Box 1.5).* The proposal has
not yet been accepted by ACOG or ADA.*

Medical Nutrition Therapy and Diabetes
in Pregnancy

The ADA 2008 guidelines for medical nutrition therapy (MNT) specity:

It is recommended that a registered dietitian, knowledgeable and
skilled in MNT, be the team member who plays the leading role

in providing nutrition care. However, it is important that all team
members, including physicians and nurses, be knowledgeable
about MNT and support its implementation.®®

The Academy of Nutrition and Dietetics defines MNT as a specific
application of the Nutrition Care Process in clinical settings that
is focused on the management of diseases. MNT involves in-depth
individualized nutrition assessment and a duration and frequency of
care using the Nutrition Care Process to manage disease.”’ Medical
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TABLE 1.1 Medical Nutrition Therapy for Diabetes in Pregnancy, 1898 to 1952

Carbohy- Other components of
Year Author Energy drate Protein Fat treatment plan
1898 Naunyn Unknown <15% 85% Unknown Weekly antepartum
through (reported (with fat) visits
1914 by Ney and
Hollingsworth,
1981%4)
1937 White, 193742 30 kcal/kg BW*  >150 g 1g/kg Remainder
ABW®P of calories
1943 Lavietes et al, 150-250g 80¢g Remainder
194355 of calories
1945 Bigby and 2,200~ 220-300g Unknown Unknown
Jones, 1945% 2,500 kcal
1951 Duncan, [IBWe (lb) x 180-250g IBW X 7s Remainder If edema:saltintake
195157 10]+ 100 kcal of calories  moderately restricted
(3 g/d max), further re-
duced if water retention
increased, plus4to8g
ammonium chloride dai-
ly x 3 days as diuretic
with rest for 2 to 3 days.
1 qt milk for adequate
calcium
1951 Moss and 30 kcal/kg Added to 2g/kg Remainder  Sodium restriction
Mulh;lland, optimal BW supply BW of calories Weight gain limited to
1951 50 g to
20 lb
fetus
1952 Reis et al, 25 kcal/kg BW Unknown  Unknown Remainder
19523% (light work); of calories
30 kcal/kg

BW (moderate
work)

2 BW = body weight | ® ABW =actual body weight | ¢IBW =ideal body weight

nutrition therapy always has been an important adjunct to treatment
for diabetes in pregnancy. Throughout the years, diets have varied—
from those that included periods of starvation®>** to high fat**
whereas others advocated low- or high-carbohydrate intake.>* Table
1.1 provides a summary of nutrition management strategies used
by researchers in the early 19th and mid-20th centuries. Chapters 4
through 6 discuss medical nutrition therapy used today.
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from starvation diets and beer to an emphasis on healthy eating
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ciated with diabetes have improved with the discovery of insulin,
the risk of complications in pregnancy is higher than a pregnancy
without diabetes. These complications include fetal macrosomia
in those with GDM, fetal congenital anomalies in pregnancies with
preexisting type 1 and type 2 diabetes, and an increased risk of obe-
sity, hypertension, and type 2 diabetes mellitus in their offspring
later in life.® However, care of the persons with diabetes, which
begins prior to and continues throughout their pregnancy, will help
to improve both perinatal morbidity and mortality.
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CHAPTER

Normal
Metabolism in
Pregnancy

Physiology of
Pregnancy and the
Effects of Diabetes

Celeste Durnwald, MD

CHAPTER OBJECTIVES

= Describe the major physiological changes in glucose,
protein, and lipid metabolism in normal pregnancy.

= Explain the role of insulin resistance and placental
hormones in glucose homeostasis.

= Describe the effect of glucose metabolism in pregnancies
with diabetes.

= Discuss the effect of gestational hyperglycemia on fetal
growth and development.

Throughout pregnancy, the body’s metabolism adapts to the needs of
the growing fetus. These physiologic changes are designed specifically
to increase placental glucose transfer, thereby providing a continuous
supply of glucose to meet the increasing metabolic requirements of
the fetus.! Circulating placental hormones, such as human placental
lactogen (hPL) and cortisol, also increase gestational glucose con-
centrations to support the fetus. Postprandial insulin concentrations
enhance glucose uptake into skeletal muscle and adipose tissue and
suppress hepatic glucose production. Adaptations in metabolism
include 1) transient postprandial gestational hyperglycemia (due
to increasing insulin resistance) and 2) transient hypoglycemia
between meals (due to a constant need for glucose by the developing
fetus).? In the fasting state, plasma glucose and amino acids decrease
in conjunction with an increase in free fatty acids (a concept known
as accelerated starvation®). As pregnancy progresses, postprandial glu-
cose gradually increases and insulin sensitivity decreases to foster
fetal growth.” Consequently, “normal” pregnancy is characterized as
a diabetogenic state (producing or causing diabetes)’; to maintain

13



normoglycemia during pregnancy, insulin production is increased
two- to threefold.

Glucose Metabolism

During the first trimester, elevations of hPL and cortisol decrease
gestational glucose levels.® Serum estrogen and progesterone levels
also increase, which stimulate production and secretion of additional
insulin while increasing insulin sensitivity. The result is decreased
fasting and postprandial glucose levels during the first 12 weeks of
gestation.® Fasting glucose levels in a normal pregnancy is 10% to
20% lower than those in a nonpregnant state.” The lower glucose
levels protect the fetus from receiving excessive glucose during the
critical period of organogenesis.

As glucose levels increase after eating, the pancreas secretes addi-
tional insulin to normalize glucose levels relatively quickly and ensure
adequate energy supply to the fetus. The constant need for glucose
by the fetus tends to cause gestational hypoglycemia between meals
and during the night.° The body is able to compensate for this drain
on glycemic levels by an enhanced capacity for nutrient storage during
feeding. Early pregnancy is viewed as an anabolic state in which there
is both an increase in gestational fat storage to compensate for the
increasing energy demands of later pregnancy and a decrease in free
fatty acid concentrations.! Insulin is responsible for storing the excess
calories at lipid and tissue sites for later use during pregnancy.

The placenta regulates transfer of nutrients to the fetus (see
Figure 2.1).*° Glucose is transported to the fetus through the pla-
centa via facilitated diffusion.® Fetal glucose concentrations are 10
to 20 mg/dL lower than maternal concentrations.” The placenta
contains high concentrations of insulin-dependent glucose transport
molecules (GLUT) that assist in the passage of glucose across the
placenta.” Alterations in the rate of GLUT transporters produce a
change in circulating glucose concentration, and higher glucose levels
lead to increased glucose transport to the fetus.

During the second trimester, estrogen, progesterone, and placen-
tal hormones (hPL, prolactin, and cortisol) levels increase and work
synergistically to increase insulin resistance and decrease insulin
sensitivity, resulting in higher fasting and postprandial blood glucose
levels.' hPL is a main contributor to reduced insulin sensitivity and
impaired glucose tolerance. Increased secretion of hPL also inhib-
its the uptake of glucose in peripheral tissues and stimulates fetal
pancreatic insulin secretion. Elevated prolactin concentrations
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FIGURE 2.1 Placental permeability and the relationship between gestational fuels
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contribute to blunting the action of insulin, whereas elevations in
cortisol increase the hepatic production of glucose.” As fetal nutri-
ent demands increase, the liver is stimulated to mobilize gestational
glucose stores and increase the concentration of circulating glucose.
In a healthy person with a normal body mass index, basal hepatic glu-
cose production increases 30% by the third trimester, matched by an
increase in basal insulin production.” Increasing insulin resistance
places a greater demand on f cells of the pancreas to secrete addi-
tional insulin.” Gestational insulin resistance continues into the third
trimester, culminating in a threefold increase in insulin production
above nonpregnant levels to maintain normoglycemia.®
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Protein and Lipid Metabolism

Protein is essential for fetal growth and development. In pregnancy,
progesterone increases the hepatic utilization of amino acids, thereby
decreasing plasma amino acid levels, compared with the nonpreg-
nant state. Cortisol, prolactin, and hPL also act to ensure the fetus
receives a continuous supply of amino acids.” As a result of the active
transport of amino acids across the placenta, fetal amino acid levels
are higher than gestational levels.!

Pregnancy is associated with increased levels of triglycerides,
low-densitylipoproteins (LDL), high-density lipoproteins (HDL), and
total cholesterol.! Fat deposited in adipose tissue during the first half
of pregnancy is later mobilized, increasing the production of plasma
free fatty acids and ketones.” In a normal pregnancy, increasing free
fatty acids causes insulin resistance.” Free fatty acids may also influ-
ence the hepatic production of glucose, resulting in increased insu-
lin resistance and decreased insulin sensitivity. In pregnancy, these
lipids are used for energy metabolism, whereas the fetus depends on
glucose as its primary fuel source. This mechanism protects the fetus
during any period of starvation in pregnancy. Conversely, in instances
of starvation, the fetus uses ketones transported across the placenta
as an energy source.'

FIGURE 2.2 Normal insulin production in pregnancy
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Diabetes During
Pregnancy

Development of Progressive Insulin Resistance

As pregnancy continues, insulin resistance develops progressively:
physiologic insulin concentrations stimulate a decreased biologic
response in target tissues, and the body compensates by producing
more insulin. By the third trimester, insulin sensitivity decreases 50%
to 60%,' and glucose uptake by skeletal muscle and adipose tissue
decreases. This insulin resistance is more exaggerated in those who
had decreased insulin sensitivity before pregnancy, such as those
with obesity. Two main physiologic mechanisms underlie insulin
resistance during pregnancy.

Decreased Insulin Receptor Signal Transduction
Toinitiate a physiologic response in target tissues, the insulin receptor
(amember of the ligand-activated receptor and tyrosine kinase family
of transmembrane signaling proteins) auto-phosphorylates and
activates downstream molecules, such as insulin receptor substrate-1.
In pregnancy, this insulin receptor signal transduction is decreased.
Levels of insulin receptor substrate-1 are observed to be lower in the
skeletal muscle during late pregnancy than in a nonpregnant state.'

Placental Factors

The placenta produces hPL, progesterone, estrogen, and tumor necro-
sis factor, all of which contribute to insulin resistance. After delivery
insulin resistance reverses and insulin requirements decrease."

Type 1 Diabetes Mellitus

Data are limited on the specific changes in glucose metabolism during
pregnancy with type 1 diabetes mellitus (T1DM). One study demon-
strated a 50% decrease in insulin sensitivity during late gestation in
participants’ with TIDM.*® No difference in insulin sensitivity was
observed during early gestation and the postpartum period (1 week
after delivery) compared with nonpregnant subjects who had T1DM.

C-peptide is elevated during pregnancy, compared to the non-
pregnant state. However, C-peptide levels in those with T1DM are
low to undetectable during pregnancy, compared to a pregnancy with
type 2 diabetes mellitus (T2DM).?' Therefore, there is little residual
B cell function in T1IDM.** Plasma triglyceride levels and free fatty
acids in those with T1DM are higher during the third trimester than
in the nonpregnant state.*
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In persons with well-controlled T1DM, insulin requirements
are decreased in the first trimester to early second trimester (9 to
18 weeks). Hypoglycemia is common during the first trimester in
persons with T1IDM. This is coupled with decreased hypoglycemia
awareness, which is thought to be a result of a diminished sympa-
thetic reaction in pregnancy. Clinicians need to be aware of these two
important physiologic changes and the potential need for decreased
insulin doses at this point in pregnancy. Conversely, insulin require-
ments increase in the late second trimester through the third trimes-
ter (18 to 37 weeks). This is followed by a plateau or slight decline in
insulin needs after 37 weeks’ gestation. The overall insulin require-
ment during pregnancy with T1DM increases by 40%, compared with
an nearly 100% increase in those with T2DM.**

Type 2 Diabetes Mellitus

T2DM is characterized by a 3 cell deficiency leading to secretory
defects, most commonly in the setting of inflammation and metabolic
stress. The physiologic changes that occur in normal pregnancy are
the primary drivers for the profound increased insulin resistance and
decreased insulin sensitivity in those with T2DM. Similar to T1DM,
the increasing insulin resistance and decreased insulin sensitivity as
the pregnancy progresses result in an excessive amount of glucose to
the fetus. There has been limited research that has exclusively evalu-
ated pregnancy and T2DM.

Gestational Diabetes Mellitus

Gestational diabetes (GDM) is one of the most common medical
complications of pregnancy, affecting up to 7% of pregnancies.*>*¢
Approximately 200,000 deliveries in the United States every year
occur in persons who develop GDM.*” With the increased incidences
of obesity, delayed childbearing, and multiple gestations, the diagno-
sis of GDM is expected to increase.

Most cases of GDM share the underlying pathophysiology of
T2DM, which unmasks the 3 cell defect related to obesity and chronic
insulin resistance. In the majority of GDM cases, an underlying pan-
creatic B3 cell dysfunction leads to an insufficient amount of insulin
to counteract the increasing insulin resistance in late pregnancy.
Although this is the most common underlying mechanism for the
pathophysiology of GDM, other less common causes are possible. In
a small percentage (<10%) of GDM cases, circulating immune com-
plexes (anti-islet cell antibodies or antibodies to glutamate decarbox-
ylase 65) are diagnostic of evolving T1DM.*®
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Effects of
Diabetes on
Gestational and
Fetal Health

Organogenesis

The increased risk for diabetic embryopathy is directly proportional
to elevations in the gestational hemoglobin Alc (HbAlc) during the
first 10 weeks of pregnancy.”

Organogenesis, the critical period of development, occurs in
humans from about gestation day 20 to day 55. Malformation rates
are directly linked to poor glycemic control during this period. An
embryo exposed to excess hyperglycemia during organogenesis is
at high risk of developing congenital anomalies. The most common
organ systems affected include the brain and spinal cord, kidneys,
heart and major vessels, gastrointestinal system, genitourinary
system,*® and skeletal structures.’’ The fetal malformation rate in
preexisting diabetes (T1DM and T2DM) is estimated to be 1.9 to 10
times higher than in the general population. Although GDM is not
associated with fetal malformation rates as high as in preexisting dia-
betes, the rate is 1.5 times higher than in pregnancies without diabe-
tes and 3.4-fold higher in GDM with higher than normal fasting blood
glucose levels.*> One study demonstrated a 3.4% risk of anomalies
when HbAlc levels were below 8.5% compared with a 22.4% risk of
anomalies in those with a level higher than 8%.%

Glycemic control optimized before conception (HbAlc lower
than 6.5%) is associated with the lowest risk of congenital anom-
alies.* According to the American Diabetes Association, those of
childbearing age who have diabetes should receive education about:

®  risks of malformation associated with unplanned pregnancy
and poor metabolic control, and

®  continual use of an effective form of contraception to prevent
unplanned pregnancies.*

Fetal Development

Glucose, the primary fuel source used by the fetus, crosses the pla-
centa by facilitated diffusion.® Amino acids, as described previously,
are used in much smaller amounts.” Elevations in gestational blood
glucose precipitate increased glucose diffusion across the placenta
and higher glucose levels in the fetus. Fetuses consistently exposed
to higher levels of circulating glucose experience increased fetal
insulin production known as fetal hyperinsulinemia.>* Transplacental
diffusion of insulin bound to immunoglobulin G (IgG) antibodies is
limited. Insulin acts as a fetal growth hormone and is a major contrib-
utor to fetal overgrowth in pregnancies complicated by diabetes. In
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response to continual excessive glucose, fetal hyperinsulinemia also
can lead to B cell hyperplasia of the fetal pancreas.

Production of insulin in the fetal pancreas begins at approxi-
mately 11 or 12 weeks’ gestation.” Insulin is excreted in fetal urine
and found in amniotic fluid by the 12th week of gestation.” With
advancing gestation, insulin levels increase in the amniotic fluid in
response to fetal secretion. Fetal morbidities, such as macrosomia,
intrauterine growth restriction, preeclampsia, and intrauterine fetal
demise have been associated with both excessive insulin levels and
low insulin levels in amniotic fluid.”*

Congenital Malformations
The incidence of fetal complications in GDM is lower than in those
with preexisting diabetes but higher than in normal pregnancies.*®
Infants born to persons with TIDM and T2DM have an approximately
twofold to sixfold increase in major congenital malformations.*”?**
The most common fetal anomalies include cardiac defects and neural
tube defects, leading to central nervous system anomalies, especially
spina bifida and anencephaly.’” Although GDM was defined as “dia-
betes first recognized in the current pregnancy,” it is reasonable
to assume that GDM diagnosed before 20 weeks’ gestation actually
might have overt T2DM. In these cases, the underlying impaired
glucose tolerance might predate the pregnancy, and the risks of fetal
morbidities are likely closer to those with preexisting diabetes.

The risk for cardiac defects has an increased odds ratio of roughly
2.5 compared with those who do not have diabetes.” Billionnet and
colleagues* reported an increased rate of cardiac malformations
(odds ratio [OR] 1.3 [95% confidence interval [CI] 1.1 to 1.4]) in par-
ticipants® with GDM, compared with those without diabetes. Higher
risks were observed in those with insulin-treated GDM than in those
with diet-treated GDM. The study excluded those suspected to have
undiagnosed preexisting diabetes." Hypertrophic cardiomyopathy,
a cardiac malformation characterized by thickening of the heart
muscle, is thought to be caused by fetal hyperinsulinemia, leading to
accelerated growth of cardiac cells.”

Growth Disturbances

Diabetes in pregnancy carries anincreased risk for intrauterine growth
restriction and fetal macrosomia. Asymmetric intrauterine growth
restriction can develop in persons with diabetes who have vascular

t Study participants were described as women. Gender was not further specified. Please
see pages xix to xx and Appendix A for more on gender-inclusive terminology. This note
applies to all appearances of the 3 symbol in this chapter.
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disease (such as nephropathy and retinopathy), recurrent hypogly-
cemia and ketosis, or preeclampsia. More commonly, neonates of
those with diabetes are known to have increased body fat in addition
to higher rates of macrosomia. Several studies have demonstrated a
strong correlation between gestational blood glucose concentrations
and neonatal birth weight as well as neonatal adiposity.**

Macrosomia

Macrosomia, or fetal overgrowth, is the most common fetal com-
plication associated with gestational diabetes.’® The incidence of
macrosomia has increased in the United States and other developed
countries.** Although more than 75% of macrosomic infants are
born to those with normal glucose tolerance, the incidence of mac-
rosomia in GDM is 20% to 50%." This parallels the increasing rates
of GDM. Fetal overgrowth often is defined as either macrosomia or
large for gestational age,* but there is no standard definition for mac-
rosomia, regardless of gestational age (reports range from 4,000 to
4,500 g).** A more precise measure of fetal overgrowth for infants not
born at term is large for gestational age or above the 90th percentile,
based on population- and sex-specific curves.

Fetal overgrowth is a direct result of gestational hyperglycemia.
Glucose freely crosses the placenta and is a growth factor for the
developing fetus. Exposure to elevated glucose levels results in fetal
hyperglycemia and a resultant increase in fetal -cell mass and hyper-
insulinemia. This phenomenon, referred to as the Pedersen hypothesis,
also accounts for higher rates of neonatal hypoglycemia after birth
in infants born to those with any form of diabetes.* Postprandial
glucose, as opposed to fasting glucose, has been shown to be more
predictive of fetal overgrowth and macrosomia.>®*! Similarly, medica-
tion adjustment based on postprandial glucose levels decreased rates
of macrosomia and neonatal hypoglycemia.>* Studies also have iden-
tified elevated lipid and amino acid levels as contributors to excessive
fetal growth.'

Although fetal overgrowth is defined by birth weight, it is more
accurately characterized by estimating body composition, both lean
body mass and fat mass. Lean body mass is metabolically active and
relatively stable in utero.>® Fat mass is more variable and sensitive to
factors, such as elevated gestational glucose.”* Infants with average-
for-gestational-age birth weights born to those with any form of
preexisting diabetes have been shown to have increased body fat,
compared with infants from a pregnancy with normal glucose toler-
ance.” This same phenomenonholds true for large-for-gestational-age
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infants born to those with GDM.*® In addition to an overall increase
in fat mass, there is disproportionate growth with excessive adipose
tissue deposits in the chest and abdominal area.”” This dispropor-
tion is a leading contributor to the higher rate of shoulder dystocia
in infants born to those with diabetes, even at birth weights below
the macrosomia threshold. In persons with diabetes, the risk for
shoulder dystocia with a fetal weight greater than 4,000 g is approx-
imately 30%.%® Shoulder dystocia can lead to both perinatal and neo-
natal morbidity.* Perinatal morbidities include an increased risk for
postpartum hemorrhage and a higher degree of perineal lacerations.
Neonatal morbidities include brachial plexus injuries, clavicular and
humeral fractures, perinatal asphyxia, neonatal encephalopathy, and
death.®

Additional investigation of the relationship between the preva-
lence of risk factors (such as obesity), preexisting diabetes mellitus,
and changes in the incidence of macrosomia is warranted. More
research is needed to determine whether clinical interventions to
treat patients with specific risk factors are effective in preventing
macrosomia.

Given the difficulty in preventing birth injury due to macrosomia,
it is best to prevent fetal overgrowth with tight glycemic control.
Prophylactic cesarean delivery should be considered for pregnancies
with diabetes and an estimated fetal weight of 4,500 g or more.** The
presence of both T2DM and obesity before pregnancy has been asso-
ciated with an increased risk for cesarean delivery.*!

Polyhydramnios

Polyhydramnios (excessive amniotic fluid) occurs in approximately
1% of pregnancies. Its prevalence is higher in pregnancies with diabe-
tes, ranging between 1% to 20%.5* Although several mechanisms have
been proposed, the most likely etiology is related to fetal polyuria as
a result of fetal hyperglycemia. Polyhydramnios is more common in
those with suboptimal glycemic control (mainly in preexisting T1DM
or T2DM).*>% In one GDM study*, polyhydramnios was not associ-
ated with increased perinatal morbidity or mortality, compared with
those who had normal amniotic fluid volumes.** A diagnosis of poly-
hydramnios often coexists with fetal overgrowth and should prompt
close surveillance of blood glucose levels.
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Neonatal Hypoglycemia

Neonatal hypoglycemia occurs shortly after birth when the infant is
no longer receiving a continuous supply of glucose but still has high
circulating insulin levels. It is most often defined as a blood glucose
level below 35 to 40 mg/dL during the first 12 hours of life." Infants
with macrosomia are at increased risk for neonatal hypoglycemia.®
Poor glucose control during pregnancy, both in the antepartum and
intrapartum periods, is also associated with higher rates of neonatal
hypoglycemia.®® The condition is often adequately treated with early
initiation of neonatal oral feeding and frequent blood glucose mon-
itoring. In rare cases, intravenous glucose is needed. Unrecognized
and inadequately treated neonatal hypoglycemia can lead to seizures,
cerebral damage, and death.

Respiratory Distress Syndrome

Respiratory distress syndrome is characterized by the lack of surfac-
tant production in the fetal lungs, resulting in the collapse of terminal
air spaces. Diabetes and preterm delivery are risk factors for respira-
tory distress syndrome.®” Fetal hyperglycemia with resultant hyper-
insulinemia inhibits expression of surfactant proteins."*® A delay in
the appearance of phosphatidylglycerol, a major lipid component of
surfactant, is also seen.®® Fetal lung maturity is correlated with gly-
cemic control. Poor glycemic control during pregnancy is associated
with the delayed appearance of phosphatidylglycerol and higher rates
of respiratory distress syndrome.® Adequate glycemic control does
not appear to delay fetal lung function.

Neonatal Hypocalcemia

Neonatal hypocalcemia (serum calcium level <7 mg/dL) occurs in
less than 5% of pregnancies with diabetes.”” During pregnancy, cal-
cium, magnesium, and other minerals are transported to the fetus. In
the healthy neonate, parathyroid hormone and vitamin D are stimu-
lated into action when the serum calcium level decreases. However,
individuals with T1DM also have reduced levels of magnesium and
parathyroid hormone.” Fetal hypomagnesemia can lead to lower
levels of fetal parathyroid hormone and eventually to neonatal hypo-
calcemia.®””! Infants born with hypocalcemia may exhibit jitteriness,
cyanosis, feeding difficulties, or seizures. The treatment for hypocal-
cemia is an infusion of 10% calcium gluconate. If hypomagnesemia
is also present, treatment focuses on correcting magnesium levels
before calcium levels.”
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Neonatal Hyperbilirubinemia and Polycythemia
Hyperbilirubinemia in the neonate (serum bilirubin >13 mg/dL"?)
affects 20% to 35% of all pregnancies with diabetes, compared with
only 10% in pregnancies with normal glucose levels."*” The patho-
genesis of hyperbilirubinemia is not well understood, although a
common pathway is related to an increase in red blood cell produc-
tion, resulting in polycythemia® (hematocrit >65%). The exact mech-
anism is unknown, but polycythemia may result from increased red
cell production in response to a decrease in available oxygen to the
fetus.®” Fetal hypoxia occurring in the presence of fetal hyperinsulin-
emia can increase oxygen consumption and cardiac load as a result of
poor gestational glycemic control.® A higher incidence of polycythe-
mia is found in infants who were born to those with diabetes.

The primary treatment for hyperbilirubinemia is phototherapy.
Phototherapy converts bilirubin into a water-soluble compound,
which is excreted in the urine and bile without requiring conjugation
in the liver. In rare cases, exchange transfusion may be necessary.

Miscarriage and Stillbirth

Throughout the last 40 years, the frequency of intrauterine fetal
demise has declined significantly. Despite these improvements, still-
birth and neonatal death still occur in those who have diabetes before
pregnancy—and particularly with suboptimal glycemic control, no
preconception care, or vascular compromise—at rates significantly
higher than in pregnancies without diabetes.”””* Stillbirth rates
remain four to six times higher in diabetes-related pregnancies than
in pregnancies without diabetes.

Perinatal Health

Hypertension in Pregnancy
In 2013, the American College of Obstetricians and Gynecologists
convened a task force to provide evidence-based recommendations
for the management of hypertension in pregnancy.” A diagnosis of
gestational hypertension of preeclampsia is made when two or more
blood pressure readings, measured at least 6 hours apart, reveal a
systolic pressure of 140 mm Hg or higher, or a diastolic pressure of
90 mm Hg or higher.

The four categories of classification for hypertension in preg-
nancy are as follows”:

1. Preeclampsia-eclampsia
2. Chronic hypertension (of any cause): hypertension that
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predates conception or detected before 20 weeks of gestation
3. Chronic hypertension with superimposed preeclampsia:
chronic hypertension in association with preeclampsia
4. Gestational hypertension: blood pressure elevations occurring
after 20 weeks in the absence of proteinuria or systemic findings

In this classification system, both proteinuria and intrauterine
growth restriction were removed from the diagnosis and severity
assessment. Glycemic control has been correlated with the develop-
ment of hypertensive disorders of pregnancy.”*’” Insulin resistance
has been associated with the development of preeclampsia.”® Both
the Australian Carbohydrate Intolerance Study in Pregnant Women
(ACHOIS) trial and National Institute of Child Health and Human
Development Maternal-Fetal Medicine Units (MFMU) mild GDM
trial showed a reduction in rates of hypertensive disorders in preg-
nancy with the treatment of GDM compared with no-treatment
groups.”®® Before these two studies were published, no confirmatory
data showed that treating patients with GDM led to a reduction in
gestational hypertension or preeclampsia.

Preeclampsia and Eclampsia
The diagnosis of preeclampsia includes hypertension in association
with thrombocytopenia (platelet count <100,000), impaired liver
function (elevated liver transaminases double the normal values),
severe persistent right upper-quadrant or epigastric pain, renal
insufficiency (serum creatinine level >1.1 mg/dL or a doubling of the
level in absence of other renal disease), pulmonary edema, and new
onset of cerebral or visual disturbances. Eclampsia is the convulsive
phase of preeclampsia and often is preceded by severe headaches
and hyperreflexia but can occur in the absence of warning signs and
symptoms. Eclampsia can occur before, during, or after labor.
Preeclampsia is among the most common pregnancy-related
complications for those with preexisting diabetes, and it occurs in
2% to 8% of pregnancies. Risk factors include longer duration of
diabetes prior to pregnancy, preexisting nephropathy, chronic hyper-
tension, and poor glycemic control.®* Low-dose aspirin confers an
approximately 24% reduction in the development of preeclampsia.
In those who have T1DM or T2DM, practitioners should recommend
low-dose aspirin from the end of the first trimester until birth** in
order to reduce the risk for developing preeclampsia or any other
high-risk factor for preeclampsia, such as a history of preeclampsia,
multifetal gestation, chronic hypertension, renal disease, or auto-
immune disease.* Research by Sato and colleagues showed that in
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Summary

persons with preexisting T1IDM and T2DM, elevated prepregnancy
body mass index, gestational weight gain, a history of chronic hyper-
tension, and diabetic nephropathy and diabetic retinopathy were
individually associated with an increased risk for pregnancy-induced
hypertension.

Endothelial dysfunction plays a role in both the pathophysiology
of gestational diabetes and preeclampsia. GDM increases the risk for
hypertensive disorders of pregnancy. The Hyperglycemia and Adverse
Pregnancy Outcomes (HAPO) study showed a continuous positive
association between gestational glucose levels and preeclampsia,
even at thresholds below the diagnosis of GDM.*

Labor Induction and Cesarean Delivery

The higher rates of cesarean delivery seen in persons with diabetes
are, in part, attributed both to fetal overgrowth and the potential
need to induce labor.*** In cases of a large-for-gestational-age fetus
or suspected macrosomia, clinicians might recommend cesarean
delivery to prevent shoulder dystocia. Regardless of delivery recom-
mendations, the HAPO study showed a positive continuous associa-
tion between gestational glucose levels and rate of primary cesarean
delivery.** However, a meta-analysis of 10 studies evaluating the
effect of treatment on adverse pregnancy outcomes in GDM failed
to show a reduction in either labor induction or cesarean delivery
rates.®® Conversely, the ACHOIS study revealed higher rates of labor
induction in the treatment group compared with those receiving rou-
tine care.” (This may be related to the label of gestational diabetes,
which may have influenced the providers’ decision-making.) Despite
higher rates of labor induction, cesarean delivery rates were similar
between groups. In the MFMU GDM trial, labor induction rates were
similar between treated and nontreated GDM; however, a significant
decrease in the rate of cesarean delivery was observed in the treat-
ment group.”

Normal physiologic changes in pregnancy affect nutrient metabolism
and insulin resistance. Glucose is the primary nutrient affecting gly-
cemic levels, but amino acids and lipids also play a role. Gestational
hyperglycemia can result from increased insulin resistance or an
inability to increase insulin production to meet the demands of
pregnancy. The numerous risks to fetal development and birth out-
comes resulting from prolonged hyperglycemia are well documented,
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