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Foreword

This is a “practical manual”. The editors, and the authors
of the individual chapters, envisage that you will keep A
Practical Manual of Diabetes in Pregnancy on the front
line — in the hospital, in the outpatient clinic, in the doc-
tor’s office, — rather than on your bookshelf at home, or
in the university library. It is intended to be used in all
parts of the world — excess glucose has the same effects
during pregnancy in all women, in all countries, although
specific obstetric risks may vary. The contributors
represent best practice in the USA, and throughout
Europe, including Denmark, Austria and the United
Kingdom.

To that end most of the chapters start with four or five
“practice points” — things you should think about while
seeing your patient. These are followed by a relevant case
history which tells a story and sets the scene for the rest
of the chapter. After the review of the evidence and advice
on appropriate guidelines, there is a conclusion, followed
by some thoughts for the future, and a full updated refer-
ence list. The layout is divided by frequent subheadings
so that a specific question should quickly find an answer.
The style is professional, and evidence based, and will
appeal to the busy doctor, nurse or health care worker
who is actually seeing the patient and needs to be fully
informed. The editors are recognised worldwide experts
in this rapidly expanding field — two practicing obstetri-
cians and an endocrinologist. All three have contributed
widely to the development of knowledge in this rather
specialised area.

Diabetes in pregnancy involves a team of many of us
— primarily the pregnant diabetic mother herself, who

will have a considerable interest in how it will affect her
baby and her own future. The diabetes specialist nurse
and midwife, the nutritionist or dietician, the biochemi-
cal laboratory staff, even the hospital or clinic adminis-
trator, will need special interest and training to take part
in this team approach. Clinical practice in this multi-
disciplinary speciality varies in different countries, and
even in the same country. In general the obstetrician or
maternal/fetal medicine specialist will head the team and
make the decisions as the pregnancy proceeds; the endo-
crinologist or diabetologist, often with the primary care
physician or general practitioner may set the desired
standards, and supervise the ongoing control of the dia-
betes. The neonatologist and intensive care nursery staff
may be involved to a greater or lesser degree; the pae-
diatrician, family doctor and follow up social services
will all have a part to play; even the academic epidemi-
ologist and the public health service will need to under-
stand the rapidly developing background to the care of
the diabetic woman.

A diabetic woman having a baby has always been con-
sidered to be a high risk pregnancy — it still is, but it is
now clear that good team care will bring good results.
This book is for the whole team.

Professor David R Hadden MD, FRCP

Honorary Professor of Endocrinology

Queen’s University of Belfast

Honorary Consultant Physician

Royal Victoria Hospital, Belfast, Northern Ireland, UK.
January 2010



Preface

Although the outlook for the woman with diabetes has
greatly improved since the discovery of insulin, the goal
of the St. Vincent Declaration (1989), that the outcome
of diabetic pregnancy should approximate that of non
diabetic pregnancy, has still not been realised. This is
certainly through no lack of interest or effort, but until
recently progress has been hampered by limited scientific
evidence and at times has been driven by differing
research goals and agendas.

Against this background, the publication of a number
of landmark trials in the last five years is truly remarkable,
but the translation of some of these observational and
randomised trial data into clinical practice has proved
difficult. In addition, the changing epidemiology of dia-
betes in pregnancy, an expanding therapeutic armamen-
tarium and increasing awareness of the long term
implications of diabetic pregnancy for both mother and
baby present new challenges for clinical care, scientific
research and public health.

Practically, the management of diabetes in pregnancy
remains demanding for both the patient and clinician. A
multidisciplinary model of care is now accepted as the
ideal but the diverse backgrounds of the stakeholders
have contributed to the difficulty in achieving a uniform
approach to the management of these patients. On the
other hand, few would dispute that medicine is both an
art and a science (grounded in knowledge, evidence and
experience), and one can never legislate for every indi-
vidual patient.

When an answer to a particular question is sought, the
scientist will often turn to an original manuscript, or one

of a number of books which are now available on the
subject. Many of the latter however represent a series of
research monographs rather than a comprehensive
review of the key issues and their practical implications.
It seemed to us therefore that there was a need for a
practical manual which offered concise, contemporary
guidance to the health care provider or trainee alike,
while at the same time highlighting the pertinent prob-
lems, the areas of controversy and future directions for
research. It was with such an aim and intention that this
book has been written. Most of the chapters are prefaced
with an illustrative case history, intended immediately to
engage the reader, followed by a series of key questions
which are then answered in the ensuing chapter. The
layout of each chapter is to allow rapid appreciation of
the salient facts and interminable lines of prose hopefully
have been kept to a minimum. Each chapter also lists
relevant original references and review articles.

The book draws on the opinion and experience of key
international experts in the field, and is designed to
reflect practice and perspective on both sides of the
Atlantic Ocean. To that extent we hope that it will have
a wide relevance and appeal.

David R. McCance
Michael Maresh
David A. Sacks
January 2010
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e
Epidemiologic context of diabetes

in pregnancy

David Simmons

Institute of Metabolic Science, Cambridge University Hospitals NHS Foundation Trust, Addenbrookes Hospital,

Cambridge, UK

PRACTICE POINTS

* The prevalence of all forms of diabetes in pregnancy, namely
Type 1, Type 2, and gestational diabetes mellitus (GDM),
ranges from below 2% to over 20%, although variations in
definition, screening, and diagnostic criteria of GDM make
comparisons difficult.

The prevalence of Type 2 diabetes, GDM, and probably Type
1 diabetes in pregnancy is increasing and varies significantly
between ethnic groups and between locations.

The prevalence of some risk factors for GDM and Type 2
diabetes in pregnancy (e.g. obesity) is increasing.

Adverse pregnancy outcomes are generally increased 2-7-fold
in women with pre- existing diabetes and are similar for Type
1 and Type 2 diabetes.

There is good evidence that intervention for diabetes in
pregnancy can reduce adverse pregnancy outcomes: it has
been estimated that for every US$1 invested in diabetes in
pregnancy, there is a saving of US$3-4 on downstream
health costs.

The health, social, and economic impacts of intergenerational
transmission of diabetes are unknown.

BACKGROUND

Historically, the study of diabetes in pregnancy has
focused on either women with Type 1 diabetes, whose
poor obstetric outcomes once led to an editorial entitled
“They give birth astride the grave” or GDM, an entity
which remains contentious,” with variable approaches
to definition, screening, and diagnosis.* The current
epidemic of obesity and diabetes among children,
adolescents, and non-pregnant adults’ has changed
the situation, leading to growing numbers with Type 2

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

diabetes in pregnancy and GDM (including undiagnosed
Type 2 diabetes).”® In parallel, our understanding of the
impact of diabetes in pregnancy for future generations,’
and our increasing ability to reduce pregnancy complica-
tions,' and postpone, if not prevent, diabetes after
GDM," have emphasized the epidemiologic and public
health importance of diabetes in pregnancy.

OUTCOMES FROM DIABETES
IN PREGNANCY

That there is no common unique pathognomonic com-
plication of diabetes in pregnancy, combined with the
apparent continuous relationship between glucose and
fetal macrosomia, has resulted in a lack of consensus on
the diagnosis of GDM. While diabetes in pregnancy is
associated with increased obstetric risk compared with
normal pregnancy, the overall contribution of diabetes to
most obstetric and neonatal complications on a popula-
tion basis is actually relatively low, with the largest impact
being on shoulder dystocia (through GDM). Table 1.1
shows examples of odds ratios for each obstetric and
neonatal complication by diabetes type and the propor-
tion that diabetes in pregnancy contributes on a popula-
tion basis."*™"

Apart from malformations, which are likely to have
resulted from preconceptional or periconceptional
hyperglycemia, improvements in obstetric practice have
led to major reductions in adverse outcomes. Avoidance
of such outcomes may dictate the need for complex
obstetric decision-making, with the inevitable increase in
fetal monitoring (see chapter 12) and which is strongly
influenced by the preconceptional and antenatal man-
agement of hyperglycemia (see chapters 8 and 10). The
importance of other metabolic factors, such as obesity'*"
and hypertriglyceridemia,” in pregnancy are also now
increasingly being recognized.



Table 1.1 Examples of odds ratios of diabetes for each obstetric and neonatal complication and the proportion that diabetes in

pregnancy contributes on a population basis."*™"*

Odds ratio Type 1 diabetes Type 2 diabetes Gestational diabetes No known diabetes
(%) (%) (%) (%)
Perinatal mortality 3 0.2 0.9 1.7 97.2
Malformations' 7 2.5 0* 97.5
Cesarean Section' 2 1.6 43 94.1
Birthweight > 4.5kg' 3 2.6 7.3 90.1
Shoulder dystocia' 3 <0.1° 23.5 76.5

"Type 1 and Type diabetes combined

*Those with malformations considered undiagnosed Type 2 diabetes, small numbers otherwise
*Very few on a population basis; many who will likely develop shoulder dystocia are delivered by cesarean section

The long-term implications of diabetes in pregnancy
for the offspring, particularly obesity and Type 2 dia-
betes, are discussed in chapter 25. While there is early
evidence that optimal management of diabetes during
pregnancy may reduce excess adiposity in the offspring
(and hopefully, ergo, subsequent diabetes),” this urgently
requires confirmation. As yet there is no evidence that
poorer neurodevelopmental outcomes, which may be
associated with GDM, are amenable to change.”
Such analyses can be confounded by the associations
between socioeconomic status and both GDM and
achievement.”

DIAGNOSIS OF GESTATIONAL
DIABETES MELLITUS

While it is generally accepted that severe hyperglycemia
in pregnancy is associated with adverse maternal fetal
outcome, the significance of lesser degrees of hyperglyc-
emia, along with the lack of common pathognomonic
sequelae, and the apparent continuum between glucose
and, for example, fetal macrosomia® have fuelled the lack
of consensus on the optimal glycemic threshold for diag-
nosis of hyperglycemia in pregnancy. This is discussed in
chapter 6, but essentially involves deriving a glycemic
threshold above which the benefits of intervention out-
weigh any harm and are cost-effective.

Outside of pregnancy, the 75-g 2-hour oral glucose
tolerance test (OGTT) is used. Diabetes and prediabetes
are defined by their association with macrovascular and
microvascular complications, the clinical appearance of
the latter (retinopathy) being largely unique to diabetes.
As a result, diabetes in non-pregnant adults has a globally
agreed definition, as does impaired glucose tolerance

(IGT) (Table 1.2). There remains disagreement between
the World Health Organization (WHO) and the Ameri-
can Diabetes Association (ADA) definition of impaired
fasting glucose (Table 1.2). As GDM is defined as
carbohydrate/glucose intolerance first identified/with
new onset in pregnancy, intuitively it would be thought
that by definition, the criteria for diagnosis of GDM
would include a fasting glucose of greater than or equal
5.6 or 6.1 mmol/L (2101-110mg/dL) (ADA or WHO)
and/or a 2-hour glucose greater than or equal to
7.8mmol/L (140mg/dL), with potentially some modifi-
cation should pregnancy outcomes be quantitatively
worse below these cut-off points. This is discussed more
fully in chapter 6.

There have been multiple attempts to define the glyc-
emic thresholds for fetal and maternal outcomes (i.e.
diagnostic criteria) for GDM (Table 1.2). These have tra-
ditionally been based upon a fasting blood glucose test,
50-100-g glucose load,* followed by 1-3 hours of blood
glucose testing, and involving interpretation of the results
either singly or in combination.

A global move to standardize the diagnostic criteria
was the rationale for the Hyperglycaemia and Adverse
Pregnancy Outcomes (HAPO) study, a large study among
25000 women across continents and, importantly,
involving many ethnic groups.* Of importance is the fact
that this study showed that the impact of hyperglycemia
for maternal/fetal outcome was applicable to all ethnic
groups™ and independent of maternal obesity, a recog-
nized risk factor per se for large babies.'*" Further analy-
sis of data from the HAPO study will address the
important question of whether different glycemic thresh-
olds are needed to predict a greater risk of glucose-sensi-
tive adverse outcomes.



Table 1.2 Summary of international guidelines for the screening and diagnosis of gestational diabetes (primarily from Cutchie et al').

Organization Screening Diagnosis Abnormal values
Fasting (mmol/L 1h (mmol/L 2h (mmol/L 3h (mmol/L for diagnosis
[mg/dL]) [mg/dL]) (mg/dL]) [mg/dL])
WHO No recommendation Diabetes > 7.0 [126] and/or >11.1 [200] One
(non-pregnant) IGT < 7.0 [126] 7.8-11.0 [140-198]
IFG 6.1-6.9 [110-124] <11.1 [200]
ADA All > 45 years Diabetes > 7.0 [126] and/or >11.1 [200] One
(non-pregnant) If < 45 years: BMI > 25 and one other IGT < 7.0 [126] 7.8-11.0 [140-198]
risk factor IFG 5.6-6.9 [100-124] <11.1 [200]
Fasting glucose: OGTT if
FBG = 5.6mmol/L (=100 mg/dL)
ADA All except low risk 5.3 [95] 10.0 [180] 8.6 [155] 7.8 [140] Two or more
High risk: proceed to OGTT (100g only) values
Moderate risk: 50g GCT; if 1-h
BGL = 7.8 mmol/L (=140 mg/dL),
proceed to OGTT
75-g or 100-g OGTT
ACOG Either screen all except low risk or C&C 5.3 [95] 10.0 [180] 8.6 [155] 7.8 [140] Two or more
universal screening. 50-g GCT; if 1-h NDDG 5.8 [104] 10.6 [191] 9.2 [166] 8.0 [144] values
BGL >7.8 mmol/L (=140 mg/dL),
proceed to OGTT. 100-g OGTT
CDA Screen all with a 50-g GCT at 24-28 5.3 [95] 10.6 [191] 8.9 [160] Two (if only one
weeks, but in first trimester if high abnormal
risk. 1-h glucose >10.3 mmol/L defined as IGT
(>185mg/dL), diagnostic for GDM. of pregnancy)
If 1-h glucose 7.8-10.2 mmol/L
(140-184 mg/dL) proceed to 75-g
OGTT
BCRCP All except low risk. 50g GCT. If 5.3 [95] 10.0 [180] 8.6 [155] 7.8 [140] Two or more
>7.8 mmol/L (2140 mg/dL), values

100-g OGTT. If >10.3 mmol/L
(>185mg/dL), diagnostic for GDM




Table 1.2 Continued

Organization Screening Diagnosis Abnormal values
Fasting (mmol/L 1h (mmol/L 2h (mmol/L 3h (mmol/L for diagnosis
[mg/dL]) [mg/dL]) [mg/dL]) [mg/dL])
DUK No routine screening 7.0 [126] and/or 7.8 [140] - One
75-g OGTT
SIGN All. Random glucose at 28 weeks 5.5 [99] — 9.0 [162] — One
75-g OGTT
CREST All. Random glucose at 28 weeks 5.5 [99] - 9.0 [162] - One
75-g OGTT
IDF All except low risk 5.3 [95] (75g) - 8.6 [155] -
75-g OGTT
JDA All by casual plasma glucose 5.5 [99] 10.0 [180] 8.3 [149] - Two or more
75g OGTT values
ADIPS All unless resources are limited. 50 g 5.5 [99] - 75g - One
RANZCOG GCT; if 1-h BGL >7.8 mmol/L 8.0 [144](Aus)
proceed to 75-g OGTT 9.0 [162] (NZ)
WHO (if pregnant) All except low risk >7.0 [126] and/or >7.8 [140] - One
75-g OGTT
NICE (2008) Select ethnic groups, BMI =30, >7.0 [126] >7.8 [140] One

first-degree family history, previous
GDM, previous baby >4.5kg

WHO, World Health Organization; ADA, American Diabetes Association; ACOG, American College of Obstetrics and Gynaecology; C&C, Carpenter and Coustan;
NDDG, National Diabetes Diagnostic Group; CDA, Canadian Diabetes Association; BCRCP, British Columbia Reproductive Care Program; DUK, Diabetes UK; SIGN,
Scottish Intercollegiate Guidelines Network; CREST, Clinical Resource Efficiency Support Team; IDF, International Diabetes Federation; JDA, Japanese Diabetic
Association; ADIPS, Australasian Diabetes in Pregnancy Society; RANZCOG, Royal Australasian College of Obstetrics and Gynaecology; NICE, National Institute for
Health and Clinical Excellence, OGTT, oral glucose tolerance test; GCT, glucose challenge test; IGT, impaired glucose tolerance; IFG, impaired fasting glucose; GDM,
gestational diabetes mellitus; FBG, fasting blood glucose; BGL, blood glucose level; BMI, body mass index




PREVALENCE OF PREGESTATIONAL
DIABETES IN PREGNANCY

The prevalence of Type 1 and Type 2 diabetes in preg-
nancy would be expected to reflect the rates of diabetes
in the background population.*®** However, the standard
fertility ratio (SFR) is low in Type 1 diabetes (0.80, 95%
CI0.77-0.82), and is particularly low among women with
retinopathy, nephropathy, neuropathy, or cardiovascular
complications (0.63, 0.54, 0.50, and 0.34, respectively).”
While fertility rates in Type 2 diabetes have not been
reported, they would also be expected to be low (particu-
larly in view of the additional associated obesity, poly-
cystic ovarian syndrome [PCOS], and vascular disease).

The incidence of Type 1 and the prevalence of Type 2
diabetes has been increasing over time,” with a reduction
in the age at diagnosis of Type 2 diabetes. Both of these
factors predict an increasing number of women with
pregestational diabetes. However, the more rapid increase
in Type 2 diabetes in pregnancy has resulted in some
diabetes clinics now seeing a predominance of Type 2 over
Type 1 diabetes, which has been accentuated further by
ethnicity. In the US, the ratio of women with Type 1 to
Type 2 diabetes has shifted from 3:1 to 1:2 between 1980
and 1995.% This may be partly due to changes in the popu-
lation (e.g. in Birmingham, UK the ratio of Type 1 to Type
2 diabetes was 1:2 in South Asians but 11:1 in Euro-
peans®). Meanwhile, there have been other important
changes. Women with diabetes in pregnancy are now
expected to survive. The perinatal mortality for pregnan-
cies complicated by Type 1 diabetes has also dropped from
40% to much nearer the background rate.”* In Type 2
diabetes, the evolving evidence suggests that perinatal
mortality and the frequency of congenital malformations
are similar to those of Type 1 diabetes,” including in those
women diagnosed with GDM but found to have Type
2 diabetes postnatally.*”” While these trends are more
often seen in women of non-European descent, it is likely
that a similar picture will be seen in all groups eventually.

To date there are few reports of the prevalence of
monogenetic forms of diabetes or secondary diabetes in
pregnancy. Glucokinase mutations are present in up to
5-6% of women with GDM and up to 80% of women
with persisting fasting hyperglycemia outside pregnancy,
a small glucose increment during the OGTT, and a family
history of diabetes.” Cystic fibrosis is associated with a
doubling in the prevalence of diabetes outside of pre-
gnancy, with a further increase during pregnancy (e.g.
from 9.3% at baseline to 20.6% during pregnancy, and
14.4% at follow-up).”!

PREVALENCE OF GESTATIONAL
DIABETES

The prevalence of GDM globally in 1998 was examined
by King et al.”> An epidemiologic comparison between
studies is difficult for the reasons shown in Fig. 1.1
and discussed more fully in chapters 5 and 6. In addi-
tion, screening too early (before 24 weeks) will result
in fewer cases of GDM being detected. Some women
achieve the criteria for GDM only later in pregnancy
and will not be diagnosed with the conventional
screening approach, which occurs between 24 and 28
weeks.

As highlighted above, there are differences in the rates
of GDM when diagnosed by different criteria,” both
within and between populations (Fig. 1.2). Notwith-
standing the different diagnostic criteria, there are major
differences in prevalence of GDM between ethnic groups,
reflecting both the background prevalence of Type 2 dia-
betes and the age at onset (the “underwater volcano
hypothesis” [Fig. 1.3]).** This hypothesis proposes that
GDM is more common in people who are temporally
closer to developing Type 2 diabetes.

These prevalence rates vary within the same ethnic
group in different locations, with migrant populations
generally having a higher prevalence than those remain-
ing in traditional rural areas, probably relating to lifestyle
change (higher energy diet, less physical activity) and
greater adiposity. The prevalence has also generally
increased over time (Fig. 1.4).”*® While this most likely
reflects the epidemics of obesity and Type 2 diabetes in
the non-pregnant state, an additional feature is likely to
be the increasing age at which pregnancy occurs, and for
some total populations, the immigration of high-risk
ethnic groups (e.g. in Auckland, New Zealand, numbers
of women with GDM doubled over 4 years due to a
combination of these factors®). Such data need careful
scrutiny to recognize these factors and to ensure that no
change in ascertainment (e.g. screening approaches) or
diagnostic criteria have occurred.

All populations apart from those of non-European
descent (and even including some European popula-
tions), are now considered at such high risk that most
guidelines suggest that these ethnic groups require
universal screening.* The growth and clinical importance
of undiagnosed Type 2 diabetes in pregnancy (i.e. the
high end of GDM) also supports a universal screening
approach in these populations, both at first antenatal
assessment and at the more traditional 24-28 weeks of
gestation. With the growing numbers of women with
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Fig. 1.1 Difficulties in comparing prevalence data in gestational diabetes mellitus (GDM) with different approaches (personal
observations). ADIPS, Australian Diabetes in Pregnancy Society.

GDM, including undiagnosed Type 2 diabetes in preg-
nancy, the case for universal screening is becoming per-
suasive.” Prior to the most recent data, the 4th Chicago
Workshop on GDM™ recommended screening of all but
those at very low risk (i.e. under 25 years, slim, no risk
factors), a group of women who are becoming increas-
ingly uncommon in modern pregnancy clinics. Surpris-
ingly, during an obesity and diabetes epidemic, the latest
recommendations from the National Institute for Health
and Clinical Excellence (NICE) in the UK,* recommend
screening using very few risk factors, even excluding
older women and those with PCOS from those warrant-
ing screening. Decisions underlying these recommenda-
tions have been informed by erroneous economic
analyses, including the exclusion of (1) identifying
women at high risk of future diabetes who could benefit
from diabetes preventative intervention, (2) the benefits
in the offspring from reduced exposure to maternal
hyperglycemia, and (3) future pregnancies complicated
by undiagnosed diabetes, as well as an underestimate
of reduced benefits when using complex screening
approaches.

Risk factors for gestational
diabetes mellitus

While obesity, ethnicity, maternal age, and a family
history of diabetes are the major risk factors for GDM,
other more traditional factors have been used in selective
screening approaches® (Table 1.3), including parity
and a previous macrosomic baby. Some studies have
suggested that multifetal pregnancies (e.g. twins and
triplets) may be at increased risk of GDM, although
others have not confirmed this.* There is increasing
evidence of the importance of PCOS as a risk factor for
both GDM and undiagnosed Type 2 diabetes in pre-
gnancy. It therefore has been suggested in some countries
that prior to treating PCOS with, for example, metformin
or clomiphene to assist conception, women should have
an OGTT."

Another group of women at risk of GDM are those
with a previous history of GDM,* particularly in associa-
tion with excess weight/weight gain between pregnancies
and where previous GDM was diagnosed early in preg-
nancy and required treatment with insulin.”
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LONG-TERM IMPLICATIONS OF
DIABETES IN PREGNANCY FOR
THE MOTHER

The original study by O’Sullivan, from which the current
US diagnostic criteria are derived, focused on the long-
term risk of permanent diabetes in the mother who had
hyperglycemia during pregnancy.* The overall literature
would suggest a 5-28-year risk of developing permanent
diabetes (predominantly Type 2 diabetes) of 17-63%.*
Approximately 50% of those with autoantibodies develop
Type 1 diabetes,* and a small number with antibodies
are at least initially considered to have Type 2 diabetes.*
The excess risk of diabetes among those with previous
GDM is now seen in all populations studied, with an
estimated odds ratio of 6.0 and population attributable
risk of 0.10-0.31.* Evidence also now suggests that
women with additional pregnancies may have an acce-
lerated progression to Type 2 diabetes, as shown in one
study by a relative risk of 3.34 (1.80-6.19).* This pro-
posal has biologic plausibility in that an additional 9
months of insulin resistance are imposed upon a woman
who already has a degree of insulin resistance. Other risk
factors for progression to permanent diabetes are largely
related to the level of antenatal glycemia, gestational age
at diagnosis of GDM, and weight gain.*

@ Anglo-Celtic
B Chinese

A Vietnamese
M Indian

H Arab

@ Aboriginal

Fig. 1.3 “Underwater volcano”
hypothesis: Relationship between risk of
gestational diabetes mellitus (GDM) in
comparison with Anglo-Celtic women
and time between mean age at diagnosis
of Type 2 diabetes and diagnosis of
gestational diabetes mellitus.*

The incidence of progression to frank diabetes increases
markedly in the first 5 years postpartum and then plateaus
after approximately 10 years.” Such progression to diabe-
tes among women with past GDM can be reduced, as was
shown in the Diabetes Prevention Project through both
lifestyle- and medication-based interventions beyond
the postpartum period.'® Currently, systems are generally
not in place to provide follow-up or intervention. Post-
natal follow-up rates can be poor, even for women with
Type 2 diabetes, possibly because of family demands.”

DIABETES IN FUTURE GENERATIONS

A small number of babies may experience long-term
sequelae from congenital malformations and birth
trauma (Table 1.1); however, the impact of growing in
an adverse intrauterine milieu is now becoming increas-
ingly evident.’ Long-term studies of pregnancies compli-
cated by Type 1 diabetes, Type 2 diabetes, and GDM,
including different ethnic groups and countries, suggest
that exposure to a “diabetic” intrauterine environment is
associated with an increase in risk of future obesity, IGT,
and diabetes (see chapter 25).' Among Pima Indians,
diabetes is much more common in the offspring of
women with maternal diabetes occurring during rather
than after pregnancy™ (see chapter 25).



11

20+
18+
16
9
=
a
O]
©
9 01979-1983
G M 1984-1988
©
>
g
o
ANZ Medit UK/N  Vietnam  Other Egypt/Arab Chinese Indian
A Europe Asian Subcont
12
S
E —&- Europid
% —— African American
8 —&—Hispanic
§ —>¢—Asian
g —l—All
a
2
0 T T T T T T T T |
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
B Year

Fig. 1.4 Changing prevalence of gestational diabetes mellitus
(GDM) over time in different populations. (A) Increasing
prevalence of GDM in Melbourne, Australia 1979-1988.%

(B) Increasing prevalence of GDM among different groups
in Northern California between 1991 and 2000.”



12

It is not known if intervention during or before preg-
nancy will ameliorate this “potential amplifier” for the
current epidemic of obesity and diabetes. Obtaining
long-term data will take many decades. In one small,
non-randomized study, adiposity was found less often in
the offspring of mothers with GDM treated with insulin
than in the offspring of mothers treated with diet alone,
but further evidence is needed on whether preconcepion/

Table 1.3 Risk factors for gestational diabetes mellitus (GDM).

Maternal demographic and physical factors
+ Ethnicity (non-European)

+ Increasing age

+ Family history of diabetes

+ Short stature

+ Low birthweight

+ Parity

Maternal clinical factors
Overweight/obesity

Diet high in red and processed meat
Pregnancy weight gain

Physical inactivity

Polycystic ovarian syndrome
o-Thalassemia trait

High blood pressure

Multiple pregnancy

Past obstetric history

* Macrosomia

« Stillbirth

+ Past GDM

antenatal interventions are of benefit.?! However, if
intrauterine exposure to diabetes is known, then the
offspring can be identified as high risk, followed up,
and have childhood-based interventions implemented as
they become practicable.

HEALTH ECONOMIC IMPLICATIONS

A thorough health economic analysis regarding diabetes
in pregnancy will require an examination of each transi-
tional probability between clinical states and the cost and
benefit from each intervention. Table 1.4 summarizes the
stages in management and possible interventions. For
diabetes in pregnancy, uniquely, such analyses need to
include the costs of any long-term effects (beneficial or
harmful) on the offspring. Preconception management
of Type 1 and Type 2 diabetes, including tight glucose
control, has been shown to be cost-effective, with a cost—
benefit ratio of 1:3.5” for each US dollar invested. While
there is also information on obstetric complications (e.g.
brachial nerve palsy), it is unknown whether intervention
reduces the future risk of obesity, Type 2 diabetes, and
neurodevelopmental sequelae. Any such cost-benefit
analysis is therefore likely to be incomplete. This is of
particular importance in the debate over screening for
GDM. Furthermore, implementation costs and uptake
need to be included in any analysis, with an awareness
that the more complex an approach, the less likelihood
that uptake will be complete. The cost-effectiveness of
whether or not and how to screen for GDM has been
a longstanding issue.” It has been suggested that

Table 1.4 Cost components in diabetes in pregnancy and potential savings from intervention.

Interventions

Potential savings

Type 1 and Type 2 diabetes

Preconception

Antenatal management

Retinal management

Gestational diabetes mellitus (GDM)
Diagnosis of GDM

Antenatal management

Retinal management

Postnatal screening and intervention

Optimization of metabolic control, folate

therapy, medication optimization
Optimization of metabolic control
Optimization of obstetric management
Retinal screening, laser if needed

Screening and diagnosis program

Optimization of metabolic control

Optimization of obstetric management

Retinal screening if likely undiagnosed
Type 2 diabetes, laser if needed

Screening

Primary prevention (lifestyle, drugs)

Malformations

Fetal loss sequelae

Neonatal, maternal birth complications
Offspring risk of diabetes, obesity
Vitreous surgery, cesarean section

Neonatal, maternal birth complications

Offspring risk of diabetes, obesity

Vitreous surgery, cesarean section
(rare)

Prevention of permanent diabetes

Prevention of undiagnosed Type 2
diabetes in pregnancy
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approximately US$3—4 would be saved for every US$1
expended.”® Improvements in outcomes in the inten-
sive group in the Australian Carbohydrate Intolerance in
Pregnancy Study (ACHOIS) suggest that benefits would
be even greater if quality of life measures were included,
particularly the benefits on postnatal depression.'® This
study has now shown GDM management to be cost-
effective with an incremental cost per additional serious
perinatal complication of US$27 503, per perinatal death
prevented of US$60506, and per discounted life year
gained of US$2988.”” One small study showed that case
management (i.e. allocation of a health professional to
manage closely individual cases on a day-by-day basis) of
women with diabetes in pregnancy was associated with
reductions in the need for hospitalization (a major cost
of care), as well as improved glycemic control and
increased uptake of a postnatal OGTT.*®

Intervention to prevent progression from prediabetes
to diabetes using either lifestyle measures or medication
in women with previous GDM was shown to be cost-
effective in the Diabetes Prevention Project.”” With the
population attributable fraction for diabetes estimated at
10-31%, such an approach could have a significant
impact on the current diabetes epidemic.*

Postpartum screening

Kim and colleagues examined the efficacy and cost of
postpartum screening strategies for diabetes among
women with previous GDM and concluded that an
OGTT every 3 years had the lowest cost per case of
detected diabetes.®

THE WAY FORWARD

Epidemiologically, the way ahead differs to some extent
according to the type of diabetes. Much is already known
about Type 1 diabetes in pregnancy, where the diagnosis
is clear and extensive research databases exist. For Type
2 diabetes, there is a growing body of literature regarding
prevalence and outcomes, but this remains insufficient
for many populations, and relatively little is known of
the impact of undiagnosed Type 2 diabetes. Further
research must focus on GDM given the current evidence
which suggests that this condition has a large population
health impact on future diabetes for both mother and
offspring.

An epidemiologic comparison of the prevalence of dia-
betes in pregnancy among various populations is becom-
ing increasingly difficult. The identification and collation

of such descriptive studies is difficult. The recent UK
Confidential Enquiry into Maternal and Child Health
(CEMACH) study showed that it is possible (with a great
deal of effort and good will) to describe a national epide-
miologic snapshot of Type 1 and Type 2 diabetes in preg-
nancy and the related outcomes.” This study was able to
link outcome with health service quality improvement
and audit processes. A similar attempt to develop an
Australasian database and benchmarking service has
been piloted successfully, involving testing paper, and
standalone and networked electronic methods for col-
lecting data.® The ultimate goal would be to develop a
global database, possibly under the auspices of the Inter-
national Association of Diabetes in Pregnancy Study
Groups, to allow easy description of the epidemiology of
diabetes in pregnancy, to benchmark prevalence and out-
comes, and to compare process (e.g. proportion of
women receiving folate therapy, and proportion of
women screened for GDM). This would also support the
existence of such databases within nations and facilitate
linkage to evaluate and support interventions from pre-
conception counseling to postnatal OGTT follow-up in
GDM.

The second major area for development remains how
to best manage GDM on a population basis. A universally
agreed set of diagnostic criteria derived from the HAPO
study®* will be a major step forward. Systematic screen-
ing, prevention, monitoring, and quality assurance pro-
grams are increasingly being implemented alongside the
growth in evidence-based clinical practice. While long-
term follow-up studies of the offspring are planned, data
from these will take many years and possibly decades to
emerge.

If we are, finally, to introduce a systematic approach
to the screening for and diagnosis of GDM, similar to
screening for syphilis, rubella immunity, and other con-
ditions, with a high penetration, then there will be impli-
cations for health providers. The numbers of women
diagnosed with GDM will increase dramatically in those
places without good penetration of systematic screening
currently. Those at the “lower end” of the GDM glycemia
range have very different needs from those at the “higher
end”. Many of the former may be suitable for obstetric
management in the community, rather than specialist
clinics, as found in California.”* Criteria for triaging and
referral need further development. If models of care are
to shift, then there is an urgent need to implement quality
assurance now, so that any changes in trends from the
resulting changes in practice and the increase in demands
can be monitored and acted upon.
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A systematic approach to the follow-up of women with
previous GDM and the offspring of all women with dia-
betes in pregnancy also needs to be put in place. Whether
this follow-up is through a centralized (e.g. cervical
cancer), devolved (e.g. hypertension) or hybrid approach
will depend on the individual health system. Whatever
system is implemented, there needs to be linkage with
approaches to preventing obesity, promoting physical
activity, and preventing or delaying progression to Type
2 diabetes.

In conclusion, the epidemiology of diabetes in pre-
gnancy is constantly changing. The growth in informa-
tion management, evidence for clinical management, and
consensus on how to detect, manage, and follow-up
diabetes in pregnancy will clearly continue into the
future.
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PRACTICE POINTS

e Insulin resistance and compensatory hyperinsulinemia are
adaptations to normal pregnancy.

The etiology of insulin resistance in pregnancy is multifactorial
and likely to include placental factors, such as human
placental growth hormone and tumor necrosis factor-alpha
(TNF-o), as well as body composition changes and nutrient
excess.

Glucose intolerance and gestational diabetes result when
pancreatic beta cell function fails to adequately compensate
for the degree of insulin resistance in pregnancy.

Metabolic plasticity during pregnancy allows for protection of
the fetus during periods of limited maternal resources.

MATERNAL METABOLIC ADAPTATION
TO PREGNANCY

Pregnancy is a period of significant maternal metabolic
adaptations. Teleologically, the changes in maternal
anatomy and physiology are thought to occur to support
the growth and development of the fetus and prepare the
mother for the physiological demands of pregnancy and
lactation. The composite of changes are dynamic and
evolve throughout the pregnancy.

Normal metabolic homeostasis

Metabolic fuels are derived from carbohydrates, fats, and
proteins in the diet. All cells require a constant supply of
fuel to provide energy for the production of ATP and
cellular maintenance. After a meal, dietary components
(glucose, free fatty acids, and amino acids) are delivered
to tissues, taken up by cells, and oxidized to produce
energy. Any dietary fuel that exceeds the immediate

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

needs of the body is stored, mainly as triglycerides in
adipose tissue, or glycogen in the liver, muscle and other
cells, or to a lesser extent as protein in muscle. Between
meals, substrates are drawn from stores and used as
needed to provide energy. The regulation of body fuels is
a complex interaction of nutrients and hormones that
ensure a continuous supply of energy substrates with
intermittent refueling or feeding.

Insulin and glucagon are the two major hormones that
regulate fuel mobilization and storage. Insulin is a
polypeptide synthesized as proinsulin in B-cells of the
pancreatic islets and cleaved into insulin and c-peptide.
Its primary role is to orchestrate the metabolism of not
only glucose, but also of lipids and amino acids, which
are vital for energy homeostasis. Insulin has anabolic and
anticatabolic properties. In the liver, insulin promotes
glycogen and fat synthesis, while suppressing glycogenol-
ysis, and ketogenesis. In adipose tissue, it promotes fat
storage and glycerol synthesis, and suppresses lipolysis.
In muscle, insulin promotes glycolysis, glycogen and
protein synthesis, and suppresses proteolysis. Glucagon,
synthesized in the alpha cells of the pancreas, is a major
counter-regulatory hormone of insulin. It is elevated
when plasma glucose levels are low and promotes glucose
production through glycogenolysis and gluconeogenesis.
Epinephrine and cortisol are also insulin counter-
regulatory hormones due to their anti-insulin effects.

Postabsorptive state

In the postabsorptive or fasting state, glucose-dependent
tissues, like the brain, renal medulla, and certain formed
blood cells, continually oxidize glucose as the primary
fuel for energy. Because glucose is the preferred substrate
for the brain, the maintenance of an adequate plasma
glucose level is a physiologic priority. Low insulin levels
result in a decrease in peripheral glucose uptake in tissues,
such as adipose tissue and muscle. Initially, liver glycogen
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Fig. 2.1 (A) In the fasting state, glucose for dependent tissues,
like the brain and the fetus, is derived from the breakdown of
hepatic glycogen stores. Once this reserve is depleted, glucose
is produce de novo from amino acids released from protein
stores in muscle. Free fatty acids (FFA) are released from
adipose tissue, converted to ketone bodies in the liver and
used to prevent excessive glycolysis in non-glucose dependent
tissues. (B) Fed state. After the ingestion of a mixed meal,
carbohydrates are broken down into glucose and other
monosaccharides and taken up by all tissues. Any glucose that
is not needed immediately for glycolysis is converted to
glycogen or triacylglyerol and stored in liver, muscle, and
adipose tissue for later use. Lipids are hydrolyzed to fatty

is degraded to provide glucose for glucose-dependent
tissues. Approximately 70g of glycogen is stored in the
liver," while the total basal consumption of glucose is
200-250 g/day, well in excess of stored hepatic glycogen.
When the limited stores of glycogen are depleted, the
liver uses carbon from lactate, glycerol, and amino acids

Adipose Tissue

Fed / Meal

Skeletal
Muscle

(B) . Fetus

acids, resynthesized to triacylglyerol (TG), and stored in
adipose tissue. (C) Chronic over-feeding. Chronic over-
nutrition and obesity can lead to adipocyte dysfunction and
cellular inflammation. The release of various adipokines,
including tumor necrosis factor (TNF)-a, results in insulin
resistance in adipose tissue, skeletal muscle and liver. Insulin
resistance in adipose tissue leads to lipolysis and increased
FFA release, even in the presence of relatively increased insulin
levels. With continued nutrient excess the capacity of
adipocyte storage capacity is exceeded and lipid “overflows” to
other tissues, such as muscle and liver, worsening insulin
resistance and resulting in lipotoxicity and metabolic
inflexibility.

to synthesize glucose through gluconeogenesis. Decreased
insulin levels promote gluconeogenesis, and glucagon
plays an additional role in the maintenance of continu-
ous endogenous glucose supply. Glycogenolysis and glu-
coneogenesis increase to match the basal need for glucose
for glucose-dependent tissues during fasting (Fig. 2.1A).



19

Insulin levels impact on the availability of all nutrients,
including amino acids and fatty acids during periods of
fasting. Low insulin levels allow for the increase in pro-
teolysis and the augmentation of the release of amino
acids from skeletal muscle, the primary reservoir of
protein stores. The net flux of amino acids is from the
muscle to the liver, with the gluconeogenic precursors,
alanine and glutamine, accounting for the largest propor-
tion of amino acids released.” In adipose tissue, insulin
inhibits hormone-sensitive lipase, which catalyzes the
hydrolysis of stored triglycerides to free glycerol and
free fatty acids. The consumption of free fatty acids in
skeletal muscle is an important factor in limiting muscle
glycolysis and glucose oxidation.

Post-absorptive state in pregnancy

Pregnant women have an added burden of supplying the
growing fetus with energy substrates during periods of
fasting. Glucose is the primary energy source for the fetus
and the fetus is obligated to obtain most of the glucose it
utilizes from maternal plasma due to the absence of sig-
nificant gluconeogenesis.* A carrier-mediated transport
system (GLUT1)® meets the high fetal demand with rapid
transfer of glucose from the maternal compartment to
the fetus. Maternal plasma glucose concentration and
uterine/placental blood flow determine glucose supply
to the fetus. Glucose transfer across the placental barrier
is a relatively rapid process and has been defined as a
flow-limited process.®

Fasting in pregnancy is more metabolically challenging
for the mother due to the growing fetal demand for
glucose as an energy substrate. During maternal fasting,
plasma glucose levels decrease progressively with increas-
ing gestational age.” With short intervals of fasting,
human pregnancy is marked by increased fasting plasma
insulin levels and increased basal hepatic glucose produc-
tion.*” A reduced insulin-induced suppression of hepatic
glucose production may provide increased endogenous
glucose production and therefore augments the supply
of glucose for the mother and fetus between meals. Felig
et aP studied healthy women who were scheduled to
undergo termination of pregnancy in the second trimes-
ter and healthy non-pregnant controls during a pro-
longed 84-hour fast. The fasted pregnant women had
lower concentrations of plasma glucose and insulin, and
greater ketone concentrations with prolonged fasting
compared to the non-pregnant women. Felig’s work in
the 1970s led to the concept of “accelerated starvation”

in pregnancy. The higher plasma ketones found in the
fasted pregnant women were seen only in the presence of
decreased insulin levels and presumably resulted from
increased lipolysis.

Why are fasting glucose levels lower in pregnancy
despite increased endogenous glucose production? The
mechanism for this is not well understood. Decreased
fasting glucose does not appear to be a result of decreased
maternal protein catabolism based on urinary nitrogen
excretion in pregnant compared to non-pregnant
women.'’ Maternal plasma alanine levels are decreased
in fasted pregnant women compared to non-pregnant
women and may represent the fetal siphoning of
glucogenic precursors. Although protein catabolism
is increased in pregnancy, increased utilization by the
placenta and fetus is likely to cause a decrease in circulat-
ing glucogenic precursors." Some have suggested that
the suppression of hepatic glucose production is not
impaired in late pregnancy, but rather that the set point
for plasma glucose levels is decreased."

Postprandial state, non-pregnant

The changes in response to ingestion of a mixed macro-
nutrient meal are based on homeostatic mechanisms
that allow immediate usage or storage of fuel in expecta-
tion of periods of fasting (Fig. 2.1B). Incretin peptides,
such as glucose-dependent insulinotropic polypeptide
(GIP) and glucagon-like peptide-1 (GLP-1), are secreted
from the gastrointestinal tract into the circulation in
response to the ingestion of a meal, which enhances
glucose-stimulated insulin secretion. Insulin release in
the first phase acts predominately in the liver to decrease
or shut down hepatic glucose production.” Glucose
uptake in the splanchnic bed is largely a result of
increases in glucose availability, most of which will pass
through the liver." Subsequently, increased insulin
levels mediate peripheral glucose uptake, mainly in the
muscle and adipose tissue."” Larger amounts of insulin
are required to affect peripheral glucose uptake than are
needed to suppress hepatic glucose production.” The
repletion of muscle nitrogen depends on the net uptake
of amino acids in muscle following a meal. In addition
to its other functions, insulin acts to suppress proteolysis
and accelerates the uptake of triglycerides, promoting fat
synthesis and storage in adipose tissue and the liver.
Postprandial increases in insulin levels promote the
storage of all nutrients (glucose, amino acids, and fatty
acids) for later use.
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Postprandial state in pregnancy

In addition to the short-term (hour-to-hour) manage-
ment of fuels, pregnant women have to regulate long-
term energy balance that occurs with the changing
metabolic demands of the mother and fetus throughout
the pregnancy and during lactation. Early pregnancy is
marked by storage of nutrients (anabolic state) in prepa-
ration for the later use of stored resources in the third
trimester and during lactation when energy requirements
increase (catabolic state). The energy balance adaptations
in early to mid pregnancy probably result from large
increases in estrogen, progesterone, and the lactogens
(human placental lactogen and prolactin) (reviewed by
Freemark'®). The lactogens and progesterone increase
appetite and induce hyperphagia, resulting in a 10-15%
increase in food intake. Progesterone facilitates fat storage
and the decline in pituitary growth hormone plays a per-
missive role in the deposition of body fat. The roles of
lactogens and estrogen in lipogenesis are less clear and
studies have been conflicting.’® Human placental lac-
togen stimulates hyperplasia and hypertrophy of beta
islet cells. The resulting enhanced insulin secretion with
normal peripheral and hepatic insulin sensitivity in early
pregnancy promotes the storage of energy substrates
through the inhibition of lipolysis, proteolysis, and
glycogenolysis.

Overall, insulin sensitivity decreases progressively
during pregnancy. Early and late pregnancy changes
differ significantly. Although some debate exists about
insulin action in early pregnancy, Catalano et al found no
change in peripheral and hepatic insulin sensitivities in
early pregnancy using the hyperinsulinemic—euglycemic
clamp technique and glucose tracer, but glucose toler-
ance was improved.”*”7 In early pregnancy, insulin
secretion increases, while insulin action is variable and
therefore, glucose tolerance may increase in some women.

Insulin resistance and a compensatory hyperinsuline-
mia are hallmarks of late pregnancy. Insulin-induced
peripheral glucose uptake decreases 56% by the third
trimester compared to the prepregnancy period, and
insulin secretion increases 3-3.5 fold.” Some animal'®"
and human studies***' have shown a reduction in insulin-
induced suppression of hepatic glucose production in
pregnancy, in contrast to others.'*** Methodologic differ-
ences during insulin clamps are the likely explanation for
the discrepancy, but the weight of evidence suggests that
insulin’s ability to suppress hepatic glucose production
is impaired in late pregnancy. Obese women with normal
glucose tolerance have an impaired insulin-induced

decrease in hepatic glucose production compared to lean
counterparts.” In pregnant rodents, the accumulation
of visceral fat contributes to the development of hepatic
insulin resistance, an effect that may be modulated
through the accumulation of hepatic triglycerides.”

INSULIN RESISTANCE IN PREGNANCY

The etiology of insulin resistance in pregnancy is not
completely understood and is likely to be multifactorial.
Historically, placental hormones have been implicated
for many reasons. The extent of insulin resistance in
pregnancy corresponds to the growth of the placenta and
many placental hormones induce insulin resistance when
given to non-pregnant individuals, including human pla-
cental lactogen (hPL),*** human placental growth
hormone (hPGH),” and progesterone.”* hPGH induces
insulin resistance by antagonizing insulin action through
regulation of p85 expression in adipose tissue.”” hPGH
has been shown to cause severe insulin resistance in
transgenic mice that express high levels of the hormone,
similar to levels found in late human gestation.*® However,
the transgenic mice in this study were also obese com-
pared to wild-type animals, and the contribution of other
factors, like visceral adiposity, have not been examined.
Placental factors clearly have a role in the development
of insulin resistance in pregnancy. Some hormones,
such as hPGH, may directly affect insulin action; other
factors may contribute indirectly to the insulin resistance
through increased food intake and the promotion of
lipogenesis.

The obesity epidemic and the increasing prevalence of
the metabolic syndrome have spurred intense investiga-
tion into the adverse effects of increased adipose tissue
and nutrient excess. An increase in adipose tissue, par-
ticularly an increase in visceral fat, is a key component of
the metabolic syndrome”' and adipose tissue is no
longer considered to be solely an energy storage depot.
Normal pregnancy shares many common features with
the metabolic syndrome, including increased adiposity,
insulin resistance, hyperinsulinemia, and hyperlipidemia.
Maternal body fat increases on average more than 3kg”
over a relatively short time interval. Epidemiologic’**
and animal® studies suggest that visceral fat in particular
increases in pregnancy, although descriptions of human
body composition changes are limited due to increases in
total body water and the restrictions of measurement
modalities that can be used during pregnancy.”>*

Adipose tissue plays a role in regulating food intake,
energy balance, and metabolic homeostasis through the
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production of fat-derived peptides. Several of these bio-
logically active peptides affect energy homeostasis, such
as leptin, which is expressed and secreted primarily by
adipocytes. Leptin signals the adequacy of adipose stores
to the hypothalamus, providing the afferent limb in
energy homeostasis.””* The human placenta produces
and secretes leptin into both maternal and fetal circula-
tion,” and the concentrations of leptin are elevated in
pregnancy compared to the non-pregnant state, irrespec-
tive of body mass index,* which may seem paradoxical
because food intake is increased. “Lipostatic” signals,
including leptin, become secondary and do not play a
role in behavioral regulation of food intake if the energy
supply (i.e. glucose) to the brain is threatened. As such,
hyperphagia accompanies hypoglycemia independent
of adipose mass.”’ This phenomenon is termed “leptin
resistance” and pregnancy is a “leptin-resistant” state.
That the resistance to leptin in pregnancy is centrally
mediated is supported by emerging evidence.***

Although adipocyte production of adipokines has a
critical role in metabolic homeostasis, some adipokines
may mediate the harmful biologic effects of increased
adiposity. For example, TNF-o. is associated with
decreased insulin sensitivity in a number of conditions
outside of pregnancy, including obesity* and aging.*”
In pregnancy, TNF-o. plasma concentration is more
predictive of insulin sensitivity than cortisol, human
chorionic gonadotropin (hCG), estradiol, hPL, and
prolactin.”® Although 95% of TNF-o. produced by the
human placenta is released into the maternal com-
partment,*® TNF-0. is secreted by both the placenta and
adipose tissue, and the relative contribution of each
source is uncertain.

Other adipokines (resistin, interleukin [IL]-1, and
[IL]-6) have also been implicated as mediators of insulin
resistance.” Resistin, a newly discovered adipokine,
decreases insulin sensitivity and increases plasma glucose
levels.”®' Higher plasma levels of resistin are found in
women late in gestation compared to non-pregnant
women, and term placentas have higher resistin mRNA
expression compared with first trimester chorionic
villi.”> However, the exact role of resistin and many other
adipokines in pregnancy has yet to be determined.

Some adipokines improve insulin sensitivity (leptin,
adiponectin. and peroxisome proliferator-activated
receptor [PPAR]-y). Little is known about the role of
adiponectin during pregnancy. Although expression of
adiponectin is specific to adipose tissue, plasma levels are
lower in obesity.”” Serum adiponectin levels are lower in
pregnant compared to non-pregnant women. However,

no difference is found after correction for hemodilu-
tion.* The roles of many adipokines and fat-derived
peptides in pregnancy have yet to be elucidated.

NUTRIENT EXCESS AND METABOLIC
DYSFUNCTION

The expansion of adipose tissue due to chronic over-
nutrition and obesity can lead to adipocyte dysfunction,
cellular inflammation, and insulin resistance (Fig. 2.1C).
In addition to the metabolic dysfunction caused by excess
adipose tissue, the process of accumulating excess adipose
tissue leads to metabolic dysregulation. Gregor and
Hotamisligil®® have proposed that a pathologic excess of
nutrients and excessive lipid storage in the adipocyte
leads to loss of mitochondrial function and endoplasmic
reticular stress. Adipocyte dysfunction results in insulin
resistance, which may be mediated through the activation
of c-jun N-terminal kinase (JNK) activation, inflamma-
tion, and oxidative stress. Further, when continued nutri-
ent excess exceeds adipocyte storage capacity, lipid then
“overflows” into other tissues.”® The oversupply of lipids
into the liver, skeletal muscle and pancreatic islets results
in a tissue-specific insulin resistance and impaired insulin
secretion, generally termed “lipotoxicity”>® In 1963,
Randle et al’” proposed that increased fatty acid oxidation
inhibits glucose oxidation and later, McGarry et al’®
showed that hyperglycemia inhibits fatty acid oxidation.
As a result of these two concepts, the concept of “meta-
bolic inflexibility” has arisen, which proposes that in the
setting of chronic over-nutrition, muscle tissue is unable
to select the appropriate substrate for oxidation (glucose
vs fatty acids) in response to the current nutrient supply,”
resulting in metabolic dysregulation in skeletal muscle,
the primary tissue for peripheral glucose uptake in the
non-pregnant state. This theory applied to pregnancy, a
state of hyperphagia and rapid increases in maternal body
fat, may have important implications.

INSULIN RESISTANCE AND
GLUCOSE INTOLERANCE

The terms insulin resistance and glucose intolerance are
often erroneously used interchangeably and should be
differentiated. Insulin resistance refers to the reduced
ability of insulin to act on target tissues. In the most basic
terms, insulin is less effective in suppressing hepatic
glucose production and greater amounts of insulin
are needed to induce peripheral glucose uptake in the
muscle and adipose tissue. In insulin-resistant states,
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more insulin is required to maintain glucose homeo-
stasis. Glucose-intolerant states generally include some
degree of insulin resistance and hyperinsulinemia, but
the secretion of insulin is relatively inadequate for the
degree of insulin resistance and the result is a mild fasting
and/or transient postprandial elevations in plasma
glucose levels.

In normal pregnancy, despite a well-demonstrated
insulin resistance, the large compensatory increase in
insulin secretion maintains maternal plasma glucose
levels within a relatively narrow margin.”’ Continuous
glucose monitoring, which included more than 700
glucose measurements in a 72-hour period, demon-
strated that normal weight, glucose-tolerant women
at around 29 weeks of gestation had a mean fasting
glucose level of 4.0 + 0.7 mmol/L (72.1 + 13mg/dL) and
a peak postparandial level of 59 £ 0.9mmol/L
(106.2 + 16mg/dL).” Thus, although pregnancy is
marked by insulin resistance, normal-weight women
maintain serum glucose levels within a narrow margin.
Women who are unable to compensate with increased
insulin secretion become glucose intolerant. Further,
glucose tolerance is a continuum. The detection of ges-
tational diabetes is aimed at identifying pregnancies
at risk for perinatal morbidity and to some extent to
identify women at risk for Type 2 diabetes later in life.
The threshold for maternal glycemia at which the risks
for the fetus begin is unknown and is currently being
debated (see chapters 6 and 7).

The relationship between insulin sensitivity and insulin
secretion is reciprocal and non-linear in nature (Fig. 2.2).
In order for glucose tolerance to remain unchanged,
changes in insulin sensitivity must be matched by a pro-
portionate yet opposite change in circulating insulin
levels. With decreasing insulin sensitivity, as is seen in
pregnancy, insulin secretion must increase for glucose
tolerance to remain unchanged. Failure to secrete ade-
quate amounts of insulin for the degree of insulin resist-
ance results in a shift of the curve to the left and impaired
glucose tolerance. This process underlies the develop-
ment of diabetes.

Increasing insulin resistance and a compensatory
hyperinsulinemia are progressive throughout the preg-
nancy. If insulin secretion cannot compensate for
increased insulin resistance, glucose intolerance ensues.
Many have used the analogy of the pick-up truck with a
load in the bed of the truck. The engine of the truck
symbolizes the pancreas and insulin secretion, and the
load is insulin resistance. When the engine of the truck
is normal (no defects in insulin secretion), the small load

Normal Glucose
Tolerance

Insulin Secretion  m—)

Insulin Sensitivity n——)p

Fig. 2.2 To maintain normal glucose tolerance, insulin
secretion must increase to compensate for decreasing insulin
sensitivity during pregnancy (solid arrows). Failure to secrete
adequate amounts of insulin for the degree of insulin
resistance results in a shift of the curve to the left and
impaired glucose tolerance (dotted arrows). This process
underlies the development of diabetes (both gestational [IGT]
and Type 2 [T2DM]). (Adapted from Kahn et al. Nature
2006;444:840-6, with permission.)

of insulin resistance from pregnancy itself is relatively
inconsequential and does not affect the movement of the
truck (glucose tolerance is normal). If other factors, like
obesity, increased visceral fat or prolonged nutrient
excess, contribute to a larger load, then the truck may be
slowed, so that postprandial glucose levels are higher and
may have a delayed return to baseline, allowing for
increased transfer of glucose to the fetus. When the load
is excessive, and the engine of the truck can no longer
compensate or the engine is defective (beta cell dysfunc-
tion), overt diabetes results.

METABOLIC PLASTICITY IN PREGNANCY

Maternal metabolic plasticity during pregnancy may
allow for protection of the fetus during periods of limited
resources. While the complex factors that determine the
balance between the competing needs of the mother and
fetus are incompletely understood, the study of a unique
population of women in the resource-poor country of
Gambia has offered some insight. In 1993, Poppitt and
colleagues®' performed a longitudinal study using whole-
body calorimetry in a cohort of Gambian women who
had limited resources. The women were lean, but not
underweight, and had mean weight gain during pre-
gnancy below the Institute of Medicine recommenda-
tions, and yet the mean birthweight was normal in this
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small cohort. From the beginning of pregnancy, the
Gambian women had a decrease in basal metabolic rate
and when corrected for lean body mass, the women
maintained a basal metabolic rate below their prepreg-
nancy rate, even late in the third trimester. This study
demonstrated that in an environment in which food
intake cannot be increased, pregnant women have “meta-
bolic plasticity” and adapt in order to conserve energy,
presumably for the developing fetus.

In an environment with ample resources, an increase
in nutrient intake results in a positive energy balance
throughout the pregnancy. In sharp contrast to the
women in Gambia, women in more affluent countries
maintain an increased basal metabolic rate throughout
pregnancy.” These findings suggest that the increased
energy demands of pregnancy can be met through many
means, such as increased intake, decreased activity, and
deccased fat storage. Further, the total energy costs of
pregnancy (fetus, fat deposition, and maintenance) in
women from affluent and poor countries are strongly
correlated with prepregnancy body fat and weight gain.*
“Metabolic plasticity” in women who are unable to
increase food intake may be protective for the fetus.
Therefore, recommendations for the adequacy of caloric
intake are variable and largely dependent on the resources
available and the nutritional status of the mother at the
start of pregnancy.

SUMMARY AND FUTURE DIRECTIONS
FOR RESEARCH

The physiologic adaptations that occur in pregnancy
provide adequate energy and substrates for the growing
fetus and prepare the mother for the increased burden of
pregnancy and lactation. Insulin resistance is progressive
throughout gestation and a compensatory increase in
insulin secretion maintains plasma glucose levels within
a relatively narrow window. Placental factors contribute
to insulin resistance directly (e.g. hPGH and TNF-o) and
indirectly through the increase in appetite and weight
gain. A chronic positive energy balance results in adipose
tissue accretion that may be used later for increased fetal
demands in late pregnancy and lactation. However,
excessive amounts of adiposity before pregnancy or
excessive weight gain during pregnancy may have delete-
rious effects on insulin action and glucose tolerance.
Definitions of a healthy amount of adiposity, ideal weight
gain or the necessary degree of insulin resistance required
for normal fetal growth are unclear and likely to be the
focus of future research.
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PRACTICE POINTS

e The distinct placental changes associated with diabetes
mellitus depend on the gestational period during which the
diabetic insult occurs and thus, on the type of diabetes.
Early placental development may be altered by insulin and
tumor necrosis factor-o. (TNF-o)-induced changes in matrix
metalloproteinases that degrade extracellular matrix.

The placenta is often heavier in women with diabetes, with
an increase in maternal, i.e. syncytiotrophoblast, and fetal, i.e.
endothelial, surface area.

Trophoblast proliferation is regulated by maternal insulin;
hypervascularization is the collective result of fetal hypoxia.
Glucose from the maternal to fetal circulation is unaltered in
gestational diabetes mellitus (GDM). The higher flux results
from the steeper maternal-to-fetal concentration gradient.
Amino acid transport may be altered.

Fetal insulin and insulin-like growth factors directly influence
fetal growth, but additionally promote transplacental amino
acid transport that will also sustain fetal growth.

Leptin shares parts of its signaling pathways with insulin. It is
highly expressed by the placenta and secreted into the
maternal and fetal circulation. It may contribute to develop-
mental changes in diabetes.

NORMAL DEVELOPMENT

The placenta is a complex organ that is essential for fetal
growth and development. It fulfils a wide spectrum of
functions, among which the transport of maternal fuels
to the fetus and the synthesis of various hormones and
growth factors are the foremost examples. Its develop-
ment and function are tightly regulated by a range of
hormones, cytokines, growth factors, and substrates
present in the maternal and fetal circulation. Placenta-
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derived factors affect the maternal adaptation to preg-
nancy as well as fetal growth and development.

After blastocyst implantation into the decidual surface,
the placenta continuously develops by the differentiation
and proliferation of trophoblast cells, eventually leading
to placental villi of varying degrees of maturation,' most
of which float freely in the intervillous space, i.e. the area
between the placental villi (Fig. 3.1). Highly proliferative
villous cytotrophoblasts fuse to form the syncytiotro-
phoblast that represents the outermost interface of the
placenta that is in contact with the maternal circulation.
The microvillous membrane of this syncytium is in
contact with the maternal blood and is richly endowed
with receptors,” enzymes’ and transporters.* Maternal
blood emanating from remodeled and opened spiral
arteries bathes the villi.

Some villi physically anchor the placenta to the uterus,
thus establishing a connection between the fetus and the
maternal decidua (Fig. 3.1). These anchoring villi are
formed by proliferation, differentiation, and invasion by
cytotrophoblasts of the maternal lining of the decidual
cavity. Extravillous cytotrophoblasts also invade the
decidual spiral arteries and remodel them into low resist-
ance arteries. The resulting increase of maternal blood
flow into the intervillous space ensures adequate mater-
nal nutrient supply to the fetus." Trophoblast invasion
is tightly regulated in time and space by invasion-
promoting and -inhibiting factors originating from the
maternal decidua or the placenta. The decidua derives
from the maternal endometrium after decidualization
and before implantation of the embryo. This process
produces a dense extracellular matrix and a cytokine
milieu that reduces trophoblast invasion.” Levels of
these factors are altered in various pregnancy-associated
pathologies and diabetes mellitus (Table 3.1).

During villous development vasculogenesis and
angiogenesis result in the formation of placental vessels,
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Table 3.1 Alterations in maternal levels of trophoblast invasion inhibiting and promoting factors in gestational diabetes mellitus
(GDM) and Type 1 diabetes mellitus (T1DM). Tumor necrosis factor-c. (TNF-0.) inhibits trophoblast invasion, whereas vascular
endothelial growth factor (VEGF), leptin, insulin-like growth factors 1 and 2 (IGF1, IGF2) promote trophoblast invasion.

Invasion inhibiting Invasion promoting Other
TNF-o* VEGF Leptin IGF1 IGF2 Insulin
T1DM T2 1 T8 197
NCﬁS NC29
GDM T T30 o0 To! s T insulin treated
NC*® NC26! Tsz

*Decidua-derived factors
NC, no change

spiral arte|
remoaelleﬁ by
endo-vascular
cytotrophoblasts

decidua extravillous @&

cytotrophoblast
@

myometrium TR

Fig. 3.1 Organization of placental villi after week 20 of
gestation. The syncytiotrophoblast represents the outermost
surface of the placenta and is in contact with the maternal
blood via its microvillous membrane that is richly endowed
with receptors, enzymes, and transport molecules. The
syncytium regenerates and expands by proliferation and fusion
of cytotrophoblasts lying underneath. Some cytotrophoblasts
at the tips of floating villi invade the decidua, thereby
anchoring the villi. A proportion of these extravillous
cytotrophoblasts invade the uterine spiral arteries, leading to
their remodeling into low resistance vessels. To differentiate
between maternal and placental cells and tissues, maternal
structures are dotted and their labelling is underlined.

a process that again is controlled by various growth
factors, cytokines, and oxygen (Table 3.2), and thus can
be dysregulated in diabetes.

THE PLACENTA IN DIABETES

Because of the presence of receptors and enzymes on
both placental surfaces, i.e. the microvillous syncytiotro-

phoblast membrane as well as the basal membrane of the
syncytiotrophoblast and the placental endothelial cells,
the diabetic environment may have profound effects on
placental development and function. We recently pro-
posed that these specific effects will critically depend on
the time period in gestation when the insult of the dia-
betic environment acts upon the placenta.®

As glucose can stimulate and repress gene expression,’
maternal and fetal hyperglycemia are likely to have an
impact on the production of various placental proteins,
but a detailed analysis is pending. Moreover, maternal
and fetal hyperinsulinemia also affect placental metabo-
lism, growth, and development.”® However, the changes
in the diabetic environment extend beyond glucose and
insulin (Tables 3.1 and 3.2). Those in the mother can
induce modifications in the placenta, including altered
synthesis of cytokines and growth factors, which in turn
may act locally in an autocrine or paracrine manner.
Altered cytokines and growth factors, along with metabo-
lites, can be secreted into both the maternal and fetal
circulation, and thus affect both mother and fetus
(Fig. 3.2).

Despite the improvement in maternal glycemic control
over the last few decades' structural and functional
changes of the diabetic placenta at term may occur inde-
pendent of the type of diabetes." Similar to fetal weight,
placental weight tends to be heavier in diabetes, but the
weight gain is more pronounced in the placenta than in
the fetus, as is reflected in a higher placental-to-fetal
weight ratio than in normal gestation.'>" It has remained
an unresolved question whether placental overweight
is the cause or consequence of fetal overgrowth in
diabetes.

Intuitively, possible changes in placental transport in
diabetes may be implicated. Despite altered expression
of placental glucose transporters, perfusion experiments
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Table 3.2 Alterations in fetal levels of pro- or anti-angiogenic factors in pregnancy with gestational diabetes mellitus (GDM) and
Type 1 diabetes mellitus (T1IDM). Both types of diabetes are characterized by enhanced vascularization.

Antiangiogenic Proangiogenic Other

TNF-o VEGF FGF2 PIGF Leptin IGF1 IGF2 Hypoxia Insulin
GDM L59 T30 NC To4 T8 165 16
T1DM 1o Tss NC T64 T29,44 4458 T69 T37

TNEF-0,, tumor necrosis factor-a; VEGE, vascular endothelial growth factor; FGF2, fibroblast-specific growth factor 2, PIGE,
placental growth factor; IGF1, IGF2, insulin-like growth factor 1 and 2; NC, no change

gestational age

maternal circulation fetal circulation

PINF-a?2 [:)
IGF1!

Tglucose“2 [>

placent

wnnAouAs

invasion l ?
I

wnijaylopus

basement membra

leptin' glucoseuT
insulin’2, IGF12 [:) place <:( insulin'2
leptin2, VEGF2 IGF1", IGF2'2, leptin' 2}

|

T1DM GDM

Fig. 3.2 Hypothetical model for diabetes-induced alterations
in human placenta. Elevated maternal tumor necrosis factor-a
(TNF-o) and reduced insulin-like growth factor 1 (IGF1)
levels in Type 1 diabetes mellitus (T1DM) may inhibit
placental invasion, paralleling a higher incidence of early
pregnancy loss in diabetes. Maternal hyperglycemia induces
thickening of the placental basement membrane, hence
reducing oxygen transport. Increased levels of placental leptin
may even further contribute to the excessive extracellular
matrix synthesis. Various factors elevated in the placenta
(IGF2, leptin), maternal (insulin, vascular endothelial growth

IGF1Z, IGF2'2, leptin' 2}
FGF-2'2

oxygen'?, TN F-azl

factor [VEGF]) or fetal (insulin, IGF1, IGF2, leptin)
circulations in diabetes promote proliferation and placental
growth. Placental hypervascularization may be supported by
elevated levels of placental IGF2 and leptin, increased fetal
IGF1, IGF2, leptin, fibroblast-specific growth factor 2 (FGF2),
and reduced fetal TNF-q, as well as by fetal hypoxia. These
derangements in the feto-placental compartment are
characteristic of gestational diabetes mellitus (GDM), overt
diabetes, or both. 'Changed in T1DM; *changed in GDM.
Factors in bold denote similar dysregulation in TIDM and
GDM.
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have demonstrated an unchanged if not reduced trans-
placental glucose transport in GDM" even on a total
placenta weight basis. Studies that also integrate potential
structural changes argue strongly for the steeper mater-
nal-to-fetal glucose concentration gradient as the major,
if not only, reason for increased glucose fluxes across the
placenta in diabetes. This conclusion is also supported by
the unchanged concentration differences for glucose in
umbilical arteries and veins in GDM."

Syncytiotrophoblast amino acid transport systems
may be altered in diabetes.*'® However, even for trans-
port systems that are unaltered, when expressed per unit
protein or tissue weight, an increase in total placental
weight will result in increased nutrient transport. It is
unclear if this will stimulate fetal growth or just serve to
cover the increased fetal nutrient requirements when the
overgrowth of the fetus overgrowth is driven by other
factors.

In all types of diabetes, gross placental structure may
be altered. In particular, the surface and exchange
areas are enlarged' as a result of hyperproliferation and
hypervascularization. The underlying mechanisms for
the villous surface increase are not clear. Maternal hyper-
insulinemia early in gestation is a candidate,® but other
maternal growth factors may also contribute.

The greater placental capillary surfaces may result
from feto-placental counter-regulatory mechanisms to
fetal hypoxia which can be inferred from the elevated
fetal erythropoietin levels, polycythemia, and increased
nucleated red cells often observed in fetuses of women
with diabetes.'"® Materno-placental oxygen supply may be
reduced in diabetes because of:
¢ Decreased maternal arterial oxygen saturation and

increased proportion of glycosylated hemoglobin,

which has a higher affinity for oxygen than non-
glycosylated hemoglobin®

+ Thickening of the trophoblast basement membrane®
although this is not uniformly found®'

+ Under certain instances, reduced utero-placental blood
flow™ as a result of increased flow impedance in the
uterine and umbilical arteries.”**

In addition to impaired oxygen supply, fetal oxygen
demand is increased because aerobic metabolism is
stimulated by fetal hyperinsulinemia. The resulting low
fetal oxygen levels ultimately upregulate the transcrip-
tional synthesis of proangiogenic factors in the feto-
placental compartment. Established examples include
fibroblast growth factor 2 (FGF2), vascular endothelial
growth factor (VEGF), and leptin.>*” Higher levels of
these factors promote placental endothelial cell prolifera-

tion, a key process in angiogenesis. The increase in
placental vascular exchange area against a background
of fetal hypoxia appears paradoxical in a situation of
maternal nutritional oversupply and may underline the
overriding importance of adequate oxygen delivery to
the fetus.

Little is known about the placental changes in the first
trimester, when the developing placenta is exposed to
the maternal diabetic environment, i.e. hyperglycemia,
hyperinsulinemia resulting from the relatively excessive
insulin doses needed to maintain strict metabolic control,
increased expression of TNF-o,”® reduced insulin-like
growth factor 1 (IGF1),” and elevated FGF2.” It seems
reasonable to assume that the diabetic milieu will have
an influence on placental development and function
during this critical period when placental structures are
formed, and the placenta is likely to be most sensitive to
environmental derangements. Placental growth and
development sometimes appear to be retarded in the first
gestational weeks, probably because of a reduction of
trophoblast proliferation resulting from hyperglyc-
emia.’”* A higher incidence of spontaneous abortions®
and pregnancy pathologies, such as pre-eclampsia and
intrauterine growth restriction (IUGR), suggest impaired
trophoblast invasion, which would result in inadequate
placental anchoring and opening of the maternal spiral
arteries.” This is further supported by the reduced utero-
placental blood flow, as observed occasionally*” although
not uniformly.”*

Placental expression and activity of the matrix metal-
loproteinases MMP14 and MMP15, major proteases
involved in tissue remodeling processes associated with
invasion, angiogenesis, and proliferation, are elevated
in Type 1 diabetes’ induced by elevated maternal insulin
and TNF-0.>*” MMP14 and MMP15 accept a remark-
ably wide spectrum of substrates, including components
of the extracellular matrix.”® In addition, mature and
immature cytokines may become activated or inacti-
vated, thus further contributing to the alterations in
diabetes. In particular, the active form of placental
MMP14, which is generated by cleavage by the protease
furin, is elevated in diabetes. Furin contains a HIF1-o
promoter binding site. This makes it tempting to hypoth-
esize that hypoxic conditions in the villous placental
structure in diabetes may be implicated as a cause of
increased MMP14 activity. These results demonstrate
the sensitivity of early placental development to changes
in growth factor and cytokine levels. However, reduced
trophoblast invasion in maternal diabetes still remains
speculative.
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Role of the insulin/insulin-like growth
factor system and leptin

Maternal and fetal hyperleptinemia are well-established
in diabetes and obesity. Both insulin and leptin fulfil
pleiotropic roles beyond the regulation of metabolism,
including stimulating growth factor activity and potency,
which in turn stimulates expression of various target
genes.”” Resistance to insulin and leptin occurs often
coincidentally in human obesity, because of the consider-
able overlap between their signaling pathways.” The
extensive cross-talk between their signaling cascades may
represent a major contributing factor to the diabetes-
induced placental changes, especially in the first trimester
of pregnancy.

Insulin, insulin-like growth factor 1 and 2

The insulin/insulin-like growth factor system is thought
to have a central role in the control of fetal and placental
growth and development.* The insulin receptor and the
highly related IGF1 receptor essentially signal through
two main intracellular pathways:** the extracellular sig-
nal-regulated kinase (ERK)1/2 pathway stimulating pro-
liferation and the phosphoinsitide 3-kinase (PI3K)/
protein kinase B (AKT) pathway mainly modulating
metabolic function.

The feto-placental expression of insulin, IGF1, IGF2,
and their receptors is developmentally regulated in a
tissue-specific manner and can be affected by nutritional
and endocrine conditions.*’ Placental expression of
insulin receptors undergoes a developmental shift from
the trophoblasts in the first trimester to the placental
endothelial cells in the third trimester.”* The placental
IGF1 receptor (IGF1R) is mainly expressed on the basal
membrane of the syncytiotrophoblast. Hence, it is pre-
dominantly accessible for fetal IGF1 and IGF2.> The spe-
cific roles of these growth factors for the human placenta
have not been investigated in great detail. Targeted dis-
ruption of the fetal IGFI, IGF2 or IGFIR gene in mice
resulted in retardation of fetal growth, whereas IGF2
overexpression enhanced fetal growth. IGF1 stimulates
fetal growth dependent on the nutrient supply, whilst
placental IGF2 is a key regulator of placental growth and
nutrient transfer, thereby allowing enhancement of fetal
growth."

The effects of IGF1 and IGF2 can be attenuated or
amplified by soluble IGF-binding proteins (IGFBPs) that
influence their bioavailability. In humans, the most
prevalent IGFBPs in fetal plasma and tissue are the
IGFBPs 1-4. Fetal cord blood data suggest that these
binding proteins may be dysregulated in diabetes in pre-

gnancies.* A decrease in IGFBPs would result in higher
bioavailability of IGFs and thus, indirectly might contri-
bute to fetal overgrowth in diabetes.

The endocrine interaction between mother, fetus, and
placenta is exemplified by the effect of maternal and fetal
insulin on the placenta. Maternal insulin affects placental
development’ via receptors expressed on the microvillous
membrane of the syncytiotrophoblast. In turn, the pla-
centa affects the mother by secretion of hormones,
cytokines, and metabolic waste products. For instance,
maternal insulin upregulates leptin production in tro-
phoblast cells* and, after secretion into the maternal
circulation, leptin enhances maternal insulin resistance.
Both leptin and insulin suppress secretion of placental
growth hormone (PGH) in trophoblast cells.** PGH
can cause maternal insulin resistance.” Thus, a reduction
of PGH secretion by insulin and leptin may represent
a materno-placental forward feedback mechanism, ulti-
mately alleviating maternal insulin resistance.

Fetal insulin affects gene expression in endothelial cells
from placental arteries and veins,” which will directly or
indirectly affect placental and fetal development. The
change of insulin receptor expression from the trophob-
last in the first trimester to the endothelium at term thus
enables maternal insulin to regulate placental function at
the beginning of gestation, whereas as gestation advances,
the fetus takes over control of placental insulin effects’
(Fig. 3.3).

IGF1 and IGF2 stimulate trophoblast invasion® by
upregulation of the metalloproteinases MMP2 and
MMP9 that degrade gelatine and collagen, components
of the extracellular matrix. Lower maternal IGF1 levels in
Type 1 diabetes mellitus may thus contribute to impaired
trophoblast invasion. Insulin and IGFs stimulate nutrient
transport through the syncytiotrophoblast, in particular
the transport of a broad range of neutral amino acids by
upregulation of amino acid transporter system A.*~'
Hence, in GDM, transplacental amino acid transport and
thereby fetal growth may be promoted by the diabetes-
associated increase in maternal concentrations of growth
factors (Table 3.1).

Changes can also be seen in the fetal circulation (Table
3.2). However, the consequence of these changes for the
fetus, apart from the well-known insulin-stimulated fat
accretion, remains unclear.

Leptin

Leptin is a central hormone in metabolic control indi-
rectly promoting insulin resistance.”® In humans, leptin
levels correlate highly with adiposity. However, the
hormone has various functions beyond metabolic
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Fig. 3.3 Spatio-temporal change of insulin receptor expression
in the placenta allows a shift in control of insulin regulation
from the mother to the fetus. Insulin receptor expression
shifts from the trophoblast in the first trimester to the
endothelial cells in the third trimester. In the first trimester,
maternal insulin influences the placenta by interaction with
trophoblast insulin receptors. These may in turn affect the
mother by secretion of cytokines, hormones, or metabolic
waste products. Later in gestation, the fetus takes over control
of insulin-dependent placental processes by fetal insulin
interacting with placental endothelial cells. The effects on
placental development and metabolism induced at the
beginning of pregnancy by maternal insulin along with the
effects of fetal insulin on the placenta later in gestation may
have repercussions on fetal development and metabolism.
(Reproduced from Desoye and Hauguel-de Mouzon,® with
permission of The American Diabetes Association.)

control, such as stimulation of angiogenesis, and regula-
tion of hematopoiesis and the inflammatory response.”
The main source of leptin is adipose tissue, but it is also
expressed in various organs of the feto-placental unit.
During gestation maternal leptin concentrations rise by
30% and the placenta becomes the primary leptin source.

The predominant expression site of the leptin receptor
in the placenta is the syncytiotrophoblast. Leptin induces
human chorionic gonadotropin (hCG) production,
enhances mitogenesis, stimulates amino acid uptake, and
increases the synthesis of extracellular matrix proteins
and metalloproteinases,” implicating a role for the
hormone in the regulation of placental growth. Moreo-
ver, it might be further hypothesized that hyperleptine-
mia contributes to other placental changes in diabetes,
e.g. basement membrane thickening, owing to its ability
to alter collagen synthesis.”* In addition, the proang-
iogenic effect of leptin suggests a contributing role to the
diabetes-associated placental hypervascularization (see
Fig. 3.2).

SUMMARY

Placental structure and function can be changed as a
result of maternal diabetes. The specific nature and
extent of these changes depend on the gestational period
of the diabetic insult and by inference, on the type of
diabetes. Some alterations™ continue to occur despite
improvements in maternal glycemic control over the last
decades, thus indicating that hyperglycemia is not the
only causal factor. However, various changes in villous
morphology may improve if diabetes is well control-
led."™ Maternal and fetal concentrations of several
growth factors, cytokines, and hormones are also altered
in diabetes and may affect fetal and placental growth and
development. Current research in this area is trying to
identify the specific biologic effects and the detailed
mechanisms underlying them.
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PRACTICE POINTS

¢ Historical concepts reveal the roots of today's practice.

e Diabetes as a clinical disorder has a very long history.

o |t is less than 200 years since the first recorded case of
pregnancy in a mother with diabetes. The prognosis then was
very poor.

One hundred years later the first case where insulin was used
had a successful outcome.

Gestational diabetes is still a concept under investigation - its
roots go back to the first recorded case.

A chapter on historical concepts needs a date to set the
scene. Diabetes has a very ancient bibliography, going
back to the Egyptian Ebers papyrus in 1500 Bc, with sub-
sequent references in Greek by Hippocrates and Aristotle,
updated by the Arabian physician Avicenna, as well as
independent observations in early Hindu, Chinese, and
Japanese manuscripts. Written records of human preg-
nancy are older still. So it is perhaps strange that the first
reference to diabetes in pregnancy is as recent as 1824.
The story of that patient with gestational diabetes, and
her problems in delivering a stillborn 121b baby, was well
recorded by Dr Heinrich Bennewitz in Berlin.' The only
possible treatment was venesection, rest, and some indef-
inite food supplements.

In 1882 Dr J. Matthews Duncan (Fig. 4.1), then at St
Bartholomew’s Hospital London, emphasized the very
poor outlook for both mother and fetus”. He summarized
reports of 22 pregnancies in 15 diabetic mothers — half of
the mothers and half of their babies were dead at or soon
after delivery. In the USA by 1909 things were marginally
more optimistic. Dr J. Whitridge Williams, Professor of
Obstetrics at the recently built Johns Hopkins Hospital

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

in Baltimore, was concerned to emphasize that the prog-
nosis was “not always so alarming as is frequently stated”.
He had made a study of the several types of glycosuria
found in pregnancy, and carried out what may have been
the first prospective screening program for what has
become known as gestational diabetes. Although this was
largely dependent on simple urine tests for reducing sub-
stances, he actually found a few cases of true glucosuria
in a sample of 167 cases found to have “sugar” in their
urine during their pregnancy.’

Dr Eliot Joslin practiced in Boston both before and
after the discovery of insulin, and his textbook in its
continuing editions is a demonstration of the enormous
advance which insulin treatment offered. By 1915 he had
treated only seven cases of diabetes and pregnancy, and
only three of these mothers were still alive.* The subse-
quent legacies of several well-remembered clinicians to
the historical development of present day care of the
diabetic woman in pregnancy have been well summa-
rized by their colleagues.””

One hundred years after the publication of the report
by Bennewitz, another seminal publication recorded one
of the first diabetic pregnancies successfully managed
with insulin, which had just been discovered in 1923 by
Banting and Best,® and was rapidly made available for
clinical use. Dr George Graham (Fig. 4.2), also of St
Bartholomew’s Hospital (Fig. 4.3), presented his report
to the Royal Society of Medicine in London in 1924, and
it is worth reproducing in full as a focus for discussion
on many aspects of clinical care which are still relevant
over 80 years later.” The first case reported from the USA
at the same time was on the use of insulin in diabetic
coma complicating pregnancy."

“The outlook of a patient with true diabetes mellitus complicat-

ing pregnancy has always been considered as being very unfa-

vourable. Whitridge Williams reports the results of sixty-six
cases; 27 per cent of the women either died at the time of labour
or within two weeks of it, and 23 per cent in the next two years.
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Fig. 4.1 Dr James Matthews Duncan: 1826-1890. MD
Aberdeen; Physician for Diseases of Women, Royal Infirmary
of Edinburgh; subsequently Professor of Midwifery, St
Bartholomew’s Hospital, London. (Reproduced with
permission of the Royal College of Physicians of Edinburgh.)

Of the children, 12 per cent were born dead as the result of
abortion, and of those which came to term, 33 per cent were
born dead.

It is impossible to say how many of the women really had true
diabetes mellitus in a severe form, as the data are lacking, but it
is fairly certain that the outlook of the diabetic patient who
becomes pregnant is a bad one. The introduction of insulin in
the treatment of diabetes has altered the prospects of the diabetic
patient, and it is important to consider how much the outlook
of the pregnant woman has been altered. I have had the oppor-
tunity of watching one woman who had been treated with
insulin before conception and has given birth to a healthy child.

The patient, aged 34, had already had one child. She was
quite well until she had a sudden onset of thirst, and became
very irritable, in October 1922. The sugar was discovered by Dr
Philps about fourteen days after the onset of the symptoms. She
was dieted by removal of the carbohydrates of the diet, but not
very drastically, and she also did not adhere closely to the pre-
scribed diet. I first saw her with Dr Philps in June 1923, as she
had become very thin and weak. She then looked ill, and had
obviously lost a great deal of weight. She was very constipated,
and the abdomen was moving rather deeply with respiration, as

asd 40

Fig. 4.2 Dr George Graham: 1882-1971. Consulting
Physician, St Bartholomew’s Hospital, London. He was one of
the early physician biochemists, and the first to describe renal
glycosuria. He was the last important UK link with the
preinsulin era, remembered for his “ladder diet” of gradually
increasing carbohydrate intake. (Reproduced with permission
of St Bartholomew’s Hospital Archives.)

though she was approaching coma. The knee-jerks were active,

and there was no other sign of disease. The urine contained a

great deal of sugar ,and gave a brisk reaction for aceto-acetic

acid. The blood sugar was not estimated then, as the diagnosis
was not in doubt.”

This patient must have been one of the very first to
have been treated with insulin in London, in June 1923.
Although aged 34, the presence of aceto-acetic acid in the
urine (identified by the old ferric perchloride test, which
was less sensitive but easier than the nitroprusside test for
acetone), and extreme weight loss in spite of poor dietary
adherence indicate what we now term Type 1 diabetes.
Dr Graham continued to use the severe dietary restric-
tion which was all that was possible before insulin — his
1350 calorie diet, giving 5% energy as carbohydrate and
78% as fat, would not please present day dietitians, but
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Fig. 4.3 St Bartholomew’s Hospital, London. The King Henry VIII gateway. (Reproduced with permission of St Bartholomew’s

Hospital Archives.)

it certainly worked in the short term. After 2 months he
allowed a very cautious increase to 1500 calories. The
small dose of insulin by present day standards (10U
short-acting insulin once a day) clearly improved her
general health and strength, but the energy restriction
may have been of more benefit in achieving his aim of
“resting” the islets of Langerhans — there has been some
renewal of interest in this concept recently.
“She was treated drastically with two starvation days, and five
units of insulin on the first day. The urine was sugar-free after
the second day, and the diet was gradually increased up to:
protein 57 grm, fat 118 grm, sugar 16 grm, caloric value 1,360;
calories per kilo 30. The blood sugar one week later was 0.11 per
cent [6.1 mmol/L; 110mg/dL], and insulin administration, 10
units, was begun on the tenth day in order to give the islets of
Langerhans as little work to do as possible. She improved greatly
in health and strength during the next eight weeks while she
was in bed, and gained 11b in weight in spite of the low caloric
value of the diet. The blood sugar remained between 0.1 per cent
[5.5mmol/l; 100mg/dL] and 0.12 per cent [6.6mmol/L,
120 mg/dL], and the diet was increased to protein 70grm, fat
126 grm, sugar 21 grm, calories 1500 on August 29.”

Although she was “in bed” for the first 8 weeks of
insulin treatment — probably at home rather than in
hospital — this did not interfere with conception, which
must have occurred very soon after starting the new drug.
There would not have been any package insert or National
Institute for Health and Clinical Excellence (NICE)
guideline regarding the unknown effects of this new
therapy on pregnancy, but doctor, patient, and husband
must all have been pleased with the outcome.

“Sometime about the third week after the insulin treatment was

begun the patient became pregnant in spite of precautions. On

August 29, 1923, she had missed two menstrual periods, but she

seemed very well, and the blood sugar was normal. I regret now

that I did not test out her sugar tolerance with a dose of 50 grm
of dextrose for the sake of comparison with her present condition
and with that of other patients. Until December 10, 1923, she
kept very well, and was then six months pregnant, and was 91b
heavier than in August. There did not seem any indication to
interfere, especially as the parents wished for another child.

Unfortunately she was developing a severe coryza that after-

noon, and the blood sugar was 0.19 per cent [10.6 mmol/L;

190 mg/dL]. She was told to stay in bed, and to increase the dose
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of insulin so long as she was ill, but for various domestic reasons
she did not do so. The illness, which was perhaps influenza,
made her quite ill, and by January 4, 1924, she had lost a good
deal of weight and felt very weak. The blood sugar was 0.24 per
cent [13.3mmol/L; 240 mg/dL] although she had had 15 units
of insulin six hours before the blood was collected.”

As so often happens, the pregnancy may have been
unplanned from Dr Graham’s point of view, but the
patient and her husband were clearly happy in spite of
the medical opinion. When he saw her at 6 months of
gestation she was developing some form of infection —
this was not long after the severe pandemic of influenza
throughout Europe, and he advised bed rest. But it was
Christmas time, and she kept going somehow, but lost
weight and became “quite ill”. Infection was the main
cause of uncontrolled ketoacidosis in those early days of
insulin therapy — we would increase the insulin dose
more today, even if we still do not have effective antiviral
chemotherapy.

“The question of terminating the pregnancy was considered in

consultation with Dr. P. R. Bolus and Dr F. G. K. Philps, but it

was decided not to do anything at that time as it was thought
too dangerous while the diabetes was so severe. She was therefore
kept in bed on a much reduced diet, and the insulin was
increased to 15 units in the morning and 5 at night. On this
regime she ceased to pass sugar in the urine, but the fasting blood
sugar was 0.2 per cent [11.1 mmol/L; 200mg/dL) on January

12. On January 26 the blood sugar had fallen to 0.14 per cent

[7.7mmol/L; 140 mg/dL], and the dose of insulin was reduced

to 10 units in the morning and 5 at night. The diet was kept

constant at protein 57 grm, fat 117 grm, sugar 16 grm, caloric

value 1,360. This is the same diet she was having in July 1923,

and at that time she was only having 10 units of insulin in the

day and the blood sugar was normal. The insulin requirements
of the patient had therefore increased by 5 units, but whether
this was the result of the pregnancy or only of the influenza
from which she was suffering cannot be stated with any
certainty. As she was feeling better but still weak the diet
was increased to protein 74grm, fat 138grm, sugar 23grm,

caloric value 1,600.”

Termination of the pregnancy at 7 months was a
drastic option, and his two colleagues must have been as
optimistic about the pregnancy as they were afraid of the
diabetes and the dreaded ketoacidosis. Cesarean section,
or even premature delivery, was not possible, especially
in an uncontrolled diabetic patient. Most of the maternal
deaths in diabetes in pregnancy were due to the diabetes
rather than obstetric problems. The small increase in the
insulin dose was probably sufficient in view of the severely
restricted food intake. Perhaps the nutritional deficiency
helped to prevent fetal macrosomia in the last weeks of
pregnancy.

“Labour began on March 3, 1924, and was conducted by Dr
Bolus. Scopolamine and morphia were given, and the labour
terminated very easily. The child was quite healthy, and the
patient was not unduly disturbed. During the first 10 days of
the puerperium the diet was increased by 40 oz of milk, and 15
extra units of insulin were given to look after the extra sugar —
protein 114 grm, fat 174 grm, sugar 65 grm, caloric value 2,250.
The extra sugar was given with the object of having more sugar
in the body in a form in which it could be used, so that the
patient might be able to deal with any minor septic complica-
tions which might arise. Fortunately there were no complica-
tions at all.”

Fortune favours the brave, and all went well. He made
no further comment on the baby, who was presumably
of normal size and appearance. With the small doses of
insulin there was little risk of hypoglycemia, which does
not seem to have become a problem in diabetes in preg-
nancy for many years, until the desire for totally normal

blood glucose as well as normal food intake necessitated

more insulin. Various forms of long-acting insulins have
probably exacerbated the tendency to hypoglycemia,
both in early gestation and postpartum.

“The increase in the sugar caused her to excrete sugar again, as

the insulin was not quite sufficient, but it was thought better to

allow her to excrete sugar for a few days than to run any risk of
overdosage, as the insulin requirements might have been much
less as the result of the termination of the pregnancy. On the
tenth day the milk was reduced to 40z and the insulin to 18 units
in the morning and 8 units at night. She made a good recovery

and has felt very well and much stronger. On March 26, 1924,

the blood sugar was 0.2 per cent [11.1 mmol/L; 200 mg/dL],

although she was not passing any sugar, and as it was still at
this figure on April 5, the milk was stopped altogether and the
insulin increased by another 2 units to 28 units.”

The concept of allowing rather higher blood glucose
immediately post delivery would still find favor today.
It is not clear if the baby was breastfed, but this was pro-
bable in those days, at least initially. We would all like to
know what happened in the future — this baby could now
be 94 years old.

“On reviewing the case it is clear that the sugar tolerance has

diminished considerably during the past ten months, but

whether this is due to the pregnancy or to the influenza it is
impossible to say. The prognosis in any case of true diabetes
mellitus is affected in various ways, and one of the most serious
is the incidence of infections of any kind. If, therefore, a diabetic
woman becomes pregnant, it seems probable that she will be
liable to many more dangers than before, even if the strain of
the pregnancy does not cause any ill effects. The special danger
is that of sepsis during parturition, as the patient’s resistance to
this will probably be very small. Although the present case shows
that a pregnancy can be carried through successfully on a diet
of low caloric value with the help of insulin, it seems to me that
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the patient runs a grave risk of the diabetes being made consider-

ably worse.”

Doctors are always inclined to dwell on the risks — his
fear of long-term exacerbation of diabetes by pregnancy
has not been confirmed. The reduction of the risk of
infection may have been just as important as the use of
insulin.

HISTORICAL ASPECTS OF DIABETES
IN PREGNANCY

The most comprehensive assessment of the historical
publications on diabetes and pregnancy is by Mestman,
an endocrinologist and obstetric physician who has
worked in Southern California since 1960." Following
the paper by Matthews Duncan in 1882,> Mestman
indicates the major change which followed was the
introduction of insulin, allowing a woman with diabetes
to carry a full-term pregnancy and deliver a healthy
infant. He documents the dramatic reduction in mater-
nal mortality, and the more modest improvement in
perinatal mortality and morbidity. It was not until the
recognition of the need for a team approach, from
obstetrician, diabetologist, and pediatrician, that the
fetal outcome improved." The gradual introduction of
obstetric (or maternal/fetal medicine) tests to assess
placental function,” fetal well-being," and fetal lung
maturity" resulted in the reduction of three of the causes
of fetal loss — sudden intrauterine death, neonatal death,
and birth trauma due to macrosomia. Not all of these
tests have stood the test of time, but the academic interest
which they generated was largely responsible for the rec-
ognition of diabetes in pregnancy as a high-risk process,
requiring special supervision not available except in
centers of excellence. This left congenital fetal abnormali-
ties as the residual problem, even in these centers. Basic
animal and human research then showed that poor gly-
cemic control at the time of conception and soon after
was a major cause of both congenital abnormalities and
spontaneous abortion.'® However, the provision of this
degree of detailed care for all diabetic mothers at a com-
munity level has been more difficult to achieve, and a
number of national surveys have shown deficiencies in
many aspects of this healthcare provision."”

Definition of gestational diabetes

Another reason for differing results has been the actual
definition of “gestational diabetes mellitus” that has been
adopted. The early reports concentrated on a specific

pregnancy-induced problem, which was assumed not to
have been present before, and shown not to be present
after the pregnancy. The most controversial topic in the
early days was the significance of the finding of sugars of
various types in the urine, and the role of this finding in
the diagnosis of asymptomatic diabetes. J. W. Williams
in Baltimore, USA came to a number of conclusions in a
review of the literature up to 1909.> His own studies
showed that between 1 and 3 g/L of sugar in the urine was
most likely physiologic, but more than this suggested
diabetes, particularly early in pregnancy or if symptoms
were present. In 1926 Lambie in Edinburgh reviewed the
problems associated with glycosuria and acetonuria in
pregnancy, and discussed the details of a 50-g oral glucose
tolerance test with calculations of what he termed the
ketogenic—antiketogenic balance.' Perhaps the earliest
report of glucose “intolerance” in pregnancy, quoted by
Lambie, was in the thesis in Paris by Brocard in 1898,
who found glycosuria 2 hours after ingesting 50g of
glucose in 50% of pregnant compared to 11% of non-
pregnant women. Ten years after the discovery of insulin,
a complete literature review was published by Eric
Skipper of 136 pregnancies in 118 diabetic women, and
of a further 37 under his own care at the London Hospi-
tal."” Among other important observations, he drew
attention to the high fetal mortality (39%) in women
where the apparent onset of the diabetes was during the
pregnancy, almost as high as that with onset before preg-
nancy (46%). Priscilla White in 1949 (Fig. 4.4) summa-
rized her long experience at the Joslin Clinic in Boston
in a classic paper which established what became known
as the “White Classification””® White class A indicated
women with “a glucose tolerance test which deviates but
slightly from the normal” either before or during the
pregnancy, who were treated with diet alone, and was
never synonymous with gestational diabetes, which was
uncommon in the established diabetic population of the
Joslin Clinic. Subsequently, J. W. Hare revised the clas-
sification to separate gestational diabetes from the alpha-
betic list,” but the overall classification has now outlived
its usefulness.

Screening for hyperglycemia
in pregnancy

Gradually antenatal screening for unrecognized hyper-
glycemia in pregnancy became established, although
without an unequivocal evidence base, and the screening
processes used were different in different countries.”*
In historical terms, different screening and diagnostic
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procedures, even within the same country, as well as the
increasing incidence of diabetes in the background popu-
lations and the rapidly altering demographic trends in
human reproduction, have resulted in considerable vari-
ation in the reported prevalence. In Scandinavia the
outcome of pregnancy in indigenous women has for
many years been better than in other parts of Europe, and
these differences are also seen in the diabetic populations.
The increasing prevalence of obesity and the immigration
of women from ethnically different populations have
altered these findings, and recent studies are more similar
to the North American experience.

Following major studies in Boston®” and Philadel-
phia,* it became necessary for the obstetrician to identify
these mildly hyperglycemic mothers during the antenatal
period without knowledge of their prepregnancy glyc-
emic status, and follow-up after delivery was only rarely
attempted. A number of International Colloquia on Car-
bohydrate Metabolism in Pregnancy (four held in Aber-
deen, Scotland between 1973 and 1988) failed to reach a
transatlantic or worldwide consensus on what dose of
glucose to use, how to give it, or when to measure blood
glucose subsequently to test for hyperglycemia during
pregnancy,” and it was not until the first of five Work-

Fig. 4.4 Dr Priscilla White, with Dr Eliot
Joslin, at the Joslin Clinic, Boston.
(Reproduced with permission from the
Joslin Archives, Joslin Diabetes Center,
Boston, USA.)

shop-Conferences on Gestational Diabetes, which have
been held in Chicago, USA, that the definition “carbohy-
drate intolerance of variable severity recognized for the
first time in pregnancy” was adopted by most centers.*
This allowed a definite subgroup of women to be identi-
fied at 28 weeks of gestation, and many outcome studies
on such selected populations have been published.

The use of the term “intolerance” has concentrated
both clinicians and researchers on the need for a glucose
tolerance test. This perceived need to test intolerance
persists in the 50-g, 1-hour screening test, which became
established in the USA following the O’Sullivan papers.”
However, there has always been a concept that fasting (or
basal) hyperglycemia might be a better indicator of the
disorder of diabetes mellitus than a post-glucose meas-
urement, but in pregnancy this is confounded by the very
definite fall in fasting glucose values which occurs early
in the gestation and continues until late in the third
trimester. So, a definition that used the fasting value
might identify a different population from that using
a post-glucose value — especially if the fasting value was
compared to a non-pregnant baseline. This was the
problem produced by the World Health Organization
(WHO) definition of gestational diabetes (which was
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(A)

Fig. 4.5 ”Giant islets of Langerhans”. From the first report
of the fetal islet response to maternal hyperglycaemia.
(A) Pancreas of the newborn, delivered form a glycosuric

pronounced by a committee which did not include an
obstetrician, and assumed that non-pregnant values for
hyperglycemia, both fasting and post glucose, would be
those deleterious to both mother and fetus).*

With continuing confusion as to whether fasting or
post-glucose results, or both, or any two of three which
might or might not include a fasting value, the stage was
set for much difficulty in reaching an international con-
sensus or comparing results. This was best shown by the
large Brazilian screening study, where concordance was
poor between pregnancies identified by the WHO criteria
and the adjusted Carpenter and Coustan modified
O’Sullivan criteria.”* The publication of the Hypergly-
cemia and Adverse Pregnancy Outcome (HAPO) study
and the subsequent consensus conference in 2008 will
allow worldwide agreement and recognition of the actual
level of risk for the major outcome problems related to
milder degrees of hyperglycemia.” Hopefully, confusion
and disagreement will be relegated to the history books,
and appropriate preventive measures and treatment
where necessary will follow.

Stillborn infant of a glycosuric mother

There has been an interest in the histologic appearance
of the islets of Langerhans in the pancreas of the infant
of a diabetic mother from an early time in this field. In
1920 Dubreuil and Anderodias described strikingly large
islets in a stillborn child of a glycosuric mother (Fig. 4.5),
which was later confirmed by other investigators.”> By
1938 Brandstrup and Okels in Copenhagen were able to
assume that this represented fetal hyperproduction of
insulin; they postulated that this might assist the mother,
but could be fatal to the child by production of hypogly-

(B)
mother. IL, giant islets of Langerhans; Ac, pancreatic acini.

(B) Pancreas of a normal newborn. Cl inlob, interlobular
septum. (Reproduced from Dubreuil and Anderodias™.)

cemia.” The more precise definition of what is now
known as the Pedersen hypothesis®™ has its roots in these
earlier observations. Retrospective chart studies of birth-
weights of infants born to mothers who subsequently
became diabetic followed these pathologic investigations,
and the concept of a prediabetic period was estab-
lished.” Although not all workers agreed with this
concept,” the high prediabetic perinatal mortality rate
remained an obstetric challenge,” which led to the
concept of hyperglycemia in pregnancy or gestational
diabetes as we understand it today.

CONCLUSIONS

Nearly 200 years after the first recorded pregnancy in a
diabetic mother, and over 80 years since the first success-
ful pregnancy where insulin was used, it is still interesting
to revisit some of the original papers describing the fail-
ures and more recently the successes of the pioneers in
this field. Whether the authors considered the pregnancy
was complicating the diabetes or vice versa depended
on whether they were diabetologists or obstetricians;
eventually it became clear that both needed to work
together. These authors were working with much less
understanding of what was going on from a physiologic
point of view, and without the therapeutic guidelines and
evidence base we are now accustomed to, but the data
which they recorded remain the basis of our practice
today.
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Screening for hyperglycemia

in pregnancy

David A. Sacks
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PRACTICE POINTS

e Screening tests identify women at risk for a disease, and are

used to select those at higher disease risk for definitive

testing for gestational diabetes mellitus (GDM).

Currently, there is no international consensus regarding

criteria for either screening or definitive testing for GDM.

The lower the threshold glucose concentration to indicate an

oral glucose tolerance test (OGTT), the greater the number of

women who will need to undergo the definitive test.

Glucose challenge tests are poorly reproducible and vary with

the time of day and the time since the last meal prior to the

test.

The use of random glucose and fasting glucose as screening

tests has not been shown to be superior to testing with the

50-g glucose load. The poor reproducibility of the 50-g,

1-hour glucose screening test (GST) may result in those at

risk for GDM not being treated for GDM.

¢ Development of a simple screening and/or diagnostic test for
GDM must be evaluated in the light of the HAPO study
results.

CASE HISTORY

A 37-year-old woman, G3P2, presents for her first pre-
natal visit at 9 weeks of gestation. She gives a history of
having had insulin-requiring diabetes discovered during
her last pregnancy. The latter ended in the vaginal deliv-
ery of a 4200-g neonate following induction of labor at
38 weeks. Her father and one of her two sisters are being
treated for diabetes with diet and oral hypoglycemic
agents. Her current body mass index (BMI) is 41 kg/m®.
At this visit, she is given a 50-g, 1-hour GST, with a result
of 6.7mmol/L (121 mg/dL).

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

+ What are the current screening recommendations for
GDM?

+ Should this woman be treated empirically for GDM
or glucose intolerance?

+ Should she start home blood glucose monitoring?

+ Should this woman have an OGTT now, or later in
gestation? If the latter, should another 1-hour
screening test be done to determine the necessity for
a full OGTT?

+ When in gestation should the second test(s) be

given?

Should a different screening tool be used?

+ If a second screening test is selected, should the same
50-g dose be used?

+ Will it make any difference at what time of day
the test is performed, or whether the woman has
fasted for some hours prior to taking the screening
test?

BACKGROUND

The questions posed in the case history have been
addressed in several studies. Not all studies have reached
the same conclusions about the same issue. Some have
questioned the need for any screening for GDM. Their
argument rests on the paucity of data demonstrating that
the treatment of GDM causes a positive change in mater-
nal, perinatal, or neonatal outcomes.' However, two ran-
domized controlled trials have demonstrated a reduction
in large for gestational age neonates and in birth trauma
with treatment for GDM.>’

Conventionally, a screening test is employed to deter-
mine whether a definitive diagnostic test (OGTT, in the
context of GDM) is indicated. Over the years much con-
troversy and confusion has existed over how and when to
screen for GDM. A variety of screening tests and testing
protocols have been recommended (Table 5.1A).*° This
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Table 5.1 (A) Details of protocols for screening for gestational diabetes. (B) Factors specified by different groups to define high risk.

A
Source Selective Whom to screen When to test Which screening Threshold indicating an ¢ Diagnostic test
Screening test OGTT Glucose Definition of GDM
load (g)
ADA* Yes All pregnant women  As soon as feasible One step: no 75 FPG 5.3 mmol/L (95mg/dL)
Definitive test only if strong family screen 1-h PG 10.0mmol/L (180 mg/dL)
if meet all of hx of DM, obese, 2-h PG 8.6 mmol/L (155mg/dL)
criteria for high prior GDM, >2 results must be equaled or
risk glycosuria. If no exceeded)
GDM, retest @
24-28 weeks
All others: 24-28 Two step: 7.8 mmol/L (140 mg/dL) 100 FPG 5.3 mmol/L (95mg/dL)
weeks 50g, 1h detects 80% of GDM 1-h PG 10.0mmol/L (180 mg/dL)
7.2mmol/L (130 mg/dL) 2-h PG 8.6mmol/L (155mg/dL)
selects 90% of GDM 3-h PG 7.8 mmol/L (140 mg/dL)
(22 results must be equaled or
exceeded)

ADIPS®  Yes All patients If High suspicion of No screening test 75 FPG >5.5mmol/L (100 mg/dL)
resources are GDM: any time recommended 2h PG >8.0mmol/L (144 mg/dL)
limited, or GDM (Aus)
incidence low, All others: screen @ 2h PG >9.0mmol/L (162 mg/dL)
test only those 26-28 weeks 50g, 1h 7.8 mmol/L (140 mg/dL) (NZ)
with risk factors or

75g,1h 8.0mmol/L (144 mg/dL)

CDA® Yes All but low risk (age 24-28 weeks 50g, 1h 7.8 mmol/L (140 mg/dL) 75 FPG 5.3 mmol/L (95mg/dL)
<25, Caucasian, 1-h PG 10.6 mmol/L (190 mg/dL)
no personal or 2-h PG 8.9mmol/L (160 mg/dL)
family hx of (=2 results must be equaled or
diabetes, no hx of exceeded)
large babies) If 50g, 1-h screening test result is

>10.3 mmol/L (185mg/dL),
patient is assumed to have GDM

DPSGI”  Yes All pregnant women  24-28 weeks 75g,1h Same as ADA 75 2-h PG 7.8 mmol/L (140 mg/dL)

NICE? Yes Prior GDM 16-18 weeks Screen with risk SMBG or OGTT 75 FPG 27.0mmol/L (126 mg/dL)

Women with risk 24-28 weeks factors or

factors and those
with prior GDM
not found to have
GDM on earlier
testing

2-h PG 27.8 mmol/L (140 mg/dL)

9%



SIGN’ Yes Check for glycosuria  Every visit 28 weeks ~ Screen urine GTT if RBS: 75 FPG >5.5mmol/L (100 mg/dL)
every visit. If 22+, glucose >5.5mmol/L Or
get RBS (100mg/dL) 2-h PG >9.0 mmol/L (162 mg/dL)
RBS for all others >2h post-meal or
>7.0 mmol/L
(126 mg/dL)
<2h post-meal
WHO"  Unclear “... may be “Formal systematic No screening test 75 FPG <7.0mmol/L (126 mg/dL)
appropriate” to testing for GDM recommended and
test high-risk is usually done 2-h PG 27.8 mmol/L (140 mg/dL)
women during 1% between 24 and and 2-h PG <11.1 mmol/L
trimester 28 weeks” (200 mg/dL)
or
FPG >7.0mmol/L (126 mg/dl) or
2-h PG 211.1 mmol/L (200 mg/dL)
B
Source Increased maternal age Ethnicity  Glycosuria ~ Prior GDM Overweight/obese Family history Prior large baby Prior adverse pregnancy
of DM outcome
ADA' J v v ol v ol v
ADIPS® < v v v ol ol
CDA® v v v
DPSGI’
NICE? v v v v v
SIGN’ v
WHO" v ol v

hx, history; FPG, fasting plasma glucose; PG, post-glucose; DM, diabetes mellitus, GDM, gestational diabetes; GTT, glucose tolerance test; OGTT, oral glucose tolerance
test; ¢, change to random plasma glucose (RPG) throughout; ? RBS, Random blood sugar; SMBG, self-monitored blood glucose; ADA, American Diabetes Association;
WHO, World Health Organization; CDA, Canadian Diabetes Association, NICE, National Institute for Health and Clinical Excellence; SIGN, Scottish Intercollegiate
Guidelines Network; ADIPS, Australasian Diabetes in Pregnancy Society; DSPGI, Diabetes in Pregnancy Study Group of India.
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chapter will review the current issues surrounding screen-
ing for GDM. It will address concerns regarding the
method, timing, and frequency of testing for hyperglyc-
emia in pregnancy, threshold values used to indicate an
OGTT, and whether a screening test need be utilized at all
in deciding whether or not to perform an OGTT during
pregnancy.

DEFINITIONS

The terms “screening” and “diagnosis” are often used
interchangeably. In the context of detecting glucose
intolerance in pregnancy, a screening test is one that
identifies women at greater or lower risk for diabetes,
depending upon whether the test results fall above or
below a threshold glucose concentration, respectively.
It does not, however, identify those who do or do not
have the disease. Most testing algorithms require that
women exceeding a selected threshold concentration on
the screening test proceed to a definitive test (OGTT).
Thus, a screening test for diabetes identifies a subgroup
of the population which is at greater risk for the
disease. Within this subgroup, a relatively small minor-
ity will be found to have diabetes. Conversely, within
the subgroup defined as being at lesser risk, there will
be another minority who, if tested, would also be
found to have diabetes. In contrast to a screening test,
an OGTT (the diagnostic test) will usually provide a
definitive answer as to the presence or absence of
diabetes.

SCREENING

Universal versus selective screening

There is no consensus among international bodies as to
whether screening for GDM is justified, and if so, whether
universal or selective screening is most appropriate
(Table 1A).*" The argument for selective screening is
primarily one of cost savings. However, to be both cost-
effective and clinically useful, a screening test must be
both sensitive and specific. As will be discussed, few data
exist for determining both of these important charac-
teristics for any screening test for GDM. The ideal would
be to develop a definitive test which requires little pre-
paration and takes little time to perform, without requir-
ing the prior interposition of a screening test, and which
could be applied to the entire obstetric population. This
universal approach to testing for GDM has been recom-
mended by some.

Screening by clinical characteristics

In all likelihood, because of the time and expense of
screening, criteria based on patients’ demographics and
medical histories have been proposed to select those
patients who should receive definitive testing for GDM.
This screening method is attractive, because it utilizes
readily ascertainable information. Included among the
risk factors used to select women for definitive testing are
increased maternal age, membership of an ethnic group
known or suspected to have a greater prevalence of GDM
and/or of non-gestational diabetes, random glycosuria,
GDM in a prior pregnancy, overweight and obesity, a
family history of diabetes, and a prior large baby (Table
5.1B). Unfortunately, each of these factors is not uni-
formly, and is sometimes vaguely, defined. Furthermore,
to determine the proportion of women with one or more
of these risk factors who have GDM (positive predictive
value), glucose tolerance testing has to be performed on
only those women who have one or more risk factors. To
determine the proportion of all women with GDM who
have one or more risk factors (sensitivity), and those who
have GDM but no risk factors (false negative rate), defini-
tive (glucose tolerance) testing would have to be done on
all pregnant women. Few studies with this design have
been reported. Perhaps as a consequence of the lack of
pertinent data, the selection of risk factors currently rec-
ommended to determine candidacy for glucose tolerance
testing is not uniform (Table 5.1B).*"

Screening tests using glucose loads

Screening for hyperglycemia during pregnancy using a
50-g oral glucose load followed by a blood sample for
glucose concentration 1 hour later is likely the most com-
monly used method to determine whether or not a
patient merits an OGTT. While it offers the advantages
of simplicity and ease of interpretation, the test has sig-
nificant drawbacks, which have become evident over the
years.

History

To determine the proportion of the patient sample which
will be correctly or incorrectly identified as being at risk
for a given disease, both the screening and the definitive
test must be administered to all subjects. In 1973,
O’Sullivan et al published a study in which both a 50-g,
1-hour GST and a 100-g OGTT were administered to 752
unselected women, most of whom were in the second
and third trimester. The authors determined that a
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Table 5.2 Methodology and results of a study of the 50-g, 1-hour glucose screening test for gestational diabetes mellitus (GDM)."

N = 752 unselected pregnant women, all but 20 in second or third trimesters

Medium tested: venous whole blood
Glucose assay method: Somogyi—Nelson

Glucose screening test (GST)
* Load: 50 g of glucose administered in the afternoon

+ Threshold defining a positive screen: 7.2 mmol/L (130 mg/dL) 1 h after ingestion of glucose load

Glucose tolerance test (GTT)

+ Load: 100 g of glucose administered after 3 days of 250 g of carbohydrate for 3 days followed by an overnight fast
+ Threshold defining GDM: at least two of the following values equaled or exceeded: fasting 5.0 mmol/L (90 mg/dL); 1-h
9.2 mmol/L (165 mg/dL), 2-h 8.0 mmol/L (145 mg/dl); 3-h 6.9 mmol/L (125 mg/dL)

Results
GDM
Present | Absent
Sensitivity = TP/TP + FN = 15/19 = 79% GST | [+] 15 94
Specificity = TN/TN + FP = 639/639 + 94 = 87% (TP) (FP)
PPV =TP/TP + FP = 15/15 + 94 = 14% -] 4 639
= = — 990
NPV = TN/TN + EN = 639/639 + 4 = 99% (EN) (TN)

TP, true positives; FP, false positives, TN, true negatives; FN, false negatives; PPV = Positive predictive value, NPV, negative

predictive value

threshold value of 7.2 mmol/L (130 mg/dL) detected 79%
of women who subsequently had a positive OGTT,
while 87% of those without GDM would not have been
(unnecessarily) tested with the OGTT! (Table 5.2).
Although multiple studies have since appeared employ-
ing a variety of screening tests for GDM, few have admin-
istered both screening and definitive tests to all subjects.
This is an important omission, as it leaves unanswered
the question of what proportion of the patient sample
that has GDM will be detected or missed by testing only
those above the threshold value selected for a particular
screening test.

Screening test thresholds

It is unclear from the O’Sullivan data why a threshold of
7.2mmol/L (130 mg/dL) was chosen for the 50-g, 1-hour
screening test. Selection of a lower screening threshold
results in detection of a greater proportion of women
within the population who have GDM (i.e. increased
sensitivity of the screening test), but at the cost of select-
ing for definitive testing more women without GDM (i.e.
reduced specificity) (Fig. 5.1). In the O’Sullivan study,
the selection of the 7.2mmol/L (130mg/dL) threshold

TEST THRESHOLD

——t

Non-

Diseased TEST

RESULT

ﬁeased VALUES

Exéludes Normals: High Specificity

Identifies All Disease: High Sensitivity

Fig. 5.1 Hypothetical distribution of results of a diagnostic
test (curves) and a screening test for the disease (horizontal
line). The lower end of the distribution of values is on the left,
and the upper end on the right. The influence of raising or
lowering the screening test threshold may be envisioned by
moving the vertical line to the right or left. (Reproduced from
Carpenter and Coustan,"” with permission from Elsevier.)

provided a reasonable sensitivity of 79% and a specificity
of 87%, but it should be noted that there were only
19 subjects who had GDM among the 752 studied. It is
likely that a few more diabetic women on either side
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of the 7.2mmol/L (130mg/dL) threshold would have
substantially altered the performance of the screening test
(Table 5.2).

One of the difficulties in applying the O’Sullivan data
is that over the years changes have occurred in glucose
assay methods and the medium assayed. First, the less
specific (Somogyi—Nelson) method, which assays for all
reducing substances, has been replaced by enzyme-based
assays specific for glucose (e.g. glucose oxidase, hexoki-
nase, glucose dehydrogenase). Second, the glucose assay
is now performed on plasma rather than on whole blood.
The concentration of glucose in plasma is greater than
that in red blood cells. Thus, based on current methodol-
ogy (enzyme assay of plasma) alone, to maintain equiva-
lence with the results obtained by O’Sullivan the GST
threshold would have to be numerically lowered if only
the difference in assay methods is considered, but raised
if only the difference in concentration of glucose in
plasma compared with that in whole blood is considered.
The Carpenter—Coustan diagnostic threshold values
defining GDM'” were empirically derived by adding 14%
to the O’Sullivan criteria'' to adjust for the differences
between whole blood and plasma, and subtracting
0.28 mmol/L (5mg/dL) to adjust for the differences in
assay methods. A subsequent study developed a conver-
sion equation by comparing results using the same
patients’ blood specimens of glucose concentrations in
whole blood assayed with the Somogyi—Nelson method
with those obtained by assaying their plasma with glucose
oxidase. The empirically-derived Carpenter—Coustan cri-
teria were all found to be within the 95% confidence
intervals of the glucose thresholds derived with this
formula.”

The effect of raising or lowering the 50-g, 1-hour GST
threshold on sensitivity and specificity was evaluated in
a study of 704 unselected pregnant women between 24
and 28 weeks of gestation. All subjects were given a 50-g
GST in the fasting state followed by a 100-g, 3-hour
OGTT within 1 week of the screening test. Using receiver—
operator characteristic curves, the authors found that the
optimal balance of sensitivity and specificity (respectively
91% and 73%) using Carpenter—Coustan diagnostic cri-
teria” was achieved at a screening test threshold of
7.8 mmol/L (141 mg/dL)."

The incidence of GDM among women who have had
an OGTT following a 1-hour screening test result greater
than or equal to 11.1 mmol/L (200 mg/dL) is reported to
vary from 10% to 47%."""" Thus, it seems prudent to
perform an OGTT following an elevated GST result of
any magnitude.

Timing of the test

Standard screening procedures make no adjustments for
gestational age at testing. Some stipulate the time of day
that the test is to be administered or the time of testing
relative to the last meal.” Others state that the test should
be given without regard to either.*® The potential influ-
ence of gestational age was examined in a study using
cross-sectional data in which women were tested serially
at 20, 28, and 34 weeks. Among those whose previous test
result was less than 7.8 mmol/L (140mg/dL), the mean
increment in post-challenge plasma glucose was
0.06 mmol/L/week (1.1 mg/dL/week).” A similar incre-
ment was noted in a further study in which all women
who tested negative for GDM in the first trimester had a
repeat screening test in the third trimester. In the latter
study, of those patients whose first trimester result was
less than or equal to 6.1 mmol/L (110 mg/dL) (56% of the
124 subjects in the study), only 10% equaled or exceeded
the 7.5mmol/L (135mg/dL) threshold upon repeat
testing in the third trimester, and none of the latter was
found to have GDM on testing with the OGTT. The
authors concluded that it is probably unnecessary
to perform further testing for GDM if the first
trimester screening test is less than or equal to 6.1 mmol/L
(110mg/dL).*!

Two studies examined the influence of timing of the
last meal prior to the GST, and demonstrated that
the longer the fast prior to the glucose load, the higher
the maternal glucose concentration 1 hour after
loading.”*” One study noted a J-shaped relationship
between duration of the fast prior to the test and the
test result (Fig. 5.2). In the other report, screening test
results of women with GDM were significantly lower if
the women had been fed 1 hour prior to testing com-
pared with those tested directly following an overnight
fast. In the latter report no significant differences in
post-glucose load test results were found between non-
diabetic women who had or had not been fed prior
to glucose loading.” Thus, while time of the last
meal prior to administration of the 50-g glucose load
does affect the GST result, the finding of improved
glucose disposal following successive glucose loads
(Staub-Traugott effect’**) in pregnant women remains
unexplained.

The time of day that the glucose load is administered
may also affect the test results. Data comparing tests
results when the glucose load was given in the morning
with those when the GST was administered in the
afternoon to demographically similar groups® and to
the same subjects’” demonstrated significantly elevated
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Fig. 5.2 Relationship between 50-g post-load mean maternal
plasma glucose and time elapsed in hours since last meal.
(Reproduced from Sermer et al,”* with permission from
Elsevier.)

post-glucose challenge maternal glucose concentrations
when tested in the afternoon.

Reproducibility of screening and diagnostic tests

Two studies examined the differences in 50-g, 1-hour
GST results when the same pregnant women were tested
on two successive days. The first was performed under
varying dietary conditions prior to testing. Regardless of
whether patients were tested early (12-24 weeks) or late
(24-28 weeks) in gestation, statistically significant day-
to-day differences in test results were found among those
tested in the fasting state on both days (first day’s test
results were greater than the second day’s), or tested in
random order, fasting one day and fed the other (test
results were greater following fasting). The differences in
test results were statistically significant except among
those tested after having been fed on both days. Among
those tested early in pregnancy, the chance of both a first
and second test result exceeding a threshold of 7.2 mmol/L
(130mg/dL), 7.5mmol/L (135mg/dL), and 7.8 mmol/L
(140mg/dL) was 61%, 47%, and 43%, respectively.
However, among those tested late in pregnancy, the like-
lihood of similar findings was greater than 83%.* In the
second study, women at a mean gestational age of 27
weeks were instructed to return at the same time of day
after having eaten the same foods and engaged in the
same or similar activities at the same time on two succes-
sive days of testing. Among the 30 women known to have
GDM but as yet untreated, three had screening test
results below the 7.5mmol/L (135mg/dL) threshold on
both days, and 10 others exceeded the threshold on only
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Fig. 5.3 Plot of glucose screening test results on day 1 and day
2 for GDM and control groups. A line connects values on
successive days from the same individual. A threshold of
7.5mmol/L (135mg/dL) was used to indicate an oral glucose
tolerance test. (Reproduced from Sacks et al,” with permission
from Elsevier.)

one of the two days of testing (five on day 1 and five on
day 2; Fig. 5.3). Thus, on any given testing day, poten-
tially 27% (eight of 30) of women with GDM may have
gone untested and undetected.”” Similar data have been
reported for glucose tolerance testing among women
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whose 1-hour GST results were greater than or equal to
7.5mmol/L (135mg/dL). When the same women were
given OGTTs 1-2 weeks apart, 22%” and 24%”' were
found in two studies, respectively, to have GDM on only
one of the two tests. The poor reproducibility of the
definitive (glucose tolerance) test, the need for which is
determined by a poorly reproducible (1-hour post-
glucose) screening test, suggests that a substantial pro-
portion of women with GDM may go undetected using
the two-step approach. Alternatives include lowering
the GST threshold used to indicate definitive testing, or
eliminating screening altogether in favor of a single
OGTT for all at-risk women.

Other means of delivery of glucose or
carbohydrate loads

Because of the unpalatable side effects of the 50-g
glucose-containing cola drink (e.g. nausea, headaches),
other means of delivery of the glucose load have been
explored. One study tested the same patients in the same
sequence (cola test followed by 18 Brach jelly bean test)
within 2 weeks. All subjects were given a 100-g, 3-hour
OGTT. At a threshold of 7.8 mmol/L (140mg/dL) for
cola and jelly beans the respective sensitivities were 46%
and 31%, and respective positive predictive values for
GDM 18% and 40%.” In another study, subjects were
given the 50-g cola and 28 Brach jelly beans in random
sequence. All subjects were given an OGTT. The mean
maternal glucose concentrations after cola and jelly
beans were 6.5mmol/L (116.5mg/dL) and 6.5mmol/L
(116.9mg/dL), respectively. However, of the five subjects
found to have GDM, only one had both screening test
results equal to or greater than the 7.8 mmol/L (140 mg/
dL) threshold.” Preference for jelly beans over cola was
expressed by subjects in both studies.’*

The standard solution used for the 50-g glucose chal-
lenge test contains 50-g of glucose diluted in 150 ml of a
flavored, carbonated liquid. To test the hypothesis that
greater retention of the hyperosmolar cola in the stomach
might fail to challenge the islets to produce insulin com-
pared with the more dilute glucose-containing solution,
the same patients were screened, in random order, with
a 50-g, 150ml glucola and a solution of the 50-g cola
diluted with an additional 300ml of water. The two
screening tests were followed by a 100-g OGTT. In both
non-diabetic and diabetic subjects, the 30-minute mater-
nal glucose concentrations were significantly greater
following ingestion of the dilute solutions. The 1-hour
glucose result was significantly elevated for the diabetic
women only. In both diabetic and non-diabetic women

the insulin concentrations were significantly greater fol-
lowing the dilute glucose solution.™

Assessing maternal glycemia after a standard meal
seems a more physiologic approach to screening than
testing after a glucose load. One group compared the
glucose concentrations of the same subjects 1 hour after
a 600 calorie meal with those 1 hour after a 50-g glucose
load. The investigators reported detection of over 90% of
GDM at a threshold of 5.6 mmol/L (100 mg/dL) for the
former and 7.8mmol/L (140mg/dL) for the latter.
Respective specificities were 74% and 88%. It must be
noted, however, that GTTs in this study were performed
only if the maternal glucose value equaled or exceeded
7.2mmol/L (130 mg/dL) on the 50-g GST.”

The use of a glucose polymer in lieu of a glucose-
containing challenge solution has been investigated.
While reasonable concordance was found between
glucose and polymer challenge test results, no com-
parison of GDM detection or false-positive rate was
reported.’

Random blood glucose as a
screening test

Using random blood glucose as a screening test has the
advantages of simplicity, and patient tolerance and com-
pliance with testing. In different studies the threshold
selected was the 99th,” 97.5th,™ or 90th™ centile derived
from the population under study. These thresholds were
then applied to a second patient sample.””** a portion of
the first,”® or the entire cohort” to determine which sub-
jects needed an OGTT. Another study performed the
OGTT only when preselected thresholds for both the
random glucose and fasting glucose were equaled or
exceeded.*' While this approach allows determination of
the proportion of those exceeding the threshold who
have GDM (positive predictive value), it does not allow
determination of the proportion of women who have
GDM and who exceed the random glucose threshold
(sensitivity) or the proportion of patients whose random
glucose concentrations exceed the threshold but do not
have GDM (false-positive rate). Two other studies have
performed both random glucose and glucose tolerance
testing on all pregnant women. Both studies employed
multiple random blood glucose results for their calcula-
tions; in the first, a mean of five values taken on a single
day during the third trimester,*” and in the second, the
highest of random samples taken throughout preg-
nancy.” Because the sensitivities and specificities of only
two random blood glucose thresholds were reported in



53

the first study,” it was not possible to select the optimal
threshold to indicate an OGTT from these data. In the
second study, the highest sensitivity (75%) was obtained
at a random blood glucose of 6.5mmol/L (117 mg/dL).
The corresponding specificity was 78%. From these
reports it seems reasonable to infer that an inadequate
amount of data is currently available to support the use
of random glucose testing as a screening test for GDM.

Fasting glucose as a screening test

Obtaining a fasting blood sample is simpler, less unpleas-
ant, and less expensive than obtaining a timed sample
after a glucose load. The results of studies using this
screening tool have been inconsistent, most likely related
to differences in study design, maternal and gestational
age at testing, maternal glycemic thresholds used to
define GDM, and the prevalence of glucose intolerance
in the populations tested.

Several studies which looked at the potential use of the
fasting plasma glucose (FPG) as a screening test for GDM
have been reported.* At the FPG value that gave a
sensitivity similar to the 79% reported by O’Sullivan"
(range 76-87%), specificities ranged from 43% to
76%.2™ In all but one of these reports,* the fasting
plasma glucose component of the GTT was used as the
FPG screening test. By performing the analyses in this
fashion, the underlying assumption is that there is little
day-to-day variability in FPG results within the same
individual. That this is not likely to be the case was sug-
gested in a study in which the fasting plasma glucose
assayed on two successive days in eight normal women
at 37 weeks of gestation was significantly different.”" As
with the 50-g, 1-hour GST, poor day-to-day reproduci-
bility of the FPG screening test may result in underdiag-
nosis of GDM.***

The ideal for a screening test would be one in which
the test result varies little throughout gestation. The data
on changes in FPG throughout gestation are not in agree-
ment, with some showing a difference in FPG results®
and others reporting similar FPG results with advancing
gestation.”™* All studies were performed using normal
pregnant women.

Comparisons have been made for the performance of
the FPG test and the 50-g, 1-hour GST as predictors of
GDM. No statistically significant difference was found in
the areas under the receiver—operator characteristic
curves of both screening tests.”*>

In summary, at FPG values that provide adequate sen-
sitivity, some have found a high false-positive rate. There

is a paucity of data regarding the reproducibility of the
FPG test. In the few published comparative studies, the
FPG test appears to perform as well as the 50-g, 1-hour
GST.

Glycated hemoglobin and glycated
albumin as screening tests

When plasma glucose is consistently elevated over time,
glycation of hemoglobin takes place. The process is one
of irreversible non-enzymatic attachment of a glucose
molecule to the N-terminal valine on the beta chain of
the hemoglobin molecule. The resulting hemoglobin
Alc (HbAlc) remains in circulation for the life of the
red blood cell, and thus is reflective of the patient’s
average blood glucose over the previous 2-3 months.
The results are expressed as the percentage of total
hemoglobin that has been glycated. HbAlc has been
evaluated as a possible screening test for GDM. Test
results in normal pregnant women vary with ethnicity
and with gestational age.” The distribution of values of
HbAlc was found to be no different between women
who did and those who did not have GDM.” In a com-
parison between HbAlc and the 50-g, 1-hour glucose
screen, the latter was able to discriminate between
women at greater risk of maternal and perinatal morbid-
ity, whereas the former was not.” Thus, HbAlc does not
appear to be a useful predictor of either GDM or its
attendant morbidities.

Fructosamine is a glycated albumin formed by the
non-enzymatic reaction between fructose and an
ammonia or an amine. It is also formed when the car-
bonyl group of a glucose molecule reacts with an amino
group of a protein. Because the half-life of albumin is
2-3 weeks, fructosamine concentration is a reflection of
glucose concentrations for that short time period. Fruc-
tosamine has been examined as a potential screening test
for GDM. As with HbAlc, fructosamine concentrations
vary with gestational age®” and prevailing albumin
levels.”® Findings of fructosamine concentrations which
did® and did not® differ between women who had
GDM and those who did not have been reported. The
area under the receiver—operator curves for the 50-g,
1-hour screening test was reported to be greater than
that under the curve for fructosamine, suggesting that at
most thresholds the former test was more sensitive and
specific than the latter.®” Thus, not unlike glycosylated
hemoglobin, most of the published evidence suggests
that glycated albumin is not a useful screening tool for
GDM.
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CONCLUSIONS

Although screening tests for GDM may decrease the need
for definitive OGTT, they do have significant drawbacks.
Depending on the threshold value selected to indicate an
OGTT, a proportion of those who have GDM will not be
identified, and a large proportion of those who do not
have the disease will undergo definitive testing. A post-
glucose test is poorly reproducible. Thus, a woman who
is screened with a 50-g, 1-hour glucose challenge and
who has GDM may not be detected unless screened on
several occasions prior to undergoing an OGTT. A single,
easy to administer, and tolerable definitive diagnostic test
seems preferable to the two-step procedure. Upon uni-
versal acceptance of the criteria for defining GDM devel-
oped from data generated by the HAPO study®”
exploration may be undertaken to attempt to develop a
simple, sensitive, and specific screening test for GDM.
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PRACTICE POINTS

e Controversy surrounds the significance of the effects of minor
degrees of maternal hyperglycemia on perinatal health and
fetal imprinting that may lead to characteristics of the
metabolic syndrome, including obesity and hyperglycemia,
prior to puberty.

Disparate diagnostic criteria for maternal glucose intolerance
presently employed reflect the absence of blinded studies
sufficiently large enough to identify the likely continuum of
glycemic risk for fetal outcome.

In the US, the O'Sullivan and Mahan criteria have
traditionally been used, involving a 100-g, 3-hour oral
glucose tolerance test (OGTT); while elsewhere a 75-g,
2-hour OGTT is frequently employed, interpreted by World
Health Organization (WHO) criteria.

¢ A consensus has proposed that the same numerical fasting,
1- and 2-hour post-glucose thresholds be used for both the
75-g and 100-g OGTT.

The Hyperglycemia and Adverse Perinatal Outcome (HAPO)
study of gravidas without overt diabetes employed a 75-g
OGTT with detailed measures of maternal and perinatal
outcomes. This international study will likely provide the
foundation for universal diagnostic criteria.

CASE HISTORY

Ms Smith was a 28-year-old G2P1 patient whose first
pregnancy was uncomplicated. She had undergone a
100-g glucose tolerance test (GTT) at 29 weeks of gesta-
tion because her 50-g, 1-hour glucose screening test
(GST) (routine practice in the US) value was 8.6 mmol/L
(155mg/dL). A subsequent 100-g, 3-hour test was
normal by the 1979 National Diabetes Data Group US

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

standards' employed at that time. She underwent a
normal labor and delivered a 4.1kg (91b 20z) infant
without complication. Five years later she again became
pregnant. She was noted to weigh 2.3 kg (51b) more than
her weight when she registered for care in her first preg-
nancy. Because of the usual practice of universal screen-
ing in the US and mindful of the birthweight of her first
child, she again underwent a GTT at 27 weeks of gesta-
tion, which demonstrated glucose values similar to those
in her first pregnancy. However, because the newer cri-
teria suggested by the American Diabetes Association
(ADA) were now being used, she was diagnosed with
gestational diabetes. She required no medical treatment
other than changes in diet and activity, and her preg-
nancy was uncomplicated. Her obstetrician observed
normal fundal growth, but because of her previous diag-
nosis, ordered sonographic fetal biometry at 38 weeks.
This showed an estimated fetal weight of 4432¢g (91b
12 0z). After counseling with her obstetrician, Ms Smith
underwent a primary cesarean section productive of a
3920¢g (81b 100z) infant.

Ms Smith was disappointed that she had chosen a
cesarean delivery and inquired why she had been coun-
seled to undergo the surgery. Her obstetrician stated that
his practice was to examine fetal weight in all women
with gestational diabetes because of concerns about birth
trauma. He further explained that estimates of fetal
weight are inaccurate, often by as much as 15%.

.

Does universal screening for maternal glucose intoler-
ance carry any risk for maternal health?

Is there scientific evidence supporting a lowering of the
diagnostic threshold for gestational diabetes from that
recommended in 19792

+ What is the relative risk of fetal macrosmia associated
with maternal glucose intolerance?

57
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Table 6.1 Consensus criteria for gestational diabetes.

Criteria 1964 O’Sullivan and Mahan** 1979 1999 WHO? 2000 ADA’ 2001 ADA®
NDDG'
Medium Whole blood Plasma Plasma Plasma Plasma Plasma
and time 100-g 3-h 100-g 3-h 100-g 3-h 75-g 2-h (mmol/L 100-g 3-h 75-g 2-h

(mmol/L (mmol/L (mmol/L (mg/dL))* (mmol/L (mmol/L
(mg/dL))" (mg/dL))" (mg/dL))" (mg/dL))" (mg/dL))"

Fasting >5.0 (90) >5.8 (105) >5.8 (105) <7.0 (126) >5.3 (95) >5.3 (95)

1h >9.2 (165) >10.6 (190) >10.6 (190) >10.0 (180) >10.0 (180)

2h >8.1 (145) >9.2 (165) >9.2 (165) >7.8 (140), <11.1 (200) >8.6 (155) >8.6 (155)

3h >6.9 (125) >8.1 (145) >8.1 (145) >7.8 (140)

ADA, American Diabetic Association; WHO, World Health Organization; NDDG, National Diabetes Data Group
*(O’Sullivan and Mahan rounded mean plus 2 SD values to nearest 0.28 mmol/L (5mg/dL) value

+Two elevated values required for diagnosis
+One elevated value required for diagnosis

RATIONALE FOR DIAGNOSING
MATERNAL HYPERGLYCEMIA

Gestational hyperglycemia as defined by criteria for
“impaired glucose tolerance” accepted by the WHO? or
as “gestational diabetes” by the ADA’ has been associated
with stillbirth, fetal overgrowth, and injury at birth. The
ADA defines gestational diabetes as “any degree of glucose
intolerance with onset or first recognition during preg-
nancy’, but provides diagnostic thresholds for fasting and
post-glucose loading values® (Table 6.1). Gravidas with
even mild hyperglycemia are at increased risk of offspring
with respiratory insufficiency, hypoglycemia poly-
cythemia, and hyperbilirubinemia. The association of
measures of maternal hyperglycemia with adverse peri-
natal outcomes, especially stillbirth, have been recognized
for decades and continue to be identified in recent reports.
In 1972, Karlsson and Kjellmer’ reported a four-fold
increase in stillbirths in mothers with mean glucose values
of 5.6-8.3 mmol/L (100-150 mg/dL) compared to those
with lower mean values. O’Sullivan ef al* chose statistical
diagnostic criteria of maternal hyperglycemia (two or
more of four values at > 2 SD above the mean) from a
100-g 3-hour oral GTT. They were able to identify a
subgroup of gravidas, older than 24 years of age, with a
four-fold risk for stillbirth.® Though O’Sullivan et al’s
study sought diagnostic criteria predictive of later mater-
nal Type 2 diabetes, their criteria, modified as to present
assay techniques, have been adopted in the US to define
gestational diabetes mellitus (GDM).’

More recent studies suggest that, despite improve-
ments in obstetric care, gestational diabetes is still associ-

ated with increased stillbirth risk. Aberg et al studied the
rate of stillbirth in prior pregnancies among Swedish
women newly diagnosed with gestational diabetes in
their subsequent pregnancy. They found a stillbirth rate
of 14.9 per 1000 in the prior pregnancies (births from
1987 to 1992), a significantly increased risk (RR 1.6, 95%
CI 1.1-2.2) compared to population rates.” Obesity is
well recognized to predispose to glucose intolerance.
Examination of the association of maternal obesity with
stillbirth has demonstrated an increased risk of stillbirth
from an RR of 1.2 (95% CI 0.6-2.2) to 3.1 (95% CI
1.6-5.9) among gravidas with a body mass index (BMI)
of 25-29 and 30 or greater compared to those with BMIs
of 18.5-24.9." Cohorts from as late as the mid-1990s
demonstrate continued increased risk of stillbirth, even
among those diagnosed with GDM. Conde-Agudelo et al
documented a 1.9-fold (95% CI 1.5-2.1) risk of stillbirth
among gravidas with gestational diabetes compared to
non-diabetic controls."" Consequently, it may reasonably
be inferred that subclinical maternal hyperglycemia
during pregnancy predisposes to late fetal death, thereby
emphasizing the importance of close glycemic monitor-
ing in diabetic pregnancy.

Glycemic monitoring and liberal use of insulin to
achieve maternal euglycemia has been associated with a
fall in perinatal mortality rate. Beischer et al'* retrospec-
tively examined a group of gravidas receiving GDM treat-
ment (1981-1995) whose 75-g, 1-hour OGGT glucose
values lay between 9 and 10 mmol/L (163-180mg/dL)
and 2-hour values between 7 and 7.8 mmol/L (127-
140 mg/dL), and historical controls (1971-1980) within
the same OGTT stratum who were not identified as
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having gestational diabetes and received only routine
prenatal care. Those identified as having GDM had a
perinatal mortality rate of less than one-third of the
earlier control cohort (7 of 1000 vs 26 of 1000).

Observational studies have demonstrated an associa-
tion between GDM and macrosomia at birth'>'* and ran-
domized trials have demonstrated that treatment of even
modest maternal hyperglycemia reduces fetal macro-
somia."'® These data suggested that identification and
treatment of women with mild degrees of glucose intoler-
ance may reduce perinatal mortality and improve rates
of perinatal morbidity.

Fetal overgrowth in the context of maternal gestational
diabetes (ADA criteria) also appears to be a marker of
later evidence of fetal imprinting that leads to later meta-
bolic disorders. Offspring of mothers with GDM who
demonstrate fetal overgrowth have been found to be at
increased risk of obesity at 1 year of age."” Further, off-
spring of glucose intolerant mothers (ADA criteria) with
a birthweight above the 90th centile demonstrate a 3.6-
fold risk of developing the metabolic syndrome (two or
more of the following: obesity, hypertension [systolic or
diastolic], glucose intolerance, and dyslipidemia) as early
as 11 years of age compared to those with a normal
birthweight.'

Because of the attribution of fetal risk to modest
maternal hyperglycemia, oral glucose testing of gravidas
for glucose intolerance became widespread. In the US,
such screening has taken the form of a modification of
the O’Sullivan protocol, in which all patients were tested
in the afternoon following a 50-g oral glucose load.*
Current US practice allows for testing at 24—28 weeks of
gestation. The glucose load may be administered at any
time of day, without regard to the time elapsed since the
last meal. Plasma glucose is measured 1 hour after inges-
tion. A 100-g, 3-hour OGTT is recommended for those
with a screening test value over 7.8 mmol/L (140 mg/dL).
The original O’Sullivan thresholds have been modified,
based on present day use of glucose oxidase methods in
venous plasma (Table 6.1).

The practice of screening for subclinical glucose intol-
erance has been controversial. Sermer et al’’ blinded
patients and caregivers to glucose testing results of gravi-
das meeting the later, lower-threshold criteria for gesta-
tional diabetes,” but not the earlier, higher-threshold
criteria.! These subjects received usual prenatal care but
were not identified as having gestational diabetes. Those
subjects meeting the higher-threshold criteria underwent
glucose surveillance and treatment. Compared with eug-
lycemic controls, those (untreated) subjects meeting only

the lower-threshold criteria had elevated rates of fetal
macrosomia (28.7% vs 13.7%) and cesarean delivery
(29.6% vs 20.2%). By contrast, gravidas meeting the
higher (National Diabetes Data Group [NDDG]) thresh-
old glucose criteria and who had been treated to achieve
more normal glucose values, had a reduced rate of fetal
macrosomia, comparable with euglycemic controls.
However, despite normal fetal weight, those labeled with
gestational diabetes had a cesarean rate of 33%, which
was higher than that of untreated glucose-intolerant
gravidas. These findings supported earlier recommenda-
tions of the US Preventive Services Task Force’ that
screening for glucose intolerance in pregnancy should be
abandoned because of a lack of demonstrated maternal
or fetal benefit. The report suggested that a scientifically
rigorous randomized clinical trial demonstrating perina-
tal benefit was required to justify a screening program.

In 2005, Crowther et al”* conducted a double blind,
randomized trial of 1000 gravidas who were first identi-
fied by diabetes risk factors or by a 50-g, 1-hour glucose
challenge (7.8 mmol/L [140mg/dL]), and then diag-
nosed as GDM between 24 and 34 weeks of gestation by
a 75-g, 2-hour GTT (WHO criteria: fasting plasma
glucose value of <7.8 mmol/L [<140 mg/dL]) and 2-hour
post-load value of 7.8-11mmol/L (140-198mg/dL).
Thus, the trial effectively excluded patients with signifi-
cant degrees of glucose intolerance. Gravidas were rand-
omized to intervention (diet counseling, glucose
monitoring instruction, four-times daily glucose testing,
and insulin treatment for repetitive values of over
5.5mmol/L [99 mg/dL] fasting and 7.0 mmol/L [126 mg/
dL] 2 hours after meals) or to routine prenatal care. Pre-
natal care in the intervention group was that usually pro-
vided to women with GDM at each care site. Both the
patients in the non-intervention group and their caregiv-
ers were blinded as to their having gestational diabetes.
Despite the enrollment of only patients with mild glucose
intolerance, 1% of offspring in the intervention group
versus 4% of controls sustained serious perinatal out-
comes (death, shoulder dystocia, fracture, or nerve
palsy), a relative risk, adjusted for maternal age, race or
ethnic group, and parity, of 0.33, but without a statisti-
cally significant difference in cesarean delivery rates (31%
and 32%, respectively). There were five perinatal deaths
among the controls, but none in those given diabetes
care. This finding of efficacious pregnancy intervention
among those with mild glucose intolerance changed the
debate from that of whether screening for maternal
glucose intolerance is justified to one addressing the best
diagnostic threshold to be employed.
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DIAGNOSTIC CRITERIA FOR MATERNAL
HYPERGLYCEMIA

As noted above, O’Sullivan et al' employed the diabe-
togenic effect of pregnancy as a condition to predict later
diabetes in women. They chose statistical diagnostic
limits of greater than or equal to 2 SD above mean
glucose values from a 100-g, 3-hour OGTT. O’Sullivan’s
studies employed the Somogyi—Nelson method that
identified other reducing substances in addition to
glucose. As a result, glucose concentrations were elevated
by approximately 0.28 mmol/L (5mg/dL) over that deter-
mined by the more specific enzyme methods, now
employed universally. Further, O’Sullivan measured
glucose in venous whole blood; measurements in plasma
being approximately 14% higher. Subsequent studies
have confirmed that more recent translation of
O’Sullivan’s data accurately reflect his measures using
glucose oxidase methods in venous plasma.***

The ADA 100-g, 3-hour OGTT, a transliteration of
O’Sullivan’s original test to modern laboratory values, is
most commonly employed in the US. In 20034, it identi-
fied GDM among 4.2% of gravidas.** Perinatal mortality
risk among pregnancies with GDM (ADA criteria)
remains at roughly twice that of pregnancies without dia-
betes. Recent reports of the prevalence of pre-eclampsia
or pregnancy-associated hypertension among gravidas
with GDM using ADA criteria have ranged widely.
However, a summary of 10 reports of risk of these disor-
ders in pregnancy with versus without GDM observed an
overall increased risk of hypertensive disorders of only
8% among the total of over 4000 pregnancies with GDM.*

In 1991, Lind et al reported GTTs in 1009 unselected
gravidas at more than 16 weeks of gestation.”® They pro-
posed that values of 2 SD above the mean at fasting, 1
and 2 hours after a 75-g oral load (respectively 7, 11, and
9mmol/L [126, 198, and 162mg/dL]) be used for diag-
nostic thresholds; and that an elevated 2-hour and either
an elevated fasting or 1-hour value be required to diag-
nose GDM. The use of these thresholds resulted in an
incidence estimate of 1.2%, approximately one-third of
that for the modified O’Sullivan criteria. Correlation with
perinatal morbidity was not provided.

Outside the US, a 75-g, 2-hour OGTT adopted by the
WHO? has been most commonly used to diagnose gesta-
tional diabetes. The test uses the same criteria to define
gestational diabetes as are used to define impaired glucose
tolerance in non-pregnant women, based on their asso-
ciation with diabetes-related morbidity. An abnormal
test result requires only one abnormal value (Table 6.1).

As noted above, most testing in the US has been
adapted from the O’Sullivan protocol, in which a 50-g,
1-hour screening test is applied without respect to time
of day or time since the most recent meal, medications
or exercise, but with a threshold value set sufficiently low
(7.2-7.8 mmol/L [130-140mg/dL]) to identify, respec-
tively, between 94% and 91% of glucose-intolerant
gravidas.”’

Comparison of the two tests has not been sufficiently
examined. Weiss et al*® performed a randomized, cross-
over trial of 75-g and 100-g GTTs in mid-pregnancy.
They showed that the 100-g, 1- and 2-hour values were,
respectively, 0.9mmol/L (16 mg/dL) and 0.5mmol/L
(9mg/dL) higher than after a 75-g load.

A Brazilian study of the agreement between the ADA
and WHO 75-¢ tests was carried out among 4977 gravi-
das enrolled between 1991 and 1995. The authors
required that two of the three ADA threshold values be
met to identify gravidas as meeting ADA criteria but only
one of the WHO test thresholds was required for diag-
nosis. The proportion of subjects meeting these criteria
was 2.4% and 7.2%, respectively.”” Test function was
adjusted for study center, ethnicity, neonatal sex, mater-
nal height, age, prepregnancy BMI, and weight gain up
to the time of study enrollment. Seventy-three percent of
those meeting the WHO criteria were not identified by
the ADA test and 22% of those meeting the ADA criteria
were not identified by WHO standards. Both tests
appeared to identify women who had increased risk
ratios for macrosomia (1.29 and 1.45), pre-eclampsia
(2.28 and 1.94), and perinatal mortality (3.10 and 1.59)
However, the ADA risk ratio for macrosomia and the
WHO risk ratio for perinatal mortality failed to achieve
statistical significance, perhaps due to the relatively small
study sample.

The limited available studies demonstrate that the
tests” different oral glucose loads, threshold values, and
number of thresholds required for diagnosis make a
simple comparison between tests unrealistic. In 2001, the
ADA Professional Practice Committee recommended use
of the same threshold criteria for the fasting, 1- and
2-hour postprandial values for a 75-g, 2-hour OGTT for
the diagnosis of gestational diabetes, with two abnormal
values required for diagnosis.>®

ALTERNATIVE CARBOHYDRATE
CHALLENGE TESTS

The high osmolar concentration of simple glucose prepa-
rations conspire with the common gastrointestinal
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symptoms of pregnancy to cause nausea, abdominal dis-
comfort, and occasional vomiting that compromises
patient compliance and test reliability. To address this
problem several alternative carbohydrate challenge tests
have been proposed.

Oral glucose polymers

Reece et al® employed a commercially available glucose
polymer containing 3% glucose, 7% maltose, 55% mal-
totriose, and overall 85% polysaccharides, with one-fifth
the osmotic load of generally employed simple glucose
solutions. Compared with the simple glucose solution,
they demonstrated correlation with the 1-hour post 50-g
load (k = 0.62) and the value 3 hours after the 100-g load
(k = 0.45). However, data from this and other trials
suggest that maternal glycemic response to an oral
glucose polymer challenge may be sufficiently low so as
to reduce screening and diagnostic sensitivity.

Breakfast tolerance tests

Chastang et al’' performed the current ADA screening

and GTT protocol and glucose measurements during
fasting and 2 hours after a “usual breakfast” containing
at least 25 g of carbohydrate among 354 gravidas. For the
latter test, GDM was diagnosed if the fasting value was
greater than or equal to 5 mmol/L (=90 mg/dL) and the
postprandial value greater than or equal to 6.7 mmol/L
(=120 mg/dL). Macrosomia was diagnosed in 14% of oft-
spring. The breakfast test demonstrated sensitivity of
47% for fetal macrosomia at a 68% specificity compared
to values of 16% and 80%, respectively, for the GTT.
Though as yet not sufficiently standardized, a mixed
nutrient meal is usually better tolerated, has been shown
to elicit a more robust insulin response, and may be a
more physiologic measure of maternal hyperglycemia
and subsequent fetal macrosomia.

Intravenous glucose tolerance testing

OGTT engages the complex physiology of normal enteral
feeding, and therefore probably correlates best with the
effects of maternal glucose intolerance on fetal environ-
ment following meals. However, for reasons of gastric
distress, inadequate patient compliance with the test pro-
tocol or because of alterations in gastric emptying and
enteric hormonal responses due to Roux-en-Y or other
gastric surgeries to reduce morbid obesity, oral glucose
testing may not be feasible or appropriate. Silverstone

et al’* adapted a 25-g intravenous glucose tolerance test

(IVGTT) to pregnancy.

The test response is the rate of disappearance of glucose
from the peripheral circulation:
log.y =log.A -kt
where y is the plasma glucose concentration, A is the y
intercept and t is the elapsed time. The slope, k, can be
computed as:
k = (log.A —log.B)/(time B—time A)x100
indicating that the higher the value of k the more rapid
the disappearance of peripheral plasma glucose, the
greater the peripheral insulin sensitivity and, by infer-
ence, the more glucose tolerant the patient. Posner et al’®
has provided a table that allows computation of the k
value from the 10- and 60-minute postinfusion plasma
glucose values. Silverstone et al found that the lower limit
of the k value (mean — 2 SD) was 1.37 in the first, 1.18 in
the second, and 1.13 in the third trimester.”” O’Sullivan
et al’ observed a mean third-trimester k value of 2.02 and
a postpartum mean value of 2.53. However, studies of
IVGTTs in pregnancy have not examined the association
of k values with maternal glycemic response to mixed
nutrient meals or perinatal morbidity.

Other analytes associated with
maternal hyperglycemia

Glycated proteins have the potential for serving as a
marker for maternal hyperglycemia useful in identifying
glucose-intolerant pregnancies at risk for diabetes-related
perinatal morbidity. Glycation is the slow, almost irre-
versible, binding of a phosphorylated sugar to a protein.
Binding of fructose to plasma proteins and glucose to
hemoglobin (by several methods) have both been found
to correlate with glucose among frank diabetic patients.
Some studies have shown that hemoglobin Alc (HbAlc)
glycation product concentrations can differentiate normal
patients from those with gestational diabetes. Most,
however, have failed to show sufficient sensitivity for
identifying GDM at acceptable test specificity. Using an
HbA]lc threshold of 6.8%, for example, among unselected
gravidas, Cousins et al”® were able to achieve a sensitivity
for GDM (ADA criteria) of 80% only at an unacceptably
low specificity of 57%. Another glycated protein product,
fructosamine, has been found to reflect chronic hyperg-
lycemia, but, like HbA1c, lacked sufficient discriminatory
power to be useful as a screening or diagnostic test for
glucose intolerance. Among other investigators, Nasrat
et al’ found that among unselected gravidas, second- and
third-trimester fructosamine values correlated poorly
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with fasting glucose values, identifying only 50% of GDM
cases at a threshold at the 90th centile.

LaPolla et al’” performed 50-g glucose challenge tests
(GCTs) on 758 gravidas screened at 24-27 weeks of gesta-
tion and 100-g GTTs on those with abnormal GCTs.
Macrosomia and ponderal index at birth did not differ
among the four groups (negative GCT, positive GCT, one
or two or more elevated GTT values). HbAlc values cor-
related with maternal glucose intolerance grouping.
Logistic regression identified maternal GCT plasma
glucose as the only independent correlate with macro-
somia and ponderal index of greater than or equal to
2.85. The authors concluded that HbAlc does not predict
fetal overgrowth in a screened obstetric population.

TESTING CONDITIONS

The glycemic stimulus obtained with oral testing is a
function of the rapidity of gastric emptying and enteric
endocrine responses, themselves a function of nutrients
in the upper gastrointestinal track. A cross-sectional case
series among unselected mid-pregnancy gravidas by

’® examined the effect of the interval between

Berkus et a
the last meal and administration of the 50-g glucose chal-
lenge 1-hour glucose value. They demonstrated a direct
association between time interval and insulin response,
but no measurable difference in glycemic response when
the 50-g glucose challenge was ingested within 3 hours of
the last meal. However, somewhat different findings were
reported in a randomized cross-over trial, in which the
impact of a mixed nutrient meal 1 hour prior to a 50-g
OGT was examined separately in gravidas confirmed
with and without gestational diabetes.” Little effect of the
preceding diet was found among non-diabetic gravidas.
In contrast, fasting patients with GDM had greater
1-hour post 50-g glucose load values than those obtained
from the same subjects when they had eaten a 600 kcal
mixed nutrient meal 1 hour prior to glucose load
(9.7mmol/L vs 8.6mmol/L [173.9mg/dL vs 154.9mg/
dL]; p = 0.01). These studies did not investigate sequen-
tial intervals between meals and glucose ingestion, nor
the effect of preceding meals on glycemic response among
those with very mild degrees of glucose intolerance.

EVIDENCE-BASED DIAGNOSTIC
GLYCEMIC THRESHOLDS AND
THERAPEUTIC INTERVENTIONS

The literature regarding testing thresholds has been
flawed in several respects, including clear definition of

groups studied, conditions of testing, choice of biologic
and medical outcomes of interest, and, most saliently,
failure to blind investigators, subjects, and caregivers to
patient glycemic test data. Until recently," no study has
examined the association of mild degrees of maternal
glucose intolerance with fetal outcome among a large
number of gravidas in multiple racial and ethnic groups
and geographic settings. Further, no large study has
examined this association by employing protocols that
insure that glucose tolerance status remains unknown to
investigators and caregivers during the observation
period. The likelihood of a bias in subject recruitment,
inadequately defined (or inconsistently applied) testing
and assessment protocols, confounding by treatment
intervention and knowledge of glucose tolerance status
by those examining pregnancy outcomes have signifi-
cantly limited interpretation and generalizability of study
findings. Finally, almost all studies have selected a priori
screening or diagnostic thresholds, so that an assessment
of the most appropriate threshold or thresholds could
not be addressed.

Crowther et al’s recent randomized trial of diagnosis
and intervention in pregnancies with GDM (WHO cri-
teria) established that dietary counseling, glucose sur-
veillance, and insulin treatment improves outcome in
the studied population whose glucose intolerance met
WHO criteria, but did not investigate the diagnostic
threshold of mild maternal glucose intolerance that
would identify those who benefit from these interven-
tions.”> Consequently, the US Preventive Services Task
Force (USPSTF) report in 2008 concluded that “current
evidence is insufficient to assess the balance of benefits
and harms of screening for gestational diabetes mellitus,
either before or after 24 weeks’ gestation”*' Further, its
authors noted that “the literature is limited by lack of a
consistent standard for screening or diagnosis of gesta-
tional diabetes”* However, subsequent to the publica-
tion of the USPSTF report, another randomized, blinded
multicenter study of the treatment of mild glucose
intolerance in the US' found improvement in maternal
and perinatal outcomes similar to those reported in
Crowther’s” study. Perhaps this reaffirmation of the
benefits of treatment of mild gestational glucose intoler-
ance will be sufficient to achieve recognition of the ben-
efits of its treatment by the USPSTF and other bodies
which set standards for clinical practice.

The limited understanding of the association of mild
degrees of maternal glucose intolerance and unfavorable
perinatal outcome was the rationale for the Hyperglyc-
emia and Adverse Pregnancy Outcome (HAPO) study.
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Its initial findings have recently been published.* This
study has the following attributes that will uniquely
address many of the above questions:

Observational cohort study involving over 25000
gravidas in nine countries

75-g OGTT (fasting, 1 and 2 hours) at 24-32 weeks of
gestation

Investigators, subjects, and caregivers were blinded to
test results, except in subjects with fasting values greater
than 5.8 mmol/L (>105mg/dL) or 2-hour values greater
than 11.1 mmol/L (>200mg/dL)

Outcomes included absolute and age-relative birth-
weights, primary cesarean delivery, cord serum c-pep-
tide, protocol-driven neonatal glucose and bilirubin
levels, and clinical neonatal hypoglycemia.

This study has identified a robust correlation between

all three maternal GTT values below those meeting the
study’s exclusion criteria for diabetes, and absolute and
relative birthweight and protocol-driven neonatal c-pep-
tide and glucose values. These data are presently being
examined to determine the best test glucose thresholds to
be used for imposition of maternal glucose surveillance
and intervention during pregnancy.

CONCLUSIONS

Since their development in the 1960s, the criteria used to
define hyperglycemia first diagnosed during pregnancy
have been, in most instances, neither uniform nor com-
parable. Central to this conundrum has been the lack of
definitive evidence of a relationship between different
degrees of glucose intolerance and clinically important
maternal and perinatal outcomes. Further confounding
the justification for establishing such criteria was the lack
of evidence of efficacy of treatment of women identified
as having gestational diabetes. In recent years, a control-
led, double-blinded study did demonstrate that treat-
ment of gestational diabetes does avert some perinatal
and maternal adverse outcomes. In another large, multi-
national study, the nature of the quantitative relationship
between levels of maternal glycemia and adverse mater-
nal and perinatal outcomes was demonstrated to be pro-
gressive and continuous. It is hoped that the latter study
will provide the basis for international consensus for the
diagnostic criteria defining glucose intolerance in preg-
nancy. Once this consensus is achieved, studies may be
designed to evaluate the effectiveness of different inter-
ventions on women whose diagnosis of gestational
glucose intolerance is uniform, and whose results may
therefore be universally applied.
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Rationale for treatment of
hyperglycemia in pregnancy

Robert Fraser

Academic Unit of Reproductive and Developmental Medicine, University of Sheffield, Sheffield, UK

PRACTICE POINTS

¢ Modern management of gestational diabetes mellitus (GDM)
in pregnancy is designed to reduce perinatal morbidity.

¢ All women with GDM should be given appropriate profes-

sional dietary advice, as soon as possible after the diagnosis.

Insulin remains the mainstay of hypoglycemic therapy, but

the short-acting sulfonylureas and the biguanide metformin

might have an increasingly important role in the future in

GDM management.

CASE HISTORY

Mrs VR, 34 years of age, had two previous uncomplicated
pregnancies 12 and 6 years earlier. The first pregnancy
resulted in a normal vaginal delivery of a healthy female
infant weighing 3.4kg at 40 weeks of gestation. The
second pregnancy also delivered at term but on this occa-
sion the infant was a healthy male weighing 4.8kg. The
birthweight centiles were therefore 60% and above 90%.
In her most recent pregnancy, a 75-g OGTT screening
was performed at 28 weeks of gestation on the grounds
of obesity (body mass index [BMI] 32kg/m?) and her
previous macrosomic infant. The fasting plasma glucose
level was 6.2mmol/L (112mg/dL) and the 2-hour value
10.1 mmol/L (192mg/dL), confirming a diagnosis of
GDM.

She was given standard dietary advice, but despite this
her mean fasting and postprandial glucose levels on
home testing were 6.3mmol/L (113mg/dL) and the
1-hour postprandial measure was at a mean of
12.0mmol/L (216mg/dL). Insulin therapy was com-
menced at 31 weeks to achieve target glucose levels of less
than 5.0mmol/L (90mg/dL) fasting and less than
7.8mmol/L (140mg/dL) 1-hour postprandial. Serial
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ultrasound scans of head circumference at 31, 33, 35, and
37 weeks were all at the 75th centile, but the abdominal
circumferences were on the 97th centile at 31 and 33
weeks, and on the 90th centile at 35 and 37 weeks. This
suggests a positive response to the insulin prescription in
preventing a recurrence of fetal overgrowth. The infant
was delivered following induction of labour at 38 weeks
of gestation, and was at 3.8 kg, the 90th centile for gesta-
tional age, and had no neonatal morbidity. This
case illustrates a successful use of GDM screening and
a positive response to targeted insulin therapy.

+ What evidence is there for adverse effects on the fetus
of hyperglycemia in the second half of pregnancy?

+ What evidence is there for the modification of these
adverse effects by treatment aimed at reducing
hyperglycemia?

+ What are the roles of diet therapy, insulin, and/or
oral hypoglycemic agents in the control of
hyperglycemia?

BACKGROUND

The adverse effects of hyperglycemia on the fetus have
been recognized since women with diabetes first began
to survive and reproduce. Very high rates of late preg-
nancy fetal loss, and excessive fetal growth were recog-
nized several years ago. In the observational study of
Karlsson and Kjellmer, for instance, evidence appeared
to suggest that perinatal mortality, if not morbidity,
could be mediated by impaired maternal glycemic
control.! The recognition that similar risks of increased
perinatal mortality and morbidity were present in gesta-
tional diabetes really started with the studies of O’Sullivan
in Boston.

In the late 1950s, O’Sullivan and his colleagues
identified a normal range for the 100-g oral glucose toler-
ance test (OGTT) in pregnancy, which is the basis for
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screening criteria still used commonly in the US today.
In a series of pioneering experiments, they established by
randomized controlled trial that untreated GDM was
associated with an excess of perinatal mortality and fetal
macrosomia. They randomized women with GDM to
treatment with prophylactic insulin (20U of isophane,
10U of regular insulin) each morning, or no treatment,
and compared them with a non-diabetic control group.
Insulin treatment resulted in a non-significant trend to
lower perinatal mortality: treated 4 of 111 (3.6%);
untreated 10 of 118 (8.5%). Those most at risk of peri-
natal loss were further identified by subgroup analysis
as principally women over the age of 25 years and over-
weight for height. There was a significant reduction in
macrosomia (birthweight >4.0kg) at birth from 13.1%
in the untreated group to 4.3% in the insulin-treated
group.”

It became practice for treatment with prophylactic
insulin to be offered. After this practice was evaluated by
such as Gabbe et al,’ it was reported that the recognition
and treatment of gestational diabetes was in fact associ-
ated with a lower perinatal mortality than that of the
hospital population. Further uncontrolled studies of
insulin therapy offered prophylactically by Coustan and
colleagues® in the US suggested that birthweight was very
sensitive to the regime of once-daily prophylactic insulin,
but women managed solely on dietary regimes had an
expectation of birthweight similar to women with GDM
who were untreated. Unfortunately these studies were
observational rather than prospective controlled trials
and it is likely that selection bias influenced the reported
outcomes.

One group working in Italy, using the US diagnostic
criteria, identified an apparent increase in the frequency
of neonatal complications, including macrosomia,
congenital abnormalities, perinatal mortality, and pre-
maturity, as well as maternal complications such as
pre-eclampsia and cesarean section in women who had a
normal 100-g OGTT but who had intermediate levels of
2-hour plasma glucose within the “normal range”. This
group identified 16% of their population as being at
increased risk of typical diabetes-related morbidity rather
than the expected 3-4%.’ Further studies suggested that
one abnormal value rather than two could be associated
with an adverse outcome of pregnancy.®

In the late 1980s and early 1990s, the idea became more
widespread that the adoption of these diagnostic criteria
of impaired glucose tolerance using the World Health
Organization (WHO) criteria or one abnormal value
using the National Diabetes Data Group (NDDG) crite-

ria might very well be over-diagnosing non-existent
medical problems and involving women in potentially
dangerous therapeutic intervention programs, and at the
same time labeling them as having a high-risk pregnancy
when in fact they did not.” On the other hand, there was
evidence that rates of macrosomia, pre-eclampsia, and
cesarean section rose in women with milder degrees of
abnormal glucose tolerance in a dose-response manner.®
This was clearly an unsatisfactory situation and in
response three large-scale trials were established, the first
to identify the range of adverse outcomes which might
be associated with untreated mild gestational diabetes
(the Hyperglycemia and Adverse Perinatal Outcome
[HAPO] trial). Two double blind studies, one performed
principally in Australia (Australian Carbohydrate Intol-
erance Study in Pregnant Women [ACHOIS])® and one
in the US (the Maternal Fetal Medicine Units [MFMU]
network randomized controlled trial), were designed to
identify any adverse outcomes of untreated mild GDM,
but also to evaluate any benefit of treatment if adverse
outcomes were present in the untreated groups.

EVIDENCE FOR TREATMENT:
INTERVENTION TRIALS

The results of the HAPO trial have been discussed in
chapter 6 and suggest that in untreated women with mild
gestational diabetes there is an increase in each of the
primary study outcomes associated with increasing
fasting glucose levels and increasing 1- and/or 2-hour
glucose levels. These primary outcomes were cesarean
delivery, increased birthweight, neonatal hypoglycemia,
and fetal hyperinsulinism, detected by cord blood c-
peptide measurements. The HAPO study is an observa-
tional study and therefore cannot be used to produce
guidance on treatment, but it can certainly relate to
appropriate cut-offs for the interpretation of glucose
tolerance testing in pregnancy.

ACHOIS trial

The ACHOIS trial is the first reported trial of treatment
of gestational diabetes with a double blind design in
which half the women who were randomized (n = 510)
were not told that they had impaired glucose tolerance/
gestational diabetes, nor were their medical attendants
aware of this. The headline findings of this trial were that
identification and treatment of gestational diabetes was
associated with a relative risk of 0.33 (95% CI 0.14-0.75)
of serious perinatal complications taken as a composite
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measure falling from 23 of 510 (4%) to 7 of 490 (1%).
Induction of labor was more common in the intervention
group as many units had a policy of elective induction
with a diagnosis of gestational diabetes. The proportion
of large for gestational age babies was 68 of 490 (13%) in
the treated group and 115 of 510 (22%) in the routine
care group (RR 0.62, 95% CI 0.47-0.81). Cesarean deliv-
ery rates were identical in the two groups.

The study included various measures of psychologic
well-being to determine if patients’ knowledge of their
diagnosis of gestational diabetes leads to adverse out-
comes. In fact, there was a general improvement in mood
and well-being in the treated group, with a halving in the
incidence of postnatal depression: 23 of 490 (8%) versus
50 of 510 (17%) (RR 0.46, 95% CI 0.29-0.73).

The ACHOIS trial was subjected to a certain amount
of criticism, not least because the total incidence of
adverse perinatal outcomes was that which was expected
when combining the treated and untreated groups. This
raised the possibility that the differences seen were a
chance finding. It is more likely that this general benefit
was seen as a result of a Hawthorne effect.” The most
likely explanation for the low rate of complications
overall was that the median 2-hour value in the women
randomized in the ACHOIS trial was at the low end of
the impaired range at 8.6 mmol/L (155mg/dL). It was,
however, a well-conducted trial with a positive endpoint,
suggesting that treatment in mild gestational diabetes is
beneficial and should be recommended.

MFMU Network Trial

The recently reported MFMU trial has a similar double-
blind methodology to the ACHOIS trial," but uses dif-
ferent diagnostic criteria for mild gestational diabetes.
These were a fasting glucose level of less than 5.3 mmol/L
(<95mg/dL) and after a 100-g load two or more hourly
glucose measurements above the following thresholds:
1 hour 10.0mmol/L(180 mg/dL); 2 hours 8.6 mmol/L
(155mg/dL); and 3 hours 7.8 mmol/L (140 mg/dL). The
primary endpoint was a composite outcome of features
associated with maternal hyperglycemia, which included
perinatal death, neonatal hypoglycemia, hyperbilirubine-
mia, hyperinsulinemia, and birth trauma. There was no
significant difference in this composite primary outcome
(treated group n = 485, 149 of 460 [32.4%]; control
group n = 473, 163 of 440 [37.0%]; RR 0.87 [97% CI
0.72-1.07]; p = 0.14). The study cohorts included no
perinatal deaths. The study did, however, report signifi-
cant reductions in a series of important secondary out-

comes, mean birthweight was approximately 100 g less in
the treatment group and the number of large for gesta-
tional age infants was significantly reduced in the treat-
ment group: 34 of 477 (7.1%) compared to 66 of 454
(14.5%) in the control group; RR 0.49 (97% CI 0.32—
0.76); p < 0.001. Cesarean delivery was significantly
reduced (26.9% in the treatment group compared to
33.8% in the control group) and shoulder dystocia was
also significantly reduced (7 [1.5%] versus 18 [4%],
respectively; RR 0.37 [97% CI 0.14-0.97]; p 0.02).

In both this study and the ACHOIS trial reported
above there was a significant reduction in the frequency
of pre-eclampsia.

Taken together these two important studies suggest that
treatment of mild GDM is likely to improve the outcome
of pregnancy to an extent to make it worthwhile.

TIMING OF INTERVENTION

Gestational diabetes is a disorder of the second half of
pregnancy in the majority of cases, and probably for most
women only the third trimester. The endocrine-induced
insulin resistance (the inverse of insulin sensitivity) of
pregnancy, which would tip susceptible women over into
gestational diabetes, is established by about 26 weeks in
most women (Fig. 7.1).

It is the case, however, that insulin sensitivity in pre-
gnancy can be manipulated both up and down by dietary
choices, and in those women who are considered suscep-
tible to gestational diabetes, particularly those with pre-
existing obesity, the adoption of a healthy eating pattern
from early pregnancy may be prophylactic against gesta-
tional diabetes later in non-diabetic women. We and
others have shown that a high carbohydrate, low glycemic
index (GI) diet is associated with enhanced insulin sensi-
tivity in later pregnancy.' Such a dietary approach has no
known adverse effects, and when applied by the DIAGEST
group of Romon and colleagues (Table 7.1)," the per-
centage of large for gestational age babies in women
with gestational diabetes managed on diet is inversely
proportional to the quintile of carbohydrate intake. A
further theoretical advantage of the low GI diet is the
abolition of relative ketonemia seen in late pregnancy on
a relatively high GI diet (Fig. 7.2). This is important
because of the continuing concern that maternal ketone-
mia in late pregnancy might be capable of inducing neu-
rodevelopmental handicap, including a lowering of 1Q."*

In contrast, one non-randomized cohort study
reported lower requirements for insulin, and lower rates
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Insulin sensitivity of individual subjects throughout
pregnancy expressed as % of postnatal study
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Table 7.1 Proportions of large for gestational age (LGA) and small for gestational age (SGA) infants by quintiles of maternal
habitual carbohydrate intake in gestational diabetes. (Modified from Romon et al'.)

Maternal habitual carbohydrate intake (g) <173 173-186 186-211 211-243 >243
LGA 5 (37%) 2 (12%) 4 (25%) 0 (0%) 0 (0%)
SGA 0 (0%) 0 (0%) 2 (13%) 0 (0%) 1 (6%)
of cesarean sections and newborn macrosomia with a low able group, and in the short term helping to avoid the
carbohydrate regime."” need for insulin or hypoglycemic therapy.

STRUCTURED EDUCATION PROGRAMS METHODS OF TREATMENT

Structured education programs, such as DAFNE (Dose

Adjustment For Normal Eating), which are established in Insulin regimes

the management of Type 1 diabetes, are now becoming In a study addressed to the wisdom of the American
more widely used in Type 2 diabetes. Although no appro- practice (see above) of recommending prophylactic
priate studies have been performed in pregnancy, it insulin to everyone with a diagnosis of gestational dia-
might be assumed that structured education programs betes, Persson and colleagues in Sweden performed a
with a component of dietary management would be randomized trial in 200 women with impaired glucose
appropriate as a starting point for therapy in newly diag- tolerance.'® At the time of entry, all patients were given
nosed gestational diabetes. Such programs have been dietary instructions by a dietitian to take a diet con-
associated with statistically significant reductions in Type taining 50% of calories from carbohydrate, 20% from
2 diabetes in percentage hemoglobin Alc (HbAlc) and protein, and 30% from fat. The diet alone group
include X-PERT"'® and DESMOND." was given supplementary insulin during the period

In all events the presence of a trained dietitian is neces- of follow-up in the second half of pregnancy if the fasting

sary in the multidisciplinary team, providing care for blood glucose exceeded 7mmol/L (126 mg/dL) or the
both short- and long-term lifestyle advice for this vulner- 1-hour postprandial blood glucose exceeded 9 mmol/L
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Fig. 7.2 -Hydroxybutyrate levels in a cross-over study of isocaloric low glycemic index (Diet 2) compared with a
pregnant subjects (@) and non-pregnant subjects (O) showing regular diet (Diet 1). ** statistically significant difference
the abolition of pregnancy-induced relative ketonemia by an p < 0.01 (Adapted from Fraser et al. with permission'?)
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Table 7.2 Perinatal outcomes in a randomised trial of diet alone versus diet and routine insulin in the management of gestational

diabetes mellitus. (Modified from Persson et al'®.)

Diet (n = 105)

Diet and insulin (n = 97) Statistical difference

Size at birth

Mean birthweight (g) 3560
SGA 3
Appropriate for gestational age 88
LGA 14
Triceps skinfold thickness (mm) 5.1
Neonatal morbidity

Respiratory distress 9
Hypoglycemia 13
Hyperbilirubinemia

Polycythemia 5

3630 NS
0 NS

86 NS
11 NS
4.9 NS

15 NS
18 NS

8 NS

6 NS

LGA, large for gestational age; SGA, small for gestational age

(162mg/dL) on at least three occasions during a period
of 7 days. The group on routine insulin with diet were
prescribed 8-121U/day of rapid or intermediate acting
insulin and doses were adjusted to attempt to maintain
fasting glucose below 5mmol/L (90mg/dL) and 1-hour
postprandial values below 6.5mmol/L (117 mg/dL).
Fifteen patients (14%) in the diet-treated group required
insulin. The important maternal and infant outcomes are
summarized in Table 7.2, and it can be seen that birth-
weights were not significantly different nor was there an
excess of large for gestational age infants in the diet-
treated group. Measurements were made of the c-peptide
levels in cord blood as an index of metabolic perturbation
and there was no difference between the two groups. The
conclusion of this important study, which has not been
superseded, is that there is no obvious benefit to routine
hypoglycemic therapy in gestational diabetes if diet
therapy is capable of maintaining blood glucose profiles
within the targeted range. The likelihood of a woman
with gestational diabetes requiring additional hypoglyc-
emic therapy is about 15%.

A refinement of the selection of women for insulin
treatment using ultrasound parameters of fetal growth
has been reported in two distinct studies. The study of
Buchanan and colleagues” randomized women with
gestational diabetes who had a fasting plasma glucose on
a glucose tolerance test, less than 5.8 mmol/L (105 mg/dL)
and a fetal abdominal circumference above the 75th
centile for gestational age between 29 and 33 weeks of ges-
tation. Subjects were randomized to either diet or diet
plus twice-daily insulin using glycemic targets premeal
of less than 5.8 mmol/L (<104mg/dL) of glucose and 2
hours postmeal of less than 6.7 mmol/L (<120 mg/dL) of

glucose. Mean birthweights in the insulin-treated versus
diet-treated groups were 3.64 versus 3.87kg, and the
prevalence of large for gestational infants was 13% versus
45%, respectively, which was statistically significant.

The second study of Kjos and colleagues™ had a differ-
ent design in which 98 women with gestational diabetes
and a fasting plasma glucose of 5.8—6.7 mmol/L (105-
120 mg/dL) were randomized to a standard group, who
all received insulin treatment, and an experimental
group, who only received insulin if their fasting plasma
glucose exceeded 6.7 mmol/L (120mg/dL) or the ultra-
sound measured abdominal circumference in any 4-week
period was above the 70th centile. In this study maternal
and perinatal outcomes were not significantly different,
although there was an unexplained reduction in the
cesarean section rate in the insulin-treated group. Thirty
of 49 women in the experimental group ended up on
insulin before delivery but this was interpreted as a 38%
reduction in the number of patients who required insulin
therapy. This reduction could be achieved without any
increase in maternal or perinatal morbidity.

Treatment targets

One randomized controlled trial in GDM has been pub-
lished looking at the timing of blood glucose monitoring
in relation to insulin therapy.”’ This study involved 66
women with gestational diabetes who were judged to
require insulin therapy based on fasting plasma glucose
levels of 5.9 mmol/L (105 mg/dL) or 1-hour postprandial
glucose levels of >7.8 mmol/L (140 mg/dL) despite diet
therapy. Randomization was to the timing schedule of
blood glucose measurements as a guide to therapy. In one
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Table 7.3 Pregnancy outcomes in a randomized controlled trial comparing preprandial and postprandial blood glucose
monitoring in women with gestational diabetes. (Modified from de Veciana et al’'.)

Preprandial (n = 33) Postprandial (n = 33) RR (95% CI) p value
Target control met (%) 86.0 + 4.1 88.0+5.2
Insulin dose (U/day) 76.8 £21.4 100.4 +29.5 0.003
Final HbAlc (%) 8.1+2.2 6.51t14 0.007
Maternal outcomes
Pre-eclampsia 2 (6%) 2 (6%) NS
GA at delivery (weeks) 37.6 £3.8 379+ 14 NS
CS 13 (39%) 8 (24%) NS
3° or 4° tear 8 (24%) 3 (9%) NS
Neonatal outcomes
Birthweight (g) 3848 + 434 3469 + 668 0.01
LGA 14 (42%) 4 (12%) 3.5 (1.3-9.5) 0.01
SGA 0 1 (3%) NS
Shoulder dystocia 6 (18%) 1 (3%) NS
Hypoglycemia (<1.6 mmol/L [29mg/dL]) 7 (21%) 1 (3%) 7.0 (0.9-53.8) NS

CS, cesarean section; LGA, large for gestational age; SGA, small for gestational age

group glucose was measured preprandially with a target
of 3.3-5.0mmol/L (60-90mg/dL) and in the second
group, glucose was measured postprandially 1 hour after
ameal with a target of less than 7.8 mmol/L (140 mg/dL).

The results are summarized in Table 7.3, and it can be
seen that the majority of women met their target control
but the insulin dose was 25% higher in the postprandial
than the preprandial group, and this was associated with
a significantly lower final HbAlc, a lower birthweight,
and a lower frequency of large for gestational age babies.
There were non-significant trends to high rates of shoul-
der dystocia and neonatal hypoglycemia in the prepran-
dial group, but the trial was obviously limited by relatively
small numbers. It does seem clear, however, that post-
prandial targets will produce a better outcome than pre-
prandial targets, but involve significantly higher daily
insulin doses.

Oral hypoglycemic drugs

Whilst diet alone is obviously effective in the prevention
of perinatal morbidity and mortality, insulin regimes will
be required by about 15% of women with GDM. Insulin
is not without risks, however, and recent randomized
controlled trials have addressed the value of oral hypogly-
cemic agents, including glyburide and metformin, as
alternatives to insulin. Oral treatment may be more
acceptable to women than self-injection with insulin.

One large randomized controlled trial has been pub-
lished” in which 404 women with gestational diabetes
were randomized to glyburide at a dose of 2.5 mg daily,
rising to 20mg daily, or insulin 0.7 U/kg, both adjusted
weekly. Glyburide is a short-acting sulfonylurea (mar-
keted as Glibenclamide in some countries). Glycemic
targets were a fasting blood glucose concentration of 3.4—
5.0mmol/L (60-90mg/dL), a preprandial blood glucose
concentration of 4.5-5.3mmol/L (80-95mg/dL), and a
postprandial blood glucose concentration at 2 hours after
a meal of less than 6.7mmol/L (120mg/dL). The glybu-
ride dose was adjusted upwards but the 20-mg dose failed
to maintain glycemic targets in eight women (4%). This
small group of women were switched to insulin therapy
but remained in the original group for analysis. There
were no significant differences in percentage HbAlc in
the third trimester, nor in the proportion of large for
gestational age babies or the cord insulin level, and nor
was there any difference in the proportion of infants with
respiratory distress syndrome (8% versus 6%), hypoglyc-
emia requiring intravenous dextrose (14% versus 11%) or
neonatal unit admissions (6% versus 7%). Glyburide was
not detected in the cord serum of any infant. This study
suggests that there is likely to be a significant place for
oral hypoglycemic drugs, including the sulfonylureas.
Such treatment would theoretically have considerable
advantages over insulin in terms of convenience and
safety. Sulfonylureas, however, have their beneficial
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Table 7.4 Neonatal complications in the MiG study. (Modified from Rowan et al*.)

Outcome Metformin group Insulin group Relative risk p value
(n =363) (n =370) (95% CI)
(% (n)) (% (n))
Recurrent blood glucose level <2.6 mmol/L 15.2 (55) 18.6 (69) 0.81 (0.59-1.12) 0.21
[<47 mg/dL]
Respiratory distress 3.3 (12) 4.3 (16) 0.76 (0.37-1.59) 0.47
Birth trauma 4.4 (16) 4.6 (17) 0.96 (0.49-1.87) 0.90
5-Min Apgar score <7 0.8 (3) 0.3 (1) 3.06 (0.32-29.26) 0.37
Preterm birth (<37 weeks of gestation) 12.1 (44) 7.6 (28) 1.60 (1.02-2.52) 0.04
>24h stay in neonatal intensive care unit 12.7 (46) 12.2 (45) 1.04 (0.71-1.53) 0.83

effects by enhancing insulin secretion, and like insulin
might be the cause of excessive fat retention after preg-
nancy, especially in overweight or obese women.

Metformin

A randomized study (the MiG study) on a similar basis,
using the biguanide metformin rather than a sulfonylu-
rea, has recently been reported.” Metformin would have
some theoretical advantages over sulfonylurea, in par-
ticular in women with Type 2 diabetes who are over-
weight at the onset of gestation. In the study, 363 women
were randomized to receive metformin and 370 rand-
omized to receive insulin, after exclusions. Randomiza-
tion took place after lifestyle intervention and dietary
advice left women with persisting fasting capillary blood
glucose levels greater than 5.4mmol/L (>97mg/dL) or
more than one 2-hour postprandial glucose level greater
than 6.7 mmol/L (>121 mg/dL).

In the metformin arm of the MiG study, 195 subjects
received metformin alone, although nine of these subjects
stopped taking it before delivery. One hundred and
sixty-eight subjects randomized to metformin required
supplementary insulin when the glycemic targets were
not maintained despite the maximum metformin dose
of 2500 mg/day. All but 18 of these women continued
metformin with supplementary insulin. There were no
significant baseline characteristic differences between the
metformin and the insulin groups. The neonatal out-
comes are summarized in Table 7.4. There was no excess
of neonatal hypoglycemia in the metformin group nor of
respiratory distress syndrome, birth trauma, or low Apgar
scores. There were no significant differences in rates of
birthweight below the 10th or above the 90th centile or in
any of the neonatal anthropometry measurements under-
taken, including multiple skinfold thicknesses and pon-

deral index. Cord blood serum insulin concentrations
were slightly higher in the metformin arm infants but this
difference was not statistically significant.

It would therefore seem that there is a place for the use
of metformin in the management of gestational diabetes,
but that up to 46% of women treated with metformin
will require supplementary insulin to maintain reasona-
ble glycemic targets.

The secondary outcome of this study, which is prob-
ably of greatest long-term interest in relation to mother’s
health and prevention of future gestational diabetes or
indeed Type 2 diabetes in later life, is the net weight
change in the two groups. The loss of weight from enrol-
ment to the postpartum visit was 8.1 = 5.1kg in the
metformin group and 6.9 £ 5.3kg in the insulin group,
and this difference was highly significant (p = 0.006).

FUTURE RESEARCH

Although there is a place for surrogate measurements of
beneficial outcomes of treatment of gestational diabetes,
such as birthweight and shoulder dystocia, it is the case
that an objective measure of long-term metabolic pertu-
bation of the fetus is reflected in the insulin levels circu-
lating in the fetus, which are directly proportional to the
insulin levels in the amniotic fluid. Fig. 7.3 from our own
laboratory shows distribution of amniotic fluid insulin at
delivery, usually by cesarean section, in 45 women with
normal glucose tolerance compared to a group with
treated gestational diabetes and a group with treated
Type 1 and Type 2 diabetes. It can be seen that despite
our practice of glycemic target-oriented therapy accom-
panied by intensification of insulin therapy with ultra-
sound evidence of incipient fetal macrosomia, still at least
a third of newborns of women with gestational diabetes
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Amniotic Fluid Insulin at Delivery
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have amniotic fluid insulin levels above the upper limit
of the normal distribution. This almost certainly explains
the continuing morbidity seen in such cases and repre-
sents a therapeutic target which can be addressed by
enhanced maternal diabetic control, either with diet and
insulin or oral hypoglycemics. Weiss et al reported a
small number of women who had serial amniocentesis
performed and, when their liquor insulin levels were
above the normal range, intensification of insulin therapy
was applied. In each case reported, fetal insulinization
appeared to be corrected and the authors report no
typical fetal morbidity in their series.*

One randomized study has been reported in which 123
women were managed either on the basis of mean blood
glucose or mean blood glucose with enhanced insulin
therapy if amniocentesis revealed fetal hyperinsulinemia.
The test was performed between the 28th and 32nd week
of pregnancy. There were significant reductions in the
proportion of large for gestational age babies and the
frequency of neonatal hypoglycemia in this study.”

CONCLUSIONS

There is good quality evidence that treatment of relative
hyperglycemia in pregnancy is associated with an
improved short-term outcome for the newborn infant.
Whilst insulin remains the mainstay of treatment, par-

ticularly in those with pre-existing diabetes, the impor-
tance of good quality dietary advice and the potential
role of oral hypoglycemic drugs will be increasingly
important for the treatment of hyperglycemia in gesta-
tional diabetes.
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PRACTICE POINTS

* Prepregnancy care is the additional support needed to
prepare a woman with diabetes for pregnancy and should
begin at least 6 months before pregnancy. A principle goal is
to advise and support the woman to achieve optimization of
glycemic control before conception.

Prepregnancy care for women with Type 1 diabetes is
associated with improved glycemic control in early pregnancy
and a three-fold reduction in the risk of major congenital
malformations in the offspring.

Pregnancy outcomes for women with Type 2 diabetes are the
same or worse as those for women Type 1 diabetes.
However, women with Type 2 diabetes are less likely to
receive formal prepregnancy care.

Preconception counseling includes discussion with the patient
about future plans for pregnancy, contraceptive advice,
education about the increased risks associated with
unplanned pregnancies, and advice on how to access
prepregnancy care.

Prepregnancy care also includes commencement of folic acid
supplements, discontinuation of oral medications that have
teratogenic potential, such as statins and ACE inhibitors,
smoking cessation, and dietary input to encourage a healthy
weight before pregnancy.

CASE HISTORY

Mary, a 25-year-old, was delighted to find she was expect-
ing a second baby. Her first pregnancy had been compli-
cated by gestational diabetes for which she was treated
with diet from 20 weeks until delivery. Despite advice to
lose weight, she had become depressed following the
pregnancy and gained 9kg. Two years later she had been
diagnosed with Type 2 diabetes. She found it difficult to

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

keep to the recommended diet and required metformin
and gliclazide to keep her blood glucose controlled.
Recently she had been started on treatment for
hypertension.

She was 9 weeks’ pregnant. Her doctor referred her
urgently to the diabetic antenatal clinic where she was
shocked to discover she would need insulin treatment
during her pregnancy. Her hemoglobin Alc (HbAlc) at
booking was 8.4%. She commenced twice-daily insulin
injections and discontinued her metformin and gli-
clazide. Her blood pressure medication was changed and
she was prescribed folic acid tablets. Her 20-week fetal
echocardiogram showed a ventricular septal defect. After
20 weeks, her diabetes became more difficult to control
and she was changed to four insulin injections daily.
When her blood pressure increased at 28 weeks, a second
oral antihypertensive medication was added. Develop-
ment of pre-eclampsia led to an emergency cesarean
section at 35 weeks. The baby was admitted to the neo-
natal intensive care unit for treatment of hypoglycemia.
The latter led to difficulties establishing breastfeeding.
She was informed that the baby would require surgery
later to correct the cardiac defect.

+ How effective is prepregnancy care in reducing risks of
complications in women with diabetes?

+ What evidence is there for prepregnancy care in women
with Type 2 diabetes?

+ What should preconception counseling include?

+ Why do women not access prepregnancy care?

+ Is prepregnancy care cost-effective?

BACKGROUND

Prepregnancy care for women with diabetes was intro-
duced over 30 years ago and is associated with improved
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pregnancy outcomes. However, overall pregnancy out-
comes remain very poor for women with diabetes with
only a third receiving prepregnancy care. Worldwide,
Type 2 diabetes is the most common type of diabetes
to complicate pregnancy. Women with Type 2 diabetes
are more likely to enter pregnancy with obesity and
taking potentially teratogenic medications. It is therefore
essential that all healthcare professionals delivering
diabetes care to reproductive-age women and female
adolescents understand the importance of prepregnancy
care and are able to provide preconception counseling
at routine consultations with women of reproductive
age.

HISTORY OF PREPREGNANCY CARE

Molsted-Pedersen first described in 1964 the high inci-
dence of congenital malformations in infants of diabetic
women, with 6.4% having a malformation compared
to 2.1% of those born to women without diabetes.'
Hyperglycemia was proposed as a possible mechanism
with both animal and human studies supporting this
hypothesis.>> However, the concept of prepregnancy
care for women with diabetes to decrease the incidence
of fetal malformations was developed after Pedersen
observed the relationship between maternal hyper-
glycemia and the development of fetal anomalies. He
noted that, “the occurrence of hypoglycemic reactions
and insulin coma during the first trimester was low
in mothers with malformed infants indicating a
positive relationship between maternal hyperglycemia
early in pregnancy and the development of fetal
malformations”*

Judith Steel established a prepregnancy clinic in Edin-
burgh in 1976.° The aims of her prepregnancy clinic
included:

Assessment of patients for complications of diabetes
Explanation of the importance of good glucose control
at all stages of pregnancy, and to improve cooperation
and motivation

Optimization of diabetic control at the time of
conception

Encouragement of women to book early for antenatal
care.

EFFECTIVENESS OF
PREPREGNANCY CARE

Prepregnancy care and congenital
malformations

Fuhrmann’s study of 420 women with Type 1 diabetes’
showed that preconception optimization of maternal
blood glucose was associated with a significant reduction
in congenital malformations. In this study, intensifica-
tion of glucose control included regular hospital admis-
sions before and during pregnancy, and patients being
seen twice weekly. He found a malformation rate of 0.8%
in the group that had established preconception glycemic
control compared to 7.5% in the control group. Later
studies confirmed the effectiveness of prepregnancy care
in reducing the risk of malformations (Table 8.1).>"
A meta-analysis of 14 studies of prepregnancy care,
which included 1192 offspring of mothers who received
prepregnancy care and 1459 offspring of mothers
who did not, showed that lack of prepregnancy care was

Table 8.1 Prepregnancy care (PPC) and congenital malformations in Type 1 diabetes. (Data from references 5-14.)

Author Year PPC No PPC
Number Malformations (%) Number Malformations (%)

Fuhrmann et al® 1983 128 0.8 292 7.5
Goldman et al’ 1986 44 0 31 9.7
Mills et al® 1988 347 4.9 279 9.0
Kitzmiller et al’ 1991 84 1.2 110 10.9
Rosenn et al* 1991 28 0 71 1.4
Cousins'! 1991 27 0 347 6.6
Drury & Doddridge" 1992 100 1.0 244 4.1
Willhoitte et al 1993 62 1.6 123 6.5
Steel’® 1994 196 1.5 117 12.0
Temple et al* 2006 110 1.8 180 6.1
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Table 8.2 Prepregnancy care (PPC) and pregnancy outcomes in women with Type 1

diabetes. (Data from Temple et al'’.)

PPC (n =110) No PPC (n = 180) p value

Pregnancy complications

Delivery <34 weeks (%) 5.0 14.2 0.02

Macrosomia (%) 44.0 43.4 NS

Pre-eclampsia (%) 13.1 12.7 NS
Pregnancy outcome’

Spontaneous abortion 6 (5.7) 22 (14.0) 0.056

Malformation 2(1.8) 11 (6.1) 0.065

Stillbirth 1

Neonatal death 0 2

Adverse outcome 3(2.9) 16 (10.2) 0.026

‘tPregnancy outcomes are given as number (%) with percentages expressed as % of

total number of pregnancies

*Adverse outcomes include congenital malformations, stillbirths and neonatal deaths

associated with a three-fold increase in the risk of major
congenital malformation."

Prepregnancy care and
spontaneous abortions

Studies have shown that the risk of spontaneous abortion
is increased three- to four-fold in women with poor gly-
cemic control in early pregnancy.'®"”

One early study showed that prepregnancy care is asso-
ciated with a reduced risk of spontaneous abortion (8.4%
compared to 28%).'® A further study reported that pre-
pregnancy care was associated with a strong trend
towards a significant reduction in risk of spontaneous

abortion (5.7% compared to 14.0%) (Table 8.2)."

Prepregnancy care and
perinatal morbidity

There are few data on the effect of prepregnancy care on
perinatal morbidity or obstetric complications. A study
in Type 1 diabetes showed prepregnancy care was asso-
ciated with a non-significant reduction in neonatal care
admissions (17% vs 34%)." Further research in 290
women with Type 1 diabetes showed that prepregnancy
care was associated with a significant reduction in
delivery before 34 weeks of gestation (5.0% vs 14.2%)."

Some authors have suggested a link between early
glycemic control and risks of macrosomia and pre-
eclampsia.”*”' However, a recent study showed no
relationship between prepregnancy care and risk of
macrosomia or pre-eclampsia, suggesting that these

complications are related to glycemic control in later
rather than early pregnancy (Table 8.2)."

Prepregnancy care in Type 2 diabetes

A small number of studies of prepregnancy care and mal-
formation have included women with Type 2 diabetes,
but there have been no studies of Type 2 diabetes as a
separate group.'""

One study of 389 women with Type 1 diabetes and 146
women with Type 2 diabetes showed outcomes were sig-
nificantly poorer in women with Type 2 diabetes, with a
four-fold increase in risk of major malformation. The
women with Type 2 diabetes, compared to the women
with Type 1 diabetes, were less likely to have received any
prepregnancy care (28.7 vs 40.5%).”

UK CONFIDENTIAL ENQUIRY INTO
MATERNAL AND CHILD HEALTH

The 2002-2003 UK Confidential Enquiry into Maternal
and Child Health (CEMACH) report has confirmed
how poor pregnancy outcomes remain for women with
diabetes.”™ It described 2767 pregnancies in women
with Type 1 diabetes and 1041 pregnancies in women
with Type 2 diabetes. There was an almost four-fold
increase in risk of malformations of the nervous and
cardiovascular systems. The study included a confidential
enquiry of 222 pregnancies with a poor outcome (death
of baby between 20 weeks of gestation and 28 days after
delivery or major congenital anomaly), 220 control cases
with a good outcome, and also a further 79 cases in
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women with Type 2 diabetes with a good pregnancy

outcome. Its conclusions, in relation to prepregnancy

care, are summarized.

1 Only 17% of the units provided multidisciplinary
prepregnancy care for women with diabetes.

2 62% of women with Type 1 diabetes and 75% of
women with Type 2 diabetes had no evidence of
prepregnancy counseling.

3 68% of women had no record of discussion of
contraception.

4 73% of women were defined as having substandard
preconception care.

5 63% of women had no test of glycemia in the 6 months
before pregnancy.

6 65% of women with Type 1 diabetes and 51% women
with Type 2 diabetes had an HbAlc above 7% at the
end of the first trimester.

7 Suboptimal preconception care was associated with a
five-fold increased risk of poor pregnancy outcome
(defined as death of the baby after 20 weeks until 28
days following delivery or a major congenital
malformation).

8 The CEMACH report concluded that preconception
services across the UK are “fragmented and ineffec-
tive” and thus not meeting the needs of women with
diabetes.

WHY DO WOMEN NOT ATTEND FOR
PREPREGNANCY CARE?

The CEMACH study showed only a third of women
attended for prepregnancy care. In contrast, a nationwide
study from the Netherlands showed that 70% women
with Type 1 diabetes planned their pregnancies.*

The differences between women who do or do not
attend for prepregnancy care have been well-documented
(Table 8.3).””*" In particular, many women with Type 2
diabetes have often received little or no preconception
counseling and no prepregnancy care.”

There are no simple solutions to increasing the utiliza-
tion of prepregnancy care, but the following recommen-
dations may be useful when developing a prepregnancy
service.

1 Education of all healthcare professionals involved
with reproductive-age women and adolescents who
have diabetes about the importance of preconception
counseling and prepregnancy care.

2 Preconception counseling to be given to, and docu-
mented for, all women with Type 1 and Type 2 dia-
betes, on a regular basis.

Table 8.3 Differences between women with diabetes who plan
their pregnancy and have prepregnancy care and women who
do not.””* Factors which may be improved by positive
interactions between the provider and his/her patient are
shown in bold.

Pregnancy planned Pregnancy unplanned

Lower socioeconomic status
Lower level of education
Unmarried or no supportive

Higher socioeconomic status
Higher level of education
Married or stable

relationship partner

More likely to have Type 1 Less likely to have Type 1
diabetes diabetes

Employed Unemployed

Older Younger

European, white Belonging to ethnic minority

group
Non-smoker Smoker

Positive relationship with

healthcare team

Positive preconception
advice

Negative relationship with
healthcare team
Discouraged from pregnancy

3 There should be easy access to prepregnancy care for
all women with diabetes.

4 Positive information about pregnancy should be given
as far as possible to encourage a partnership between
the woman and her diabetic team.

5 Risks must be explained but the woman’s wishes must
also be respected and supported.

6 Blood glucose targets should be individualized and
agreed upon in consultation with the woman and her
partner.

COMPONENTS OF A PREPREGNANCY
SERVICE

There are two separate major components to prepre-

gnancy care:

* Preconception counseling, which involves discussion
and education

« Prepregnancy care, which involves planning a pre-
gnancy in conjunction with healthcare professionals.

Preconception counseling

Preconception counseling is the education of, and the
discussion with, women of reproductive age about pre-
gnancy and contraception. It is an essential component
of every consultation in primary and/or specialist care.
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+ Preconception counseling is complex and not some-
thing that can be given in 2 minutes, on just one occa-
sion, at the end of a routine diabetes consultation.
It is the responsibility of all healthcare professionals
delivering diabetes care to deliver preconception
counseling.

Discussion about future pregnancy plans.

Education about what prepregnancy care is and how

this can improve pregnancy outcomes.

Education about increased risks of poor pregnancy

outcome with poor glycemic control before and during

early pregnancy.

+ Advice about how to access prepregnancy care, includ-

ing contact details for self-referral to the prepregnancy

care team.

Education of women with Type 2 diabetes about stop-

ping oral hypoglycemic agents prior to conception and

possible need for insulin before and/or during
pregnancy.

+ Documentation about use of and provision of con-
traception, and advise about contraception. This
may involve a discussion of different types of contra-
ception and how to obtain emergency contraception.
It is important to emphasize the importance of
continuing reliable contraception until optimization
of glucose control has been achieved when planning a
pregnancy.

+ Education about necessity for commencement of folic
acid supplements before pregnancy.

+ Education about avoidance of statins, angiotensin-
converting enzyme (ACE) inhibitors, and angiotensin-
receptor blockers (ARBs) during pregnancy.

+ Discussion about how diabetic complications may
affect any future pregnancy.

+ Information about the importance of urgent referral to
a diabetic antenatal clinic should an unplanned preg-
nancy occur.

+ Documentation of any discussion/education. In par-
ticular, preconception counseling should be docu-
mented at all annual reviews.

.

Prepregnancy care

Prepregnancy care is the additional care needed to
prepare a woman with diabetes for pregnancy, and
involves a close partnership between the woman and
healthcare professionals. It includes optimization of
glucose control, prescribing folic acid supplements,
avoidance of potentially teratrogenic medication, and
discussion of maternal and fetal risks.

Prepregnancy care should ideally begin 6-12 months
before a woman with diabetes embarks on a pregnancy.
The time required depends on several factors, including
current level of glycemic control and presence of diabetic
complications.

A suggested care pathway is shown detailing the
components of prepregnancy care (Table 8.4). It is
preferable for prepregnancy care to be delivered by the
multidisciplinary team who will care for the woman
during her pregnancy, so that relationships between
the patient and members of the team can be developed
before the pregnancy begins. The use of a prepre-
gnancy proforma may be useful for documentation of
all the different aspects of prepregnancy care (Fig. 8.1).
The proforma shown has been developed for use in
10 hospitals in one region of the UK, and has been
found to be of great use when going through the many
different aspects of care needed when delivering pre-
pregnancy care.

When delivering prepregnancy care, it is important
to always remember that it is a partnership between
the healthcare professionals and the patient, and not a
dictatorship.

Glycemic targets

Although glucose targets are suggested in the care
pathway, it is important to individualize prepregnancy
glycemic targets, aiming for the lowest HbAlc possible
while avoiding severe hypoglycemia. Targets should be
agreed upon in discussion with the patient and her
family. Asking the woman how she perceives her glyc-
emic control may give valuable insight as to how to best
advise the patient to optimize her control.

Women with Type 1 diabetes should be encouraged to
do up to seven blood glucose tests daily, including some
night-time tests, and to record results in a home blood
glucose monitoring diary. During the day, tests should be
done on waking, before lunch, dinner, and bed, and 1
hour following the three main meals. Downloading
glucose meters at clinic visits rather than relying on a
patient’s diary of results can be helpful to verify glucose
monitoring. A printout of these results at each visit may
assist the patient in understanding the rationale(s) for
changes in insulin dose, diet distribution, or activity at
given times

In occasional patients, continuous glucose monitoring
systems can be extremely helpful, e.g. to identify erratic
blood glucose levels in patients with a suboptimal HbAlc
(Fig. 8.2).
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Table 8.4 Prepregnancy care pathway for women with Type 1 or Type 2 diabetes.

At every visit, ask patient about plans for pregnancy within next 12 months

Keen for pregnancy in next 12 months No wish for pregnancy in next 12 months

Contraception Contraception

Document use of effective contraception Document use of effective contraception

Continue contraception until optimum HbAlc achieved

Optimize glucose control Document if preconception counseling (see text)

Aim for HbAlc as close to normal range as possible without significant Continue regular review of glycemic control, screening
hypoglycemia every 12 months for diabetic complications,

Advise HGBM, 4-7 tests daily. education on weight management and smoking

+ Fasting glucose <5.6 mmol/L (<101 mg/dL) cessation

+ Pre-meal glucose <6 mmol/L (<108 mg/dL)

+ Post-meals <7.8 mmol/L (<140 mg/dL)

Intensify insulin regime in T1 DM if needed, e.g. basal-bolus regime or
insulin pump

Counsel about lack of data on use of long-acting insulin analogs in
pregnancy

If Type 2 diabetes, stop oral agents and initiate insulin if suboptimal
glucose control

Hypoglycemia

Educate about increased risk of hypos and loss of hypo awareness
during pregnancy

Educate family about use of glucagon

Advise the patient she must test blood glucose before driving and must
discontinue driving if she loses hypoglycemic awareness

Diet and exercise

Smoking and alcohol cessation advice

Consider education of carbohydrate counting
Emphasize consistent timing of meals and snacks
Consider recommendation of weight loss (see text)
Encourage regular exercise

Prescribe folic acid supplements
Supplemental dose may be 400 ug to 5mg daily

Screening for diabetic complications

If retinopathy present, refer to ophthalmologist

If proteinuria present or reduced GFR, refer to nephrologist
Assess cardiac status and consider referral to cardiologist
Check thyroid function tests

Review other medication
Stop ACE inhibitors, ARBs, statins, diuretics
Treat hypertension with methyldopa or labetalol

Counsel about risks of diabetes and pregnancy

To fetus: miscarriage, malformation, stillbirth, neonatal death,
macrosomia

To pregnancy: eclampsia, premature delivery, cesarean section

To mother: increased risk of severe hypos and DKA. Educate about sick
day rules

Risks of retinopathy and nephropathy
Counsel about the risks of development or progression of retinopathy
or nephropathy

Consider referral to obstetrician or perinatologist

HGBM, home glucose blood monitoring; DM, diabetes mellitus; GFR, glomerular filtration rate; ACE, angiotensin-converting
enzyme; ARB, angiotensin-receptor blocker; DKA, diabetic ketoacidosis
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Date of Visit

—

Improving Pregnancy Cutcomes
in Diabetes

—

Rubella (" Yes
immune: (" No

Gravida Parity DOB (eg 31/1/1980): I Post code:
Type of diabetes: Diabetes complications Ethnicity
CTypel C Other (specify) [ Retinopathy [~ Neuropathy (" Caucasian (" Other (please state)
CType2 I [~ Nephropathy [~ Vascular (" Afro-Caribbean
" Asian
Folicacid: (~ None Diabetestherapy:  other therapy Insulin therapy :
(" 400ug / day [ Dietalone [~ Statin " Pump
(" 5mg/ day [ Insulin [ ACE inhibitor C Injections  Number
i [ Sulphonylurea [~ Antidepressant
i Anti-epileptic
[~ Metformin r oth Fep Total daily dose {Units}l_
[ Glitazone Lot
[T Other (specify)
Blood glucose monitoring: I

Current HbA1C: I Target HbAlc:

Weight (kg): Height {m): Contraception: I Smoking:

[~ DSN/Educator [ Dietitian [~ Obstetrician [~ Other

Prepregnancy care health professionals seen:

Risks discussed: (CEMACH figures)

[~ Hypoglycaemia / Warning signs change
[~ DKA

[~ Pre-eclampsia increased risk

[T Caesarean delivery rate 66%

[~ Congenital malformation 2x greater risk
[ Stillbirth 5x greater risk

[ Perinatal death 3x greater risk

[~ Macrosomia risk 50%

[~ Premature delivery 3x greater risk

[~ Increased BMI

Follow-up prepregnancy visits

[T Midwife [~ Physician [ Multidisciplinary team
Severe hypo C Yes DKA in C Yes
inlast12mths: (" No last12mths: (~ Mo
Comments

pate: [ Homic|
pate: [ Hoaic|
pate: [ mbac|
pate: [ wbAic[
pate: [ mbac|

Number of phone contacts: |

Number of clinic visits:

Fig. 8.1 Prepregnancy proforma developed for use by 10 hospitals within a region of the UK. Educator includes diabetes specialist

nurse or certified diabetes educator.
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Fig. 8.2 Continuous glucose monitoring system reveals erratic blood glucose levels overnight and high postprandial peaks in a
patient with Type 1 diabetes receiving prepregnancy care and managed with a basal and prandial insulin regime.

Discussing periconceptional glucose
control and the risk of malformations
with the patient

It is important to discuss the risk of malformations with
the patient but also to be aware that giving “impossible”
glycemic targets can discourage her from attending for
prepregnancy care.”®

Recent meta-analyses of studies of glycemic control
and pregnancy outcome in Type 1 diabetes have shown
that risks are reduced with any improvement in HbAlc.
One meta-analysis of glycemic control and malforma-
tions showed a 0.4-0.6 relative risk reduction of congeni-
tal malformations for each 1% fall in HbAlc.”” Another
meta-analysis also showed a stepwise fall in risk with fall
in HbAlc, with a 3% risk of malformation for a HbAlc
of 6%, a 6% risk for an HbAlc of 9%, and a 12% risk for
an HbAlc of 12%.”

A stepwise approach to reducing HbAlc may be
helpful to women who are overwhelmed at the prospect
of achieving an HbA1c of 6-7%. Women may be encour-
aged by knowing that each 1% reduction in HbAlc will
improve their chance of having a healthy baby.

Hypoglycemia and hypoglycemic
unawareness

This is mainly a problem for women with Type 1 diabe-
tes. All women must be informed that they may lose their
usual warning signs of hypoglycemia, and of the need to
test their blood glucose before driving. Women should
stop driving if they experience loss of hypoglycemic
awareness. Family members should be instructed in the

use of glucagon and glucogel. Although there is no
human evidence to show hypoglycemia is damaging to
the fetus, it is potentially harmful to the mother and can
often limit the patient’s success in achieving optimum
glycemic control.

Several studies have shown a risk of severe hypo-
glycemia is most common in early pregnancy (Fig. 8.3).
Evers and colleagues have shown that risk of severe
hypoglycemia in the first trimester is increased in women
with a lower HbAlc, increased duration of diabetes,
and a history of hypoglycemia preceding pregnancy.”
However, a recent study showed no increase in risk of
severe hypoglycemia with prepregnancy care despite
women with prepregnancy care having a lower HbAlc at
booking."

Differences between Type 1 and
Type 2 diabetes

The factors contributing to poor outcome in Type 2 dia-
betes are complex and include suboptimal glucose
control, obesity, potentially teratogenic drugs, older age,
greater socioeconomic deprivation, and diverse ethnicity.
Many of these can be improved with preconception care.

Obesity must be addressed with intensive dietary
support to encourage an optimum body mass index
(BMI). In the UK, the National Institute for Health and
Clinical Excellence (NICE) guidelines on diabetes and
pregnancy have recommended that women with a BMI
above 27 should be given weight reduction advice prior
to pregnancy.” This is in line with NICE guidance on
obesity and results from several studies relating obesity
to increased risk of malformations, macrosomia, and
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Fig. 8.3 Relationship between gestation and episodes of severe
hypoglycemia (SH) in 81 women with Type 1 diabetes. The
vertical axis shows the percentage of women who had at least
one episode of severe hypoglycemia during the time period
(Temple, unpublished data).

hypertensive disorders. Women must be advised of the
increased risks of pregnancy with obesity, including
maternal death, congenital malformations, and throm-
boembolic disorders. Treatment with orlistat, a lipase
inhibitor, and sibutramine, a norepinephrine and serot-
onin reuptake inhibitor, have been shown to decrease
weight in obese patients. Treatment with these drugs in
the prepregnancy period may be considered to supple-
ment medical nutritional therapy.

Unless the woman has polycystic ovary syndrome and
the benefits of metformin outweigh the potential disad-
vantages, women with Type 2 diabetes should be trans-
ferred to insulin before pregnancy and oral hypoglycemic
agents discontinued.

Folic acid supplements

Research has consistently shown that diabetes increases
the risk of neural tube defects. It is therefore recom-
mended that all women with diabetes take folic acid
supplements when planning a pregnancy and continue
this for the first 12 weeks. There are different recom-
mendations on dose of folic acid supplements on either
side of the Atlantic. In the UK, NICE guidelines recom-
mend 5mg daily, since this higher dose has been shown
to reduce risk of neural tube defect in women who have
a previous history of neural tube defect.”” In the US,

current recommendation is for women to take folic acid
400ug to 4mg daily in the periconception period, the
dose being dependent on whether there is a previous
history of a neural tube defect.”

Diabetic complications

Generally patients can be reassured that pregnancy is not
associated with an increased risk of microvascular
complications.™

Retinopathy

Both pregnancy and intensification of glycemic control
may increase risk of progression of retinopathy. It is
therefore essential that retinal imaging is performed in
the prepregnancy period and that any retinopathy be
assessed and treated, if necessary, before initiation of
tight glycemic control and conception. Women who have
longer duration diabetes or whose retinopathy is present
in early pregnancy are most at risk of deterioration in
retinopathy during pregnancy.”” Women must be advised
of the need for regular ophthalmic assessment during
pregnancy and of the risk of development or progression
of retinopathy during pregnancy.

Renal disease

Women should have an assessment of renal function (e.g.
urinalysis, serum creatinine, creatinine clearance, albu-
min-to-creatinine ratio, 24-hour protein) before concep-
tion. Pregnancy outcome is usually good in women with
mild renal disease, but women need to be advised of the
increased risk of deterioration of renal function and pre-
eclampsia, both of which may well result in the need to
deliver prematurely. These risks may be reduced with
early and aggressive antihypertensive treatment.’® Coun-
seling about the risks for pregnancy in women with mod-
erate to severe renal dysfunction must be done sensitively,
and in women with more advanced renal dysfunction,
pregnancy is contraindicated. Although the risk of com-
plications in pregnancy is increased in women with renal
transplantation, pregnancy is often associated with a
good outcome. NICE recommends that women with an
effective glomerular filtration rate below 45ml/min
should be seen in a joint consultation with a nephrologist
before discontinuation of contraception.

Cardiovascular disease and hypertension

There is an increased risk of mortality in women who
have diabetes and documented ischemic heart disease,”
and such women should be referred for assessment by a



86

cardiologist. They need to be counseled sensitively about
the increased maternal risk with pregnancy. Severe
ischemic heart disease is considered a major contraindi-
cation to pregnancy.

In women with pre-existing hypertension, strict
blood pressure control should commence before pre-
gnancy and use of ACE inhibitors, ARBs, and statins
should all be discontinued. Women who conceive on
ACE inhibitors are at increased risk of major congenital
malformation.”

COST-EFFECTIVENESS OF
PREPREGNANCY CARE

Several studies have established that prepregnancy care is
cost-effective. One study used a combination of literature
review, expert opinion, and surveys of medical care to
estimate the costs and clinical consequences of prepre-
gnancy care compared to no prepregnancy care. It was
estimated that, from a combination of reduced antenatal
care costs and fewer adverse maternal and neonatal
outcomes, there was a saving of US$1.86 for each
dollar spent.”” A second study of 24 women with prepre-
gnancy care and 74 women with no prepregnancy care
found a net cost saving of US$34,000 per patient with
prepregnancy care.*’ This was due to less hospitalization
during pregnancy, a shorter stay following delivery,
and both less intensity of and a shorter inpatient stay for
the baby.

It is, however, important to remember both the enor-
mous and immeasurable emotional cost to a woman of
either “losing her baby” or having to care for a child with
birth defect-related impairments. Such costs cannot be
counted in financial terms.

FUTURE RESEARCH

The effectiveness of prepregnancy care on improving
pregnancy outcomes in Type 1 diabetes is well-docu-
mented. In particular, a recent study has shown that
“documentation of achievement of an optimal haemo-
globin Alc prior to discontinuation of contraception”
was the marker associated with the lowest risk of adverse
outcome.*!

However, there are many important areas for further
study. It is essential we increase our understanding of
why so few women who have diabetes and no barriers to
obtaining preconception care will not access that care.
This will require studies in different populations and
will almost certainly also require in-depth interviews to

deepen our understanding of this problem. With the
obesity epidemic and rapid rise in Type 2 diabetes, it is
important to study whether prepregnancy care in Type 2
diabetes is as effective, or possibly even more effective,
than in Type 1 diabetes.

Prepregnancy care is one of the most effective ways
to improve pregnancy outcomes in diabetes. Greater
awareness both for women with diabetes and healthcare
professionals is essential if we are to improve outcomes.
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PRACTICE POINTS

e There is a lack of international consensus regarding the
management of diabetes in pregnancy.

The UK 2007 Confidential Enquiry into Maternal and Child
Health (CEMACH) indicated that the outcomes for women
with diabetes in pregnancy are alarmingly poor.

Across the UK the quality of care for these women with
diabetes is patchy and suboptimal. In the US, lack of
uniformity in the availability of healthcare services is an
additional barrier to provision of adequate preconception
care.

A single international guideline, along with improvements in
preconception care and the universal adoption of a
multidisciplinary team approach, could transform the quality
of care provided to these women.

CASE HISTORY
Emma is a 32-year-old primigravida who has a history of
Type 1 diabetes dating back to the age of 5 years. Back-
ground retinopathy and proteinuria were first noted in
her mid-20s. She smokes 20 cigarettes daily. She and her
long-term partner are thinking about starting a family
but have not discussed this with medical staff. When she
attended her diabetes center for annual review her body
mass index (BMI) was 28 kg/m* and HbAlc 9.3%. Her
diabetes physician routinely reminded her of the impor-
tance of pregnancy planning, and the potential fetal com-
plications should conception occur in association with
poor glycemic control. She was also advised of the need
to stop her lisinopril and simvastatin at least 2 months
prior to conception, and of the value of folic acid 5mg
daily, and the importance of contraception.

Following referral to the local antenatal clinic, Emma
met a diabetes specialist midwife who discussed the likely

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh & David A. Sacks.
© 2010 Blackwell Publishing

outcomes and risks of pregnancy, and the pros and cons
of optimal glycemic control for mother and baby. The
diabetes specialist dietitian updated her knowledge
and skills on carbohydrate counting, and provided
weight reduction and smoking cessation advice. She also
had consultations with her diabetes physician and
obstetrician.

Emma attended the diabetes center regularly over the
next 6 months. Her progress was monitored by her dia-
betes specialist nurse and dietitian. After 4 months when
her HbA1cwas below 7% and with no significant hypogly-
cemia, her doctor advised her to stop contraception. Two
months later a pregnancy test was positive and her care
was immediately transferred back to the joint diabetes
antenatal clinic. She was reviewed every 1-3 weeks at this
clinic by the team, with phone call support between visits.

At 35 weeks of gestation Emma developed hyperten-
sion and proteinuria which progressed in severity over
the following weeks, requiring induction at 37 weeks.
After successful management of her diabetes during
labor using a glucose/insulin infusion according to a
standard protocol she delivered normally a healthy
baby.

Following delivery, her physician reduced her subcu-
taneous insulin dosing to that approaching her prepreg-
nancy insulin regime. At her 6-week postnatal review
she had stopped breast feeding was given contraceptive
advice and her angiotensin converting enzyme inhibitor
(ACE-I) was restarted. She selected an intrauterine con-
traceptive device which was inserted at that visit. In addi-
tion, her statin was restarted. She was referred back to her
diabetes center for ongoing diabetes care.

+ Women with diabetes in pregnancy are a captive group,
it is a time when women are motivated to learn new
skills and optimize diabetic control. How can we
provide ongoing seamless care after pregnancy to
prepare them for future pregnancies and for long-term
improvements in outcomes?



89

+ How do we improve access to maternity care when
women with pre-existing diabetes suspect they are
pregnant?

+ How can we deliver timely appropriate preconception
and antenatal care for women with Type 2 diabetes
from Black, Asian and other ethnic minority group
who live in deprived areas?

+ How do we manage mounting numbers of referrals of
women with diabetes in pregnancy to the obstetric dia-
betes antenatal clinic?

+ Should we have nationally agreed upon obstetric/dia-
betes medical notes?

+ Do community midwives have a role to play in the care

of women with gestational diabetes?

Should the diabetes specialist nurse be based in the

obstetric unit to support non-specialized staff in diabe-

tes care and free the diabetes specialist midwife to fulfil
her role delivering midwifery care?

BACKGROUND

A multidisciplinary team operating in a secondary or
tertiary care setting is a commonly adopted model for the
provision of pregnancy care to women with diabetes.'
Our own clinic started in the 1960s and our practice has
evolved over the years in response to changes in patient
population, clinical evidence, and local resources. It
mirrors practice elsewhere in the UK. Here we offer
simple practical advice on how to provide a diabetes
pregnancy service meeting the standards recommended
in the latest UK CEMACH report.”

GUIDELINES FOR THE PROVISION
OF CARE

Cutchie and coworkers published a review of 12 interna-
tional guidelines for the care of women with diabetes in
pregnancy.’” Among women with known diabetes, the
guidelines for preconception care are similar apart from
folic acid doses varying between 0.4 and 5mg daily. The
guidelines for antenatal care rarely differentiate between
patients with Type 1 or Type 2 diabetes, but there are
significant differences among the different guidelines in
glycemic targets during pregnancy, frequency of antena-
tal appointments, ultrasound scans, and gestational age
at induction or cesarean section. However, recommenda-
tions for labor and postnatal management are similar.
For gestational diabetes mellitus (GDM), there is
great variation within and between countries in the selec-
tion process for screening, screening methodology, and

oral glucose tolerance testing (OGTT), including number
of samples taken and the diagnostic criteria. For example,
the selection for screening varies from none, to specified
groups only, to all women. Screening methodology
includes a 50-g non-fasting OGTT performed between 24
and 28 weeks; a random serum glucose at 28 weeks; and
a 75-g OGTT. Diagnostic criteria vary with fasting: values
from 5.3 to 7.0mmol/L (95-126 mg/dL) and/or 2-hour
glucose from 7.8 to 11.1 mmol/L (140-200mg/dL) fol-
lowing a 75-g oral glucose load.**

In the management of GDM areas of disagreement
involve fasting glucose targets (5.5-6.0mmol/L [99—
108 mg/dL]), postprandial targets (1 or 2h; <7.0-
<8.0mmol/L [126-144mg/dL]), timing of delivery (38
weeks to term), and timing of postnatal OGTT (4-26
weeks, but usually 6 weeks).’

There is therefore no international consensus on the
management of women with diabetes in pregnancy,
and especially for the diagnosis and management of
GDM. These latter issues are addressed in chapter 6.
The authors emphasize the advantages of a single inter-
national guideline based on consensus, best evidence,
and best practice.

AIMS OF MULTIDISCIPLINARY JOINT
METABOLIC ANTENATAL CARE

The overall aims are to allow the mother to have a good
experience of pregnancy, excellent glycemic control, and
normal delivery of a healthy baby

Prepregnancy care

The reader is referred to chapter 8. The barriers to achiev-
ing these aims are discussed in detail in the section below
on Special needs.

Pregnancy care

The aims of pregnancy care for women with diabetes

during pregnancy are:

Referral to a combined (diabetes and obstetric care)

antenatal clinic when pregnancy is suspected

Maintenance of near-normal blood glucose levels

throughout pregnancy if this can be achieved safely:

o Premeal capillary glucose levels 3.5-5.9 mmol/L (63—
106 mg/dL)®

o 1-hour postprandial capillary glucose levels less than
7.8 mmol/L (140 mg/dL)*

Cessation of any potentially teratogenic medication:

o Patients are often prescribed statins and drugs affect-
ing the renin angiotensin system prior to pregnancy

.
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Prescription of folic acid 5mg daily during the first

trimester

Detection, monitoring, and appropriate management

of any diabetes-related complications

Accurate pregnancy dating

Early identification of fetal abnormalities

Assessment of fetal well-being

Determination of the most appropriate time and mode

of delivery

In women at high risk of preterm delivery, inhospital

administration of steroids with hourly glucose moni-

toring and, if necessary, with intravenous insulin

therapy

Provision of patient-centered care and support appro-

priate to the patient’s educational, cultural, religious,

and social background.

Major factors limiting the standard of care include:

Late referral due to inadequate patient education or

compliance

Severe hypoglycemia and hypoglycemia unawareness:

o Major risk factors for pregnant women with Type 1
diabetes, particularly in the first trimester

o Aggravation by nausea, vomiting, and/or autonomic
neuropathy.

Postnatal care

The aims for postnatal care are to:

Have a written plan of management for blood glucose
control and neonatal care. Ideally this should be
decided 1-4 weeks prior to delivery, with the under-
standing that plans often change depending on clinical
circumstances

Encourage skin-to-skin contact and breastfeeding
within an hour of birth

Enable all babies to remain with their mothers unless

there are neonatal complications

Encourage early feeding after delivery with monitoring

of neonatal blood glucose if clinically indicated (see

chapter 22)

Maintain acceptable maternal blood glucose control to

reduce the risk of hypoglycaemia:

o Target 4-7 mmol/L (72-126 mg/dL) premeals as non-
pregnant goal. Avoid prebreakfast values less than
5mmol/L (<90 mg/dL) for 4-6 weeks

o Close monitoring of blood glucose if breastfeeding

Discuss and provide (e.g. for oral or injectable) contra-

ception and arrange for contraception (e.g. intrauter-

ine contraceptive device [IUCD] insertion) at 5-6

weeks postpartum

Arrange a 6-week follow-up clinic visit

+ Offer women with GDM:
o A 6-week 75-g OGTT
o Advice on weight management, diet, and exercise
o An annual screening test for diabetes by their primary
care physician
o Glucose testing prior to discontinuation of contra-
ception when future pregnancy is desired.

ORGANIZATION: MEMBERS OF THE
MULTIDISCIPLINARY TEAM

The composition of the clinical team will vary according
to local circumstances. Essential members of the team
include an obstetrician and a diabetes physician sup-
ported by a diabetes specialist midwife, a diabetes special-
ist nurse, and a dedicated dietician. In US centers, other
members may include a perinatologist and social worker.
On the basis of clinical experience, we suggest that
important characteristics of a multidisciplinary team
should include that:

It is comprised of motivated individuals with good
interpersonal skills, and ideally possessing training in
interview techniques and behavior change counseling
The team members should meet regularly to discuss
organization of the service, protocols, national stand-
ards, adverse events, audit, research and education.
The organization of clinics will vary according to local
circumstances. In our practice, we have eight clinic
rooms to enable individual (one-to-one) consultations,
and team members utilize a “high-tech” colored peg
system outside each room to indicate which staff are
required to see patients that week. This is determined by
the week of gestation and the previous visit assessment
(Fig. 9.1). At the end of each clinic the investigations
required at the next clinic visit are agreed upon, thus
reducing phlebotomy and scanning waiting time.

The diabetes specialist midwife and diabetes specialist
nurse provide telephone support, sometimes on a daily
basis, to optimize glycemic control. The obstetricians and
physicians have an on-call system providing continuous
cover for emergency.

Roles of the multidisciplinary
team members

Team members have some specific roles and some
shared and/or exchangeable roles. Good communication
between team members, including regular team meet-
ings, and having clearly defined team goals facilitate task
sharing. The role of each team member as developed
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Date Type of diabetes
Name Date of diagnosis
Hospital number Date GTT

Results: fasting 2-h
DOB Age
Obstetric history Parity

BMI prepregnancy

Gestation at first visit

Past medical history

Social/family history/smoking

Medication inc folic acid 5 mg

Allergies

Pre-con diabetes treatment

Hypoglycemia (frequency/severity/awareness

Pre-con care: Y/N — why?

Diabetes complications

Folic acid 5 mg od R’xd Y/N

Fundi: dates and findings

Glucagon prescribed Y/N

Ketostix prescribed Y/N

High risk: Y/N - why?

Date Action

Diabetes Management: For spontaneous labor. At induction of labor or C.

section and postnatally

Refer to policy: “Intra- and Postpartum Management of Women with Type
1, Type 2 or Gestational Diabetes” and manage according to “Type of

Diabetes” as listed above

Specific instructions:

Management of the neonate

Refer to policy: “Immediate care of the newborn immediately after birth,”
see section on thermoregulation and hypoglycemic control

Fig. 9.1 Diabetes in pregnancy proforma.
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Name

Hospital number

Glucose targets; premeal: 3.5-5.9 mmol/L (63-106 mg/dL); 1-2 h postmeal: <7.8 mmol/L (140 mg/dL)

Glucose: pre/post meal ;
i ; representative results Insulin dose. Current/new
Date | Week S;\)/?Sci;al V\/(T('g)ht HbA1c Circle long - acting dose
9 B'fast | Lunch | Eve | Before | Wwrite name above column
meal bed
4 / / / / / / / / /
5 Booking / / / / / / / / /
Bloods
6 Scan 7-8 / / / / / / / / /
wk
7 Folic acid / / / / / / / / /
Hb
8 U&E / / / / / / / / /
LFT
9 TFT / / / / / / / / /
HbA1c
10 Fundi / / / / 2 A A A
Glucagon
11 Ketostix / / / / /N A A A
12 / / / / / / / / /
13 / / / / / / / / /
14 / / / / / / / / /
15 / / / / / / / / /
16 Screening / / / / 2 A A VA
tests
17 / / / / / / / / /
18 / / / / / / / / /
19 / / / / / / / / /
20 Anomoly / / / / A A A VA
scan
21 / / / / / / / / /
22 / / / / / / / / /
23 / / / / / / / / /
24 Fundi scan / / / / / / / / /
25 / / / / / / / / /
26 Scan / / / / / / / / /

Fig. 9.1 Continued
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27 / / / V2 A VA BV
28 Anti-D / / / V2 A VA VA
scan
29 / / / V2 A VA BV
30 Scan / / / V2 A VA A
31 / / / V2 A VA BV
32 Scan / / / VA A VA BV
33 / / / V2 A VA VA
34 Fundi scan / / / / / / / /
35 / / / V2 A VA BV
36 Scan / / / V2 A VA VA
37 / / / V2 A VA A
38 / / / V2 VA VA VA
39 / / / V2 A VA A
40 / / / V2 A VA A

Shading = obstetric review

Fig. 9.1 Continued

from our own clinical experience is summarized in
Table 9.1.

STANDARDIZATION OF SCHEDULES
AND DOCUMENTATION

National guidance is particularly useful when quality of
care is variable and the standard is often suboptimal.”
Here we describe our local practice which is broadly in
line with the recommendations of the UK CEMACH
guidelines.

Preconception care tools

These will depend on the specific needs of the population
served and local resources. The majority of our patients
come from a multiethnic inner city population. With the
help of our colleagues in primary care and the local hos-
pital Diabetes Centre we have made, or are in the process
of making, the following changes with the aim of improv-
ing preconception care:

Recruitment of an Urdu-speaking diabetes specialist

nurse to:

o Supervise the management of all patients referred for
preconception care

o Develop links with the local ethnic communities
and improve the acceptance and uptake of Western
medical care

o Coordinate preconception services between primary
and secondary care

Creation of an educational poster to be displayed in all

diabetes clinics in primary and secondary care

Production of an educational DVD to be sent to all

women with diabetes with child-bearing potential. This

was developed with the participation of women who

use our service

Production of an educational leaflet to be mailed annu-

ally to all women with diabetes with child-bearing

potential

Sending annual educational text messaging and e-mail

reminders to all women with diabetes with child-

bearing potential.
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Table 9.1 Roles of multidisciplinary team members.

Team member

Roles

Team leader

Obstetrician

Diabetes physician

Diabetes specialist midwife (equivalent to
certified diabetes educator in the US,
who is frequently a registered nurse)

Diabetes specialist nurse

Dietitian

Primary care team

Ward staff

Chair monthly team meetings

Liaise with primary care physicians

Coordinate regional policies and procedures

Have responsibility for clinical governance, including auditing adverse outcomes
Counsel women on risks to mother and baby associated with diabetes

Educate all women about screening for anomalies, including spina bifida and
Down syndrome (serum screening with or without nuchal thickness
measurement), and diagnostic tests (amniocentesis)

Assess fetal well-being, including Doppler, fetal growth scans and antepartum
testing

Decide on timing and mode of delivery and intrapartum management
Counsel parents and staff regarding adverse events

Take a lead role in audit and research with the diabetes physician

Identify women of child-bearing age for preconception care

Give preconception advice including medication review

Optimize glycemic control before, during and after pregnancy

Manage and/or refer to appropriate subspecialists for treatment of complications
such as retinopathy or nephropathy

Manage insulin: prescription, education and dose adjustment

Educate, including partner/friend/support person, about diagnosis and treatment
of hypoglycemia, including use of glucagon

Offer emergency advice, e.g. on recognition of hypoglycemia and ketoacidosis
Provide educational support during preconception, antenatal, intrapartum and
postnatal stages

Explain potential risks to mother and baby

Offer advice on blood glucose monitoring, insulin use, hypoglycemia,
hyperglycemia, ketoacidosis, and sickness

Optimize glycemic control

Liaise with partner/family and offer telephone support between clinics

Give advice to delivery suite staff on management of diabetes in labor

Give advice on the benefits of breastfeeding the neonate

Provide educational support during preconception, antenatal and postnatal stages
Offer advice on blood glucose monitoring, insulin use, hypoglycemia,
hyperglycemia, ketoacidosis, and sickness

Optimize glycemic control

Liaise with partner/family, including telephone support

Give dietary advice in the preconception, antenatal, and postnatal phases

Give advice about a healthy balanced diet, carbohydrate counting, folic acid,
weight management, and strategies for coping with illness

Optimize glycemic control

Promote and encourage breastfeeding

Identify women with diabetes of child-bearing age for preconception care
Inform about contraception and prepregnancy management

Refer to specialist multidisciplinary team in a timely fashion

Provide high-quality diabetes and obstetric care to inpatients

Optimize glycemic control, e.g. glucose/insulin infusion during labor
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Provision of care for women with
pregestational diabetes

Referral

In our centre we facilitate early clinic attendance once
conception is confirmed by encouraging phone call refer-
rals from patients, physicians, or diabetes specialist
nurses. Our diabetes specialist midwives make immediate
telephone contact with the patient. Advice given includes
home blood glucose monitoring, blood glucose targets,
the rationale for excellent glycemic control, folic acid
5mg, stopping of potentially teratogenic medication,
and providing contact numbers for future support.
Women with a history of GDM or impaired glucose tol-
erance (IGT) during a previous pregnancy are also
referred directly to our diabetes specialist midwife at
booking (<12 weeks of gestation) and are given similar
advice.

First visit following conception

This first clinic visit is offered within 1 week of referral
and includes a review by all members of the multidisci-
plinary team and a dating ultrasound scan. At the dietary
assessment we consider the appropriateness of a “carbo-
hydrate-counting” approach to insulin dose adjustment.
Women and their partners receive education on the man-
agement of hypoglycemia, including the use of glucagon,
and the management of hyperglycemia, including the use
of ketostix.

All women are provided with an individualized care
plan from onset of pregnancy to 6 weeks postdelivery
(Fig. 9.1). This document includes blood glucose targets,
retinal and renal screening and follow-up, fetal surveil-
lance including anomaly and serial growth scans, and
plans for delivery and diabetes management after deliv-
ery. The care plan is part of the women’s notes and is
used by all team members.

At the first visit women are screened for the presence
of all diabetes-related complications. Fundoscopy is
advised in the first trimester and at least once in each
trimester thereafter by digital imaging with mydriasis
using tropicamide. Women with preproliferative or
proliferative retinopathy are referred to an ophthal-
mologist. All women are screened for proteinuria at
each visit. If persistent proteinuria (>1+) is confirmed
and urine culture is negative, 24-hour urine protein,
renal function, and blood pressure are obtained. Patients
with nephrotic range proteinuria (23 g/day), progressive
renal impairment, or uncontrolled hypertension are

referred to a nephrologist for further evaluation and
treatment.

Follow-up

Clinic visits are weekly from booking until glycemic
control is satisfactory. For the remainder of the preg-
nancy, women are normally seen at least every 1-3 weeks
until 36 weeks and then weekly until delivery.

All patients are offered screening for fetal abnor-
malities using a 20-week anomaly ultrasound scan, which
includes a cardiac four-chamber view and outflow
tract visualization in accordance with UK national rec-
ommendations.” Serial ultrasound scans for growth and
liquor volume continue until delivery. If there is concern
about a reduced fetal growth rate, additional tests such
as Doppler umbilical artery profiles and cardiotoco-
graphs may be indicated, just as in the woman without
diabetes.

Pregnancies in which the fetus is estimated to be
macrosomic have a clear management plan that includes
fetal surveillance and the timing of delivery” If a
preterm delivery (<36 weeks) is anticipated, then admis-
sion to the hospital for corticosteroid treatment is
advised, covered by an intravenous sliding-scale insulin
regime.

In the final weeks of pregnancy the timing and mode
of delivery is discussed, along with the management of
diabetes, and if necessary an anesthetic assessment is
arranged. In uncomplicated pregnancies, we aim for a
spontaneous vaginal delivery by no later than 40 weeks
of gestation.”® Postnatal management, including the plan
to reduce or stop insulin depending on diabetes type,
supervision of the neonate, and the initiation of breast-
feeding and its effect on glycemic control are explained.

Delivery

Continuous cardiotocographs are performed on all
women during labor with fetal scalp blood sampling per-
formed if indicated. We administer intravenous dextrose
and insulin during labor, delivered using glucose and
insulin infusions to maintain maternal normoglycemia
and reduce the risk of neonatal hypoglycemia (see chapter
20).” Delivery occurs in the presence of a pediatrician,
with resuscitation facilities available if required. Glyc-
emic targets, glucose management, and contraception are
discussed prior to hospital discharge.

Postnatal care
All women are reviewed postnatally at around 6 weeks
after delivery when they receive further advice on contra-
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ception and preconception care for future pregnancies.
Contraception is prescribed or supplied at this visit
if not already provided at hospital discharge. Patients
are advised to not discontinue contraception when a
future pregnancy is desired until maternal glucose con-
centrations are at a level that provides minimal risk of
diabetes-related birth defects. Those with pre-existing
diabetes are referred back to their prepregnancy care
providers.

Provision of care for women with
gestational diabetes.

Women are usually referred to the joint clinic at the time
of diagnosis of GDM, usually at ~ 28 weeks of gestation.
They are taught how to perform blood glucose monitor-
ing and are reviewed within 1 week of diagnosis to assess
their response to dietary advice from our dietitian.
Women who have raised preprandial (>5.9 mmol/L
[>106 mg/dL]) and/or 1-hour postprandial glucose levels
(>7.7mmol/L [>139mg/dL]) after appropriate dietary
advice are advised to start insulin (our team is not yet
convinced about the safety of oral agents). Subsequent
management is the same as for women with pre-existing
diabetes (see above).

Women with GDM are offered a 75-g OGTT around
6 weeks postpartum and non-attenders are followed up.
Their primary care physician is advised that women diag-
nosed with normal or impaired glucose tolerance should
have annual diabetes screening by fasting glucose, and,
ideally, a repeat OGTT 3-yearly. Subjects with postnatal
Type 2 diabetes are referred either to their primary care
physician or the local diabetes clinic, depending on clini-
cal need and complexity. Advice is offered on weight
management, diet, and exercise to all patients with GDM,
along with the need for diabetes screening prior to future
pregnancies.

SPECIAL NEEDS

Several barriers limit the provision of good quality dia-
betes care in pregnancy. These include external factors
such as socioeconomic status, the healthcare system, the
availability of and access to healthcare personnel, and the
attitudes of healthcare professionals. Psychosocial factors
include group pressure, prejudice, family demands, com-
munication difficulties, and lack of support. Psychologic
factors include cultural, religious, and health beliefs, poor

motivation, low self-efficacy, difficulty setting priorities,
the precontemplative stage of change, and emotional
issues, including anxiety and depression.

Social deprivation

Social deprivation contributes to diabetes through dietary
factors, higher levels of obesity and psychologic stress,
and lower levels of physical activity, education, and
employment. Those who develop diabetes in poor com-
munities generally experience poorer access to diabetes
care and that available is often of a quality lower than that
required for reproductive-aged women. People from
socially deprived communities have been shown to be
less compliant with diabetes interventions and have
lower levels of diabetes knowledge compared to more
affluent individuals.’

Ethnicity

Type 2 diabetes and GDM are more common in ethnic
minority groups compared to whites.” In the UK and
Europe there are large numbers of high-risk women from
South Asia and the Middle East. In the US, while there
are also many South Asians, Latinas, particularly those of
Mexican and Central American provenance, comprise a
high-risk group for GDM. There is conflicting data
regarding whether US-born African—Americans are at
increased risk for GDM.

People from different ethnic groups may not speak or
understand English and they may have different cultural
and health beliefs. For example, Bangladeshi immigrants
have been found to have very different healthcare beliefs
about diabetes, and particularly about diet and exercise,
compared to whites.

British South Asians report lower levels of physical
activity than the general population, particularly among
women and older people.”” Social rules and cultural
expectations, such as restrictions on women leaving
the home to socialize and take part in other outdoor
activities, could partly explain this.

Members of ethnic minorities tend to report more
knowledge gaps about diabetes than the native popula-
tion. Patients who do not speak English may also have
poor literacy skills in their own language. The production
of culturally appropriate patient information in the
language understandable by the patient can be helpful.
The provision of audio, video tapes, and CDs may be
more appropriate for those with poor literacy skills.
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PROBLEMS WITH PROVISION OF
MATERNITY CARE AND CLINICAL
GOVERNANCE

The 2007 UK Confidential Enquires into Maternal and
Child Health (CEMACH) reported detailed alarmingly
poor outcomes for women with either Type 1 or Type 2
diabetes when compared to women without diabetes.?
Fewer than one in five of NHS Hospital Trusts had any
kind of preconception service. Fewer than two in five
women with established diabetes took folic acid or had
some documentation of prepregnancy glycemic control
and more than two-thirds of these women had a cesarean
section. Rates for congenital malformations (10-fold),
perinatal mortality (four- to seven-fold), and stillbirth
(five-fold) were all higher in association with diabetes.
The report has brought into sharp focus the urgent need
to improve quality of care for women with diabetes.

THE WAY FORWARD

CEMACH has made several recommendations about
best practice.” This guideline emphasizes the importance
of prepregnancy counseling and of structured care deliv-
ered by a multidisciplinary team. The UK National Insti-
tute for Health and Clinical Excellence (NICE) guideline®
highlighted the importance of preconception care and
contraception, along with ambitious pregnancy glucose
targets (see above).

Sufficient knowledge is now available to inform best
practice. The universal implementation of this best prac-
tice could transform the outcomes for women with dia-
betes in pregnancy. Our challenge is how to deliver this
quality of care to all women with diabetes.

EDITOR'S NOTE: A US PERSPECTIVE

In the US, many problems that impact on the care of
women of reproductive age who have diabetes originate
from the lack of availability of healthcare coverage.
Approximately 16% of all Americans do not have health
insurance. For those who do, insurance coverage is pro-
vided primarily by private insurers. The latter may, and
in all but a few states do, refuse to provide insurance to
patients who have pre-existing chronic conditions. Virtu-
ally all insurers refuse to pay for preconception care. The
unwillingness of insurers to pay for contraception, the
availability of federal funds to teach only abstinence in
the public schools as the method of family planning, and
the refusal of some pharmacists to provide “morning

after” contraception, undoubtedly contribute to the US’s
dubious distinction of having one of the highest rates
of unplanned pregnancies in the industrialized world
(nearly 50%)." It is therefore both disheartening and
enlightening to learn that in the UK, a country that pro-
vides healthcare to all its citizens, many of the problems
in caring for women with diabetes who are or may
become pregnant remain to be solved. In reviewing the
CEMACH data, it is clear that the mere availability of
healthcare is not the sole determinant in reducing the risk
for these women and their progeny. There is a universal
need for us to learn how to improve compliance with
elements of preconception and prenatal care for diabetic
women that have been shown to be effective.

There are a few other cross-Atlantic differences in the
care of women who have diabetes that bear comment. In
the US, no distinction is made between the recommended
dose of folic acid for reproductive-age women with and
without diabetes. However, the American College of
Obstetricians and Gynecologists (ACOG) recommends a
daily dose of 0.4 mg for those who have not and 4 mg for
those who have had a baby with an open-tube neural tube
defect.”

Both preconception and prenatal care are less struc-
tured and utilize fewer personnel. Particularly in larger
facilities and in university settings, reproductive care for
women who have diabetes is provided by a team consist-
ing of a perinatologist (subspecialist in materno—fetal
medicine), a dietitian, a certified diabetes educator (the
latter is usually a registered nurse with certification in
advanced training in diabetes education), and a consult-
ing endocrinologist. In other settings, the obstetrician
provides prenatal care while a generalist or endocrinolo-
gist regulates medication doses (insulin and/or oral
hypoglycemic agents).

First- and second-generation immigrants from Mexico
and Central America comprise the largest growing ethnic
groups in the American population. These ethnic groups
have a higher incidence of obesity and diabetes than most
other ethnic and racial groups in this country. The provi-
sion of healthcare to these immigrants, many of whom
have no insurance, is a major unresolved public health
concern.
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PRACTICE POINTS

e Optimal glycemic control is pivotal to the successful outcome
of diabetic pregnancy.

* Most patients are now using a multiple dose insulin regime,

although evidence for this is limited.

The efficacy and safety of long-acting insulin analogs needs

to be established.

It is unclear how tight glycemic control must be to achieve a

good outcome.

Any strategy to intensify diabetes control must be balanced

against the risk of hypoglycemia.

CASE HISTORY

A 21-year-old single woman with a 15-year history of
Type 1 diabetes presented at 10 weeks of gestation in her
first pregnancy. Her HbAlc at booking was 8.9%. Prior to
pregnancy, her diabetes was controlled on a multiple-
dose insulin regime (MDI) of insulin aspart and glargine
and she performed only occasional self-monitoring.
On examination there was evidence of background
retinopathy and microalbuminuria; blood pressure was
140/80 mm/Hg. She was commenced on folic acid (5mg/
day), instructed regarding capillary glucose monitoring
with targets, seen by the dietitian, and referred to ophthal-
mology. Follow-up was at 2-weekly intervals. Optimizing
glycemic control initially was difficult due to glucose
fluctuation and hypoglycemic unawareness. At 14 weeks
she had a severe nocturnal hypoglycemic episode requir-
ing intramuscular glucagon administered by her mother.
By 14 weeks her HbA1c had fallen to 6.2%. During pre-
gnancy she required laser photocoagulation for prolifera-
tive retinopathy and was commenced on methyldopa for
rising blood pressure. Towards the end of pregnancy
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hypoglycemic awareness improved and her insulin
requirements had doubled compared with booking. At
36 weeks of gestation she developed pre-eclampsia and
was delivered by emergency cesarean section of a normal
live infant weighing 2890 g. By 6 hours after delivery she
was tolerating food orally and insulin was prescribed
approximating to that which she had taken prepregnancy.
Prior to discharge her medication was reviewed and she
was advised about the importance of contraception and
future pregnancy planning.

« Why do
pregnancy?
What advice should be given regarding the frequency
and targets for glucose monitoring?

What is the recommended insulin regime for Type 1
diabetic pregnancy?

Should insulin glargine be used either in women desir-
ing to conceive or during pregnancy?

What is the relevance of intensification of glycemic
control to retinopathy?

+ What are the risks of hypoglycemia?

insulin  requirements change during

BACKGROUND

Before the advent of insulin in 1922, pregnancy in a
woman who had diabetes was uncommon and perinatal
mortality rates ranged from 40% to 60%. While the dis-
covery of insulin was revolutionary, White reported in
1928 that 25% of pregnancies in women with diabetes
resulted in stillbirth." Even as late as 1980, women were
still being advised to avoid pregnancy because of the per-
sisting poor obstetric history in 30-50% of women with
diabetes.” In the intervening years, perinatal mortality
rates have finally improved, most likely as a consequence
of increasing sophistication of obstetric and neonatal
care, widespread use of cesarean delivery and the advent
of capillary home glucose monitoring. Despite these
advances, perinatal mortality and congenital malforma-

29
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tion rates remain three- to five-fold higher than in the
general maternity population.

The relevance of hyperglycemia to maternal and peri-
natal outcomes is now clearly established. Poor control
in early pregnancy contributes to an increased risk of
spontaneous abortion and fetal malformations, and in
late pregnancy to an increased risk of pre-eclampsia,
hydramnios, macrosomia, operative delivery, and still-
birth. Unfortunately patients still present late in gestation
with poor glycemic control. Optimizing insulin delivery
remains demanding for both the patient and clinician.

This chapter will review the current approaches to
optimizing insulin delivery in diabetic pregnancy. The
primary focus will be on Type 1 diabetes and data from
randomized trials, but the literature is limited. The key
question is whether any treatment strategy is safe and
superior to another in improving maternal/fetal outcome.

PHYSIOLOGY

An understanding of “normal” carbohydrate metabolism
of pregnancy is necessary to the achievement of normo-
glycemia.” The pregnant woman with Type 1 diabetes
requires sufficient insulin to compensate for increasing
caloric needs, increasing adiposity, decreasing exercise,
and increasing anti-insulin hormones (Table 10.1). There
is also increased degradation of insulin in pregnancy and
a reduced rate of glucose disposal. The normal pancreas
can adapt to these factors by increasing the insulin
secretory capacity. As the mechanism of disease in
Type 1 diabetes involves destruction of beta (insulin-
producing) islet cells, the need for insulin increases, and
failure to increase insulin doses accordingly results in
hyperglycemia.

PATHOPHYSIOLOGY

In vivo and in vitro studies have clearly shown that hyper-
glycemia is toxic to the embryo. Clinically, the picture is
that of fasting and postprandial hyperglycemia. The pre-
sumption is that either sustained or intermittent hyper-
glycemia stimulates fetal insulin secretion with consequent
increased fetal growth. Reports of macrosomia despite
excellent metabolic control may possibly be explained by
unrecognized glucose spikes, especially postprandially.
Placental transfer of insulin complexed with IgGs has
been associated with fetal macrosomia in mothers with
normal glycemic control during gestation. However, in a
prospective study of 42 women with gestational diabetes

Table 10.1 Metabolic alterations in Type 1 diabetic
pregnancy.

Early pregnancy

Loss of glucose and gluconeogenic substrates

Blood glucose control is more unstable than usual

Nocturnal hypoglycemia is common

Insulin requirements can fall by 10-20% at end of the first

trimester, possibly due to a fall in progesterone or change in

human chorionic gonadotropin (hCG) or thyroid hormone

and/or decreased nutrient intake due to pregnancy-related

nausea

Mid pregnancy

+ Change to a lipid-based energy economy

+ Insulin requirements begin to increase

+ Progressive increase in insulin resistance at the level of the
skeletal muscle and fat cells

Late pregnancy

Increased production of anti-insulin hormones

Anti-insulin hormones include human placental lactogen,

prolactin, estrogen, maternal production of cortisol

Insulin requirements increase to twice or more the

prepregnancy total daily dosage

Insulin requirements may plateau or even decrease towards

term

mellitus (GDM) who failed diet control, there was no
difference in anti-insulin antibody levels, gestational age
at birth or birthweight between women randomized to
either insulin lispro (n = 19) or regular insulin (n = 23).
The area under the glucose curve during a test meal was
significantly lower in the lispro group.’

Glucose levels during pregnancy and in
relation to adverse outcome

Much interest has centered on fetal macrosomia defined
as birthweight greater than 4000 g or at or above the 90th
centile for gestational age (large for gestational age). Two
US studies reported on diabetic patients using the White
classification, which categorizes patients by age of onset,
diabetes duration, and presence of vascular complica-
tions rather than mechanisms of disease; most of these
patients were likely to have had Type 1 diabetes. In the
first study, Landon et al* showed that among 75 women
with White Class B through D, those with a mean capil-
lary blood glucose greater than 6 versusless than 6 mmol/L
(108 mg/dL) during the second and third trimester had
significantly increased rates of fetal macrosomia (28% vs
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17%, respectively; p < 0.05) and neonatal respiratory dis-
tress (21.1% vs 2.3%; p < 0.01). In the other study,
Jovanovic et al’ reported that 52 insulin-dependent
women with diabetes (White class B through F), who
maintained “normal” blood glucose levels from 12 weeks
of gestation (fasting 3.0-3.6mmol/L [54-65mg/dl],
mean glucose 4.4—4.8 mmol/L [79-87 mg/dL], and post-
prandial <7.7mmol/L [139mg/dL]) had infants with a
mean birthweight of 2910 g and none was above the 75th
centile or developed respiratory distress. More recently,
Nielsen et al® described a dose-dependent association
between HbAlc levels greater than 7% in the first trimes-
ter and risk of adverse outcome among 573 Danish
women with Type 1 diabetes.

PREPRANDIAL VERSUS POSTPRANDIAL
CAPILLARY GLUCOSE MONITORING

Traditional approaches have measured capillary glucose
before meals. Prolonged postprandial hyperglycemia,
however, is the primary manifestation of hypoinsuline-
mia and its relevance to outcome has come under increas-
ing scrutiny. Several studies have compared pre- and
post-prandial glucose measurements with neonatal mac-
rosomia, but the results are conflicting. Among three
studies which controlled for confounders, two reported
that postprandial, but not fasting, glucose was predictive
of birthweight percentile’ and macrosomia.® In contrast,
the third study found that fasting, but not postprandial,
glucose was significantly associated with relative
birthweight.’

Two randomized trials compared fasting and prepran-
dial (target 3.3-5.9mmol/L [60-106 mg/dL]) with post-
prandial glucose monitoring (target < 7.8mmol/L
[<140mg/dIL]). De Veciana et al'® randomized 66 insu-
lin-requiring Latina women with gestational diabetes
mellitus at less than 30 weeks of gestation and found that
the postprandial group had a lower mean HbAlc prede-
livery (8.1% vs 6.5%; p < 0.001), lower rates of cesarean
section due to cephalopelvic disproportion (12% vs 36%;
p < 0.04), and large for gestational age offspring less
frequently (12% vs 42%; p = 0.01) than the preprandial
group. Manderson et al'' randomized 61 Type 1 diabetic
women at 16 weeks and reported a significantly reduced
incidence of pre-eclampsia (55% vs 30%; p < 0.001),
greater success in achieving glycemic control targets
(55% vs 30%; p < 0.001) and smaller neonatal triceps
skinfold thickness (4.5 £ 0.9 vs 5.1 £ 1.3; p = 0.05) in

those whose insulin dose was based on postprandial
glucose measurements.

GLUCOSE AND HbA1c VALUES IN
NORMAL PREGNANCY

In pregnant women without diabetes Parretti et al'
reported a mean capillary glucose of 3.11mmol/L
(56.0mg/dL) between 28 and 38 weeks of gestation, with
the mean peak postprandial response occurring at 1 hour
and never exceeding 5.84mmol/L (105mg/dL). There
was a significant association between fetal abdominal cir-
cumference and 1-hour postprandial glucose (p <0.0003).

Neilsen et al showed that healthy pregnant women
have significantly lower HbAlc concentrations than non-
pregnant women." In addition, the upper limit of normal
of HbAlc decreased from 6.3% in early pregnancy to
5.6% by late pregnancy, which is of clinical importance
when defining a reference range for HbAlc during
pregnancy.”

RECOMMENDATIONS FOR GLUCOSE
MONITORING AND TARGETS

Current guidelines are outlined in Table 10.2. Glucose
targets vary somewhat depending on the expert body
recommendation.'*"> Women should be supported and
encouraged to monitor their blood glucose regularly.
The evidence suggests that additional benefit is to be
gained from a combination of pre- and post-prandial
monitoring. The 1-hour postprandial time point is

Table 10.2 Recommended targets for capillary whole blood
glucose during pregnancy.

American Diabetes Association (ADA)'**

<5.8 mmol/L (105 mg/dL)
<7.8 mmol/L (140 mg/dL)
or

<6.7mmol/L (120 mg/dL)

+ Preprandial glucose
+ 1h Postprandial glucose

+ 2h Postprandial glucose

National Institute for Health and Clinical Excellence (NICE)
(2008)'5+

+ Fasting

+ 1-h postprandial

3.5-5.9mmol/L (63-106 mg/dL)
<7.8 mmol/L (140 mg/dL)

*ADA does not distinguish between different type of diabetes
**NICE states that targets should be individualized;
monitoring is advised fasting and 1-h postprandially (and for
insulin treated, at bedtime)
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optimal as it corresponds most closely to the postpran-
dial glucose peak and has been related to fetal outcome.
In Type 1 diabetes, blood glucose should be measured
eight times daily (before and after each meal, at bedtime
and in the middle of the night). In Type 2 diabetes/
GDM, the frequency of monitoring is to some extent
dictated by the treatment strategy, but more frequent
measurements identify more frequent hyperglycemia,
leading to a higher insulin usage and a lower incidence
of macrosomia. Although interpretation of HbAlc
results is made difficult by methodologic variation and
the fall in HbAlc during normal pregnancy, it provides
an important index of periconceptional hyperglycemia.
While the UK National Institute for Health and Clinical
Evidence (NICE) guidelines do not recommend serial
HbAlc measurements during pregnancy, the authors
believe that knowledge of periodic HbAlc readings, with
reference to a non-pregnant reference range, may be
reassuring to the patient, and if raised, provides the
clinician with an additional pointer to the problematic

pregnancy.

INTENSIVE INSULIN REGIMES

In most countries intensive insulin regimes usually com-
prise an MDI of short-acting insulin before meals and
intermediate-acting insulin at bedtime (often given with
a pen device). Some advocate the need to give the basal
isophane insulin more than once daily,’ and there may
be justification for this approach with the increasing use
of insulin analogs, and if the gap between meals is greater
than 3 hours. In the US, a greater proportion of subjects
who have Type 1 diabetes use continuous subcutaneous
insulin infusion (CSII) outside of pregnancy and this
method is then continued in the maternity setting (see
below). Some patients, particularly those with Type 2
diabetes, use a twice-daily fixed mixture insulin regime
prepregnancy, but are often changed to an MDI regime
for the duration of pregnancy.

The advantage of MDI over traditional regimes is that
blood glucose levels can be tightly controlled by frequent
self-regulated adjustment of dose, necessary because of
the dynamic insulin requirements of pregnancy. To some
extent this has evolved with changes of diabetes care. The
Diabetes Control and Complications Trial (DCCT)
(1990s) was pivotal in leading to the acceptance that MDI
regimes prevented long-term consequences of diabetes,
but data supporting such regimes in pregnancy are
limited. Post hoc analysis of the DCCT trial of women
who subsequently became pregnant on the different

regimes did demonstrate better outcome for multiple
injections than more conventional regimes.'®

Nachum et al'” reported a randomized trial comparing
outcomes in women with diabetes who received insulin
four times daily (138 GDM and 58 pregestational) with
twice daily (136 GDM, 60 pregestational). Glycemic
control was better with the four times daily regime: in
GDM women mean blood glucose concentrations
decreased by 0.19mmol/L (3.5mg/dL) (95% CI 0.13—
0.25) and HbA1c by 0.3% (95% CI 0.2-0.4%); in women
with pregestational diabetes; corresponding values for
mean blood glucose were 0.44 mmol/L (8.0 mg/dL) (95%
CI 0.28-0.60) and HbAIc 0.5% (0.2-0.8%). In women
with GDM, the four times daily regime resulted in lower
rates of neonatal hyperbilirubinemia (RR 0.51, 95% CI
0.29-0.91) and hypoglycemia (RR 0.12, 95% CI 0.02—
0.97). The relative risk of neonatal hypoglycemia in
women with pregestational diabetes was 0.17 (95% CI
0.04-0.74).

Insulin treatment in gestational diabetes
mellitus and Type 2 diabetes

Prospective studies of insulin treatment for GDM have
generally shown a reduction in the likelihood of macro-
somia."* In a small study of women with GDM rand-
omized to receive only porcine regular insulin before
each meal or a morning dose of Neutral Protamine Hage-
dorn (NPH) insulin, those receiving premeal short-
acting insulin had infants with lower birthweight
(3.079 £ 0.722 vs 3.943 + 0.492kg) and a lower rate of
macrosomia.”® As the mechanisms of disease are similar
for both GDM and Type 2 disease (i.e. increased insulin
resistance resulting in beta cell exhaustion), the manage-
ment of insulin-requiring GDM and Type 2 diabetes is
identical.

Comment on insulin regimes

Most patients are now using an MDI regime although
data supporting such regimes in pregnancy are limited.
Patients must be encouraged to check their blood glucose
regularly and record the results in a form that permits
recognition of glycemic patterns and which allows
gradual prospective insulin adjustments (Table 10.3).

INSULIN ANALOGS

There has been increasing interest in the role of insulin
analogs outside of pregnancy. Their main advantages are
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fewer episodes of hypoglycemia, a reduction in postpran-
dial glucose excursions, and an improvement in overall
glycemic control and patient satisfaction. A Cochrane
review, however, concluded that evidence for their
benefit over regular and NPH insulin was minimal.
Although physiologically attractive in pregnancy, data
here are even more limited and have largely been pro-
vided by clinical experience. Relevant issues include
potential teratogenicity, mitogenicity, and interaction
with the insulin-like growth factor (IGF-1) receptor.

Table 10.3 Insulin-adjustment examples.

If 1-h postprandial glucose is >7.8 mmol/L(140 mg/dL) add
2U of regular insulin to dose impacting that meal the
following day

If 1-h postprandial glucose is <3.3 mmol/L (59 mg/dL),
decrease dose of regular insulin impacting that meal by 2U
following day or increase interval between insulin injection
and meal

If fasting glucose is >5.5 mmol/L (99 mg/dL), add 2U to
2200-h intermediate-acting insulin, but check 0300-h blood
glucose level before 2200-h insulin dose is increased. A
0300-h plasma glucose <3 mmol/L (54 mg/dL) would point
to unrecognized nocturnal hypoglycemia as an explanation
for the elevated fasting glucose. In this case, decrease the
2200-h intermediate-acting insulin by 2 U while carefully
monitoring the fasting glucose level

If fasting glucose is <3.3 mmol/L (59 mg/dL), decrease
2200-h long-acting insulin by 2U

If glucose is elevated during late afternoon, increase
morning dose of intermediate-acting insulin following
morning (if taking intermediate-acting insulin) or increase
noon dose of short-acting insulin (if on prandial insulin)
If glucose is low mid-morning and mid-afternoon, reduce
morning dose of short-acting insulin (frequently to resolve
both problems)

Three short-acting human insulin analogs and two
long-acting human analogs are currently commercially
available (Table 10.4).

Randomized trials

Several small randomized trials of insulin lispro in preg-
nancy have been published. Among women with GDM™"
or Type 1 diabetes treated from week 15, those for
whom insulin lispro analogs were added to basal NPH
insulin had fewer hypoglycemic episodes’ and lower
1-hour postprandial glucose levels,'”* but no difference
in overall blood glucose levels or HbA1c»* compared
with subjects receiving regular human insulin. Birth-
weight, macrosomia, cesarean delivery, neonatal hypogly-
cemia, and anti-insulin antibody levels’ were similar
between the two groups.”” Cypryk et al’' reported preg-
nancy outcome among 25 women with Type 1 diabetes
treated with lispro compared with 46 controls (who were
maintained on the same type of insulin as prepregnancy);
maternal and fetal outcomes in the two groups were
similar.

Two studies have been reported using insulin aspart.”**
Pettitt et al”> randomized 27 women with GDM to aspart
or regular human insulin before meals, and found safety
and effectiveness were comparable in the two groups. In
the largest randomized controlled trial to date,” 157
pregnant women with Type 1 diabetes were randomized
to insulin aspart and 165 to regular human insulin. There
were fewer episodes of nocturnal hypoglycemia (RR 0.48,
95% CI 0.20-1.14; p = 0.10) and severe hypoglycemia
(RR 0.72, 95% CI 0.36-1.46; p = 0.36) in the aspart
group, although neither of these achieved statistical sig-
nificance. Prandial increments were significantly lower in
the aspart group in the first and third trimester. No dif-
ferences were observed in 24-hour mean glucose profiles
or HbAlc. Perinatal outcomes were similar between the

Table 10.4 Pharmacokinetic properties of regular human insulin and rapid-acting

analogs.

Type of insulin Onset of action

Peak plasma values ~ Duration of action

Regular human insulin 3060 min
NPH insulin 60—-90 min
Insulin lispro 15-60 min
Insulin aspart 10-20 min
Insulin glulisine 10-20 min
Glargine 4-5h

Detemir 4-6h

1-3h 5-7h
8-12h 18-24h
0.5-1h 2—-4h
1-3h 3-5h
1-2h 3-5h
No peak >24h
No peak 20h
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two groups. It was concluded that aspart was at least as
safe as human insulin regarding perinatal outcome.”

Safety issues

The mitogenic potential of insulin lispro and insulin
aspart correlates with their relative affinity for the IGF-1
receptor. Both analogs, with insulin receptor affinity
less than that of human insulin, also have mitogenic
potencies less than those of human insulin. In one retro-
spective report of 10 pregnant women treated with
insulin lispro either before or early in pregnancy, three
progressed from no retinopathy to proliferative retinopa-
thy; however, this was not confirmed in two larger
studies and other pregnancy factors may have been
relevant.” Four case series of women with Type 1 diabetes
exposed to insulin lispro in pregnancy (n = 696) and
a systematic review found that insulin lispro improved
glycemic control with no adverse maternal or fetal
effects.>"

Detemir has a lower insulin receptor affinity than
does human insulin, and an even lower IGF-1 receptor
affinity and mitogenic potential. Glargine has an IGF-1
receptor affinity and mitogenic potency approximately
seven-fold greater than human regular insulin. The
clinical implications of these findings remain to be
determined.”

Few clinical data exist on the use of long-acting
insulin analogs, but a retrospective multicentre study
involving 127 pregnancies found no difference in out-
comes between subjects receiving isophane insulin and
those receiving glargine.” A multicenter randomized
controlled trial comparing basal isophane versus detemir
(with prandial aspart) is currently in progress (Novo
Nordisk).

Insulin aspart is licensed for the treatment of diabetes
in pregnancy. In the US, the Food and Drugs Administra-
tion (FDA) has approved a pregnancy category B rating
for insulin aspart (www.medscape.com/viewarticle/
551560). (The FDA classifies drugs for use in pregnancy
by an alphabetically ordered classification system, pri-
marily on the basis of reported human and/or animal
teratogenicity. All insulins are classified as B or C.
Currently this classification system is undergoing
revision.) Data on the role and safety of long-acting
analogs in pregnancy are needed. Issues of teratogenicity
are less relevant to GDM, but careful discussion of
the risks and benefits is required when women present
using long-acting analogs either before or in early
pregnancy.

CONTINUOUS SUBCUTANEOUS
INSULIN INFUSION

An alternative method of insulin administration is con-
tinuous subcutaneous insulin infusion (CSII). Modern
pumps are small and light weight, battery operated, and
hold enough short- or ultra-short-acting insulin for
several days. Different basal rates can be preset and
boluses given as required. Potentially, CSII reduces the
risk of hypoglycemia, decreases the risk of fasting hyper-
glycemia (the dawn phenomenon), and improves patient
compliance as the woman does not have to constantly
inject insulin. Despite widespread use of CSII in the US,
Germany, France and Italy, it is used infrequently in
other countries, including the UK. The reasons are likely
to include conservatism, complexity, cost, and concern
regarding reports of diabetic ketoacidosis (DKA). A
recent meta-analysis of randomized controlled trials
assessing glycemic control with CSII compared with MDI
did not identify an increased risk of DKA with CSIL.* The
authors suggested that previous reports of DKA may have
been explained by the short duration of trials and poor
reporting, though improvement in pump technology is
also likely to be relevant.

Although insulin infusion pumps have been used for
treatment for over two decades, experience with these
devices in pregnancy is limited; most are observational,
often uncontrolled, and numbers of subjects are generally
small. In addition, few trials have been published in the
last 10—15 years. Six randomized controlled trials of CSII
versus MDI found no difference in glycemic control, or
obstetric or neonatal outcomes (Table 10.5 ).”~* Other
cohort observational studies have reported no or only
minor benefits with CSII over conventional therapy.”"
Most of the women in these trials had pump treatment
started in the second or third trimesters.

It seems that pump therapy is not necessary in order
to achieve and maintain optimal control for the majority
of patients. There is a need for randomized controlled
trials comparing CSII with MDI using insulin analog
therapy. Selective use of pumps for those who are moti-
vated and with difficult to control diabetes is an alterna-
tive to its widespread use. All studies should include an
estimation of quality of life.

CONTINUOUS GLUCOSE
MONITORING SYSTEMS

Several studies have shown that in pregnancies com-
plicated by diabetes, complications such as fetal macro-
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Table 10.5 Randomized controlled trials of continuous subcutaneous insulin infusion (CSII) versus multiple dose injection (MDI)
regimes in diabetic pregnancy.”’** (Adapted from Mukhopadhyay et al’’.)

Author

Randomization

Study detail

Start of treatment

Comment

Coustan et al (1986)%

Carta et al (1986)*

Burkart et al (1988)%

Nosari et al (1993)%

Laatikainen et al (1987)

Botta et al (1986)*

Truly randomized

Unclear

Quasi randomized

Truly randomized

Unclear

Quasi randomized

11 CSII (Autosyringe:
AS-SC, AS 6-C; AS
6-C[U-100]; Lilly
CPI-9100) vs 11
MDI (2—4 daily
injections of
intermediate/
isophane/actrapid)

14 CSII (Microjet
MC20) vs 15 MDI
(3—4 regular daily
doses)

48 CSII (open loop,
not clear) vs 41
MDI (conventional,
not clear)

16 CSII (Microjet
MC20 /DahediBV)
ys 16 MDI (3—4
regular daily doses)

13 CSII (Autosyringe
AS 6-C) vs 18
MDI (1-3 daily
injections of
intermediate/short
acting)

5 CSII (CPI 9100
Lilly) vs 5 MDI
(2-3 daily
injections of
intermediate/short
acting/retard)

Preconception/
first trimester

Preconception/
first and second
trimester

First trimester

Not clear

First trimester

Not clear

No difference in mean glucose,
symptomatic hypoglycemia
or HbAlc

No significant differences in
mean insulin requirements at
different stages of gestation;
“perinatal outcome
satisfactory in both groups”;
control of fetal growth better
with MDI than CSII

No difference in the rate of
pregnancy complications or
in fetal outcome

No difference in maternal and
neonatal mortality, fetal
anomaly, hypoglycemia,
mean 24-h blood glucose,
mean HbAlc, gestational age
at delivery, birthweight

No difference in mean HbAlc.
While not significant,
worsening retinopathy more
evident in CSII group

No difference in insulin
requirements, maternal body
weight gain, gestational age
at delivery, mode of delivery,
birthweight or maternal and
fetal complications

somia still occur at a considerably higher frequency than
in a healthy population, even with good glycemic
control.”* This suggests that HbAlc may not sufficiently
reflect the complexities of glycemic control or that
current criteria for strict glycemic control are not “safe”.
Kerssen et al”® reported that the frequency of hyperglyc-
emia is underestimated in pregnant women who seem to
be well-controlled using home self-monitoring records
and HbAlc.

Continuous glucose monitoring systems (CGMS)
provide a dynamic picture of interstitial glucose levels,
converting these to an electrical signal which produces a
recording of average glucose level every 5 minutes.
Studies using CGMS have reported hyperglycemic epi-
sodes undetected by self-monitoring of blood glucose,”*”’
which may be relevant to fetal outcome. The studies
showed that examination of 72-hour glucose profiles can
help identify patterns of glucose control, allow a better
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targeting of insulin treatment, assist in patient education,
and improve dietary adherence.” Devices with built-in
alarms triggered at preset glucose levels are now available.
CGMS, however, have also shown just how variable
results can be from day to day in pregnant women with
Type 1 diabetes.

It seems unlikely that this technology will be widely
available given the cost of each sensor but its selected use
in problematic patients may supplement home blood
glucose monitoring data.

HYPOGLYCEMIA

Efforts to intensify glycemic control must be balanced
against the risk of maternal hypoglycemia, particularly
in the first trimester when pregnancy-associated nausea
and vomiting may occur. Up to 70% of women who
have Type-1 diabetes report hypoglycemic episodes in
pregnancy with one-third being severe.”® Many preg-
nant women lose the ability to detect “warning signs”
of impending hypoglycemia as a result of decreased
autonomic response to low glucose. Hypoglycemia in
intensively controlled pregnant women with Type 1 dia-
betes may be attributed to defective counter-regulation
(i.e. decreased secretion of glucagon, epinephrine),
placental or pituitary growth hormone, and/or decreased
sensitivity to epinephrine in response to maternal
hypoglycemia. Hypoglycemia unawareness may lead to
serious consequences, including seizures, comas, acci-
dents, and death. Risk factors for defective maternal
glucose counter-regulation and hypoglycemia unaware-
ness include a history of hypoglycemia preceding pre-
gnancy, prolonged duration of diabetes, intensive
glycemic control, and pregnancy itself.”®

Clinical studies which have examined the relationship
between adverse fetal outcome and exposure to maternal
hypoglycemia in pregnant women with Type 1 diabetes
may seem reassuring but cannot dispel all concerns. The
association of hypoglycemia with subsequent blood
glucose fluctuations into the hyperglycemia range has
been offered as an explanation for the continuing
occurrence of macrosomia despite excellent HbAlc
levels through pregnancy. Animal studies in rodents
indicate that hypoglycemia occurring early in gestation
may be teratogenic.’® Also, severe hypoglycemia can
rapidly deteriorate into a life-threatening situation with
profound psychologic sequelae for the patient and
her family. Moreover, it is an entirely iatrogenic
complication.

HOW TIGHT MUST GLYCEMIC
CONTROL BE TO ACHIEVE A
GOOD OUTCOME?

Some 30 years after the initial evidence suggesting that
pregnancy outcome was improved by lowering maternal
glucose concentrations, the question of how strict control
should be remains unanswered. The Cochrane review of
tight versus less tight glycemic control included two trials,
both of which were associated with more frequent
hypoglycemia, and both of which had methodologic
flaws. More recently, Sacks et al”® reported a feasibility
study of 22 subjects with Type 1 diabetes randomized
either to “rigid” (fasting and premeal targets 3.3—
5.0mmol/L [60-90mg/dL] and 1-hour postprandial
6.7-7.8 mmol/L [120-140mg/dL]) or “less rigid” (5.3—
6.4mmol/L [95-115mg/dL] and 8.6-9.7 mmol/L [155-
175 mg/dL], respectively) groups. Mean maternal glucose
levels were significantly greater in the first and second
trimesters among the “less rigid” group. Both subjective
and objective hypoglycemia episodes were more frequent
in the “rigid” group. There were no differences between
groups in cesarean deliveries, birthweights, and neonatal
glucose concentrations.

SUMMARY AND FUTURE DIRECTIONS

Despite modern technology, optimizing glycemic control
remains demanding for both the patient and clinician.
Increasing evidence suggests that capillary home glucose
monitoring should include a combination of both pre-
and 1-hour post-prandial measurements. Most patients
are now using an MDI insulin regime, although there is
little evidence to support the use of one particular regime
over another. Data on the safety of long-acting analogs
are needed. There are no convincing data that CSII is
superior to MDI for the majority of women, but trials
comparing these two approaches using insulin analogs
are now indicated. It is unclear how tight glycemic
control must be to achieve good outcome and any strat-
egy to intensify diabetes control must constantly be bal-
anced against the risk of maternal hypoglycemia. It seems
likely that capillary glucose monitoring reveals only a
minor fraction of glucose variability and this may be
relevant to adverse fetal outcome. While the selective use
of CGMS may facilitate management in problematic
patients, the possibility of closing the glucose sensing
and/or CSII/insulin administration loop is the tantalizing
ideal.
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Oral hypoglycemic agents

in pregnancy

Denice S. Feig

Mount Sinai Hospital, Toronto, Ontario, Canada

PRACTICE POINTS
¢ Metformin crosses the placenta while glyburide does not.
e Metformin and glyburide are unlikely to be teratogenic.
¢ Pregnant women with Type 2 diabetes on oral hypoglycemic
agents (OHAs) are usually switched to insulin therapy during
pregnancy.
¢ Metformin increases the rate of ovulation in women with
polycystic ovary syndrome (PCOS). While there is some
evidence that continuation of metformin up to the first
trimester, or throughout pregnancy, may reduce the risk of
spontaneous abortions and gestational diabetes in women
with PCOS, more data are needed from randomized
controlled trials before the drug is used for this indication.
Insulin remains the mainstay of treatment for women with
gestational diabetes; however, for those women who cannot
afford insulin, or do not wish to take insulin, metformin or
glyburide may be offered as an alternative, with appropriate
explanation of the risks and benefits.
Acarbose has been used in only very small studies in
pregnancy to date, and tolerability is likely to be an
issue.
* PPAR-gamma agonists cross the placenta and should
be avoided in pregnancy until more safety data are
available.

CASE HISTORY 1
A 32-year-old woman G2P0Sabl with Type 2 diabetes
and PCOS presents to clinic at 9 weeks of gestation. This
is not a planned pregnancy. She is taking metformin
1g twice daily and glyburide 10mg twice daily. HbAlc
is 9%.

What do you advise her?

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

CASE HISTORY 2
A 30-year-old woman G1PO0 is diagnosed with gestational
diabetes at 28 weeks of gestation. She is started on a
diabetic diet but her blood sugars remain above target.
She is extremely afraid of needles and asks if she can take
pills.

What do you advise her?

BACKGROUND

The standard treatment for gestational diabetes mellitus
(GDM) and Type 2 diabetes in pregnancy has been diet
therapy, with the addition of insulin when blood sugar
targets are not achieved. In the 1970s and early 1980s oral
hypoglycemic agents gained usage in pregnancy, particu-
larly in South Africa. However, this trend failed to gain
popularity as experts in the field cautioned against their
use because of fear of teratogenicity, and reports of pro-
longed neonatal hypoglycemia. In spite of these concerns,
a growing body of literature has been accumulating on
the use of oral agents in pregnancy. In this chapter we
examine the evidence for the safety and efficacy of oral
hypoglycemic agents in women with GDM, PCOS, and
Type 2 diabetes in pregnancy.

SULFONYLUREAS AND MEGLITINIDES

Sulfonylureas and meglitinides are “insulin secretago-
gues” (Table 11.1). They both bind to receptors (although
not at identical sites) on the pancreatic beta cell, causing
insulin secretion. Examples of sulfonylureas include the
first-generation sulfonylureas, tolbutamide, chlopropra-
mide, and tolazamide, and the second-generation sulfo-
nylureas, such as glyburide (glibenclamide), glipizide,
and glimeperide. The meglitinides include nateglinide
and repaglinide.
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Table 11.1 Properties of oral hypoglycemic agents (OHAs).

Type of OHA Examples Mechanism of action
Sulfonylureas First generation: tolbutamide, Insulin secretagogue: bind to the sulfonylurea receptor on the beta
chlopropramide and tolazamide cell of the pancreatic islets, leading to closure of the ATP-
Second generation: glyburide or sensitive potassium channel, leading to insulin secretion
glibenclamide, glipizide and
glimeperide
Meglinitides Nateglinide and repaglinide Insulin secretagogue: bind to a receptor close to the sulfonylurea
binding site on the beta cell, causing closure of the ATP-
sensitive potassium channel, leading to insulin secretion
Biguanides Metformin Reduce hepatic glucose output, increase peripheral glucose uptake

Glucosidase Inhibitors ~ Acarbose and voglibose

Peroxisome
proliferator-
activated receptor-
gamma
(PPAR-gamma)
agonists

Rosiglitazone, pioglitazone, and
troglitazone

in skeletal muscle and adipocytes, and reduce intestinal glucose
absorption

Slow carbohydrate absorption and reduce postprandial glucose by

inhibiting the alpha-glucosidase enzymes present on the brush
border of the small intestine

Insulin sensitizers: bind to the nuclear transcription factor

peroxisome proliferator-activated receptor-gamma (PPAR-
gamma) which modulates gene expression in adipose tissue,
skeletal muscle, and the liver, leading to changes in several
metabolic pathways which involve glucose transport, lipoprotein
lipase, and insulin signaling

Placental transfer

In light of earlier reports of neonatal hypoglycemia in
infants of mothers taking sulfonylureas, researchers
investigated whether sulfonylureas crossed the placenta
by using the human placental cotyledon perfusion model.
In this model, a human placental cotyledon is obtained
from a healthy mother at the time of delivery. The drugs
in question are perfused on the maternal side, and trans-
fer of the drug is measured on the fetal side. Studies found
that, although the first-generation sulfonylureas crossed
the placenta in moderate amounts (tolbutamide 21.5%
and chlorpropramide 11%), the second-generation
sulfonylureas crossed less (glipizide 6.6%), with glyburide
crossing the least (3.9%)." A similar finding was noted in
a study using glyburide in women with GDM. Glyburide
was measurable in the serum of these women at the time
of delivery; however, no glyburide was detected in cord
blood.? There are no studies to date looking at the placen-
tal transfer of the meglitinides.

Clinical experience: cohort studies and
randomized trials

Congenital anomalies

Women with Type 2 diabetes

The majority of studies looking at the rate of congenital
anomalies in women using sulfonylureas in the first tri-

mester have not shown an increased rate of congenital
anomalies.” Only two studies found an increased rate
(n = 20 and n = 43, respectively); however, glycemic
control was either not ideal’ or not described.® A meta-
analysis of 471 women exposed to oral agents (sulfonlyu-
reas and/or biguanides) in the first trimester compared
with 1344 women not exposed, found no significant
difference in the rates of major malformations.” In the
largest retrospective cohort study to date (n = 342), con-
genital anomalies were associated with poor glycemic
control rather than the specific oral hypoglycemic
agent (OHA) used (glyburide/glibenclamide or met-
formin).” In summary, sulfonylureas are unlikely to be
teratogenic.

There are limited data on congenital anomalies
with meglitinide use, but two recent case reports of
three women exposed to repaglinide during the first
trimester of pregnancy did not report any congenital

malformations.'®!!

Perinatal mortality

Women with Type 2 diabetes

In early cohort studies of women with Type 2 diabetes in
pregnancy, treatment with either sulfonylureas alone, or
in combination with metformin, resulted in reduced
rates of perinatal mortality when compared with those
who were “untreated”. However, perinatal mortality
rates were higher than those in women who were con-
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Table 11.2 Glyburide failure rates* in women with gestational diabetes.

Study Number treated with glyburide Glyburide failures (%) Study design

Langer et al (2000)* 201 4 Randomized controlled trial
Kremer & Duff (2004)" 73 19 Observational

Conway et al (2004)" 75 16 Observational

Chmait et al (2004)" 69 18.8 Observational

Jacobson et al (2005)" 316 17 Cohort

Bertini et al (2005)" 24 20 Randomized controlled trial
Kahn et al (2006)' 95 19 Observational

Rochon et al (2006)" 101 21 Observational

Total 954 16-21

*“Glyburide failures” are those patients who were switched to insulin; the majority for inadequate glycemic control, the minority

because of hypoglycemia

verted to insulin. This was attributed to better glycemic
control in those treated with insulin.*>'* In a more recent
retrospective cohort study by the same group in South
Africa, the use of OHAs throughout pregnancy (glyburide
[glibenclamide] alone, or in combination with met-
formin) was associated with an increased rate of perinatal
mortality.” However, there were no perinatal deaths in
infants of women taking metformin exclusively. The
perinatal mortality rate was significantly higher in the
group that used OHAs throughout compared with those
who switched to insulin at the beginning of the preg-
nancy, or those who were treated with insulin alone. This
could not be explained by differences in glycemic control,
maternal age, body mass index (BMI), parity, booking
gestational age or comorbidities between groups. The
reason for this increased rate of perinatal mortality is
unclear but until more definitive data are available, the
use of insulin is preferred in women with Type 2 diabetes.
Other studies, some of higher quality (randomized con-
trolled trials) in women with gestational diabetes, have
not found this association (see below).>

Other morbidity

Women with gestational diabetes mellitus

In 2000, Langer and colleagues conducted a landmark
randomized controlled trial involving 404 women with
GDM.” Those women who failed to meet targets on diet
were randomized at 11-33 weeks of gestation to receive
either insulin or glyburide therapy (starting at 2.5mg in
the morning and titrated to 20 mg/day when necessary).
They found no significant differences in glycemic control
or neonatal outcomes between the two groups, including
large birthweight for gestational age (LGA), macrosomia,
birthweight, neonatal hypoglycemia and pulmonary
complications, admission to the neonatal intensive care

unit (NICU), congenital anomalies or perinatal mortal-
ity. Eight patients (4%) in the glyburide group needed
insulin. While this study was groundbreaking, one of the
main criticisms was that it was underpowered to assess
neonatal outcomes. Since publication of this trial there
has been only one other very small randomized trial (<30
women per arm), where women with GDM were rand-
omized to glyburide, insulin or acarbose."” No difference
was found in glycemic control or birthweight, although
there were significantly more infants with neonatal
hypoglycemia in the glyburide group.

Several observational studies have been published
looking at how often GDM women treated with glybu-
ride need to be switched to insulin (i.e. “glyburide
failure”)."" In these studies glyburide “failure rates”
ranged from 16% to 21% (Table 11.2), the majority being
because of poor glycemic control and a minority because
of hypoglycemia. Predictors of “failure” included a
glucose challenge test result greater than or equal to
11.1mmol/L (=200mg/dL), diagnosis before 25 weeks,
increased maternal age, multiparity, and pretreatment
fasting capillary blood glucose values of greater than
6.1 mmol/L (>110mg/dL). Target values in these studies
were fasting values of 5.0-5.3mmol/L (90-95mg/dL),
1-hour values of 7.2-7.8 mmol/L (130-140 mg/dL), and
2-hour values of 6.4-6.7 mmol/L (115-120 mg/dL).

There are no data on the use of glipizide or the meg-
litinides in women with gestational diabetes or Type 2
diabetes.

Use of sulfonylureas during pregnancy:
summary and existing concerns

Glyburide (glibenclamide) does not appear to be tera-
togenic, nor does it cross the placenta to an appreciable
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extent. In women with Type 2 diabetes there is some
concern regarding increased perinatal mortality with
continued use of glyburide throughout pregnancy, and
until further studies are available, women should be
switched to insulin during pregnancy. In women with
GDM, glyburide is associated with good glycemic control
in the majority, with failure rates of approximately 16—
21% (Table 11.1). Most studies found no differences in
neonatal outcomes between women on glyburide and
those using insulin. However, because there is only one
randomized controlled trial of moderate size that was not
powered to assess neonatal outcomes, some concerns
remain.

METFORMIN

Metformin is a biguanide which acts by reducing
hepatic glucose output, increasing peripheral glucose
uptake in skeletal muscle and adipocytes, and reducing
intestinal glucose absorption (Table 11.1). This leads
to improved insulin sensitivity. It does not cause insulin
secretion and hence does not cause hypoglycemia or
weight gain. It is contraindicated in patients with renal
dysfunction or abnormal creatinine clearance from any
cause.

Placental transfer

Metformin freely crosses the placenta. This was
demonstrated in a placental transfer study which showed
that metformin transferred readily from the maternal
to the fetal side of placentas from women with
GDM.” Two studies throughout pregnancy found
that levels were 50-100% as high as maternal blood
concentrations, and in some infants the level was even
higher.*"*

Clinical experience: cohort studies
and randomized trials

Ovulation induction, pregnancy, and live

birth rates

Women with polycystic ovary syndrome

Metformin has been shown to decrease insulin
resistance in women with PCOS, which has resulted
in improved rates of ovulation.”’ Evidence, however, is
conflicting regarding the benefits of metformin to
increase pregnancy and live birth rates compared with
clomiphene.”**

Congenital anomalies

Women with Type 2 diabetes

The majority of studies during pregnancy using
metformin alone or with sulfonlyureas have not found
an increased rate of congenital malformations in
offspring.”>**

Women with polycystic ovary syndrome

While hyperglycemia is a major confounding factor in
those studies that have looked at congenital anomalies
in women with Type 2 diabetes exposed to OHAs in
the first trimester, this problem does not arise in
women with PCOS whose blood sugar levels are
normal. Studies in over 500 women with PCOS using
metformin, either in the first trimester or throughout
pregnancy, showed no increased rate of congenital

malformations.**

Other morbidity and mortality

Women with Type 2 diabetes

In early cohort studies, perinatal mortality rates in
women taking metformin (and/or sulfonylureas) were
elevated, most likely due to poor glycemic control.*>'
Perinatal mortality rates decreased when glycemic control
improved after 1977.” In a later study, metformin use
was associated with an increase in pre-eclampsia and
perinatal mortality compared with those women on
insulin.** In this latter study, however, patients taking
metformin were more obese than women on insulin,
suggesting this may have accounted for the increased
rates. A more recent retrospective cohort study from
South Africa (discussed above), found that while perina-
tal mortality was increased in women taking glyburide
(glibenclamide) alone or in combination with met-
formin, no increase in perinatal mortality was seen in
patients treated solely with metformin.’

Women with gestational diabetes mellitus

The metformin in gestational diabetes (MiG) trial was a
large randomized controlled trial in which 751 women
with GDM at 20-33 weeks of gestation and with inade-
quate glycemic control on diet therapy were randomized
to receive either metformin (starting at 500 mg once or
twice daily and titrated to a maximum of 2500 mg as
necessary) or insulin.” The rate of the primary composite
outcome of neonatal morbidity, which included neonatal
hypoglycemia, respiratory distress, need for photother-
apy, birth trauma, 5-minute Apgar score less than 7 and
prematurity, was not significantly different in women
assigned to metformin (32.0%) and those assigned to
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insulin (32.2%) (RR 0.99, 95% CI 0.80-1.23). Severe
neonatal hypoglycemia (<l.6mmol/L [<28.8mg/dL])
was decreased in the metformin group (3.3% vs 8.1%;
p = 0.008), but preterm birth was more common in the
metformin group (12.1% vs 7.6%; p = 0.04). There was
no significant difference in glycemic control between the
groups, although 46.3% of women in the metformin
group required supplemental insulin to maintain good
glycemic control. Follow-up of these infants is planned
(the MiG TOFU study) to look at the long-term effects
of metformin.

Women with polycystic ovary syndrome

Several observational and cohort studies have now been
published looking at maternal and fetal outcomes in
women with PCOS given metformin throughout preg-
nancy. These have shown no adverse pregnancy out-
comes, and possibly some potential benefits, such as
decreased rates of spontaneous abortion®** and gesta-
tional diabetes.”® In a prospective study of 90 women
with PCOS who conceived on metformin 1.5-2 g/day
there were no differences in pre-eclampsia rates, gesta-
tional diabetes rates, perinatal mortality, or birthweight
compared with 252 healthy controls.”® In a recent pro-
spective cohort study, 200 non-diabetic patients with
PCOS who took 1-2g of metformin/day throughout
pregnancy were compared to 80 women with PCOS who
conceived on metformin but stopped the drug at the time
of conception.” Rates of early pregnancy loss were sig-
nificantly lower in the metformin group who continued
to take the drug throughout pregnancy. Finally, a retro-
spective study of infants of mothers who took metformin
in pregnancy found normal height, weight, motor and
social development at 6 months of age.”® Prospective ran-
domized controlled trials are needed to confirm these
findings.

Use of metformin in pregnancy: summary
and existing concerns

Metformin freely crosses the placenta. It does not appear
to be teratogenic. Metformin increases the rate of ovula-
tion in women with PCOS; however, the use of clomi-
phene may be more efficacious for induction of a
successful pregnancy. In one large randomized control-
led trial, metformin was as efficacious as insulin vis a vis
a composite neonatal outcome of neonatal hypoglyc-
emia, respiratory distress, need for phototherapy, birth
trauma, 5-minute Apgar score less than 7, and prematu-
rity in women with gestational diabetes, without adverse

effects. We await long-term studies of neonates exposed
to metformin throughout pregnancy. Randomized trials
are needed to inform us regarding the ability of met-
formin to decrease spontaneous abortions and gesta-
tional diabetes in women with PCOS, and its role in
pregnant women with Type 2 diabetes.

ALPHA-GLUCOSIDASE INHIBITORS

The alpha-glucosidase inhibitors, which include acar-
bose and voglibose, slow carbohydrate absorption and
reduce postprandial glucose by inhibiting the alpha-
glucosidase enzymes present on the brush border of the
small intestine. These drugs are not absorbed into the
bloodstream in any significant amount. Only acarbose
has been studied in pregnancy. In one case series, six
women with GDM not controlled on diet alone were
given acarbose three times a day before meals. In all six
patients, the fasting and postprandial glucose values nor-
malized and the infants were healthy.” Acarbose,
however, was associated with intestinal discomfort that
persisted throughout the pregnancy. Finally, acarbose
was used in a small randomized controlled trial where
women with GDM who were not successfully controlled
on diet therapy were randomized to receive insulin
(n = 27), glyburide (n = 24) or acarbose (n = 19)."” No
differences were observed in the maternal glucose levels
achieved, rate of LGA or birthweight among patients in
each of the three groups. There was no mention of the
tolerability of acarbose in this study. Larger randomized
controlled trials are needed to elucidate further the ben-
efits of acarbose in pregnancy. Tolerability is likely to be
an issue.

PPAR-GAMMA AGONISTS

The peroxisome proliferator-activated receptor (PPAR)-
gamma agonists, also known as thiazolidinediones,
include rosiglitazone, pioglitazone, and troglitazone (the
latter has been taken off the market because of hepatic
toxicity). They bind to the nuclear transcription factor
PPAR-gamma, which modulates gene expression in
adipose tissue, skeletal muscle, and the liver, leading to
changes in several metabolic pathways which involve
glucose transport, lipoprotein lipase, and insulin signal-
ing. They are known as “insulin sensitizers” as they
enhance insulin action in these tissues. They are used in
patients with Type 2 diabetes and do not cause hypogly-
cemia. They have been associated with weight gain, fluid
retention, and an increase in heart failure due to water
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retention. Rosiglitazone has recently been shown possibly
to increase cardiac events in a retrospective meta-analy-
sis" and in a nested case—control study of older patients."’
Further studies are needed to clarify this.

Placental transfer

In a study of 31 women between 8 and 12 weeks of gesta-
tion, two doses of rosiglitazone 4 mg were given prior to
surgical termination of pregnancy.* Rosiglitazone was
detected in fetal tissue, especially after 10 weeks of gesta-
tion, suggesting it does cross the placenta.

Clinical experience

There is little experience with PPAR-gamma agonists in
pregnancy. No teratogenic effects have been noted in
studies of rats and rabbits.”” Two cases of exposure to
rosiglitazone in the first trimester, and a third case
exposed in the second trimester, have been described, but
with no congenital anomalies or neonatal complications
reported.*** Rosiglitazone has been used in two rand-
omized trials of women with PCOS for ovulation induc-
tion (n = 25 in each trial) (one comparing rosiglitazone
and clomiphene vs metformin plus clomiphene, and the
other comparing rosiglitazone plus placebo vs rosiglita-
zone plus clomiphene).*®" In the first trial, rosiglitazone
improved ovulatory rates; in the second, the addition of
clomiphene to rosiglitazone was superior. No congenital
anomalies were described in the 14 pregnancies, although
there were three early fetal losses.

Summary

PPAR-gamma agonists cross the placenta and to date
there are few data on the safety of these drugs in preg-
nancy. Therefore, these drugs should not be used in preg-
nancy, and should only be used for ovulation induction
if potential benefits outweigh the potential risks to the
fetus.

BREASTFEEDING

Women with Type 2 diabetes are often on OHAs prior
to pregnancy, and after delivery, the question of when
these drugs can safely be restarted frequently arises. The
main issue is whether these drugs will be secreted into
breast milk, posing a risk to infants.

Sulfonylureas

The first-generation sulfonylureas, tolbutamide and
chlorpropamide, cross into breast milk. To date only one
study has looked at the transfer of glyburide and glipizide
into breast milk.* In this study of women with Type 2
diabetes, eight women received a single oral dose of 5 or
10 mg of glyburide, while five women were given 5mg of
glyburide or glipizide daily from the first day postpartum.
Neither glyburide nor glipizide was detected in the breast
milk of any of the women.

Metformin

In three studies which looked at the transfer of met-
formin into breast milk, all three found that metformin
crosses into breast milk, albeit in very small quanti-
ties.* The mean estimated infant dose as a percentage
of the mother’s weight-adjusted dose was 0.65%, far
below the arbitrary cut-off level of 10%. In addition,
blood glucose levels taken from three infants of nursing
mothers were normal.”” At 6 months of age, the weight,
height, and motor-social development of infants of
mothers taking metformin while breastfeeding did not
differ from those for formula-fed infants.”

Other drugs

There are no data on PPAR-gamma agonists or alpha-
glucosidase inhibitors and breastfeeding.

Summary

Glyburide, glipizide and metformin appear compatible
with breastfeeding, but their use is still not universally
recommended in all practice guidelines.”

CASE HISTORY 1

In this 32-year-old woman with Type 2 diabetes and
PCOS metformin and glyburide are unlikely to be tera-
togenic; however, with an elevated HbAlc there is an
increased risk of congenital malformations. This should
be assessed with an anatomy ultrasound and fetal
echocardiogram at 18-20 weeks of gestation. For better
glycemic control, metformin and glyburide should be
discontinued and insulin should be initiated. While there
is some evidence that continuation of metformin up to
the first trimester, or throughout pregnancy, may reduce
the risk of spontaneous abortions in women with PCOS,
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more data are needed from randomized controlled trials
before using metformin for this indication.

CASE HISTORY 2

Both glyburide and metformin have been used in rand-
omized controlled trials of women with gestational dia-
betes, and both were as efficacious as insulin in achieving
glycemic control. Metformin crosses the placenta, while
glyburide does not, making it an attractive drug to use in
pregnancy. However, only one randomized controlled
trial has been done using glyburide and it was underpow-
ered to look at differences in neonatal outcomes. Met-
formin has the advantage of lowering insulin resistance,
which is elevated in gestational diabetes. The MiG trial,
which looked at the use of metformin in women with
GDM, was powered to look at neonatal outcomes and
did not show a difference in the primary neonatal com-
posite outcome. Both glyburide and metformin can be
offered to this patient, with appropriate discussion of the
risks and benefits.
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PRACTICE POINTS

® Pregnancy in women with diabetes is associated with
increased perinatal morbidity and mortality.

Fetal compromise in women with diabetes with vasculopathy
or pre-eclampsia is related to placental vascular disease.

¢ The mechanism of fetal compromise in fetuses with normal or
accelerated growth is not well understood and is likely to be
mutifactorial.

No currently available fetal surveillance technique has been
proven to predict fetuses at risk or to prevent poor outcome
in diabetic pregnancies.

Surveillance methods are of proven value only in pregnancies
with vascular complications of diabetes, pre-eclampsia or fetal
growth restriction.

Serial growth scans in the second half of pregnancy are
recommended to detect accelerated fetal growth and/or
polyhydramnios or growth restriction.

CASE HISTORY

A 26-year-old nullipara with Type 1 diabetes booked at
8 weeks of gestation. She had chronic hypertension
treated with ramipril prior to conception. Her diabetic
retinopathy had been treated by laser therapy 2 years ago.
She did not have proteinuria. Ramipril was stopped on
confirmation of pregnancy and she was commenced on
low-dose aspirin. Blood pressure did not require treat-
ment until 24 weeks of gestation when she was started on
methyldopa.

Glycemic control was chaotic in the first trimester,
but good glycemic control was achieved by 20-24 weeks
with increasing doses of insulin and improved attention
to diet. There was no deterioration of the diabetic
retinopathy.

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

In view of the increased risk of pre-eclampsia, uterine
artery Doppler examination was arranged for 24 weeks,
which showed bilateral notches. Serial growth scans were
commenced from 28 weeks of gestation, which showed
fetal growth just below the 50th centile, normal liquor
volume, and normal umbilical Doppler flow.

At 32 weeks of gestation, she was admitted with pre-
eclampsia (significant proteinuria and rise in blood
pressure). Ultrasound scan revealed a slowing of growth
velocity to the 5th centile, reduced liquor volume, and
normal umbilical Dopplers. She remained an inpatient
with twice daily cardiotocographs (CTGs), weekly scans
for liquor volume and umbilical Doppler measurements,
and fortnightly scans for fetal growth, which showed low
liquor volume, normal umbilical Dopplers, and mainte-
nance of growth along the 5th centile. Glycemic control
remained excellent.

She was delivered at 35 weeks of gestation for
worsening pre-eclampsia (further increments in anti-
hypertensive therapy were required) and a suboptimal
CTG, by cesarean section of a healthy male baby weighing
1.9kg. Following 5 days on the special care baby unit he
was discharged with his mother after 7 days.

Is this pattern of fetal growth typical in diabetes? Why

is the pattern like this?

+ What is another common pattern of fetal growth in
women with diabetes?

« What is the optimal fetal surveillance in women with

diabetes?

Should all women with diabetes be offered CTGs in

pregnancy?

+ What is the significance of the normal umbilical
Doppler measurements in this woman? Should they be
measured in all women with diabetes?

+ Is assessment of fetal lung maturation justified before

delivery? If so, what are the options for doing this?

.
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* Why is fetal death more common in women with
diabetes?

BACKGROUND

Historically, pregnancy in women with diabetes is asso-
ciated with high perinatal morbidity and mortality. The
fetal and neonatal complications include increased risk
of congenital malformations, miscarriage, preterm deliv-
ery, stillbirth, accelerated fetal growth with its attendant
risk of traumatic vaginal delivery and shoulder dystocia,
cardiomyopathy, respiratory distress syndrome, and
neonatal metabolic derangements, especially hypoglyc-
emia. Fetuses of women with vascular complications of
long-standing diabetes, notably diabetic nephropathy
with or without accompanying hypertension, are also
at risk of intrauterine growth restriction (IUGR) as a
result of placental insufficiency. Many of the late fetal
and neonatal complications in diabetic pregnancies
can be explained by the Pedersen hypothesis.' This states
that maternal hyperglycemia resulting in fetal hypergly-
cemia causes marked fetal hyperinsulinemia via fetal
pancreatic beta cell overstimulation. This in turn causes
accelerated fetal growth, excess subcutaneous fat, and
increased hepatic glycogen storage, features often
referred to as macrosomia and all of which can contri-
bute to traumatic delivery and neonatal metabolic
derangements. This theory has driven the clinical man-
agement of diabetes in pregnancy, with the belief that
better glycemic control in the mother can reduce peri-
natal morbidity and mortality. This chapter focuses on
the surveillance required in the third trimester in order
to minimize perinatal mortality and morbidity in struc-
turally normal fetuses.

The 2002-2003 UK Confidential Enquiry into
Maternal and Child Health (CEMACH)? showed that
babies of women with Type 1 or Type 2 diabetes are five
times more likely to be stillborn and three times more
likely to die in their first month of life compared with
those of mothers without diabetes. The perinatal mor-
tality rate was 31.8 per 1000 births, compared to the
national rate of 8.5 per 1000 births. Approximately 80%
of these losses were stillbirths, 80% of these babies being
structurally normal. Perinatal mortality in European
countries and other UK regional studies is comparable,
and ranges from 27.8 to 48 per 1000 births.

The goal of obstetric surveillance is to identify fetuses
at risk, in order to intervene in a timely and appropriate
fashion and reduce perinatal morbidity and mortality.
However, the CEMACH enquiry’ during 2002-2003

found that fetal surveillance was poor in 20% of 37 preg-
nancies with antenatal evidence of fetal growth restric-
tion and in 45% of 129 pregnancies with antenatal
evidence of accelerated growth; the enquiry did not
explain what the deficiencies were nor make recommen-
dations regarding optimal surveillance.

PATHOPHYSIOLOGY OF FETAL
COMPROMISE IN DIABETES
IN PREGNANCY

Before choosing a test to assess fetal well-being, it is
important to understand the pathophysiology of fetal
compromise in diabetes in pregnancy. When fetal death
occurs, it is usually in the final weeks of pregnancy in the
context of poor glycemic control, polyhydramnios, and/
or accelerated fetal growth." In contrast, diabetic women
with vasculopathy and/or pre-eclampsia may develop
IUGR and fetal demise as early as the second trimester,
probably related to placental vascular disease.

The pathophysiology of fetal compromise in diabetic
pregnancy where the fetus is normally grown or large for
dates is likely to be multifactorial. It is probable that the
majority of unexplained stillbirths result from chronic
fetal hypoxia and/or fetal acidemia secondary to mater-
nal/fetal hyperglycemia and fetal hyperinsulinemia.

Evidence of fetal hypoxia is seen in the form of raised
fetal erythropoietin (EPO) levels in infants with intrau-
terine growth acceleration.® Extramedullary hematopoi-
esis is found more often in stillborn infants of mothers
with diabetes.” Thickening of the basement membrane of
chorionic villi has been described in placentae of preg-
nancies in women with diabetes,® which potentially could
reduce oxygen transfer.

Maternal hemoglobin Alc (HbAlc) concentrations in
the third trimester correlate with fetal umbilical venous
EPO at delivery’ suggesting that antepartum control of
maternal hyperglycemia is a significant factor associated
with fetal hypoxia. A recent systematic review of four
studies of adverse pregnancy outcome in women who
have Types 1 and 2 diabetes found increased perinatal
mortality associated with poor glycemic control (pooled
OR 3.23, 95% CI 1.87-4.92),' although the studies
reviewed had methodologic limitations. Marked oscilla-
tions in maternal glycemic control may explain acceler-
ated fetal growth and fetal compromise seen in some
pregnancies with apparently excellent diabetic control."
Maternal hypoglycemia does not seem to impact the fetus
significantly; however, there are few studies addressing
this issue.
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Hyperglycemia and hyperinsulinemia in fetal lambs
increase oxygen consumption with a simultaneous
decrease in oxygen content."” Hyperglycemia increases
fetal glycosylated hemoglobin, which shifts the fetal
oxygen dissociation curve, thus reducing red cell oxygen
delivery at tissue level.” In late pregnancy, the switch
from HbF to HbA production is delayed in women with
diabetes, and this may further reduce tissue oxygen avail-
ability. Fetal amniotic fluid insulin levels correlate signifi-
cantly with fetal plasma EPO levels independently of
maternal glycemia, suggesting that insulin exerts an effect
on fetal oxygenation beyond that of maternal and fetal
glycemia.” Fetal hyperinsulinemia may also result in
hypokalemia in the fetus (possibly predisposing to fatal
cardiac arrhythmia). There is a significant association
between fetal plasma insulin levels and the degree of fetal
acidemia," and significant acidemia has been observed
even in the absence of hypoxia."” Glucose oxidation and
oxygen consumption are increased by hyperinsulinism,
this effect being independent of that caused by hypergly-
cemia. The reduced capacity of the fetus for oxidative
metabolism and low pyruvate dehydrogenase activity
result in hyperlactinemia. Diabetic ketoacidosis is dan-
gerous for both the mother and the fetus, the risks
to the latter probably being related to acidosis (see
chapter 19).

ACCELERATED FETAL GROWTH

Various definitions of accelerated fetal growth are in use,
such as birthweight over 4000 g, over the 90th centile, or
two standard deviations above the mean weight for gesta-
tion corrected for sex. The last mentioned is preferred,
but even this does not characterize the selective orga-
nomegaly seen in the infant of the woman with diabetes.
The CEMACH report’ found that 21% of singleton
babies of women with diabetes weighed over 4000 g com-
pared with 11% in the general population, and over 1%
of babies of women with diabetes weighed under 1000g
compared with 0.5% in the general population.

A strong relationship between fetal weight and umbili-
cal plasma insulin,'® and a direct relationship with amni-
otic fluid EPO levels, have been observed, suggesting that
the larger the fetus is, the greater the risk of fetal hypoxia.
Growth acceleration may start as early as 18 weeks of
gestation.”” However, the growth potential of fetuses
seems to be determined by prevailing maternal glycemia
before then and excessive growth can continue despite
optimum glycemic control subsequently.'® Nonetheless,
optimal glycemic control during pregnancy is associated

with a reduced incidence of accelerated fetal growth'® and
therefore with improved perinatal outcome.

Accelerated fetal growth is associated with a significant
increase in the risk of fetal death in the presence but not
the absence of maternal diabetes. Seeds et al reported an
OR of 3.4 (95% CI 1.1-9.6; p < 0.01) for intrauterine
death at or beyond 24 weeks of gestation for a birthweight
over the 95th centile and an OR of 3.2 (CI 1.3-7.4;
p < 0.01) for a birthweight between the 90th and 95th
centiles compared with birthweights between the 25th
and 75th centiles.”

One of the major challenges relates to the best way to
minimize the likelihood of shoulder dystocia, brachial
plexus injury, and other major birth trauma in babies
with scan-detected accelerated growth. The UK
CEMACH? report into pregnancies in women with
pregestational diabetes found an incidence of Erb palsy
of 4.5 per 1000 births, 10-fold greater than for the general
population, but 25% of babies with Erb palsy born to
women with diabetes were delivered by cesarean section.
It also confirmed that shoulder dystocia is more common
in larger babies, ranging from 1% in babies less than
2500g to 43% in babies over 4500¢g. In addition, it has
been reported that babies of women with diabetes have a
three- to seven-fold greater risk for shoulder dystocia at
each given weight category compared with non-diabetic
women.” This can be explained by anthropometric dif-
ferences between babies of diabetic and non-diabetic
mothers.”> While both detection of accelerated fetal
growth (see below) and prediction of shoulder dystocia,
which relates to more than fetal size alone, are poor,
studies using ultrasound weight prediction followed by
cesarean for those cases where birthweight is predicted to
be more than 4250 g have shown a reduction in shoulder
dystocia, but at the expense of an increase in cesarean
section rate (see also chapter 20). In addition, many
babies estimated by scan to be large have actual birth-
weights less than 4250 g:* 443 cesarean sections with a
scan-estimated fetal weight (EFW) threshold of 4500g
would need to be performed to prevent one permanent
brachial plexus injury, or 489 with an EFW threshold of
4000g.

FETAL SURVEILLANCE METHODS

Surveillance includes monitoring of fetal growth and assess-
ment of fetal well-being. Given the multifactorial nature
of the etiology and the timing of fetal demise in pregnan-
cies with diabetes, it is difficult to know which forms
of monitoring, if any, are appropriate. It is generally
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considered that standard clinical assessment needs to be
supplemented by other methods of surveillance, although
two recent reviews of fetal monitoring in diabetic pre-
gnancy”” show that no currently available technique has
been proven to predict the fetuses at risk or fo prevent
poor outcome. This is not surprising as the methods
assessed were not designed to predict the pathologic
processes likely to precede fetal demise. Accordingly,
some clinicians reserve surveillance only for those pre-
gnancies with additional issues, such as vasculopathy,
hypertension or growth restriction, that have more pre-
dictable fetal complications and better-established modes
of surveillance.

The tools available for fetal surveillance include:
Antenatal CTG

Ultrasound assessment of fetal growth

Ultrasound assessment of amniotic fluid volume
Biophysical profile

Umbilical artery Doppler velocimetry

Amniocentesis — assessment of fetal lung maturity, fetal
insulin, EPO

Magnetic resonance imaging (MRI) spectroscopy.

Antenatal cardiotocography

Antenatal CTG records fetal heart rate and displays it in
relation to spontaneous uterine activity, a technique
sometimes referred to as a non-stress test (NST). Ante-
natal contraction stress tests, in which the fetal heart rate
is observed during uterine activity induced by, for
example, an infusion of oxytocin, are rarely used.

Outside of diabetes, antenatal CTG is used to detect
antenatal fetal compromise in high-risk pregnancies. A
Cochrane Systematic Review however revealed only four
published studies including a total of 1588 high-risk
pregnancies, only one of which pertained to diabetes.*
These failed to show a significant effect of antenatal CTGs
on perinatal morbidity or mortality. There are no rand-
omized controlled trials assessing the value of antenatal
CTG for fetal surveillance in diabetes in pregnancy. Non-
randomized studies indicate that the tool is a poor pre-
dictor of fetal compromise in diabetes with fetal demise
reported hours after a normal trace.” This is not surpris-
ing considering the probable pathogenesis of fetal demise
in diabetes in pregnancy.

Barrett et al reviewed seven studies of antepartum
CTGs for fetal surveillance and found that within 7 days
of a normal CTG there was a stillbirth rate of 1.4% in
pregnancies with diabetes, similar to the figure for pre-
gnancies complicated by IUGR (2%); there were no

stillbirths in pregnancies with other risk factors, such as
being postdates or pre-eclampsia.”® Attempts to correlate
CTG patterns with maternal glycemic status have been
unsuccessful.* Tincello et al” found that 10.7% of
computerized CTG recordings in pregnancies com-
plicated by Type 1 diabetes had no episodes of high
variation (defined as long-term variation exceeding a
gestation-dependent threshold, with the presence of high
variation considered to be a sensitive indicator of fetal
well-being in normal pregnancy), compared with the
expected value of 0.8% in uncomplicated singleton preg-
nancies, a difference of 9.5% (95% CI 4.5-15.3). The
authors concluded that along with other differences
in short-term variation, basal heart rate, frequency of
fetal movements, and heart rate accelerations, these
changes may represent a delay in fetal maturation.
They did not identify any relationship between these
changes and adverse fetal outcome, and therefore
computerized CTG must be used with caution in women
with diabetes.

In conclusion, available evidence does not support the
routine use of antenatal CTG in pregnancies with diabe-
tes outside the usual indications, including reduced fetal
movements, fetal growth restriction or antepartum
hemorrhage.

Ultrasound estimation of fetal growth

There is no clear consensus that monitoring fetal size by
ultrasound in pregnancies with diabetes without risk
factors for IUGR is beneficial’" or necessary. The UK
National Institute for Health and Clinical Excellence
(NICE) guidelines™ state that three growth scans, includ-
ing estimation of amniotic fluid index, should be carried
out at 28, 32, and 36 weeks of gestation, but no guidance
is offered as to how the information obtained should
subsequently be used.

Conventional ultrasound biometry is based on pre-
dicting IUGR, and is less accurate for detecting large
babies, including those babies whose mothers have dia-
betes:” it overlooks 10-20% of babies with accelerated
growth.” This is an important deficiency as diabetes
influences the abdominal circumference (AC) but not
bony measurements via its effect on insulin-sensitive
tissues such as the liver (glycogen storage) and abdominal
wall adipose tissue (Fig. 12.1). Accordingly, ultrasound
measurements made to detect accelerated fetal growth
are unreliable and therefore cannot be expected to predict
trauma at delivery for these babies;* as such they are of
debatable value.
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Fig. 12.1 Fetal ultrasound growth charts. Normal growth of head and femur with accelerated growth of abdominal circumference.

A systematic review’' of 63 studies including a total of
19117 women concluded that there was no difference in
accuracy between ultrasonographic EFW and AC in the
prediction of birthweight over 4000 g. These studies were
in women without diabetes and therefore cannot be
extrapolated directly to pregnancies in women with dia-
betes, but it is likely that accuracy would be even lower
in the latter. In two studies of pregnant women with
diabetes, the sensitivity of ultrasound for predicting
fetal weight over 4000 g was relatively poor, ranging from
33% to 83%, and specificity from 77% to 98%.’* The
correlation between ultrasound determination of fetal
size or fetal growth and fetal hyperinsulinemia (measured
using amniotic fluid insulin levels) is also poor, and
therefore ultrasound is not likely to be able to predict
those babies at risk of the consequences of fetal hyperin-
sulinemia, such as intrauterine death and neonatal
hypoglycemia.”® In addition, growth continues to
accelerate late into the third trimester, thereby further
reducing the accuracy and usefulness of scanning as
delivery approaches.”

Three-dimensional (3D) ultrasound volumetric assess-
ments of fetal weight within 7 days of delivery has been
shown to be superior to conventional two-dimensional
(2D) biometry in a cross-sectional study in women
without diabetes.” Fetal liver volume may also be assessed
using 3D ultrasound. In a cross-sectional study, fetal liver
volume was significantly greater in fetuses of 32 women
with diabetes compared with matched controls, even
after normalization for EFW. Fetal liver volume also
correlated significantly with glycosylated hemoglobin.”

Placenta

Deepest pool of liquor
increased

Fetal limbs

Fetal body

2007 Fma

Fig. 12.2 Polyhydramnios on ultrasound scan.

More research is needed in this area before incorporation
into routine clinical practice can be recommended.

In conclusion, serial growth scans in pregnancy with
diabetes can be helpful for identifying growth restriction.
Normal growth on ultrasound examinations does not
reliably exclude accelerated growth or risks for shoulder
dystocia. If the ultrasound suggests accelerated fetal
growth, it is not known what risks this may pose to the
fetus either antenatally or at delivery, and therefore the
information is of debatable value. Accelerated growth
may indicate poor glycemic control and so may be useful
for intensifying insulin therapy and dietary advice.

Ultrasound assessment of amniotic
fluid volume

Between 27 and 42 weeks, amniotic fluid volume (AFV)
measurements are greater in pregnancies with diabetes
than other pregnancies (Fig. 12.2). This probably
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reflects fetal polyuria secondary to hyperglycemia-
induced osmotic diuresis. There is a significant positive
correlation between elevated AFV and both birthweight
centiles and AC in both pregnancies with and without
diabetes.”" This relationship is linear in diabetic patients
with poor glycemic control."' In pregnancies without
diabetes, there is a four-fold increase in perinatal morta-
lity when the AFV is increased, partly related to structural
anomaly, prematurity, and malpresentation; however,
there have been no prospective studies looking at the
value of AFV measurements in predicting fetal outcome
in structurally normal, term pregnancies with diabetes.

In conclusion, in structurally normal fetuses, raised
AFV may trigger a further search for anomalies associ-
ated with swallowing difficulties. This finding may predict
the possible need for nasogastric aspiration prior to first
feeding, but it does not seem to be helpful in predicting
antenatal fetal compromise. It may be a useful trigger for
intensifying glycemic control.

Biophysical profile

The biophysical profile (BPP) involves ultrasound assess-
ment of fetal breathing, fetal tone, fetal body movements,
and AFV, and analysis of a CTG. Each of the five param-
eters scores either 0 (absent or low) or 2 (normal or
present), giving a possible maximum of 10. It was origi-
nally validated for growth-restricted pregnancies in the
absence of a major congenital anomaly. In maternal dia-
betes a number of problems in interpretation can be
predicted. First, pregnancy with diabetes is commonly
associated with an increased AFV. Second, increased fetal
breathing can occur in pregnancies with diabetes* and
with higher maternal blood glucose values. Where fetal
acidemia is secondary to uteroplacental insufficiency,
fetal breathing is reduced, whereas in fetal acidemia sec-
ondary to maternal hyperglycemia, fetal breathing move-
ments are either normal or increased.”’ Salvesen ef al*
found that BPP was a poor predictor of fetal acidemia (as
determined by cordocentesis performed after the BPP) in
pregnancy with diabetes. Dicker et al performed almost
1000 BPPs in 98 pregnant women with diabetes, and
found that while 3% were abnormal, that this was not
helpful in determining Apgar scores or abnormal intra-
partum CTG recordings.* BPP in pregnancies with dia-
betes has a higher false-negative rate than in pregnancies
without diabetes.”

In conclusion the use of the BPP in pregnancy with
diabetes in which fetal growth is normal or accelerated is
not routinely advised.

Umbilical artery Doppler velocimetry

Doppler assessment of the umbilical arteries (UAs) is a
commonly used method in the evaluation of the fetus in
high-risk pregnancies (Fig. 12.3). A Cochrane Systematic
Review found a trend to reduction in perinatal deaths
(OR 0.71, 95% CI 0.50-1.01) with the use of Doppler
ultrasound in high-risk pregnancies, especially those
complicated by hypertension or presumed impaired fetal
growth.*

In diabetes, however, the fetal hemodynamic and met-
abolic response to maternal hyperglycemia is complex
and dependent on the duration of insult. The fetus
increases its oxidative metabolism, becoming more
hypoxemic. Perfusion of the brain and kidneys increases
even in the absence of any changes in the feto-placental
perfusion. In maternal diabetes, UA Doppler velocimetry
therefore remains unchanged despite fetal hypoxemia
(unless there is also vasculopathy or placental insuf-
ficiency and fetal growth restriction) and the presence
of normal Doppler indices does not exclude fetal
compromise.

There is conflicting evidence regarding the value of UA
Doppler in the assessment of fetal well-being in preg-
nancy with diabetes. Three studies,™ involving a total
of 249 patients, found that UA Doppler is not helpful in
predicting adverse outcome in diabetic pregnancy in the
absence of growth restriction or pre-eclampsia. One
study® including 207 pregnancies with diabetes sug-
gested that UA Doppler ultrasound (systolic-to-diastolic
ratio >3) within 1 week of delivery was associated with a
raised relative risk of adverse outcome (RR 2.6, 95% CI
1.9-3.5) compared with a BPP of 6 or less (RR 1.7, 9.5%
CI 0.9-2.9) and non-reactive CTG (RR 1.7, 95% CI 1.2—
2.5). However, the main endpoints relate to growth
restriction, prematurity, and pre-eclampsia; pregnancies
complicated by accelerated growth were excluded, and
there was no correlation between outcome and diabetic
control.

In conclusion, there is no evidence that UA Doppler
velocimetry is of routine value in pregnancy with dia-
betes. It should only be used in pregnancy with diabetes
when this is complicated by growth restriction or pre-
eclampsia. This recommendation was echoed in the
recent UK NICE guideline on pregnancy with diabetes.”

Amniocentesis

Sampling of the amniotic fluid in pregnancy with diabe-
tes may be useful to assess fetal lung maturity (FLM)
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Fig. 12.3 (A) Normal umbilical artery
Dopplers showing forward flow in both
systole and diastole. (B) Abnormal
umbilical artery Dopplers showing
reversed end-diastolic flow.

prior to planned preterm delivery. In an attempt to iden-
tify the “at-risk” fetus, it also facilitates the measurement
of amniotic fluid insulin and more recently amniotic
fluid EPO, although these measurements are still con-
fined to research. The risks of amniocentesis at this gesta-
tion are small, but include provoking a non-reassuring
fetal heart rate, preterm labour, and introduction of
infection.

Assessment of fetal lung maturity

Historically, the determination of FLM in pregnancy
with diabetes has helped guide obstetricians when to
deliver near-term fetuses, aiming to both minimize the
risk of respiratory distress syndrome (RDS) and to avoid
late stillbirth. Various amniotic fluid analyses are used to
assess FLM, such as the lecithin-to-sphingomyelin (L:S)
ratio, presence of phosphatidylglycerol (PG), surfactant-

UMBILICAL

to-albumin ratio, lamellar body counts (LBCs), foam
stability index (FSI), and optical density.”® All have good
correlation with the absence of RDS. LBC is the test of
choice, followed by other tests if a transitional result is
obtained;™ the choice of test may be determined by local
availability.

Poorly controlled maternal diabetes is associated with
delayed FLM®' of uncertain etiology, while women with
good glycemic control show no delay in lung maturation
and risks are similar to those of women without diabe-
tes.”> Kjos et al”® found a low (<1%) but similar rate of
RDS in neonates delivered at term (beyond 37 completed
weeks) in whom no assessment of FLM was performed
compared with a group of historic controls, and con-
cluded that the test should be abandoned. However,
delivery of these infants by elective cesarean section was
associated with increased RDS when compared with
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vaginal delivery, as is found in pregnancy without
diabetes.

In conclusion, FLM testing is not required beyond 37
weeks of gestation when maternal diabetes is well-con-
trolled and the gestation is known accurately through
early ultrasound estimation. There may still be a place for
FLM testing if diabetic control is poor, if early ultrasound
confirmation of estimated delivery date is uncertain and
elective preterm delivery is considered, or on the rare
occasion that administration of steroids between 34 and
36 weeks is contemplated. However, usually the indica-
tions for delivery will be sufficiently strong to override
concerns about FLM.

Amniotic fluid insulin

High fetal insulin levels in the third trimester have been
implicated in accelerated fetal growth, as well as fetal
acidemia." Conceptually, identification of the hyperin-
sulinemic fetus before delivery might allow the intensifi-
cation of maternal insulin therapy, leading to a reduction
in the incidence and severity of diabetic fetopathy.™
However, published data are limited. While studies in
women with Type 1 and diet-treated gestational diabetes
mellitus (GDM) showed that high amniotic fluid insulin
concentrations correlated with accelerated fetal growth,
and increased rates of symptomatic neonatal hypoglyc-
emia,™ it is unclear whether this might have been pre-
dicted by the usual assessment of glycemic control or
other clinical determinants.

A retrospective study of 121 pregnancies in German
and Middle Eastern women with diabetes attempted to
establish whether ultrasound can reduce the need for
amniocentesis. They found that only 21% (10 of 47) of
fetuses with an AC over the 75th centile in the third tri-
mester had hyperinsulinism (amniotic fluid insulin levels
>16uU/mL, a level reported to be associated with con-
siderable neonatal and long-term morbidity). Therefore
ultrasound alone cannot determine which fetuses have
hyperinsulinism, and if accurate determination of amni-
otic fluid insulin were thought to be required, 80% of
amniocenteses would be done unnecessarily. The nega-
tive predictive value of AC under the 75th centile was
100% (74 of 74; p < 0.0001). Although this suggests that
ultrasound might help to identify babies at low risk of
hyperinsulinism, there is insufficient evidence to support
this conclusion in other populations.”

In conclusion, there are not enough data yet to warrant
measuring antenatal levels of amniotic fluid insulin in
routine clinical practice, nor for using ultrasound to
identify “high-risk” pregnancies.

Amniotic fluid erythropoietin

Tissue hypoxia is the major stimulus for EPO synthesis
and high amniotic fluid EPO levels are a surrogate marker
for chronic fetal hypoxia. EPO neither crosses the pla-
centa nor is stored. Fetal plasma and amniotic fluid
levels are therefore indicative of fetal EPO synthesis
and elimination. Amniotic fluid EPO levels correlate
well with cord plasma levels in both normal and abnor-
mal pregnancies. Repeated amniotic fluid EPO measure-
ments reveal exponential increases during fetal hypoxia
in pregnancies with diabetes and other high-risk
pregnancies.”

Teramo et al*® found that in Type 1 diabetes, neonatal
hypoglycemia, hypertropic cardiomyopathy, and admis-
sion to the neonatal intensive care unit occurred signifi-
cantly more often in cases with amniotic fluid EPO levels
over 63.0mU/mL.

It is possible that weekly measurements of amniotic
fluid EPO from 37 weeks, with delivery if levels are rising
towards a threshold, could be the way forward in the
management of these complex high-risk pregnancies
with diabetes.

In conclusion, while this appears attractive in poten-
tially identifying the “at risk” fetus, it remains a research
tool and its use requires confirmation in randomized
controlled trials.

MRI spectroscopy

Given the limitations of the above procedures, ongoing
research is examining the role of MRI spectroscopy as a
non-invasive method to assess FLM by measuring a
variety of compounds, including choline and lecithin.”
The technique is also being assessed as a tool to identify
the fetus at risk of intrauterine death by analysis of
spectra for fetal metabolic products, such as lactate, in
the amniotic fluid.*®

FETAL SURVEILLANCE IN
PREGESTATIONAL DIABETES (TYPE 1
OR TYPE 2) COMPARED WITH
GESTATIONAL DIABETES MELLITUS

Although much data assessing fetal risk and antepartum
surveillance pertain to Type 1 diabetes, evolving evidence
suggests that outcomes in Type 2 diabetes are similarly
poor.” In fact, the risk of accelerated fetal growth and
perinatal morbidity/mortality may be greater in Type 2
diabetes given the frequent occurrence of other risk
factors for poor obstetric outcome, such as advanced
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maternal age, raised maternal body mass index (BMI),
non-Caucasian ethnicity, and social deprivation.

The issue of fetal surveillance is even more controver-
sial in GDM than pre-existing diabetes. There are few
data in the literature to support or refute antenatal fetal
surveillance in GDM. The optimal method, timing, and
frequency of fetal surveillance in GDM remains unclear
and will only be resolved by prospective, randomized
controlled trials. It would seem reasonable, however, that
women with poorly controlled GDM, whose babies have
accelerated growth and who require insulin or have other
risk factors such as hypertension or adverse obstetric
history, should have fetal surveillance similar to women
with pre-existing diabetes.” Ultrasound measurement of
abdominal circumference may also serve to guide the
clinician as to the need for insulin therapy in conjunction
with the results from home blood glucose monitoring.”

PRACTICAL APPROACHES TO FETAL
SURVEILLANCE (Table 12.1)

Given the lack of an ideal fetal monitoring test, the limi-
tations of the available tests and lack of rigorous scientific
trials, including randomized controlled trials, all proto-
cols used for fetal surveillance are empiric, rather than
evidence-based, and all have limitations.

Serial ultrasound growth scans measuring AC and
liquor volume in the second half of pregnancy help to
detect JUGR and accelerated growth. The former should
be monitored in the same manner as any other pregnancy
complicated by fetal growth restriction. In the latter, the
appropriate tests for fetal monitoring are still unknown.
When diabetic control is excellent, growth scans are
normal, and there is no vascular disease or other diabetic
complications, it is reasonable not to offer other routine
tests of fetal well-being.

In poorly controlled diabetes and where the fetus has
accelerated growth and/or polyhydramnios, some form
of fetal surveillance should be offered, although at present
it is not known which is the best test, and the optimal
frequency of testing also remains unknown. Twice-
weekly CTGs with a BPP when the CTG was non-
reassuring have been suggested;” however, fetal deaths
have been reported following a normal CTG.”” Weekly
UA Dopplers may be better at recognizing fetal well-
being,** although this is unclear and cannot be rou-
tinely recommended.

The financial impact on health resources, the maternal
anxiety generated, and the lack of evidence regarding the
efficacy of the tests must all be considered when local

Table 12.1 Summary of usefulness of available tests for fetal
well-being in clinical practice in the context of a pregnancy

with diabetes.

Fetal surveillance test

Recommendation

Serial growth scans
Antenatal CTGs

Fetal movement count
Estimation of liquor
volume

Biophysical profile
Umbilical artery Doppler
velocimetry

Assessment of fetal lung
maturity
Amniotic fluid insulin*

Amniotic fluid
erythropoietin*

Recommended routinely

Recommended in specific cases
viz IUGR, reduced FM, etc

Not recommended routinely

Not recommended as a test of
fetal well-being but is of other
clinical significance

Not recommended

Recommended in specific cases
viz coexisting pre-eclampsia or
TUGR

Not routinely recommended

Not recommended in routine
clinical practice

Not recommended in routine
clinical practice

Not recommended in routine
clinical practice

MRI spectroscopy*

*Potentially useful test, but more research needed before
being incorporated into routine clinical practice

CTG, cardiotocograph; IUGR; intrauterine growth restriction;
FM, fetal movements; MRI, magnetic resonance imaging

protocols are developed. The National Service Frame-
work for Diabetes (England) Standards® includes serial
ultrasound scans for fetal growth during the third trimes-
ter and consideration of CTG monitoring from 36 weeks.
The UK NICE guideline™ recommends that ultrasound
monitoring of fetal growth and AFV should be offered
every 4 weeks from 28 to 36 weeks and that routine
monitoring of fetal well-being is only needed for preg-
nancies complicated by IUGR. On the basis of the current
information, this seems reasonable.

RESEARCH DIRECTIONS

+ Understanding the mechanism of fetal demise in preg-

nancy with diabetes.

The use of 3D ultrasound for the identification of accel-

erated fetal growth.

+ The most appropriate management strategy following
detection of accelerated fetal growth antenatally.

+ Randomized controlled trials to determine the optimal
surveillance tests and the frequency of testing.
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» Randomized controlled trials of amniotic fluid EPO to
detect the “at-risk” fetus.

» Non-invasive methods to assess FLM and fetal
compromise.
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Diet and exercise in diabetes

in pregnancy
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PRACTICE POINTS
¢ Diet and exercise are important lifestyle determinants for
health. During pregnancy minor modification to the diet is
required to cover the energy costs. Exercise patterns also
need to be modified to accommodate the physiologic and
anatomic changes that occur with increasing gestation.
Pregnant women with Type 1 diabetes need to balance their
dietary intake with their changes in insulin therapy required
to achieve glycemic control. The increased risk of hypoglyc-
emia in the first half of pregnancy necessitates careful meal
planning and regular low glycemic snacks between meals.
Proactive adjustments to dietary intake and insulin dose help
to prevent exercise-related hypoglycemia.
For obese women with Type 2 diabetes or gestational
diabetes, dietetic advice should be aimed at minimizing
excess weight gain. Simple adjustments to dietary intake that
include low glycemic carbohydrates can help to reduce
postprandial hyperglycemia.
e All women should be encouraged to be physically active in
pregnancy, this can usually be achieved by including short
walks in their daily regime.

CASE HISTORY 1

Angela is a 28-year-old dental nurse who was diagnosed
with Type 1 diabetes when 8 years old and is currently 15
weeks’ pregnant in her first pregnancy. Angela attended
preconception counseling and had taken folic acid
400 pg/day prior to and during the first 12 weeks of this
pregnancy. Although she has no diabetic complications,
there is a previous history of anorexia and bulimia for
3 years in her early 20s. More recently Angela has
managed to maintain her BMI at 22kg/m* by jogging
30—40 minutes daily and sensible eating.

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing
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When Angela was reviewed at 15 weeks she was
maintaining her fasting blood glucoses between 4.5 and
5.0mmol/L (81-90mg/dL). However, her awareness of
hypoglycemia had deteriorated and she was experiencing
frequent hypoglycemic episodes that were followed by
extremely high blood glucose values. As a consequence,
she was performing glucose monitoring eight times a day,
including a reading before bed. Angela had not so far
gained any weight during her pregnancy and was con-
tinuing to jog after work.

CASE HISTORY 2

Senita is a 34-year-old Asian mother of two who attended
the antenatal diabetic obstetric clinic following the
diagnosis of gestational diabetes mellitus (GDM) at 17
weeks. Senita had an oral glucose tolerance test at 16
weeks of gestation as she had had GDM in her previous
two pregnancies, both diagnosed at 28 weeks and
managed with diet alone. Senita’s body mass index (BMI)
was 31kg/m* at her 12-week booking visit and when
reviewed at 17 weeks, she had already gained 6kg from
her prepregnancy weight. Lifestyle assessment revealed
she took no regular exercise and her diet was pre-
dominately vegetarian, high in saturated fat and refined
carbohydrates.

« What are the basic physiologic energy needs in
pregnancy?

+ What is the weight gain in normal pregnancy and in
pregnancy in women with diabetes?

+ What advice should be given regarding diet in normal
pregnancy and pregnancy in women with diabetes?

+ What advice should be given regarding exercise in
normal pregnancy and pregnancy in women with
diabetes?

+ What advice should be given after pregnancy?
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Table 13.1 Components of maternal weight gain in a term pregnancy.'

Tissue Fetus Uterus Placenta Amniotic Breast Circulatory Adipose Total weight
fluid Tissue fluid/blood tissue gain
Weight gain (kg) 3.5 0.9 0.66 0.8 0.4 3.25 1.7% 11.2

*The average total adipose weight gain is >4kg in the first half of pregnancy; however, by late pregnancy there is a loss in maternal

adipose mass.

BACKGROUND

Pregnancy is associated with physiologic changes that
optimize the transfer of maternal nutrients to the fetus.
Maternal and fetal adaptation occurs throughout preg-
nancy to ensure the energy requirements of the feto-
placental unit and subsequent lactation are met from a
combination of maternal energy intake, maternal adipose
stores, and energy conservation through decreased physi-
cal activity.

The average total weight gain in pregnancy for a fit
non-obese woman is between 10 and 12.5kg." This extra
weight relates to the feto-placental unit and the increase
in maternal tissues (Table 13.1).

Weight gain accelerates in pregnancy with 25% in
the first 20 weeks, 25% between 20 and 30 weeks of gesta-
tion, and the remaining 50% in the last 10 weeks of
pregnancy.

Pregnancy with diabetes

The pregnancy-related rise in maternal insulin resistance
also occurs in women with diabetes. For women with
Type 1 diabetes this is apparent by their two- to three-
fold increase in insulin requirements by late pregnancy.
For women with Type 2 diabetes, who can be managed
with diet and oral agents alone prior to pregnancy,
the further increase in insulin resistance that occurs inev-
itably necessitates the need for insulin therapy, with
many women requiring a disproportionate increase in
insulin demand and high doses of insulin by the third
trimester. Similarly, many women with gestational dia-
betes mellitus (GDM) who start their pregnancy with
normal glucose tolerance but with increasing insulin
resistance, require therapy (either with oral hypoglyc-
emic drugs or insulin) by the third trimester to maintain
adequate glycemic control.?

CHANGES IN GLUCOSE METABOLISM
RELEVANT TO DIET AND EXERCISE

Normal pregnancy

Glucose is the major fetal fuel substrate and maternal
metabolic changes occur throughout pregnancy to opti-
mize its uninterrupted supply to the fetus. Maternal post-
prandial glucose concentrations rise to facilitate
materno-fetal transfer after meals. Paradoxically, in
normal pregnancy fasting glucose concentrations
decrease at about 10 weeks and remain at this level until
birth. A rise in hepatic glucose output, however, ensures
a continual glucose supply between meals.

Placental hormones promote maternal insulin resist-
ance and maternal lipolysis; the latter further increases
insulin resistance. This rise in maternal insulin resistance
effectively diverts glucose away from maternal insulin-
sensitive tissues to the fetus. As a consequence, maternal
energy requirement becomes increasingly reliant on fat
metabolism as the pregnancy progresses (see chapter 2
for more detail).

IS THERE A HEALTHY WEIGHT GAIN
FOR PREGNANCY?

Normal pregnancy

There is no international consensus on what is the ideal
weight gain for pregnancy. Current guidelines are out-
dated as they are based on antenatal populations that
were less obese than today’s and at a time when there was
greater concern for preventing low birthweight infants.?
Despite this, there is general agreement that pregnancy
weight gain should reflect prepregnancy BMI. For normal
weight women, a 10-12.5-kg pregnancy weight gain is
considered optimal as it is associated with fewer preg-
nancy-related complications. By contrast, for under-
weight women (BMI < 19.8kg/m?), a pregnancy weight
gain of 12.5-18kg is recommended.

The risk of hypertension, GDM, infections, and need
for cesarean birth all increase when weight gain exceeds
10-12.5kg, especially when women start their pregnan-
cies overweight or obese. For obese (>30kg/m®) and
morbidly obese (>40kg/m*) women, little or no weight
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gain during pregnancy reduces the risk of large for ges-
tational age (LGA) infants and cesarean births, while only
minimally increasing the risk of small for gestational age
(SGA) infants.*> Normal and underweight women who
gain less than 7—10kg are at increased risk of giving birth
to an SGA infant.

To date no national obstetric body has been prepared
to endorse no weight gain. This is despite the data for
obese or morbidly obese pregnant women (BMI > 35kg/
m?) that the benefits gained in reducing the risk of GDM,
hypertension, and an operative birth are likely to out-
weigh any adverse risks. Many clinicians currently rec-
ommend that pregnancy should be weight neutral for
obese women, with no excess weight remaining after the
birth. However, there remains a concern about the nega-
tive relationship in women who have diabetes between
maternal ketonemia and intellectual and motor perform-
ance of their children aged 2-5 years.®

Pregnancy with diabetes

The pregnancy weight gain targets for women with Type
1 and Type 2 diabetes, and GDM should be the same
as for woman without diabetes. However, this may be
difficult to achieve for women on insulin due to their
greater dependency on frequent snacks to avoid hypo-
glycemia. Dietary advice around appropriate food choices
taken as snacks and for the management of hypoglycemia
is required to prevent unnecessary weight gain as
insulin management is intensified. Approximately 20g
of oral carbohydrate is required to manage a typical
hypoglycemic episode; suitable food choices for the
immediate management for hypoglycemia are listed in
Table 13.2.

Table 13.2 Immediate management for hypoglycemia.

Food Calories ~ Carbohydrate (g)

4 Jelly babies (Trebor, Nestle) 80 19

5 Liquorice allsorts (Bassett 107 23
& Co Ltd, Beacon)

6 Wine gums (Bassett & Co 126 28
Ltd, Maynards)

7 Dextrosol tablet 94 23

100 ml Lucozade Energy 73 26

250 ml Ribena Original 128 30
(prediluted)

5 330-ml can of Fanta 48 16
Orange

Minimizing unnecessary weight gain in obese women
with Type 2 diabetes or GDM can improve maternal
glycemic control and improve pregnancy outcomes.
Current UK guidelines recommend women with a pre-
pregnancy BMI of greater than 27kg/m’ to restrict their
calorie intake to around 25kcal/kg/day in the second
trimester.” In comparison, the US Institute of Medicine
guidelines (not specific to diabetes) recommend that
women with a prepregnancy BMI of 26-29kg/m’ gain a
total weight of 7-11.5 kg during pregnancy.’ They further
recommend a target weight gain of less than 6kg for
women with a pregnancy BMI > 29 kg/m*. However, they
have subsequently reviewed these guidelines and con-
cluded there is a need for further research, particularly in
view of the rising trends in obesity.*

For women with GDM, the introduction of metformin
rather than insulin for glycemic management if dietary
measures fail could potentially help to limit weight gain,
due to less defensive snacking as there is a reduced risk
of hypoglycemia associated with metformin compared to
insulin. However, there are still concerns around the
introduction of metformin in the first trimester as it does
cross the placenta and could theoretically be teratoge-
netic in humans.

FACTORS THAT LIMIT
MATERNAL EXERCISE

Normal pregnancy

Sensible moderate exercise is to be encouraged in preg-
nancy; contact sports, high impact sports, and sport
undertaken alone or in remote places, together with those
commonly referred to as “extreme sports’, are not rec-
ommended. Scuba diving should be avoided throughout
pregnancy as the fetus is not protected from problems
arising from decompression; both the risks of malforma-
tion and gas embolism have been associated with decom-
pression disease.

Exercising in the supine position in late pregnancy can
potentially cause aorto-caval compression and should be
avoided. It is important to ensure adequate hydration
during exercise, especially in hot weather.

In fit and active women, a number of cardiovascular
and respiratory changes occur as pregnancy progresses
that directly affect and limit exercise tolerance (Table
13.3). As pregnancy advances there are also physical limi-
tations due to the increasing size of the gravid uterus.
Exercise tolerance is further compromised by the third
trimester as the uterus splints the diaphragm (Table 13.3).
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Table 13.3 Cardiovascular and respiratory changes in normal pregnancy.”™"'

Prepregnancy First trimester Second trimester Third trimester
Heart rate (beats/min) 70 80 90-105
Cardiac output (L/min) 5 7 7.5
Tidal volume (mL) 500 - 700-740
Minute ventilation (L/min) 6 7.8 - 8.4-9
Extra energy cost (kcal/day) - 85 310

Normal physiologic changes by late gestation result in
a sensation of breathlessness and respiratory discomfort
that may limit exercise. A combination of the increased
resting and effort minute ventilation and tachycardia
can be associated with a perception of anxiety and
apprehension that by late pregnancy can limit exercise
tolerance.'?

With increasing gestation, joint laxity, pubic symphy-
sis dysfunction, and backache can also limit a woman’s
ability to exercise. These muscular skeletal problems
become more problematic with increasing parity and
obesity.

Pregnancy with diabetes

All women with diabetes experience cardiovascular and
muscular skeletal changes in pregnancy similar to those
of women without diabetes. The problems encountered
with exercise, however, are different for women with
Type 1 diabetes than for women with Type 2 diabetes or
GDM, and therefore need to be considered separately.

Exercise creates challenges throughout pregnancy for
women with Type 1 diabetes, the most common and
potentially most serious being hypoglycemia. The risk for
exercise-induced hypoglycemia is increased in pregnancy
due to decreased hypoglycemic awareness and the atten-
uated adrenergic response to a fall in blood glucose.
Quite modest exercise, such as encountered traveling to
work, doing the housework, and shopping, needs to be
proactively and individually factored into daily insulin
and dietary management. More strenuous exercise, such
as aerobics, swimming, and jogging, that may outside
pregnancy be well tolerated, will require ongoing indi-
vidual review and assessment throughout pregnancy, and
may need to be curtailed altogether if hypoglycemia
persists.

Many women with Type 2 diabetes and GDM enter
pregnancy with poor exercise tolerance, having done
little or no regular exercise beforehand. Limitations in

increasing physical activity in overweight gravid women
with Type 2 diabetes and GDM include their increased
risk for muscular skeletal problems and other
comorbidities.

For all women with Type 2 diabetes or GDM, any
increase in exercise, especially postprandial, is potentially
beneficial to the pregnancy as it helps to limit post-
prandial hyperglycemia, weight gain, and insulin require-
ments. A physical activity program combined with
dietary modification and intensive glycemic management
has been shown to reduce perinatal complications in
women with GDM." Exercise programs based on 20
minutes of arm movements three times a week and/or
weekly resistance exercises three times a week have
been found to lower fasting blood glucose, 1-hour post-
prandial blood glucose, and hemoglobin Alc (HbAlc)
in women with GDM, as well as reducing the need
for insulin when compared with diet alone.'*" Exercise
does, however, need to be sustained throughout
pregnancy.'®

All advice around physical activity needs to be tailored
around that which is safely achievable. Small increases in
physical activity can be incorporated in daily living by
encouraging women to walk 20 minutes twice a day.
Simple modifications around exercise, such as walking to
the shops or taking the children to and from school, can,
if taken after a meal, lower postprandial glucose values,
allowing some women with GDM to require no or less
insulin. In addition, encouraging women with GDM to
continue their exercise postpartum along with a calorie-
restricted diet upon cessation of breastfeeding, will lessen
their likelihood of progression to Type 2 diabetes, as
shown in the Diabetes Prevention Program.”” Pregnancy
provides a real opportunity for previously unfit women
with Type 2 diabetes or GDM with poor lifestyle habits
to receive motivational advice reinforced over several
weeks around exercise. As with Type 1 diabetes, all exer-
cise advice needs to be given around avoiding hypoglyc-
emia for women on insulin.
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DIETARY ADVICE

Normal pregnancy

The aim of all diets in pregnancy is to ensure that ade-
quate maternal and fetal nutrition can be provided by a
well-balanced diet. The extra daily calorie requirement
for each trimester is modest, being approximately 100 kcal
in the first trimester and rising to 200-300kcal in the
third; however, this is independent of any reduction in
physical activity that might occur.

The proportion of the three main macronutrients, car-
bohydrate, protein and fat, should be similar to that of a
healthy non-pregnant diet, with approximately 50% of
total energy being provided by carbohydrate and less
than 35% by fat. The type of dietary carbohydrate and fat
is critically important, with fiber as non-starch polysac-
charide, low glycemic index carbohydrates, and mono-
saturated and polyunsaturated fats being healthier than
high glycemic index unrefined carbohydrates, and satu-
rated and trans-fatty acid fats. Current UK recommenda-
tions are still based on the original 1991 Department of
Health published dietary reference values (DRVs) for a
range of nutrients (Table 13.4).

Throughout pregnancy, diet needs to provide suffi-
cient mineral and vitamins for growth and development.
Even today in our overfed Western society many diets are
deficient in iron, calcium, vitamin D, folic acid, and
vitamin B12, all essential for a healthy pregnancy
outcome. The number of women choosing to be vegetar-
ians is increasing in the UK, and many of these diets,
especially if they are vegan diets, will require supplemen-
tation in pregnancy.

Table 13.4 UK dietary recommendations for adults based on
the 1991 Department of Health published dietary reference
values for a range of nutrients."

Food total energy (%)

Total dietary carbohydrate 50
Non-milk extrinsic sugars <11
Intrinsic and milk sugars, and starch 39
Fiber as non-starch polysaccharide 18%
(g/day)
Total dietary fat <35
Saturated fatty acids <11
Polyunsaturated fatty acids 6.5
Monounsaturated fatty acids 13

Trans-fatty acids <2

While iron studies are routinely carried out in preg-
nancy and iron supplements prescribed when indicated,
evaluation of vitamin D status is not. Current UK guid-
ance from the National Institute for Health and Clinical
Excellence (NICE) emphasizes the importance to
maintain adequate vitamin D during pregnancy and
breastfeeding, and those women may choose to take
up to 10ug of vitamin D a day during these periods,
particularly if they have specific risk factors for vitamin
D deficiency.

A number of dietary foods carry a risk of listeria,
salmonella, and toxoplasmosis, and advice on avoiding
these foods should be given (Table 13.5). Controversy
remains whether complete avoidance of alcohol should
be advised.

Pregnancy with diabetes

There are few evidenced-based dietary guidelines avail-
able for women with Type 1 or Type 2 diabetes, or GDM
in pregnancy, and even fewer for obese women with dia-
betes. In addition to the general principles of a healthy
diet for pregnancy as outlined above, diets for women
with diabetes should aim to limit blood glucose values
post meals and to provide sufficient slow-release car-
bohydrate to prevent hypoglycemia between meals.
Encouraging foods that contain carbohydrates with a low
glycemic index (GI) helps to achieve this (Table 13.6).
Dietary modification that limits postprandial glycemia
reduces the risk of macrosomia and other diabetic-related
perinatal complications.'”?

The diets for women with Type 1 diabetes need to
optimize glycemic control, while minimizing the risk of
hypoglycemia and ketosis. For those women who adjust
their bolus insulin according to the grams of dietary
carbohydrate, the ratio of quick-acting insulin to grams
of carbohydrate will rise throughout pregnancy and
women should be prepared to adjust their insulin
accordingly.

Table 13.5 Foods that increase the risk of listeria, salmonella,
and toxoplasmosis.

+ Soft and blue-veined cheese

+ Paté

+ Raw or partially cooked eggs

+ Unwashed raw fruit and vegetables
+ Raw or undercooked meat

+ Unpasteurized dairy products
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Table 13.6 Examples of low glycemic foods and snacks.

Fruit Banana, apple

Cereal Bran cereals, porridge oats

Bread Wholegrain, pumpernickel, rye, mixed grains
Legumes Lentils, kidney beans, chick peas

Pasta/rice Spaghetti, whole wheat, basmati rice

Nuts Almonds, hazelnuts
Dairy Low fat milk, cottage cheese, soft cheese, yoghurt

Both hypoglycemia and ketoacidosis contribute to the
majority of avoidable diabetic-related maternal deaths.
To minimize these risks carbohydrate needs to be incor-
porated into each meal and snack. Women with Type 1
diabetes must be encouraged not to restrict their dietary
carbohydrates as this increases the risk of not only
hypoglycemia but also ketosis in late pregnancy. Women
with Type 1 diabetes are at increased risk of diabetic
ketoacidosis at lower glucose concentrations in late preg-
nancy than in the non-pregnant state, due to increasing
lipolysis, increasing dependency on fatty acids as an
energy substrate, and increasing breakdown of fatty acids
to ketones.

The background risk of celiac disease is increased in
Type 1 diabetes and women with celiac disease must be
encouraged and given support to be fully compliant with
their gluten-free diet, as untreated celiac disease is associ-
ated with fetal growth restriction. Pernicious anemia due
to vitamin B12 deficiency is another autoimmune disor-
der with higher background prevalence in Type 1 diabe-
tes. In normal pregnancy, B12 tissue levels are normal
while serum levels are low, making assessment of B12
deficiency unreliable. Women with pernicious anemia
require regular injections of intramuscular B12 during
pregnancy.

Dietary management for women with Type 2 diabetes
and GDM is pivotal. Pregnancy often presents the obese
diabetic woman with their first opportunity to see a
trained dietitian. Simple basic dietary advice at this time,
when reinforced throughout the pregnancy, can improve
glycemic control and limit unnecessary weight gain.
Many women will be performing regular daily self-
glucose monitoring for the first time, and this will provide
an important learning experience of how common foods
affect their blood glucose levels.

All prescribed diets should be realistic, affordable, and
culturally appropriate. Dietary habits and food choices
vary among ethnic populations and this makes it imprac-
tical to have very detailed guidelines. Approximately half
of all women with Type 2 diabetes in the 2002-2003

CEMACH audit on all pregestational diabetic pregnan-
cies in England, Wales, and Northern Ireland were from
ethnic minority communities with high levels of social
deprivation.”? Awareness around cultural foods and
festivities, such as Ramadan and Eid, helps to promote
acceptance of and compliance with the dietary advice
given. The high preponderance of women with Type 2
diabetes or GDM from the Indian subcontinent and
other cultures whose clothing allows little direct sunlight
exposure, makes this group extremely at risk of vitamin
D deficiency, and many will require 10 ug of vitamin D
supplementation in pregnancy and throughout lactation.
Low-fat dairy products, such as low-fat milk and yoghurts,
are rich in calcium and vitamin D and should be recom-
mended. Many of these women are also vegetarian and
their diets may be low in B12; a useful vegetarian source
for this vitamin is yeast extract that is widely available
and easy to take.

For women with Type 2 diabetes or GDM, low GI diets
provide other potential benefits over and above just
reducing postprandial hyperglycemia. Studies on non-
diabetic pregnant African women consuming traditional
low GI-high fiber diets and pregnant Western women
taking low GI diets demonstrate that the rise in insulin
resistance and insulin levels is attenuated and maternal
weight gain and birthweight are reduced with a low GI
diet.”? Typically, many Western meals, especially
breakfast when it includes common brand-named
cereals, fruit juice, toast, and preserves, have a very high
GI content. The high postprandial breakfast blood
glucose values commonly observed in diabetes in pre-
gnancy has led some US authorities to advocate limiting
dietary carbohydrate for breakfast to less than 30% of the
total energy taken; however, informed food choices
for breakfast (Table 13.6) can limit high glucose levels
following breakfast.

There is considerable debate on what degree of caloric
restriction, if any, is appropriate for the obese pregnant
women with Type 2 diabetes or GDM. There are a
number of small interventional studies in late pregnancy
that restrict total energy intake by approximately a third,
or between 20 and 25 kcal/kg/day, that are associated with
reduced rates of macrosomia and reduced maternal
weight gain.””* Reducing energy intake to below
1200kcal/day is associated with increased ketonemia
and is therefore not recommended due to concerns
raised in the 1960s about possible adverse fetal neuro-
logic and psychologic development associated with
ketonemia; however, these concerns have still to be fully
substantiated.
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ADVICE AFTER PREGNANCY

Women without diabetes

All women who have gained weight in pregnancy should
be encouraged to return to their prepregnancy weight
through healthy eating and physical activity over the
following year. Lactation will help women to lose excess
weight gained in pregnancy as mothers who fully breast-
feed their babies produce approximately 800ml/day
of milk, which equates to 2.1 M]J or 500kcal/day. Other
women will meet this energy demand through a combi-
nation of eating more and reducing their physical activ-
ity. Women who are breastfeeding should keep themselves
well hydrated with six to eight glasses of fluid a day and
to take 10 ug/day of vitamin D from other foods or sup-
plements. Women above 120% of their ideal body weight
should be encouraged to lose weight by lifestyle interven-
tion prior to any subsequent pregnancy.*>*

Women with diabetes

There are no contraindications to breastfeeding for
women with diabetes. However, women with Type 1
diabetes need to receive specific advice about maintain-
ing safe glycemic control while breastfeeding.

Almost immediately following birth the insulin
requirements of a mother with Type 1 diabetes fall to
those prior to pregnancy. Once she has successfully estab-
lished breastfeeding her insulin requirements are likely to
drop further. For those women who adjust their bolus
insulin according to the grams of dietary carbohydrate,
the ratio of quick-acting insulin to grams of carbohydrate
will fall. It is important that all new mothers with Type
1 diabetes understand that hypoglycemia can be associ-
ated with breastfeeding. They should therefore also
understand the importance of checking their blood
glucose levels prior to feeding. Ideally, breastfeeding
should occur after taking an adequate carbohydrate-
containing meal or snack. Mothers should be advised to
breastfeed sitting in a chair, not lying on a bed, and to
always have an appropriate drink or snack within arm’s
reach that they can take if they feel their blood glucose
level is falling.

It is important that women who have Type 2 diabetes
or GDM understand the health advantages of continuing
to follow the long-term dietary (minus the additional
calories added for pregnancy and lactation) and exercise
advice they received in pregnancy. As for women without
diabetes, those who are overweight or obese should be

encouraged to loose weight prior to any subsequent preg-
nancy. Those women with GDM should be informed that
maintaining a healthy lifestyle and losing weight if over-
weight, will lessen their short-term risk of progression to
Type 2 diabetes. They also need to know that they should
be screened annually by their general practitioner for
Type 2 diabetes and be screened again early in any sub-
sequent pregnancy for GDM.

SUMMARY

A healthy lifestyle consisting of moderate physical activity
and a well-balanced diet should be encouraged for all
women during pregnancy. For women with Type 1 dia-
betes quite modest exercise can contribute to their added
risk of hypoglycemic episodes, especially in early preg-
nancy. Individual advice around appropriate carbohy-
drate intake and adjustment of the bolus insulin prior to
exercise needs to be given. For women with Type 2 dia-
betes or GDM, many of whom will have been previously
unfit, realistic and appropriate exercise for pregnancy
should be advocated. Encouraging 20 minutes of walking
once or twice a day after meals is easily achievable and
can lower postprandial blood glucose values. For women
with GDM, combining exercise with a dietary program
improves glycemic control and reduces the need for
insulin treatment.

A healthy diet in pregnancy needs to ensure that
appropriate weight gain targets are set; these should be
based on the woman’s prepregnancy weight. For women
with Type 1 diabetes, adequate amounts of carbohydrate
need to be provided in each meal and snack throughout
the day to lessen the risk of hypoglycemia and ketosis.
For women with Type 2 diabetes or GDM, education on
food choices that constitute a well-balanced diet will help
minimize excess pregnancy weight gain, improve glyc-
emic control, and reduce the risk of a macrosomic infant.
In addition, for women with GDM, continuing with a
well-balanced diet and regular physical activity after
pregnancy can delay or even avoid the progression to
Type 2 diabetes.

CASE HISTORY 1

Dietary and exercise advice should be given in an inform-
ative manner, to help Angela understand how the preg-
nancy is going to affect her diabetes and how her diabetes
may affect the pregnancy. Since Angela attended precon-
ception counseling, she has already indicated she is open
to advice on how to optimize her pregnancy. It is impor-
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tant to build on this positive start by explaining, while
empathizing with her, why after 20 years of Type 1 dia-
betes it is so difficult to achieve the glycemic targets set
for her in pregnancy. She needs to be given practical
support to safely achieve the best glycemic control.

Angela needs to be given reassurance that hypoglyc-
emia and poor hypoglycemic awareness are extremely
common, especially in the first half of pregnancy, and
both often improve as the pregnancy progresses. Advice
around the rapid correction of hypoglycemia will prevent
rebound hyperglycemia following these episodes (see
Table 13.2). Advice on how to anticipate the likely effect
of exercise on her blood glucose is needed. By taking
slow-release carbohydrate prior to exercise and reducing
her short-acting insulin for the meal before the exercise
should lessen her risk of exercise-induced hypoglycemia.
If this does not work, it may be necessary to suggest a less
strenuous form of exercise. However, it is likely, due to
the physiologic and anatomic changes occurring in the
second trimester (see Table 13.3), that she will soon begin
to reduce her exercise pattern herself.

Following a dietary review assessing energy content
and ensuring that sufficient meals and snacks are being
taken throughout the day, Angela should be given a
healthy weight gain target during pregnancy of 10-12.5kg
based on her prepregnancy BMI. She should understand
that this is the optimal weight gain for her baby. Mean-
while she can be reassured that with breastfeeding and a
healthy lifestyle postpartum that she will likely return to
her prepregnancy weight within the following year.

CASE HISTORY 2

Senita will need advice and support to change her diet in
a way that she can continue with after the pregnancy. She
will need encouragement to try new foods to replace
previously unhealthy ones. Increasing the amounts of
pulses in her diet, such as beans, chick peas, and lentils,
will provide a good vegetarian source of protein, energy,
and fiber. She will need to replace many of her high
refined carbohydrate foods with ones that have a lower
GI, such as basmati rice and cereal products made from
whole grain or oats (see Table 13.6). Senita will be able
to reduce her dietary fat content by being encouraged to
grill rather than fry her food and ensuring all cooking oils
are either mono- or poly-unsaturated.

As Senita is Asian it is likely that she will be vitamin D
deficient. In addition to taking 10ug of oral vitamin D,
she should be encouraged to eat dairy products, such as
low-fat milk and yoghurt, as well as green vegetables,

almonds, and sesame seeds, which are also a good source
of calcium.

Senita should be encouraged to increase her daily
walking, especially after breakfast and lunch, explaining
this is likely to delay or lessen the likelihood of her requir-
ing insulin in this pregnancy. As she has young children
at home, incorporating 20 minutes of walking twice a day
into her daily routine should be possible by taking the
children to school or the local park. Reinforcing the ben-
efits of simple regular walking should be a part of every
antenatal clinic consultation with her.

Senita should be given a realistic pregnancy weight
gain target that should not exceed 10kg for the entire
pregnancy. Given she has already gained 6kg, this means
limiting the rest of the pregnancy to only a 4-kg weight
gain, effectively making her current pregnancy weight
neutral. Dietary advice on how to limit further excess
weight gain will require a degree of calorie restriction
with an energy content of 25kcal/kg. By adopting more
healthy food choices, as outlined above, will in itself
reduce her energy intake, making a diet based on 25 kcal/
kg highly achievable.

Senita will need ongoing advice throughout the preg-
nancy and if she requires insulin treatment, her diet will
need to be further modified to incorporate low GI snacks
to avoid hypoglycemia.

Senita will need to be encouraged to continue with her
healthier lifestyle after the pregnancy. She needs to be
informed that continuing with these lifestyle changes
will lessen the risk of her developing Type 2 diabetes
over the next few years, and that she will need testing
annually for diabetes by her general practitioner. If she is
hoping to extend her family in the future, she should be
informed of the benefits of weight loss prior to undertak-
ing another pregnancy and of the need for early screening
for GDM.
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PRACTICE POINTS

¢ Women with Type 1 or Type 2 diabetes have a two- to five-fold

increased risk of having a fetal congenital malformation.

The increased rate of major malformations and miscarriages

in women with diabetes prior to pregnancy is related to high

glucose values during the first trimester of pregnancy.

Self-monitored blood glucose and hemoglobin A1c (HbA1c)

levels close to the normal range are recommended prior to

and in early pregnancy to reduce the risk of malformations.

¢ A reduction in HbA1c by 1% reduces the risk of malforma-

tions by around 50%.

Obesity is independently associated with an increased risk of

malformations.

Folic acid supplementation is recommended prior to

pregnancy and during organogenesis to decrease the risk of

a fetal neural tube defect, although there is no consensus

regarding the appropriate dose (0.4-5mg).

¢ Metformin and glyburide (glibenclamide) probably do not
contribute to malformations.

CASE HISTORY

A 35-year-old woman with Type 2 diabetes for 5 years
booked for antenatal care at 18 weeks of gestation with
an unplanned pregnancy. She had had two uncompli-
cated pregnancies 9 and 12 years before. She had not been
seen for prepregnancy counseling and was not taking
folic acid. She had been treated with metformin and
human insulin twice daily. Her initial HbAlc was 9.0%.
An ultrasound scan demonstrated an anencephalic fetus.
The couple were counseled regarding the possibility of
terminating the pregnancy, but they decided to continue
with the pregnancy. The pregnancy progressed without
further complication, although she missed a number of
her clinic appointments and blood glucose control
remained above target. She went into labor spontane-
ously at term and an anencephalic baby girl was born,
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who died shortly after birth. The woman went home the
following day with arrangements made for her to return
for a discussion about the pregnancy, her diabetes man-
agement, and the future, but she did not attend.

+ How frequent is severe malformation in diabetic
pregnancy?

+ What is the role of metabolic control?

+ Does antihypertensive treatment or other drugs
increase the risk of malformations?

+ Folic acid supplementation — does it have a role?

+ What can in clinical practice be done to reduce the
prevalence of severe malformed babies?

BACKGROUND

Large population-based investigations'™ have shown that
Type 1 and Type 2 diabetes preceding pregnancy is asso-
ciated with a two- to five-fold increased risk of major
congenital malformations. This disappointing reality is in
sharp contrast to the aspiration expressed in the 1989 St
Vincent declaration,” which proposed as a 5-year target
that the outcome of pregnancy complicated by diabetes
should approximate that of the non-diabetic population.
Optimal glycemic control before and during pregnancy
in women with diabetes is critical to obtain a satisfactory
maternal and neonatal outcome. As organogenesis is
complete by 8 weeks, inadequate preconceptional glyc-
emic control is associated with an increased risk of con-
genital abnormality.*’ Diabetes in pregnancy is also
associated with an increased risk of miscarriage, which is
also presumed to be secondary to poor glycemic control.*’
As expected, gestational diabetes developing in late preg-
nancy has not been associated with an increased risk of
either congenital malformations or miscarriage.

TYPES OF CONGENITAL
MALFORMATIONS

Organogenesis takes place between 2 and 8 weeks of
gestation and the malformations which are found with
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Table 14.1 Detectable major congenital malformations in babies of women with pregestational diabetes. (Adapted from National

Collaborating Centre for Women’s and Children’s Health®.)

Group of malformations Specific malformations

Prevalence (per 100 births)  Relative risk compared to

women without diabetes

Cardiac Transposition of the great arteries 3.0-10.0 3-5
Ventricular septal defect
Coarctation of the aorta
Atrial septal defect
Asymmetric septal hypertrophy
Caudal regression syndrome 0.2-0.5 200
Central nervous system Neural tube defects (inc anencephaly) 2.1 2-10
Microcephaly
Isolated hydrocephalus
Gastrointestinal Duodenal atresia 1.0 3
Anorectal atresia
Hypoplastic left colon
Musculoskeletal system Talipes 0.8-2.4 2-20
Arthrogryposis
Orofacial cleft 1.8 1.5
Urinary tract Uretal duplication 1.7-3.0 2-5

Cystic kidney
Renal dysgenesis
Hydronephrosis

increased frequency in association with maternal diabetes
must have their origins in some type of insult occurring
during this period.® Glycemic control in this time period
is therefore of the utmost importance with regard to the
possibility for the development of malformations.” All
types of major malformations are more frequent in
offspring of diabetic mothers (Table 14.1). Cardiac
malformations, e.g. transposition of the great vessels,
ventricular or atrial septum defects, and coarctation of
the aorta are the most common."* However, malforma-
tions in the central nervous system (e.g. neural tube
defects; Fig. 14.1) are also relatively common, as are
renal and skeletal malformations, and duodenal and
anal atresia. In addition, one type of malformation —
caudal regression syndrome — is exceedingly rare outside
of diabetes in pregnancy. Many infants demonstrate
multiple major malformations. In one study of pregnant
women who had Type 2 diabetes, the higher the initial
maternal fasting glucose the more likely multiple, rather
than single, fetal anomalies.” The increased frequency
of major malformations is probably the reason for
the increased risk of miscarriage in women with
diabetes.

ROLE OF METABOLIC CONTROL IN
MALFORMATIONS AND MISCARRIAGES

A recent systematic review’ of 13 mainly observational
studies found an overall three-fold increased risk of mal-
formations in women with diabetes compared to the
background population. The risk of major malforma-
tions was found to be increased five-fold and the risk of
miscarriages three-fold when there was poor metabolic
control. For each 1% reduction in HbAlc the risk of
severe malformations was reduced by around 50%.
Relating the percentage reduction in HbAlc to relative
risk of adverse pregnancy events may be useful in moti-
vating women to achieve optimal control prior to con-
ception. Those diabetic women offered prepregnancy
care and achieving HbAlc concentrations less than 7%
before conception, have a considerably reduced risk of
adverse outcomes, including malformations, compared
to those pregnant women with diabetes who do not.".
This is supported by results from a new large population-
based Danish study," which showed no clear threshold
of HbAlc for the risk of congenital malformations,
although the risk was not statistically increased when
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Fig. 14.1 Ultrasound scan showing neural tube defect with splaying of vertebra.

periconceptual HbAlc was below 7%, which corre-
sponded to fewer that 3 SDs above the mean for the
background population. Intensified glycemic control
with average premeal capillary glucose values less than
6mmol/L (<108 mg/dL) and 1-hour postprandial values
less than 7.5 mmol/L (<135mg/dL), commenced before
and continuing during early pregnancy, was found to
reduce malformation rates to a level approaching the
background risk."

The precise mechanism responsible for fetal tera-
togenesis in pregnancy complicated by diabetes is
unclear. Freinkel” introduced the concept of “preg-
nancy as a tissue culture experience,” proposing that
the fetus develops in an “incubation medium” that
is totally derived from maternal fuels. Experimental
animal studies have suggested that the major teratogen
in pregnancy is hyperglycemia, although other diabetes-
related factors may adversely influence fetal outcome.
Increased levels of ketone bodies or episodes of severe
hypoglycemia may also be teratogenic.”” Several pos-
sible teratologic pathways in embryogenic tissues have
emerged, including alterations in the metabolism of
inositol, arachidonic acid, and reactive oxygen species.

The embryonic formation of sorbitol, glycated proteins,
the level of folic acid, and the maternal and fetal
genotypes are also suggested to influence the complex
teratologic events in diabetes in pregnancy. The subject
has been extensively studied and reviewed by Eriksson
et al."

INFLUENCE OF OBESITY AND
METABOLIC SYNDROME

Obesity per se is associated with menstrual irregularities,
infertility, miscarriages, and other adverse pregnancy
outcomes, and in many cases is part of the polycystic
ovarian syndrome (PCOS).” A population-based study
found that offspring with spina bifida, heart defects,
anorectal atresia, hypospadias, limb reduction defects,
diaphragmatic hernia, and omphalocele were signifi-
cantly more likely to have had obese mothers than con-
trols, with odds ratios ranging between 1.33 and 2.10.'¢
The mechanisms underlying these associations are not
yet understood, and whether they are related to undiag-
nosed diabetes or other metabolic changes associated
with obesity'® remains unanswered.
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The possibility that the combination of maternal
obesity and prepregnancy diabetes mellitus potentiates
the risk for neural tube defects has been investigated."’
The presence of one feature of the metabolic syndrome
was associated with a two-fold increased risk for a neural
tube defect and two or more features with a six-fold
higher risk, although no allowance was made for glyc-
emic control. Obesity and the metabolic syndrome might
therefore add to the risk of congenital malformations
seen with diabetes. This may explain the observation
that women with Type 2 diabetes have similar rates of
congenital malformations to those with Type 1 diabetes,
despite HbAlc values in women who have Type 2 dia-
betes tending to be lower in the first trimester."®

ROLE OF FOLIC ACID

It is well established that the folate requirements increase
during pregnancy and that supplementing 0.4 mg of folic
acid/day to the general population reduces the risk of
neural tube defects.”” In addition, it has been reported
that folic acid supplementation may prevent other birth
defects, such as heart defects, cleft lip and palate, limb
deficiency defects, and urinary tract abnormalities.”” In
animal models, folic acid supplementation reduces glu-
cose-induced congenital malformations with a threshold
effect.”’ Furthermore, mRNA expression of folic acid-
binding protein, a folic acid transporter, is decreased in
the diabetic state.”!

In humans, the protection afforded by folic acid sup-
plementation against diabetes-associated malformations
is less clear. Multivitamin supplements have been
reported to reduce the risk of congenital malforma-
tions,” but the compositions of the supplements were
unknown and the benefit probably included that of
overall prepregnancy care. In recent years several national
bodies**** have recommended high doses of folic acid
(4-5mg/day) to diabetic women before and during early
pregnancy. However, the wisdom of this strategy has
been questioned” since a high folate intake might be
associated with promotion of neoplasia. Therefore, many
centers around the world still advocate the use of 0.4 mg
of folic acid/day supplementation. In a small series using
the latter strategy, low rates of congenital malformations
were reported.*

A consensus exists that all women with diabetes pre-
paring for pregnancy are advised to take supplementary
folic acid. Whether the dose should be 0.4, 1 or 5mg/day
remains unclear. Supplementation should be continued
for the first 12 weeks of pregnancy.

ROLE OF ORAL AGENTS

Biguanides and sulfonylureas

The experience from Copenhagen and South Africa
including almost 500 pregnant women with Type 2 dia-
betes does not suggest that either metformin or glyburide
(glibenclamide) are teratogenic.”** A meta-analysis of
metformin-treated women in early pregnancy, most
of whom had PCOS, found that metformin treatment
in the first trimester may even protect against malforma-
tions.” However, since metformin crosses the placental
barrier and no long-term follow-up of the offspring
has occurred, potential long-term adverse effects of met-
formin cannot be excluded. Thus, many centers continue
to change women on metformin to insulin either before
pregnancy or when pregnancy is diagnosed. The subject
is discussed in more detail in chapter 11

Antihypertensive drugs, aspirin,
and statins

Angiotensin-converting enzyme inhibitors (ACE-I) and
angiotensin receptor blockers (ARBs) are both frequently
used in young diabetic women for treatment of hyperten-
sion and to prevent development or progression of dia-
betic nephropathy. For both drugs teratogenicity and
fetotoxicity have been reported.” The relative risk of
congenital malformations in offspring of 209 women
taking ACE-I during organogenesis was 2.71 (95% CI
1.72-4.27) compared to women not taking antihyperten-
sive drugs.” The relative risk of malformations in 202
women taking other types of antihypertensive drugs was
0.66 (95% CI 0.25-1.75). The most common malforma-
tions encountered were in the cardiovascular or central
nervous system.”” A change from an ACE-I or ARB to
other types of antihypertensive prior to a planned pre-
gnancy is therefore recommended. However, in women
suffering from diabetic nephropathy, decisions must be
made on an individual basis. The benefit has to be con-
sidered of either using drugs to inhibit the renin angi-
otensin system while the woman is trying to conceive,
and then stopping treatment as soon the pregnancy is
diagnosed,” or to have a period of indefinite duration
without inhibition of the renin angiotensin system, which
might lead to disease progression prior to pregnancy.
These issues are further highlighted in chapters 15
and 16.

Cholesterol-lowering drugs, such as statins, modulate
lipid synthesis and are contraindicated during preg-
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nancy.”* Aspirin is widely used in patients with diabetes
to reduce the incidence of cardiovascular events. In
addition, aspirin from 12 weeks of gestation might reduce
the prevalence of pre-eclampsia in high-risk women.”
Whether aspirin is associated with a slightly increased
risk of malformations is a matter of debate.”® Accord-
ingly, the use of aspirin during organogenesis should
be based on an individual risk—benefit assessment (see
also chapter 15).

PRACTICAL ASPECTS OF
PREPREGNANCY MANAGEMENT TO
PREVENT MALFORMATIONS AND
MISCARRIAGE (See also Chapter 8)

The importance of pregnancy planning should be an
essential component of diabetes education, starting in
puberty, for women with diabetes. Knowledge of methods
of prevention of unplanned pregnancy should be made
available to all reproductive-age women and adolescents
who have diabetes.

Women with diabetes who are planning to become
pregnant should be advised to increase the frequency of
self-monitoring of blood glucose to include fasting and
a mixture of pre- and 1-hour postprandial levels, and
be offered monthly measurements of HbAlc, aiming
for values as close to normal as possible (HbAlc < 6.1%),
balanced against the risk of hypoglycemia. If it is safely
achievable, women with diabetes should aim to keep
fasting blood glucose between 3.5 and 5.9 mmol/L (63—
106 mg/dL) and 1-hour postprandial blood glucose below
7.8 mmol/L (<140 mg/dL) before and during pregnancy.

Women with diabetes who are planning to become
pregnant should be advised to take folic acid (at least
0.4 mg/day) until 12 weeks of gestation to reduce the risk
of having a baby with a neural tube defect.

ACE-Is and ARBs should be discontinued before con-
ception or as soon as pregnancy is confirmed. Alternative
antihypertensive agents suitable for use during pregnancy
should be substituted. Statins should be discontinued
before pregnancy or as soon as pregnancy is confirmed.

PRACTICAL MANAGEMENT IN
PREGNANCY FOR THE PREVENTION,
SCREENING, DETECTION, AND
MANAGEMENT OF MALFORMATIONS
AND MISCARRIAGE

As soon as contact is made by any health professional
with the diabetic woman, whether by telephone or in

person, an immediate review of medication is required
to ensure that she is taking folic acid and that any poten-
tially teratogenic medication is stopped.

Between 7 and 9 weeks of gestation pregnancy viability
and gestational age should be confirmed by ultrasound
scanning. For non-viable pregnancies the use of drugs to
cause a miscarriage is often considered preferable to sur-
gical evacuation as the drug regimes are usually successful
and this avoids the need for anesthesia.

Maternal diabetes is not associated with an increased
risk of chromosomal anomalies and so Down syndrome
screening should be offered as per normal practice.
However, the levels of two serum markers, alpha-feto-
protein (AFP) and unconjugated estriol (uE3), appear to
be about 8% and 6% lower, respectively, in maternal
diabetes.” Human chorionic gonadotrophin and inhibin
A do not appear to be significantly affected by maternal
diabetes. A subsequent review* included data on another
serum marker used to screen for Down syndrome, preg-
nancy-associated plasma protein-A (PAPP-A), and found
no consensus as to whether the value of this marker was
altered in diabetes. The same review recommends correc-
tion for the AFP and uE3 variation in diabetic preg-
nancy.! Ultrasound-determined nuchal translucency
(NT) measurements may also be used in conjunction
with the serum markers and appear to be unaffected by
maternal diabetes. As women with diabetes have a
chronic and potentially serious medical condition, the
threshold for having an invasive diagnostic test may
differ from the general population.

Ultrasound scanning at 11-13 weeks, even if not uti-
lized for NT measurement, may still be considered, par-
ticularly in women with a very high risk of malformations
(e.g. previous neural tube defect or a high glycosylated
hemoglobin in the first trimester), as major abnormali-
ties such as anencephaly should be detected at this stage.

Women with diabetes should be offered a fetal anomaly
ultrasound scan at 18—-20 weeks (Table 14.1). In view of
the high risk of cardiac anomalies, fetal echocardiography
is often considered. While this may not be readily
available for all women with pregestational diabetes, as
a minimum a four-chamber view of the fetal heart and
outflow tracts should be obtained. In addition, because
of the increased risk of neural tube and genitourinary
tract anomalies, these systems should be very carefully
assessed. As women with diabetes tend to be overweight,
ultrasound visualization of the fetus may be suboptimal.
One study highlighted that the ultrasound detection rate
for anomalies is significantly lower in maternal diabetes
in contrast with the lighter weight general population.”
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Accordingly, women should be warned of the limitations
of the ultrasound scan, particularly if their weight is
excessive and imaging is unsatisfactory.

Women diagnosed as having a fetus with severe mal-
formation must be offered non-directive counseling
regarding terminating or continuing the pregnancy.
Women who elect to continue with the pregnancy should,
wherever possible, be offered consultations with special-
ists who will be involved in the care of the baby post
delivery; for example, a pediatric cardiologist if there is a
major cardiac anomaly. Delivery should be planned in a
tertiary center with a neonatal intensive care unit and
neonatal surgeons available if early surgery is likely to be
required. For women who decide to terminate the preg-
nancy, management should be as for the woman without
diabetes, but with additional specialist advice with regard
to the care of her diabetes.

Postpregnancy counseling following the birth of a baby
with a significant malformation can be difficult, particu-
larly if it was clear that maternal diabetic control was
poor in the first trimester. This should be discussed in a
sensitive non-recriminatory manner as the mother will
almost always feel guilty. It is important to support her
and make her appreciate that it was not necessarily the
diabetic control which was responsible, that the etiology
of malformations is not fully understood, and that
achieving perfect diabetic control, particularly during the
first trimester, can be very difficult. It is also usually
appropriate to attempt to ascertain future pregnancy
intentions and to ensure that measures are put in place
for diabetes follow-up and further discussion on the
importance of contraception use and meticulous plan-
ning of any future pregnancy, with the anticipation that
such an approach should result in a satisfactory preg-
nancy outcome. If the woman with a pregnancy loss is
planning to conceive again soon, urgent arrangements
must be made to ensure she has appropriate prepreg-
nancy diabetes preparation and is using effective contra-
ception in the interim.

SUMMARY AND FUTURE DIRECTIONS
FOR RESEARCH

Congenital malformations and miscarriage are closely
associated with glycemic control during organogenesis
and unfortunately continue to present major problems.
Hyperglycemia during the periconceptional period is
probably the major teratogen, but obesity and other
factors associated with the metabolic syndrome might
also be of relevance.

Pregnancy planning including strict metabolic control
with near-normal glucose values and supplementary folic
acid is advocated to prevent malformations and miscar-
riages. Metformin seems safe with regard to the risk of
malformations and miscarriages.

Future research needs to be directed at two areas. First,
there are the social issues. These include a general need
to increase knowledge on reproductive health of these
women and to understand the reasons for them failing to
attend for prepregnancy care, to allow the development
of more appropriate facilities and methods which hope-
fully should improve uptake. These will vary between
countries and cultures. Another social issue is trying to
address the obesity epidemic which may not only increase
the risk of malformations, but may also make their ante-
natal detection more difficult. The second area is for
continuing basic research into the mechanisms causing
defective organogenesis, which in turn may lead to strate-
gies for prevention.
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PRACTICE POINTS

e The prevalence rates of chronic hypertension, gestational
hypertension, pre-eclampsia, and superimposed pre-eclampsia
are all more frequent in diabetic pregnancy compared to
normal pregnancy.

e The presence of chronic hypertension, microalbuminuria

or diabetic nephropathy in early pregnancy should be

evaluated.

All pregnant diabetic women should receive strict metabolic

control and be closely monitored for development of

pre-eclampsia.

Blood pressure (BP) should be measured at booking and at

each visit at approximately 1-2-week intervals.

The goal for antihypertensive treatment in pregnant diabetic

women with chronic hypertension is 110-139 mmHg for

systolic and 65-89 mmHg for diastolic BP. Some centres strive

for values below 135/85 mmHg or even below

130/80 mmHg. Strict antihypertensive treatment is

important when microalbuminuria or diabetic nephropathy

is present.

BP medications that are safe for pregnancy should be added

sequentially until target BP levels are achieved.

Methyldopa, selected beta-adrenergic blockers (labetalol)

and long-acting calcium blockers may be used during

pregnancy.

Angiotensin-convering enzyme inhibitors (ACE-Is) and

angiotensin receptor blockers (ARBs) are contraindicated in

pregnancy and should be substituted with drugs that are safe

in pregnancy when planning pregnancy or in early

pregnancy.

Methyldopa, labetalol, captopril, and enalapril can be used

during lactation.

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing
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CASE HISTORY

A 28-year-old woman with a 23-year history of Type 1
diabetes and a 2-year history of diabetic nephropathy
presented in her first pregnancy. BP (114/75 mmHg) and
serum creatinine were normal, but urinary albumin
excretion was elevated at 941 mg/24h on an ACE inhibi-
tor and diuretic treatment. She was treated with a con-
servative antihypertensive strategy as follows: at the first
pregnancy visit at 10 weeks of gestation she was changed
from the ACE inhibitor to methyldopa 250mg twice
daily, while diuretic treatment with furosemide 40 mg
twice daily was continued. When BP exceeded
140/90 mmHg at 29 weeks, methyldopa was gradually
increased to 500 mg four times daily. Unfortunately, she
progressed to pre-eclampsia with severe hypertension
and proteinuria and was delivered at 32 weeks. The
baby’s birthweight was 1800g.

A few years later she was again pregnant. The serum
creatinine level had increased to 120 umol/L (1.36 mg/
dL) and the urinary albumin excretion to 3000 mg/24h,
with BP 108/68 mmHg controlled with ACE inhibition
and diuretics. Again ACE inhibition was stopped, but in
this pregnancy she was treated with an aggressive antihy-
pertensive strategy and by 16 weeks of gestation was on
the maximum dose of methyldopa, unchanged diuretics,
and labetalol treatment was initiated and gradually
increased to maximum dose. She continued to excrete
nephrotic range proteinuria but BP remained below
130/80mm/Hg. At 36 weeks she had no symptoms of
pre-eclampsia but was delivered due to an increasing
serum creatinine level. The baby’s birthweight was 2584 g.

+ Does the presence of proteinuria early in pregnancy
affect pregnancy outcome?

+ Why was the pregnancy outcome better in the second
pregnancy?

+ What type of antihypertensive can be used during
pregnancy?
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+ What is the treatment goal for hypertension during
pregnancy?

+ What type of antihypertensive can be used during
lactation?

HYPERTENSION IN THE NON-
PREGNANT DIABETIC POPULATION

Outside of pregnancy hypertension is more common in
diabetic women compared with the background popula-
tion. The prevalence of hypertension defined as BP
greater than 140/90 mmHg was reported as 12% and 22%
in non-pregnant women with Type 1 diabetes aged 15-30
and 30-44 years, respectively.! Hypertension increases in
the presence of microalbuminuria or diabetic nephropa-
thy.” Among women with Type 2 diabetes, the prevalence
of hypertension is probably even higher.'

The diagnostic cut-off level for a diagnosis of hyper-
tension in diabetic patients is a matter of debate but a
treatment goal of 130/80 mmHg is now widely accepted.’

The development of hypertension in diabetic subjects
is often associated with a slightly elevated albumin excre-
tion — microalbuminuria — or even frank proteinuria.
Diabetic nephropathy is characterized by development of
proteinuria, hypertension, edema, and decline in kidney
function (see chapter 16).

In non-pregnant subjects with Type 1 diabetes, hyper-
tension is closely associated with an increased risk of

Table 15.1 Hypertensive disorders in pregnancy.

cardiovascular disease. Reduction of BP with antihyper-
tensive drugs, particularly those affecting the renin angi-
otensinsystem,in diabetic patients with microalbuminuria
or diabetic nephropathy is of utmost importance to
prevent the progression of kidney disease, reduce cardio-
vascular morbidity, and improve survival.” Treatment
with these drugs is indicated even in normotensive non-
pregnant diabetic patients with microalbuminuria, the
forerunner of overt diabetic nephropathy.

HYPERTENSIVE DISORDERS
IN PREGNANCY

Hypertension is a very common medical disorder of
pregnancy, being reported to complicate one in 10 preg-
nancies.® The prevalence is even higher in diabetic
women,"” mainly in women with Type 1 or Type 2 dia-
betes present before pregnancy, but also in women
developing gestational diabetes. There are four major
hypertensive disorders in pregnancy: (1) chronic hyper-
tension, (2) gestational hypertension, (3) pre-eclampsia,
and (4) pre-eclampsia superimposed on hypertension or
diabetic nephropathy. Each of these conditions has
unique pathophysiologic features that have implications
for antihypertensive therapy (Table 15.1). All categories
are more common in diabetic than in non-diabetic
women.! The diagnostic criterion for diabetic women
follows that of the normal population (=2140/90 mmHg),

Chronic hypertension

BP > 140 mmHg systolic or 290 mmHg diastolic prior to pregnancy or before 20 weeks of

gestation; or hypertension diagnosed for the first time during pregnancy that does not
resolve postpartum.' (However, in diabetic women BP > 135/85 or even BP
>130/80 mmHg may be classified as chronic hypertension in some centers"’)

Gestational hypertension

BP > 140 mmHg systolic or >90 mmHg diastolic first detected after 20 weeks of gestation

without proteinuria. If increased blood pressure returns to normal by 12 weeks
postpartum the diagnosis is retrospectively made as transient hypertension of pregnancy.
If it persists, a diagnosis of chronic hypertension applies®

Pre-eclampsia

BP > 140 mmHg systolic or >90 mmHg diastolic and proteinuria (21+ on a dipstick or

>300mg/24h) after 20 weeks of gestation®

Chronic hypertension with
superimposed pre-eclampsia

In women with hypertension early in pregnancy developing new-onset proteinuria fulfilling
the criteria for pre-eclampsia

In women with diabetic nephropathy with proteinuria in early pregnancy, development of
pre-eclampisa is defined as above if accompanied by a sudden increase of 215% in
systolic or diastolic blood pressure”

A sudden 2-3-fold increase in proteinuria and/or thrombocytopenia (platelets < 100000)
and/or an increase in aspartate aminotransferase or alanine aminotransferase above
normal levels also indicates pre-eclampsia’

BP, blood pressure
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Table 15.2 Blood pressure (mmHg) in normal pregnancy and in women with Type 1 diabetes.

First trimester

Second trimester

Third trimester Average

114/68
118/71

48 controls,
71 diabetics
25 controls
86 diabetics

Napoli et al'™*

Nielsen et al™**

117/69
116/72

114/69

115/72
117 (102-128)/70 (56-78)
120 (101-138)/72 (62-82)

*Daytime ambulatory blood pressure monitoring, given as mean values
** Average of office blood pressure measured at least once in each trimester given as medians and range

however, as in the non-pregnant diabetic population,
lower diagnostic levels for chronic hypertension have
been suggested.”” In Copenhagen, a diagnostic level of
chronic hypertension in pregnancy of 135/85 mm/Hg has
been used’ and even lower levels of greater than or equal
to 130/80mmHg for chronic hypertension in diabetic
pregnant women are suggested in the 2008 American
Diabetes Association (ADA) guidelines.'

Chronic hypertension, i.e. present before pregnancy, is
associated with an increased risk of mid-trimester fetal
loss, superimposed pre-eclampsia, preterm birth, intrau-
terine fetal growth restriction, and neonatal morbidity.*
In addition, women with chronic hypertension are at risk
of developing severe hypertension (=160/110 mmHg)
and stroke during pregnancy.

Gestational hypertension is the onset of hypertension
after 20 weeks of gestation and does not lead to
pregnancy complications in mild cases. However, it
may progress to pre-eclampsia in a substantial propor-
tion of cases (10-50%) or to severe hypertension
(2160/110 mmHg) with a comparable risk of severe preg-
nancy complications as in women with pre-eclampsia.’

Pre-eclampsia presents clinically as development of
hypertension later than 20 weeks of gestation accompa-
nied by proteinuria: greater than or equal to 1+ on a
sterile urinary dipstick or 2300 mg/24h. Pre-eclampsia is
associated with a substantial risk of severe maternal and
fetal complications, such as placental abruption, cerebral
catastrophe, coagulation abnormalities, and even mater-
nal death. Termination of pregnancy is the most effective
treatment and, consequently, pre-eclampsia often leads
to preterm delivery with all its sequelae. The prevalence
(7-20%) of pre-eclampsia is increased in pregnant
women with Type 1 diabetes.' In patients with chronic
hypertension, superimposed pre-eclampsia often devel-
ops early in pregnancy and with a more severe clinical
presentation.

In diabetic women with microalbuminuria or diabetic
nephropathy, superimposed pre-eclampsia is also
prevalent and often of early onset, leading to preterm
delivery.” The prevalence of pre-eclampsia in Type 1 dia-
betes is 6-10% in women with normal urinary albumin
excretion, but is increased to 42% in women with
microalbuminuria and 64% in women with diabetic
nephropathy.”

Normal blood pressure in diabetes
in pregnancy

Knowledge of normal BP is relevant to setting targets for
treatment of hypertensive diabetic pregnant women.
Even in normotensive normoalbuminuric women, dia-
betes is associated with a slightly higher BP in pregnancy,
but still well within the normal range (Table 15.2).”'

PRACTICAL ASPECTS OF DETECTING
HYPERTENSION IN PREGNANCY

At the first pregnancy visit, BP and urinary albumin
excretion should be measured, as well as history of hyper-
tension, microalbuminuria or diabetic nephropathy, and
antihypertensive treatment recorded. The patient can
thereafter be classified according to presence of hyperten-
sion, microalbuminuria or diabetic nephropathy. BP
should be recorded at each visit. Home BP measurements
might be applicable to women with hypertension in preg-
nancy, but 24-hour BP monitoring generally has not been
useful. Normotensive normoalbuminuric patients should
be tested for the presence of proteinuria by dipstix at each
visit, while progression of urinary albumin excretion in
women with microalbuminuria, hypertension or diabetic
nephropathy should be followed at each visit with deter-
minations of the 24-hour urinary albumin excretion or
the albumin-to-creatinine ratio in a spot urine sample.
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PRINCIPLES FOR TREATMENT OF
HYPERTENSION IN PREGNANCY

Mild-to-moderate hypertension

The benefit of antihypertensive therapy for mild-to-
moderate elevation of BP in non-diabetic pregnancy
(140-160/90-110 mmHg) with either chronic or preg-
nancy-induced hypertension has not been demonstrated
in clinical trials. A recent Cochrane review showed that
antihypertensive treatment appeared to reduce the risk
of developing severe hypertension, but no differences
were observed in the rates of pre-eclampsia, neonatal
death, preterm delivery, and small for gestational age
infants."

International guidelines for treatment of hypertension
in pregnancy vary with respect to threshold for initiating
treatment and target BP goals, but all are higher than
National Committee guidelines'” for treatment of hyper-
tension outside pregnancy. In Canada, antihypertensive
therapy is considered at greater than or equal to
140/90 mmHg, targeting a diastolic BP of 80-90 mmHg,"
and in Australia, elevations of greater than or equal to
160/90 mmHg are treated." In the US, the guidelines are
very conservative, advocating therapy when BP is greater
than or equal to 160/105 mmHg.®

A recent Consensus Recommendation for Care of
pregnant diabetic women recommends treatment of
chronic hypertension during pregnancy to a systolic BP
of 110-129 mmHg and a diastolic BP of 65-80 mmHg in
the interest of long-term maternal health and to reduce
the risk of impaired fetal growth." Published data of
pregnancy outcome using this strategy are not available
and many obstetricians still advocate a target BP of 110-
139 mmHg systolic and 65-90 mmHg diastolic. Rand-
omized clinical trials are urgently needed to establish the
treatment goal for antihypertensive treatment in diabetic
pregnancy.

In women with underlying renal dysfunction, it may
be reasonable to choose a lower threshold for treatment
and to focus on the level of albumin excretion.”" Thus,
patients with either microalbuminuria or diabetic neph-
ropathy prior to pregnancy might benefit from targeting
urinary albumin excretion levels irrespective of BP
level.”" Our group has aimed for urinary albumin excre-
tion levels below 300 mg/24 h and BP below 135/85 mmHg
in women with pregestational microalbuminuria or dia-
betic nephropathy.” In a recent study, 14% of women
with Type 1 diabetes and normal urinary albumin excre-
tion, 50% of women with microalbuminuria, and 100%

Table 15.3 Goals for antihypertensive treatment of diabetic
women during pregnancy based on both blood pressure and
urinary albumin excretion.

Blood pressure  Urinary albumin

(mmHg) excretion (mg/24h)

Chronic 110-139/65-89

hypertension*
Microalbuminuria* 110-139/65-89 <300
Diabetic 110-139/65-89 <300

nephropathy*
Gestational 110-139/65-89

hypertension

Pre-eclampsia 110-139/65-89 <300

*Some centers aim for blood pressure below 135/85 or even
below 130/80 mm/Hg.

of women with diabetic nephropathy received antihyper-
tensive treatment during pregnancy.” Compared with
older patient series,”'>'¢ this strategy with early and strict
antihypertensive treatment appeared to be associated
with improved pregnancy outcome and fewer preterm
deliveries.”

New treatment goals, including both BP levels and the
level of urinary albumin excretion, are therefore sug-
gested in Table 15.3.

Severe hypertension

There is a consensus that severe hypertension in preg-
nancy, defined as greater than or equal to 160/110 mmHg,
requires treatment, because these women are at increased
risk of intracerebral hemorrhage, and treatment decreases
the risk of maternal death.*® When treating severe hyper-
tension it is important to avoid hypotension, because
placental blood flow autoregulation is limited and aggres-
sive lowering of BP may thus cause fetal hypoxia.'

CHOICE OF ANTIHYPERTENSIVE
DRUGS FOR USE BEFORE AND
DURING PREGNANCY

Angiotensin-converting enzyme inhibitors (ACE-Is) and
angiotensin receptor blockers (ARBs) are both frequently
used to treat hypertension and microalbuminuria in
young diabetic women. Teratogenicity and fetotoxicity
have been reported with these drugs."*'”'® The relative
risk of congenital malformations in offspring of 209
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women taking an ACE-I during organogenesis was 2.7
compared with women not taking antihypertensive
drugs." The relative risk of malformations in 202 women
taking other types of antihypertensive therapy was 0.66.
The most common malformations were in the cardiovas-
cular or central nervous systems.'® In addition to con-
genital malformations, fetal and neonatal renal failure
and oligohydramnios have been observed."™'” A change
from an ACE-I or ARB to other types of antihypertensive
drugs prior to a planned pregnancy is therefore recom-
mended.! However, in women suffering from diabetic
nephropathy, it is necessary to consider each case indi-
vidually. In particular, the benefits of continuing drugs
which inhibit the renin angiotensin system until preg-
nancy is confirmed'** must be balanced against the risk
of disease progression prior to pregnancy, particularly if
conception is delayed, resulting in a protracted period of
withdrawal of ACE-I/ARB therapy.

Diuretics are commonly prescribed in essential hyper-
tension before conception and, given their apparent
safety, the National High Blood Pressure Education
Program Working Group on High Blood Pressure in
Pregnancy concluded that these drugs may be continued
throughout gestation (with an attempt to lower the dose
or used in combination with other agents).® Hyperten-
sion in diabetic women with renal disease (microalbu-
minuria or diabetic nephropathy) is often very salt
sensitive. In light of this, it may be more appropriate for
subjects to continue these drugs to avoid the rebound
hypertension associated with their discontinuation.”"
However, initiating diuretic treatment in women with
pre-eclampsia might reduce placental flow and thereby
cause fetal hypoxia."" The commencement of diuretic
treatment in late pregnancy should therefore be avoided,
except in carefully selected cases, and with close ultra-
sound monitoring of fetal growth, amniotic fluid, and
Doppler blood flow profiles.

Methyldopa remains one of the most widely used
drugs for the treatment of hypertension in pregnancy.
It is a centrally acting alpha-adrenergic agonist not
thought to be teratogenic based on limited data and
over 40 years of use in pregnancy. It has been assessed
in a number of trials in pregnant women compared
with placebo and with other alternative antihypertensive
drugs." It does not appear to have an adverse effect on
utero-placental or fetal hemodynamics, or on fetal well-
being. In a follow-up study of offspring at 7 years of
age exposed to methyldopa in utero, the children exhib-
ited intelligence and cognitive development similar to
control subjects."

Beta-blockers have been used extensively in pregnancy
with no reports of teratogenicity, but long-term use
in pregnancy may result in lower birthweight.”' Intra-
venous treatment with beta-blockers has also been
associated with fetal bradycardia and hypoglycemia in
the newborn.”’ In addition, beta-blockers reduce the
adrenal symptoms of maternal hypoglycemia and might
therefore increase the risk of hypoglycemic unawareness
and severe hypoglycemia in diabetes in pregnancy.
However, labetalol, a non-selective beta-blocker with
vascular alpha-receptor blocking capabilities, has been
extensively investigated during pregnancy and has also
gained wide acceptance in diabetes in pregnancy. In
the US, both intravenous hydralazine and labetalol are
recommended for treatment of diastolic BP levels of
105-110 mmHg.*

Calcium channel antagonists are also commonly used
to treat chronic hypertension and pre-eclampsia present-
ing in late gestation. Nifedipine, verapamil or other
calcium antagonists have not been associated with tera-
togenicity. Nifedipine, the most extensively investigated
calcium antagonist during pregnancy, does not seem to
cause a detectable decrease in uterine blood flow.” Short-
acting nifedipine, particularly when administered sublin-
gually, should be used with caution because of its
potential to induce a steep drop in BP, which has been
associated with maternal myocardial infarction and fetal
bradycardia and hypoxia. Slow-release nifedipine prepa-
rations do not have this side effect and may be used
during pregnancy. Calcium antagonists, and other anti-
hypertensive drugs, can be used together with magne-
sium sulfate, which is used to prevent seizures during
pre-eclampsia, without increasing the risk of serious side
effects.”

Hydralazine selectively relaxes arteriolar smooth
muscle and has been extensively used for oral and
parenteral treatment of severe hypertension in late preg-
nancy, but has been replaced by agents with less adverse
effects.”” However, rarely it may have a place in women
resistant to other drugs. When given intravenously it may
be associated with dramatic drops in BP, which may
result in the maternal and fetal effects mentioned above.

The remaining classes of antihypertensive drugs are
rarely used in pregnancy.

STATINS

Cholesterol-lowering drugs such as statins are often used
in non-pregnant diabetic women with hypertension to
modulate lipid synthesis. They are contraindicated
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during pregnancy due to the possible effect on brain and
nerve development.”*

ASPIRIN

Aspirin is widely used in patients with diabetes to reduce
the incidence of cardiovascular events. From the 12th
week of gestation, aspirin may reduce the prevalence of
pre-eclampsia in high-risk women.” Although it has
been widely used in the first trimester, it is a matter of
debate whether aspirin is associated with a slightly
increased risk of malformations.* Use of aspirin during
organogenesis is therefore not routine and should be
based on an individual risk-benefit assessment. A woman
already on aspirin treatment due to increased risk of car-
diovascular events might therefore continue with aspirin
during organogenesis.

ANTIHYPERTENSIVE DRUGS DURING
BREASTFEEDING

Neonatal exposure to methyldopa via nursing is low and
is generally considered safe. Atenolol and metropolol are
concentrated in breast milk, possibly to levels that may
affect the infant. In contrast, exposure to labetalol and
propranolol seems low. Although milk concentrations of
diuretics are low and considered safe, these agents can
reduce milk production significantly.”” Both captopril
and enalapril are excreted in insignificant amounts in
breast milk*”*® and the American Academy of Pediatrics
deemed these drugs to be compatible with breastfeeding.
There are currently insufficient data regarding other
ACE-Is or ARBs.

FUTURE DIRECTIONS

Randomized controlled trials determining the treatment
goal for BP in pregnant women with diabetes and hyper-
tension are needed with a special focus on patients with
microalbuminuria, chronic hypertension or diabetic
nephropathy. Those comparing the beneficial effects and
side effects of different types of antihypertensive drugs,
i.e. methyldopa versus calcium blockers, during preg-
nancy are also required. The Diabetes and Pre-eclampsia
Intervention Trial® is a large multicenter trial investigat-
ing the role of antioxidants to prevent pre-eclampsia in
Type 1 diabetes in pregnancy and is due to publish
shortly. This study will also provide data on the preva-
lence rates and outcome of pregnancies complicated by
microalbuminuria and diabetic nephropathy.
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PRACTICE POINTS

e Tight control of blood glucose and blood pressure (BP) prior
to conception and throughout gestation are the key to
improved perinatal outcome.

Patients with moderate-to-severe renal insufficiency and
uncontrolled hypertension prior to conception and/or early in
pregnancy are at increased risk for accelerated progression to
endstage renal disease.

Perinatal survival is greater than 95% in patients with
minimal (serum creatinine < 125umol/L [<1.4mg/dL]) renal
dysfunction; however, pre-eclampsia and preterm delivery are
common.

Angiotensin-converting enzyme inhibitors (ACE-Is) and
angiotensin receptor blockers (ARBs) should not be used
during pregnancy.

Pregnant patients with diabetes and renal transplant have
pregnancy outcomes similar to those with nephropathy.

CASE HISTORY

A 25-year-old woman with a 15-year history of poorly
controlled Type 1 diabetes presented at 8 weeks of gesta-
tion in her third pregnancy. Her past obstetric history
included two early first trimester miscarriages. She had
recently undergone laser treatment for proliferative dia-
betic retinopathy. Diabetic nephropathy had been diag-
nosed 5 years previously for which she had been
commenced on an ACE-I. At presentation her BP was
140/90mmHg, hemoglobin Alc (HbAlc) 8.5%, and
serum creatinine 110pmol/L (1.2mg/dL). Urinalysis
showed 3+ protein and 24-hour urinary protein was
0.6g. Her ACE-I was stopped and methyldopa substi-
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tuted. Urgent ophthalmologic referral revealed stable
retinopathy. By 20 weeks her BP was 144/92mmHg
despite maximal doses of methyldopa and a calcium
antagonist was added. At 32 weeks she required laser
treatment for further new vessel development. At this
time, her BP had risen to 150/94 mmHg, there was evi-
dence of 3+ edema, urinary protein was 2.4g/24h, and
serum creatinine 150 umol/L (1.7 mg/dL). By 35 weeks,
her BP had risen to 160/100 mmHg and she was admitted
for bedrest. She came to elective cesarean at 36 weeks
because of rising BP and poor fetal growth, giving birth
to an infant weighing 2.5kg. The baby was bottle fed. At
her 6-week follow-up visit, her BP was 144/90 mmHg and
serum creatinine 120pumol/L (1.4mg/dL). Her antihy-
pertensive treatment was revised with recommencement
of her ACE-I. She was referred to family planning and for
ongoing ophthalmologic, diabetic, and renal follow-up.
She was advised about the possible risks of any future
pregnancy to herself and the baby, and of the critical need
to use regular contraception.

+ What is the effect of diabetes on pregnancy and
vice versa?

+ How should diabetic nephropathy be evaluated and
managed before and during pregnancy?

+ What are the risks and benefits of using ACE-Is and
other antihypertensive agents during pregnancy?

* What are the maternal and perinatal outcomes in
pregnancies complicated by vascular disease and
nephropathy?

BACKGROUND

Diabetic nephropathy during pregnancy has been defined
as a total urinary protein excretion of greater than or
equal to 300mg/24h measured prior to pregnancy or
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greater than or equal to 300-500 mg/24 h measured prior
to 20 weeks of gestation.'™® Diabetic nephropathy is also
defined as microalbuminuria (urinary albumin excretion
of 30-299mg/24h) either prior to pregnancy or early in
gestation.”® Incipient diabetic nephropathy is defined as
either microalbuminuria (urinary albumin excretion of
30-299mg/24h)"™"" or total protein excretion of 190—
499 mg/24h prior to 20 weeks of gestation."” These dif-
ferences in definitions (use of albuminuria or proteinuria)
reflect the variation in methods used to measure protein
excretion.

The term diabetic nephropathy during pregnancy also
refers to an heterogenous group of women with either
Type 1 or Type 2 diabetes with or without significant
derangement in renal function (creatinine clearance,
serum creatinine, level of proteinuria) and a wide spec-
trum of BP values (normal, mild, moderate or severe
hypertension). Thus, pregnant women with diabetic
nephropathy may encompass subjects who have normal
renal function (serum creatinine and creatinine clear-
ance) and normal BP to those with endstage renal disease
with severe hypertension, proliferative retinopathy, and
ischemic cardiac changes.'"™ Consequently, pregnancy
outcome as well as long-term prognosis will vary because
of confusing terminology and nomenclature, as well as
differing stages of nephropathy.

PREVALENCE

In the US, the prevalence of diabetic nephropathy in
women is increasing because of the trend of increasing
prevalence of Type 2 diabetes.”'® The exact prevalence of
diabetic nephropathy in pregnant women with diabetes
is unknown. However, reports range from 5% to 10% of
pregnancies complicated by diabetes mellitus.>"’ Preva-
lence rates vary with the diagnostic criteria used (depend-
ing on whether proteinuria or albuminuria was present
prior to pregnancy or whether it was measured before 20
weeks of gestation).

PATHOPHYSIOLOGY

Diabetic nephropathy is one of the most common micro-
vascular complications of diabetes and is the leading
cause of renal failure in developed countries."™* Neph-
ropathy due to Type 2 diabetes accounts for the majority
of patients with renal failure."”" The exact mechanisms
by which diabetes induces nephropathy remain unclear;
however, it has been suggested that diabetic nephropathy
results from the interaction between genetic predisposi-

tion and certain environmental insults (both metabolic
and hemodynamic abnormalities) related to the diabetic
state.””™"® Overt diabetic nephropathy is usually preceded
by a long silent phase of glomerular changes (hypertro-
phy-hyperfunction, increased intraglomerular pressure)
that is followed by incipient nephropathy with micro-
albuminuria. It has been reported that the natural course
of diabetic nephropathy has five stages which correlate
with specific changes in glomerular anatomy, physiology,
and renal function. In order of development these
include:

1 Glomerular hypertrophy with increased intraglomer-
ular pressure (stage 1)

2 Increased glomerular basement membrane thickness
with mesangial proliferation (stage 2)

3 A decrease in the number and density of podocytes
(glomerular epithelial cells), including changes in
podocyte foot process (stage 3)

4 Glomerulosclerosis and tubulointerstitial fibrosis
(stages 4 and 5).

These structural changes in the glomeruli ultimately
occur concurrently with the renal functional changes
described in Table 16.1."

The natural history of nephropathy differs between
patients with Type 1 and Type 2 diabetes. At the time of
presentation, patients with Type 2 diabetes exhibit an
increased glomerular filtration rate (GFR) and glomeru-
lar hypertrophy. Microalbuminuria is unusual during the
first 5 years following diagnosis of Type 1 diabetes,
whereas it is more likely to be present at diagnosis in Type
2 diabetes. However, approximately 20% of patients with
Type 1 diabetes will develop microalbuminuria after
5-10 years. Overt nephropathy will subsequently develop
within 5-10 years after the onset of microalbuminuria.®'¢
This phase is usually characterized by a decrease in GFR,
and a slight increase in serum creatinine and BP. The
final stages are frequently associated with a progressive
decline in renal function, severe hypertension, and ulti-
mately development of endstage renal disease. It is
important to emphasize that retinopathy is almost always
present in patients with overt nephropathy, and is pro-
liferative in 60~70% of cases.”®

There are several factors that increase the risk of pro-
gression of nephropathy.””™* Some of the factors studied
include increased hyperfiltration, poor glycemic control,
and hypertension. Consequently, several observational
studies and randomized trials have evaluated the benefits
of tight blood glucose control with insulin and diet and
the use of medications that lower BP and intraglomerular
pressure, such as ACE-Is and ARBs in ameliorating or
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Table 16.1 Stages of diabetic nephropathy. (Adapted from Jermendy & Ruggenenti,'” with permission.)

Estimated GFR* Albuminuria Serum creatinine Blood pressure Renal structural changes
(umol/L) [mg/dL] (mmHg)
I stage 290 Normoalbuminuria Normal (<100 Normal < 130/80 Glomerular hypertrophy
[<1.1])
Il stage  60-89 Intermittent Normal Normal < 130/80 Increased glomerular
microalbuminuria basement membrane
thickness
III stage  30-59 Persistent 100-124 [1.1-1.4] Slightly elevated Decrease in and changes
microalbuminuria (130-139) in glomerular
epithelial cells
IV stage  15-29 Macroalbuminuria Moderately increased ~ Moderately increased ~ Glomerulosclerosis and
(2300 mg/24h) (azotemia) (140-159) tubulointerstitial
fibrosis
Vstage <15 or dialysis Macroalbuminuria (can ~ Markedly increased Markedly increased
decrease, (uremia) (>160/110)
pseudonormalization)

* Glomerular filtration ratio estimated as ml/min/m?

preventing the development of nephropathy in patients
with Type 1 and Type 2 diabetes. In general, these studies
suggest that therapeutic intervention with ACE-Is for
preventing diabetic nephropathy should ideally begin
prior to the development of microalbuminuria.>*™" In
addition, they suggest that ACE-Is and ARBs are the
drugs of choice to prevent and/or reduce the risks of
progressive diabetic nephropathy.®'*"

SCREENING FOR NEPHROPATHY PRIOR
TO CONCEPTION AND/OR IN EARLY
PREGNANCY

Screening for microalbuminuria should ideally be per-
formed in all women with Type 1 and Type 2 diabetes
prior to conception. There is no consensus regarding the
method to be used for detecting microalbuminuria.
Urinary excretion of albumin can be measured either by
estimation of albumin-to-creatinine ratio in a random
sample or a 24-hour urinary timed sample. There is a
large intraindividual day-to-day variation in albumin
excretion in diabetic patients. Therefore, repeated meas-
urements are important to establish albuminuria.
Although dipstick measurements of albuminuria are
useful for screening purposes, they are not reccommended
to detect the presence or absence of microalbuminuria."

Pregnancy in non-diabetic women is characterized
by an increase in GFR and renal plasma flow. The
increase in GFR begins very early in the first trimester,’

and thus may be confused with stage 1 diabetic neph-
ropathy. As a result, serum creatinine values tend to
be lower in normal pregnant women compared with
non-pregnant values. The renovascular changes during
pregnancy in patients with diabetic nephropathy are
similar to those in patients with pre-existing renal
disease. These changes will depend on the level of renal
insufficiency prior to conception or early in pregnancy.
Normal pregnancy is characterized by increased GFR,
reaching about 50% above pre-pregnancy values by 18
weeks of gestation, a state of hyperfiltration and reduced
serum creatinine (usually <71 pumol/L [<0.8 mg/dL]). In
addition, there is an increase in protein excretion with
advanced gestation; however, total protein excretion
remains below 300mg/24h.’ Several studies have com-
pared the value of urinary dipstick protein values and
protein-to-creatinine ratios in random urine samples
with 24-hour protein measurements in normotensive
and hypertensive pregnancies. A recent systematic review
suggested that in normal pregnancy urinary protein
dipstick measurements did not correlate with quantita-
tive timed collections.”® In addition, a systematic review
of studies using protein-to-creatinine ratios to measure
proteinuria also found that values of less than 130-
150 mg of protein/g of creatinine were reliably able to
rule out significant proteinuria (>300mg/24h), but
values above this level were not able to quantitate pro-
teinuria.”’ Therefore, in pregnant women with Type 1
and Type 2 diabetes, 24-hour timed collections should
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be used to establish the presence of micro- and macro-
albuminuria and for the serial evaluation of protein
excretion during pregnancy.

PREGNANCY OUTCOMES

There are numerous studies that have described preg-
nancy outcomes in patients with diabetic nephropathy.
However, many of these have methodologic limitations.
First, the majority of these studies are retrospective in
design, of small sample size, usually performed at a single
institution over a long period of time, and frequently
there is inadequate control for confounding variables.
Second, many of the studies lack detail about the pres-
ence or absence of associated comorbid conditions, as
well as the degree of blood glucose and BP control prior
to conception and during pregnancy. Third, in many of
these reports, the diabetic patients under study are het-
erogenous with various degrees of renal impairment,
protein excretion, and hypertension at the time of inclu-
sion. Finally, the definition of maternal clinical outcomes,
such as pre-eclampsia, deterioration in renal function,
and fetal outcomes (congenital malformations, perinatal
death, and preterm delivery) frequently differ among
studies.

Nonetheless, the available literature clearly indicates
the importance of maternal renal function and vascular
status prior to conception in counseling these patients
about the acute and long-term effects of pregnancy on
maternal outcome.”®* In addition, it emphasizes the
importance of strict glycemic control and aggressive

control of maternal hypertension on overall maternal
and perinatal outcome.”*'**

Incipient nephropathy

The rubric of incipient nephropathy in pregnancies com-
plicated by diabetes with onset prior to conception and/
or early in gestation (before 20 weeks) includes women
who had a normal serum creatinine and either micro-
albuminuria (30-300mg/24h) or proteinuria (190-
499mg/24 h) before 20 weeks of gestation. Overall, those
pregnancies associated with incipient nephropathy have
increased rates of both pre-eclampsia and preterm deliv-
ery (Table 16.2)."*”” Data on pre-eclampsia need to be
interpreted with caution (see below).

Overt nephropathy

During the past decade, there has been a significant
improvement in maternal and perinatal outcomes of
pregnancies complicated by diabetic nephropathy. This
improved outcome has resulted from advances in BP
control, intensive fetal monitoring, early hospitalization
for control of pregnancy complications, timely deliv-
ery,”* and advances in neonatal care. Nevertheless, preg-
nancies complicated by diabetic nephropathy are still
associated with increased rates of cesarean section, pre-
eclampsia, preterm delivery, fetal growth restriction
(FGR), and perinatal mortality. The magnitude of these
risks will depend on the appropriateness of management
prior to conception and during pregnancy, the degree of

Table 16.2 Rate of pre-eclampsia and preterm delivery in women with incipient nephropathy.

Pre-eclampsia No. (%) Preterm delivery No. (%)

Authors No. of women
Miodovnik et al (1993)**
<190mg/24h 204
190-499 mg/24h 45
How et al (2004)>*
<190mg/24h 94
190-499 mg/24h 35
Ekbom et al**
16-278 mg/24h (2000)’ 26
30-300mg/24h (2001)® 30
Schroder et al (2000)° 13

20 (10) 47 (23)
18 (40) 23 (51)
16 (17) 12 (13)*
7 (20) 5 (14)"
11 (42) 16 (62)
13 (43) NR
6 (46) NR

*These studies used total proteinuria
**This study used albuminuria
"Delivery < 34 weeks

NR, not reported
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abnormalities in renal function (serum creatinine, creati-
nine clearance, amount of proteinuria), and the presence
or absence of associated vascular involvement (hyperten-
sion, retinopathy, cardiovascular dysfunction).””** In
general, pregnancy outcome is usually favorable in
patients with normal to minimal elevations in serum cre-
atinine less than 124 umol/L (1.4mg/dL), and/or pro-
teinuria of less than 1g/24h, and/or normal BP, and/or
absent proliferative retinopathy prior to conception or
early in pregnancy.” """ In contrast, maternal and peri-
natal outcomes are usually poor in patients with serum
creatinine above 124umol/L (>1.4mg/dL) and/or in
those with severe hypertension, and/or nephrotic range
proteinuria (23 g/24h), and those with pre-existing car-
diovascular disease.”**»*

Pre-eclampsia is one of the most important and the
major obstetric complication in patients with overt neph-
ropathy. The diagnosis of pre-eclampsia can be difficult
to make in the diabetic patient with pre-existing hyper-
tension and proteinuria. General guidelines include:

* Pre-eclampsia in the woman with pregestational diabe-
tes who is normotensive and non-proteinuric can be
diagnosed after 20 weeks of gestation by a BP of greater
than 140/90 mmHg associated with proteinuria of at
least 300 mg/24 h"!

+ In diabetic women with hypertension but without
baseline proteinuria, pre-eclampsia is diagnosed by the
new onset of proteinuria (>300mg/24h)"

« If the patient is normotensive, but has proteinuria in
early pregnancy, pre-eclampsia is diagnosed by the
onset of hypertension or thrombocytopenia. In those
diabetic patients with both proteinuria and hyperten-
sion prior to pregnancy or before 20 weeks of gestation,
the presence of pre-eclampsia can be determined by
new onset of thrombocytopenia, and/or a severe exac-
erbation of hypertension (systolic BP > 160 and/or
diastolic BP > 110 mmHg) with exacerbation of pro-
teinuria or symptoms (cerebral or visual)."

The above criteria are based on expert consensus
opinion and were recommended by the National Working
Group on Hypertension in Pregnancy as well as the
American College of Obstetriciansand Gynecologists.' The
rate of pre-eclampsia in recently reported studies has
ranged from 32 to 65% (Table 16.3).>*>%"171>* This vari-
ation in rate is likely due to differences in the study popu-
lation demographics, presence and degree of nephropathy,
sample size, as well as differences in criteria used to diag-
nose pre-eclampsia. Glycemic control is also thought to
play a role in the development of pre-eclampsia. It is

Table 16.3 Rate of pre-eclampsia in women with overt
diabetic nephropathy.

Authors No. of Pre-eclampsia
women No. (%)
Reece et al*® 31 11 (35)
Gordon et al 45 24 (53)
Miodovnik et al* 46 30 (65)
How et al’ 65 21 (32)
Khoury et al'* 60 24 (40)
Sibai et al" 48 17 (36)
Ekbom et al® 11 7 (65)
Diabetes and 41 21 (51)
Pregnancy Group"
Bagg et al'”® 24 8 (33)
Carr et al® 43 15 (35)
Dunne et al** 21 11 (50)

hypothesized that poor glycemic control leads to a
restriction of the proliferation of cytotrophoblasts during
the first trimester and to the decreased conversion of
maternal spiral arteries to large sinusoidal vessels (see
chapter 3). When this occurs, insufficient utero-placental
circulation results. There are other adverse pregnancy
outcomes in patients with diabetic nephropathy (Table
16.4).51017152% Again, the rate of these complications will
depend on the degree of renal dysfunction and presence
of associated comorbidities prior to conception.

RISK ASSESSMENT AND
PRECONCEPTION COUNSELING
AND CARE

The first step in the management of a patient with dia-
betic nephropathy is to evaluate potential risk factors for
adverse maternal and perinatal outcome. Several risk
factors are recognized prior to conception that have been
associated with an increased risk for poor outcome
(Table 16.5). The magnitude of this risk will depend on
the specific medical condition and its severity prior to
conception. The presence of one or more of these risk
factors will increase the likelihood that the patient will
have superimposed pre-eclampsia, preterm delivery,
FGR, abruptio placentae, congenital malformations,
perinatal death, and accelerated deterioration in renal
function leading to endstage renal disease. Therefore, a
comprehensive evaluation prior to conception or early in
pregnancy will help in appropriate counseling and in
many instances, will allow for the implementation of tar-
geted strategies to reduce the development of some of
these complications.
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Table 16.4 Perinatal outcome in diabetic nephropathy.

Perinatal outcome Dunne et al®*  Ekbom etal’  Sibaieral"!  Baggetal”  Carretal”  Khoury et al'*
(n=21) (n=11) (n=58) (n =24) (n =43) (n = 60)
No. (%) No. (%) No. (%) No (%) No. (%) No (%)
Preterm delivery < 37 weeks 12 (57) 10 (91) 36 (62) NR NR NR
<35 weeks NR 5 (45) 21 (36) 11 (46) 9 (21)* 9 (15)*
Birth weight < 10th percentile 3 (14) 5 (45) 6 (11) NR 8 (19) 7 (12)
Major anomalies 1(5) 1(9) 1(2) 3(12) NR 4 (6.7)
Perinatal death 2(9.5) 0 1(2) 0 4(9) 3 (5)

*Delivery < 32 weeks
NR, not reported

Table 16.5 Preconception factors for poor pregnancy
outcome in diabetic nephropathy.

Serum creatinine 2124 umol/L (=1.4 mg/dL)
Proteinuria >3 g/24h

Chronic hypertension >5 years

Left ventricular dysfunction by echocardiogram (ECG)
Ischemic changes on ECG

Poor compliance with insulin and/or antihypertensive
therapy

Poor outcome in a previous pregnancy

Patients presenting for preconception care should
undergo a detailed evaluation of their renal and cardio-
vascular status, metabolic profile (glucose control, serum
lipids, HbA1c), and current medication. In addition, the
past obstetric history (if appropriate) should be reviewed.
Following this assessment, patients should be counseled
about the impact of their condition on pregnancy and
the potential effects of pregnancy on their medical condi-
tion. In addition, a detailed management plan for care
before and during pregnancy should be discussed. If the
patient elects to proceed with pregnancy, preconception
care should focus on the treatment of any maternal con-
ditions to improve pregnancy outcome. This includes
tight glucose control with insulin therapy using frequent
pre- and post-prandial self-blood glucose monitoring,
and aiming to achieve a target HbAlc of less than 1%
above normal at least 3 months prior to conception.”
In addition, if possible, BP should be kept below
130/80 mmHg. Folic acid supplementation (5mg/day)
should be prescribed since it can reduce the risk of con-
genital malformations® and may reduce the risk of
preterm delivery.”

There is convincing evidence that tight glucose control
and the use of ACE-Is in non-pregnant patients with

Type 1 and Type 2 diabetes will reduce the risks of their
developing microalbuminuria and progression to overt
nephropathy and/or endstage renal disease.*'”""
However, there are limited data regarding such benefit
when used preconception. In a small number of subjects
with diabetic nephropathy, Jovanovic et al’” reported that
normalization of glucose levels and BP before and during
pregnancy was associated with improvement in creati-
nine clearance in the first trimester and later in gestation.
Hod et al’® in a study of eight class R/F diabetic women
reported that strict glucose control and administration of
ACE-Is for at least 6 months prior to conception resulted
in a significant decrease in the amount of proteinuria at
the time of conception. Similar findings were also
reported by Bar et al.”’ These benefits continued despite
the fact that ACE-Is were discontinued at the time of
conception. These findings suggest that ACE-Is should be
used concomitantly with intensive insulin management
in patients with diabetic nephropathy attempting to con-
ceive. These studies also suggest that ACE-Is should be
discontinued at the time of conception. However, this
recommendation is based on a limited number of study
subjects. In addition, it may result in patients being
exposed to these agents early in pregnancy since some
women may become pregnant while on treatment.

PREGNANCY MANAGEMENT AND
CARE IN DIABETIC NEPHROPATHY

Care should be conducted by a multidisciplinary team
experienced in managing women with diabetic neph-
ropathy. Frequent prenatal visits, tight glycemic control,
and aggressive management of BP are the keys to
improved pregnancy outcome. These patients should
have intensive insulin therapy, frequent self-monitoring
of blood glucose, and serial evaluation of HbAlc levels.
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Fetal evaluation with serial ultrasound is required with
more intensive monitoring if there is concern about
growth or maternal deterioration, and consideration of
early delivery. The following sections concentrate on
issues directly relating to BP and renal function.

Blood pressure management

ACE-I and ARBs should be discontinued at the time
of conception because of their potential teratogenic and
fetal-neonatal effects.”””' ‘Following their discontinua-
tion, other agents that have similar proven beneficial
effects on renal function and BP control should be
utilized. Methyldopa has been viewed as the drug of
choice in treating hypertension in pregnancy, primarily
because of its lack of teratogenicity, but it is associated
with side effects, particularly at increased doses. Several
trials have compared the effects of ACE-Is with calcium
channel blockers in non-pregnant diabetic patients.
Overall, these studies suggest similar efficacy in preserv-
ing renal function in diabetic nephropathy.*'*"'*** There
are no prospective observational studies or randomized
trials evaluating the benefits of various antihypertensive
drugs in pregnant women with diabetic nephropathy.
However, because of the proven benefits of treating
mild degrees of hypertension in non-pregnant diabetic
subjects, there is general agreement that maternal
BP should be aggressively treated to levels below
130/80mmHg (both systolic and diastolic) in pregnant
women with diabetic nephropathy.>®"> Most patients
will require at least two antihypertensive drugs. These

type of data have led some to consider a calcium channel
blocker such as diltiazem or nifedipine as the drug of
first choice. If an additional agent is needed, a diuretic
or a combined beta- and alpha-blocker, such as labetalol,
may be used. A recent retrospective study of perinatal
outcome in 43 patients with diabetic nephropathy found
that aggressive control of maternal BP (target mean
arterial pressure < 100 mmHg) was associated with lower
rates of preterm delivery compared with treatment to
a target mean arterial pressure greater than or equal
to 100mmHg."” Table 16.6 summarizes the initial and
maximum doses of the various antihypertensive medica-
tions to be used to control BP in such women.

Monitoring and management
of renal function

Several retrospective studies have analyzed the influence
of pregnancy on reno-vascular function in patients with
various stages of diabetic nephropathy.>>*!%*%%=% A]]
studies found increased levels of proteinuria from the
first trimester to term, returning to prepregnant levels
postpartum. In addition, these studies found that more
than 50% of patients had protein excretion values
exceeding nephrotic range proteinuria during preg-
nancy.>>'**?*3% Renal function (24-hour urine protein
and creatinine clearance) should be measured at least
once in every trimester. More frequent measurements are
indicated in those with an initial serum creatinine greater
than or equal to 124pumol/L (>1.4mg/dL) and in those
who show deterioration with advanced gestation. It is

Table 16.6 Recommended drugs to be used in treatment of hypertension in diabetic

nephropathy in pregnancy.*

Drug Daily dose (mg) Side effects

Methyldopa 750-3000 Drowsiness, hemolytic anemia,
elevated liver enzymes

Nifedipine (short acting) 60-120 Tachycardia, headaches

Nifedipine (long acting) 60-120 Tachycardia, headaches

Nifedipine (sustained release) 60-240 Headaches

Diltiazem (extended release) 180-420

Labetalol 400-2400 Bronchospasm

Thiazide diuretics 2.5-50 Avoid in case of pre-eclampsia

Atenolol 50-100 Fetal growth restriction

Hydralazine 25-100 Lupus-like syndrome, neonatal

thrombocytopenia

*Most patients will require a combination of at least three drugs to achieve the target

blood pressure range
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important to emphasize that estimated glomerular filtra-
tion rate (EGFR) measurements using the modification
of diet in renal disease (MDRD) formula are not reliable
during pregnancy since they tend to underestimate the
actual clearance values.” In addition, dipstick and urine
protein-to-creatinine ratio measurements in random
urine samples are not reliable to quantify the amount of
proteinuria during pregnancy. In some patients with
overt nephropathy, protein excretion may exceed 10g/
day during the late second or third trimester. Some of
these women can develop severe vulvar edema, particu-
larly when serum albumin values drop below 2.0g/L
(<20mg/dL). In such cases, treatment with intravenous
(IV) albumin and/or a loop diuretic may be beneficial. It
is reccommended to infuse the drugs together (e.g. 40 mg
of frusemide premixed with 6 g of salt-poor albumin). In
some refractory cases, it is suggested that 300 ml of 15%
albumin be infused over 45 minutes followed by a bolus
injection of 40mg of IV frusemide. It is important to
monitor such patients for the development of pulmonary
edema.

In patients who have diabetic nephropathy and who
are normotensive prior to pregnancy and/or during the
first trimester, approximately 25% will develop new-
onset hypertension. In those with pre-existing hyperten-
sion, the BP is likely to rise to a significant degree,
particularly in the third trimester. The rates of new-onset
hypertension as well as worsening of hypertension during
pregnancy will increase with increased severity of renal
dysfunction prior to conception. Consequently, patients
who conceive with serum creatinine levels above
124umol/L (>1.4mg/dL) usually require several antihy-
pertensive medications to achieve the target BP value
during pregnancy. Because of the expected changes in
protein excretion and exacerbation of BP during preg-
nancy, the diagnosis of pre-eclampsia is usually difficult
to make in such patients. Thus, it is important to include
changes in platelet count and liver enzymes, and in pres-
ence of maternal symptoms to confirm the diagnosis in
such patients." A completed blood count and liver func-
tion test should be obtained once every 4 weeks, starting
at 24 weeks of gestation. In addition, they should be
obtained in all patients who develop new symptoms of
pre-eclampsia and/or if pre-eclampsia is suspected.

In general, serum creatinine values remain stable
during pregnancy in patients who have minimal-to-
mild renal dysfunction (serum creatinine <124 pumol/L
[<1.4mg/dL]) prior to conception or early in pregnancy.
In contrast, patients with serum creatinine levels greater
than or equal to 124 pmol/L (>1.4 mg/dL) are more likely

to demonstrate a greater increase in serum creatinine
with profound deterioration in renal function early in the
third trimester.>>'*****

In general, with the onset of pregnancy, creatinine
clearance values do not demonstrate the expected increase
seen in normal pregnancy, even though the data are not
consistent among published studies.>'**»*72%3376 Tt s
important to emphasize that serum creatinine and cre-
atinine clearance will be influenced by the presence or
absence of hypertension, development of pre-eclampsia,
as well as by the degree of glucose control during
gestation.

LONG-TERM OUTCOME IN
PREGNANT WOMEN WITH DIABETIC
NEPHROPATHY

Maternal outcome

An important question is whether pregnancy increases
the risk for development and progression of diabetic
nephropathy. There are several reasons why this should
be, including increased GFR leading to glomerular hyper-
filtration, increased dietary protein intake, development
of gestational hypertension or pre-eclampsia, and with-
holding ACE-Is and ARBs during pregnancy. For ethical
reasons, randomized trials are not available to answer this
question. Consequently, all available data have been gen-
erated from observational studies, retrospective studies,
and a few case—control studies.”™!*!52432738:10-41

Two large multicenter, prospective cohort studies
examined the effects of pregnancy on microvascular
complications in women with Type 1 diabetes.*™' The
Diabetes Control and Complications Trial (DCCT)*
included 180 women with 270 pregnancies and revealed
that pregnancy did not increase the long-term risk of
albumin excretion (microalbuminuria). The EURO-
DIAB prospective complications study*' included 163
diabetic women who became pregnant during the follow-
up period (which averaged 7.3 years) and showed that
pregnancy was not a risk factor for progression to
microalbuminuria.

Several other studies have addressed the impact of
pregnancy on long-term progression of renal disease in
patients with overt nephropathy. The results of these
studies are inconsistent because of differences in study
populations, sample size, and duration of follow-up after
pregnancy.” 1416228 Nevertheless, the following con-
clusions can be made. In women with mild renal dys-
function (serum creatinine <124pumol/L [<1.4mg/dL],
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creatinine  clearance >80ml/min, and proteinu-
ria <3 g/24h), pregnancy does not seem to worsen long-
term renal outcome.”™ In contrast, in women with
moderate-to-severe renal dysfunction at conception
(serum creatinine 2133 umol/L [>1.5mg/dL], proteinu-
ria >3g/24h), limited data suggest that pregnancy
may accelerate deterioration in renal function, resulting
in endstage renal disease and the need for dialysis
within a short period after pregnancy.”'**>~** It is impor-
tant to note the accelerated deterioration in renal func-
tion in these studies was usually associated with
poor glycemic control, and the development of either

accelerated hypertension or pre-eclampsia.

Neonatal and childhood outcome

The long-term outcome of infants born to patients with
diabetic nephropathy is related to the obstetric complica-
tions mentioned previously, such as hypoxia from pre-
eclampsia and/or abruptio placentae, preterm delivery at
less than 37 or less than 34 weeks of gestation, low birth-
weight, FGR, and diabetic ketoacidosis. Consequently,
long-term outcome in these infants will depend on the
neonatal condition and gestational age at delivery. It
might be anticipated that these infants would have higher
rates of motor and cognitive delays, as well as cerebral
palsy and learning disabilities. Unfortunately, there are
only two studies with a limited number of infants that
have evaluated long-term outcome in infants of pregnan-
cies complicated by diabetic nephropathy.**” Both of
these studies reported that the adverse neonatal effects
(cerebral palsy and neurologic delay) were related to ges-
tational age and birthweight at delivery.

PREGNANCY IN DIABETIC WOMEN
WITH RENAL TRANSPLANT

New-onset diabetes mellitus is a well-recognized compli-
cation of solid organ transplantation attributable to the
use of immunosuppressive drugs, such as corticosteroids,
and calcineurin inhibitors, such as tacrolimus and
cyclosporin,* each of which may provoke hyperglycemia.
In addition, endstage renal disease secondary to diabetes
may be the indication for renal transplant in women with
renal and/or pancreatic transplant. There are limited data
describing the course of pregnancy in diabetic women
after renal transplant. Consequently, most of the availa-
ble literature addresses pregnancy outcome in women
with renal transplant secondary to all forms of renal
disease, and not just diabetes.”**

The reported incidence of diabetes during pregnancy
in patients with renal transplant ranges from 5% to 12%.
In addition, the reported rate of hypertension prior to
pregnancy and early in pregnancy following renal trans-
plant ranges from 40% to 72%. These high rates are due
either to the pre-existing conditions leading to transplant
and/or to the side effects of the required immunosup-
pressive drugs.”*’

There are several reviews reporting pregnancy outcome
in women with renal transplant and these make consist-
ent observations.*™® Pregnancy should be delayed for at
least 1 year following transplant, at which time the patient
is more likely to be on maintenance doses of immuno-
suppressive agents and to have stable graft function
(serum creatinine <133umol/L [<1.5mg/dL], minimal
proteinuria <500mg/24h). These women should be
managed by a multidisciplinary team, including a trans-
plant surgeon, a nephrologist, and an obstetrician skilled
in the management of such patients. Perinatal survival in
these patients is almost 75%, but a large percentage of
pregnancies will be associated with increased maternal
and perinatal complications (Table 16.7). It is important
to emphasize that the diagnosis of superimposed pre-
eclampsia may again be difficult to make in such patients
because of the pre-existing hypertension, the increased
levels of uric acid secondary to calcineurin inhibitor
treatment, and the progressive increase in proteinu-
ria.*™ In addition, the clinical findings of pre-eclampsia
may mimic those of acute graft rejection.

The management of the patient with diabetes and renal
transplant is similar to that in patients with diabetic
nephropathy. Preconception care, early and frequent
perinatal care, tight glycemic and BP control, intensive
fetal testing and timely delivery are the keys to successful
pregnancy outcome. In addition to the risks seen in dia-
betic nephropathy, these patients are at increased risk of
bacterial infections (all forms of urinary tract), viral

Table 16.7 Pregnancy outcome in renal transplant.

Percentage

Miscarriage 15-20
Pre-eclampsia 30-35
Preterm delivery 50-55
Urinary tract infection 2-5

Fetal growth restriction 5-10
Rejection during pregnancy 35-40
Graft rejection within 2 years of delivery 30-50
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infections (hepatitis C and herpes simplex), and toxo-
plasmosis.** Therefore, these patients should have fre-
quent monitoring for these infections and be managed
accordingly if the results are positive. Acute graft rejec-
tion occurs in approximately 5-10% of patients. Rejec-
tion must be distinguished from pre-eclampsia and
pyelonephritis because of their similar clinical and labo-
ratory manifestations. In cases of uncertainty, the diag-
nosis should be confirmed by renal biopsy, which can be
done safely under ultrasound guidance during
pregnancy.

PREGNANCY IN PATIENTS ON
CHRONIC DIALYSIS

The incidence of pregnancy in patients on chronic dialy-
sis is 1-7%."* There is no information on pregnant
patients with diabetes on chronic dialysis. Perinatal
outcome has improved in the past decade, but the data
on pregnancy outcome in patients on dialysis are limited
and are usually described as case reports or case series.* ™
A recent study described the outcome in 13 pregnancies
(10 on hemodialysis and three on peritoneal dialysis),
and included a review of previous studies (117 on hemo-
dialysis and 14 on peritoneal dialysis).”” In this review,
the authors reported a perinatal survival rate of 50% (five
of 10 women) among those who elected to continue with
their pregnancy. In contrast, among the reviewed case
series, the perinatal survival was 71% in those on hemo-
dialysis and 64% in those on peritoneal dialysis. In
general, 90% ended in preterm delivery with 50% deliv-
ering at 30-32 weeks of gestation. The rate of hyperten-
sion or pre-eclampsia was 40%. Thirty-four percent
developed polyhydramnios. In addition, adverse preg-
nancy outcome is usually higher in women who conceive
after dialysis has been initiated, compared with those who
start dialysis during pregnancy.”

Management of patients on dialysis requires a multi-
disciplinary team approach. Dialysis should be performed
at least six times per week, with each session lasting at
least 4 hours and aiming to keep maternal blood urea
nitrogen (BUN) values below 17.9 mmol/L (<50 mg/dL).
Erythopoetin (EPO) is safe to use during pregnancy and
an increase of 50-100% compared with prepregnancy
levels may be required to keep the hemoglobin level
above 1g/L (10g/dL). These patients require close moni-
toring of their ferritin levels. Oral iron supplements will
not help in improving hemoglobin levels. In addition, it
is important to monitor nutritional requirements care-
fully as well as changes in electrolytes during dialysis.

CONCLUSIONS AND FUTURE
DIRECTIONS

During the past decade there has been a significant
improvement in maternal and perinatal outcome in
pregnancies complicated by diabetic nephropathy. This
improvement has been achieved using multidisciplinary
programs that focus on preconception counseling and
aggressive control of blood sugars and BP, as well as early
detection and control of associated complications. None
the less, management of such women continues to be
based on expert opinion with limited information from
randomized trials.

It remains unclear as to whether ACE-Is or ARBs
should be continued up to conception in women desiring
pregnancy. At present, recommendations are to switch to
either methyldopa, calcium channel blockers or beta-
blockers. There is an urgent need for randomized trials
to evaluate the safety and efficacy of such recommenda-
tions. In addition, there are no randomized trials which
have evaluated the safety and efficacy of various antihy-
pertensive drugs to treat hypertension in diabetic women.
Moreover, there are no data to support the target BPs to
achieve during therapy. Finally, there are no standardized
criteria to define pre-eclampsia in women with diabetic
nephropathy. Future studies are needed to answer these
questions.
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Retinopathy in diabetes

in pregnancy
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PRACTICE POINTS

¢ Diabetic retinopathy, a microvascular complication of
diabetes, remains a leading cause of acquired blindness in
young and middle-aged adults.

Pregnancy, with its hormonal, hemodynamic, metabolic, and
immunologic changes, is a risk factor for progression of
diabetic retinopathy.

The etiology of retinopathy acceleration during pregnancy is
unknown, although proposed mechanisms involve rapid
improvement in glycemic control, altered hemodynamic
properties, and immunoinflammatory processes.

Visual loss from diabetic retinopathy aggravated by
pregnancy is usually preventable if a patient has optimal
systemic and ocular management prior to conception and
during pregnancy.

Dilated ocular examinations should be performed prior to
pregnancy and then at least on one further occasion during
pregnancy (or more often at the discretion of the ophthal-
mologist, depending on the retinopathy status).

CASE HISTORY

A 27-year-old woman with Type 1 diabetes for 20 years
presented for ophthalmic monitoring during pregnancy.
During the first trimester, she was 20/20 in both eyes and
had minimal non-proliferative diabetic retinopathy on
dilated examination (Fig. 17.1A and B). Upon institution
of tighter metabolic control, her glycosylated hemoglobin
(HbAlc) fell from 8.6% to 7% during early pregnancy.
On second trimester examination, her vision was 20/25
in both eyes and her retinopathy had progressed to severe
non-proliferative diabetic retinopathy (Fig. 17.1C and
D). During the third trimester, her vision declined to
20/60 in the right eye and 20/80 in the left eye due to
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clinically significant macular edema (Fig. 17.1E and F).
After treatment, her macular edema resolved and vision
partially recovered to 20/40 in both eyes.

+ What are the putative mechanisms and risk factors
for progression of retinopathy during pregnancy?

+ What is the relevance of intensification of glycemic
control to retinopathy progression? Is this a transient
phenomenon?

+ How often should the fundi be examined during
pregnancy?

First, we will briefly review diabetic retinopathy in general
and then focus on how the unique state of pregnancy
affects retinopathy progression.

BACKGROUND

Diabetic retinopathy prevalence
at baseline

Diabetic retinopathy, a microvascular complication of
diabetes, remains a leading cause of acquired blindness
in young and middle-aged adults." Currently, the esti-
mated general population prevalence rates for retinopa-
thy and vision-threatening retinopathy in the US are
3.4% (4.1 million persons) and 0.75% (899 000 persons),
respectively.” These pooled data focus almost exclusively
on Type 2 diabetes.! An epidemiologic study of subjects
with Type 1 diabetes based on data from the New Jersey
725 Study and Wisconsin Epidemiologic Study of Dia-
betic Retinopathy, estimated prevalence rates of retin-
opathy at 1 per 300 persons aged 18 years and older and
rates of vision-threatening retinopathy at 1 per 600
persons.” Specifically, of the estimated 889000 persons
with Type 1 diabetes diagnosed before age 30 years in the
US, 767000 (86.4%) have some degree of retinopathy
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and 376000 (42.1%) have vision-threatening retinopa-
thy.” These prevalence rates of diabetic retinopathy are
particularly concerning given the increasing prevalence
of diabetes mellitus.'

Pregnancy as a risk factor for
worsening retinopathy

Pregnancy, with its hormonal, hemodynamic, metabolic,
and immunologic changes, is a risk factor for progression
of diabetic retinopathy. While the landmark studies
focused on worsening retinopathy in pregnant Type 1
diabetic women,*® the findings of these studies can be
extrapolated to pregnant women with Type 2 diabetes as
the retinopathy seen in the two groups is essentially
similar. Gestational diabetes, however, is not a risk factor

Fig. 17.1 During the first trimester,
dilated examination of the (A) right and
(B) left eye reveals occasional intraretinal
hemorrhages (arrows) consistent with
minimal non-proliferative diabetic
retinopathy. (C and D) After institution
of rapid glycemic control, the patient
developed increasing intraretinal
hemorrhages (arrows) indicative of
severe non-proliferative diabetic
retinopathy during the second trimester.
(E and F) In the third trimester,
examination revealed further retinopathy
progression (arrows) with the
development of clinically significant
macular edema (*).

for the development of retinopathy during pregnancy,
but may be suggestive of a genetic risk for subsequent
diabetes mellitus.”

OVERVIEW OF DIABETIC RETINOPATHY
CLASSIFICATION

Diabetic retinopathy in both Type 1 and Type 2 diabetes
is broadly classified as either non-proliferative or prolif-
erative (Table 17.1). Non-proliferative diabetic retinopa-
thy occurs when there are only intraretinal microvascular
changes, such as microaneurysms and retinal hemor-
rhages (Fig. 17.2). In advanced non-proliferative diabetic
retinopathy, progressive capillary non-perfusion of the
retina may develop and lead to increasing ischemia,
which results in the more severe proliferative phase. Pro-
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Fig. 17.2 (A) Fundus photograph of the right eye reveals
dot-blot intraretinal hemorrhages in all four quadrants
(arrows), consistent with severe non-proliferative diabetic

Table 17.1 Classification of diabetic retinopathy.

Classification Lesions present

No retinopathy No lesions present

Non-proliferative Intraretinal microvasculature changes
retinopathy only
Mild Mild levels of microaneurysms and
intraretinal hemorrhage

Moderate levels of microaneurysms
and intraretinal hemorrhage

Presence of one of the following

features (4:2:1 rule):

Severe intraretinal hemorrhage in

all four quadrants

Venous beading in two or more

quadrants

Moderate intraretinal microvascular

anomaly (IRMA) in at least one

quadrant

Neovascularization on the retinal
surface

Moderate

Severe

Proliferative
retinopathy

liferative diabetic retinopathy (Fig. 17.3) is characterized
by new vessels on the retinal surface or optic disc that can
bleed and result in the vision-threatening complications
of vitreous hemorrhage, fibrotic scarring, and fractional
retinal detachment. In both non-proliferative and prolif-
erative diabetic retinopathy, increased retinal vascular
permeability can result in accumulation of fluid in the

retinopathy. (B) Fluorescein angiograghy shows patches of
non-perfusion in the peripheral retina (*), indicative of the
severe nature of the non-proliferative retinal changes.

retinal area serving central vision. This retinal thickening,
known as macular edema (Fig. 17.4), is a leading cause
of visual loss in diabetic patients.

RISK FACTORS FOR PROGRESSION OF
DIABETIC RETINOPATHY

Diabetic retinopathy, a microvascular complication, is an
end-organ response to a systemic disease. Concomitant
systemic factors, therefore, influence the development
and progression of diabetic retinopathy.® A thorough
understanding of diabetic retinopathy is necessary to
discuss the specific retinal changes found in the diabetic
pregnant patient. To do this, landmark studies regarding
diabetic retinopathy in non-pregnant individuals will
first be examined followed by a review of the specific
studies focusing on diabetic retinopathy during preg-
nancy. A number of risk factors have been identified in
large epidemiologic studies that are relevant to both
pregnant and non-pregnant diabetic patients, although
their role in the dynamic physiologic state of pregnancy
is unique.

Glycemic control

Chronic hyperglycemia instigates a cascade of events
leading to microvascular complications in diabetes. The
landmark studies investigating glycemic control and its
effects on diabetic complications include the Diabetes
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Fig. 17.3 (A) Fundus photograph of the left eye shows
preretinal hemorrhage overlying the macula (¥). The
peripheral retina has many laser photocoagulation scars
(arrows) indicative of previous treatment for proliferative

diabetic retinopathy. (B) Fluorescein angiogram shows patches
of bright hyperfluorescence (arrows) corresponding to areas of
leaking neovascularization consistent with proliferative
diabetic retinopathy.

Fig. 17.4 (A) Fundus photograph of the right eye shows
macular fluid (*) and lipid (arrow) consistent with clinically
significant macular edema. (B) Fluorescein angiography

Control and Complications Trial (DCCT) and the United
Kingdom Prospective Diabetes Study (UKPDS). Both of
these clinical trials demonstrated the beneficial effects of
intensive glycemic control in reducing the complications
of diabetes.

Diabetes Control and Complications Trial

The DCCT was a randomized, multicenter, prospective
trial designed to determine if intensive glucose control,
with the goal of near-normal HbAlc levels, would affect
the development and progression of diabetic complica-

reveals multiple leaking microaneurysms (arrows). (C) Optical
coherence tomography confirms the presence of cystic fluid
changes in the macula (*).

tions in Type 1 diabetes. The 1441 participants were ran-
domly assigned to either conventional or intensive
treatment for glucose control and followed for a mean
duration of 6.5 years.”" The mean HbAlc was 7.2% in
the intensive treatment group and 9.1% in the conven-
tional control cohort. Intensive treatment resulted in a
decreased risk of either the development or progression
of diabetic retinopathy. One of the adverse effects of
intensive therapy included initial worsening of retinopa-
thy; however, this reversed after 18 months. In patients
without any visible retinopathy when enrolled in the
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DCCT, the 3-year risk of developing retinopathy was
reduced by 75% in the intensive treatment group com-
pared with the standard treatment group. The benefit of
the strict control was also evident in patients with existing
retinopathy. There was a 50% reduction in the rate of
progression of retinopathy compared with controls.
When the DCCT results were stratified by HbAlc levels,
there was a 35-40% reduction in the risk of retinopathy
progression for every 10% decrease in HbAlc (e.g. from
8% to 7.2%).

United Kingdom Prospective Diabetes Study

The UKPDS, the largest and longest study of patients
with Type 2 diabetes to date, was designed to evaluate the
effect of conventional versus intensive glucose manage-
ment on diabetic complications in 3867 subjects with
newly diagnosed diabetes. The study confirmed that the
beneficial effects of tight glycemic control on the inci-
dence and progression of diabetic retinopathy also apply
to patients with Type 2 diabetes. During a 9-year follow-
up, the UKPDS showed a 25% reduction in the risk of
the “any diabetes-related microvascular end point,”
including the need for retinal photocoagulation, in the
intensive treatment group compared with the conven-
tional treatment group. For every percentage point
decrease in HbAlc (e.g. 9% to 8%), there was a 35%
reduction in the risk of microvascular complications.

Concomitant hypertension

Multiple studies have suggested that diabetic patients
with concomitant hypertension are at increased risk for
the development and progression of diabetic retinopathy,
although the data are conflicting. Hypertension is thought
to exacerbate diabetic retinopathy through mechanical
stretching of endothelial cells, resulting in increased
release of vascular endothelial growth factor (VEGF)."”
Large studies correlating tight blood pressure control
with reduced risk of retinopathy progression include the
Wisconsin Epidemiology Study of Diabetes Retinopathy
(WESDR), the UKPDS, and the Appropriate Blood Pres-
sure Control in Diabetes (ABCD) trials.

Wisconsin Epidemiology Study of

Diabetic Retinopathy

The WESDR was a 14-year population-based cohort
study in southern Wisconsin assessing the prevalence and
risk of diabetic retinopathy among 634 subjects with
Type 1 diabetes, diagnosed before age 30 years.' In addi-
tion to higher HbAlc and greater severity of retinopathy

at baseline, hypertension was demonstrated to be a risk
factor for the development of proliferative diabetic retin-
opathy. Furthermore, participants in the lowest quartile
of systolic and diastolic blood pressure had significantly
lower rates of progression to proliferative diabetic retin-
opathy compared with the highest quartile. These find-
ings were independent of glycosylated hemoglobin.'®

United Kingdom Prospective Diabetes Study

Of the 3867 Type 2 diabetic subjects in the UKPDS, a
cohort of 1148 hypertensive subjects were selected of
whom 758 were allocated to tight blood pressure control
(defined as a blood pressure <150/85 mmHg) and 390 to
less tight control, with a median follow-up of 8.4 years."”
There was a 34% reduction in a two-step progression of
retinopathy and a 47% reduction in the risk of moderate
vision loss (=15 letters) in the tight control group com-
pared with the conventional group. The vision data,
although not controlled for glycosylated hemoglobin,
suggest that tight blood pressure control reduced the risk
of diabetic macular edema, the primary cause of visual
loss in Type 2 diabetes.

Appropriate Blood Pressure Control

in Diabetes Trial

The ABCD trial also showed a correlation between tight
blood pressure control and decreased risk of retinopa-
thy."* " In the normotensive cohort of 480 subjects with
Type 2 diabetes, there were no significant differences in
glycosylated hemoglobin levels between patients ran-
domly allocated to intensive or moderate antihyperten-
sive therapy. For the last 4 years of follow-up, the mean
blood pressure was 128/75 mmHg in the intensive treat-
ment arm and 137/81 mmHg in the moderate group."
During a 5-year follow-up period, there was less progres-
sion of diabetic retinopathy in the intensive blood pres-
sure therapy group (34% in the intensive group compared
with 46% in the moderate control group; p = 0.019).

Elevated serum lipid levels

Although the association between elevated serum lipids
and diabetic retinopathy is uncertain, both the WESDR
and Early Treatment Diabetic Retinopathy Study
(ETDRS) found that elevated levels of serum lipids were
associated with increased severity of retinal hard exu-
dates.”™ In the ETDRS, patients with total serum cho-
lesterol levels of 6.21 mmol/L (240 mg/dL) or more were
twice as likely to have hard exudates as those with levels
less than 5.17 mmol/L (<200 mg/dL). Low density lipo-
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protein (LDL) cholesterol levels paralleled the total
serum cholesterol results, with subjects having almost
twice the risk of developing hard exudates when serum
LDL levels were 4.14 mmol/L (160 mg/dL) or more com-
pared with levels less than 3.36 mmol/L (<130mg/dL).
Hard exudates are significant because their severity at
baseline in the ETDRS was associated with decreased
visual acuity independent of accompanying macular
edema. In fact, the strongest risk factor for the develop-
ment of vision-threatening subretinal fibrosis in the
ETDRS patients with diabetic macular edema was the
presence of severe hard exudates.” Of the 264 eyes with
multiple hard exudates at baseline or during follow-up,
subretinal fibrosis developed in 30.7%. In contrast, this
complication only developed in 0.05% of the 5498 eyes
with clinically significant macular edema but no severe
hard exudates.”

Renal disease

Renal disease is a risk factor for retinopathy just as retin-
opathy is a risk factor for renal disease. In the WESDR,
gross proteinuria was shown to be a risk factor for pro-
liferative diabetic retinopathy.* The study demonstrated
that subjects taking insulin with gross proteinuria at
baseline had approximately twice the risk of developing
proliferative retinopathy over 4 years of follow-up com-
pared with those without gross baseline proteinuria.
Additionally, microalbuminuria is a marker for the risk
of proliferative retinopathy. A cross-sectional examina-
tion of the WESDR data showed that younger-onset dia-
betic subjects (diagnosed before 30 years of age) and
older-onset subjects (diagnosed aged 30 years of age or
older) were both more likely to have retinopathy than
those without microalbuminuria. This relationship
remained true even after controlling for glycemia, hyper-
tension, and duration of diabetes.”

RISK FACTORS FOR PROGRESSION
OF DIABETIC RETINOPATHY
DURING PREGNANCY

Early case—control studies reported that pregnancy is a
risk factor for the progression of diabetic retinopathy,***
although these changes often regress postpartum.®
Several larger studies have since confirmed the transient
progression of diabetic retinopathy during pregnancy
without increased long-term risk.*> The mechanism of
retinopathy acceleration is unknown, although multiple
theories exist related to the hormonal, hemodynamic,

metabolic, and immunologic changes associated with
pregnancy. Reported risk factors for retinopathy progres-
sion in pregnant diabetic patients are described below.

Glycemic control

Diabetes in Early Pregnancy study

The Diabetes in Early Pregnancy (DIEP) study® was a
prospective cohort study of 155 diabetic women followed
from the periconceptional period to 1 month postpar-
tum. Acceleration of retinopathy was observed in 10.3%
of patients with no retinopathy, 21.1% of those with
microaneurysms only, and 18.8% of those with mild
non-proliferative diabetic retinopathy. However, the
greatest progression was noted in patients with moder-
ate-to-severe non-proliferative diabetic retinopathy at
baseline of whom 54.8% experienced a worsening of
retinopathy. Proliferative diabetic retinopathy developed
in 6.3% with mild and 29% with moderate-to-severe
baseline retinopathy. Unlike earlier studies,” the DIEP
found that changes in metabolic control were more
important then duration of diabetes in predicting retin-
opathy progression. Women in this study with the
poorest pre-pregnancy glycemic control and the greatest
reduction in HbAlc during the first trimester were at
higher risk for retinopathy progression. While the DIEP
study did not elucidate the mechanism for worsening
retinopathy, it did indicate the clinical importance of
optimizing metabolic control before conception to
reduce the risk of retinopathy progression.

Diabetes Control and Complications Trial

ancillary study

An ancillary study of the DCCT® evaluated the role of
pregnancy on diabetic retinopathy progression. Similar
to the DIEP study,’ the DCCT study emphasized the
importance of optimal glycemic control prior to preg-
nancy. In this study of 680 diabetic women, 180 women
became pregnant. These pregnant women had a higher
risk of retinopathy progression compared with the 500
non-pregnant study participants. In addition, the women
in the conventional treatment group who did not have
tight control prior to conception had a 2.48-fold greater
risk of retinopathy acceleration during pregnancy com-
pared with the non-pregnant group. By contrast, women
in the intensive therapy arm who had tight control prior
to pregnancy had only a 1.63-fold greater risk of retin-
opathy progression during pregnancy compared with the
non-pregnant women. Therefore, tight metabolic control
prior to conception is the ideal.
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Hypertension

Hypertension during pregnancy is a risk factor for retin-
opathy progression. A prospective study of 154 diabetic
women found that 55% of women with chronic or ges-
tational hypertension suffered a deterioration in retin-
opathy compared with 25% of the pregnant diabetic
women without hypertension.”® Another prospective
study by Klein ef al indicated that elevated diastolic blood
pressure was a risk factor for progression of retinopathy,
although not as strong a risk factor as glycemic control.”

Serum lipids

Although dyslipidemia has been associated with increas-
ing macular exudates that can lead to the vision-threat-
ening complication of subretinal fibrosis in general
diabetic studies,”"* the role of increased serum lipids in
pregnant diabetic women has not been studied exten-
sively. Nevertheless, because of the general health benefits
of lipid control, optimizing cholesterol and lipids prior
to pregnancy is recommended as this could reduce the
risk of macular exudates.

Renal disease

As with serum lipid levels, renal disease indicated by pro-
teinuria or microalbuminuria has not been examined in
a controlled fashion in pregnant diabetic subjects.
However, since microalbuminuria has been identified as
a risk factor for retinopathy development in the general
diabetic population, careful renal monitoring in preg-
nancy is prudent.”**

POSSIBLE MECHANISMS OF DIABETIC
RETINOPATHY PROGRESSION DURING
PREGNANCY

Metabolic theory

The metabolic theory simply states that the rapid nor-
malization of glycemia during pregnancy promotes
acceleration of diabetic retinopathy. Pregnancy is a state
where aggressive control of serum glucose has been rou-
tinely instituted, even prior to the results of the
DCCT.**** The concept of rapid glycemic control result-
ing in a transient deterioration of retinopathy had previ-
ously been noted in non-pregnant diabetic patients.”*>
While some studies suggest that pregnancy itself may be

a risk factor for retinopathy progression after adjusting
for HbAlc levels, the common practice of instituting
tight control at the onset of pregnancy confounds our
ability to conclude that pregnancy itself is the cause of
retinopathy acceleration.”

Hormonal theory

Beyond the rapid glycemic normalization in pregnancy,
hormonal changes are suspected to exacerbate diabetic
retinopathy. The characteristic progesterone surge of
pregnancy may upregulate intraocular VEGF” and result
in increased retinal capillary leakage and neovasculariza-
tion. Additionally, placental hormones create a physiolog-
ically adaptive insulin-resistant state to ensure an adequate
supply of maternal glucose to the fetus to optimize intrau-
terine growth. A key factor is human placental growth
hormone which appears to regulate the maternal levels of
insulin-like growth factor-1 (IGF-1). Like human placen-
tal growth factor, IGF-1 increases after 20 weeks of preg-
nancy. Transgenic mice studies have demonstrated that
human placental growth hormone can cause an insulin-
resistant state, although the precise mechanism is
unknown.* Additionally, increasing serum IGF-1 levels
may promote retinal neovascularization by supporting
vascular endothelial growth factor induction of endothe-
lial cell proliferation.*

Hemodynamic theory

Altered retinal hemodynamics may also play a role in
retinopathy exacerbation. Pregnancy is noteworthy for
extensive hemodynamic and cardiovascular changes.
Blood volume increases on average about 45% above
non-pregnancy levels, cardiac output is increased, and
peripheral vascular resistance is decreased.” This
increased blood flow, coupled with an impaired retinal
vascular autoregulatory response in diabetes, may result
in a hyperdynamic retinal capillary blood flow that exac-
erbates diabetic retinopathy via increased sheer on the
vascular endothelium and a resultant net increase in fluid
leaving the capillaries.” Some studies have demonstrated
increased flow in the retinal circulation and hyperper-
fusion in all pregnant diabetic subjects compared with
non-diabetic pregnant women,” while others have shown
increased retinal blood flow only in pregnant women
with pre-existing® or progressive diabetic retinopathy.”®
Another small study showed a fall in retinal volumetric
blood flow in pregnant diabetic subjects and a more pro-
found decrease in retinal venous diameter in the diabetic
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subjects compared with non-diabetic pregnant con-
trols.” The contradictory results of these studies may be
explained by different patient populations or differing
methods of assessment of the retinal circulation.

Immunoinflammatory theory

Another theory involves proinflammatory factors. Dia-
betic retinopathy has been suggested to be a low-grade
inflammatory disease, with leukocyte adhesion to the
retinal vasculature possibly resulting in retinal vascular
dysfunction.***! During pregnancy, increased inflamma-
tion has been implicated in patients who develop gesta-
tional diabetes.*” A prospective study examining the
relation of maternal cytokine levels with diabetic retin-
opathy showed that although the proinflammatory
factors interleukin-6, c-reactive protein, and vascular cell
adhesion molecule-1 were similar in the diabetic preg-
nant patients and non-diabetic controls, c-reactive
protein levels were higher in pregnant women with retin-
opathy progression and worse glycemic control com-
pared with their pregnant counterparts with stable
retinopathy and tighter metabolic control. Another study
examined glycodelin, an anti-inflammatory serum
marker secreted from the endometrial glands during
pregnancy, and found that low levels were associated
with retinopathy progression in pregnant diabetic
women.”

CLINICAL MANAGEMENT OF
RETINOPATHY BEFORE AND
DURING PREGNANCY

Preconceptional care is essential to reduce the risk of
retinopathy progression during pregnancy. Both sys-
temic and ocular care play an instrumental role.

Systemic management

Systemically, optimal metabolic control prior to preg-
nancy is essential. Rather than the aggressive tightening
of glycemic control once the patient is pregnant, a gradual
optimization of glycemic control prior to pregnancy
avoids the rapid drop in HbAlc during pregnancy which
has been associated with retinopathy progression.
Optimizing glycemic control prepregnancy is also
essential for the health of the fetus. Multiple studies have
demonstrated that the risk of fetal abnormalities increases
with poor glycemic control.>*** In a prospective cohort
study of 301 Type 1 diabetic subjects with 573 pregnan-

cies followed from 1985 to 2003,* the prevalence of
adverse outcomes varied six-fold from 12% in the lowest
HbAlc quintile to 79% in the highest quintile group.
Specifically, when HbA1c levels were above 7%, there was
an almost linear relationship between HbAlc level and
risk of adverse fetal outcome. For every 1% increase in
HbA1lc level above 7%, the risk of adverse fetal outcome
rose by 5.5%. Additionally, hypertension and elevated
serum lipids should be controlled to reduce the risk of
retinal changes. Such management not only reduces the
risk of retinopathy progression, but is also important for
the systemic health of the mother and fetus.

Ocular management and scheduling
of dilated examinations

From an ocular perspective, all diabetic patients should
have a dilated ophthalmic examination by an ophthal-
mologist or optometrist experienced in retinal evaluation
prior to pregnancy and again during the first trimester
of pregnancy. Depending on the individual patient’s
findings, additional imaging such as retinal photography,
optical coherence tomography, and fluorescein angiog-
raphy may be performed at the discretion of the exam-
iner. The official guidelines for retinal care of pregnant
women with Type 1 and Type 2 diabetes established
by the American Academy of Ophthalmology are as
follows:**
1 First dilated examination should be preconception or
early in the first trimester
2 If the patient has no retinopathy or mild-to-moderate
non-proliferative retinopathy, follow-up examina-
tions should be scheduled every 3—12 months
3 If the patient has severe non-proliferative or prolifera-
tive retinopathy, follow-up examinations should be
scheduled every 1-3 months.

These recommendations are broadly similar to the
pregnancy guidelines recently published by the UK
National Institute for Health and Clinical Excellence
(NICE),” which state that, “Retinopathy with digital
photography should be carried out when pregnancy is
detected (if not performed in the past 12 months), fol-
lowing the first antenatal clinic appointment, at 28 weeks
if there is no diabetic retinopathy at the baseline exami-
nation or at 16-20 weeks if any diabetic retinopathy was
present on initial screening, and any women with dia-
betic retinopathy during pregnancy should have ophthal-
mic follow-up for at least 6 months postpartum”.

Both of these sets of guidelines are merely general rec-
ommendations for the pattern of practice and not for the
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care of the individual patient. Therefore, subsequent
follow-up examinations vary depending on the retinal
findings, but are usually performed in each trimester,
particularly if there is any evidence of retinopathy at
conception.

Occasionally patients will need a fluorescein angi-
ogram to assess the retinal perfusion status and vascula-
ture pattern. Although fluorescein dye has been used
safely during pregnancy,” it crosses the placenta and most
retinal specialists instead rely on the results of dilated
examination and non-invasive imaging/photography to
determine the stage of retinopathy to guide their
management.

If a patient has evidence of severe non-proliferative or
proliferative retinopathy prior to pregnancy, scatter or
panretinal photocoagulation should be instituted accord-
ing to the Diabetic Retinopathy Study guidelines.” Simi-
larly, focal laser treatment should be initiated for clinically
significant macular edema. If the patient develops new
retinal changes during pregnancy that meet the criteria
for laser treatment, this should be performed as such
treatment is equally effective and safe in pregnant as in
non-pregnant patients.”!

Despite the recognized regression of retinopathy post-
partum in many cases, conservative observation may be
harmful as the patient could lose vision during pregnancy
due to complications of proliferative changes or severe
macular edema. Occasionally, retinopathy can progress
after pregnancy so a dilated examination 2 months post-
partum is recommended.

CONCLUSIONS

As systemic and ocular management of diabetes has pro-
gressed since the original studies on diabetic retinopathy
in pregnancy, vision loss from diabetic retinopathy
aggravated by pregnancy is usually preventable. Optimal
systemic management of blood glucose, hypertension,
and serum lipids prior to pregnancy is essential. Simi-
larly, timely and appropriate intervention for retinopathy
progression prior to or during pregnancy is critical to
prevent visual loss. With greater physician and patient
awareness of the importance of both systemic and ocular
care, the outlook for pregnant diabetic women is
optimistic.
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Autonomic neuropathy in
diabetes in pregnancy
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PRACTICE POINTS

¢ Diabetic neuropathy is common, affecting both Type 1 and
Type 2 diabetic patients.

Diabetic autonomic neuropathy (DAN) can affect any organ
with autonomic innervation, causing cardiovascular,
gastrointestinal, genitourinary, pupillomotor, and sudomotor
disturbances.

¢ One of the commonest symptoms of DAN is vomiting
secondary to delayed gastric emptying (gastroparesis); this
may deteriorate significantly in pregnancy and may confound
and compound nausea and vomiting of pregnancy.
Cardiovascular disturbances include reduced heart rate
variability, postural hypotension, and attenuated cardiovascu-
lar adaptation to pregnancy.

Hypoglycemic unawareness is a common feature of DAN,
which may be exacerbated in pregnancy.

Diabetic women with autonomic dysfunction may exhibit
labile blood pressure. Hypotension caused by sympathetic
blockade after regional anesthesia may be severely
exaggerated.

CASE HISTORY
A 29-year-old woman with a 22-year history of Type 1
diabetes, complicated by bilateral retinopathy and neph-
ropathy, presented to the combined diabetes antenatal
clinic following successful in-vitro fertilization (IVF)
treatment. By 12 weeks of gestation, she had developed
significant proteinuria (5.8 g/24 h), but was normotensive
with excellent glycemic control (HbAlc 5.9%). She
remained well and had a normal fetal anomaly ultra-
sound scan at 20 weeks of gestation.

At 25 weeks of gestation she was admitted with a pro-
gressive 7-day history of vomiting. On admission she was
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unable to tolerate fluids and was dehydrated with ketonu-
ria. Electrolytes and renal function were normal and thy-
rotoxicosis was excluded. She was treated with intravenous
(IV) insulin and fluids. Various parenteral antiemetics
were tried, including ondansetron and ranitidine, but
with minimal improvement. In view of maternal pyrexia
and loin pain she was also treated with IV antibiotics. She
became increasingly oedematous secondary to severe
hypoalbuminemia and developed bilateral pleural effu-
sions. In view of her rapid clinical deterioration, IV
hydrocortisone (50 mg four times daily) was commenced
empirically and she was transferred to the intensive care
unit where she received albumin infusions and parenteral
nutrition via a central venous line. Intensified glycemic
control was also necessary because of steroid-induced
hyperglycemia.

Forty-eight hours later, her clinical condition had
markedly improved, and diet and oral medication were
gradually reintroduced. IV hydrocortisone was replaced
with oral prednisolone (30mg/day) in addition to oral
ondansetron, erythromycin (a prokinetic agent), and fre-
quent courses of antibiotics. She was transferred back to
a subcutaneous insulin regime, which was adjusted daily
as necessary. The oral prednisolone dose was gradually
decreased, but doses below 10mg daily were associated
with a symptomatic relapse and recurrence of vomiting
on several occasions. Fetal well-being was closely moni-
tored and fetal growth remained satisfactory.

She remained in hospital until 32 weeks and thereafter
was seen regularly at the antenatal clinic. She was deliv-
ered by emergency cesarean section at 36 weeks following
an admission with severe right-sided abdominal pain,
which was found to be secondary to an ovarian torsion.
At delivery of a live male infant (2.6kg), the right ovary
was restored to its normal anatomic position. She made
a good postnatal recovery and was discharged on her
prepregnancy insulin regime.
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+ How frequent is autonomic neuropathy during
pregnancy?

+ What are the common manifestations?

+ What problems may arise from this condition?

+ What are the available therapeutic options?

BACKGROUND

Diabetic neuropathy is one of the commonest long-term
complications of diabetes. The prevalence of neuropathy
increases with age and duration of diabetes, and may
be the presenting feature of Type 2 diabetes. The dia-
betic neuropathies are diverse, affecting different parts
of the nervous system and presenting with various
clinical manifestations. Most common among the neu-
ropathies are a chronic sensorimotor distal symmetric
polyneuropathy (DPN) and the autonomic neuropathies.
Central to the development of all diabetic complications
is poor glycemic control. The presence of neuropathy
is frequently coexistent with other diabetic complica-
tions. Other forms of neuropathy, including chronic
inflammatory demyelinating polyneuropathy, B12 defi-
ciency, hypothyroidism, and uremia can occur more
frequently in diabetic patients and should always be
excluded.

Diabetic neuropathies can be classified into:'

* Generalized symmetric polyneuropathies:

o Acute sensory: characterized by the acute onset of
severe sensory symptoms; rare and may follow
periods of poor metabolic control (e.g., ketoacidosis)

° Chronic sensorimotor: characterized by aching or
burning pain, electrical or stabbing sensations, par-
esthesia and hyperesthesia, typically worse at night;
the symptoms are most commonly experienced in
the feet and lower limbs

° Autonomic: cardiovascular, gastrointestinal, urinary,
sweating, and metabolic disturbances

+ Focal and multifocal neuropathies:

° Cranial

° Truncal

° Focal limb

° Proximal motor (amyotrophy).

PATHOPHYSIOLOGY OF NEUROPATHY

Hypotheses concerning the multiple etiologies of diabetic
neuropathy include a metabolic insult to nerve fibers,
neurovascular insufficiency, autoimmune damage, and
neurohormonal growth factor deficiency.” Several dif-
ferent factors have been implicated in this pathogenic

process. Hyperglycemic activation of the polyol pathway
has been shown to lead to an accumulation of sorbitol
and potential changes in the NAD:NADH ratio. This
may lead to direct neuronal damage and/or decreased
nerve blood flow.” Increased oxidative stress, and the
resultant increase in free radical production, may lead
to vascular endothelial damage and reduced nitric oxide
bioavailability.! Alternatively, excess nitric oxide pro-
duction may result in the formation of peroxynitrite
with damage to endothelium and neurons.’ Other
investigators have proposed that autoimmune mecha-
nisms play a role in some diabetic subjects.® The result
of this multifactorial process may be activation of
polyADP ribosylation depletion of ATP, resulting in
cell necrosis and activation of genes involved in neu-
ronal damage.”

DIABETIC AUTONOMIC NEUROPATHY

The American Diabetes Association has defined DAN as:
“A neuropathic disorder associated with diabetes that
includes manifestations in the peripheral components of
the autonomic nervous system”'

DAN is one of the least familiar and most poorly
studied complications of diabetes despite being common
and having a significant negative impact on survival and
quality of life in people with diabetes.” As highlighted
above, diabetic autonomic neuropathy is a subtype of
the generalized symmetric polyneuropathies that can
accompany diabetes and can involve the entire auto-
nomic nervous system. The autonomic nervous system
has vasomotor, visceromotor, and sensory fibers which
innervate every organ. Alterations in this innervation
result in dysfunction in one or more organ systems (e.g.
cardiovascular, gastrointestinal, genitourinary, sudomo-
tor or ocular), which can be either clinical or subclinical.'
Most organs have dual innervation and receive fibers
from both the parasympathetic and sympathetic parts
of the autonomic nervous system (ANS). As the vagus
nerve (the longest of the ANS nerves) accounts for
approximately 75% of all parasympathetic activity, and
as DAN appears to affect longer nerves more quickly
than shorter nerves, even early effects of DAN are wide-
spread.' The onset of DAN is variable and often symp-
toms, or subclinical alterations in organ function, are
not apparent until long after the onset of diabetes.
However, as with most other microvascular complica-
tions of diabetes, which are almost invariably present
simultaneously, DAN appears to be more intimately
related to glycemic control than duration of diabetes
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per se.*” Subclinical autonomic dysfunction can occur
within a year of diagnosis in patients with Type 2 diabetes
and within 2 years of onset in Type 1 diabetes.'

Prevalence

The prevalence of DAN in the general diabetic popula-
tion ranges from 1.6% to 90%, depending on the diag-
nostic tests used, population examined and the type and
stage of disease.! Low et al'' reported a prevalence of
mild autonomic impairment (defined as a composite
autonomic severity score of <3 using a validated self-
report instrument [Autonomic Symptom Profile]) in
54% of patients with Type 1 and 73% in patients with
Type 2 diabetes. Cardiovascular autonomic neuropathy
(CAN) is the most clinically important and well-studied
form of DAN because of its association with a variety
of adverse outcomes, including cardiovascular death.
Relatively low prevalence rates of CAN (7.7%) were
reported among newly diagnosed patients with Type 1
diabetes, when strict diagnostic criteria were used;"
however, in patients awaiting pancreatic transplants,
prevalence rates were as high as 90%." Gastrointestinal
features of DAN appear to be more common. Cross-
sectional studies have suggested that approximately 50%
of diabetic outpatients with long duration of diabetes
have delayed gastric emptying and up to 76% have one
or more gastrointestinal symptoms, the most common
of which is constipation.'"*"> Bladder dysfunction has
been reported in 43-87% of individuals with Type 1
diabetes. Diabetic women have a five-fold higher risk
of unrecognized voiding difficulty compared with non-
diabetic women.'

Problems associated with diabetic
autonomic neuropathy

DAN can affect several organs, resulting in cardiovascu-
lar, gastrointestinal, urinary, sweating, pupillary, and
metabolic disturbances. As many of these symptoms are
common both during and outwith pregnancy, auto-
nomic neuropathy may go unnoticed by both the patient
and her doctors. A summary of the symptoms, diagnostic
tests, and possible treatment options for DAN is shown
in Table 18.1.

Gastrointestinal features

The gastrointestinal features are as follows:

+ Esophageal enteropathy: disordered peristalsis, abnor-
mal lower esophageal sphincter function

Gastroparesis diabeticorum: non-obstructive impair-
ment of gastric propulsive activity, associated with
vomiting and early satiety

Diarrhea: impaired motility of the small bowel (bacte-
rial overgrowth syndrome), increased motility and
secretory activity (pseudocholeretic diarrhea)
Constipation (dysfunction of intrinsic and extrinsic
intestinal neurons, decreased or absent gastrocolic
reflex)

Fecal incontinence: abnormal internal anal sphincter
tone, impaired rectal sensation, abnormal external
sphincter.

Gastroparesis

Gastroparesis is very common among diabetic subjects
and can be associated with both Type 1 and Type 2 dia-
betes. Prevalence rates of 30-50% have been reported.
Gastrointestinal symptoms are very common in preg-
nancy, especially in the first trimester, among women
both with and without diabetes. In diabetic women these
symptoms, particularly vomiting, may be exacerbated by
DAN.

Clinical features of gastroparesis include early satiety,
anorexia, nausea, vomiting, epigastric discomfort, and
bloating. Episodes of nausea or vomiting may last days
to months or occur in cycles.'® Gastric emptying largely
depends on vagus nerve function, which can be severely
disrupted in DAN. Radiographic gastric emptying studies
can establish definitively the diagnosis of gastroparesis,
but are not practical in pregnancy. A pragmatic approach
during pregnancy is therefore to attempt to exclude other
known causes of vomiting, e.g. hyperemesis gravidarum,
gastro-oesophageal reflux, infection or peptic ulceration.
Diabetic gastroparesis during pregnancy can exacerbate
nausea and vomiting, cause nutritional problems, alter
the absorption of pharmacologic agents and create dif-
ficulty with glucose control. Therefore, in pregnant dia-
betic women with severe nausea and vomiting and/or
erratic blood glucose control, gastroparesis should always
be suspected.

As highlighted above, nausea and vomiting are very
common in pregnancy, ranging from mild to severe and
unremitting with dehydration and weight loss. In a
woman with diabetes, gastroparesis may contribute to
the etiology of intractable vomiting. Gastroparesis may
be exacerbated by pregnancy with catastrophic conse-
quences. In addition to the case presented above, several
others have been reported describing the severe impact
of gastroparesis on pregnancy management and

outcome.”"" Hare reported a case of severe nausea and
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Table 18.1 Summary of symptoms associated with diabetic autonomic neuropathy, potential diagnostic tests, and therapeutic

options in pregnancy.

Symptom

Diagnostic tests

Treatment options

Gastrointestinal
Gastroparesis, erratic glucose control

Abdominal pain or discomfort, early
satiety, nausea, vomiting, belching,
bloating

Constipation

Diarrhea, often nocturnal alternating
with constipation and incontinence

Cardiovascular

Exercise intolerance, early fatigue and
weakness with exercise

Postural hypotension, dizziness, light
headedness, weakness, fatigue,
syncope

Bladder dysfunction
Frequency, urgency, nocturia, urinary
retention, incontinence

Hypoglycaemic unawareness

Failure to recognize early symptoms
of hypoglycemia leading to more
frequent episodes of severe
hypoglycemia

Pupillomotor
Visual blurring, impaired adaptation
to ambient light

Gastric emptying study, barium study
(investigations outside pregnancy)

Exclude metabolic disorders: thyroid
function, celiac profile, B12 and
folate, serum cortisol, autoimmune
screen (gastric parietal cell and
adrenal antibodies) may be
considered)

Endoscopy may be considered

ECG, HRV (see Table 18.2)
HRY, standing and supine blood

pressure (see Table 18.2),
catecholamines

Urinalysis and culture, consider
urodynamics

Pupillometry, HRV

Frequent small meals, prokinetic agents
(metoclopramide, domperidone,
erythromycin)

Antibiotics, antiemetics, bulking agents,
tricyclic antidepressants, pancreatic
enzyme supplements, enteral feeding

High-fiber diet and bulking agents,
osmotic laxatives, prokinetic agents

Soluble fiber, gluten and lactose
restriction, cholestyramine, antibiotics,
pancreatic enzyme supplements

Graded supervised exercise, beta-blockers

Mechanical measures, fludrocortisone,
clonidine,* octreotide*

Bethanechol,* intermittent catheterization

Rational plan of insulin therapy, including
the appropriate use of the short-acting
insulin analogs, frequent blood glucose
monitoring, individualized blood
glucose targets and education programs

Care with driving at night

*FDA Category C — no safety data available for pregnancy/breastfeeding. Some reports of use in pregnancy without harmful effects
ECG, echocardiogram; HRYV, heart rate variation

vomiting which complicated pregnancy in a diabetic
woman with DAN, resulting in a stillborn fetus in the
third trimester." Two further cases of symptomatic auto-
nomic neuropathy complicated by vomiting secondary
to gastroparesis were described by Steel.'” The author
also highlighted the high morbidity and mortality associ-
ated with these cases and with two additional cases who
died in their 30s of cardiopulmonary arrest secondary
to CAN.

Severe nausea and vomiting in a pregnant woman with
diabetes is problematic. In addition to the enormous psy-
chologic impact, these symptoms may also cause signifi-
cant difficulties in achieving metabolic control and affect
the nutritional status of the mother and baby. Treatment
must therefore be aimed not only at symptom control,
but also in providing nutritional support. Improvement
of symptoms has been observed following the adminis-
tration of parenteral nutrition,'® which may be due to the
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provision of essential nutrients but also as a result of
psychologic reassurance.

Treatment with prokinetic agents such as metoclopra-
mide, domperidone, and erythromycin can be tried in
pregnancy, along with H2-receptor antagonists, such as
ranitidine,”” and antiemetics, such as chlorpromazine
and ondansetron. The treatment of gastroparesis with
glucocorticoids, as described in the case above, was
empirical, but resulted in a dramatic improvement in
symptomatology. Moreover, relapses were associated
with dose reduction. Although steroids cannot be con-
sidered as standard practice, anecdotally we have also
noted a transient improvement in gastric symptoms fol-
lowing the administration of large doses of steroids to
improve fetal lung maturity in women where preterm
delivery was contemplated. In these cases, steroid treat-
ment for purposes of alleviating gastric symptoms was
continued. Interestingly, in the cases discussed by Steel."”
two women with severe autonomic neuropathy responded
to treatment with fludrocortisone, which improved both
their postural hypotension and symptoms of nausea and
vomiting. The antiemetic properties of steroids have been
well documented and they are widely used in the treat-
ment of postoperative nausea, chemotherapy-induced
vomiting and hyperemesis gravidarum. The exact mech-
anism by which glucocorticoids exert their antiemetic
effect is unknown. They have been shown to have various
effects on the central nervous system and may influence
the regulation of the nausea and vomiting reflex. Alter-
natively, their benefit may be secondary to the correction
of relative adrenal insufficiency, which should always be
considered in such cases. The use of steroids in the man-
agement of vomiting secondary to gastroparesis requires
rigorous testing before it is considered as standard prac-
tice. Close monitoring of maternal glucose concentra-
tions and frequent adjustment of insulin doses is
mandatory following steroid administration.

Constipation

Constipation is the most common lower gastrointestinal
symptom, and it can alternate with episodes of diarrhea.
Bacterial overgrowth due to stasis of the bowel may con-
tribute to diarrhea, in which case broad-spectrum anti-
biotics (e.g. metronidazole) are useful. Treatment of
diarrhea with or without constipation should always
involve the use of a prokinetic agent rather than consti-
pating agents that create vicious cycles of constipation
and diarrhea. Fecal incontinence due to poor sphincter
tone is common in individuals with diabetes® and may
be associated with severe paroxysmal diarrhea or consti-

tute an independent disorder of anorectal dysfunction.
This is obviously particularly important for women at
increased risk of sustaining anal sphincter trauma during
delivery, such as those with macrosomic fetuses.

Cardiovascular autonomic neuropathy
Outside of pregnancy, CAN is perhaps one of the most
overlooked of all the complications of diabetes.” It is
believed to arise secondary to damage to the autonomic
nerve fibers that innervate the heart and blood vessels,
resulting in abnormalities in heart rate control and vas-
cular dynamics.” Importantly, the presence of auto-
nomic neuropathy may limit an individual’s exercise
capacity and increase the risk of an adverse cardiovascu-
lar event during exercise. Of particular relevance to preg-
nancy is the hypotension and hypertension due to CAN,
which are more likely to occur after vigorous exercise.
Because thermoregulation may be affected, pregnant dia-
betic women suspected of having CAN should be advised
to avoid vigorous exercise in hot or cold environments
and to be vigilant about adequate hydration.

The clinical features of CAN in non-pregnant patients
include:
Resting tachycardia >100bpm
Postural hypotension (a fall in systolic blood pressure
of > 20-30 mmHg upon standing after 2 minutes)
Loss of beat-to-beat variation in heart rate. This is one
of the earliest objective signs of CAN. Cyclical heart
rate variation, which depends on vagal innervation, is
reduced, and is the basis of one of the tests of cardio-
vascular reflex function (Table 18.2).
There is very limited data on CAN in diabetic pregnant
subjects. The normal hemodynamic adjustments of
pregnancy are impaired in women with Type 1 diabetes.”
This has been attributed to changes in cardiovascular
function secondary to subclinical autonomic neuropa-
thy. The increase in heart rate, a primary cardiovascular
adjustment to pregnancy, was found to be blunted in
diabetic pregnant women, but no significant differences
were observed in the other measures of autonomic car-
diovascular function.” In 1998, Lapolla et al studied car-
diovascular autonomic function in 16 women who had
Type 1 diabetes and did not find any cardiovascular func-
tional abnormalities.”” In addition, pregnancy did not
appear to have an adverse effect on autonomic function.
In a study of 100 consecutive women with Type 1 diabe-
tes, Airaksinen et al investigated the influence of auto-
nomic neuropathy on pregnancy outcome. Although
there was no statistically significant increase in individual
pregnancy complications (pre-eclampsia, congenital
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Table 18.2 Tests of autonomic dysfunction.*

Beat-to-beat heart
rate variation
(HRV)

With the patient at rest, the supine
heart rate is monitored by
echocardiography (ECG) or
autonomic instrument while the
patient performs six cycles of
maximal inspiration and expiration
at a rate of six breaths/min, paced
by a metronome or similar device.
The difference between the
maximum and minimum heart rate
during each breath is measured,
and the mean is used to reflect the
heart rate variation during deep
breathing. A difference in heart rate
of >15bpm is normal; <10bpm is
abnormal

Systolic blood pressure is measured in
the supine subject. The patient
stands, and the systolic blood
pressure is measured after 2 min.
Normal response is a fall of
<10 mmHg, borderline is a fall of
10-29 mmHg, and abnormal is a
fall of >30 mmHg with symptoms

Systolic blood
pressure response
to standing

*NB These tests are not routinely performed in pregnancy and
therefore have not been validated for diagnostic purposes in
pregnancy

malformations, diabetic ketoacidosis, hypoglycemic acci-
dents) in the group with objective evidence of cardiovas-
cular autonomic neuropathy (n = 21), the frequency of
pregnancies with at least one of these complications was
much higher (52% vs 23%) compared to the group with
no objective evidence of CAN.? This increase was inde-
pendent of glycemic control and duration of disease.
Symptoms secondary to CAN are uncommon in preg-
nant women and only occasional cases have been
reported. For example, the symptomatic and objective
correction of severe postural hypotension, secondary to
autonomic neuropathy, was described in a patient after
she became pregnant.”” This was thought to be secondary
to the blood volume expansion which occurs in preg-
nancy. Interestingly, the debilitating postural hypoten-
sion returned within days of delivery.

Other problems

Hypoglycemic unawareness

Reduced awareness of hypoglycemia is presumed to be
secondary to reduced catecholamine production in

response to low blood glucose levels. Studies outside of
pregnancy found little overlap between decreased
hypoglycemic awareness and objective evidence of DAN,
as measured by cardiovascular testing.”*” In contrast,
more recent data have suggested that autonomic neu-
ropathy further attenuates the catecholamine response to
hypoglycemia in diabetic individuals after recent hypogly-
cemic exposure.” The phenomenon of reduced counter-
regulatory hormone responses and reduced perception of
hypoglycemia due to decreased ANS activation after
recent antecedent hypoglycemia has been termed
“hypoglycemia-induced autonomic failure”’! Hypoglyc-
emia-induced autonomic failure leads to a vicious cycle
of hypoglycemia unawareness that induces a further
decrease in hormone responses to hypoglycemia. This
vicious cycle occurs commonly in diabetic individuals
with strict glycemic control but can also occur in the
absence of DAN as measured by standard tests of auto-
nomic function.” Most evidence suggests that autonomic
neuropathy further attenuates the catecholamine
response to hypoglycemia in diabetic subjects after recent
hypoglycemic exposure® and that individuals with
abnormal autonomic function have a greater risk of
severe hypoglycemia.”

Again, little data exist in pregnant women. Airaksinen
et al observed that despite comparable glycemic control
during late pregnancy, there was no significant increase
in the frequency of hypoglycemic accidents in women
with proven autonomic cardiovascular neuropathy,*
although the study was not powered to evaluate this
outcome. The “tight” glycemic control expected of preg-
nant women is frequently accompanied by recurrent,
potentially life-threatening hypoglycemia.” An abnormal
counter-regulatory hormonal response to hypoglycemia
has been reported during pregnancy in women with and
without diabetes.”**> The magnitude of the catecho-
lamine response among Type 1 diabetic women was sig-
nificantly less than that among non-diabetic women.
Thus, the impaired counter-regulatory response to
hypoglycemia, which appears to be a normal concomi-
tant of pregnancy, is likely to be exacerbated in women
with DAN. Especially in regions where heavy reliance for
transportation is placed on automobile travel, hypoglyc-
emic unawareness in pregnant diabetic drivers has been
associated with vehicular accidents.”

Other symptoms

Other symptoms such as heat intolerance, sweating dis-
turbances, and visual blurring secondary to pupillomotor
dysfunction are unlikely to cause significant medical
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problems in diabetic pregnancies. The presence of these
symptoms should alert healthcare professionals to the
possibility of other features of DAN and of the need to
screen for the development of complications.

Anesthetic considerations

Diabetic women with autonomic and/or peripheral neu-
ropathy present some additional challenges to obstetric
anesthetists. Patients with autonomic dysfunction can
exhibit labile blood pressure. Hypotension, caused by
sympathetic blockade after regional anesthesia, may be
severely exaggerated. Severe hypotension during the
induction of general anesthesia in the diabetic patient has
also been observed.”® As a result these women frequently
require vasopressors for the treatment of hypotension.
However, unlike pregnant women who do not have
DAN, the response to vasopressors may be significantly
blunted in these women. Prophylactic hydration, prompt
use of vasopressors, and strict avoidance of aortocaval
compression may minimize the severity and duration of
hypotension.

Peripheral neuropathy may manifest as extensive
sensory and motor deficits involving the distal extremi-
ties. Clear documentation of the extent and severity of
the condition in the anesthetic record is therefore vital to
avoid the wrong implication of regional anesthesia in the
event of any neurologic defects developing in the post-
partum period. Proper lithotomy positioning and careful
padding of lower extremities is important during vaginal
delivery. Similar attention to proper positioning and
padding is important during cesarean section to avoid
superficial nerve injuries.”’

Effect of pregnancy

Among women with no or only mild diabetic neuropathy
prior to pregnancy, there is no evidence of a significant
deleterious effect of pregnancy.

SUMMARY

Hemodynamic and metabolic abnormalities associated
with diabetic autonomic neuropathy are clinically impor-
tant in pregnancy. Whilst most women with DAN have
mild, asymptomatic abnormalities in autonomic func-
tion, those women with symptomatic features are at a
significantly increased risk of developing complications
during pregnancy. Detection of symptoms suspected to
have an autonomic basis should prompt careful screen-
ing for other microvascular complications. The presence

of DAN should be taken into account when counseling
women preconceptionally regarding pregnancy.
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Ketoacidosis in diabetes

in pregnancy

Bob Young

Diabetes Centre, Salford Royal Hospital, Salford, UK

PRACTICE POINTS

¢ Diabetic ketoacidosis (DKA) is a very serious complication of
pregnancy that threatens the mother's life and the health and
viability of the fetus.

e DKA only occurs in situations of severe insulin deficiency

combined with increases in catabolic hormones. The

metabolic physiology of pregnancy predisposes to DKA.

Patients present with weakness, hypotension, vomiting, and

abdominal pain. The diagnosis is confirmed if there is

hyperglycemia, ketonemia, and anion gap acidosis.

To prevent hypovolemic shock, aspiration, cardiac dysrhyth-

mias, thromboembolism or cerebral edema, prompt

management, including fluid and electrolyte replacement,

insulin, airway protection, heparin and rigorous monitoring

are essential.

e DKA in pregnancy is preventable if monitoring is intensive
and corrective action prompt.

CASE HISTORY

A 19-year-old woman with an 11-year history of Type 1
diabetes presented as an emergency with 12 hours of
vomiting progressing to drowsiness and collapse. She was
at 28 weeks of gestation in her first pregnancy. The preg-
nancy had been confirmed at 8 weeks of gestation at
which time the hemoglobin Alc (HbAlc) was 10.8%.
The pregnancy was not planned and it was 2%z years since
she had last attended anywhere for diabetes review. Her
insulin had immediately been changed from twice daily
fixed mix to basal bolus and with the help of an intensive
re-education program and several times weekly support
from the diabetes specialist nurse and midwife, glucose
control improved. By the time of the 20-week anomaly
scan, which was normal, self-monitoring results were
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mostly close to target and HbAlc was 6.6%. However,
after that visit she failed to attend for her scheduled joint
diabetes antenatal clinic review appointments and could
not be contacted by the diabetes specialist midwife or her
family doctor.

On initial assessment her pulse was 118 bpm, blood
pressure 76/42mmHg, respiratory rate 26 breaths/min,
and Glasgow coma score (GCS) 8. There were no point-
ers to infection. Emergency bloods revealed blood glucose
33.2mmol/L (603.6 mg/dL), urea 24.2 mmol/L (67.8 mg/
dL), creatinine 186umol/L (2.10mg/dL), sodium
146 mmol/L  (146mEq/L), potassium 5.1 mmol/L
(5.1mEq/L), hemoglobin 13.4g/L (1.34g/dL), white cell
count (WCC) “"19.7 X 10°/mL, pH 6.94, venous bicarbo-
nate 4 mmol/L (4 mM), base excess -24, pO, 25kPa (on
high-flow oxygen), and pCO, 2.3kPa. The friend who
accompanied her to A & E reported that she had been
depressed, had stopped testing her blood glucose, and
had been taking her insulin only erratically.

A nasogastric tube was passed and 1.5L of gastric
content drained. One liter of plasma expander was
infused over 30 minutes. Blood pressure rose to
90/48 mmHg and pulse reduced to 110bpm. Urinary
catheterization released 200mL of concentrated urine
containing ketones +++.

She was commenced on a standardized DKA protocol
involving fluid, insulin, and electrolyte replacement with
frequent biochemical monitoring. Tinzaparin 4500 U was
started subcutaneously (SC) once daily. By 12 hours from
admission GCS was 15, nasogastric drainage had ceased,
her pulse rate was 90—100 bpm, and blood pressure 100
110/60-70 mmHg. Bedside capillary blood glucose was
consistently in the range 5-8 mmol/L (90-145mg/dL),
venous pH was 7.32, and creatinine normal.

The first dose of basal insulin was then administered
while the nasogastric tube and urinary catheter were
withdrawn. Intravenous (IV) fluids and insulin were con-
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tinued for a further 24 hours alongside restitution of
basal bolus SC insulin and normal eating until the urine
was free of ketones.

During the period in which the mother was being
resuscitated, fetal movements and heart rate were moni-
tored intensively. An ultrasound scan showed the head
circumference to be on the 50th centile and abdominal
circumference on the 95th centile. There were occasional
heart rate decelerations but none was sustained. On day
3 after admission it was planned to administer betame-
thasone to induce fetal surfactant. However, before this
was given, fetal movements ceased and severe decelera-
tions were suddenly recorded. An emergency lower
segment cesarean section was performed but the baby
was dead on delivery.

+ What clinical symptoms and signs suggested DKA?
+ What biochemical findings confirmed DKA?

+ Why did DKA develop?

+ Could DKA have been prevented?

+ Why was a nasogastric tube inserted?

+ Why was tinzaparin given?

+ Why was there a leukocytosis?

Why did the baby die?

BACKGROUND

DKA is one of a very small number of critical illnesses
that occur with any regularity in pregnant women.
However, although the frequency of pregnancy in women
with diabetes preceding pregnancy is increasing, it is still
uncommon and a large portion of the increase is due to
the rise of Type 2 diabetes in women of reproductive age.
Historically, DKA has been reported to occur in 1-3% of
women with diabetes preceding pregnancy,"” but these
studies were in an era when almost all diabetes preceding
pregnancy was Type 1 and insulin management was less
intensive. So, since treatment has become more intensive,
and as DKA occurs much more rarely in Type 2 diabetes
than in Type 1 diabetes (particularly when diabetes dura-
tion is short), it is probable that the incidence is now
much lower.

DKA occurs when profound insulin deficiency is com-
bined with increased catabolic hormone concentrations.
In consequence there is over production from the liver
of both glucose and ketone bodies. This over production
then combines with progressively decreasing tissue and
renal clearance of glucose and ketoacids to produce an
accelerating spiral of worsening hyperglycemia, hyperke-
tonemia, and acidosis, the classical triad of DKA.*”

ETIOLOGY

Infection is a classical precipitant of DKA because it
induces a release of catabolic hormones such as epine-
phrine, cortisol, glucagon, and growth hormone. More
common causes, however, include management errors,
omission of insulin, and new cases of undiagnosed dia-
betes. Because DKA occurs only in the context of severe
insulin deficiency, the majority of patients have Type 1
diabetes. However, ketoacidosis can sometimes be pre-
cipitated in Type 2 diabetes. Furthermore subtypes of
Type 2 diabetes occur in certain ethnic groups in whom
the development of ketoacidosis seems to occur more
readily.

The sequence of metabolic changes leading to ketoaci-
dosis is depicted in Fig. 19.1. In the early stages of DKA,
the profound insulin deficiency leads not only to hyper-
glycemia but also to a rise in plasma glucagon which in
turn stimulates hepatic gluconeogenesis and lipolysis.
Hyperglycemia and ketoacidosis then cause osmotic diu-
resis, vomiting, hyperventilation, and vasodilatation,
leading to hypotension which stimulates the release of
catecholamines and cortisol, in turn leading to a vicious
cycle of worsening metabolic decompensation provoca-
tive of further metabolic hormone release. Simultane-
ously, insulin deficiency reduces insulin-stimulated
glucose disposal in peripheral tissues, such as muscle and
adipose tissue, thereby fuelling the rise in glucose.

The combination of severe insulin deficiency and
excess catabolic hormones promotes the breakdown of
adipose tissue triglyceride (lipolysis), leading to the
release of large quantities of long chain non-esterified
fatty acids (NEFAs) into the circulation. These are the
principal substrate for ketogenesis in the liver. Insulin
deficiency and high catabolic hormone levels also
promote ketogenesis. Because ketone bodies are strong
organic acids that dissociate fully at physiologic pH, the
increased levels rapidly outstrip the buffering capacity of
the body fluids and tissues, leading to metabolic
acidosis.

Hyperglycemia and acidosis both contribute to fluid
and electrolyte depletion. Hyperglycemia causes an
osmotic diuresis and this is compounded by ketonuria,
leading to substantial loss of water and electrolytes (dehy-
dration). Insulin deficiency and glucagon excess exacer-
bate sodium loss in the kidney. Metabolic acidosis leads
to exchange of intracellular potassium ions for extracel-
lular hydrogen ions, the potassium then being lost in
excreted body fluids. The body attempts to compensate
for the excessive metabolic acids by hyperventilation.
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Further loss of electrolytes occurs because of acidosis-
induced vomiting. The loss of body water in ketoacidotic
adults is often 5L or more. When dehydration progresses
to the point of hypovolemic shock, reducing renal blood
flow inhibits elimination of glucose and ketone bodies,
so fuelling rises in their plasma concentrations. Phos-
phate and magnesium deficiency commonly accompany
ketoacidosis but whether they are of clinical significance
is uncertain.

Thus the patient with ketoacidosis has:

Profound insulin deficiency

High levels of catabolic hormones (glucagon, cortisol,
epinephrine)

Severe hyperglycemia

Significant acidosis

Dehydration

Potassium depletion.

These are the key metabolic derangements that under-
pin the clinical presentation, natural history, and treat-
ment rationale.

PREGNANCY AS A RISK FACTOR FOR
DIABETIC KETOACIDOSIS

“Facilitated anabolism" and
"“accelerated starvation”

The metabolic characteristics of pregnancy may predis-
pose to the development of ketoacidosis. One important
influence is human placental lactogen (hPL), a single
chain peptide hormone synthesized by the trophoblast

and released into the maternal blood. This hormone has
the principal action of increasing the supply of glucose to
the fetus by decreasing maternal stores of fatty acids. It
does this by increasing maternal secretion of insulin. hPL
also induces a reduction in maternal insulin sensitivity.
Thus during pregnancy, maternal postprandial glucose
concentration is greater than that in the non-pregnant
state. This in turn increases the gradient in glucose con-
centration between mother and fetus, enhancing glucose
transfer from the former to the latter. In the fasting state,
enhanced insulin resistance at the level of the fat cells
promotes the release of non-essential fatty acids (NEFAs)
for use as a maternal alternative fuel, thereby sparing
maternal glucose for fetal utilization. These processes of
“facilitated anabolism™ and “accelerated starvation”™
make women with pregestational diabetes more suscep-
tible to diabetic ketoacidosis which, when initiated, can
develop quickly and sometimes at relatively low levels of
hyperglycemia.'

Continuous subcutaneous insulin infusion
(or "pump"” treatment)

The use of continuous SC insulin infusion (CSII) is
popular in pregnancy and because of the very small
insulin reservoir, this may also represent a risk factor,
although the increase in ketoacidosis found in early
studies of CSII has been less evident in recent publica-
tions® (see chapter 10). In addition Type 1 diabetes, for
which DKA is a well-recognized presenting syndrome, is
more likely to present during pregnancy because of the
prevailing metabolic milieu.
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High-dose glucocorticoids

Glucocorticoids are commonly used in high doses to
induce fetal surfactant during pregnancies where there is
a high risk of impending preterm delivery. In women
with diabetes during pregnancy, high-dose glucocorti-
coids inevitably induce severe hyperglycemia'® unless
prompt compensatory management is coadministered."
This is therefore a situation in which very careful moni-
toring for the potential development of ketoacidosis is
mandatory (see chapter 21).

Tocolytics

Similarly, beta-agonist medications, such as ritodrine
and terbutaline, may sometimes be used to try and halt
the onset of preterm labour. These drugs also can induce
severe hyperglycemia in the context of diabetes during
pregnancy and similar vigilance must be exercised to that
recommended during the use of glucocorticoids. The
combined use of glucocorticoids and beta-agonists is
especially hazardous (see chapter 21).

RISKS TO MOTHER AND FETUS OF
DIABETIC KETOACIDOSIS

Mother

DKA continues overall to carry an appreciable mortality
(around 5% in Western countries), although fatal
outcome tends to be concentrated at the extremes of age.
Pregnant women who develop DKA may die from the
same causes as their non-pregnant counterparts, and
there are certain aspects of pregnancy that may render
them more vulnerable.

The five major causes of death directly attributable
to ketoacidosis (as opposed to a precipitating illness)
are:

+ Hypovolemic shock

+ Aspiration pneumonia

+ Cerebral edema

+ Hypokalemia induced cardiac dysrhythmias
+ Pulmonary embolism.

Hypovolemic shock

This is due to loss of fluid from osmotic diuresis and
vomiting, possibly compounded by acidosis-induced
hyperventilation and vasodilatation. It will respond to
fluid replacement. Rarely acute tubular necrosis may lead
to the need for temporary renal replacement therapy.

Aspiration pneumonia

This is a risk predominantly in those patients with
ketoacidosis who have impairment of consciousness.
Hyperglycemia inhibits gastric emptying and is a major
contributory factor in the severity of DKA-associated
vomiting. Pregnancy itself, of course, may be associated
with decreased gastric emptying and a propensity to
vomiting, and therefore may compound this component
of the syndrome.

Cerebral edema

Cerebral edema occurs predominately in the young and
the old, and especially in females. Thus, pregnant teenag-
ers with Type 1 diabetes who develop DKA are at particu-
larly high risk. The pathogenesis is thought to involve
delayed normalization of the intracerebral defenses
against dehydration (generation of intraneuronal osmot-
ically active molecules that counterbalance the extra- to
intra-cellular osmotic gradient). Over-rapid rehydration
during treatment for DKA may contribute to the chance
of cerebral edema. Accordingly, it is believed that the risk
can be mitigated by avoiding over-rapid rehydration. So,
once an adequate circulating volume has been re-estab-
lished, the reduction in plasma osmolality should proceed
gradually, giving the physiologic defenses time to read-
just. Typically such patients appear initially to improve
as their circulating volume is restored, and then they
exhibit a secondary decline in cerebral function as cere-
bral edema develops.

Hypokalemia

Hypokalemia is an important risk factor for cardiac
dysrhythmia, particularly if its onset is rapid. All
patients with DKA have total body potassium depletion
but because of potassium-hydrogen ion exchange and
impaired renal function, the plasma potassium may be
normal or even high at presentation. Hypokalemia gen-
erally occurs when potassium replacement is not started
sufficiently early or in sufficient quantity to replace intra-
cellular potassium, as it normalizes rapidly during meta-
bolic management.

Pulmonary embolism

Patients with ketoacidosis are at increased risk of throm-
boembolism; the greater the hyperosmolality (hemocon-
centration) the greater the risk. Pregnant women are
already at increased risk of thromboembolism and there-
fore this is another component of the ketoacidosis syn-
drome which is potentially compounded by pregnancy.
Prophylaxis with heparin is indicated.
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Fetus

Fetal distress and intrauterine death may be associated
with ketoacidosis.'? Furthermore, there is some evidence
that ketonemia during pregnancy has an adverse impact
on the behavioral and intellectual development of the
fetus.”” DKA is therefore a very high-risk complication
for fetal health.
The causes of fetal loss are thought to be:
+ Reduced uteroplacental blood flow (osmotic diuresis/
maternal acidosis)
Maternal acidosis leading to fetal acidosis and electro-
lyte imbalance
Maternal hypokalemia leading to fetal hypokalemia
with myocardial suppression, and fetal arrthymia
Maternal hypophosphatemia leading to reduced
2,3-diphosphoglycerate (2,3-DPG)
+ Fetal hyperinsulinemia leading to increased fetal
oxygen requirement.

CLINICAL MANAGEMENT

Clinical presentation

DKA usually evolves rapidly, i.e. in less than 24 hours.
Typically the osmotic diuresis causes severe polyuria and
polydipsia. As the degree and duration of hyperglycemia
and dehydration progress, lethargy, confusion, and coma
may supervene. Acidosis drives the development of vom-
iting, abdominal pain, and hyperventilation. There may
be coexistent symptoms of intercurrent infections, such as
productive cough and pleurisy in pneumonia, dysuria and
loin pain in pyelonephritis, and fever and rigors in either.

The clinical signs are related to acidosis (hyperventila-
tion, peripheral vasodilatation), hypovolemia (tachycar-
dia, hypotension), and hyperglycemia (succussion splash
due to delayed gastric emptying, coma due to cerebral
dehydration). There may also be signs of intercurrent
precipitating illnesses, such as pneumonia or pyelone-
phritis. Fever is rare even in the presence of infection
because of peripheral vasodilatation, and indeed hypo-
thermia is a potential complication.

The patient will usually report a recent history, includ-
ing polyuria and polydipsia (and polyphagia?), possibly
accompanied by rapid weight loss and generalized weak-
ness. However, history taking may be compromised by
discomfort due to abdominal pain, vomiting, drowsiness,
confusion or even coma. Difficulty in diagnosis may be
encountered in that polyuria, nausea, and abdominal
cramping may be normal findings during pregnancy.

Assessment

Physiologic assessment

Hypotension and tachycardia, the cardinal signs of hypv-
olemia due to dehydration, will be prominent in severe
cases; less severe presentations may exhibit only postural
hypotension. Metabolic acidosis stimulates the medullary
respiratory centre. The resulting breathing pattern is of
rapid and deep respirations, sometimes called “air
hunger” (Kussmaul respiration). Those who are able to
detect it may smell acetone in the breath.

Conscious level must be carefully charted because, as
indicated above, any secondary decline in conscious level
during treatment must always suggest the possibility of
cerebral edema.

Despite hypovolemia, which would ordinarily induce
peripheral vasoconstriction, patients will usually be
vasodilated because of the acidosis. This may in certain
circumstances lead to hypothermia or to the masking of
pyrexia. Pregnancy itself is a state of physiologic vasodila-
tation. Generalized abdominal discomfort and gastric
splash are not unusual.

Bedside biochemical measures can usually confirm the
diagnosis before laboratory blood results are available.
Thus, in the context of the clinical features described
above, bedside tests indicating hyperglycemia and heavy
(+++) ketonuria or ketonemia are essentially confirma-
tory of ketoacidosis.

Laboratory assessment
DKA is characterized by the triad of hyperglycemia,
ketonemia, and anion gap metabolic acidosis.

Hyperglycemia

The serum glucose concentration is usually greater than
25mmol/L (456 mg/dL). Because of fasting insulin resist-
ance during pregnancy, ketoacids form at lower maternal
glucose concentrations than in the non-pregnant state.
Therefore, DKA may develop at glucose concentrations
less than 25 mmol/L (456 mg/dL)".

Ketonemia

Three ketone bodies are produced in DKA: two ketoacids
(B-hydroxybutyric acid and acetoacetic acid) and one
neutral ketone (acetone). Testing for ketones can be
carried out on urine or serum with nitroprusside-
based reagent sticks. Nitroprusside reacts with acetoace-
tate and acetone but not with B-hydroxybutyrate, so that
very occasionally a negative nitroprusside reaction is
obtained in the presence of severe ketosis. A bedside
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capillary measure of P-hydroxybutyrate is routinely
employed in some centers and has the advantage of pro-
viding an easily obtainable numerical index of successful
management.”

Metabolic acidosis

The anion gap metabolic acidosis is due to the produc-
tion and accumulation of B-hydroxybutyric acid and
acetoacetic acid. Compensatory hyperventilation leads to
loss of CO, and reduction of serum bicarbonate concen-
tration, thus attenuating the fall in arterial pH. Typically
in ketoacidosis, pH is between 6.9 and 7.3. Physiologi-
cally the serum anion gap provides an estimate of
unmeasured anions in the serum, such as albumin. In
metabolic acidosis it is increased by the presence of the
pathologic anions, i.e. in DKA ketoacids. The anion gap
is calculated by subtracting the major measured anions,
chloride and bicarbonate, from the major measured
cation sodium. Physiologically the gap is less that
15mmol/L (<273 mg/dL). Patients with DKA usually
have an anion gap of greater than 20 mmol//L (20 mEq/L).
The normal anion gap of about 10-15mmol/L (10—
15mEq/L) is accounted for by phosphate, sulfate and
lactate ions, and ionized proteins. In the context of
hyperglycemia and detectable ketones, none of the other
causes of anion gap acidosis is likely (alcoholic ketoaci-
dosis, lactic acidosis, advanced endstage chronic renal
failure or poisoning [with salicylates, ethylene glycol or
methanol]).

Other laboratory measurements

Sodium

Serum sodium concentration in ketoacidosis is variable.
Osmotic water movement out of the cells, driven by
hyperglycemia, leads to dilution and a reduction in
sodium concentration, glycosuria-induced
osmotic diuresis results in water loss in excess of sodium
and an increase in the sodium level. Occasionally the
measured sodium concentration may be misleadingly
low as a result of the phenomenon of pseudohy-
ponatremia, in which DKA-associated hyperlipidemia is
so severe that the serum is milky and contains less water
and therefore less sodium.

whereas

Potassium

On presentation patients with DKA have an average
potassium deficit of 3—5mmol/kg. This is due to a com-
bination of the cellular transmembrane exchange of
potassium for hydrogen ions, the renal potassium losses
accompanying the glucose-induced osmotic diuresis, and

gastrointestinal losses due to vomiting. However, ini-
tially, because of displacement of intracellular potassium,
dehydration-related hemoconcentration, and hypovo-
lemic renal impairment, potassium levels in the serum
are commonly normal, disguising the underlying whole
body deficiency.

Urea and creatinine

When available, the initial laboratory tests typically show
elevated urea and creatinine in keeping with acute renal
impairment. In the past, plasma creatinine concentra-
tions may have been falsely elevated in ketoacidosis due
to assay interference by acetoacetate but this is now
unusual.

Blood count

The majority of patients with ketoacidosis have a leuko-
cytosis but this does not necessarily imply associated
infection. Hemoglobin may initially be high due to dehy-
dration-related hemoconcentration.

Other laboratory measurements
A variety of enzymes, including amylase, transaminases
and creatinine kinase, may be raised non-specifically.
Significant hyperlipidemia, hypophosphatemia, and
hypomagnesemia may also occur.

Other tests

If there is a suggestive history or clinical signs, chest X-ray
may be appropriate to confirm pneumonia, urine culture
to look for urinary infection or blood culture to diagnose
septicemia.

TREATMENT

Two protocols for the management of DKA from differ-
ent UK centers are given by way of illustration (Tables
19.1 and 19.2). Each of the protocols is broadly similar
and they generally concur with American Diabetes Asso-
ciation (ADA) recommendations. The first used by the
author involves the infusion of insulin at a dose dictated
by the ambient glucose and total daily insulin dose pre-
ceding DKA. The second protocol employed by the
Belfast group includes a preceding insulin bolus followed
by an extended insulin regimen, and utilizes capillary
ketone body measurements both in the management and
as a point of titration for the hourly insulin infusion.
General principles of management are similar and need
to be followed rigorously.
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Table 19.1 Protocol 1: Management of diabetic ketoacidosis.

CONFIRM DIAGNOSIS

DKA is characterized by:

* Hyperglycemia (BG usually >25mmol/L [>455mg/dL] but may be lower, 15-25mmol/L [273-455mg/dL] in pregnancy
+ Metabolic acidosis (bicarbonate <18 mmol/L [18 mM] or pH <7.30)

+ Ketosis (urinary ketones +++, or raised plasma f-hydroxybutyrate)

INITIAL CLINICAL EVALUATION

Initial examination:

+ Assess and record level of consciousness, e.g. use Glasgow coma score (GCS)

* Determine hemodynamic/volume status (BP, pulse)

+ History and examination for possible precipitating illness

+ NB High risk If GCS < 8 or systolic BP < 90 mmHg

Initial investigations:

+ Serum glucose

+ Arterial pH/venous bicarbonate

+ Urinalysis for ketones

+ Renal function (Na*, K*, urea, creatinine) and full blood count (Hb, WBC, platelets)
+ Calculated osmolality (= 2 [Na® + K*] + [urea] + [glucose])

+ ECG (if K* >5mmol/L [5mEq/L])

+ Other tests as indicated by the clinical presentation to identify precipitating factor (e.g. septic screen, chest X-ray)

MANAGEMENT
1. Fluids:
« If systolic BP < 90 mmHg start IV plasma expander
+ Otherwise typical fluid regime:
o 1L normal saline (0.9%) over 1h, followed by
o 1L normal saline (0.9%) over 2h followed by
o 1L dextrose—saline (glucose 4.5%, saline 0.045%) every 4-5h when BG <15mmol/L (<270 mg/dL)
+ Aim for at least 2L fluid over the first 3h and 6L over the first 24h
2. Insulin: As per IV insulin sliding scale chart (below) — start with appropriate scale (if usual daily insulin dose is <40 U, start
with scale A; 40-80U start with scale B; 80-120 U start with scale C; >120 U start with scale D)

Rates of IV insulin infusion. Infusion rates A—D depend on total daily insulin dose preceding DKA (see text)

Sliding scale regime Insulin infusion rate (U/h)
A B C D
Plasma glucose (mmol/L [mg/dL]) 0-3.9 [0-71] 0 0 0 0
4-6.9 [72-125] 1 2 3 4
7-8.9 [126-162] 2 4 6 8
9-10.9 [163-198] 3 6 9 12
11-12.9 [199-235] 4 8 12 16
13+ [236+] 6 12 18 24

3. If GCS < 8, pass a nasogastric tube to prevent aspiration/protect airway

4. Thromboprophylaxis (tinzaparin 4500 U SC once daily, enoxaparin 40 mg SC once daily or unfractionated heparin 5000-7500 U
SC once or twice daily)

5. Treatment of identified precipitating factor (infection, etc)
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Table 19.1 Continued.

MONITOR RESPONSE TO TREATMENT
1. Check bedside capillary glucose hourly
2. At 2h after starting treatment check:

* Venous bicarbonate /pH

+ Urea and electrolytes — potassium level leading to regulation of K* infusion:

o If K > 5.5mmol/L (>5.5mEq/L) do not infuse potassium

o If K* 3.6-5.5mmol/L (3.6-5.5mEq/L) infuse 20 mmol/L (20 mM) potassium in each liter of saline or dextrose—saline
o If K" < 3.6mmol/L (<3.6mEq/L) infuse 40 mmol/L (40 mEq/L) potassium in each liter of saline or dextrose—saline
+ Adjust IV insulin infusion according to sliding scale chart (see above)

+ Consider urinary catheter if no urine output
3. At4,12,and 24h:

+ Venous bicarbonate (ABGs are unnecessary if bicarbonate is increasing)

+ U&E (potassium level) — replace potassium as above
4. If GCS deteriorates suspect cerebral edema:

+ Urgent CT/MR brain scan

+ Slow IV fluids and insulin

+ Consider mannitol

DISCONTINUATION OF INTRAVENOUS TREATMENT

+ Continue IV insulin and fluids until acidosis has remitted (bicarbonate > 18 mmol/L [80 mM] urinary ketones <++) and the
patient is eating and drinking. Thereafter, SC insulin regime may be commenced
+ To prevent rebound hyperglycemia do not stop the IV insulin infusion until at least 60 min after the first SC injection of

short- or rapid-acting insulin

BG, blood glucose; BP, blood pressure; Hb, haemoglobin; WBC, white blood cell; ECG, electrocardiogram; U&E, urea and
electrolytes; ABG, arterial blood gas; IV, intravenous; SC, subcutaneous

Fluids

If the patient is in “frank shock” fluid replacement should
commence with an IV plasma expander. This should be
continued until systolic blood pressure is greater than
90 mmHg. Otherwise fluid replacement should consist
of normal saline (0.9%). A serum Na greater than
150 mmol/L (150 mEq/L) should be followed by a more
hypotonic solution. Most patients will require at least 6L
over the first 24 hours. After the first 3 hours the rate of
infusion should be adjusted according to the clinical state
of the patient. It must be kept in mind that once blood
pressure is sustained at an adequate level, no further
hypotensive damage will ensue. The enhanced risk of
cerebral edema due to over-rapid fluid replacement has
been previously discussed.

Insulin

Soluble insulin should be given as a continuous IV infu-
sion of quick (short)-acting insulin. The first choice is
regular insulin, the second either lispro or aspart. Insulin
infusion charts such as those outlined in the protocols

can be used to guide the rate of IV insulin administra-
tion. In the first protocol, the initial rate of infusion is
chosen according to the record of preceding insulin
requirements (or scale A if these are not known), and
subsequent adjustments made on the basis of hourly
blood glucose tests (Protocol 1; Table 19.1). In the second
protocol, the insulin infusion is preceded by an insulin
bolus, followed by administration of 5U of insulin/h
(Protocol 2; Table 19.2). In the latter protocol, involving
hourly measurement of ketone bodies, using capillary
B-hydroxybutyrate (ketometer) was shown to be clini-
cally effective and to accelerate resolution of the ketoaci-
dosis when the hourly insulin infusion was continued
until the ketometer reading was less than 0.5mmol/L
(0.5mEq/L) (Protocol 2)."'* The ADA recommends an
IV bolus of regular insulin at 0.1 U/kg body weight, fol-
lowed by a continuous infusion of regular insulin at a
dose of 0.1U/kg/h."”

With these protocols, a steady fall in blood glucose
of around 5mmol/L (90mg/dL)/h into the physiologic
range should be anticipated. The ADA recommends that
if the rate of fall is less at 4 hours after initiation of treat-
ment, the rate of infusion should be doubled every hour
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Table 19.2 Protocol 2: Management of diabetic ketoacidosis."'®

Initial blood investigations:

+ Plasma glucose, urea and electrolytes

+ Venous “Astrup” (pH, standard bicarbonate)

+ Plasma osmolality

+ Capillary blood B-hydroxybutyrate (ketometer)

Intravenous infusion: 0.9% isotonic normal saline:

+ 2000mL in first 1%2 h

* 1000mL in next 2h

+ 2000mL in next 8h

+ 500mL every 4h

If Na > 155mmol/L (>155mEq/L) consider 0.45% (half isotonic) saline

Insulin:

+ 20U soluble insulin IM initially

+ 5U each hour thereafter, either IM or by (the standard strength of insulin is 100 U/mL) continuous IV infusion (via syringe
pump)

Potassium

+ 15mmol (15mEq)/h from time of first insulin

« If K* falls to <4 mmol/L (<4 mEq/L) , increase to 30 mmol/h

« If K* falls to <3 mmol/L (<3 mEq/L), increase to 40 mmol/h (and stop insulin until corrected)
+ If K" is >6mmol/L, (>6 mEq/L) stop potassium

Sodium bicarbonate:

If pH < 7.0, consider 75 mmol (75mEq) NaHCO; (500mL 1.4% sodium bicarbonate) + 20 mmol K* in 30 min via piggy-back or Y
connector to maintain infusion. Always use 1.4% NaHCO; Isotonic which is 145 mmol/L (145mEq/L)

If patient is unconscious or semiconscious; nasogastric tube must be passed to prevent aspiration of vomitus

Other investigations once initial therapy is underway:
Hemoglobin, white cell count, throat swab, urine culture, blood culture, sputum culture (if available), ECG, coagulation screen,
blood group and cross-match if hypotensive

Observations and monitoring:

+ BP hourly, temperature 2 hourly

+ Hourly capillary blood for glucose strip and B-hydroxybutyrate strip monitoring (ketometer)

+ Repeat laboratory plasma glucose, electrolytes, “Astrup” (and others if indicated) at 2, 5, and 8 h (and 8 hourly until full
recovery)

When capillary blood glucose <10 mmol/L (180 mg/dL):

+ Continue insulin at 5U/h until ketometer reads <0.5 mmol/L

+ Continue fluid replacement with normal saline (+KCl) as necessary

+ Begin 10% dextrose infusion to prevent hypoglycemia

+ Usually commence 10% dextrose at 80 ml/h and adjust hourly

Piggy-back into normal saline infusion (use same access line as for normal saline)

When capillary B-hydroxybutyrate is normal, <0.5mmol/L (<5mg/dL) (i.e. ketometer reading <“50”):

+ Stop hourly insulin or insulin infusion pump

* Begin 500mL 5% dextrose with 8 U soluble insulin added to bag over 6h

+ Maintain capillary blood glucose close to 6 mmol/L (108 mg/dL) (give extra SC boluses of insulin 2—4 hourly as necessary)
+ If additional fluid required at this stage (i.e. >500mL/6h) continue normal saline

Return to regular insulin regime:

+ When clinical improvement permits, recommence oral feeding and regular SC insulin

+ Keep 5% dextrose/insulin infusion going until patient has tolerated first meal

+ Continue oral potassium for 5 days (50 mmoL [50mEq/L] K" = 4g KCI; four tablets of Sando K daily, or 50 mL Kay-Cee-L daily)

ECG, electrocardiogram; SC, subcutaneous
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until a steady glucose decline is achieved. Insulin may be
decreased to 1-2 U/h once acidosis is corrected.

Continuous IV insulin infusion should be continued
until the metabolic state is stable and the patient is
eating and drinking normally. At this point, SC insulin
should be resumed and if all SC insulin has been stopped,
there should be at least a 1-hour overlap between recom-
mencement of SC insulin and discontinuation of the
IV insulin infusion, because insulin has a very short
half-life (<6 minutes) and it often takes 30-60 minutes
before SC insulin starts to act fully. The total insulin
required during the previous 24 hours can be used as
a guide to initial requirements. Resistance to insulin
action is common during the period immediately after
resolution of the acute metabolic disturbance, and so
careful monitoring of the glucose with frequent tactical
adjustments using soluble insulin may be required for
up to 2 weeks.

Potassium

Potassium should be checked at baseline and thereafter
at regular intervals. The propensity for potassium to fall
with insulin treatment should be anticipated with ade-
quate replacement according to the protocol. If the
plasma potassium level is greater than 5-6 mmol/L (>5—
6 mEq/L) no supplementary potassium should be infused
until the next measurement. If the plasma potassium is
greater than 6 mmol/L (>6 mEq/L) an electrocardiogram
(ECG) should be checked for hyperkalemic changes. If
the potassium falls below 3-3.5mmol/L (3-3.5mEq/L)
the potassium infusion should be increased and the ECG
monitored for signs of impending dysrhythmia. Oral
potassium may be needed for several days following reso-
lution of DKA.

Airway protection

If there is any impairment of consciousness, a nasogastric
tube should be passed and the stomach drained. Further
appropriate action should be taken, i.e. position and
airway protection, to minimize the risk of aspiration.

Bicarbonate

Bicarbonate is contraindicated in most patients. It is
usually dangerous to administer bicarbonate because it
can exacerbate tissue hypoxia, contribute to central
nervous system acidosis, promote hypokalemia, and
cause local tissue necrosis if the infusion fluid extrava-

sates. In the rare event that severe acidosis with a pH less
than 6.9 is causing impaired tissue perfusion due to
reduced cardiac contractility or if distressing hyperventi-
lation or left ventricular failure are present, then consid-
eration can be given to the cautious infusion of 75mmol
(75mEq) sodium bicarbonate (500ml 1.4% sodium
bicarbonate). A concentration of 1.4% of NaHCOj; isot-
onic should always be used, which is 145mmol/L
(145mEq/L).

Thromboprophylaxis

As explained earlier, all pregnant women with ketoacido-
sis are at increased risk for thromboembolism. Tinza-
parin 4500U SC once daily, enoxaparin 40 mg SC once
daily or unfractionated heparin 5000-7500 U SC once or
twice daily are the usual prophylactic treatments. The
dose may have to be revised downwards if weight is less
than 50kg or upward if weight is greater than 100kg.
Treatment should be continued until the patient is fully
mobile.

Cerebral edema

Cerebral edema is a rare but potentially fatal complica-
tion of DKA. Should cerebral edema ensue, the declining
level of consciousness (often a relapse following an
improvement) will often progress rapidly to coma and
then to cardiorespiratory arrest due to the herniation
of the base of the brain through the foramen magnum
(coning). If cerebral edema is suspected, the diagnosis
should be confirmed by computed tomography (CT) or
magnetic resonance (MR) scanning of the brain. Unsur-
prisingly there are no clinical trials of the treatment for
this complication, but most authorities agree that the
rate of IV fluid infusion should be slowed, hypotonic
fluids should be avoided, the rate of insulin delivery
(fall in glucose) should be slowed, and IV mannitol to
raise cerebral spinal fluid (CSF) osmolality should be
considered.

Antibiotics

Antibiotics should not routinely be administered in
ketoacidosis. They should be given only if there is reason-
able clinical suspicion of intercurrent infection and
according to local guidelines, e.g. for pyelonephritis or
community acquired pneumonia.

The typical course of management for the first 24
hours is illustrated in the two protocols.



194

Fetal assessment

Once treatment has commenced and the maternal condi-
tion begins to improve, it will be necessary to determine
whether the fetus is still alive by the use of ultrasound.
There is little point in undertaking more detailed assess-
ment, such as cardiotocography (CTG), until the mother
is in a condition where, if the gestation were appropriate,
delivery could be undertaken. This is because if CTG is
performed while the mother is still in DKA, it will almost
certainly show a pathologic pattern and yet no action can
be undertaken because of the maternal condition. Only
if the abnormal tracing persists after correction of the
acidosis should an expedited delivery be considered.

PREVENTION

DKA in pregnancy should not occur. It is preventable.
Frequent blood glucose monitoring must be used to
guide progressive increases of insulin dosing to match the
escalating physiologic insulin requirements of pregnancy.
If steroids or tocolytics are used, supplementary insulin
must be prescribed according to even more intensive
blood glucose monitoring. If self-monitored blood
glucose exceeds 15mmol/L (273 mg/dL), the mother
must always check for ketones. In the event of self-

Table 19.3 “Sick-day rules”.

ILLNESS AND DIABETES

When you are ill your blood glucose will rise even if you do
not eat. Controlling your blood glucose is more difficult and
you should contact your Diabetes Centre for help and advice.

What should you do?

Never stop taking your insulin

Monitor your blood glucose frequently

Check for ketones in your urine frequently — If you have
more than a “small” level of ketones (as indicated by the
chart on the bottle), contact the your Diabetes Centre
immediately

If you have repeated vomiting and/or “large” levels of
ketones in your urine, go to hospital as soon as possible
Increase the amount of fluid that you drink

If you don’t feel like eating, replace solid foods with a still
sweet drink, such as fruit juice. Milky drinks, ordinary fruit
yoghurt and ice cream also provide carbohydrates

IF IN DOUBT CONTACT YOUR DIABETES CENTRE (24h
contact numbers should be provided on any literature)

detected hyperglycemia and ketonuria, prompt action by
the mother using supplementary insulin guided by more
intensive monitoring according to carefully specified
“sick-day rules” (e.g. Table 19.3) will prevent progression
to DKA even if serious infection is the precipitant.
Twenty-four hour telephone access to the diabetes care
team should also be available.
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Obstetric management of labor,
delivery, and the postnatal period

Michael Maresh

St Mary’s Hospital for Women, Manchester, UK

PRACTICE POINTS

¢ Women with any form of diabetes should be assessed for
vaginal delivery and individualized decisions made following
discussion between the woman and her clinicians, taking into
consideration both maternal and fetal factors.

* Women with pregestational diabetes should be offered
elective delivery at 38-39 weeks assuming no other maternal
or fetal factors have caused significant concern previously.

e Women with insulin-requiring gestational diabetes should be
considered for elective intervention at 38-39 weeks as this is
associated with a reduction in shoulder dystocia and
birthweight, but no significant increase in cesarean rates.

e Women suspected clinically or on ultrasound to have a fetus
with macrosomia should be considered for earlier induction at
37-38 weeks or for cesarean delivery.

¢ Women with gestational diabetes not requiring insulin

therapy do not need specific intervention prior to term unless

other factors are present.

Routine delivery by cesarean if macrosomia is suspected will

increase the already high cesarean rates with minimal benefit

as ultrasound-estimated weights are not that reliable,
shoulder dystocia is unpredictable; brachial plexus injury still
may occur and cesarean morbidity is significant.

In labor, specific care must be taken with regard to

monitoring fetal condition, maintaining maternal normoglyc-

emia and watching for signs of potential disproportion.

CASE HISTORY

A 32-year-old woman with Type 1 diabetes was pregnant
for the second time. Her first pregnancy had been rela-
tively uncomplicated and she had been induced at 38
weeks of gestation. Her daughter was born vaginally with
the aid of forceps and weighed 3.82kg. In her second

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

pregnancy diabetes control was suboptimal and there was
concern about excessive fetal growth both clinically and
on ultrasound scanning. A decision was made to induce
labor at 37+ weeks, but the day prior to the planned
induction she presented in labor with ruptured mem-
branes. Continuous fetal heart rate monitoring showed a
normal pattern and the amniotic fluid remained clear.
She progressed rapidly to 8 cm of cervical dilation, but no
further dilation occurred over the next 3 hours, with the
head remaining above the level of the ischial spines. The
senior resident obstetrician commenced an oxytocin
infusion and 2 hours later her cervix was fully dilated
with the head below the level of the ischial spines and she
was pushing involuntarily. However, after 60 minutes she
remained undelivered and the senior resident performed
a forceps delivery, but then encountered severe shoulder
dystocia. Eventually delivery was achieved by extraction
of the posterior arm and then the posterior shoulder. Her
son was born in poor condition weighing 4.63kg. His
Apgar scores were 2 at 1 minute and 6 at 5 minutes and
after resuscitation he was transferred to the special care
baby unit. He had considerable bruising and was found
to have a fractured humerus and clavicle, but he made a
complete recovery. The woman elected to be sterilized
later that year.

+ What factors influence the decision on the timing of
delivery?

+ What factors influence the decision on the mode of
delivery?

« If induction of labor is necessary, what is the optimum
method?

+ How is fetal condition assessed in labor?

+ How is progress assessed in labor and when should
oxytocin be used?

+ How may shoulder dystocia be avoided and what is the
optimal management when it occurs?

199
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+ Are there any specific anesthetic issues which need
consideration?

+ Does there need to be any specific postnatal
management?

BACKGROUND

Obstetric intervention in pregnant women with preges-
tational diabetes prior to spontaneous labor has been
standard practice for decades. The objectives were, and
still are, to avoid the fetus dying in utero and to avoid the
hazards of obstructed labor or shoulder dystocia associ-
ated with fetal macrosomia. In an effort to achieve these
goals, cesarean section rates for women with pregesta-
tional diabetes in most parts of the world are more than
50%. latrogenic prematurity has resulted in high rates of
admission to neonatal intensive care in Type 1 diabetes.
While it may be the objective of the health professional
to obtain a normal outcome (spontaneous labor, normal
delivery, and no neonatal care admission) in women with
pregestational diabetes, this is achieved in only a minority
of cases. By contrast, such a goal should be achievable in
the majority of women with gestational diabetes not
requiring insulin. Although there are general guidelines
to follow, an individualized approach to the timing and
mode of delivery is essential. This is particularly so in
Type 1 diabetes where many factors need consideration,
including glycemic control, diabetes complications, past
obstetric history, fetal growth, and the availability of
healthcare resources in labor. The management of labor
should follow standard practice as for the woman without
diabetes. Particular attention is needed with regard to
fetal monitoring and signs of delay in labor.

TIMING OF DELIVERY

The decision of when during pregnancy to deliver a
woman who has diabetes reflects the obstetrician’s
opinion of the gestational age at which the risk of possible
excessive fetal growth, plus the risk of unexpected fetal
demise, is balanced by the risks of induction of labor and/
or cesarean section. Data from the 2002-2003 UK survey'
showed that 35.8% of women with pregestational diabe-
tes delivered at under 37 weeks of gestation compared to
7.4% in the general population. While an increased inci-
dence of spontaneous preterm birth compared to the
general population was anticipated from previous studies,
26.4% of the total births were delivered iatrogenically
preterm. Wide variation in practice exists within the UK,
suggesting that the attitude of health professionals plays
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Fig. 20.1 Funnel plot showing variations in (A) vaginal
delivery rates and (B) preterm delivery rates in women with
established pregestational diabetes across 25 units in the North
West of England. The 99% confidence intervals are marked.
Some of the smaller units lie outside these limits.” The
numbers within the plots are the codes for the individual
units.

amajor role in determining the timing and route of deliv-
ery for diabetic women. A method of demonstrating the
significance of this variation across a region in the UK
using a funnel plot has been described (Fig. 20.1A).%
Large studies are needed to address the risks and ben-
efits of delivery prior to 40 weeks. The few relevant
studies have either been composed entirely or predomi-
nantly of women with gestational diabetes. A US study’
randomized 187 women with insulin-requiring gesta-
tional diabetes and 13 with pregestational diabetes to
either intervention at 38 weeks or expectant manage-
ment. As anticipated, intervention was associated with a
lower rate of babies weighing at or above the 90th centile
for gestational age (10% vs 23%; p = 0.02) and a trend
towards a reduction in shoulder dystocia (0% vs 3%; not
significant). Similarly, a case-controlled study in insulin-
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requiring gestational diabetes from Israel (n = 260)*
showed a reduced prevalence of shoulder dystocia in
women delivering at 38-39 weeks compared to those
delivering at or beyond 40 weeks (1.4% vs 10.2%;
p < 0.05). Neither study showed an increase in cesarean
section rate with induction of labor prior to term. While
it might be expected that induction by 38-39 weeks will
reduce the risk of stillbirth or early neonatal death of
normally formed babies, there is no evidence as yet to
support this.

Type 1 and Type 2 diabetes

The current UK guidelines advise that diabetic women
should be offered elective delivery after 38 completed
weeks,” assuming no other significant factors have devel-
oped before this time. Current US guidelines recommend
that if diabetes is well-controlled, the pregnancy may be
allowed to go to, but not beyond, term.® In practice, the
clinician is often faced with a decision as to whether or
not to deliver even earlier and there may also be contrain-
dications to such intervention. In making a decision
about the timing of delivery, it is necessary to individual-
ize care, taking into account a number of maternal and
fetal factors, including:

+ Poor maternal glycemic control — as episodes of mater-
nal hyperglycemia may cause fetal acidemia, the fetus
may be at risk of unexpected death in utero

* Progression of maternal diabetic complications —
maternal renal impairment, hypertension, neuropathy
or retinopathy may all cause significant concerns about
maternal health (see chapters 15-17)

+ Fetal macrosomia — as assessed by serial ultrasound (see
chapter 12)

+ Fetal growth restriction or compromise — as assessed
by ultrasound and other methods of fetal surveillance
(see chapter 12)

+ Maternal preference, particularly if there is a poor
obstetric history.

Neonatal facilities should not influence the decision,
as if premature delivery is indicated and facilities are not
available locally, then in-utero maternal transfer to a
maternity unit with these facilities should occur.

In the UK 2002-2003 survey' of pregestational diabe-
tes, there was a 39% induction rate (general population
rate 21%). The main reasons stated for induction were
routine (48%), general obstetric complications (14%),
presumed fetal compromise (9%), anticipated large baby
or polyhydramnios (9%), and diabetes complications
(2%).

Gestational diabetes

Women with gestational diabetes range from those with
undiagnosed Type 2 diabetes to those with mild impair-
ment of glucose tolerance diagnosed for the first time
during pregnancy which is corrected following appropri-
ate dietary measures. Again care should be individualized
at least to a degree. The studies mentioned above™* relate
primarily to insulin-requiring gestational diabetic women
and accordingly there is a case for considering elective
intervention in these women at 38-39 weeks, particularly
if macrosomia is suspected, as these studies showed a
reduced incidence of shoulder dystocia in the interven-
tion groups. In addition, other maternal or fetal factors
may indicate the need for either early or delayed inter-
vention. However, for women who have been managed
satisfactorily with diet alone and who have no specific
other risk factors (e.g. macrosomia), treatment should be
similar to the general obstetric population.

MODE OF DELIVERY

Incidence of cesarean section and
vaginal delivery

Type 1 and Type 2 diabetes

Studies show an increased incidence of delivery by cesar-
ean section compared to the general population. The
figure from the UK survey of 3474 women in 2002-2003
was 67% compared to the overall population rate of
24%." Although the data were not presented by type of
diabetes, the rate tends to be lower in women with Type
2 diabetes, as these women are often older and multipa-
rous, and may well have had their previous pregnancies
at a time when they had normal or only impaired glucose
tolerance. This wide variation in rates is illustrated by a
funnel plot for the North West of England (Fig 20.1B).

Gestational diabetes

In gestational diabetes cesarean section rates tend to
be higher than those of the background population.
However, studies have shown that this may be attribut-
able to other factors, such as maternal obesity, which is
independently associated with fetal macrosomia’ and
probably to traditional obstetric practice.*” The multi-
ethnic international Hyperglycemia and Adverse Preg-
nancy Outcome (HAPO) study has provided additional
data as women with abnormal glucose tolerance during
pregnancy short of diabetes (defined by a 75-g oral
glucose tolerance test [OGTT] at approximately 28 weeks
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of gestation) were managed with the caregiver and par-
ticipant being blinded to the OGTT result."” Although the
strength of the positive association between maternal
glucose concentrations and primary cesarean section rate
was attenuated after controlling for confounding varia-
bles, there still remained a significant relationship
between hyperglycemia during pregnancy and cesarean
section rates. In addition, labeling a woman with gesta-
tional diabetes may result in clinicians favoring cesarean
delivery, thus negating any possible treatment-induced
reduction of macrosomia being translated into a greater
likelihood of vaginal delivery. In the randomized control-
led Australian Carbohydrate Intolerance Study (ACHOIS)
trial there was no difference in the cesarean rates between
treated and untreated gestational diabetes groups despite
the latter group having been double-blinded.® In the
Canadian Tri-Cities case—control study, the cesarean
delivery rate for women with treated gestational diabetes
was 33.6% compared with 29.6% for those who were
untreated, despite the treated group having reduced mac-
rosomia.” The cesarean rate for controls was 20.2%, but
multivariate analysis showed that compared to the
untreated group, it was not the gestational diabetes which
increased the risk.

Indications for cesarean or attempted
vaginal delivery

The indications for cesarean section are often multiple,
making analyses of the reasons difficult. However, apart
from general obstetric complications, a number of factors
can be considered individually:

Previous cesarean section

Existing data, mainly from studies in gestational diabetes,
do not suggest that women with diabetes should be
treated differently from those without diabetes and
accordingly should be considered for vaginal birth after
cesarean (VABC). None of the studies is able to address
the issue of whether there is an increased risk of scar
dehiscence in diabetes. One study reviewed only women
with diet-controlled gestational diabetes."" Other studies
suffer from problems with the control groups.'>"
However, the Washington State study" included women
with both pregestational and gestational diabetes and
showed that fewer women with diabetes attempted VBAC
(non-diabetic 64.4%; gestational 58.1%; established
51.0%) and that their success rates were significantly
lower (non-diabetic 62.0%, gestational 45.8%, estab-
lished 36%). These results might be anticipated as any

delay in progress in labor in a diabetic woman should
raise concern as to the possibility of impending dystocia
and the potential for scar rupture.

Routine practice

In some hospitals cesarean delivery in women with
pregestational diabetes is almost the routine (Fig. 20.1A).
If maternity units have anxieties about caring for diabetic
women in labor, women should be offered the choice of
transfer to a unit with more experience in the manage-
ment of pregnant women who have diabetes. This raises
the controversial issue as to whether care for such preg-
nancies should be centralized into a smaller number of
larger centers staffed with personnel experienced in the
management of diabetes in pregnancy. There are outcome
data which tend to support the latter practice.'*"

Maternal diabetic complications

Some express the opinion that from a maternal health
perspective a cesarean is safest for the mother whose
diabetes is complicated by, for example, hypertension or
severe retinal disease. There are no data on this and in
the UK survey this was considered the primary indication
in only 3%." However, in women with vascular complica-
tions, there may be associated fetal growth restriction and
a cesarean may be indicated for fetal reasons.

Concern about fetal condition

Antenatal fetal surveillance (see chapter 12) may suggest
that a fetus is less likely to cope with the hypoxic stresses
of labor. The 2008 UK National Institute for Health and
Clinical Excellence (NICE) guidelines® concluded from
a review of the evidence that the risk of stillbirth was a
determining factor in the decision to perform a cesar-
ean delivery, and this was the primary indication in
28% of cases in the 2002-2003 UK survey.' The survey
showed that intrapartum stillbirths accounted for 10%
of all stillbirths. The neonatal death rate for the infants
of diabetic women was 9.3 per 1000, which was 2.6
times (95% CI 1.7-3.9) that of the general population.'

Excessive fetal weight

This was the other major factor considered in the UK
NICE guidelines,’ but in the 2002-2003 UK survey,' this
was recorded as the primary indication for cesarean in
only 4%. However, in 14% of women the indication for
section was delay in progress in labor. In many of these
women, the concern may have been about excessive fetal
weight, with the possible sequelae of perinatal death or
morbidity (see below). The UK survey showed that the
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birthweight distribution of the stillbirths was similar to
that of the live births."

Maternal stature, ethnic group, and corrected birth-
weight centiles may also assist decision-making. In the
multiparous woman with a suspected large fetus, other
relevant factors include the previous successful vaginal
delivery of a baby of similar weight to that estimated for
the current pregnancy or a comparison of antenatal
ultrasound serial biometry of a previous fetus with those
of the current pregnancy.

Shoulder dystocia and brachial plexus injury

The possibility of shoulder dystocia and subsequent bra-
chial plexus injury undoubtedly influence the clinician’s
decision as to how best to deliver the baby of the diabetic
mother. It is always uppermost in the mind of clinicians
looking after a woman with diabetes in labor. In view of
this, there has been much analysis of the role of cesarean
delivery in this regard.

The current UK rate of shoulder dystocia in women
with pregestational diabetes is 7.9%." A large US regional
study reported population rates of 3%, while a large
study from Boston, US revealed an incidence of 1.2%."
Brachial plexus injury was reported in 4.5 per 1000 UK
births to mothers with pregestational diabetes,' which
was estimated to be 10 times greater than the general
population rate of 0.42 per 1000." The difference between
rates in women with or without diabetes is less marked
in the Boston study, but the diabetic group included
women with gestational diabetes.' In the UK study of
pregestational diabetes, 25% of the babies with brachial
plexus injury were delivered by cesarean section.' The
mechanism for the injury in the latter cases is unclear,
but excessive head traction may still be applied at cesar-
ean delivery. Similarly, only two-thirds of the vaginal
deliveries with brachial plexus injury were described as
having been complicated by shoulder dystocia,' similar
to that reported in the general population.’™"

Pregestational maternal diabetes and infant birth-
weight appear to be independent risk factors for brachial
plexus injury'® with an odds ratio of 9.6 (95% CI 6.2—
14.9) for infants weighing more than 4000 g compared to
those weighing less. The odds ratio increased to 17.9
(95% CI 10.3-31.3) for birthweights above 4500 ¢ and to
45.2 (95% CI 15.8-128.8) above a birthweight of 5000g.
In the HAPO study, the prevalence of shoulder dystocia
was 1.2% (n = 311), but rates varied from 0.1% to 3.4%
among centers.'” In the latter study, there was a signifi-
cant relationship between worsening glucose tolerance
and shoulder dystocia even after controlling for con-

founding variables. However, in clinical practice, birth-
weight predictions may not be that helpful as typically
40-60% of cases of shoulder dystocia occur in babies
weighing less than 4000 g.*° For brachial plexus injury,
similar percentages of cases have been reported to occur
in babies weighing less than 4000 g, both in non-diabetic
and diabetic (gestational and pregestational) women.'®

Although there are limitations in the use of fetal weight
estimated by ultrasound (chapter 12), in a study of
women predominantly with gestational diabetes, it was
used at 37-38 weeks of gestation to aid delivery decision-
making.”! Elective cesarean section was performed when
the ultrasound fetal weight estimation was more than
4250 g and labor induced when the weight estimation was
on or greater than the 90th centile but less than 4250g.
Compared to the period before weight estimations were
performed, there was a significant reduction in the inci-
dence of shoulder dystocia from 2.4% to 1.1% (OR 2.2).
The rate of shoulder dystocia in the macrosomic group
(defined as >4000g) delivered vaginally was 7.4%, but
there was a significant 15% rise in the rate of cesarean
section from 21.7% prior to the introduction of weight
estimations to 25.1% thereafter. Analysis of available data
has suggested that using a predicted weight threshold of
4500g, an additional 443 cesarean sections would be
required to prevent one permanent brachial plexus
injury.”” Apart from the economic aspects, the benefit of
reducing shoulder dystocia must be carefully weighed
against the short- and long-term morbidities of cesarean
section, not least of which is hysterectomy. In the UK the
risk of having a hysterectomy at the time of cesarean is 1
in 220 for a woman who has previously had two or more
cesareans.”

PRETERM LABOR AND DELIVERY

The prevalence of delivery before 34 weeks among
women in the UK with pregestational diabetes was 9.4%
(328 of 3474) and before 37 weeks was 35.8%.' While the
spontaneous preterm delivery rate was 9.4% (general
obstetric population 4.7%), of all the preterm deliveries
73% were iatrogenic. Great variation in the incidence of
preterm delivery may be seen when comparing different
hospitals, which undoubtedly is a reflection of individual
hospital policy (Fig. 20.1A).> A detailed Danish prospec-
tive study of pregnancies complicated by Type 1 diabetes
attempted to analyse the causes of preterm delivery.**
Having excluded women with significant hypertensive or
renal problems, 16 (23%) women were found to have
delivered before 36 weeks, mostly for obstetric reasons
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such as spontaneous labor with or without preceding
ruptured membranes or bleeding. The strongest predic-
tor of preterm delivery was a higher hemoglobin Alc
(HbAlc) concentration throughout pregnancy com-
pared with the women who went to term. This coupled
with a mean birthweight of 3.02kg at a mean gestation
of 32.6 weeks is in accord with suboptimal diabetic
control, macrosomia, and probably polyhydramnios
being associated with spontaneous preterm delivery.

Predicting whether a woman who presents prema-
turely with contractions is actually going to deliver is
often difficult. For the women without diabetes, there is
rarely a contraindication to administering steroids to aid
fetal lung maturity. However, in the diabetic woman,
such therapy must be given with caution as it can pre-
cipitate diabetic ketoacidosis. Frequent monitoring of
blood glucose and additional insulin are required (see
chapter 21), and this applies also to the women with
gestational diabetes. Tocolysis may be used, particularly
to delay delivery and thus allow the effects of steroids to
be beneficial. However, if tocolytics are used, beta-
sympathomimetics are best avoided as they are likely to
further worsen diabetic control. Other drugs such as
calcium channel antagonists (e.g. nifedipine) or magne-
sium sulfate are preferable as they do not interfere with
diabetic control.

If preterm labor supervenes, then management should
be as for the non-diabetic woman with premature labor.
There is no specific indication for a cesarean section.
Continuous electronic monitoring should be utilized
once labor is established. Shoulder dystocia may still
occur preterm (e.g. 35-36 weeks) as a macrosomic fetus
could weigh 4 kg at this gestation, and accordingly careful
attention should be made with regard to progress in
established labor (see below).

PLANNED CESAREAN
DELIVERY - PRACTICAL ISSUES

As always prior to elective intervention, the accuracy of
the expected date of delivery must be checked. If ultra-
sound biometry from the first trimester or at least before
24 weeks is not available, then this is one of the few indi-
cations for consideration of amniocentesis to ascertain
fetal lung maturity (see chapter 12).

It should be feasible to manage women with diabetes
in exactly the same way as women without diabetes other
than with regard to their insulin regime (see chapter 21).
As many of these women will be obese or have other
diabetic complications, a preoperative anesthetic review

is advised. Regional anesthesia is preferred to general
anaesthesia, as with non-diabetic women. Additional
reasons for favoring regional anesthesia include the pos-
sibility of hypoglycemia developing whilst under general
anesthesia and the risk of aspiration of stomach contents,
as the diabetic woman may have decreased gastric empty-
ing associated with a degree of autonomic neuropathy.
Possible hemodynamic effects and hypotension, which
may be associated with regional anesthesia, should not
cause significant problems.

Difficulty with delivery of the shoulders is sometimes
experienced and excessive head traction may be avoided
by extracting the shoulders digitally; excessive head trac-
tion is likely to be the cause of some cases of brachial
plexus injury following cesarean.

Prophylactic antibiotics are recommended for planned
as well as emergency cesarean sections in view of increased
infection risk. Thromboprophylaxis, even in the absence
of other risk factors, is also advisable in all cases. The
issue of tubal ligation should be raised beforehand with
all women having their second or subsequent baby. Post-
operative care should be as for any woman after a cesar-
ean apart from with regard to her diabetes treatment (see
chapter 21).

INDUCTION OF LABOR -
PRACTICAL ISSUES

In view of the general recommendation to consider elec-
tive delivery by 38-39 weeks in women with pregesta-
tional and insulin-requiring gestational diabetes (see
above), induction of labor is widely utilized. Prostaglan-
dins are normally required first to ripen the cervix and
initiate labor, and this can then be followed by artificial
membrane rupture when the cervix is beginning to dilate.
Usually oxytocin is required as well and is considered
further below. Management should be conducted as for
women without diabetes, apart from a few specific points.
Induction should take place on the delivery suite or in an
alternative well-staffed environment where careful moni-
toring of fetal condition can be performed using cardi-
otocography (CTG) and there can be regular monitoring
of maternal blood glucose. During the initial phase with
prostaglandins, if the woman is not in significant pain
and labor has not commenced, she should be permitted
to continue to eat and receive short- or ultrashort-acting
insulin to cover this, coupled with routine pre- and post-
prandial glucose measurements. When labor is estab-
lished, it is customary to monitor capillary blood glucose
hourly; insulin regimes are discussed in chapter 21. She
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should also be reviewed by an anaesthesiologist (anes-
thetist), as there remains a relatively high risk of a cesar-
ean being required in labor. In the UK 2002-2003 survey,
of the 1975 women with pregestational diabetes who
went into spontaneous labor or were induced, 43% had
a cesarean.'

SPECIFIC OBSTETRIC ISSUES IN THE
FIRST STAGE OF LABOR

Progress in labor and use of oxytocin

The major concern is that of unexpected disproportion
between fetus and mother, and possible traumatic deliv-
ery. Careful monitoring of progress in labor is required,
which may be facilitated by the use of a partograph or
Friedman curve. While difficulties with delivery may
occur after a relatively rapid first stage of labor, slow
progress in the active phase of labor (i.e. > 5 cm cervical
dilation) requires careful review by an experienced obste-
trician. In the woman having her first labor, stimulation
of the uterus with oxytocin may be considered if the
contractions have never been very frequent or strong.
However, after good progress in labor followed by cessa-
tion of cervical dilatation, oxytocin must be used with
caution. Intrauterine pressure catheters, whilst not widely
used, may be helpful in this situation by quantifying the
uterine response to oxytocin. In the woman who has had
a previous vaginal delivery, delay in the active phase of
labor is normally an indication for cesarean delivery and
oxytocin is almost always contraindicated (Fig. 20.2).

Total length of labor

As labor is often induced it may be of considerable dura-
tion. There is no need to impose arbitrary time limits as
long as progress is being made and both fetal and mater-
nal condition is satisfactory. With regard to the mother,
it should be feasible to maintain normal glycemic and
metabolic control by careful attention to intravenous
fluid regimes despite a prolonged labor (see chapter 21).

Monitoring fetal condition in labor

The fetus of the diabetic mother is probably at higher risk
of developing intrapartum asphyxia than the fetus of the
woman without diabetes, hence the recommendation for
continuous electronic fetal monitoring in labor.”> This
increased risk may at least in part relate to the direct
association between maternal hyperglycemia and fetal
acidemia.’® An example of the effect of maternal hyperg-

lycemia on the CTG of a woman in early labor is shown
in Fig. 20.3. The presence of maternal disorders such as
pre-eclampsia, the incidence of which is increased with
established diabetes, and which is associated with fetal
growth restriction, further makes the need for careful
fetal monitoring essential. In early labor, CTG
monitoring may be performed intermittently if there is
maternal normoglycemia (between 4 and 7 mmol/L [72—
126 mg/dL]); once labor is established it should be per-
formed continuously.” If the CTG shows a suspicious or
pathologic pattern, the first step should be to check that
the maternal glucose is normal. If hyperglycemia is
present, then this should be corrected by supplementary
intravenous insulin (see chapter 21) and the CTG pattern
may well improve as a result (Fig. 20.3). If the mother is
normoglycemic, or obtaining normoglycemia fails to
correct the CTG abnormality, then other methods of
assessing fetal condition should be utilized. A fetal blood
sample may be taken if cervical dilatation permits. In the
US, fetal blood sampling is not routine practice and other
tests such as scalp stimulation are utilized. A systematic
review of intrapartum stimulation tests in general preg-
nant populations has been undertaken.” Scalp stimula-
tion tests appear to be a moderately good predictive test
for fetal acidemia. Interpretation and action on the basis
of such tests in the presence of maternal normoglycemia
should be the same as for the non-diabetic woman.

Analgesia in labor

As maternal stress may result in hyperglycemia, adequate
analgesia in labor may be beneficial for glycemic control.
There are no contraindications to the use of opioids or
epidurals for analgesia. Indeed, given the increased risk
of cesarean delivery with maternal diabetes, the presence
of an epidural is usually sufficient for anesthesia (with an
appropriate dosage regime) if a cesarean is required.

SPECIFIC OBSTETRIC ISSUES IN THE
SECOND STAGE OF LABOR

The main issues in the second stage are similar to those
in the first stage, namely concerns about fetal condition
and delay. A pathologic CTG in the second stage should
be managed in the same way as for the non-diabetic
mother, apart from the need for greater caution in the
consideration of an instrumental delivery. Delivery of a
woman with diabetes should not be conducted by rela-
tively inexperienced staff, unless the latter are closely
supervised. In view of the increased risk of shoulder
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Fig. 20.2 Partogram of a woman in spontaneous labor who
has had one previous normal delivery. After slightly slow
progress in cervical dilation up to 8 cm there was cessation of
progress. Contraction frequency declined slightly and an
oxytocin infusion was commenced. Full dilatation was

achieved, but delivery was complicated by severe shoulder
dystocia. Time is shown on the horizontal axis in hours.
Liquor — I — intact membranes, C — clear liquor, B/S — blood
stained; X — cervical dilatation/cm; O — descent of the head
abdominally in fifths.
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Fig. 20.3 Cardiotocograph (CTG) of a woman in early labor.
This demonstrates the association between maternal
hyperglycemia (blood glucose 9.7 mmol/L [175mg/dL]-
annotated on the CTG) and a pathologic fetal heart rate
pattern (tachycardia and two decelerations which are marked

dystocia in all deliveries of diabetic women, whether birth
is spontaneous or by low forceps or vacuum delivery, the
attendants must be prepared for potential shoulder dys-
tocia. Any early signs of shoulder dystocia should be
acted upon using standard maneuvres, such as McRob-
erts position and suprapubic pressure. If operative deliv-

with arrows) (top trace). With subsequent correction of the
hyperglycemia (5.6 mmol/L [101 mg/dL] — annotated on the
CTG), the fetal heart rate pattern became normal (normal rate
and no decelerations) (bottom trace).

ery (other than low forceps/vacuum) is required, then an
experienced obstetrician needs to make an assessment in
the operating theater with good anesthesia. Unless there
has been significant descent and rotation of the head
during the time required to move the woman into the
operating theater and to obtain effective anesthesia, then
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serious consideration should be given to recourse to a
cesarean delivery. A relatively difficult delivery of the fetal
head may well be followed by an extreme case of shoulder
dystocia, followed, in turn, by brachial plexus injury,
neonatal asphyxial brain damage, or both. About 10% of
cases of documented shoulder dystocia in pregestational
diabetes were followed by brachial plexus injury.'

There is wide variation in the rates of reported full
recovery from such injury, but in the UK study of 276
cases only 52% had made a complete recovery by 6
months, with a partial recovery in 46% and no recovery
in 2%."

SPECIFIC ISSUES POSTNATALLY

Attempts must be made to manage the mother postna-
tally in a similar way to the non-diabetic mother, particu-
larly with regard to the encouragement to breastfeed.
There are some specific issues which require medical
input.

+ Reduction of insulin and blood glucose control is dis-
cussed in detail in chapter 21.

Women with Type 2 diabetes may revert to oral
hypoglycemic agents, such as metformin and glyburide
(glibenclamide), even if they are breastfeeding (see
chapter 11).

There may be a need to revise antihypertensive regimes,
including the recommencement of angiotensin-con-
verting enzyme (ACE) inhibitors.

With many women having a cesarean section, attention
must be paid to the increased risks of wound infection
associated with diabetes.

Thromboprophylaxis for at least 5 days postnatally is
recommended.

Discussion should be commenced prior to discharge
about contraception and possible family size limita-
tions (see chapter 23).

FOLLOW-UP ARRANGEMENTS

Type 1 and Type 2 diabetes

On discharge from hospital, all women must have
arrangements made for a follow-up review, typically at 6
weeks, but it may need to be earlier if required from a
diabetic perspective. This may be either by the team that
has looked after the woman in pregnancy or with the
specialist diabetes team that normally supervises care,
whether this is in the primary or secondary healthcare

sector. Women with Type 2 diabetes are at particular
risk of missing out on optimum care, as demonstrated
by the finding that in the year prior to pregnancy their
care was less comprehensive than that for those with
Type 1 diabetes.”® For women who have developed sig-
nificant retinopathy requiring ophthalmic specialist
involvement, it is essential that ongoing follow-up is
arranged (see chapter 17). As the ophthalmic team
manages these women outside of the diabetic obstetric
clinic, there is a risk that this communication will not
occur and so an appointment with the ophthalmic team
should be made prior to the woman’s discharge from
hospital.

Gestational diabetes

All women with abnormal glucose tolerance diagnosed
during pregnancy should have arrangements made for an
assessment of their glucose tolerance about 6 weeks post-
delivery. It is controversial as to whether a full GTT is
required or whether a fasting value is sufficient. Until this
issue is resolved, it would seem prudent to advise blood
glucose estimation in both the fasting state and also 2
hours after a 75-g glucose load. Those women with
greater degrees of glucose intolerance during pregnancy
may well have undiagnosed diabetes and it is vital that
these women are followed up appropriately. For those
who have persisting impaired glucose tolerance, lifestyle
advice, including weight loss and daily exercise, as well as
annual glucose testing (either fasting or a full GTT), are
required. For those who revert to normal glucose toler-
ance, similar advice still needs to be given because of the
long-term risks (see chapter 24).

CONCLUSIONS

While the evidence base is limited, a consensus view is
that women with Type 1 and Type 2 diabetes should be
offered elective delivery at 38-39 weeks, assuming no
other maternal or fetal factors have caused significant
concern previously. This should lower the risk of shoul-
der dystocia and probably of fetal death in utero.
Women with insulin-requiring gestational diabetes
should be considered for elective intervention at 38-39
weeks as this is associated with a reduction in shoulder
dystocia and birthweight, but no significant increase in
cesarean rates. Women suspected clinically or on ultra-
sound to have a fetus with macrosomia should be con-
sidered for earlier induction at 37-38 weeks or for
cesarean delivery. Women with gestational diabetes not
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requiring insulin therapy do not need specific interven-
tion prior to term unless other factors are present.

All women with any form of diabetes should be
assessed for vaginal delivery and individualized decisions
made following discussion between the woman and her
clinicians, taking into consideration both maternal and
fetal factors. The practice of routine cesarean section for
women with diabetes is inappropriate and centers which
adopt such a policy should offer women the choice of
delivering at another centre which does not have this
policy. Women who have diabetes and who have had a
previous cesarean section should be counseled in the same
way as women without diabetes and advised to aim for a
vaginal delivery unless there are other relevant factors.

Diabetic vascular complications alone are not an indi-
cation for cesarean delivery, although they may be associ-
ated with other maternal or fetal complications which
make a cesarean the preferred option. Routine delivery
by cesarean if macrosomia is suspected will result in a
further increase in the already high cesarean rates with
minimal benefit, as ultrasound-estimated weights are not
that reliable and shoulder dystocia is unpredictable.

Cesarean section is not without its morbidity, particu-
larly for those women who wish for a large family, and
cases of brachial plexus injury still occur following cesar-
ean delivery.

In labor specific care must be taken with regard to
monitoring fetal condition, maintaining maternal nor-
moglycemia, and watching for signs of potential
disproportion.

Post-delivery attempts must be made to manage the
mother in a similar way to those without diabetes, par-
ticularly with regard to the encouragement of breastfeed-
ing. Diabetes management is covered in chapter 21.
Follow-up arrangements must be made for all women
(Type 1 and Type 2, and gestational diabetes) to advise
on future management.

FUTURE DIRECTIONS

Research on the management of labor and delivery is
sparse, and largely based on studies in gestational diabe-
tes. The major issue, apart from the management of dia-
betes, is preventing asphyxial damage in labor and
traumatic delivery without unnecessary recourse to
routine cesarean section. This is closely linked to better
antenatal prediction of shoulder dystocia and research on
whether measurement of markers (such as erythropoie-
tin, see chapter 12) can help predict the fetus at risk of
developing asphyxia in labor. Whether centralization of

care results in a higher rate of normal outcomes (non-
preterm, vaginal delivery, and a healthy baby) remains to
be answered.
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Diabetic management in labor,
delivery, and post delivery

Ciara McLaughlin & David R. McCance

Regional Centre for Endocrinology and Diabetes, Royal Victoria Hospital, Belfast, Northern Ireland, UK

PRACTICE POINTS

¢ Diabetic management during labor and delivery should be

according to a standard protocol in centers with neonatal

intensive care facilities.

Maintenance of maternal euglycemia is essential to prevent

neonatal hypoglycemia.

Unless the neonate is symptomatic, blood glucose testing

should be deferred until after the first feed to prevent

unnecessary treatment or admission to neonatal intensive

care.

Post delivery, all mothers with diabetes should be encouraged

to breastfeed and should be supported appropriately.

o Whether or not maternal use of oral hypoglycemic agents
poses a risk to the breastfed infant of a diabetic woman is
unresolved.

CASE HISTORY

A 32-year-old woman with a 15-year history of Type 1
diabetes presented to her family doctor at 13 weeks of
gestation in her second pregnancy. At her last hospital
review 6 months previously, no diabetic complications
were noted. The current pregnancy was unplanned. Her
hemoglobin Alc (HbAlc) at booking was significantly
raised at 8.6%. Apart from insulin therapy (soluble pre-
prandial insulin and isophane at bedtime) she was taking
no other medication. She was referred urgently to the
local joint diabetes antenatal clinic. Despite continuing
advice, her attendance at the clinic was erratic, her home
capillary glucose readings were frequently above target,
and her HbAlc did not fall below 7%. Her labor was
induced at 38 weeks of gestation. During labor, hourly
maternal capillary blood glucose levels were maintained

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

between 5.2 and 7.1 mmol/L using an intravenous (IV)
insulin/dextrose regime. She delivered a baby boy weigh-
ing 4500 g per vaginum. Four hours following delivery
the baby appeared irritable and was slow to feed. Labora-
tory plasma glucose was 1.9 mmol/L (34 mg/dL) and the
baby was admitted to neonatal intensive care for IV dex-
trose infusion. Subsequently the baby required tube
feeding for 24 hours until normal feeding was estab-
lished. The baby was exclusively bottle fed. When the
mother was able to tolerate food her insulin requirements
were adjusted to doses approximating the prepregnancy
insulin regime.

+ What is the relevance of intrapartum glycemic control
to neonatal hypoglycemia?

+ What is the target maternal glucose level during labor?

+ How should this be achieved?

+ What are the issues regarding maternal insulin require-
ments postpartum?

+ What advice should be given to the mother regarding
breastfeeding and diabetes?

+ What are the differences in management between
women with Type 1 diabetes, Type 2 diabetes, and ges-
tational diabetes?

BACKGROUND

Diabetic pregnancy continues to present a substantial
risk for both mother and baby.'™ Much of this risk occurs
at the time of labor and delivery. This book has high-
lighted the critical role of optimal diabetes control and
obstetric care prior to and during pregnancy in order to
reduce and eliminate some of these adverse outcomes.
Equally important is the management of diabetes in
labor, delivery, and post delivery, and this should inter-
face seamlessly with antenatal diabetes care. Poor or
inappropriate diabetes management at this time can have
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major implications for the well-being of the mother and
neonate. The focus of the physician caring for the dia-
betic woman during labor is to maintain normal mater-
nal blood glucose levels in order to prevent maternal
ketoacidosis, to avoid fetal acidemia with unnecessary
intervention, and to reduce the risk of neonatal hypogly-
cemia with its subsequent separation of mother and
baby.” After delivery, regular diabetic supervision is
required to ensure the stability of maternal glycemia in
the face of changing insulin requirements. The postpar-
tum period also provides a unique opportunity to influ-
ence behavior that may have significant implications for
the long-term health of both mother and child.

PATHOPHYSIOLOGY

In the normal pregnancy without diabetes, despite an
increase in insulin resistance, blood glucose levels remain
between 4.0mmol/L and 4.5mmol/L (72-81mg/dL).
This corresponds to a doubling of insulin secretion by
beta cells in the pancreas. Glucose passes from mother to
fetus via facilitated diffusion, whereas insulin (unless anti-
body bound) does not cross the placenta at physiologic
concentrations. In pregnancy complicated by Type 1 dia-
betes, the physiologic change in pancreatic beta cell func-
tion usually observed in normal pregnancy is impaired.
The dose of insulin required tends to increase as the
pregnancy progresses. This results from the physiologic
increase in insulin resistance caused by maternal diabe-
togenic hormones, including increased free cortisol levels
and the secretion of several pregnancy-related hormones,
such as human placental lactogen. Under the Pedersen
hypothesis,' it is envisaged that maternal hyperglycemia
promotes abnormal stimulation of the fetal pancreatic
beta cells, resulting in marked fetal hyperinsulinemia.
This mechanism can potentially explain many of the fetal
complications seen during labor and delivery.

Type 2 and gestational diabetes are associated with
both increased insulin resistance and abnormalities of
insulin secretion (see chapter 2). During pregnancy, there
is an increase in insulin resistance that facilitates growth
and diversion of glucose to the fetus. In pregnancy com-
plicated by Type 2 diabetes, the ability to increase insulin
production via hypertrophy and hyperplasia of pancre-
atic beta cells is impaired.

LOCATION OF DELIVERY

It is reccommended that pregnancy, labor, and delivery of
women with pregestational and gestational diabetes

should be supervised in centers with tertiary maternal
and neonatal care, particularly in the US, where the levels
of obstetric and neonatal care vary substantially from one
hospital to the next. As there is a substantial risk of neo-
natal hypoglycemia and other complications, close moni-
toring and supervision are required. Although
traditionally, many infants were admitted to a specialist
neonatal unit, this is probably unnecessary in the major-
ity of cases and should be reserved for standard peri-
delivery problems and/or for those babies suffering from
significant neonatal hypoglycemia.>*

PRETERM LABOR

Use of tocolytic agents and
antenatal steroids

Preterm labor can be particularly hazardous for the infant
of the diabetic mother. Beta-sympathomimetic agents,
which may be used to suppress uterine contractions, are
capable of causing rapid and extreme elevations in mater-
nal glucose concentrations and possibly ketoacidosis.
Corticosteroids, used to accelerate fetal lung maturation,
may also result in significant and prolonged maternal
hyperglycemia. During treatment with these drugs, regular
diabetes supervision is essential. Maternal glucose should
be carefully monitored, hourly if necessary, and 2—4 hourly
once maternal glucose levels are stable. Even women with
gestational diabetes may have their diabetes control wors-
ened significantly; they must also have regular monitoring
of their glucose levels and insulin may be required.
Various glucose/insulin algorithms involving increased
insulin dosage have been described, and this requirement
should be anticipated. We have successfully used an algo-
rithm comprising additional doses of subcutaneous
insulin during steroid treatment (intramuscular admin-
istration of betamethasone 12 mg repeated after 12
hours), aiming to maintain preprandial glucose levels
below 6mmol/L (<108mg/dL) without
hypoglycemia.” This algorithm which is administered as
an inpatient involves:
1 Day 1 (the day on which the first dose of betametha-
sone is given): the night time dose of insulin is
increased by 30%
Day 2: all insulin doses are increased by 50%
Day 3: all insulin doses are increased by 50%

excessive

Day 4: all insulin doses are increased by 30%

Day 5: all insulin doses are increased by 20%

Days 6 and 7: the insulin dose is gradually reduced to
presteroid levels.

AN U B~ W N
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A broadly similar, although less aggressive, approach
has been employed in Scandanavia.® Another group’
reported its experience of a supplementary intravenous
sliding scale (in addition to the woman’s usual subcu-
taneous insulin regime) to indicate the required dosage
of insulin infusion in six women receiving antenatal ster-
oids. The additional infusion was commenced immedi-
ately before the first steroid injection and continued until
12 hours after the second injection. Patients moved up to
a higher level of insulin administration as dictated by
glucose levels. Using this method, 75% of all glucose
measurements were within 4-10mmol/L (72-180 mg/
dL).

The UK Confidential Enquiry into Maternal and Child
Health (CEMACH)> highlighted that only 293 of 328
women giving birth before 34 weeks received a full course
of antenatal steroids; the most common reason for non-
administration was birth of the baby before the full
course could be given.

Summary of recommendations

+ When tocolysis is indicated in women with diabetes, an
alternative to betamimetics should be used to avoid
hyperglycemia and ketoacidosis.

+ The use of antenatal steroids for fetal lung maturation
with diabetes is associated with a significant worsening
of glycemic control and this must be anticipated.

+ Women with insulin-treated diabetes who are receiving

steroids for fetal lung maturation should be closely

monitored and receive supplementary insulin accord-
ing to an agreed protocol.

Further appraisal of the optimal methods to achieve

euglycemia in this context is needed.

.

EVIDENCE IN SUPPORT OF THE NEED
FOR GOOD GLUCOSE CONTROL
DURING LABOR

Neonatal hypoglycemia

This is a relatively common complication following birth
among infants of mothers with diabetes, with prevalence
rates ranging from 10% to 60%.%° It is well recognized
that blood glucose in the neonate tends to fall early after
birth, reaching a nadir between 1 and 2 hours. This is an
almost universal finding and is unlikely to be of patho-
logic significance. Subsequently, even in the absence of
nutritional intake, blood glucose rises significantly by 3
hours of age. The diagnosis of hypoglycemia therefore

requires the persistence of neonatal hypoglycemia beyond
the first few hours of birth as these babies have failed to
mount an appropriate lipolytic and ketogenic response.
The aim is to minimize the incidence and severity of
hypoglycemia (<2.6mmol/L [<47mg/dL]) by early
feeding and careful monitoring. This level is not neces-
sarily used to diagnose the condition, but does indicate
the level at which further intervention may be required.
This is based on a study which showed that adverse neu-
rodevelopmental outcomes were associated with repeated
values below this level."" The presumptive mechanism is
thought to be neonatal hyperinsulinism resulting from
hyperglycemia during labor, although a persisting auton-
omous fetal insulin secretion may also occur earlier in
pregnancy in poorly controlled maternal diabetes.'”

The results of a series of observational studies, sum-
marized in Table 21.1,"'® are in general agreement that
neonatal hypoglycemia is closely related to maternal
hyperglycemia in labor and during delivery. In addition,
in a retrospective study involving 107 women with Type
1 diabetes, Taylor et al'® showed that neonatal hypoglyc-
emia correlated with maternal hyperglycemia in labor,
but not with HbAlc during pregnancy.

Fetal acidemia

It has also long been recognized that maternal hypergly-
cemia is associated with an increased risk of fetal acidemia.
Two observational studies in women with Type 1 diabe-
tes considered the effect of intrapartum blood glucose
control on fetal distress. In one study of 149 subjects,"”
perinatal asphyxia was reported in 27% (n = 40). The
maximum maternal blood glucose during labor was
higher in babies with perinatal asphyxia than in those
without (9.5 £ 3.7 vs 7.0 £ 3.0mmol/L [171 £ 67 vs
126 £ 54mg/dL]; p < 0.0001). In the other study of 65
subjects,'” mean blood glucose during labor in women
using continuous subcutaneous insulin infusion (CSII)
(n = 28) was 4.8 £ 0.6mmol/L (86 = 11 mg/dL) (range
3.8-5.8mmol/L) compared with 7.2 + 1.Immol/L
(130 £ 20mg/dL] (range 5.6-8.3mmol/L) (p < 0.025)
among those using a constant IV insulin infusion
(n = 37). Acute fetal distress occurred in 27% of the IV
infusion group versus 14.3% of the CSII group (p <0.001);
cesarean section occurred in 38% versus 25% (p < 0.05),
respectively.

These data suggest that maintenance of maternal
blood glucose between 4 and 7mmol/L (72126 mg/dL)
during labor and delivery reduces the incidence of both

neonatal hypoglycemia and “fetal distress”*
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Table 21.1 Observational studies which have examined the relation between intrapartum capillary blood glucose (CBG) and
neonatal hypoglycaemia (NH).

Authors (year) Subjects Methods/definitions Findings
Andersen et al® (1985) 53 Plasma glucose measured at birth Maternal BG at birth correlated
Type 1 and 2h later; NH (<1.7 mmol/L positively with neonatal BG at
[<31mg/dL]) birth (r = 0.82; p <0.001) and
negatively with neonatal BG at
2h (r =-0.46; p < 0.001); If
maternal BG at birth was
>7.1mmol/L (>128 mg/dL)
(11/30) 37% rate of NH vs 0%
if maternal BG < 7.1 mmol/L
(<128 mg/dL)
Miodovnik et al'* (1987) 122 IV glucose * insulin infused to 47% babies whose mothers had
Type 1 maintain CBG 3.9-5.6 mmol/L CBG > 5mmol/L (>90mg/dL)

Curet et al'® (1997)

Lean et al'® (1990)

Feldberg et al'” (1988)

Balsells et al'® (2000)

233 insulin-requiring
(77 Type 1, 156 Type 2)

29
insulin-treated

65
Type 1

54
insulin-treated

(70-101 mg/dl);
NH (< 1.7mmol/L [< 31 mg/dl])

Day of delivery — 10% glucose/
fructose infusion; IV insulin at
1-4U/h to maintain BG
3.3-5.0mmol/L (59-90 mg/dL);
NH (< 1.7mmol/L [< 31 mg/
dL))

See Protocol 2 (Table 21.3)

Comparison of CSII (n = 28)
with constant IV insulin
infusion (n = 37)

IV glucose (8.3g/h); IV insulin
infusion via syringe pump

developed NH compared to
14% with CBG < 5mmol/L
(<90 mg/dL)

Incidence of NH was 16.5%.
Mean intrapartum BG level
was significantly lower in
mothers of babies without
hypoglycemia (p < 0.05)

NH occurred in 11 babies;
neonatal BG correlated
negatively with maternal BG at
delivery (r, = —0.58, p < 0.01)

8 cases of NH in constant IV
insulin group; no cases in CSII
group (p < 0.05)

5 babies developed NH; maternal
BG in last 2h of birth was
associated with NH

RECOMMENDATIONS FOR THE
MANAGEMENT OF GLYCEMIC
CONTROL DURING LABOR
AND DELIVERY

The main objective of glycemic control during labor is to
avoid maternal hyperglycemia in order to minimize the
risks of neonatal hypoglycemia and fetal acidemia as dis-
cussed above.

With elective cesarean delivery

+ The physician (see below) responsible for care during
labor should be informed of the admission.
« Women should ideally be first on the operating list.

The mother should fast from 22.00h the previous
evening (except for sips of water).

The woman is allowed to take her long-acting insulin
the preceding evening as usual, but does not take her
usual insulin on the morning of delivery.

A glucose/insulin infusion is begun 1-2 hours before
surgery.

Close liaison is required with the anesthesiologist
(anesthetist).

Maternal capillary blood glucose should be monitored
hourly.

The aim is to maintain blood glucose levels between 4
and 7mmol/L (72—-126 mg/dL) according to protocol.
The dose of insulin is adjusted in response to maternal
capillary glucose.
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In the UK, the physician is usually a diabetologist or
internist specializing in diabetes, while the obstetrician
manages the obstetric care and a neonatologist is present
at delivery. In the US, it is more customary for the obste-
trician in consultation with the perinatologist, the peri-
natologist exclusively, or the obstetrician in consultation
with both the perinatologist and endocrinologist (diabe-
tologist), to manage all aspects of the patient’s care
during pregnancy, labor, and delivery

With induction of labor

+ For standard induction with prostaglandins, women
should continue to eat normally and to have their
normal doses of insulin until in established labor.

+ Once labor is established, a regime of IV dextrose/

insulin is commenced.

Maternal capillary blood glucose should be monitored

hourly.

+ The aim is to maintain blood glucose levels between 4
and 7mmol/L (72-126 mg/dL) according to protocol.

+ The dose of insulin is adjusted in response to maternal
capillary glucose.

.

With spontaneous labor

+ The capillary glucose should be measured on admis-

sion and thereafter hourly.

If the capillary glucose is between 4 and 7 mmol/L

(72-126 mg/dl) and delivery is imminent, hourly

glucose measurement should be continued.

If capillary glucose is greater than 7mmol/L (>126 mg/

dL) or delivery is not imminent, an IV dextrose/insulin

infusion should be commenced as per protocol.

+ The subsequent steps are as for induction of labor (see
above).

For mothers with gestational diabetes controlled on
diet alone, maternal capillary blood glucose should be
monitored every 1-2 hours once labor is established with
the aim of keeping levels below 7 mmol/L (<126 mg/dL).
If this is not achieved, an insulin/dextrose infusion may
be required. Women with gestational diabetes who
required insulin during the course of their pregnancy
should be treated as detailed for women who required
insulin during pregnancy.

Women with Type 1 diabetes who use a CSII in preg-
nancy should have an agreed plan documented as to how
blood glucose is to be achieved during labor and delivery.
It is usually feasible to continue using CSII in labor and
good results have been achieved. For example, in the

study of Feldberg et al'” (see below), the insulin dosage
was extended from pregnancy into labor and ranged
between 0.5 and 1.2U/h. However, delivery unit staff
may have anxieties about this approach due to unfamili-
arity, thus necessitating the close involvement of medical
personnel trained to adjust the CSII pump. Similarly,
with cesarean section, anesthesiologists (anesthetists)
may prefer to revert to an intravenous insulin regime.

MATERNAL BLOOD GLUCOSE
CONTROL DURING LABOR
AND DELIVERY

There is no consensus over how best to achieve optimal
maternal glucose control during labor and delivery.
Perhaps the critical point is that the method of insulin
delivery with which the physician and nursing staff are
most familiar is the one which should be used. The first
stage of labor is associated with a decrease in the need for
insulin and a constant glucose requirement.*® Most of the
data are observational and many regimes have arisen
through personal experience. Details of three protocols
are outlined by way of illustration. In Belfast, for many
years we have successfully used an intravenous glucose/
insulin infusion supplemented by additional insulin
doses (Protocol 1; Table 21.2).*' Alternatively, some
centers use a constant glucose infusion with insulin being
infused separately by an infusion pump. The latter type
of protocol was assessed during labor in 25 women with
insulin-treated diabetes (Protocol 2; Table 21.3)'. Blood
glucose was maintained at 6.0 £ 1.8 mmol/L (108 32 mg/
dL) for a mean of 6 hours before delivery. Neonatal
hypoglycemia (plasma glucose <2.0 mmol/L [36 mg/dL])
occurred in 11 (44%) babies. A further protocol was
evaluated in terms of its ability to achieve normoglycemia
during labor and delivery among 229 pregnancies in 174
women with Type 1 diabetes (Protocol 3; Table 21.4).”
Maternal glycemia during labor was 6.1 + 1.6mmol/L
(110 £ 29mg/dL) with a 13% incidence of neonatal
hypoglycemia.

Feldberg et al'” in a small non-randomized trial of
subjects with Type 1 diabetes, showed a significant
decrease in neonatal hypoglycemia using CSII (main-
tained throughout gestation and delivery) (n = 28) com-
pared with those using an IV regime (n = 39). Neonatal
hypoglycemia occurred in 8% of infants in the IV insulin
regime group and not at all in the CSII group; however,
the subjects may have been self-selecting, leading to some
bias. A randomized controlled trial”® examined the influ-
ence of rotating glucose-containing and glucose-free IV
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Table 21.2 Protocol 1. (adapted from [21])

At onset of established labor or before cesarean section:

Maternal capillary blood 5% dextrose Insulin (short acting) added Time for 500mL Drops per
glucose (mmol/L [mg/dL]) infusion (mL) to each 500 mL (U) infusion (h) minute
<2.0 [36] 500 0 2 84
2.0-3.9 [36-70] 500 0 6 28
4.0-7.9 [72-142] 500 6 6 28
8.0-11.9 [144-214] 500 12 6 28
12.0-15.9 [216-287] 500 16 [§ 28

>16 [288]] Contact diabetes staff

+ Postpartum the 5% dextrose glucose/insulin infusion is maintained until the subject is eating; supplementary doses of insulin are

halved.

+ Approximately half of the normal subcutaneous prepregnancy dose is given, adjusted to amount of food intake, and rapidly

titrated to capillary blood glucose levels.

+ Mother’s blood glucose target is relaxed to range 6—-8 mmol/L (108-144 mg/dL) before meals.

Table 21.3 Protocol 2.'°

At onset of established labor or at breakfast time before

induction/cesarean section:

Nil by mouth until after delivery

Start IV dextrose 10% containing KCI 1g (13 mmoL) in

500mL, 100mL/h via IMED pump

Hourly blood glucose estimation by glucose meter

Set up insulin infusion by IV pump, mounted onto the IV

line, initially at 2 U/h when blood glucose > 7 mmol/L

(>126 mg/dL) (50 U human soluble insulin in 50 mL of 0.9%

saline, 2 ml/h)

Adjust insulin infusion rate to maintain blood glucose at

4.0-7.0mmol/L (72-126 mg/dL) according to glucose meter:

> If <4mmol/L (<72mg/dL), and not rising: decrease insulin
by 1U/h to a minimum of 0.5U/h

> If >7.0mmol/L (>126 mg/dL), and not falling: increase
insulin by 0.5U/h

After delivery of the placenta:

+ Halve the rate of insulin infusion, to a minimum of 0.5U/h

+ Adjust as before to maintain blood glucose at 4.0—
7.0mmol/L (72-126 mg/dL)

+ Refer to medical records or contact diabetic clinic team for
advice about subcutaneous insulin dose before next main
meal (usually about 50% of total daily insulin during late
pregnancy)

+ Stop IV fluids and insulin 30 min after subcutaneous insulin

fluids versus an insulin infusion on intrapartum maternal
glycemic control in women with insulin-requiring diabe-
tes. There was no difference in mean maternal capillary
blood glucose levels in the two groups (5.77 +0.48 mmol/L
[104 £9mg/dL] vs 5.73 £0.99 mmol/L [103 + 18 mg/dL],

Table 21.4 Protocol 3.2

Commence protocol on morning of delivery or following
admission in spontaneous labor:
10% dextrose solution IV at 80 mL/h
Short-acting insulin IV using an infusion pump, starting at
1U/h
Capillary blood glucose (CBG) measured hourly until
delivery
Target CBG values are 3.4-7.8 mmol/L (61-140mg/dL) and
the insulin infusion is adapted as follows:
° Maintain at 1 U/h if CBG 3.4-7.8 mmol/L (61-140 mg/dL)
o Increase to 1.5U/h if CBG 7.8-10.0 mmol/l (140-180 mg/
dL)
= Increase to 2U/h if CBG 10.0-12.2 mmol/L (180-220 mg/
dL)
> Increase to 3 U/h if CBG abovel2.2 mmol/L
(220 mg/dL)
In the case of hypoglycemia (CBG < 3.3 mmol/IL [<59 mg/
dL]), stop the insulin infusion for 30 min and if the CBG
remains low give 30% dextrose IV

respectively; p = 0.89). Neonatal hypoglycemia (blood
glucose < 0.6mmol/L [<11mg/dL] within the first 24
hours) was 6.7 versus 19% in the two groups, respectively,
but this and various other outcome measures were not
significantly different between the two groups. In subjects
without diabetes, Singhi** reported that rates of neonatal
hypoglycemia were three times higher in mothers who
had received intrapartum glucose therapy compared with
those who had not, although a later randomized com-
parison did not confirm these findings.”



217

MATERNAL GLUCOSE CONTROL
POSTPARTUM

As soon as the cord is cut, the rate of the insulin infusion
should be approximately halved as insulin sensitivity
returns to normal within minutes of the shutdown of the
utero-placental circulation. Regular capillary blood
glucose readings and intravenous fluids are continued
until the mother is able to eat normally. For those with
Type 1 diabetes, insulin requirements tend to fall sub-
stantially after delivery. As a general rule, it is usually
reasonable for the women to resume her usual insulin
regime in doses approximating those used prepregnancy.
Regular diabetes supervision, however, is required at this
time to review the insulin needs, which will also vary
depending on whether or not the mother has chosen to
breastfeed. In the latter situation, lower doses of insulin
may be required (see below).

For mothers with Type 2 diabetes, again insulin
requirements fall to near prepregnancy levels. Insulin
should be withdrawn with regular monitoring of capil-
lary blood glucose. At this point, the mother will usually
return to the method by which her diabetes was control-
led prior to conception, although this may vary depend-
ing on whether or not she intends to breastfeed. Those
mothers who were previously on oral hypoglycemic
agents can resume these agents postpartum if they do not
intend to breastfeed. If breastfeeding is desired, the ques-
tion of whether or not to prescribe oral hypoglycemic
agents is controversial and will depend on individual cir-
cumstances and assessment of the risks and benefits (see
chapter 11). If blood glucose levels, after careful monitor-
ing, are not satisfactory with dietary measures alone,
insulin should be reinstituted for a period. The mother
may be able to return to oral hypoglycemic therapy once
breastfeeding has ceased.

For those patients with gestational diabetes, insulin
can usually be discontinued following delivery. Capillary
glucose monitoring should continue for several days to
ensure a return of both fasting and postprandial values
to the normal range. If these are satisfactory, blood
testing can cease and the patient is booked for formal
assessment of glucose tolerance and review approxi-
mately 6 weeks after delivery.

BREASTFEEDING

Dietetic advice at this stage is essential. The recommen-
dation is that postpartum calorie requirements are
increased from 25kcal/kg/day for non-breastfeeding

women to 27 kcal/kg/day for those women who wish to
breastfeed (based on postpartum weight). The optimal
insulin program must be individualized but is guided by
home blood glucose monitoring results. Because mater-
nal hypoglycemia is most likely to occur within an hour
of breastfeeding, this is an important time to measure
blood glucose. In most cases, hypoglycemia can be
avoided by eating a small snack before breastfeeding
rather than making excessive adjustment of insulin
dosage. During lactation, nocturnal insulin requirements
fall due to glucose siphoning into the breast milk; thus
most of the insulin requirement is during the day to cover
the increased caloric needs of breastfeeding.”” As high
maternal glucose levels elevate milk glucose, the aim
should be to keep maternal glycemia as normal as
possible.

Unfortunately, the intention-to-breastfeed rate in
women with diabetes is lower than the initial breastfeed-
ing rate in the general population,” and even for those
intending to breastfeed, there are a number of barriers to
this happening successfully. A recent CEMACH survey
reported a lack of early close contact and early feeding on
the delivery unit, as well as high rates of infant formula
being given as the first feed as relevant factors.” The
CEMACH survey also found that one-third of all admis-
sions to a neonatal unit (NICU) were due to a standard
unit policy of admitting well babies of mothers with dia-
betes. Half of these admissions were felt to be avoidable.’
This prolonged separation of mother and child due to
NICU admission, along with the fact that often infant
formula is given to all babies admitted to the NICU, even
if the mother had expressed an earlier wish to breastfeed,
may contribute to reduced rates of breastfeeding.

There are of course other perceived benefits of breast-
feeding for both mother and child, which, in the absence
of contraindications, have lead to it being strongly rec-
ommended for all mothers with diabetes whether preges-
tational or gestational.

A study by Kjos et al’® looked at the effect of lactation
on glucose metabolism in 809 primarily Latino women.
These women were assessed using an oral glucose toler-
ance test between 4 and 12 weeks postpartum. The post-
partum glucose results were significantly lower in the
breastfeeding group. Those who did not breastfeed devel-
oped postpartum diabetes at a two-fold higher rate than
those women who did. These results persisted when con-
trolled for relevant risk factors.

A significant amount of epidemiologic research has
examined the relationship between breastfeeding and
chronic disease.” Several studies have suggested that
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breastfeeding has a protective effect against obesity in
childhood and adulthood.®®** A meta-analysis of 17
studies by Harder et al’’ found that the duration of
breastfeeding was inversely associated with the risk of
being overweight with a dose-dependent relationship. In
a longitudinal cohort study among 720 Pima Indians
aged 10-39 years who had been breastfed exclusively in
the first 2 months of life, there was a 59% reduction in
the rate of Type 2 diabetes compared with those who were
exclusively bottle fed.”” Plagemann et al”® suggested that
early neonatal ingestion of breast milk from women with
diabetes (compared with those ingesting donor milk)
may increase the risk of becoming overweight. In another
study, however, no association was found between either
neonatal breast milk intake or duration of breastfeeding
on childhood risk of being overweight or having impaired
glucose tolerance when these children were studied in
infancy.™ A link between breastfeeding and lower rates
of Type 1 diabetes has also been established.”

Some of these studies involve populations with high
rates of Type 2 diabetes and obesity that limit their gen-
eralization to all populations. Further research is required
in this important area given the increasing incidence of
gestational and Type 2 diabetes within women of repro-
ductive age.

Three authoritative bodies recommend a 6-month
period of exclusive breastfeeding with continued breast-
feeding for a total period of 12 months.**?*

Oral hypoglycemic agents
and breastfeeding

With the rise of gestational and Type 2 diabetes among
women of child-bearing age, and the likely increase in the
use of oral hypoglycemic agents for the management of
gestational diabetes following recently published data,**
the question of the safety of these drugs during breast-
feeding has become more important. Many women with
Type 2 diabetes will be taking oral hypoglycemic agents
prior to pregnancy. Currently, the majority of these are
switched to insulin during pregnancy, but this may also
change in the future as has been discussed elsewhere in
this book. At present the wisdom of prescribing oral
hypoglycemic drugs to breastfeeding mothers remains
uncertain. The small number of studies that have looked
at the passage of oral hypoglycemic agents into breast
milk are reviewed in chapter 11. If a mother is keen to
breastfeed, she should be encouraged to do so, and the
physician must weigh up the risks and benefits of each
individual case, including her willingness to continue

with, or the availability of, insulin therapy. Recently pub-
lished UK guidelines support the ingestion of glibencla-
mide and metformin in breastfeeding mothers.*

SUMMARY AND FUTURE DIRECTIONS

Women with pregestational and gestational diabetes
should be delivered in centers capable of providing terti-
ary maternal and neonatal care according to standard
protocols. The literature is concordant that the risks of
neonatal hypoglycemia and fetal distress are minimized
by optimal maternal glucose control in labor and during
delivery. There is a lack of consensus on how best to
define and achieve optimal maternal glycemic control,
and randomized trials comparing CSII with more tradi-
tional glucose/insulin infusions may be of use in this
regard. With the rising tide of gestational and Type 2
diabetes, the issues surrounding lactation have become
more pertinent. Further study is needed to examine the
safety of oral hypoglycemic drugs in breastfeeding
women.
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2 Care of the neonate
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PRACTICE POINTS

¢ Neonatal mortality rates associated with pregestational
diabetes are about twice those in the general population.
Preterm delivery with its associated neonatal morbidity is five
times as common with pregestational diabetes than in the
general population and is often avoidable.

Major congenital anomalies are between three and five times
as common in pregnancies with pregestational diabetes than
in the general population.

Other recognized neonatal complications of diabetes in
pregnancy include macrosomia, birth injury, hypoxic-ischemic
encephalopathy, and hypoglycemia.

The majority of babies born to mothers with diabetes do not
have complications and do not require additional specialist
care.

Separation of babies and mothers and formula feeding should
only occur if clinically indicated; such policies should not be
“routine”.

CASE HISTORY

Mrs AB had insulin-dependent diabetes since her teenage
years. She planned her pregnancy and attended a pre-
pregnancy clinic to discuss best possible control at this
crucial time. She envied her closest friend who was plan-
ning a home birth for her own baby, but appreciated that
even with good diabetic control there were risk factors
for her baby which meant hospital birth was advisable.
Early ultrasound scans showed normal growth and
normal fetal anatomy.

Mrs AB had threatened preterm labor at 28 weeks. She
was admitted to hospital and was given intramuscular
betamethasone, to reduce the chances of respiratory dis-
tress syndrome if the baby were to be born preterm.
Fortunately, contractions settled and the pregnancy con-
tinued to near term. A junior obstetrician advised Mrs
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AB that she would need a cesarean section “because she
has diabetes” She asked to speak to the consultant who,
following review, considered there were no risk factors
and that normal delivery could be anticipated. Mrs AB
was relieved as she had read that there is an increased risk
of breathing problems if babies are delivered by cesarean
section.

Baby Tom was born at 38 weeks of gestation by normal
delivery. His birthweight was 3.6kg (91st centile). Tom
was placed skin-to-skin on his mother’s chest immedi-
ately after birth, and within 30 minutes had been to the
breast and was noted to have a good latch and suck. At 4
hours of age he had a blood glucose level measured
(using the machine in the neonatal unit laboratory). This
was 1.5mmol/L (27mg/dL). The midwife considered
Tom had normal tone, color, and vital signs, and encour-
aged his mother to feed him again. He fed well and she
felt that he had taken some colostrum. He remained alert
and with normal tone, and from his skin-to-skin posi-
tion fed intermittently but each time with good latch and
suck. At 8 hours of age, blood glucose level was
2.2mmol/L (40mg/dL) and the midwife again evaluated
Tom’s condition as normal. As his blood glucose level
was increasing and his clinical condition was good, no
additional feeds to breastfeeds were given. Tom contin-
ued to feed well and blood glucose levels remained above
2.0mmol/L (>36mg/dL). Blood glucose monitoring was
discontinued after 24 hours and Tom went home the
next day.

Tom’s health visitor was initially concerned at his
6-week check that his weight had fallen to the 50th
centile. However, she then recalled the history of diabetes
in pregnancy and considered that Tom was showing
“catch down” to his natural weight.

+ Why advice against home birth?

+ Why did Tom have minimal complications after birth?
+ Why did Tom receive formula milk?

+ Why did Tom’s weight fall to a lower centile?
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BACKGROUND

The impact of pregestational diabetes and gestational
diabetes upon the mother during pregnancy is covered in
other chapters. Adverse consequences for the fetus and
the neonate arise either from the directly harmful meta-
bolic environment, or the obstetric interventions required
when maternal control is poor, or from inappropriate
“routine” practices. Optimizing diabetic control mini-
mizes risks to the mother and fetus, and reduces the risk
of the postnatal complications described below. Whilst
in many cases this is achieved and a healthy mother and
baby result, it is important to be aware of the complica-
tions that can occur.

As the population of women with Type 2 diabetes
becomes younger, particularly in some ethnic groups, the
proportion of women with pregnancies complicated by
pregestational Type 2 diabetes has risen to approximately
one-third of pregnancies complicated by diabetes."”
These women have perinatal mortality rates and rates of
fetal macrosomia that are no different from those with
Type 1 diabetes.' Finally, the fetus and neonate of the
mother who develops gestational diabetes are at risk of
some of the same adverse consequences if the gestational
diabetes is not recognized and well managed.’

CARE OF THE HEALTHY INFANT
AFTER PREGNANCY COMPLICATED
BY DIABETES

For many women, especially those who access prenatal
counseling and enhanced diabetes care and then con-
tinue to have good control during pregnancy, fetal and
neonatal complications related to diabetes in pregnancy
are unlikely. It is important to recognize that a baby at
very low risk of complications should be managed
according to normal standards for the healthy newborn
baby.*’ In particular, it is important to avoid unnecessary
separation of mother and baby, and to facilitate success-
ful breastfeeding if this is the mother’s chosen method of
feeding. Failure to follow these principles and the result-
ing iatrogenic complications are also covered below.

NEONATAL COMPLICATIONS -
ETIOLOGY AND MANAGEMENT

Despite the aspiration that improved maternal diabetes
care will minimize perinatal morbidity and mortality,
recent data suggest that despite some improvements over
time, insufficient progress has been made."**'" Some

Table 22.1 Neonatal complications after diabetes
in pregnancy.

Directly related to diabetes in pregnancy

Congenital anomalies

Intrauterine growth restriction

Intrapartum hypoxia—ischemia

Macrosomia, obstructed labor, birth injury

Neonatal death

Polycythemia/jaundice

Hypoketonemic hypoglycemia

Hypocalcemia, hypomagnesemia

Hypertrophic cardiomyopathy

Complications of necessary, or unnecessary, obstetric

interventions

+ Complications of preterm delivery

+ Complications of cesarean section — respiratory distress,
impact on breastfeeding

Iatrogenic

+ Inappropriate separation of mother and baby

+ Inappropriate formula supplementation — impact on
breastfeeding

Table 22.2 Neonatal outcomes in the UK.!

IDM (%) UK (%) Rate
ratio
Neonatal death 9.3 per 1000 3.6 per 1000 2.6
Preterm delivery 37 7.3 5
Congenital 5.5 2.1 2.6
anomaly
Birthweight >90th 52 10 5.2
centile
Shoulder dystocia 7.9 3 2.6
Erb palsy 4.5 per 1000 0.42 per 1000 11
Apgar <7 at 5min 2.6 0.76 3.4
Admission to 56 10 5.6
NNU
Term admission to 33 10 3.3
SC*

*Avoidable admission to SC, 67.1% of SC term admissions
IDM, baby of mother with pregestational diabetes; UK, rate
for general UK population; NNU, any admission to a neonatal
unit, all levels of care; SC, admission to a neonatal unit,
special care only

neonatal complications arise from the effects of being
born preterm or by cesarean section, and are not specific
to diabetes, while others are secondary to intrauterine or
intrapartum hypoxia—ischemia or the abnormal diabetic
metabolic environment that the fetus may be exposed to
during pregnancy. Finally, some neonatal problems are
iatrogenic (Tables 22.1 and 22.2).
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Perinatal mortality

Data from the UK for 2002-2003 indicate that the overall
UK perinatal mortality rate (stillbirths and first-week
neonatal deaths) with pregestational diabetes was 31.8
per 1000 compared with a national rate of 8.5 per 1000
(RR 3.8, 95% CI 3.0-4.7)." This was similar to the rates
in cohort studies from The Netherlands (1999-2001),°
Scotland (1998-1999)," English Northern region (1996~
2004),* and North West England (1990-1994).° Higher
rates of 37 per 1000 and 48 per 1000, respectively, were
reported in older cohort studies from Scotland (1979—
1995)" and the Northern region (1994).® For the cohort
of babies from the Confidential Enquiry into Maternal
and Child Health (CEMACH) undergoing a more
detailed enquiry, the most common causes of death were
related to congenital abnormality and intrapartum com-
plications (Table 22.3).

Severe fetal compromise resulting in intrauterine loss
is covered in chapter 12. The stillbirth rate for women
with Type 1 and Type 2 diabetes in the UK 2002-2003
cohort was 26.8 per 1000, compared with a national rate
of 5.7 per 1000 (RR 4.7, 95% CI 3.7-6.0)." Similar rates
have been reported in other UK and European
studies.>* ™

These are pregnancies at the extreme of the spectrum
for adverse sequelae of diabetes in pregnancys; it follows
that fetuses less severely affected will survive, but carry a
burden of neonatal compromise. Indeed, in the UK
CEMACH cohort, the neonatal death rate was 9.3 per
1000 for babies born to mothers with diabetes, compared
with a national rate of 3.6 per 1000 (RR 2.6, 95% CI
1.7-3.9)."! Neonatal mortality rates were very similar to
this in the Dutch and Scottish cohort studies,*'" but were

Table 22.3 Causes of perinatal mortality in the UK."

Cause of Number (%) Number (%) p value for
death* in enquiry in general difference
(n=98) population

(n =5756)
Unexplained 58 (59) 2516 (44) 0.002
Congenital 18 (18) 1087 (19) 0.68
anomaly
Intrapartum 10 (10) 429 (8) 0.30
causes
Immaturity 4 (4) 1027 (18) < 0.001
Infection 1(1) 252 (4) 0.10

*Extended Wigglesworth classification

higher in the older studies from the UK Northern Region
and North West England.*’

Preterm delivery

In the UK CEMACH cohort (2002-2003), the rate of
preterm delivery (<37 weeks of gestation) for babies born
to mothers with pregestational diabetes was 35.8% com-
pared to a rate of 7.4% in the general population.' The
Netherlands cohort study has provided similar data.® The
causes of preterm delivery are covered in chapter 20.

As with other maternal conditions that affect preg-
nancy, there is always a balance between continuing a
pregnancy until term and reducing the time that both
fetus and mother are exposed to a harmful environment.
However, for women in the UK cohort, 19% had preterm
delivery that was not spontaneous or explained by mater-
nal or fetal compromise and thus could have been
avoided.'! This would have prevented some 235 admis-
sions to neonatal care over the study period.

If preterm delivery is planned, this must be in a unit
that can provide neonatal intensive care, which may
require transfer of the mother to an appropriate unit,
preferably within a perinatal network system as operates
in the UK.

Now that it is widely recognized that mothers with
diabetes should receive steroid injections if preterm
delivery is anticipated, babies of diabetic mothers do not
in general have worse respiratory distress than other
babies of equivalent gestation. In the UK cohort, 70% of
women who delivered live babies between 24 and 34
weeks of gestation received prophylactic antenatal ster-
oids." However, there have been concerns regarding
potential worsening of maternal glycemic control and
resulting perinatal and maternal morbidity if steroid
therapy is given. In the UK cohort, for five of the 68
women who were not given steroids, the reason cited was
“health professionals concerned about effect of steroids
on maternal glycemic control”” The rationale for giving
steroid therapy and subsequent maternal management
are discussed elsewhere (chapter 21).

If a baby is born preterm, there is no evidence that the
usual complications of prematurity are more severe than
for a baby born at a similar gestational age to a mother
who does not have diabetes. Preterm babies of diabetic
mothers should be managed according to standard pro-
tocols. In particular, mothers should be encouraged to
express and store breast milk. Additional problems spe-
cific to the baby of a diabetic mother may be present and
need additional management (see below).
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Effects of delivery by cesarean section

In the 2002-2003 UK cohort, the cesarean section rate
for women who have diabetes was 67%' and in The
Netherlands study 44.3%,° compared with the overall
UK national rate of 22%. In the UK study, 9% of
cesarean sections were not explained by maternal or
fetal compromise and 4% were “routine for diabetes”
or “maternal request”' As stated above, a number of
these “routine” cesarean sections were at a preterm
gestation. Even in pregnancies complicated by gesta-
tional diabetes (rather than pregestational diabetes),
there appears to be a higher rate of cesarean section
(see chapter 20).

Whilst the baby may be protected from hypoxic—
ischemic brain injury by avoiding labor and vaginal deliv-
ery, the potential adverse impacts on the baby of
unnecessary cesarean section are two-fold: delayed and
disrupted breastfeeding and respiratory morbidity (tran-
sient tachypnea of the newborn or surfactant defi-
ciency)."” These in turn frequently result in avoidable
admission to a neonatal unit and separation of mother

and baby.

Effects of antenatal and intrapartum
hypoxia-ischemia

Hypoxia—ischemia is the combined pathology of impaired
oxygenation of the blood and reduced perfusion (second-
ary to the effect of hypoxia on cardiac function). This is
potentially damaging to all organ systems, and particu-
larly the brain. The mechanisms by which intrauterine
loss and neonatal complications occur secondary to
hypoxia—ischemia are not fully understood (see chapters
3 and 12). However, it is likely that macrosomia
and obstructed labor may contribute to intrapartum
hypoxia—ischemia and increase the risk of neonatal
complications.

In the UK enquiry, 10% of perinatal deaths were
related to intrapartum causes.” These represent the end
of a spectrum; many babies affected by intrapartum
hypoxia—ischemia will be born alive and require expert
resuscitation. This is one of the reasons why delivery of
babies of diabetic mothers must occur in units where
advanced neonatal life support is available. If a neonate
has unexpected and severe complications of hypoxia—
ischemia, he/she will require transfer to a neonatal unit
which provides intensive care, if this is not available in
the hospital of birth. As total body cooling becomes an
established treatment for hypoxic—ischemic encephalop-

athy, then time is of the essence in commencement of this
treatment at a specialist center."

Relative cellular hypoxia causes increased erythropoi-
etin secretion and in turn increased fetal red cell produc-
tion."”” The resulting neonatal polycythemia may then
cause excessive neonatal jaundice (as the red cell burden
is lyzed) and occasionally hyperviscosity syndrome.
Renal vein thrombosis or thrombosis in other vessels is
rare, but occurs more frequently in babies whose
mothers have diabetes compared to those whose mothers
do not.

Clinicians caring for these babies must be alert to these
complications and test for them if there are abnormal
clinical signs, such as irritability, lethargy, and poor
feeding. The effects of polycythemia and hypoglycemia
may be additive in terms of reduction of glucose delivery
to the brain, and polycythemia associated with clinical
signs, such as irritability or lethargy, must be treated with
partial exchange transfusion, according to standard neo-
natal guidance.

Congenital anomalies

It has long been recognized that there is a higher inci-
dence of congenital anomalies in pregnancies compli-
cated by diabetes than in the general population.'® The
most recent UK data demonstrated that 4-6% of
fetuses of diabetic mothers had one or more major
congenital anomalies.”"" The reported incidence was
higher in The Netherlands and in the older UK cohort
studies from the North East and North West of
England.®®’

The most common anomalies are congenital heart
disease (the incidence in the CEMACH cohort 1.7% was
three times that in the general population) and anomalies
of limb, musculoskeletal system or connective tissue
(incidence 0.7%)." Neural tube defects, although numeri-
cally rare, are 3.4 times more common than in the general
population.! The possible etiologies of these anomalies
and strategies for their prevention are covered in chapters
8 and 14.

The most important predelivery issues for the obstetri-
cian and neonatologist are to ensure that there has been
adequate counseling of parents, involving the specialist
team who will care for the baby postnatally, and to ensure
that delivery takes place at an appropriate center (depend-
ent on the nature of the anomaly) to enable early access
to specialist care. Routine postnatal echocardiography to
screen for congenital heart anomalies is not indicated,
unless an abnormality has been suspected on antenatal
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scanning or the baby presents with clinical signs of con-
genital heart disease.’

Macrosomia - obstructed labor, birth
injury, and organomegaly

Macrosomia and large for gestational age are not inter-
changeable terms. Macrosomia describes a baby who is
heavier than his/her genetically deteremined birthweight,
has the clinical appearance of a baby who has had somatic
growth in excess over head growth, and may be present
in a baby of “normal” birthweight. Macrosomia and
organomegaly attributed to fetal hyperinsulinemia are
well-recognized characteristics of pregnancies compli-
cated by diabetes, but evidence is inconsistent regarding
the potential impact on these morbidities of improved
diabetic control and duration of diabetes.">'""” The rate
of macrosomia (birthweight above 90th centile) was 52%
in the recent UK cohort.'

The clinical significance of macrosomia pertains to the
the risk of complications presented by delivery of a large
infant, such as shoulder dystocia, obstructed labor, peri-
natal hypoxia—ischemia, and birth injury (e.g. brachial
plexus injury and fractured clavicle or humerus). Recent
UK cohort data provide rates for some of these: shoulder
dystocia 7.9% (over twice the rate in the general popula-
tion), Erb palsy 4.5 per 1000 births (10 times the rate in
the general population), and fractures (usually of the
clavicle and humerus) 7 per 1000 births." In the context
of the high rate of preterm delivery and cesarean section
in this cohort, the complication rate is likely to be even
higher with more normal deliveries at term.

Management of these complications is covered in
standard neonatal texts. Some, such as fractures, cause
no long-term morbidity, but significant long-term neu-
rodevelopmental morbidity may be associated with
hypoxia—ischemia secondary to obstructed labor and
Erb palsy.

Finally, parents and health professionals must be pre-
pared for “catch down” in postnatal growth of macro-
somic babies, especially when breastfed. This is a normal
and healthy adaptation, and provided the baby appears to
be feeding well and is healthy, there should be no concern
if there is an initial period of slow weight gain such that
weight trajectory crosses down the centile lines. Rather,
to over feed the baby and have him/her remain over-
weight has long-term health consequences, e.g. later risk
of cardiovascular disease and diabetes.” This is a further
reason to promote and support breastfeeding, which pro-
tects against long-term metabolic disturbances.'®"

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy, characterized by hyper-
trophied septal muscle which obstructs the left ventricu-
lar outflow tract, may be sufficiently severe to cause fetal
or neonatal death.” In less severe cases, the presentation
is usually within the first weeks of postnatal life with
cardiorespiratory distress and congestive heart failure.
The majority of infants need supportive care only, as
resolution of the signs can be expected in 2—4 weeks. The
septal hypertrophy regresses within 2-12 months.
Routine postnatal echocardiography is not required
unless there are clinical signs.’

Intrauterine growth restriction

Intrauterine fetal growth restriction, often associated
with severe diabetic vasculopathy, may lead to further
problems after birth. The small for gestational age infant
of the diabetic mother appears to be at even greater risk
of adverse outcome, especially neurodevelopmental
sequelae.” Often this is compounded by a requirement
for preterm delivery. Delivery must be planned at an
appropriate unit as specialist neonatal care is likely to be
required.

Impaired postnatal metabolic adaptation

With the cessation of placental nutrition at birth, the
healthy newborn baby undergoes metabolic adaptation
to ensure energy provision to vital organs and subse-
quently to sustain growth and further development. The
key fuels are glucose and ketone bodies (the latter being
the product of beta oxidation of fatty acids). The infant
of the diabetic mother is at risk of transient hyperinsulin-
ism, which in turn causes a high rate of glucose uptake
and conversion to fat, reduced hepatic glucose produc-
tion, and reduced lipolysis and thus reduced ketone body
production'' (Fig. 22.1). At the extreme end of the
spectrum, this will result in hypoketonemic hypoglyc-
emia with markedly reduced fuel availability for the brain
and other vital organs.

The ultimate concern is that of brain injury and
long-term neurodevelopmental sequelae. Reviews of a
number of published studies have suggested an associa-
tion between the occurrence of neonatal hypoglycemia
and adverse neurodevelopmental outcome, but none has
been able to exclude other potentially confounding
complications of maternal diabetes, which may also
influence outcome.™”' Whilst it is clear that untreated
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Fig. 22.1 Impaired neonatal metabolic adaptation.

hypoglycemia that is sufficiently severe and prolonged to
cause clinical signs may cause brain injury, there is no
evidence that brain injury occurs in the absence of clini-
cal signs (“asymptomatic hypoglycemia”). Clinical signs
suggestive of (but not specific to) hypoglycemia are:

+ Abnormal tone

+ Abnormal level of consciousness

+ Poor oral feeding

+ Fits which may be atypical, e.g. presenting as apnea.

The purpose of clinical monitoring (see below) is to
detect hypoglycemia at an early stage when it becomes
clinically significant and to institute appropriate
management.*>*

Fortunately, although cohort studies report that many
babies have low blood glucose levels leading to admission
to a neonatal unit, in practice today in the UK very few
babies develop clinically significant hypoglycemia associ-
ated with clinical signs (see above). Reasons for this are
likely to include standards of maternal diabetic control
during labor (see chapter 21), such that significant post-
natal hyperinsulinism is uncommon, the transient nature
of hyperinsulinism, the ability of the neonate to produce
and utilize ketone bodies, and early preventive manage-
ment (see below).

There are no clinical studies of sufficient rigor to
provide evidence for the circumstances in which neonatal
hypoglycemia may cause brain injury, and thus it is not
possible to provide evidence-based guidelines for the pre-
vention and management of clinically significant neona-
tal hypoglycemia following maternal diabetes. Therefore,
recommendations in this chapter, in referenced texts
written by clinical experts, in the UK CEMACH survey,
and in the UK National Institutes for Health and Clinical
Evidence (NICE) guidelines remain empirical, urging
clinicians to individualize management for each baby and
emphasizing the importance of careful clinical evalua-
tion>!>?'"% (Table 22.4).

Table 22.4 Issues in the management of neonatal
hypoglycemia.

Poor maternal blood glucose control, especially prior to
delivery, increases risk

CEMACH survey — accurate blood glucose monitoring
method in only one-quarter of cases

Formula supplementation is likely to suppress metabolic
adaptation

Formula feeding may increase risk of later obesity and
metabolic disturbance

Unnecessary separation of mother and baby must be
avoided

Clinical monitoring

Unless the baby has clinical complications sufficiently
severe to require admission to a neonatal unit, mother
and baby should remain together. This may be on a post-
natal ward, provided there is sufficient midwifery or
nursing resource to allow regular clinical monitoring of
mother and baby as required. Some hospitals elect to
look after these babies and mothers on transitional care
units, where enhanced midwifery or nurse staffing is
available.

Those caring for the baby must regularly monitor the
baby for feeding behavior and abnormal neurological
signs, and must document their findings. Unless there are
risk factors for other complications (e.g. infection) and
as long as the baby appears well, it is not necessary to
monitor vital signs (temperature, pulse, respiration rate)
or to screen for other potential complications, e.g. poly-
cythaemia.’ If at any stage there are abnormal clinical
signs, the blood glucose level must be measured and an
urgent pediatric review arranged.

It is generally accepted that infants of diabetic mothers
should have regular blood glucose monitoring, and the
timing for this and the thresholds for intervention are
discussed below and in Table 22.6. Given that clinically
significant hyperinsulinism and hypoglycemia appear to
be rare in the UK, this is likely to be an over-cautious
policy applied to prevent babies “slipping through the
net”. It could be argued that provided there is regular
clinical monitoring by experienced staff, such that wor-
rying signs are detected early and blood glucose level
checked at that time, routine blood glucose monitoring
of clinically healthy babies is not required. However, in
practice in the UK, initial blood glucose monitoring is
almost always undertaken and is recommended in the
most recent national UK guidance.’
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Blood glucose monitoring must be by an accurate,
laboratory-based method. No reagent strip with meter
measurement has been demonstrated to be sufficiently
accurate to diagnose or exclude neonatal hypoglycemia.”
Some neonatal units have an accurate and quality assured
analyzer situated in the unit laboratory to allow rapid but
accurate blood glucose monitoring. This is the recom-
mended standard.>”*"****? However, recent data indi-
cate that only around 25% of babies have blood glucose
monitoring using accurate methods.'

Blood glucose monitoring should be commenced at
around 3—4 hours of age. To commence it sooner than
this is not informative as babies experience a physiologic
transitional fall in blood glucose level in the first hours
after birth, often even in healthy babies to levels below
2.0mmol/L (<36mg/dL). Therefore, in an otherwise
healthy baby, a low blood glucose level in the first 3—4
hours does not help to differentiate a baby who has sig-
nificant but transient hyperinsulinism from a baby who
is not affected by hyperinsulinism.

Blood glucose monitoring should be prefeed in order
to detect a nadir in blood glucose level. In a baby with no
clinical signs, a postfeed glucose level is not helpful and
exposes the baby to excessive heel stabs.

If hyperinsulinism occurs, it will usually present in the
first 1-2 days postnatally and will be transient, lasting a
maximum of a few days. Therefore, if a baby is clinically
stable and has shown no evidence of clinically significant
hypoglycemia, blood glucose monitoring may be discon-
tinued when laboratory measured glucose levels are per-
sistently above 2.0mmol/L (>36mg/dL), and in these
circumstances discharge to community care from 24
hours of age is appropriate if all else is well®> (Table 22.5).

Clearly babies who are preterm or unwell and admitted
to neonatal units will undergo blood glucose monitoring
as part of their clinical care.

Feeding

Breastfeeding is the method of choice for all babies
(barring notable rare exceptions, e.g. maternal HIV
infection). However, in the UK cohort, only 53% of
mothers with diabetes intended to breastfeed, and at 28
days only 27% of term babies were breastfed.'

Mothers should be encouraged antenatally to consider
breastfeeding their baby and should receive sufficient
information regarding the benefits to make their choice.
Immediately after delivery, a healthy baby should be
placed skin-to-skin with mother and an early breastfeed
offered, with assistance to ensure that the baby achieves
an effective latch. Breastfeeds should be offered every 3—4

Table 22.5 Practical aspects of neonatal blood glucose
monitoring.

+ Use an accurate laboratory-based method

+ Start at 3—4 hours after birth

+ Measurements advised approximately 4 hourly

+ Intervention if clinical signs (regardless of blood glucose
level) or two consecutive glucose levels < 2.0 mmol/L
(<36mg/dL)

+ Stop monitoring when two consecutive levels > 2.0 mmol/L

hours (or more frequently if the baby demands), again
with support if necessary.

Formula supplements to breastfeeds are required only
if there are clinical indications, including intervention for
hypoglycemia (see operational thresholds below).
Formula supplements often result in reduced frequency
of and hunger for breastfeeding, thus reducing breast
milk supply and suppressing normal neonatal metabolic
adaptation.” Therefore, if formula supplementation is
required, this must be of the volume required and no
more. If a mother elects to formula feed, requirements
are not usually in excess of 100 ml/kg/day, but volumes
should be adjusted according to clinical monitoring.
Finally, the potential long-term metabolic risks of over-
feeding and obesity in infancy must be considered.

If a mother and baby are separated, or if the baby
requires formula supplements to breastfeeding, the
mother should be encouraged to express breast milk,
which allows lactation to be sustained and provides
breast milk which can be given to the baby.

Operational thresholds for management

There is no doubt that a low blood glucose level associ-
ated with clinical signs (see above) must be treated. In
the absence of abnormal clinical signs, recommendations
for blood glucose thresholds at which to intervene must
be pragmatic, and must balance the risks of developing
clinically significant hypoglycemia against the risks of
disrupting breastfeeding and separating mother and
baby. The most recent UK guidance advises that, in the
absence of clinical signs, two consecutive blood glucose
levels below 2.0 mmol/L (<36 mg/dL) at least 3—4 hours
after delivery require intervention to aim to raise the
blood glucose level.®

Management of clinically significant hypoglycemia
Management of a low blood glucose level associated with
abnormal clinical signs (see above) is a medical emer-
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gency necessitating full clinical evaluation and transfer to
a neonatal unit. If clinical signs are not severe (e.g. alert
baby but poor suck), it is reasonable to assess the effect
of tube feeds at an appropriate interval. However, if
blood glucose levels do not increase with tube feeds or
the baby has serious clinical signs (e.g. reduced level of
consciousness or fits), intravenous glucose must be given
without delay, starting at 5mg/kg/min (equivalent to
3ml/kg/h of 10% dextrose) but being aware of the pos-
sible need to increase this as necessary if indicated by
frequent blood glucose monitoring.” Intramuscular glu-
cagon (200 ug/kg) is useful if there are clinical signs and
a delay in achieving intravenous access, in that glycogen
will be broken down to release glucose, but the effect will
be transient, lasting less than 1 hour.

Hypocalcemia and hypomagnesemia

Transient neonatal hypocalcemia has been reported fol-
lowing diabetes in pregnancy, and both its incidence and
severity appear to be related to the degree of maternal
diabetes control.”” Tt is usually associated with hyper-
phosphatemia and occasionally with hypomagnesemia.
The aetiology is not entirely clear, but neonatal hypopar-
athyroidism has been demonstrated and may in part be
secondary to maternal magnesium loss. Published studies
and clinical experience indicate that hypocalcemia and
hypomagnesemia are rarely of clinical significance, unless
the baby has other complications, e.g. perinatal hypoxia—
ischemia. Therefore, there is no indication to screen for
them in the healthy baby. If associated with clinical signs,
the deficits must be corrected, as recommended in stand-
ard neonatal textbooks.

latrogenic complications

It will be seen from the discussion above that the timing
and method of delivery often impact upon neonatal mor-
bidity. Occasionally decisions are made on fetal grounds,
but more often are related to maternal complications.
However, in a number of cases there are no clear
maternal or fetal reasons for preterm delivery or delivery
by cesarean section. Each places neonatal well-being
at risk.

Even if there are no significant maternal or fetal com-
plications and the pregnancy goes to term or near term,
the evidence would suggest that the baby is still exposed
to potential iatrogenic harm (Table 22.6). The UK
CEMACH enquiry demonstrated frequent failings in
medical and midwifery care which impacted upon the

Table 22.6 Potentially avoidable adverse outcomes for
the baby."”*

16% of preterm deliveries — no clear indication for
induction or cesarean section

30% of preterm babies — no maternal steroids administered
5% of babies delivered with no intensive care/high-
dependency care facility

25% of admitted term babies — reason given was “routine”
9% of babies who received formula — reason given was
“routine”

baby’s postnatal course and in particular establishment

of feeding."”* These included:

+ “Routine” admission of babies to neonatal units

+ “Routine” supplementation or replacement of breast-
feeds with formula

+ Delayed “skin-to-skin” contact and first feed

+ Poor management of temperature control

Testing of blood glucose with subsequent response to

this too soon after delivery.

In addition to the harmful effects of these practices for

mother and baby, they represent an avoidable use of neo-

natal unit resource.

.

LONG-TERM OUTCOMES

Studies of potential long-term neurodevelopmental
sequelae in infants born to mothers with poorly control-
led diabetes in pregnancy are inconsistent."*' However,
studies of infants born to mothers with well-controlled
diabetes in pregnancy show a favorable neurodevelop-
mental outcome.” This is discussed in detail in chapter
25. Finally, the risk of insulin-dependent diabetes devel-
oping by the age of 20 years in the offspring of diabetic
women is at least seven times that for non-diabetic
mothers (lower than the risk if it is the father who has
diabetes)."®

MINIMIZING RISK

The findings from the UK national 2002—-2003 survey and
many other published studies have reinforced the recom-
mendations for good practice, as these are associated with
a reduction in postnatal complications and iatrogenic
harm"”* (Table 22.7).

In addition, all hospitals must have written protocols
for the prevention and management of potential neonatal
complications, including hypoglycemia, and for admis-
sion to the neonatal unit.
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Table 22.7 Key points for good practice to prevent neonatal
complications.

Antenatal counseling by experienced clinicians if
complications are expected

Written policies and guidelines for delivery and postnatal
management

Avoid unnecessary preterm delivery and/or cesarean section
Give maternal steroids if preterm delivery anticipated

Plan delivery where appropriate neonatal expertise is
available

Encourage breastfeeding as method of choice, do not give
formula to a breastfed baby unless clinically indicated

Offer early feed and skin-to-skin contact

Commence blood glucose monitoring, using accurate
method, at 3—4 hours after birth

Do not treat for hypoglycemia unless two consecutive blood
glucose levels are < 2.0mmol/L (<36 mg/dL) or there are
clinical signs of hypoglycemia

Do not screen for other potential complications unless there
are clinical signs

Keep mother and baby together unless there is a clinical
indication for admission of baby to a neonatal unit

Advise mother and primary care health professionals of the
normal pattern of “catch-down” growth in a macrosomic
baby

The baby must be delivered in a unit where the appro-
priate expertise is present, the minimum standard being
a hospital where advanced neonatal life support skills are
immediately available. However, many babies in addition
will require, often unexpectedly, care on a neonatal
intensive care unit. Of equal importance is the need to
avoid iatrogenic harm, such as unnecessary preterm
delivery or cesarean section and unnecessary separation
of baby and mother. These all require planning and coop-
erative working within the multidisciplinary team.
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PRACTICE POINTS

e The use of effective methods of contraception, until
euglycemia is achieved and the woman is ready to conceive,
will minimize the risks of unintended pregnancy and adverse
pregnancy outcomes, and should be discussed with each
sexually active woman with diabetes, regardless of her
pregnancy intentions.

Intrauterine devices are an excellent contraceptive option in
women with diabetes, as they are metabolically neutral and
have a failure rate similar to sterilization.

Diabetic women who do not wish to or cannot use
intrauterine contraception, have a variety of hormonal
contraceptive options, and in most cases a suitable hormonal
method can be identified. Combination hormone
contraceptive methods may be used in diabetic women
without micro- and macro-vascular disease and have minimal
metabolic effects, and progestin-only methods are acceptable
for most women who are not candidates for estrogen-
containing methods.

Barrier methods and methods of natural family planning,
while metabolically safe, are not recommended as a first-line
agent for women with diabetes because of their high failure
rate.

¢ All women should be informed about emergency
contraception, which is safe to use in diabetic women.

For diabetic women without euglycemia, counseling in
routine pregnancy options should include an accurate
estimate of the risk for congenital malformations.

CASE HISTORY

Maria is a 43-year-old mother of four children with a
21-year history of Type 2 diabetes and an 8-year history
of hypertension. She has recently started metformin as

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing
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prescribed by her physician. She has a body mass index
(BMI) of 36 kg/m?, blood pressure of 142/88 mmHg, and
a fasting blood glucose of 7.6 mmol/L (137 mg/dL). She
presents for a visit 4 weeks postpartum. She is both breast
and bottle feeding. She used condoms before her first
three pregnancies and the progestin-only pill between her
third and fourth pregnancies, although she admits to
somewhat variable compliance. She thinks she would like
to resume using one of these methods, and that her
family is probably complete. You counsel her regarding
her contraceptive options, emphasizing efficacy, includ-
ing sterilization and intrauterine devices, but also the
possibility of her resuming the progestin-only contracep-
tive method or using condoms.

+ Why is effective contraception so important in relation
to diabetes in pregnancy?

+ When should women be advised to start contraception
after delivery?

+ What are the types of contraceptives available?

+ What are the advantages and disadvantages of each of
these methods?

+ What are the
breastfeeding?

issues with contraception and

BACKGROUND

The association of hyperglycemia during embryogenesis
with an increased dose—response risk of both major and
minor congenital malformations' is now clearly estab-
lished and underscores the importance of offering
women with pregestational diabetes, and those with a
history of gestational diabetes mellitus (GDM), a safe
and reliable contraceptive method both in the planning
stage and as soon as possible after delivery. All women
with diabetes should receive preconception counseling
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and achieve euglycemia prior to attempting conception.
Using an effective method of contraception during this
period is crucial. During pregnancy, postpartum con-
traceptive options and breastfeeding need to be dis-
cussed to achieve seamless contraception that begins
after delivery. Exclusive breastfeeding during the first 6
months postpartum does provide pregnancy prevention
and decreases the risk for obesity and metabolic syn-
drome in the offspring. However, by the time of the
traditional 6-week postpartum visit, over 25% of
women who intend to breastfeed may have abandoned
breastfeeding, and only 35% are exclusively breastfeed-
ing.>. Within six weeks of delivery, up to 5% of non-
breastfeeding women will ovulate, putting them at risk
for subsequent pregnancy.’ Accordingly, it is important
that discussions about contraception are held prior to
postpartum hospital discharge and that plans are final-
ized at the 3—6-week postpartum visit.

Contraceptive choices depend on whether and when a
woman desires to become pregnant. For women who do
not desire pregnancy in the near future, long-acting
reversible contraceptive (LARC) methods, e.g. intrauter-
ine contraceptives and hormonal implants, are the most
efficacious because they are not coitus dependent and do
not require vigilance on the part of the patient. Continu-
ation rates, efficacy rates, and World Health Organiza-
tion (WHQO) recommendations of the various methods
are detailed in Table 23.1.*° Studies examining contra-
ceptive use in diabetic or prediabetic women have gener-
ally been retrospective and limited to short-term use.’
Thus, many of the recommendations have been neces-
sarily extrapolated from epidemiologic studies and clini-
cal trials in non-diabetic women, and WHO classification
of categories of contraceptive risk." Most of the data
available are a combination of level C evidence, expert
opinion, and practitioner experience. While more con-
traceptive trials in diabetic women are needed, data from
existing studies support the use of most contraceptive
methods. Additionally, morbidity and mortality risks of
pregnancy far outweigh those for using the most effective
forms of contraception. Many women, including those
with diabetes, have misconceptions about family plan-
ning methods. Eliciting concerns from the patient and
providing evidence-based education may improve
uptake of contraceptive
adherence.

This chapter will review contraception in women
with Type 1, and Type 2 diabetes, and previous
GDM. A simple question-based approach to individual-
ized counseling is used, considering diabetic complica-

effective methods and

tions, comorbidities, metabolic effects, and lifestyle
demands.

HOW MANY MORE CHILDREN WOULD
YOU LIKE TO HAVE?

If the woman is convinced that her family is complete,
two permanent options are available: vasectomy or
female tubal sterilization. These methods require the
patient to be counseled as to the permanent nature of the
procedure and are generally not recommended for nul-
liparous women.

Vasectomy

The safest method for the woman with diabetes is for
her male partner to have a vasectomy, which can be
performed as an outpatient procedure. By interrupting
the vas deferens, the passage of sperm is prevented
from entering the female reproductive tract. The perfect
use failure rate in the first year is reported as 0.1%, but
studies reveal a failure rate of 0.0-0.74% at 1 year with
a cumulative failure rate of 1.1% at 5 years.” The higher
failure rate is usually considered secondary to the
failure to use an alternate method of contraception
until two consecutive sperm samples reveal no motile
sperm. The use of this method does require a coopera-
tive partner.

Female sterilization

If a cesarean delivery is planned, tubal sterilization can
occur at that time. However, if the cesarean is
unplanned, then even if counseling had taken place
during pregnancy, there is the risk of a hurried decision
which must be balanced against the risks of a subse-
quent sterilization operation. The most effective
methods are postpartum partial salpingectomy and
interval laparoscopic sterilization, both with a 10-year
cumulative failure rate of 0.75%.” While sterilization is
safe and effective, diabetes is an independent risk factor
(adjusted OR 4.5) for one or more postoperative
complications.®

A newer method of female sterilization has been
developed that can be performed hysteroscopically in an
outpatient setting without anesthesia, by inserting
devices into the fallopian tubes that cause severe local
inflammation. A hysterosalpingogram is advised at 3
months to document success. Data about this method in
diabetic women are limited.
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Table 23.1 Contraceptive failure and continuation rates at 1 year and 2004 World Health Organization (WHO) recommendations
for hormonal and long-acting reversible contraceptive use in women with diabetes mellitus and associated conditions with 2008

updates. (Adapted from World Health Organization®* and Trussel’.)

Combination Progestin Depo- Etonorgestrel Copper Levonorgestrel
estrogen and only oral medroxyprogesterone  implant intrauterine  releasing
progestin contraception acetate injection device intrauterine
methods (patch, device
pill, ring)
Failure rate at 1 year (number of pregnancies in 1000 sexually active women using these methods)
Perfect use 3 3 3 5 6 2
Typical use 80 80 30 5 8 2
Continuation rate 68 68 56 84 78 80
at 1 year (%)
Recommendations for use (WHO score 1-4*)
Diabetes
Type 1 or 2 2 2 2 2 1 2
diabetes — without
vascular disease;
with or without
insulin therapy
Type 1 or 2 3or4 2 3 2 1 2
diabetes — with
neuropathy,
retinopathy,
nephropathy,
other vascular
disease, or
diabetes >20 years
duration
Multiple risk factors 3or4 2 3 2 1 2
(i.e. diabetes
mellitus +
smoking, age >40,
hypertension)
History of 1 1 1 1 1 1
gestational
diabetes mellitus
Breastfeeding
<6 weeks 4 3 3 3 <48h =1 <48h =3
postpartum 48h to <4 48h to <4
weeks = 3 weeks = 3
6 weeks—6 months, 3 1 1 1 >4 weeks =1 >4 weeks =1
primarily
breastfeeding
>6 months 2 1 1 1 1 1
Postpartum (not 3 1 1 1 <48h=1
breastfeeding, if
different from
breastfeeding)
<21 days
>21 days 1 1 1 1
Post abortion 1 1 1 1 1 1
First trimester
Second trimester 1 1 1 1 2 2
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Table 23.1 Continued

Combination Progestin Depo- Etonorgestrel ~ Copper Levonorgestrel
estrogen and only oral medroxyprogesterone  implant intrauterine  releasing
progestin contraception acetate injection device intrauterine
methods (patch, device
pill, ring)
Parity
Nulliparous 1 1 1 1 2 2
Parous 1 1 1 1 1 1
Obesity 2 1 1 (2 if age <18 years) 1 1 1
(BMI = 30mg/kg?)
Depressive disorders 1 1 1 1 1 1
Hyper- or 1 1 1 1 1 1
hypo-thyroidism
Blood pressure
History of 3 1 2 1 1 1
hypertension,
adequately
controlled, or
systolic
140-159 mmHg
or diastolic
90-99mmHg
Systolic 2160mmHg 4 2 3 1 1 2
or diastolic
>100mmHg, or
vascular disease
History of 2 1 1 1 1 1
pregnancy-
induced
hypertension, now
normal
Hyperlipidemia 2o0r3 2 2 2 1 2
Ischemic heart disease 4 i2¢3 3 i2 ¢3 1 i2¢3
(history or
current)
History of 4 i2¢3 3 i2¢3 1 2
cerebrovascular
accident

*1, use the method without restriction; 2, use of the method generally outweigh the risks; 3, use of the method has theoretical or
proven risks, but may be used if other methods not available or acceptable (usually requires monitoring); 4, use of the method

represents an unacceptable health risk; ¢, continuation; I, initiation

ARE YOU INTERESTED IN USING A
CONTRACEPTIVE METHOD THAT YOU
DO NOT NEED TO THINK ABOUT ON A
REGULAR BASIS?

Reversible long-acting methods of contraception (LARC)
are recommended for use in women with diabetes and

are also advocated worldwide by family planning leaders.
Two main categories exist: intrauterine contraceptive
devices (IUDs) and hormonal contraceptive implants.
Their efficacy rivals that of permanent sterilization and
they can be used by most women with diabetes, including
during breastfeeding. Both are rapidly reversible. Because
they require placement and removal by a healthcare pro-
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fessional, continuation rates are higher than for any other
form of reversible contraception (see Table 23.1). This
provides the healthcare provider with an opportunity to
help patients achieve optimum glycemic control prior to
removal for a desired pregnancy. While most diabetic
women can safely use all LARC methods, various medical
problems unrelated to diabetes, such as current breast
cancer, may prohibit the use of hormonal LARC methods.

Intrauterine contraception

IUDs have little or no systemic or metabolic effects, and
can be used in diabetic women with obesity, vascular
disease, hypertension, retinopathy or hyperlipidemia.
Most women with diabetes are excellent candidates for
IUDs and patient selection follows the same guidelines as
for non-diabetic women (e.g. no evidence of current
pelvic inflammatory disease). Two types of IUDs are
currently available, one which releases copper (Cu-IUD)
and the other, a levonorgestrel-releasing intrauterine
system (LNG-IUD). In an asymptomatic woman who
does not have a mucopurulent cervicitis, cervical PCR for
gonorrhea and chlamydia may be obtained at the time of
insertion, but these results must be followed up for treat-
ment in case of a positive culture. While I[UDs are inserted
using an aseptic technique, there is a slight risk for infec-
tion in the first 3 weeks after insertion. After this time,
the risk of pelvic inflammatory disease is no longer
increased compared to non-IUD users. Because the
overall risk of infection is low in an asymptomatic
woman, antibiotic prophylaxis is not routinely recom-
mended.” ITUDs may be placed in women with a remote
history of pelvic inflammatory disease, nulliparous
women, and after a non-septic spontaneous or elective
abortion. If it is considered probable that the woman will
return for insertion postpartum, then arrangements may
be made for IUDs to be inserted 4—6 weeks after delivery.
Alternatively, they may be inserted at cesarean delivery
or within 48 hours after delivery, although this has been
associated with an increased expulsion rate' when com-
pared to the very low rate at 4—6 weeks post delivery."
Follow-up studies reveal that mean weight gain after 5
years of use, at 2.4kg in both hormonal and non-hormo-
nal IUD users, is no different from what would be
expected in the general population.'> Although studies in
diabetic women are limited, 12-month conception rates
are comparable to the general population after discon-
tinuation.'” With regard to metabolic effects, in a 1-year
randomized trial in diabetic women comparing the LNG-
IUD with the Cu-IUD, no significant differences were

found in fasting glucose levels, glycosylated hemoglobin
or daily insulin requirements at 6 weeks, 6 months, or 12
months post insertion."”

Copper intrauterine device

The Cu-IUD is an excellent method of contraception for
most women with diabetes. It is metabolically neutral
with a 12-year cumulative pregnancy risk of 1.9%.'* Pro-
spective studies examining Cu-IUD use in women with
Type 1 and Type 2 diabetes have found no increase in
pelvic inflammatory disease or any decrease in effi-
cacy.'”" The use of Cu-1UDs is associated with increased
menstrual blood loss compared with controls and users
of the LNG-IUD, making it a less desirable IUD for dia-
betic women with anemia of chronic disease or renal
disease, heavy menstrual bleeding or on anticoagulation
therapy."”

Levonorgestrel-releasing
intrauterine device

In addition to its excellent efficacy, the LNG-IUD offers
many non-contraceptive benefits, including protection
from endometrial cancer, which is more common among
obese women."” While it is protective against the develop-
ment of anemia, there is often intermittent light vaginal
bleeding in the first few months after insertion. Thereaf-
ter, menstrual blood loss is generally 70-90% less than
before insertion. The levonorgestrel released into the
uterine cavity reaches only 5% of the plasma levels
observed with a 105-ug dose of oral levonorgestrel,
resulting in minimal systemic effects. In a study of 48
women (mean age 44 years), there was a mean decrease
in diastolic blood pressure with no significant change in
systolic blood pressure, lipid profile, or liver function
tests. However, at 1-year follow-up there was an increase
in the mean fasting blood glucose concentration, although
as the study was uncontrolled it is unclear if the IUD had
an effect on this predestined metabolic decline.”

Progestin-releasing implants

The only progestin-releasing implant available in the US
contains 68 mg of etonorgestrel (ENG-I). It consists of a
single rod placed subdermally in the non-dominant arm
by a trained inserter. It may be associated with irregular
light bleeding and is effective for at least 3 years. Cur-
rently no studies address its use in diabetic women. In
one study of women with polycystic ovarian syndrome
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(PCOS) and insulin resistance, a group at high risk of
developing Type 2 diabetes, there was a decline in insulin
action as measured by the homeostasis model (HOMA)
at 3—12 months from baseline, but no comparison was
made with other contraceptive methods."” In healthy
women, the implant was associated with an increase in
insulin resistance.”” While there were no significant
changes in BMI, daily insulin requirement, mean HbAlc
or retinal changes, Vicente et al showed a statistically
significant decrease in high-density lipoprotein choles-
terol (HDL), total serum cholesterol (TC), and triglycer-
ide levels. The low-density lipoprotein (LDL) levels and
HDL/TC ratio did not change, while albuminuria
decreased.”’ However, the ENG-I is a better alternative to
pregnancy in diabetic women who have difficulty com-
plying with non-LARC contraceptive methods.

ARE YOU INTERESTED IN USING A
CONTRACEPTIVE PILL AND ARE NOT
IMMEDIATELY POSTPARTUM?

The combined oral contraceptive (COC) preparations
available today contain low doses of estrogen and less
androgenic progestins, and generally result in no or
minimal effects on glucose tolerance and favorable
changes in serum lipids. In diabetic women, these pos-
sible metabolic effects become important considerations
when comorbidities, particularly hypertension or hyper-
lipidemia, are present. Evaluation of fasting serum lipids
and blood pressure allows the selection of the best for-
mulation with the least possible metabolic effect. As a
rule, the lowest possible dose and potency formulation
should be selected.

Estrogen has a mixed effect on serum lipids. While
producing desirable effects on HDL and LDL cholesterol
levels, estrogen can also increase serum triglyceride levels,
which often are already elevated in women with Type 2
diabetes, and can also be related to poor glycemic control
and thyroid disease. Estrogen is also associated with a
dose-dependent increase in globulin production along
with an increase in coagulation factors and angiotensin
II levels, thereby increasing thromboembolic risk and
producing a slight increase in mean arterial blood pres-
sure.”? With low-estrogen COCs (<351g), the absolute
increase in arterial thromboembolism is very low (1 in
12000) and comparable to that among healthy COC
users and non-users.**> However, the risk for hemor-
rhagic stroke, ischemic stroke, and myocardial infarction
is increased when cardiovascular risk factors (e.g. hyper-

tension, diabetes with vascular disease, smoking,
migraine, or prior thrombotic disease) are present, when
blood pressure is not measured prior to starting COC, or
when higher doses of estrogen are used (=50 ug).*** Garg
et al did not show progression to nephropathy or retin-
opathy in insulin-requiring diabetic COC users versus
controls.” There are minimal data in women with micro-
vascular disease using COCs and the WHO does not
comment on this subcategory of patients. However,
duration of diabetes for more than 20 years is a contrain-
dication and Ahmed et al demonstrated an increased risk
of developing macroalbuminuria in women with micro-
albuminuria prior to the routine use of angiotensin con-
verting enzyme inhibitors or angiotensin receptor
blockers.” Thus, it is reasonable to avoid COCs in dia-
betic women with microvascular disease.

Progestin formulations and doses vary widely in COCs.
Most progestins are testosterone derivatives and have
varying degrees of androgenic effects, e.g. decreasing
sex-binding globulin, increasing insulin resistance, and
adversely affecting serum lipids. Newer formulations
of oral progestins (desogestrel, drospironone) or older
lower dose/potency norethindrone formulations mini-
mize androgenic side effects and therefore are generally
preferable.”” As their net effect is estrogen dominant,
they may improve metabolic states in women with
increased insulin resistance, unfavorable lipid profiles,
and hirsutism, e.g. in women with previous GDM or with
PCOS.

Short-term (<1 year) prospective studies in women
with Type 1 diabetes have evaluated lower doses of older
progestins, norethindrone (norethisterone <0.75mg
mean daily dose), triphasic levonorgestrel preparations,
and newer progestins (gestodene, desogestrel). These
studies showed no or minimal effect on glycemic param-
eters, serum lipids, and cardiovascular risk factors.

Many women with diabetes are also obese (BMI>30kg/
m?). While the WHO currently lists COC methods as
being generally safe in women with obesity, one study
found the risk of venous thromboembolism in COC
users to be 1.4, 1.8, and 3.1 respectively among those with
a BMIs of 25-30, 30—35, and greater than 35kg/m* com-
pared with COC users with a BMI of 20-25kg/m>*
Because no data exist in obese women withType 2 diabe-
tes, COCs are not a first-line method in women with
marked obesity (BMI > 35kg/m?).

Diabetic women with vascular complications, hyper-
tension, and/or cardiovascular disease should not be pre-
scribed estrogen-containing contraceptives due to the
possible exacerbation of thromboembolic risk and hyper-
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tension. Diabetic women who smoke or have migraine,
and probably those with a BMI greater than or equal to
35kg/m’ should also avoid them. Should the woman
have a strong desire for estrogen-containing methods,
e.g. because of severe acne, she should undergo regular
monitoring of blood pressure and lipids. However, COCs
can be prescribed in diabetic women without micro- or
macro-vascular disease, but the formulations containing
very low doses of estrogen (<20g) and less androgenic
progestins should be selected.

Women with previous GDM share many of the risk
factors of Type 2 diabetes, but short-term prospective
studies have not demonstrated any adverse effect of low
dose/potency COCs on glucose or lipid metabolism.”!
A long-term, controlled study found continued use of
two COCs, one with monophasic norethindrone (40 ug)
and the other with triphasic levonorgestrel (50-125ug),
did not contribute to the development of diabetes, with
virtually identical 3-year cumulative incidence rates for
those using oral contraceptives (25.4%) compared to
non-hormonal methods (26.5%).%

The ACOG recommends that COCs should not be
started before 6 weeks postpartum, after lactation is well
established and the infant’s nutritional status is well
monitored.”” While the possible effect of the quantity of
breast milk on infant growth has not been determined,
estrogen-containing methods are contraindicated during
the first 6 weeks to avoid a further increased risk of post-
partum thromboembolic events.”

Other combined hormonal methods

Recently, other routes of combined hormonal methods
have become available, e.g. contraceptive vaginal rings
and transdermal patches. Currently there are no data
regarding their use in diabetic or prediabetic women.
Data available in non-diabetic women suggest that they
do not offer any metabolic advantages over COCs. Both
methods are well tolerated by women with the benefit of
less frequent application.”** Pharmacokinetic compari-
son of the three regimes reveals the area under the curve
for ethinyl estradiol is lower for the vaginal ring than for
COCs or the transdermal patch, suggesting a theoretical
advantage of this method.”

In summary, while COCs are not absolutely contraindi-
cated in women with diabetes, their use should be
limited to those subjects free from vascular complica-

tions. However, they are a safer alternative to unintended
pregnancy and can generally be used if other options are
not available or acceptable.

ARE YOU BREASTFEEDING AND

LESS THAN 6 MONTHS POSTPARTUM,
OR HAVE DIABETIC OR OTHER
CONTRAINDICATIONS TO ESTROGEN
AND WANT TO USE HORMONAL
CONTRACEPTION?

While estrogen-containing contraception is contraindi-
cated in women with diabetic micro- or macro-vascular
disease, these women are candidates for progestin-only
hormonal methods. These do not increase clotting factors
or blood pressure. While they may decrease triglycerides,
they may also decrease HDL cholesterol levels. All pro-
gestin-only formulations generally change the vaginal
bleeding profile, from an initial increase in breakthrough
bleeding to amenorrhea after more long-term use.
These changes are rarely harmful, but are an important
component of the anticipatory guidance given to the
woman.

Progestin-only oral contraceptives

Oral progestins have been widely studied in healthy
women. There have also been short-term studies in
women with Type 1 diabetes. They have an established
safety profile and may be rapidly discontinued if side
effects occur.®® They are taken continuously with no
pill-free intervals and when taken carefully their efficacy
is considered to be similar to COCs. However, as the
effect of progestin-only oral contraceptives (PO-OCs or
“mini-pills”) on cervical mucus decreases after 22 hours,
the need for emergency contraception arises when just
one PO-OC is missed or is taken 3 hours late. These
formulations are not associated with an increase in blood
pressure or coagulation factors and thus, are an accept-
able method for diabetic women with vascular disease,
hypertension, cardiovascular, and thromboembolic risk
factors.*

The level of steroid hormones transferred to breast
milk is less than 1% of the maternal dose, which is com-
parable to endogenous hormone levels observed during
ovulatory cycles. PO-OC preparations may be used
during the first 6 weeks postpartum as they have no effect
on breast milk volume or infant growth and weight.”” In
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Latina women with previous GDM, the use of PO-OCs
in postpartum breastfeeding women was associated with
an approximately three-fold increase in adjusted risk of
developing Type 2 diabetes compared to COC use in
non-breastfeeding women with prior GDM.* This risk
increased with duration of use: use for longer than 8
months was associated with an almost five-fold increased
risk. However, while both PO-OCs and depomedroxy-
progesterone acetate (DMPA) (see below) have been
associated with an increased risk of progression to overt
diabetes in women with a history of GDM, the WHO
considers both may be used without restriction in women
with a history of GDM, but does not specifically address
the issue of breastfeeding and GDM history with respect
to contraceptive use (Table 23.1). Choosing an alternate
method, such as an IUD, in breastfeeding women with
prior GDM would be recommended.

Depomedroxypregesterone acetate

Few studies have compared metabolic effects of the
various routes of progestin administration in either dia-
betic or non-diabetic women. In normal weight, non-
diabetic women using DMPA, one controlled study
found no difference in weight gain, energy intake or
expenditure,” while the use of DMPA was associated
with significant weight gain in high-risk Native American
and obese women.”®* A recent observational study which
compared DMPA with COC use in women with prior
GDM for up to 9 years after delivery, found higher annual
diabetes incidence rates in the DMPA users (19% vs
12%), but these were no longer apparent after correction
for baseline cardiovascular and diabetes risk factors. The
increased risk for progression to diabetes appears to be
limited to subsets of women with prior GDM, who have
elevated triglycerides levels greater than 1.7 mmol/L
(>150mg/dL) and had breastfed, each with a 2.3-fold
increased adjusted risk.*’ In a separate analysis of women
with prior GDM, longitudinal use of DMPA and COC
had very slight changes in lipid profiles or blood pressure,
but DMPA use was associated with a significant weight
gain (~4kg/year) compared to non-hormonal and COC
use (<1kg/year)." In conclusion, DMPA is not a first
choice method for diabetic or prediabetic women.
However, in selected patients where daily compliance is
problematic and other more effective methods cannot be
used, a highly efficacious method such as DMPA may be
preferable, with risks minimized by monitoring weight
gain, glucose, and lipids.

WOULD YOU LIKE TO USE NATURAL
OR NON-HORMONAL METHODS OF
CONTRACEPTION?

Lactation amenorrhea method

Breastfeeding in diabetic women should be strongly
encouraged. Studies have shown that breastfed infants of
diabetic mothers have approximately half the risk during
adolescence or early adulthood of developing obesity,
diabetes or the metabolic syndrome. Yet in a recent
survey only half of the diabetic women had received
information about breastfeeding during pregnancy.” In
non-breastfeeding women about 5% will ovulate within
six weeks of delivery,’ necessitating the need for contra-
ception after 21 days. Exclusive breastfeeding when used
as birth control is called the lactation amenorrhea method
(LAM). To use LAM properly, women need to start
exclusive breastfeeding immediately postpartum, breast-
feed at least every 4 hours during the day and 6 hours
during the night, and avoid milk supplementation and
pumping. If the woman meets these criteria during the
first 6 months postpartum with no return of menses,
LAM provides 98% contraceptive efficacy.” Another
method should be used if menses resume, 6 months have
past since delivery or supplementary feeding is used.
Women who rely on LAM should be advised about how
to obtain emergency contraception (or given a prescrip-
tion) in case they unexpectedly have to supplement
feeding or menses resume.

Barrier methods

Barrier methods block fertilization by preventing access
of the sperm into the uterus. Except for the diaphragm
and cervical cap, they are obtainable without prescrip-
tion, e.g. male and female condoms, contraceptive
sponges, cervical shields, spermicidal jellies, and supposi-
tories. Diaphragms and cervical caps should not be fitted
or used until 6 weeks postpartum to allow for proper
fitting. Barrier methods are metabolically neutral, and
have no medical contraindications to their use. Their
typical use failure rate is relatively high (from 15% for
male condoms to 32% for the cervical cap with spermi-
cide in parous women), as success is dependent on proper
application with each coital act. Barrier method failure
rates should be reduced by explanation of correct usage
and providing back-up emergency contraception in
advance of need. Condom use, in addition to pregnancy
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prevention, also decreases the transmission risk of
humanimmunodeficiencyvirus (HIV) and other sexually-
transmitted diseases. Women in non-monogamous rela-
tionships should be encouraged to use condoms
irrespective of contraceptive benefits to reduce this risk.

Coitus interruptus or fertility
awareness method

Approximately one in four women using coitus inter-
ruptus (withdrawal) or fertility awareness method (FAM,
otherwise known as periodic abstinence) will become
pregnant. Some women have religious beliefs that do not
allow contraceptive methods other than FAM. While
encouraging other more reliable methods, the risk of
unintended pregnancy with FAM is still much lower than
using no method, which has an 85% annual failure rate.

DO YOU KNOW ABOUT EMERGENCY
CONTRACEPTION AND WHAT TO

DO IF YOU FIND YOURSELF
UNEXPECTEDLY PREGNANT?

All women should receive information about emergency
contraception. A medical prescription may or may not
be required, depending on state/country laws. If a pre-
scription is required, it should be given as back-up to all
diabetic women using non-LARC methods of contracep-
tion. Advance provision does not decrease usage of
ongoing contraceptive methods or increase incidence of
sexually-transmitted infections. Often referred to as the
“morning after pill”; it should be taken as soon as pos-
sible within 120 hours after recognized method failure,
e.g. unprotected coitus, broken condom, or missed oral
contraceptive pills.”” The mechanism of action is via delay
or inhibition of ovulation, and thus the shorter the time
interval from coitus to administration of emergency con-
traception, the more effective the pregnancy protection.
In diabetic women, the progestin-only regime, levonorg-
estrel (1.5mg total dose), is recommended and has no
contraindications to use. The “modified Yuzpe” regime
(0.5mg of levonorgestrel and 100 ug of ethinyl estradiol
taken once and repeated in 24 hours), is less efficacious
at preventing pregnancies than the levonorgestrel-only
method (57% vs 85%), and is associated with significant
gastrointestinal side effects." After taking emergency
contraception, a woman needs to start or restart a reliable
contraceptive method. A pregnancy test should be
administered if menses have not resumed within 4 weeks
of starting a method.* Another and more effective
method of emergency contraception is to insert a Cu-IUD

(pregnancy rates between 0.0% and 0.2%) after unpro-
tected coitus. It can be inserted up to the time of possible
implantation (7 days after suspected ovulation).*

Despite efforts to improve contraceptive adherence
and effectiveness, there will be contraceptive failures and
unplanned pregnancies. It is advised to inform the patient
of her positive pregnancy test result in a dispassionate
manner, allowing the patient to express her feelings
regarding the diagnosis of pregnancy. Women must be
advised that pregnancy in Type 1 and Type 2 diabetes is
associated with an increased risk of congenital malforma-
tions and that this risk is further increased if the diabetes
is poorly controlled (see chapters 8 and 14). In patients
who desire pregnancy continuation, strict glycemic
control should be obtained as quickly as possible if not
already present. In women with undesired pregnancies,
potential poor pregnancy outcomes related to poor
maternal glycemic control may influence the decision
regarding pregnancy termination. Women should be
counseled regarding the option of pregnancy termination
regardless of their metabolic status. While there are no
studies regarding surgical aspiration versus medical ter-
mination in women with diabetes, both are considered
acceptable options.

CONCLUSIONS

In the selection of a contraceptive method, choices must
be individualized to take account of the woman’s prefer-
ences, her health, social situation, and expected compli-
ance. It is the physician’s duty to stress the importance
of using effective methods of contraception until the
woman is euglycemic and ready to conceive, which will
minimize the risks of congenital anomalies.

1UDs are first-line LARCs in women with diabetes, as
they are metabolically neutral and have a failure rate
similar to sterilization. Data are limited regarding the
etonorgestrel implant in diabetic women, which lasts for
3 years and also requires a visit to a physician’s office for
removal.

Diabetic women who do not wish to or cannot use
intrauterine contraception have a variety of hormonal
contraceptive options, and in most cases a suitable hor-
monal method can be identified.

Combination hormone contraceptive methods may be
used in diabetic women without micro- and macro-vas-
cular disease and have minimal metabolic effects. Women
with hypertension, a history of myocardial infarction,
stroke, diabetic complications, longstanding diabetes or
who are less than 6 weeks postpartum, should not use any
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estrogen-containing  contraceptives;  progestin-only
methods are acceptable alternatives. Barrier methods and
methods of natural family planning, while metabolically
safe, are not recommended as a first-line agent for women
with diabetes because of their high failure rate. All women
should be informed about emergency contraception
which is safe to use in diabetic women.

For women who have completed child-bearing, vasec-
tomy and/or female sterilization are options to consider.
When faced with an unintended pregnancy, women must
receive non-directive counseling in pregnancy options
which must include additional guidance reflecting their
risk for major congenital anomalies.

While contraceptive choice is ultimately up to the
woman, the physician caring for women with diabetes
should promote the use of effective methods, to permit
planning and preparation for a healthy and successful
pregnancy outcome and to avoid unintended, unplanned
pregnancies, which expose the woman and her offspring
to increased risks of medical complications and congeni-
tal anomalies.

CASE HISTORY

Maria is an excellent candidate for sterilization and this
option should be explored. However, as she has some
doubts about this, she should be counseled that should
she conceive she is at increased risk of having a child with
congenital anomalies secondary to suboptimal glycemic
control. A subsequent pregnancy for Maria also has many
risks due to her advanced age, hypertension, obesity, and
longstanding diabetes. These factors would also contrain-
dicate the use of any estrogen-containing contraceptive
method. Maria has risk factors for anovulatory bleeding
and endometrial cancer (obese, older age, and Type 2
diabetes) and would benefit from a progestin-containing
method. She could use a PO-OC, but she should be given
advice about back-up emergency contraception. She is an
ideal candidate for a LARC method, such as the LNG-
IUS, or alternatively either the Cu-IUD or progestin
implant. While she could use DMPA, she must be coun-
seled about possible weight gain associated with its use.
In the end, Maria chose to use a LNG-IUS.

FUTURE DIRECTIONS FOR RESEARCH

The literature to date is largely confined to short-term
studies in Type 1 diabetes. There is a need for research
on long-term outcomes for almost all contraceptive
methods in women with diabetes. In addition, with the

increase in Type 2 diabetes, frequently in the context of
other cardiovascular risk factors, more studies are needed
to clarify whether contraceptive use in these subjects is
associated with adverse outcomes. Finally, research into
more effective ways of delivering contraceptive advice is
required to reduce the number of unplanned pregnancies
occurring when metabolic control is not ideal.
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PRACTICE POINTS

e Gestational diabetes mellitus (GDM) may be the first
manifestation of subsequent Type 2 diabetes; the cumulative
incidence of diabetes ranges from 2.6% to 70%, increasing
steeply within the first 5 years after delivery.

Epidemiologic comparisons are confounded by different oral
glucose loads, differing durations of follow-up and, in the US,
the use of different diagnostic criteria during and following
pregnancy.

e Women with GDM should undergo repeat glucose testing
postpartum and receive appropriate counseling on their risk
of future diabetes and of the need for lifestyle changes and
weight management. At the time of the diagnosis of Type 2
diabetes, a significant number of patients have already
developed micro- and macro-vascular complications;
therefore, close follow-up after the diagnosis of GDM is of
utmost importance in order to prevent complications.
Clinicians and other healthcare providers have a great
opportunity to improve the lives of women with history of
GDM and their families by applying recent knowledge
regarding the early detection, prevention, and management
of hyperglycemia and other cardiovascular risk factors.

CASE HISTORY

A 39-year-old woman presented to her physician with a
6-month history of polyuria, nocturia, 51b (2.3 kg) weight
loss and vaginal itch. She was overweight at 1681b (76kg)
for her height of 5 feet 4 inches (163cm) (body mass
index [BMI] 29) and smoked 10 cigarettes per day. Blood
pressure was 138/88 mmHg. A random blood glucose was
raised at 14.4mmol/L (260 mg/dL) with a repeat fasting
glucose of 10mmol/L (180mg/dL) the following day,
confirming the diagnosis of diabetes. A spot early
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morning urine test for microalbumin was negative.
Fasting lipids showed a total cholesterol of 5.7 mmol/L
(220mg/dL), triglycerides 3.3 mmol/L (294 mg/dL), low-
density lipoprotein (LDL) cholesterol 2.9mmo/L
(111 mg/dL), and high-density lipoprotein (HDL) cho-
lesterol 0.9 mmo/L (36 mg/dL). Ophthalmologic evalua-
tion revealed early signs of non-proliferative diabetic
retinopathy in the left eye.

She had four previous children. Her last pregnancy,
8 years prior to the current pregnancy, had been compli-
cated by GDM, diagnosed on screening at 28 weeks, for
which she was treated with diet initially and subsequently
insulin from 34 weeks of gestation. Her weight gain during
that pregnancy was 45 1bs (20.4 kg). She delivered a 4400-g
healthy infant by cesarean section at 38 weeks of gestation.
Her insulin was discontinued at delivery. Six weeks
postpartum, she was informed that her fasting plasma
glucose was normal and she was advised to have the test
repeated in 1 year. She breastfed for 4 months and
managed to loose 301b (13.6kg) in the first 6 months post-
partum through lifestyle changes. At her request a tubal
ligation was performed 9 months after delivery. Contrary
to advice she was subsequently lost to review until she
represented with classical hyperglycemic symptoms.

Once the diagnosis of diabetes mellitus was confirmed,
she expressed concern about her 21-year-old daughter
who was diagnosed with GDM at week 28 of her first and
only pregnancy. She asked if her daughter was also at risk
of developing overt diabetes in the future, and if so, were
there any possibilities for prevention?

+ Why was the patient asked to return one year after
delivery, in spite of a normal 6 weeks postpartum?

+ What would you advise the patient’s daughter
following the birth of her own child in order to
prevent the development of diabetes mellitus 2?
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BACKGROUND

It was recognized more than 100 years ago that hyperg-
lycemia in pregnant women may disappear after delivery
but return years later." In the late 1940s and early 1950s,
several retrospective studies demonstrated a high perina-
tal morbidity and mortality in infants of mothers who
developed diabetes years later. These findings stimulated
the investigation of carbohydrate metabolism in preg-
nancy with the use of oral and intravenous glucose toler-
ance tests, in order to detect hyperglycemia with the aim
of improving maternal/fetal outcome.

The development of hyperglycemia years after the
diagnosis of what is known today as GDM was first rec-
ognized by Duncan in 1892.> He made three remarkable
statements in the conclusion of his pioneer article on
“Diabetes and pregnancy’:

+ Diabetes may come on during pregnancy

+ Diabetes may occur only during pregnancy and be
absent at other times

+ Diabetes may cease with the termination of pregnancy,
recurring some time after delivery.

In the decades between 1930 and 1950, it was shown
that at the diagnosis of diabetes mellitus, women fre-
quently gave an obstetric history of macrosomic infants,
unexplained intrauterine deaths, and neonatal morbidity
and mortality.” A perinatal death rate of 15.4% was
reported in the 5 years preceding the diagnosis of diabetes
compared with a perinatal mortality rate of 6% in women
delivering 5—12 years before the diagnosis of diabetes.*

The first study of the use of an oral glucose tolerance
test (OGTT) in pregnancy was by Wilkerson and Remein
in Boston.® The aim of the study was “to evaluate the
effect of insulin treatment on the outcome of pregnancy
in women with abnormal carbohydrate tolerance to
determine if such treatment would:

* Result in a lower rate of fetal wastage and other com-
plications of pregnancy

+ Delay the onset of diabetes in pregnant women in the
prediabetic stage

* Decrease the chance of diabetes occurring in the live
births”.

O’Sullivan and Mahan,’” using the same material col-
lected by Wilkerson and Remein, established the criteria
for the diagnosis of GDM, based not on perinatal
outcome, but on the cumulative incidence of future dia-
betes in women with GDM; they reported an incidence
of 67% of diabetes at 5%2 years following delivery. In 1960
Jackson® from South Africa suggested that a “temporary”

diabetic state or significant impairment of glucose toler-
ance during pregnancy indicated a state of potentially
permanent diabetes in the mother.

Since this first observation of overt diabetes developing
years after the diagnosis of GDM, several clinical studies
have confirmed these findings. Mestman et al’ followed
360 mostly Latina GDM women for up to 5 years after
delivery. Of 51 women with an elevated fasting blood
glucose of greater than 5.5mmol/L (100mg/dL) during
pregnancy, only four reverted to a normal OGTT 6 weeks
postpartum. Of 181 women with an abnormal OGTT but
normal fasting blood glucose in pregnancy, 23 (12.7%)
developed overt diabetes (fasting blood glucose
>5.6mmol/L [100mg/dL]) and 59 (32.6%) of them
developed impaired glucose tolerance (IGT). Other
investigators confirmed the above findings.'*"

Based on these findings, the routine use of an OGTT
4-8 weeks postpartum was recommended. Currently,
those women with positive tests are referred to healthcare
professionals for long-term follow-up, including diabetes
education, lifestyle modification, screening, and manage-
ment of cardiovascular risk factors in order to prevent
or delay the deterioration of carbohydrate intolerance
and reduce the risk of future cardiovascular disease. This
approach is supported by a number of studies in the
last two decades which have shown the effectiveness of
aggressive lifestyle modification, physical activity, and
pharmacologic therapies in the prevention of Type 2 dia-
betes. It is the responsibility of healthcare professionals
caring for women with GDM to encourage them to have
an OGTT in the first few weeks after delivery and to make
provision for their proper education and long-term care.

RISK FACTORS FOR THE
DEVELOPMENT OF TYPE 2 DIABETES
IN WOMEN WITH GESTATIONAL
DIABETES MELLITUS

Kim et al” presented a systematic review of 28 articles
published between 1965 and 2001 on GDM and risk of
future Type 2 diabetes. All women were examined 6
weeks to 28 years postpartum, and the cumulative inci-
dence of diabetes ranged from 2.6% to 70%. The authors
made several interesting observations.

+ Once diagnosed with GDM, women from mixed or
non-white cohorts seemed to progress to Type 2 dia-
betes at similar rates.

+ The progression to Type 2 diabetes increased steeply
within the first 5 years after delivery and then appeared
to plateau.
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Women of white ethnicity converted at a similar rate
to the other ethnic groups, but it was difficult to assess
this because of the relatively few studies in this
population.

Elevated pregnancy fasting glucose before 24—26 weeks
of gestation predicted Type 2 diabetes, except when
more specific measures of pancreatic beta cell function
were concomitantly examined, such as insulin
secretion.

Other risk factors had inconsistent or little predictive
value after adjustment for other variables, such as BMI,
maternal age, previous history of GDM, family history
of diabetes, and parity. In many studies reviewed by the
authors, some of the above risk factors were associated
in univariate analyses, but not in multivariate analysis.
Kjos et al"* studied 671 Latino women with GDM, all
of whom had a normal OGTT 4-16 weeks postpartum.
The subjects underwent at least one OGTT within the
following 7.5 years. Life table analysis revealed a 47%
cumulative incidence rate of Type 2 diabetes 5 years after
delivery. They identified four variables as independent
predictors for the development of Type 2 diabetes:

* Glucose area under the postpartum OGTT (4-16
weeks) curve (933 £ 189 mmol/L/min)

+ Gestational age at the time of the diagnosis of GDM
(28.1 = 0.3 weeks)

+ Glucose area under the
(1744 + 277 mmol/L/min)

+ Highest fasting serum glucose concentration
(6.2 = 1.5mmol/L) (111.7 %= 27.0mg/dl) during
pregnancy.

The area under the postpartum OGTT, however, pro-
vided the best discrimination between high-risk and low-
risk individuals.

Peters et al'® in a group of Latino women with GDM
reported that an additional pregnancy increased the risk
of developing Type 2 diabetes (RR 3.34,95% C1 1.80—13.8)
as well as weight gain within 7.5 years after delivery (RR
1.95,95% Cl 1.63—-2.33).

Not only are women with GDM at higher risk of devel-
oping overt diabetes but those with a slight elevation in
blood glucose during a screening oral glucose challenge
test (OGCT) or a diagnostic OGTT are at similar risks.'**®
In a retrospective study”” women with an abnormal
OGCT and one abnormal glucose value during the OGTT
were followed for a median period of 8.8 years. Type 2
diabetes was ascertained by ICD-9 codes or pharmacy or
laboratory data. The higher the elevation in glucose
values during pregnancy, the greater the risk for subse-
quent development of Type 2 diabetes. The above find-

pregnancy OGTT

Table 24.1 Predictors of gestational diabetes mellitus (GDM)
and Type 2 diabetes.

GDM Type 2 diabetes

Obesity Obesity

Family history of Type 2 Family history of Type 2
diabetes diabetes

Waist-to-hip ratio
Previous history of GDM

Waist-to-hip ratio
Previous history of GDM

Ethnic background Ethnic background

Hypertension Hypertension

Previous history of Dyslipidemia
macrosomia

Advanced maternal age Low birthweight

Cigarette smoking Physical inactivity
Polycystic ovarian syndrome

Cigarette smoking

ings are supported by studies showing a decrease in beta
cell function in women with one abnormal value in the
OGTT compared to women with a negative OGTT." Fur-
thermore, it was reported that isolated hyperglycemia at
1 hour during an OGTT is associated with postpartum
hyperglycemia, insulin resistance, and beta cell
dysfunction."”

As shown in Table 24.1 risk factors for developing
GDM are very similar to those for Type 2 diabetes.

LONG-TERM CARDIOVASCULAR
COMPLICATIONS IN WOMEN WITH
GESTATIONAL DIABETES MELLITUS

Women with diabetes mellitus are at increased risk of
developing cardiovascular disease with a mortality higher
than in men.” A possible explanation for this observation
is that women are less likely to receive the same aggressive
treatment for lipids, hypertension, and hemoglobin Alc
(HbA1c) than men.*"* In one of the earliest studies,” 89
women with GDM were interviewed 12—18 years after
their pregnancies; 58 (65.2%) of them had developed
overt diabetes. The incidence of hypertension was 44.8%
in the GDM group versus 12.9% in the control group.
Five women had had a stroke, four a myocardial infarc-
tion, and two were on chronic dialysis. In a preliminary
analysis of the Boston Gestational Diabetes Study,
O’Sullivan* showed that during 26 years of follow-up,
postpartum rates of mortality, hypertension, and dyslipi-
demia were significantly higher in the GDM group com-
pared with controls. He also reported more
electrocardiogram (ECG) abnormalities in the GDM
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women with three- to five-fold more cases of myocardial
infarction and angina.

Carr et al” studied 994 parous women with Type 2
diabetes, who had a first-degree relative with Type 2 dia-
betes, 29.9 years after the index pregnancy (range
1.2-74.0). Three hundred and thirty-two women (33.4%)
gave a history of GDM, and 662 (67.6%) had no history
of GDM. BMI, race, and ethnicity were similar between
the two groups with each composed of about one-third
Caucasians, African Americans, and Latinas. The mean
age at the time of the study was 52.4 years in women
without a previous history of GDM and 48.6 years in
those with a history of GDM (p < 0.001). Women with
previous GDM were more likely to have developed Type
2 diabetes, to have been diagnosed with the metabolic
syndrome, and to have suffered a cardiovascular disease
(CVD) event compared with women without prior
GDM.

Shah er al*® identified 8191 women diagnosed with
GDM in Ontario, Canada between 1994 and 1997, and
81262 women who had a live birth without GDM, with
a median follow-up of 11.5 years. Diabetes, mostly Type
2, developed during follow-up in 27% of the women with
GDM and 3.2% of the women without GDM. The
authors concluded that women with GDM had a sub-
stantially increased risk for CVD events (HR 1.71; 95%
CI 1.08-2.69) in later life compared with women without
GDM. Much of this increased risk was attributable to the
subsequent development of Type 2 diabetes.

RELATIONSHIP BETWEEN
GESTATIONAL DIABETES MELLITUS
AND METABOLIC SYNDROME

The similarities in risk factors for the development of
GDM and Type 2 diabetes have been recognized for the
last three decades (Table 24.1). In addition to insulin
resistance, compensatory hyperinsulinemia and beta cell
dysfunction, abnormalities in lipid metabolism,
hypertension, and obesity are present in both clinical
entities. It has been suggested that both conditions
are the same disorder.”””® Women with a history of previ-
ous GDM, studied at the time of normal glucose toler-
ance, present the hallmarks of insulin resistance and
hyperinsulinemia.”

The metabolic syndrome or insulin resistance syn-
drome is a predictor for development of cardiovascular
complications,” with a prevalence of 20-40% in an
American adult population.” The diagnostic criteria sug-
gested by the National Cholesterol Education Program
(NCEP) expert panel’ require the presence of three of

five of the following for diagnosis: (1) blood pressure

130/85 mmHg or greater; (2) HDL cholesterol less than

1.03mmol/L (40mg/dL) in men and 1.29mmol/L

(50mg/dL) in women; (3) serum triglycerides greater

than 1.69mmol/L (150mg/dL); (4) abdominal obesity

defined as a waist circumference greater than 40 inches

(100cm) in men and 36 inches (92c¢m) in women; and

(5) a fasting serum glucose of greater than 5.5 mmol/L

(100mg/dL). Hyperinsulinemia is a constant feature.

Other manifestations of the metabolic syndrome are:

+ Hyperuricemia and gout

+ Acanthosis nigricans

+ Sleep apnea

+ Polycystic ovary syndrome

+ Fatty liver disease with
cirrhosis.

The International Diabetes Federation (IDF) proposed
in 2004” the following criteria:

+ Increased waist circumference
+ Serum triglycerides greater than 1.7 mmol/L (150 mg/

dL) or treatment for elevated triglycerides
+ HDL cholesterol less than 1.03 mmol/L (40 mg/dL) in
men and less than 1.29 mmol/L (50 mg/dL) in women,
or treatment for low HDL cholesterol
Systolic blood pressure greater than 130 mmHg, diasto-
lic blood pressure greater than 85 mmHg, or treatment
for hypertension
Fasting plasma glucose greater than 5.5mmol/L
(100mg/dL), or previously diagnosed Type 2
diabetes.

In a study in the US, the IDF criteria categorized
15—20% more adults with the metabolic syndrome than
the NCEP criteria.”*

Type 2 diabetes develops in subjects with defects in
insulin secretion in the presence of insulin resistance.
Women with a history of GDM have been studied at dif-
ferent times following the index pregnancy to determine
insulin action and insulin resistance in the presence of a
normal glucose tolerance test.”” In spite of having a
normal glucose tolerance, these women were found to
have defects in both insulin secretion and insulin action.

Kjos et al’® studied lipid metabolism in a group of
Latina women with GDM followed for 36 months. At
6—12 weeks postpartum, serum triglycerides were higher
and HDL cholesterol lower in those women who later
developed diabetes mellitus as compared with women
who did not develop diabetes. This is consistent with
findings in prediabetic patients.”

Birthweight is inversely related to subsequent risk for
Type 2 diabetes, insulin resistance, and other features of
the metabolic syndrome.” Both low birthweight (<2500 g)

steatosis, fibrosis, and
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and high birthweight (>4500g) are associated with the
future development of GDM and Type 2 diabetes (the
latter phenomenon is most likely explained by the pres-
ence of obesity and hyperglycemia during pregnancy).”

Clark et al* hypothesized that GDM could manifest
many of the characteristics of the metabolic syndrome.
They compared the metabolic profile in 179 women (91
African American, 81 Caucasian, and seven of other
ethnic groups), 52 of whom had a history of GDM while
127 did not, as determined by a normal 1-hour glucose
screen. Women with GDM had a higher prepregnancy
BMLI, c-peptide, insulin levels fasting and at 2 hours post-
prandially, and fasting free fatty acid, and a lower HDL
cholesterol during pregnancy (16—33 weeks). The authors
suggested that GDM might be viewed as a component of
the metabolic syndrome. It also provides an excellent
model for study and prevention of Type 2 diabetes in a
relatively young age group.

Launeberg et al'' studied a population of women,
mean age 43 years, with prior diet-treated GDM, 75% of
whom were of Danish origin, with the aim of estimating
the prevalence of the metabolic syndrome 9.8 years
(range 6.4-17.2 years) after the index pregnancy; the
control group comprised 1000 women (95% Danish).
The main outcome measures were BMI, glucose toler-
ance, blood pressure, lipids, and insulin resistance, meas-
ured by fasting insulin levels. The prevalence of the
metabolic syndrome was 40% in women with prior
GDM, three times higher than in the control group.

The above studies strongly support the hypothesis that
GDM has many features in common with the metabolic
syndrome. These observations have very important
implications not only for the detection of patients at risk
at a young age, but also as they offer the potential to
prevent diabetes in the offspring of women with GDM.
As stated by Norbert Freinkel* in the opening address of
the First International workshop on GDM, “... with
GDM women, we may be able to unmask a population
at greater risk for permanent diabetes than under non-
gravid conditions and use it to evaluate the efficacy of
preventive measures”.

PREVENTION OF TYPE 2 DIABETES

Since it is known that most women with a history of
GDM are at higher risk for the development of Type 2
diabetes, simple and practical measures in early detection
of prediabetes and prevention of Type 2 diabetes should
have a major impact on decreasing cardiovascular mor-
bidity and mortality. One of the barriers is the lack of

perception and understanding after delivery on the part
of the women (and perhaps also that of the healthcare
providers) of the seriousness and consequences of diabe-
tes mellitus. Among a selected group of 217 mostly white,
affluent, and well-educated women with a previous
history of GDM, 7% believed that they had almost no
chance of developing diabetes, 35% a slight chance, 41%
a moderate chance, and 16% a high chance; only 31%
reported engaging in lifestyle modification.”’ Therefore,
patient education in lifestyle modification and encour-
agement to return for glucose testing at regular intervals
are important tools for the healthcare professional in the
subsequent follow-up of women with GDM.

Physical inactivity and obesity are well-known risk
factors for the development of Type 2 diabetes. It was
postulated that lifestyle modification, including weight
loss, decreasing the total amount of ingested calories,
increasing the amount of fiber in the diet, and increasing
daily physical activity could delay or prevent the develop-
ment of Type 2 diabetes in those subjects at higher
risk.*** In the study by Helmrich et al> among a group
of women, the incidence of Type 2 diabetes was reduced
by a third through vigorous exercise independent of a
family history of diabetes.

In the Diabetes Prevention Program,* 3234 subjects
of both genders aged over 25 years with a BMI of 24 or
higher and a fasting serum glucose concentration of
5.3—-6.9mmol/L (95-125mg/dL]) or a 2-hour value of
7.8—-11.0mmol/L (140-199mg/dL) after a 75-g glucose
load were eligible for the study. The subjects were
assigned to four different groups:

Intensive lifestyle changes under strict supervision with
the aim of reducing weight by 7% with diet and 150
minutes of weekly exercise

Metformin 850 mg twice a day, combined with a meal
plan and physical activity advice

Troglitazone (but this arm was discontinued due to
drug toxicity)

A control group.

The incidence of diabetes was reduced by 58% with
lifestyle intervention and by 31% with metformin com-
pared with placebo. The average follow-up of the study
was 2.8 years. In the intensive lifestyle group, 50% of the
participants had achieved the goal of weight loss of at
least 7% or more at the end of 24 weeks; 74% of the
participants met the goal of at least 150 minutes of weekly
exercise by 24 weeks. The adherence to metformin was
72%. The average weight loss was 0.1, 2.1, and 5.6kg in
the placebo, metformin, and lifestyle intervention groups,
respectively (p < 0.001). These effects were similar in men
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and women and in all racial and ethnic groups. Met-
formin was more effective in younger individuals.

In Finland,” 552 middle-age overweight subjects with
impaired glucose tolerance were randomly assigned to
either an intervention or a control group. In the former,
individual counseling aimed at reducing weight by
decreasing intake of dietary fat, increasing intake of
dietary fiber, and increasing physical activity was given.
The cumulative incidence of diabetes after 4 years was 11
% (95% CI 6-15%) in the intervention group and 23%
(95% CI 17-29%) in the control group. During the trial,
the risk of diabetes was reduced by 58% in the interven-
tion group and was directly associated with changes in
lifestyle.

Drug therapy is also an important tool in preventing
or delaying the onset of Type 2 diabetes. The TRIPOD
study” involved Latino women with previous GDM and
no diabetes at entry. They were followed for 30 months
and compared with a placebo group matched for age,
BMI, and parity. The treated group of 133 women
received troglitazone 400 mg a day. However, the study
was terminated after 30 months because of withdrawal of
the drug from the market due to hepatotoxicity. The
incidence of diabetes was 12.1% in the control group and
5.4% in the treated group (p < 0.01). The protection from
diabetes persisted for 8 months after the drug was stopped
and it was associated with preservation of pancreatic beta
cell function assessed by an intravenous glucose tolerance
test. This beneficial effect appeared to be mediated by a
reduction in the secretory demands placed on the beta

A
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Fig. 24.2 Natural history of Type 2
diabetes. (A) Hyperinsulinemia with
normal glycemia (insulin resistance).
Hypertension, dyslipidemia, and central
obesity are present in a significant
number of individuals. (B) Decrease in
the production of insulin with gradual
increase in glycemia, both fasting and
postprandial (prediabetes). (C) Further
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cell by chronic insulin resistance. Other studies, sum-
marized by Gerstein,” showed the beneficial effect of
other drugs in reducing the incidence of Type 2 diabetes
in persons with prediabetes (Fig. 24.1).

The natural history of Type 2 diabetes is shown in Fig.
24.2. Individuals with insulin resistance maintain normal
glycemia because they produce more insulin. Even with
normal glucose levels, a significant proportion of them
suffer from asymptomatic hypertension, dyslipidemia,
and central obesity. If insulin resistance is not corrected,
the pancreas is unable to maintain normoglycemia and
postprandial hyperglycemia develops (the prediabetic
state). Many of these women will develop GDM while
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others are alternatively diagnosed on admission to hos-
pital after significant stress, such as a myocardial infarct
or stroke. With time, the production of insulin further
decreases and fasting hyperglycemia develops. At the
time of diagnosis of Type 2 diabetes macro- and micro-
vascular complications are present in 10-30% of
individuals.”>!

CONCLUSIONS

The case history demonstrates the natural history of
GDM, the silent but serious consequences of the undiag-
nosed prediabetic state, and the potential opportunity for
prevention of diabetes and its cardiovascular complica-
tions. The patient developed GDM necessitating treat-
ment with insulin during pregnancy, a risk factor in itself
for recurrent GDM (estimated to range from 30% to
84%)°* and for the future development of Type 2 diabe-
tes. Her fasting serum glucose was normal when repeated
in the postpartum period. A 2-hour, 75-g glucose load is
a better test for diagnosing prediabetes than the fasting
serum glucose, because it detects a higher number of
prediabetic patients. She was asked to return for a glucose
test, but defaulted from review. It is possible that the
importance of close follow-up was not emphasized to her
or the consequences of developing diabetes mellitus were
not discussed.” At diagnosis of diabetes, she was noted
to have background retinopathy, borderline raised blood
pressure and dyslipidemia (low HDL cholesterol and
high triglycerides levels).

Both micro- and macro-vascular complications are
present in a significant number of persons at the time of
the diagnosis of Type 2 diabetes.”** It takes an average
of 4-10 years from the onset of hyperglycemia to the
diagnosis of Type 2 diabetes. This window of time offers
a unique opportunity for the healthcare professional to
offer education regarding lifestyle modification and for
close follow-up and prevention of both future diabetes
and cardiovascular disease (Table 24.2).%

Table 24.2 Management of prediabetes.

+ Weight loss of about 5-10% of the baseline weight
+ At least 30 minutes/day of moderate intense physical activity
* Dietary therapy:
> Low intake of saturated fats, trans fats, cholesterol, and
simple sugars
> Increase intake of fruits, vegetables, and whole grains
* Drugs: metformin?
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Long-term implications for the
baby of the hyperglycemic mother
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PRACTICE POINTS

e Rates of diabetes in pregnancy are increasing in all
populations.

The diabetic intrauterine environment affects the offspring of
women with all types of diabetes mellitus.

Offspring of women with diabetes during pregnancy are at
higher risk of developing obesity and Type 2 diabetes at
young ages.

Offspring of women with diabetes during pregnancy are at
higher risk of developing hypertension and other
cardiovascular disease.

The diabetic intrauterine environment represents a vicious
cycle with the offspring being at risk of developing
gestational diabetes or diabetes at a young age.

CASE HISTORY

Maria is a 34-year-old Hispanic woman who is pregnant
for the fourth time. She has two living children. Her first
pregnancy was uneventful but her second pregnancy
ended in miscarriage and her third baby, who weighed
over 5kg, was delivered by cesarean section. During the
latter pregnancy she had sought medical care late in the
third trimester and was diagnosed with gestational dia-
betes that was treated with insulin. That child, who is
now 2% years old, has done well, but has remained
above the 97th centile for weight. Following the third
pregnancy Maria was tested for diabetes at her 6-week
check-up and was found to have normal glucose toler-
ance. During the present pregnancy she first saw her phy-
sician late in the first trimester and was again diagnosed
with gestational diabetes that responded to diet and exer-
cise until early in the third trimester at which time insulin
was added. Maria’s general health has been good but she

A Practical Manual of Diabetes in Pregnancy, 1st Edition.
Edited by David R. McCance, Michael Maresh and David A. Sacks.
© 2010 Blackwell Publishing

had excessive weight gain during each pregnancy, which
she never lost. She currently has a body mass index (BMI)
of 39kg/m’.

Family history is remarkable in that she has two sisters
with diagnosed diabetes and her mother, who is no
longer living, is thought to have had diabetes but only
while pregnant. Maria’s aunt also has diabetes. Maria
describes everyone in her family as “heavy”.

Maria has recently heard that her diabetes may not be
good for her unborn child and has many questions for
her doctor:

+ Doctor, will my baby be born with diabetes?

+ Will my baby be affected by my diabetes?

+ Is there anything I can do to assure her health?

+ Can I keep her from experiencing the same problems
I've had?

BACKGROUND

Once the care of the newborn is over and the ostensibly
“healthy” baby of a mother with hyperglycemia during
pregnancy is discharged to his/her devoted family, the
long wait begins. It is now 25 years since it was clearly
established that children of diabetic Pima Indian women
who had diabetes during pregnancy were themselves
more likely to become obese' and to develop diabetes.?
This phenomenon had been established previously in
animal models’ and was soon observed in children of
women with either Type 1 diabetes or gestational
diabetes.*

OBESITY

Among the Pima Indians of Arizona, a population with
high rates of Type 2 diabetes, the weight centiles and the
rates of obesity were significantly higher among offspring
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Fig. 25.1 Prevalence of severe obesity (weight 2140% of
age—sex—height-specific standard) by mother’s diabetes during
and following pregnancy in 5-34-year-old Pima Indians. Open
bars, offspring of non-diabetic women; hatched bars, offspring
of women who were normal during pregnancy and later
developed diabetes; solid bars, offspring of women with
diabetes during pregnancy. (Reproduced with permission
from Dabelea et al’.)

whose mothers had had diabetes during pregnancy than
among offspring whose mothers either had not devel-
oped diabetes or developed it after the pregnancy (Fig.
25.1).%%7 Although offspring of diabetic women were, on
average, larger for gestational age at birth than were off-
spring of women without diabetes or of women who
developed diabetes later in life, large birthweight was not
a prerequisite for the development of obesity by 59 years
of age. Even normal birthweight offspring of diabetic
women were likely to be obese throughout childhood.?
This is in contrast to a study in predominantly Caucasian
children from Rhode Island who were aged 47 years.’
Normal birthweight offspring of women with gestational
diabetes were, if anything, less likely to be overweight
than controls, while large for gestational age offspring
were more obese by age 4 years and became increasingly
obese by age 7 years. Data from Chicago demonstrated
that offspring of women with Type 1 or gestational dia-
betes had a faster than expected growth during the first
7 years of life.* A direct comparison of data from the Pima
and Chicago studies showed that, after the age of 2 years,
even though the Pima children were heavier for their
height, the two populations of children exposed in utero
to maternal diabetes grew at similar rates (Fig. 25.2)."
After the age of about 5 years, the offspring of diabetic
women in the Chicago study were heavier for height than
the Pima children who had not been exposed in utero.
Among the Pima Indians, a fairly linear relationship
between maternal glucose in the mother during preg-
nancy, even when in the normal range, and infant birth-
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Fig. 25.2 Symmetry index (age—sex-specific weight centile
divided by age—sex-specific height centile) in offspring of
diabetic women from the Diabetes in Pregnancy Center in
Chicago (dotted line) and the Pima Indian study (solid line).
Also shown is the symmetry index offspring of non-diabetic
Pima women (dashed line). (Reproduced with permission
from Pettitt'’.)
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Fig. 25.3 Relative weight for height in 10-14-year-old
offspring of Pima Indian women according to maternal
glucose 2 hours after a 75-g glucose load during pregnancy.
(Adapted from data included in Pettitt et al*.)

weight was seen." This finding was confirmed recently in
a sample of 25000 women followed in the Hyperglycemia
and Adverse Pregnancy Outcome Study (HAPO).” On
follow-up of Pima children, a relationship between
maternal glucose and both childhood obesity (Fig. 25.3)
and childhood glucose tolerance (Fig. 25.4) was found
across the full spectrum of glucose,"” and follow-up of
children whose mothers were enrolled in the HAPO
study should determine if a similar relationship emerges
in other populations."* Evidence suggesting that this may
occur comes from the Early Bird Study.” In that study,
insulin resistance measured in the mothers 5 years fol-
lowing pregnancy, a value likely to be highly correlated
with insulin resistance and fasting glucose during preg-
nancy, was directly related to the child’s weight."
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Fig. 25.4 Glucose concentration 2 hours after a 75-g glucose
load in 10—14-year-old offspring of Pima Indian women
according to maternal glucose 2 hours after a 75-g glucose
load during pregnancy. (Adapted from data included in Pettitt
et al.)
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Fig. 25.5 Prevalence of diabetes by mother’s diabetes during
and following pregnancy in 5-34-year-old Pima Indians. Open
bars, offspring of non-diabetic women; hatched bars, offspring
of women who were normal during pregnancy and later
developed diabetes; solid bars, offspring of women with
diabetes during pregnancy. (Reproduced with permission
from Dabelea et al’.)

ABNORMAL GLUCOSE TOLERANCE

Compared with infants of non-diabetic Pima women,
infants of Pima women who had Type 2 diabetes during
pregnancy themselves developed Type 2 diabetes at
younger ages, resulting in higher rates of diabetes
throughout childhood.” This finding was subsequently
extended to age 34 years (Fig. 25.5) and remained signifi-
cant.*’ In an attempt to control more completely for
shared environment and genetics, sibling pairs who were
discordant both for Type 2 diabetes and for their expo-
sure in utero to a diabetic pregnancy were analyzed. In
three-quarters of cases, the sibling who was born later,
and who was therefore exposed to diabetes in utero, was
the sibling with diabetes.'® A similar analysis of sibling

pairs, whose father had diabetes that developed after the
first sibling but before the second sibling was born,
showed no tendency for the second sibling to be affected
more often than the first sibling."®

Maturity-onset diabetes of the young (MODY) is the
phenotypic manifestation of a monogenic autosomal
dominant mutation. Physiologically it is characterized by
a defect in insulin secretion accompanied by normal
insulin resistance. There are six known monogenic sub-
types of MODY, of which that resulting from a mutation
of the HNF-1a gene is one of the most common. Those
born after their mother’s MODY was diagnosed mani-
fested their glucose intolerance at a significantly younger
age than those who were born before their mother’s
disease developed (15.5 £ 5.4 vs 27.5 + 13.1 years, respec-
tively; p < 0.0001)."” A younger paternal age of onset of
MODY was not associated with a younger age of onset in
subjects who inherited MODY from their fathers. This
again provides evidence that the diabetic intrauterine
environment is associated with a younger age of onset of
diabetes over and above genetic and other environmental
factors.

By age 16 years, few of the children from the Chicago
study, whose mothers had had either Type 1 or gesta-
tional diabetes during pregnancy, had themselves devel-
oped diabetes. However, almost 20% had impaired
glucose tolerance.” This was about 10-fold the rate of
impaired glucose tolerance found in a control sample of
children from the same population whose mothers had
been normal during pregnancy.

More recently, examination of a cohort of young
adults from Denmark confirmed the findings of the
Chicago study in that offspring of women with Type 1
diabetes had rates of Type 2 diabetes and prediabetes
(impaired glucose tolerance or impaired fasting glucose)
about three-fold that in the background population (11%
vs 4%, respectively) and equal to rates among offspring
of women with identifiable risk factors for gestational
diabetes."® Unlike the Chicago study, however, the Danish
study found even higher rates of abnormal glucose toler-
ance among offspring of women with diagnosed gesta-
tional diabetes (21%) than among offspring of women
with Type 1 diabetes.

The phenomenon of diabetes in pregnancy resulting
in more diabetes, or an earlier age of diabetes onset, in
the offspring, represents a vicious cycle (Fig. 25.6).5"
Many young women who were exposed to diabetes in
utero have become obese and have developed diabetes by
the time they enter their child-bearing years, thus per-
petuating the cycle. The vicious cycle is also enhanced by
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Fig. 25.6 Vicious cycle of diabetes in pregnancy. Potential
points of intervention are: A — to reduce the effect of the
diabetic pregnancy on the offspring; B — to reduce the
incidence of obesity and diabetes in the offspring of the
diabetic woman; C — to control the diabetes prior to and
during pregnancy to lessen the impact of the diabetes
throughout gestation.

new cases of diabetes in pregnant women because of
other risk factors for gestational or pregestational diabe-
tes. This can be seen most clearly in Type 2 diabetes
among populations such as the Pima Indians. However,
in MODY diabetes due to an HNF-1¢ gene mutation,"”
a younger age of onset of diabetes means the young
women will be more likely to have developed their disease
by the time they have children, thus exposing the next
generation to the diabetic intrauterine environment.
Those offspring who have also inherited the HNF-1c
mutation will then be at risk of an earlier age of onset of
MODY diabetes. In the Chicago study,” if further follow-
up had been possible, it is likely that children with
impaired glucose tolerance whose mothers had Type 1 or
gestational diabetes would have developed diabetes or
gestational diabetes by their early 20s, and thus exposed
their offspring to diabetes in utero. In the Danish study,
although not limited to pregnant offspring, the young
adults were all of child-bearing age,'® so those with
abnormal glucose tolerance or Type 2 diabetes constitute
the next generation of young affected mothers.

DIABETES TYPES

As seen from the above, the effect of the diabetic intrau-
terine environment appears to occur in all types of dia-

betes. The Pima Indians have typical Type 2 diabetes, and
are anti-insulin antibody, anti-islet cell antibody, and
GAD-65 antibody negative. They rarely develop ketoaci-
dosis and usually do not require insulin initially for the
control of diabetes symptoms.*”* The women in the
Chicago study had a mix of either gestational or preges-
tational diabetes, the latter being primarily Type 1.
Although the data were not presented in these two groups
separately, the authors state that the offspring of women
with Type 1 diabetes developed impaired glucose toler-
ance at the same rate as the offspring of women with
gestational diabetes.” In the Danish study, diabetes types
were reported separately and, although gestational diabe-
tes placed the offspring at a higher risk for developing
abnormal glucose tolerance, rates in the offspring of
women with Type 1 diabetes were clearly elevated."
Thus, three of the major classifications of diabetes, Type
1, Type 2, and gestational, have been shown to increase
the risk for obesity and abnormal glucose tolerance in the
offspring. While offspring of women with MODY diabe-
tes who inherited the HNF-1o mutation are all likely to
develop MODY diabetes at some point, those who were
born after their mothers developed symptoms and were
therefore exposed in utero, developed MODY at a younger
age than those who were born before their mothers devel-
oped symptoms."” The end result will be a longer dura-
tion of diabetes and a consequent potential increase in
complications. This implies that these offspring carrying
the HNF-1o mutation will expose their children to dia-
betes in utero who, in turn, will also be at risk of an earlier
development of MODY. Findings from studies in animal
models that lack any known genetic predisposition to
diabetes have been similar to those in humans.’ Such data
strongly support the belief that diabetes and/or obesity in
offspring may be a universal consequence of diabetes
during pregnancy whether or not a genetic predisposi-
tion to diabetes or obesity is present.

DIFFICULTIES WITH
COMPARATIVE DATA

When two groups or subgroups with different character-
istics are compared, there is always the concern of a Type
1 error resulting in an erroneous inference. A better
control for other diabetes risk factors can be achieved by
the use of family data, such as sib-pair analyses, and
analyses of populations with restricted genetic distribu-
tions, such as subjects with MODY or the Pima Indians.
However, one of the most convincing arguments for the
role of the intrauterine environment is the consistency of
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the finding across populations and diabetes types,">*>'"!®

as well as the excellent supportive animal data.>*' The
overwhelming magnitude of this finding also strongly
implicates the diabetes in pregnancy.

CARDIOVASCULAR DISEASE RISK

Cardiovascular disease is one of the major complications
of diabetes and is a significant cause of mortality among
persons with diabetes. To date, human studies have been
too short to allow a continuous follow-up of the offspring
of a pregnancy complicated by diabetes from birth
through cardiovascular events in the offspring. However,
the problems that are recognized to occur (obesity,
insulin resistance, glucose intolerance) are well estab-
lished risk factors for cardiovascular disease. Since these
risk factors develop early in life, they place the offspring
of women with diabetes at risk throughout adulthood. A
recent review of this subject summarizes the increased
rates of the metabolic syndrome among offspring of
women with gestational diabetes.”” Examination of chil-
dren between ages 5 and 11 years who had normal fasting
glucose and insulin revealed that those of women with
Type 1 diabetes had more dyslipidemia and high serum
markers for vascular disease.”>** Thus, in addition to
treating more obesity, diabetes, and gestational diabetes
in the future, medical personnel may need to be prepared
for a resurgence of cardiovascular events as the popula-
tion ages.

IMPLICATIONS FOR MANAGEMENT
AND PREVENTION

The implications for prevention and treatment are far
reaching and involve addressing the problem from
several sides. If diabetes or impaired glucose tolerance in
women can be prevented from developing until after
child-bearing age, this will then reduce the problem for
their offspring. Alternatively, if a way can be found to
control diabetes sufficiently during pregnancy, the devel-
oping offspring should be presented with a normal
intrauterine environment and be less likely to suffer the
adverse effects. Good diabetes control can reduce the
rates of macrosomia,”™*® but whether this degree of
control is enough to prevent the long-term complications
is an unanswered question. Finally, treatment of the child
and young woman at high risk for obesity and diabetes
at young ages should prevent the consequences for the
child and for subsequent generations. Success at any or
several of these points may break the vicious cycle. Several

promising regimes have been proposed””*® and shown to
be effective in high-risk groups. At present, however,
none of these has been approved for use in pregnancy,
although studies are currently underway,” and so far
metformin appears to be safe for the developing fetus.”
However, there are no results from studies of the long-
term effect of metformin on the offspring. Other studies
to prevent diabetes before pregnancy have used drugs
that have either been removed from the market’ or are
contraindicated in pregnancy.”

SUMMARY OF RISKS TO
THE OFFSPRING

In answer to the mother’s questions, we can be reassuring
that neonatal diabetes is extremely uncommon and not
associated with maternal diabetes during pregnancy.
However, the woman’s hyperglycemia is likely to have an
effect on her child, placing him/her at high risk of devel-
oping obesity, abnormal glucose tolerance, and cardio-
vascular disease at a young age. While we cannot assure
the woman that these problems are preventable, we do
know that good diabetes control during pregnancy will
lessen the chances of her child being born large for ges-
tational age, suffering from birth trauma, and of having
hypoglycemia in the newborn period. Observational
studies have demonstrated that lower glucose concentra-
tions during pregnancy are associated with a lower risk
for the offspring of becoming obese or developing diabe-
tes later in life. We can and should council the mother to
help her child avoid gaining excess weight and to seek
early diagnosis if she suspects diabetes.

FUTURE GENERATIONS AND AREAS
FOR FUTURE RESEARCH

The world is faced with an alarming increase in child-
hood obesity and Type 2 diabetes and this trend shows
no sign of abating.”** Now, for the first time in over 200
years, the life-expectancy of American children is less
than that of their parents.” If the data from the Pima
Indians can be generalized to other populations, and so
far this appears to be the case, then diabetic pregnancy is
potentially a major factor responsible for the high rates
and marked increase in childhood Type 2 diabetes. Thus,
solving this problem needs to be made an international
priority or the outlook for the next generation looks
bleak.

Limiting the increase in obesity and diabetes are two
of the major challenges of the 21st century. The task of
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clinicians and researchers will be to identify an effective
means of breaking the vicious cycle of maternal diabetes
leading to diabetes in the offspring. In populations such
as the Pima Indians, where maternal diabetes during
pregnancy accounts for up to one-third of all diabetes in
the population,® solving this single problem would have
a major impact on reducing the overall burden of diabe-
tes. However, this will not be an easy task. Technology
needs to be developed that will absolutely normalize
glucose metabolism during pregnancy. Only then will the
fetus have the chance to develop normal regulatory
mechanisms. At present, however, there is no agreement
on what level of glucose intolerance in the mother should
be considered abnormal”~* and there are very few data
on the long-term effects of minor elevations of maternal
glucose on the offspring."” Future research should estab-
lish the universality of the effect of the diabetes in preg-
nancy on the offspring and determine what level of
metabolic control is needed to decrease the prevalence of
obesity and diabetes in the offspring to acceptable levels.
Data from the HAPO study'® confirmed findings in the
Pima Indians" and suggest that the linear relationship
between maternal glucose concentration and perinatal
complications, without any evidence of a cut-off point,
may be universal. Children whose mothers were enrolled
in the HAPO study are currently being followed."* Study-
ing children at younger ages than are usually considered
appropriate for even moderately invasive research may
be necessary. For gestational diabetes as well as pregesta-
tional diabetes, closed loop glucose regulatory systems*~**
may be needed to normalize glucose metabolism opti-
mally and these should be evaluated during pregnancy in
a wide variety of settings. Finally, very long-term preven-
tion trials will be required to assess the effectiveness of
the intervention strategies.
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