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Foreword

Consulting Editor

Diabetes mellitus represents one of the most challenging medical compli-
cations during pregnancy. This issue of the Obstetrics and Gynecology
Clinics of North America, edited by Deborah Conway, MD, provides an
overview of current understandings and management guidelines about dia-
betes during pregnancy. Because few well-designed studies are performed
during pregnancy, many of the guidelines described here are based on expert
and consensus opinions by this very qualified group of authors.

Approximately 90% of diabetes cases encountered during pregnancy are
gestational-onset. Gestational diabetes is one of the most common clinical
conditions facing obstetricians and their patients. Its reported prevalence
in the United States ranges from 1% to 14%, with 2% to 5% being the most
common figure during pregnancy. Gestational implies that this carbohydrate
intolerance disorder is induced by pregnancy, perhaps from exaggerated
physiologic changes in glucose metabolism. An alternative explanation is
that gestational diabetes is maturity-onset or type 2 diabetes unmasked or
discovered during pregnancy. More than half of women with gestational di-
abetes ultimately develop overt type 2 diabetes in the ensuing 20 years, and
there is mounting evidence for long-range complications that include obesity
and diabetes among their offspring.

More than 8 million women in the United States have pregestational dia-
betes mellitus, and it is observed in 1% of all pregnancies. Pregestational di-
abetes is classified as to whether insulin is required (type 1) or not required
(type 2) to avoid ketoacidosis. The rapidly increasing incidence of type 2 pre-
gestational diabetes mellitus is caused, in part, by an increased prevalence of
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obesity. Unlike gestational diabetes, overt diabetes has a more clearly signif-
icant impact on pregnancy outcome. The embryo, as well as the fetus and
mother, can experience serious complications directly from diabetes. The
likelihood of successful pregnancy outcomes are related somewhat to the de-
gree of glucose control, but more importantly to the intensity of any under-
lying maternal cardiovascular or renal disease.

The distinguished authors assembled in this issue bring their expertise to
promote diabetes self-management, describe intrapartum considerations for
safe delivery, and educate about health care considerations beyond preg-
nancy. Management of diabetic problems involves the following compo-
nents: (1) new treatment and monitoring modalities, (2) efficacy and safety
of insulin analogues and oral hypoglycemic medications, (3) preventing or
detecting excess fetal growth, and (4) reducing adverse events with delivery.
These interventions are multifaceted for the highest quality of care to be de-
livered by the obstetrician-gynecologist.
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Preface

Guest Editor

The basic and clinical science of diabetes mellitus is making rapid strides
toward improved understanding, care, and cure. Many of these advances af-
fect our management of the pregnant woman with diabetes, but as busy care
providers, we are hard-pressed to keep up with these changes. As conscien-
tious medical practitioners, we often wonder if the latest news from the
world of diabetes research can be safely and effectively applied in the setting
of pregnancy. How can we augment the core principles we espousedpromo-
tion of diabetes self-management, normalization of blood glucose levels,
a safe delivery for the mother and the infant, and patient education about
future risks to the woman with diabetes and her offspringdwith new infor-
mation that benefits our patients?

The authors who have contributed to this issue of the Obstetrics & Gyne-
cology Clinics of North America have some answers to that question. We
start out with a broad view provided by Hunt and Schuller, looking at
the increasing prevalence of diabetes in pregnancy. The impact of this in-
creasing prevalence is made more urgent by the review by Nathanielsz,
Poston, and Taylor describing the effects on long-term health of being
exposed to diabetes and obesity in utero. Richardson and Carpenter explain
the emerging evidence connecting diabetes with inflammation, mediators of
which can have far-reaching adverse health effects. These are emerging
topics that will frame how we think about and take care of diabetes in the
future, from basic science to public health policy.

Moving into clinical care, the importance of excellent periconceptional
diabetes management is described by Leguizamón, Igarzabal, and Reece.
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The use of new treatment and monitoring modalities are discussed by Drs.
Yogev and Hod, and the safety and efficacy of oral anti-diabetic agents and
insulin analogs in pregnancy are discussed by Langer and Singh and Jova-
novic, respectively. The most-feared complication of diabetes in pregnancy,
the occurrence of stillbirth, is explored by Dudley. Strategies for the preven-
tion and detection of the most frequent complication of diabetes in preg-
nancy, excessive fetal growth, are reviewed by Campaigne and Conway,
and Hawkins and Casey provide an evidence-based approach to managing
labor and delivery in women with diabetes. Finally, because women spend
much more of their lives not pregnant, we conclude with an essential review
by Kjos of the postnatal care of these women, focusing on the high lifetime
risk of type 2 diabetes in women with gestational diabetes, and how to mod-
ify this risk. Keeping this in focus benefits not only these women, but their
current and future offspring as well.

I am profoundly grateful to the dedicated and gifted individuals who
have contributed to this issue. Each article was provided by true leaders
in their respective topics, and I very much appreciate their willingness, even
eagerness, to participatedthough it came as no surprise to me, because their
dedication to the highest quality care of pregnant women with diabetes has
been inspiring my efforts for many, many years.
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University of Texas Health Science CenterdSan Antonio

7703 Floyd Curl Drive
San Antonio, TX 78229, USA

E-mail address: conway@uthscsa.edu

mailto:conway@uthscsa.edu


Obstet Gynecol Clin N Am

34 (2007) 173–199
The Increasing Prevalence of Diabetes
in Pregnancy

Kelly J. Hunt, PhD*, Kelly L. Schuller, PhD
Department of Biostatistics, Bioinformatics and Epidemiology,
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As the incidence of diabetes continues to rise and increasingly affects in-
dividuals of all ages including young adults and children, women of child-
bearing age are at increased risk of diabetes during pregnancy [1–7]. The
lifetime risk of diabetes among the cohort of individuals born in the United
States in 2000 was estimated to be 33% in males and 39% in females, based
on information obtained from the National Health and Nutrition Examina-
tion Surveys (NHANES) conducted 1984 to 2000 [8]. Moreover, the esti-
mated lifetime risk of diabetes was higher at birth and throughout life for
ethnic and racial minority groups than for non-Hispanic whites and for
women when compared with men [8]. The estimated lifetime diabetes risk
at birth ranged from 31.2% in non-Hispanic white women to 52.5% in His-
panic women, and from 26.7% in non-Hispanic white men to 45.4% in His-
panic men [8].

The epidemic of diabetes is not limited to western countries, but reaches
worldwide affecting individuals in countries such as India and China [9–11].
A recent study estimates the global prevalence of diabetes in 2000 at 2.8%,
translating into 171 million individuals who have diabetes, and projects that
in 2030 the prevalence will be 4.4%, translating into 366 million individuals
who have diabetes worldwide [9]. The increased prevalence is attributed to
the aging population structure, urbanization, the obesity epidemic, and
physical inactivity.

At first glance, the obesity epidemic driven by changes in lifestyle seems to
be the driving force behind the increased prevalence of diabetes. The current
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epidemic of obesity and overweight is widespread, affecting both children
and adults of many ethnic backgrounds in North America and internation-
ally [12,13]. In each consecutive NHANES survey starting with NHANES I,
conducted from 1971 to 1974, through completion of the most recent
NHANES survey cycle, conducted from 1999 to 2002, there has been
a marked increase in the prevalence of obesity in children and adults across
all ethnic, gender, and age strata [14–18]. In contrast to diabetes, where both
men and women of minority populations are affected disproportionately,
minority women but not men tend to be disproportionately obese. The prev-
alence of obesity ranged from 50% in non-Hispanic black women to 30% in
non-Hispanic white women in NHANES conducted 1999 to 2000 [16]. In
contrast, in men the prevalence was 27% in non-Hispanic white men, 29%
in Mexican American men, and 28% in non-Hispanic black men [16].

Traditionally, epidemiologic studies of risk factors associated with type 2
diabetes had focused on adults and characteristics of adult study partici-
pants. However, early life exposures are emerging as potentially important
risk factors. The ‘‘fetal origin of disease’’ hypothesis proposes that gesta-
tional programming may critically influence adult health and disease [19].
Gestational programming is a process whereby stimuli or stresses that occur
at critical or sensitive periods of development permanently change structure,
physiology, and metabolism, which predispose individuals to disease in adult
life [20]. Many animal studies provide support for gestational programming,
as do epidemiologic studies of the Dutch Hunger Winter and the ‘‘thrifty
phenotype’’ hypothesis, which proposes that low birth weight, indicative
of poor prenatal nutrition, has an effect on development that manifests itself
later in life as an increased risk for several chronic diseases [21–36].

In contrast to times of famine, today the intrauterine environment is
more likely to expose the fetus to hyperglycemia or excess energy. Obesity
before pregnancy, and high weight gain during pregnancy, predispose
women to gestational diabetes mellitus (GDM) and early onset type 2 dia-
betes [37–40]. Maternal diabetes during gestation exposes the fetus to hyper-
glycemia, resulting in increased fetal insulin levels that promote the storage
of excess energy as fat and act as a growth factor. Exposure to maternal di-
abetes early in pregnancy is associated with birth defects, and later in preg-
nancy is associated with high birth weight, increased childhood and adult
obesity, and increased risk of type 2 diabetes [41–48]. Children exposed in
utero to maternal diabetes are at higher risk of obesity and diabetes than
their unexposed siblings, suggesting that the increased risk to the exposed
offspring is not exclusively genetic [49,50]. In the Pima Indians, the popula-
tion with the highest known rate of diabetes, a study found that the in-
creased exposure to diabetes in utero and increased weight in children
accounted for most of the increased prevalence of diabetes over the past
30 years in Pima Indian children [42].

If the diabetic intrauterine environment is substantially contributing to
the obesity and diabetes epidemics, not only will the prevalence continue
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to increase across all populations, but populations that have a high preva-
lence of diabetes, such as non-Hispanic blacks and Mexican Americans,
will continue to be disproportionately affected by these epidemics, resulting
in a perpetual widening of health disparities between racial and ethnic
groups. For these reasons, it is imperative to understand the transgenera-
tional epidemiology and etiology of diabetes and develop simple, economi-
cal, and effective prevention strategies. Because the prevalence of diagnosed
diabetes (either type 1 or type 2) before pregnancy is addressed in studies of
the increasing prevalence of diabetes, the current review is focused on GDM
defined as glucose intolerance with onset or first recognition during preg-
nancy. GDM is a common complication of pregnancy and often a precursor
of type 2 diabetes. Therefore, the authors’ objectives were to review studies
examining the prevalence of GDM as well as studies examining trends in the
prevalence of GDM. In this context, the authors also review the diagnostic
criteria for diabetes and GDM and their changes over time.

Methods

Literature search

A literature search was conducted in MEDLINE using the following
search criteria: ‘‘gestational diabetes’’ as a MeSH term or text word, com-
bined with ‘‘epidemiology’’ as a subheading or MeSH term, ‘‘prevalence’’
as a MeSH term, or ‘‘trend’’ or ‘‘screening’’ as a text word. In addition,
the search was limited to English-language articles published in the last 10
years (July 1st, 1996 through October 1st, 2006). These search criteria yielded
1025 articles. The lead author (KJH) reviewed either the abstract or title of
these articles to determine if they were suitable to assess either the current
prevalence of GDM or trends in the prevalence of GDM. The review was
limited to population-based studies that included at least 500 pregnant
women, or hospital-based studies that included at least 1000 pregnant
women with at least 70% of the population being screened for GDM. In ad-
dition, articles that assessed GDM trends were required to span at least 3
years. When multiple articles were published on a single population, the ar-
ticle containing the most recent information was retained. In addition to
conducting the literature search, reference lists of review articles obtained
from the MEDLINE search were reviewed for additional pertinent studies.

Diabetes and gestational diabetes mellitus, screening, and definitions

The definition of diabetes has changed over the past 10 years. Box 1 [51]
summarizes the definitions of diabetes commonly employed in recent epide-
miologic literature.

Although the 1985 and 1999 World Health Organization (WHO) criteria
require a 2-hour 75-g oral glucose tolerance test (OGTT), the 1997
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American Diabetes Association (ADA) criteria are focused on fasting glu-
cose, but also recognize a casual or 2-hour 75-g OGTT glucose level greater
than or equal to 200 mg/dL as diagnostic of diabetes. Therefore, epidemio-
logic studies based on the ADA criteria may be based exclusively on fasting
glucose levels or include information from an OGTT.

The recommended definition of GDM and criteria identifying who
should be screened for GDM has varied widely across populations and
over time; therefore, the authors review screening criteria and diagnostic cri-
teria for GDM employed in recent epidemiologic literature. Table 1 [52–54]
summarizes screening criteria, whereas Table 2 [55,56] summarizes widely
accepted GDM diagnostic criteria. In summary, recommended screening
ranges from selective screening of average- and high-risk individuals to uni-
versal diagnostic testing of the entire population dependent on the risk of
diabetes in the population.

The diagnostic criteria for GDM have evolved over time and are not
agreed upon internationally; therefore, definitions of GDM used in the ep-
idemiologic literature vary considerably. Notably, at the 4th International
Workshop Conference on GDM, it was agreed that the Carpenter and Cou-
stan [57] (C&C) criteria should replace the National Diabetes Data Group
[58] (NDDG) criteria, resulting in a significant lowering of the thresholds
and an increase in the prevalence of GDM. Because several organizations
currently endorse the C&C criteria [59–61], for consistency throughout the
review, the authors refer to the C&C criteria or to the NDDG criteria
when they are used in different references.

Box 1. Definitions of diabetes commonly employed in recent
epidemiologic literature

World Health Organization (WHO), 1985 [51]
Fasting glucose greater than or equal to 140 or a 2-hour 75-g

oral glucose tolerance test (OGTT) glucose greater than or
equal to 200

WHO, 1999 [116]
Fasting glucose greater than or equal 126 or a 2-hour 75-g OGTT

glucose greater than or equal to 200

American Diabetes Association (ADA), 1997 [115]
Focused on a fasting glucose greater than or equal to 126, but

also recognizes a casual or 2-hr 75-g OGGT greater than or
equal to 200; therefore, epidemiologic studies based on the
ADA criteria may be based exclusively on fasting glucose
levels or include information from a 2-hr 75-g OGTT.

All criteria are stated in mg/dL and use venous plasma.
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Results

Population-based studies

For purposes of this review, population-based studies were defined as
studies that attempted to include a representative sample of the general pop-
ulation in a defined geographic area. Moreover, because the focus for

Table 1

Gestational diabetes mellitus screening criteria

Target population Recommended screening test

WHO, 1985 and 1999 Reports

of the WHO Consultation

on the Diagnosis and

Classification of Diabetes

Mellitus [51,116]

Not specified Nonhigh risk: diagnostic 2 h

75 g OGTT at 24–28 wk of

gestation

High risk: also test early in

pregnancy

EASD, 1991 [52] Universal A random blood glucose R
108 when fasting or 2 h

after food or R 126 when

within 2 h of food at initial

prenatal visit and

28 wk gestation

ACOG, 1994 [53] From universal to selective,

dependent upon the risk of

diabetes in the population

Nonhigh risk: 1 h 50 g GCT

R 140 or R 130 OR

diagnostic 3 h 100 g OGTT

at 24–28 wk of gestation

High risk: also screen as early

as possible in pregnancy

ADA, 1997 [115] ‘‘Low-riska’’ women do

not need to be screened

1 h 50 g GCT R 140 at

24–28 wk of gestation

ADA [59] and ACOG [60],

post 1997 4th International

Workshop Conference on

GDM [61]

Selective: ‘‘Low-riskb’’ women

do not need to be screened

Average risk: 1 h 50 g

GCT R140 or R130 at

24–28 wk of gestation OR

diagnostic 2 h 75 g OGTT

High risk: also screen as early

as possible in pregnancy

ADIPS, 1998 [54] Universal 1 h 50 g GCT R 140 OR 1 h

75 g GCT R 144 at

26–28 wk of gestation

All criteria use venous plasma.

Abbreviations: ACOG, American College of Obstetricians and Gynecologists; ADIPS, Aus-

tralasian Diabetes in Pregnancy Society; EASD, European Association for the Study of Diabe-

tes; GCT, glucose challenge test.
a The ADA (1997) initially defined ‘‘low risk’’ as women meeting the four following criteria:

(1) age less than 25, (2) not a member of an ethnic group with a high prevalence for diabetes (eg,

not Hispanic, Native American/Alaskan, Asian/Pacific Islander, African American), (3) normal

prepregnancy body weight (not 20% or more over desired body weight or BMI 27 kg/m2 or

more), and (4) no family history of diabetes in first-degree relatives.
b At the 1997 4th International Workshop Conference on GDM, the following two criteria

were added to the ‘‘low risk’’ definition: (5) no history of poor obstetric outcome, and (6) no

history of abnormal glucose tolerance.
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population-based studies was having a representative study population, uni-
versal screening or testing for GDM was not required for inclusion in the
review. Population-based studies of more than 500 individuals are summa-
rized in Table 3. The prevalence of GDM varied depending upon the diag-
nostic criteria employed in the study; whether the study was retrospective or
prospective; the source of the study data; as well as the country of residence,
ethnicity, and racial group of the study participants. In general, the authors
observed lower prevalence rates in retrospective studies using pre-existing
databases or routinely collected health statistics where a clear screening pol-
icy for GDM was not in place [62–67], compared with retrospective or pro-
spective studies that report universal screening for GDM.

In studies conducted in North America, the observed prevalence was
higher in Asians, African Americans, Native North Americans from Can-
ada, and Hispanics than in non-Hispanic whites [38,63,64,68–72]. In a retro-
spective cohort study of the Kaiser Permanente Medical Care Group of
Northern California, where 93.5% of the population was screened for
GDM, the prevalence ranged from 2.5% in white women to 5.7% in Asian
women using the NDDG criteria, and from 3.9% in white women to 8.3%
in Asian women using the C&C criteria [68]. In the Nurses Health Study II,
which relied on self-reported diagnosis, the observed prevalence was over
10% in African Americans (10.6%) and Asians (10.5%), and approximately
5% in whites (4.8%) [38]. Finally, in retrospective studies conducted in

Table 2

Gestational diabetes mellitus diagnostic criteria

Load (g)

Duration

(hours)

Abnormal

values (n)

Fasting, 1-, 2- and 3-hour

OGTT thresholds (mg/dL)

O’Sullivan and Mahana,

1964 [55]

100 3 R2 90, 165, 145, 125

NDDG, 1979 [58] 100 3 R2 105, 190, 165, 145

ACOG, 1994 [53]

ADA, 1997 [115]

C&C, 1982 [57] 100 3 R2 95, 180, 155, 140

JSOG, 1984 [56] 75 2 R2 100, 180, 150

WHO, 1985 [51] 75 2 R1 140, N/A, 140

EASD, 1991 [52] 75 2 R1 108, N/A, 162

ADA [59] and ACOG [60],

post 1997 4th International

Workshop Conference on

GDM [61]

75 2 R2 95, 180, 155

or

100 3 R2 95, 180, 155, 140

WHO, 1999 [116] 75 2 R1 N/A, N/A, 140

ADIPS, 1998 [54] 75 2 R1 99, N/A, 144

Abbreviations: ADIPS, Australasian Diabetes in Pregnancy Society; C&C, Carpenter and

Coustan; EASD, European Association for the Study of Diabetes; JSOG, Japanese Society

of Obstetrics and Gynecology; NDDG, National Diabetes Data Group.
a All criteria use venous plasma except for O’Sullivan and Mahan, which was defined using

whole venous blood.
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Native North Americans in Canada, the prevalence based on NDDG crite-
ria ranged from 8.4% to 12.8% [64,70–72]. The single study conducted in
South America was a prospective study conducted in Brazil in a diverse pop-
ulation and reported a prevalence of 2.4% based on ADA [59] criteria using
the 2-hour 75-g OGTT diagnostic criteria, and 7.2% based on WHO criteria
[73].

Population-based studies conducted in northern Europe used a 2-hour
75-g OGGT to diagnose GDM; however, varying diagnostic cutpoints
were employed. Using the 2-hour 75-g OGTT, observed prevalence rates
in the United Kingdom, Holland, Sweden, and Denmark ranged from
0.6% in Dutch women to 3.6% using local criteria in a Danish population
[65,66,74–78]. In two studies conducted in Italy, a 3-hour 100-g OGTT using
the C&C criteria following universal screening was employed to diagnose
GDM. In the earlier study conducted in northwest Tuscany, the prevalence
was 6.3% [79], whereas in the later study conducted in a volunteer popula-
tion in Sardinia, the prevalence was 22.3% [80].

Reported prevalence rates in population-based studies in Turkey, Iran,
Bahrain, Ethiopia, and India ranged from 1.2% in Turkey (NDDG criteria
following universal screening) to 15.5% in Bahraini women (C&C with a
3-hour 75-g OGTT following universal screening) [81–86]. In a retrospective
study in Australia, which included all singleton deliveries in Victoria in 1996
and used routinely collected information in two databases, the prevalence
was 3.6% in non-Aboriginal women and 4.3% in Aboriginal women [67].
In a study conducted in six urban districts in Tianjin, China, using 1999
WHO diagnostic criteria and universal screening, the prevalence was
2.3% [87]. Finally, in a study conducted in Japan, using the Japanese Society
of Obstetrics and Gynecology (JSOG) criteria for GDM and universal
screening, the prevalence was 2.9% [88].

Hospital-based studies

Hospital-based studies of more than 1000 unselected individuals, where
universal screening or testing was employed and at least 70% of the popu-
lation was screened for GDM, are summarized in Table 4. Similar to the
population-based studies, in the hospital-based studies, the prevalence of
GDM varied depending upon the diagnostic criteria employed in the study,
whether the study was retrospective or prospective as well as the country of
residence, ethnicity, and racial group of the study participants. Three of the
hospital-based studies directly compare GDM prevalence rates based on
NDDG and C&C criteria [89–91]. In these three studies, NDDG rates range
from 3.2% in a study conducted in Mexico [89] to 8.8% in a study con-
ducted in Spain [90], with corresponding C&C rates ranging from 4.1% to
11.6% [89–91].

The hospital-based studies conducted in the United States diagnosed
GDM based on a 3-hour OGTT and report prevalence rates ranging from
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Au ry

Ethnic

group; n Prevalence

Ro

2

[

NHB, 86,908;

NHW, 96,581;

NHA, 38,570;

Hispanic, 107,

612

3.7%, total;

3.7%, NHB;

2.6%, NHW;

6.6%, NHA;

3.5%, Hispanic

Fer

2

[

White, 13,714;

AA, 2345;

Hispanic, 5026;

Asian; 4121

NDDG and C&C:

3.2 and 4.8%, total;

2.5 and 3.9%,

White; 2.6 and

3.4%, AA; 3.4 and

4.9%, Hispanic; 5.7

and 8.3%, Asian

Kie

2

[

Latina, 653;

AA, 552

5.4%, Latina;

3.9%, AA

Wi

1

[

NHW, 21,528;

AA, 6359;

Native

American,

7456; Hispanic,

6496

2.8%, NHW;

2.6%, AA; 2.7%,

Native American;

3.0%, Hispanic

Sol

1

[

White, 13,771;

AA, 113;

Hispanic, 224;

Asian, 248

4.9%, total; 4.8%,

White; 10.6%,

AA; 7.6%,

Hispanic; 10.5%,

Asian

1
8
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H
U
N
T
&

S
C
H
U
L
L
E
R

valence of GDM in population-based studies

thor Screening criteria

GDM

criteria Time frame Source population Count

senberg,

005

62]

Varied depending upon prenatal

care received

Retrospective;

1991–2001

Live singleton New York

City births with birth

certificate data on

prepregnancy weight

and weight gain

USA

rara,

002

68]

Universal screening

at 24–28 wk;

1 h 50 g GCT R 140;

93.5% screened

C&C;

NDDG

Retrospective;

1996

Kaiser Permanente Medical

Care Group of Northern

California; computerized

hospitalization records

USA

ffer,

001

69]

Universal screening at

24–28 wk; 1 h 50 g

GCT R 140; 98.9%

of Latinas and 96.6%

of AA screened

NDDG Retrospective;

1995–1998

Latina and AA women

who received at least

4 prenatal care visits in

large Detroit health system;

medical record surveys

USA

lliams,

999

63]

Varied depending upon prenatal

care received

Retrospective;

1987–1995

Mothers born in Washington

State since 1949 delivering

a singleton birth between

1987–1995; vital records

and hospital discharge

summaries

USA

omon,

997

38]

Varied depending upon prenatal

care received; self-reported

diagnosis

Prospective;

1989–1994

Nurses’ Health Study II

women with singleton

pregnancies and no

history of diabetes or

GDM

USA
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7718
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Go a Native Swampy

Cree, 1298

8.5%
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8.4%

Sc White, 2234;
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Mixed, 2042;

Other, 21

2.4%, ADA

7.2%, WHO

Ja NHW; 4942 1.8%

W nd Dutch, 483;

Non-Dutch,

1157

0.6%, Dutch;

2.6%,

Non-Dutch
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1999

[70,71]

24–30 wk; 1 h 50 g

GCT R 140

1995–1996 James Bay, Quebec;

maternal medical charts

Non-Native:

Royal Victoria Hospital,

Montreal; McGill

Obstetric and Neonatal

Database

dwin,

1999

[64]

Varied depending upon

prenatal care received; GDM was

defined according to NDDG

criteria or a fasting or 1 h 50 g

GCT R 140 with physician

diagnosis

Retrospective;

1987–1995

Weeneebayko Hosptial,

Moose Factory, James

Bay, Ontario; chart

review

Canad

rris,

1997

[72]

Universal screening

at 24–28 wk; 1 h 50 g

GCT R 140; 90%

screened

NDDG Retrospective;

1990–1993

Sioux Lookout Zone,

Northwestern Ontario;

medical records

Canad

hmidt,

2001

[73]

Universal Testing at 24–28 wk;

2 h 75 g OGTT; ADA, post 1997

and WHO, 1999 including

0 hR 126

Prospective;

1991–1995

General prenatal care

clinics in the National

Health Service

Brazil

nghorbani,

2006 [65]

Universal screening

at 26–28 wk or

high-risk testing;

random plasma

glucose R 117

2hr 75 g

OGTT;

0 h R
108;

2 h R 140

Retrospective;

1996–1997

Plymouth, southwest UK;

databases and

midwifery care notes

UK

eijers,

1998

[66]

Varied depending upon prenatal

care received; medical history of

physician-diagnosed GDM

Retrospective;

1992–1997

Town borough of

Amsterdam;

physician-diagnosed

GDM reported in

hospital registration

Holla



Table 3 (continued )

Au ry

Ethnic

group; n Prevalence

Os

2

[

Nordic, 3211;

Non-Nordic,

405

1.7%

Ab

2

[

Not specified;

12,382

1.2%

Jen

2

[

rk Not specified;

(5235 using

56.2% imputed

values)

2.4%

Kv

1

[

rk Not specified;

6158

3.6%, local criteria;

2.8%, WHO

Mu

2

[

Sardinian; 1103 22.3%

Di

1

[

Not specified,

2000

6.3%

Er

2

[

Not specified,

807

1.2%
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thor Screening criteria

GDM

criteria Time frame Source population Count

tlund,

003, 2004

74,75]

Universal testing offered at

28–32 wk; 73.5% accepted;

EASD (0 h R 121 cut-point)

Prospective;

1994–1996

Defined geographical

area of Sweden

Sweden

erg,

002

76]

Universal testing offered at 27–28 wk

with additional testing in high-risk

patients; not clear what percentage

of the population accepted; 2 h

75 g OGTT R 162 whole-blood

Prospective;

1995–1997

Lund University

Hospital

Sweden

sen,

003

77]

Universal testing offered, high

riskdearly in pregnancy and at

28–32 wk; EASD (0 h R 111

and 2 h R 164 whole-blood)

Prospective;

1999–2000

4 Danish health

care centers

Denma

etny

999

78]

High riskb testing at 24–28 weeks;

2 h 75 g OGTT R 121 or WHO,

1999; 19.5% tested

Prospective;

1995–1997

Ribe county

prenatal

care patients

Denma

rgia,

006

80]

Universal screening

at 16–18, 24–26,

and 30–32 wk;

1 h 50 g

GCT R 130

C&C Prospective;

2006a
Sardinian volunteers Italy

Cianni,

997

79]

Universal screening at

24–28 wk or

earlier when high

risk; 1 h 50 g GCT R
140

C&C Prospective;

1997a
8 health care districts

in north-west Tuscany

Italy

em,

003

81]

Universal screening

at 24–28 wk;

1 h 50 g

GCT R 140

NDDG Prospective;

2003a
Central Province of

Trabzon City: 7

health stations

Turkey



Keshavarz,

2005

Universal screening

high riskd initial

ADA,

post

Prospective;

1999–2001

Fatemiyeh Hospital

in Shahrood City

Iran Not specified,

1310

4.8%

H n Not specified

(800 using

12.5%

imputed

values)

8.1%, NDDG;

11.4%, C&C

Al rain Bahraini, 7575;

Expatriate,

2920

13.3%, total;

15.5%,

Bahraini;

7.5%, Expatriate

Se iopia Not specified;

890

3.7%

Za ia Not specified;

Group A,

1000;

Group B,

1000

3.1%, Group A;

4.4%, Group B

St stralia Aboriginal, 438;

Non-Aboriginal,

59,962

3.6%, total; 4.3%,

Aboriginal; 3.6%,

Non-Aboriginal

(continued on next page)
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[82] visit and at 24–28 wk;

1 h 50 g

GCT R 130

1997

adaegh,

2005

[83]

Universal screening at

24–28 wk; 1 h 50 g

GCT R 130

C&C

and

NDDG

Prospective;

2002–2004

All pregnant women

referred to the

obstetrics clinics in

various parts of

Bandar Abbas city

Ira

Mahroos,

2005 [84]

Universal screening at

24–28 wk; 1 h 50 g

GCT R 140

C&C

with a

3 h 75 g

OGTT

Prospective,

2001–2002

Antenatal clinics at health

centers and at Salmaniya

Medical Complex

Bah

youm,

1999 [85]

Universal testing after 24 wk;

WHO, 1999

Prospective;

1999a
Women over 24 weeks

gestational age;

community-based,

eastern zone of Tigray

Eth

rgar,

2004 [86]

Universal screening 2nd

or 3rd trimester; 1 h

50 g GCT R 140

Group A:

C&C;

Group B:

WHO,

1999

Prospective;

1999–2002

6 districts of Kashmir

valley

Ind

one,

2002 [67]

Varied depending upon

prenatal care received

Retrospective;

1996

Singleton pregnancies for

Victoria in 1996;

Routinely collected

data in Victoria from

Perinatal Morbidity

Statistics System

and Victorian Inpatient

Minimum Dataset Data

Au



Table 3 (continued

Author Scr Country

Ethnic

group; n Prevalence

Yang,

2002 [87]

Un

2

G

China Not specified;

9471

2.3%

Maegawa,

2003 [88]

Un

d

1

Japan Japanese; 749 2.9%

Abbreviations: CT, glucose challenge test; JSOG, Japanese Society of

Obstetrics and Gy A, non-Hispanic Asian; NHW, non-Hispanic white.
a Indicates tha tion date is substituted for the study time frame.
b Women who history, prior stillbirth, age O 35 y).

1
8
4

H
U
N
T
&

S
C
H
U
L
L
E
R

)

eening criteria

GDM

criteria Time frame Source population

iversal screening at

6–30 wk; 1 h 50 g

CT R 140

WHO,

1999

including

0 h R 126

Prospective;

1998–1999

6 urban districts in Tianjin

iversal screening

uring first trimester;

h 50 g GCT R 130

JSOG Prospective;

1999–2001

11 hospitals in

Mie prefecture or

Hiroshima Municipal

Asa Hospital

AA, African American; EASD, European Association for the Study of Diabetes; G

necology; NDDG, National Diabetes Data Group; NHB, non-Hispanic black; NH

t calendar time for participant enrollment was not provided; therefore, the publica

have previous GDM, history of fetal macrosomia, glucosuria, BMI O 29, family
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2.7% using the NDDG criteria to 6.8% in a largely Mexican American pop-
ulation using the C&C criteria [92–94]. In a Canadian study at the Saska-
toon Royal University Hospital, using the NDDG criteria, the prevalence
was 11.5% in the Aboriginal population and 3.5% in the non-Aboriginal
population [95]. In a study conducted at the University Hospital in Monter-
rey, Mexico, which compared several diagnostic criteria, the prevalence was
3.2%, 4.1%, and 8.7% based on NDDG, C&C, and 1999 WHO diagnostic
criteria, respectively [89]. In Europe, hospital-based studies were conducted
in Spain and Italy. Three studies in Spain reported prevalence rates ranging
from 3.3% to 8.8% using NDDG criteria [90,96,97]. The two Italian studies
report prevalence rates of 4.6% and 8.7% based on C&C criteria [91,98].

Reported prevalence rates in hospital-based studies in Turkey, Iran, Paki-
stan, India, and Sri Lanka are between 4.1% and 4.7%, with the exception of
the study conducted in India, which used the 1999 WHO diagnostic criteria
and reports a prevalence of 18.9%, as well as the study conducted in Turkey,
which reports a prevalence of 6.6% using the C&C criteria [99–103].
Both hospital-based studies conducted in Australia employed the Austral-
asian Diabetes in Pregnancy Society (ADIPS) criteria, with one reporting
an overall prevalence of 5.2% [104] and the second reporting prevalence
rates as low as 3.0% in Anglo-Celtic participants and as high as 10.0, 15.0,
and 17.0% in Aboriginal, Chinese, and Indian participants, respectively
[105]. A single hospital-based study conducted in Japan reported a prevalence
of 1.8% based on the JSOG diagnostic criteria [106].

Trends in the prevalence of gestational diabetes mellitus

Eight retrospective studies conducted in the past 10 years in the United
States, Canada, and Australia examine trends in the prevalence of GDM
(Table 5) [107–114]. Three of the four studies conducted in the United States
report either universal screening criteria in place and/or evidence of consis-
tent screening in the population, with a screening rate of 96% to 98% in the
Kaiser Permanente of Colorado study and 86.8% in the Northern Califor-
nia Kaiser Permanente study [107–109]. Each of the four studies conducted
in the United States reports a statistically significant increase in the preva-
lence of GDM or diabetes during pregnancy in the study period [107–110].
The Kaiser Permanente study conducted in a population representative of
the Denver metropolitan area reports a prevalence increase from 2.1% in
1994 to 4.1% in 2002, based on the NDDG diagnostic criteria throughout
the study [107]. In addition, they report a greater increase for minorities
than whites [107]. Similarly, the Kaiser Permanente study conducted in
a population representative of Northern California reports a prevalence in-
crease from 5.1% in 1991 to 7.4% in 1997, which leveled off through 2000 at
6.9% based on the C&C diagnostic criteria [108]. A study conducted on all
women who had singleton deliveries in New York city, where universal
screening criteria have been practiced since the 1980s, reports a prevalence



Table 4

Prev

Aut ountry Ethnic group; n Prevalence

Yog

20

SA Mexican American

(85%), African

American,

Caucasian,

other; 6857

6.8%

Stam

20

SA Not specified; 1825 2.7%

Dan

D

19

SA White, African

American, Asian,

Hispanic, other;

18,504

3.0%

Dyc

20

anada Aboriginal, 252;

Non-Aboriginal,

1360

11.5%,

Aboriginal;

3.5%, Non-

Aboriginal

San

A

20

exico Does not specify;

1092

3.2%, NDDG;

4.1%, C&C;

8.7%, WHO

Rica

20

pain Caucasian, African,

Asian, Caribbean,

and other; 9270

8.8%, NDDG;

11.6%, C&C

Jim

20

pain Not specified;

1962

3.3%

1
8
6

H
U
N
T
&

S
C
H
U
L
L
E
R

alence of GDM in hospital-based studies

hor

Screening

criteria

GDM

criteria Time frame Population/data sourceb C

ev,

04 [92]

Universal screening at

24–28 wk; 1h 50 g

GCT R 130

C&C Prospective;

1995–1999

St. Luke’s Roosevelt

Hospital Center and

University of Texas

Health Sciences Center

at San Antonio

U

ilio,

04 [93]

Universal screening at

24–28 wk; 1 h 50 g

GCT R 135

NDDG

With

0 hR100

Retrospective;

1995–1997

University of Pennsylvania

Medical Center Triple

marker screen perinatal

database

U

ilenko-

ixon,

99 [94]

Universal screening at

24–30 wk; 1 h 50 g

GCT R 140

NDDG Retrospective;

1986–1997

Mayo Clinic, Rochester,

MN; perinatal database

U

k,

02 [95]

Universal screening;

1 h 50 g GCT R 140

NDDG Prospective;

1998

Saskatoon Royal

University Hospital

C

tos-

yarzagoitia,

06 [89]

Universal screening;

1 h 50 g GCT R 140

(initial visit); WHO

Diagnostic (second

visit)

NDDG;

C&C;

WHO,

1999

Prospective;

2002–2003

University Hospital

Monterrey, Mexico

M

rt,

05 [90]

Universal screening at

24–28 wk; 1 h 50 g

GCT R 140

NDDG;

C&C

Prospective;

2002

16 general hospitals of the

Spanish National Health

Service

S

enez-Moleon,

02 [96]

Universal screening;

1 h 50 g GCT R 140

NDDG Retrospective;

1995

Hospital Clinico San

Cecilio; abstracted from

medical records

S



Bartha, Universal screening at NDDG Prospective;
a

University Hospital of Spain Not specified;

3986

5.9%

D Italy Italian; 3950 8.7%

C Italy Italian; 1000 3.4%, NDDG;

4.6%, C&C

Y Turkey Turkish; 1000 6.6%

L Iran Not specified;

2416

4.7%

H Pakistan Not specified;

1000

4.3%

S India Not specified;

1251

18.9%

W Sri Lanka Not specified;

1004

4.1%

(continued on next page) 1
8
7

T
H
E
IN

C
R
E
A
S
IN

G
P
R
E
V
A
L
E
N
C
E
O
F
D
IA

B
E
T
E
S
IN

P
R
E
G
N
A
N
C
Y

2000 [97] initial visit and 24–

28 wk; 1 h 50 g GCT

R 140

2000 Puerto Real

i Cianni,

2003 [98]

Universal screening

high riskd initial

visit and at 24–28

wk; 1 h 50 g GCT R
140

C&C Retrospective;

1995–2001

University of Pisa; data

source not given, likely to

be medical records

orrado,

1999 [91]

Universal screening; 1

h 50 g GCTR135

NDDG;

C&C

Prospective;

1989–1995

University of Messina and 5

private practices

alcin,

1996 [99]

Universal screening at

24–32 wk; 1 h 50 g

GCT R 140

C&C Prospective;

1996

Tahir Burak Women’s

Hospital

arijani,

2003 [100]

Universal screening

high riskd initial

visit and at

24–28 wk; 1 h 50 g

GCT R 130

C&C Prospective;

2003a
4 university teaching

hospitals in Tehran

assan,

2005 [101]

Universal screening at

24–36 wk; 1 h 50 g

GCT R 130

NDDG Prospective;

1997

Lady Reading Hospital

eshiah,

2004 [102]

Universal screening 2nd

or 3rd trimester; 1 h

50 g GCT R 130

WHO,

1999

including

0 h R
126

Prospective;

2001

Raja Sir Ramaswamy

Mudhaliar Hospital

agaarachchi,

2001 [103]

No screening;

Universal testing at

24–28 wk

WHO,

1985

Prospective;

2001a
Castle Street Hospital for

Women



Table 4 (co

Author Country Ethnic group; n Prevalence

Davey,

2001 [10 d

Australia Not specified; 6032 5.2%

Yue,

1996 [10

Australia Anglo-Celtic,

Chinese,

Vietnamese,

Indian, Arab,

Aboriginal; 5243

3.0%, Anglo-

Celtic;

15.0%,

Chinese;

9.0%,

Vietnamese;

17.0%,

Indian;

7.0%, Arab;

10.0%,

Aboriginal

Miyakoshi

2003 [10

al;

,

Japan Japanese; 2651 1.8%

Abbrevi logy; NDDG, National Diabetes Data Group.
a Indica ication date is substituted for the study time frame.
b Data
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ntinued )

Screening

criteria

GDM

criteria Time frame Population/data sourceb

4]

Universal screening

at 26–28 wk; 1 h

50 g GCT R 140

ADIPS Retrospective;

1996–1998

Sunshine Hospital,

Melbourne; abstracte

from medical records

5]

Universal screening at

24–28 wk; 1 h 50 g

GCT R 140

ADIPS Prospective;

1996a
Royal Prince Alfred

Hospital

,

6]

Universal screening at

24–27 wk; 1 h 50 g

GCT R 130

JSOG Retrospective;

1996–2000

Keio University Hospit

data source not given

likely to be medical

records

ations: GCT, glucose challenge test; JSOG, Japanese Society of Obstetrics and Gyneco

tes that calendar time for participant enrollment was not provided; therefore, the publ

source is provided for retrospective studies only.
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of 2.6% in 1990 increasing to 3.8% in 2001, with significantly increasing
rates of GDM in all major racial/ethnic groups except non-Hispanic whites
[109]. The final study conducted in the United States used birth records of
American Indian and white mothers in Montana and North Dakota for
the years 1989 through 2000 [110]. In both states a statistically significant in-
crease in prevalence of GDM was identified in whites, from 1.8% to 2.6% in
Montana and from 1.6% to 3.2% in North Dakota [110]. In contrast, in the
smaller population of American Indians within each state, a statistically sig-
nificant increase in prevalence of GDM was reported for Montana (3.1%–
4.1%), but not North Dakota (3.8%–4.8%) [110].

The study conducted in Canada included over 100,000 perinatal records
from 39 hospitals in Northern and Central Alberta and used NDDG criteria
and universal screening throughout the study period [111]. The study reports
a prevalence ranging between 2.2% and 2.8% between 1991 and 1997 with
a nonsignificant test for linear trend for the duration of the study [111]. One
of the three studies conducted in Australia is the only study to report a de-
crease in the prevalence of GDM over time [113]. The study was conducted
in far North Queensland using a hospital database with 7567 entries [113].
Using ADIPS diagnostic criteria and universal screening with 78% to
85% of the population being screened throughout the study period, preva-
lence was 14.4% in 1992 and had dropped to 5.3% by 1996 [113]. Improve-
ment in medical care and a dietary intervention were given as potential
explanations for the decline in GDM during the study period [113]. A sec-
ond study conducted in Australia included all deliveries in South Australia
between 1988 and 1999 and reports an annual rate increase of 4.7% in the
non-Aboriginal population, but not in the Aboriginal population (nonstat-
istically significant annual rate increase of 0.5%) [112]. Finally, using infor-
mation on over 40,000 women attending Mercy Hospital for Women in
Melbourne, Australia, a statistically significant increasing prevalence from
2.9% (1971–1980) to 8.8% (1991–1994) is reported [114].

Discussion

In this study, the authors review studies published in the past 10 years
that examine the prevalence and trends in the prevalence of GDM. In sum-
mary, the prevalence of GDM in a population is reflective of the prevalence
of type 2 diabetes in that population; therefore, ethnic and racial popula-
tions that have a high prevalence of type 2 diabetes are at higher risk of
GDM. In low-risk populations such as those found in Sweden, the preva-
lence in population-based studies is lower than 2% even when universal test-
ing is offered [74–76], whereas studies in high-risk populations such as the
Native American Cree, Northern Californian Hispanics, and Northern Cali-
fornian Asians reported prevalence rates based on NDDG diagnostic crite-
ria following universal screening ranging from 4.9% to 12.8% [64,68,70–72].



Tab

Tre

Aut Ethnic group; n Outcome

Dab

2

[1

NHW, Hispanic,

AA, Asian;

36,403

From 2.1% in 1994 to 4.1%

in 2002; GDM prevalence

increase was greater for

minorities than

whites

Tho

2

[1

Diverse

population;

1990; 125,663;

2001; 110,340

From 2.6% in 1990 to 3.8%

in 2001; GDM increased

significantly in all major

racial/ethnic groups

except Non-Hispanic

whites

Fer

2

[1

White, AA,

Hispanic,

Asian;

267,051

From 5.1% in 1991 to 7.4%

in 1997; leveled off

through 2000 at 6.9%

Mo

2

[1

Montana,

133,991; ND,

102,232

Increasing rate of diabetes

in pregnancy 1989 to

2000; 3.1 to 4.1%,

Montana Indian;

1.8 to 2.6%, Montana

white; 3.8 to 4.8%, ND

Indian (NS); 1.6 to 3.2%,

ND white

1
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le 5

nds in the prevalence of GDM

hor Screening criteria GDM criteria Time framea Population/data source Country

elea,

005

07]

Universal screening at

24–28 wk; 1 h 50 g

GCT R 140; (96–98%

screened)

NDDG 1994–2002 Kaiser Permanente of

Colorado perinatal

database, Denver

metropolitan area

USA

rpe,

005

08]

Screening and GDM

criteria varied depending

upon prenatal care received;

however, universal screening

has been practiced since

the 1980s

1990–2001 Residents of New York City

with a singleton delivery;

Birth certificate records

from the New York City

Department of Health

and Mental Hygiene

USA

rara,

004

09]

Considered screened if a 1 h 50 g

GCT (98.2% of those screened);

3 h 100 g OGTT (C&C); 2 h 75 g

OGTT (R 140); fasting glucose

(R 126); 2hr postprandial or

random glucose measured (R 200);

86.8% screened; GDM defined by

above cutpoints or a hospital

discharge diagnosis

1991–2000 Northern California Kaiser

Permanente Medical Care

Program screened

pregnancies; Gestational

Diabetes Registry

USA

um,

004

10]

Screening and GDM criteria

varied depending upon

prenatal care received

1989–2000 American Indian and white

mothers in Montana and

North Dakota (ND); birth

records

USA



Xiong,

2001

[1

Universal screening at

24–28 wk; 1 h 50 g

NDDG 1991–1997 39 hospitals in Northern and

Central Alberta; Perinatal

Canada Canadian;

111,563

GDM prevalence ranged

between 2.2–2.8% with

a mean of 2.5% between

1991 and 1997; NS test

for linear trend

Isha

2

[1

Australia Aboriginal;

4,843 Non-

Aboriginal;

225,168

4.3%, Aboriginal; 2.4%,

Non-Aboriginal;

Increasing trend in non-

Aboriginal (annual rate

increase of 4.7%), but not

in Aboriginal population

(0.5%)

Kim

1

[1

Australia Aboriginal,

Torres Strait

Islanders,

Australian-

born

Caucasian,

others; 7567

14.4%, 1992; 13.4%, 1993;

11.1%, 1994; 7.3%, 1995;

5.3%, 1996

Beis

1

[1

Australia Not specified;

1971–1980;

27,111;

1991–1994;

16,820

Of screened pregnancies

from 2.9% in 1971–1980

to 8.8% in 1991–1994

(X2 for trend, P!.00001)

logy; ND, North Dakota; NDDG, National Diabetes Data

Gro
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11] GCT R 140 Audit and Education

Program records

k,

003

12]

Unclear ADIPS or

WHO,

1999

1988–1999 All deliveries in South

Australia; Pregnancy

Outcome Unit of the

Department of Human

Services

,

999

13]

Universal testing at

26–28 wk; 1 h 50 g

GCT R 140; (78%–

85% screened)

ADIPS 1992–1996 Far North Queensland;

Cairns Base Hospital

database

cher,

996

14]

Universal testing 3hr 50g OGTT; 1971

to 1980 at 30–34 wk (64.5%

screened); 1981 and after at 30–34 wk

(79.9% screened); GDM defined by

a 1 h R 162 and a 2 h R 126

1971–1994 Mercy Hospital for Women,

Melbourne; either

abstracted from medical

records or a database

Abbreviations: AA, African American; JSOG, Japanese Society of Obstetrics and Gyneco

up; NHW, non-Hispanic white; NS, not significant.
a All studies were retrospective.
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Prevalence rates for GDM obtained from hospital-based studies similarly
reflect the risk of type 2 diabetes in a population. A single hospital-based
study in Australia using ADIPS diagnostic criteria and universal screening
reports prevalences ranging from 3.0% in Anglo-Celtic women to 17.0%
in Indian women [105]. Finally, of the eight studies published in the past
10 years that report on trends in the prevalence of GDM [107–114], one
study reports a significant decline [113], one study reports no significant
change [111], and six studies report an increase in the prevalence of GDM
across most racial/ethnic groups studied [107–110,112,114].

Several factors influence the prevalence of GDM identified in a popula-
tion and make it difficult to compare prevalences across populations. In
the United States, the definition of GDM and screening policies concerning
GDM have changed considerably in the past 20 years and still vary substan-
tially. Despite four international conferences aimed at developing a consen-
sus definition for GDM worldwide, the definition and screening criteria for
GDM continue to vary, making it difficult to compare prevalences between
countries. A critical change in the definition of GDM occurred at the 4th In-
ternational Workshop conference on GDM in 1997, endorsed by the ADA,
when it was largely agreed that the C&C criteria should replace the NDDG
criteria, significantly lowering the accepted cutpoints and therefore raising
the prevalence of GDM [61]. Finally, because GDM encompasses undiag-
nosed type 2 diabetes before pregnancy, the definition, screening strategies,
and awareness of type 2 diabetes in a population ultimately influences the
observed prevalence of GDM in a population. This is of particular impor-
tance during the past decade because the diagnostic criteria for diabetes
and recommended screening practices have changed in the United States
and internationally, namely the threshold for a fasting glucose level diagnos-
tic of diabetes was lowered from 140 mg/dL to 126 mg/dL [115,116].

In addition to the varied definitions and screening policies for GDM and
diabetes, there are several factors that make it difficult to compare GDM
prevalence rates across populations and over time. Increased maternal age
at delivery is a strong risk factor for GDM. Hence, a contributing factor
to increased prevalence rates of GDM in a given population over time, or
differences observed between populations, is increased maternal age at deliv-
ery. Because the authors are unable to age-standardize their prevalence rates
across studies, they are unable to determine the impact of maternal age at
delivery on prevalence rates across studies. However, increasing maternal
age at delivery is one factor likely influencing the increasing prevalence of
GDM in developed countries. Maternal age at delivery is also likely to
vary and affect prevalence differences when comparing developed and unde-
veloped countries. Because the prevalence of GDM in a population reflects
the prevalence of type 2 diabetes in a population, and certain racial and eth-
nic groups are at increased risk of type 2 diabetes, a second factor that may
influence changes in prevalence overtime in a given population is a change in
the racial/ethnic composition of that population. Although racial/ethnic
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group specific prevalences of GDM reflect the prevalence within a specific
segment of the population, they may fail to reflect the broader public health
impact of GDM as the overall population prevalence increases.

Changes in lifestyle including decreased physical activity and increased
caloric consumption continue to fuel the obesity epidemic. Obesity, often ac-
companied by insulin resistance, is a strong risk factor for GDM and likely
contributes to the increasing prevalence of GDM. The National Longitudi-
nal Survey of Youth, a prospective cohort study of children aged 4 to 12
years performed between 1986 and 1998 in the United States, indicated
that the prevalence of overweight children increased significantly and
steadily throughout the study [117]. By the end of the study in 1998, obesity
affected an estimated 21.5% of African American children, 21.8% of His-
panic children, and 12.3% of non-Hispanic white children [117]. In the
2003 to 2004 NHANES, 17.1% of individuals aged 2 to 19 years were over-
weightdmore than triple the percent in 1980 [118]. In adults of childbearing
age, the prevalence of obesity also continues to rise; in 18- to 29-year-olds,
the prevalence of obesity rose from 7.1% in 1991 to 12.1% in 1998 in the
Behavioral Risk Factor Surveillance System survey [119].

As obesity and diabetes increasingly affect young adults and women of
childbearing age, understanding the public health impact of diabetes during
pregnancy and its affect on infant health becomes important. Exposure to
maternal diabetes later in pregnancy is associated with high birth weight, in-
creased childhood and adult obesity, and increased risk of type 2 diabetes
[41–48]. Therefore, the diabetic intrauterine environment may not only be
a result of the obesity and diabetes epidemics, it may be partially responsible
and currently fueling the epidemics. Moreover, because both obesity and di-
abetes disproportionately affect minority women including minority women
of childbearing age [8,16], if the intrauterine environment is contributing to
the epidemics, it perpetuates and widens health disparities between racial
and ethnic groups.

The population health impact of GDM is not limited to exposed off-
spring, but affects maternal health as well. Once diagnosed with GDM,
a woman has a substantial chance of developing type 2 diabetes following
delivery, with some studies reporting a 5-year cumulative incidence rate of
over 50% [120]. Moreover, because childbearing women are young, women
who have GDM who develop overt diabetes acquire it at a young age, sub-
stantially increasing their lifetime risk of developing complications from di-
abetes. The Diabetes Prevention Program was one of several clinical trials
that indicated that either through diet and exercise, or with the aid of a phar-
macologic agent, it is possible to lower the incidence or delay the onset of
diabetes among individuals at high risk of the disease [121–124]. Women
who have GDM, because of their high diabetes risk and young age, are ide-
ally suited to be targeted for lifestyle or pharmacologic interventions to de-
lay or prevent the onset of overt diabetes [121–124]. Moreover, because
women who have GDM are of childbearing age, preventing or delaying
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the onset of overt diabetes not only improves the woman’s health, but also
protects future offspring from the harmful effects of elevated glucose levels
in pregnancy [125,126].

In summary, diabetes during pregnancy is a common and increasing
complication of pregnancy that differentially affects racial and ethnic minor-
ity populations dependent upon their underlying risk of diabetes. Hence, an
important public health priority, consistent with reducing health disparities
between racial and ethnic groups, is prevention of diabetes, starting with
maternal health pre- and postconception.
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The developed and developing worlds are experiencing an epidemic of obe-
sity and associated predisposition to diabetes. This epidemic places a major
drain on health care resources. In the United States, estimates suggest that
one third of adult women are clinically obese [1]. This increased incidence of
obesity and diabetes includes women of child-bearing age [2–4]. It is now clear
that maternal obesity and gestational diabetes have major adverse effects on the
developing fetus that lead to increased neonatal morbidity and mortality, as
discussed elsewhere in this issue. Obesity in pregnancy and gestational diabetes
represent a special problem, not only as a result of their immediate adverse
effects onmaternal health and pregnancy outcome, but also because of growing
evidence for their persistent and deleterious effects on the developing child.

Recent human epidemiologic observations and experimental studies in
rodents and sheep [5–10] show that the nutrient environment in which the
fetus and neonate develop can alter the trajectory of development of multiple
organ systems in ways that permanently impair their function and predispose
the offspring to chronic diseases that only emerge in later life. The persistent
effects of a suboptimal fetal and neonatal development have been called
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developmental programming. Developmental programming can be defined as
the response to a specific challenge to the mammalian organism during a critical
developmental time window that alters the trajectory of development qualita-
tively and/or quantitatively with resulting persistent effects on phenotype. The
fundamental principles of developmental programming are laid out in Box 1.

The nutritional environment experienced during fetal and early postnatal
life is proposed to affect susceptibility to the development of cardiovascular
disease and glucose intolerance later in life [11]. Numerous human cohort
studies have demonstrated an association of low weight at birth with facets
of metabolic syndrome, including hypertension, glucose intolerance, and
obesity [12–14]. Catch-up growth in early postnatal life or childhood seems
to further increase the risk of developing these predisposing conditions,
which have strong associations with cardiovascular disease [15–18].

Maternal obesity and consequences for the developing child

In view of the rising birth weight in developed countries, the prevalence of
obesity in pregnancy, and the association with gestational diabetes, there is in-
creasing interest in the potentially detrimental influence of a maternal hyper-
nutritional status and associated raised birth weight on the risk of disease in
the child [19–23]. Though the link between obesity, gestational diabetes and
heavier weight at birth is recognized, it is increasingly clear that obesity per
se may also contribute. Indeed weight gain between first and second pregnan-
cies has recently been recognized as a factor that increases the risk of the sec-
ond baby being large for gestational age, even amongst women who are not
clinically obese [4]. Prolonged effects of obesity in the mother have also
been implicated from cohort studies that document prepregnancy body
mass index as a strong and independent determinant of their child becoming
overweight [24]. Several studies show a U- or J-shaped relationship between
birth weight and later insulin resistance and obesity [25–27]. Children of obese
women who are diabetic in pregnancy are themselves more likely to develop
insulin resistance in later life and to become overweight [28,29].While this pre-
disposition may represent in part a genetically inherited disorder, studies
among the Pima Arizonian Indians of siblings, who were discordant for ma-
ternal diabetes, strongly suggest an acquired diabetic trait [30,31]. Others have
reported increased risk of metabolic syndrome (raised blood pressure, in-
creased adiposity, insulin resistance) not only among children who were
born large for gestational age to mothers who had gestational diabetes but
also amongst those overweight at birth whose mothers were nondiabetic [32].

Mechanisms by which maternal obesity and gestational diabetes produce

their unwanted effects on lifetime offspring health

Maternal hyperglycaemia is usually thought of as the predominant driving
influence in the tendency of obese and diabetic women to have large for
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Box 1. Ten principles of developmental programming

1. During development, there are critical periods of vulnerability to
suboptimal conditions. Vulnerable periods occur
at different times for different tissues. Cells dividing
rapidly are at greatest risk. Factors that increase risk include:
Too much of a normal chemical such as a hormone, critical
nutrient, or vitamin

Deficiency of a normal chemical such as a hormone,
critical nutrient, or vitamin

Abnormal chemicals such as alcohol or nicotine
Abnormal physical forces, such as high blood pressure

2. Programming has permanent effects that alter responses
in later life and can modify susceptibility to disease.

3. Fetal development is fetal physical activity–dependent. Normal
development is dependent on continuing normal activity. Each
phase of development provides the required conditions for
subsequent development.

4. Programming may involve structural changes in important
organs.
The absolute numbers of cells in the organ may increase
or decrease.

The relative proportions and distribution of different types
of cells within the organ may be unbalanced.

The normal blood supply to the organ may be compromised.
Too many or too few hormone receptors may form with
a resultant resetting of feedback and other control mechanisms.

5. The placenta is likely to play a key role in some forms of
programming.

6. Compensation carries a price. In an unfavorable
environment, the developing baby makes attempts to
compensate for deficiencies. Following compensation, birth
weight may be normal or only slightly decreased. However, the
compensatory effort carries a price.

7. Attempts made after birth to reverse the consequences
of programming may have their own unwanted consequences.
When postnatal conditions prove to be other than those for
which the fetus prepared, problems may arise.

8. Fetal cellular mechanisms often differ from adult processes.
Fetuses react differently to suboptimal conditions than do
newborn babies or adults.

9. The effects of programming may pass across generations
by mechanisms that do not necessarily involve changes
in the genes.

10. Programming often has different effects in males and females.
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gestational age babies, but studies in diabetic pregnancies suggest that pre-
pregnancy maternal body composition and hitherto unrecognized factors
may have equally important influences [33]. Obesity and maternal diabetes
are associated with abnormalities in maternal lipid and amino acid metabo-
lism in addition to altered glucose metabolism. Large birth weight can un-
doubtedly be associated with a higher adult body mass index but in
association with increased muscle mass rather than fat mass [34]. Contempo-
rary studies are now addressing this by detailed measurement of body com-
position in the child in relation to maternal obesity and gestational diabetes.
Thus Catalano and colleagues [21,22] have shown that children of mothers
who have gestational diabetes have a greater neonatal fat mass than children
of the same birth weight whose mothers did not have diabetes in pregnancy.
Importantly the same group have now reported that infants of obese nondi-
abetic mothers are likely to be fatter than those of lean mothers, even when
the birth weights are little different [35]. The association between maternal
obesity, with or without gestational diabetes, and the body composition of
the developing child through to adulthood requires better definition and, al-
though currently underway in some large cohorts, will take many years to
elucidate. Prospective investigation of human cohorts, although of enormous
value in determining associations between maternal nutritional status and
offspring outcome are complex, expensive, and confounded by the influence
of uncontrollable variables of genetic and environmental origin. There is
a need for information at the level of gene expression, gene product forma-
tion, cell and tissue activity, as well as determination of whole body pheno-
type. Studies in appropriate animal models are needed to speed our
understanding of the adverse consequences of maternal obesity and diabetes
on offspring. Information from animal studies is indispensable to pave the
way to identification of markers of problems as well as better prevention
and clinical management.

Experimental animal models

The use of models in experimental animals has provided a supplementary
approach to human epidemiologic and clinical studies. Data from animal
models of developmental programming have been informative in
understanding exposures, mechanisms, and outcomes. It seems that the de-
veloping cardiovascular system and pathways of glucose and fat metabolism
are particularly prone to perturbation in the presence of maternal nutri-
tional imbalance and other alterations in the maternal environment and
phenotype. To date, experimental studies on the developmental
programming of obesity and diabetes in offspring have generally focused
on maternal and fetal undernutrition, rather than the effects of maternal
overnutrition, obesity, and gestational diabetes.

The various animal models that have been studied in relation to maternal
overnutrition during pregnancy and lactation have been reviewed [5–7]. The
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vast majority of studies have been conducted in rodents and sheep. As
shown in one of the earliest studies on developmental programming due
to overnutrition during development, effects are sex-of-offspring–dependent.
Thus overfeeding neonatal baboons before weaning resulted in fat cell
hypertrophy in female offspring only [36]. This latter study highlights two
important principles of developmental programming. First it shows the
importance of studying the whole developmental period. One of the basic
principles of developmental programming is that there are critical windows
of vulnerability (see Box 1, principle 1), and these windows may be prenatal
or postnatal. It is also important to consider differential timing of the rela-
tive stages of development in different animal species when extrapolating
findings from animal studies to human development. The extensive studies
in rodents during the neonatal period must be interpreted in the light of
the precocial prenatal development of many systems in humans and other
mammals. Thus, evidence obtained by alterations in nutrition in the
suckling period in the altricial rat is likely to relate to changes during fetal
development in precocial mammals. Secondly, it is important to look for
gender-specific effects in outcomes.

Evidence from cross-fostering studies have demonstrated that overfeed-
ing in the neonatal period can lead to offspring adiposity associated with hy-
perleptinemia and hypertension When litter size is reduced in rodents during
the preweaning period, thereby leading to over nutrition, offspring are hy-
perphagic and obese [37]. The hyperglycemia that occurs in rats that exhibit
gestational diabetes has been shown to program adult obesity and changes
in the hypothalamic appetite regulatory centers (see later discussion).

Altered regulation of appetite and physical activity

Obesity results from an imbalance of energy intake and energy usedmet-
abolic rate and physical activity. The hypothalamic centers that regulate the
orexigenic drive to eat and the balancing anorexigenic drive that represents
satiety develop in late gestation in primates, although the development con-
tinues into the postnatal period [38,39]. In rodents, development is mostly
postnatal and hence easier to manipulate experimentally. In the arcuate nu-
cleus area of the hypothalamus, neuropeptide Y and agouti-related protein
neurons are the major site of the orexigenic drive, while proopiomelanocor-
tin and cocaine and amphetamineregulated transcript-secreting neurons
provide the anorexigenic drive leptin produced by adipose tissue, feeds
back on these areas to decrease appetite [38].

Overfeeding of neonatal rat pups produced by reducing litter size to four
pups results in offspring hyperphagia and adiposity [40], hyperleptinemia,
hyperinsulinaemia, and resistance to leptin feedback on the arcuate nucleus
[41]. The increase in feeding in response to neuropeptide Y injection into the
lateral ventricle of the brain is exaggerated in 6-month-old offspring of
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mothers who were fed a high-fat diet [42]. Weanling pups of dams who were
fed a high-fat diet show up-regulation of appetite stimulatory galanin and
orexin mRNA expression in the paraventricular nucleus and lateral hypo-
thalamus, respectively [43]. However, the pups in both studies, in contrast
to other reports of maternal fat feeding, were born smaller than controls,
and the response may represent a compensatory ‘‘catch-up’’ response. In
the sheep model, which may more accurately represent the human situation
because brain maturation is more precocial, overfeeding of ewes during
pregnancy seems to alter anorexigenic mechanisms that work through the
appetite-inhibiting cocaine and amphetamineregulated transcript [44–46].

Subcutaneous leptin administration in the early neonatal period stimu-
lates the outgrowth of neurons in the developing neonatal rat hypothalamus
from the arcuate nucleus to innervate the paraventricular nucleus in a man-
ner that enhances development of neuropeptide Y and agouti-related pro-
tein connections to the paraventricular nucleus in preference to from
appetite inhibitory aMSH projections [47,48]. Several studies have been
conducted to elucidate the timing and detailed development of the effects
of leptin on the rodent hypothalamic architecture. Leptin injected subcuta-
neously to neonatal rats on days 3 to 13 of neonatal life reversed the ability
of prenatal undernutrition to produce offspring hyperphagia and obesity
[49]. In contrast, in other studies, offspring obesity has been associated
with a premature leptin surge in mice. The normal rise in leptin in the
neonatal period occurs approximately 16 days postnatal life [50]. Maternal
undernutrition that results in offspring obesity is associated with an earlier
offspring neonatal leptin surgedapproximately 8 to 10 days. Leptin admin-
istration to mice in early postnatal life produces offspring obesity [50]. It
therefore seems that several different alterations of the precise timing of ex-
posure of the central appetite regulating systems to leptin can alter the set
point of activity of both the orexigenic and anorexigenic systems. Further
studies need to be conducted to determine the interplay and precise timing
of the developmental programming mechanisms, including potential roles
for hypercorstisolaemia and hyperinsulinaemia, which have also been impli-
cated [51].

Although no studies have been conducted on the effects ofmaternal obesity
and offspring physical activity, one study on the effects of maternal nutrient
restriction on physical activity of offspring clearly shows that the level of an
individual’s physical activity can be programmed by maternal nutrition. A
severe nutrient restriction paradigm in the rat, in which thematernal diet is re-
duced by 90% compared with controls throughout pregnancy followed by
a normal diet during lactation, produced offspring that were obese and under-
tookmuch less wheel running than offspring of controlmothers [52,53].When
the offspring of the undernourished mothers were fed a high-fat diet, they
indulged in even less physical activity. There is evidence that the composition
of lipids in the maternal diet may also be important. Offspring of rats fed
a lard-rich diet containing mostly saturated fats showed decreased physical
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activity [54]. In contrast, when pregnant mice are fed a diet rich in polyunsat-
urated fat, offspring show increased swim test activity [55].

Altered development of adipose tissue

Raised maternal plasma glucose concentrations occur in situations of ma-
ternal adiposity and gestational diabetes. Infusion of glucose into the ovine
fetus results in increased fetal fat mass [56]. An increased fat mass is also
present in weanling rats of mothers fed a highly palatable diet in pregnancy
and lactation [57] and in adult offspring of rats fed a fat-rich diet [58–60].
There is increasing evidence that altered maternal nutritional states can pro-
gram important cell, gene, and enzyme functions that play key roles in adi-
pogenesis and adipocyte function. Increased expression of 11bHSD-1, a key
enzyme that controls the local availability of cortisol, has been demon-
strated in the adipose tissue of lambs that were nutrient-restricted before
birth [61]. Cortisol plays a key role in the development of fetal adipose
tissue. Another family of regulators of adipose tissue development is the per-
oxisome proliferator-activated receptors (PPAR). These are transcription
factor members of the nuclear receptor superfamily. PPARa and g have
been shown to be altered in adipose tissue and liver of offspring of rats
fed a low-protein diet [62]. Indeed adipose tissue gene expression profiling
by microarray has revealed several molecular pathways that may contribute
to adiposity in offspring of protein-restricted dams [63]. In the fetal liver, the
expression of PPARa has been shown to depend on folic acid availability
and thus methylation status [64]. Recently, Muhlhausler and colleagues
[44] have shown an increase in expression of PPARg, lipoprotein lipase, adi-
ponectin, and leptin mRNA expression in the fetal prerenal fat of lambs
whose dams were fed a diet 55% above energy maintenance requirements;
the data suggests a precocial increase in pathways, which could contribute
to obesity in later life.

Altered insulin secretion and resistance

It has been known for many years that maternal nutrient status and
particularly maternal hyperglycemia alters the development of the fetal
pancreas. Thus increased glucose transport from mother to fetus results in
exposure of the developing fetal pancreas to higher than normal glucose
levels with a resultant acceleration of pancreatic development. The authors’
data show an increase in fetal insulin levels in sheep fetuses of mothers eat-
ing 150% of nutrient requirement consumed by controls for the first half of
pregnancy [65]. This accelerated maturation appears to predispose the
pancreas of the offspring to fail when exposed to challenges in later life.
The authors and others have also shown that adult offspring of lard-fed
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dams demonstrate structural and functional evidence for pancreatic beta cell
dysfunction [60,66].

The exact nature of fatty acid exposure to which a developing fetus is ex-
posed will depend on both the level of maternal adiposity and the fat com-
position of her diet. Offspring of dams fed a diet rich in saturated fats
develop insulin resistance in adulthood [58,60,66], whereas feeding mothers
polyunsaturated fats does not produce insulin resistance in offspring [67].
The importance of the ratio of different fatty acids, especially the polyunsat-
urated fatty acids, has been elegantly demonstrated in one study in which
offspring of mothers fed a high n-6:n-3 ratio diet in soybean oil had raised
fasting insulin and increased fat deposition in adult life [68]. These effects of
maternal obesity and diet may program female offspring so that they them-
selves demonstrate gestational diabetes during their own pregnancy and
pass the predisposition across generations from daughter to granddaughter
[69–72].

Weanling rats born to mothers fed on a highly palatable obesogenic
cafeteria diet during pregnancy and lactation have smaller skeletal muscles
with fewer muscle fibers compared with offspring of rats fed the normal diet.
Increased intramuscular lipid content and adipocyte hypertrophy were also
present [57]. Because insulin sensitivity is greatly dependent on an adequate
skeletal muscle mass, and muscle lipid content is directly related to insulin
resistance [73], these consequences of overnutrition during development
could increase the offspring’s predisposition to insulin resistance in later life.

Altered cardiovascular function

Altered cardiovascular function resulting from deficient maternal diets
was amongst the first convincing demonstrations of developmental pro-
gramming in animal models [53,74–79]. Most of the early studies investi-
gated the effects of maternal low-protein diets [80]. However, raised blood
pressure was observed in offspring of rats fed a coconut oil–rich diet and
in the offspring of rat dams fed a diet rich in soybean oil [68]. Endothelial
dysfunction has been reported in offspring of dams subjected to dietary
restriction or protein deprivation [74,81–83]. In one of the authors’ studies,
maternal overnutrition resulted in hypertension only in female offspring,
whereas both males and females exhibit blunted endothelium-dependent
relaxation [54].

Implications for the future

The evidence presented on the mechanisms by which maternal obesity
and gestational diabetes predispose offspring to subsequent chronic disease
indicates the extreme importance of these conditions in pregnancy. It is
imperative that further information is obtained to provide evidence-based
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strategies to decrease the incidence of obesity in women of child-bearing
years, recommend optimal diets suited to the phenotype of each individual
pregnant woman, and improve management during pregnancy.
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Pregnancy is characterized by an increase in insulin resistance. Hypergly-
cemia is avoided secondary to a compensatory increase in insulin produc-
tion by the pancreatic beta-cell. However, when the pancreatic beta-cell
fails to compensate sufficiently, glucose metabolism is altered and gesta-
tional diabetes mellitus (GDM) develops. The primary etiology of the rise
in insulin resistance during normal pregnancy has long been thought to be
endocrine in nature and associated with gestational hormones. However, re-
cent evidence has demonstrated that tumor necrosis factor-alpha (TNF-a),
an inflammatory cytokine, may be a better predictor of insulin resistance in
pregnancy than gestational hormones [1]. This finding challenges the per-
spective that gestational hormones are the sole contributor to insulin resis-
tance in pregnancy and suggests a possible relationship with inflammatory
mediators. Although the association between inflammation and GDM is
a new finding, the connection between inflammation and insulin resistance
is well known and is supported by epidemiologic as well as clinical data.
This article reviews the current evidence supporting the link between inflam-
mation and GDM.

Glucose metabolism in normal pregnancy

Normal pregnancy is marked by significant changes in maternal fuel
homeostasis. Early pregnancy is associated with a decrease in fasting
plasma glucose concentrations [2] and a slight decrease in basal endogenous
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glucose production [3]. However, by the end of the first trimester, insulin
sensitivity starts to fall, and by the third trimester, insulin-stimulated glu-
cose disposal has been shown to decline by approximately 50% in lean
[4] and by 40% in obese women [5]. This has been associated with acceler-
ated ketosis in the fasting state and an increase in maternal fasting glucose
and free fatty acids.

The cause of the first-trimester insulin sensitivity rise is unknown. The
subsequent fall of insulin sensitivity (rise in resistance) is likely the result
of several stimuli. A rise in plasma concentrations of several hormones,
such as chorionic somatomamotropin (placental lactogen), progesterone,
prolactin, and cortisol, have been observed to correlate with the develop-
ment of midpregnancy insulin resistance and their fall with postpartum
changes. However, the correlation of insulin resistance with endocrine
change may reflect other intermediate mechanisms. Serum concentration
of TNF-a, an inflammatory cytokine produced by cells of the immune sys-
tem, has also been linked with insulin resistance in pregnancy. Kirwan and
colleagues [1] reported that circulating concentrations of TNF-a were in-
versely proportional to insulin sensitivity when measured by euglycemic-hy-
perinsulinemic clamp studies. Furthermore, when compared with other
pregnancy-related hormones (leptin, cortisol, placental lactogen, human
chorionic gonadotropin, estradiol, progesterone, and prolactin), the change
in plasma TNF-a concentration from the pregravid state to late pregnancy
was the best predictor of insulin sensitivity [1].

The observed increase in insulin resistance that characterizes midpreg-
nancy is met with a compensatory increase in fasting and postmeal plasma
insulin concentrations due to increased insulin production by the pancreatic
beta-cell. The pancreatic beta-cell’s ability to produce enough insulin in the
face of increasing insulin resistance is a necessary requirement to maintain
euglycemia in normal pregnancy.

Pathophysiology of gestational diabetes mellitus

GDM is defined as carbohydrate intolerance first recognized during
pregnancy [6]. GDM is a unique physiologic state that is distinguishable
from the normal metabolic changes induced by pregnancy. Compared to
normal pregnancy, GDM is characterized by increased insulin resistance.
Evidence to support greater insulin resistance in GDM versus nondiabetic
pregnancy is provided by Xiang and colleagues [7], who by using the hy-
perinsulinemic-euglycemic clamp technique demonstrated reduced suppres-
sion of basal glucose production and reduced insulin-mediated glucose
clearance among women who have GDM in response to similar elevations
of plasma insulin. Similarly, Catalano and colleagues [8] used the same
method to demonstrate, among obese gravidas, that those who developed
GDM had higher insulin resistance throughout gestation. It has been
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suggested that the greater magnitude of insulin resistance in GDM is
likely due to the additive nature of chronic underlying insulin resistance
superimposed upon that due to normal pregnancy [9]. Because the inci-
dence of GDM has a strong association with maternal obesity [10], the
pathogenesis of GDM is likely that of chronic insulin resistance due to in-
creased fat mass. Additionally, genetically determined insulin signaling
dysfunction may also contribute to insulin resistance and may lead, in
some cases, to GDM. Friedman and colleagues [11] described that those
who have GDM have a distinct decrease in the ability of the insulin recep-
tor-beta to undergo tyrosine phosphorylation compared to those with
non-diabetic pregnancy. This defect was associated with lower glucose
transport activity in comparison to nondiabetic gravidas [11].

Pancreatic beta-cell dysfunction is the other key feature observed in those
who have GDM. Homko and colleagues [12] determined that beta-cell func-
tion is decreased by 41% during pregnancy and 50% after pregnancy among
those who have GDM compared with controls. Beta-cell dysfunction can
occur secondary to autoimmunity directed against the pancreatic beta-cell,
monogenic origins such as maturity-onset diabetes of the young or in the
setting of chronic insulin resistance. Due to its common association with
obesity, it is likely that most of those who have GDM have beta-cell dys-
function arising on a background of chronic insulin resistance secondary
to obesity.

Although beta-cell dysfunction is clearly occurring on a background of
chronic insulin resistance, the actual mechanism by which beta-cell failure
develops is unclear. The pancreatic-beta cell initially responds to insulin re-
sistance by expanding beta-cell mass to produce enough insulin to meet
physiologic demand. Butler and colleagues [13], using autopsy specimens,
observed increased beta-cell mass among obese but nondiabetic subjects.
In contrast, those who had a combination of obesity and type 2 diabetes
mellitus (T2DM) demonstrated decreased beta-cell mass. The authors spec-
ulated that their findings reflected increased beta-cell apoptosis. If the cause
of decreased beta-cell mass was related to chronic increased beta-cell ‘‘de-
mand,’’ then reduction of insulin resistance may delay the development of
clinically significant hyperglycemia. This hypothesis has been supported
by Buchanan and colleagues [14], who conducted a placebo controlled ran-
domized trial of troglitazone among nonpregnant women who had a recent
history of GDM. Troglitazone is a drug known to reduce insulin resistance
and possess anti-inflammatory properties. During a median follow-up of 30
months, the average annual diabetes incidence rates were 12.1% versus
5.4% in women assigned to placebo and troglitazone, respectively. The re-
duction in diabetes was attributed to preservation of pancreatic beta-cell
function and appeared to be mediated by a reduction in the secretory de-
mands placed upon the beta-cells by chronic insulin resistance. These find-
ings and conclusions were further supported by a proglitazone trial by the
same investigators [15].
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The immune system and inflammatory mediators

The immune system defends its host against both external threats, such as
bacterial infection, viral infection; physical injury, and internal threats such
as malignant transformation. The immune system has historically been di-
vided into two parts: the innate and adaptive. They are separated purely
for descriptive purposes and are not mutually exclusive of one another.
From an evolutionary standpoint, the innate immune system predates the
adaptive immune system. The innate immune system is considered to be
the ‘‘first-line’’ of defense against microbes or tissue damage. The adaptive
immune system is activated by the innate immune system and responds to
antigens to which the organism has already been exposed, thereby providing
the ability to mount a more effective response.

Innate immune function involves direct recognition of pathogens by rely-
ing upon a limited number of germline-encoded pattern recognition recep-
tors, better known as Toll-receptors, which are possessed by all innate
immune cells. These receptors evolved to recognize highly conserved micro-
bial polysacchride and polynucleotide patterns and are collectively described
as pathogen-associated molecular patterns. Pathogen-associated molecular
patterns are not possessed by the host. Recognition of these molecular struc-
tures allows the immune system to distinguish nonself from self.

The cells of the innate immune system are present in all tissues, and they
include mast cells, phagocytes (macrophages, dendritic cells, polymorpho-
nuclear leukocytes), basophils, eosinophils, natural killer cells, and gamma
delta T-cells. Once bound by pathogen-associated molecular patterns, the
pattern recognition receptors trigger the innate immune cell to directly de-
stroy the pathogen; process an antigen for presentation; and/or activate
a signaling pathway that induces antimicrobial genes, which results in the
production and release of inflammatory mediators known as cytokines.
Cytokines are proteins and are functionally similar to classical endocrine
hormones. Cytokines mediate signaling between cells and are produced by
cells of the immune system as well as a few other cell types such as adipo-
cytes and endothelial cells. Cytokines can act locally but also circulate
and exert their effects systemically. Once the cytokine is bound to a specific
immune cell-surface receptor, intracellular signaling events initiate, perpetu-
ate, and/or down-regulate immunologic responses. Cytokines can, however,
bind non-immunologic cells resulting in several different effects, one of which
is cellular response to insulin.

Cytokines and insulin resistance

Cytokines exert their effect upon insulin resistance by interfering with the
insulin receptor–signaling cascade. The insulin receptor is a protein tyrosine
kinase that upon binding insulin, results in the phosphorylation of intra-
cellular substrates. Upon phosphorylation, these substrates interact and
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activate other molecules that modulate intracellular metabolism. Cytokines
can directly interfere with the intracellular signaling cascade of the insulin
receptor. For example, TNF-a, an inflammatory cytokine, can induce insu-
lin resistance by decreasing serine phosphorylation of the insulin receptor
kinase [16]. TNF-a has also been shown to promote serine phosphorylation
of insulin receptor substrate-1, which in turn effectively blocks insulin recep-
tor substrate-1 from binding to the insulin receptor [17]. Interleukin-6, an-
other inflammatory cytokine, also induces insulin resistance by inhibiting
glucose transporter-4 synthesis as well as up-regulating suppressor of cyto-
kine -3, which inhibits tyrosine phosphorylation of insulin receptor sub-
strate-1 and -2 [18,19].

Obesity, inflammation, and insulin resistance

Obesity is rapidly rising to epidemic proportions worldwide including the
United States. According to the most recent National Health Examination
Survey in 2003 to 2004, the prevalence of obesity in reproductive aged
women 20 to 39 years old in the United States, defined as a body mass index
(BMI)R30 kg/m2, was 28.9% [20]. In addition to its other related morbid-
ities, obesity observed is associated with an increased risk for GDM [21–23].
Baeten and colleagues [24] identified an association between obesity
(BMIR30) and GDM with an odds ratio of 5.2 (4.3, 6.2) among a geo-
graphic sample of 96,801 nulliparous women. Furthermore, fetal exposure
to maternal obesity increases the risk of childhood metabolic syndrome
(obesity, hypertension, glucose intolerance, and dyslipidemia) approxi-
mately twofold [25]. This would suggest that maternal adiposity may affect
fetal metabolic programming.

Adipose tissue is no longer considered a passive tissue solely used for lipid
storage. Rather, it is a diverse tissue that also actively participates in endo-
crine and immune functions. The remarkable ability of adipose tissue to
function as an endocrine organ and as an immune organ reflects the charac-
ter of its precursor cell, the preadipocyte. The preadipocyte has the ability to
differentiate and mature into an adipocyte or a macrophage [26]. This differ-
entiation is likely secondary to the metabolic or immunologic demands
placed upon the cell. The adipocyte mediates its effects by way of proteins
called adipokines that influence not only adipocyte-related autocrine and
paracrine function, but also modulate local and systemic immune cell func-
tions and systemic metabolic pathways. Altered adipokine production, par-
ticularly those possessing inflammatory properties, has been associated with
obesity-associated insulin resistance.

TNF-a, an inflammatory cytokine, is an adipokine that induces inflam-
mation by inhibiting production of adiponectin, an anti-inflammatory adi-
pokine [27]; recruits other inflammatory cells of the innate immune
system; and stimulates release of free fatty acids [28]. TNF-a’s association
with obesity and insulin resistance was first recognized by Hotamisligil
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and colleagues [29] in 1993. They were able to demonstrate higher TNF-a
concentrations in plasma and adipose tissue in obese versus lean mice.
Furthermore, when the neutralized TNF-a, they were able to see a reduction
of insulin resistance. In humans, serum concentrations of TNF-a have been
found to be elevated in obese individuals, and subsequent weight loss leads
to decreased serum concentrations [30]. These trends are also observed in
human adipose tissue. Hotamisligil and colleagues [31] demonstrated
greater expression of TNF-a messenger RNA in adipose tissue of obese in-
dividuals in comparison to nonobese individuals, and weight reduction
resulted in a decrease expression of TNF-a messenger RNA and a subse-
quent improvement in insulin sensitivity.

Interleukin-6, another inflammatory cytokine, is produced by the adipo-
cyte and is key stimulator of acute phase proteins (C-reactive protein, amy-
loid A, complement, and so forth) production by the human hepatocyte [32].
In humans, elevated plasma concentrations of interleukin-6 are associated
with obesity [33,34] and insulin resistance, even when controlling for BMI
[33]. Similar to TNF-a, weight loss is associated with a reduction in interleu-
kin-6 concentration in serum [33,34]. Interleukin-6, when administered to
healthy individuals, increases blood glucose in a dose-dependent manner
[35]. The mechanism by which this occurs is unknown.

Adiponectin is an anti-inflammatory adipokine. Adiponectin mediates its
anti-inflammatory effects by inhibiting macrophage phagocytic capabilities,
TNF-a induced expression of adhesion molecules [36], as well as TNF-a pro-
duction from macrophages [37]. Adiponectin mRNA is reduced in adipose
tissue in obese humans [38]. Plasma concentrations of adiponectin are
also lower in obese individuals [39] and rise with weight loss [40]. In
cross-sectional studies of humans, plasma adiponectin levels are negatively
correlated with insulin resistance [39]. Further, adiponectin administration
in rodent models of obesity and T2DM reverses insulin resistance [41].
The mechanism of this effect has not been identified.

Pregnancy and the immune system

Normal pregnancy is accompanied by alterations within the maternal
innate and adaptive immune system. The maternal innate immune system
seems to be stimulated in pregnancy, whereas the adaptive immune system
is believed to be relatively suppressed [42]. Systemically this is manifest as an
increase in the number of circulating innate immune cells, such as mono-
cytes and granulocytes, which have been shown to possess activated pheno-
types comparable to those observed in sepsis [43]. Plasma concentrations of
inflammatory cytokine TNF-a [1], acute-phase proteins, C-reactive protein
[44], fibrinogen, and complement [45] are increased in pregnancy. The innate
immune system also seems to be up-regulated locally, at the level of the
utero-placental interface, in which there are increased numbers of uterine
natural killer cells, macrophages, and gamma delta T cells [46]. The
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maternal adaptive immune system, on the other hand, seems to be sup-
pressed, particularly at the utero-placental interface [47], as evidenced by di-
minished B and T cells. It has been opined that these changes allow for
successful immuno-tolerance of paternally derived antigens of the fetal
allograft.

Gestational diabetes mellitus and inflammation

Evidence of inflammatory dysregulation can be observed as early as the
first trimester among gravidas who later develop GDM. Wolf and colleagues
[48], in a prospective cohort of 2753 nulliparous euglycemic women, identified
increased leukocyte count (10.5� 2.2 versus 9.2� 2.2� 103 cells/mL;P! .01)
in early pregnancy among those who had subsequent GDM independent of
BMI. These findings are consistent with other studies outside of pregnancy
that have observed leukocyte count to be a predictor in the development of
T2DM [49,50].

Several cytokines have been linked to insulin resistance observed in
those who had GDM. Kirwan and colleagues [1] noted significantly higher
third-trimester serum TNF-a concentration among obese individuals
who had GDM when compared with lean controls (2.84 � 0.17 versus
2.13 � 0.17 pg/mL; P ! .02). Moreover, the increase of TNF-a concentra-
tion from pregravid to the third trimester was the best predictor of insulin
resistance in pregnancy when compared with leptin, cortisol, and other
pregnancy-derived hormones (placental lactogen, human chorionic gonad-
otropin, estradiol, progesterone, and prolactin) independent of fat mass
[1]. Similarly, Ategbo and colleagues [51] demonstrated serum concentra-
tions of TNF-a and interleukin-6, to be elevated at time of delivery in
those who had GDM, though no attempt was made to control for fat
mass.

A decreased anti-inflammatory response has also been identified among
those who have GDM. Specifically, first-trimester plasma concentrations
of adiponectin, an anti-inflammatory adipokine, have been found to be sta-
tistically lower in women who develop GDM, independent of risk factors
for GDM [52]. Serum concentrations of interleukin-10, an anti-inflamma-
tory cytokine, in the third trimester have been found to be lower in those
who have GDM independent of obesity [53]. This finding is consistent
with previous studies describing an association between low plasma interleu-
kin-10 levels and the metabolic syndrome [54]. Furthermore, the ability of
immune cells to produce interleukin-10 in response to an inflammatory stim-
ulus is blunted in those who have GDM when compared with matched con-
trols [53]. This finding is also consistent with previous studies linking low
interleukin-10 production capability with T2DM in the elderly population
[55]. These findings would suggest that the cytokine profile in those who
have GDM is best characterized as an imbalance between inflammatory
and anti-inflammatory mediators.
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Placentas among those who have GDM also display the presence of an
inflammatory state. Radaelli and colleagues [56] examined the profile of
gene expression in human placentas obtained from normal and GDM preg-
nancies and found that genes regulating inflammatory responses were al-
tered in those who had GDM. Specifically, up-regulation of genes for
interleukins, leptin, and TNF-a receptors and their downstream molecular
adaptors suggest that pathways that recruit stress-activated protein/c-Jun
NH2-terminal kinases may be activated. If confirmed, such findings suggest
that the placenta in these pregnancies may have been exposed to a chronic
inflammatory environment.

Finally, inflammation associated with GDM may persist beyond preg-
nancy and is a possible risk factor for the development of future inflamma-
tory-related conditions. Heitritter and colleagues [57], using a case–control
study, found that those who hadGDMhad significantly higher mean concen-
trations of inflammatory mediator, C-reactive protein, and lower concentra-
tions of anti-inflammatory mediator, adiponectin, at approximately 4 years
postpartum. These differences were maintained after adjusting for BMI.

Immunomodulation and improved glucose metabolism

Pharmacologic inhibition of inflammatory mediators of the innate im-
mune system has displayed promise in regard to improving glucose metab-
olism. Salicylates and thiazolidinediones exert anti-inflammatory effects and
improve insulin sensitivity. Both classes of drugs have been shown to im-
prove hyperglycemia. Salicylates exert their anti-inflammatory effects by in-
hibiting cycloxygenase production of prostaglandins, and also reduce
inflammatory signaling by inhibition of nuclear factor-kappa B [58]. Nu-
clear factor-kappa B is a transcription factor, which, upon activation, in-
duces gene expression of several inflammatory agents, inflammatory
cytokines, as well as other genes that are involved in the inflammatory re-
sponse. Nuclear factor-kappa B in its latent inactive form is bound by
I-kappa kinase-beta, a group of inhibitory proteins, in the cytoplasm of
most cell lines. Phosphorylation of I-kappa kinase-beta by IKK, a cellular
kinase complex, leads to its degradation thereby allowing for the transloca-
tion of nuclear factor-kappa B into the nucleus where it activates genes that
participate in the inflammatory process [59].

The effect of salicylates on glucose metabolism was confirmed by Hundal
and colleagues [60] who gave aspirin, in high doses (6.2 gm/d), for 2 weeks to
obese subjects who had T2DM. Upon completion of the 2-week trial period,
they observed reduced fasting hyperglycemia, reduced basal hepatic glucose
production, improved peripheral glucose uptake, and a 17% decrease in
C-reactive protein concentration.

Thiazolidinediones are used clinically to increase insulin sensitivity. This
class of agents binds to and activates peroxisome proliferator-activated re-
ceptors, which, like nuclear factor-kappa B, are transcription factors that
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regulate the expression of gene products important for adipocyte differenti-
ation, fatty acid metabolism, glucose metabolism, and inflammation [61].
Peroxisome proliferator-activated receptors are found in adipocytes, pancre-
atic beta cells, vascular endothelium, macrophages, hepatocytes, cardiac
muscle cells, skeletal muscle cells, and vascular walls. The diversity in cell
types in which peroxisome proliferator-activated receptors are found con-
tribute to the difficulty of ascribing one specific mechanism by which thiazo-
lidinediones accomplish their insulin-sensitizing effects. The rise in insulin
sensitivity may require the interaction of several cell types. The thiazolidine-
diones’ anti-inflammatory effects result from the drug’s stimulation of
peroxisome proliferator-activated receptor-gamma in immune cells (mono-
cytes), which inhibits their ability to produce inflammatory cytokines,
such as TNF-a and interleukin-6 [62]. Clinically, thiazolidinediones have
been associated with increased plasma concentrations of adiponectin; the
potent anti-inflammatory adipokine [63]; as well as decreased serum concen-
trations of C-reactive protein [64], an acute phase reactant and general
marker of inflammation.

Summary

In summary, GDM likely reflects a chronic derangement of carbohydrate
metabolism contributing to insulin resistance that is unmasked by a reduced
ability of the pancreatic beta-cell to compensate for a pregnancy-induced
further decline in insulin sensitivity. The pathophysiology of the chronic in-
sulin resistance in these gravidas is likely due to obesity-related metabolic
and immune dysregulation, both of which influence glycemic homeostasis
by way of inflammatory mediators.
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Diabetes mellitus (DM) is a metabolic disorder resulting from defects of
insulin secretion or action, or both, leading to abnormalities in carbohy-
drate, protein, and lipid metabolism. Three types of DM have been classi-
fied: type 1, type 2, and gestational diabetes mellitus (occurring during
pregnancy) [1]. This entity is one of the most common medical complica-
tions of pregnancy, with an incidence of 3% to 4% [2]. There are two groups
of diabetic pregnant women: women with pregestational diabetes and
women who develop diabetes during pregnancy (gestational diabetes). Be-
cause most women with pregestational diabetes receive no preconception
care [3,4], they are exposed to high perinatal risks secondary to hyperglyce-
mia and maternal vasculopathy. Diabetic women at childbearing ages face
the following challenges: increase in major congenital malformations of
their offspring, spontaneous abortion, and lack of information to make ed-
ucated choices regarding potential progression of diabetic complications.
The present article reviews current knowledge regarding the effect of preges-
tational diabetes on pregnancy outcomes as well as the impact of pregnancy
on the progression of diabetes. The timing and type of interventions in pre-
conception care to prevent pregnancy and maternal complications in dia-
betic women are also discussed.
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Major congenital anomalies

Significance

In 1885, Le Corche [5] described, for the first time, the association be-
tween diabetes complicating pregnancy and congenital malformations. Ped-
ersen [6] demonstrated that diabetic mothers were at high risk for birth
defects. Since then, different types of malformations have been reported in
infants born to diabetic women, with an estimated incidence of 6% to
10% [2]. The most commonly affected systems are cardiovascular, central
nervous, gastrointestinal, genitourinary, and skeletal (Box 1) [7]. However,
there is no specific diabetes-related anomaly. Sacral dysgenesis [8] and fem-
oral hypoplasia–unusual facies phenotype [9] are the two exceptions. Only
a small percentage of women with diabetes have children with these two
defects.

Box 1. Congenital anomalies commonly seen in infants
of diabetic mothers

Skeletal and central nervous system
Caudal regression syndrome
Neural tube defects excluding anencephaly
Anencephaly with or without herniation of neural elements
Microcephaly
Cardiac
Transposition of the great vessels with or without ventricular

septal defects
Ventricular septal defects
Coarctation of the aorta with or without ventricular septal defects

or patent ductus arteriosus
Atrial septal defects
Cardiomegaly
Renal anomalies
Hydronephrosis
Renal agenesis
Ureteral duplication
Gastrointestinal
Duodenal atresia
Anorectal atresia
Small left colon syndrome

Data from Reece EA, Hobbins JC. Diabetic embryopathy: pathogenesis, prena-
tal diagnosis and prevention. Obstet Gynecol Surv 1986;41:325.
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The discovery of insulin in 1922 has changed the prognosis of patients
affected by diabetes, including reproductive and pregnancy outcomes [10].
The following decades brought improvements in the management of preg-
nancies complicated by diabetes (eg, improved types of insulin and prena-
tal care), resulting in a dramatic reduction in maternal and perinatal
morbidity and mortality [11]. In spite of these advancements, the rate
of congenital malformations in the offspring of diabetic mothers remains
high. Most studies observe a three- to fivefold increase in the rate of le-
thal congenital anomalies [6,12,13]. Congenital malformations account for
almost 50% of the perinatal mortality for children born to diabetic
mothers [14]; thus, identification of teratogens will lead to the develop-
ment of targeted prevention programs. Although hyperglycemia has
been shown to be teratogenic for the developing embryo, the intimate
mechanism involved in maternal diabetes–induced dysmorphogenesis is
not completely understood [15–18]. Hyperglycemia alone does not offer
a complete explanation to the teratogenic process. Other factors such
as myo-inositol and arachidonic acid deficiency [19], hyperketonemia
[20], and excess of free oxygen radicals [21] were linked to birth defects
in diabetic pregnancies in experimental and clinical models. Recent evi-
dence demonstrated that hyperglycemia altered gene expression leading
to aberrant cell signaling and resultant embryopathy [22]. These findings
indicate that diabetic embryopathy may have a multifactorial etiology.
Preconception counseling and care for diabetic women is the most impor-
tant and effective intervention to reduce the incidence of congenital ab-
normalities in offspring.

Effectiveness of preconception care in reducing the incidence
of congenital malformations

Numerous studies have evaluated the outcome of pregnancy in diabetic
women with intensified glycemic control during the preconception period
and the first trimester of pregnancy. The notion that hyperglycemia during
the period of organogenesis is a critical factor for the induction of congenital
malformations, prompts investigators to test the effectiveness of preconcep-
tion interventions on achieving and maintaining euglycemia.

From 1977 to 1981, Fuhrmann and colleagues [23] studied 420 women
with insulin-dependent diabetes who delivered at the Department of Obstet-
rics and Gynecology of the Central Institute of Diabetes in Karlsburg, Ger-
many. A group of 128 patients was admitted to the hospital every 3 months
until conception and once more after pregnancy to attain glycemic control
(60 to 130 mg/dL). Another group of 292 diabetic women began metabolic
control after 8 weeks of conception. The former group showed 0.8% malfor-
mations and the second group showed 7.5%. The authors concluded that
strict metabolic control in the periconceptional period reduces the rate of
malformations in children of diabetic mothers.
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Similar findings have been described by Steel and colleagues [24], who
reported a 14-year experience of a prepregnancy clinic for diabetic women.
There were 143 diabetic women who received prepregnancy care and 96 di-
abetic women who were in the control group. The study demonstrated lower
hemoglobin A1c (HbA1c) concentration in the first trimester and lower
rates of congenital malformations (1.4%) in the prepregnancy care group
than in the control group (10.5%).

The Maine Diabetes Control Project [25], a statewide initiative with edu-
cational activities, was begun in 1985. There were 185 pregnancies from 160
women. In 34% of pregnancies, women with pregestational diabetes who re-
ceived preconception counseling had 1.6% malformations while 66 pregnan-
cies from diabetic women without preconception care yielded 6.5%
malformations. Recently, by using a meta-analysis, Rey and colleagues
[26] assessed the effect of preconception care on the occurrence of congenital
malformations in 14 cohort studies involving 1192 offspring born by dia-
betic women who received preconception care and 1459 from diabetic
women without such intervention. Preconception care decreased the rate
of congenital anomalies from 6.5% to 2.1% (relative risk [RR] 0.36, 95%
confidence interval [CI] 0.17-0.59). Other studies have reached similar results
(Table 1) [23–25,27–35].

These reports support the hypothesis that achieving normoglycemia be-
fore and after conception reduces the rate of fetal anomalies.

Table 1

Incidence of major congenital anomalies in diabetic women with and without preconception

care

IDDM with

preconception care

IDDM without

preconception care

Clinical trials

Number

of infants

Congenital

anomalies,

n (%)

Number

of infants

Congenital

anomalies,

n (%)

Fuhrmann et al [23] 128 1 (0.8) 292 16 (5.5)

Fuhrmann et al [31] 56 1 (1.8) 144 6 (4.2)

Goldman et al [27] 44 0 31 2 (6.5)

Mills et al [32] 347 17 (84.9) 279 25 (9.0)

Damm and Molsted-

Pedersen [33]

283 7 (2.5) 148 15 (10.1)

Steel et al [24] 196 3 (81.5) 117 14 (12.0)

Kitzmiller et al [30] 84 1 (1.2) 110 12 (10.9)

Rosenn et al [34] 28 0 71 1 (1.4)

Tchobroutsky et al [35] 40 0 186 16 (8.6)

Willhoite et al [25] 58 1 (1.7) 93 8 (8.6)

McElvy et al [28] 92 2 (2.2) 79 11 (14)

Evers et al [29] 262 11 (4.2) 49 6 (12.2)

Abbreviation: IDDM, insulin dependent diabetes mellitus.
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Because most pregnancies of diabetic women are either unplanned or
without prenatal care until organogenesis has occurred, the efficacy of the
intervention has been limited. In this context, education combined with ac-
cessibility to preconception care is the cornerstone of care in diabetic women
and their infants.

Maternal vasculopathy

Nephropathy

Nephropathy complicates about 30% of women with type 1 DM. Overt
nephropathy is defined as persistent proteinuria (more than 500 mg/
24 hours of total protein or more than 300 mg/24 hours of urinary albumin
excretion) observed in the first 20 weeks of pregnancy in the absence of uri-
nary tract infection [36]. This condition is significantly correlated with the
occurrence of maternal and fetal complications. Chronic hypertension and
preeclampsia are observed in 40% of these subjects, retinopathy is present
in 60%, and cesarean section is performed in over 70% of these women
[37]. Perinatal complications are also significantly increased in this popula-
tion. Preterm delivery occurs in 25% and intrauterine growth restriction
(IUGR) in 15% of these pregnancies with an overall perinatal mortality
rate of 5% [37]. Overall, pregnancy course tends to present more frequent
and severe complications in women with nephropathy or moderate to severe
renal function deterioration.

Does pregnancy accelerate the progression of renal disease?

Studies addressing the short- and long-term impacts of pregnancy on re-
nal function have limitations since they are retrospective and generally in-
volve small groups of subjects and patients under different management
strategies.

Many factors in pregnancy, such as chronic hypertension and superim-
posed preeclampsia, could have a significant impact on renal function.
The physiologic increase in glomerular filtration rate (GFR) from 50% to
100% can also have a negative impact on kidney function. Several studies
have addressed the changes in renovascular parameters throughout preg-
nancy in women with class F diabetes [37]. Proteinuria increases consistently
from the first to the third trimester, returns to near prepregnancy levels at
postpartum, and progresses at a similar rate to the natural history of dia-
betic nephropathy. Serum creatinine throughout pregnancy was found to
be fairly stable if mild renal dysfunction was present preconceptionally. Pa-
tients with moderate to severe renal insufficiency in the first trimester dem-
onstrate a more profound increase in serum creatinine toward the third
trimester. Creatinine clearance did not show significant changes throughout
pregnancy in the majority of the studies [37].
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Long-term impact of pregnancy on progression of renal disease may be
the most challenging issue when counseling patients with diabetic nephrop-
athy who consider pregnancy. Kitzmiller and colleagues [38] reported renal
function in 23 patients at 6 and 35 months postpartum. Proteinuria declined
by 50% in 14 subjects, did not change in 7, and increased in only 2. No sig-
nificant rise in serum creatinine was observed in the majority of the patients.
Reece and colleagues [39] evaluated the rate of decline in renal function in 11
pregnancies with diabetic nephropathy. Mean serum creatinine measured
within 4 years before conception, throughout pregnancy, and within 4 years
after delivery did not differ from the expected decline observed in the ab-
sence of pregnancy. Miodovnik and colleagues [40] investigated whether
pregnancy and parity could increase the risk for the development of ne-
phropathy or accelerate the progression of preestablished renal disease
among individuals with type I diabetes. The authors concluded that preg-
nancy did not increase the risk of development or progression of renal dis-
ease. These data indicate that pregnancy per se does not seem to hasten the
progression of nephropathy to end-stage renal disease (ESRD); however, it
must be interpreted with caution since most of the studies evaluated women
with mild renal impairment. Studies discriminating women with nephropa-
thy and moderate to severe renal impairment from those with normal or
mild deterioration of renal function, showed different impact of pregnancy
at follow-up. Several authors have supported this observation. Kimmerle
and colleagues [41] evaluated 33 women with class F diabetes at 0.3 to 5
years postpartum. The authors reported a greater probability of requiring
dialysis among 10 women with elevated serum creatinine at the beginning
of the pregnancy than those with normal values. Furthermore, the rate of
fall of creatinine clearance was minimal in women with normal Cr/Cl before
pregnancy while those with preconception abnormal creatinine clearance
showed greater fall. Purdy and colleagues [42] evaluated long-term out-
comes in 11 patients with class F diabetes and moderate to severe renal im-
pairment. These patients were compared with nonpregnant subjects with
type 1 insulin-dependent DM (IDDM) and similar degrees of renal dysfunc-
tion. The authors concluded that patients with diabetic nephropathy and
moderate to severe renal insufficiency had a 40% higher chance of acceler-
ated progression of renal disease attributable to pregnancy effect. Finally,
Gordon and colleagues [43] followed 34 subjects with class F diabetes for
a mean period of 2.8 years. Patients with initial creatinine clearance greater
than 90 mL/min and less than 1000 mg of protein in 24 hours had less pro-
gression of nephropathy. The authors concluded that renal function evalu-
ation early in pregnancy can be helpful in predicting long-term progression
of renal disease in pregnancy [10].

In summary, in patients with diabetic nephropathy and mild to moderate
renal dysfunction (serum creatinine, 1.4 mg/dL and creatinine clearance
over 90 mL/min), pregnancy per se does not worsen long-term outcome.
On the other hand, pregnancy seems to accelerate renal function
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deterioration in women with moderate to severe renal dysfunction at the be-
ginning of pregnancy.

Proliferative retinopathy: class D and R diabetes

Retinopathy is a common ocular complication of diabetes with a preva-
lence of 17% among patients diagnosed before age 30 with a disease dura-
tion of 5 years. After 15 years of diabetes, the prevalence rises to over 90%
[44]. This is a progressive pathogenesis with two well-characterized stages:
nonproliferative or background retinopathy (pregnancy Class D), and pro-
liferative retinopathy (pregnancy Class R). The impact of pregnancy on the
development or progression of proliferative retinopathy was studied by nu-
merous investigators. Although some discrepancies exist beside methodo-
logical differences, it is clear that certain factors in pregnancy, such as
duration of diabetes, degree of metabolic control, and hypertensive disor-
ders, influence progression of proliferative retinopathy [45].

Does pregnancy increase the development or progression of diabetic
retinopathy?

Most studies support the fact that pregnancy worsens diabetic retinopa-
thy [45]. To assess the impact of pregnancy on retinopathy, a longitudinal
analysis of the Diabetes Control and Complications Trial (DCCT) was per-
formed [46]. This trial compared intensive therapy versus conventional ther-
apy. The authors studied 180 women who had 270 pregnancies and 500
women who did not achieve any pregnancy during an average 6.5-year fol-
low-up. Pregnant women in the intensive treatment group had 1.63-fold in-
creased risk for worsening retinopathy during pregnancy when compared
with nonpregnant subjects (P ! .05). Those in the group of conventional
therapy showed an increased risk of worsening retinopathy during preg-
nancy by 2.48-fold compared with nonpregnant women. Interestingly, this
difference was transient and at the end of the follow-up period the authors
observed no significant differences in retinopathy between pregnant and
nonpregnant subjects.

For a woman seeking pregnancy, the risk of progression of retinopathy is
clearly associated with the severity of preexisting disease. Rosenn and Mio-
dovnik [2] observed that, in over 1000 pregnant women, the rate of develop-
ing to retinopathy during pregnancy in women without pregestational
retinopathy, with pregestational background, and with proliferative retinop-
athy was 13%, 36%, and 43% respectively. Other factors consistently asso-
ciated with progression of retinopathy are the degree of metabolic control as
well as rapid normalization of glucose [45]. Chew and colleagues [47] con-
ducted a prospective cohort study of 155 diabetic women in the Diabetes
in Early Pregnancy Study. The authors observed significant association be-
tween elevated HbA1c at baseline or the magnitude of improvement of early
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metabolic control and progression of retinopathy. Since these two factors
are usually interrelated, it is difficult to determine if these effects are
independent.

Finally, hypertensive disorders during pregnancy have also been linked to
the progression of retinopathy. Rosenn and colleagues [48] prospectively
followed 154 diabetic women. Evidence for retinopathy was determined dur-
ing pregnancy and at 6 and 12 weeks postpartum. The authors found that
both the presence of chronic hypertension and pregnancy-induced hyperten-
sion were significantly associated with progression of retinopathy.

Based on this evidence, preconception evaluation of the retinal status is
of most importance since it allows detection and treatment of proliferative
disease before conception. If retinopathy is present, a planned slow reduc-
tion of HbA1c should be achieved avoiding sudden glycemic changes. Fi-
nally, identification of risk factors for progression will prompt an
intensive follow-up of retinal pathology during pregnancy.

Coronary heart disease: class H diabetes

Although coronary artery disease (CAD) is uncommon among women in
their reproductive years, type 1 DM increases the risk of myocardial infarc-
tion from 1 in 10,000 in the general population to 1 in 350 [49,50].

From 1953 to date, 24 cases of class H diabetes have been reported in the
world’s literature [51]. Maternal and fetal survival, timing and year of the
coronary event, as well as presence of coronary artery bypass graft
(CABG), are depicted in (Table 2). The analysis of these data is limited since
the number of patients is small, and the available information on residual
cardiac function is incomplete. With these limitations in mind, three general
observations can be made:

(1) No maternal or fetal deaths occurred among patients who had
a CABG before pregnancy while 38% maternal or fetal death oc-
curred in those who did not receive such preconception care. The

Table 2

Maternal and fetal survival according to period of treatment and presence of coronary artery

bypass graft (CABG) and timing of the event

1980 (overall) CABG Time of AMI relative to pregnancy

Before After (�) (þ) Before During-after

Maternal mortality 73% 0% 38% 0% 0% 62%

(8/11) (0/12) (8/21) (0/3) (0/11) (8/13)

Fetal loss 50% 0% 30% 0% 9% 42%

(5/10) (0/12) (6/20) (0/3) (1/11) (5/12)

Abbreviation: AMI, acute myocardial infarction.

Data from Leguizamón G, Reece EA. Diabetic neuropathy and coronary artery disease. In:

Reece EA, Coustan DR, Gabbe SG, editors. Diabetes in women: adolescence, pregnancy, and

menopause. 3rd edition. Philadelphia, PA: Lippincott Williams & Wilkins; 2004. p. 425–32.
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benefit of a CABG performed before pregnancy in properly selected
women seems to be supported, and is possibly related to the increased
survival observed. The impact of this treatment is difficult to assess
since these cases were reported after 1980 when the overall outcome
was improved.

(2) Maternal mortality was extremely high (73%) among patients
reported before 1980 with a dramatic improvement thereafter (no ma-
ternal deaths).

(3) There were no maternal deaths associated with preconception myo-
cardial infarction (MI), but a mortality rate of 62% was observed
when it occurred during pregnancy or the puerperium.

Preconceptional evaluation and possible treatment of CAD patients with
a bypass graft may improve maternal and perinatal outcomes. Although
further evidence is required, it appears that preconception correction of
CAD may help to improve cardiac tolerance to the pregnant state with
a subsequent prolongation of pregnancy and diminished morbidity from
prematurity. Finally, the review of the recent literature on class H diabetes
reveals that pregnancy does not appear to have as ominous a prognosis as
was once reported. Nevertheless, given the fairly high maternal mortality
rate, pregnancy should still be considered relatively contraindicated until
further information confirms a more favorable trend.

Neuropathy

Diabetic neuropathy is a heterogeneous group of abnormalities involving
both the autonomic and peripheral nervous systems. Somatic neuropathies
include symmetrical distal polyneuropathy, cranial neuropathy, and radicul-
opathy or truncal mononeuropathy; while autonomic neuropathies include
cardiovascular (resting tachycardia, exercise intolerance, and orthostatic hy-
potension), gastrointestinal (abnormal esophageal motility, gastroparesis,
diarrhea, constipation), genitourinary (neurogenic bladder, sexual dysfunc-
tion), and hypoglycemia unawareness [51].

Does pregnancy accelerate the progression or induce the occurrence
of diabetic neuropathy among diabetic women?

Early investigations suggested that pregnancy could enhance the progres-
sion of neuropathy [52]. That concept, however, was challenged by recent
findings. In 1995, the EURODIAB type 1 complications study [53] com-
pared the impact of parity among 1358 nonpregnant women with type 1 di-
abetes. The authors concluded that parity does not influence the long-term
prevalence or severity of diabetic autonomic neuropathy. Hemachandra and
colleagues [54] conducted two, nested, pair-matched case control studies to
determine the short- and long-term impacts of parity on the prevalence of
autonomic neuropathy. Patients were examined for the presence of distal
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sensory-motor neuropathy at baseline and 2 and 4 years after inclusion. In
the first study, the prevalence of neuropathy in 80 diabetic women who
achieved pregnancy was compared with that in women who remained
nulligravid at 4-year follow-up. The authors concluded that the long-term
(4 years) prevalence of distal symmetric polyneuropathy was not increased
by parity. In the second study, the short-term effect (less than 2 years)
was evaluated. Interestingly, the incidence of neuropathy was 10 times
higher for parous women than for women in the nulliparous controls
(41.7% versus 4.8%, odds ratio [OR] 10.00, confidence interval 1.10-
O100-). Therefore, these studies indicate that although pregnancy may
accelerate the development of neuropathy in the short term, there is no
evidence of poor prognosis in the long range. Finally, Lapolla and
colleagues [55] addressed the issue of initial development of somatic and
autonomic neuropathy. The patients were evaluated three times during
pregnancy and once at 6-month follow-up. Controls consisted of one group
of matched nonpregnant diabetic women, and another group of matched
nondiabetic pregnant women to reduce potential bias secondary to the
normal blunted autonomic response reported in uncomplicated pregnancies.
The authors concluded that women with mild or no evidence of neuropathy
are not affected by pregnancy. Interestingly, conduction velocities improved
in pregnant diabetic women toward the third trimester. Because the DCCT
trial demonstrated that tight glucose control significantly reduced disease
progression [56], a possible explanation for this unexpected finding is the
improved glycemic control achieved during pregnancy.

Therefore, current literature supports the notion that pregnancy is not
a risk factor for the development or progression of either autonomic or
somatic diabetic neuropathy.

Does diabetic autonomic neuropathy affect pregnancy outcome?

Gastroparesis interferes with food absorption and is therefore associated
with difficulties in blood glucose control and is commonly associated with
severe nausea and vomiting. Because severe maternal and fetal morbidity
have been reported in association with this condition, special consideration
should be taken during the preconception period. Although its diagnosis is
not well standardized, presence of a history of chronic nausea and vomiting
compel to further evaluation. The finding of food in the stomach after 8 to
12 hours of fasting is sufficient for the diagnosis. Endoscopy also serves to
rule out other causes of vomiting, and a detailed history regarding a pharma-
cological etiology is essential.

Analysis of maternal and fetal outcomes in pregnancies with gastropare-
sis reveals that perinatal mortality, congenital malformations, polyhydram-
nios, preterm delivery, preeclampsia, hypoglycemic episodes, and
ketoacidosis, were increased up to twofold in patients with diabetic neurop-
athy than in control subjects [51].
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The most worrisome aspect of diabetic autonomic neuropathy during
pregnancy is the occurrence of gastroparesis diabeticorum. This entity
may result in significant maternal and fetal morbidity. This condition,
when severe, has been associated with significant maternal complications
such as pulmonary edema or aspiration, the need for parenteral nutrition,
and poor glucose control. Severe fetal complications such as intrauterine
growth restriction (IUGR), preterm labor, and fetal loss [57] also have been
reported. Severe gastroparesis complicating pregnancy is unusual and only
a few cases have been reported in the world’s literature [52,58–60].

Based on these serious complications, pregnancy could be considered
a relative contraindication in patients with severe diabetic gastroparesis.
Furthermore, the fact that autonomic function tests could be altered during
pregnancy highlights the importance of preconception screening for gastro-
paresis allowing identification of more severe cases and proper counseling
regarding potential maternal and perinatal morbidity and mortality.

Guidelines for preconception care

The main objectives of preconception counseling for diabetic women are
the following:

(1) Folic acid administration and adequate blood glucose control before
conception decrease the rate of major congenital anomalies. Monitor-
ing HbA1c levels monthly until stable at a level of less than 1% above
the upper limit of normal. Patients should also be educated regarding
contraceptive use throughout this period.

(2) Evaluation with history, physical examination, and laboratory deter-
minations for presence of diabetic-related complications:
Diabetic nephropathy: 24-hour urine collection to determine if pro-

teinuria is present. Also creatinine clearance, serum creatinine,
and BUN should be determined. Furthermore, urinary cultures
should be obtained.

Diabetic retinopathy: dilated retinal exam by an ophthalmologist is
indicated. In case of retinopathy, background versus proliferative
must be noted.

Cardiovascular system: determination of blood pressure is of outmost
importance in this population. If chronic hypertension was previ-
ously diagnosed, a review of antihypertensive medications should
be performed. If ACE inhibitors are being used, they should be
replaced by less embryotoxic treatment. An EKG should be ob-
tained in women with 10 or more years of diabetes, hypertension,
or other evidence of vasculopathy. Any suspicion of CAD should
be further evaluated with an exercise stress test.

Evidence of autonomic dysfunction such as lack of awareness of hypo-
glycemia and orthostatic hypotension, as well as excessive nausea
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and vomiting should prompt further evaluation of these diabetic
complications.

Endocrine: since thyroid dysfunction is frequently associated with
type 1 diabetes, thyroid function should be routinely evaluated in
the preconception period (Fig. 1).

Summary

Pregestational diabetes is a common complication of pregnancy that can
be associated with severe maternal and fetal morbidity. In addition, some
women could have progression of diabetic complications secondary to preg-
nancy. Preconception care can significantly reduce pregnancy complications
with a dramatic impact on the diabetic mother and her infant. For those
women whose condition could be hastened by conception education, better
understanding and an improved decision should be available to them and
their families. Because unplanned pregnancy is common among diabetic
women, they should be counseled early for the importance of preconception
care in the progression of this disease.
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In the United States, depending upon the diagnosis criteria used, 135 to
200,000 women annually develop gestational diabetes (GDM), adding to
the number of pregnant women already suffering from either type 1 or type
2 diabetes. The maternal hyperglycemia and the resultant fetal hyperinsuline-
mia are central to the pathophysiology of diabetic complications of preg-
nancy. These complications include congenital malformations and an
increase in neonatal intensive care unit admission and birth trauma. In addi-
tion, there is an increased rate of accelerated fetal growth, neonatal metabolic
complications, and risk for stillbirth [1–4]. During the last century, there were
two breakthroughs in diabetes management andmonitoring that changed the
course of treatment: the discovery of insulin and the progress in the
understanding of glucose monitoring. As technology evolved, both glucose
monitoring and insulin administration can now be achieved in a continuous
fashion. In this review, the authors focus on the utility of new technologies
in the management and monitoring of diabetes in pregnancy.

Glucose monitoring during pregnancy:

from glucosuria to continuous glucose monitoring

The ability to monitor glucose values is of historical significance;
throughout recorded history, physicians have been familiar with diabetes
and have ‘‘finger-dipped’’ to detect the ‘‘sweetness’’ of patients’ urine.
This imperfect technique was used until the development of urine sticks in
the early twentieth century that were sensitive enough to detect glucosuria.
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Research efforts have continuously been directed toward the develop-
ment of a process for testing blood glucose using either visual or electronic
interpretation with a reflectance meter. The method of testing that was
developed was based on obtaining a sample of capillary blood with specially
designed lancets and placing it on a test strip composed of glucose oxidase
and peroxidase. The strips were visually read, went through a color change,
and matched against a color chart that provided blood glucose ranges but
not specific glucose values.

A single measure of glycemic level: glycosylated hemoglobin
and glycosylated protein

Traditionally, in nonpregnant diabetic patients, glycosylated hemoglobin
(HbA1) became the predictor of long-term glycemia. HbA1 is a modification
of hemoglobin caused by the attachment of glucose to the N-terminus of the
beta chain. The rate of attachment is determined by the glucose concentra-
tion in the blood. Based on the lifespan of the red blood cells, which aver-
ages 120 days, different reports have suggested that the predictability of
HbA1 ranges from 4 to 10 weeks [5–7]. In pregnancy, glycosylated hemoglo-
bin does not correlate well with glycemic profile [8,9]. This is especially true
in patients who have gestational diabetes whose blood glucose is mildly
elevated in comparison to type 1 and type 2 diabetes patients. Studies have
reported no to moderate correlations between HbA1 and different compo-
nents of the glucose profile when an HbA1 result of 4% to 5% includes
a capillary blood glucose range of 50 to 160 mg/dL. Some diabetic programs
still use levels of glycosylated hemoglobin as a glycemic goal in the manage-
ment of GDM. Levels of HbA1c are related to the rate of congenital anom-
alies and spontaneous early abortions in pre-existing diabetes, but the use of
this measure, which retrospectively reflects glycemic profile in the last 10
weeks, for treatment evaluation in GDM is questionable. In addition, the
association between glycosylated hemoglobin and pregnancy outcome in
GDM or prediction of macrosomia is poor [10–13]. Furthermore, the lack
of uniformity among different laboratories has resulted in multiple thresh-
olds of normality obscuring HbA1c efficiency for routine use. Therefore,
from the authors’ point of view, using HbA1c as a tool for monitoring gly-
cemic goal and treatment adjustment in managing GDM is not effective.

A second single measure is either glycosylated protein or fructosamine. Both
have shorter life spans (7–10 days) and, therefore, may be used as a measure for
short-term glucose profile evaluation. However, in pregnancy, a wide variability
was foundwhen theywere comparedwith self-blood glucosemeasurements and,
to date, their role in evaluation of level of glycemia has not yet been established.

The use of self-blood glucose monitoring

In the late twentieth century, it became technically achievable to test blood
glucose values using reflectance meters. The original meters used a wet
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method that often required as many as four steps (approximately 10 minutes/
step) to obtain one test result. Today’s reflectance meters are more user-
friendly; they include a memory chip for data storage and one-step testing.

This technologic advancement made it possible for patients to monitor
self-blood glucose measurements and test blood glucose values independent
of care providers. Using this technology was the cornerstone in establish-
ment of an intensified management approach for glycemic monitoring and
control during pregnancy complicated by diabetes. Intensified therapy is
an approach to achieving established levels of glycemic control. It incorpo-
rates memory-based self-monitoring blood glucose, multiple injections of in-
sulin or its equivalent, diet, and an interdisciplinary team effort. It was
demonstrated in a large prospective study that intensified therapy, in com-
parison to the conventional approach in women who have GDM, results
in pregnancy outcome comparable to the general population [14]. Indepen-
dent of the particular treatment modality used and the type of diabetes,
memory-based self-monitoring blood glucose accurately quantifies the
glucose data that sets the foundation for achieving success with intensified
therapy. Capillary blood glucose monitoring provides the feedback for suit-
able adjustments to the timing and dose of insulin administration. Patients
who have all types of diabetes readily acknowledge and accept self-monitor-
ing blood glucose as an expression of patient empowerment because they are
involved in the efforts to improve pregnancy outcome.

Continuous glucose monitoring system

Recently, several companies have attempted to develop a new technology
that measures continuous glucose. Some of these techniques are noninva-
sive, and others are minimally invasive [15]. Glucose monitoring methods
employ four different approaches: transdermal, glucose electrode, microdial-
ysis, or open-flow microperfusion. Currently, two are commercially avail-
able. The transdermal approach (Glucowatch; Cygnus Inc., Redwood
City, California) employs reverse iontophoresis by applying low-voltage
current to the skin surface causing interstitial fluid (containing glucose) to
pass through the skin. Glucose is then measured by an oxidase reaction.
These data also contain information about skin temperature and sweat
that are all included in the calculation process [16]. The MiniMed Continu-
ous Glucose Monitoring (CGM) System (MiniMed, Inc., Sylmar, Califor-
nia) is composed of a disposable subcutaneous glucose-sensing device and
an electrode impregnated with glucose oxidase connected by a cable to
a lightweight monitor, which is worn over clothing or a belt. The system
measures glucose levels every 10 seconds, based on the electrochemical de-
tection of glucose by its reaction with glucose oxidase, and stores an average
value every 5 minutes, for a total of 288 measurements per day. The glucose
measurement is performed in subcutaneous tissue in which the interstitial
glucose levels are in the range of 40 to 400 mg/dL. The data are stored in
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the monitor for later downloading and reviewing on a personal computer
(Fig. 1). The patients are unaware of the results of the sensor measurements
during the monitoring period. Glucose values obtained with CGM have
been shown to correlate with laboratory measurements of plasma glucose
levels [17] and with home glucose meter values [18]. To corroborate CGM
system accuracy, patients are expected to perform three to five capillary
blood tests daily using conventional meters. This additional chore becomes
a potential burden for the patient.

Glucose monitoring using continuous glucose monitoring system
in nondiabetic pregnancy: understanding normal glycemic profile
in pregnancy

The goal of management in pregnancy complicated with diabetes is to
maintain blood glucose as near to normal as possible. However, paucity
of data exists concerning the normal glycemic profile in nondiabetic preg-
nancies [19–21]. Moreover, these studies included small sample sizes in a hos-
pital environment under strict diet limitations; some of the patients were
diabetic [19]. Data included only a single day of evaluation during the third
trimester. Moreover, no stratification was performed for obesity. In a recent
study [22], the maternal glycemic profile was evaluated using self-monitoring
blood glucose in nonobese, nondiabetic women during the third trimester,
suggesting a gradual increase in daily mean glucose during this time. Using
CGM, the authors analyzed [23] 3 days of continuous glucose monitoring in
nondiabetic gravid patients. During the study period, all women were asked
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to refrain from lifestyle modification or dietary restriction. Patients were
monitored for 72 consecutive hours and were unaware of the results of
the sensor measurements during the monitoring period. During this period,
they also performed finger stick capillary glucose measurements in the
morning after overnight fasting and 2 hours after meals (6–8 times per
day) using a reflectance monitor and self-coded the data into the monitor.
Quality control measures of glucose levels from the meter, sensor, and
plasma glucose were performed at the initial time of connection to the con-
tinuous glucose monitoring system and again at study completion. Approx-
imately 750 glucose determinations were obtained for each subject during
this time period. Thus, ambulatory glycemic profile during the second half
of pregnancy was characterized enabling the authors to define normal glyce-
mia (Table 1). When the authors further analyzed the ambulatory glycemic
profile, they found no difference in preprandial values throughout the day
and significantly lower mean blood glucose levels during the nighttime
(23:00 PM–06:00 AM) in comparison to daytime (see Table 1). These findings
are lower than some have previously reported [19,20] but in agreement with
others [22]. Thus, the authors’ data may provide the characterization of
glycemic profile in the second half of pregnancy, which would inform the
level of glycemia to be targeted to mirror normoglycemia in the pregnant
diabetic. Whether normoglycemia should be targeted, and whether there
are any dangers implicit in targeting normoglycemia for women who have
GDM is a subject for future investigation.

Postprandial glycemic profile: a hint for improved management?

By using continuous glucose monitoring, the authors evaluated postpran-
dial glycemic profile in diabetic pregnancies [24]. They showed that the time
interval from meal to peak postprandial glucose levels was approximately 90
minutes, a finding that was similar in all patients who had GDM unrelated
to mode of treatment and was not affected by the level of glycemic control.
This was somewhat later than the 70-minute peaks they observed in

Table 1

Ambulatory glycemic profile in nondiabetic pregnancies

Mean blood glucose (mg/dL) 83.7 � 18

Fasting glucose (mg/dL) 75 � 12

Preprandial glucose (mg/dL) 78 � 11

Peak postprandial glucose value (mg/dL) 110 � 16

Peak postprandial time (min) 70 � 13

Mean blood glucose of 3-hour postprandial

measurements (mg/dL)

98 � 12

1-hour postprandial glucose value (mg/dL) 105 � 13

2-hour postprandial glucose value (mg/dL) 97 � 11

3-hour postprandial glucose value (mg/dL) 84 � 14

Mean blood glucose- night time (mg/dL) 68 � 10
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nondiabetic controls [23]. No difference was obtained in postprandial glyce-
mic profile between breakfast, lunch, or dinner. The question remains
whether the peak postprandial glucose or the time to return to preprandial
value will be a better reflection of quality of control. However, because all
the thresholds that are recommended currently (140 mg/dL at 1 hour and
120 mg/dL at 2 hours) are not related to preprandial values, it is reasonable
to speculate that the glucose value at the 90-minute intervals should be the
reflection of achievement of level of control. This idea is supported by the
finding in the authors’ study that, in patients who have well-controlled dia-
betes mellitus, the peak glucose value was 103 � 26 mg/dL; and in patients
whose diabetes mellitus was poorly controlled, the peak value was 164 �
53 mg/dL.

Thus, it would be logical to combine both studies [23,24] and to suggest
that blood glucose determinations should be taken at 90 minutes post meal
with a desired glucose value of approximately 110 mg/dL. Nevertheless, the
authors recognize that future studies qualified by the frequency and timing
of testing are needed for evaluating the association between pregnancy out-
come and these glycemic goals before advocating using these criteria for
routine management guidelines.

Using continuous glucose monitoring for treatment assessment

Consensus exists that normoglycemia is desirable in the management of
diabetic pregnancies; however, the degree of deviation from normality char-
acterized in daily glycemic profiles is poorly defined.

The wide range of glucose values obtained with the use of the CGM
provides the opportunity to identify both unrecognized hyperglycemia and
hypoglycemic events in comparison to self-monitoring blood glucose.

The authors used continuous glucose monitoring to assess the glycemic
profile in comparison to routine self-blood glucose monitoring in diabetic
pregnancies. The authors showed [25] that mean total time of undetected
hyperglycemia averaged 90 and 130 min/day for diet- and insulin-treated
GDM, respectively. Conversely, hypoglycemic events (defined as blood glu-
cose less than 50 mg/day) were evaluated using continuous glucose monitor-
ing [25,26]. The authors identified hypoglycemic events (most of them
asymptomatic) in approximately 60% of insulin-treated patients who had
GDM and in 28% of glyburide-treated patients. No hypoglycemic events
were identified in patients who had GDM treated by diet alone or in non-
diabetic subjects. The mean recorded hypoglycemic episodes per day were
significantly higher in insulin-treated patients. The authors’ data suggest
that asymptomatic hypoglycemic events are common during pharmacologic
treatment in gestational diabetic pregnancies. They speculate that this
finding may be explained by treatment modality rather than by the disease
pathophysiology itself. Clinical implications of these findings on pregnancy
outcome are still a matter of further study.
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Can continuous glucose monitoring be used for treatment adjustment?

In a pilot study, the authors studied [27] eight women who had diabetes
in pregnancy, of whom six were type 1, and two were GDM. Data derived
from the CGM for 72 hours were assessed and treatment was adjusted on
the basis of the findings. Two to 4 weeks later, the patients were re-evaluated
with CGM. In the second period, a significant reduction in mean blood glu-
cose, hypoglycemic events, and duration of undetected hyperglycemia was
demonstrated. Recently, Kerssen and colleagues [28] reported that because
there is a wide variability in the day-to-day glucose levels of pregnant
women who have type 1 diabetes, the use of CGM raises a problem for ad-
justment of therapy. They concluded that fine-tuning of insulin regimens
based on 3-day measurements with the CGM method is not advisable.

To respond to the previous subheading query, several conditions need to be
met. A sample size should be large enough to provide data on pregnancy out-
come; the study should include at least two groups, one using self-monitoring
blood glucose, and the second, CGM and glucose testing must be performed
throughout pregnancy because a 3-day testing cannot predict level of glyce-
mia. These are the limitations of the current research using CMG. However,
we need to be mindful that CGM is still an experimental measure and not
a routine clinical tool. The frequency needed for CGMmonitoring in diabetic
pregnancy and its hypothetical advantage over self-monitoring blood glucose
in enhancing pregnancy outcome still needs to be demonstrated.

Subcutaneous continuous insulin infusiondinsulin pump

General considerations

Insulin pumps were introduced in the late 1970s. There was initial excite-
ment over this new technology, but within a few years their popularity weaned
because their size, safety, and efficacy became a troublesome issue. Insulin
pumps had resurgence in popularity after the Diabetes Control and Compli-
cations Trial (DCCT) results [29] were published. The newandmodern pumps
are smaller, more efficacious, easier to use, and safe. There are many commer-
cially available insulin pumps manufactured by different companies that all
operate similarly. The insulin pump contains an insulin-filled cartridge or a sy-
ringe connected to a catheter that is inserted into the subcutaneous tissue. The
pump continuously delivers predetermined basal rates of insulin to meet non-
prandial insulin requirements. The pump allows programming of different
basal infusion rated and it also infuses a patient-control bolus to cover meal-
time or snacktime insulin requirement.

Glycemic control and adverse events in nonpregnancy

In nonpregnant subjects, a meta-analysis performed on 12 randomized
controlled trials of subcutaneous continuous insulin infusion (CSII) versus
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multiple injection regimens, whereby data were reliably extractable [30],
showed a weighted mean difference in blood glucose concentration of 0.9
mmol/L (95% confidence interval 0.5–1.2) and a glycated hemoglobin differ-
ence of 0.5% (0.2–0.7) between CSII and optimized injection therapy, favor-
ing CSII. The slightly but significantly better control on CSII was achieved
with a 14% average reduction in daily insulin dose. In addition, CSII has
been shown to decrease glycemic variability [31,32] and lower fasting glu-
cose values [33,34].

Potential disadvantages and side effects in using insulin pumps

Importantly, studies have shown that pump therapy is associated with
severe hypoglycemia. This notion was based from early case reports of
episodes of hypoglycemic coma during CSII [35] and from the fact that
the DCCT [29] found that the rate of severe hypoglycemia during CSII was
approximately three times more frequent than during conventional injection
therapy. Much of the DCCT-associated hypoglycemia may have been due to
unfamiliarity with management of tight control because hypoglycemia rates
halved during the course of the trial. Conversely, in a randomized crossover
trial of CSII versus insulin injection therapy [36], it was demonstrated that
the number of mild and moderate hypoglycemic episodes was reduced by
nearly 60% by pump treatment. More recent reports have suggested that
severe hypoglycemic events may be reduced as much as fourfold compared
with multiple daily injections (MDI) of insulin [37,38] with no reduction in
glycemic control. Severe hypoglycemic events have now become an accepted
indication for CSII therapy.

A few early studies indicated a high rate of ketoacidosis with CSII [39,40].
But as patients and caregivers became more experienced with the technique,
the frequency of ketoacidosis decreased [41]. Several remediable factors
increased the likelihood of ketoacidosis during the first experiences with
CSII, including physician inexperience (poor choice of infusion rates, poor
instructions to patients, and so forth), the use of unbuffered insulin (which
can cause cannula blockage), cannula dislodgment or leakage, and unsuitable
patients (poorly compliant). There is no subcutaneous depot of long-acting
insulin with CSII. If the flow of the regular short-acting insulin is
interrupted, ketonuria and ketoacidosis can develop more rapidly and
more frequently with CSII than with MDI [42].

The most common complication associated with CSII is infection at the
infusion site [39]; moreover, this is the most common cause for discontinu-
ation of CSII. Rarely, the infection may lead to cellulites and abscess
formation.

A major disadvantage is the fact that the insulin pump and the supplies
needed to begin therapy average approximately $5000. Moreover, the
infusion set and catheters must be renewed regularly, which greatly
contributes to the annually costs.
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The use of subcutaneous continuous insulin infusion in pregnancy

complicated by diabetes

Most pregnancies complicated by diabetes are gestational in which diag-
nosis is established usually during the third trimester. This fact makes CSII
treatment for GDM of modest relevance, if at all. Although major advances
occurred in recent years in the treatment during pregnancy in women who
have type 1 and 2 diabetes mellitus, still pregnancy is associated with an in-
creased risk of congenital malformations, perinatal mortality, obstetric com-
plications, and neonatal morbidity [43–49].

It is recognized that both CSII and MDI offer the advantage of frequent
dose adjustment, which should lead to optimum blood sugar level
attainment. It is less clear, due to the lack of any systematic meta-analysis
or randomized studies of the evidence concerning the use of these different
methods of administration during pregnancy, which method achieves the
best outcome in terms of normalizing blood sugar level and reducing
hypo/hyperglycemia to prevent associated complications for both mother
and child.

Rosenn and colleagues [50] reported clinically significant hypoglycemia
requiring assistance from another person in approximately 70% of type 1
pregnant patients. With the advantages of CSII in decreasing hypoglycemia
and improving glycemic variability, it is logical to assume that CSII would
be beneficial for pregnant women who have diabetes, especially during the
first trimester.

Some studies suggest that CSII is superior to conventional therapy [51,52];
however these studies were limited by study sample and assessed only one as-
pect of pregnancy outcome (rate of congenital anomalies). Other studies have
demonstrated comparable pregnancy outcome in CSII and MDI patients
[53–55]. However, these studies were limited by different definitions for
pre-GDM; only few evaluated level of glycemic control or firmly defined preg-
nancy outcome. A recent study has noted that womenwho initiate pump ther-
apy during pregnancy are highly likely to continue with the pump after they
deliver. They maintain better glucose control than do patients remaining on
multiple insulin injections [56,57]. Lapolla and colleagues [58] compared
metabolic control and maternal outcome in CSII and MDI type 1 patients
during pregnancy. No differences were observed between the two groups
in pregnancy outcome and especially in malformation rate.

It is understandable that patient’s satisfaction and lifestyle flexibility is
increased underCSII treatment in comparison toMDI treatment. CSII allows
the patients to modify insulin availability hour by hour and to avoid multi-
ple injections during the day. This increased flexibility, especially during
pregnancy may be fueling the upsurge in patient demand for CSII more
than any other factor. Nevertheless, to establish clear benefit of CSII (other
than improvement in lifestyle) as regarding pregnancy outcome, a large
prospective randomized study is needed.
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The future: a closed-loop system (an artificial pancreas)

‘‘Closed loop’’ system means one system that monitors for glucose levels
and accordingly supplies insulin. The ideal closed-loop system, or ‘‘artificial
pancreas,’’ should contain three key elements: (1) a safe-delivery device that
stores and releases insulin reliably and accurately; (2) an accurate, biocom-
patible glucose-sensing unit capable of frequent or continuous sampling;
and (3) a control system that modulates delivery of insulin, glucose, and
maybe glucagon or amylin, according to blood glucose levels. Additionally,
the miniature computer system in an artificial pancreas must be able to sam-
ple, filter, and interpret the glucose sensor data, to compare the reading with
allowable norms, and to accurately control insulin to maintain normoglyce-
mia. This process must operate correctly all the time, to avoid errors leading
to severe hypo- or hyperglycemia.

Efforts to connect the CSII system with a real-time glucose sensor have
already been reported in animal models and even some human trials [57]. Op-
erating together, the glucose sensors and insulin pumps should, in effect, serve
as an artificial pancreas, mimicking the role of the pancreatic beta cells and
freeing the patient from the need for constant daily care of his/her food in-
take, physical activities, and insulin doses. Wireless transmission between im-
plantable pump and glucose sensor has been accomplished as well. The
Paradigm� 522/722 sensor-augmented insulin pump system (MedtronicMin-
iMed) is a fully external system designed to use a subcutaneous glucose sen-
sor, which is easily inserted under the skin, to continuously record blood
sugar readings for up to 3 days. The system’s transmitter sends continuous
glucose readings by way of radio frequency to the pump, which displays
real-time glucose readings every 5 minutes, in addition to trend graphs and
hypoglycemia and hyperglycemia alerts to the patient tomake immediate cor-
rective adjustments by way of the pump. So far, however, the glucose sensor
and the insulin pump are unable to ‘‘talk’’ to each other, so the patients’ input
and decision-making are still necessary. This technology was not yet studied
in pregnancy. Unfortunately, the accuracy of the current continuous glucose
sensors and algorithms is not yet sufficient to permit the loop to be closed. In
the meantime, patients can enjoy the technologic innovations that are already
available. The new and improved ‘‘smart’’ insulin pumps and the next gener-
ation of ‘‘real-time’’ continuous glucose sensors can still serve as helpful tools.
It may be that implantation of this technology into diabetes in pregnancy will
be associated with perinatal outcome similar to nondiabetic subjects.
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The purpose of this review is to provide a brief overview for understand-
ing the management guidelines of gestational diabetes. The rationale for the
use of oral antidiabetic drugs is provided based on validation by appropri-
ately conducted research trials [1]. Concerns over teratogenicity due to pos-
sible placental transfer, neonatal and maternal outcome, and basic
pharmacologic benefits are addressed.

Gestational diabetes mellitus (GDM) is defined as carbohydrate intoler-
ance first diagnosed during pregnancy. This definition, however, is problem-
atic because several million type 2 diabetic women remain undiagnosed until
the disease is first recognized during pregnancy. These women, in all likeli-
hood, are classified as GDM. Thus, GDM actually represents a mix of
women who have had abnormal tolerance test results in pregnancy and un-
diagnosed type 2 diabetes. The prevalence of GDM varies in direct propor-
tion to the prevalence of type 2 diabetes in a given population, ethnic group,
or geographic area. Therefore, different studies may report varying rates of
population prevalence, complications, and so forth. In the United States,
the prevalence rate ranges from 1% to 14% [1].

In addition to the undiagnosed type 2 diabetic women that are masked in
the GDM population, couldn’t GDM be ‘‘early’’ type 2 diabetes and thus
represent the same disease with a different name? It is the similarities be-
tween type 2 and gestational diabetes in risk factors and metabolic and en-
docrine abnormalities that provide the rationale for proposing that they are
the same disease. Type 2 diabetes and GDM are heterogeneous disorders
whose pathophysiology is characterized by peripheral insulin resistance,
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impaired regulation of hepatic glucose production, and declining b-cell func-
tion. The primary events are deficits in insulin secretion, followed by periph-
eral insulin resistance. Glucose intolerance follows b-cell dysfunction
(impairment in the first phase of insulin secretion). In the second phase,
the release of newly synthesized insulin is impaired. When tight glycemic
control is achieved, it can reverse the effects of glucose toxicity that produce
the intrapancreatic (desensitization of b-cells) or extrapancreatic effect [2,3].

It has become axiomatic that the goal of treatment of pregnant and non-
pregnant diabetic patients is to optimize the glycemic profile. This is custom-
arily performed in the pregnant diabetic with the trial of diet therapy and
the addition of pharmacologic therapy (insulin or oral antidiabetic drugs
such as glyburide) when glycemic control cannot be achieved by diet alone
[4]. Therefore, several authors selected to use achievement of blood glucose
control as the primary outcome variable when comparing drugs designed to
reduce levels of glycemia [5,6].

Insulin and oral antidiabetic agents were designed to reduce the level of
glycemia; this parallels the use of drugs designed to reduce hypertension
or cholesterol. These drugs have been accepted as valid measures for achiev-
ing control over specific diseases. If and when these drugs achieve the task
for which they were designed, then secondary outcomes are used to deter-
mine whether they can prevent heart attack, stroke, or, as in the case of ges-
tational diabetes, adverse maternal and fetal outcomes.

The role of pharmacology in the treatment of gestational diabetes mellitus

Several questions need to be addressed when pharmacologic therapy is
under consideration. Who is the appropriate recipient? How long should
a patient be treated solely with diet before pharmacologic treatment is initi-
ated? When should a patient be evaluated for glycemic profile?

There are two thresholds for the initiation of pharmacologic therapy. The
traditional threshold requires fasting plasma glucose greater than or equal
to 105 mg/dL, whereas the more intensified approach uses fasting plasma
glucose greater than or equal to 95 mg/dL in conjunction with post meal
levels greater than or equal to 120 mg/dL for 2 hours or 140 mg/dL for
1 hour. Based on these criteria, for a given population, approximately
30% to 50% of women who have GDM will require pharmacologic therapy
when diet alone fails to reduce glycemic levels [4,7]. However, it has recently
been suggested that to obtain improved perinatal outcome in obese women
who have GDM, they will need to be treated with pharmacologic (insulin)
even in the presence of good glycemic control with diet alone [8]. Thus,
the rate of patients who have GDM who require pharmacologic therapy
can be even higher than previously suggested.

Although there is paucity of information regarding the length of time that
diet should be maintained before initiation of pharmacologic therapy, we
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need to note that the time from diagnosis to delivery in GDM is short. Most
patients who have GDM are diagnosed between 28 and 32 weeks and deliver
between 37 and 39 weeks of gestation. The delay in pharmacologic therapy
initiation with its potential to achieve the established levels of glycemic con-
trol will result in irreversible adverse outcome (macrosomia, metabolic com-
plications, and so forth).

For patients who have a threshold fasting plasma of less than 95 mg/dL
and, therefore, qualified for the trial of diet therapy, a 2-week diet-alone pe-
riod will identify most patients who successfully achieved the desired level
of glycemic control [9]. Therefore, obese GDM (body mass indexO29) and
patients who have fasting plasma greater than 95 mg/dL or those who have
fasting plasma glucose less than 95 mg/dL who failed to achieve the desired
level of glycemic control within 2 weeks, required pharmacologic therapy.
Still, for every valid recommendation, there is a valid exception; in these cases,
the practitioner’s clinical wisdom supercedes the recommendation. For exam-
ple, in a case wherebyGDM is diagnosed after 28 to 30 weeks of gestation and
there is less time to influence the desired level of control, the care provider
needs to be more liberal in the early initiation of pharmacologic therapy. In
contrast, there will bemore flexibility whenGDM is diagnosed during the sec-
ond trimester, when the growth stimulation to the fetus is not yet prominent.

Oral antidiabetic drugs in gestational diabetes mellitus treatment

The rationale for the use of antidiabetic agents is motivated by three main
factors:

1. GDM and patients who have impaired glucose tolerance have a mild hy-
perglycemia in comparison to type 2 diabetic individuals. Because oral
antidiabetic agents can decrease the glycemic profile in type 2 diabetes,
it is reasonable to speculate that they will be even more effective in the
treatment of GDM.

2. There is a similarity in the pathogenesis of type 2 diabetes and GDM. In
addition to the insulin secretion and resistance abnormalities found in
both conditions, there is a loss of the first-phase insulin secretion with
a striking lag time between the postprandial rise in glucose and the pres-
ence of significant insulin at the peripheral sites. This will result in an
early increase in postprandial glucose values. Because second-generation
sulfonylurea agents are rapid in onset and have short duration of action,
it makes them ideal agents to treat very early stages of type 2 and pos-
sibly GDM patients.

3. The United Kingdom Prospective Diabetes Study [10] of type 2 diabetes
supported the efficacy of these drugs and in particular the use of
glyburide.

Regardless of the success of the intensified treatment model [7], a less in-
vasive, more patient-friendly alternative that enhances patient compliance
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while achieving similar perinatal outcome is a welcome replacement. Oral
antidiabetic agents are convenient to use, less invasive than insulin, and
less expensive. Therefore, they can become the drug of choice when dietary
modifications fail to reduce hyperglycemia. Oral antidiabetic agents are used
in the United States especially to provide patients who have type 2 diabetes
support in maintaining the tight glucose control that lowers their risk for mi-
crovascular complications (Table 1).

Both the United Kingdom Prospective Diabetes Study (UKPDS) [10] and
the DCCT [11] strongly support the use of intensive therapy in patients who

Table 1

Studies reporting successful treatment of oral antidiabetic agents in pregnancy

No. of patient

Study

Study

design

Type of

diabetes Glyburide

Regular

insulin

Achievement

of good control

Langer,

2000 [6]

RCT GDM 201 203 82% and 88%

Lim,

1997 [53]

Prosp,

observ

GDM 33 21 No significant

difference

Conway,

2004 [54]

Prosp,

observ

GDM 75 d 84%

Kremer,

2004 [55]

Prosp,

observ

GDM 73 d 81%

Chmait,

2004 [56]

Prosp,

observ

GDM 69 d 82%

Gilson,

2002 [57]

Prosp,

observ

GDM 22 22 82%

Fines,

2003 [58]

Retro (case

control)

GDM 40 44 NA

Velazques,

2003 [59]

Case Series GDM 31 7 Glyburide 82%

Pendsey,

2002 [60]

RCT Type 2 d 23 Improved level

of glycemic

control

Coetzee,

1979 [21]

Prosp,

observ

GDM &

Type 2

GDM:

81.4%

Hellmuth,

2000 [52]

Prosp,

observ

GDM Sulfonylurea:68 42 Type 2 diabetes

46.2%

Notelowitz,

1971 [18]

RCT GDM &

Type 2

Tolbutamide

chlorpropamin: 2x

52

52 Using oral

hypoglycemic:

80%

Yogev,

2004 [65]

Prosp GDM 25 30 Mean blood

glucose similar

in all groups

Moore, 2005 RCT GDM Metformin: 32 31 Blood glucose

similar

Jacobson,

2005 [61]

Retro GDM 236 316 Blood glucose

similar

Abbreviations: Observ, observational; Props, prospective; RCT, randomized control trial;

Retro, retrospective.
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have type 1 and type 2 diabetes to achieve and maintain near-normal HbA1c
levels and to prevent diabetic complications. These pivotal studies, including
the author’s practice’s large prospective study of over 2000 patients who
have GDM [7], challenge health care professionals to implement standards
for improved glycemic control with the intent of decreasing the complica-
tions of the disease.

The UKPDS, the largest prospective study evaluating the impact of oral
antidiabetic agents on the outcome of type 2 diabetes, demonstrated that in
70% of the patients, a desirable level of glucose control was achieved with
the use of sulfonylurea-glyburide. The most favorable effect was obtained
within the first 5 years of the disease (70% of the patients treated with gly-
buride achieved the desired goal). In years 3, 6, and 9, the desired goals were
achieved by fewer than 55%, 40%, and 30% of patients, respectively, using
a single agent (insulin, sulfonylurea, or metformin). With greater deteriora-
tion in b-cell function, multiple therapies will eventually be needed in most
patients to achieve glycemic target levels [10].

The study also demonstrated a 25% reduction of risk, primarily attrib-
uted to microvascular complications and a trend toward fewer macrovascu-
lar complications after intensive therapy versus conventional therapy.
Improved glycemic control rather than a specific therapy was the primary
factor responsible for the reduced risk of complications, because all treat-
ments (eg, insulin, glyburide, metformin) had similar risk reduction. In com-
parison to the UKPDS success rate in achieving glycemic control in type 2
diabetes with the use of glyburide, women who have GDM who are charac-
terized by a milder glycemic profile should have an equal or greater success
in achieving glycemic control with the use of antidiabetic agents.

Oral hypoglycemic agents

In Europe and in South Africa, first-generation sulphonylureas, glyburide
and metformin, have been used for years [12–22]. The fierce resistance
against the use of these agents in pregnancy stems from the lack of data
from well-designed studies (ie, retrospective studies with small sample sizes).
In general, outcome-based research is not always available. As a result, this
was the driving force behind the creation of the US Preventive Services Task
Force criterion for the review and evaluation of studies. The highest level of
research study is evidence obtained from at least one properly designed ran-
domized controlled trial, followed by controlled trials without randomiza-
tion and cohort or case-controlled analytic studies. The lowest level of
quality is the opinions of respected authorities based on clinical experience,
descriptive studies, or reports of expert committees [1].

In the United States, up until the year 2000, the use of oral antidiabetic
drugs (hypoglycemic or antihyperglycemic) was contraindicated [23–25].
Therefore, they have played a limited role in the management of GDM in
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the United States. The main objection to their use in pregnancy is the risk for
the development of congenital anomalies, fetal compromise, and fetal hypo-
glycemic episodes through direct stimulation of the fetal pancreas [26–28].
The historic ban on the use of oral hypoglycemic agents in pregnancy
have been based on scant evidence of case reports [26–28] and one study
in particular on fetal anomalies in 50 poorly controlled diabetic women be-
fore pregnancy [29] begging the question: Is it the drug or is it the glucose?

Therefore, up until recently, the American College of Obstetrics and Gy-
necologists and the American Diabetes Association did not recommend the
use of oral hypoglycemic agents [24,25]. It is only recently in the United
States that consideration of the use of oral hypoglycemic agents in preg-
nancy has become debatable and then accepted practice by scientific forums
(North American Diabetes in Pregnancy Study Group and the 5th Interna-
tional Workshop on Gestational Diabetes).

The concerns regarding the use of oral hypoglycemic agents in the treat-
ment of GDM were recently studied in a systematic format with adequate
sample size and randomized design [6]. This study demonstrated that glybur-
ide is comparable to insulin in achieving maternal levels of glycemia that re-
sult in a perinatal outcome similar to that in the general population [6].

Sulfonylureas

Sulfonylureas have been used to treat type 2 diabetes for many decades
and require functional pancreatic b-cell for their hypoglycemic effect.
They bind to specific receptors (SUR1: sulphonylureas, repaglinide, nategli-
nide) on b-cell plasma membrane, resulting in closure of potassium adeno-
sine triphosphate channels. As a result, calcium channels open, leading to an
increase in cytoplasmic calcium that stimulates insulin release. The primary
effect of these drugs is to enhance insulin secretion [30,31]. Enhanced insulin
secretion suppresses the production of hepatic glucose, the main contributor
to fasting hyperglycemia. It diminishes glucose toxicity and improves insulin
secretion after meals, thus reducing postprandial hyperglycemia. Studies
have demonstrated [32–34] that these drugs can also enhance peripheral tis-
sue sensitivity to insulin. The peak plasma level of glyburide when given as
a single agent occurs within 4 hours. Food does not affect the absorption of
the drug. Glyburide is extensively metabolized in the liver, and its metabo-
lites are extracted in bile and urine to equal extent. The elimination half-life
of glyburide is approximately 10 hours. Glibenclamide is synonymous with
glyburide in Europe. The main side effect of glyburide is hypoglycemia that
may occur in 11% to 38% of nonpregnant patients who have type 2 diabe-
tes. The hypoglycemic symptoms are dose-related; the risk of a hypoglycemic
episode is greater for the older patient.

The ideal patient for this therapy is either of normal weight or obese, has
been hyperglycemic for less than 5 years and is willing to follow a dietary
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program. b-cell exhaustion and insulin resistance are characteristic features
of type 2 diabetes and GDM. Moreover, the phenotypic features of these
complications are similar (ie, both are obese and asymptomatic) (at least
in the early stages of the disease), with similar prevalence in the same ethnic
group. Therefore, the use of a sulfonylurea agent could be beneficial in the
prevention of GDM complications.

The author’s practice demonstrated [35–37] that second-generation oral
hypoglycemic agents, especially glyburide, do not significantly cross the di-
abetic or nondiabetic placenta. Fetal concentrations reached no more than
1% to 2% of maternal concentrations. The author’s practice used a recircu-
lating single-cotyledon placenta model in vitro to characterize the maternal-
to-fetal term placentas perfused immediately following delivery. The
author’s practice further compared various sulfonylureas and found that
tolbutamide diffused across the placenta most freely, followed by chlorpro-
pamide, then glipizide, with glyburide crossing the least. Finally, in 2000, the
author’s practice conducted a randomized controlled trial comparing insulin
and glyburide in the management of gestational diabetes [6]. The trial did
not detect a measurable glyburide level in umbilical cord blood, despite
the mothers having therapeutic concentrations of glyburide in their blood.
To date, no study has measured fetal concentration of glyburide. The au-
thor’s findings that glyburide did not cross the placenta were confirmed
by several research groups. They further contributed to the explanation of
why glyburide does not cross the placenta despite the fact that its molecular
weight is less than 500. One explanation may be the high protein-binding ca-
pacity, 99.8% [38]. A potential problem is that albumin levels decrease phys-
iologically, and thus there is increased transfer of glyburide. However, when
this hypothesis was tested, it was shown that decreased albumin concentra-
tion associated with pregnancy is unlikely to affect the deposition of glybur-
ide [39]. In addition, it was demonstrated in perfusion studies that glyburide
is actively efflux by a transporter other than P-glycoprotein. Alternatively, it
is possible that a smaller portion of glyburide is carried by P-glycoprotein,
but most of the fetal load is pumped to the mother by an unidentified pla-
cental transport system [40]. The elimination of the threat of glyburide
crossing the placenta and the adverse affects to the fetus (malformations
and hypoglycemia) enhances the potential for the use of glyburide as a vig-
orous alternative pharmacologic agent in the management of patients who
have GDM [6,41–45].

Glyburide can be expected to reduce fasting plasma glucose by 2 to
4 mmol/L accompanied by a decrease in HbA1c of 1% to 2% (a decrease
of 1% ¼ 20–30 mg glucose) [45–47]. Furthermore, its efficacy is maximized
within the first 5 years of diagnosis. A continuous gradual loss of b-cell func-
tion is to be expected in most type 2 diabetic patients. This will require in-
creased pharmacologic doses with longer disease duration. It is not
reasonable to assume that within the 8- to 12-week window of GDM ther-
apy with glyburide or any other oral antidiabetic agents, that the drug will
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either contribute to an escalation or deterioration of pancreatic function. In
fact, if this was the case, no oral therapy with sulphonylureas or sulphony-
lurea-like drugs could be used in the treatment of type 2 diabetes. Obviously,
this is not the case. GDM patients who are characterized by mild hypergly-
cemia are excellent candidates for therapy with glyburide or other oral
antidiabetic drugs (metformin, a-gludosidase inhibitors, and thiazolidine-
diones) as long as they are not transferred across the placenta. The potential
ability of these agents to decrease levels of glycemia will facilitate achieving
the targeted levels of glycemia required in pregnancy, which are much lower
than those for the nonpregnant state [48–50].

The results of the placental transport studies and the mild hyperglycemia
in most pregnant women who have GDM led the author to hypothesize that
glyburide could be an alternative to insulin therapy. The author’s practice
enrolled 404 women who had GDM into a study. The blood glucose profile
characteristics before initiation of therapy were comparable for the glybur-
ide and the insulin-treated groups (114 � 9 mg/dL versus 116 � 22 mg/dL,
respectively). During the treatment period, mean glucose values were similar
(105 � 16 versus 116 � 22 mg/dL) as were fasting, preprandial and post-
prandial values, and glycohemoglobin values. Eight glyburide-treated
women (4%) who failed to achieve the desired level of control were trans-
ferred to the insulin-therapy group. Eighty-two percent of the glyburide pa-
tients and 80% of the insulin-treated women achieved the targeted levels of
glycemic control. This finding was reconfirmed by several studies that dem-
onstrated the efficacy of treatment with glyburide in obtaining targeted goals
(Table 1) [51–61].

In another study, the author’s practice stratified the glyburide patients by
level of disease severity (using categories of fasting plasma glucose). They
found an inverse relation between disease severity and level of glycemia result-
ing in approximately 40% in the high fasting category achieving targeted
levels of glycemic control. This was true for glyburide and insulin-treated pa-
tients at each level of severity. Of note, the success rate in the high-severity cat-
egory is similar to that reported in the nonpregnant type 2 diabetics [62–64].

Sulphonylureas can cause hypoglycemia because insulin release is initi-
ated even when glucose concentration is below the normal threshold for glu-
cose-stimulated insulin release (approximately 5 mmol/L or 90 mg/dL).
Therefore, there was concern over the possibility of an increased rate of
hypoglycemia with glyburide-treated patients. It should be understood that
any therapy used in the treatment of diabetic patients in pregnancy (diet,
insulin, oral antidiabetic agents) would be associated with a certain rate of
hypoglycemic episodes. Furthermore, pregnancy by itself is prone to hypo-
glycemia due to the phenomenon of accelerated starvation. Any attempt to
evaluate hypoglycemic episodes needs to differentiate between patient-
reported clinical episodes confirmed by glucose testing and accidentally
found hypoglycemic glucose values on self-monitoring blood glucose
results. The current self-monitoring technique from noninvasive to
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continuous blood glucose monitoring are all prone to testing errors and
limited by the level of hypoglycemic values that they can measure.

The author’s practice found, in a randomized study measuring blood
glucose throughout the disease (GDM) period, a significant decrease in hy-
poglycemic episodes in the glyburide group in comparison to the insulin-
treated patients [6]. In another study, using continuous blood glucose
monitoring for 3 days, they reconfirmed their original findings; however,
the testing time was limited. Their findings that hypoglycemia does not in-
crease with the use of glyburide therapy in GDM was confirmed in another
study [65].

Analysis of outcome variables when comparing glyburide and the insulin-
treated groups demonstrated similar rates for pre-eclampsia (6% versus 6%)
and Cesarean section (23% versus 24%). The rate of large for gestational age
neonates was 12% versus 13%, macrosomia 7% versus 4%, and hypoglyce-
mia 9% versus 6%. No significant differences were found in any of the pri-
mary or secondary outcome values; moreover, there was no identifiable
trend thatmight suggest that an increased sample size could demonstrate a dif-
ference between the groups. The 95% confidence interval for the difference of
themean was found to be small and narrow. This result suggests a small likeli-
hood of beta errors in this study. Again, several studies reconfirmed the au-
thor’s findings that glyburide can help achieve the same perinatal outcome
as insulin.

Biguanides

Metformin is an insulin sensitizer that reduces insulin resistance and
basal plasma insulin levels; therefore, it affects the glycemic profile. Metfor-
min has various metabolic effects: it suppresses hepatic glucose output; in-
creases insulin-mediated glucose use; decreases fatty acid oxidation;
increases splanchnic glucose turnover; improves lipid profile by decreasing
triglyceridemia, fatty acids, and low density lipoprotein (LDL) cholesterol
while slightly increasing high density lipoprotein (HDL) cholesterol and de-
creasing intestinal absorption of glucose and use. In addition, it stabilizes or
facilitates weight reduction. Metformin does not stimulate insulin secretion,
and, therefore, does not cause hypoglycemia in either diabetic or control sub-
jects. Metformin does not stimulate the fetal pancreas to oversecrete insulin.

Metformin is a second-generation biguanide introduced in the United
States after the withdrawal of phenformin. Lactic acidosis is infrequent
(0.03 cases/1000 patient-years), one-tenth that of the parent drug. The risk
of lactic acidosis increases with the degree of renal dysfunction and patient
age. Its peak plasma level given as a single agent occurs within 4 hours. The
extent of absorption is reduced in the presence of food, although it should
be administered with meals to minimize gastrointestinal intolerance. In con-
trast to glyburide, which is extensively metabolized in the liver, metformin is
not metabolized and is eliminated unchanged in the urine. Peak plasma
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concentrations are short-lived; in patients who have normal renal function,
the plasma half-life (t1/2) for metformin is 2 to 5 hours with almost 90% of
an absorbed dosage eliminated within 12 hours [66,67]. Renal clearance of
metformin occurs more often by tubular secretion than glomerular filtration
with minimal binding of metformin to plasma proteins. This process is the
opposite of what occurs with glyburide, which is cleared by the liver and kid-
neys with 99.8% bound to plasma proteins. Therefore, if metformin is used
in pregnancy, its therapeutic level should be adjusted with the method of
clearance due to the increased glomerular filtration rate in pregnancy. It is
recommended that metformin be introduced gradually in 500- or 850-mg in-
crements to a maximum effective dose of 2000 mg/daily. The absolute max-
imum dose is 2550 or 3000 mg/day. Administration in the presence of renal
disease is contraindicated and requires caution [68,69].

At the cellular level, metformin improves insulin sensitivity. Its predom-
inant glucose-lowering mechanism reduces the excessive rates of hepatic glu-
cose production, which in turn reduces gluconeogenesis by increasing
hepatic sensitivity to insulin. The drug also decreases hepatic glycogenolysis
and increases insulin-stimulated glucose uptake in skeletal muscles. The cel-
lular effects of metformin are to counteract insulin resistance and to reduce
the acknowledged toxic metabolic effects of hyperglycemia (glucose toxicity)
and fatty acids (lipotoxicity) in type 2 diabetes.

Clinical trials at two centers examined the effect of metformin as single
therapy in nonpregnant obese subjects who had type 2 diabetes and in
poorly controlled sulfonylurea-treated subjects. In both studies, the mean
decline in plasma glucose concentration was approximatley 60 mg/dL,
and beneficial effects on plasma lipid levels were observed [10,11,70].

Three frequently asked questions are: Should metformin for polycystic
ovarian syndrome (PCO) be continued after patients become pregnant?
Can metformin be used as a treatment modality in gestational diabetes?
Should patients who have type 2 diabetes who achieved targeted levels of
control with metformin remain on the drug or replace it with glyburide or
insulin? To answer these questions, some issues need to be clarified: Does
metformin cross the placenta? If it does, does it have a metabolic or terato-
genic effect on the fetus? Most drugs used in pregnancy cross the placenta.
However, few will cause adverse effects to the fetus.

Company information (Glucophage, Bristol-Myers Squibb, 1997) states
that a partial placental barrier to metformin exists. Studies on transplacental
transport of metformin demonstrated that it clearly crosses the placenta
[71,72]. But, metformin has minimal affect on transplacental flux [37]. Of
note, the transfer of metformin into human milk is minimal and, therefore,
lactation in patients using metformin is not contraindicated [73,74].

The results of reproduction studies in rats and rabbits remain controversial.
One study demonstrated no teratogenicity at doses up to 600 mg/kg/day, ap-
proximately twice the maximum recommended human dose on the basis of
mg/m2 [75]. Other studies have suggested that metformin induces a low
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incidence of malformations in rats [76,77]. In a more recent study, two-cell
mouse embryos were exposed to different levels of metformin. Although
lower levels comparable to plasma concentration during treatment did
not affect the blastocyst development rate, the highest concentration
resulted in a marked delay in development [78].

Because perfusion studies are difficult if not impossible to perform on
a first-trimester placenta, and mice and rat placentas are not synonymous
with human placentas (transfer in one does not mandate a transfer in the
other), human studies evaluating the exposure to the drug during the first
trimester and especially during organogenesis can supply the evidence for
the efficacy of using certain drugs during pregnancy. However, randomized
studies are unethical and, therefore, will never be endorsed during this ges-
tational timeframe. The second best research design will be case-controlled
and meta-analysis studies.

Several studies in the past decade have speculated that there was no as-
sociation between oral hypoglycemic agents and congenital malformations.
Notelowitz’ [18] randomized study in 1971 treating patients with first gener-
ation sulfonylureas and insulin resulted in only two births with anomalies.
One infant treated with tolbutamide had choanal atresia and the other,
treated with insulin, had fallots syndrome. He concluded that sulfonylureas
were safe for use in pregnancy. Towner and colleagues [79] treated 332 type
2 patients with oral hypoglycemic agents or insulin before pregnancy. They
reported that the mode of therapy did not adversely affect the rate of anom-
alies, while glycemic levels as well as maternal age were significant contrib-
uting factors.

The author’s practice described comparable findings in a retrospective
analysis of 347 type 2 diabetic women exposed to different oral hypoglyce-
mic agents, insulin, and diet therapy before and during the first trimester
[80]. They demonstrated that the elevated blood glucose level and not the
mode of therapy affected the rate of anomalies. Gilbert and Koren [81] pre-
sented a meta-analysis of all published studies with data on pregnancy out-
come with respect to major malformations. The cohort included 72 PCOS
patients who were exposed to metformin and compared with 48 PCOS pa-
tients who conceived without metformin in five different infertility clinics.
They found no increase in the rate of malformations, and in fact, metformin
might have had a protective effect (1.7% anomalies in the treated versus
7.2% in the untreated group). Recently, two studies reported the use of
metformin in women who have polycystic ovary syndrome. Glueck and
colleagues [82,83] suggested that metformin is safe and useful in the reduc-
tion of GDM in women who have PCOS. They evaluated 33 nondiabetic
women who had PCOS who were treated with metformin prospectively
and 39 nondiabetic women not treated with metformin evaluated retrospec-
tively. The development of GDM was 3% in the former and 23% in the lat-
ter. In the second study, Jakubwicz and colleagues [84] sought to investigate
the effect of preconceptual use of metformin on early pregnancy loss. They
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evaluated 65 women who had PCOS receiving metformin to 31 women not
receiving the drug. The early pregnancy loss in the former was 11% and
58% in the untreated group. All 62 infants in the metformin-treated group
were normal with the exception of 1 infant who had chondro-dysplasia.
These two studies demonstrated that the use of metformin preconception
and during the first trimester is not associated with major fetal malforma-
tions or fetal hypoglycemia after birth.

In summary, although metformin crosses the placenta, it is categorized as
a class B drug. Its use in GDM is post first trimester, controlling against the
risk of fetal anomalies (after the organogenesis period). From the current
clinical data, it seems that it will be safe for the fetus (eg, macrosomia
and hypoglycemia). This may be explained by its pharmacologic action to
reduce hepatic glucose production and insulin resistance rather than pancre-
atic stimulation. Therefore, this drug may be a potentially attractive alterna-
tive to insulin in the management of patients who have GDM.

To date, no randomized study addressing the use of oral agents during
organogenesis has been performed. However, the cumulative available
data suggest that the cause of anomalies is the level of glycemia and not
the use of oral hypoglycemic drugs. This is especially true since the first gen-
eration of sulfonylureas has been replaced by a second generation of oral
hypoglycemic drugs. In summary, there is no justification to maintain
a PCOS patient on metformin throughout pregnancy if she does not develop
gestational diabetes. Most of the studies applicable to PCOS restricted met-
formin exposure to the first trimester; it was discontinued as soon as preg-
nancy was diagnosed. Evidence beyond the first trimester is anecdotal or
based on small sample sizes. Until such time that a well-controlled study
will be conducted in patients who have type 2 and GDM, its use should
not be endorsed. We should await the results of ongoing randomized trials
addressing the possible effect of metformin in pregnancy (eg, the Metformin
in Gestational diabetes study) [85].

Thiazolidenediones

To date, no study has reported data on the use of this group of drugs in
pregnancy. The mechanism of action seems to reduce cellular insulin resis-
tance by acting as a peroxisome proliferator-activated receptor. A decrease
in systemic and local tissue lipid availability may also contribute to antidi-
abetic effects. In summary, the thiazolidenediones enter the cell and act
within the nucleus (different than the sulfonylureas, which attach themselves
to three different types of receptors on the cell membrane) by attaching to
the peroxisome proliferator-activated receptor. They activate gene expres-
sion resulting in a cascade of cell signaling.

The pharmacokinetics of thiazolidenediones demonstrates that they are
rapidly and almost completely absorbed 1 to 2 hours to peak concentration;
absorption is slightly delayed when taken with food. The liver
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comprehensively metabolizes both drugs. Metabolism of rosiglitazone is
mainly to weak active metabolites with lesser activity that are mostly elim-
inated in the urine; the metabolites of pioglitazone are more active and elim-
inated mostly in the bile. This group of drugs has similar characteristics to
glyburide: they are bounded to plasma protein (99.8%) and have compara-
ble molecular weights. The starting dosage for rosiglitazone is 4 mg/day and
can be increased to 8 mg/day, once daily or in a divided dose. The drug can
be given in combination therapy with metformin and/or sulfonylureas and/
or insulin. Pioglitazone is administered once daily (15 mg) and can be in-
creased to 30 mg and up to 45 mg as needed.

Thiazolidinediones are classified as pregnancy category C. These drugs
should only be used during pregnancy if the potential benefit justifies the po-
tential risk to the fetus. One needs to be cautious in the use of these drugs
when there is evidence of liver disease or abnormal liver testing (alanine ami-
notransferase levelsO2.5 times the upper limit for the laboratory), and in
patients who have heart disease or history of heart failure. Nevertheless, it
is recommended that liver function be measured before initiation of therapy
and bimonthly during the first year of treatment. There has been consider-
able weight gain reported with both drugs.

These contraindications are rare in pregnancy and, therefore, most pa-
tients will qualify for the use of the drug. Pregnancy is only one spectrum
of the role of the obstetrician/gynecologist. Our mission is to address
women’s health overall. Thus, the obesity and metabolic syndrome epi-
demic, the PCOS which include approximately 20% of infertility cases,
and the increased rate of gestational diabetes have created a large popula-
tion of women who may benefit from metformin and the thiazolidilediones
beyond the current benefits of glyburide (sulfonylureas).

Therefore, one can speculate that these drugs will not cross the placenta
as is the case with glyburide and will allow us to use a potentially attractive
drug because of its multisystemic response in gestational diabetes and in
pregnancy in general. However, this wishful thinking is not the reality: these
drugs cross the placenta. Several animal studies have demonstrated that
these drugs cross the placental barrier and cause, in rats, delayed body
growth and insulin resistance [86–88]. One study in vivo murine model
found that rosiglitazone did not impair murine blastocyst development
in vitro or cause phenotypic harm to the mouse fetus when administered
during pregnancy [89]. These findings bring us back to the question previ-
ously addressed relevant to metformin: Is it enough to declare a drug contra-
indicated if the drug crosses the placenta or evidence of no damage to the
embryo and fetus should permit us to use newly developed drugs with a po-
tentially high benefit to the embryo, fetus, and mother?

Thiazolidenediones improve all body insulin sensitivity through multiple
actions on gene regulation. The drugs enhance glucose uptake and disposal
in the muscles. In the liver, there is improved insulin sensitivity and decreased
gluconeogenesis. b-cell function in the pancreas is improved. The lipid profile
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is affected by pioglitazone with the reduction in triglyceride and an increased
HDL and with rosiglitazone with decreased LDL and increased HDL. Adi-
pose tissue is affected by increasedGLUT4 expression, induced subcutaneous
fat deposition, and decreased FFA release (reducing insulin resistance).
Blood vessels demonstrate increased vasodilatation, decreased blood pres-
sure, and vascular smooth muscle proliferation and migration, in addition
to a reduction in inflammation (TNF)-a. The homeostatic system shows a re-
duction in PA1-1 and fibrinogen as well as platelet aggregation. Therefore,
the benefits of this group of drugs is beyond the glucose control of diabetes,
but rather its contribution is multisystematic and may affect several compo-
nent characteristics of the metabolic syndrome [90,91].

Troglitazone was the first thiazolidinedione marketed in the United
States. However, after numerous reports of hepatotoxicity with the drug,
followed by several deaths, it was voluntarily removed by the manufacturer
in early March 2000. The second generation of these drugs (ie, rosiglitazone
and pioglitazone) are more potent and have not shown the hepatotoxicity
found in troglitazone [92]. Studies in prediabetic animal models suggest
that treatment with thiazolidineiones may be capable of preventing diabetes
progression and pancreatic exhaustion and of protecting against nephropa-
thy. In the diabetic model, control of blood glucose by this drug was accom-
panied by pancreatic recovery and normalization of pancreatic insulin
storage and synthesis [93,94].

In humans, one study suggested that in women who had previous gesta-
tional diabetes, troglitazone reduced the incidence of new onset diabetes
[95]. If the second generation of drugs in this group proves to be more effec-
tive, than antidiabetic agents currently in use to reduce the decline in b-cell
function in patients who have type 2 diabetes still needs to be determined
[96]. A recent double-blind randomized controlled clinical trial of 4360
women recently diagnosed with type 2 diabetes evaluated the potential
risk/benefit of monotherapy failure at 5 years of three different drugs. The
primary outcome was the time to monotherapy failure, which was defined
as a confirmed level of fasting plasma glucose of greater than 180 mg/dL.
This is another example of different levels of success in therapy that are
used in pregnancy and nonpregnancy. Therefore, different considerations
must be addressed in pregnancy. The failure rate with rosiglitazone was
15%, 21% with metformin, and 34% with glyburide [97]. Finally, it was
shown in overweight and obese patients who had impaired glucose tolerance
who were younger that after 3 years of treatment with metformin, the inci-
dence of type 2 diabetes decreased by 33% and that an intensive regimen of
diet and exercise alone reduced the risk by 58% (major lifestyle change) [98].

a-Glucosidase inhibitors

Drugs in this class act by slowing the absorption of carbohydrates from
the intestines thus minimizing the postprandial rise in blood glucose [99].
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Gastrointestinal side effects require gradual dosage increments, over weeks
to months, after initiation of therapy. Acarbose, miglitol, and voglibose,
currently in clinical use, may be added to most other available therapies
[100,101]. The a-glucosidase inhibitors do not cause weight gain, they reduce
postprandial hyperinsulinemia, and they may lower plasma triglyceride
levels. These drugs reduce postprandial glucose levels by 1 to 4 mmol/L.
The area under the curve (of the post meal) may be reduced by half, while
the basal glycemia may be reduced by up to 1 mmol/L. HbA1c decreases by
0.5% to 1% [102]. The experience in pregnancy is minimal with fewer than
100 patients to date. This is despite the fact that acarbose acts within the
gastrointestinal tract and is not transferred by the blood stream to the pla-
centa. However, its ability to decrease glucose to targeted levels required in
pregnancy is less effective than glyburide [103]. Therefore, it is less effective
than glyburide; its use in pregnancy should be confined to combinations
with glyburide and possibly metformin rather than monotherapy.

Summary

Different oral hypoglycemic agents act upon different mechanisms of ac-
tion. For patients who have newly diagnosed type 2 diabetes without mark-
edly elevated plasma fasting glucose (eg,O280 mg/dL), it is advisable to
begin oral therapy with monotherapy such as glyburide or probably metfor-
min. Glyburide is currently the only drug shown to not cross the placenta
and studied clinically in properly designed randomized controlled trials.
However, other oral hypoglycemic agents may have an even greater thera-
peutic effect on glycemic levels and other metabolic complications.

The achievement of both glucose and outcome goals is conditional upon
the overall successful management of women who have GDM. This will in-
clude appropriate caloric as well as meal/snack allotment throughout the
day, verified self-monitoring of blood glucose, proper criteria for initiation
of the drug, and education/behavior modification for the patient. Failure to
address any of these components of intensified therapy will compromise the
success rate of glucose control and, in turn, the perinatal outcome. The con-
trol of glucose and not the drug is the key to success.
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Before the advent of insulin in 1922, less than 100 pregnancies in diabetic
women were reported; most likely these women had type 2 and not type 1
diabetes [1]. Even with this assumption, these cases of diabetes and preg-
nancy were associated with a greater than 90% infant mortality rate and
a 30% maternal mortality rate. As late as 1980, physicians were still coun-
seling diabetic women to avoid pregnancy. This philosophy was justified
because of the poor obstetric history in 30% to 50% of diabetic women.
Improved infant mortality rates finally occurred after 1980, when treatment
strategies stressed better control of maternal plasma glucose levels, once self-
blood glucose monitoring and glycosylated hemoglobin became available.
As the pathophysiology of pregnancy complicated by diabetes has been elu-
cidated and as management programs have achieved and maintained near
normoglycemia throughout pregnancy complicated by diabetes mellitus,
perinatal mortality rates have decreased to levels seen in the general popu-
lation [2–9]. This review reports the literature on the safety and efficacy of
insulin analogues in pregnancy and thereby enables the clinician to choose
the optimal insulin treatment protocol to achieve and maintain normoglyce-
mia throughout pregnancies complicated by diabetes.

Rationale for the use of nonimmunogenic insulins during pregnancy

Maternal glucose freely crosses the placenta. Maternal insulin does not
cross the placenta unless it is bound to IgG antibody, which carries it
through the placenta, or insulin is forced through the placenta by high per-
fusion [10,11]. Diabetic fetopathy is thought to be the result of fetal hyper-
insulinemia [1–9]. Thus treatment must be designed to normalize maternal
blood glucose concentrations without the use of exogenous insulins that
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cross the placenta. Placental transfer of insulin complexed with immuno-
globulin has also been associated with fetal macrosomia in mothers who
have near-normal glycemic control during gestation. Menon and colleagues
[12] reported that antibody-bound insulin transferred to the fetus was pro-
portional to the concentration of antibody-bound insulin measured in the
mother. Also, the amount of antibody-bound insulin transferred to the fetus
correlated directly with macrosomia in the infant and was independent of
maternal blood glucose levels. In contrast, Jovanovic and colleagues [13]
discovered that it was only improved glucose control, as evidenced by lower
postprandial glucose excursions, but not lower insulin antibody levels, cor-
related with lower fetal weight. They showed that insulin antibodies to
exogenous insulin do not influence infant birth weight.

The literature is now well documented that maintenance of postprandial
glucose concentrations in the normal range decreases the risk of glucose-
mediated macrosomia [6–8]. Rapid-acting insulin analogues have been
shown to improve postprandial glucose control compared with the concen-
trations resulting from treatment with human regular insulin. Data [14] sug-
gest that rapid-acting insulin analogues do not transfer through the human
placenta, thus they can be considered suitable therapeutic candidates as
treatment during pregnancies complicated by diabetes [10,11,15–20]. How-
ever, to date, the clinical data currently available for the long-acting insulin
analogues is not sufficient to advocate their use in pregnancy. This article
reviews the literature on the insulin analogue during pregnancy and presents
the authors’ opinion as to the safety and efficacy of insulin analogue treat-
ment for the pregnant diabetic woman.

Insulin therapy during pregnancy

The anti-insulin hormones from the placenta along with an increased ma-
ternal cortisol concentration in concert with increasing weight gain and de-
creasing exercise result in a rise in insulin requirement. The 24-hour insulin
requirement before conception is approximately 0.8 units times the mother’s
weight in kilograms. In the first trimester, the insulin requirement rises to 0.7
units per kilogram times the pregnant weight of the woman. By the second
trimester, the insulin requirement is 0.8 units per kilogram; by term, the in-
sulin requirement is 0.9 times 1.0 unit per kilogram pregnant weight per day
[21]. There is a transient drop of insulin requirement in the first trimester,
however [22]. During first trimester, the placental passage of glucose and
gluconeogenic along with the luteoplacental shift of progesterone from the
corpus luteum to the placenta with a transient drop in progesterone levels
work in concert to decrease the insulin requirement in the late-third first tri-
mester; substrates may cause maternal hypoglycemia if the doses of insulin
are not decreased by 10%. In addition, blood glucose control during this pe-
riod is also more unstable, with a tendency to low fasting plasma glucose
and high postprandial excursions and the occurrence of nocturnal
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hypoglycemia. Lastly, pregnancy-induced nausea and vomiting can predis-
pose to hypoglycemia. During the second and third trimesters, the progres-
sively increased production of placental anti-insulin hormones causes
progressive increments in insulin requirements; from the 24th gestational
week, there is tendency to decrease in glucose excursions. In the last month
of pregnancy, there may be a decrease in insulin requirement, particularly
during the night because of transfer of maternal glucose and amino acid
through placenta to the fetus, which accelerates growth [23].

All these metabolic characteristics lead to a greater demand for short-
acting insulin, which covers the meal, and the need to optimize doses of in-
termediate-acting insulin, to guarantee a constant basal rate [24–34]. In this
context, the special characteristics of the new insulins currently on the mar-
ket can considerably help in the attainment of the desired metabolic control
level during pregnancy. There are three rapid-acting insulins currently avail-
able on the market: insulin lispro, insulin aspart, and insulin glulisine. The
two long-acting insulin analogues are insulin glargine and insulin detemir.

Rapid-acting insulin analogues commercially available

Insulin lispro was first approved in 1996. It is the result of recombinant
DNA technology and modifies the beta-chain of human insulin by inverting
the position of lysine from B29 to B28 with that of proline from B28 to B29.
This insulin is quickly dissociated into monomeric subunits when injected
into subcutaneous tissue; it shows rapid action due to more rapid absorption
through capillary membrane compared with insulin, and its use of insulin
lispro is associated with a 27 to 36 mg/dL (1.5–2.0 mmol/L) lower postpran-
dial glucose concentration (P!.001), improvement in hemoglobin A1c

(A1C) of 0.3 to 0.5% points, and reduction of hypoglycemia rate by 20 to
30% (P!.0024) [35–39].

Insulin aspart, approved for clinical use in 1999, is created by replacing
proline in B28 position with the negatively charged aspartic acid. The rapid
dissociation into monomers occurs because of charge repulsion in the ter-
tiary structure. The onset of insulin aspart is from 5 to 15 minutes of injec-
tion and peaks from 31 to 70 minutes after injection, with a duration of
action from 2 to 4 hours. In comparison with regular insulin, insulin aspart
reduces values of postprandial plasma glucose by approximately 27 mg/dL
(1.5 mmol/L) (P!.001), A1C by 0.12% (P!.02), and serious hypoglycemic
episodes by 50% (P!.005) [40–43].

Insulin glulisine

Insulin glulisine is a rapid-acting human insulin analogue that has a faster
onset of action and shorter duration of action than regular human insulin in
patients who have type 1 or 2 diabetes mellitus and is efficacious in control-
ling prandial blood glucose levels in these patients. In large, well-designed
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trials in patients who had type 1 diabetes, insulin glulisine demonstrated
a similar degree of glycemic control, as measured by glycosylated hemoglo-
bin A1C levels, to regular human insulin after 12 weeks and insulin lispro
after 26 weeks. Premeal insulin glulisine was also more effective than regular
human insulin at controlling 2-hour postprandial glucose excursions in pa-
tients who had type 1 or 2 diabetes over a period of 12 weeks. In patients
who had type 2 diabetes, insulin glulisine induced significantly greater re-
ductions in hemoglobin A1C levels and 2-hour postbreakfast and postdin-
ner blood glucose levels than regular human insulin over a period of 26
weeks. Insulin glulisine was generally well tolerated by patients who had
type 1 or 2 diabetes and had a similar safety profile to insulin lispro or reg-
ular human insulin. Severe hypoglycemia was experienced by similar pro-
portions of insulin glulisine or comparator insulin (insulin lispro or
regular human insulin) recipients who had type 1 or type 2 diabetes
[44,45]. There are no clinical trials to date using insulin glulisine, and thus
no clinical recommendation can be made [46].

Rapid-acting insulins in the treatment of diabetes and pregnancy

Insulin lispro

The first randomized study that evaluated the effect of insulin lispro treat-
ment in pregnancy was that of Jovanovic and colleagues [20], in which 19
patients on lispro who had gestational diabetes mellitus (GDM) and 23
on regular insulin were studied. In patients on lispro, the number of mater-
nal hypoglycemic episodes before breakfast (plasma glucose!55 mg/dL)
was 24% lower than those of patients in regular insulin. The number of ep-
isodes of postprandial hyperglycemia (1-hour plasma glucoseO120 mg/dL)
was also significantly lower in patients on insulin lispro than those on reg-
ular insulin. Moreover, treatment with lispro caused a significantly greater
reduction in A1C levels at the third trimester in treatment group given lispro
versus the group given regular insulin [47].

In a subsequent paper, Bhattacharyya and colleagues [48] evaluated 68
women who had GDM treated with insulin lispro and 89 with regular insu-
lin; a significant reduction in A1C levels was found in patients on lispro with
respect to those on regular insulin at the third trimester of pregnancy. The
mean dose of short-acting insulin was similar in the two groups of patients.
At the same time, patients on lispro reported greater satisfaction with treat-
ment. Meccaci and colleagues [49] compared glucose levels and neonatal
outcome in 49 women who had GDM randomly assigned to treatment
with regular insulin and insulin lispro. Both types of insulin resulted good
outcome and did not have significantly differing glycemic levels prepran-
dially. Moreover, blood glucose values at the 1-hour postprandial point
were significantly lower in patients on insulin lispro than in those on regular
insulin. There was no statistical significant difference between the groups in
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neonatal outcome, though the number of neonates with a cranial/thoracic
circumference ratio between 10th and 25th percentiles was higher in the
group on the regular insulin. These results show that in women who have
GDM, insulin lispro can normalize 1-hour postprandial glucose concentra-
tions and is associated with normal anthropometric characteristics in the
neonates.

The study reported by Wyatt and colleagues [50] was designed to deter-
mine the rate of congenital anomalies in offspring of women who have
type 1 diabetes treated by insulin lispro before and during at least the first
12 weeks of gestation. This multinational, multicenter retrospective study in-
cluded mothers who had diabetes mellitus (diagnosed before conception)
who were treated with insulin lispro for at least 1 month before conception
and during at least the first trimester of pregnancy. Anomalies were assessed
by two independent dysmorphologists. The charts of 496 women were re-
viewed for 533 pregnancies resulting in 542 offspring (500 live births, 31
spontaneous and 7 elective abortions, and 4 stillbirths). Mothers’ character-
istics: mean (� standard deviation [SD]) age was 29.9 (� 5.2) years, 85.6%
were Caucasian, and 97.2% had type 1 diabetes mellitus. Insulin lispro con-
tinued to be the main mealtime insulin for more than 96% of the women
during the second and third trimester. The dysmorphologists determined
that 27 (5.4%) offspring had major congenital anomalies and 2 (0.4%) off-
spring had minor congenital anomalies. The rate of major congenital anom-
alies was 5.4% [95% confidence interval (3.45%, 7.44%)] for offspring of
mothers who had diabetes mellitus treated with insulin lispro before and
during pregnancy. The current published rates of major anomalies in infants
born to mothers who have diabetes treated with insulin are between 2.1%
and 10.9%. This suggests that the anomaly rate with insulin lispro treatment
does not differ from the published major congenital anomaly rates for other
insulin treatments.

The other major study to evaluate glycemic control and maternal and fe-
tal outcomes of patients who have type 1 diabetes treated with lispro before
and during pregnancy was reported by Garg and colleagues [51]. They re-
viewed the medical records of 62 patients who had type 1 diabetes treated
with insulin lispro. The mean A1C level reduced from 7.2 � 0.2% at concep-
tion to 5.8 � 0.1% at the time of delivery. No significant change was found
in mean eye grade score for retinopathy or in albumin excretion rate during
pregnancy. The mean duration of gestation was 37 weeks, and 24% of preg-
nancies resulting in neonatal macrosomia.

Insulin aspart

Currently, there are limited results regarding use of insulin aspart during
pregnancy. Pettitt and colleagues [52] conducted the first clinical study to
compare the short-term efficacy of insulin aspart, regular insulin, or no in-
sulin in patients who have GDM. Fifteen women who had GDM received
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a standard meal test after administration of regular insulin or insulin aspart
on 3 consecutive days (1 day was untreated baseline). Insulin aspart was ad-
ministered 5 minutes before the meal, whereas regular insulin was adminis-
tered 30 minutes before the meal. The postprandial glycemic control (as
measured by glucose area under the curve above baseline) was significantly
improved by insulin aspart compared with no exogenous insulin adminis-
tered, whereas regular insulin did not show a significant difference from
no exogenous insulin administered. These same investigators then observed
a sample size of 27 women randomized to either receive insulin aspart or
regular insulin for prandial treatment of their carbohydrate intolerance
[52,53]. Both treatment groups maintained good overall glycemic control
during the study. Insulin aspart was effective in reducing the postprandial
glucose concentration from baseline. The contribution of endogenous insu-
lin to the overall insulin profile was ascertained by measurement of the C-
peptide values. C-peptide values for both insulin aspart and regular insulin
treatments were slightly lower at week 6 than at week 0. However, insulin
aspart treatment showed significantly lower C-peptide values at week
0 and week 6 than regular insulin as demonstrated by the significantly
greater reduction in the change-from-baseline C-peptide values. No major
hypoglycemic events were reported in this study. Antibody binding specific
to insulin aspart and regular insulin remained low (less than 1.5% binding of
the specific antibodies) for both treatment groups throughout the study.
Cord blood serum samples, collected immediately after delivery, only de-
tected raised levels of insulin (ether aspart or human regular insulin) if
high infusion rates of insulin and glucose were administered during labor
and delivery [52]. The neonatal birth weights were similar in both groups,
and no case of macrosomia was reported. These studies demonstrate that
the overall safety and effectiveness of insulin aspart was comparable to reg-
ular human insulin in pregnant women who have GDM. Insulin aspart was
more effective than regular human insulin in providing postprandial glyce-
mic control in women who have GDM.

Hod [53] recently presented the study design for a large multinational,
multicenter randomized clinical trial observing the safety and efficacy of in-
sulin aspart for the treatment of type 1 diabetes. This trial in 17 countries at
90 centers randomized 330 women who had type 1 diabetes to receive either
human regular insulin or insulin aspart. This trial will be completed by the
end of 2008. Thus far there have been no insulin-associated maternal or fetal
complications, and no evidence that insulin aspart is teratogenic.

There are no clinical trials using insulin glulisine, and thus there no clin-
ical recommendations that can be made [44–46]. However, based on the data
for insulin lispro and insulin aspart, these two rapid-acting insulin analogues
are safe and efficacious premeal insulin for use by pregnant diabetic women
requiring mealtime insulin. Because of the rapid-acting analogues’ favorable
pharmacokinetics, postprandial blood glucose concentrations are improved
compared with human regular insulin or no insulin treatment and thus may
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be considered as a treatment choice for pregnant diabetic women. Table 1
summarizes the 12 published articles to date [20,48–58] that report on
1425 pregnant diabetic women (1150 type 1 diabetic women and 275 gesta-
tional diabetic women), of whom 795 were treated with insulin lispro during
pregnancy and 59 were treated with insulin aspart during pregnancy. Al-
though not all reports were compared with outcome of pregnancy with hu-
man regular insulin treatment, the overall conclusion is that insulin lispro

Table 1

Use of rapid-acting insulin analogues in pregnancy

Studies Number Type of DM Lispro Aspart Regular Outcome

Jovanovic et al

[20]

42 GDM 19 0 23 Y pp with lispro

Bhattacharyya

et al [48]

157 GDM 68 0 89 Y A1C levels

with lispro

Mecacci et al [49] 49 GDM 20 0 19 Y pp with lispro

Masson [56] 76 T1DM 76 0 0 6 SABs, 7 LGA,

4 CM, 6 laser

therapy

Persson et al [57] 33 T1DM 16 0 17 Y A1C and pp

with lispro, but

[ retinopathy

in both

Loukovaara et al

[58]

69 36 0 33 Y A1C and pp

with lispro;

nulliparity [
retinopathy

Wyatt et al [50] 500 T1DM 500 0 0 27 CM with A1C

O2 SD mean

nl in 1st

trimester

Garg et al [51] 62 T1DM 62 0 0 Y A1C with

lispro; no

change

retinopathy or

albumin 24%

LGA, 2 CM

Carr et al [55] 9 T1DM 9 0 0 Premeal equal to

postprandial

injection

Cypryk et al [54] 71 T1DM 25 46 d No difference

Pettitt et al [52] 27 GDM 0 13 14 Y pp with aspart

Hod et al [53] 330 T1DM 0 125 125 Y hypo- and

hyperglycemia

Total ¼ 12 1425 1150 T1DM 275

GDM

795 59 d Improved

outcome with

lispro or aspart

Abbreviations: A1C, glycosylated hemoglobin; CM, congenital malformations; LGA, large-

for-gestational-age infant; pp, postprandial level; SABs, spontaneous abortions; T1DM, type 1

diabetes mellitus.
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and insulin aspart are as safe and maybe more efficacious than short-acting
regular insulin.

Long-acting insulin analogues and their use during pregnancy

Insulin glargine

Insulin glargine is a human insulin analogue with an activity that results
in a constant concentration and time profile over 24 hours with no
pronounced peak. Insulin glargine, approved for clinical use in 2000, is
obtained by adding to the human molecule of insulin 2 molecules of arginine
to the c-terminal of b chain and replacing aspartic acid with glycine in
position A 21. These changes result in the shifting of isoelectric point
from pH 5.4 to 6.7, with a reduction in insulin solubility when injected sub-
cutaneously and in the capacity for dimerization these characteristics confer
greater stability and duration of action. Insulin glargine begins its action
approximately 90 minutes after subcutaneous injection, lasts approximately
24 hours, and is considered peakless compared with neutral protamine Hage-
dorn (NPH) insulin. In nonpregnant insulin-requiring diabetic subjects, insu-
lin glargine administration produces better reduction in values of fasting and
postprandial plasma glucose concentrations and a decrease in nocturnal hy-
poglycemia events [59–69].

Although the long-acting insulin analogues may provide a better basal
glycemic profile than human NPH in insulin-requiring nonpregnant diabetic
subjects [63–69], the literature is sparse on the safety and efficacy of these
analogues in pregnancy [63–69]. Table 2 summarizes the eight articles to date
that report the outcome of pregnancies complicated by insulin-requiring
diabetes in which women were treated with glargine insulin at some point in
pregnancy. Although there were no reported cases of malformations, the
total sample of women exposed to glargine during pregnancy was too small
to make a conclusion (23 total diabetic women treated: 14 type 1 diabetic
women, and 9 gestational diabetic women). In addition, birth weight was
not consistently mentioned and the total dose of insulin was not related
to gestational week or maternal weight, and thus the treatment protocol is
impossible to derive from these studies. In addition, glucose control was in-
consistently measured, and thus the comparison of glycemia that can be
achieved with the use of glargine compared with that of NPH or an insulin
infusion pump delivering aspart or lispro during pregnancy also cannot be
derived thus far from the literature.

Detemir

Insulin detemir is another long-acting insulin analogue, pending US
Food and Drug administration approval. The mechanisms of protracted ac-
tion of insulin detemir include increased hexamer stability, binding to
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Table 2

Use of long-acting insulin glargine in pregnancy

Studies

Number of

patients

Type of

diabetes

Dose of

glargine Outcome

Woolderink et al

[68]

7 T1DM

2: 1st and 2nd

trimester

5: 1st, 2nd, and

3rd trimester

d Delivered at 37–

40 weeks; birth

weight 4180 g

(2,475–4,675 g)

A1C 6.4%

(5.2–8.1%)

No CM

Graves et al [69] 4 GDM 44 U mean

(10–78 U)

2 [ fasting

glucose 1 LGA

1 daytime

hypoglycemia

No cases of

nocturnal

hypoglycemia

Dolci et al [67] 1 T1DM &

Addison’s

Disease

2nd trimester Compared to

NPH in 1st

trimester better

control with

glargine

Di Cianni et al

[63]

5 T1DM 1st trimester No CM

Devlin et al [61] 1 T1DM 2nd and 3rd

trimester

Better glycemia

with glargine

than NPH

Holstein et al [64] 1 T1DM 1st, 2nd and

3rd trimester

Better glycemia

with glargine

than NPH

Torlone et al [66] 6 T1DM 1st, 2nd, and

3rd trimester

Normal outcome

Carrona et al [65] 1 T1DM 1st, 2nd, and

3rd trimester

3540 g male

infant

Total articles Total treated

with glargine

Type of diabetes Dosage Outcome

8 21 14 T1DM

9 GDM

Average dose of

glargine insulin

18–75 U/d

No congenital

malformations

but

macrosomia

rate is not

possible to

calculate from

these reports

Abbreviations: A1C, glycosylated hemoglobin level; CM, congenital malformations; LGA,

large-for-gestational-age infant; pp, postprandial level; SABs, spontaneous abortions; T1DM,

type 1 diabetes mellitus.
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albumin at the subcutaneous injection site and in the circulation [70–72].
The benefits of insulin detemir, such as improved glycemic control, lowered
within-subject variation, reduced nocturnal hypoglycemic events, and no
weight gain has been shown in patients who have type 1 diabetes [73,74].
However, there are no clinical studies performed using insulin detemir in
pregnant women who have diabetes. Animal reproduction studies in rabbits
and rats have not revealed any differences between insulin detemir and
human insulin regarding embryotoxicity and teratogenicity [75].

Potential risks associated with insulin analogues

Insulin and IGF-1 receptor binding affinity

There are hypothetical reasons to consider increased IGF-1 activity unde-
sirable in pregnancy. During gestation, the female reproductive system
undergoes dramatic changes to accommodate the development of the fetus.
IGF-1 facilitates the implantation of the human embryo in the endome-
trium. Disturbance of IGF-1 functions could result in spontaneous miscar-
riage, preeclampsia, and defects of the embryo [76]. It is well known that the
incidence of spontaneous miscarriage due to malformations of the fetuses
during early pregnancies is much higher in women who have poorly con-
trolled diabetes than in nondiabetic pregnancies. The mechanisms for the
abortion and malformation are not completely understood. There are
some factors that presumably play important roles in this process: inherited
genetic abnormalities of the fetus, lack of endogenous insulin in maternal
serum in type 1 diabetes, and embryotoxic effects of the diabetic serum
[77,78]. Some researchers suspect that altered insulin and IGF-1 serum levels
are candidates to account for dysregulation of trophoblast proliferation and
invasion. In late pregnancy, the placenta produces a large amount of hu-
man placental growth hormone to regulate the flow of nutrients to the pla-
centa to support fetal growth [79]. Like growth hormone, the effects of
human placental growth hormone are mediated through IGF-1 and IGF-
binding proteins. An insulin analogue that has high affinity for IGF-1 receptor
might influence the natural processes mediated by IGF-1. Furthermore,
increased human placental growth hormone and progesterone levels also
account for increased insulin resistance and reduced insulin sensitivity during
the last trimester.

The actions of insulin are mediated through binding of the insulin mole-
cules to the insulin receptors located on the membrane of the target cells.
IGF-1 receptor shares structural similarity to insulin receptor. IGF-1 can
bind to the insulin receptor and insulin is capable of binding to the IGF-1 re-
ceptor.However, natural insulin binds to IGF-1 receptorwith 1000-fold lower
affinity than insulin binding to the insulin receptor, and insulin has a 1000-fold
lower affinity than IGF-1 for the IGF-1 receptor [71]. The new insulin ana-
logues all have modifications in their amino acid sequences or
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posttranslational modifications, such as acylation of the insulin molecules in
the case of insulin detemir [80]. Such structural modifications sometimes
lead to enhanced or reduced affinity for the insulin receptor and IGF-1 recep-
tor. It has been reported that an insulin analogue B10Asp with a single amino
acid substitution of aspartic acid for histidine for residue 10 of the b chain re-
sulted in an increase in insulin and IGF-1 receptor affinity and demonstrated
increased tumorigenic potential in female Sprague-Dawley rats [81].

Kurtzhals and colleagues [82] compared the metabolic and mitogenic po-
tencies of several insulin analogues including B10Asp, insulin aspart, insulin
lispro, insulin glargine, and insulin detemir to that of regular human insulin,
and attempted to establish a correlation between the receptor binding affin-
ity (to insulin receptor and IGF-1 receptor) and the metabolic and mitogenic
potencies of these insulin analogues. They found that metabolic potency of
insulin analogues correlated well with insulin receptor affinity, whereas mi-
togenic potency was generally more correlated with IGF-1 receptor affinity
than with insulin receptor off-rates. It was reported that insulin glargine had
a 6-fold increase in IGF-1 receptor affinity, and a corresponding 7-fold in-
crease in mitogenic potency as measured in a human osteosarcoma cell
line (Saos/B10) that has abundant IGF-1 receptors. The B10Asp analogue
had a 9- to 10-fold increase in mitogenic potency, whereas insulin aspart, in-
sulin lispro, and insulin detemir all had similar or reduced mitogenic poten-
cies compared with human insulin [83]. However, some other studies using
different cell lines have shown different results. A study using H9c2 cardiac
myoblasts (which lack insulin receptor) showed that B10Asp had signifi-
cantly higher affinity for IGF-1 receptor and greater mitogenic effects on
these cells, whereas insulin glargine and native insulin were essentially equi-
potent [77]. In another study using differentiated cultured human skeletal
cells from nondiabetic and diabetic subjects, Ciaraldi and colleagues [83] re-
ported that human insulin and insulin glargine had similar mitogenic effects
as determined by thymidine uptake into DNA, and the sensitivities and po-
tencies were greatly reduced compared with IGF-1 (!1% of IGF-1). These
researchers concluded that in a cell system representative of the relative in-
sulin and IGF-1 receptor expression in human skeletal muscle cells, insulin
glargine and native human insulin are comparable in receptor binding and
metabolic responses, and that glargine does not display augmented mito-
genic effects.

The IGF-1 signaling pathway is involved in different stages of pregnancy,
and pregnancy is sensitive to alterations in the levels of these growth regu-
lation hormones. Therefore, it may be desirable for a clinician to choose an
insulin or insulin analogue with minimum IGF-1 activity while treating
pregnant women who have diabetes. An example in recent development, in-
sulin detemir, has a reduced affinity for IGF-1 receptor (approximately 1/10
that of human insulin) [83], which could be beneficial if pregnant women are
susceptible to overstimulation of IGF-1 receptors. However, there are no
data currently available on the use of insulin detemir during pregnancy.
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The efficacy and safety of this new insulin analogue will need to be further
assessed in pregnant women who have diabetes.

Development of retinopathy during pregnancy

Many patients who have type 1 or type 2 diabetes suffer from microvas-
cular complications such as retinopathy and nephropathy. The Diabetes
Control and Complication Trial research group [77] reported that preg-
nancy was associated with an increase in the rate of retinopathy compared
with nonpregnant women. The risk of worsening of retinopathy during
pregnancy was 1.63 fold greater in the intensive treatment group, and was
2.5 fold greater in the conventional group than in a nonpregnant group.
Furthermore, pregnancy is often associated with worsening of glycemic con-
trol, which is another contributing factor to the worsening of retinopathy
[84–94]. The risk factors associated with progression of retinopathy during
pregnancy include duration of diabetes, severity of retinopathy at concep-
tion, metabolic control, and coexisting hypertension. Results from many
studies have indicated that rapid improvement in glycemic control was asso-
ciated with progression of retinopathy in pregnant women as well as in non-
pregnant patients who have diabetes. More recently, it has been suggested
that insulin and IGF-1 may play a role in the development and progression
of retinopathy. In an oxygen-induced mouse retinopathy model, knockout
of insulin and IGF-1 receptors on vascular endothelial cells protected the
animals from developing retinal neovascularization and showed a reduction
of vascular mediators, such as VEGF, eNOS, and endothelin-1, with the
effect of insulin being most significant [91].

There has been a case report that three pregnant women who had no de-
tected background retinopathy developed bilateral proliferative diabetic ret-
inopathy during their pregnancies while treated with insulin lispro [92]. It
could not be determined whether the development of proliferative diabetic
retinopathy was due to rapid tightening of glycemic control or due to the
effects of insulin lispro, but it may be desirable to exercise caution if lispro
is used during pregnancy in women who have a high risk of developing
retinopathy [94]. No definite conclusions can be drawn until well-designed
clinical trials are conducted to answer these questions.

Summary

Depending on the type, severity, and stage of diabetes, patients may have
only elevated postprandial glucose levels and normal fasting blood glucose
levels, or the fasting glucose levels may be elevated as well. If postprandial
glucose is the target of treatment, the rapid-acting insulin lispro and insulin
aspart seem to be as safe and effective as regular human insulin in women
who have GDM and achieve better postprandial glucose concentrations
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with less late postprandial hypoglycemia. If the patient has elevated fasting
and postprandial blood glucose levels, and requires multiple daily injections
to achieve good glycemic control, a basal-bolus regimen should be consid-
ered. The long-acting insulin analogues do not have as pronounced peak
effect as NPH insulin and therefore cause less nocturnal hypoglycemia. The
safety of these insulin analogues needs to be further established in pregnant
women. Issues that will need to be further clarified include the question of
whether these insulin analogues have teratogenic effects on the developing
fetus, alter the balance between the binding affinity to IGF-1 receptor and
insulin receptor, are associated with increased risk of retinopathy, or
show increased antibody levels. Due to the lack of information in animal
studies and high risk of clinical trials, it is unrealistic to expect results
from large-scale, controlled clinical trials for evaluation of the safety profiles
of these insulin analogues. For the time being, clinicians will have to rely on
their knowledge of the pharmacology of the treatments, sporadic case re-
ports, and their own judgment when making decisions regarding whether
or not an insulin analogue should be used in pregnant women who have di-
abetes. Future research must also include the development of insulins that
perfectly match physiologic insulin profiles during pregnancy. Although
portal insulin delivery and inhaled insulin delivery have been associated
with a closer match to endogenous insulin secretory profiles than subcutane-
ously injected insulin, the safety and efficacy of these routes of insulin deliv-
ery for pregnant women also need to be studied.
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An increased risk for stillbirth has been a recognized potential complica-
tion of diabetes for over 100 years. This increased risk is most commonly
associated with insulin-requiring pregestational diabetes, but may also be
evident in other forms of diabetes complicating pregnancy. This article
focuses on the association of stillbirth with diabetes, the potential patho-
physiology of stillbirth in pregnancies complicated by diabetes, and strate-
gies to reduce the risk of stillbirth in women who have diabetes.

Definitions

For the purposes of this review, pregestational diabetes may include type
1 or type 2 diabetes. Gestational diabetes is that recognized only during
pregnancy after specific testing. Although some cases of type 2 diabetes
may be detected during pregnancy, the specific diagnosis may not be clear.
These instances will be considered as gestational diabetes because of the lack
of clarity of diagnosis before the pregnancy.

Stillbirth is generally defined as fetal death after 20 weeks of gestation.
One problem that has plagued epidemiologic and pathophysiologic studies
of stillbirth has been the lack of precise definition of stillbirth [1]. Some
authorities and state health departments only include birth weights less
than 350 g, or less than 500 g, or heel–toe lengths of xx cm. This lack of pre-
cision in the definition of stillbirth continues to cause confusion in the inter-
pretation of studies regarding stillbirth. Other terms for stillbirth include
fetal death, intrauterine fetal death, fetal demise, and intrauterine fetal
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demise. For purposes of clarity, in this review, the terms stillbirth and fetal
death are used interchangeably.

The term perinatal mortality rate is defined as the number of stillbirths after
20 weeks gestation plus the number of infant deaths up to 28 days of life. One
limiting aspect of past studies on the contribution of diabetes to the incidence
of stillbirth is a lack of precision in terminology.Many studies report perinatal
mortality and do not specifically address stillbirth. Understanding the attrib-
utable risk for diabetes and stillbirth is thus limited by lack of precision.

Historical perspective

Prior to the discovery of insulin, successful pregnancy was rare in women
who had pregestational diabetes. In women who achieved pregnancy, the
perinatal mortality rate approximated 65% [2]. Notably, however, maternal
mortality was exceedingly high, approaching 30%; thus, concerns regarding
the perinatal mortality rate were superceded by maternal concerns. With the
discovery and then the clinical use of insulin, maternal mortality rates
declined dramatically, and attention could be turned to improving the peri-
natal mortality rate.

Even with improved maternal outcomes, fetal death rates proved to be
more intransigent until the 1960s (Fig. 1). With improved prenatal care,
including fetal surveillance techniques, aggressive blood sugar control,
sonography, timely labor induction, and advanced neonatal care, the rate
of fetal death in women who have diabetes has decreased dramatically [3].
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Fig. 1. Estimated rate of stillbirth in diabetic women: 1920–2000. These estimates of the

stillbirth rate in diabetic women are based on a summary of the reported literature.
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Epidemiology of stillbirth

Fetal deaths have declined over the past 50 years. In the 1950s, fetal death
rates were reported as high as 20/1000 births. However, according to the
most recent National Center for Health Statistic report from 2003 [1], fetal
deaths occurred in 6.23/1000 births. However, this figure has been declined
slowly over the past 20 years, while the number of infant deaths has declined
by over 30% in that same time period [4]. Most of the decline in fetal deaths
has occurred in gestational ages of greater than 28 weeks, perhaps reflecting
improved fetal surveillance.

In the 2003 NCHS report [1], a higher risk of fetal death occurs in non-
Hispanic black women (11.56/1000 births), teenagers, women over the age
of 35, unmarried women (8.25/1000 births), and in multiple gestations
(twins, 16.52/1000 births). Clearly, a better understanding of the causes of
stillbirth is needed to decrease the fetal death rates in this country. To ac-
complish this, the National Institutes of Health created the Stillbirth Collab-
orative Research Network to study to the epidemiology and causes of fetal
death in five defined geographic catchment areas. This landmark hypothe-
sis–driven study will provide critically needed information to address the
problem of fetal death, and hypotheses to study the potential role of diabe-
tes as a cause of fetal death have been proposed.

Other risk factors for stillbirth that may be important in the consider-
ation of stillbirth in diabetic women included obesity, prior cesarean deliv-
ery, congenital birth defects, and fetal growth restriction [5]. Maternal
obesity is associated with a doubled risk for stillbirth (odds ratio of 2.8)
[6]. Women who have diabetes are much more likely to undergo cesarean
delivery, and this operative delivery is associated with a modestly increased
risk for stillbirth (hazard ratio of 2.27). Congenital fetal abnormalities are
associated with an increased risk for stillbirth, and diabetic women are
two to three times more likely to have an infant who has birth defects. A
particularly strong risk factor for stillbirth is fetal growth restriction for
any number of maternal or fetal conditions and in particular diabetes asso-
ciated with vascular complications. Recently, Gardosi and colleagues [7]
have postulated that fetuses not meeting their growth potential are a strong
risk factor for fetal death.

Stillbirth in women who have type 1 diabetes mellitus

Pregestational diabetes is commonly divided into type 1 and type 2
diabetes. Both types are associated with an increased risk for stillbirth in
pregnant women. Type 1 diabetes is associated with a three to five times
increased risk for stillbirth (Table 1). In Denmark from 1990 to 2000,
Lauenborg and colleagues [8] reported that women who have type 1 diabetes
had an incidence of stillbirth of 18/1000 pregnancies. Notably, an explain-
able cause was found in approximately one third of cases having nothing
to do with diabetes. Of those women who have unexplained stillbirth,
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75% (9/12) were associated with hyperglycemia and elevated hemoglobin
A1C levels (O7.5%). Also, other Danish investigators reported from eight
centers managing 1218 pregnancies from 1993 to 1999 [9]. Their stillbirth
rate was 28/1000 births compared with a rate in the general population of
4.5/1000 (relative risk 6.2). As with other studies, serious adverse outcomes
were associated with poor metabolic control.

Similarly, a recent report from Scotland [10] found the incidence of
stillbirth to be 25/1000 births of women who have pregestational insulin-
requiring diabetes from 1979 to 1995. The overall stillbirth rate was 4.7 times
higher than that found in the general population. Of note, the risk for
stillbirth decreased with increasing gestational age. In a later study from
Scotland [11], the Scottish Diabetes in Pregnancy Group reported on a co-
hort of 273 pregnancies ascertained over 1 year (1998–1999). They found
a stillbirth rate of 18.5/1000 births, with a relative risk of 3.6 over the
stillbirth rate in all Scottish births over the same time period.

In the United Kingdom, Casson and colleagues [12] reported on 462
pregnancies in 355 women who have type 1 diabetes from 1990 to 1994.
The stillbirth rate was 25/1000 births, compared with a stillbirth rate in
the general population of 5/1000 (relative risk 5). Also in the United King-
dom, a sample of 1707 type 1 diabetic women was ascertained from 2002 to
2003 with a stillbirth rate of 25.8/1000 births being reported [13]. The still-
birth rate in the general population was 5.7/1000 births, yielding a rate ratio
of 4.5, a figure consistent with other reports.

Outcomes in the United States seem to be much better than these other
reports. Mondestin and colleagues [14] recently reported National Center
for Health Statistics data that put the fetal death for women who have
diabetes at 5.9/1000, and an overall fetal death rate in the nondiabetic pop-
ulation of 4.0/1000 births. One weakness in this study is that gestational,
pregestational, type 1, and type 2 diabetes are not discriminated in the re-
porting. Therefore, we cannot directly assess the risk posed in the overall
United States population from each type of diabetes. Regardless, the risk
for fetal death in type 1 diabetes seems to be higher than the general
population, and history has shown us that uncontrolled type 1 diabetes is
a strong risk factor for fetal death.

Table 1

Epidemiology of stillbirth in type 1 diabetics

Country Years of study Sample size Rate/1000 births Relative risk Reference

Denmark 1990–2000 1361 18 d [8]

Denmark 1993–1999 1218 21 6.2 [9]

Scotland 1979–1995 1112 25 4.7 [10]

Scotland 1998–1999 273 18.5 3.6 [11]

UK 1990–1994 462 25 5.0 [12]

UK 2002–2003 1707 25.8 4.5 [13]

USA 1995–1997 271,691 5.9 1.5 [14]
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Stillbirth in women who have type 2 diabetes mellitus

Similar to type 1 diabetes, women who have type 2 diabetes have an
increased risk for stillbirth (Table 2). However, the extent of this increased
risk is variable with different populations.

In a study from New Zealand, Cundy and colleagues [15] reported on 434
pregnancies complicated by type 2 diabetes. They found that the risk of fetal
death wasmuch greater in type 2 diabetes than type 1 diabetes (approximately
34/1000 births versus approximately 12/1000 births).Womenwho have type 2
diabetes hadmuchworse glucose control, and this was a significant risk factor
for fetal death. The authors suggested that this may be due to the increased
risk posed by obesity, essential hypertension, and maternal age. Women
who had newly diagnosed type 2 diabetics had significantly worse outcomes.
Similarly, Clausen and colleagues [16] found that women who had type 2
diabetes had worse outcomes than women who had type 1 diabetes, with
perinatal mortality rates of 67/1000 and 17/1000, respectively.

In the United Kingdom, Dunne and colleagues [17] noted that in 182
women who had type 2 diabetes, only two stillbirths occurred (12.2/1000
births). This figure compared with national data on stillbirths in the general
population (5.4/1000) yielding a relative risk of 2.3. In the study previously
noted from Macintosh and colleagues [13] of 652 women who had type 2
diabetes, the stillbirth rate was similar to that noted in women who had
type 1 diabetes, 29.2/1000 births. Compared to normal pregnancy, the
relative risk for stillbirth in women who had type 2 diabetes was 5.1.

Stillbirth in women who have gestational diabetes mellitus

Women who develop gestational diabetes mellitus (GDM) seem to have
an increased risk for stillbirth, although the data to support this observation
are not as strong as the increased risk noted for type 1 and type 2 diabetes.

In 1973, O’Sullivan and colleagues [18] reported a higher perinatal mor-
tality rate in women who had GDM. In this study of 187 women who had
GDM, a perinatal mortality rate of 64/1000 births was noted (12/187). This
increased risk seemed to predominate in women over the age of 25. No data
regarding the nature of the increased mortality rates were presented. White
and Beischer [19] reported a perinatal mortality rate of 16/1000 births in
women who have GDM. A stillbirth rate of 7/1000 births could be gleaned
from this report, and the main causes of perinatal mortality included

Table 2

Epidemiology of stillbirth in type 2 diabetics

Country Years of study Sample size Rate/1000 births Relative risk Reference

UK 1990–2002 182 12.2 2.3 [17]

UK 2002–2003 652 29.2 5.1 [13]

New Zealand 1985–1997 434 34a 2.8a [15]

a Estimated rate.
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congenital anomalies, respiratory distress with prematurity, and intrauterine
hypoxia. In a follow-up study, Beischer and colleagues [20] found that rou-
tine screening for GDM could significantly improve perinatal outcome. In
a large population of 116,303 pregnancies screened for diabetes, diagnosed
GDM was found to have an increased risk for perinatal mortality (adjusted
odds ratio of 1.53). Women who were diagnosed retrospectively had a higher
odds ratio of 2.31, and women who were not screened continued to have
a higher odds ratio for stillbirth (2.21).

More recently, Aberg and colleagues [21], from Sweden, reported that
women who were subsequently diagnosed with GDM had a higher incidence
of stillbirth in preceding pregnancies, suggesting that these women had un-
diagnosed GDM in these pregnancies ending in fetal death. In this case–con-
trol study, the odds ratio for fetal death in the preceding pregnancy was
1.56, with a stillbirth rate of 15/1000 compared with the normal control still-
birth rate of 6.5/1000. Similarly, Wood and colleagues [22] found that
women who were considered ‘‘prediabetic’’ (ie, a pregnancy before the diag-
nosis of diabetes) had a higher risk for stillbirth than a nondiabetic control
population (19.7/1000 births versus 5.5/1000 births). Women who had pre-
gestational diabetes had a stillbirth rate of 33.7/1000. The authors suggest
that these women who were considered prediabetic were actually misclassi-
fied and had overt diabetes during their studied pregnancy.

Girz and colleagues [23] reported that despite an intensive monitoring
system for women who had GDM, the stillbirth rate was 7.7/1000 compared
with a nondiabetic control population of 4.8/1000. This increased rate of
stillbirth was noted despite an intensive fetal surveillance program and
aggressive obstetric management of abnormal fetal testing.

A recent study by Challis and colleagues [24] in Mozambique found no as-
sociation of gestational diabetes or impaired glucose tolerance in a population
where fetal death is common (approximately 5% of all pregnancies). In this
study, the authors found thatGDMcomplicated 11%of 109womenwith fetal
death, and 7%ofmatched womenwithoutGDM, a nonsignificant difference.

Although one finds it difficult to find a consistently increased risk for still-
birth in women who have gestational diabetes, there does appear to be in-
creased risk; although this risk appears to be smaller than that found in
women who have type 1 and type 2 diabetes. Many studies are difficult to
interpret because fetal and neonatal deaths are not analyzed separately.
Also, small sample sizes limit many studies. For example, the study by
Langer and colleagues [25], perhaps one of the largest reports regarding
GDM during pregnancy, found that women who had untreated GDM
had a stillbirth rate of 5.4/1000, whereas nondiabetic control patients had
a stillbirth rate of 1.8/1000. However, because of the small numbers and
large confidence intervals, these differences were not statistically significant.
Regardless, diagnosis of GDM and aggressive management seems to
improve perinatal outcomes and lessen, although not eliminate, the
increased risk for stillbirth.
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Causes of stillbirth

When considering stillbirth in women who have diabetes, one must
remember that there are multiple causes of stillbirth for all women, and
that hyperglycemia is but one cause. In a recent review from the Stillbirth
Collaborative Research Network, Silver and colleagues [26] note that the
causes of stillbirth are varied and in many cases unexplained. In current
practice, a cause may be ascertained in only 50% of cases of stillbirth,
whereas a more detailed evaluation may uncover a cause in up to 90% of
cases. The causes of stillbirth may be classified according to a wide variety
of classification schemes, all of which reflect a specific bias depending on the
perspective of the investigator (eg, pathologic, obstetric, vascular, and so
forth). As such, none are completely satisfactory, but these different classi-
fications do provide for at least some common language for investigation
and discussion.

Stillbirth may be caused by maternal or fetal conditions, and may be the
result of maternal–fetal interactions. Commonly recognized causes of still-
birth include fetal malformations, fetal aneuploidy, placental malforma-
tions, placental insufficiency, fetal infection, feto-maternal hemorrhage,
maternal hypertension, systemic maternal infection and sepsis, and maternal
vascular disease (eg, systemic lupus erythematosus, antiphospholipid
syndrome).

Pathophysiology of stillbirth in women who have diabetes

General consensus holds that hyperglycemia and poor glucose control
contributes significantly to the events that lead to fetal death in women
who have diabetes [27]. However, other causes of stillbirth cannot be dis-
counted, and studies of fetal death in diabetic women that include a detailed
analysis of the causes of fetal death find that uncontrolled hyperglycemia
probably accounts for approximately half of all fetal deaths. Congenital
anomalies, infection, and other known causes of stillbirth account for the
other half. As with nondiabetic women who suffer stillbirth, a significant
proportion remains unexplained. Even though hyperglycemia is a potential
cause for stillbirth, other causes account for a significant proportion of still-
births. Therefore, women who have diabetes who suffer fetal death should
be offered a complete evaluation to determine the cause of the fetal death,
including autopsy, placental evaluation, and laboratory evaluation [26].

Human studies

The cause of fetal death in women who have pregestational diabetes is
not clear. Historically, the likely pathophysiology for the deaths has been
attributed to undetected hyperglycemia and ketoacidosis [27]. Past reports
have noted perinatal mortality death rates of 50% to 90% in women in
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ketoacidosis. However, few data from women are available to provide
insight into how diabetes, and in particular hyperglycemia, contribute to
the pathophysiologic events leading to fetal death. Unnoticed hypoglycemia
has been suggested as a possible cause, but there are not compelling data
available to support this concept.

Infusion of glucose into normal and diabetic pregnant women during la-
bor has been associated with neonatal hypoxia and acidosis [28]. In a study
of 28 type 1 diabetic women whereby fetal blood sampling was completed
between 20 and 40 weeks gestation, Bradley and colleagues [29] noted
that there were deviations in fetal blood pH and plasma lactate with signif-
icant acidosis in the third trimester. The authors note that some fetuses in
the third trimester are significantly acidotic, and that this may contribute
to so-called ‘‘unexplained fetal death’’ in diabetic women in the third
trimester.

These findings indicate that at least some cases of fetal death in women
who have pregestational diabetes fetal hyperglycemia may be associated
with accumulations of fetal lactic acid as a result of hyperinsulinemia
leading to anaerobic metabolism with consequent hypoxia and acidosis.

Animal studies

Several different animal models have been used to explore the fetal risk of
diabetes, including rats, sheep, and Rhesus monkeys. In particular, rats
seem to be an excellent model for the study of diabetes during pregnancy.
In sheep, hyperglycemia, when paired with hypoxia, resulted in a greater
risk for fetal death [30]. In Rhesus monkeys, hypoxia combined with hyper-
glyemia was particularly lethal [31], leading to excessive accumulations of
lactic acid in the central nervous system of these animals.

More recent animal studies indicate that diabetic pregnancy is associated
with significantly greater oxidative stress. Damasceno and colleagues [32]
studied antioxidant activity in the streptozotocin-induced diabetic pregnant
rat model. They found that oxidative stress occurs in these animals, poten-
tially resulting in alterations of maternal homeostasis that may explain the
increased risk for fetal malformations and pregnancy loss.

Recent studies from Uppsala University, led by Ericksson, provide some
insights into the oxidative stresses provoked by drug-induced diabetes in
pregnant rats. In early studies by Wentzel and colleagues [33], they found
that increased substrate availability (hyperglycemia) led to enhanced oxida-
tive stress, and increased supply of nutrients to the uterus and developing
embryos resulted in fewer implantations and higher malformation rates. Us-
ing this model in a subsequent study, these investigators supplemented the
diet of diabetic rats with two antioxidants, vitamin C and E, and found
that animals supplemented with high concentrations of these antioxidants
had malformation rates similar to nondiabetic rats [34]. These data indi-
cated that antioxidant treatment diminished damage associated with oxygen
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radicals, and might be a potential therapy to reduce birth defects and fetal
loss in human diabetic pregnancies. In a separate recent study, Gareskog
and colleagues [35] reported that these diabetic rats showed evidence of in-
creased apoptosis, or programmed cell death, in embryos exposed to the di-
abetic environment. They speculated that these apoptotic events may
contribute to dysmorphogeneis and fetal loss in these pregnancies.

Studies such as these are critical to understanding the pathophysiology of
fetal loss during diabetic pregnancy. They inform future studies in humans
to determine if oxidative stress contributes to fetal death and the possibility
that antioxidants may contribute to improved perinatal outcome. Caution
must be exercised; recent studies on the role of antioxidants in the preven-
tion of pre-eclampsia showed no efficacy and an increased risk for fetal
loss [36].

Prevention of stillbirth in diabetic pregnancies

Key to the prevention of fetal death in women who have pregestational
diabetes is comprehensive multidisciplinary care with aggressive blood sugar
control. The care team, led by an experienced perinatologist, should include
internists, ophthalmologists, high-risk obstetric nurses, nutritionists, social
workers, and a contemporary laboratory for specialized testing when indi-
cated [27]. A new concept for complex patient care, patient navigation,
holds promise for more effective and efficient care with improved perinatal
outcomes [37].

Comprehensive care

Temple and colleagues [38] showed conclusively that preconceptional
care with intensive multidisciplinary management of type 1 diabetes is asso-
ciated with improved pregnancy outcomes. In their cohort of 290 pregnan-
cies, women who sought preconceptional care had markedly decreased risk
of adverse pregnancy outcomes and very preterm deliveries (2.9 versus
10.2% in the no preconceptional care cohort for adverse pregnancy out-
comes, 5.0 versus 14.2% for preterm births). Clearly, improved blood sugar
with decreased hemoglobin A1C levels resulted in improved pregnancy
outcomes for this cohort.

Johnstone and colleagues [39] reported that perinatal mortality in women
who have type 1 diabetes declined significantly over the past 40 years, from
225/1000 births in the decade of 1960 to 1969 to 10/1000 births in the 1990s.
They attributed this remarkable improvement to advances in obstetric and
neonatal management and to improved blood glucose control. However,
birth weight did not change over the 40 years, indicating that better
understanding of the role of diabetes in determining birth weight is
necessary before the problem of macrosomia can be addressed through
prenatal care interventions.
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Achieve and maintain euglycemia

One key method to prevent stillbirth in diabetic women is to scrupulously
control blood sugar readings and achieve euglycemia. Many high-risk cen-
ters use a multidisciplinary approach including perinatologists, dieticians,
and high-risk prenatal nursing staff to aggressively monitor glycemic
control. In some cases, so-called ‘‘aggressive management’’ of diabetes has
resulted in salutary outcomes for these women [40]. At the University of
Texas Health Science Center at San Antonio, diabetic women are encour-
aged to check blood sugar readings seven times per day, and a remarkable
percentage of women achieve this level of monitoring. Increased monitoring
is associated with fewer stillbirths, less risk for macrosomia, and less risk for
injury to the neonate at the time of delivery.

One hallmark of aggressive blood sugar control is the timely and intensive
use of insulin, particularly in pregestational diabetic women. Multiple doses
of insulin (more than twice a day) has been shown to provide for better control
of blood sugars with hyperglycemic and hypoglycemic episodes. Reducing
extremes in blood sugar readings may be an important tool to reduce the
risk of stillbirth. Unfortunately, first-trimester hemoglobin A1C levels have
low specificity and sensitivity in predicting adverse pregnancy outcomes
[41], although high hemoglobin A1C levels are in general associated with
poorer outcomes [42]. No specific discriminatory value for hemoglobin A1C
has been described, and there are no clear cut-offs below which further
improvement in blood sugar control has no effect on pregnancy outcome.

In general, oral hypoglycemic agents should be reserved for women who
have gestational diabetes who do not meet with success in obtaining eugly-
cemia with diet alone [43]. Currently, data are insufficient to conclude that
the use of oral hypoglycemic agents reduces the risk of stillbirth in women
who have GDM.

Antepartum fetal surveillance

One aspect of prenatal care that may contribute to reducing the risk for
stillbirth is antenatal fetal monitoring. Current recommendations are that all
women should be counseled regarding the use of fetal movement (fetal kick
counts). While there is a paucity of data to show that these measures conclu-
sively reduce the risk of stillbirth in diabetic women, this simple noninvasive
technique seems reasonable, is inexpensive, and may have other benefits
such as improved maternal bonding.

A mainstay of antenatal fetal surveillance is nonstress testing (NST), with
or without determinations of amniotic fluid volume, and biophysical profile.
Kjos and colleagues [44] described obstetric outcomes in 2134 women who
have all types of diabetes using an antepartum fetal surveillance program of
twice weekly NSTs with amniotic fluid volume determinations. They found
that no stillbirths occurred within 4 days of the last antepartum testing, and
that 85 women required cesarean delivery for fetal distress. Predictive
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factors for emergent cesarean delivery for nonreassuring fetal tracings
included spontaneous decelerations, nonreactive NSTs, and both findings
together. Using this testing scheme, these investigators were able to accom-
plish a salutary stillbirth rate of 1.4/1000. Given these results, most centers
currently use weekly or twice weekly NSTs to monitor fetal well-being in
women who have all forms of diabetes.

In a more recent study, Brecher and colleagues [45] reported a retrospec-
tive case–control study in which 1935 women who had all types of diabetes
experienced weekly or twice weekly NSTs or biophysical profiles. They
found that women who experienced stillbirths were more likely to have sub-
optimal glucose control and a greater time interval from their last fetal sur-
veillance testing, as well as delivery at less than 37 weeks and birth weights
less than 2500 g. Overall, they found a corrected perimortality rate of 4.1/
1000 births.

Landon and Vickers [46], however, challenge the need for routine ante-
partum surveillance in women who have well-controlled diabetes and the
absence of vascular complications. In such women, the need for intervention
for abnormal testing is rare and is often presaged by difficulties in obtaining
euglycemia. Further, these authors note the lack of data supporting antepar-
tum testing in women who have GDM. Currently, most centers perform
some form of antenatal testing for women who have GDM; there is a paucity
of data and well-controlled trials showing efficacy of testing in these women.

A more recent addition to the armamentarium of studies to monitor fetal
condition is Doppler velocimetry of the fetal or maternal vessels. Gradations
of abnormal fetal blood velocity are associated with an increased risk for
fetal acidemia. As placental resistance increases, fetal umbilical blood flow
becomes increasingly retrograde, such that reversed end diastolic blood
flow is a strong predictor of subsequent fetal death. Yoon and colleagues
[47] reported that abnormalities of Doppler velocimetry were strongly asso-
ciated with fetal acidosis and hypercarbia, but not hypoxemia. Further, they
found that umbilical artery Doppler velocimetry was more sensitive than
biophysical profile for fetal academia and hypercarbia. Reece and colleagues
[48] found that in pregnant diabetic women, elevations of the systolic/dia-
stolic ratio noted on Doppler velocimetry of the fetal umbilical artery was
significantly associated with maternal vasculopathy associated with hyper-
tension and renal insufficiency, as well as intrauterine growth restriction
and neonatal metabolic complications, but not hyperglycemia.

In a comparison of NST, biophysical profile, and umbilical artery Dopp-
ler velocimetry, Bracero and colleagues [49] reported that Doppler studies
better identified a subgroup of diabetic pregnancies that ended adversely
than NSTs or biophysical profiles. The relative risk for adverse pregnancy
outcome with abnormal Doppler studies, as reported by systolic/diastolic
ratio, was 2.6, as opposed to a relative risk for abnormal NSTs or biophys-
ical profiles of 1.7 each. The incidence of stillbirth was too rare in this study
to compare the rates of stillbirth, thus surrogate markers for increased risk
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of stillbirth (eg, fetal growth restriction, fetal metabolic abnormalities) were
used as a surrogate for fetal death. In a follow-up study [50], these same
investigators found that umbilical Doppler velocimetry paired with hemo-
globin A1C was much more predictive of adverse pregnancy outcome. Of
those women who had abnormal Doppler studies and glycemic control,
96% had an adverse pregnancy outcome.

Although Doppler studies may identify women who are destined to have
adverse pregnancy outcome, the sensitivity and specificity of abnormal test-
ing is low. In 104 diabetic pregnancies, Wong and colleagues [51] found that
Doppler studies had a sensitivity of 35%, specificity of 94%, positive predic-
tive value of 80%, and negative predictive value of 68%. Only 30% of
women in this study who had an adverse pregnancy outcome had abnormal
Doppler studies. These authors concluded that Doppler studies were poor at
predicting adverse pregnancy outcomes.

Pregnant women who have diabetes appear to have improved outcomes
with some form of antepartum surveillance. However, the best methods, the
best timing interval for testing, the optimal gestational age to begin testing,
and the more accurate interpretations of the testing are still in evolution.
Perhaps the most important lesson to learn is that antepartum fetal testing,
no matter the form, seems to improve perinatal outcome to a modest to sig-
nificant degree.

Timing of delivery

The timing of delivery of the diabetic pregnant woman is key to improved
outcomes. Obviously, the goal is to deliver a living infant, with an accept-
able risk of cesarean delivery. Given the critical nature of this decision,
many centers have developed algorithms to aid in the decision making re-
garding delivery. Common indications for delivery include an apparent in-
ability to adhere to treatment regimens, hyperglycemia despite intensive
efforts to gain control, abnormal fetal testing (NST, biophysical profiles,
Doppler velocimetry), fetal growth restriction (less than 10% in women
who have diabetes), and suspected fetal macrosomia. The prenatal diagnosis
of fetal macrosomia is particularly problematic, and current recommenda-
tions are that fetuses of diabetic women who have estimated fetal weights
of greater than 4500 g should be delivered by cesarean section [52]. The cur-
rent practice at University of Texas Health Science Center at San Antonio to
deliver with an estimated fetal weight of greater than 4250 g is based on
retrospective studies of the specific population delivering through their
program [53].

Regardless, one of the goals of the antenatal care program is to provide
data regarding the diabetic pregnancy to inform the perinatologist or
obstetrician as to the optimal timing of delivery to ensure the best possible
neonatal outcome, with the prevention of stillbirth of critical importance in
this decision.
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Once the decision to induce labor rather than proceed with cesarean has
been made, intrapartum monitoring is routinely employed in the hopes of
ensuring the best possible pregnancy outcome with the lowest risk for cere-
bral palsy. Unfortunately, intrapartum fetal monitoring has not realized this
goal [54]. However, most authorities agree that intrapartum fetal monitor-
ing can decrease the risk for intrapartum stillbirth. In particular, intrapar-
tum fetal monitoring should be employed in women who have diabetes,
along with scrupulous control of maternal blood sugars during the course
of labor.

Summary

Diabetes, and in particularly pregestational diabetes with attendant
vascular complications, is clearly a significant risk factor for stillbirth.
However, a comprehensive prenatal care program, including perinatolo-
gists, dieticians, prenatal nurses, labor and delivery nurses and personnel,
and social workers, can significantly improve pregnancy outcomes and
decrease the risk for stillbirth in this vulnerable population that is approach-
ing stillbirth rates that characterize normal pregnancies. An organized
multidisciplinary approach to management of the diabetic pregnancy is
essential for the success of the pregnancy.
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Definitions of excessive fetal growth generally employ a particular esti-
mated or real birth weight ‘‘limit’’ regardless of gestational age, usually
4000 g or 4500 g. The usefulness of this definition is limited by not taking
into account the factor of gestational age. For example, is a 4000-g infant
at 36 weeks more vital to detect than a postterm macrosomic infant? With
regard to assessing fetal growth in the diabetic pregnancy, many have turned
instead to the definitions of large- and small-for-gestational-age (LGA and
SGA, respectively) as more relevant standards for treatment and manage-
ment because they take into account gestational age and better reflect devi-
ations from the expected norm. Notwithstanding the variations in
definitions, adverse outcome data for diabetic pregnancies complicated by
excessive fetal growth are real. Associated perinatal and maternal morbidity
include shoulder dystocia; brachial plexus injury; labor dystocia and opera-
tive delivery; and neonatal complications such as hypoglycemia, hyperbilir-
ubinemia, intensive care admissions, and even perinatal mortality. Knowing
these complications can occur, the authors are compelled to accurately iden-
tify the fetus/neonate at highest risk, and intervene appropriately to avoid
the scenario. The question is then begged: How can we best predict adverse
outcomes related to excessive fetal growth that can only truly be discovered
at or after delivery?

The detection of excessive fetal growth is wrought with further chal-
lenges; the questions asked are layered with complexities.
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� To what end do we seek to detect excessive fetal growth? If only for de-
livery management decisions, then an accurate near-term assessment is
needed. On the other hand, detection of fetal overgrowth earlier in ges-
tation would offer us the opportunity to impact the abnormal growth
rate. Can and should the growth rate be ‘‘corrected’’ through changes
in diabetic management?
� Is there an optimum method for estimating fetal weight in diabeticsdby
ultrasound, clinical maneuvers, or maternal perceptiondand how reli-
able are our available methods? Are they equally reliable across the third
trimester? Some limitations include the inaccuracy of ultrasound itself at
extremes of birth weight; the multitude of formulae, thresholds, stan-
dards, and definitions guiding our assessments; and the problem of
latency, or scan-to-delivery interval.
� And, finally, is birth weight really the whole story? Or is detection of
fetal ‘‘fatness’’ and/or disproportionate growth perhaps a more impor-
tant finding, especially given the paradoxical finding that a large propor-
tion of birth trauma and shoulder dystocia still occurs with birth weights
below 4000 g? [1].

For the purpose of this review, studies focusing on pregnancies compli-
cated by diabetes were selected whenever possible.

Early detection and implications for treatment/prevention

At what point in gestation should we attempt to detect overgrowth?
When does it start, and does that correlate to when it can be detected?
What are the limitations of our ability to detect it? Can it be altered once
detected, or is it biologically/physiologically programmed in the course of
diabetes in pregnancy? Are the antenatal implications as critical as the peri-
partum ones? In other words, does it matter if a diabetic mother has an in-
fant that appears in early- to mid-gestation to be ahead of the growth curves
for norms of gestational age?

A recent study by Holcomb and colleagues [2] sought to build on earlier
studies [3–5] that first established fetal abdominal circumference (AC)
‘‘overgrowth’’ as a representation of accelerated somatic growth in diabetic
pregnancies and a predictor for increased birth weight. Using a single ultra-
sound examination at 28 to 32 weeks, they compared the performance of
AC alone versus estimated fetal weight (EFW) to predict term birth weight
greater than 90th percentile in an all-diabetic population (diet-controlled
gestational diabetes mellitus [GDM] to insulin-treated pregestational diabe-
tes mellitus). They evaluated LGA definitions by the Brenner standard ver-
sus the California-based Williams standard. They concluded that AC
performed as well as EFW, but that, as previously discovered, ultrasound
prediction of excessive fetal growth yields significantly better negative
than positive predictions (overall results: 89% sensitivity, 76% specificity,
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50% positive predictive value, and 96% negative predictive value). Limita-
tions of this study include that little information is given regarding the qual-
ity of glycemic control between scan and delivery as well as the small size of
the study group (n ¼ 84).

But what is the argument for using an early third-trimester ultrasound to
detect excessive fetal growth and changing treatment to affect better diabetic
control? Can doing so change the perinatal outcomes we are striving to
avoid? Obviously, not treating is not an option, especially when abnormal
fetal growth patterns are recognized. A large (n ¼ 2775) retrospective cohort
analysis [6] of uncontrolled GDM versus well-controlled GDM versus non-
diabetic patients in 2005 demonstrated significantly higher rates of macroso-
mia (17% versus 7% versus 8%, respectively), LGA (29% versus 11%
versus 11%), ponderal index (22% versus 13% versus 14%), shoulder dys-
tocia (2.5% versus 0.9% versus 0.6%), and stillbirth (5.4/1000 versus
3.6/1000 versus 1.8/1000) in women who had uncontrolled GDM. The over-
all composite outcome index statistic (including many of those previously
mentioned) was perhaps most telling, with at least one adverse outcome oc-
curring in 59% of untreated versus 18% of treated and 11% of nondiabetic
women. A randomized controlled trial of the same year (n ¼ 1000 women
who had ‘‘mild’’ GDM by oral glucose tolerance test results) [7], confirmed
these retrospective data. Comparing an intervention group to a ‘‘routine
care’’ or untreated group, significantly higher rates of macrosomia (21% ver-
sus 10), LGA (22% versus 13), shoulder dystocia (3% versus 1, P¼ .07), and
stillbirth (not significant at three total events compared with 0, P ¼ .25) were
seen in the routine care group. It is clear that treatment matters in preventing
excessive fetal growth in pregnancy complicated by diabetes.

The role ultrasound detection should play in directing diabetic treatment
is less clear. Macrosomia rates in diabetic pregnancies may be higher than in
the nondiabetic population despite excellent glycemic control, due to comor-
bidities and risk factors such as maternal obesity, maternal age, ethnicity,
and weight gain during pregnancy. In addition, strict mid- to late-gestation
glucose control has a known complication of undergrowth, or SGA. Ray-
chaudhuri and Maresh [8] sought to elucidate if the poor correlation be-
tween blood glucose concentration and birth weight might be related to
the gestational age at which control was achieved. Evaluating 76 consecutive
insulin-dependent diabetic pregnant women, they sought to determine the
timing of fetal growth acceleration by serial ultrasounds at 20, 24, 28, 32,
and 34 weeks of completed gestation. In addition, data on the degree of glu-
cose control were collected in the form of monthly glycosylated hemoglobin
levels and mean capillary blood glucose values from home meter use. They
compared the pregnancies in which the infant was LGA at birth (41% of
their cohort) to the group delivering an average for gestational age
(AGA) infant (51% of the cohort). Their data suggested that AC growth ac-
celeration in the LGA group started at 20 to 24 weeks, but that the glyco-
sylated hemoglobin showed significant differences (higher in the LGA
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group versus AGA) before the ultrasound findings were detectable (by 18
weeks). This led them to conclude that perhaps fetal growth acceleration
was determined in the first half of pregnancy and may be continued to
some degree despite improvements in diabetic control. These findings cor-
roborate those of Keller and colleagues [9]. Evaluating 52 pregestational in-
sulin-dependent diabetic pregnancies, they found evidence that accelerated
AC growth before 24 weeks predicted macrosomia despite similarly tight glu-
cose control over the weeks following the ultrasound estimation of fetal size.

A different result was found by Schaefer-Graf and colleagues [10] in 2004.
Again using serial (monthly) ultrasounds at 20, 24, 28, 32, and 36 weeks ges-
tation, they randomized women who had GDM to standard care (n ¼ 100)
versus ultrasound-directed therapy (n ¼ 99). Level of glycemic control was
used to determine need for initiation of insulin in the standard care group,
based on fairly rigorous thresholds. In the ultrasound group, although rou-
tine self-monitoring of blood glucose was performed by the patients, the sole
criterion for initiation of insulin therapy was a marker of excessive fetal
growth (AC greater than 75th percentile). Thereafter, the ultrasound group
was actually held to tighter glycemic targets than the standard group, an at-
tempt to ‘‘correct’’ the excessive fetal growth. Rates of insulin initiation were
similar between the two groups: 27.0% in the standard group and 36.4% in
the ultrasound group. There were no significant differences among the out-
comes considered (birth weight, LGA/SGA, neonatal body composition,
neonatal hypoglycemia, neonatal ICU admissions, or cesarean section deliv-
ery rate) and LGA rates in both groups were comparable to a nondiabetic
population. The authors concluded that management based on fetal growth
characteristics provided similar perinatal outcomes as traditional manage-
ment strategies based on glucose monitoring, perhaps providing an alterna-
tive management strategy for milder cases of gestational diabetes.

Buchanan and colleagues [11] evaluated the concept of ultrasound detec-
tion of the fetus most ‘‘at risk’’ for excessive growth, combined with the tai-
loring of medical therapy to reverse it. Using a single early third-trimester
ultrasound (between 29–33 weeks) to guide treatment of GDM, they com-
pared four study groups: a ‘‘low-risk’’ population (GDM with fetal
AC ! 75th percentile) who received standard diet therapy (n ¼ 171); high-
risk, refused randomization (GDM with fetal AC R 75th percentile) who
also received no more than standard diet therapy (n ¼ 24); and two other
high-risk groups who were randomized to diet alone (n ¼ 29) versus empiric
insulin therapy (n ¼ 30). Results revealed LGA rates of 14%, 38%, 45%,
and 13%, respectively. Important conclusions from this evidence are that
a single fetal ultrasound criterion can be used to risk stratify patients who
have GDM for the outcome of macrosomia as well as that insulin lowered
the LGA rate in pregnancies identified by this single fetal ultrasound char-
acteristic. Others have sought to further characterize fetal abdominal mea-
surements alone for their ability to predict macrosomia with varying
degrees of success [12,13].
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Detectiondis ultrasound better than physician or maternal perception?

According to the American College of Obstetricians and Gynecologists
(ACOG) Practice Bulletin on macrosomia [14], methods that aid the clini-
cian in detecting/predicting macrosomia include assessment of maternal
risk factors, ultrasound measurement, and clinical appraisaldboth by phy-
sician examination and maternal estimation. Chauhan and colleagues [15]
in 1992 published a comparison of fetal weight estimation by maternal
perception (including only multiparous women) versus clinical (ie, Leopold
maneuvers) and sonographic means (n ¼ 106). The results demonstrated
the comparability of maternal judgment to the physician’s best tools. Ma-
ternal estimates were found to be within 10% of actual birth weight 70%
of the time, compared with 66% of clinical estimates and only 42% of so-
nographic estimates. In addition, the mean error in grams and accordingly
the mean percent error were both less for maternal versus clinical and so-
nographic (305 g [8.7%] versus 314 g [9.0%] versus 564 g [15.6%], respec-
tively). This study seems to validate maternal perception as a reliable
estimate of birth weight. Limitations of this method include the require-
ment of patients’ parity and a lack of data on the reliability at extremes
of birth weight (eg, macrosomia) or on data specific to pregnancies com-
plicated by diabetes.

Although the latter study seems to underestimate the accuracy of sono-
graphic EFW, it does highlight the potential place for physician clinical es-
timates, a part of the art of obstetrics previously thought to be notoriously
scientifically irreproducible (with reported sensitivities ranging from 24%-
97% and with specificities from 98%–82%). In a review of sonographic ver-
sus clinical methods in diagnosing macrosomia, O’Reilly-Green and Divon
[16] found the accuracy of both measures to be comparable to one another
and more reproducible in the pooled literature, with 67% of clinical esti-
mates and 66% of sonographic estimates within 10% of actual birth weight.
This review also separately evaluated the sensitivity of both methods when
actual birth weight exceeded 4000 g. Pooled analysis found proportions
dropped to 58% for clinical and 51% for sonographic estimates within
10% of actual birth weight under these circumstances, with mean absolute
error of 245 g and 500 g, respectively. This illustrates the decreasing sensi-
tivity/accuracy of all commonly used methods of fetal weight estimation,
at macrosomic-range birth weights.

To address the particular problem of fetal weight estimation in the preg-
nancies at highest risk for excessive fetal growth, several studies have fo-
cused on a diabetic population specifically. Hendrix and colleagues [17]
found clinical estimates to have significantly better mean standardized abso-
lute error and percentage of estimates within 10% of actual birth weight
than ultrasound estimates at birth weights of at least 4000 g but not at birth
weights less than 4000 g. Johnstone and colleagues [18] compared clinical
versus sonographic estimation in their ability to predict macrosomia,
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performing serial scans at 28 weeks gestation, 34 weeks gestation, and be-
fore delivery. They found that the performance of clinical measurement
in prediction of macrosomia increases with increasing gestational age, but
that it performs as well as ultrasound measurements at term.

Hirata and colleagues [19] studied only fetuses clinically estimated to be
at least 3900 g by Leopold maneuvers in early labor (21% diabetic) and
compared the performance of different ultrasound formulae in predicting
macrosomic-range birth weight. They compared the formulae of Shepard,
Hadlock 1–4, and Tamura, as well as original formulations, and found
the best performing formulae to be ones that used AC and femur length
(FL) to the exclusion of head circumference/biparietal diameter (HC/
BPD) in the highly-restricted macrosomic population. The authors high-
lighted the concern that in studying a variable of limited prevalence (ie, mac-
rosomia) in a population with specific risk factors (diabetes in pregnancy),
perhaps it is neither possible nor wise to apply standards that have been de-
veloped for the general population.

Detectiondultrasound accuracy

In spite of the lack of proof that the use of ultrasound to estimate fetal
weight in the diabetic pregnancy is superior to other methods of fetal
weight estimation, it is still widely used in day-to-day clinical practice.
Factors contributing to reliance on ultrasound are its broad availability,
ease and speed in obtaining results, and perceived objectivity as an assess-
ment technique. How dependable is it, and what are its limitations? A pio-
neering systematic review [20] was recently undertaken to judge the
accuracy of ultrasound biometry in predicting macrosomia. The compre-
hensive data included over 19,000 women, 16 formulae for EFW (includ-
ing typical biometrics), and four criteria for AC thresholds. As such, one
of the unique weaknesses in this study represents a weakness experienced
daily by physicians in ultrasound estimationdextensive heterogeneity in
methods as well as in reference thresholds. The data were assessed by sum-
mary receiver operating characteristic curves and the accuracy of each
method evaluated by summary likelihood ratios, which signified, according
to the authors, ‘‘by how much a given ultrasound test result raises or
lowers the probability of having a macrosomic newborn.’’ Both categories
(EFW and AC) yielded pooled likelihood ratios (high LRþ compared with
LR�), indicating that formulae across the board are more accurate at rul-
ing in macrosomia than at ruling it out, a conclusion contrary to some
aforementioned individual studies. In addition, when formulae for com-
posite EFW were compared head-to-head against those using AC alone,
analysis indicated similar overall accuracies. Given the lack of precision,
though, the authors could not identify one formula worthy of recommen-
dation over any other. The primary shortcoming of this study for the
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purposes of this review, however, is that the presence or contribution of
diabetes is not addressed.

One year prior, a review article evaluated in similar fashion the current
state of our ability to detect macrosomia, in an effort to develop an algo-
rithm for treatment/management once detected. Chauhan and colleagues
[21] compared 20 articles (representing nearly 8800 patients, 80% from
the United States) using various formulae for calculating ultrasound EFW
with various ultrasound-to-delivery intervals. Furthermore, they subana-
lyzed data relating to diabetic and postterm patients as risk factors for mac-
rosomia unique from the routine general obstetric population. The subset of
articles representing the sonographic detection of macrosomia in the dia-
betic population included three articles and 442 patients. The authors found
wide disparity among the macrosomia incidence rates reported in the gen-
eral obstetric population (3%–55%) and again noted wide ranges of sensi-
tivities and specificities among their ultrasound detection methods, with
posttest probabilities of 15%–79%. However, they noted that unlike the
general obstetric population, the literature on sonographic detection of mac-
rosomia among diabetic patients was fairly consistent, with macrosomia
rates of 19%–26%, sensitivities of 33%–69%, specificities of 77%–98%,
and yielding posttest probabilities of 44%–81%.

Detectiondtiming and adjustments

The concept of latency, or scan-to-delivery interval, must also be consid-
ered as the authors analyze the accuracy and reliability of fetal weight esti-
mation by ultrasound in the care of a pregnant woman who has diabetes.
With the potential inaccuracy of ultrasound established, how does one
extrapolate data obtained remotely to predict impact on delivery? This issue
has been handled in a multitude of ways, certainly not standardized across
the literature.

In addition, many have pointed out features that compromise the quality
(and therefore the accuracy) of ultrasound biometry at term including de-
scent of the fetal head into the pelvis, decreasing amniotic fluid volume,
and maternal body weight/habitus. How have investigators handled these
variables? Do we have evidence to support a generally accepted time frame
for near-term ultrasound evaluation or a manner of adjusting our routine or
early third-trimester evaluations?

The most apparent conclusion is no, given the wide range of latency
between ultrasound estimation of fetal weight and delivery. For example,
in Chauhan’s aforementioned review [21], latency varied from 3 days to
more than 23 days. Some have suggested a gestational-age associated pro-
jection or adjustment (in grams per day or grams per week) to account
for the delay between prediction and outcome (delivery). Some examples
of the available evidence are summarized in Table 1 [22–25].
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Detectiondaltered fetal growth and new ultrasound horizons

As acknowledged in the ACOG Practice Bulletin [14] on the subject,
‘‘Macrosomia produced by maternal glucose intolerance is different from
that associated with other predisposing factors.’’ Citing anthropometric
studies evaluating neonatal body composition of macrosomic newborns of
diabetic versus nondiabetic mothers, increased truncal and upper extremity
adiposity was established. Increasingly, then, ultrasound diagnosis of mac-
rosomia has turned to new techniques for evaluating fetal fat distribution
as a surrogate for, or in addition to, simple estimation of fetal weight in as-
sessing risk of macrosomia and its sequelae.

Landon and colleagues [26] as early as 1991 identified humeral soft tissue
thickness as a promising tool. In a small study of diabetic pregnancies, the
authors concluded that humeral soft tissue thickness may distinguish large-
for-gestational-age fetuses with such abnormal body composition as more at
risk of birth injury at delivery than symmetrically large fetuses. In another
small study comparing diabetic (GDM and pre-GDM) versus nondiabetic
pregnancies, Sood and colleagues [27] evaluated humeral soft tissue thick-
ness in a population selected to be at risk for macrosomia. Participants all
had at least one of the following risk factors for macrosomia: fundal height
3 cm greater than gestational age, GDM, pre-GDM, or a previous delivery
of a macrosomic infant. Of their cohort, based on the above risk profiling,
they had a surprising 55% macrosomia rate (O4000 g), a 57% cesarean de-
livery rate, and an over 6% shoulder dystocia rate. They found humeral soft
tissue thickness to be significantly higher in macrosomic fetuses, without ap-
parent effect of maternal diabetic status. When compared with sonographic
estimated fetal weight, the authors found humeral soft tissue thickness to be
more sensitive (88% versus 71%) but less specific (75% versus 91%) in pre-
dicting macrosomia.

In 1992, Hill and colleagues [28] studied subcutaneous soft tissue thick-
ness measurements at three other discreet locationsdmidcalf, midthigh,
and abdominal circumferencedthroughout gestation (15–42 weeks) on con-
trols versus fetuses at both extremes of abnormal growth (SGA and LGA).
They concluded that because of the degree in overlap of measurements be-
tween groups, neither growth retardation nor macrosomia could be reliably
predicted by their methods. No diabetic patients were included as either con-
trols or in the LGA group. In contrast, an Italian study published in 2003 by
Larciprete and colleagues [29] sought to establish reference values for fetal
subcutaneous tissue thickness throughout gestation for a ‘‘healthy’’ popula-
tion versus a well-controlled GDM population (pre-GDM was excluded).
The standard therapy and glucose targets for the GDM arm were explicitly
well established. Subcutaneous tissue thickness was assessed serially at four
locations: midarm, midthigh, abdomen, and subscapular. Although mean
birth weight for the two groups (healthy versus GDM) is reported, there
is no indication of the macrosomia rate. However, they found significant
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differences in fetal fat mass values at all four locations near term (35þ
weeks) even in well-controlled gestational diabetes.

Another tool for appraisal of abnormal fetal fat distribution in pregnan-
cies complicated by macrosomia is the cheek-to-cheek diameter (CCD), pri-
marily reported by Abramowicz and colleagues. In 1993 [30], they found
CCD to be significantly less in SGA fetuses and significantly greater in
LGA fetuses than in AGA fetuses. In addition, they reported that LGA
fetuses of diabetic mothers had an increased CCD/BPD ratio, which they
concluded permitted insight into the possible mechanism underlying macro-
somia in this population. In another study in 1997 [31], Abramowicz and
colleagues sought to combine CCD with BPD and AC to produce a new for-
mula for ultrasound estimation of fetal weight. They found incorporating
CCD into an estimated fetal weight formula increased the proportion of es-
timates within 10% of actual birth weight from 73% (by BPD/AC alone for-
mula) to over 95% when CCD was incorporated. However, they also noted
that CCD did not significantly improve fetal weight prediction in nonmacro-
somic fetuses, concluding that perhaps CCD explains more of the variance
in birth weight than other parameters.

Evaluation of the ‘‘fatness’’ of the diabetic fetus has been taken even to
the extreme of assessment of enlargement of the cardiac interventricular sep-
tum [32]. The horizon for the antenatal measurement of the adiposity of the
diabetic fetus appears to be in new volumetric techniques, including three-
dimensional ultrasound [33,35,38] and MRI [34,36,37,41].

Closing statements

Even in light of an outcome such as macrosomia, which universally af-
fects obstetricians, how can we begin to agree on a strategy to target pre-
vention of macrosomia by way of diabetic control when there is so little
consensus on gestational diabetesdfrom screening and diagnosis to treat-
ment and antenatal monitoring? In addition, there is confusing evidence.
Several early studies demonstrated reduction in macrosomia and LGA
rates with tight glucose control. However, others have highlighted the
fact that even despite tight glucose control, diabetic patients can and do
produce macrosomic fetuses and abnormal neonatal body compositions
that put them at risk for shoulder dystocia and its complications, perhaps
as a result of other risk factors, such as obesity. In addition, studies have
also highlighted a further concerndthat in the presence of the lowest
average mean glucose thresholds, growth can actually be compromised
by the strictest diabetic control, with SGA rates increasing even in diabetic
patients when mean blood glucose is held to below ‘‘normal’’ or 86 mg/dL.
Additionally, what then should be used to guide decisions about when and
how to treatdblood glucose self-monitoring values or ultrasound
assessment?
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As stated in the ACOG Practice Bulletin on Gestational Diabetes [39],
‘‘The first consideration in selecting a therapy for GDM is a determination
of the treatment goals.’’ Clearly, gestational and pregestational diabetes and
even simply maternal glycemia or impaired glucose tolerance have wide-
ranging impact on pregnancy outcomes from beginning to end; from con-
ception to delivery; and beyond, for both the woman and her offspring.
To this end, Langer has suggested [40] that we think of glucose control as
a continuum, with targets ‘‘flexible’’ to meet the goals at hand. For example,
pregestationally and in the first trimester, one set of ‘‘norms’’ or targets may
be considered to prevent early outcomes such as spontaneous abortion or
congenital malformations. Macrosomia is only one such variable, with con-
cern focused primarily on interventions in mid-to-late gestation to impact
the phase of the most rapid fetal growth. It is overly simplistic to try to iden-
tify optimal glycemic thresholds, fetal growth characteristics, and methods
of detection in the prevention of fetal overgrowth and its attendant morbid-
ities that can be applied to all pregnancies. We can only hope that, as our
understanding of the pathophysiology of diabetes in pregnancy grows, we
can ‘‘fine-tune’’ our therapy and surveillance to meet the needs of an individ-
ual woman who has diabetes and her fetus.
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More than 40 years ago, Dr. John B. O’Sullivan’s [1] pioneering work on
diabetes established that women with glucose intolerance during pregnancy
are at increased risk of developing diabetes in the future. Subsequently, he
reported that glucose intolerance identified during pregnancy also has im-
portant implications for the outcome of pregnancy. For instance, those
women with milder forms of glucose intolerance seemed to be at risk for de-
livery of large infants and preeclampsia [2]. Since 1966, it has been reported
that insulin therapy mitigates many of these associated complications and
reduces the number of overgrown infants [3]. Several more recent prospec-
tive trials of insulin therapy in such women have also demonstrated a reduc-
tion in mean birth weight, but have not convincingly shown a reduction
in the risk for cesarean delivery [4,5]. Conversely, some retrospective or non-
randomized studies have indicated that a reduction in cesarean delivery rate
is possible through aggressive diabetes management [6,7]. These and many
other investigators have advanced the understanding of diabetes during
pregnancy and enabled obstetric providers to more safely deliver healthy
babies to women with either preexisting or gestational diabetes [8–11].

Before arrival on labor and delivery by a pregnant woman with diabetes,
there are a number of questions that an obstetric provider should consider.
These include the following:

1. What are the obstetrical implications of diabetes?
2. What is the optimal timing of delivery?
3. When is it appropriate to perform a cesarean delivery?
4. How should blood glucose be managed during labor?
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Consideration of these factors is important to maximizing pregnancy out-
come, particularly during the intrapartum period.

Obstetrical implications of diabetes

Pregnancies complicated by diabetes are at risk for a number of adverse
outcomes. Several of these outcomes directly affect the labor and delivery
process and are linked to maternal age, duration of disease, and glycemic
control during pregnancy. Briefly, these outcomes include fetal overgrowth,
difficult delivery, preterm birth (often necessitated by supervening medical
complications), hypertension, stillbirth, neonatal hypoglycemia, and admis-
sion to the neonatal intensive care unit.

As suggested above, the adverse perinatal outcomes associated with dia-
betes are influenced by the severity and duration of the glucose intolerance
in a continuous fashion. Some of these outcomes are increased even in
women with mild forms of glucose intolerance but without the diagnosis
of gestational diabetes. For example, women with an increased 50-g glucose
screen but a normal 100-g glucose tolerance test have been shown to be at
increased risk for adverse obstetrical outcomes [12–15]. Similar findings
have been reported in women with single abnormal values on a 75- or
100-g glucose tolerance test but without the diagnosis of diabetes [16–19].
Pregnancies complicated by more severe forms of diabetes, as in Type 1
and Type 2 diabetes mellitus, are at a progressively higher risk of adverse
maternal and perinatal outcomes [20]. Moreover, women with poor glyce-
mic control are at especially increased risk for pregnancy complications
when compared with those with similar diabetes classification but with
good glycemic control [21].

Apart from the severity of diabetes and glycemic control achieved during
pregnancy, certain associated comorbidities also affect the risk of these preg-
nancy complications. The most common of these comorbidities is obesity.
For example, obese women with gestational diabetes have a significantly in-
creased risk of adverse outcomes when compared with those of normal
weight. Specifically, obese women with gestational diabetes are 2 to 3 times
more likely to deliver an overgrown infant [22]. A second common comor-
bidity of overt diabetes is chronic hypertension. Both chronic hypertension
and diabetes are risk factors for preeclampsia, a diagnosis that commonly
results in an indicated preterm birth.

Fetal overgrowth

One of the primary concerns of the obstetric provider who attends the labor
of a woman with diabetes is fetal size and the associated risk of a difficult de-
livery. In women with overt diabetes, fetal size can be excessive. However, in
a woman with overt diabetes and evidence of vasculopathy, poor placental
perfusion may paradoxically lead to delivery of a smaller, potentially
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growth-restricted baby [23]. The chief consequence of the diagnosis to women
with gestational diabetes seems to be delivery of an overgrown infant [24].

Vaginal delivery of an overgrown baby is associated with a number of ad-
verse outcomes for both mother and infant. The most feared of these out-
comes is shoulder dystocia, identified when passage of the infant is
obstructed by impaction of the fetal shoulder on the maternal pelvis, and
the potential for fetal injury or asphyxiation. Neonatal risks of shoulder
dystocia include clavicular or humeral fractures and brachial plexus injury
[25–27]. A case series of 157 women with and without diabetes [26] who
spontaneously delivered babies weighing at least 4500 g reported a shoulder
dystocia rate of 18.5%. Erb palsy occurred in approximately 25% of the
children whose delivery was complicated by shoulder dystocia. Clavicular
fractures occurred in a similar proportion. Two of these infants whose deliv-
eries were complicated by shoulder dystocia died. Obstetric providers recog-
nize the following two relationships: first, diabetes is associated with larger
infants, and second, the risk of shoulder dystocia increases with increasing
birth weight [27]. Thus, many directly link diabetes with shoulder dystocia.
This association is the driving force behind labor induction practice and rec-
ommendations for cesarean delivery in women with diabetes [28]. Impor-
tantly, however, only 12% to 15% of shoulder dystocia cases occur in
women with diabetes [29,30]. Nevertheless, the risk of shoulder dystocia
among women with diabetes during pregnancy, even after adjustment for
maternal size, appears to be increased in women with either mild gestational
diabetes [24] or overt diabetes [31].

Adverse maternal outcomes associated with difficult vaginal delivery in-
clude an increased risk of severe perineal laceration [26,32,33] and subsequent
urinary and/or fecal incontinence [34]. Several studies have found operative de-
livery and episiotomy to be risk factors for pelvic floor dysfunction [34,35]. Im-
portantly, operative vaginal delivery and fetal overgrowth are not the only risk
factors for urinary incontinence. Familial predisposition is also a potent deter-
minant of subsequent urinary incontinence [36]. Whether diabetes itself is as-
sociated with adverse urogynecological sequelae also remains to be
determined. Interestingly, a large population-based study in Sweden reported
that diabetes (either Type 1 or gestational) at the time of pregnancy was asso-
ciated with a twofold increased risk for stress urinary incontinence surgery,
even after stratification for episiotomy and birth weight [37].

Preeclampsia

Women with overt diabetes are at a significantly increased risk of devel-
oping preeclampsia, with the greatest risk identified in women with evidence
of diabetic nephropathy (Table 1). O’Sullivan [2] first noted the relationship
between gestational diabetes and preeclampsia. Subsequently, even women
with mild glucose intolerance but without the diagnosis of gestational diabe-
tes, have been shown to have at least some increased risk of hypertensive
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disorders during pregnancy [12,16–19,38]. Similarly, the rate of hyperten-
sion in women with mild gestational diabetes is increased compared with
the general obstetric population [24]. The risk of preeclampsia also seems
to be influenced by duration of glucose intolerance. Indeed, women with
mild gestational diabetes diagnosed early in pregnancy are more likely to
be diagnosed with preeclampsia compared with women routinely diagnosed
[39,40]. Moreover, the degree of glycemic control in those with gestational di-
abetes also appears to affect the risk of preeclampsia. Yogev and colleagues
[41] reported that higher mean glucose values in women with gestational di-
abetes are associated with a twofold increased risk of preeclampsia.

Stillbirth

In women with overt diabetes, the risk of stillbirth is increased regardless
of etiology (ie, Type 1 versus Type 2 diabetes) [42]. Recent studies describe
a fetal death rate of 11 to 21 per 1000 for women with overt diabetes [43,44].
Women with gestational diabetes and fasting hyperglycemia or those with
poor glycemic control also face an increased risk of stillbirth [8,9,21]. Con-
versely, women with mild, diet-treated gestational diabetes do not appear to
be at increased risk of stillbirth [24]. Report of a large Canadian database of
over 88,000 births weighing more than 500 g includes 709 stillbirths with
a 97% autopsy rate. There was no increased risk of stillbirth in women
with mild diet-treated diabetes, while women treated with insulin have a sig-
nificantly higher fetal death rate [45]. In summary, stillbirth in pregnancy
complicated by diabetes generally occurs in women with insulin-treated di-
abetes and poor glycemic control in the third trimester [23,46].

Congenital malformations

The pathophysiology of malformations in pregnancies complicated by di-
abetes is not well understood [47]; however, formation of free radicals and
deficient expression of the Pax3 gene by an embryo exposed to hyperglycemia
has been indicated as a possible mechanism [48,49]. Sheffield and colleagues
[50] reported that common malformations in women with diabetes include
those of the nervous system (neural tube defects, hydrocephaly, and micro-
cephally), cardiovascular system (septal wall defects and hypoplastic heart),

Table 1

Risk of preeclampsia for women with overt diabetes by White classification

White class

Garner (1995) [23]

n ¼ 117

Sibai et al (2000)

n ¼ 462

B 5 of 46 (10.9%) 17 of 157 (10.8%)

C 8 of 61 (13.1%) 42 of 191 (22.0%)

D, F, R 3 of 10 (30%) 33 of 114 (28.9%)

Overall 16 of 117 (13.7%) 92 of 462 (19.9%)
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gastrointestinal system (ventral wall defects and intestinal atresia), and renal
system (agenesis and dysplasia). The most significant risk factor for malfor-
mations in pregnancies complicated by diabetes is poor glycemic control dur-
ing embryogenesis [51–53]. This risk is especially high in women with fasting
hyperglycemia [50]. Improved glycemic control has been reported to be ben-
eficial for reducing the risk of these malformations [21,54].

Congenital malformations in infants of women with diabetes may present
complex obstetrical challenges. Challenges posed by these malformations in-
clude decisions regarding route of delivery and type of uterine incision. Fe-
tuses with malformations may prompt consideration for cesarean delivery.
For example, the optimal route of delivery for a fetus with a neural tube de-
fect is controversial and, although cesarean delivery has not been shown to
be uniformly beneficial, delivery at a tertiary center is recommended [55].
Other anomalies, such as ventral wall defects, may be delivered vaginally de-
pending on the type and extent of the defect [56].

The optimal timing of delivery

Several considerations govern timing of delivery. First, there is a need to
balance the risks of stillbirth and iatrogenic preterm delivery. Second, the
development of supervening maternal medical complications, such as severe
preeclampsia, may necessitate early delivery. Third, there may be a need to
also intervene for fetal well-being such as diminished fetal growth or abnor-
mal antepartum fetal testing.

Insulin-treated diabetes

In women whose pregnancies are complicated by insulin-treated diabetes,
timing of delivery is primarily determined by the desire to avoid stillbirth.
Intentional delivery of women with insulin-treated diabetes at 38 weeks
gestation is intended to reduce the risk of stillbirth. This practice may
increase cesarean delivery rates in these women and has prompted some
to expectantly manage women with good glycemic control until 40 com-
pleted weeks of gestation. However, one study failed to detect a benefit to
expectant management beyond 38 weeks of gestation as there was no
decrease in cesarean delivery rates but rather an increase in large-for-
gestational age infants and shoulder dystocia [57]. Similarly, Rayburn and
colleagues [58] found that routine delivery at 38 weeks for women with
insulin-treated diabetes was not associated with increased maternal or fetal
intrapartum morbidity. To summarize, apart from reducing the risk of
stillbirth, delivery of women with insulin-treated diabetes at 38 weeks may
impart other benefits, such as reduction in infant size and a lower incidence
of shoulder dystocia [59]. Amniocentesis to document fetal lung maturity
is appropriate if gestational age is uncertain or for elective delivery before
38 weeks’ gestation.
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Mild, diet-treated gestational diabetes

The risk of stillbirth is not elevated in women with diet-treated gesta-
tional diabetes. Incentive for elective labor induction in women with
gestational diabetes is related to estimates of fetal weight. There are several
studies of labor induction among women with fetuses suspected to be over-
grown regardless of diabetes status. Sanchez-Ramos and colleagues [60]
described a meta-analysis of 11 studies and found that elective labor
induction was associated with an increased risk of cesarean delivery with-
out a decrease in the rate of shoulder dystocia. Another study reported
that elective induction of labor increased the cesarean delivery rate, and
did not prevent shoulder dystocia in situations where estimated fetal
weight was greater than the 90th percentile [61]. Finally, a randomized
trial of 273 women without diabetes did not show a reduction in the
cesarean delivery or neonatal morbidity rates after ultrasound identifica-
tion of a fetus estimated to weigh between 4000 and 4500 g [62]. Overall,
the practice of elective labor induction in women without diabetes but
suspected of fetal macrosomia yields no detectable benefits to the mother
or fetus. However, the obstetric provider is often tempted to consider early
elective delivery in women with gestational diabetes to avoid the increased
risk of fetal overgrowth and difficult delivery. The evidence to justify such
an intervention, however, is also lacking. In a review of randomized trials
of elective delivery in women with diabetes from the Cochrane database,
including those with mild gestational diabetes, there was little evidence
to support elective labor induction [63]. Current available literature
suggests that, while elective labor induction for women who have mild
gestational diabetes may not result in a significant increase in maternal or
fetal risk, the benefit of this practice remains unclear [64]. Amniocentesis
to document fetal lung maturity for elective delivery before 39 weeks’ gesta-
tion is recommended [65].

When to perform a cesarean delivery

Cesarean delivery rates in women with either preexisting or gestational
diabetes are uniformly increased [9,24]. For example, the cesarean delivery
rate in women with overt diabetes has remained at about 80% for the
past 25 years at Parkland Hospital [66]. Labor dystocia attributable to
a large fetus is not the only factor that contributes to the high cesarean de-
livery rates in women with diabetes. Other factors include labor induction
for maternal and fetal complications or the theoretical but unproven benefit
of avoiding continued intrauterine growth and subsequent difficult delivery.
As discussed previously, a policy of labor induction after 38 or 39 weeks of
gestation in women with diet-treated gestational diabetes has not been
proven beneficial but, other than the potential of an unnecessarily increased
cesarean delivery rate, it is generally regarded as a safe practice.
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Prophylactic primary cesarean delivery before labor using lower esti-
mated fetal weight thresholds in women with diabetes has been proposed.
Such a practice among women with diabetes is controversial and recommen-
dations regarding estimated fetal weight thresholds for triggering primary
cesarean delivery vary from 4000 to 4500 g. Specifically, some advocate ce-
sarean delivery when the estimated fetal weight is at or exceeds 4000 g [67].
Others recommend 4250 g [68,69]. The American College of Obstetricians
and Gynecologists establishes a threshold of 4500 g [70]. Complicating
this practice are limitations in accurately estimating fetal weight [71,72].
The obvious consequence of this inaccuracy is an excess of unnecessary ce-
sarean deliveries in women with diabetes, an increase in cesarean-associated
maternal morbidity, and an overall increase in health care costs. For exam-
ple, a study by Takoudes and colleagues [73] reported that women with pre-
gestational diabetes, either Type 1 or 2, were 2.7 times more likely to have
a wound infection when compared with the women without diabetes. Fur-
ther, in a well-done cost analysis, an additional 153 cesarean deliveries in
women with diabetes and an ultrasound-estimated fetal weight of 4500 g,
(costing an extra $300,000) would need to be performed to prevent one per-
manent brachial plexus injury [74]. Notably, although cesarean delivery can
nearly eliminate the risk of shoulder dystocia [75], the risk of brachial plexus
injury cannot be entirely eliminated. As shown in a recent large observa-
tional study of cesarean deliveries, not all cases of brachial plexus injury fol-
low a difficult vaginal delivery [76].

To summarize, for a woman whose pregnancy is complicated by diabetes
and whose fetus is estimated to be at least 4500 g, a policy of primary cesar-
ean section seems justified. A woman with diabetes whose fetus is estimated
to be less than 4000 g should not be considered a candidate for cesarean de-
livery based solely on fetal size. Importantly, in women with diabetes and
a history of shoulder dystocia, primary cesarean delivery should be seriously
considered. In women with diabetes and an estimated fetal weight between
4000 and 4500 g, routine elective cesarean delivery remains an area of con-
troversy. Prior delivery history, clinical assessments of the maternal pelvis,
and labor progress should be considered before proceeding with a cesarean
delivery in these women.

Intrapartum/peripartum glycemic management

Women with diabetes should not take long-acting insulin on the day of
labor induction or elective cesarean delivery. Regular insulin may be used
during labor as part of an infusion adjusted according to a capillary blood
glucose monitoring–based protocol (Table 2). Capillary blood glucose
values are checked hourly in certain action labor. The American College
of Obstetrics and Gynecology suggests that hourly glucose levels be kept
at less than 110 mg/dL [77]. In pregnancy, hyperglycemia promotes insulin
secretion by the fetal pancreas. After delivery, when the newborn is no



330 HAWKINS & CASEY
longer exposed to high maternal glycemic levels, neonatal hypoglycemia
may result, with subsequent admission to the neonatal intensive care unit.
Tight regulation of maternal glucose levels during labor can reduce the in-
cidence of neonatal hypoglycemia, even among women with poor antepar-
tum glycemic control [78]. The long-term implications of neonatal
hypoglycemia on neurodevelopment remain unclear [79]. Women with
diet-treated gestational diabetes generally do not require such intense mon-
itoring and insulin therapy during labor.

Summary

Diabetes in pregnancy confers a number of risks for both the mother and
her baby, and many of these risks are encountered in the labor and delivery
unit. The obstetric provider caring for women with diabetes should be alert
to the risk of hypertension and the potential for difficult delivery as a result
of the overgrown fetus. Women with preexisting diabetes or poor glycemic
control are at increased risk for poor obstetrical outcomes such as stillbirth
or delivery of a malformed infant.

To avoid difficult delivery of an overgrown infant, some have recommen-
ded early induction of labor or prophylactic cesarean delivery. Although
controversial, there is some evidence that induction at 38 weeks in women
with insulin-treated diabetes may reduce the rate of shoulder dystocia and
delivery of large-for-gestational age neonates. On the other hand, prophy-
lactic cesarean delivery has not been shown to improve perinatal outcomes.
It is appropriate for the obstetric provider to consider the option of cesarean
delivery in a woman whose pregnancy is complicated by diabetes and who is
carrying a fetus with an estimated fetal weight of 4500 g or more. Meticu-
lous attention to avoiding maternal hyperglycemia during labor can prevent
neonatal hypoglycemia.
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During the puerperium, the physician has a unique opportunity to encour-
age new mothers with either pregestational or gestational diabetes (GDM) to
make permanent the positive changes in lifestyle, diet, and medical therapy
they adopted during pregnancy. Success in making such a transition into
the interconception period may ultimately have far-reaching effects on her
quality of life, her offspring’s risk for diabetes, and her subsequent pregnancy
outcome. To be most successful in preparing for this transition, education
should begin during pregnancy and should address three care issues:

How she can best reduce the risk of obesity, metabolic syndrome, and di-
abetes in her newborn by breastfeeding and instituting healthy lifestyle
goals for her child

How she can best minimize her risk for developing diabetes or complica-
tions of diabetes through lifestyle changes and medical care to control
hyperglycemia

How she can control her reproductive health through effective contracep-
tion and planning of subsequent pregnancies

During hospitalization after delivery, the mother and her physician can
begin to develop and institute care plans for her baby and herself.

The immediate puerperium

Management of glucose during hospitalization

With the delivery of the placenta, the marked insulin resistance of preg-
nancy abruptly disappears, resulting in a variable period of improved insulin
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sensitivity for women with all types of diabetes. Women with type 1 diabetes
often require very little insulin during the first 24 to 72 hours following
delivery. During this period, especially following operative delivery, their in-
sulin needs are variable, and insulin dosing is best accomplished using a pre-
meal sliding scale. Afterwards, when regular eating patterns resume, women
with multiple dose therapy or continuous insulin infusion generally require
a one-third to one-half reduction from pregnancy insulin doses (ie, the insu-
lin/carbohydrate ratio used for premeal short-acting insulin dose/bolus and
the long-acting insulin/basal infusion rates need to be reduced). Type 1
women on fixed split doses can generally be restarted at about 0.6 total daily
units of insulin per kilogram of postpartum weight, giving two thirds of the
total dose prebreakfast (one third short-acting and two thirds intermediate-
acting [NPH]) and one third of total dose in the evening. The evening dose
of short and intermediate acting can be given together or further split to
a predinner dose of short-acting (one half of evening dose) and a before-bed-
time dose of intermediate-acting NPH (one half of evening dose). Postpar-
tum glycemic targets can be relaxed to fasting and postprandial targets of
100 and 150 mg/dL, respectively. Women with type 2 diabetes often have
adequate glycemic control immediately following delivery and may not re-
quire any medical therapy during hospitalization. These women can be fol-
lowed with daily fasting capillary glucose levels during hospitalization and
after discharge. If resumption of oral antihyperglycemic agents is necessary,
glyburide, glipizide [1], or metformin [2–4] have been shown to have little or
no transfer into human milk and can be prescribed for breastfeeding
women, with counseling.

In most cases, glycemic control in women with GDM normalizes and glu-
cose monitoring in the hospital can cease after the establishment of a normal
fasting glucose level (!100 mg/dL) [5]. Women with GDM can have a wide
spectrum of glucose intolerance, ranging from transient, mild intolerance,
which may be limited to pregnancy, to probable, unrecognized diabetes,
which may have antedated pregnancy. Risk factors for persistent diabetes
include pregnancy fasting glucose levels greater than or equal to 126 mg/
dL (ie, meeting nonpregnant criteria for diagnosis of diabetes); diagnosis
of GDM during the first trimester; and a prior history of GDM without
documented normal glucose tolerance outside of pregnancy [6]. A small sub-
set of women with GDM will have overt hyperglycemia after delivery and
can be diagnosed by the presence of fasting hyperglycemia. The diagnosis
of diabetes requires at least two overnight fasting serum glucose levels
greater than or equal to 126 mg/dL in an ambulatory setting, and should
not be made while the patient is postoperative or recovering from an infec-
tion [5]. Insulin therapy is generally not indicated unless marked fasting hy-
perglycemia (200–250 mg/dL) is present. Women with less elevated fasting
glucose levels (100–199 mg/dL) can be discharged home, and fasting glucose
levels monitored with early follow-up 1 to 2 weeks after delivery to establish
the diagnosis of diabetes and institute medical therapy as needed.
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In women with type 1 diabetes, a daily schedule for pre- or postprandial
glucose monitoring should be established before discharge. Working with
her internist, a plan for euglycemic management should be developed. Guide-
lines for the frequency of self-monitoring of blood glucose (SMBG) for type 2
diabetes are less well established [5] and depend on the patient’s glucose con-
trol, medical therapy, and motivation, and the recommendations of her inter-
nist. Daily or twice-weekly fasting capillary glucose levels during the 6 to 8
weeks after delivery will provide valuable information about the need to start
or adjust medical therapy and for assessing compliance with diet recommen-
dations. For women who were not receiving regular care for their diabetes be-
fore pregnancy, a referral for continued diabetic care should be made.

Dietary counseling

During hospitalization, a medical nutritional consult should be obtained for
all women with pre-existing or GDM. Her total daily caloric needs should be
recalculated, based on her healthy weight target and breastfeeding needs. Gen-
eral guidelines for postpartum caloric intake are about 25 kcal/kg/d and 27 to
30 kcal/kg/d in nonbreastfeeding and breastfeeding women, respectively [7].

Breastfeeding

The American Academy of Pediatrics [8] and the Surgeon General [9]
strongly recommend exclusive breastfeeding for at least the first 6 months of
life, and preferably for the first 12 months. GDM or pregestational diabetes
is not a contraindication to breastfeeding. Prenatal education is important
and the mother should follow peripartum hospital policies and practices,
which encourage early breastfeeding after delivery and minimization of the
separation of mother and infant postdelivery. Early postpartum follow-up 1
to 2 weeks after delivery is helpful in assessing changing glycemic control in
type 1 and 2 diabetic women, so that medical therapy may be instituted if
needed. Early visits also allow the physician to identify problems with breast-
feeding and to encourage the following of dietary and exercise guidelines.

Reduction of later childhood obesity and carbohydrate intolerance

risk for the newborn infant

Education

Increasingly, evidence has accumulated that the offspring of diabetic
mothers are at increased risk for childhood obesity and for type 2 diabetes
later in life. Several studies [10] that included various ethnic groups such as
native Americans [11] and European Caucasian women with GDM [12] sug-
gest that breastfed infants are at a lower risk of later developing obesity or
diabetes. A longer duration of exclusive breastfeeding and a later introduc-
tion of formula may also be protective of developing b-cell autoimmunity,
and later risk for type 1 diabetes [13]. Although long-term, prospective
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studies in this population are lacking, sufficient data suggest that the benefits
of breastfeeding may be of greater importance to infants of diabetic mothers
than the general health benefits of breastfeeding to the newborn. Due to the
higher likelihood of operative delivery and immediate separation from their
neonate after birth with diabetic pregnancies, there may be initial difficulties
with breastfeeding [14]. Encouragement and assistance with lactation in-
struction can overcome most problems. In diabetic women who have
good metabolic control, the quality of breast milk is not substantially af-
fected [15,16]. One study found lower fasting glucose levels and adequate ca-
loric intake (31 kcal/kg) to be associated with successful continuation of
lactation beyond 6 weeks in women with type 1 diabetes [17]. In women
with prior GDM who continued to breastfeed, lower fasting glucose levels
and lower rates of diabetes were also found, compared with nonbreastfeed-
ing women, 1 to 3 months after delivery [18].

Equally important is maternal education to prevent childhood obesity,
a forerunner of type 2 diabetes in young adults. The dietary and lifestyle guide-
lines the mothers are encouraged to follow should be extended to their off-
spring. National [19] and state childhood obesity prevention programs exist
to help families and health care providers. The new mother should be encour-
aged to inform her child’s pediatrician about her diabetes status and discuss
preventive lifestyle measures she can institute for her child. The American Di-
abetes Association has guidelines for screening high-risk children and adoles-
cents for future type 2 diabetes [20].

Reduction of risk for developing diabetes or complications of diabetes

Education and medical care for women with type 1 and 2 diabetes

After completing a pregnancy with strict glycemic control, diabetic
mothers have the tools and experience needed to optimize glucose control.
They should be encouraged to continue their positive health habits from preg-
nancy. The ‘‘ABCs’’ of diabetes should be stressed: A1c (controlling glucose
[hemoglobin A1c]), Blood pressure, and Cholesterol. They should be encour-
aged to make a commitment to maintain normal glucose levels; it should be
explained that this will prevent, or slow progression of, diabetic sequelae.
Large, controlled, prospective clinical trials in both type 1 [21] and type 2
[22] diabetes have demonstrated that strict glycemic control significantly
cuts in half the risk for microvascular complications (ie, retinopathy, ne-
phropathy, and neuropathy). The risk reduction is continuous without a dis-
cernable threshold. In type 1 diabetics, intensive therapy reduced the
development and progression of retinopathy by 76% and 54%, respectively,
microalbuminuria and nephropathy by 39% and 54%, respectively, and clin-
ical neuropathy by 60% [17]. The intensive therapy followed was similar to
that recommended during pregnancy, using continuous insulin infusion or
three to four daily injections of insulin and frequent SMBG. Similarly, studies
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in nonpregnant patients who had type 2 diabetes, in which intensive medical
therapy normalized glucose levels usingmono- or a combo-therapy of insulin,
sulfonylureas, or metformin, found a 25% reduction in microvascular com-
plications [10]. Similar to type 1 diabetes, the relationship between glycemia
and rate of complications in type 2 diabetes was also continuous: each per-
centage point drop in glycosylated hemoglobin levels was associatedwith a re-
duction in microvascular complications (35%), diabetes-related deaths
(25%), and myocardial infarctions (18%) [23–25].

To achieve this degree of risk reduction, patients who have type 1 diabetes
require frequent SMBG at least three to four times a day, with at least three
daily injections of insulin [5]. The optimal frequency of glycemic monitoring
of type 2 diabetic patients has not been established, but it should be sufficient
to achieve glycemic control. Glycemic goals for both types of diabetes are sim-
ilar (ie, preprandial glucose levels of 80 to 120 mg/dL and before-bed levels of
100 to 140 mg/dL and HbA1c below 7% [5]). Glycemic management in type 2
diabetes should be monitored every 3 months with HbA1c levels, adding
SMBG in a stepwise fashion as glucose levels and more intensive therapy is
required [12,13]. Preprandial and bedtime glucose levels above 140 and 160
mg/dL or HbA1c above 8% should trigger more intensive management,
a change in therapy, or referral for further diabetic care [5]. At every visit,
the role of the obstetrician-gynecologist should be to review his/her patient’s
compliance with her diabetic therapy and her level of glycemic control, reiter-
ating the importance of euglycemia in reducing the risk of diabetic sequelae
for her and the risk of congenital malformations in her future offspring [26].

Control of blood pressure (systolic less than or equal to 130 mmHg, di-
astolic less than 80 mmHg) is equally important to prevent cardiovascular
and microvascular complications. Again, this control is accomplished by
diet and exercise to achieve a healthy weight, adding medical therapy as
needed [27]. Angiotensin-converting enzyme inhibitor or angiotensin receptor
blockers are the preferred medication in diabetic patients because their use
has been shown to delay the progression of nephropathy [5]. These agents
have recently been shown to be teratogenic and should be discontinued
before pregnancy; the patient should switch to another agent during the
preconception period [28].

Normalizing serum lipid levels prevents macrovascular disease. Evalua-
tion of fasting lipid profiles is best delayed 3 to 6 months after delivery to
avoid the physiologic elevated low-density lipoprotein cholesterol levels as-
sociated with pregnancy [29]. They should be assessed at least annually in
diabetic women. The primary treatment again is diet and exercise, adding
medical therapy as needed [30].

Education and medical care in women with prior gestational diabetes

Women with GDM have a 50% to 60% lifetime risk for developing di-
abetes, mostly commonly type 2. Many identifiable clinical factors have
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been associated with developing diabetes within 5 years after pregnancy, in-
cluding most measures of serum glucose during, or after, pregnancy (eg, the
fasting, 1-hour, 2-hour glucose level; area under the glucose curve of the
pregnancy; or postpartum oral glucose tolerance test [OGTT]); poor b-cell
function; obesity (eg, prepregnancy or postpartum body mass index and
weight gain during or after pregnancy); and indicators for a longer period
of glucose intolerance (eg, earlier gestational age at diagnosis and previous
GDM). In a review by Kim and colleagues [31] of studies in which follow-up
OGTTs were performed after delivery in women with GDM using National
Diabetes Data Group criteria, an elevated fasting pregnancy glucose level
was the most commonly reported risk factor for developing diabetes. One
study found a 21-fold risk of postpartum diabetes (36.7%) when any fasting
pregnancy plasma glucose exceeded 121 mg/dL, compared with fasting
levels remaining below 95 mg/dL [32]. When b-cell function is measured
concurrently [33], fasting glucose levels decrease in predictive ability, which
suggests that once fasting glucose levels during pregnancy become elevated,
the rates of declining b-cell reserve and developing diabetes progress at
a similar linear rate. In the review by Kim and colleagues [31], when studies
were adjusted for dropouts and length of follow-up, the initial variable rates
among different ethnic groups for the progression of diabetes were nearly
eliminated. Postpartum impaired glucose tolerance (IGT) has also been
found to an excellent independent predictor of subsequent diabetes in differ-
ent ethnic groups [34,35] and identifies a high-risk group for preventive life-
style and medical therapy. Postpartum impaired fasting glucose and
impaired glucose tolerance appear to have a poor concordance [36]. Im-
paired fasting glucose levels may identify patients with different risk profiles,
having a stronger association with metabolic syndrome, higher body mass
index, central obesity, hypertension, and abnormal lipids [37].

The recent Fifth International Workshop Conference on GDM recom-
mended that the postpartum glycemic status of women with recent GDM
should be established 6 weeks postpartum using a 75-g, 2-hour OGTT, re-
peated in 1 year and then at minimum every 3 years thereafter [38]. The
use of OGTT was endorsed by the Conference because of the low sensitivity
of fasting plasma glucose (FPG) alone to detect impaired glucose tolerance
and diabetes. The diagnosis of diabetes is made either by FPG greater than
or equal to 126 mg/dL delivery or by a 2-hour plasma glucose level greater
than or equal to 200 mg/dL, both of which must be confirmed by a subse-
quent FPG greater than or equal to 126 mg/dL [5]. Women who develop im-
paired fasting glucose levels (R110 and !126 mg/dL) or impaired glucose
tolerance (IGT; 2-hour plasma glucoseR140 and !200 mg/dL) are at great-
est risk for developing subsequent diabetes [35,39]. Women with prior GDM
and postpartum IGT have been shown to have a 16% annual incidence rate
of developing diabetes [35].

During the last decade, randomized intervention trials have demonstrated
that type 2 diabetes can be delayed or prevented in subjects with impaired
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glucose tolerance. Two controlled trials found intensive lifestyle interventions
over 4 to 6 years reduced the diabetes risk by 58%, compared with noninter-
vention [40,41]. The antihyperglycemic agents metformin [40], acarbose [42],
and orlistat [43] (the latter in addition to intensive lifestyle) have also been
shown, although less successfully, to reduce the risk by 31%, 25%, and
37%, respectively. One randomized controlled trial conducted in high-risk
Hispanic women with prior GDM found troglitazone to reduce the diabetes
risk by 55% [44] and found that the protectivemechanismwas related to those
who responded to the decrease in insulin resistance by reducing insulin secre-
tion (‘‘b-cell rest’’). Although it is premature to recommend medical therapy
for primary prevention of type 2 diabetes in women with prior GDM, ample
support recommends active lifestyle changes, including structured exercise,
healthy dietary changes, and weight loss programs.

Lifestyle intervention

Medical nutritional therapy to normalize blood glucose levels and provide
adequate calories for maintaining or achieving normal or reasonable body
weight is integral to diabetic care [45]. Similarly, the promotion of a daily ex-
ercise program, adjusted to the health status of the individual diabetic pa-
tient, is another vital component of diabetic care [46]. Recently, several
clinical trials have demonstrated dietary and aerobic exercise programs to in-
crease glucose use [47,48], improve lipid levels [49], decrease coagulation
factors [50], and promote weight reduction [51] in patients who have type 2
diabetes. No studies have addressed dietary and exercise interventions to pre-
vent diabetes in women with prior GDM. However, in a 12-year, primary
prevention trial in Sweden, of 6956 middle-aged men undergoing glucose tol-
erance testing, those with IGT were randomized to either an intervention
program of dietary counseling and physical exercise or to a routine treatment
IGT group [51]. After 12 years, the mortality in the IGT intervention group
was similar to that of subjects with normal glucose tolerance (6.5 versus 6.2
per 1000 person-years at risk) and significantly lower than the IGT routine
treatment group (1.5 versus 14.0, P ¼ .009) [51]. Furthermore, in subjects
with IGT, the only significant predictor of mortality was the diet and exercise
intervention. Body mass index, blood pressure, smoking, cholesterol, or the
2-hour glucose levels were not predictive. Similarly, a randomized, con-
trolled, 6-year trial of 577 Chinese subjects with IGT found programs of
active intervention with diet, exercise, and diet-plus-exercise were successful
in reducing the adjusted risk of developing type 2 diabetes by 31%, 46%, and
42%, respectively [52]. These findings provide support for long-term lifestyle
intervention programs in patients at high risk for type 2 diabetes (eg, those
with IGT and, by extension, women with prior GDM). Economic models
of prevention programs in women with prior GDM suggest such programs
would save substantial health care dollars, because these women are already
identified by their pregnancy as being at risk [53].
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The postpartum period is an ideal time to initiate lifestyle changes be-
cause women are generally motivated to lose their pregnancy weight and
are ‘‘fresh’’ from a regimen of intensive glycemic management. By continu-
ing the American Diabetes Association diet, with appropriate caloric adjust-
ments for achieving ideal body weight and additional calories required for
lactation, little dietary re-education is required in women with GDM. Pa-
tients should be encouraged to implement similar dietary changes for their
entire family, because their offspring are also at significantly increased risk
for obesity and deteriorating glucose tolerance [54–60]. Exercise programs
should encourage aerobic exercise, with the intensity of exercise adjusted
to the patient’s age, physical fitness, and health status, determined by
a pre-exercise health evaluation [46]. Keeping in mind that many women
with prior GDM are obese and sedentary, and that a program of minimal
physical activity improves health [59,60], it may be more successful to begin
with a simple exercise program, such as daily brisk walking for 10 to 15 min-
utes each day. This program should be increased to a minimum of 30 min-
utes per day of moderate physical activity as the patient gains conditioning
[61]. Patients with better conditioning should be encouraged to engage in
a program of more vigorous aerobic exercise.

Reproductive health and contraception during the postpartum period

Breastfeeding and contraception

With the delivery of the placenta, estrogen and progesterone levels imme-
diately drop, removing the inhibitory effect of prolactin, and permitting
breast milk production to begin. Three to four days after delivery, breast en-
gorgement and full milk secretion starts. Newborn suckling further stimu-
lates and maintains the release of prolactin, to sustain milk production.
Prolactin also interrupts the cyclic release of gonadotropin-releasing hor-
mone, which blocks the pulsatile release of luteinizing hormone, and thereby
blocks follicle-stimulating, hormone-mediated stimulation of the ovary, and
ovulation. The return of ovulation is delayed in breastfeeding women and
the earliest return of ovulation has been documented to be 25 days after de-
livery in nonbreastfeeding women [62]. In nonbreastfeeding women, fertility
can return by 4 weeks after delivery and contraception is advised. In exclu-
sively breastfeeding women, ovulation is reliably delayed for up to 6
months, providing 98% efficacy in pregnancy protection [63–66]. Thus, all
contraceptive methods used for the first 6 months in conjunction with exclu-
sive breastfeeding have a low failure rate.

When exclusive breastfeeding is used as a birth control method, it is
called the lactation amenorrhea method (LAM). When using LAM, women
should begin breastfeeding immediately after delivery and avoid supplemen-
tation, and they need to breastfeed frequently (ie, at least every 4 hours dur-
ing the daytime and 6 hours during nighttime). Another contraceptive
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method should be initiated if menses return, 6 months have elapsed since de-
livery, or supplementing feeding is used. The 6-month cumulative pregnancy
rate using LAM is up to 1.2% (95% CI, 0%–2.4%) [67].

Contraceptive needs should be discussed during the postpartum visit. Fre-
quency of intercourse is often diminished from the demands of motherhood.
Women may be reluctant to take any medication while breastfeeding for fear
of exposing their newborn to medication. For women with diabetes or recent
GDM, a strong endorsement of breastfeeding can be coupled with LAM plus
condoms. This combination will effectively provide pregnancy protection and
encourage exclusive breastfeeding, which, among the health benefits for their
newborn, may also reduce childhood obesity and glucose intolerance risk.

For women who desire hormonal contraception, they can be reassured
that the level of hormone transferred to breast milk, less than 1% of mater-
nal dose, is comparable to hormone levels observed during ovulatory cycles.
Progestin-only methods generally are favored because they have no demon-
strable effect on milk volume, whereas the effect of a combination of estro-
gen and progestin oral contraceptives (OCs) is inconclusive [67]. No effect
has been found on infant growth and weight with either progestin-only
methods or combined oral contraceptive (COC) use. Expert committees
[68–70] recommend that when women are breastfeeding and desire hor-
monal contraception, progestin-only OCs can be started on day 21 postpar-
tum with additional protection if needed, and COCs should not be started
before 6 weeks postpartum, after thromboembolic risk is normalized, lacta-
tion is well established, and the infant’s nutritional status is well monitored
[70]. The World Health Organization [68] discourages COC use until after 6
months to encourage breastfeeding. Progestin-only injectable methods (eg,
depo-medroxyprogesterone acetate) are not recommended until 6 weeks
postdelivery [70] but may be given as early as 21 days postpartum if the
risk of immediate pregnancy is high [69]. Emergency contraception, given
within 72 hours of unprotected coitus, is not indicated before 21 days post-
partum, after which time the standard use guidelines can be followed.

Hormonal contraception and diabetes

Planning a subsequent pregnancy while in optimal glycemic control and
health is essential for women with type 1 and 2 diabetes and requires effec-
tive contraception. Only then can they reduce their future offspring’s risk of
congenital malformations [71,72]. Planned pregnancy, after the assessment
of glycemic status in women with prior GDM, is also important. Unrecog-
nized and untreated hyperglycemia (FPG O120 mg/dL) detected during
pregnancy has been shown to more than double the risk for major congen-
ital malformations [73].

The short-term use of low-dose COCs [74–77] and progestin-only OCs
[74] in women with type 1 diabetes appears to produce minimal metabolic
effects. Long-term prospective studies evaluating the effect of OC use on
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diabetic sequelae are lacking. However, retrospective, cross-sectional studies
[78] and case-control trials [79] in women with type 1 diabetes have not
found any increased risk of, or progression of, retinopathy, renal disease,
or hypertension with past or current use of OCs.

In women with prior GDM, short-term studies have shown a minimal ef-
fect of low-dose COCs on carbohydrate and lipid metabolism [80–82]. Lon-
ger-term use does not appear to increase the risk of developing diabetes. A
large controlled trial found virtually identical 3-year diabetes cumulative
incidence rates with uninterrupted use of low-dose COCs (25.4%) and
nonhormonal contraception (26.5%) [83]. In contrast, the use of the proges-
tin-only OCs while breastfeeding increased diabetic risk almost threefold
and this risk increased with longer duration of uninterrupted use [84].
In a recent study, the risk of diabetes was doubled in breastfeeding women
with prior GDM using the long-acting injectable progestin, depo-medroxy-
progesterone acetone, compared with nonbreastfeeding users of injectable
progestin and COCs [84]. Thus, progestin-only methods should not be pre-
scribed to women with prior GDM while they are breastfeeding. Alterna-
tives include using LAM plus condoms or nonhormonal methods, or
starting low-dose COCs 6 to 8 weeks postpartum. The lowest dose and po-
tency progestin (and estrogen) combination OC should be selected to mini-
mize adverse deterioration in glucose tolerance, lipid metabolism, and blood
pressure effects in women with diabetes and prior GDM [85].

Intrauterine device

Intrauterine devices (IUDs) provide excellent long-acting pregnancy pro-
tection in diabetic women. Medicated copper IUDs have not been associ-
ated with any increase risk of pelvic inflammatory disease after the
postinsertion period in healthy women [86] or in women with type 1
[87,88] or type 2 [89] diabetes. Data regarding diabetic women with proges-
tin-medicated IUDs are not available. No contraindications exist to IUD
use in women with prior GDM.

The copper medicated device can be inserted within 48 hours of delivery.
Otherwise, insertion of copper-medicated IUDs and the levonorgestrel in-
trauterine system should be delayed to at least 4 weeks postpartum after in-
volution of the uterus. Guidelines for the selection of proper candidates and
for monitoring of IUD use in women with diabetes or prior GDM are sim-
ilar to those for the general population. No studies in diabetic women used
general prophylaxis with insertion or removal, and therefore it appears un-
likely to add any benefit.

Summary

The postpartum period in women with pregestational or GDM allows the
physician and mother to relax from the intensive medical and obstetric
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management and switch into a proactive and preventive mode, and jointly
develop a reproductive health plan. The woman’s individual needs regarding
contraception and breastfeeding, an appropriate diet to achieve healthy
weight goals, the medical management of diabetes, daily exercise, and future
pregnancy planning must be considered. Essential is the active participation
of the woman, who, through education, gains an understanding of the far-
reaching effects her active participation will have on her subsequent health,
her newborn child’s health, and possibly that of her future children.
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