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Chapter 1
Pathophysiology of Insulin 
Resistance
Lisa E. Moore
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�Fast Facts

•	 All women have a 50–60% decrease in insulin sensi-
tivity as the pregnancy progresses. Women who 
develop gestational diabetes have preexisting glu-
cose intolerance upon which this normal pregnancy 
effect is superimposed.

•	 Increased insulin resistance helps with glucose trans-
fer to the fetus.

•	 The placentas of women with gestational diabetes 
are larger in both size and weight and histologically 
demonstrate ischemic changes, immature villi, and 
fibrinoid necrosis of villi.
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1.1  �Introduction

The World Health Organization (WHO) classifies diabetes as 
DM type 1 characterized by autoimmune destruction of the 
beta cells of the pancreas, DM type 2 characterized by insulin 
resistance and relative insulin insufficiency, gestational diabe-
tes (GDM) which is carbohydrate intolerance identified dur-
ing pregnancy and is also characterized by insulin resistance 
and relative insulin insufficiency, and rare types of diabetes 
such as drug-induced diabetes or abnormalities of beta cell 
function. Gestational diabetes and type 2 diabetes are gener-
ally considered to be the same disease manifesting at 
different times in life. The pregnancy is believed to unmask 
the tendency toward type 2 diabetes, and it should be noted 
that the 5-year risk of developing type 2 diabetes in women 
with GDM is as high as 60% [1].

To understand how gestational diabetes develops, it is nec-
essary first to understand when and how glucose is used by 
maternal-fetal-placental unit.

Glucose and amino acids are the primary nutrients for the 
developing fetus. During human pregnancy, several metabolic 
changes occur to promote efficient glucose transport, from 
the mother, across the placenta, to the developing conceptus. 
It is likely that during human evolution, these changes were 
effective and not harmful. When this physiologic process 
interacts with the modern lifestyle with a carbohydrate-rich 
diet and an obesity epidemic, gestational diabetes is the 

result.

1.2  �Insulin Resistance

Insulin release from beta cells is stimulated by the presence 
of high glucose levels in the blood. Insulin then stimulates the 
entry of that glucose into muscle cells and adipose cells as 
well as other types of tissues. As blood glucose levels fall, 
insulin secretion also decreases or stops. The action of insulin 
is mediated by the insulin receptor which is found in the 
plasma membrane. The insulin receptor is made up of two 
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alpha subunits, which are extracellular and contain the 
domains that bind to insulin, and two beta subunits in the 
cytoplasm. When insulin binds to the alpha subunits, the tyro-
sine residues in the beta subunit are given a phosphate group 
(tyrosine phosphorylation) which activates the receptor.

The activated receptor then phosphorylates certain 
intracellular proteins called insulin receptor substrates 
(IRS-1 to IRS-6).

In skeletal muscle, phosphorylation of IRS-1 activates the 
phosphatidylinositol 3-kinase (PI 3-kinase). PI 3-kinase ulti-
mately triggers translocation of the glucose transporter.

Glucose enters cells by facilitated diffusion via a glucose 
transporter. Glucose transporter 4 (GLUT4) is the most 
abundant glucose transporter in skeletal muscle. Normally 
the transporters are “stored” in cytoplasmic vesicles when 
not in use. Activation of the insulin receptor substrates as 
described above causes the vesicles containing the glucose 
transporters to fuse to the membrane allowing the glucose 
transporter to be inserted into the membrane which allows 
the cell to use glucose.

Studies have demonstrated that patients with GDM have 
less phosphorylation of the insulin receptor than women with 
normal glucose tolerance. The amount of IRS-1 protein is 
decreased in the skeletal muscle of obese pregnant women 
and women with GDM by 30–50% [2].

1.3  �The Role of the Placenta

Glucose and amino acids are the primary nutrients for the 
fetus. The placenta serves as the interface between the mater-
nal circulation and the fetal circulation. This becomes impor-
tant because (1) several placental-derived hormones are 
believed to play a role in insulin resistance and (2) the trans-
port of nutrients across the placenta contributes to the 
fetopathy of diabetes.

The syncytiotrophoblasts have two polarized membranes: 
one on the maternal side consisting of microvilli and one on 
the fetal side which is mostly a basal plasma membrane.

Chapter 1.  Pathophysiology of Insulin Resistance
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Glucose crosses the placenta by facilitated diffusion. The 
main transporter in the placenta is glucose transporter 1 
(GLUT1). GLUT1 is asymmetrically distributed in the pla-
centa with a higher concentration on the maternal side in the 
microvilli and a significantly lower concentration on the fetal 
side [3, 4]. GLUT1 function does not depend on the presence 
of insulin. However, in patients with GDM, higher levels of 
GLUT1 on the fetal side have been reported which may 
translate into higher levels of glucose in the fetus.

In a study of women given radiolabeled glucose before 
delivery, it was demonstrated that 95% of fetal blood glucose 
is derived from maternal blood glucose [5]. Glucose transfer 
from mother to fetus is facilitated by a transporter but also 
requires a concentration gradient. On average, fetal blood 
glucose is about 15 mg/dL less than maternal blood glucose.

Insulin and large protein hormones do not cross the pla-
centa, and insulin has limited if any role in placental uptake 
of glucose because the placenta does not express GLUT4 
transporters.

The following placental-derived hormones have been 
implicated in the development of insulin resistance:

Progesterone is known to enhance insulin release from the 
pancreas.

Cortisol increases during pregnancy to 3× the nonpreg-
nant value. High cortisol increases insulin resistance in the 
skeletal muscle and increases hepatic glucose production.

Leptin increases during second and third trimester, plays a 
role in satiety and obesity, and is elevated in women with 
GDM.

Adiponectin is a protein made in adipocytes; low levels are 
associated with GDM and type 2 diabetes.

Human placental growth hormone (hPGH) is similar to 
human growth hormone (13 different amino acids) which 
increases up to 8× during pregnancy and is shown to cause 
severe insulin resistance in transgenic mice. hPGH interferes 
with the PI 3-kinase pathway.

Human placental lactogen rises almost tenfold during 
pregnancy. HPL stimulates the release of fatty acids and lip-
ids from fat cells. HPL is elevated when blood glucose is low 

L.E. Moore



5

and decreased when blood glucose is high. HPL causes the 
pancreas to release insulin.

Tumor necrosis factor-α (TNF-α) is a cytokine. Infusion in 
rats and incubation with the human skeletal muscle induce 
insulin resistance. It has been shown to reduce insulin recep-
tor tyrosine kinase activity.

1.4  �Summary

The development of insulin resistance in pregnancy allows a 
steady supply of glucose to the fetus. The pathophysiology of 
insulin resistance is multifactorial and includes decreased 
expression of the insulin receptor (IR), decreased phosphory-
lation of the insulin receptor, and decreased insulin receptor 
substrate (IRS-1) which causes decreased PI 3-kinase leading 
to decreased number of glucose transporters. Pregnancy hor-
mones also play a significant role.
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Fetal and Neonatal 
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�Fast Facts

•	 In the 1950s, Pederson from the University of 
Copenhagen theorized that excessive maternal glu-
cose crossed the placenta causing fetal hyperinsu-
linemia and macrosomia (the Pederson hypothesis).

•	 In the 1980s, Freinkel from Northwestern University 
presented a lecture theorizing that alterations in 
metabolic states could function as a teratogen.

•	 Recent studies have focused on pregnancy as a criti-
cal period during which the developing fetus is pro-
grammed with an increased risk for noncommunicable 
diseases such as obesity, diabetes, and heart disease.
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2.1  �Diabetic Embryopathy

High concentrations of glucose are a known teratogen. It has 
been estimated that each year 800 babies are born in the 
United States with diabetes-associated anomalies. Diabetes-
related anomalies occur in all organ systems; however, the 
most commonly affected systems are the heart, the genitouri-
nary, the craniofacial, and the brain and spine. Uncontrolled 
blood glucose during the first 7 weeks of pregnancy is the 
concerning period. The risk of an anomaly increases linearly 
with the amount of maternal hyperglycemia during that cru-
cial time.

2.1.1  �Yolk Sac Theory

The yolk sac is the first vascular system to develop during 
embryogenesis. It contains the vitelline circulation which pro-
vides nutrients to the embryo and also produces erythrocytes. 
Exposure of mouse embryos to high glucose levels causes 
anomalies in a variety of disparate organ systems and can 
cause death. In mice, yolk sac angiogenesis is disrupted so 
that some embryos show no development of vasculature and 
others have vasculature with no branching or lack of distinc-
tion between arteries and veins [1].

In humans, under high levels of glucose, yolk sac 
capillaries and vitelline vessels are sparse, and cells in the 
yolk sac have reduced numbers of ribosomes and 
mitochondria.

Two pathways appear to operate to cause these effects. 
Hypoxia-inducible factor 1 (HIF-1) is, as its name implies, an 
oxygen-sensitive protein that controls the expression of 
angiogenic growth factors. Normally, reduced oxygen levels 
allow HIF-1 to accumulate in the embryo which then initiates 
transcription of angiogenic factors. Hyperglycemia reduces 
the amount of HIF-1. Knockout mice for HIF-1 develop vas-
cular anomalies similar to those seen in mice embryos 
exposed to hyperglycemia.

L.E. Moore
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Vascular endothelial growth factor (VEGF) is a protein 
produced by cells that initiates angiogenesis. VEGF is down-
regulated in the setting of hyperglycemia.

2.1.2  �Oxygen Free Radicals

High glucose levels interrupt electron transport in the 
mitochondria causing free oxygen radicals. Hyperglycemia 
also reduces antioxidants in the cells. Treating embryos 
cultured in a hyperglycemic environment with antioxidants 
decreases the rate of malformations. Table  2.1 is a list of 
common fetal anomalies associated with poorly controlled 
diabetes.

2.2  �Neonatal Complications of Diabetes

2.2.1  �Lung Function (RDS)

Respiratory distress syndrome (RDS) also called hyaline 
membrane disease occurs when the alveoli are not able to 
remain open due to either a lack of or an insufficient amount 
of surfactant. Signs and symptoms of RDS include tachypnea, 
nasal flaring or retractions, radiographic evidence of hyaline 
membrane disease, and/or persistent oxygen requirement. 
Babies of diabetic mothers may develop RDS even if they are 
not premature. Neonatal hyperinsulinemia due to high levels 
of blood glucose has been shown to interfere with the incor-
poration of choline into lecithin.

Pregnancies with good glycemic control have no increased 
risk of RDS.

2.2.2  �Macrosomia

Macrosomia is an estimated fetal weight greater than 4500 g. 
Up to 50% of patients with GDM and 40% of patients with 

Chapter 2.  Fetal and Neonatal Consequences
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preexisting diabetes have macrosomic neonates. Infants of 
diabetic mothers disproportionately accumulate fat in the 
shoulders and chest increasing the risk of shoulder dystocia. 
National statistics indicate that only 1.5% of newborns in the 
United States weigh more than 4500 g.

Large for gestational age (LGA) is defined as a birth 
weight equal to or greater than the 90th percentile for a given 
gestational age.

2.2.3  �Hypoglycemia

Neonatal hypoglycemia is a blood glucose <40 mg/dL in the 
first 12 h of life. Persistent maternal hyperglycemia results in 
the fetus having high blood glucose (fetal levels are only 
15  mg/dL on average less than maternal levels). The fetal 
pancreas increases its insulin production and may have beta 
cell hyperplasia in response. When the umbilical cord is cut, 
that high level of glucose is abruptly stopped, but the fetal 
pancreas continues its high output. Maternal normoglycemia 
in the 6 h immediately preceding delivery can decrease the 
risk of neonatal hypoglycemia.

2.2.4  �Hypocalcemia

Neonatal hypocalcemia is an ionized calcium <4 mg/dL or a 
total serum calcium <7 mg/dL. Most neonates are asymptom-
atic and the condition resolves without treatment. Screening 
for hypocalcemia is recommended only when symptoms such 
as lethargy, apnea, seizures, or jitteriness are present.

2.2.5  �Hyperbilirubinemia

Neonatal hyperbilirubinemia (neonatal jaundice) is caused 
by the breakdown of fetal hemoglobin which the neonatal 
liver is unable to manage efficiently.

Chapter 2.  Fetal and Neonatal Consequences
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2.2.6  �Shoulder Dystocia

Shoulder dystocia is defined as delivery of the fetal head with 
impedance of delivery of the fetal shoulders. When birth 
weight is greater than 4500 g, the risk of shoulder dystocia is 
between 9.2 and 24%. When the mother is diabetic and the 
birth weight is greater than 4500  g, the risk increases to 
19–50%. Consequences of shoulder dystocia include clavicu-
lar fracture and brachial plexus injury.

2.2.7  �Stillbirth

Intrauterine death is the most feared of all complications of 
diabetes. Type 1 diabetes confers a three- to fivefold increase 
in the risk of stillbirth. In women with type 2 diabetes, the risk 
is increased though the amount of increase varies with popu-
lations. In some studies, the risk of stillbirth in type 2 diabetes 
is higher than the risk of type 1. It is theorized that this may 
be due to underdiagnosis or undertreatment. In women with 
GDM, some studies have found an increased risk, and other 
studies have found no increased risk of stillbirth. The common 
theme is that in the setting of poor glycemic control, regard-
less of the type of diabetes, the risk of stillbirth is increased.

2.3  �In Utero Programming

It has been known since the early twentieth century that preg-
nancies complicated by diabetes produce babies with a high 
birth weight. However, the long-term consequences of expo-
sure to diabetes in utero are only now being appreciated. Large 
epidemiologic studies indicate that there is an increased risk of 
diabetes, metabolic syndrome, obesity, and cardiovascular dis-
ease in the offspring of pregnancies complicated by diabetes.

Epigenetics is the term for changes in gene expression that 
can be transmitted to offspring that do not involve changes in 
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DNA sequences. Epigenetic mechanisms include DNA meth-
ylation, noncoding RNAs, and histone changes. Addition of a 
methyl group to DNA (DNA methylation), for instance, can 
cause transcriptional silencing of genes.

There are some very interesting human studies of epi-
genetics. The “Dutch Hunger Winter” was a famine in 1944–
1945 in the German-occupied Netherlands. Adults who were 
conceived during that time (60 years earlier) were compared 
to their same gender siblings. DNA methylation was 5.2% 
less in the patients conceived during the famine [2].

A study of DNA methylation in the placenta and cord 
blood showed that maternal blood glucose was associated 
with the amount of methylation of the adiponectin gene in 
the placenta. On the maternal side of the placenta, lower 
levels of methylation correlated with increased insulin 
resistance. On the fetal side, lower amounts of methylation 
were associated with higher maternal blood glucose [3].

2.3.1  �Obesity

In 1983 the Pima Indians of Arizona were found to have a 
very high rate of obesity in children whose mothers had dia-
betes. Fifty-eight percent of those children weighed more 
than one hundred and forty percent of their ideal body 
weight between the ages of 15 and 19 [4].

A study from Kaiser Permanente investigated 9439 
mother-child pairs. The study found that increasing levels of 
blood glucose during pregnancy were associated with an 
increased risk of obesity at age 5–7 in the children. They also 
suggested that fasting hyperglycemia was an important pre-
dictor of future childhood obesity [5].

2.3.2  �Type 2 Diabetes

The SEARCH case-control study looked at 79 adolescents 
(<20 years) with type 2 diabetes and 190 controls who were 

Chapter 2.  Fetal and Neonatal Consequences
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not diabetic [6]. The population was multiethnic: Hispanic, 
African-American, and non-Hispanic white. 30.4% of youth 
with type 2 DM were exposed in utero to maternal diabetes, 
and 57% had in utero exposure to maternal obesity.

2.3.3  �Neurological and Psychological 
Development

Several studies since the early 1990s have shown an associa-
tion between maternal altered metabolic states and changes 
in the neurologic and psychological well-being in the 
offspring.

A population-based study of singletons exposed to gesta-
tional diabetes compared to unexposed singletons looked at 
hospitalization for neuropsychiatric disease. The study found 
that gestational diabetes was an independent risk factor for 
long-term neuropsychiatric morbidity in the offspring. They also 
demonstrated that children exposed to GDM developed neuro-
psychiatric disease at a younger age than unexposed children [7].

Researchers from Johns Hopkins School of Public Health 
found that the combination of gestational diabetes and 
maternal obesity was associated with an increased risk of 
autism spectrum disorder and intellectual disability in the 
offspring [8].

2.3.4  �Cardiovascular Disease

Studies of the fetal origin of cardiovascular disease show a 
high correlation with fetal undergrowth. However, there is 
evidence that fetal overgrowth or macrosomia is associated 
with an increased risk of elevated systolic blood pressure. A 
meta-analysis of the available data demonstrated that in 
utero exposure to maternal diabetes was associated with 
increased systolic blood pressure during childhood in male 
offspring [9].

L.E. Moore
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2.4  �Summary

Pregestational uncontrolled diabetes is associated with 
congenital anomalies which may affect several organ 
systems. After organogenesis, fetal and neonatal effects 
include macrosomia, hypoglycemia, and respiratory distress 
syndrome.

Exposure to maternal diabetes and obesity in utero may 
confer a lifetime risk of obesity, metabolic syndrome, diabe-
tes, and cardiovascular disease to the offspring. There is also 
evolving literature indicating an associated risk of neuropsy-
chiatric disease.
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3.1  �Introduction

Poorly controlled type 1 or type 2 diabetes during pregnancy 
is associated with an increased risk of a congenital fetal 
anomaly, increased risk of fetal death, risk of fetal macroso-
mia, risk of admission to the neonatal intensive care unit, and 
risk of neonatal hypoglycemia. Maternal end-organ damage 
may progress during pregnancy, and diabetes is associated 
with an increased risk of hypertensive disease of pregnancy.
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�Fast Facts

•	 The preconception visit represents an opportunity to 
affect lifestyle change at a time when the patient is 
most motivated.

•	 Contraceptive counseling is an important aspect of 
the care of women with diabetes.
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The goal of preconception counseling is to inform patients 
of these risks, to provide guidance on ways to reduce or elimi-
nate these risks, and, most importantly, to provide support in 
achieving any necessary lifestyle modifications to optimize 
the outcome of a pregnancy.

3.1.1  �Preconception Evaluation

The preconception evaluation and counseling should be done 
in two separate visits. Ideally, patients who are not meeting 
glycemic goals or with significant comorbidities should present 
at least 6 months prior to attempting pregnancy. This will allow 
time to normalize blood glucose, to make appropriate changes 
to medications, and to optimize other disease processes.

During the first visit, a complete physical examination and 
laboratory evaluation should be performed which include the 
following:

•	 Screen for tobacco or other substance use and provide 
counseling as needed.

•	 Screen patients for sexually transmitted infections.
•	 Update vaccinations (Tdap, MMR, influenza, Hep B, vari-

cella) as needed.
•	 Foot examination for nonhealing wounds.
•	 Cardiac auscultation, peripheral pulses, and an EKG.
•	 24 h urine collection for protein and creatinine clearance.
•	 Complete metabolic panel.
•	 Hemoglobin A1C (HA1C)—the A1C is the best indicator 

of glycemic control, and when elevated during organogen-
esis, there is a significant risk of fetal anomaly.

•	 TSH—to evaluate thyroid function and treat as indicated.
•	 Eye exam—refer patient for a dilated eye exam to rule out 

retinopathy if not done in the last year.

The patient can be scheduled to return in 1–2 weeks when 
the laboratory results are available. Counseling should be 
culturally appropriate and individualized based on lab results, 
physical examination, and known comorbidities. At that sec-
ond visit, goals should be set such as weight loss or to 
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normalize the A1C.  Physician support for these goals can 
include scheduled visits, nutrition counseling, and referrals to 
a dietician or an exercise program. Referrals can also be 
made to other specialists as indicated.

3.1.2  �Pregnancy Planning and Contraception

Women with diabetes should use contraception. The choice 
of contraception can be based on individual preference with 
consideration of each patient’s needs and history. The offering 
of effective contraception should be considered part of the 
management of diabetes in women. This is particularly true of 
adolescents. In patients who desire a pregnancy, contracep-
tion should be continued until blood glucose is adequately 
controlled and comorbidities are managed.

3.1.3  �Target Blood Glucose and HA1C

Hyperglycemia is the primary culprit in the risks associated 
with diabetes in pregnancy. Studies consistently demonstrate 
that tight glycemic control prior to pregnancy, during the 
period of organogenesis, and continuing through the preg-
nancy is associated with improved outcomes.

The HA1C should be below 6.5%. This level has been 
shown to reduce the risk of congenital anomalies.

Daily self-monitoring of blood glucose can be an aid to 
achieving the desired reduction in A1C.

Preconceptually, a fasting blood glucose between 80 and 
110 mg/dL and a 2 h postprandial blood glucose of <155 mg/
dL is the goal. These levels will achieve a HA1C <6.5%.

3.1.4  �Folic Acid Supplementation

Women with diabetes have a higher than baseline risk of 
neural tube defects. The American Diabetes Association rec-
ommends supplementation with 600 mcg/day of folic acid [1].
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3.1.5  �Weight Loss

Diet, exercise, and weight loss are the holy trinity of diabetes 
management for patients with type 2 diabetes. Referral for 
dietary counseling and initiation of an exercise plan will ben-
efit women in need of those services. Weight loss will improve 
glycemic control and will decrease the risk of obesity-
associated complications such as cesarean delivery.

3.1.6  �Bariatric Surgery

Bariatric surgery is considered an appropriate treatment for 
people with type 2 diabetes and obesity who are unable to 
achieve treatment targets with diet, exercise, and medical 
therapy [2, 3].

Pregnancy following bariatric surgery is considered safe. It 
is recommended to wait 1 to 2 years after surgery before 
attempting pregnancy. Pregnancy may increase the risk of 
certain complications depending on the specific procedure. 
Bariatric surgery may decrease the ability to absorb certain 
nutrients which may require supplementation during 
pregnancy.

3.1.7  �Management of Comorbidities/Medications

Glycemic control—currently the only oral agents which have 
been well studied during pregnancy are metformin, gly-
buride, and acarbose. Metformin and glyburide are sup-
ported for use by ACOG. Patients on these medications can 
usually continue them. Other oral agents should be discon-
tinued. Insulin is still considered the goal standard. Women 
on the insulin pump can continue on the pump through 
pregnancy.

Women with type1 or type 2 diabetes often have chronic 
hypertension and/or hyperlipidemia. Statins are contraindi-
cated in pregnancy. Data regarding the absolute risk is 
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conflicting. It is recommended to discontinue statins in 
women planning to become pregnant or as soon a pregnancy 
is discovered.

Women with chronic hypertension are often placed on 
angiotensin converting enzyme inhibitors (ACEI) or angio-
tensin receptor blockers (ARBs) due to their renal protective 
effect. These should be discontinued and another type of 
antihypertensive initiated in women who are planning a preg-
nancy. Options include labetolol, methyldopa, or a calcium 
channel blocker such as Plendil or nifedipine.

Hypo-/hyperthyroidism—achieving euthyroid status 
improves pregnancy outcomes and may improve the chance 
of conceiving.

Renal dysfunction—patients with renal dysfunction should 
be comanaged with a nephrologist if possible.

3.1.8  �Risks to the Fetus and Neonate

Diabetic embryopathy—elevated blood glucose is a terato-
gen. The risk of a fetal anomaly is increased two to four times 
in women with uncontrolled blood glucose. This may include 
malformations in various organ systems though cardiac and 
central nervous system defects are most common.

Macrosomia—macrosomia is defined as fetal birth weight 
>4000 g. Large babies are at risk for birth trauma such as a 
broken clavicle or injury to the brachial plexus. During vagi-
nal delivery, there is, in addition to the fetal risk, the maternal 
risk of pelvic damage resulting in fistula development or 
varying degrees of incontinence.

Fetal demise—the risk of fetal death is increased in 
women with diabetes and has been shown to increase with 
increasing HA1C. In the setting of strict glycemic control, the 
risk of fetal death is not different than the baseline risk seen 
in nondiabetics.

Medical complications/admission to the NICU—babies of 
diabetic mothers with poor control may be unable to main-
tain blood glucose levels after delivery. This is because the 
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neonatal pancreas has become accustomed to high glucose. 
Once the connection to the mother is severed, the pancreas 
continues to secrete insulin resulting in hypoglycemia.

Increased production of red blood cells may occur in large 
babies due to chronic hypoxia as they have outgrown the 
placental ability to support the fetal size. Babies may also 
have hyperbilirubinemia requiring phototherapy due to 
increased destruction of red blood cells. Hypocalcemia may 
present as jitteriness or seizures and is believed to be due to 
delayed synthesis of parathyroid hormone.

Babies of diabetic mothers may also experience growth 
failure. Though less common, it is most often seen in women 
with diabetes and associated cardiovascular or renal 
disease.

Respiratory distress—high levels of glucose interfere with 
the incorporation of choline into the surfactant molecule. 
Babies may present shortly after birth with tachypnea, retrac-
tions, and nasal flaring.

Epigenetic programming—there is convincing evidence 
that exposure to high levels of blood glucose during preg-
nancy may predispose the fetus to childhood obesity and 
early development of type 2 diabetes.

3.1.9  �Risks to the Patient

Diabetic ketoacidosis (DKA)—patients with type 1 diabetes 
experience a lowered threshold for DKA. Morning sickness 
can exacerbate anorexia. During episodes of DKA, there is a 
significant risk of fetal death.

Renal disease—women with chronic hypertension or 
impaired kidney function may experience worsening of dis-
ease during pregnancy. Women with a serum creatinine 
>3 mg/dL or a creatinine clearance <50 cm3/min may experi-
ence a permanent decline in renal function during pregnancy 
[ADA].

Retinopathy—most women with retinopathy will not have 
worsening of the disease during pregnancy. An exception to 
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this is women with proliferative retinopathy which should be 
treated prior to pregnancy. Visual changes due to prolifera-
tive retinopathy may be permanent.

Cardiovascular disease—there is an increased risk of 
macro- and microvascular disease. The magnitude of the risk 
is increased with comorbidities such as hypertension or renal 
disease.

Hypertensive disorders of pregnancy—the risk of pre-
eclampsia and gestational hypertension is increased three- to 
fourfold in patients with diabetes.

3.2  �Summary

The risk of a poor pregnancy outcome is increased in women 
with pre-gestational diabetes. Preconception counseling pro-
vides an opportunity to inform patients of the risk of diabetes 
in pregnancy and to use that time when the patient is most 
motivated to initiate lifestyle changes that will improve both 
pregnancy outcome and the patient’s long-term health 
status.
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4.1  �Introduction

Type 1 diabetes in pregnancy presents a significant manage-
ment challenge. Poor glycemic control during organogenesis 
is the greatest risk factor for diabetes associated fetopathy. 
Poor control during the pregnancy is associated with a num-
ber of adverse outcomes including macrosomia and fetal 
death. Additionally, pregnancy adds a degree of insulin resis-
tance to an endogenous lack of insulin.
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�Fast Facts

•	 Being born in the spring is a risk factor for develop-
ing type 1 diabetes.

•	 Type 1 diabetes is caused by autoimmune destruction 
of the β-cells of the pancreas.
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Women with type 1 diabetes can and do have successful 
pregnancies. Successful management starts before pregnancy 
and emphasizes strict control of blood glucose throughout.

4.2  �Epidemiology

Depending on the population studied, up to 15% of pregnan-
cies are complicated by diabetes. Less than 1% of those 
patients will have type 1 diabetes. Globally there are several 
studies looking at the incidence and outcome of type 1 diabe-
tes particularly in children because the onset of type 1 diabe-
tes is usually during childhood. There is a peak in diagnosis 
between 5 and 7 years of age and near puberty [1].

Greater than 85% of diabetes in persons <20 years of age 
worldwide is type 1 diabetes. An exception to this is found 
among the Navajo. In the SEARCH study, the majority of 
Navajo youth with diabetes had type 2 diabetes [2, 3]. The inci-
dence of type 1 diabetes is increasing, and the largest increase 
is noted in young children aged 0–4 years [4]. Type 1 diabetes 
has been diagnosed at all ages. Approximately a fourth of 
people with type 1 diabetes were diagnosed as adults.

Type 1 diabetes affects males and females equally; how-
ever, an interesting pattern has been identified in European 
population where there is a high incidence of type 1 diabetes. 
Males are slightly more prevalent than affected females in 
European high-prevalence populations. In non-European, 
high-prevalence populations, females predominate.

Other interesting facts are that Finland has the highest 
rate of type 1 diabetes. Type 1 diabetes is rare in China and 
India [4].

4.3  �Genetics

Multiple haplotypes of the human leukocyte antigen (HLA) 
region on chromosome 6 have an association with type 1 diabe-
tes. Class I major histocompatibility complex (MHC) genes are 
associated with increased risk of developing type 1 diabetes.
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Up to 95% of children with type 1 diabetes carry a suscep-
tibility haplotype. In contrast, less than 5% of people known 
to carry a susceptible haplotype actually develop clinical 
disease.

In the United States, the risk of developing type 1 diabetes 
is 1  in 300 over a lifetime for the general population but 
increased to 1 in 20 if there is first-degree relative with type 1 
diabetes. Children of mothers with type 1 diabetes have a 
2–3% risk, and children of affected fathers have a 7% risk. In 
monozygotic twinning, both twins have type 1 diabetes in 
60% of cases. In dizygotic twins, both are affected only 
6–10% of the time. These statistics support the concept of a 
genetic influence.

Environment interacts with genetics in the development of 
type 1 diabetes. The environmental factors have yet to be 
identified.

4.4  �Pathophysiology

The concept of type 1 diabetes as an autoimmune disease was 
introduced by George Eisenbarth in 1986. His model of the 
development of type 1 diabetes contained six stages: (1) 
genetic susceptibility, (2) a triggering event, (3) development 
of autoimmunity, (4) progressive loss of insulin secretion with 
normal blood glucose, (5) overt diabetes with some residual 
insulin secretion, and finally (6) complete loss of β-cell func-
tion [5].

Type 1 diabetes occurs when the pancreatic β-cells in the 
islets of Langerhans are destroyed. Prior to complete destruc-
tion of the β-cells is a state which is called insulinitis. During 
insulinitis, CD4+ and CD8+ lymphocytes, macrophages, and 
β-lymphocytes attack the islets of Langerhans. Insulin 
deficiency is the eventual result. However, it should be clear 
from the description that insulin deficiency evolves over time 
and that it is possible to identify patients in the process of 
developing type 1 diabetes. The development of antibodies to 
islet cells may precede the development of type 1 diabetes by 
months to years [1].
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4.5  �Diagnosis

The hallmark of type 1 diabetes is insulin deficiency due to 
destruction of β-cells in the pancreas. Depending on where 
patients are in the disease, they may retain some endogenous 
insulin production. Differentiating type 1 diabetes in the early 
stages from type 2 diabetes presents a diagnostic challenge. It 
is believed that between 5 and 15% of adults who are given a 
diagnosis of type 2 diabetes may have type 1 disease [1].

Most patients will enter pregnancy with a diagnosis of type 
1 diabetes. Patients who are diagnosed during pregnancy 
typically present in diabetic ketoacidosis due to the added 
insulin resistance of the pregnancy.

The classic triad of symptomatology of type 1 diabetes is 
excessive thirst, excessive urination, and weight loss.

Diagnosis of diabetes is made when one of the following 
criteria is met [6]:

•	 ≥126 mg/dL after an 8 h fast OR
•	 ≥200 mg/dL at 2 h after a 75 g glucose load OR
•	 A1C ≥ 6.5%

After the diagnosis of diabetes, confirmation of type 1 
diabetes is made by measurement of C-peptide levels or the 
presence of anti-β-cell antibodies.

C-peptide is formed during conversion of proinsulin to 
insulin. An insulin or C-peptide level below 5 μU/mL (0.6 ng/
mL) suggests type 1 DM; a fasting C-peptide level greater 
than 1 ng/dL in a patient who has had diabetes for more than 
1–2 years is suggestive of type 2 (i.e., residual β-cell function). 
The most important diagnostic feature is the presence of anti-
bodies to β-cells. Common anti-β-cell antibodies are insulin-
reactive antibodies (IAA), insulinoma-associated autoantigen 
2(IA2A), glutamic acid decarboxylase (GADA), and anti-
bodies to zinc transporter 8 (ZnT8A).

4.6  �Management in Pregnancy

In addition to routine prenatal care, patients with type 1 
DM should have evaluation for end-organ damage at the 
first prenatal visit. This includes an EKG, a 24 h urine for 
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protein spillage and creatinine clearance, an ophthalmol-
ogy examination to rule out retinopathy if she has not been 
examined within the last year, and a HgbA1C to assess the 
degree of glycemic control over the last 3 months. Between 
18 to 22  weeks, a complete evaluation of fetal anatomy 
including a complete evaluation of the fetal heart to rule 
out anomalies should be performed. Antenatal testing 
should be initiated between 28 and 32 weeks, and patients 
should have monthly sonographic evaluations of fetal 
growth after 24  weeks. These recommendations are sum-
marized in Box 1.

Pregnant patients with type 1 diabetes should check their 
blood glucose levels six to seven times daily: before each 
meal and either 1 or 2 h after meals. Premeal glucose levels 
should be <100  mg/dL.  One-hour postprandials should be 
<140  mg/dL, and 2 h postprandials should be <120  mg/
dL.  Blood glucose should never be below 60  mg/dL 
(hypoglycemia).

Type 1 diabetics usually are managed using two very 
important numbers:

•	 The insulin to carbohydrate ratio—how much insulin to 
take to cover a certain amount of carbohydrate

•	 The correction factor—how much 1 unit of insulin will 
drop the blood glucose level

Patients use both of these numbers to calculate how to 
dose insulin. For example, a patient checks her blood glucose 
before eating dinner, and it is 150 mg/dL. She plans to eat a 
meal with approximately 45 g of carbohydrate. Her insulin to 
carb ratio is 1:10 and her correction factor is 1:30.

She will use the correction factor to correct her premeal 
blood glucose. She wants to drop her premeal glucose to 
100 mg/dL, so she will take 2 units of insulin (correction fac-
tor is 1:30 and she needs to lose 50 mg/dL).

She is planning to eat 45 g of carbohydrate, so according to 
her correction factor, she needs 1 unit per 10 g of carbohy-
drate. So she will add 4.5 units of insulin. Her total dose of 
insulin is 6.5 units prior to this meal. She will then check her 
blood glucose either 1 or 2 h after the meal to see if she cor-
rected appropriately.
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4.6.1  �1500/1800 Rule

The 1500/1800 rule provides a quick and dirty estimate of the 
insulin correction factor. Divide the rule by the total daily dose 
(TDD) of insulin to estimate the correction factor. For regular 
insulin, use 1500, and for short-acting insulins, use 1800.

4.6.2  �450/500 or 2.6 Rule

To calculate the insulin to carb ratio or the carbohydrate fac-
tor, use the 450/500 rule or the 2.6 rule.

Method 1: multiply weight in pounds by 2.6, and divide by 
total daily dose of insulin (all types of insulin).

Method 2: Using 450 for regular insulin and 500 for short-
acting insulin, divide the rule by the TDD to get the carbohy-
drate factor.

For example, the patient above takes a total of 50 units 
of regular insulin per day (this means adding up all her 
doses in a day) 1500/50 = 30. This indicates that her cor-
rection factor with regular insulin is 1:30 which means 
that 1 unit of regular insulin drops her blood glucose to 
30 mg/dL.

Example: the woman in the previous example weighs 
180 pounds, and she uses a total daily dose of all insulins 
of 47 units. 180 × 2.6 = 468/47 = 9.9 or an insulin to car-
bohydrate ratio of 1:10.

Example: The patient takes 50 units of regular insulin 
per day. 450/50 is equal to a correction of 1:9.
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4.7  �Diet

The American College of Obstetricians and Gynecologists 
recommend a diet of 24–35 kcal/kg/day with an emphasis on 
high-fiber foods. Here is an interesting note—if you look at 
the recommendation, it appears to say to eat 35  kcal/kg of 
body weight per day. For a 120-pound woman, that would be 
over a million calories a day. In the United States, when a 
label says calories, it actually means kcal. So the calories that 
we are accustomed to seeing are actually kilocalories. For 
example, a teaspoon of sugar is labeled as 15 calories, but it’s 
actually 15 kcal. So the recommendation is for 35  cal/kg of 
body weight per day.

All patients with type 1 diabetes must count carbohy-
drates. As discussed in an earlier section, this is the only way 
to achieve euglycemia.

4.8  �Insulin Therapy

During pregnancy it is rare to encounter a type 1 diabetic 
who is not already on insulin. In which case, you should adjust 
the insulin regimen based on postprandial blood glucose 
values.

For a patient who does not know their correction factor, a 
starting place is to assign a correction factor of 1:30 which is 
equivalent to a I/C ratio of 1:10.

A combination of rapid-acting insulin with meals and an 
intermediate-acting insulin bolused once or twice a day will 
provide adequate coverage. An alternate is rapid-acting insu-
lin with a long-acting formulation designed to provide steady 
insulin without a peak such as glargine or detemir.

Initiation of insulin should be weight based with the recog-
nition that type 1 diabetics can be brittle even in pregnancy.

Remember that a weight-based calculation serves as a 
starting point only. It is unlikely that the patient will be con-
trolled with the first attempt. Insulin dosing should be 
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adjusted up or down to achieve euglycemia and to prevent 
hypoglycemia. The patient should be informed that several 
dose changes may be required to achieve control.

There are several different methods of dosing insulin. The 
correct method depends on the patient’s needs and lifestyle.

To calculate a starting daily dose of insulin, multiply 
weight in kilograms by 0.3–0.6.

4.8.1  �Method 1: Regular Insulin and NPH

This is the now less commonly used method of dividing the 
dose of insulin so that:

2/3 of the TDD is given before breakfast and 1/3 of TDD 
is given before supper.

1/3 of the morning dose is regular insulin; 2/3 is NPH. The 
regular covers breakfast and the NPH covers dinner.

1/2 of the evening dose is regular insulin and ½ is NPH. The 
regular covers the nighttime snack and the NPH covers 
morning fasting.

With this regimen, watch out for nighttime hypoglycemia. 
A nighttime snack must be eaten. Since insulin is taken in the 
morning for breakfast and lunch and dinner and if those 
meals are missed, delayed, or if a smaller amount of food than 
anticipated is eaten, there is a significant risk of hypoglyce-
mia. This is not a good regimen for patients who are unable 
to eat at the same time each day.

Example: Patient weighs 160 pounds: 160/2.2 = 72.7 kg × 6 = 
a total daily dose (TDD) of 43 units.

In our example, the patient had a TDD of 43 units.
43/3 = 14.3—this means that 14 units is the evening dose 
and 28 units is the morning dose.
28/3 = 9.3 (you can round up or down as appropriate).
Morning dose = 9 units of regular and 18 units of NPH.
Evening dose = 7 units of regular and 7 units of NPH.
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4.8.2  �Method 2: Rapid-Acting Insulin 
and Intermediate Insulin at Bedtime

A quick and easy way to calculate dosing for this method is 
to take the TDD and simply divide by 4. Continuing with the 
TDD from the previous example:

43/4 is roughly 11 units.
Give 11 units of rapid-acting insulin (lispro, aspart, 

Humalog, Novolog) with each meal.
Give 11 units of intermediate-acting insulin (NPH) at 

bedtime.
In this regimen, NPH will peak 4–8 h after it is taken and 

is designed to control the fasting in the morning. The “tail” or 
prolonged activity of NPH may smooth out blood glucose in 
the mornings, but by afternoon there is a risk of hyperglyce-
mia. Also watch for nighttime hypoglycemia and reduce the 
amount if needed.

4.8.3  �Method 3: Rapid-Acting Insulin and a Basal 
Insulin

Use the same calculation as in the previous example to calcu-
late rapid-acting insulin dose with meals. The starting dose of 
glargine (Lantus) is calculated as 1/3 of the total daily dose in 
patients already on insulin, or you can use 10 units as a start-
ing dose with the plan to titrate as needed.

Fourteen units of glargine can be taken at any time but 
must be taken at the same time each day (glargine must be 
given in a second syringe because it should not be mixed with 
other insulins).

The TDD = 43 units from the previous example.
TDD/4  =  11 units of rapid-acting insulin before each 
meal.
TDD/3 = 14 units of basal insulin.
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An alternate to glargine is Levemir—starting dose is 10 units 
or 0.1–0.2 units/kg of body weight. It should also be taken at the 
same time each day and cannot be mixed with other insulins.

Both glargine and Levemir provide steady peakless insulin 
levels during the day and in theory more closely mimic nor-
mal pancreatic secretion of activity and should provide better 
glucose control.

4.8.4  �To Switch from NPH to Glargine

Once-a-day NPH—dose glargine 1:1.
Twice-a-day NPH—give 80% of the total NPH dose.
Premixed insulin—give 80% of the NPH portion of the pre-
mix dose.

4.9  �Summary

Type 1 diabetes is the result of destruction of insulin-producing 
β-cells in the pancreas. The incidence of type 1 is increasing 
worldwide. It is a multifactorial disease indicating that genetic 
susceptibility in conjunction with an unidentified environmen-
tal trigger is believed to be the cause. The usual age of onset of 
type 1 diabetes is during childhood, and it can be expected that 
affected women will participate in childbearing. Currently type 
1 diabetes is found in less than 1% of pregnancies. These preg-
nancies are at significant risk of adverse outcome. Tight control 
of blood glucose ameliorates the risks.

4.10  �Additional Information

Type 1 diabetes TrialNet is a cooperation of 18 clinical centers 
in 7 countries dedicated to the study, prevention, and treat-
ment of type1 diabetes. It is supported by the National 
Institute of Health (NIH) as well as the ADA and other major 
diabetes organizations. TrialNet is a gateway for participation 
in studies to delay progression of type1 diabetes and ways to 
delay or prevent the development of type1 diabetes. For more 
information, go to www.DiabetesTrialNet.org.
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Box 1 Prenatal Care in Type 1 Diabetes (in Addition to 
Routine Prenatal Care)

First visit
Hgb A1C
EKG
24 h urine for protein and creatinine clearance
Ophthalmology exam to rule out retinopathy
Ask about dental concerns
Foot exam
Second and third trimester
Initiate antenatal testing at 28  weeks (NST+AFI 
or BPP)
Monthly evaluation of growth after 24 weeks
Delivery at 38 weeks

Box 2 Methods for Calculating Insulin Dosage

Method 1: regular insulin + intermediate-acting insulin
TDD (0.66) = total morning dose (MD)
MD(0.33) = regular insulin dose in am
MD (0.66) = NPH dose in am
TDD (0.33) = total evening dose (ED)
ED/2 = evening dose of regular insulin
ED/2 = evening dose of NPH
Method 2: rapid-acting insulin + intermediate-acting insulin
TDD/4 = dose of rapid-acting insulin with each meal
TDD/4 = dose of NPH at bedtime
Method 3: rapid-acting insulin + basal insulin
TDD/4 = dose of rapid-acting insulin with each meal
TDD/3  =  dose of basal insulin (or start with 10 units 
and titrate)
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5.1  �Introduction

Type 2 diabetes (T2D) is a metabolic disease characterized by 
hyperglycemia, insulin resistance, and relative insulin defi-
ciency. According to the World Health Organization (WHO), 
the prevalence of T2D worldwide has become epidemic. 
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�Fast Facts

•	 Being overweight or obese is the greatest risk factor 
for type 2 diabetes.

•	 Type 2 diabetes is now considered a global health 
epidemic.

•	 Programming for early-onset type 2 diabetes is 
believed to happen in utero.

•	 Type 2 diabetes and gestational diabetes are believed 
to be the same disease.
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Outside of pregnancy, 90% of patients with diabetes have 
type 2 diabetes. During pregnancy, uncontrolled T2D is 
associated with an increased risk of fetal anomalies, fetal 
macrosomia, and fetal death. Because the prevalence of T2D 
during the childbearing years has increased, many women 
may go undiagnosed prior to pregnancy.

A study of women with type 2 diabetes during pregnancy 
found an 11-fold increased risk of congenital anomalies and 
twofold increased risk of stillbirth in comparison to the gen-
eral population [1].

5.2  �Epidemiology

Worldwide 6.4% of the population had T2D in 2010. Until 
the latter part of the twentieth century, T2D was rare in 
people under age 20 and in pregnant women. In the United 
States, among Asian/Pacific Islanders and African-Americans, 
T2D is more prevalent than type 1 diabetes in adolescence. In 
2000, 5.2% of deaths globally were due to T2D. In the United 
States, T2D is the leading cause of adult blindness, 60% of 
nontraumatic limb amputations, and 44% of end-stage renal 
failure [2].

5.3  �Pathophysiology

Insulin resistance exists when the action of insulin is less than 
expected in terms of glucose uptake into cells and suppres-
sion of gluconeogenesis by the liver. Normally the pancreas is 
able to adapt to changes in insulin action as well as the 
amount of hyperglycemia. In T2D patients are unable to 
secrete enough insulin to overcome insulin resistance and to 
compensate for hyperglycemia.

β-cell dysfunction is believed to be one cause of insulin 
deficiency in T2D. The concepts of glucose toxicity and lipo-
toxicity to β-cells imply that irreversible damage to β-cells 
develops over time due to exposure to high levels of glucose 
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or free fatty acids or both [3]. Progressive deterioration of 
insulin secretion is seen in most patients with T2D. Preservation 
of β-cell function is one of the goals of treatment.

5.4  �Genetics/Heredity

T2D is considered a polygenic multifactorial disorder result-
ing from the interaction of multiple genes and environmental 
factors. If one parent has T2D, the lifetime risk to the off-
spring is 40%. That number is increased to 70% if both par-
ents have T2D.  In monozygotic twins, between 35 and 58% 
are concordant for T2D [3].

Linkage studies are studies of genes that are located near 
each other on the chromosome and tend to be inherited 
together. Linkage studies have identified two genes, CAPN10 
and TCF7L2, which are associated with T2D.

TCF7L2 is on chromosome 10q. It was originally mapped 
in Mexican-Americans but has now been confirmed in other 
populations [2, 3].

CAPN10 is found on chromosome 2  in the NIDDM1 
region. It encodes a cysteine protease. Single-nucleotide poly-
morphism of CAPN10 is associated with T2D and may also 
affect insulin sensitivity or secretion [3].

Genome-wide association studies have identified more 
than 40 genetic variants associated with T2D.

It is estimated that only 10% of T2D can be explained by 
the genes now known. Physical inactivity and excessive caloric 
intake are more sensitive predictors of T2D than genotype.

5.5  �Diagnosis of T2D

•	 A1C ≥ 6.5% OR
•	 Fasting plasma glucose ≥126 mg/dL OR
•	 A 2 hour value ≥200 mg/dL after a 75 g oral glucose chal-

lenge OR
•	 A random plasma glucose ≥200 mg/dL in a patient with 

symptoms
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High-risk women meeting the criteria cited above at the 
first prenatal visit can be given a diagnosis of overt diabetes 
diagnosed during pregnancy [4]. Testing for undiagnosed type 
2 diabetes either before 13 weeks or at the first prenatal visit 
in high-risk patients is endorsed by the Endocrine Society 
and the ADA.

5.6  �Prediabetes

Since 1997 the Expert Committee on the Diagnosis and 
Classification of Diabetes Mellitus has recognized a group of 
patients who have a level of glucose intolerance that does not 
meet the criteria for the diagnosis of T2D yet is too high to be 
considered normal. These patients are designated as having 
impaired fasting glucose (IFG) or impaired glucose tolerance 
(IGT) [4–6].
IFG = fasting 100–125 mg/dL
IGT = a 2 h value 140–199 mg/dL after a 75 g oral glucose 
load
A1C between 5.7 and 6.4%

The CDC estimates that one in three adult Americans has 
prediabetes. 15–30% will develop type 2 diabetes within 5 years.

5.7  �Management in Pregnancy

Evaluation of end-organ status and a review of all medica-
tions should be conducted at the first prenatal visit. Evaluation 
of end-organ status should include a Hgb A1C to assess gly-
cemic control over the last 3 months and during the period of 
organogenesis, an EKG to evaluate the heart, a 24  h urine 
collection to evaluate the amount of protein spillage and the 
creatinine clearance, an eye exam to rule out retinopathy if 
one has not been done within the last year, and a foot exam 
to rule out nonhealing wounds.

Review medications at the first visit to identify medica-
tions which should be discontinued and to identify patients 
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who may need counseling regarding medications taken dur-
ing the first trimester.

Accurate dating is critical in diabetes, and a dating sono-
gram should be ordered preferably in the first trimester. This 
should be followed by an anatomy sonogram including a 
complete fetal echocardiogram at 18–22  weeks to rule out 
congenital anomalies. Growth scans should be obtained 
monthly after 24 weeks.

The major goal of treatment of T2D is to prevent compli-
cations of the disease. During pregnancy, additional goals are 
to prevent fetal and neonatal morbidity and mortality. The 
best way to do this is by maintaining euglycemia. Dietary 
counseling and exercise are the first-line treatment followed 
by oral agents and insulin as a last resort.

Pregnant patients with T2D should check blood glucose 
four times each day, fasting and either one hour or two hours 
after each meal.

In nonpregnant patients, testing at this frequency is not 
required. Management of blood glucose is based on the 
hemoglobin A1c (HA1c). In nonpregnant patients, keeping 
the HA1c between 5 and 7% has been correlated with 
reduced development of retinopathy, neuropathy, and other 
complications of diabetes. These complications are not the 
primary concern during pregnancy. The primary concern is 
the fetus. HA1c has not been correlated with fetal outcomes. 
However, it must be noted that the level of glycemic control 
required in pregnancy is associated with a significant reduc-
tion in the risk for complications of diabetes. The benefit 
therefore is twofold.

Glycemic goals are fasting < 95 mg/dL and 1 h <140 mg/dL 
or 2 h <120 mg/dL.

When 20% of values for 2 consecutive weeks fail to meet 
goals, medication should be started. During pregnancy, oral 
agents may be used as the first-line treatment in appropriate 
patients with T2D. Glyburide may be considered, as well as 
metformin and acarbose. Oral agents will not achieve ade-
quate control in patients with blood glucose much above 
180mg/dL, and insulin will be required.
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5.8  �Prevention

Women with impaired glucose tolerance and/or gestational 
diabetes represent a group at high risk of progression to 
T2D.  During pregnancy and postpartum are ideal times to 
identify this group of patients, provide education, and con-
duct necessary lifestyle interventions.

5.8.1  �Breastfeeding

Breastfeeding lowers blood glucose and insulin concentration 
and may be associated with increased insulin sensitivity. There is 
noninsulin-mediated uptake of glucose to produce milk. Exclusive 
breastfeeding is associated with lower insulin levels and improved 
fasting glucose at 6–9 weeks postpartum. A longer duration of 
breastfeeding (>9  months) appears to lower the incidence of 
metabolic syndrome years after weaning. This effect was similar 
in all ethnic groups and for all ranges of BMI [7–9].

5.8.2  �Lifestyle Modification

Lifestyle modification includes initiation of regular exercise, 
education, and dietary changes with the goal of sustainable 
weight loss. This has been shown to reduce the risk of T2D in 
women with a history of GDM by as much as 50% [10].

The CDC, as part of the National Diabetes Prevention 
Program, has created a lifestyle change program. This includes 
local programs that are approved by the CDC and an online 
program which is accessible to everyone. More details can be 
found at cdc.gov or by searching online for “lifestyle change 
program +CDC.”

5.8.3  �Medication

Several medications have been tested in an attempt to slow 
the progression from prediabetes or a history of GDM to T2D.
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Metformin showed a 31% risk reduction in patients with 
prediabetes and a 50% risk reduction in patients with a his-
tory of GDM [11].

Acarbose showed a 25% reduction in risk in patients with 
IGT [12].

5.9  �Summary

Type 2 diabetes is now considered a global health epidemic. 
Patients with type 2 diabetes are at increased risk of fetal 
anomalies, fetal macrosomia, neonatal hypoglycemia, and 
maternal preeclampsia. Goals of treatment are to prevent 
progression of the disease and to limit maternal and neonatal 
morbidity. Patients with prediabetes or a history of GDM are 
at risk of developing T2D. This group should be targeted for 
interventions to reduce progression to T2D.
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Fast Facts

•	 The best method of screening for gestational diabe-
tes mellitus (GDM) is controversial.

•	 Diagnosis of type 2 diabetes during pregnancy is 
controversial.

•	 The American Diabetes Association (ADA), the 
International Association of Diabetes in Pregnancy 
Study Group (IADPSG), and the American College 
of Obstetricians and Gynecologist (ACOG) have 
each proposed different methods of diagnosis and 
screening.

•	 Depending on the method used, up to 25% of preg-
nancies in the United States are affected by GDM.
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6.1  �Introduction

Gestational diabetes mellitus (GDM) is glucose intolerance 
with onset or first recognition during pregnancy. This defini-
tion, though standard, is suitable only for categorization. 
During pregnancy, patients may have undiagnosed type 2 or, 
rarely, type 1 diabetes. They would still fall under the designa-
tion of GDM. This is problematic because the complications 
for both the mother and the fetus differ between GDM and 
preexisting diabetes. The definition does have the advantage 
of allowing a uniform approach to detection and classifica-
tion of diabetes during pregnancy.

6.2  �Why Should We Screen for GDM

The Hyperglycemia and Adverse Pregnancy Outcomes 
(HAPO) study was conducted at 15 centers in 9 countries. Data 
was collected and analyzed for 23,316 women who underwent 
a 75  g OGTT between 24 and 32 weeks. The study found a 
strong continuous association with maternal blood glucose lev-
els lower than the level considered consistent with diabetes and 
poor maternal, fetal, and neonatal outcomes [1, 2].

Diabetes during the pregnancy increases the risk of pre-
eclampsia, of macrosomia, and of neonatal hypoglycemia, 
hypocalcemia and respiratory distress [3, 4].

GDM increases the risk of type 2 diabetes. It has been 
projected that 50% of women with GDM will develop type 2 
diabetes within 30 years of the index pregnancy. Hispanic 
women with a diagnosis of GDM have a 60% chance of 
developing type 2 diabetes within 5 years unless lifestyle 
modification is undertaken [4].

The concept of the “fetal origin of adult disease” or in 
utero programming indicates that the offspring of diabetic 
mothers are at increased risk of childhood obesity, metabolic 
syndrome, and type 2 diabetes [5, 6].

Identification of women with GDM represents an oppor-
tunity to disrupt the process of evolving glucose intolerance 
in the patient and in her children.
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6.3  �Screening/Diagnosis of GDM

The two-step screening process currently endorsed by ACOG 
was based on work by O’Sullivan and Mahan, who created 
cutoffs for diagnosing GDM based on a 100 g glucose load [7]. 
Interestingly these values were retrospectively validated based 
on their ability to predict future development of diabetes and 
were not related to fetal outcomes. In 1973 the same group 
introduced the 50 g load as a screening test and reported that 
a cutoff of 130 mg/dL was 79% sensitive and 87% specific for 
GDM. The values of the original O’Sullivan glucose tolerance 
test are still used today though they were modified in 1979 by 
the National Diabetes Data Group (NDDG) to adjust for the 
use of plasma instead of whole blood. Carpenter and Coustan 
used a more specific method of quantifying blood glucose and 
recommended using lower values as cutoffs [3].

Table 6.1 shows the original O’Sullivan values and the 
NDDG and Carpenter and Coustan values. Either NDDG or 
Carpenter and Coustan values can be used for the diagnosis 
of GDM. They are both endorsed by ACOG.

In 2010, the American Diabetes Association (ADA) work-
ing with the IADSP made the following recommendations 
for the diagnosis of GDM [8]:

•	 A fasting plasma glucose (FPG) > 126 mg/dL or a random 
blood glucose > 200 mg/dL is diagnostic of diabetes, and 
no glucose challenge is required.

Table 6.1  Diagnostic values after a 100 g OGTT

O’Sullivan 
whole blood 
values

Values 
modified to use 
plasma 
(NDDG)

Carpenter and 
Coustan 
modification

Fasting 105 95

1 h 165 190 180

2 h 143 165 155

3 h 127 145 140
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•	 Either one-step testing using the 75 g 2 h oral glucose tol-
erance test (OGTT) or the two-step approach currently 
used in the United States can be used to diagnose GDM.

In 2013, the World Health Organization (WHO) gave 
guidelines for the diagnosis of overt diabetes during preg-
nancy and for the diagnosis of GDM [9].

To diagnose overt diabetes in pregnancy, one or more of 
the following criteria must be met:

Fasting plasma glucose ≥ 126 mg/dL
Two hour plasma glucose ≥ 200 mg/dL after a 75 g glucose 

load
A random plasma glucose ≥ 200 mg/dL in the presence of 

symptoms of diabetes

WHO additionally recommended that GDM should be 
diagnosed at any time in pregnancy if one or more of the fol-
lowing criteria are met:

•	 Fasting plasma glucose of 92–125 mg/dL (note 126 mg/dL 
is indicative of preexisting diabetes)

•	 One hour plasma glucose ≥ 180 mg/dL after a 75 g load
•	 Two hour plasma glucose between 153 and 199 mg/dL 

after a 75 g glucose load

These values were adopted from the IADPSG consensus 
panel [10] and are endorsed by the American Diabetes 
Association (ADA). They were chosen based on the odds 
ratio of 1.75 for adverse neonatal events such as macrosomia, 
elevated C-peptide levels, and percent body fat >90th 
percentile.

Currently in the United States, the American College of 
Obstetricians and Gynecologists (ACOG) has not adopted 
one-step testing. It is worth pointing out that the lack of a 
worldwide consensus on the diagnosis of diabetes in preg-
nancy significantly limits the ability to define the worldwide 
prevalence of GDM and makes comparisons between studies 
that use different difficult criteria.

Conclusions of the 2013 NIH consensus on diagnosing 
gestation diabetes were that two-step testing identified 
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5–6% of the population as having GDM. The use of the 75 g 
1 h test would increase the prevalence of GDM to 15–20%. 
It is not known whether these additional women would actu-
ally benefit from treatment. They concluded that there was 
not sufficient evidence to support adoption of the one-step 
testing [11].

In 2014 the United States Preventive Services Task Force 
(USPSTF) endorsed both two-step and one-step testing [12].

6.4  �Who to Screen for GDM

Universal vs targeted screening.
Universal: every pregnant woman without known preex-

isting diabetes is screened.
Targeted: screen only those women with risk factors. Risk 

factors for GDM are shown in Table 6.2.
Due to the possible complications of undiagnosed gesta-

tional diabetes, universal screening is recommended.

Table 6.2  Risk factors for GDM
Two or more are considered high risk for GDM
Advanced maternal age

Obesity

Ethnicity (highest to lowest—Native American, Asian, Hispanic, 
African American, non-Hispanic White)

GDM in previous pregnancy

Previous macrosomic infant

Previous unexplained fetal death

Previous polyhydramnios

Polycystic ovarian syndrome

Metabolic syndrome

First degree relative with type 2 diabetes
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6.5  �When to Screen for GDM

Screening is traditionally done between 24 and 28 weeks. 
Insulin resistance increases during the second trimester due 
to placental hormones and other physiologic adaptations of 
pregnancy [13].

Patients with a previous history of GDM, a body mass 
index ≥ 30, and known impaired glucose tolerance or mem-
bers of high-risk ethnic groups should be screened at the first 
prenatal visit [2, 4]. The test should be repeated at 24–28 
weeks if initially negative.

For women who fail the 1 h but pass the 3 h at 28 weeks, 
an additional 11% will fail the 3 h if repeated in 4–6 weeks. A 
repeat 3 h test should be considered for ultrasound-proven 
fetal growth >85%.

6.6  �How to Screen for GDM

Screening for GDM can be performed by either one-step 
testing or two-step testing. If you fall under the umbrella of 
ACOG, the current recommendation is for two-step testing. 
The ADA supports one-step testing and the USPSTF 
endorses both.

6.6.1  �Two-Step Testing

Step 1. Screening for GDM: Step 1 identifies women who may 
have GDM and should be given the diagnostic 3 h test. Step 
1 consists of a 50 g oral glucose load. The patient does not 
have to be fasting. Technically it should be done after 3–5 
days of a high-carbohydrate diet. Suggested cutoffs range 
from 130 to 140 mg/dL. A cutoff of 130 mg/dL or 135 mg/dL 
identifies more patients and should be used in populations 
with a high rate of diabetes.

Patients who meet or exceed the cutoff for step 1 then go 
to step 2.
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Step 2: Diagnosis of GDM: Step 2 consists of a 100 g oral 
glucose load. Blood sugar is checked prior to receiving the 
glucose and at 1, 2, and 3 hours after the glucose load. The 
patient must be fasting. Table  6.1 shows the NDDG and 
Carpenter and Coustan values. Two or more values that meet 
or exceed the cutoffs are diagnostic of GDM. Table 6.3 pro-
vides an overview of the different criteria for diagnosing 
GDM worldwide.

6.6.2  �One-Step Testing

The patient should be fasting. The fasting blood glucose is 
measured, and a 75 g oral glucose load is given. Blood glucose 
is then checked at 1 and 2 h. One abnormal value makes the 
diagnosis of GDM.  Recommended cutoffs are fasting ≥ 
92 mg/dL, 1 h ≥ 180 mg/dL, and 2 h ≥ 153 mg/dL.

6.7  �Management

Patients with gestational diabetes should check their blood 
glucose four times each day: fasting and either 1 or 2 h after 
each meal.

Glycemic goals are fasting <95 mg/dL, 2 h postprandial < 
120 mg/dL, or 1 h postprandial < 140 mg/dL.

Failure to meet these glycemic goals with appropriate diet 
and exercise requires the addition of medication. If 20% of 
all values or 20% of the values for a specific testing period 
(i.e., fasting or postprandial breakfast, lunch, or dinner) are 
above the glycemic goals for a consecutive 2 weeks, medica-
tion should be started.

Example 1: A patient checks blood glucose four times a 
day, and over a 7 day period, three of her fastings are high. 
She returns in 1 week and two of her fastings are high. This 
meets the rule that 20% of her values during a specific test-
ing period (i.e., fasting) are abnormal for 2 consecutive 
weeks.
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Example 2: A patient checks blood glucose four times a 
day, and over a 7 day period, her abnormal values are 5/7 fast-
ing abnormal, 3/7 breakfast abnormal, 3/7 lunch abnormal, 
and 1/7 dinner abnormal. Her food diary was reviewed, and 
she was counseled about carbohydrate intake and advised to 
have 30 min of exercise each day. She returns in 1 week. She 
has reduced her carbohydrates and is walking 15–30  min a 
day. Her abnormal values for the 7 day period are 3/7 fasting 
abnormal, 3/7 breakfast abnormal, 1/7 lunch abnormal, and 
2/7 dinner abnormal. Greater than 20% of her values for 2 
consecutive weeks have been abnormal, and she is a candi-
date for medication.

This may seem very quick, and there is a tendency to 
wait another week or two to see what happens. Consider 
that 2 weeks is equivalent to 5% of the baby’s total in 
utero life. Four weeks is 10% of the baby’s total in utero 
life. The longer that medication is delayed the greater the 
length of time that the baby is exposed to high blood 
glucose.

6.8  �Is There a Difference in Checking 
Preprandial or Postprandial?

Many endocrinologists recommend preprandial testing for 
nonpregnant patients. This allows bolus insulin to correct 
for any elevated blood glucose prior to the meal and to 
compensate for the carbohydrates in the planned meal. 
However it does not tell if the amount of insulin was cor-
rect or whether there is continued postprandial hyperglyce-
mia. After a meal, blood glucose peaks in approximately 1 
h and returns to preprandial levels in 2–3 h. If blood glu-
cose is tested postprandial, it doesn’t matter what the pre-
prandial level was because if the postprandial level meets 
goal, then the amount of insulin or other medications taken 
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was correct. More importantly elevated postprandial blood 
glucose is associated with the development of fetal macro-
somia [3].

6.9  �Medication

When 20% of values fail to meet goals, medication should be 
started. Insulin is considered the gold standard for treatment 
of diabetes and has traditionally been the first-line agent for 
treatment of hyperglycemia in pregnancy not managed with 
diet and exercise. In actual practice oral agents are usually 
the first-line agent rather than insulin. The use of oral agents 
has been associated with enhanced compliance due to both 
ease of use, no need to measure insulin into a syringe, and 
patient comfort, no need to inject medication [14].

Once patients are on medication, either insulin or an oral 
agent, they should receive monthly growth scans, and anten-
nal testing should be initiated at 32 weeks.

Delivery should be considered at 38 weeks for patients 
with suboptimal glucose control on medication.

6.10  �Summary

Universal screening for GDM is recommended due to the 
epidemic of obesity and diabetes worldwide. GDM can be 
diagnosed using either the two-step method or the one-step 
method. The two-step method consists of an initial screen with 
a 50 g glucose load followed by a diagnostic 100 g 3 h test.

The one-step method is a 75 g oral glucose load with blood 
glucose measures at fasting and 1 and 2 hours after 
administration.

Once diagnosed, patients should check blood glucose four 
times each day. Medication should be initiated when diet and 
exercise fail to control hyperglycemia.
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7.1  �Introduction

The ultimate goal of all prenatal care is a healthy baby and a 
healthy mother. Prenatal care achieves this goal by modifying 
known risk factors for adverse outcomes when possible such 
as treating hyperglycemia and by identifying developing 
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Fast Facts

•	 All patients should check blood glucose a minimum 
of four times a day: fasting and after each meal.

•	 Glycemic goals are fasting ≤95 mg/dL and 2 h post-
prandial ≤120 mg/dL and 1 h postprandial ≤140 mg/
dL.

•	 Patients with diabetes are at increased risk of devel-
oping preeclampsia.
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events that require intervention (e.g., preeclampsia). For 
patients with diabetes, the goals of prenatal care are to main-
tain normoglycemia to prevent the development of macroso-
mia and to avoid neonatal complications such as respiratory 
distress, hypoglycemia, and shoulder dystocia.

7.2  �Daily Self-Monitoring of Blood Glucose

All patients should be given a prescription for a glucometer, 
lancets, and test strips.

Test strips are specific to the glucometer.
There are several software programs which can be used to 

download the recorded blood glucose levels from the glu-
cometer. Those programs are usually meter specific or manu-
facturer specific, so some sites prefer that all the patients in 
their clinics use the same type of glucometer. Most manufac-
turers offer free software on their website. There are also 
proprietary products for purchase that work with multiple 
makes of glucometers and allow creation of a database of 
patients.

At initial diagnosis, patients should be referred for dietary 
counseling and teaching on how to use the glucometer to test 
blood glucose levels.

For gestational diabetics and type 2 diabetics, it is recom-
mended to test four (4) times a day: fasting and after break-
fast, after lunch, and after dinner. Postprandial levels of 
hyperglycemia have been shown to more closely correlate 
with the development of macrosomia. There is controversy 
around whether it is best to test at 1 h postprandial or at 2 h. 
A randomized trial in which 66 women were assigned to 
check at 1  h postprandial and 46 women were assigned to 
check at 2 h postprandial found that checking at 1 h was asso-
ciated with decreased requirement for insulin therapy but no 
difference in neonatal or obstetric outcomes [1].

One hour postprandial blood glucose should be 140 mg/dL 
or less. Two hour postprandial blood glucose should be 
120 mg/dL or less. Fasting should be 95 mg/dL or less.
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Patients with type 1 diabetes should check fasting blood 
glucose and preprandial and postprandial blood glucose (i.e., 
seven times daily at a minimum). The preprandial glucose is 
used to correct for any hyperglycemia present before the 
meal. Preprandial blood glucose should be 60–100  mg/
dL. Type 1 diabetics will inject insulin prior to eating that will 
correct for the carbohydrates they are about to eat and the 
degree of hyperglycemia noted in the preprandial check. The 
postprandial check confirms the accuracy of the preprandial 
insulin dose and allows correction if needed.

Continuous glucose monitoring has been studied in preg-
nant women with preexisting diabetes. There are several 
continuous monitors on the market, and this may be the way 
that diabetes will be monitored in the future. The literature is 
evolving on the ways that continuous monitoring may 
improve outcomes.

7.3  �Ultrasound Evaluation

Patients with gestational diabetes managed with diet and 
exercise alone should have an ultrasound at 18–22 weeks to 
evaluate anatomy. No additional ultrasounds are recom-
mended unless there are concerns about fetal growth.

Patients with gestational diabetes requiring medication, 
type 2 diabetes, or type 1 diabetes should have an anatomy 
ultrasound at 18–22 weeks and an evaluation of fetal growth 
on a monthly basis thereafter.

Accurate pregnancy dating is particularly important in 
diabetic patients due the risk of growth abnormalities. Ideally 
a dating scan should be obtained in the first trimester. 
However a scan up to 20  weeks is considered accurate 
dating.

The evaluation of fetal anatomy is particularly important 
in patients with preexisting diabetes to rule out congenital 
anomalies. It should be performed as close to 20  weeks as 
possible and should include an expert evaluation of the fetal 
heart to rule out the presence of a cardiac anomaly.

Chapter 7.  Prenatal Care for the Pregnant Diabetic Patient
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7.4  �Antenatal Testing

Antenatal testing can be performed in a variety of ways:

•	 Nonstress test (NST)—two episodes of an increase in 
amplitude of the heart rate by 15 beats per minute, lasting 
for 15 seconds, in 20 min are considered reactive.

•	 Modified biophysical profile (BPP) consists of an NST and 
evaluation of the amniotic fluid index (AFI).

•	 Biophysical profile includes an NST, three episodes of 
gross body movement, breathing for 30 s, one episode of 
flexion and extension, and a 2 cm × 2 cm pocket of amni-
otic fluid. Each item is scored either 0(absent) or 2(pres-
ent). The maximum score is 10.

The NST is equivalent to the BPP in sensitivity to fetal 
acidosis. The NST is the first parameter to demonstrate 
change when the fetus is becoming acidotic. Addition of an 
AFI to the NST (i.e., the modified BPP) is less time-consuming 
to perform and allows assessment of an acute indicator (the 
NST) and a chronic indicator (fluid) of the fetal well-being.

Type 1 diabetes initiate testing at 28 weeks.
Type 2 diabetes initiate testing 28–32 weeks. Start at 28 weeks 
if glycemic control is poor.

Gestational diabetes:

A1 GDM who by default have good glycemic control—no 
recommendation.

A2 GDM initiate testing at 28–32 weeks. Start at 28 weeks 
if control is poor.

7.5  �Laboratory Evaluation

Patients with preexisting diabetes should be evaluated for 
end-organ damage.

A1C—provides an indication of the degree of glycemic 
control over the last 3 months.

An A1C of 8%, indicating that 8% of RBCs are glycosyl-
ated, is associated with an average blood glucose of 180 mg/dL. 
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For each 1% above or below 8, add or subtract 30 mg/dL to 
estimate the associated average blood glucose level.

Twenty-four hour urine collection to determine if and how 
much protein is being spilled and the creatinine clearance. 
Protein spillage is indicator of damage to the kidneys and will 
provide a baseline for future evaluation for preeclampsia. 
Creatinine clearance should be 150  mL/s or greater during 
pregnancy.

Eye exam to rule out retinopathy.
EKG to detect rhythm abnormalities may also detect heart 

enlargement, axis deviation, or subtle changes in function.
Foot examination—particularly in type 1 diabetics and in 

poorly controlled type 2 diabetics. Foot injuries due to rela-
tively poor circulation and a hyperglycemic environment may 
be slow to heal and can lead to damage or amputations. Pay 
special attention to ingrown toenails. They can lead to ampu-
tation in patients with diabetes.

Dentist—patients should be asked if they have dental con-
cerns and referred to a dentist as indicated. Dental abscesses can 
cause loss of glucose control in type 1 and type 2 patients both 
because of inability to eat and because of the infection. Dental 
abscesses can precipitate DKA in type 1 diabetic patients.

Routine prenatal labs (should be done at the first prenatal 
visit):

Type and screen
Hemoglobin-hematocrit
Gonorrhea screening
Chlamydia screening
HIV screening
RPR
Hepatitis B
Review pap smear

7.6  �Serum Screening for Aneuploidy

Cell-free DNA should be offered to high-risk women and can 
be done as early as 10 weeks.

At the time of this writing, ACOG has not approved its 
use in low-risk women; however, the American College of 
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Medical Genetics and Genomics recommends both low-
risk and high-risk women should be offered the test [2, 3]. 
If cell-free DNA testing is performed, it does not screen 
for neural tube defects. The maternal serum alpha-feto-
protein (MSAFP) must be ordered at the standard 
16–20 weeks.

Maternal serum screening at 16–20 weeks should be per-
formed to provide a risk assessment for aneuploidy and to 
screen for neural tube defects. It is not necessary to do both 
cell-Free DNA and serum screening.

7.7  �Delivery

A1 GDM, by definition, are well controlled and can be 
allowed to labor spontaneously. If induction of labor is con-
sidered, it should be after 39 weeks.

A2 GDM with good control may also be allowed to labor 
spontaneously or may be induced after 39  weeks. Patients 
with poor control should be induced at 38 weeks.

Type 2 and type 1 diabetics should plan delivery at 
38 weeks.

7.8  �Postpartum

GDM A1 and A2

75 g 2 h glucose tolerance test
Performed while fasting
2 h value ≤ 139 mg/dL normal

140–199 mg/dL impaired glucose tolerance
≥200 mg/dL consistent with diabetes

Type 1 and Type 2

Follow up with primary care provider for management of 
diabetes.
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A1 GDM A2 GDM
Preexisting 
diabetes

First visit Routine labs Routine labs • Routine labs

    • 24 h urine

    • �Eye exam 
to r/o 
retinopathy

    • EKG

    • �Ask about 
dentist 
and foot 
injuries

10 weeks Cell-free DNA 
screen

Cell-free DNA 
screen

Cell-free DNA 
screen

16–
20 weeks

Serum marker 
screen

Serum marker 
screen

Serum marker 
screen

18–
22 weeks

Anatomy scan Anatomy scan Anatomy scan 
and fetal echo

26–
32 weeks

Growth scan Initiate 
monthly 
growth scan

Initiate monthly 
growth scan

32 weeks Routine Weekly NST/
AFI

Weekly NST/AFI

Delivery May labor 
spontaneously

If good 
control deliver 
by 40 weeks. If 
poor control 
deliver at 
38 weeks

Deliver at 
38 weeks
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8.1  �Introduction

Patient education is an essential component in the treatment 
of diabetes. An informed and motivated patient contributes 
to improved outcomes. Unless the patient understands the 
disease, the possible consequences, and the methods to 
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mailto:clokeydiana@gmail.com
mailto:lisa.e.moore@ttuhsc.edu


70

control the disease and reduce the risk of complications, man-
agement is likely to be unsuccessful. It is true that an 
informed patient may choose to disregard appropriate diabe-
tes-related behaviors, but an uneducated patient fails through 
lack of knowledge rather than by choice. A team approach to 
care is recognized as optimal. In addition to the patient, other 
essential team members are the physician, the certified dia-
betic educator, and the registered dietician.

Typically, patients with a new diagnosis of diabetes during 
pregnancy attend a group class in which they are provided 
general information on diabetes, a discussion of the psycho-
logical adjustment to the diagnosis of diabetes, instructions 
on carbohydrate counting and label reading, dietary guide-
lines, and appropriate exercise, and they are taught how to 
program the glucometer and how to test blood glucose. 
Patients who subsequently require medication to achieve 
euglycemia are taught about the medications and instructed 
on insulin use as needed at clinic appointments or in a class-
room setting.

8.2  �General Information on Diabetes

•	 General definition of diabetes mellitus [1]:
•	 Type 1 diabetes is due to insufficient endogenous produc-

tion of insulin.
•	 Type 2 diabetes is insulin resistance-mediated glucose 

intolerance.
•	 Gestational diabetes is glucose intolerance first recog-

nized during pregnancy, mediated by insulin resistance, 
and may lead to type 2 diabetes.

•	 Possible risks and complications to the mother[2]:

–– Increased risk of preeclampsia
–– Increased risk of cesarean delivery

•	 Possible risks to the baby [3–5]:

–– Congenital anomalies in pre-existing diabetes with poor 
control

–– Macrosomia

D. Clokey and L.E. Moore



71

–– Birth injury
–– Stillbirth
–– Neonatal jaundice
–– Programming for obesity and early onset type 2 diabetes

•	 Chronic complications that can develop from poorly con-
trolled diabetes [6–10]:

–– Retinopathy
–– Amputations
–– Peripheral neuropathy
–– Renal dysfunction
–– Cardiovascular disease
–– Increased risk of Alzheimer’s

•	 Importance of receiving ongoing medical care during 
pregnancy, 6-week postpartum visit, and follow-up care 
with primary physician after delivery

8.3  �Psychological Adjustment

•	 A diagnosis of diabetes can be a significant life stressor. 
The necessary lifestyle changes impact not just the patient 
but her family and acquaintances. There can be stress at 
work if the patient is not allowed to eat when needed or to 
check blood glucose. Patients with chaotic lives—those 
who are homeless or working more than one job—or with 
limited resources, who don’t typically maintain a schedule, 
will find it difficult to adhere to diet and testing regimens.

•	 Family members need to be included to provide support 
and encouragement to the patient. Patients often relate 
that they have to cook one meal for the family and some-
thing different for themselves to maintain the diet. This 
can also be a financial stressor if it is necessary to buy 
different food. Educating the family members on the 
importance of the diet will enhance compliance.

•	 Social workers and nurse case manager can provide support 
through counseling and addressing socioeconomic issues.

•	 In certain circumstances a referral to a psychologist may 
be appropriate.
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8.4  �Nutrition

•	 Nutrition is arguably the most important component of 
patient education.

•	 Patients should be instructed on carbohydrate counting 
and label reading:

–– One serving of carbohydrate is 15 g. Three to four car-
bohydrate servings per meal are recommended.

•	 Patients should keep a food diary which is reviewed at 
each visit.

•	 Discuss appropriate weight gain for pregnancy based on 
Institute of medicine recommendations. Women who are 
morbidly obese, BMI ≥35, may improve birth outcome by 
gaining little or no weight during pregnancy [11].

•	 An Individual meal plan should be developed, with the 
help of a dietician, to provide adequate calories and nutri-
ents to support a healthy pregnancy.

8.5  �Exercise

•	 Women who are physically active before and in early preg-
nancy have a lower rate of gestational diabetes.

•		 In absence of either medical or obstetric complications, 
30 min or more of moderate exercise a day on most, if not all, 
days of the week is recommended for pregnant women [12].

•	 Safe forms of exercises include walking, swimming, water 
aerobics, yoga for pregnancy, and upper extremity exercise 
when patient is assigned bed rest.

•	 Women with pre-existing diabetes should monitor their 
blood glucose before, during, and after exercise. A small 
snack prior to exercise may be appropriate.

8.6  �Medication

•	 Oral agents

–– Instruction on type, dose, and potential side effects of 
medication
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•	 Insulin

–– Instruction on injection technique and rotation of sites, 
knowledge of which insulins may be mixed and how to 
mix them

•	 How to read the markings on an insulin syringe and how 
to draw up insulin

–– Insulin syringes: 1/3  cc (30  units) with half-unit incre-
ments, 1/2  cc (50  units) with one-unit increments, and 
1 cc syringe (100 units) with two-unit increments

•	 Storage and care of insulin. Correct disposal of needles

–– Unopened insulin should be refrigerated. Opened insu-
lin can be kept at room temperature for 28 days. High 
temperatures will decrease efficacy.

•	 Alternative insulin delivery systems such as insulin pens, 
needle-less injectors, and insulin pumps

8.7  �Monitoring Blood Glucose Levels

•	 Daily self-monitoring of blood glucose is necessary to 
achieve euglycemia.

•	 Glycemic goals should be set, and the patient should know 
what the goals are [2]:

–– Fasting ≤95 mg/dl
–– One hour postprandial ≤140 mg/dl
–– Two hour postprandial ≤120 mg/dl

•	 Patients should be aware of when to test blood glucose:

–– GDM and type 2 check should test four times a day, at 
fasting and 1 or 2 h.

–– Postprandial.
–– Type 1 DM test fasting, pre- and post-meal, plus HS and 

3 am when necessary.
–– Additional testing during exercise and on sick days 

should be discussed.

Chapter 8.  Patient Education



74

•	 Instruction on how to test blood glucose:

–– Wash hands with soap and water prior to testing.
–– Test on sides of fingers not the tips.
–– Rotate testing sites.
–– Limit use of alcohol swabs because they can dry the 

skin and cause cracking.
–– Some hand lotions may cause a falsely elevated reading.

•	 Proper disposal of lancets and test strips:

–– A small “sharps container” may be purchased at a phar-
macy, or the patient may use a metal or heavy plastic 
container that can be properly sealed before disposal.

8.8  �Acute Complications

8.8.1  �Hypoglycemia

•	 The patient and family members should understand the 
causes of hypoglycemia:

–– Taking too much insulin
–– Taking medication and not eating
–– Exercise

•	 The patient and family members should know the symp-
toms of hypoglycemia:

Sweating Thirst

Nausea and vomiting Tingling in lips and mouth

Shakiness or tremor Headache

Anxiety Extreme hunger

Heart palpitations Loss of consciousness

Confusion Seizures

•	 The patient and family members should understand the 
treatment for hypoglycemia:

–– In an emergency give any sugar on hand (juice, candy, 
soft drinks).

–– Do not give liquid or food to an unconscious person.
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•	 With mild symptoms can use glucose tablets or saltine 
crackers and milk:

–– For mild symptoms the goal is to alleviate symptoms 
without overshooting into hyperglycemia.

–– It takes about 15 min to see the effect of glucose given 
to correct hypoglycemia.

–– Rule of 15: Take 15 grams of carbohydrate every 15 min 
until blood glucose reaches 100.

–– Examples of 15 g of carbohydrate: half cup orange juice, 
five to six Life Savers candies, 8 oz. glass of milk, four 
glucose tablets, and four to six saltine crackers.

•	 Hypoglycemia unawareness is a severe complication of 
diabetes in which patients do not experience the typical 
symptoms of hypoglycemia and will fail to take corrective 
action. This may result in seizures, loss of consciousness, 
and death. It is more common in patients who have 
chronic poor control.

8.9  �Hyperglycemia

•	 The patient and family members should understand the 
causes of hyperglycemia:

–– Illness
–– Not taking medication (insulin or oral agents)
–– Incorrect dosing of medication
–– Noncompliance with diet

•	 The patient and family members should know the symp-
toms of hyperglycemia:

–– Frequent urination
–– Thirst
–– Fatigue/lethargy
–– Headache
–– Fruity odor on breath
–– Nausea and vomiting
–– Dyspnea
–– Confusion
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•	 The patient and family members should understand how 
to treat hyperglycemia:

–– Mild hyperglycemia (<170) do nothing—walking may help.
–– Moderate hyperglycemia (170–250)—if on insulin, give 

a corrective dose using the correction factor.
–– Severe hyperglycemia (> 250)—give corrective insulin, 

if signs of DKA are present go to the hospital.

8.10  �Sick Days

•	 During illness, maintenance of glycemic control will 
require adjustments in the frequency of self-blood glucose 
monitoring. Medication adjustments may also be required.

•	 Inform the patient who to contact for illness during which 
glycemic control is compromised.

•	 When patient is unable to eat usual diet because of illness:

–– For blood glucose ≥250 mg/dl: water, broth, diet drinks, 
ice chips, sugar-free gelatin, and sugar-free ice pops. 
Check in with provider and be alert for DKA.

–– For blood glucose <70 mg/dl: fruit juice, not diet ginger 
ale, 7-up and cola drinks, glucose tablets, ice pops, gela-
tin, soups, milk ice cream, and puddings.

8.11  �Hygiene

•	 Instruction includes the importance of hygiene, skin care, 
and dental care.

8.12  �Foot Care

•	 The risk for lower extremity amputation is high for per-
sons with pre-existing diabetes:

–– Frequent foot exams (both self-examination and by the 
physician).

–– Appropriate foot care, including avoiding ingrown toe-
nails, bunions, blisters, and sores that may have diffi-
culty healing.
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–– Appropriate shoe choices.
–– Referral to a podiatrist is recommended for baseline 

evaluation.
–– Regular follow-up.

8.13  �Breastfeeding

•	 Breastfeeding is beneficial to both mother and baby.
•	 Benefits to the mother include [13–16]:

–– Weight loss:
–– Helps reduce or delay subsequent diabetes in women 

with GDM.
–– One year of breastfeeding decreased the rate of diabe-

tes by 15% in the normal population of women.

•	 Benefits for offspring include [17–19]:

–– Decreased risk of sudden infant death syndrome 
(SIDS).

–– Fewer urinary tract and upper respiratory infections.
–– Lowers the lifetime risk of diabetes and obesity.

•	 Refer the patient to lactation resources as needed. A lacta-
tion clinic is commonly found in breastfeeding friendly 
hospitals.

8.14  �Community Resources

•	 Patient should be made aware of resources that are avail-
able in the community for both pregnancy and diabetes.

•	 Resources for pregnancy such as Women, Infant, and 
Children (WIC) food supplement program, SAFE ride, 
and lactation clinic.

•	 After delivery, resources for women with GDM or pre-
existing DM may be available through a hospital‘s 
patient education program, i.e., pre-diabetes class for 
GDM and DM classes for those diagnosed with pre-
existing DM.

•	 Other groups include the American Diabetes Association 
and the Juvenile Diabetes foundation.
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8.15  �Postpartum

•	 Keeping the 6-week postpartum visit is important. Only 
about 50% of women keep their postpartum visit.

•	 Patients with GDM should receive 75 g GTT at the 6-week 
postpartum visit.[20]

•	 If the patient has an abnormal GTT, the appropriate refer-
ral should be made for follow-up for the patient’s 
diabetes.

•	 The American Diabetes Association recommends a 1-year 
follow-up for blood glucose evaluation and then every 
3 years for women who have had GDM.

•	 Women with pre-existing diabetes should return to the 
care of their primary provider.

8.16  �Summary

Patient education about diabetes and diabetes management 
is one of the most important aspects of the care of the dia-
betic patient.
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9.1  �Introduction

The diabetic diet provides a way of eating to help control 
blood glucose and to maintain a healthy weight. During preg-
nancy the goal is to provide enough nutrients to support the 
developing baby while limiting episodes of hyperglycemia 
and avoiding the production of ketones. Surprisingly, specific 
dietary recommendations are poorly studied during 
pregnancy, and no data exists to support one dietary approach 
over another [1].
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9.2  �General Nutrition Guidelines

•	 Avoid sugar, concentrated sweets, and refined/processed 
starches.

•	 Eliminate liquid carbohydrate (soda pop, energy drinks, 
juices) and test milk.

•	 Identify carbohydrate foods/label reading.
•	 Eat three meals plus three snacks.
•	 Emphasize higher protein and less carbohydrate at break-

fast (cereal after 11 am).
•	 Encourage high-fiber foods.
•	 Limit high fat foods. Limit fast foods.
•	 Sugar substitutes. Safe when consumed with acceptable 

daily intakes established by the FDA [2].
•	 Encourage physical activity. 150 min per week of moderate 

intensity aerobic exercise is recommended [3].
•	 Monitor weight for appropriate weight gain.
•	 Refer to registered dietitian for medical nutritional ther-

apy (MNT) and lifestyle changes.

9.3  �Medical Nutrition Therapy (MNT)

MNT is the cornerstone of treatment. It is the only therapy 
for 40–58% of women with GDM.

•	 Distribution of macronutrients, 33–40% CHO, 20% PRO, 
and 40% FAT of total daily calories [3].

•	 Calorie requirements are based on height, prepregnancy 
weight, and level of activity.

•	 Most pregnant women require 2200–2900 Kcal per day.
•	 Recommend increase in calories per trimester is [4]:

First trimester 0

Second trimester 340 kcal

Third trimester 452 kcal

•	 Recommendations for women with multiple gestations are 
extrapolated from singleton gestations. An additional 300 
calories per day per additional fetus is recommended [5].
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9.4  �Carbohydrate

•	 Minimum amount of carbohydrate per day required in 
pregnancy is 175 grams. Amount of carbohydrate typically 
found in an 1800 calorie diet [4].

•	 Main energy source for the body. One hundred percent of 
carbohydrate is converted into glucose during digestion.

•	 Simple carbohydrates are absorbed quickly and should be 
avoided except when treating a hypoglycemic reaction.

•	 Simple carbohydrates include, for example, table sugar, 
candy, syrup, jelly, honey, regular soft drinks, energy drinks, 
Gatorade, and fruit juice. In limited amounts milk and fruit 
are allowed.

•	 Complex carbohydrates (starch and fiber) breakdown 
slower compared to simple carbohydrates and are allowed 
in measured amounts [6, 7].

•	 Complex carbohydrates include, for example, whole grain/
multi-grain products (bread, tortillas, rice, crackers, pasta, 
cereals) and starchy vegetables (pinto beans/legumes, 
potatoes, corn, peas, and sweet potatoes). Avoid white 
refined flours and instant cereals and noodles. Limit pro-
cessed foods and fast foods. Unsweetened cereals to be 
eaten after 11 am.

9.5  �Protein and Fat

•	 Both protein and fat contain no carbohydrate and take 
longer to breakdown in the body. Approximately 58% of 
protein and 10% of fat are converted to glucose during 
digestion.

•	 Foods in both these categories, plus the non-starchy vege-
tables, help provide adequate calories and nutrients for the 
pregnancy.

•	 Protein food sources include meat, poultry, fish, cheese, 
cottage cheese, nuts, nut butters, and tofu.

•	 Fat food sources include oil, butter, margarine, mayon-
naise, cream, sour cream, and avocados. Encourage more 
mono-/polyunsaturated fat instead of saturated fat.
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•	 Low-carbohydrate vegetables include lettuce, tomatoes, 
cucumber, peppers, carrots, broccoli, green beans, chili, 
asparagus, etc.

9.6  �Carbohydrate Budget

Carbohydrate is the primary macronutrient that has the 
greatest impact on glucose levels. Therefore, the amount of 
carbohydrate is distributed throughout the day into three 
meals and three snacks. A serving of carbohydrate = 15 grams 
of carbohydrate. This is the amount of carbohydrate in an 
8 oz. glass of milk, a slice of bread, half cup of noodles, or a 
small piece of fresh fruit. Table 9.1 shows how carbohydrate 
intake should be distributed over a typical day.

Table 9.1  Daily carbohydrate budget with examples

Time
CHO 
servings

Grams 
of CHO Example

Breakfast 1–2 
servings

15–30 g Two pieces of toast, margarine, 
eggs, bacon, hot tea (decaf)

Midmorning 
snack

1–2 
servings

15–30 g Four to six crackers, cheese, 
small fresh fruit

Lunch 3–4 
servings

45–60 g Meat sandwich with two 
slices of bread, 8 oz. milk, 
1/2c canned fruit (water 
packed). Vegetable salad/w 
dressing

Midafternoon 
snack

1–2 
servings

15–30 g Half cheese sandwich, 8 oz. 
milk

Supper 3–4 
servings

45–60 
grams

Roast beef, green beans, 2/3c 
rice, dinner roll, small fresh 
fruit, unsweetened beverage

HS snack 1–2 
servings

15–30 g Half meat sandwich, light 
yogurt

GDM diet has approximately 2200–2400 calories when snacks are 
included

D. Clokey
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9.7  �Criteria to Begin Concurrent Therapy

•	 In patients compliant with diet, when 20% of all blood 
glucose values are above glycemic goals, medication 
should be initiated.

•	 Be aware of patients who achieve euglycemia by severe 
calorie restriction as evidenced by weight loss and ketones 
in the urine. In these patients encourage an appropriate 
diet and medication.

9.8  �Treatment of Hypoglycemia (Rule of 15)

•	 Assess reason for hypoglycemia.
•	 Rule of 15: Take 15 grams of carbohydrate every 15 min 

until blood glucose reaches 100.
•	 15 grams = 1/2c orange juice, five to six Life Savers candy, 

8  oz. glass of milk, four glucose tablets, and four to six 
crackers.

References

	1.	 Han S, Middleton P, Shepherd E, Van Ryswyk E, Crowther 
CA. Different types of dietary advice for women with gestational 
diabetes mellitus. Cochrane Database Syst Rev. 2017;2:CD009275. 
doi:10.1002/14651858.CD009275.pub3.

	2.	 Pope E, Koren G, Bozzo P. Sugar substitutes during pregnancy. 
Can Fam Physician. 2014;60(11):1003–5.

	3.	 Committee on Practice Bulletins—Obstetrics. Practice bulletin 
no. 137: gestational diabetes mellitus. Obstet Gynecol. 2013; 
122(2 Pt 1):406–16. doi:10.1097/01.AOG.0000433006.09219.f1.

	4.	 Kaiser L, Allen LH, American Dietetic Association. Position 
of the American dietetic association: nutrition and lifestyle for 
a healthy pregnancy outcome. J  Am Diet Assoc. 2008;108(3): 
553–61.

	5.	 Goodnight W, Newman R. Society of maternal-fetal M. Optimal 
nutrition for improved twin pregnancy outcome. Obstet Gynecol. 
2009;114(5):1121–34. doi:10.1097/AOG.0b013e3181bb14c8.

Chapter 9.  The Diabetic Diet

https://doi.org/10.1002/14651858.CD009275.pub3
https://doi.org/10.1097/01.AOG.0000433006.09219.f1
https://doi.org/10.1097/AOG.0b013e3181bb14c8


86

	6.	 Hernandez TL.  Carbohydrate content in the GDM diet: two 
views: view 1: nutrition therapy in gestational diabetes: the case 
for complex carbohydrates. Diabetes Spectrum. 2016;29(2):82–8. 
doi:10.2337/diaspect.29.2.82.

	7.	 Hernandez TL, Van Pelt RE, Anderson MA, Reece MS, Reynolds 
RM, de la Houssaye BA, Heerwagen M, Donahoo WT, Daniels 
LJ, Chartier-Logan C, Janssen RC, Friedman JE, Barbour LA. 
Women with gestational diabetes mellitus randomized to a 
higher-complex carbohydrate/low-fat diet manifest lower adi-
pose tissue insulin resistance, inflammation, glucose, and free fatty 
acids: a pilot study. Diabetes Care. 2016;39(1):39–42. doi:10.2337/
dc15-0515.

D. Clokey

https://doi.org/10.2337/diaspect.29.2.82
https://doi.org/10.2337/dc15-0515
https://doi.org/10.2337/dc15-0515


87© Springer International Publishing AG 2018
L.E. Moore (ed.), Diabetes in Pregnancy,  
https://doi.org/10.1007/978-3-319-65518-5_10

10.1  �Introduction

Human insulin is a dimeric polypeptide chain of 50 amino 
acids. The basic structure of insulin is conserved across spe-
cies, and humans are able to use insulin from nonhuman 
sources. Porcine insulin differs from human insulin by only a 
single amino acid. Insulin is considered an essential medica-
tion by the World Health Organization.
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Fast Facts

•	 Insulin cannot be taken orally but it can be inhaled.
•	 All insulin sold in the United States is manufactured 

in a laboratory.
•	 Although insulin is excreted in breast milk, its pro-

tein structure is destroyed in the digestive tract.
•	 Insulin does not cross the placenta.
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Insulin is secreted from the beta cells of the pancreas as 
proinsulin. The proinsulin molecule is cleaved to produce 
C-peptide and mature insulin. Synthetic human insulin is 
made by inserting the gene for human insulin into bacteria or 
yeast.

10.2  �Descriptive Qualities of Insulin

All types of insulin are described by three aspects of time: 
onset, peak, and duration:

•	 Onset is the length of time after injection that it takes 
insulin to reach the bloodstream and start to affect blood 
glucose levels.

•	 Peak is the length of time after injection that the action of 
the insulin is at its highest level.

•	 Duration is the length of time after injection that insulin 
will continue to lower blood glucose.

Insulin is also described by its strength or the number of 
units of insulin per milliliter:

•	 U100 is the most commonly used strength in the United 
States. 1 mL of U100 insulin contains 100 units of insulin.

•	 U500 is also available but less commonly used. 1  mL of 
U500 insulin contains 500 units of insulin.

•	 U100 is typically dispensed as a 10 mL vial or 100 units of 
insulin. U500 is dispensed as a 20 mL vial which contains 
10,000 units of insulin.

10.3  �Storage of Insulin

Unopened bottles and pens of insulin should be stored in the 
refrigerator. If kept at 36–46 F, insulin is good up to the expi-
ration date. If kept at room temperature 56–80 F, insulin will 
last approximately 28 days. Higher temperatures may shorten 
the time. Insulin will also become less effective over time 
when stored at room temperature. Cold insulin may be pain-
ful to inject.
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10.4  �Initiation of Insulin

Insulin dosing for marked hyperglycemia should be based on 
current weight and gestational age. The gestational age mat-
ters because insulin resistance is expected to increase as the 
pregnancy progresses and the placenta grows.

Total daily starting doses can be calculated using the tables 
below:

Total daily starting dose: method 1 (adapted from  Jovanovic, 
Clin Obstet Gynecol. 2000)
0.7 U/kg From 1 to 18 weeks

0.8 U/kg From 18 to 26 weeks

0.9 U/kg From 26 to 36 weeks

1.0 U/kg >36 weeks

Total daily starting dose: method 2
First trimester 0.7 U/kg

Second trimester 0.8 U/kg

Third trimester 0.9–1.0 U/kg

For patients with hyperglycemia, throughout the day both 
at fasting and with meals, start insulin using a combination of 
rapid-acting insulin with meals and an intermediate-acting 
insulin to cover between meals and fasting in the morning.

10.4.1  �Quick-Start Method #1

Total daily dose = (weight in kg x TDD(c))/4 where TDD(c) 
is the constant based on gestational age.

Example: 86 kg woman at 25 weeks
86 × 0.8 = 68.8
68.8/4 = 17.2
Give 17 units of rapid-acting insulin (aspart or Humalog) 
15 min before each meal and 17 units of NPH at night.
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Patients with type 1 IDDM and patients with hyperglycemia 
between meals can use Lantus (same dose) instead of NPH.

10.4.2  �Method #2

Calculate the total daily dose as in 
method #1 68.8 (round to 69)
Divide the TDD by 3 (into 3rds) 1/3 = 23; 2/3 = 46

Divide the 2/3 into 3rds which will  
be given in am

46/3 = 15; 1/3 = 15; 2/3 = 30

 � For the morning give 1/3 rapid 
acting and 2/3 intermediate

15u aspart and 30 U NPH 
in am

 � Divide the remaining 1/3 by 2  
(into half)

15/2 = 7.5 (round up to 8)

 � Give half as rapid-acting insulin 
before dinner

8 U of aspart before dinner

 � Give half as intermediate-acting 
insulin before bedtime

8 U of NPH at bedtime

It has been my experience that these methods of calculat-
ing dosage are equivalent in efficacy.

10.4.3  �Fasting Hyperglycemia

Persistent fasting hyperglycemia mild >95 mg/dl <120 mg/dl:

•	 Give 0.1 units/kg of NPH at bedtime, increase as needed, 
or use weight-based dosing.

•	 Note—this degree of hyperglycemia may be treatable with 
oral agents.

Persistent fasting hyperglycemia moderate to severe >120 mg/dl:

•	 Give 0.2–0.25  units/kg of NPH at bedtime, increase as 
needed, or use weight-based dosing.

10.4.4  �Postprandial Hyperglycemia

One hour after meals >140 mg/dl <180 mg/dl:

L.E. Moore
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•	 Give 0.2 units/kg of aspart or lispro 15 min before meals or 
calculate weight-based dose.

One hour after meals >180 mg/dl:

•	 Weight-based dose of aspart or lispro before meals—
increase as needed.

•	 Review diet.
•	 If lunch is high, consider adding NPH at breakfast (eat 

lunch 4–5 h after breakfast).
•	 If dinner is high, adjust premeal aspart or lispro.

10.4.5  �Hypoglycemia (≤60 mg/dl)

Fasting or during the night, decrease bed time NPH by 
2–5 units.
After meals decrease mealtime aspart or lispro by 2 units and 
review diet.

10.4.6  �A Few Key Points

•	 A calculated starting dose is only a starting point and 
adjustment will be required.

•	 As the pregnancy progresses, insulin requirement will 
increase.

•	 Insulin should not be adjusted for random excursions—
modify dosing when there is a consistent pattern.

•	 Patients on insulin must still follow a diet and count 
carbohydrates.

•	 Regular moderate exercise can reduce the insulin 
requirement.

10.4.7  �Alphabetized List of Selected Insulins 
and Injectables

See Table 10.1 for quick reference.
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10.5  �Afrezza: Recombinant (E. coli) 
Inhaled Regular Insulin Delivered 
by Nebulizer

Onset 15–20 min; peak 1 h; duration 2–3 h
Available in three strengths: 4 units (blue), 8 units (green), 

12 units (yellow) (www.afrezza.com)

10.5.1  �Pregnancy

Afrezza has not been studied in pregnancy and should not be 
used unless the potential benefit justifies potential risk to the 
fetus (formerly FDA pregnancy category C).

In rats given the carrier molecule at doses of 30 mg, 60 mg, 
and 100 mg/kg, no major malformations were observed.

In rabbits given 30 mg, 60 mg, and 100 mg per kg of body, 
adverse maternal effects were seen at all doses in 
breastfeeding.

Both the insulin and the carrier molecule are found in 
breast milk.

10.5.2  �Precautions

Co-administration with albuterol increases the amount of 
insulin absorbed.

10.6  �Aspart (NovoLog): Recombinant 
(Baker’s Yeast), Homologous  
to Human Insulin Except a Single 
Amino Acid

Onset 20 min; peak 1–3 h; duration 3–5 h
Available as 10  mL vial (U100); 3  mL Penfill cartridges; 

3 mL FlexPen; 3 mL FlexTouch (www.novologpro.com)

L.E. Moore

http://www.afrezza.com
http://www.novologpro.com


95

10.6.1  �Pregnancy

Studies in animals do not demonstrate a risk to the fetus.
Case series available in human pregnancy with no adverse 

effects.
No controlled studies in human pregnancy (FDA preg-

nancy category B).

10.6.2  �Breastfeeding

Safe in breastfeeding

10.7  �Degludec (Tresiba) Recombinant 
(Baker’s Yeast)

Onset 30–90 min; no peak; duration >24 h
Available as 3  mL prefilled FlexPen (u200, u100) (www.

tresiba.com)

10.7.1  �Pregnancy

Rats and rabbits were exposed to insulin degludec in animal 
reproduction studies during organogenesis.

Pre- and postimplantation losses and visceral/skeletal abnor-
malities were observed in rats at doses five times (rat) and at ten 
times (rabbit) the human exposure at a dose of 0.75 U/kg/day.

These effects were similar to those observed in rats admin-
istered human insulin (NPH).

FDA pregnancy category C.

10.7.2  �Breastfeeding

Studies in rats have shown insulin degludec is secreted in rat 
milk in a concentration that is lower than in plasma. No 
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adverse effects are anticipated in breastfed infants due to 
destruction of the molecule in the digestive tract.

10.7.3  �Precautions

Do not mix with other insulins or solutions.

10.8  �Detemir (Levemir) Recombinant 
(Baker’s Yeast) Clear

Onset 1–2 h; no peak; duration 24 h
Available as 10 mL vial (u100) FlexTouch pen 3 mL (u100) 

(www.levemir.com)

10.8.1  �Pregnancy

Pregnancy category—does not cross the placenta

10.8.2  �Breastfeeding

Safe in breastfeeding

10.9  �Glargine (Lantus, Basaglar, Toujeo): 
Recombinant (E. coli) Lantus Is a Clear 
Long-Acting Insulin

Onset 1–2 h; no peak; duration 20–24 h
Available as 10  mL vial (u100);  SoloSTAR pen 3  mL 

(u100) (www.lantus.com)

10.9.1  �Pregnancy

Animal studies in pregnancy do not show an increased risk to 
the fetus.

L.E. Moore
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Case series available in human pregnancy with no adverse 
effects.

10.9.2  �Breastfeeding

Safe in breastfeeding

10.9.3  �Precautions

Do not mix with other insulins.

10.10  �Glulisine (Apidra): Recombinant  
(E. coli), Equipotent to Human  
Insulin with Quicker Onset 
and Shorter Duration

Dose 15 min before meals or within 20 min of starting a meal
Onset 15 min; peak 1 h; duration 2–4 h
Available as 10 mL vial (U100) or 3 mL SoloSTAR pre-

filled pen (www.apidra.com)

10.10.1  �Pregnancy

Pregnant animals received subcutaneous doses up to 10 units/
kg once daily (an exposure two times the average human 
dose based on body surface area comparison), and no toxic 
effect was noted on embryo-fetal development. Adverse 
effects on embryo-fetal development were only seen at 
maternal toxic dose levels inducing hypoglycemia. There are 
no controlled data in human pregnancy (formerly pregnancy 
category C).

10.10.2  �Breastfeeding

Safe in breast feeding

Chapter 10.  Insulin
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10.11  �Lispro (Humalog) Recombinant  
(E. coli)

Onset 15–20 min; peak 1–3 h; duration 3–5 h
Available as 10 mL vial (u100) KwikPen 3 mL (u100, u200) 

(www.humalog.com)

10.11.1  �Pregnancy

Safe in pregnancy—extensive history of use in pregnancy 
(FDA category B)

10.11.2  �Breastfeeding

Safe in breastfeeding
NPH (Novolin N; Humulin N) cloudy
Onset 2 h; peak 4–12 h; duration 18–26 h
Available as 10 mL vial (u100). KwikPen 3 mL (u100)

10.11.3  �Pregnancy

Safe in pregnancy—does not cross the placenta

10.11.4  �Breastfeeding

Safe in breastfeeding
Regular (Novolin R and Humulin R) Novolin is recombi-

nant from Baker’s yeast and Humulin from E. coli.
Onset 30 min; peak 1–3 h; duration 6–8 h
Available in 10 mL (u100) or 20 mL vial (u500); KwikPen 

3 mL (u100)

10.11.5  �Pregnancy

Safe in pregnancy—does not cross the placenta

L.E. Moore
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10.11.6  �Breastfeeding

Safe in breastfeeding

10.11.7  �Non-insulin Injectables

All drugs in this category are GLP-1 agonists.
GLP-1 is a hormone that is secreted by cells in the ileum 

based on the presence of food in the lumen of the small intes-
tine. GLP-1 induces beta cells to release insulin and at the 
same time suppresses glucagon secretion.

All drugs in this category have been associated with the 
development of thyroid C-cell tumors at clinically relevant 
exposures in both genders of rats and mice. It is not known if 
the use of these drugs is associated with thyroid C-cell tumors 
in humans.

GLP-1 agonist should not be used in patients with type 1 
diabetes.

10.12  �Dulaglutide (Trulicity)

Once weekly injection
Supplied as single-dose prefilled pens or prefilled syringes: 

0.75 mg/0.5 mL; 1.5 mg/0.5 mL (www.trulicity.com)

10.12.1  �Pregnancy

There are no adequate and well-controlled studies in preg-
nant women. Studies in animals show fetal growth reductions 
and ossification defects (formerly pregnancy category C).

10.12.2  �Breastfeeding

It is unknown whether Trulicity is excreted in human breast 
milk and cessation of the drug during breastfeeding should 
be considered.
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10.13  �Exenatide (Byetta, Bydureon, 
Saxenda)

Twice daily injection
Supplied in prefilled multidose pens 250  mcg/mL: pens 

available as 1.2 mL pen with 60 doses of 5 mcg each or 2.4 mL 
pen with 60 doses of 10  mcg each (www.byetta.com; www.
bydureon.com)

10.13.1  �Pregnancy

Studies in animals demonstrate an association with irregular 
skeletal ossification defects, cleft palate, and neonatal death. 
There are no studies in pregnant women.

A registry for patient exposed to Exenatide during preg-
nancy has been implemented, and exposed patients or their 
providers are encouraged to participate.

10.13.2  �Breastfeeding

To date it is not known if Exenatide is excreted in human 
breast milk. In animals the amount in breast milk is less than 
or equal to 2.5% of plasma levels.

10.14  �Liraglutide (Victoza)

Once daily injection
Supplied in prefilled multidose pens containing 6  mg/

mL. Doses of 0.6 mg, 1.2 mg, or 1.8 mg (www.victoza.com)

10.14.1  �Pregnancy

In animals there was an increased risk of miscarriage and of 
minor skeletal defects, growth restriction, and visceral abnor-
malities. There are no human studies.
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10.14.2  �Breastfeeding

Breastfeeding is not recommended. In rats, concentrations 
approaching 50% of the maternal plasma level were found in 
breast milk.

10.15  �Summary

NPH, regular insulin, Lantus, detemir, and the short-acting 
analogues lispro and aspart have been extensively used dur-
ing pregnancy and are considered safe. Insulin is excreted in 
breast milk, but its protein structure is destroyed by digestive 
enzymes. The GLP-1 agonists have not been studied in 
pregnancy.
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11.1  �Introduction

Glyburide and metformin are the two most commonly used 
oral agents for management of diabetes during pregnancy. 
Acarbose has been studied in pregnancy but is less often used 
than the other two agents. Although insulin is still considered 

Chapter 11
Oral Hypoglycemic Agents
Lisa E. Moore

L.E. Moore, MD, FACOG  
Department of Obstetrics and Gynecology, Texas Tech University 
Health Sciences Center El Paso, Paul L. Foster School of Medicine,  
El Paso, TX, USA
e-mail: lisa.e.moore@ttuhsc.edu

Fast Facts

•	 A systematic review found no difference in maternal 
or neonatal outcomes when either glyburide or met-
formin was compared to insulin in women with 
GDM [1].

•	 Insulin and oral agents are equivalent in efficacy, and 
either can be used as first-line therapy in women with 
GDM according to ACOG practice bulletin 137 [2].
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the gold standard for treatment of diabetes requiring medica-
tion, there is compelling evidence that oral agents provide 
equivalent glycemic control and maternal and neonatal out-
comes when compared to insulin in patients with gestational 
diabetes. Additionally, the use of oral agents enhances com-
pliance by ease of use and is cost-effective. Table  11.1 pro-
vides an overview of the oral agents currently used in 
pregnancy.

11.2  �Glyburide

Glyburide is a second-generation sulfonylurea that works by 
stimulating the pancreas to release insulin. It is FDA preg-
nancy category B and is also considered safe during breast-
feeding. The drug comes in 1.25, 2.5, and 5  mg tablets. The 
peak onset of action is at 4 h. Glyburide may have low but 
detectable levels in the blood up to 24 h after dosing. There is 
also a micronized version of the drug which has not been 
studied in pregnancy. Starting dose is either 1.25 mg or 2.5 mg 
once or twice a day based on blood glucose. The maximum 
dose is 20 mg a day.

In 2000 Langer published his landmark study comparing 
pregnant women with gestational diabetes randomized to 
either glyburide or insulin. There was no difference in glyce-
mic control or in neonatal outcomes. Four percent of patients 
on glyburide failed to meet glycemic goals and required insu-
lin. Hypoglycemic episodes, defined as blood glucose <40 mg/
dL, occurred in 20% of the patients on insulin compared to 
only 4% of the glyburide patients. Cord blood was collected 
at delivery simultaneously with maternal serum. No neonates 
had measureable levels of glyburide in the cord blood 
although glyburide was detected in the maternal blood [3].

In a retrospective cohort of women on insulin compared to 
women on glyburide, there were no differences in birth 
weight or the incidence of large for gestational age infants. 
The patients on glyburide had a higher incidence of pre-
eclampsia and hyperbilirubinemia in the infants. Babies of 
women in the insulin group were more likely to be admitted 
to the NICU [4].
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Glyburide should not be used in women with a sulfa 
allergy. Patients with G6PD deficiency may develop hemo-
lytic anemia.

Side effects of glyburide include nausea, vomiting, diar-
rhea, and a pruritic rash. The most commonly reported side 
effect is hypoglycemia.

11.3  �Metformin

Metformin works by inhibiting gluconeogenesis and decreas-
ing peripheral resistance to insulin. It is cleared by the kid-
neys and excreted in urine. Metformin immediate release 
comes in 500, 850, and 1000  mg tablets. A generic form is 
available. Metformin slow release (SR) or extended release 
(XR) is available in 500, 700, and 1000 mg tablets. The peak 
onset of action is from 1 to 3 h after taking the immediate 
release form and within 4–8 h with the extended release for-
mulation. The starting dose is 500 mg which can be given once 
or twice a day. The maximum dose is 2000 mg a day.

Side effects include GI upset with flatulence and diarrhea. 
The GI side effects tend to resolve within a week of use. 
Metformin carries a black box warning about the risk of lactic 
acidosis. The risk of lactic acidosis is increased in patient with 
kidney or liver disease and with high alcohol intake.

Metformin is FDA pregnancy category B and is consid-
ered safe in breastfeeding. Metformin has been shown to 
cross the placenta in appreciable amounts. The concentration 
of metformin that reaches the fetus may be similar to mater-
nal concentrations.

In a study of women randomized to metformin or insulin, 
neonatal hypoglycemia was less common in the metformin 
group; otherwise neonatal outcomes were not different. A 
hypothesis of the study was that metformin exposure in utero 
would be associated with less insulin resistance and central 
fat in the offspring. At 2 years of age, in comparison to the 
insulin group, there was no difference in central fat measures, 
total fat mass, or percentage of body fat [5].

L.E. Moore
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Babies of women who conceived on metformin while 
being treated for PCOS and continued the drug during preg-
nancy were followed for 18  months. There were no fetal 
anomalies. Height and weight were compared at 3, 6, 9, and 
12 months to data from the Center for Disease Control and 
Prevention. Males were shorter at 3 months in the metformin 
group. Females were shorter at birth than CDC controls and 
shorter and thinner at 3  months but matched in size by 
6  months. No infants were found to have motor or social 
delay when evaluated using the American Academy of 
Pediatrics motor-social development questionnaire [6].

The Metformin in Gestational Diabetes (MiG) trial is 
the largest to date to study metformin to insulin. Three 
hundred and sixty-three women were randomized to met-
formin, and 370 were randomized to insulin. 46.3% of the 
women on metformin required supplemental insulin. In a 
smaller study comparing metformin to glyburide, metfor-
min had twice the failure rate of glyburide. Neonatal out-
comes were similar [7].

The MiG study also looked at the convenience of metfor-
min use by administering a questionnaire to patients at 
1 week postpartum. 76.6% of women would choose metfor-
min in a subsequent pregnancy compared to 27% of women 
who would choose insulin again.

Metformin has a high failure rate when used as a single 
agent to manage GDM. In a randomized trial comparing 
metformin to glyburide, the failure rate to control blood glu-
cose was twice as high for metformin [8]. In a study comparing 
metformin to insulin, 46.3% of patients on metformin alone 
required the additional insulin [7, 9].

11.4  �Glucovance

Glucovance is a combination drug containing metformin and 
glyburide. It is FDA pregnancy category B. The drug is avail-
able in 1.25/250, 2.5/500, and 5/500  mg doses. The starting 
dose is 1.25/250 once a day for drug-naïve patients due to the 
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risk of hypoglycemia. Contraindications to use are those 
associated with both glyburide and metformin use. There are 
no studies of Glucovance use in pregnancy.

11.5  �Acarbose

Acarbose inhibits the action of alpha-glucosidase in the 
brush border of the small intestine and the action of pan-
creatic alpha-amylase. The net effect is to limit the ability 
to digest complex carbohydrates. Side effects of acarbose 
are those associated with delivery of undigested carbohy-
drates to the colon and include flatulence and diarrhea. 
Side effects are dose related. Acarbose is FDA pregnancy 
category B. Acarbose is supplied as 25, 50, and 100 mg tab-
lets. There is no fixed dosing regimen. Acarbose should be 
taken three times a day with the first bite of each meal. The 
maximum dose per day is 100 mg TID for patients >60 kg 
and 50 mg TID for patients <60 kg. It is recommended to 
start at the smallest dose both to reduce the gastrointesti-
nal side effects and to avoid hypoglycemia. To treat hypo-
glycemia due to acarbose use liquid glucose or glucose 
tablets. Sucrose (table sugar) won’t work due to the action 
of the drug.

Zarate treated six women with GDM with acarbose. They 
normalized their blood glucose but experienced gastrointes-
tinal symptoms for the entire course of treatment [10].

In an open randomized trial of insulin, glyburide, and acar-
bose in women with gestational diabetes, 42% of patients on 
acarbose were not adequately controlled compared to 20.8% 
of patients on glyburide [11].

In a study comparing metformin and acarbose for ovula-
tion induction in women with polycystic ovarian syndrome, 
the rate of flatulence and/or diarrhea was higher in metfor-
min than in acarbose. Patients on metformin had a signifi-
cant decrease in BMI and fasting blood glucose compared 
to those on acarbose [12].

L.E. Moore
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11.6  �Summary

Metformin and glyburide have been well studied in preg-
nancy and are considered safe. Acarbose has not been as well 
studied but may also be an option for treating diabetes in 
pregnancy.
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12.1  �Introduction

The insulin pump or the continuous subcutaneous insulin 
infusion (CSII) was developed to provide insulin in a manner 
resembling the physiologic availability of insulin. Indications 
for using an insulin pump essentially include any patient 
unable to achieve adequate glucose control in the setting of 
patient compliance. Patients receiving insulin injections who 
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�Fast Facts

•	 Insulin pumps typically use only rapid-acting insulin.
•	 Pump infusion sites should be rotated every 48 h dur-

ing pregnancy.
•	 Unless the pump incorporates glucose monitoring, 

the patient will still have to check blood glucose four 
to six times each day.
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do not achieve euglycemia due to noncompliance with diet 
and self-monitoring will not, in general, improve on an insulin 
pump. The American Association of Clinical Endocrinologists 
has defined criteria for patients who are not good candidates 
for the pump as listed in Box 1 [1]. For compliant patients the 
benefits of a pump include better control, fewer and less 
severe hypoglycemic episodes, and normalization of lifestyle. 
Complications of the pump include lipohypertrophy at infu-
sion sites, rashes and skin infections at the infusion site, and 
pump failure resulting in hyperglycemia.

Few studies have looked at the use of the insulin pump 
during pregnancy. The available studies do not show a differ-
ence in outcomes between women on the insulin pump com-
pared to women taking multiple daily doses of insulin to 
control blood glucose during pregnancy [2, 3].

Very few medical professionals have experience or knowl-
edge about the insulin pump. The insulin pump is a complex 
medical device which, used incorrectly, can result in signifi-
cant morbidity and mortality. Extensive training is required 
for managing the insulin pump. This chapter is intended to 
provide an overview of pump management and a knowledge 
base for providers caring for patients on the pump.

Box 1: Characteristics of Patients Who are Not Good 
Candidates for the Insulin Pump

•	 Unwilling or unable to perform multiple daily injec-
tions, regular self-monitoring of blood glucose, and 
carbohydrate counting

•	 Lack of motivation and/or a history of nonadherence 
to prescribed insulin regimens

•	 History of serious psychological or psychiatric 
conditions

•	 Unwilling to accept limitations of pump therapy 
(e.g., the belief that using the pump will eliminate the 
need to follow diet)

L.E. Moore
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12.2  �Pump Basics

Pregnant patients usually present already on the pump, and it 
falls to the provider to adjust the pump settings. Transitioning 
to using the pump is not recommended during pregnancy 
because it can take up to 3 months to become comfortable 
with using the pump and to achieve glycemic control.

An insulin pump provides insulin in two ways:
Bolus insulin is insulin delivered “on demand” to correct 

blood glucose levels or to compensate for food intake.
Basal insulin is a continuous infusion of insulin that is 

ongoing 24 h a day and mimics the function of the pancreas. 
Basal insulin maintains euglycemia between meals.

The total daily dose (TDD) is the basal  +  bolus insulin 
used each day.

12.2.1  �Pump TDD

The pump TDD can be calculated by three methods [1]:
Method 1:
Reduce the daily dose of pre-pump insulin by 25%:

	 TDD the reduced daily dose´ =0 75. 	

Method 2:
Calculate based on weight:

	 Weight in kg u the weight-based dose´ =0 5. 	

Method 3:
Take the average of weight-based dosing and the reduced 

daily dose:

	
PumpTDD weight-based dose reduced daily dose= +( ) / 2

	

Chapter 12.  Basic Insulin Pump Management
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Next calculate how much to give as basal insulin and how 
much as bolus.

12.2.2  �Basal Insulin

For adults, 40–50% should be basal insulin and the remainder 
should be bolus. A 50/50 split between bolus and basal is a 
reasonable starting point. As with all diabetes management, 
the initial dosing can be modified as needed.

The basal rate is then divided into the amount to be given 
each hour for 24 h.

Another method is to use a weight-based calculation of 
the basal rate and to set four individual basal rates based on 
diurnal variation. To use this method, calculate the total basal 
amount at 0.2–0.4 × weight in kg. The following schedules can 
be used as a start. Time periods can be individualized as 
needed.

Example:
The pump TDD = 43.75 u/day
The basal rate = 43.75 × 0.5 = 21.9 u/day then the hourly 
rate = 21.9/24 = 0.9 u/h
The daily total bolus should be 43.75 × 0.5 = 21.9 u/day 
This number is divided by 3 to give a fixed amount of 
bolus insulin with each meal. 21.9/3 = 7.3 u with each 
meal

Example: An 85 kg patient takes 15 units of aspart with 
each meal and 15 units of NPH at bedtime.

PumpTDD u day= ( ) + ( ) =85 0 5 60 0 75 2 43 75. . / . /

L.E. Moore
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	A.	 Midnight to 4  am (4  h) 0.1  ×  basal—covers nighttime 
blood glucose

	B.	 4–8 am (4 h) 0.2 × basal—covers fasting blood glucose
	C.	 8 am to 4 pm (8 h) 0.3 × basal—daytime between meal 

coverage
	D.	 4 pm to midnight (8 h) 0.4 × basal—evening and bedtime 

coverage

Adjustments to the basal rate(s) should be made in 0.1–
0.3 u increments. As you can see having four schedules allows 
individualized adjustments based on patients actual blood 
glucose during that time.

A couple of facts should be kept in mind: In the mornings 
due to gluconeogenesis, blood glucose levels tend to rise 
(dawn phenomenon). This is covered by schedule B. During 
the day physical activity helps to keep blood glucose lower so 
schedule C may be lower also. Evening to bedtime is usually 
another time of reduced activity with a higher basal rate. 
However, exceptions, such as a patient who exercises for an 
hour after work each day, should be taken into account. 
Episodes of hypoglycemia are more common during mid-
night to 4am period (schedule A).

12.2.3  �Premeal Bolus Insulin

Premeal insulin can be a bolus of a fixed amount or it can be 
calculated for each meal.

Example: 70 kg woman
Basal insulin = 0.3 × 70 = 21 u/day
A = 0.1 × 21 = 2.1 u over 4 h = 0.5 u/h
B = 0.2 × 21 = 4.2 u over 4 h = 1.1 u/h
C = 0.3 × 21 = 6.3 u over 8 h = 0.78 u/h
D = 0.4 × 21 = 8.4 u over 8 h = 1.1 u/h

Chapter 12.  Basic Insulin Pump Management
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To calculate bolus dosing with meals, two numbers are 
needed, the insulin correction factor (ICF) and the insulin-to-
carbohydrate ratio (ICR).

12.3  �The Insulin Correction Factor

The insulin correction factor also known as the insulin sensi-
tivity factor is the number of mg/dl that one unit of insulin 
will lower the blood glucose. This number is used to calculate 
how much bolus insulin to give.

Many patients will already know their insulin correction 
factor. If not, the rule of 1700 can be used to calculate the 
correction factor. Actually numbers between 1600 and 2200 
are used to calculate the ICF. The higher the number, 
the greater the anticipated point drop from a unit of insulin 
(i.e. the more sensitive to insulin effect).

To calculate the amount of corrective insulin required to 
compensate for the current blood glucose, use the following 
formula:

	
Blood glucose target glucose ICF-( ) /

	

Notice that this will be a negative number if the blood 
glucose is below target:

The Rule of 1700 and 2000
1700/pump TDD = ICF or
2000/pump TDD = ICF

Target mg/dL ICF mg/dL= =95 30;

Example 1: Blood glucose is 150 mg/dL  
(150–95)/30 = 1.8 units (add 1.8 units to the bolus dose).
Example 2: Blood glucose is 65 mg/dL  
(65–95)/30 = −1 units (subtract 1 unit from the bolus 
dose).

L.E. Moore
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The insulin-to-carbohydrate ratio (ICR) tells you how many 
grams of carbohydrate are covered by one unit of insulin.

The ICR is calculated using the rule of 450:
450/Pump TDD = ICR

Use the ICR to compensate for the carbohydrate in an 
upcoming meal.

There is one more step to calculating the amount of bolus 
insulin to give for this meal.

Note that prior to the meal, you checked your blood glu-
cose and used that value to calculate the amount of insulin 
needed to correct if you were high or low.

The amount of bolus insulin is equal to the corrective insu-
lin plus the compensatory insulin for the meal.

Example: Pump TDD = 50 u/day
ICR = 450/50 = 9 g/u of insulin

Example: You are at a fast-food restaurant and you are 
planning to eat the super duper burger with fries and a 
drink. Calorie and carbohydrate values are conve-
niently displayed, and your planned meal contains 154 g 
of carbohydrate. ICR = 9 g/u.

154/9 = 17 u of insulin to cover this meal

Example: ICF = 30 mg/dL; ICR = 9 g/u
Target glucose is 95 mg/dL and your current glucose is 
65 mg/dL corrective insulin = −1 units.
Planned meal contains 154 g of carbohydrates compen-
satory insulin = 17 u.
Bolus for this meal = 16 units of insulin.

Chapter 12.  Basic Insulin Pump Management
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All insulin pumps now have a bolus insulin calculation 
feature (a wizard). The ICR and ICF are entered into the 
pump settings. It is necessary to enter the premeal blood 
glucose measurement, and the amount of carbohydrates in 
the upcoming meal and the amount of bolus are calculated.

Bolus insulin can be delivered in different ways depending 
on the type of pump:

•	 Standard bolus: All of the bolus insulin is delivered at one 
time prior to the meal.

•	 Delayed bolus (extended, square wave): Bolus is infused 
slowly over several hours.

•	 Combination (multi-wave, dual wave): Part of the bolus is 
delivered at the start of the meal, and the rest is infused 
over several hours.

12.4  �Adjusting Pump Settings

Adjustments to the pump should be performed systemati-
cally based on the patient’s blood glucose log, food diary 
indicating carbohydrate intake, and the current pump set-
tings. There are several software programs available to down-
load information from the pump. It is worthwhile to emphasize 
that adjusting pump setting is an ongoing process.

12.4.1  �Adjusting the Basal Rate(s)

Patients with type 2 DM should check blood glucose mini-
mally four times a day at fasting and after each meal. Patients 
with type 1 DM should check at six times a day before and 
after each meal.

If the basal rate is correct, the patient should be able to eat 
late or to skip meals without having highs or lows. The basal 
rate can be tested overnight as described below:

	1.	 Test blood glucose at bedtime (at least 4 h after a bolus). If 
blood glucose is >100 mg/dL, proceed with the test.

	2.	 Do not eat a bedtime snack.

L.E. Moore
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	3.	 Check blood glucose at 3 am and at 7 am. If you go back to 
sleep after the 7 am check, repeat check on waking.

	4.	 If blood glucose at all checks is within 30 mg/dL of the bed-
time blood glucose, then the basal rate is correct.

	5.	 If the blood glucose is more than 30 mg/dL either high or 
low at any check, then the basal rate should be adjusted 
2–3 h prior to the rise or fall.

12.4.2  �Temporary Basal Rate

Some pumps allow a temporary basal rate to be set for up to 
24 h. The temporary rate does not repeat, and it overrides the 
usual basal rate(s) during the time it is active. This temporary 
setting can be used during exercise or for other times such as 
long plane trips.

12.4.3  �Adjust the Insulin-to-Carbohydrate  
Ratio (ICR)

Test the ICR as follows:

	1.	 Test blood glucose; if blood glucose is between 70 and 
140 mg/dL, proceed with the test.

	2.	 Take calculated bolus insulin and eat a low-fat meal.
	3.	 Test at 2 and 4 h after the meal.
	4.	 Do not eat any additional carbohydrates during the test 

period.
	5.	 Do not correct if the 2 h is high.
	6.	 If blood glucose at 4 h is >30 mg/dL below target, increase 

the ICR.
	7.	 If blood glucose at 4 h is >30 mg/dL above target, decrease 

the ICR.

How to adjust basal insulin:
If basal rate >1 u/h, adjust 0.1–0.2.
If basal rate 0.5–1 u/h, adjust 0.05–0.1.
If basal rate <0.5, adjust 0.025–0.05.
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12.4.4  �Adjusting the Insulin Correction  
Factor (ICF)

Check the accuracy of insulin correction in the following 
manner:

	1.	 When BG is high, take corrective insulin.
	2.	 Do not eat unless there are symptoms of hypoglycemia.
	3.	 Check at 2 and 4 h.
	4.	 If blood glucose is low at 4 h or symptoms of hypoglycemia 

were present, increase the ICF.
	5.	 If blood glucose is high at 4 h, decrease the ICF.

12.5  �Insulin Infusion Sites

The infusion site can be any area where there is a reasonable 
amount of subcutaneous fat. If it is possible to “pinch an 
inch,” the site is usable. The abdomen is a common site, but 
other possible sites include the back of the arm, the outer 
thigh, the hip, and the upper buttock.

How to adjust the ICR: (typical adjustment is 10–20%)
If ICR <10, adjust 1–2 points.
If ICR 10–20, adjust 2–3 points.
If ICR 21–30, adjust 3–5 points.
If ICR 31–50, adjust 5–10 points.
If ICR >50, adjust 10–20 points.

How to adjust the ICF:
If ICF <30, adjust 3–5 points.
If ICF 30–60, adjust 5–10 points.
If ICF 61–100, adjust 10–15 points.
If ICF >100, adjust 25 points.
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Leave a 2 inch area around the navel and any scars. Places 
that may experience pressure when sitting or from tight clothes 
should be avoided. Do not reuse areas that have lipodystrophy. 
During the latter stages of pregnancy, exercise caution when 
injecting into the abdomen over the pregnant uterus.

To avoid developing breakdown of the fat tissue (lipodys-
trophy), infusion sites should be rotated every 48  h ideally 
and every 72  h at a minimum. Change sites immediately if 
there is pain, sign of infection, or concern that the site is no 
longer usable such as persistent elevated blood glucose. Sites 
should be rotated in an organized manner. It is recommended 
to start at one side of the body and move 2 inches to identify 
the next site. When that part is exhausted, move to the next. 
As example, move across the abdomen in 2 inch increments, 
next move down 2 inches, and move across the abdomen in 
the opposite direction. Then move to the thigh and the other 
thigh, to the hip, and so forth. The idea is that by the time you 
are back to the abdomen, the previously used sites will have 
time to heal. There are phone apps that keep track of site 
rotations and provide a reminder when it is time to rotate.

12.6  �Insulin Pump During Labor

Labor is physiologically similar to a prolonged period of 
exercise. While it is certainly possible to use the pump during 
labor, patients are usually focused on other things, and it is a 
reasonable option to allow the medical team to assess and 
manage blood glucose. In a study comparing women who 
continued pump use during labor to women on an intravenous 
insulin drip, no difference was found in mean and median 
glucose levels or episodes of hypoglycemia between groups 
[4]. If the pump is used during labor, monitor blood glucose 
hourly, and give small boluses as needed. Discontinue the 
pump temporarily after delivery due to the precipitous drop 
in insulin requirement that will occur and may last up to 24 h. 
Postpartum pump use can be resumed at prepregnancy set-
tings for basal rate, boluses, and ICR and ICF.
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12.7  �Insulin Pump and Breastfeeding

Studies of the use of the insulin pump during breastfeeding 
are limited. Women who choose to use the pump while 
breastfeeding should be aware that breastfeeding women 
require 2000–2500 more calories per day.

During breastfeeding blood glucose can drop rapidly. 
Consider using a temporary basal rate with up 50% reduction 
during and for 1 h after nursing [5].

12.8  �Patient Education and Training 
for the Insulin Pump

Patients require extensive education and training to avoid 
adverse events and for successful use of the device [6]. The 
education required for pump use falls out of the scope of this 
book. Topics that should be covered include [1]:

Filing the pump reservoir
Tubing
Priming the pump
Button pushing—how to give boluses
Pump alarms and error messages
Insertion of infusion sets
Infusion site infections and reactions
Changing pump settings
When a change in pump is made or the pump is upgraded, 

patients should be trained on the technical aspects of the new 
pump.

12.9  �Patient Safety

The insulin pump is a complex medical device. New features 
are added frequently, and in order to use this device, patients 
must be knowledgeable [7]. Pumps can fail for a number of 
reasons including electrical, mechanical, software, or user 
error. Every patient on the pump and the family members of 
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pump patients should be trained on the recognition and man-
agement of hypoglycemia and hyperglycemia.

12.9.1  �Hyperglycemia

Uncorrected hyperglycemia can lead to diabetic ketoacidosis 
(DKA). Pregnant women are prone to develop DKA at a 
lower blood glucose level than when not pregnant.

When blood glucose >250 mg/dL occurs without a known 
explanation, the pump should be evaluated to insure that the 
infusion set is in place without leaks or crimps and that the 
prior bolus was delivered. Also investigate the infusion site 
for redness or signs of infection. A correction bolus can be 
given, but if it does not correct, the infusion set should be 
replaced and the reservoir refilled with new insulin.

Stacking is the process of delivering multiple boluses 
before the previous bolus has had time to work. Stacking 
should be avoided as it will lead to hypoglycemia that may be 
difficult to correct.

A backup plan should be in place to use injection therapy.
Pumps do experience mechanical failure. Pump settings 

should be written down, and instructions on setting the pump 
should be readily available.

12.9.2  �Hypoglycemia

All patients should have an emergency glucagon kit. The kit 
should be replaced every year.

Symptoms of hypoglycemia should be evaluated by check-
ing blood glucose.

If symptoms of hypoglycemia are present, stop all activity 
and check blood glucose.

If the patient can’t check blood glucose, initiate treatment 
presumptively.

It seems obvious, but patients should be informed that if 
they are driving, they should pull off the road.

Use the rule of 15 to correct blood glucose <70 mg/dl:
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	1.	 Eat 15  g of rapid-acting carbohydrate (if blood glucose 
<50 mg/dL, start with 30 g).

	2.	 Recheck blood glucose in 15 min.
	3.	 If blood glucose <70 mg/dL, go back to step 1 and repeat.

After hypoglycemia has resolved, check to see that the 
bolus and basal settings are correct.

12.9.3  �Illness/Sick Days

During an illness, blood glucose may increase due to the 
release of stress hormones. During pregnancy, nausea and 
vomiting is a common complaint. Decreased food intake may 
cause the body to burn fat resulting in ketones. Elevated 
blood glucose in the presence of ketones in the urine is 
concerning. Diabetic ketoacidosis is a significant risk particu-
larly in type 1 DM pregnant patients on the pump. On sick 
days and during periods of decreased food intake, a sick-day 
protocol should be followed:

	1.	 Check blood glucose as scheduled or q4 h.
	2.	 If blood glucose is >240 mg/dL, check urine ketones.
	3.	 For trace ketones give a correction dose using a pen or 

syringe (not the pump), and increase PO intake of water or 
sugar-free fluids.

15 g of rapid-acting carbohydrate is:
1 tbsp of honey
1 tbsp of corn syrup
4–5 saltine crackers
3–4 glucose tablets
½ cup of unsweetened juice
8–9 jellybeans
2 tbsp sugar
½ cup of regular soda
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	4.	 For moderate to high ketones:

•	 Use a pen or syringe to give a correction dose that is 
equivalent to 10% of the total daily dose (TDD).

•	 Change the infusion site and make sure that the pump 
is functioning correctly.

•	 Increase PO intake of water or sugar-free fluids.

	5.	 Check blood glucose and ketones in 2 h.
	6.	 If blood glucose continues to be high or moderate to large 

ketones, continue contact with the diabetes team, or pres-
ent to the emergency room.

12.9.4  �General Safety Measures

Patient should wear identification stating that they are dia-
betic and on the insulin pump.

Patient should have a supply of syringes in case the pump 
malfunctions.

Carry extra supplies for the pump.
Always carry fast-acting carbohydrates in case of 

hypoglycemia.
Never go to bed with a low battery on the pump.
Never ignore symptoms of hypoglycemia.
When flying, don’t check supplies in baggage.
Carry a list of pump settings.
The pump can be worn through the scanner at the airport 

but should be removed for MRIs and X-rays.
Change the time setting on the pump when traveling to 

different time zones.

12.10  �Summary

The insulin pump is designed to provide physiologic avail-
ability of insulin. During pregnancy, the use of the insulin 
pump in appropriately selected patients is associated with 
improved glycemic control.
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13.1  �Pathophysiology

The lack of insulin, either absolute as in type 1 diabetes or 
relative as in type 2 diabetes, causes cells to be unable to take 
up glucose. The body believes it is starving and releases glu-
cagon which initiates gluconeogenesis and glycogenolysis. 
Metabolism of fatty acids creates ketones which can be used 

Chapter 13
Diabetic Ketoacidosis
Lisa E. Moore

L.E. Moore, MD, FACOG  
Department of Obstetrics and Gynecology, Texas Tech University 
Health Sciences Center El Paso, Paul L. Foster School of Medicine, 
El Paso, TX, USA
e-mail: lisa.e.moore@ttuhsc.edu

�Fast Facts

•	 Diabetic ketoacidosis (DKA) is defined by the triad 
of hyperglycemia, metabolic acidosis, and ketosis.

•	 DKA has been identified in type 2 diabetes and in 
gestational diabetes though it is very rare.

•	 The most common precipitants of DKA are infection 
and failure to take prescribed insulin.

•	 DKA is a medical emergency.
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by the brain as alternate energy source. As these ketones 
accumulate, the blood pH becomes increasingly more acidic. 
Absence of insulin, or resistance to insulin during pregnancy, 
causes glucose to remain in the blood stream instead of being 
taken up by cells. Gluconeogenesis and glycogenolysis also 
increase the amount of glucose in the blood. As the amount 
of glucose in the blood increases, the osmolarity of the blood 
increases creating an osmotic gradient in which water enters 
the intravascular space and is then removed by the kidneys 
(an osmotic diuresis). This further concentrates the glucose 
and ketones in the blood which pulls more fluid into the 
intravascular space. Severe dehydration is the result. 
Additionally, bicarbonate is not reabsorbed by the kidney 
tubules during the diuresis. The final result is diabetic keto-
acidosis in which the patient has a severe volume deficit, 
blood glucose is elevated, the pH of the blood shows a meta-
bolic acidosis with an anion gap, and the amount of ketones 
in the blood and urine is high.

13.2  �How Does Pregnancy Increase the Risk 
of DKA?

The developing fetus requires a continuous source of glucose 
and amino acids. To achieve this, pregnant patients undergo 
physiologic adaptations such as increased insulin resistance 
and accelerated starvation in which gluconeogenesis and 
lipolysis are activated earlier during pregnancy than when 
not pregnant. The insulin resistance makes more glucose 
available for the fetus but also increases maternal serum 
blood glucose. Accelerated starvation with initiation of lipol-
ysis and gluconeogenesis increases maternal blood glucose 
and produces ketone bodies.

Increases in minute ventilation cause a respiratory alkalo-
sis during pregnancy. The kidneys compensate by increasing 
the excretion of bicarbonate (compensated respiratory 
alkalosis) which ultimately causes decreased ability to buffer 
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the acidity of ketones in the blood. The decreased buffering 
ability is also the reason that pregnant women go into DKA 
at lower levels of hyperglycemia than when not pregnant.

13.3  �Clinical Presentation

There are no pathognomonic clinical findings in DKA. Patients 
usually present with rapid respiration (Kussmaul respira-
tions), altered mental status, vomiting, and weakness. A fruity 
odor on the breath has been described due to conversion of 
acetoacetate to acetone. Hyperventilation is believed to help 
raise the blood pH by removing carbon dioxide. Metabolic 
acidosis and ketosis causes altered mentation and may lead 
to coma. Patients may give a history of excessive thirst 
(polydipsia) and excessive urination (polyuria). There may be 
physical signs associated with hypovolemia including hypo-
tension, sunken eyes, and tachycardia, and at presentation the 
patient may be oliguric having peed out their intravascular 
volume. Abdominal pain is a common complaint.

Box 13.1: Signs and Symptoms of DKA

Hyperventilation

Tachycardia

Nausea/vomiting

Abdominal pain

Altered mental status

Fruity odor on breath

Hypotension

Sunken eyes

History of polyuria becoming oliguria
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13.4  �Diagnosis

The diagnosis is made by high suspicion based on symptoms 
and physical exam and confirmed by laboratory studies. An 
arterial blood gas, basic metabolic panel, liver function test 
panel, and a complete blood count with differential should be 
obtained.

Serum glucose is usually >300  mg/dL.  However, DKA 
occurs in pregnant patients at a lower level of blood glucose 
and has been described in pregnant patients with normal 
serum glucose levels.

The arterial pH is acidotic <7.3. Bicarbonate will be low 
usually <15 mEq/L, and the anion gap will be >12 mEq/L.

13.5  �Common Precipitants of DKA 
During Pregnancy

During pregnancy, commonplace events may push suscepti-
ble patients into DKA. These events are listed in Box 13.3.

Infection causes increased production of cortisol and 
catecholamines which oppose the action of insulin. Infection 
can reduce the rate of glucose uptake by up to 50% [1].

Box 13.2: Laboratory Findings in DKA

Glucose >300 mg/dL (less in pregnancy)

pH <7.3

HCO3 <15 mEq

Anion gap >12 mEq/L

BUN increased

Cr increased

K may be normal, low, or high

Na may be normal, low, or high
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Nausea and vomiting lead to decreased food intake result-
ing in activation of gluconeogenesis and lipolysis and the 
creation of ketone bodies. Loss of fluid and electrolytes 
results in dehydration.

Βeta-2 agonists such as terbutaline or ritodrine which are 
used for tocolysis and β-2 agonists used as inhaled treatments 
for asthma (e.g., albuterol, salmeterol) increase insulin secre-
tion but also increase glycogenolysis with a net effect of 
increasing serum glucose [2, 3].

Steroid use increases serum glucose values. Be aware also 
that there may be a synergistic effect between steroids and 
beta-2 agonists.

Noncompliance with prescribed insulin and failure of the 
insulin pump resulting in overwhelming hyperglycemia are a 
recognized cause of DKA. Dieting, failure to take insulin in 
an attempt to lose weight, eating disorders such as bulimia, 
and outright manipulative behavior have all been associated 
with episodes of DKA [1].

Patients with unrecognized diabetes may present in DKA 
during pregnancy due to the already described physiologic 
adaptations to pregnancy and the resultant lowered thresh-
old for acidosis.

Box 13.3: Common Precipitants of DKA

Infection

Failure to take insulin

Nausea/vomiting

Insulin pump failure

Glucocorticoids for fetal lung maturity

Β2 Agonists used for tocolysis

Unrecognized diabetes
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13.6  �Management

Treatment of DKA involves replacement of the fluid deficit, 
replacing insulin to correct hyperglycemia, and alleviation of 
the precipitating cause.

Most important, during pregnancy, treat the DKA first 
before considering delivery. While in DKA fetal assessments 
will not be reassuring. Correction of DKA will improve the 
fetal status. Pregnancy in no way alters the management of 
DKA; in other words, treat the patient the same as she would 
be treated if she were not pregnant.

Search for a precipitating event. The most important goal is to 
identify and treat an infection if one is present. Obtain cultures 
of blood and urine and a complete blood count with differential. 
Obtain a chest x-ray if indicated. If possible, take a thorough 
history including recent illnesses, all medications, and visits to  
the emergency room. Ask specifically about missed doses of 
insulin and recent episodes of hyperglycemia and changes in 
diet. If the patient is using an insulin pump, ask about recent 
problems with the pump. This information can be obtained from 
family members if the patient is experiencing altered mentation.

Obtain two large bore IV’s. Place a bladder catheter to 
evaluate output. Provide supplemental oxygen and continu-
ous monitoring of oxygen saturation. Consider admission to 
a medical intensive care unit. Some protocols recommend 
continuous fetal monitoring after 24 weeks. Fetal monitoring 
may not be useful if there is no intention to intervene for fetal 
distress until after the mother’s status is improved.

An estimate of the absolute fluid deficit is 100 cm3/kg of body 
weight. Keeping track of input and output, begin IV hydration 
with normal saline. Give 1–2 L over the first hour followed by 
150–500 cm3/h planning to replace 75% of the calculated fluid 
deficit over 24 h. Total replacement should be complete in 48 h. 
Fluid replacement dilutes the serum glucose and increases the 
intravascular volume which improves tissue perfusion. Improved 
tissue perfusion increases renal clearance of glucose.

When blood glucose is less than 250 mg/dL, the change can 
be made to normal saline (0.9%) and 5% dextrose (D5NS). 
Use ½ normal saline (0.45%) if sodium (Na) is high.

L.E. Moore



133

At the same time as fluid resuscitation is started, begin 
intravenous dosing of regular insulin. Bolus 10 units of regular 
insulin (or 0.1  unit/kg of actual body weight) followed by 
0.1 unit/kg/h. If the blood glucose does not decrease by at least 
50  mg/dL in the first hour, double the maintenance dose. 
Check blood glucose levels every hour. Double the mainte-
nance dose of insulin each hour until the blood glucose falls 
by a minimum of 50 mg/dL in an hour. Once the blood glucose 
is ≤160 mg/dL, decrease the maintenance dose to 1–2 units/h.

Continue IV insulin until blood glucose has been stable 
for 12 h.

Resume subcutaneous insulin injections when patient is 
stable and tolerating oral intake.

Software-directed algorithms for managing insulin dosing 
in DKA are available. There is nuance to the management of 
blood glucose and acidosis. Admission to an ICU with man-
agement by an experienced team is preferred.

The potassium deficit can be large. Potassium levels should 
be monitored every 2–4 h, and replacement should be slow. The 
20–40 mEq added to each liter of IV fluid should be sufficient.

The use of bicarbonate to increase pH is controversial. 
Some authors recommend treating patients with a pH below 
7.0 or a serum bicarbonate <5 mEq/L [4].

13.7  �Fetal Consequences

The exact cause of intrauterine demise associated with DKA 
is unclear. Glucose and ketones are known to cross the pla-
centa very efficiently so that fetal blood glucose levels are 
only 15 mg/dL less than maternal levels. In lambs, maternal 
ketoacidosis and hyperglycemia cause lactic acidosis and 
hypoxia [4]. Nonstress testing in patients with DKA is always 
not reassuring. Variability is absent, and persistent late decel-
erations may be present all of which indicates that the fetus 
is in distress. It is theorized that this may be due to decreased 
uteroplacental perfusion caused by hypovolemia which may 
be worsened by the reflex shunting of blood away from the 
uterus to protect the brain.
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Outcomes of fetuses exposed to DKA have been studied 
in a limited fashion. There may be an adverse association 
between exposure to ketoacids and mental development in 
the offspring [4–6].

13.8  �Treatment of Preterm Labor

Beta-2 agonists should not be used to treat preterm labor in 
patients with DKA. The tocolytic of choice has in the past been 
magnesium. Nifedipine can be considered with awareness that 
hypovolemia may exacerbate hypotension. Indomethacin is a 
good option as long as renal function is normal. Do not give 
steroids for fetal lung maturity until DKA is resolved.

13.9  �When to Deliver

Delivery should be undertaken only after the maternal acido-
sis and hyperglycemia are corrected. If the fetus survives to 
that point, fetal assessments usually return to reassuring sta-
tus. Fetal mortality during DKA is reported as 10–36% [1, 7]. 
Nonetheless, adding labor induction or the stress of cesarean 
delivery in addition to DKA increases the risk to the mother.

13.10  �Summary

DKA is a life-threatening complication of uncontrolled dia-
betes. Fetal mortality during an episode of DKA is high. 
Prompt recognition and prompt treatment are required.

Initial Workup

	1.	 Conduct a thorough history and physical exam. Look 
for a precipitating cause.

	2.	 Place two large bore IVs.
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	3.	 Place a bladder catheter and monitor input and output.
	4.	 Order labs: CBC with diff, ABG, metabolic panel, 

liver function tests, urine culture, blood culture, and 
chest x-ray if indicated.

	5.	 Provide supplemental oxygen. Monitor oxygen 
saturation.

	6.	 +/− continuous fetal monitoring.
	7.	 Consider transfer to ICU.

Insulin Replacement (Begin Fluid Replacement at the Same 
Time)

	1.	 Bolus 10  units of regular insulin or 0.1  unit/kg of 
body weight.

	2.	 Start maintenance at 0.1 unit/kg of body weight.
	3.	 Check blood glucose and electrolytes each hour.
	4.	 Double maintenance dose each hour until the blood 

glucose drops by 50 mg/dl in an hour.
	5.	 When blood glucose ≤160 mg/dL, decrease mainte-

nance dose to 1–2 units/h.
	6.	 Continue IV insulin until blood glucose stable for 

12 h.
	7.	 Do not discontinue IV insulin before initiation of 

subcutaneous insulin therapy.

Fluid Replacement (Begin Insulin Replacement at the Same 
Time)

	1.	 Estimate fluid deficit as 100 cm3/kg of body weight.
	2.	 Start 0.9% saline at 1–2 L/h × 2 h, followed by:
	3.	 150–500 cm3/h of 0.9% saline—plan to replace 75% 

of the water deficit in 24 h.
	4.	 When serum glucose ≤250 mg/dL, add 5% dextrose.
	5.	 Continue IV fluids for at least 48 h.
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Electrolyte Replacement

Potassium—add 20–40 mEq to each liter.
Bicarbonate—controversial
Phosphorus—no proven benefit
Magnesium—no proven benefit
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�Fast Facts

•	 Increased blood glucose in the 6 h prior to delivery is 
associated with an increased risk of neonatal 
hypoglycemia.

•	 During labor the goal is to keep the blood glucose 
between 70 and 110 mg/dL.

•	 Oral agents have not been studied for intrapartum 
use.

•	 During the active phase of labor, insulin require-
ments typically decrease significantly.

•	 Gestational diabetics and some type 2 diabetics may 
not require insulin in the active phase of labor.

mailto:lisa.e.moore@ttuhsc.edu


138

14.1  �Introduction

Babies born to mothers with persistent hyperglycemia are at 
risk of hypoglycemia in the immediate neonatal period. 
Controlling blood glucose in the 4–6 h preceding delivery has 
been shown to reduce the risk [1, 2]. Both the American 
College of Obstetricians and Gynecologists and the American 
College of Endocrinologist recommend maintaining a blood 
glucose between 70 and 110 mg/dL [3].

During labor the requirement for insulin is dependent on 
the phase of labor and on the type of maternal diabetes. 
During the active phase of labor, insulin requirement can 
decrease significantly, while the requirement for glucose may 
be equivalent to the amount required during vigorous exer-
cise. In general, patients with gestational diabetes controlled 
with diet and exercise will not require insulin or glucose 
supplementation during labor. Gestational diabetic patients 
requiring medication to achieve euglycemia and patients with 
type 2 Diabetes may or may not require glucose and insulin. 
Type 1 patients will require both insulin and glucose.

14.2  Pre-Delivery Planning

Patients being induced

•	 Take usual medication at bedtime.
•	 Eat nothing after midnight (assuming an AM induction).
•	 Do not take morning medication.
•	 On arrival check blood glucose.
•	 Start insulin if needed.

Patients presenting in spontaneous labor

•	 On arrival check blood glucose.
•	 Ask when last took medication and dosage.
•	 Start insulin if needed.

Patients with a scheduled cesarean delivery

•	 Take usual medication at night.
•	 Eat nothing after midnight (assuming AM surgery).
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•	 On arrival check blood glucose (patient should be fasting 
so should be within normal limits).

•	 Perform cesarean section within 2  h if blood glucose is 
between 70 and 110 mg/dL.

•	 If unable to perform surgery immediately or patient in 
poor control, start insulin.

•	 Perform cesarean section after 4–6 h of blood glucose lev-
els between 70 and 110 mg/dL to reduce the risk of neona-
tal hypoglycemia.

14.3  Intrapartum Management

Frequency of blood glucose monitoring

•	 A1 GDM—check on presentation then q4–6 h.
•	 A2 GDM—check on presentation then q2–4 h. If insulin 

required, check q h.
•	 T2D—check on presentation then q2–4  h. If insulin 

required, check q h.
•	 T1D—check on presentation, begin insulin and glucose 

infusion, and check q h.

Preparation of insulin for infusion

•	 125  units of Humalog in 250  mL NS  =  1  unit of 
insulin/2 mL.

•	 50 units of regular insulin in 500 mL NS or LR = 1 unit of 
insulin/10 mL.

•	 10  units of regular insulin in 1000 of D5NS at 100 to 
125 mL/h = 1–1.25 units of insulin per hour.

Insulin during labor

•	 Insulin pump—patients on the pump should discontinue 
the pump during labor and allow the team to manage 
blood glucose with the insulin drip. This allows the patient 
to focus on the delivery without concern about managing 
blood glucose levels.

•	 A1 gestational diabetics—no insulin required in labor.
•	 A2 gestational diabetics—usually do not require insulin in 

labor particularly if have been controlled.
•	 Types 1 and 2 diabetics will typically require insulin.
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Insulin dosing during labor
Goal—keep blood glucose between 70 and 110 mg/dL.

•	 If initial blood glucose >150  mg/dL, give 3 units of IV 
Humalog or IV regular and start insulin drip at 2 u/h.

•	 If initial blood glucose 125–150 mg/dL, give 2 units of IV 
Humalog or IV regular and start insulin drip at 1 u/h.

•	 If initial blood glucose 100–124 mg/dL, give 1 unit of IV 
Humalog or IV regular and start insulin drip at 1 u/h.

•	 If initial blood glucose >65 mg/dL and ≤100, start insulin 
drip at 1 u/h.

•	 If blood glucose <65 mg/dL, start insulin drip at 0.5 u/h and 
D5NS at 125 mL/h at the same time. Check blood glucose 
in 30 min.

14.4  �Postpartum Management

After delivery the insulin requirement drops precipitously. 
Gestational diabetics will typically no longer require medica-
tion. For T1D and T2D, rather than stopping the insulin, give 
half the pregnancy dose or resume the prepregnancy dose. An 
oral agent can be considered for patients with type 2 diabetes:

•	 A1 gestational diabetes: Regular diet. No need to check 
blood glucose.

•	 A2 gestational diabetes: Regular diet. Check postprandial 
glucose. If <150 mg/dL, no need for medication.

Type 1 IDDM
Vaginal delivery

•	 ADA diet and ½ of total insulin dose used in pregnancy.

Cesarean delivery
Good postpartum glucose control is important for healing.

•	 D5NS at 125 mL/h until tolerating PO intake. Check blood 
glucose q4  h. Use regular insulin sliding scale to control 
blood glucose.

•	 When tolerating PO give an ADA diet and 1/2 total preg-
nancy insulin.
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Type 2 DM

•	 ADA diet.
•	 Check 2  h postprandial glucose. If >150  mg/dL resume 

insulin at ½ the pregnancy dose or consider and oral agent.

Breastfeeding

•	 Strongly recommended—has been shown to aid in weight 
loss and to assist with glycemic control.

•	 May require more calories in diet.

Contraception
Contraception is an important aspect of the management 

of patients with diabetes. Diabetes alone does not represent 
a contraindication to contraception. Comorbidities should be 
considered when counseling about contraceptive choices.

•	 Depo-Provera
•	 Combined OCP
•	 IUD
•	 Implant

All Patients with GDM should be screened for diabetes at 
6-week postpartum and annually.

14.5  �Summary

Keeping blood glucose between 70 and 110 mg/dL for at least 
6 h prior to delivery reduces the risk of neonatal hypoglyce-
mia. Patients with gestational diabetes will often not require 
medication during labor. Postpartum insulin requirements 
are dramatically reduced in all types of diabetes.
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15.1  �Definitions and Adverse Outcomes

Fetal macrosomia poses significant risks to mother and fetus 
in both diabetic and nondiabetic pregnancies. There are dif-
ferent definitions of macrosomia throughout the medical lit-
erature, including >90th, 95th, or 97th percentile for 
gestational age and birth weight >4000 g or >4500 g [1, 2]. In 
general, large for gestational age refers to weight above the 
90th percentile for gestational age, while macrosomia refers 
to fetal weight above 4000 g [3].
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Fast Facts

•	 The ultrasound estimation of fetal weight is impre-
cise at best.

•	 Data is limited to suggest the frequency of ultra-
sound evaluation to detect macrosomia.
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Several studies have evaluated macrosomia in terms of 
birth weight sufficient to be associated with adverse preg-
nancy and neonatal outcomes. For example, in a recent ret-
rospective study of the US Linked Birth-Infant Death 
Cohort dataset from 1995 to 2004 encompassing 30,831,694 
singleton term live births and 38,053 stillbirths, Ye et  al. 
evaluated risk for stillbirth, neonatal death, and 5-min Apgar 
score >4 according to birth weight subgroups [1]. As the 
main outcome of the study, the authors created a composite 
perinatal mortality and morbidity index (PMMI), which 
included stillbirth, neonatal death, and a 5-min Apgar score 
less than four. They estimated ideal birth weights according 
to White, Black, and Hispanic ethnic groups [1]. The analysis 
was predicated on the assumption that perinatal mortality 
would form a J-shaped distribution with mortality decreas-
ing up to an ideal birth weight and then increasing above it 
[1, 4, 5].

For this study, the authors define macrosomia as birth 
weights that exceeded the nadir of the mortality curve and 
categorized infants according the following birth weight per-
centiles: 75th, 90th, 95th, and 97th [1]. The authors found no 
significant increase in these adverse perinatal outcomes until 
birth weight reached >97th percentile for gestational age [1]. 
Based on their study of birth weight relative to their compos-
ite PMMI outcome, the authors found the lowest PMMI at 
birth weights between 3500 and 4000 g. Above this threshold, 
PMMI increased. Therefore, they suggested a birth weight 
>4500 g in Whites and >4300 g in Blacks and Hispanics as the 
optimal threshold for defining macrosomia sufficient to cause 
increased risk for adverse perinatal outcomes [1]. The authors 
found that cesarean section rates increased significantly with 
birth weight, with an overall cesarean delivery rate of 20%. 
Odds ratios for adverse outcomes were greater among the 
vaginally delivered subgroup, but this subanalysis did not 
change the authors postulated cutoff points [1].

Similarly, in a Scottish cohort study encompassing 784,576 
births, over the period between 1992 and 2008, birth weight 
above the 97th percentile was significantly associated with 
antepartum stillbirth with odds ratio 1.8, 95% confidence 
interval [CI] 1.5,2.4 [5].
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Macrosomia has also been found to increase risk for intrapar-
tum and neonatal morbidities [6–8]. A study of the US National 
Health Statistics database between 1995 and 1997 evaluated 
birth and neonatal outcomes in the 4000–4499 g group, a 4500–
4999  g group, and a >5000  g group as compared to normal 
weight controls. The investigators found that risk for cephalopel-
vic disproportion, cesarean section, and birth injury was 
increased in a dose-dependent manner among macrosomic 
infants. Increasing birth weights also increased risk for birth 
asphyxia, meconium aspiration syndrome, hyaline membrane 
disease, and low Apgar score. Risk of death was only elevated in 
the >5000 g group as compared with normal weight controls [7].

Similarly, a retrospective cohort study including 36,241 
deliveries at the University of California, San Francisco, 
evaluated birth outcomes stratified by the presence or 
absence of diabetes and the presence or absence of macroso-
mia (i.e., birth weight above 4000 g) [8]. The study found that 
macrosomia was significantly associated with RDS, hypogly-
cemia, shoulder dystocia, and brachial plexus injury, even in 
the absence of diabetes [8]. In pregnancies complicated by 
gestational diabetes, the risk for RDS, hypoglycemia, shoul-
der dystocia, and brachial plexus injury was significantly 
increased in macrosomic diabetic pregnancies compared to 
GDM pregnancies with normally growth fetuses [8].

15.2  �Standard Versus Custom Growth Curves

Formulae for estimating fetal weight from standard biometric 
measurements have been constructed in a variety of different 
populations. All have been found to be subject to considerable 

Complications of Macrosomia

Cesarean Delivery
Birth Injury (Brachial plexus, Erbs)
Maternal pelvic floor injury
Meconium Aspiration syndrome
Low APGAR
Neonatal Hypoglycemia
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imprecision [9]. Ultrasound estimation birth weights at the 
extremes of size have been found to be the least accurate 
[10]. A systematic review comparing methods of fetal weight 
estimation found no one method to be clearly superior to the 
others [10]. Similarly, a prospective observational study that 
evaluated methods of estimating fetal weight within 7 days of 
delivery found that sonographic methods of estimating fetal 
weight remained relatively inaccurate despite improvements 
in ultrasound equipment over the decade they studied (1991–
2000). They found that the error in estimating fetal weights 
was attributable in the main to the formulae used and only to 
a lesser extent to inter-operator variation [9].

Some authors have suggested that the use of customized 
growth curves that adjust for maternal height, weight, and eth-
nicity may reduce misclassification errors in diagnoses of sus-
pected macrosomia and suspected IUGR [11, 12]. A recent 
NICHD cohort study of longitudinal fetal growth among 2334 
healthy low-risk women has documented significant differences 
in fetal growth according to maternal ethnicity, a finding with 
significant implications for classification of potentially macro-
somic fetuses [13]. For example, the 95th percentile at 39 weeks 
was 4402  g for White women, 4226  g for Hispanic women, 
4078  g for Asian women, and 4053  g for Black women [13]. 
However customized fetal growth curves have not yet been 
demonstrated to improve pregnancy or neonatal outcomes [14]. 
Fetal MRI is another modality that may hold promise for more 
accurate estimation of fetal weight at or near term [15].

15.3  �Diagnosis of Macrosomia

15.3.1  �Diabetic Pregnancies

There are no standard guidelines and little evidence base for 
frequency of ultrasound in diabetic pregnancies to screen for 
macrosomia. In women with pregestational diabetes, ACOG 
has suggested “periodic” ultrasound examinations to assess 
fetal growth [16]. Similarly, an ultrasound in late pregnancy to 
assess for macrosomia risk is suggested [16]. For women 
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diagnosed with gestational diabetes mellitus, ACOG has rec-
ommended fetal growth assessment in the late third trimester 
in order to assess risk for macrosomia [17]. To our knowledge 
there are no studies that have ascertained the benefits or 
harms of this approach.

15.3.2  �Nondiabetic Pregnancies

In nondiabetic pregnancies, there are no current recommen-
dations from professional organizations regarding screening 
for macrosomia [14, 18], given that ACOG does not currently 
recommend any intervention in the instance of nondiabetic 
pregnancies with suspected macrosomia and estimated fetal 
weights below 5000  g. One factor inveighing against fetal 
weight estimation in nondiabetic pregnancies has been the 
imprecision of fetal weight estimates near term, with esti-
mates varying from true weight by up to 20% [14].

However a recent cohort study has argued for a universal 
screening approach [2]. This cohort study of 3866 nulliparous 
women, the pregnancy outcome prediction study, compared 
selective, clinically indicated, ultrasound at ≥34 weeks’ gesta-
tion with universal ultrasound at the same time point. This 
study enrolled nulliparous women with viable singleton preg-
nancies and did not exclude women with diabetes and other 
medical comorbidities. For this study, screen positive for 
macrosomia was defined as EFW above the 90th percentile 
for gestational age. The study did not include a clinical proto-
col for induction of labor or other interventions in the 
instance of pregnancies that were screen positive for macro-
somia. The outcomes for this study included macrosomia 
>4000 g at birth, severe macrosomia >4500 g, admission to the 
NICU, and neonatal morbidity, defined as 5-min Apgar <7, 
and metabolic acidosis at birth (cord pH <7.1, and base defi-
cit >10 mmol/L). The authors defined severe adverse neona-
tal outcome as live birth with neonatal death, hypoxic-ischemic 
encephalopathy, need for inotropes, mechanical ventilation, 
or severe metabolic acidosis at birth defined as cord pH <7.0 
and base deficit above 12 mmol/L [2].
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The authors found that when LGA fetuses with increased 
abdominal circumference growth velocity were identified, 
these fetuses were at significantly increased risk for neonatal 
morbidity (relative risk 2.0) and severe adverse neonatal out-
come (relative risk 6.6). These relationships persisted even 
after adjustment for maternal diabetes. The authors con-
cluded that universal screening for macrosomia and the use 
of the abdominal circumference growth velocity would iden-
tify pregnancies at risk for adverse neonatal outcomes [2].

Among the individual biometric parameters comprising the 
estimated fetal weight, the abdominal circumference has been 
demonstrated to be the most important [19]. A systematic 
review has compared the predictive accuracy of abdominal 
circumference with ultrasound EFW [19]. Diagnoses of macro-
somia defined as EFW  >  90th percentile, EFW  >  4000  g, or 
EFW > 4500 g were compared with abdominal circumference 
>36 cm alone. The authors identified 36 studies with a total of 
19,117 women. The authors constructed summary receiver 
operator curves and likelihood ratios for each parameter and 
threshold. They found macrosomia diagnosed by EFW to be 
equivalent to macrosomia diagnosed by AC >36 cm in the pre-
diction of birth weight above 4000 g or above the 90th percen-
tile for gestational age [19]. They found that positive and 
negative likelihood ratio for EFW in prediction of birth weight 
>4000 g were 5.7 (95% CI 4.3–7.6) and 0.48 (95% CI 0.38–0.60). 
For AC above 36 cm, the positive and negative likelihood ratios 
were 6.9 (95% CI 5.2, 9.0) and 0.37 (95% CI 0.30, 0.45) [19].

15.4  �Causes

In diabetic women, risk for macrosomia has been related to 
alterations in glucose and insulin homeostasis in both early 
and late pregnancy. For example, Voldner et  al. followed a 
cohort of 553 nondiabetic White women with Scandinavian 
heritage throughout pregnancy [20]. The investigators mea-
sured fasting glucose twice during pregnancy (14–16  weeks 
and 30–32 weeks) and fasting plasma insulin and HOMA-IR 
four times during pregnancy (14–16, 22–24, 30–32, and 
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36–38  weeks). The primary outcome of interest was birth 
weight ≥4200  g. This study found that among women with 
BMI > 27 (top quartile), the increase in fasting plasma glu-
cose between 14 and 16 weeks and between 30 and 32 weeks 
was predictive of macrosomia. This relationship persisted 
even when pregnancies complicated by GDM were excluded. 
Those women in the top quartile who delivered normal 
weight infants did not show a significant increase in fasting 
plasma glucose. The investigators found that for the total 
cohort, fasting plasma glucose at 30–32 weeks’ gestation was 
an independent predictor of macrosomia [20].

Similarly, a case-control study of 37 placentas from macro-
somic infants and 37 normal weight infants has determined 
that insulin-like growth factors and their receptors are impor-
tant determinants of fetal macrosomia [21]. This study com-
pared placental insulin-like growth factor mRNA levels and 
their receptors. The authors demonstrated that increased 
placental IGF-II and IGF-IR mRNA levels were positively 
correlated with macrosomic birth weights [21].

15.5  �Risk Factors

A number of different risk factors are associated with develop-
ment of fetal macrosomia. For example, Jolly et al. evaluated 
350,311 singleton pregnancies in England from 1988 to 1997 
[22]. The primary outcomes for this study were birth weight 
above the 90th percentile for gestational age or >4000  g. 
Pregestational diabetes was the greatest risk factor for birth 
weight >90th percentile. Maternal BMI > 30 and parity >4 were 
the greatest risk factors for birth weight >4000  g. The most 
important risk factors for birth weight above the 90th percentile 
for gestational age were pregestational obesity (BMI)  >  30 
(odds ratio (OR) 2.08; confidence intervals (CI) 1.99, 2.17), 
pregestational diabetes (OR 6.97; CI 5.36, 8.16), gestational 
diabetes (OR 2.77; CI 2.51, 3.07), parity > 4 (OR 2.20; CI 2.02, 
2.40), and maternal age > 40 (OR 1.22; CI 1.11, 1.35) [22].

A more recent observational study among 178,709 single 
pregnancies in Chinese women aimed to describe prevalence 
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and risk factors for macrosomia and to describe associations 
with adverse outcomes compared with normal birth weight 
controls [23]. Macrosomia was defined as ≥4000  g at birth. 
The authors found that maternal obesity and gestational dia-
betes mellitus were the strongest risk factors for fetal macro-
somia in this population [23].

In diabetic women, obesity and excessive weight gain during 
pregnancy have been associated with large for gestational age, 
suggesting that lifestyle modification might be important in 
preventing macrosomia. For example, a cohort study of Florida 
births over the years 2004–2008 found that prepregnancy obe-
sity and gestational weight gain were independently associated 
with LGA, defined as ≥90th percentile for gestational age [24]. 
Similarly, a Chinese cohort study of 1049 women showed that 
among diabetic women, maternal BMI and pregnancy weight 
gain had an additive effect on birth weight [25].

A meta-analysis of 33 studies encompassing 88,599 women 
evaluated the effect of weight gain during pregnancies com-
plicated by GDM on birth weight [26]. This meta-analysis 
found excessive pregnancy weight gain, in excess of Institute 
of Medicine guidelines, was associated both with macrosomia 
and LGA. Conversely, the study demonstrated a reduction in 
macrosomia among women who gained less than the cur-
rently recommended degree of weight during pregnancy [26].

15.6  �Prevention of Macrosomia

Several trials have evaluated the effect of diet and insulin 
therapy on risk for macrosomia [27–29]. In the Buchanan 
study, subjects with GDM with abdominal circumference 

Risk Factors for Macrosomia

Pregestational Diabetes
Maternal BMI > 30
Parity > 4
Excessive weight gain in pregnancy
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exceeding the 75th percentile at 29–33 weeks’ gestational age 
were randomly assigned to diet plus insulin therapy versus 
diet alone. There were 30 subjects assigned to the insulin 
group and 29 subjects assigned to the diet alone group [27]. 
This small trial demonstrated that insulin therapy reduced 
the risk of large for gestational age infants to 13% vs 45%, 
P < 0.02 [27].

A much larger randomized trial of 1000 women who were 
randomly assigned to receive routine care versus diet therapy 
plus insulin, if needed, for gestational diabetes mellitus dem-
onstrated that treatment of GDM significantly reduced the 
risk for macrosomia ≥4 kg from 21 to 10% and reduced large 
for gestational age, defined as birth weight above the 90th 
percentile, from 22 to 13% [28]. Likewise, a large multicenter 
trial of treatment versus usual care for among 958 women 
with mild gestational diabetes demonstrated that treatment 
reduced risk for shoulder dystocia (1.5% versus 4.0%), large 
for gestational age (7.1% versus 14.5%), and macrosomia 
(5.9% versus 14.3%) [29].

There have also been a number of trials of lifestyle inter-
ventions for gestational diabetes mellitus [30]. The Cochrane 
review of these trials included 15 trials that included 4501 
women [30]. The lifestyle interventions that were studied 
included a combination of education, diet, exercise, and self-
monitoring of blood glucose [30]. In six trials, that included 
2994 infants, lifestyle interventions reduced risk for large for 
gestational age births (RR 0.60, 95% CI 0.50, 0.71). Lifestyle 
interventions were also found to reduce mean birth weight 
and macrosomia [30].

In nondiabetic women at risk, lifestyle interventions have 
also been proposed in order to prevent macrosomia. For 
example, in a randomized controlled trial including 399 non-
diabetic women deemed to be at risk for GDM and for 
macrosomia, dietary and exercise counseling reduced the 
proportion of newborns who were large for gestational age 
from 19.7 to 12.1% (P = 0.042) [31]. However the interven-
tion had no effect on the proportion of women who devel-
oped GDM [31].
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Several other studies have evaluated the effect of exercise 
among overweight women at risk for macrosomic infants 
[32–34]. In a recent randomized controlled trial, Wang and 
colleagues randomized 300 overweight and obese pregnant 
women with BMI ≥ 24 to a stationary cycling exercise inter-
vention three times weekly versus usual activity [33]. The 
primary outcome measure of this study was gestational dia-
betes mellitus. Birth weight and macrosomia were pre-
specified secondary outcomes. This study demonstrated a 
reduction in the primary outcome of GDM diagnosis with the 
exercise intervention (22.0% versus 40.6%, P < 0.001). The 
investigators reported a trend toward a reduction in macro-
somia >4000  g (6.3% vs 9.6%; OR, 0.624; 95% CI, 0.233, 
1.673, P = 0.3) and diagnoses of LGA (14.3% vs 22.8%; OR, 
0.564; 95% CI, 0.284, 1.121, P = 0.1) that did not reach signifi-
cance. The study reported a 112  g reduction in mean birth 
weight for the exercise intervention that was statistically sig-
nificant. (3345.27  g  ±  397.07  g vs 3457.46  g  ±  446.00  g; 
P = 0.049) [33].

A Spanish trial that included 765 nondiabetic women 
tested an intervention that included aerobic exercise, aero-
bic dance, muscular strength, and flexibility three times 
weekly for 50–55 min per session [34]. This study was car-
ried out in a low-risk population and did not require obesity 
or overweight for entry. The primary outcome of the study 
was pregnancy-induced hypertension. Macrosomia was a 
pre-specified secondary outcome for the trial. The exercise 
intervention resulted in a significant reduction in macroso-
mia, defined as birth weight >4000  g from 4.7 to 1.8%, 
P = 0.03 [34].

However, a recent meta-analysis that evaluated nine trials 
including 1502 overweight and obese women did not find a 
reduction in macrosomia with prenatal exercise interventions. 
(Relative risk 0.92, 95% CI 0.72, 1.18) [32]. The reviewers did 
however find reductions in gestational diabetes mellitus (RR 
0.61, 95% CI 0.41, 0.91) and in preterm delivery <37 weeks 
(RR 0.62, 95% CI 0.41, 0.95) [32].
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15.7  �Induction of Labor for Suspected 
Macrosomia in Nondiabetic 
Pregnancies

In the instances in which macrosomia is suspected near term, 
there is controversy regarding whether available inventions 
of induction of labor or cesarean section would improve out-
comes. Some authors have postulated that induction of labor 
in instances of impending macrosomia might be beneficial to 
mother and fetus. A recent Cochrane review including four 
trials with 1190 non-diabetic women found that induction of 
labor reduced risk for shoulder dystocia (RR 0.60, 95% CI 
0.37, 0.98), mean birth weight, and fractures (0.20, 95% CI 
0.05, 0.79), but had no effect on the risk for cesarean section 
or operative vaginal deliveries [35]. This Cochrane review 
found no differences in other perinatal outcomes of interest; 
however in one included trial, induction of labor increased 
risk for maternal third- and fourth-degree perineal lacera-
tions [35]. Another meta-analysis including the same four 
trials with 1190 participants found that induction of labor 
reduced the likelihood of birth weights above 4000 and 
4500 g as well as fetal fractures but had no significant effect 
on shoulder dystocia or on mode of delivery [36].

These two meta-analyses were strongly influenced by a 
large European randomized controlled trial that included 822 
women with estimated fetal weight above the 95th percentile 
for gestational age at 37–38 weeks [37, 38]. Participants were 
randomized to undergo induction of labor between 37  +  0 
and 38  +  6  weeks’ gestation versus expectant management 
until spontaneous onset of labor or other condition necessi-
tating delivery. Potential participants were excluded if they 
had insulin-requiring diabetes; however women with 
diet-controlled diabetes were not excluded. The primary 
composite outcome of this study included shoulder dystocia, 
fracture of a clavicle or long bone, brachial plexus injury, 
intracranial hemorrhage, or death. Shoulder dystocia in this 
study was narrowly defined as difficulty with delivery of the 
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shoulders that was not relieved by McRoberts maneuver or 
suprapubic pressure. The definition of clinically significant 
shoulder dystocia required 60 s or more elapsed time between 
the delivery of the head and the delivery of the body [37].

Significant findings in this study included a reduction of 
shoulder dystocia from 4 to 1%, (RR 0.47, 95% CI 0.26, 0.86); 
the number needed to treat was 25 [37]. Induction of labor 
significantly reduced the composite primary outcome (rela-
tive risk 0.32, 95% CI 0.15, 0.71). Of note, there were no 
brachial plexus injuries, deaths, or intracranial hemorrhages 
in either randomized group, although fetal fractures were 
non-significantly reduced by induction of labor. Induction of 
labor modestly increased the likelihood of spontaneous vagi-
nal delivery completed to expectant management (RR1.14, 
95% CI 1.01, 1.29) [37].

Among secondary outcomes, significant findings included 
increased antepartum hospital length of stay associated with 
induction of labor, as well as a higher proportion of infants with 
neonatal bilirubin concentration ≥250 mm/L in the induction of 
labor group. The proportion of infants requiring phototherapy 
after delivery was likewise increased by induction of labor 
(11% versus 7%, P = 0.03). There was no difference in neonatal 
intensive care unit admissions between the two groups [37].

Because of the early-term gestational age at which induction 
of labor was carried out in the Boulvain trial [37] and the poten-
tial increased neonatal need for phototherapy, ACOG does not 
currently recommend induction of labor for suspected macroso-
mia in nondiabetic pregnancies [6]. There is limited evidence as 
to whether later induction of labor at or beyond 39 weeks might 
reduce shoulder dystocia or improve neonatal outcomes.

15.8  �Induction of Labor for Macrosomia 
in Diabetic Pregnancies

There is a conflicting body of evidence regarding the utility 
of induction of labor in diabetic pregnancies in the preven-
tion of shoulder dystocia and macrosomia. Management has 
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traditionally rested upon a small randomized controlled trial 
that included 200 women with insulin-requiring diabetes 
whose fetuses were judged to be appropriate for gestational 
age in size [39]. One hundred women per group were ran-
domized to either induction of labor at 38 weeks’ gestation 
or expectant management [39]. In this study, induction of 
labor reduced the prevalence of large for gestational age 
infants (23% vs 10%) and shoulder dystocia (3% vs 0%) 
without increasing cesarean section risk [39]. However a 
smaller trial involving 100 insulin-requiring women with dia-
betes comparing induction of labor at 38 weeks to induction 
of labor 40 weeks’ gestation did not find any significant dif-
ference in the rate of large for gestational age infants in the 
38-week induction group compared to the 40-week induc-
tion group [40].

Given the paucity of evidence from randomized controlled 
trials, observational studies and systematic reviews have been 
also used to address the question of induction of labor for 
macrosomia in diabetic women [41, 42]. One such cohort 
study reported 2604 diabetic women and compared usual 
care with a protocol-based approach for management of 
macrosomia [41]. The protocol-based approach included a 
policy of induction of labor for ultrasound EFW of ≥90th 
percentile at 37–38  weeks’ gestation and elective cesarean 
section for EFW ≥4250 g. Compared with births among dia-
betic pregnancies before the protocol was instituted, the 
protocol reduced the shoulder dystocia rate from 2.4 to 1.1% 
(OR 1.9, 95% CI 1.0, 3.5). Likewise, the likelihood of macro-
somia at birth (defined as ≥4000 g) was significantly reduced 
from 11.6 to 8.9% (P = 0.04). The rate of shoulder dystocia 
among infants delivered vaginally was 7.4% compared with 
18.8% among vaginally delivered infants before institution of 
the labor induction protocol [41].

A 2009 systematic review that compared elective induc-
tion or cesarean section with expectant management among 
women with gestational diabetes evaluated evidence from 
one randomized controlled trial and four observational stud-
ies [2]. The authors reviewed each of the studies separately, 
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given the heterogeneity of study designs and methods. They 
concluded that a policy of labor induction at term might 
reduce macrosomia, defined as birth weight >4000 g, as well 
as shoulder dystocia, but that the quality of available evi-
dence was low and more trials are needed [42].

15.9  �Mode of Delivery

There are no available randomized controlled trials to guide 
choice of mode of delivery for the fetus with suspected 
macrosomia. Thus clinical decision-making has rested upon 
two decision analysis studies by Rouse et  al. and by Herbst 
[43,  44]. The Rouse study constructed a decision analysis 
model that compared (1) routine care without the use of ultra-
sound estimation of fetal weight, (2) ultrasound with elective 
cesarean section for EFW ≥4000  g, and (3) ultrasound and 
elective cesarean section for EFW ≥4500 g [43]. The main out-
come measure for this study was shoulder dystocia with bra-
chial plexus injury. Analyses were carried out separately for 
diabetic and nondiabetic pregnancies. The study estimated the 
number of additional cesarean section procedures and costs 
per permanent brachial plexus injury averted. The authors 
estimated that 3695 cesarean sections would need to be per-
formed for nondiabetic women with ultrasound EFW ≥4500 g 
to prevent one brachial plexus injury. For diabetic pregnancies 
with EFW ≥4500 g, 443 cesarean sections would need to be 
performed to prevent one brachial plexus injury [43].

The Herbst study constructed a decision model compar-
ing (1) elective cesarean section, (2) labor induction at 
38–39  weeks, and (3) expectant management for nondia-
betic macrosomic infants with EFW >4500  g [44]. This 
analysis found that expectant management was the most 
cost-effective strategy, yielding a cost of $4014.33 per injury-
free child, compared to labor induction at $5165.08 per 
injury-free child or elective cesarean section at $5212.06 
per injury-free child [44].
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More recently a cohort study encompassed 24  years of 
births at the Galway University Hospital, Ireland. This study 
evaluated mode of delivery and neonatal outcomes of 201 
births of macrosomic infants with birth weight at or above 
5000 g. This study reported a 7.1% incidence of shoulder dys-
tocia among nulliparous women who underwent labor and a 
4.3% incidence of shoulder dystocia among parous women 
who labored [45]. Forty-four percent of the nulliparous 
women and 12% of the parous women in this study ulti-
mately required intrapartum cesarean section. The overall 
Erb’s palsy rate in the study was 1.3%. The authors con-
cluded that a randomized controlled trial is needed to more 
fully evaluate the risks and benefits of elective cesarean sec-
tion for suspected macrosomia [45].

15.10  �Summary

Suspected fetal macrosomia remains a controversial area for 
clinical decision-making. Ultrasound diagnosis of macroso-
mia remains imprecise despite improvements in technology. 
There is some intriguing evidence that exercise may reduce 
risk for gestational diabetes and potentially macrosomia 
among overweight and obese women who are at risk to give 
birth to macrosomic infants. In the instances in which macro-
somia or impending macrosomia have been diagnosed in 
nondiabetic women, there is considerable controversy 
whether the benefits of labor induction outweigh the poten-
tial harms. There is very limited evidence suggesting benefit 
for induction of labor in diabetic women. Recommendations 
for elective cesarean sections to prevent shoulder dystocia 
rest upon decision analytic models evaluating costs to avert 
brachial plexus injuries. Given the rarity of these events, as 
well as the medicolegal climate, it is unlikely that a definitive 
trial of elective cesarean section to prevent brachial plexus 
injury among pregnancies complicated by suspected macro-
somia will ever be carried out.

Chapter 15.  Fetal Macrosomia



158

References

	 1.	 Ye J.  Searching for the definition of macrosomia through an 
outcome-based approach. PLoS One. 2014;9(6):e100192.

	 2.	 Sovio U.  Universal versus selective ultrasonography to screen 
for large for gestational age infants and associated morbidity. 
Ultrasound Obstet Gynecol. 2017.

	 3.	 Araujo Júnior E, Peixoto AB, Zamarian ACP, Elito Júnior J, 
Tonni G.  Macrosomia. Best Pract Res Clin Obstet Gynaecol. 
2017;38:83–96.

	 4.	 Zhang X.  How big is too big? The perinatal consequences of 
fetal macrosomia. Obstet Gynecol. 2008;198(5):1–6.

	 5.	 Moraitis AA. Birth weight percentile and the risk of term peri-
natal death. Obstet Gynecol. 2014;124(2):274–83.

	 6.	 American College of Obstetricians and Gynecologists’ 
Committee on Practice Bulletins—Obstetrics. Practice bulletin 
no. 173: fetal macrosomia. Obstet Gynecol. 2016;128(5):195.

	 7.	 Boulet SL.  Macrosomic births in the United States: determi-
nants, outcomes, and proposed grades of risk. Obstet Gynecol. 
2003;188(5):1372–8.

	 8.	 Esakoff TF.  The association between birthweight 4000 g or 
greater and perinatal outcomes in patients with and without 
gestational diabetes mellitus. Obstet Gynecol. 2009;200(6):1–4.

	 9.	 Anderson NG. Sonographic estimation of fetal weight: compari-
son of bias, precision and consistency using 12 different formu-
lae. Ultrasound Obstet Gynecol. 2007;30(2):173–9.

	10.	Dudley NJ. A systematic review of the ultrasound estimation of 
fetal weight. Ultrasound Obstet Gynecol. 2005;25(1):80–9.

	11.	Mongelli M.  Reduction of false-positive diagnosis of fetal 
growth restriction by application of customized fetal growth 
standards. Obstet Gynecol. 1996;88(5):844–8.

	12.	Mikolajczyk RT, Zhang J, Betran AP, Souza JP, Mori R, 
Gülmezoglu AM, et al. A global reference for fetal-weight and 
birthweight percentiles. Lancet. 2011;377(9780):1855–61.

	13.	Buck Louis GM.  Racial/ethnic standards for fetal growth: the 
NICHD fetal growth studies. Obstet Gynecol. 2015;213(4):1–449.

	14.	Committee on Practice Bulletins—Obstetrics and the American 
Institute of Ultrasound in Medicine. Practice bulletin no. 175: 
ultrasound in pregnancy. Obstet Gynecol. 2016;128(6):241.

	15.	Malin GL. Antenatal magnetic resonance imaging versus ultra-
sound for predicting neonatal macrosomia: a systematic review 
and meta-analysis. BJOG. 2016;123(1):77–88.

E. Mozurkewich



159

	16.	ACOG Committee on Practice Bulletins. ACOG practice 
bulletin. Clinical management guidelines for obstetrician-
gynecologists. Number 60, march 2005. Pregestational diabetes 
mellitus. Obstet Gynecol. 2005;105(3):675–85.

	17.	Committee on Practice Bulletins-Obstetrics. Practice bulle-
tin no. 137: gestational diabetes mellitus. Obstet Gynecol. 
2013;122(2):406–16.

	18.	Bricker L. Routine ultrasound in late pregnancy (after 24 weeks’ 
gestation). Cochrane Libr. 2015;29(6):CD001451.

	19.	Coomarasamy A. Accuracy of ultrasound biometry in the pre-
diction of macrosomia: a systematic quantitative review. BJOG. 
2005;112(11):1461–6.

	20.	Voldner N.  Increased risk of macrosomia among overweight 
women with high gestational rise in fasting glucose. J  Matern 
Fetal Neonatal Med. 2010;23(1):74–81.

	21.	Jiang H.  Levels of insulin-like growth factors and their recep-
tors in placenta in relation to macrosomia. Asia Pac J Clin Nutr. 
2009;18(2):171–8.

	22.	Jolly MC.  Risk factors for macrosomia and its clinical conse-
quences: a study of 350,311 pregnancies. Eur J Obstet Gynecol 
Reprod Biol. 2003;111(1):9–14.

	23.	Wang D. Risk factors and outcomes of macrosomia in china: a 
multicentric survey based on birth data. J Matern Fetal Neonatal 
Med. 2017;30(5):623–7.

	24.	Kim SY.  Association of maternal body mass index, excessive 
weight gain, and gestational diabetes mellitus with large-for-
gestational-age births. Obstet Gynecol. 2014;123(4):737–44.

	25.	Chen Q.  Associations between body mass index and mater-
nal weight gain on the delivery of LGA infants in Chinese 
women with gestational diabetes mellitus. J Diabetes Complicat. 
2015;29(8):1037–41.

	26.	Viecceli C. Weight gain adequacy and pregnancy outcomes in ges-
tational diabetes: a meta-analysis. Obes Rev. 2017;18(5):567–80.

	27.	Buchanan TA. Use of fetal ultrasound to select metabolic ther-
apy for pregnancies complicated by mild gestational diabetes. 
Diabetes Care. 1994;17(4):275–83.

	28.	Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries WS, 
Robinson JS. Effect of treatment of gestational diabetes mellitus 
on pregnancy outcomes. N Engl J  Med. 2005;352(24):2477–86. 
doi:10.1056/NEJMoa042973.

	29.	Landon MB. A multicenter, randomized trial of treatment for 
mild gestational diabetes. N Engl J Med. 2009;361(14):1339–48.

Chapter 15.  Fetal Macrosomia

https://doi.org/10.1056/NEJMoa042973


160

	30.	Brown J.  Lifestyle interventions for the treatment of women 
with gestational diabetes. Cochrane Libr. 2017;5:CD011970.

	31.	Luoto R.  Primary prevention of gestational diabetes mel-
litus and large-for-gestational-age newborns by lifestyle 
counseling: a cluster-randomized controlled trial. PLoS Med. 
2011;8(5):e1001036.

	32.	Magro-Malosso ER. Exercise during pregnancy and risk of pre-
term birth in overweight and obese women: a systematic review 
and meta-analysis of randomized controlled trials. Acta Obstet 
Gynecol Scand. 2017;96(3):263–73.

	33.	Wang C.  A randomized clinical trial of exercise during preg-
nancy to prevent gestational diabetes mellitus and improve 
pregnancy outcome in overweight and obese pregnant women. 
Obstet Gynecol. 2017;216(4):340–51.

	34.	Barakat R. Exercise during pregnancy protects against hyperten-
sion and macrosomia: randomized clinical trial. Obstet Gynecol. 
2016;214(5):1–8.

	35.	Boulvain M. Induction of labour at or near term for suspected 
fetal macrosomia. Cochrane Libr. 2016;22(5):CD000938.

	36.	Magro-Malosso ER.  Induction of labour for suspected mac-
rosomia at term in non-diabetic women: a systematic review 
and meta-analysis of randomized controlled trials. BJOG. 
2017;124(3):414–21.

	37.	Boulvain M, Senat M, Perrotin F, Winer N, Beucher G, Subtil 
D, et al. Induction of labour versus expectant management for 
large-for-date fetuses: a randomised controlled trial. Lancet. 
2015;385(9987):2600–5.

	38.	Norwitz ER.  Induction of labour for fetal macrosomia: do we 
finally have an answer? BJOG. 2017;124(3):422.

	39.	Kjos SL. Insulin-requiring diabetes in pregnancy: a randomized 
trial of active induction of labor and expectant management. 
Obstet Gynecol. 1993;169(3):611–5.

	40.	Worda K. Randomized controlled trial of induction at 38 weeks 
versus 40 weeks gestation on maternal and infant outcomes in 
women with insulin-controlled gestational diabetes. Wien Klin 
Wochenschr. 2017. doi:10.1007/s00508-017-1172-4.

	41.	Conway DL.  Elective delivery of infants with macrosomia in 
diabetic women: reduced shoulder dystocia versus increased 
cesarean deliveries. Obstet Gynecol. 1998;178(5):922–5.

	42.	Witkop CT. Active compared with expectant delivery manage-
ment in women with gestational diabetes: a systematic review. 
Obstet Gynecol. 2009;113(1):206–17.

E. Mozurkewich



161

	43.	Rouse DJ.  The effectiveness and costs of elective cesarean 
delivery for fetal macrosomia diagnosed by ultrasound. JAMA. 
1996;276(18):1480–6.

	44.	Herbst MA. Treatment of suspected fetal macrosomia: a cost-
effectiveness analysis. Obstet Gynecol. 2005;193(3):1035–9.

	45.	Crosby DA.  Obstetric and neonatal characteristics of preg-
nancy and delivery for infant birthweight 5.0 kg. J Matern Fetal 
Neonatal Med. 2017:1–5. [Epub ahead of print].

Chapter 15.  Fetal Macrosomia



163© Springer International Publishing AG 2018
L.E. Moore (ed.), Diabetes in Pregnancy,  
https://doi.org/10.1007/978-3-319-65518-5_16

Chapter 16
The Ultrasound Evaluation 
of the Diabetic Pregnancy
Carla Ann Martinez

C.A. Martinez, MD 
Division of Maternal Fetal Medicine, Department of Obstetrics and 
Gynecology, Texas Tech University Health Sciences Center El Paso 
Paul L. Foster School of Medicine, El Paso, TX, USA
e-mail: Carla.martinez@ttuhsc.edu

Fast Facts

•	 Pregestational diabetes is associated with a two- to 
ninefold increased risk for a congenital anomaly or 
birth defect.

•	 Cardiovascular and central nervous system defects 
are the most common anomalies.

•	 Caudal regression is 200 times more frequent in 
infants of diabetic mothers than nondiabetic 
mothers.

•	 HbA1c greater than 10% is associated with a 22% 
risk of a congenital anomaly.
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16.1  �Introduction

Pregnancies complicated by pregestational diabetes (type 1 
or type 2) are at increased risk for miscarriage, congenital 
anomalies or birth defects, fetal growth disturbances (macro-
somia and intrauterine fetal growth restriction), and stillbirth. 
It is controversial as to whether gestational diabetes poses an 
increased risk for anomalies to the fetus, as these patients 
may reflect undiagnosed type 2 diabetics. Pregestational dia-
betes (PGD) increases the risk two- to ninefold higher than 
the baseline population risk and has been shown to correlate 
with maternal glycemic control, translating into an increase 
from 2 to 3% in the general population to 3 to 19% in the 
diabetic patient [1]. The poorer the maternal metabolic con-
trol is at the time of conception, the higher the risk for a birth 
defect. The anomalies in the fetus can vary and have been 
reported to affect all organ systems. The most common birth 
defects seen in diabetic pregnancies involve the cardiovascu-
lar, central nervous, and musculoskeletal systems, with at 
least 50% of anomalies affecting the cardiovascular and cen-
tral nervous systems.

Maternal hyperglycemia is a known teratogen to the 
developing embryo. Poor maternal glycemic control during 
organogenesis and embryogenesis increases the risk for 
anomalies. Studies have consistently shown a linear relation-
ship between maternal glycemic control and the rate of birth 
defects and spontaneous abortion [1–3]. The reported risk of 
spontaneous abortion was 12.4% with a first trimester 
HbA1c less than or equal to 9.3% and increased to 37.5% 
with a HbA1c greater than 14.4% (RR 3.0; 95% CI, 1.3–7.0) 
[2]. Likewise, the risk of major malformation was 3.0% with 
a HbA1c less than or equal to 9.3% and 40% when greater 
than 14.4% (RR 13; 95% CI, 4.3–40.4) (Table 16.1) [2]. Well-
controlled PGD at the time of conception is associated with 
a reduced risk of birth defects; The recommended HbA1c 
threshold is < 6.5%. Earlier studies have reported no anoma-
lies in cohorts with HbA1c less than 8.9% [3], while later 
studies have identified congenital anomalies in pregnancies 
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with HbA1c as low as 6.6 and 5.4% early in the pregnancy [1]. 
So while improved maternal glycemic control reduces the 
risk of congenital anomalies, it does not reduce it to the base-
line population risk.

16.2  �First Trimester Ultrasound

Ultrasound evaluation of the diabetic pregnancy is per-
formed for the usual obstetric indications. Early ultrasound in 
the first trimester is recommended to determine viability, due 
to the higher rate of miscarriage, and an estimation of gesta-
tional age, which is important for delivery planning.

Early fetal anatomy evaluation at the time of the nuchal 
translucency screening can identify some birth defects early 
in pregnancy, especially in those with elevated HbA1c. 
Nuchal translucency (NT) screening is performed between 
11.0/7 and 13.6/7 weeks. An increased NT is associated with 
congenital anomalies, aneuploidy, and multiple syndromes. 
While pregnancies complicated with PGD are not associated 
with an increased risk for aneuploidy, an increased NT fur-
ther raises the risk for a congenital anomaly. An enlarged NT 
is defined as greater than or equal to 3 mm or greater than 
the 99th percentile for the crown rump length Fig. 16.1.

Table 16.1  Risk of malformation related maternal first trimester 
HbA1c
HbA1c

Percent 
malformations RR (95% CI)

SD above 
mean Percentage
<6 ≤9.3 3 1.0

6.1–9.0 9.4–11.0 5.2 1.7 (0.4–1.7)

9.1–12.0 11.1–12.7 4.3 1.4 (0.3–8.3)

12.1–15.0 12.8–14.4 38.9 12.8 (4.7–35.0)

>15.0 >14.4 40.0 13.2 (4.3–40.4)

N = 303 insulin-requiring diabetics. Adapted from Greene et al. [2]. 
SD standard deviation, RR relative risk
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Cardiac defects are the most common isolated anomalies 
associated with an increased NT and the most common 
anomalies in the general population and in pregnancies with 
PGD.  Both are an indication for fetal echocardiography in 
the second trimester. In experienced centers, early evaluation 
of the fetal anatomy including cardiac anatomy can be 
achieved via transabdominal and transvaginal scanning and 
can identify anomalies early such as cardiac defects, anen-
cephaly, and abdominal wall defects. The neural tube closes at 
day 28, poor maternal glycemic control at the time of concep-
tion will increase the risk for neural tube defects. Anencephaly 
in the late first trimester can be easily identified, thus allow-
ing for safer termination of pregnancy if desired (Fig. 16.2).

16.3  �Second Trimester Ultrasound

Detailed evaluation of the fetal anatomy at 18–20 weeks will 
identify most anomalies. Detection of fetal anomalies in the 
PGD can be challenging with the increasing rates of maternal 

Figure 16.1  Enlarged nuchal translucency

C.A. Martinez



167

obesity, which can limit adequate visualization of the fetus. 
Detailed evaluation of the fetal heart is recommended and 
fetal echocardiography is typically performed at 22 weeks. 
Numerous studies have shown a variety of congenital anom-
alies associated with PGD [1, 4–6]. A large population-based 
European database involving 18 EUROCAT registry from 
1990 to 2005 demonstrated a spectrum of anomalies [4]. The 
most common anomalies associated with PGD were con-
genital heart defects (CHD) and central nervous system 
defects.

16.4  �Screening for Congenital Heart Defects

Congenital heart defects are the most common defects seen 
in the general population and are increased in pregnancies 
complicated by PGD. In the EUROCAT cohort, isolated 
congenital heart defects were associated with an odds ratio 
(OR) of 2.07 and were the most common anomaly in the 
cohort, with atrial septal defects and ventricular septal 
defects having the highest prevalence (Figs.  16.3 and 16.4) 
[4, 5]. Other congenital heart defects include coarctation of 
the aorta and transposition of the great vessels, common 

Figure 16.2  Anencephaly
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Figure 16.3  VSD

Figure 16.4  VSD with color Doppler
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arterial truncus, single ventricle, pulmonary valve stenosis, 
hypoplastic left heart, and atrioventricular septal defects [4]. 
In a recent nationwide cohort study from Denmark, investi-
gators examined the risk of CHDs in pregnancies exposed to 
PGD from 1978 to 2011 [5]. The prevalence of PGD in preg-
nancy in Denmark is much lower than in North America, 
0.36 versus 1%. They showed a fourfold increased risk for 
CHD in pregnancies with PGD than pregnancies without 
diabetes. This trend remained constant over time. Mothers 
who suffered from complications from diabetes had a higher 
risk to have a fetus with a CHD than those who did not. The 
relative risk also did not differ in those treated with insulin 
versus oral hypoglycemics. They also observed the risk for 
noncardiac defects was 66% higher in patients with PDG 
versus without [5].

Ultrasound screening for congenital heart defects should 
include detailed evaluation of the fetal heart. Evaluating only 
the four-chamber view will miss 50% of CHD, while adding 
the outflow tracts will further increase the detection rate of 
conotruncal defects (tetralogy of Fallot, pulmonary atresia 
with VSD, double outlet right or left ventricle, truncus arte-
riosus, transposition of the great arteries). In some centers, 
referral for fetal echocardiography is standard practice, while 
in other centers it is limited to referral of those patients with 
an abnormal detailed evaluation or with markedly elevated 
HbA1c.

16.5  �Screening for Neural Tube Defects

When screening for neural tube defects, one can use ultra-
sound alone or in combination with maternal serum alpha-
fetoprotein (MSAFP). MSAFP median levels are lower in 
patients with PGD. With the combination of a higher risk for 
neural tube defects and a lower median MSAFP produced by 
the pregnancy, a lower threshold MSAFP value is used to 
have the same screen negative predictive value as in nondia-
betic pregnancies. MSAFP values less than 1.5 MoM in PGD 
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pregnancies versus 2.5  MoM in nondiabetic pregnancies is 
commonly used for a screen negative result. Central nervous 
system defects consisting of anencephaly, encephalocele, 
spina bifida, and hydrocephaly have been associated with 
pregnancies with PGD [1, 4].

Indirect ultrasound findings associated with spinal dysra-
phism or spina bifida include scalloping of the front bones of 
the fetal cranium known as the lemon sign and ventriculo-
megaly (Fig.  16.5). Downward displacement of the cerebel-
lum with herniation of the cerebellar tonsils through the 
foramen magnum results in the characteristic banana sign 
(Fig.  16.6). The sagittal view of the fetal spine shows the 
irregular bony spine, disruption of the fetal skin, and appear-
ance of a cystic sac that is characteristic of a meningomyelo-
cele. This can be seen in 2D and 3D imaging when the fetus is 
in the proper plane (Figs. 16.7 and 16.8). Figures 16.5–16.8 are 
all from the same fetus at 20 weeks.

Caudal regression syndrome or sacral agenesis is a rare 
congenital anomaly resulting in a spectrum of structural 
defects of the caudal region [7]. This can include incomplete 
development of the sacrum and lumbar vertebrae and can be 

Figure 16.5  Lemon-shaped calvarium with bilateral ventriculo-
megaly
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associated with closed or open spinal dysraphism and varying 
genitourinary abnormalities including bilateral renal agenesis. 
It has been historically associated almost exclusively with 
PGD, though sporadic cases in nondiabetic patients occur. It 

Figure 16.6  Banana sign cerebellum curved around midbrain

Figure 16.7  Sagittal view of the fetal spine shows the irregular bony 
spine, disruption of the fetal skin, and appearance of a cystic sac in 2D
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has been reported to occur 200 times more frequently in 
infants of diabetic mothers than nondiabetics [1, 4, 6]. 
Ultrasound findings of sacral agenesis can be subtle (Figs. 16.9 
and 16.10) [7]. Depending on the level of the defect the fetus 
may have associated lower extremity malposition known as 
the “tailor’s posture” or “Buddha pose.” More severe 
findings of caudal regression with open neural tube defect 
and renal agenesis can be challenging due to the lack of amni-
otic fluid. MRI can help confirm the diagnosis if needed 
(Fig. 16.11).

Associated genitourinary abnormalities that can be seen 
in PGD pregnancies include bilateral renal agenesis, hydro-
nephrosis, and multicystic dysplastic kidney. In bilateral 
renal agenesis, the lack of amniotic fluid can make the diag-
nosis challenging. The characteristic ultrasound finding of 
absent kidneys in the renal fossa results in the adrenal glands 

Figure 16.8  Same image is shown in 3D
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being more prominent. The prominent adrenal glands then 
fill the renal fossa, and this is known as the lying down adre-
nal sign (Fig. 16.12). Color Doppler evaluation of the abdom-
inal aorta will lack visualization of the bilateral renal arteries 
(Fig. 16.13).

Figure 16.9  Sacral agenesis 2D

Figure 16.10  Sacral agenesis 3D
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Figure 16.11  MRI demonstrating caudal regression syndrome with 
bilateral renal agenesis

Figure 16.12  Bilateral renal agenesis, prominent adrenals “laying 
down sign”
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Figure 16.13  Bilateral renal agenesis with anhydramnios. Note the 
lack of renal arteries coming off the abdominal aorta

16.6  �Follow-Up Ultrasounds Assessing Fetal 
Growth

Macrosomia occurs in 42–62% of pregnancies complicated 
by type 1 diabetes, in 30–56% of those with type 2 diabetes, 
and in 10–20% with gestational diabetes [10]. Fetal 
macrosomia as defined by the American College of 
Obstetricians and Gynecologists (ACOG) implies growth 
beyond an absolute birth weight, typically defined as 4000–
4500 g, regardless of the gestational age, while large for ges-
tational age implies a birth weight equal to or greater than 
the 90th percentile for a given gestational age. There is no 
universally accepted definition for macrosomia, and given the 
associated maternal morbidity and neonatal risks associated 
with larger birth weights, ACOG has recommended a con-
tinuum be used (Box 1) [8].
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Due to alterations in fetal growth in pregnancies with 
PGD both accelerated, increasing the risk for macrosomia, 
and impaired growth, increasing the risk for intrauterine fetal 
growth restriction (IUGR), assessment of the fetal growth is 
recommended. Fetal morbidity and mortality are associated 
with both macrosomia and IUGR. There are no large trials to 
determine when the optimal timing of fetal growth assess-
ment should occur. Most authorities recommend assessment 
in the late second trimester and early third trimester (e.g., 
26–28  weeks) when accelerated fetal growth typically 
becomes apparent and repeated at 3–4 week intervals in the 
third trimester to monitor fetal growth. In general patients 
with high insulin resistance and/or requirements are more 
prone to have macrosomic fetuses, while those with maternal 
vasculopathies are at risk for impaired fetal growth. However, 
this should be tailored to the patient’s glycemic control, 
physical exam, and assessment of the fetal growth. Poor gly-
cemic control may warrant earlier ultrasounds and prompt 
evaluation of fetal well-being.

Neonatal birth weight is predictive of neonatal morbidity. 
Estimation of fetal weight near the time of delivery is often 
used for delivery planning. Unfortunately, ultrasound 
assessment of fetal macrosomia has not shown to be precise. 
In a retrospective clinic study looking at the accuracy of 36 
commonly used weight estimation regression formulas in 
evaluating macrosomic fetuses greater than 4000  g, none 
attained a detection rate and false positive rate for fetuses 
greater than or equal to 4500 that could be used for clinical 
recommendation. One of the most commonly used formulas, 

Box 1 Risks Associated With Increasing Birth Weight

Birth weight of 4000–4499 g with increased risk of labor 
abnormalities and newborn complications

Birth weight of 4500–4999 g with additional risk of 
maternal and newborn morbidity

Birth weight of 5000 g or greater with additional risk 
of stillbirth and neonatal mortality
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Hadlock IV, had the highest detection rate for fetuses with a 
birth weight greater than 4500 g (74.5%) but has a false posi-
tive rate of 31.5% [9].

Macrosomic infants of diabetic mothers tend to have 
increased fat mass and a higher body fat percentage, and their 
growth profiles have been shown to be disproportionate. 
Head circumference (HC) to abdominal circumference (AC) 
ratios have been evaluated as markers of accelerated fetal 
growth. Ultrasound evaluation of both macrosomic and non-
macrosomic fetuses of type 1, type 2, and gestational diabetics 
versus controls has shown to have a smaller AC early in preg-
nancy and larger AC at term. The HC/AC ratio at term is 
lower in all diabetic subgroups except in non-macrosomic 
type 2 diabetic cases [10].

Impaired fetal growth is a risk factor for PGD with pre-
existing vasculopathies or coexisting chronic hypertension. 
IUGR is defined as the estimated fetal weight below the 10th 
percentile. Once IUGR is identified, the fetal well-being 
should be monitored via Doppler velocimetry to monitor the 
uteroplacental resistance via fetal arterial and venous vessels. 
Increased placental resistance will result in increases in 
umbilical artery impedance with diminished, then absent, and 
then reversed end diastolic flow (Fig.  16.14). Fetal activity 
should also be assessed with biophysical profiles done at 
weekly intervals in conjunction with Doppler velocimetry of 
the umbilical artery. Serial growth ultrasounds are performed 
every 3 weeks to monitor the fetal growth. The rationale is to 
identify those fetuses at highest risk for in utero demise and 
may require preterm delivery.

16.7  �Polyhydramnios

Polyhydramnios is a known complication of pregnancies 
complicated by PGD. It is defined as a total amniotic 
fluid index of greater than 25  cm or a deepest vertical 
pocket of 8  cm (Fig.  16.15). The reported prevalence is 
1.5–66% of pregnancies with PGD.  There are several pro-
posed mechanisms for this, and the most commonly accepted 
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Figure 16.14  Umbilical artery Doppler velocimetry progressing 
from elevated in the top panel, to absent end diastolic flow in the 
middle panel to reversed end diastolic flow in the bottom panel. The 
mother had type 2 diabetes with chronic hypertension and end-stage 
renal disease on dialysis

Figure 16.15  Polyhydramnios demonstrated by deepest vertical 
pocket
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theory is it thought to be due to fetal polyuria secondary to 
fetal hyperglycemia as a result of maternal hyperglycemia. It 
is associated with poor maternal glycemic control when not 
due to a fetal congenital anomaly such as esophageal atre-
sia. It has not been associated with poor fetal outcomes but 
increases the risk of iatrogenic preterm delivery [11].

16.8  �Assessment of Fetal Well-Being

Intrauterine fetal demise (IUFD) occurs less frequently 
today with better glycemic control but is higher than the gen-
eral population. The mechanism for fetal demise is thought to 
be related to the increased oxygen demands of the fetus due 
maternal hyperglycemic that results in fetal hyperglycemia 
and hyperinsulinemia. If these demands are not met, the fetus 
will become acidotic and is at risk for demise. Maternal vas-
culopathies can also increase this risk resulting in impaired 
placental perfusion and fetal growth restriction.

ACOG recommends fetal surveillance in pregnancies 
complicated by PGD [12]. Fetal activity monitoring by fetal 
kick counting, nonstress testing (NST), biophysical profiles 
(BPP), or contractions stress tests are all available methods. 
Formal fetal testing is recommended to be initiated at 
32–34  weeks gestation. This should be tailored to maternal 
glycemic control as those patients with poor control may war-
rant fetal testing earlier. The frequency and method of fetal 
testing is up to the provider as no one method has been 
shown to be superior. If NST is chosen, it is recommended to 
perform twice weekly NST, due to the increased risk for still-
birth with only weekly testing of 1.9/1000 [13]. The BPP 
evaluates the acute and chronic well-being of the fetus by 
examining the NST and ultrasound examination of fetal 
breathing, fetal movement, fetal tone, and amniotic fluid 
index. Two points are given for each component with a total 
score of 10/10. The NST can be eliminated if all the ultra-
sound components of the BPP are met with no change in the 
validity of the test. The rate of stillbirth within 1 week with a 
BPP score of 8/10 or 10/10 is 0.8/1000 [13]. A modified BPP 
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which consists of ultrasound evaluation of the AFI combined 
with a NST is also used. It has the same stillbirth rate as a 
complete BPP within 1 week of a normal test of 0.8/1000 [13].

16.9  �Summary

Ultrasound is a key component in caring for pregnancies 
complicated by pregestational diabetes due to the increased 
risk of congenital anomalies and fetal growth disturbances 
and in the assessment of fetal well-being. Detailed evaluation 
of the fetus is recommended as cardiovascular, and central 
nervous system defects are the most common anomalies. Due 
to the high rates of macrosomia and associated neonatal mor-
bidities, monitoring the fetal growth is recommended.
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17.1  �Introduction

Over the past 30 years, antepartum fetal surveillance strate-
gies have become a routine part of management of diabetic 
pregnancy. This testing is initiated in the third trimester to 
identify pregnancies at imminent risk of stillbirth and allow 
early delivery. Equally important, antepartum testing identifies 
those pregnancies with a low risk of in utero demise thus 
allowing safe continuation of the pregnancy thereby avoiding 
prematurity associated neonatal morbidity and mortality.

Chapter 17
Antepartum Testing
Valerie Rappaport

V. Rappaport, MD 
Division of Maternal Fetal Medicine, Department of Obstetrics and 
Gynecology, University of New Mexico Health Sciences Center, 
Albuquerque, NM 87131, USA
e-mail: vrappaport@salud.unm.edu

Fast Facts

•	 Causes of fetal loss in diabetic pregnancy are 
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17.2  �Historical Outcomes of Diabetic 
Pregnancy

Historically, diabetes complicating pregnancy was considered 
to confer such a grave prognosis for the mother that no focus 
was placed on pregnancy management for the purpose of fetal 
survival. In the pre-insulin era, maternal mortality associated 
with pregnancy was over 50% with fetal mortality exceeding 
65%. In the classic textbook, Williams Obstetrics, 1st edition, 
published in 1903, the complete discussion of management of 
the diabetic pregnancy was given in the following passage: “In 
patients suffering from diabetes, gestation sometimes exerts a 
very deleterious influence upon the course of the disease. 
Accordingly, if the patient’s condition becomes alarming, 
labour should be induced” [1]. The discovery of insulin in 1922 
and its use in diabetic pregnancy management led to a dra-
matic improvement in maternal mortality and morbidity. 
However, in 1933 a review of diabetic pregnancy outcomes 
concluded that, although maternal mortality was decreased in 
the post-insulin age, there had been little improvement in 
fetal and neonatal outcomes and survival with the most 
important cause of fetal loss being poor control of the mater-
nal disease with ketoacidosis and fetal death [2]. By the 1940s, 
Dr. Pricilla White had pioneered the concept of intensive 
management of diabetes in pregnancy coupled with timed 
early delivery to improve perinatal outcomes. In 1949, she 
reported on her series of 439 patients which preexisting diabe-
tes managed at the Joslin Clinic in Boston. In contrast to ear-
lier reports, there were no maternal deaths during pregnancy. 
However, the perinatal loss rate after 27 weeks, while 
improved, was still 180/1000 births. In this group, 43% of the 
losses were due to third trimester stillbirth, while the remaining 
56% were neonatal deaths related to birth trauma, macroso-
mia, and prematurity. The risk of fetal demise increased with 
duration of maternal diabetes and was most marked in 
women with vascular complications of diabetes such as reti-
nopathy and nephropathy. In this hallmark paper, she intro-
duced the concept of planned preterm or early term deliveries 
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in pregestational diabetes in relation to the severity of mater-
nal diabetes. She proposed the “White’s Classification” for 
diabetes in pregnancy which guided classification and man-
agement of diabetes in pregnancy for many decades [3]. 
Integral with this concept was the recognition that long-stand-
ing diabetes, particularly in association with maternal vascu-
lopathy, increased the risk of placental insufficiency and 
chronic fetal hypoxemia resulting in third trimester fetal loss. 
The hope was that implementation of intensive insulin treat-
ment and strict control of maternal blood glucose levels would 
resolve the problem of third trimester stillbirth alleviating the 
need for early delivery and prematurity risks. However, this 
did not turn out to be true. In a review of diabetic manage-
ment in 1959, Dr. White noted that late stillbirth remained a 
significant issue and suggested, “Early timing of the delivery 
remains an important part of management. It is directed 
against intra-uterine deaths due to vascular insufficiency in 
any pregnancy. Although poorly judged timing and errors in 
dates may turn intra-uterine into neonatal deaths, early timed 
deliveries have lowered viable mortality rates” [4].

The White classification was used for many years to guide 
successful management of pregestational diabetes as well as 
the addition of gestational diabetes in later years. However, 
fetal loss remained high. Improvements in prenatal care start-
ing in the 1970s, which importantly included the implementa-
tion of fetal surveillance techniques, coupled with ultrasound 
assessment and advanced neonatal care resulted in a marked 
decrease in the rate of fetal death in women with pregesta-
tional diabetes. In 1960, the stillbirth rate was 150/1000 births 
[5]. By the 1990s, a large study from US National Center for 
Health Statistics analyzing over 10  million births between 
1995 and 1997 reported a risk of stillbirth of 5.9/1000  in the 
diabetic population, including both pregestational and gesta-
tional diabetics, as compared to 4.0/1000  in the nondiabetic 
population [6]. This was a marked improvement; however, 
women with diabetes continue to experience increased risk of 
stillbirth, particularly at or near term. In a recent review from 
the United States looking at both preconception and 
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gestational diabetes, the full-term (>36 weeks) stillbirth rate 
among women with diabetes was 3/1000 births, which was 
more than twice as high as the rate in the overall obstetric 
population of 1.3/1000 births [7]. For the group of women with 
pregestational diabetes, type 1 and type 2, the stillbirth rate 
continues to be higher with an estimated fivefold relative risk 
over baseline in on average over a number of studies [5, 8, 9].

17.3  �Pathophysiology of Stillbirth

The causes of increased fetal loss in diabetic pregnancy are mul-
tifactorial. As with nondiabetic pregnancies, about half of still-
births are associated with obstetrical events such as cord 
occlusion, intrauterine infection, placental abruption, and con-
genital malformations which may not be amenable to preven-
tion with fetal surveillance. In addition, diabetes often coexists 
with other medical conditions such as obesity, hypertension, and 
autoimmune disease which may carry their own risks. However, 
insights into the pathophysiology of stillbirth in diabetes sug-
gested that many diabetic-related fetal losses result from the 
common endpoint of chronic fetal hypoxia, a condition which 
may be detectable by antepartum pregnancy screening.

Several pathways are felt to contribute to fetal hypoxia in 
diabetic pregnancies. Patients with pregestational diabetes, par-
ticularly long-standing disease, have an increased risk of diabetic 
vasculopathy. Decreased uterine perfusion in patients with 
microvascular disease can lead to restricted trophoblast invasion 
in early pregnancy, uteroplacental blood flow, and decreased 
spiral artery remodeling resulting in third trimester fetal growth 
restriction [5]. Fetal growth restriction due to reduced uteropla-
cental perfusion is associated with a significant increase in the 
risk of stillbirth, as much as 3.4–6.5-fold over baseline. In a 
recent study of unexplained stillbirth, growth restriction repre-
sented the strongest risk for stillbirth after 34 weeks [10].

Acute maternal ketoacidosis a rare cause of stillbirth in 
developed countries and is associated with a high rate of fetal 
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death. However, chronic unexpected fetal acidosis may also 
contribute to unexplained fetal death. Bradley et al. in 1991 
obtained fetal blood samples by cordocentesis between 20 and 
40 weeks gestation in type 1 diabetic women. He found that 
some fetuses in the third trimester were significantly acidotic 
despite lack of overt maternal ketoacidosis [11].

Another pathway to fetal hypoxia is chronic maternal 
hyperglycemia. This concept, known as the Pedersen hypoth-
esis, states that maternal hyperglycemia results in fetal hyper-
glycemia causing fetal hyperinsulinemia [12]. High fetal 
insulin levels in turn drive accelerated fetal growth, and dis-
proportionate fetal oxygen demand resulting in chronic fetal 
hypoxia and placental hypoxia [13]. Datta et al. reported that 
infusion of glucose into normal and diabetic women in labor 
can result in neonatal hypoxia and fetal metabolic acidosis 
[14]. Fetal response to chronic hypoxia results in pronounced 
extramedullary hematopoiesis driven by erythropoietin. 
Erythropoietin (EPO) is noted to be increased in amniotic 
fluid and plasma of poorly controlled diabetic pregnancies. 
Markedly increased amniotic fluid EPO levels have been 
described prior to stillbirth in diabetic women [15, 16]. In 
addition, maternal glycosylated hemoglobin (HbA1c) in the 
third trimester correlates directly with umbilical venous EPO 
at delivery, suggesting that antepartum maternal hyperglyce-
mia is a significant factor driving chronic fetal hypoxia [17]. 
In a Danish review of stillbirths in type 1 diabetic pregnancy 
during 1990–2000, 50% of otherwise unexplained stillbirths 
were characterized by suboptimal glycemic control in late 
pregnancy [18].

Recent studies also suggest that hypoxemia-related fetal 
cardiac dysfunction might contribute to stillbirths in pregnan-
cies complicated by diabetes. Elevated levels of pro B-type 
natriuretic peptide (pro-BNP) and Troponin T are also found 
in offspring of women with type 1 diabetes mellitus who had 
poor glycemic control during early pregnancy [19]. In the 
fetus, BNP functions as a vasodilator in the placental circula-
tion and has protective autocrine effects. Troponin T is a 

Chapter 17.  Antepartum Testing



188

marker of acute myocardial damage. Elevated levels BNP 
and troponin have been found to precede fetal death. 
Postmortem reports of stillborn infants of diabetic women 
showed these infants have heavier hearts and thicker ven-
tricular walls [20]. These studies support the hypothesis that 
fetal hypoxemia failure due to cardiac dysfunction may also 
contribute to stillbirth in diabetic patients.

17.4  �Timing of Stillbirths

Since fetal hypoxemia is felt to precede fetal death in many 
cases of diabetic-related fetal loss, antepartum screening 
strategies directed at biophysical markers of chronic fetal 
hypoxia presents an opportunity to monitor pregnancies at 
risk and plan delivery prior to irreversible fetal damage. 
However, limited in utero fetal therapy exists to correct 
chronic hypoxemia. Therefore, effective intervention is con-
tingent on detecting fetal compromise at a gestational age 
where delivery would have a reasonable possibility of neona-
tal viability. Although some cases of diabetic fetal loss from 
hypoxemia occur prior to viability, most studies of diabetic 
stillbirth indicate the largest proportion of losses occur in the 
third trimester well within the range of fetal viability. Reddy 
et al. reported a retrospective cohort study of prepregnancy 
risk factors comparing 712 singleton antepartum stillbirths to 
174,097 singleton live births at or after 23 weeks gestational 
age. The average GA for stillbirth at delivery was 31.9 weeks 
vs 38 5/7 for live birth. In the subset of pregnancies delivering 
after 36 weeks, the overall stillbirth rate was 0.8/1000; how-
ever, in women with preexisting diabetes, the term stillbirth 
rate was over three times higher at 3.1/1000 [9]. In a review of 
84,295 births, Huang et  al. found that two thirds of unex-
plained fetal deaths occurred after 35 weeks [21]. Therefore, 
the ability to detect fetal compromise though antepartum 
screening in the third trimester would be expected to be an 
effective strategy preventing fetal loss in the diabetic 
pregnancy.
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17.5  �Biochemical Screening

Initial screening in diabetic pregnancy, to prevent stillbirth, 
focused on biochemical markers of placental failure. Serial 
estriol measurements were used to assess placental function. 
This was later combined with fetal biophysical assessment by 
nonstress testing or contraction stress test. In 1985, Mashini 
et al. reported on combining estriol with CST testing to man-
age diabetic pregnancies [22]. In his series, 4% of GDM and 
10% of insulin-dependent diabetics experienced a drop in 
estriol levels requiring early delivery. Perinatal mortality in 
this study was 5.6/1000 for GDM and 13/1000 for insulin-
requiring diabetes which represented an improvement over 
the existing baseline. However, estriol measurements were 
cumbersome to perform, of limited availability, and ulti-
mately were not proven to be more effective that biophysical 
testing. Therefore, biochemical screening has been replaced 
by fetal biophysical surveillance. However, there is a renewed 
interest in biochemical markers of fetal hypoxia and placen-
tal hypoxia. EPO has been proposed as a marker of fetal 
hypoxemia. Exponential increases in amniotic fluid EPO 
levels in high-risk pregnancies have been documented in 
association with fetal hypoxia [16, 23]. Other hypoxia-induced 
angiogenic factors such as the adipokine leptin are currently 
being explored [24]. Improved understanding of the bio-
chemistry of placental function and markers of placental 
dysfunction may lead to new biomarkers to use for fetal 
surveillance.

17.6  �Biophysical Screening

The predominant antenatal testing strategy used today looks 
at fetal physiologic responses to hypoxemia and acidosis. 
Control of the fetal heart rate, fetal activity levels, and mus-
cle tone is determined by a balance of sympathetic and para-
sympathetic stimulation. This balance is mediated through 
neurotransmitters, including catecholamines and therefore 
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can reflect physiologic responses of the fetus to stress includ-
ing hypoxemia or acidosis. Fetal activity levels and muscle 
tone are also correlated with fetal oxygenation and have 
found to be altered in states of fetal hypoxia and acidosis. In 
prolonged hypoxemia, redistribution of fetal blood flow leads 
to decreased renal perfusion, fetal oliguria, and oligohydram-
nios. Given that fetal hypoxemia is felt to be a common path-
way leading to stillbirth, surveillance for these physiologic 
fetal adaptations provides the ability to intervene—generally 
with delivery of the fetus—before progressive metabolic aci-
dosis leads to fetal death.

Several important limitations should be kept in mind 
regarding antepartum biophysical testing. Fetal biophysical 
surveillance is an indirect measure of fetal hypoxia or acido-
sis. Validation studies using direct umbilical cord sampling 
have shown a lower mean pH in fetuses with abnormal test-
ing indicating that this testing does correlate with fetal 
hypoxia with loss of fetal motion occurring at the lowest pH 
levels [25]. However, factors such as fetal sleep-wake cycles, 
neuromuscular disorders, fetal renal dysfunction, medication 
exposures, and prematurity may also influence biophysical 
testing. In the diabetic pregnancy, maternal hyperglycemia 
and ketoacidosis will influence fetal biophysical testing. 
Correction of the maternal metabolic abnormality will often 
resolve the fetal biophysical abnormality without requiring 
delivery of the fetus.

17.7  �Antenatal Testing Methods

Several different approaches are currently in use clinically to 
assess fetal well-being and placental function.

17.7.1  �Fetal Kick Counts

Maternal fetal movement monitoring is frequently 
recommended as a general screen for fetal health in the third 
trimester. This is an easy and convenient way to evaluate fetal 
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well-being and is commonly used as universal fetal surveil-
lance in low-risk pregnancies. There is no preferred method-
ology for fetal kick counts that has proven to be superior. 
Most commonly, patients are asked to record fetal motion 
once a day. A count of 10 movements in 2 hours is felt to be 
reassuring [26]. If decreased activity is noted, further evalua-
tion with fetal nonstress testing or biophysical profile is rec-
ommended. Used in this way the false-positive rate resulting 
in iatrogenic fetal intervention is very low.

Fetal kick counting has not been specifically validated in 
diabetic pregnancies but is widely used as a universally acces-
sible and patient-centered screening in the third trimester. 
While observational studies suggest movement monitoring 
can be helpful, some clinical trials in high-risk women are 
inconclusive [27]. For uncomplicated, diet-controlled gesta-
tional diabetics, some have suggested that fetal kick counts 
may be adequate for fetal surveillance due to low risk of fetal 
hypoxemia and the lack of studies indicating a clear benefit 
from other forms of fetal testing prior to term.

17.7.2  �Contraction Stress Testing (CST)

The contraction stress test (CST) is based on the response of 
the fetal heart rate to transient decreases in fetal oxygenation 
with uterine contractions and is felt to be an assessment of 
placental reserve. Currently, the CST is not commonly used 
as the primary screening tool because administering the test 
is more invasive, cumbersome, and time-consuming than 
alternative screening techniques. In addition, CST results in a 
larger proportion of equivocal or uninterpretable test results 
than other testing strategies.

To perform the test, the patient is placed in the lateral 
recumbent position. The FHR and uterine contractions are 
simultaneously recorded with an external fetal monitor. An 
adequate uterine contraction pattern is present when there 
are at least three contractions lasting at least 40  seconds 
within a 10-min period. Contractions can be spontaneous or 
induced with either nipple stimulation or intravenous 
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oxytocin. The CST is interpreted according to the presence or 
absence of late FHR decelerations with a positive testing show-
ing late deceleration for 50% of contractions over a 30-minute 
time period or after three consecutive contractions. Relative 
contraindications to the CST generally include conditions that 
also are contraindications to labor or vaginal delivery [28].

A contraction stress test has a negative predictive value of 
greater than 99%, and, when used serially for antepartum 
surveillance, the fetal death rate is low. Observed fetal death 
rates are 1 to 2 per 1000 within a week of a negative test. 
A positive CST is predictive of fetal hypoxia or adverse out-
come 70% of the time [29]. Currently, the CST is most com-
monly used as a backup test for a nonreactive NST and can be 
safely used for this purpose even in preterm gestations [30].

17.7.3  �Nonstress Testing (NST)

The NST, or cardiotocometry, is one of the most common 
forms of antepartum surveillance and has been widely used 
in diabetic pregnancy over the past 4 decades. It is based on 
the concept that in a healthy term infant, the fetal heart rate 
will accelerate temporarily with fetal motion, a response that 
is regulated through the fetal autonomic system. If the 
autonomic system is depressed due to the hypoxemia or aci-
dosis, this response will not occur [30].

To perform the NST, the patient is positioned in a semi-
Fowlers or lateral recumbent position. The fetal heart rate 
(FHR) is monitored with an external transducer and a sec-
ond external tocometer is placed to measure uterine con-
traction activity. A tracing of at least 20  min is obtained; 
however, a more extended tracing of 40 min or more may be 
necessary if the fetus is in a sleep state. FHR accelerations 
are transient peaks that reach at least 15 bpm above base-
line with the total acceleration lasting 15 seconds. Nonstress 
testing involves monitoring the fetal heart rate for 20–60 min 
and is considered reactive if there are two or more accelera-
tions during a 20-min period. It is not necessary for the FHR 
acceleration to remain at 15 bpms above baseline the entire 
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15  seconds [31]. Vibroacoustic stimulation (VAS) is often 
used to stimulate the fetus and reduce the time needed for 
a reactive test. Importantly, the use of VAS has been shown 
to reduce the incidence of nonreactive tests by as much as 
40% [32, 33]. A reactive NST is highly predictive of fetal 
well-being within the subsequent days. However, a nonreac-
tive NST has a 50–70% false-positive rate for fetal hypox-
emia or placental insufficiency. Therefore, confirmatory 
testing is recommended prior to altering obstetrical man-
agement [31].

Fetal heart rate reactivity is influenced by fetal develop-
mental maturity. From 24 to 28 weeks gestation up to 50% of 
normal fetuses and 5% of fetuses at 28–32 weeks have NSTs 
not reaching the 15 bpm criteria. A lower threshold for reac-
tivity of 10 bpm lasting 10 s is commonly used to assess the 
fetus between 24 and 32 weeks gestational age and has been 
clinically validated in this age group [34].

NST is performed either once or twice a week as a screen 
of fetal well-being. In the diabetic pregnancy, early studies 
indicated a persistently elevated stillbirth rate with weekly 
testing with reports of fetal loss within 72 h of a reactive NST 
[35, 36]. This has led to widespread adoption of twice weekly 
testing in the diabetic pregnancy.

17.7.4  �Biophysical Profile (BPP)

The BPP was introduced in the 1980s as an enhancement to 
NST testing which could assess both acute and chronic fetal 
hypoxia [30]. It is composed of five parameters. Each of the 
components is assigned a score of either 2 (present) or 0 
(absent) depending on the following criteria:

	1.	 Nonstress test—reactive for gestational age
	2.	 Fetal breathing movements—one or more episodes of 

rhythmic fetal breathing movements of 30 s or more within 
30 min

	3.	 Fetal movement—three or more discrete body or limb 
movements within 30 min
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	4.	 Fetal tone—one or more episodes of extension of a fetal 
extremity with return to flexion, or opening or closing of a 
hand

	5.	 Determination of the amniotic fluid volume—a single 
deepest vertical pocket greater than 2 cm

A composite score of 8 or 10 is considered normal, a score 
of 6 is considered equivocal, and a score of 4 or less is abnor-
mal. Regardless of the overall score, oligohydramnios, defined 
as an amniotic fluid volume of 2 cm or less in the single deep-
est vertical pocket, as well as significant variables or decelera-
tions on the NST should trigger further evaluation [37, 31].

Several modifications of the original BPP are commonly 
used in practice. In some cases, the NST can be safely omitted 
if other testing is normal, resulting in a normal score of 8/8 
[38]. Omission of the NST in biophysical profile surveillance 
of the diabetic pregnancy has not been specifically validated. 
In some cases, other elements of the BPP cannot be inter-
preted with confidence in the diabetic patient as noted below, 
and the NST should not be omitted in these cases.

The most common modification of the BPP, referred to as 
the modified BPP, involves the use of the NST in combination 
with amniotic fluid volume. The NST is used as an early indi-
cator of fetal hypoxia while the amniotic fluid volume is an 
assessment of chronic uteroplacental dysfunction. The results 
of the modified BPP are considered normal if the NST is 
reactive, and the amniotic fluid volume is greater than 2 cm 
in the deepest vertical pocket. The modified biophysical pro-
file has been validated in comparison to full biophysical pro-
file in high-risk pregnancy however not specifically in 
diabetics [39, 40]. When used as a primary screen for the 
diabetic patient, the NST portion of the modified BPP is gen-
erally performed twice weekly with once or twice weekly 
fluid assessment due the concern for increased stillbirth risk 
with weekly testing in the setting of diabetes as noted above.

While the biophysical profile is commonly used for fetal 
surveillance in diabetic pregnancies, there are some special 
considerations in the setting of maternal diabetes which may 
influence results. Acute maternal hyperglycemia has been 
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found to increase fetal respiratory movements, whereas sus-
tained maternal hyperglycemia of over 120 may result in 
decreased fetal motions [41, 42]. Therefore, biophysical profile 
should be interpreted with caution during maternal glucose 
instability. Polyhydramnios is a special concern in diabetes. 
The amniotic fluid volume is commonly increased in women 
with gestational diabetes. Some studies, but not all, have 
shown that polyhydramnios is a marker for increased stillbirth 
risk and adverse birth outcome [43, 44]. Due to this concern, 
increased amniotic fluid levels on BPP testing (maximum ver-
tical pocket of 8  cm or AFI over 25) should be interpreted 
with caution in the diabetic pregnancy. Direct correlation of 
fetal blood pH with BPP scoring also raises concerns about 
the accuracy of this scoring in the diabetic pregnancy. Salvesen 
et al. performed cordocentesis after BPP and fetal heart rate 
monitoring in 41 diabetic pregnancies between 27 and 
39 weeks’ gestation. While there was a significant association 
between low BPP score and low fetal pH, the authors found 
that 50% of the acidemic fetuses normal BPP scores. This 
leads the authors to conclude that the BPP was a poor predic-
tor of fetal acidemia in diabetic pregnancies [45].

Despite these concerns, BPP has been widely used in dia-
betic pregnancies and is generally felt to be a useful guide for 
delivery decisions resulting in improved outcomes. Although 
no large randomized trials exist for BPP testing in diabetes, 
many observational studies suggest that the BPP and modi-
fied BPP are effective tools for antepartum surveillance. 
Johnson et  al. used the BPP as primary surveillance in a 
group of 50 patients with insulin-dependent diabetes, who 
had twice weekly testing and 188 patients with gestational 
diabetes, who underwent weekly testing. There were no still-
births in this small group, and the incidence of an abnormal 
test was 3.3% [46]. Kjos et al. described obstetric outcomes in 
2134 diabetic pregnancies including both gestational and pre-
gestational diabetes. Using twice weekly modified BPP they 
found that no stillbirths occurred within 4  days of the last 
antepartum testing. With this testing scheme, these investiga-
tors had an exceptionally low stillbirth rate of 1.4/1000 [47].
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17.8  �Fetal Doppler

Recently, Doppler velocimetry has been added to the ante-
partum screening strategy for diabetic pregnancies. Doppler 
ultrasound enables the real-time assessment in placental and 
fetal circulation and has been used widely in high-risk preg-
nancies. Studies have found a direct correlation between 
abnormal umbilical Doppler velocity waveforms, abnormal 
placental pathology, fetal hypoxemia and acidemia, and 
increased fetal mortality and morbidity [48]. In the well-
perfused fetus with normal placental circulation, the umbili-
cal circulation represents a low-resistance state. In disorders 
of placental perfusion, particularly growth restriction and 
hypertensive disorders, increased placental vascular resis-
tance leads to decreased umbilical artery diastolic flow. In 
severe cases, diastolic flow is absent or even reversed which 
is associated with a significant increase in perinatal mortality. 
Commonly measured flow indices express the relationship 
between peak-systolic velocity and end-diastolic velocity as a 
frequency shift ratio (D) or as the mean peak frequency shift 
over the cardiac cycle (A). Commonly reported measures 
include systolic to diastolic ratio (S/D), resistance index 
(S-D/S), and pulsatility index (S-D/A). The technique of 
obtaining the Doppler trace is critical to obtaining interpre-
table results. To maximize interpretability, multiple wave-
forms should be assessed in the absence of fetal breathing, 
wall-filter settings should be set low enough to avoid masking 
low level diastolic flow, and care should be taken to avoid 
interference from umbilical venous flow which can be mis-
takenly interpreted as diastolic flow.

Umbilical artery Doppler velocimetry has not been shown 
to be useful as a screening tool in the low risk, well-grown 
fetus; however, it has been shown to be a valuable addition to 
standard antepartum testing in the growth-restricted fetus or 
pregnancies complicated by hypertensive disorder or other 
risk factors for placental insufficiency. A recent Cochrane 
review indicated the use of Doppler ultrasound in high-risk 
pregnancies reduces the risk of perinatal deaths and results in 
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less obstetric interventions [49]. Doppler studies of other 
fetal blood vessels, including the middle cerebral artery, aor-
tic isthmus, and ductus venosus, have been used in some stud-
ies to further define fetal risk; however, it is unclear at this 
time how to apply these measures to improve neonatal out-
comes [50]. There are also no large studies to define appropri-
ate timing for fetal Doppler studies; however, they are 
typically repeated once or twice weekly in conjunction with 
BPP or NST testing.

There has been conflicting data regarding the use of 
Doppler studies as a general screen in patients with diabetes 
mellitus. Some studies propose a beneficial effect, while others 
did not find this. In a comparison of NST, biophysical profile, 
and umbilical artery Doppler velocimetry, Bracero et  al. 
found that Doppler studies were more effective than NST or 
BPP in identifying a subgroup of diabetic pregnancies with 
adverse perinatal outcome [51]. However, the incidence of 
stillbirth was too rare in this small study to compare the rates 
of stillbirth. Bracero et al. also reported Doppler screening in 
a series of 227 patients with diabetes and concluded that an 
elevated umbilical S/D ratio in combination with abnormal 
glycosylated hemoglobin was associated with adverse preg-
nancy outcome [52]. This study did not control for other risk 
factors associated with increased Dopplers such as intrauter-
ine growth restriction. Wong et al. examined 104 pregnancies 
with preexisting diabetes with serial Doppler measurements. 
He found that Doppler studies had a sensitivity of 35%, speci-
ficity of 94%, positive predictive value of 80%, and negative 
predictive value of 68%. Only 30% of women in this study 
with adverse outcomes actually had abnormal Doppler stud-
ies suggesting limited use of a general screen [53]. A retro-
spective study of 146 patients with gestational diabetes also 
noted that Doppler added little clinical value unless the preg-
nancy was complicated by preeclampsia or intrauterine 
growth restriction. Reece and colleagues found that eleva-
tions of the umbilical artery systolic/diastolic ratio were sig-
nificantly associated with maternal vasculopathy, hypertension 
and renal insufficiency, as well as intrauterine growth restric-
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tion and neonatal metabolic complications. However, they 
also noted elevated Dopplers in the setting of normal out-
comes with well-controlled gestational diabetes [54]. The cur-
rent evidence in general does not seem to support Doppler as 
a primary screening tool for routine fetal surveillance in the 
diabetic pregnancy, especially in patients with well-controlled 
gestational diabetes. However, Doppler does appear to be 
valuable in diabetic pregnancies complicated by fetal growth 
disorders, vasculopathy, and hypertensive disorder [49].

Fetal growth abnormalities are important predictors of 
adverse perinatal outcomes in diabetic pregnancies. Accelerated 
fetal growth is typical in gestational diabetes due to maternal 
hyperglycemia; however, diabetic pregnancy can also be asso-
ciated with fetal growth retraction especially in long-standing 
pregestational diabetes or when there are other vascular com-
plications such as hypertension. Maternal hyperglycemia may 
result in overstimulation of fetal growth, and maternal vascu-
lopathy may results in growth deficiency-decreased nutrient 
trance and subsequent IUGR. It has been proposed that the 
coexistence of maternal hyperglycemia and diabetic vascular 
disease produces an unfavorable intrauterine environment 
which may falsely “normalize” the assessment of fetal growth 
[55]. Due to this, it is reasonable to include assessment of 
Doppler velocimetry in any patient with pregestational diabe-
tes or borderline fetal growth even in the absence of over-
growth restriction, overt vasculopathy, or hypertension. Data 
to support this comes from a study of pregnancies complicated 
by type 1 diabetes, where umbilical artery Doppler velocimetry 
was found to be superior to NST and BPP in identifying 
fetuses at risk of adverse outcomes even in the absence of 
overt underlying vasculopathy or IUGR [51].

17.9  �Efficacy of Antepartum Fetal 
Surveillance

Pregnant women who have diabetes appear to have improved 
outcomes with some form of antepartum surveillance; how-
ever, the best methods, the best timing interval for testing, the 
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optimal gestational age to begin testing, and the more accu-
rate interpretations of the testing are not known. There are 
no prospective randomized studies with sufficient power to 
assess these various measures. In addition, since antepartum 
testing has been routinely used in diabetic pregnancy for over 
3 decades, the relative contribution of antepartum testing to 
the remarkable improvement in perinatal outcomes in dia-
betic pregnancies is unclear. However, in studies of high-risk 
pregnancy, not restricted to diabetes, normal antepartum 
fetal test indicates a very low risk of stillbirth within a week 
of testing and has led to improved outcomes. In one analysis, 
not restricted to diabetic pregnancy, the rate of intrauterine 
fetal demise following normal testing was 1.9/1000  in 5861 
NSTs, 0.3/1000 in 12,656 CSTs, 0.8/1000 in 44,828 BPPs, and 
0.8/1000  in 54,617 modified BPPs. Based on these data, the 
negative predictive value is 99.8% for the NST and is greater 
than 99.9% for the CST, BPP, and modified BPP [31]. The low 
false-negative rate of these tests is contingent on the clinical 
response to abnormal testing including confirmatory testing 
to prevent iatrogenic prematurity as well as delivery when 
appropriate to prevent stillbirth.

Population-based observational studies also suggest that 
antepartum testing and appropriate clinical follow-up can 
improve perinatal outcome. In one survey of stillbirth 
from the UK, the authors reviewed 76,356 delivered and 195 
stillbirths. They noted the frequent association of IUGR with 
unexplained stillbirth. The overall stillbirth rate was 4.2/1000, 
which was a composite of a rate of 2.4/1000  in pregnancies 
without fetal growth restriction and 16.7/1000 in pregnancies 
with fetal growth restriction. Of pregnancies with fetal 
growth restriction, the stillbirth rate for antenatally detected 
cases was 9.7/1000, while the rate increased to 19.8/1000 
when the IUGR was not detected during the pregnancy. The 
authors also noted that pregnancies with fetal growth restric-
tion detected antenatally were delivered on average 10 days 
earlier than those not detected antenatally which suggested 
that targeted monitoring and prenatal intervention was 
effect in preventing fetal demise. Based on the prevalence of 
undetected fetal growth restriction (9.2%) and the lower 
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risk of stillbirth when it is detected (adjusted relative risk 
3.4), the authors estimated that 18.2% of stillbirths in this 
cohort could have been avoided through improved antenatal 
detection targeted care [10].

17.10  �Clinical Management Protocols

There are no large randomized trials which compare the vari-
ous antepartum fetal surveillance techniques, timing of test-
ing, onset and duration of testing, the use in various subsets 
of diabetic patients, or interaction with early timed delivery 
strategies in diabetic pregnancies. Population-level observa-
tional studies commonly combine outcomes of pregestational 
diabetes with gestational diabetes although it has been well 
documented that the risk of maternal vasculopathy and in 
utero fetal loss are very different in these two populations. 
Since gestational diabetes is far more common than pregesta-
tional diabetes, these combined data may not appropriately 
address risk and benefits for pregestational diabetics. In addi-
tion, with current screening and aggressive management of 
gestational diabetes, some have argued the perinatal loss rate 
does not differ from baseline for the uncomplicated, diet-
controlled gestational diabetic [56].

Despite these limitations in data, there is a consensus from 
most authorities and professional associations that antepar-
tum fetal surveillance is an essential part of the comprehen-
sive prenatal care for all pregnancy diabetics. There is a lack 
of consensus on specific testing protocols; however, some 
common recommendations are as follows:

Common testing protocols involve either BPP, modified 
BPP, or alternating NST, BPP twice weekly starting at 
32–34 weeks for all pregestational diabetics, medication 
control gestational diabetics, and gestational diabetics 
with other comorbidities such as obesity or hyperten-
sion. Doppler velocimetry is recommended in addition 
to biophysical testing for patients with vascular compli-
cations, hypertensive disorders, and poor fetal growth. 
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Given the lack of definitive guidance, each center 
should establish a protocol based on available resources, 
current evidence, and patient population characteristics 
and apply this protocol consistently for all diabetic 
pregnancies.

Antepartum fetal surveillance is of unclear benefit in 
patients with diet-controlled, uncomplicated gestational 
diabetes. Available data suggest that third trimester 
antepartum fetal loss is not increased over baseline in 
this narrowly defined group. This has led to the sugges-
tion that antepartum surveillance may be safely deferred 
until 40 weeks in this group [56].

Abnormal testing results should be responded to clinically 
however do not necessarily require immediate delivery 
of the pregnancy. In the diabetic pregnancy, abnormal 
fetal testing should always prompt an evaluation of 
maternal metabolic status. Fetal testing will often 
improve with resolution of the maternal condition.

Given the high false-positive rates of all antepartum fetal 
surveillance, abnormal test results are usually followed 
by another backup testing unless delivery is clearly indi-
cated based on fetal condition or gestational age. Each 
clinical practice should establish specific guidelines 
within their group for follow-up of abnormal testing 
and apply these consistently.

Decreased fetal motion or kick counts should be evaluated 
by NST, BPP, modified BPP, or CST. Abnormal results 
from an NST or from a modified BPP generally should 
be followed by additional testing with either a CST or a 
BPP.

A BPP score of 8–10 is considered normal; however, low 
amniotic fluid does require independent follow-up. In 
addition, significant decelerations or variables on a 
NST tracing require further evaluation regardless of 
overall BPP scoring. An equivocal BPP score, 6/10, 
should prompt further evaluation and consideration of 
delivery if the GA is 37 weeks or greater. In a preterm 
fetus, depending on clinical circumstances, repeat test-
ing within 24 h may be appropriate prior to making the 
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decision to delivery. A BPP score of 4 is almost always 
indicates that delivery is warranted, although in some 
cases extended monitoring with inpatient care may be 
appropriate [31].

While there are no definitive randomized clinical trials to 
guide the timing of delivery of the growth-restricted 
diabetic fetus based on umbilical artery Doppler velo-
cimetry, current society guidelines generally suggest 
delivery at 32 weeks or earlier if there is reversed end-
diastolic flow and delivery at 34 weeks with absent end-
diastolic flow. If the Dopplers show an elevated S/D or 
RI (>95%) but diastolic flow is still present, delivery 
should be considered at or beyond 37 0/7 weeks of ges-
tation [50, 57]. As previously noted, each practice 
should develop a follow-up protocol-based clinical 
resource, patient population, and best available guide-
lines and follow this protocol consistently.

Normal fetal antepartum surveillance does not override 
other recommendations regarding timing of delivery 
in diabetic pregnancy. There is no evidence that ante-
natal surveillance without timed delivery in alignment 
with current guidelines results in improved perinatal 
outcomes [7].

17.11  �Summary

	1.	 Antepartum fetal surveillance in diabetic pregnancy is felt 
to improve fetal outcomes and decrease late pregnancy 
fetal loss in combination with meticulous glucose control 
and early timed delivery.

	2.	 Serial fetal surveillance is recommended for all pregnan-
cies complicated by diabetes. Since the best methods, tim-
ing interval for testing, the optimal gestational age to begin 
testing, and optimal testing follow-up strategy are unclear, 
each practice should establish their own protocol based on 
available study outcome data, available resources, profes-
sional society recommendations, and patient population. 
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This protocol should be consistently applied to all diabetic 
patients in the practice.

	3.	 Commonly used testing strategies involve twice weekly 
assessment with modified BPP or biophysical profile test-
ing starting at 32–34 weeks and continuing until delivery. 
In some cases of diet-controlled, uncomplicated gesta-
tional diabetes, it is reasonable to initiate antepartum test-
ing at 40 weeks.

	4.	 Abnormal testing raises consideration of delivery depend-
ing on the clinical situation however in general should be 
confirmed with backup testing especially in the case of 
NST or modified BPP.  All abnormal testing in diabetic 
patients should trigger maternal metabolic assessment 
prior to proceeding with delivery.

	5.	 Addition of umbilical Doppler velocimetry improves out-
comes in pregnancies complicated by fetal growth restriction 
and hypertensive disorder and should be considered where 
there are concerns for diabetic vasculopathy, long-standing 
diabetes, fetal growth disorders, or maternal hypertension.
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mended for diabetic patients with microvascular 
complications and patients with contraindications to 
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18.1  �Introduction

In the United States, approximately 2% of women between 
the ages of 20 and 39 years old have diabetes mellitus [1]. The 
use of contraception has been shown to reduce pregnancy-
related morbidity and mortality. Certain methods may reduce 
the risk of reproductive cancers and may also be used to treat 
some menstrual-related problems. According to the 2002 
National Survey of Family Growth, a total of 6.4 million preg-
nancies occurred during that year and half were unintended. 
Interestingly, 48% of the reported pregnancies occurred in 
couples using a contraceptive method. There is a significant 
association between repeated unintended pregnancies and 
nonuse of contraceptives [2]. Contraceptive counseling 
should include a discussion of failure rates and reinforcement 
of consistent and correct use of the method. Unintended 
pregnancies are most likely to occur among young, unmar-
ried, Black, Latina, and low-income women [3]. There is no 
single best fit for contraceptive use. Each contraceptive 
method has advantages and disadvantages. With currently 
available methods, fertility is easily regained on discontinua-
tion of use.

Diabetes mellitus (DM) with or without end organ involve-
ment may be a contraindication to some contraceptive meth-
ods mainly due to increased cardiovascular and 
venothromboembolism risk. The World Health Organization 
(WHO) published detailed guidelines on medical eligibility 
criteria for the use of contraceptive methods. The most recent 
fourth edition can be downloaded from the following web-
site: (www.who.int/reproductivehealth/publications/family_
planning/9789241563888/en/index.html) [4]. The Centers for 
Disease Control and Prevention (CDC) guidelines, specific to 
practice in the United States, were published in 2010 and are 
available at http://www.cdc.gov/mmwr/preview/mmwrhtml/
rr59e0528a1.htm [5].

Gestational diabetes mellitus (GDM) usually develops in 
midpregnancy and typically affects 3–10% of all pregnant 
women. GDM is a harbinger of future health problems, and 
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up to 30–70% of women with GDM will develop type 2 dia-
betes mellitus (T2DM) [6]. Effective contraception can 
potentially ward off the future development of T2DM by 
allowing appropriate interval and healthy lifestyle changes 
between pregnancies [7]. Diabetes affects both maternal and 
fetal metabolism leading to adverse pregnancy outcomes. 
Pregnancy loss is significantly higher among patients with 
diabetes. Between 5% and 8% of diabetic mothers with poor 
metabolic control during the period of organogenesis are 
affected by birth defects which are twice the rate of the gen-
eral population [8]. Pregnant patients with DM are at 
increased risk of preeclampsia and higher perinatal mortality 
[9]. Microvascular complications like retinopathy and 
nephropathy can deteriorate with pregnancy [10]. The fetal 
and maternal pregnancy outcomes can be modified with 
appropriate glycemic control through a healthy diet before 
and during conception, planned exercise programs, and life-
style modifications [11]. Unfortunately, women with diabetes 
are less likely to receive contraceptive counseling or use con-
traception compared to women without diabetes. Almost 
two-thirds of pregnancies in women with diabetes are 
unplanned [12, 13]. Diabetic mothers are insufficiently aware 
of the importance of strict metabolic control with normal or 
near-normal glucose levels. Hence there is absolute need for 
improved preconception counseling.

18.2  �Considerations for Women 
with Diabetes Mellitus

The Centers for Disease Control and Prevention has devel-
oped a Summary Chart of US Medical Eligibility Criteria 
(MEC) for contraceptive use. The MEC for contraceptive use 
chart provides recommendation for the use of contraceptive 
methods depending upon certain medical morbidities. Health-
care providers can utilize the chart when providing recom-
mendations of contraceptive methods based on characteristics 
and medical conditions of the individual. The chart is 
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organized into four categories. According to the chart, cate-
gory 1 comprises condition, which imposes no restriction for 
selecting contraceptive method. Category 2 comprises medi-
cal conditions where contraceptive methods can be use but 
close follow-up is indicated. In category 3 the use of a particu-
lar method is not advisable, unless other method is not 
acceptable or available, and its prescription requires cautious 
clinical judgment and close follow-up. Category 4 comprises 
conditions that impose unacceptable risk with the use of a 
contraceptive method. Diabetic women with complications is 
category 3 if microvascular complications are present or cat-
egory 4 if vascular disease or diabetes was diagnosed >20 years 
ago [5].

Safety and effectiveness of contraception in healthy 
women is well studied, but literature pertaining to their use 
among women with coexisting medical problems (e.g., car-
diovascular disease, obesity, hypertension, lipid disorders, 
and DM) is relatively scarce [14]. It is known that repeat 
pregnancies pose a higher risk of development of T2DM 
when compared to the use of low-dose combined oral con-
traceptives (COCs) [15]. This makes postpartum education 
to promote breastfeeding, diet, weight management, exer-
cise, and contraception counseling even more crucial. Use of 
levonorgestrel IUD (LNG-IUD) doesn’t affect postpartum 
glucose in women with a history of GDM [16]. Also, there is 
no increase in the incidence of T2DM with the use of COC 
in women who had a prior history of GDM [17]. History of 
GMD is not a contraindication to any form of contraception, 
but associated risk factors such as hypertension, obesity, and 
dyslipidemia should be considered. Hormonal or nonhor-
monal contraception use in the postpartum period is not 
influenced by a history of GDM among nondiabetic pri-
miparous women [7].

Hormonal contraception (current or past use) does not 
appear to precipitate the development of T2DM in healthy 
women [18–20]. Hormonal contraceptives are safe and effec-
tive birth control options for women who are insulin-
dependent diabetics without vascular disease [21]. The use of 
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COCs by women with insulin-dependent DM without vascu-
lar involvement does not pose additional risk for develop-
ment of early retinopathy and/or nephropathy [22]. A 
Cochrane review compared progestin-only, combined, and 
nonhormonal contraceptives and their effect on glucose and 
lipid metabolism and macro- and microvascular complica-
tions when used for women with type 1 DM (T1DM) [23]. 
The randomized control trials included in this comprehensive 
review were insufficient to draw definite conclusions. 
However, no difference was found in daily insulin require-
ment, HbA1c, or fasting blood glucose after 1 year of use of 
contraception [23]. Similarly, for women without DM, there 
was no significant effect on glucose metabolism or on the 
insulin secretion profile with the use of COCs containing 
ethinyl estradiol (EE) lower than 35 mcg [24, 25]. The use of 
high-dose COC and COC containing 30  mcg ethinyl estra-
diol  +  75  mcg gestodene was found to cause slight impair-
ment in glucose metabolism [23].

In systematic meta-analyses, progesterone-only COCs 
were not associated with increased odds of venous or arterial 
thrombotic events [26–28]. Therefore progesterone-only con-
traceptives are recommended by the World Health 
Organization for women with advanced diabetes or women 
with diabetes and other cardiovascular risk factors [4]. There 
is reassuring data reporting no increase in the severity of 
microvascular complications (retinopathy and nephropathy) 
in women with T1DM with the use of COC [10, 22]. However, 
in a Danish retrospective study, a tenfold higher risk of cere-
bral thromboembolism was noted in women with diabetes 
who were using COC [29]. Another recent study reported a 
fourfold increase in venous thromboembolism (VTE) with 
use of progestin-only pills or depot medroxyprogesterone 
acetate (DMPA) compared to nonuser of hormonal 
contraception or IUD users [30, 31]. Higher risk of stroke [32, 
33] and myocardial infarction with the use of COC in women 
with DM was reported [34]. There is also an increased risk of 
stroke with the use of injectable progesterone for contracep-
tion in women with diabetes and hypertension [35]. Larger 
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prospective studies are required to completely reveal the 
estrogen and progesterone effects on microvasculature. 
Caution should be exercised to prescribe COC specifically to 
diabetic women with uncontrolled microvascular complica-
tions like retinopathy or nephropathy with persistent 
proteinuria.

There is no significant difference in carbohydrate metabo-
lism in women with T1DM using levonorgestrel-releasing 
intrauterine system (LNG-IUS) and copper IUD [23]. 
Intrauterine and implantable subdermal contraceptives are 
highly effective reversible contraceptives and have the lowest 
absolute risk in women with DM [31, 36].

18.3  �Long-Acting Reversible Contraceptive 
(LARC) Methods

Intrauterine contraception should be the first choice of con-
traception for all women, including nulliparous and multipa-
rous [37]. Obesity-related abnormal uterine bleeding 
(AUB-O) is frequently associated in patients with diabetes, 
and recommendations of LNG-IUS should be preferred over 
other contraceptives. Table  18.1 illustrates various LARC 
options, while Table  18.2 reviews contraindications for the 
use of LARC [31].

Nexplanon has been in use since 2011; it contains 68 mg of 
etonogestrel and prevents pregnancy for up to 3 years. It also 
contains barium sulfate, which makes it radiopaque. The 
implant continuously releases etonogestrel which prevents 
fertilization by inhibiting ovulation and thickening of cervical 
mucus. Paragard or Cu T380A contains no hormone, and its 
contraceptive action is by releasing copper ions into the uter-
ine cavity, which interferes with sperm transport, fertilization, 
and implantation through a local inflammatory reaction. 
Paragard is a reliable LARC method for patients who have 
contraindications to the use of hormonal contraceptives. 
LNG-IUS works by releasing levonorgestrel which thickens 
the cervical mucus, alters the endometrium, and inhibits 
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sperm motility and in some women ovulation. Antibiotics use 
is not recommended prior to IUD insertion. STI testing 
should be done in those with high-risk behavior. Women who 
test positive for gonorrhea or chlamydia at the time of inser-
tion should be prescribed appropriate antibiotics without 
removing the IUD, unless the STI results in an acute PID or 
tubo-ovarian abscess (TOA) formation are not responding to 
medical management [37].

18.4  �Hormonal Contraception

Over 80% of women in the United States have used hor-
monal contraception [38]. It provides effective protection 
against pregnancy with many noncontraceptive health bene-
fits [14] and can safely be used by most women. Hormonal 
contraception includes estrogen-progesterone combined hor-
monal contraception (CHC) and progesterone-only methods. 

Table 18.2  Contraindications for use of long-acting reversible con-
traceptive methods
Contraindication for hormonal 
LARC use Contraindication for IUD use
Unexplained vaginal bleeding Active sexually transmitted 

infection

Acute DVT/PE Anatomic abnormalities of 
the uterus

SLE with antiphospholipid 
antibodies

Severe cirrhosis, liver tumor

Current breast, ovarian, or 
endometrial cancer

DVT deep vein thrombosis, PE pulmonary embolism, SLE systemic 
lupus erythematous, IUD intrauterine device. Adapted from World 
Health Organization (WHO). Medical eligibility criteria for contra-
ceptive use. 5th edition. World Health Organization; 2015. Available 
at: http://www.who.int/reproductivehealth/publications/family_plan-
ning/Ex-Summ-MEC-5/en/ [4]
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CHCs are available in several routes of administration 
including pills (monophasic and multiphasic), transdermal 
patches, and vaginal ring. Progesterone-only methods are 
Implanon, levonorgestrel IUDs (LNG-IUS), progestin-only 
pills, and Depo-Provera. Table 18.3 reviews different genera-
tions of CHC depending on the type and dose of estrogen 
and progestin.

The major adverse effects of hormonal contraception are 
VTE, hemorrhagic stroke, and myocardial infarction, which 
are strongly influenced by other factors like smoking, older 
age, and associated comorbidities (e.g., hypertension and 
DM) [42]. Overall quantification of the risks should be per-
formed before prescribing any hormonal contraceptive 
method. The overall absolute risk of VTE in current oral 
contraceptive (OC) users is 6.29/10,000 woman-years. The 
VTE risk with the COC use is lowered with lower estrogen 
dose and shorter duration. The type of progesterone influences 
the VTE risk (cyproterone, drospirenone, gestodene, and 
desogestrel were associated with higher risk compared to 
levonorgestrel) [27].

Lauring et  al. reported high rate of CHC use in women 
with medical contraindication to the use of estrogen [36]. 
Processes need to be improved to ensure those women with 
medical contraindications to estrogen-containing 

Table 18.3  CHC classification depending upon the dose of estro-
gen, progestin, and type of progestin
First-generation 
CHC

Contains 50 mg of EE [39]

Second-
generation CHC

Lower doses of estradiol (20, 30, or 35 mg) 
and norethindrone and its derivatives, 
including levonorgestrel as progestin [39]

Third-generation 
CHC

Progestins desogestrel, norgestimate, and 
gestodene; less androgenic than the second-
generation progestins [40]

Fourth-generation 
CHC

Drospirenone, a derivative of spironolactone 
with antiandrogenic activity [41]

EE ethinyl estradiol
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contraception, and who may be at an increased risk for car-
diovascular events are being offered the safest and most 
effective methods [36]. Contradictory to that, Hanna et al. in 
their prospective cohort study on “The Contraceptive 
CHOICE Project” reported low prevalence of medical con-
traindications (2.83% in 5087 women) and supported provi-
sion of CHC without a prescription [43].

Table 18.4 reviews absolute contraindications for CHC 
use, while Table 18.5 explores different forms and routes for 
CHC.

Table 18.4  Absolute contraindications of CHC
Pregnancy

Undiagnosed uterine bleeding

Cigarette smoking in older than age 35

Uncontrolled hypertension

History of vascular disease and stroke (thromboembolism, 
atherosclerosis, and stroke)

Diabetes mellitus with complications

Breast cancer, endometrial cancer

Migraine headache with aura or peripheral neurologic 
symptoms called as classic migraine (increased risk of ischemic 
stroke)

Systemic disease that affects the vascular system (e.g., lupus 
erythematous, hyperlipidemia or diabetes with retinopathy or 
nephropathy)

Functional heart diseases (fluid retention caused by the increase 
in aldosterone could result in congestive heart failure), valvular 
heart disease with complications

Active liver disease

Prolactin-secreting macroadenoma (not a microadenoma)

Cholestasis and jaundice of pregnancy or jaundice with use of 
COC

Major surgery with prolonged immobilization

S. Arya and S. Kupesic
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COC pills consist of estrogen and progesterone. COCs 
work by suppression of gonadotropins which leads to anovu-
lation. The progestin-only pills (POPs) don’t inhibit ovulation 
consistently; rather they work by cervical mucus thickening, 
alteration of the tubal motility, and changes of the endome-
trium. This explains their lower effectiveness.

A contraceptive skin patch has a surface area of 20 cm3; it 
contains 6  mg norelgestromin and 0.75  mg EE, delivering 
approximately 150 mcg of norelgestromin and 20 mcg of EE 
per day [44]. Norelgestromin, a third-generation progestin is 

Table 18.5  Different forms and route of combined hormonal 
contraception
Contraceptives Remarks
COC pills Fixed dose (monophasic)

Multiphasic (biphasic, triphasic, or four phasic) 
combination
21 or 24 days of active pills, 7- or 4-day HFI

COC extended 
cycles

84 days of active pills, 7-day HFI

POPs Also known as minipills, low-dose progestin, 
and no steroid break. These are suitable for 
women who are breastfeeding or have higher 
cardiovascular risk factors

Contraceptive 
patch

CHC patch which contains 6 mg 
norelgestromin and 0.75 mg EE (delivers 
approximately 150 mcg of norelgestromin and 
20 mcg of EE per day) [44]

Vaginal ring (NuvaRing®, Merck) contains 11.7 mg 
etonogestrel* and 2.7 mg EE (120 mcg of 
etonogestrel and 15 mcg of EE released per 
day). Similar VTE risk as oral CHC [45]

Depo-Provera 
(DMPA)

Injectable progesterone-only contraceptive. 
Two formulations, (1) 150 mg/ml for IM and 
104/0.65 ml for SC injection. It is given every 
3 months (13 weeks)

HFI hormone-free interval, POPs progestin-only pills
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the active metabolite of norgestimate. A single patch is 
applied each week for 3 weeks followed by no patch; hence 
the fourth week is a period of withdrawal bleeding. The 
mechanism of action is by inhibiting the ovulation; efficacy is 
lower for women who weigh more than 90 kg.

Contraceptive vaginal ring is flexible and soft, measures 
54  mm in outer diameter, and contains 2.7  mg of ethinyl 
estradiol and 11.7  mg of etonogestrel. Etonogestrel is the 
biologically active metabolite of desogestrel, a third-
generation progestin. Steroids pass through the vaginal epi-
thelium. The ring is applied for 3  weeks and removed for 
1 week to allow withdrawal bleeding. The vaginal ring deliv-
ers 120 mcg of etonogestrel and 15 mcg of EE. The mechanism 
is similar to the contraceptive patch and pills, by inhibiting 
ovulation, thickening the cervical mucus, and therefore 
decreasing the chance of fertilization.

The only injectable contraceptives available in the United 
States are depot medroxyprogesterone acetate (DMPA). The 
injection is given once every 3 months and uses 150 mg for intra-
muscular (IM) use or 104 mg for subcutaneous (SC) use. These 
formulations are crystalline suspension, which slowly release the 
progesterone. The IM formulation is given deeply into the glu-
teal or deltoid muscle. The subcutaneous formulations are for 
use into the SC on abdominal wall or anterior thigh.

18.5  �Coitus-Related and Barrier Methods

There are no contraindication for the use of coitus-related 
and barrier methods of contraception in women with diabe-
tes. Table 18.6 provides a brief summary of the coitus-related 
and barrier methods.

Periodic abstinence (rhythm method) is known as avoiding 
sexual intercourse during the menstrual cycle days when the 
ovum can be fertilized. In a regular ovulatory cycle, it requires 
abstinence for 6 days. This is based on the following facts [46]:

	1.	 Ovulation occurs 12–16 (13 ± 2) days before the onset of 
subsequent menses.
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Table 18.6  Summary of coitus-related and barrier methods
Method Remarks on use Effectiveness
Periodic 
abstinence

High motivation 13.4–47/100 woman-
years

Coitus 
interruptus

Withdrawal is the only 
acceptable method to 
some couples. Correct 
and consistent use with 
every act of intercourse. 
No contraindications, no 
devices or cost

High failure rate 
from sperm present 
in the preejaculate 
and withdrawal if 
not performed in a 
timely or correct way

Diaphragm Requires highly motivated 
women
Lower failure rates 
with increasing age and 
duration of use. Higher 
UTI due to obstruction 
of outflow, so postcoital 
voiding is recommended

2.8% for continuous 
user and 9.8% 
among those 
who used it with 
intercourse

Male 
condom

Polyurethane condoms are 
thinner and may provide 
greater sensitivity but are 
associated with higher 
rates of slippage and 
breakage. For this reason 
most experts recommend 
latex condoms.
Highly effective if 
used properly, the first-
year failure rates for 
male condom use are 
between 3–6% when the 
woman was older than 
30 compared to 8–10% 
failure rate in women 
<25 years

6-month typical-
use pregnancy 
probabilities for 
polyurethane and 
latex group are 
9–10.8% and 5.4–
6.4%, respectively

(continued)
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	2.	 Ovum can be fertilized within 24 h after ovulation.
	3.	 Fertilizing capacity of a spermatozoon lasts for 48 h after 

coitus.

The periodic abstinence method requires relatively long 
periods of abstinence; hence pregnancy rates are high with 
this method, ranging from 13.4 to 47/100 woman-years (Pearl 
Index) [46]. The practical effectiveness of this method is 
around 75%; meaning that about a quarter of the couples 
practicing it will generate a child in any given year.

Diaphragm is a thin dome-shaped membrane made of 
latex rubber or silicone with a flexible spring modeled in a 
ring. The spring allows fitting of the diaphragm well to sepa-
rate the vagina from the cervix. For best effectiveness of this 
method, the physician has to find the accurate size for an 
individual patient. Diaphragms were the most widely used 
female-controlled reversible contraceptive method prior to 
the introduction of oral contraceptive. Diaphragms should be 
used with spermicide and left in place for 8 h after the last 

Table 18.6  (continued)

Method Remarks on use Effectiveness

Female 
condoms

Two types available on 
the market: Women’s 
condoms & Reality
Made of soft polyurethane 
sheath with two flexible 
rings. Gaining more 
acceptability. Female 
controlled.
May be more effective 
protecting against STI

Typical use failure 
rate is 21%

Lactational 
amenorrhea 
method

Should be used only with 
exclusive breastfeeding 
and up to 6 months after 
delivery. Amenorrhea 
depends upon frequency, 
duration, and night 
nursing

Failure rate is 
0.9–1.2% among 
amenorrheic 
and exclusively 
breastfeeding women
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coital act. The failure rate varies depending on its continuous 
use vs. use with intercourse act. In a nonrandomized study, 
the failure rate was 2.8% among women who left the dia-
phragm in place without using spermicide. They removed it 
only during menses and once daily to wash it followed by 
immediate reinsertion. On the other hand, the 12-month fail-
ure rate was much higher, 9.8% among women who used it 
with a spermicide in the usual manner (with sexual inter-
course and then leaving it in for 8 h thereafter). Diaphragm 
is inexpensive and reversible method of contraception but 
requires placement before sexual activity. Clearly, its effec-
tiveness depends on patient motivation, skill, and 
experience.

FDA-approved male condoms are made of either latex or 
polyurethane.

Physicians should encourage use of condoms especially to 
individuals with multiple sex partners to prevent both preg-
nancy and the transmission of sexually transmitted infections. 
Clinicians should educate both men and women about the 
proper use of condoms; the following website provides 
detailed instructions: www.plannedparenthood.org/health-
topics/birthcontrol/condom10187.htm

The female condoms are made of soft polyurethane sheath 
with two flexible rings. The inner ring, which lies at the closed 
end, serves as an internal anchor for the condom, and the 
outer ring forms the external edge of the device and remains 
outside the vagina. Female condom has few advantages over 
male condoms. The polyurethane used in female condoms is 
thicker than latex or polyurethane used in male condoms so 
it is less likely to rupture. This contraception is female con-
trolled, and by covering the external genital, it provides 
greater STI protection. Women’s condoms and Reality are 
two types of female condoms available worldwide. Since 2004 
Women’s condoms have been found to be acceptable, safe, 
and excellent in performance through various clinical studies 
[47–50]. A comprehensive Cochrane review of various stud-
ies comparing the female condom to male condoms reported 
that female condoms are as effective in STI and unwanted 
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pregnancy prevention as male condoms [51]. Mathematical 
model researchers have calculated that with consistent 
female condom use, the HIV transmission can be reduced to 
90% compared to unprotected intercourse [52].

Lactational amenorrhea method (LAM): elevated prolac-
tin during breastfeeding inhibits gonadotropin pulsatility and 
causes amenorrhea. The amenorrhea lasts for a variable 
length of time depending upon frequency and duration of 
nursing. Night nursing is specifically associated with 
anovulation and amenorrhea. This method should be used 
only with exclusive breastfeeding and up to 6 months after 
delivery. The cumulative pregnancy rate among fully breast-
feeding, amenorrheic women who are not using any other 
contraceptive method was noted to be 0.9–1.2. This may 
underestimate the risk, as rates of sexual activity may be 
lower in many postpartum women.

18.6  �Female Sterilization

There are several different techniques of occluding fallopian 
tubes that are used for permanent contraception in women. 
Female sterilization is the most common contraception 
method used worldwide and second most common contra-
ceptive method used in the United States [53]. Female steril-
ization is a highly effective method of contraception with less 
than <1% risk of pregnancy after sterilization [54].

There is no strict medical contraindication to sterilization; 
however, various medical conditions (e.g., morbid obesity 
and significant risk factors for intra-abdominal adhesions) 
might influence the preferred route of female sterilization, 
and medical comorbidities (cardiac, pulmonary, renal, or neu-
rologic dysfunction) will increase the anesthesia risk.

Sterilization can be done laparoscopically (tubal occlusion 
by electrosurgical desiccation or mechanical methods like 
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silicone band, titanium clip, or spring clip), hysteroscopically 
(Essure), or via minilaparotomy (abdominal postpartum ster-
ilization). Essure is the only hysteroscopic sterilization device 
approved by FDA in 2002 and available in the United States. 
Essure is a micro-insert system made of polymer and metal 
and measures 4 cm in length and 1–2 mm wide.

Before any route or technique of female sterilization, the 
following should be accomplished:

	1.	 Counseling about alternatives, types, efficacy, and perma-
nency of female sterilization.

	2.	 Assessment or risk factors for regret.
	3.	 Preoperative surgical risk assessment, appropriate testing, 

and thorough consultation.
	4.	 Pregnancy test and use of a reliable contraceptive method 

until sterilization procedure is complete.
	5.	 Informed consent after thorough discussion of risk, bene-

fits, and alternatives about the chosen sterilization proce-
dure. (The US federal sterilization consent requires 
obtaining informed consent between 30–180 days prior to 
the procedure; however, state and institutional policies 
may differ.)

18.7  �Emergency Contraception

Pregnancy should always be ruled out before using any emer-
gency contraceptive method. Emergency contraceptive should 
be started as soon as possible after unprotected intercourse. 
Hormonal emergency contraceptives are less effective for 
patients with higher BMI, and the effectiveness decreases as 
the interval after unprotected intercourse increases, especially 
if used later than 72 h after intercourse. Table 18.7 lists meth-
ods of emergency contraception, side effects, and the window 
of time for use after unprotected intercourse.
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18.8  �Conclusion

At this time ACOG recommends that the use of COC in 
women with diabetes should be limited to patients younger 
than 35 years who do not smoke and are otherwise healthy, 
with no evidence of hypertension, nephropathy, retinopathy, 
or other vascular disease [13]. Women with diabetes should 
be encouraged to utilize effective and safe contraceptive 
methods depending upon their risk factors and need of con-
traception. LARCs are highly effective and have higher con-
tinuation rate and can be used by most women with diabetes. 
Table 18.8 reviews medical eligibility criteria for the use of 
COC and POP in women with DM.

18.9  �Future of Male Contraception

Vasectomy is a surgical sterilization option available for 
couples who are in a lifelong relationship in which a female 
partner may or may not have an underlying condition that is 
restricting the use of an alternative female contraception 
method. More recently temporary vasectomy (vasovagal) 

Table 18.7  Various methods of emergency contraception
Method Windowa Side effects Remarks
Copper IUD 7 Usual IUD 

related 
insertion 
issues

Most effective 
emergency 
contraceptive method

Ulipristal 
acetate 
30 mg

5 Nausea and 
vomiting

Not effective if used on 
day of ovulation or after 
ovulation

LNG 1.5 mg 
(Plan B 
One-Step)

5 Nausea and 
vomiting

Highly effective if used 
before ovulation

aWindow: to be used within this period after unprotected 
intercourse
LNG levonorgestrel. Adapted from Ref. [55]
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was developed, involving a gel injection into the vas deferens. 
Reversibility is achieved by flushing the gel at any point if the 
man changes his mind. A male contraceptive implant called 
MENT is currently undergoing a clinical trial in Europe. The 
device releases a synthetic steroid that resembles testoster-
one affecting sperm cell development. There have been mini-
mal side effects, and no effects on the libido, bone loss, and/or 
bone mass are encouraging the progress of phase 2 clinical 
trials. Similar results are achieved with contraceptive gels 
containing testosterone or progestins. The gels are rubbed 
onto the skin leading to inhibition of the sperm production. 
Major advantages of this method are reversibility of this con-
traceptive method and a quick return to normal sperm count 
after stopping its use. The search for a male contraceptive pill 
not associated with major side effects is on its way. Multiple 
hormonal and nonhormonal methods of male contraception 
are in the drug developmental stages, with the hope that a 
reversible, reliable, and a safe method of male contraception 
will be available to couples soon [56].

Table 18.8  Medical eligibility criteria for combined oral contracep-
tives and progestin-only pills in women with DM
Type of DM COC and progestin-only pills
History of GDM No restrictions. General risk 

factors should be reviewed

Type I or II DM (absence of 
microvascular complications)

Advantage outweighs the risk

Microvascular complications 
(retinopathy, nephropathy, 
neuropathy)

Unacceptable health risk with 
COC but with POP advantage 
outweighs the risk
Nonhormonal contraception 
should be preferred [55]

Other vascular disease or 
DM >20 years

Unacceptable health risk with 
COC but with POP advantage 
outweighs the risk
Nonhormonal contraception 
should be preferred [55]

Adapted from Refs [4, 5]
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19.1  �Introduction

Diabesity is obesity-dependent diabetes. It is projected that 
by 2030, there will be a 73% increase in adult diabetes in 
developing countries. In the United States, 34.9% of adults 
were categorized as obese in 2012 [1]. There was a 70% 
increase in prepregnancy obesity in the 10-year period 
between 1994 and 2003 [2]. One major impact of this obesity 
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Fast Facts

•	 Obese women have increased risk of cesarean 
delivery.

•	 Maternal obesity and diabetes are risk factors for 
childhood obesity and early onset type 2 diabetes in 
offspring.

•	 Obesity with or without diabetes is a risk factor for 
congenital anomalies.
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trend will be the increased incidence of type 2 diabetes and 
the associated long-term complications. It can also be antici-
pated that this will lead to an increase in the number of 
patients who experience diabetes during pregnancy.

Using the definition of the World Health Organization, 
obesity is defined as a body mass index (BMI) ≥  30  kg/m. 
During pregnancy, obesity is associated with increased mater-
nal and fetal risk including hypertension, thromboembolic 
disease, intrapartum complications, poor wound healing, dif-
ficult intubation or difficulty placing regional anesthesia, and 
fetal congenital anomalies [3–5].

The “thrifty phenotype” hypothesis was proposed by 
Hales et al. [6] According to this theory, during human evolu-
tion, resources were either scarce or the ability to acquire 
those resources required significant energy expenditure. 
Until recently, farming and animal husbandry were labor and 
time intensive occupations. Humans would have evolved to 
utilize scarce nutrients with the expectation of a significant 
output of energy. This has now been altered. Today we go to 
the supermarket to get meat and vegetables and our lifestyles 
are mostly sedentary. This translates into an epidemic of 
excessive nutrition.

It isn’t only adults who are affected. The Generation R 
Study [7] showed that maternal obesity was significantly 
associated with childhood obesity and elevated systolic blood 
pressure in the offspring.

19.2  �Is there a Link Between Maternal 
Obesity and Childhood Obesity?

Obesity thresholds in childhood vary by age and gender. In 
the United States, childhood obesity is defined as a BMI at or 
above the 95th percentile for gender and age. Overweight is 
defined as between the 85th and 94th percentiles based on 
Center for Disease Control and Prevention (CDC) growth 
charts. The World Health Organization also produces growth 
charts which are used in other countries.
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Maternal prepregnancy weight correlates well with fetal 
growth. The offspring of women who are obese or overweight 
at the beginning of pregnancy have a higher risk of macroso-
mia which is associated with an increased risk of obesity later 
in life. There is also evidence to indicate that infants of obese 
women have higher body fat and an atherogenic lipid profile. 
Maternal weight gain during pregnancy is positively associ-
ated with childhood and adolescent obesity in the offspring.

Importantly, these observational data points do not address 
causality. Certainly, there may be a genetic component, but it 
is also possible that environmental factors play a major role. 
Obese women may have poor diets which may be by choice 
or due to economics. The children are fed the same poor diet, 
thus perpetuating the cycle of obesity.

Animal studies provide the opportunity to compare genet-
ically identical subjects and to control diet and timing of 
exposure. Studies in rats and sheep show that excess nutrition 
during pregnancy programs the offspring for obesity. These 
studies also indicate that a high-fat maternal diet may corre-
late with obesity in the offspring even when the mother does 
not gain weight [8]. These experiments appear to indicate that 
exposure during pregnancy is a critical time period for the 
risk of obesity. Maternal diet prior to conception, during 
breastfeeding, and after weaning has not been shown to be 
correlated with the same degree of risk.

19.3  �Hypertensive Disease

Insulin resistance has been implicated in the pathogenesis of 
essential hypertension, ischemic heart disease, and of course 
type 2 diabetes. When these diseases are found in conjunction 
with obesity, it is termed metabolic syndrome.

The mechanisms underlying the development of pre-
eclampsia and gestational hypertension in relationship to 
insulin resistance is unclear. Abnormal invasion of the spiral 
arteries results in abnormal placentation. Hyperinsulinemia 
and insulin resistance may potentiate this process. In the late 
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1990s, Sibai published a multicenter trial showing that the 
rate of preeclampsia was increased by 20% in women above 
their ideal body weight [9].

One systematic review showed that a BMI > 35 doubled 
the risk of preeclampsia [10].

A meta-analysis of 13 cohort studies found that the risk of 
preeclampsia doubled with each 5–7 point increase in pre-
pregnancy BMI [11].

19.4  �Gestational Diabetes

Carbohydrate intolerance is worsened during pregnancy by 
the normal physiologic processes in which resistance to insu-
lin is increased. In patients with existing insulin resistance 
due to a higher than optimal BMI, the additional resistance 
to insulin may result in gestational diabetes.

19.5  �Miscarriage

Obesity alone is associated with an increased risk of first tri-
mester loss and recurrent (>3) pregnancy loss.

A matched case-control study compared women with a 
BMI  >  30 to women with a normal BMI (19–24.9). Early 
(6–12 weeks), late (12–24 weeks), and recurrent (>3) miscar-
riages were evaluated. Four patients in the obese group were 
diabetic and none in the normal weight group. The study 
found that obesity was associated with an increased risk of 
first trimester loss and recurrent miscarriage [12]. These find-
ings were confirmed by a systematic review of six studies in 
which the miscarriage rate in obese women was 13.6% vs 
10.7% in nonobese women. There was also a higher rate of 
recurrent early miscarriage (0.4% vs 0.1%) [13].

An interesting study looked at underweight, over-
weight and obesity, and the risk of miscarriage in women 
with a history of recurrent loss. They found that over-
weight women had similar outcomes to women with ideal 
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body weights. Both underweight and obese women had a 
small increased risk of miscarriage (OR, 3.98 and 1.71, 
respectively) [14].

19.6  �Congenital Anomalies

In women with a BMI  >  30, after controlling for diabetes, 
studies have consistently demonstrated an increased risk of 
heart defects, neural tube defects, limb reduction anomalies, 
diaphragmatic hernia, and omphalocele [15]. At least one 
study has demonstrated a linear relationship with increasing 
BMI and risk of neural tube defects [16].

A high BMI may significantly limit the efficacy of prenatal 
ultrasound diagnosis of anomalies. A retrospective study 
found that in patients with a BMI > 30, there was a nearly 
50% increase in failure to adequately visualize cardiac anat-
omy and a 31% increase in suboptimal visualization of the 
intracranial and spinal anatomy [17].

19.7  �Stillbirth

The pathophysiology of stillbirth in diabetic pregnancies is 
poorly understood.

The November 2015 MBRRACE-UK (Mothers and Babies: 
Reducing Risk through Audits and Confidential Enquiries 
across the UK) listed maternal diabetes and obesity as having 
an adjusted odds ratio of stillbirth of 2.5 and 1.7, respectively. 
One quarter of women with a stillbirth were either under-
weight, overweight, or obese. Half of the cases reviewed had 
risk factors for gestational diabetes but had not been tested.

A Danish study provides indirect evidence that strict con-
trol of blood glucose may reduce the risk of stillbirth. From 
1993 to 1999, the rate of stillbirth in Denmark was 20 per 1000 
deliveries. The average HA1C in patients with any poor 
outcome was 7.1% compared to an HA1C of 6.7% in women 
with uncomplicated pregnancies [18].
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There is no evidence to support a specific method of ante-
natal testing in diabetic pregnancies to reduce the risk of 
stillbirth. An evaluation of growth every 3–4  weeks and 
weekly or twice weekly antenatal testing are common meth-
ods of surveillance.

19.8  �Labor Dystocia

Obesity may alter parturition signaling in the cervix and myo-
metrium. Obese women have longer labors, require more 
oxytocin, and are more likely to be diagnosed with failure to 
progress [19].

The Consortium on Safe Labor evaluated 228,668 deliver-
ies in 19 hospitals between 2002 and 2008. They found that 
labor progressed more slowly as BMI increased.

The time from 4 to 10 cm dilation in nulliparous women 
was 5.4 h for BMI < 25 and 7.7 h in patients with a BMI ≥ 40. 
In multiparous patients with a BMI < 25, the time was 4.6 h, 
and in those with a BMI ≥ 40, it took a mean of 5.4 h [20].

A prospective cohort study at the University of North 
Carolina in which prepregnancy BMI was used to stratify 
term nulliparous women into normal weight (BMI  <  26), 
overweight (BMI 26–29), and obese (BMI > 29) found that 
overweight and obese women, in comparison to normal 
weight women, received oxytocin more often and were more 
likely to be delivered by cesarean section, and if delivered by 
cesarean section, it was more likely to occur in the first stage 
of labor which was attributed either to fetal distress or labor 
dystocia. They also found that there was a longer duration of 
labor from 4 to 10 cm dilation [21].

19.9  �Cesarean Section

Obese women are at increased risk of delivery by cesar-
ean section. This may be due to difficulty monitoring the 
fetus during labor, difficulty of cervical examinations, or 
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physicians’ discomfort with the possibility of macrosomia 
or tissue dystocia. One study looking at more than 24,000 
primiparous women found a cesarean rate of 42.6% in 
women with a BMI ≥  35 compared to 14.3% in women 
with a BMI < 19.8 [22].

Cesarean delivery in obese women is associated with 
increased morbidity. In a study of the data in the Maternal-
Fetal Medicine Unit Cesarean Registry, obese (BMI 30–45) 
and extremely obese (BMI > 45) women were at increased 
risk of wound infection, wound opening, and hospital read-
mission for a wound-related cause [23]. In contrast, using the 
same data, there was no increased risk of intraoperative com-
plications [24]. Secondary analysis of the same data indicates 
that women with “super obesity” (BMI ≥ 50) are at increased 
risk of ICU admission after cesarean delivery [25].

A high BMI is directly correlated with a longer delivery to 
decision interval and failure of regional anesthesia in emer-
gency cesarean deliveries. In a study from Finland, failure of 
regional anesthesia during an emergency cesarean was 3.7% 
for BMI < 30, 6.8% for BMI 30–35, and 8.5% for BMI > 35 [26]. 
Failure was defined as postoperative complaint of pain during 
cesarean section, conversion to general anesthesia, or the 
requirement for placing new regional anesthesia in the OR. In 
this study delays in the decision to delivery interval were associ-
ated with anesthesia failures, and the mean time was 33 min in 
the BMI < 30 group and 38 min in the BMI > 35 group.

19.10  �Thromboembolism

Obese women are at increased risk of developing pulmonary 
embolism, and women who are either overweight or obese 
have an increased risk of recurrent venous thrombosis.

The National Institute for Health and Care Excellence 
(NICE) guidelines for postpartum care recommend that 
women with a BMI ≥ 30 should ambulate as soon as possible 
after delivery to reduce the risk. Women with a BMI ≥  40 
should be offered thromboprophylaxis.

Chapter 19.  Diabesity



242

19.11  �Prematurity

Obesity is associated with iatrogenic prematurity but not 
spontaneous preterm birth.

A retrospective study of 14,183 patients in which mother/
infant dyads were stratified based on BMI found that obese 
and morbidly obese women were more likely to deliver pre-
maturely, but when complications such as hypertension, dia-
betes, anemia, and smoking were controlled, the rate of 
prematurity was not increased [27].

Palatnik et al. found that women with a high BMI had a 
longer cervical length during the midtrimester than women at 
ideal weight and a corresponding reduced rate of spontane-
ous preterm birth [4].

19.12  �Induction of Labor

One of the most interesting findings is that obese women are 
less likely to experience spontaneous labor by 42  weeks. 
Denison found that at a BMI ≥ 35, the probability of sponta-
neous labor by 42 weeks was less than 50% [28]. Other stud-
ies have shown that women with a BMI > 30 were more likely 
to require postdates induction, and elevated BMI is a risk 
factor for induction of labor in nulliparous patients.

19.13  �Bariatric Surgery

Bariatric surgery is typically offered to patients with a 
BMI  ≥  35 who have significant comorbidities which may 
include cardiovascular compromise or poorly controlled dia-
betes. More than 80% of all patients undergoing bariatric 
surgery are female, and in 2004, one half of all procedures 
were performed in reproductive-aged women [2, 29].

Bariatric surgery procedures are usually described as fit-
ting into three categories: malabsorptive procedures that 
encourage weight loss by restricting absorption of nutrients, 
restrictive procedures that reduce the stomach capacity, and 
combined malabsorptive and restrictive procedures that 
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reduce the stomach capacity and the absorptive capacity. 
Malabsorptive procedures are less commonly used due to 
long-term complications. In the United States, the most com-
mon procedures are those that reduce the stomach capacity 
(e.g., sleeve gastrectomy or gastric banding).

After bariatric surgery the rate of unintended pregnancy is 
high. A number of factors are operative; there is improved fertil-
ity with weight loss and oral medications may be poorly absorbed.

Comparisons between women who became pregnant after 
bariatric surgery and obese women who had not had surgery 
show that gestational diabetes, hypertensive disease, and fetal 
macrosomia occurred significantly less often in women who 
had bariatric surgery. There was no difference in the rate of 
cesarean delivery, preterm delivery, and postpartum hemor-
rhage. Small for gestational age was more common in the 
bariatric surgery group [30, 31].

19.14  �Weight Gain During Pregnancy

Weight gain during pregnancy affects both the maternal and 
fetal health. Intra-pregnancy weight gain is associated with 
retention of weight postpartum and with fetal macrosomia. In 
a study of pregnant Danish women who were obese but not 
diabetic, a weight gain of 10–14.9 kg (22–32.8 lbs) was associ-
ated with increased development of hypertension, increased 
risk of induction of labor, and increased risk of cesarean 
delivery and of birthweight >4000  g [32]. The Institute of 
Medicine recommends that women with a BMI ≥ 30 should 
gain between 11 and 20 lbs (5–9.1 kg). In twin gestations this 
amount is increased to 25–42 lbs (11.3–19.1 kg) [33].

19.15  �Summary

Obesity during pregnancy is associated with a number of 
adverse pregnancy outcomes including gestational diabetes, 
thromboembolism, miscarriage, congenital anomalies, stillbirth, 
and dysfunctional labor. The most effective treatment is pre-
vention. Weight loss prior to pregnancy should be encouraged.

Chapter 19.  Diabesity



244

References

	 1.	 Kominiarek MA, Chauhan SP. Obesity before, during, and after 
pregnancy: a review and comparison of five National Guidelines. 
Am J Perinatol. 2016;33(5):433–41. doi:10.1055/s-0035-1567856.

	 2.	 American College of Obstetricians and Gynecologists. 
ACOG practice bulletin no. 105: bariatric surgery and preg-
nancy. Obstet Gynecol. 2009;113(6):1405–13. doi:10.1097/
AOG.0b013e3181ac0544.

	 3.	 Santangeli L, Sattar N, Huda SS. Impact of maternal obesity on 
perinatal and childhood outcomes. Best Pract Res Clin Obstet 
Gynaecol. 2015;29(3):438–48. doi:10.1016/j.bpobgyn.2014.10.009.

	 4.	 Palatnik A, Miller ES, Son M, Kominiarek MA.  Association 
among maternal obesity, cervical length, and preterm birth. Am 
J Perinatol. 2017;34(5):471–9. doi:10.1055/s-0036-1593350.

	 5.	 Liat S, Cabero L, Hod M, Yogev Y. Obesity in obstetrics. Best 
Pract Res Clin Obstet Gynaecol. 2015;29(1):79–90. doi:10.1016/j.
bpobgyn.2014.05.010.

	 6.	 Hales CN, Barker DJ.  Type 2 (non-insulin-dependent) diabe-
tes mellitus: the thrifty phenotype hypothesis. Diabetologia. 
1992;35(7):595–601.

	 7.	 Gaillard R, Felix JF, Duijts L, Jaddoe VW.  Childhood conse-
quences of maternal obesity and excessive weight gain during 
pregnancy. Acta Obstet Gynecol Scand. 2014;93(11):1085–9. 
doi:10.1111/aogs.12506.

	 8.	 Oken E.  Maternal and child obesity: the causal link. Obstet 
Gynecol Clin N Am. 2009;36(2):361–77, ix-x. doi:10.1016/j.
ogc.2009.03.007.

	 9.	 Sibai BM, Gordon T, Thom E, Caritis SN, Klebanoff M, McNellis 
D, Paul RH.  Risk factors for preeclampsia in healthy nul-
liparous women: a prospective multicenter study. The National 
Institute of Child Health and Human Development Network 
of Maternal-Fetal Medicine Units. Am J  Obstet Gynecol. 
1995;172(2 Pt 1):642–8.

	10.	Duckitt K, Harrington D.  Risk factors for pre-eclampsia at 
antenatal booking: systematic review of controlled studies. BMJ. 
2005;330(7491):565. doi:10.1136/bmj.38380.674340.E0.

	11.	O’Brien TE, Ray JG, Chan WS. Maternal body mass index and 
the risk of preeclampsia: a systematic overview. Epidemiology. 
2003;14(3):368–74.

	12.	Lashen H, Fear K, Sturdee DW.  Obesity is associated with 
increased risk of first trimester and recurrent miscarriage: 

L.E. Moore

https://doi.org/10.1055/s-0035-1567856
https://doi.org/10.1097/AOG.0b013e3181ac0544
https://doi.org/10.1097/AOG.0b013e3181ac0544
https://doi.org/10.1016/j.bpobgyn.2014.10.009
https://doi.org/10.1055/s-0036-1593350
https://doi.org/10.1016/j.bpobgyn.2014.05.010
https://doi.org/10.1016/j.bpobgyn.2014.05.010
https://doi.org/10.1111/aogs.12506
https://doi.org/10.1016/j.ogc.2009.03.007
https://doi.org/10.1016/j.ogc.2009.03.007
https://doi.org/10.1136/bmj.38380.674340.E0


245

matched case-control study. Hum Reprod. 2004;19(7):1644–6. 
doi:10.1093/humrep/deh277.

	13.	Boots C, Stephenson MD. Does obesity increase the risk of mis-
carriage in spontaneous conception: a systematic review. Semin 
Reprod Med. 2011;29(6):507–13. doi:10.1055/s-0031-1293204.

	14.	Metwally M, Saravelos SH, Ledger WL, Li TC. Body mass index 
and risk of miscarriage in women with recurrent miscarriage. Fertil 
Steril. 2010;94(1):290–5. doi:10.1016/j.fertnstert.2009.03.021.

	15.	Lim CC, Mahmood T.  Obesity in pregnancy. Best Pract Res 
Clin Obstet Gynaecol. 2015;29(3):309–19. doi:10.1016/j.
bpobgyn.2014.10.008.

	16.	Anderson JL, Waller DK, Canfield MA, Shaw GM, Watkins ML, 
Werler MM. Maternal obesity, gestational diabetes, and central 
nervous system birth defects. Epidemiology. 2005;16(1):87–92.

	17.	Hendler I, Blackwell SC, Bujold E, Treadwell MC, Mittal P, Sokol 
RJ, Sorokin Y.  Suboptimal second-trimester ultrasonographic 
visualization of the fetal heart in obese women: should we repeat 
the examination? J Ultrasound Med. 2005;24(9):1205–9.

	18.	Mathiesen ER, Ringholm L, Damm P. Stillbirth in diabetic preg-
nancies. Best Pract Res Clin Obstet Gynaecol. 2011;25(1):105–
11. doi:10.1016/j.bpobgyn.2010.11.001.

	19.	Carlson NS, Hernandez TL, Hurt KJ.  Parturition dysfunc-
tion in obesity: time to target the pathobiology. Reprod Biol 
Endocrinol. 2015;13:135. doi:10.1186/s12958-015-0129-6.

	20.	Kominiarek MA, Zhang J, Vanveldhuisen P, Troendle J, Beaver J, 
Hibbard JU. Contemporary labor patterns: the impact of mater-
nal body mass index. Am J  Obstet Gynecol. 2011;205(3):244 
e1–8. doi:10.1016/j.ajog.2011.06.014.

	21.	Vahratian A, Zhang J, Troendle JF, Savitz DA, Siega-Riz 
AM.  Maternal prepregnancy overweight and obesity and 
the pattern of labor progression in term nulliparous women. 
Obstet Gynecol. 2004;104(5 Pt 1):943–51. doi:10.1097/01.
AOG.0000142713.53197.91.

	22.	Dietz PM, Callaghan WM, Morrow B, Cogswell ME. Population-
based assessment of the risk of primary cesarean delivery due 
to excess prepregnancy weight among nulliparous women deliv-
ering term infants. Matern Child Health J.  2005;9(3):237–44. 
doi:10.1007/s10995-005-0003-9.

	23.	Smid MC, Kearney MS, Stamilio DM. Extreme obesity and post-
cesarean wound complications in the Maternal-Fetal Medicine 
Unit Cesarean Registry. Am J  Perinatol. 2015;32(14):1336–41. 
doi:10.1055/s-0035-1564883.

Chapter 19.  Diabesity

https://doi.org/10.1093/humrep/deh277
https://doi.org/10.1055/s-0031-1293204
https://doi.org/10.1016/j.fertnstert.2009.03.021
https://doi.org/10.1016/j.bpobgyn.2014.10.008
https://doi.org/10.1016/j.bpobgyn.2014.10.008
https://doi.org/10.1016/j.bpobgyn.2010.11.001
https://doi.org/10.1186/s12958-015-0129-6
https://doi.org/10.1016/j.ajog.2011.06.014
https://doi.org/10.1097/01.AOG.0000142713.53197.91
https://doi.org/10.1097/01.AOG.0000142713.53197.91
https://doi.org/10.1007/s10995-005-0003-9
https://doi.org/10.1055/s-0035-1564883


246

	24.	Smid MC, Vladutiu CJ, Dotters-Katz SK, Boggess KA, Manuck 
TA, Stamilio DM.  Maternal obesity and major intraoperative 
complications during cesarean delivery. Am J  Obstet Gynecol. 
2017; doi:10.1016/j.ajog.2017.02.011.

	25.	Smid MC, Dotters-Katz SK, Vaught AJ, Vladutiu CJ, Boggess 
KA, Stamilio DM. Maternal super obesity and risk for intensive 
care unit admission in the MFMU cesarean registry. Acta Obstet 
Gynecol Scand. 2017; doi:10.1111/aogs.13145.

	26.	Vaananen AJ, Kainu JP, Eriksson H, Lang M, Tekay A, Sarvela 
J.  Does obesity complicate regional anesthesia and result in 
longer decision to delivery time for emergency cesarean sec-
tion? Acta Anaesthesiol Scand. 2017;61(6):609–18. doi:10.1111/
aas.12891.

	27.	Aly H, Hammad T, Nada A, Mohamed M, Bathgate S, 
El-Mohandes A. Maternal obesity, associated complications and 
risk of prematurity. J Perinatol. 2010;30(7):447–51. doi:10.1038/
jp.2009.117.

	28.	Denison FC, Price J, Graham C, Wild S, Liston WA.  Maternal 
obesity, length of gestation, risk of postdates pregnancy and 
spontaneous onset of labour at term. BJOG. 2008;115(6):720–5. 
doi:10.1111/j.1471-0528.2008.01694.x.

	29.	Carreau AM, Nadeau M, Marceau S, Marceau P, Weisnagel 
SJ.  Pregnancy after bariatric surgery: balancing risks and ben-
efits. Can J Diabetes. 2017; doi:10.1016/j.jcjd.2016.09.005.

	30.	Yi XY, Li QF, Zhang J, Wang ZH. A meta-analysis of mater-
nal and fetal outcomes of pregnancy after bariatric sur-
gery. Int J  Gynaecol Obstet. 2015;130(1):3–9. doi:10.1016/j.
ijgo.2015.01.011.

	31.	Johansson K, Cnattingius S, Naslund I, Roos N, Trolle Lagerros 
Y, Granath F, Stephansson O, Neovius M.  Outcomes of preg-
nancy after bariatric surgery. N Engl J Med. 2015;372(9):814–24. 
doi:10.1056/NEJMoa1405789.

	32.	Simmons D.  Diabetes and obesity in pregnancy. Best Pract 
Res Clin Obstet Gynaecol. 2011;25(1):25–36. doi:10.1016/j.
bpobgyn.2010.10.006.

	33.	American College of Obstetricians and Gynecologists. ACOG 
Committee opinion no. 548: weight gain during pregnancy. 
Obstet Gynecol. 2013;121(1):210–2. doi:10.1097/01.AOG.000042
5668.87506.4c.

L.E. Moore

https://doi.org/10.1016/j.ajog.2017.02.011
https://doi.org/10.1111/aogs.13145
https://doi.org/10.1111/aas.12891
https://doi.org/10.1111/aas.12891
https://doi.org/10.1038/jp.2009.117
https://doi.org/10.1038/jp.2009.117
https://doi.org/10.1111/j.1471-0528.2008.01694.x
https://doi.org/10.1016/j.jcjd.2016.09.005
https://doi.org/10.1016/j.ijgo.2015.01.011
https://doi.org/10.1016/j.ijgo.2015.01.011
https://doi.org/10.1056/NEJMoa1405789
https://doi.org/10.1016/j.bpobgyn.2010.10.006
https://doi.org/10.1016/j.bpobgyn.2010.10.006
https://doi.org/10.1097/01.AOG.0000425668.87506.4c
https://doi.org/10.1097/01.AOG.0000425668.87506.4c


247© Springer International Publishing AG 2018
L.E. Moore (ed.), Diabetes in Pregnancy,  
https://doi.org/10.1007/978-3-319-65518-5

Index

A
Acarbose, 41, 43, 103, 108
Acute maternal ketoacidosis, 186
Adiponectin, 4
Afrezza, 94
Amniotic fluid index (AFI), 64, 180
Aneuploidy, serum screening for, 

65–66
Angiotensin converting enzyme 

inhibitors (ACEI), 21
Angiotensin receptor blockers 

(ARBs), 21
Antepartum testing

antenatal testing methods
BPP, 193–195
CST, 191–192
fetal kick counts, 190–191
NST, 192–193

biochemical screening, 189
biophysical screening, 189
clinical management 

protocals, 200–202
diabetic pregnancy, historical 

outcome of, 184–186
fetal Doppler, 196
stillbirths

pathophysiology of, 186–188
timing of, 188

surveillance, efficacy of, 
198–200

Apidra. See Glulisine
Aspart, 94–95

B
Bariatric surgery,  

20, 242
Basaglar, 96–97
Basal insulin, 113, 114
β-cell dysfunction, 38
Bilateral renal agenesis,  

172, 174, 175
Biophysical profiles (BPP),  

179, 193
Bolus insulin, 52, 113,  

115, 116, 118
Buddha pose, 172
Bydureon, 100
Byetta, 100

C
Carbohydrate, 29, 30,  

52, 72, 75, 83,  
84, 118, 214, 238

Cardiovascular disease, 14, 23
Caudal regression  

syndrome. See  
Sacral agenesis

Centers for Disease Control  
and Prevention  
(CDC) guidelines,  
210, 236

Cesarean delivery, 20, 134, 
138–140, 241, 243

Chronic hypertension, 20, 22

https://doi.org/10.1007/978-3-319-65518-5


248

Coitus-related and barrier 
methods, 220–224

Combined hormonal 
contraception (CHC)

contraindications of, 218
forms and route of, 219
generation of, 217
high rate of, 217

Combined oral contraceptives 
(COCs), 212–214, 219

Comorbidities, 18–21, 141, 242
Congenital anomalies, 15, 239
Congenital heart defects  

(CHD), 167
Continuous subcutaneous insulin 

infusion (CSII). See 
Insulin pump

Contraception, 141
coitus-related and barrier 

methods, 220
counseling, 210, 211
diabetic women, 211–214
emergency, 225–226
female sterilization, 224
hormonal

adverse effects, 217
CHC, 217–219
COC, 219
etonogestrel, 220
injection, 220
norelgestromin, 219
progesterone-only 

methods, 216
LARC, 214

Contraction stress test  
(CST), 191

Cortisol, 4

D
Degludec

breastfeeding, 95–96
precautions, 96
pregnancy, 95

Detemir, 96
Diabesity

bariatric surgery, 242–243
cesarean section, 240–241
congenital anomalies, 239
gestational diabetes, 238
high-fat maternal diet, 237
hypertension, 237–238
incidence, 235–236
induction of labor, 242
labor dystocia, 240
miscarriages, 238–239
prematurity, 242
stillbirth, 239
thrifty phenotype  

hypothesis, 236
thromboembolism, 241
weight gain during  

pregnancy, 243
Diabetic diet

carbohydrate, 83–85
concurrent therapy, 84–85
fat, 83
hypoglycemia, treatment of, 

85
MNT, 82
nutrition guidelines, 82
protein, 83

Diabetic embryopathy, 21
free oxygen radicals, 9
yolk sac theory, 8

Diabetic ketoacidosis (DKA), 22, 
123, 127, 128

clinical presentation, 129
delivery, 134
diagnosis, 130
fetal consequences, 133–134
management, 132–133
precipitants of, 130–131
preterm labor, treatment of, 

134
risk of, 128–129

Diabetic vasculopathy, 186
DKA. See Diabetic ketoacidosis 

(DKA)
Doppler velocimetry,  

196–198, 200
Dulaglutide, 99

Index



249

E
Emergency contraception, 

225–226
Epigenetic programming, 22
Epigenetics, 12–13
Erythropoietin (EPO),  

187, 189
Etonogestrel, 214, 220
Euglycemia, 32, 41,  

70, 85, 113, 138
Exenatide, 100

F
Fasting plasma glucose  

(FPG), 47, 48
Female sterilization,  

224–225
Fetal demise, 21, 184
Fetal heart rate (FHR), 192
Fetal hypoxemia, 185,  

188–191
Fetal hypoxia, 186–190
Fetal macrosomia

adverse outcimes, 143–145
birth weight, 144, 175
causes, 148–149
definition, 143
diagnosis of

diabetic pregnancies, 146
nondiabetic pregnancies, 

147–148
labor, induction for

diabetic pregnancies, 
154–156

nondiabetic pregnancies, 
153–154

maternal diabetes, 9
mode of delivery, 156–157
preconception counseling, 21
prevention of, 150–152
risk factors, 145, 149, 150
standard vs. custom growth 

curves, 145–146
Folic acid supplementation, 19
Free oxygen radicals, 9

G
Gestational diabetes mellitus 

(GDM), 2, 185, 200
acarbose, 108
ACOG, 147
on birth weight, 150
blood glucose  

monitoring, 139
BPP, 195
contraception, 210
definition, 70
diabesity, 238
diet, 138
Doppler screening, 197
exercise, 138, 152
HAPO study, 46
lifestyle interventions, 151
management, 51–52
maternal hyperglycemia, 198
medication, 53
metformin, 107
parental care

antenatal testing, 64
delivery, 66
postpartum, 66

postprandial, 52
preprandial, 52–53
screening, 50

ADA, 47
blood glucose, 47
Carpenter values, 47
Coustan values, 47
NDDG values, 47
one-step tesing, 51
two-step tesing, 50–51
universal vs targeted 

screening, 49
WHO recommendation, 48

type 2 diabetes,  
risk of, 46

Glargine, 33, 34, 96
GLP-1, 99
Glucose transporter 1  

(GLUT1), 4
Glucose transporter 4  

(GLUT4), 3

Index



250

Glucovance, 107–108
Glulisine, 97
Glyburide, 20, 41, 103–106, 108
Glycemic control, 20

H
Hemoglobin A1C (HA1C), 18, 

19, 41, 164, 165
Hormonal contraception, 212, 219

adverse effects, 217
CHCs

contraindications of, 218
forms and route of, 219
generation of, 217
high rate of, 217

COC, 219
etonogestrel, 220
injection, 220
norelgestromin, 219
progesterone-only methods, 

216
Humalog. See Lispro
Human placental growth 

hormone (hPGH), 4
Human placental lactogen 

(HPL), 4
Hyperbilirubinemia, 11, 22, 104
Hyperglycemia, 38, 53, 89

current weight and 
gestational age, 89

fasting, 90
free oxygen radicals, 9
initiation of insulin, 90
insulin pump management, 

123
obesity, 13
patient education, 75
postprandial, 90
postprandial levels, 62
preconception counseling, 19
preprandial glucose, 63

Hyperglycemia and Adverse 
Pregnancy Outcomes 
(HAPO) study, 46

Hyperinsulinemia, 237

Hyperlipidemia, 20
Hyperthyroidism, 21
Hypocalcemia, 11, 22
Hypoglycemia, 32, 91

diabetic diet, 85
episodes of, 115
insulin pump management, 123
neonatal complications, 11
patient education, 74

Hypothyroidism, 21
Hypoxia-inducible factor 1 

(HIF-1), 8

I
Impaired fasting glucose  

(IFG), 40
Impaired glucose tolerance 

(IGT), 40, 43
Indomethacin, 134
Intrapartum management, 

139–140
Insulin

Afrezza, 94
Aspart, 94–95
degludec, 95–96
delivery systems, 73
detemir, 96
dulaglutide, 99
duration, 88
Exenatide, 100
glargine, 96–97
glulisine, 97
hypertension, 237
infusion, preparation for, 139
initiation of

fasting hyperglycemia, 90
gestational age, 89
methods, 89–90
non-insulin injectables, 

91–93
postprandial 

hyperglycemia, 90–91
quick-start method, 89–90
total daily doses, 89

labor, 138–140

Index



251

liraglutide, 100
lispro, 97–99
onset, 88
peak, 88
proinsulin, 88
resistance

IRS-1 protein, 3
placenta, role of, 3–5

storage and care, 73, 88
strength, 88
structure of, 87
syringes, 73
T2D, 38
therapy

basal, 33
diet, 151
glargine, NPH to, 34
intermediate-acting, 33
rapid-acting, 33
regular and NPH, 32

Insulin correction factor (ICF), 
116, 117, 120

Insulin pump
basal insulin, 113–115
basal rate adjustment, 

118–119
benefits, 112
bolus insulin, 113
breastfeeding, 122
complications, 112
criteria for patients, 112
during labor, 120–121
general safety measures,  

125
hypoglycemia, 123–124
ICF adjustment, 120
ICR adjustment,  

119–120
illness/sick days, 124–125
indications for, 111
infusion site, 120–121
patients education and 

training, 122
patients safety, 122, 123
premeal insulin, 116–118
temporary basal rate, 119

total daily dose, 113–114
Insulin sensitivity factor. See 

Insulin correction 
factor (ICF)

Insulinitis, 27
Insulin-to-carbohydrate ratio 

(ICR), 116–119
Intrauterine fetal demise 

(IUFD), 179
Intrauterine fetal growth 

restriction (IUGR), 
176, 177, 199

In utero programming
cardiovascular disease, 14
DNA methylation, 13
epigenetics, 12
neurologic development, 14
obesity, 13
psychological  

development, 14
type 2 diabetes, 13

L
Labor dystocia, 240
Lactational amenorrhea method 

(LAM), 224
Lantus. See Glargine
Large for gestational age  

(LGA), 11
Leptin, 4
Levemir, 34, 96
Levonorgestrel IUD (LNG-

IUD), 212
Levonorgestrel-releasing 

intrauterine system 
(LNG-IUS), 214

Liraglutide, 100
Lispro

breastfeeding, 98, 99
GLP-1, 99
pregnancy, 98

Long-acting reversible 
contraceptive (LARC) 
method, 214–216

Lying down adrenal sign, 173

Index



252

M
Macrosomia. See Fetal 

macrosomia
Maternal diabetes

diabetic embryopathy
free oxygen radicals, 9
yolk sac theory, 8–9

neonatal complications
hyperbilirubinemia, 11
hypocalcemia, 11
hypoglycemia, 11
macrosomia, 9
RDS, 9
shoulder dystocia, 12
stillbirth, 12

in utero programming, 12
cardiovascular disease, 14
DNA methylation, 13
epigenetics, 12
neurologic development, 

14
obesity, 13
psychological 

development, 14
type 2 diabetes, 13

Maternal hyperglycemia, 8, 11, 
164, 187, 194, 195, 198

Maternal serum alpha-
fetoprotein (MSAFP), 
66, 169

Medical nutrition therapy 
(MNT), 82

Metformin, 20, 43, 103, 106
Metformin in Gestational 

Diabetes (MiG) trial, 
107

Modified biophysical profile 
(BPP), 64

N
National Diabetes Data Group 

(NDDG), 47
Neonatal complications

hyperbilirubinemia, 11
hypocalcemia, 11
hypoglycemia, 11

macrosomia, 9
RDS, 9
shoulder dystocia, 12
stillbirth, 12

Neonatal hyperinsulinemia, 9
Nephropathy, 211
Neural tube defects, 169
Nexplanon, 214
Nifedipine, 134
Nonhormonal contraception, 213
Nonstress testing (NST), 64, 179, 

180, 192, 194
Norelgestromin, 219
NovoLog. See Aspart
Nuchal translucency (NT), 165

O
Obesity, 13, 20, 22, 77, 150, 

236–238, 240, 242, 243
Obesity-related abnormal 

uterine bleeding 
(AUB-O), 214

Oral glucose tolerance test 
(OGTT), 48

Oral hypoglycemic agents, 104
acarbose, 103, 108
glucovance, 107
glyburide, 103–106
metformin, 103, 106, 107

P
Patient education, 69

acute complications
hyperglycemia, 75–76
hypoglycemia, 74–75

blood glucose level 
monitoring, 73–74

breastfeeding, 77
community resources, 77
diabetes

baby, risk to, 70
chronic complications, 71
definition, 70
mother, risk to, 70

exercise, 72

Index



253

foot care, 76
hygiene, 76
medication, 72–73
nutrition, 72
postpartum, 78
psychological adjustment, 71
sick days, 76

Pedersen hypothesis, 187
Perinatal mortality and 

morbidity index 
(PMMI), 144

Periodic abstinence method, 222
PGD. See Pregestational diabetes 

(PGD)
Polyhydramnios, 177, 178, 195
Postpartum management, 

140–141
Preconception counseling

bariatric surgery, 20
blood glucose, 19
comorbidities, management 

of, 20–21
contraception, 19
evaluation, 18–19
fetus, risks to, 21–22
folic acid supplementation, 19
HA1C, 19
neonate, risk to, 21
patients, risk to, 22
pregnancy planning, 19
weight loss, 20

Pregestational diabetes (PGD), 
164, 166, 185, 186, 200

CHD, 167, 169
diabetic vasculopathy, 186
Doppler velocimetry, 198
NT, 165
polyhydramnios, 177

Prematurity, 242
Prenatal care

aneuploidy, serum screening 
for, 65–66

antenatal testing, 64
blood glucose, daily self-

monitering, 62–63
delivery, 66
laboratory evaluation, 64–65

postpartum, 66
ultrasound evaluation, 63

Progesterone, 4
Progestin-only pills (POPs), 219
Protein, 83–84

R
Renal dysfunction, 21
Respiratory distress syndrome 

(RDS), 9
Retinopathy, 22, 211

S
Sacral agenesis, 170–173
Saxenda, 100
Shoulder dystocia, 12

T
Tailor’s posture, 172
Teratogen, 8
Thrifty phenotype hypothesis, 

236
Thromboembolism, 241
Toujeo, 96
Tresiba. See Degludec
Trulicity. See Dulaglutide
Tumor necrosis factor-α  

(TNF-α), 5
Type 1 diabetes (T1D)

blood glucose monitoring, 139
chronic hypertension, 20
COC, 213
definition, 70
diagnosis, 28
diet, 31
epidemiology, 26
genetics, 26–27
insulin therapy, 31, 32

basal, 33
glargine, NPH to, 34
intermediate-acting, 33
rapid-acting, 32–34
regular and NPH, 32

LNG-IUS, 214

Index



254

Type 1 diabetes (T1D) (cont.)
parental care

antenatal testing, 64
delivery, 66
dental abscesses, 65
foot examination, 65
postpartum, 66

pathophysiology, 27
pregnancy

managemant in, 28–29
risk of, 17

pro-BNP and troponin T, 187
450/500 rule, 30
1500/1800 rule, 30
2.6 rule, 30

Type 2 diabetes (T2D), 2
blood glucose  

monitering, 139
chronic hypertension, 20
contraception, 211
definition, 70
diabesity, 236
diagnosis, 40
epidemiology, 38
GDM, 46
genetics/heredity, 39
hyperlipidemia, 20
parental care

delivery, 66
dental abscesses, 65
foot examination, 65
postpartum, 66

pathophysiology, 38–39
postpartum  

management, 141
prediabetes, 40
pregnancy

management  
in, 40–41

risk of, 17
prevention

breastfeeding, 42
lifestyle modification, 42
medications, 42

risk of, 38
stillbirth, 12
in utero programming, 13

U
Ultrasound evaluation

congenital heart defects, 
167–169

fetal well-being assessment, 
179–180

first trimester, 165–166
follow-up, fetal growth, 

175–177
neural tube defects, 167–175
polyhydramnios, 177, 178
second trimester, 166

Umbilical artery Doppler 
velocimetry, 178

United States Preventive 
Services Task Force 
(USPSTF), 49

V
Vascular endothelial growth 

factor (VEGF), 9
Venous thromboembolism 

(VTE), 213, 217
Ventriculomegaly, 170
Vibroacoustic stimulation (VAS), 

193
Victoza. See Liraglutide
VTE. See Venous 

thromboembolism 
(VTE)

W
White classification, 185

Y
Yolk sac theory, 8

Index


	Contents
	About the Editor
	List of Contributors
	Chapter 1: Pathophysiology of Insulin Resistance
	1.1 Introduction
	1.2 Insulin Resistance
	1.3 The Role of the Placenta
	1.4 Summary
	References

	Chapter 2: Fetal and Neonatal Consequences of Maternal Diabetes
	2.1 Diabetic Embryopathy
	2.1.1 Yolk Sac Theory
	2.1.2 Oxygen Free Radicals

	2.2 Neonatal Complications of Diabetes
	2.2.1 Lung Function (RDS)
	2.2.2 Macrosomia
	2.2.3 Hypoglycemia
	2.2.4 Hypocalcemia
	2.2.5 Hyperbilirubinemia
	2.2.6 Shoulder Dystocia
	2.2.7 Stillbirth

	2.3 In Utero Programming
	2.3.1 Obesity
	2.3.2 Type 2 Diabetes
	2.3.3 Neurological and Psychological Development
	2.3.4 Cardiovascular Disease

	2.4 Summary
	References

	Chapter 3: Preconception Counseling
	3.1 Introduction
	3.1.1 Preconception Evaluation
	3.1.2 Pregnancy Planning and Contraception
	3.1.3 Target Blood Glucose and HA1C
	3.1.4 Folic Acid Supplementation
	3.1.5 Weight Loss
	3.1.6 Bariatric Surgery
	3.1.7 Management of Comorbidities/Medications
	3.1.8 Risks to the Fetus and Neonate
	3.1.9 Risks to the Patient

	3.2 Summary
	References

	Chapter 4: Type 1 Diabetes
	4.1 Introduction
	4.2 Epidemiology
	4.3 Genetics
	4.4 Pathophysiology
	4.5 Diagnosis
	4.6 Management in Pregnancy
	4.6.1 1500/1800 Rule
	4.6.2 450/500 or 2.6 Rule

	4.7 Diet
	4.8 Insulin Therapy
	4.8.1 Method 1: Regular Insulin and NPH
	4.8.2 Method 2: Rapid-Acting Insulin and Intermediate Insulin at Bedtime
	4.8.3 Method 3: Rapid-Acting Insulin and a Basal Insulin
	4.8.4 To Switch from NPH to Glargine

	4.9 Summary
	4.10 Additional Information
	References

	Chapter 5: Type 2 Diabetes
	5.1 Introduction
	5.2 Epidemiology
	5.3 Pathophysiology
	5.4 Genetics/Heredity
	5.5 Diagnosis of T2D
	5.6 Prediabetes
	5.7 Management in Pregnancy
	5.8 Prevention
	5.8.1 Breastfeeding
	5.8.2 Lifestyle Modification
	5.8.3 Medication

	5.9 Summary
	References

	Chapter 6: Screening, Diagnosis, and Management of Gestational Diabetes
	6.1 Introduction
	6.2 Why Should We Screen for GDM
	6.3 Screening/Diagnosis of GDM
	6.4 Who to Screen for GDM
	6.5 When to Screen for GDM
	6.6 How to Screen for GDM
	6.6.1 Two-Step Testing
	6.6.2 One-Step Testing

	6.7 Management
	6.8 Is There a Difference in Checking Preprandial or Postprandial?
	6.9 Medication
	6.10 Summary
	References

	Chapter 7: Prenatal Care for the Pregnant Diabetic Patient
	7.1 Introduction
	7.2 Daily Self-Monitoring of Blood Glucose
	7.3 Ultrasound Evaluation
	7.4 Antenatal Testing
	7.5 Laboratory Evaluation
	7.6 Serum Screening for Aneuploidy
	7.7 Delivery
	7.8 Postpartum
	References

	Chapter 8: Patient Education
	8.1 Introduction
	8.2 General Information on Diabetes
	8.3 Psychological Adjustment
	8.4 Nutrition
	8.5 Exercise
	8.6 Medication
	8.7 Monitoring Blood Glucose Levels
	8.8 Acute Complications
	8.8.1 Hypoglycemia

	8.9 Hyperglycemia
	8.10 Sick Days
	8.11 Hygiene
	8.12 Foot Care
	8.13 Breastfeeding
	8.14 Community Resources
	8.15 Postpartum
	8.16 Summary
	References

	Chapter 9: The Diabetic Diet
	9.1 Introduction
	9.2 General Nutrition Guidelines
	9.3 Medical Nutrition Therapy (MNT)
	9.4 Carbohydrate
	9.5 Protein and Fat
	9.6 Carbohydrate Budget
	9.7 Criteria to Begin Concurrent Therapy
	9.8 Treatment of Hypoglycemia (Rule of 15)
	References

	Chapter 10: Insulin
	10.1 Introduction
	10.2 Descriptive Qualities of Insulin
	10.3 Storage of Insulin
	10.4 Initiation of Insulin
	10.4.1 Quick-Start Method #1
	10.4.2 Method #2
	10.4.3 Fasting Hyperglycemia
	10.4.4 Postprandial Hyperglycemia
	10.4.5 Hypoglycemia (≤60 mg/dl)
	10.4.6 A Few Key Points
	10.4.7 Alphabetized List of Selected Insulins and Injectables

	10.5 Afrezza: Recombinant (E. coli) Inhaled Regular Insulin Delivered by Nebulizer
	10.5.1 Pregnancy
	10.5.2 Precautions

	10.6 Aspart (NovoLog): Recombinant (Baker’s Yeast), Homologous to Human Insulin Except a Single Amino Acid
	10.6.1 Pregnancy
	10.6.2 Breastfeeding

	10.7 Degludec (Tresiba) Recombinant (Baker’s Yeast)
	10.7.1 Pregnancy
	10.7.2 Breastfeeding
	10.7.3 Precautions

	10.8 Detemir (Levemir) Recombinant (Baker’s Yeast) Clear
	10.8.1 Pregnancy
	10.8.2 Breastfeeding

	10.9 Glargine (Lantus, Basaglar, Toujeo): Recombinant (E. coli) Lantus Is a Clear Long-Acting Insulin
	10.9.1 Pregnancy
	10.9.2 Breastfeeding
	10.9.3 Precautions

	10.10 Glulisine (Apidra): Recombinant (E. coli), Equipotent to Human Insulin with Quicker Onset and Shorter Duration
	10.10.1 Pregnancy
	10.10.2 Breastfeeding

	10.11 Lispro (Humalog) Recombinant (E. coli)
	10.11.1 Pregnancy
	10.11.2 Breastfeeding
	10.11.3 Pregnancy
	10.11.4 Breastfeeding
	10.11.5 Pregnancy
	10.11.6 Breastfeeding
	10.11.7 Non-insulin Injectables

	10.12 Dulaglutide (Trulicity)
	10.12.1 Pregnancy
	10.12.2 Breastfeeding

	10.13 Exenatide (Byetta, Bydureon, Saxenda)
	10.13.1 Pregnancy
	10.13.2 Breastfeeding

	10.14 Liraglutide (Victoza)
	10.14.1 Pregnancy
	10.14.2 Breastfeeding

	10.15 Summary
	References

	Chapter 11: Oral Hypoglycemic Agents
	11.1 Introduction
	11.2 Glyburide
	11.3 Metformin
	11.4 Glucovance
	11.5 Acarbose
	11.6 Summary
	References

	Chapter 12: Basic Insulin Pump Management
	12.1 Introduction
	12.2 Pump Basics
	12.2.1 Pump TDD
	12.2.2 Basal Insulin
	12.2.3 Premeal Bolus Insulin

	12.3 The Insulin Correction Factor
	12.4 Adjusting Pump Settings
	12.4.1 Adjusting the Basal Rate(s)
	12.4.2 Temporary Basal Rate
	12.4.3 Adjust the Insulin-to-Carbohydrate Ratio (ICR)
	12.4.4 Adjusting the Insulin Correction Factor (ICF)

	12.5 Insulin Infusion Sites
	12.6 Insulin Pump During Labor
	12.7 Insulin Pump and Breastfeeding
	12.8 Patient Education and Training for the Insulin Pump
	12.9 Patient Safety
	12.9.1 Hyperglycemia
	12.9.2 Hypoglycemia
	12.9.3 Illness/Sick Days
	12.9.4 General Safety Measures

	12.10 Summary
	References

	Chapter 13: Diabetic Ketoacidosis
	13.1 Pathophysiology
	13.2 How Does Pregnancy Increase the Risk of DKA?
	13.3 Clinical Presentation
	13.4 Diagnosis
	13.5 Common Precipitants of DKA During Pregnancy
	13.6 Management
	13.7 Fetal Consequences
	13.8 Treatment of Preterm Labor
	13.9 When to Deliver
	13.10 Summary
	References

	Chapter 14: Intrapartum and Postpartum Management of Diabetes
	14.1 Introduction
	14.2 Pre-Delivery Planning
	14.3 Intrapartum Management
	14.4 Postpartum Management
	14.5 Summary
	References

	Chapter 15: Fetal Macrosomia
	15.1 Definitions and Adverse Outcomes
	15.2 Standard Versus Custom Growth Curves
	15.3 Diagnosis of Macrosomia
	15.3.1 Diabetic Pregnancies
	15.3.2 Nondiabetic Pregnancies

	15.4 Causes
	15.5 Risk Factors
	15.6 Prevention of Macrosomia
	15.7 Induction of Labor for Suspected Macrosomia in Nondiabetic Pregnancies
	15.8 Induction of Labor for Macrosomia in Diabetic Pregnancies
	15.9 Mode of Delivery
	15.10 Summary
	References

	Chapter 16: The Ultrasound Evaluation of the Diabetic Pregnancy
	16.1 Introduction
	16.2 First Trimester Ultrasound
	16.3 Second Trimester Ultrasound
	16.4 Screening for Congenital Heart Defects
	16.5 Screening for Neural Tube Defects
	16.6 Follow-Up Ultrasounds Assessing Fetal Growth
	16.7 Polyhydramnios
	16.8 Assessment of Fetal Well-Being
	16.9 Summary
	References

	Chapter 17: Antepartum Testing
	17.1 Introduction
	17.2 Historical Outcomes of Diabetic Pregnancy
	17.3 Pathophysiology of Stillbirth
	17.4 Timing of Stillbirths
	17.5 Biochemical Screening
	17.6 Biophysical Screening
	17.7 Antenatal Testing Methods
	17.7.1 Fetal Kick Counts
	17.7.2 Contraction Stress Testing (CST)
	17.7.3 Nonstress Testing (NST)
	17.7.4 Biophysical Profile (BPP)

	17.8 Fetal Doppler
	17.9 Efficacy of Antepartum Fetal Surveillance
	17.10 Clinical Management Protocols
	17.11 Summary
	References

	Chapter 18: Contraception for Women with Diabetes
	18.1 Introduction
	18.2 Considerations for Women with Diabetes Mellitus
	18.3 Long-Acting Reversible Contraceptive (LARC) Methods
	18.4 Hormonal Contraception
	18.5 Coitus-Related and Barrier Methods
	18.6 Female Sterilization
	18.7 Emergency Contraception
	18.8 Conclusion
	18.9 Future of Male Contraception
	References

	Chapter 19: Diabesity
	19.1 Introduction
	19.2 Is there a Link Between Maternal Obesity and Childhood Obesity?
	19.3 Hypertensive Disease
	19.4 Gestational Diabetes
	19.5 Miscarriage
	19.6 Congenital Anomalies
	19.7 Stillbirth
	19.8 Labor Dystocia
	19.9 Cesarean Section
	19.10 Thromboembolism
	19.11 Prematurity
	19.12 Induction of Labor
	19.13 Bariatric Surgery
	19.14 Weight Gain During Pregnancy
	19.15 Summary
	References

	Index



