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Foreword 

0 

All of us who haye attended the circus or 

watched a variety show on television have 

been fascinated by the skills of the jugglers. 

Their masterful hand-eye coordination and 

timing allow them to keep a variety of objects 

of varied size and weight spinning through the 

air. The care of the patient whose pregnancy 

is complicated by diabetes mellitus often re¬ 

minds me of these juggling acts. Like a troupe 

of jugglers, the members of the health care 

team must coordinate their efforts smoothly so 

the ball is never dropped. The internist or dia- 

betologist, obstetrician or maternal-fetal spe¬ 

cialist, pediatrician or neonatologist, teaching 

nurse, dietician, social worker, the patient her¬ 

self, and her partner must adroitly juggle the 

critical components of the health care program 

to achieve a successful pregnancy. Like the In¬ 

dian clubs, hoops, and balls used by the juggler, 

these items vary greatly and include diet, in¬ 

sulin, exercise, blood glucose monitoring, an¬ 

tepartum fetal assessment, and neonatal care. 

Like the jugglers who practice their act before 

the performance, we have learned that care of 

the woman with diabetes must begin prior to 

conception. Only in this way can we expect the 

best outcome. Finally, like the juggler who at¬ 

tempts to defy gravity, we must focus on the 

one element that can bring the pregnancy com¬ 

plicated by diabetes mellitus crashing to the 

ground-poor glucose control. 

The second edition of Pregnancy, Diabetes 

and Birth by Dr. Dorothy Hollingsworth pro¬ 

vides an outstanding guide for all of us who 

now perform in the center ring or aspire to join 

the show. Much has changed since the first 

edition of this textbook in 1984, including our 

understanding of the genetics of diabetes mel¬ 

litus, information on the causation of major 

congenital anomalies in pregnancies compli¬ 

cated by insulin-dependent diabetes mellitus, 

strategies for the detection and care of the pa¬ 

tient with gestational diabetes mellitus, and 

techniques for antepartum assessment of fetal 

condition. All of these subjects and more are 

covered expertly by Dr. Hollingsworth and her 

colleagues, Denise M. Ney, Ph.D., and Thomas 

R. Moore, M.D. 

Sadly, some of those who performed most 

brilliantly and contributed so much to our un¬ 

derstanding of the pregnancy complicated by 

diabetes mellitus have passed away since the 

first edition of this textbook. These include Dr. 

Norbert Freinkel, who wrote the foreword for 

the first edition of this textbook and stood as 

a vanguard with the development of concepts 

such as “accelerated starvation,” “facilitated 

anabolism,” and “fuel-mediated teratogene- 

sis”; Dr. Priscilla White, one of the first to use 

insulin in the treatment of the pregnancy com¬ 

plicated by diabetes mellitus and to emphasize 

the contribution of maternal vasculopathy to 

poor pregnancy outcome; and Dr. Ronald Kalk- 

hoff, whose studies on obesity and lipid me¬ 

tabolism added much to our understanding of 

gestational diabetes mellitus. This textbook 

also stands as a tribute to these physicians. 

Steven G. Gabbe, M.D. 
Professor and Chairman 

Department of Obstetrics and Gynecology 

The Ohio State University 

Columbus, Ohio 
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Preface to the Second Edition and 
A Personal Note 

0 

Many years ago, at 18 years old and a college 

sophomore, I was asked to be head counselor 

at Dr. Elliot P. Joslin’s camp for diabetic chil¬ 

dren in North Oxford, Massachusetts. Dr. Jos- 

lin was a thin, energetic, sparrow-like man 

with twinkling blue eyes and a special warmth 

that was apparent immediately to children. He 

loved all of them. 

Each Sunday, campers and counselors would 

visit his old farmhouse, which was nearby, sit 

in rocking chairs on the front porch, and watch 

the children dash through the rows of his am¬ 

ple fields of corn. This extraordinary man, a 

New England Yankee through and through, 

had a quick, bright mind, simple tastes, and 

boundless curiosity. He left an indelible mark 

on my future choice of career and style of med¬ 

ical practice. 

When I recently read the first edition of Jos¬ 

lin’s book, “Treatment of Diabetes Mellitus,” 

which was published in 1916, 6 years before 

the discovery of insulin, it was enlightening to 

re-examine his excellent care of pregnant di¬ 

abetic women and his quite accurate predic¬ 

tions of the future direction of clinical re¬ 

search. He was the first American to describe 

the management of diabetes in pregnancy at 

his famous Joslin Clinic at 81 Bay State Road 

in Boston; we owe him an enormous debt. 

Two decades and three children later, after 

a circuitous educational path, I became an in¬ 

ternist, endocrinologist, and diabetologist. The 

role of a specialist in diabetes varies enor¬ 

mously among different age groups of patients 

and diverse geographic settings. In no branch 

of medicine is caring for patients with still 

poorly understood “womb to tomb” disorders of 

carbohydrate metabolism more exciting, chal¬ 

lenging, and, at times, utterly frustrating than 

in reproductive medicine. This is the only spe¬ 

cialty in diabetology that has a present at the 

end. 

This book has evolved slowly over a period 

of 12 years while a program was being devel¬ 

oped for the management of pregnant women 

with diabetes at the University of California, 

San Diego. It reflects the rapidly changing con¬ 

cepts in our understanding of diabetes as a 

heterogenous syndrome. It considers old and 

new methods for the delivery of insulin, mon¬ 

itoring of blood glucose control, and current 

concepts in prenatal and neonatal care. 

The theme of the book is based upon the idea 

that pregnancies complicated by chronic med¬ 

ical problems, such as diabetes, should be as 

free of stress and complications as possible for 

patients and their families, the fetus, and the 

physicians and assistants who are providing 

their care. This approach requires a coordi¬ 

nated team using simple management prin¬ 

ciples and individualization of treatment. A 

great deal of thought has gone into the problem 

of providing the highest quality of care for 

women in a variety of health care settings. Our 

hope is that the guidelines presented in the 

book will be useful in both private offices and 

hospital clinics. One purpose has been to 

simplify the treatment of pregnant diabetic 

women and to seek ways in which they can be 

helped to learn about diabetes and to partici¬ 

pate in their own care. 

In the interim since the first edition in 1984, 

there is improved, but still inadequate access 

to prenatal care for diabetic (and many other) 

women. Advances in the fields of biology, ge¬ 

netics, immunology, and clinical care of dia¬ 

betic individuals have been enormous. The 

search for genes for each type of diabetes is 

moving apace, and use of programmable im¬ 

plantable pumps (PIMS) and (3-cell transplan¬ 

tation techniques are on the near horizon. 

In reproductive medicine, there has been a 

complete shift in focus to the concept of pre¬ 

conception counseling. We cannot solve the 

IX 
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most difficult problems in diabetic pregnancies 

(malformations and perinatal complications) 

unless the traditional specialties of medicine 

and obstetrics and patients themselves become 

knowledgeable about the importance of pre¬ 

natal care well in advance of pregnancy. Be¬ 

cause this has become the most important 

issue for diabetic women who wish to have chil¬ 

dren, this much-expanded revision of the book 

deals with the topic in an extensive new in¬ 

troductory section. 

Dr. Denise Ney has written a comprehen¬ 

sive, informative chapter on nutrition in nor¬ 

mal and diabetic women with guidelines for 

pregnant patients with different types of car¬ 

bohydrate intolerance including the difficult 

subject of nutrition in pregnancy in secondary 

diabetes that is relevant to the increasing 

numbers of young women of reproductive age 

who have cystic fibrosis. 

The perinatology sections have been com¬ 

pletely rewritten and expanded by Dr. Thomas 

Moore, a new contributor. They reflect the lat¬ 

est information in this rapidly expanding field. 

The section on infants of diabetic mothers has 

been enlarged and describes contemporary 

progress in neonatology. A significant gap in 

our knowledge is lack of information from well- 

designed prospective studies (linking perina¬ 

tology, neonatology, pediatrics, and adolescent 

medicine) of long-term outcome of children of 

all types of diabetic mothers. 

For both patients and physicians, it is dif¬ 

ficult to deal with chronic medical problems 

that do not go away. It is our hope that this 

new edition will hfe*lp as a guide for relatively 

simple management approaches to diabetic 

pregnancies so that these women will no longer 

be at higher risk for obstetric problems than 

nondiabetic women. There is no more reward¬ 

ing medical experience than the smooth peri¬ 

natal course of a pregnant diabetic woman and 

the birth of her perfect child. 

Dorothy Reycroft Hollingsworth, M.D. 

La Jolla, California 

September, 1990 
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Introduction 

Pregnancy complicated by carbohydrate in¬ 

tolerance is the single most common risk factor 

for women in all reproductive age groups. Di¬ 

abetes during gestation has serious implica¬ 

tions for the maternal-fetal pair. Because 

diabetes mellitus is not a single disease, but a 

genetically and clinically heterogeneous group 

of disorders that share carbohydrate intoler¬ 

ance in common, it is important to define and 

classify the metabolic syndrome as accurately 

as possible. This has particular relevance dur¬ 

ing pregnancy because metabolic alternations 

are superimposed upon a variety of forms of 

carbohydrate intolerance that require highly 

individualized management programs. 

This book is designed to be a simple guide 

for the management of pregnant diabetic 

women. Diabetic patients are classified ac¬ 

cording to the guidelines of the National 

Diabetes Data Group (1) (Table 1.1). This 

classification, which has been adapted for 

pregnancy, permits a more physiologic ap¬ 

proach to individual patients and makes their 

care easier for the perinatal team of physi¬ 

cians, midwives, nurses, nutritionists, and so¬ 

cial workers (2). Figure 1.1 illustrates four 

types of pregnant diabetic women. 

The primary goal of the book is to provide a 

simple, effective plan for the management of 

diabetic pregnancies and to expand the concept 

of a perinatal care team. Advances in perinatal 

care should make pregnancy a less stressful 

experience for the families of these patients 

and provide a more normal intrauterine en¬ 

vironment for the infants of diabetic mothers. 

European reviewers of the first edition sug¬ 

gested that laboratory values should be pre¬ 

sented in both conventional and Systeme In¬ 

ternational (SI) units for the multinational 

group of obstetricians and diabetologists who 

have found the book useful. Most laboratories 

and textbooks do not publish normal preg¬ 

nancy values along with their usual laboratory 

reference standards. We have tried to provide 

these for easier interpretation of tests com¬ 

monly performed in pregnant diabetic women. 

For convenience, common reference values, SI 

units, and conversion factors are presented in 

the introduction in Tables 1.2 and 1.3 for both 

non pregnant and pregnant women. 

We hope this new edition reflects the many 

advances and improvements that have oc¬ 

curred by 1991 in management of diabetic 

pregnant women and their babies. 

xxxi 



xxxii Introduction 

Table 1.1. 
Classification of Glucose Intolerance in Pregnant Women0 

Nomenclature Old Names 

Clinical Characteristics 
During Pregnancy 

Type I (IDDM)—Insulin-depen- 
dent diabetes mellitus 

Juvenile diabetes (JD) 
Juvenile-onset diabetes (JOD) 
Ketosis-prone diabetes 
Brittle diabetes 

Ketosis-prone; insulin deficient 
due to islet cell loss; often as¬ 
sociated with specific HLA 
types with predisposition to 
viral insulitis or autoimmune 
(islet cell antibody) phenomena; 
occurs at any age; common in 
youth; these women are usu- 

, ally of normal weight but may 
• be obese 

Type II (NIDDM)—Noninsulin- 
dependent diabetes mellitus 

Nonboese 
Obese 
Maturity-onset diabetes of 

youth (MODY) 

Adult-onset diabetes (AOD) 
Maturity-onset diabetes (MOD) 
Ketosis-resistant diabetes 
Stable diabetes 

Ketosis resistant; more frequent 
in adults but ocurs at any age; 
majority are overweight; may 
be seen in family aggregates 
as an autosomal dominant ge¬ 
netic trait; ALWAYS RE¬ 
QUIRE INSULIN FOR 
HYPERGLYCEMIA DURING 
PREGNANCY; previous his¬ 
tory of ‘borderline diabetes’, 
impaired glucose tolerance, or 
treatment with oral hypoglyce¬ 
mic agents. HBA1C elevated 
<20 weeks’ gestation6 

Type IIP—Gestational 
carbohydrate 
intolerance (GCI) 

Nonobese 
Obese 

Gestational diabetes (GDM) Screening Tests: ALL PREG¬ 
NANT WOMEN; 50-g oral glu¬ 
cose load is given randomly 
(need not be fasting) at 24-28 
weeks’ gestation; a plasma glu¬ 
cose value 1 h later > 140 mg/ 
dl (7.8 mmol/L) is an indica¬ 
tion for a 3-h OGTT with 100 g 
of glucose 

Type IV—Secondary diabetes Conditons and syndromes associ¬ 
ated with imparied glucose tol¬ 
erance 

Cystic fibrosis; endocrine disor¬ 
ders such as acromegaly, hy¬ 
perprolactinemia, Cushing 
syndrome, insulin receptor ab¬ 
normalities, or aberrant forms 
of insulin, drugs, or chemical 
agents, renal dialysis, organ 
transplantations, certain ge¬ 
netic syndromes 

“Hollingsworth, 1981; Revised, 1988, and 1991. Adapted from the National Diabetes Data Group (NDDG) 1979 and World 
Health Organization (WHO) 1985 Criteria. 
6Laboratory methods and normal values vary. Women with gestational carbohydrate intolerance (GDM) have normal HbAlC 
concentrations during the first half of pregnancy. 
“All pregnant women at higher risk for gestational carbohydrate intolerance should be screened at the first prenatal 
visit. Risk factors are glycosuria, family history of diabetes in a first degree relative, history of an unexplained fetal demise 
or unexplained stillbirth in a previous pregnancy, previous heavy-for-date, baby, obesity: body mass index (kg/M2) >30, 
maternal age >35 years or parity of five or more. 
1. Diagnosis of gestational diabetes based on NDDG criteria with a 100-g glucose load. Two or more of the following 

plasma glucose values be met or exceeded: Fasting: 105 mg/dl (5.8 mol/L); 1-h: 190 mg/dl (10.5 mmol/L); 2-h: 
165 mg/dl (9.1 mmol/L); 3-h: 145 mg/dl (8.0 mmol/L). 

2. Diagnosis based on 1985 WHO criteria (pregnant or nonpregnant) for impaired glucose tolerance following a 
75 g glucose challenge; venous plasma: fasting: <140 mg/dl (<7.8 mol/L); 2-h: 140-200 mg/dl (7.8-1.1 mmol/L). 
Diabetes: fasting >140 mg/dl (7.8 mmol/L; 2-h: >200 mg/dl (11.1 mol/L). 
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Figure 1.1. Four types of pregnant patients with carbohydrate intolerance. Top left: Normal weight 
young woman who developed insulin-dependent diabetes mellitus(IDDM) as a child. Top right:Obese 
34-year-old woman who developed non-insulin-dependent diabetes mellitus (NIDDM) at age 12. Her 
mother, maternal grandmother, maternal twin aunts, and brother all have NIDDM. Reversible car¬ 
bohydrate intolerance evoked by pregnancy (GDM); this may occur in both obese (bottom left) or 
thin (bottom right) women. 
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Table 1.2. 
Conventional and Systeme International (SI) Units for Measurements in serum, Whole Blood, and 
Plasma0 

Typical Reference Intervals 

Measurement 
Common 

Units 

Factor 
Common —» SI SI Units 

Acetone (serum) 
Qualitative Negative Negative 
Quantitative 0.3-2.0 mg/dl 172 51.6-344 pmol/L 

Amylase (serum) 60-160 Somogyi units/dl 1.85 111-296 U/L 
Base excess 

(6 whole blood) -2.4 ± 2.3 mEq/L 1 -2.4-2.3 mmol/L 
Base total (serum) 145-160 mEq/L 1 145-160 mmol/L 
Bicarbonate (plasma) 21-28 mM r\ 21-28 mmol/L 
Bilirubin (serum) 

Direct (conjugated) up to 0.3 mg/dl 17.1 up to 5.1 qmol/L 
Indirect (unconjugated) 0.1-1.0 mg/dl 1.7-17.1 qmol/L 
Total 0.1-1.2 mg/dl 1.7-20.5 (xmol/L 
Newborns total 1-12 mg/dl 17.1-205 umol/L 

Blood gases (whole blood) 
pH 7.38-7.44 (arterial) 1 7.38-7.44 

PC02 
7.36-7.41 (venous) 
35-40 mm Hg (arterial) 0.133 

7.36-7.41 
4.6-5.32 kPa 

P02 
40-45 mm Hg (venous) 
95-100 mm Hg (arterial) 0.133 

5.32-5.99 kPa 
12.64-13.30 kPa 

Calcium (serum) 
Ionized (i Ca) 4.4-4.9 mg/dl 0.25 1.0-1.2 mmol/L 

or 2.0-2.4 mEq/L 
30-58% of total 0.01 0.3-0.58 of total 

Total (serum) 9.2-11.0 mg/dl 0.25 2.3-2.8 mmol/L 
Carbon dioxide (C02 content) 

Whole blood (arterial) 19-24 mM 1 19-24 mmol/L 
Plasma or serum (arterial) 21-28 mM 1 21-28 mmol/L 
Plasma or serum (venous) 24-30 mM 1 24-30 mmol/L 

Chloride (serum) 95-103 mEq/L 1 95-103 mmol/L 
Coagulation values 

Nonpregnant 
Fibrinogen (Factor I) 
Plasma 200-400 mg/dl 0.01 2.00-4.00 
Pregnant 400-500 mg/dl 7-10 4.0-5.0 g/L 
Factor VII Rises to 150—200% beginning late in the second trimester 

(as measured in a one-stage clotting assay). 
Factor VIII and Von Willebrand factor levels rise to 200-300% of a normal pooled 

plasma standard (100%) 
Prothrombin (Factor II), Unchanged 

Factors V and XII 
Factor X levels 
Factors XI and XIII 
Platelet count 
Bleeding and clotting 

time 
Specific prothrombin levels do not rise 
Protein C antigen levels increase modestly (mean about 135%) 
Protein S total and free protein S levels fall significantly; mean free protein S falls 

from a value of 8.3 mg/L in normal controls to a value of 3.7 mg/L at delivery 
Antithrombin III levels do not change (a fall in ATIII activity is thought to be a 

warning of impending pre-eclampsia) 

Rise minimally (125% range) 
Slight decline 
Holds steady (mean value about 200,000 mm3) 
Unchanged 
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Measurement 

Typical Reference Intervals 

Common Factor 
* Units Common —* SI SI Units 

37-48% 
i to 32.5-41% in 2nd and early 3rd trimester with rise to 

prepregnant value at term 
13-15 g/dl (female) 10 1.86-2.48 mmol/L 

| to 10-13 g/dl in 2nd to early 3rd trimester with rise to 
prepregnant value at term 

4300-10,800 mm3 

Fibrinolytic activity is depressed in the later months of pregnancy as measured by 
the prolongation of the euglobulin lysis time and dilute whole blood clot lysis time; 
this presumably reflects entrance of placental plasminogen activation inhibitor 
PAI-2 into the maternal circulation 

Complete blood count , 
Hematocrit (female) 
Nonpregnant 
Pregnant 

Hemoglobin (whole 
blood) 

Pregnant nadir 30-34 
weeks 

Leukocyte count 
Nonpregnant 
Pregnant 
(2nd and 3rd trimesters) 
Erythrocyte count 
Mean corpuscular 

hemoglobin (MCH) 
Mean corpuscular 

hemoglobin concen¬ 
tration (MCHC) 

Mean corpuscular vol¬ 
ume (MCV) 

Cortisol (plasma) 
Nonpregnant 

8:00 AM to 10:00 AM 
4:00 PM to 6:00 PM 

Pregnant 

6000-16000 mm3 
(mean 10,500) 
4.2-5.9 million/mm3 
27-32 pg/RBC 

32-36% 

86-98 |xm3/cell 

4.3-10.8 x 109/L 

6.0-16.0 x 109/L 

4.2-5.9 x 1012/L 
1.7-2.0 pg/cell 

0.32-0.36 

86-98 fl 

27.6 138-635 nmol/L 
83-359 nmol/L 

5-23 (xg/dl 
3-13 [xg/dl 
Increase 2.5 times from 1st trimester to term; overlap 

with nonpregnant values for Cushing syndrome; diur¬ 
nal variation is preserved 

Corticosteroid binding 
globulin (CBG) 

Nonpregnant 
Pregnant (6 months) 

Cortisol free 
(urine, 24-h) 
Pregnant 

C-Peptide (plasma) 
Nonpregnant (fasting) 
Pregnant (3rd trimester 

Creatinine (serum or 
plasma) 

Non-pregnant 
Pregnant 
Children < 2 yr 

Creatinine clearance (serum 
or plasma and urine) 

Nonpregnant 
Pregnant 

33 mg/dl 
70 mg/dl 
,xg/day nmol/day 
10-100 27-276 
Increases about double during pregnancy; overlap with 

nonpregnant values for Cushing syndrome 

<4 ng/ml 
2.6-5.7 ng/ml 
mg/dl 

0.331 <4 [xg/L 
2.6-5.7 |xg/L 

88.4 [xmol/L 

0.6-1.2 
0.5-0.6 
0.3-0.6 

53-106 
44.2-53 
27-54 

87-107 ml/min 0.0167 1.45-1.79 ml/s 

increases about 50% 
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Table 1.2 
(continued) 

Typical Reference Intervals 

Common Factor 

Measurement Units Common - SI SI Units 

Erythrocyte sedimentation 
rate (ESR) Female 

Nonpregnant 0-20 mm/h 
Pregnant t to about 25 mm/h (Personal Communication, Helen M. 

Ranney, M.D.) 
Ferritin (serum) 12-150 ng/ml 12 -150 jxg/L 
Folate (serum) >2.3 ng/ml (RIA) >5.2 nmol/L 
Glucose tolerance test mg/dl mmol/L 

(serum or plasma) Time Normal Diabetic 0.056 Normal Diabetic 
Nonpregnant O 70-105 >140 3.9-5.8 >7.8 
(GTT) oral 1-h 120-170 >200 6.7-9.4 >11 

1.5-h 100-140 >200 5.6-7.8 >11 
2-h 70-120 >140 3.9-6.7 >7.8 

Time mg/dl mmol/L 
Pregnant 0 >105 5.8 
(100-g loading 1 h 190 10.5 

test) 
For diagnosis of 2 h 165 2 Abnormal 9.1 2 Abnormal 

GDM 3 h 145 values 8.0 values 
a-Hydroxybutyrate dehydro¬ 

genase (serum) 
Insulin (plasma) fasting 

Nonpregnant (RIA) 
Pregnant (RIA) 

Iron, total (serum) 
Iron binding capacity 

(serum) 
Iron saturation (serum) 

Ketone bodies (serum) 
Lactate (whole blood, her- 

parin, as lactic acid) 
Lactic acid dehydrogenase 

(LDH) (serum) 
Lipids (serum) 

Nonpregnant 
Cholesterol 
Triglycerides 
Phospholipids 
Fatty acids (free) 

Pregnant 
Cholesterol 

2nd trimester 
3rd trimester 
3 months postpar¬ 

tum 
Triglyceride 

2nd trimester 
3rd trimester 
3 months postpar¬ 

tum 
Osmolality (serum) 

Pregnant 

140-350 U/ml 

4-24 |xIU/ml 
23 ± 9 pJU/ml 
60-150 pcg/dl 
200-400 pcg/dl 

20-50% 

Negative 
Venous 4.5-19.8 mg/dl 
Arterial 4.5-14.4 mg/dl 

25-175 IU/L 

150-250 mg/dl 
10-190 mg/dl 
130-380 mg/dl 
9.0-15 mM/1 

96.1 

0.0417 

0.179 
0.179 

0.01 

0.026 
0.109 
0.01 
1 

0.026 
251 ± 8 
259 ± 13 
204 ± 10 

185 ± 22 
224 ± 24 

82 ± 5 

280-295 mOsm/kg 
270-280 mOsm/kg 

0.109 

140-350 kU/L 

0.17-1.0 p.g/L 
0.96 ± 0.38 
11-27 p.mol/L 
56-64 |xmol/L 

Fraction of total 
iron binding 

Negative 
0.5-2.2 mmol/L 
0.5-1.6 mmol/L 

25-175IU/L 

3.9-6.5 mmol/L 
l'.09-20.71 mmol/L 
1.50-380 g/L 
9.0-15.0 mmol/L 

6.5 ± 0.2 
6.7 ± 0.3 
5.3 ± 0.3 

20.2 ± 2.4 
24.4 ± 2.6 

8.9 ± 0.5 

280-295 mmol/L 
270-280 mmol/L 
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Typical Reference Intervals 

Common Factor 
Measurement Units Common —* SI SI Units 

pH 
Whole blood (arterial) 7.38-7.44 1 7.38-7.44 
Whole blood (venous) 7.36-7.41 7.36-7.41 
Serum or plasma (venous) 7.35-7.45 7.35-7.45 

Phosphatase alkaline (serum) 
Nonpregnant 20-90 IU/L at 30°C 1 20-90 UL at 30°C 
Pregnant (term) , 2-4 times nonpregnant 

values 
Phosphorus, inorganic (se- 2.3-4.7 mg/dl 0.323 0.78-1.52 mmol/L 

rum) 
Potassium (plasma) 
Prolactin (serum) 

3.8-5.0 mEq/L 1 3.8-5.0 mmol/L 

Nonpregnant 1-25 ng/ml 1 1-25 qg/L 
Pregnant (34-36 weeks) 220-400 ng/ml 220-400 qg/L 

Proteins (serum) g/dl g/L 

Total 6.0-7.8 10 60-78 
Albumin 3.2-4.5 32-45 
Globulin 2.3-3.5 23-35 

SGOT (AST, aspartate amino transaminase) 
(serum) 10-45 IU/L 10-45 IU/L 

SGPT (ALT, alanine amino transaminase) 
(serum) 10-45 IU/L 10-45 IU/L 

Sodium (plasma) 
Thyroid hormones (serum) 

136-142 mEq/L 1 136-142 mmol/L 

Nonpregnant 
T4 (RIA) 5.5-12.5 qg/dl 13 76-163 nmol/L 

T3 (RIA) 70-190 ng/dl 1.85-3.0 nmol/L 

Free T4 (total) 0.9-2.3 ng/dl 12-30 pmol/L 

T3 resin uptake (%) 25-38 relative % uptake 0.01 Relative uptake 
fraction 0.25- 
0.38 

Thyroxin binding globulin 
(TBG) 

Pregnant (serum) 

10-26 qg/dl 10 100-260 qg/L 

T4 (RIA) 8.0-14.5 pg/dl 13 104-188 nmol/L 

T3 (RIA) 150-220 ng/dl 2.3-3.4 nmol/L 

Free T4 0.9-2.3 ng/dl 12-30 pmol/L 

T:j resin uptake (%) 15-25 0.01 0.15-0.02 

Thyroxin binding t to twice normal 

globulin (TBG) 
TSH (serum) “sensitive” method 

Nonpregnant 0.5-3.5 qU/ml 1.0 0.5-3.5 qU/ml 

Pregnant Not increased 
mmol/L Urea nitrogen (serum) mg/dl 

Nonpregnant 8-23 0.357 2.9-8.2 

Pregnant 8-9 
0.059 

2.9-3.2 

Uric acid (serum) 0.16-0.43 

Nonpregnant 
Pregnant 

2.7-7.3 

0.12-0.18 (to 24 weeks) 2.0-3.0 

Zinc (serum) 50-150 qg/dl 0.153 7.65-22.95 qmol/L 

"Adapted from standard tables for normal laboratory values published in various clinical guides for laboratory tests. Most 
values for pregnancy are from Gabbe SG, Niebyl JR, Simpson J1 Livingstone, 1986; and UCSD research laboi atories. 

Hematologic and coagulation test results were provided by Samuel I. Rapaport, M.D., UCSD. 
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Table 1.3. 
Conventional and Systeme International (SI) Units for Measurements in Urine0 

Typical Reference Intervals 

Measurement Common Units 

Factor 
Common —* SI SI Units 

Albumin 
Qualitative (random) Negative Negative 

Quantitative (24-h) 15-150 mg/24 h 1 0.015-0.150 g/24 h 
Calcium 

Quantitative (24-h) average 100-240 mg/24 h 0.025 2.5-6.25 mmol/24 h 
diet 

Chloride (24-h) 140-250 mEq/24 h 1 140-250 mmol/24 h 

Creatinine (24-h) 14-22 mg/kg/24 h 0.0088 0.12-0.19 mmol/kg/24 h 
0.8-1.8 g/24 h 8.8 7.0-15.8 mmol/24 h 

Osmolality (random) 500-800 mOsm/kg 1 500-800 mmol/kg 

Potassium (24 h) 
water 

40-80 mEq/24 h 1 40-80 mmol/24 h 
Protein (24-h) 40-150 mg/24 h 1 40-150 mg/24 h 
Sodium (24-h) 75-200 mEq/24 h 1 75-200 mmol/24 h 

Adapted from standard tables for normal laboratory values published in various clinical guides for laboratory tests. Most 
values for pregnancy are from Gabbe SG, Niebyl JR, Simpson JL (eds). Obstetrics. Normal and Problem Pregnancies. New 
York: Churchill-Livingstone, Hematologic and coagulation test results were provided by Samuel I. Rapaport, M.D., UCSD. 
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Preconception and Early 
Postconception Counseling 

Dorothy R. Hollingsworth 

The concept of preconception planning for 

pregnancy by diabetic women is a relatively 

recent idea (1, 2). Coustan states that coun¬ 

seling women with diabetes who plan to con¬ 

ceive is the single most important intervention 

now available to reduce demonstrably the like¬ 

lihood of spontaneous abortion and birth de¬ 

fects (3). In the routine implementation of this 

important aspect of preventive medicine, the 

United States lags far behind Europe and the 

United Kingdom (Table 1.1). In our less struc¬ 

tured health care system, many adolescent and 

young adult diabetic women with onset of in¬ 

sulin-dependent diabetes (IDDM; Type I) in 

childhood no longer have medical supervision 

and are rather casual about diabetic control 

and nutrition. When planned or unplanned 

pregnancy occurs, they present frequently 

with high concentrations of glycosylated hemo¬ 

globin and little or no knowledge of recent ad¬ 

vances in diabetology and obstetrics. About 

10% of diabetic women have IDDM; others, 

usually older, heavier, and with a strong fam¬ 

ily history of diabetes, may become aware for 

the first time during routine prenatal care and 

screening procedures that they have asymp¬ 

tomatic non-insulin-dependent (NIDDM; Type 

II) diabetes. About 90% of all diabetic adult 

women have NIDDM and many are in the re¬ 

productive age group (15-45 years). 

Until recently, most obstetricians have had 

to focus on prenatal care and diabetic control 

too late in pregnancy (after 7.5-8 weeks’ ges¬ 

tation) to prevent serious congenital malfor¬ 

mations. Although major improvements have 

occurred in the management of diabetic preg¬ 

nancies with a decline in perinatal infant mor¬ 

tality from 65% in the preinsulin era to 2-3% 

in major medical centers in the late 1980s (Fig. 

1.1), this improvement has not been matched 

in most clinical settings by a reduction in con¬ 

genital malformations. Birth defects incom¬ 

patible with life remain the major cause of 

death in infants of diabetic mothers (IDM). 

This topic is discussed in greater detail later 

in this chapter. 

Two reasons account for improved outcomes 

in IDM. First, better control of maternal hy¬ 

perglycemia has made an enormous difference. 

However, of equal or even greater importance, 

has been the development in the mid-1970s of 

the specialty of perinatology within obstetrics 
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Table 1.1. 
Preconception Counseling for a Diabetic 
Pregnancy in Europe and America 

Women Who Receive 
Preconception Counseling 

Country (%) 

Denmark 75 
United Kingdom 50 
United States <0.5 

and neonatology as a subspecialty of pediat¬ 

rics. Both factors have resulted in a much 

higher margin of safety for these pregnancies 

that was not possible before recent technolog¬ 

ical improvements in medical and obstetric 

care of diabetic women. 

This chapter addresses the three most fre¬ 

quent questions asked by diabetic women and 

their physicians: 

1. What is known about the heritability of di¬ 

abetes? 

2. What sort of malformations do IDM have 

and what causes them? 

3. Will retinal and renal complications worsen 

during pregnancy and will they shorten my 

life expectancy and increase the risk of 

blindness? 

The obstetrician, diabetologist, nurse edu¬ 

cator, and genetie*pounselor all have important 

roles in providing advice to diabetic women 

before and throughout pregnancy. Discussions 

before a planned conception should be pre¬ 

sented in several sessions, over 3-6 months or 

even longer. They should include both the di¬ 

abetic woman and her partner. 

TIME PERIOD 
Figure 1.1. The change in perinatal infant mortality from the preinsulin era until 1989. Note that marked 
improvement had occurred by 1955, which was accelerated by the development of perinatal and 
neonatal technological advances in the 1970s. 



CHAPTER 

1 
Genetics of Diabetes 

*. 

0 

Diabetes is recognized as a syndrome and 

not a single disease. Heterogeneity within the 

four groups of diabetic pregnant women is well 

recognized (Introduction; Table 1.1). Many in¬ 

dividual women do not fit easily within the two 

major groupings of insulin-dependent diabetes 

mellitus (IDDM, Type I) and non-insulin-de- 

pendent, but “insulin-requiring” during preg¬ 

nancy (NIDDM, Type II) diabetes. The problem 

of classification is even more difficult in 

women with gestational carbohydrate intol¬ 

erance (gestational diabetes; GDM) described 

in detail in Chapter 7. No genetic markers 

have been identified for the inheritance of 

IDDM or NIDDM. For the individual pregnant 

woman, we cannot predict reliably the later 

risk of diabetes for her baby. 

A great deal of genetic information is avail¬ 

able, however, and the discussion that follows 

may serve as a useful guideline for counselors 

while our knowledge of genetics, immunology, 

and molecular biology expands. It is reassuring 

to be able to tell diabetic families that there is 

no increase in birth defects in progeny of di¬ 

abetic fathers, babies born to prediabetic 

women, or those who develop gestationally 

evoked carbohydrate intolerance during the 

latter half of pregnancy. However, women in 

poor metabolic control at conception and dur¬ 

ing the first trimester have a significantly in¬ 

creased risk of spontaneous abortions and fetal 

malformations (4-6). 

Insulin-dependent Diabetes Mellitus 
(IDDM; Type I) 

At present, we are unable to identify with 

certainty individuals who are genetically sus¬ 

ceptible to IDDM but who do not yet have the 

disease. Thus, genetic counseling must rely on 

current knowledge of HLA-associated inher¬ 

ited susceptibility, the rapid advances in mo¬ 

lecular genetics of the HLA complex, and 

studies of polymorphism of the insulin gene. 

Several excellent recent reviews of genetics, 

immunology, and epidemiology of IDDM are 

available that discuss these topics in detail (7- 

16). 

IDDM is most likely a chronic autoimmune 

disease of pancreatic B cells in genetically sus¬ 

ceptible individuals. Major histocompatibility 

complex (HLA) haplotypes strongly influence 

susceptibility to diabetes in families with 

IDDM. Histocompatibility antigens are cell 

surface proteins that provide the tissue of each 

individual with a unique biologic label. A ma¬ 

jor component of genetic susceptibility for 

IDDM has been identified as a variation of a 

gene or genes located near or within the HLA 

complex on the short arm of chromosome 6. 

Haplotypes are inherited for the most part 

in simple Mendelian fashion. The HLA region 

associated with IDDM lies within the D region 

or class II region of the HLA genes. Figure 1.2 

illustrates the HLA gene complex and antigens 

coded for by a series of genes on chromosome 

6 (10). The genes at each locus on the two ho¬ 

mologous chromosomes are not always iden¬ 

tical and a large number of alternate genes 

(alleles) may be present in a population. A pri¬ 

mary association of IDDM with HLA-DR3 and 

HLA-DR4 has been reported by many inves¬ 

tigators. In Maclaren’s experience, only 5% of 

children and young adults with IDDM lack one 

or both of these antigens, while 40% have both 

antigens (DR3/DR4 heterozygotes) (17). Iden¬ 

tification of DR3 and DR4 alleles is not an 

indication of the presence of IDDM. Although 

nearly everyone with the disease has one or 

both alleles, most persons with the alleles do 

not have the disease and specific diabetes sus¬ 

ceptibility genes or markers have not been 

identified. The DR associations now also in- 

3 
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Figure 1.2. IDDM is associated with genes in the major histocompatibility complex (MHC) on chro¬ 
mosome 6. The suspect genes lie in the D region, which is comprised of three loci: DP, DQ, and DR. 
All three encode so-called class II MHC molecules, each consisting of two amino acid chains (A 
and B). Several of the genes for the chains are polymorphic (having or occurring in several distinct 
forms) or variable (shown in color figure on page xxi). Thus, an assortment of molecular types occurs 
(these are numbered). The genes encoding DR1, 3, and 4 are common in IDDM. They probdbly do 
not confer susceptibility directly, but the DQ genes usually inherited in conjunction with them probdbly 
do. In contrast, genes that yield aspartic acid at the 57th position ot the DQp chain tend to be 
protective while genes giving rise to other amino acids in that slot increase susceptibility. With 
permission from Atkinson MA, Maclaren NK: What causes diabetes? Scientif Am 1990:62-71. Copyright 
1990 by Scientific American, Inc. All rights reserved. 

elude DR1 as well as DR3 and DR4 for sus¬ 

ceptibility and DR5 as well as DR2 for 

protection. About 95% of IDDM patients pos¬ 

sess either HLA-DR3 or HLA-DR4 compared 

to 45-54% of the normal population. 

MHC class II antigen serological and re¬ 

striction fragment length polymorphism 

(RFLP) studies have indicated that HLA-DQP 

genes, which are in linkage disequilibrium 

with HLA-DR are more strongly associated 

with IDDM than the DR genes (9). An ex- 

.tremely strong association has been reported 

between IDDM and a short segment of the 

HLA-DQp chain gene (9, 11, 15). Using DNA 

amplified by the polymerase chain reaction 

and tested with DQP allele-specific oligonu¬ 

cleotide probes, Morel and associates (16) have 

reported that the presence of an amino acid 

other than aspartic acid at position 57 of the 

HLA-DQ(3 chain (referred to as non-Asp posi¬ 

tivity) in the homozygous state is associated 

with a relative risk of 107 for the development 

of IDDM. This is a major advance in the iden¬ 

tification of a genetic marker for susceptibility 

to IDDM. In Japanese IDDM women, however, 

aspartic acid at position 57 of DQP does not 

protect against IDDM; a clear difference in this 

population compared with Caucasians (10). 

Asp 57-negative haplotypes do not always 

confer susceptibility and, conversely, some Asp 

57-positive haplotypes seem to be disease as¬ 

sociated. Khalil and colleagues (8), based on 
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extensive dot blot hybridization studies, have 

introduced the possibility that a DQa chain 

bearing an arginine in position 52 also confers 

susceptibility to IDDM. In their model, they 

anticipate that both residues DQ(3 ^.sp 57 and 

DQa Arg 52 are critical for modulation of sus¬ 

ceptibility, presumably via viral-antigenic 

peptide and/or autoantigen presentation. 

Figure 1.3, adapted from Rotter and Rimoin 

(18), shows risk to siblings of IDDM based on 

the number of shared histocompatibility hap- 

lotypes. Hitchcock and. colleagues (19) have 

calculated absolute risks for IDDM for Cau¬ 

casian individuals of various HLA phenotypes 

and genotypes based on an IDDM prevalence 

rate of 1 in 500 (Table 1.2). At present, our 

estimates of genetic transmission of IDDM fo¬ 

cus on susceptibility, not inheritance of dis¬ 

ease. Little is known of environmental 

influences, such as nutrition or exposure to vi¬ 

ruses or toxins that convert susceptibility into 

disease (18). Risks for IDDM vary considerably 

in different geographic locations and among 

various racial groups. Thus, worldwide genetic 

counseling in the future will be determined by 

epidemiologic and population genetic studies 

now underway along with scientific advances 

in molecular biology. 

Tillil and Kobberling (20) have examined 

age-corrected genetic risk estimates for first 

degree relatives of 554 German IDDM pa¬ 

tients. They calculated the lifetime recurrence 

risk to age 80 years in three successive gen¬ 

erations. The overall risk for siblings was 6.6 

± 1.1% and for children 4.9 ± 1.7%. The sim¬ 

ilar risks for siblings and children argue 

against a simple autosomal recessive trait. Re¬ 

gardless of age of onset, offspring of male pro¬ 

bands always had a higher risk than offspring 

of female probands. Among all probands, fa¬ 

thers were significantly more often affected 

with IDDM (about twice) than mothers (4.1 ± 

0.9 vs. 1.7 ± 0.6%, respectively). The risk for 

further siblings of the proband was signifi- 

Figure 1.3. Major histocompatibility complex (HLA) haplotypes strongly influence susceptibility to 
diabetes in families with insulin-dependent disease (Type 1), presumably because the “susceptibility 
gene” (or genes) lies within or close to the HLA complex. If an individual is diabetic, a sibling with 
the same two haplotypes (here arbitrarily labeled 1 and 3) has a 15-20% chance of developing the 
disease. Siblings with only one susceptible haplotype are at a smaller but still substantial risk of 5- 
6%; those with neither haplotype are at risk of 1% compared with the 0.2% risk for members of the 
general population. With permission from Rotter Jl, Rimoin DL: The genetics of diabetes. Hosp Pract 
1987; 22:79-88. 
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Table 1.2. 
Absolute Risks for IDDM for Caucasian Persons of Various HLA Phenotypes and Genotypes 
(based on an IDDM prevalence rate of 1 in 500)° 

HLA Phenotype HLA Genotype 

DR1 1 in 1000 DR3/DR3 1 in 125 
DR2 1 in 2500 DR3/DRX 1 in 500 
DR3 1 in 185 DR4/DR4 1 in 147 
DR4 1 in 208 DR4/DRX 1 in 476 
DR5 1 in 2500 DR3/DR4 1 in 42 
DR6 1 in 1428 DRX/DRX 1 in 5565 
DR7 1 in 1255 
DR8 1 in 555 
DR9 1 in 345 

v« 

“With permission from Hitchcock, et al. Autoimmunity in insulin-dependent diabetes mellitus: its detection and prevention. 
In Cruise JM, Lewis RE Jr. (eds): Genetic Basis of Autoimmune Disease. Basel: Karger, 1988; pp 144-167. 

cantly increased in the presence of an IDDM 
parent (25.2 ± 10.3% vs. 5.8 ± 1.0% for the 
remaining probands). This study indicated a 
nonrandom clustering of IDDM in families. A 
younger age at onset was not associated with 
an increased risk to siblings. 

Clinical heterogeneity occurs within the 
general classification of IDDM. In the natural 
history of the disorder, it is apparent that this 
is often not a disease of sudden, explosive on¬ 
set, even in children. Approximately 25% of 
patients with IDDM do not develop symptoms 
until midlife or later. The common and slow 
onset of IDDM can pose a difficult problem in 
understanding the pathophysiology of preg¬ 
nant diabetic women. In sum, IDDM occurs 
following the rapid or gradual destruction of 
pancreatic p cells. Various lines of evidence 
suggest that the etiology and clinical expres¬ 
sion of the disorder are heterogeneous. Inher¬ 
itance of IDDM is polygenic and associated 
with class II HLA-DR3 and HLA-DR4 histo¬ 
compatibility antigens near or within the HLA 
complex on the short arm of chromosome 6. 
Alleles of HLA-DQp ASP-57 and HLA-DQa 
ARG-52 may determine both disease suscep¬ 
tibility and resistance. 

Non-insulin-dependent Diabetes 
Mellitus (NIDDM) 

NIDDM is the most common form of diabetes 
throughout the world. Approximately 1 mil¬ 
lion women of reproductive age (15-45 years) 
in the United States have confirmed or prob¬ 

able NIDDM (21). This syndrome is also 
heterogeneous. It is characterized by ab¬ 
normalities of insulin secretion and action and 
associated with insulin resistance. In a few in¬ 
dividuals, defects in the synthesis of the in¬ 
sulin molecule (aberrant insulin diabetes) or 
other rare genetic abnormalities have been de¬ 
scribed (22). There are no genetic markers for 
NIDDM; however, strong genetic associations 
are clearer than in IDDM as evidenced by the 
almost 100% concordance rate among monozy¬ 
gotic twins compared to only 50% in IDDM 
(23). Although known to run in families, 
NIDDM does not fit a classical Mendelian pat¬ 
tern. Environmental factors play an important 
role in the pathogenesis of NIDDM. This is best 
illustrated by the demonstration of a marked 
rise in incidence of the disorder following the 
adoption of a western life-style. Two excellent 
recent reviews of the pathogenesis of NIDDM 
provide a good summary for a practical back¬ 
ground to provide genetic counseling (24, 25). 
Family studies of empiric risk figures for first 
degree relatives of individuals with NIDDM 
show increased clustering with 38% affected 
siblings and one third of offspring exhibiting 
the disorder or “impairment” of glucose tol¬ 
erance (26). 

During genetic counseling, women with 
NIDDM should be cautioned about possible 
first trimester teratogenic effects of oral hypo¬ 
glycemic agents and urged to discontinue their 
use before planned or accidental pregnancies 
(27). Women who have had impaired glucose 
tolerance during a previous pregnancy (ges- 
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tational diabetes) or during a periodic screen¬ 

ing test should be urged to follow a diabetic 

diet and attempt to attain a normal body 

weight before another pregnancy. All women 

with NIDDM should be advised that they will 

require multiple daily injection's of insulin 

throughout pregnancy. 

Maturity-onset diabetes of the young 

(MODY) is an important subtype of NIDDM. 

It occurs during childhood or acjolescence. A 

large number of multigteneration pedigrees 

have been been studied that have demon¬ 

strated an autosomal dominant inheritance 

with penetrance at a young age. Fajan’s classic 

review provides a complete prospective view 

over the past 30 years of this interesting dis¬ 

order (28). No associations have been found 

between specific HLA antigens and MODY in 

Caucasian, Afro-American, and Asian pedi¬ 

grees. In addition, linkage studies of the in¬ 

sulin gene, the insulin receptor gene, the 

erythrocyte/Hep G2 glucose transporter locus, 

and the apolipoprotein B locus have shown no 

association with MODY. This form of NIDDM 

is not rare and should be suspected when a non- 

insulin-dependent form of diabetes occurs in 

children, adolescents, and young adults with a 

strong positive family history of the disorder 

over three or four generations. Our youngest 

pregnant woman with MODY was a 25-year- 

old nurse who had had NIDDM since age 12. 

In sum, NIDDM is not rare in pregnant 

women and is the most common form of dia¬ 

betes seen in clinics in the southwestern 

United States with a large population of Amer¬ 

indians, Mexicans, and Mexican-Americans. 

The pathogenesis is characterized by a delayed 

first stage insulin response to feeding and in¬ 

sulin resistance (see also Chapter 7). All preg¬ 

nant women with NIDDM will require insulin 

and should be warned of possible adverse ef¬ 

fects on the fetus of oral hypoglycemic agents. 

Secondary Diabetes 

Cystic Fibrosis 

Women with cystic fibrosis (CF) are fertile; 

the disorder occurs in about 1 of every 2000 

Caucasian births. Few parents of children with 

cystic fibrosis were referred for genetic coun¬ 

seling until the discovery of DNA polymor¬ 

phisms closely linked to the CF locus. The 

identification of the cystic fibrosis gene has 

been a genetic milestone of major importance 

(29-32). Chromosomal walking and jumping 

and complementary DNA hybridization were 

used to isolate DNA sequences encompassing 

more than 500,000 base pairs from the cystic 

fibrosis region on the long arm of human chro¬ 

mosome 7. Approximately 70% of the muta¬ 

tions in cystic fibrosis patients correspond to a 

specific deletion of three base pairs, which re¬ 

sults in the loss of a phenylalanine residue at 

amino acid position 508 of the putative product 

of the cystic fibrosis gene. This remarkable 

achievement was accomplished when three 

laboratories racing toward the same goal de¬ 

cided to join forces and share information (29). 

The identification of the CF gene (named 

cystic fibrosis transmembrane conductance 

regulator, CFTR) permits prenatal diagnosis 

by direct analysis of the mutation (33). If un¬ 

affected heterozygous carriers of the mutant 

gene can be identified, disease prevention be¬ 

comes possible. 

At present, only a proportion of the mutant 

chromosomes for CF can be detected. Table 1.3 

shows the potential for detection of couples at 

risk with the use of population-based screening 

for carriers. With the availability of mutation 

analysis, Lemna et al. (34) feel that such test¬ 

ing of the spouse can be encouraged if one par¬ 

ent has a close relative with CF and is found 

to be a carrier on the basis of mutation or link¬ 

age analysis. If both parents are definite car¬ 

riers, there is a 1 in 4 risk that the child will 

be affected, and prenatal diagnosis is possible 

(Fig. 1.4). 

Table 1.3. 
Potential for the Detection of Couples at 
Risk with the Use of Population-based 
Screening for Carriers0 

% of Cystic 
Fibrosis 

Mutations 
Detectable 

Detection of Carrier Status (%) 

Both 

Parents 
One 

Parent 
Neither 

Parent 

70 49.0 42.0 9.0 
75 56.3 37.5 6.2 
80 64.0 32.0 4.0 
85 72.3 25.5 2.2 
90 81.0 18.0 1.0 
95 90.3 9.5 0.2 

“With permission from Lemna et al. Mutation analysis for 

heterozygote detection and the prenatal diagnosis of cystic 

fibrosis. N Engl J Med 1990; 322:291-296. 
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Defective gene 

Father Mother V 

(5ci 
No gene Carrier 

• 
Affected 

a 
Carrier 

I 

Figure 1.4. In this family, the mother and father 
are both carriers of the defective gene for cystic 
fibrosis. There is a 1 in 4 risk that a child will be 
affected. 

Opinions differ as to whether heterozygote 

screening should begin immediately (1990). 

Some delay may be appropriate because ad¬ 

ditional mutations will probably be identified 

soon and time is needed so that genetic coun¬ 

selors can be trained and individuals being 

tested can be counseled to understand the re¬ 

sults (34, 35). 

Routine screening for GDM has detected 

women with CF with secondary diabetes (Type 

IV). The diagnosis should be borne in mind 

when there is a family history of CF or in 

women who present with unusual pulmonary 

or gastrointestinal symptoms. 



CHAPTER 

2 
Prevention of Malformations in 
Infants of Diabetic Mothers 

0 

• 

DIABETIC CONTROL 
BEFORE CONCEPTION 

All women with IDDM or NIDDM should be 

urged to have preconception counseling and 

become aware of the role that good control of 

diabetes plays in the prevention of congenital 

malformations. Counselors generally request 

that both the patient and her partner partic¬ 

ipate. Many couples are confused, anxious, or 

frightened about the prospect of a pregnancy. 

Some diabetic women have been told that they 

should never become pregnant because it 

would endanger their health or shorten their 

lives; others have had a recommendation for 

sterilization. Thus, the first goal of a counselor 

is to allay unreasonable or unfounded anxie¬ 

ties and present factual information. 

Each couple requires an individualized ap¬ 

proach with ample opportunity for discussion 

and questions. The importance of diabetic con¬ 

trol before conception is stressed and each 

woman is advised to have a comprehensive 

medical assessment (Table 2.1), instruction in 

home blood glucose monitoring, a retinal ex¬ 

amination, renal evaluation, and nutrition 

counseling. Frequent supervisory appoint¬ 

ments every few weeks at a diabetes center or 

by a diabetologist are essential to achieve and 

maintain diabetic control. It usually takes 2- 

4 months to reach a normal HbAlc concentra¬ 

tion along with changes in nutrition and ac¬ 

tivity that are compatible with the patient’s 

life-style, occupation, and quality of life. 

MALFORMATIONS IN INFANTS OF 
DIABETIC MOTHERS 

Congenital malformations have been re¬ 

ported to occur about three times as often in 

infants of diabetic mothers (IDM) as in “nor¬ 

mals” (4.8% vs. 1.65%) (36). They represent the 

most common cause of death in newborn IDM. 

The etiology of malformations is most likely 

multifactorial in origin (37). 

Several studies have shown a marked de¬ 

crease in malformations when prepregnancy 

and early postconception control was achieved 

(38, 39). Fuhrmann and associates (40), in a 

prospective study of intensified metabolic con¬ 

trol, reported a rate of birth defects similar to 

that of the general population and consider¬ 

ably lower than that among insulin-dependent 

diabetes mellitus (IDDM) patients who did not 

seek care until 6 or more weeks after concep¬ 

tion. 

Damm and Mplsted-Pedersen (41) have re¬ 

ported their findings in 1858 newborn IDM 

between 1967 and 1986 at Rigshospital, 

Copenhagen. The malformation rate was re¬ 

markably constant from 1967-1981, but a ma¬ 

jor decrease was found in the period 1982-1986 

vs. the 1977-1981 period (2.7% vs. 7.4%, 

p<0.05). A correlation between the severity of 

maternal disease by White classification and 

by malformations was no longer apparent. In 

fact, in their latest 5-year period, no major con¬ 

genital malformation was seen in offspring of 

mothers with White class F diabetes. Accord¬ 

ingly, the argument for abortion or steriliza¬ 

tion of women with class F diabetes has been 

weakened if not invalidated. These results dif¬ 

fer from those of Miodovnik and colleagues 

who did find an association between maternal 

vasculopathy and congenital malformations 

(42). Damm and Mplsted-Pedersen argue that 

vasculopathy alone does not increase the risk 

of malformations; the risk previously reported 

can be reduced by prepregnancy management. 

In Copenhagen, 75% of diabetic pregnancies 

9 
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Table 2.1. 
Medical Assessment of Diabetic Women Before Conception0 

Procedure Tests Recommendations 

History, family history, 
review of systems 

Complete physical exami¬ 
nation—positive find¬ 
ings 

Hypertension 

Retinopathy 
Goiter (common in 

IDDM) 

Neuropathy 
Obesity (more common 

in NIDDM) 

Diabetes assessment— 
Glycemic control and 
complications 

Nutrition 

Assess occupation and 
recreational exercise 

Type and timing of insu¬ 
lin injections or oral 
hypoglycemic agents' 

Selected individuals. ICA, 
IAb, HLA typing, fasting 
and postprandial C-pep- 
tide determinations6 

ECG, cardiac and renal 
evaluation 

Retinal examination 
T4, TSH, thyroid MSA 

/ 

HbAlc concentration, CBC 

Fasting plasma lipoprotein 
profile 

Continue contraception until di¬ 
abetic control is optimal (Nor¬ 
mal HbAlc) 

Medication to control elevated 
blood pressure 

Ophthalmology consultation 
Depend on thyroid diagnosis, 

size of goiter, and thyroid 
function tests 

Complete neurologic examina¬ 
tion 

Weight reduction, exercise 

Home blood glucose monitoring, 
adjust insulin and other medi¬ 
cations 

Nephrology consultation if renal 
function is abnormal 

Dietary history and counseling 
Adjust for occupational, cul¬ 

tural, and ethnic considera¬ 
tions 

Adjust management of diabetes 

MSI vs. CSII 
Discontinue oral hypoglycemic 

drugs 

“Abbreviations used: IDDM, insulin-dependent diabetes mellitus; NIDDM, noninsulin-dependent diabetes mellitus; ICA, 
islet cell antibodies; IAb, insulin antibodies; HLA, human leukocyte antigen haplotypes; ECG, electrocardiogram; T4: thy¬ 
roxine; MSA, microsomal antibodies; TSH, thyroid-stimulating hormone; MSI, multiple subcutaneous injection; CSII, con¬ 
tinuous subcutaneous insulin infusion. 
kThese are not routine tests and will be recommended rarely at present by genetic counselors and diabetologists. 
“Patients with NIDDM on oral hypoglycemic agents are cautioned not to become pregnant because of teratogenic potential 
in first trimester. 

are planned and, in these pregnancies, only 1% 

of infants had congenital malformations. In 

the offspring of 1715 nondiabetic women, ma¬ 

jor congenital malformations were found in 

1.7% (Table 2.2). From 1982-1986, the rate of 

fatal malformations had been reduced in dia¬ 

betic women to 1.2% (3 of 258 infants). 

The Danish study has clearly demonstrated 

the marked decrease in malformations in 

planned versus unplanned diabetic pregnan¬ 

cies (1.0% vs. 8.2%; Table 2.3). Interestingly, 

the mean HbAlc value measured before the 

12th completed gestational week was around 

2 SD above the upper limit of the reference 

interval and no significant differences were 

found between planned and unplanned preg¬ 

nancies. Malformations were seen despite 

normal HbAlc values and there was no 

correlation between HbAlc and congenital 

malformations. 

Mills and co-workers (43) have published the 

first data from the prospective United States 

Diabetes in Early Pregnancy Study (DIEP) 

being conducted in five universities (Cornell, 

Harvard, Northwestern, Pittsburgh/North¬ 

east Ohio, and the University of Washington). 

Again, no correlation was apparent between 

HbAlc concentration and mean blood glucose 

level in early pregnancy and the frequency of 

malformations. Diabetic women who entered 
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Table 2.2. 
Congenital Malformations in Newborn Infants of Diabetic Mothers 

_White class A_ White classes B and C White classes B to F 

Congenital Congenital Congenital 

Malformations (%), Malformations (%) Malformations (%) 

Period n Major Minor Total n Major Minor Total n Major Minor Total 

1967-1971 68 2.9 0 2.9 138 5.8 1.4 7.2 265 8.3 2.6 10.9 

1972-1976 158 3.2 1.9 5.1 127 7.1 0 7.1 281 8.2 1.1 9.3 

1977-1981 267 1.9 0.4 2.2 141 4.3 2.1 6.4 272 7.4 1.1 8.5 

1982-1986“ 289 1*7 0.3 2.1 133 3.0 0.8 3.8 258 2 ^0,6,0 1.6 4.3“Ac 

“In 1985, 1715 infants were born to nondiabetic mothers; there were 1.7% major, 1.1% minor, and 2.8% total congenital 
malformations. None of the differences was statistically significant (p > .005). 
ftp < 0.01, compared with 1967 to 1981. 

cp < 0.05, compared with 1977 to 1981. 

With permission of Damm and Mplsted-Pedersen (41). 

the study early had only a “moderate degree” 

of metabolic control; the 50th percentile for 

mean glucose values in the 5th through 8th 

weeks of gestation was approximately 200 mg/ 

dl (11.1 mmol/L), and 90% of subjects had a 

mean glucose value between 140 and 235 mg/ 

dl (7.8 and 13.0 mmol/L, respectively). These 

levels are much higher than those of normal 

nondiabetic women. Major malformations oc¬ 

curred in 4.9% of IDM compared with 9% of 

those offspring of a group of diabetic women 

who enrolled in the study after the 21st day 

following conception and 2.1% in offspring of 

nondiabetic women. Coustan (3), Damm and 

Mplsted-Pedersen (41), and Freinkel (44) have 

all suggested the possibility that metabolites 

other than glucose might be associated with 

congenital malformations. 

In the DIEP study, fewer congenital mal¬ 

formations occurred when diabetic women 

were admitted to the hospital before the 21st 

day after conception. These observations not¬ 

withstanding, and the inability to correlate ab¬ 

solute HbAlc levels as a predictor of fetal 

abnormality in individual cases, do not under¬ 

mine the validity of the general association 

between high blood glucose in early pregnancy 

and an increased risk of fetal malformations 

(45). 

Diabetic embryopathy appears to be multi¬ 

factorial (46). The late Dr. Freinkel proposed 

the hypothesis that all the aberrant fuels and 

fuel-related components of the diabetic state 

(e.g., high glucose; ketones; somatomedin in- 

hibitor(s); osmolality) have dysmorphogenic 

potential which he called “fuel mediated organ 

teratogenesis” (Fig. 2.1) (47, 48). Further, all 

tissues in the conceptus appear to be at risk. 

Table 2.3. 
Maternal HbAlc in Early Pregnancy and Major Malformations in Newborn Infants of Insulin- 
dependent Diabetic Mothers in Planned and Unplanned Pregnancies 

Planned Pregnancies Unplanned Pregnancies 

Congenital . . Congenital 
Malformations ---- Malformations HbAlc 

Period 
Total No. 
of infants N n % n 

Mean ± SD 

(%) N n % n 
Mean ± SD 

(%) 

1974-1976 173 86° 5 5.8 87 10 11.4 

1982-1986 258 1976,c 2 1.0d 64 7.1 ± 1.2 61 5 8.2 21 7.3 ± 1.5 

“Including one pair of twins. 
6Including four pairs of twins. 
“p < 0.001, compared with 1974 to 1976. 
dp < 0.01, compared with unplanned pregnancy. 
With permission of Damm and M0lsted-Pedersen (41). 
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Organ Behavioral Anthropometric-Metabolic 

Weeks of Pregnancy 

Figure 2.1. Fuel-mediated teratogenesis, the modification of phenotypic gene expression in newly 
forming cells by ambient fuels and fuel-related products during intrauterine development. Potential 
long-range effects upon the offspring depend upon the period in gestation during which maternal 
fuels and fuel-related products are awry and the cells that are undergoing terminal differentiation 
at that time. When that period coincides with organogenesis in the embryo, the potentiality for “fuel- 
mediated organ teratogenesis” occurs. With permission from Freinkel N. Review. Diabetic embry¬ 
opathy and fuel-mediated organ teratogenesis: Lessons from animal models. Florm Metabol Res 1988; 
20:463-475 and Georg Thieme Verlag, Stuttgart. 

Dose-response relationships for individual 

metabolic teratogens may be influenced by ad¬ 

ditive and synergistic interactions so that in¬ 

tegrated possibilities cannot be assessed fully 

by measurements confined to a single fuel or 

to a fuel-related component. He offered the ad¬ 

ditional explanation that, in the context of day 

to day variability in diabetes “control” of the 

poorly regulated mother and the relatively 

longer duration of organogenesis, these mul¬ 

tifactorial possibilities may account for the 

multiple birth defects that can occur in indi¬ 

vidual offspring and the seemingly nonspecific 

pattern of diabetic embryopathy. 

There is probably some genetic susceptibil¬ 

ity to teratogens. In animals and humans, in¬ 

sulin therapy diminishes the dysmorphogenic 

effects of the abnormal “diabetic state.” How¬ 

ever, a disquieting observation in several an¬ 

imal models for diabetes has been that 

hypoglycemia may be teratogenic during the 

phase of organogenesis in which the postim¬ 

plantation rodent embryo is wholly dependent 

upon glycolysis (e.g., a period in development 

corresponding to day 16-18 to day 24-25 of 

human pregnancy) (47). Developmental events 

in the postimplantation conceptus are shown 

on Table 2.4. These considerations have 

prompted the provisional clinical recommen¬ 

dation that near normalization rather than full 

normalization of maternal metabolism may be 

the most prudent therapeutic target for the 

intensification of diabetes management during 

the first 4 weeks of pregnancy (43). 

The congenital malformations seen in IDM, 

their ratio of incidences, and the weeks follow¬ 

ing gestational ovulation in which they occur 

are shown in Table 2.5. These are graphically 

illustrated in Figures 2.2 and 2.3. Ferencz and 

colleagues (51) have reported the relationship 

of maternal diabetes and cardiovascular mal- 

Table 2.4. 
Developmental Events in the Postimplan¬ 
tation Conceptus0 

Total Gestation 
(Days) 

Rat 
21-22 

Mouse 
18-20 

Human 

267 

Implantation 5-6 7 6-7 
Primitive streak 9 8 16-18 
Neural plate 9.5 8 18-20 
First somite 10 8.3 20-21 
First branchial arch 10 8.3 20 
First heartbeat 10.2 22 
Anterior neuropore closed 10.5 9 24-25 
10 somites 10.5 8.6 25-26 
Upper limb bud 10.5 9.3 27-28 
Posterior neuropore closed 11.3 9.5 26-27 
Three branchial arches 11.5 9.6 26 

“Adapted with permission from Wilson (1973) and Shepard 
(1980) as published by Freinkel (48). 



Chapter 2 Prevention of Malformations in Infants 13 

Table 2.5. 
Congenital Malformations in Infants of Di¬ 
abetic Mothers0 

Anomaly 
Ratio of 

Incidence^ 

Gestational 
Ovulation 

(weeks) 

Sacral dysgenesis 252 3 
Spina bifida, 2 4 

hydrocephalus, or 
other CNS defect 

Anencephalus , 3 ' 
Heart anomalies0 4 

Transposition of , 5 
great vessels 

Ventricular septal 6 
defect 

Antrial septal 
defect 

Anal/rectal atresia 3 6 
Renal anomalies 5 

Agenesis 6 5 
Cystic kidney 4 5 
Ureter duplex 23 5 

Situs inversus 84 4 

“Modified from Mills JL, Baker L, Goldman AS. Malfor¬ 
mation in infants of diabetic mothers occurs before the sev¬ 
enth gestational week. Diabetes 1979; 28:292-293. 
M'his ratio is derived from Kucera’s equation (1971): Ratio 
= [(number of cases of this anomaly in the diabetic group)/ 
(total diabetic group)l/[(number of cases of this anomaly in 
the control group)/(total control group)]. 
“Congenital heart lesions with the worst prognosis are (a) 
complex transposition of the great vessels, (6) single ven¬ 
tricle, (c) hypoplastic left heart, and (d) tricuspid atresia. 

formations in the population-based case- 

control investigation of the Baltimore- 

Washington Infant Study. The strongest as¬ 

sociations with overt maternal diabetes were 

found with double outlet right ventricle and 

truncus arteriosus. These are malformations 

dependent on neural-crest cell-derived ecto- 

mesenchymal tissues (18-20 days of gestation 

in humans); precisely the cotruncal abnor¬ 

malities that result from experimental abla¬ 

tion of the neural crest in chick embryos. No 

significant diagnosis-specific associations were 

found with gestationally evoked diabetes 

(GDM). 

In sum, what message should every diabetic 

woman in the reproductive age group receive? 

Each should be informed carefully, but in 

forthright terms, from menarche and adoles¬ 

cence onward that overall poor metabolic 

control of diabetes is a serious risk for 

malformations in her infants. Arrangements 

should be made for good longitudinal care for 

all diabetic women and their progeny. Women 

who are already pregnant and found to have 

an elevated HbAlc concentration can be told 

that early diagnosis of many fetal problems is 

now possible so that parents can be more fully 

informed about considerations for interruption 

of pregnancy and treatments available for spe¬ 

cific malformations. 

Figure 2.2. Critical timing in days of interference with embryonic development and organogenesis. 
Redrawn from Tuchman-Duplessis (50) with permission. 
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GENITAL TRACT 

GENITAL TRACT 

NERVOUS SYSTEM 

2 Months 4 6 8 

Figure 2.3. The critical periods of interference with the development of genital tract and nervous 
system. Redrawn from Tuchman-Duplessis (50) with permission. 

Procedures for the detection of fetal anom¬ 

alies include (a) maternal serum levels of 

a-fetoprotein at 14-16 weeks’ gestation and (b) 

high resolution ultrasonography and real-time 

two-dimensional and M-mode echocardiogra¬ 

phy at 20-22 weeks’ gestation. These proce¬ 

dures have enabled prospective diagnosis of 

neurodevelopmental defects and cardiac mal¬ 

formations, such as transposition of the great 

vessels, ventricular and atrial septal defects, 

tricuspid atresia, Ebstein’s anomaly, double 

outlet right ventricle, coarctation of the aorta, 

and hypoplastic left heart syndrome. These 

complications can be anticipated and medical 

care planned for in a special care nursery. 

The syndrome of diabetic metabolic embry¬ 

opathy also includes possible postnatal neu¬ 

rologic developmental defects secondary to 

severe maternal ketosis or hypoglycemia and 

unknown additional etiological factors. The 

long-term effects of fetal hyperglycemia and 

hyperinsulinemia in utero along with an ab¬ 

normal supply of all classes of nutrients are 

unknown (52). 

In the United States, the incidence of con¬ 

genital malformations in IDM whose mothers 

are not cared for in medical centers with ex¬ 

pertise in diabetes is unacceptably high. The 

major difficulties for diabetic women are lack 

of access to (a) diabetes education, (b) precon¬ 

ception counseling, and (c) inexpensive prenatal 

care. 
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3 
» 

Maternal Complications of 
Diabetes and Risks of Pregnancy 

• 

Women with diabetes who have evidence of 

retinopathy or nephropathy are concerned jus¬ 

tifiably about the effect of a pregnancy on the 

progression of these complications. Their pri¬ 

mary worry is the possibility of potentially ad¬ 

verse effects upon the length and quality of 

their life and their ability to raise a child. Con¬ 

siderable progress has been made in both our 

understanding and treatment of microangi¬ 

opathy; frequently, updated information is a 

critical component of counseling for both non¬ 

pregnant and pregnant diabetic women. 

RETINOPATHY 

Insulin-dependent Diabetes 
Mellitus (IDDM) 

Not all patients with IDDM develop retinal 

microvascular complications; the pathogenesis 

of diabetic retinopathy is poorly understood. 

Rosenstock and Raskin, in a 1988 review, point 

out that some patients with long-term IDDM 

never develop severe complications regardless 

of their glycemic control (53). Two major eti- 

ologic hypotheses for development of retinop¬ 

athy address the respective roles of genetics 

and control of hyperglycemia. Other proposed 

retinopathy associations include immuno¬ 

logic differences among patients, insulin-like 

growth factors, growth hormone excess, and 

unidentified hormones that might stimulate 

angiogenesis. 

Although diabetic retinopathy is the most 

common chronic complication associated with 

diabetes, population-based epidemiologic data 

in the United States in pregnant women have 

been quite limited. Klein and colleagues have 

recently reviewed the Wisconsin epidemiologic 

study of diabetic retinopathy (WESDR) (54). 

They found the incidence of proliferative ret¬ 

inopathy to be 0% in IDDM in persons with 

fewer than 3 years since onset; 28% in indi¬ 

viduals with 13-14 years of diabetes. There¬ 

after, a lower incidence (14-17%) was found. 

In the Wisconsin study, severity of retinopathy 

in IDDM was correlated with longer duration 

of diabetes, older age at examination, higher 

concentrations of glycosylated hemoglobin, 

higher diastolic blood pressure, gross protein¬ 

uria, and being male. Krolewski and associates 

(55) have reported a similar incidence of pro¬ 

liferative retinopathy after 15-19 years of 

IDDM. 

Non-insulin-dependent Diabetes 
Mellitus (NIDDM) 

It is not possible to provide preconception 

counseling in NIDDM concerning pregnancy 

risks for onset or worsening of retinopathy be¬ 

cause no prospective or retrospective studies 

have been done in this large group of women. 

Many pregnant NIDDM women do fall into 

risk categories for retinopathy, such as con¬ 

comitant hypertension and/or poor glycemic 

control. However, confirmation of the diagno¬ 

sis of retinal vascular disease in NIDDM dur¬ 

ing prenatal care is unusual. This may relate 

to negative or poor initial physical examina¬ 

tions of the eyes, fewer requests for ophthal¬ 

mologic studies, and the recommendation not 

to do fluorescein studies during gestation. In 

addition, pregnant women with NIDDM are 

likely to have had the disorder for a relatively 

short duration of time compared with pregnant 

IDDM women. 

Ballard and colleagues (56) have conducted 

a population-based study of retinopathy in 

Rochester, Minnesota. Risk factors for this 

15 
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complication in NIDDM were an initial fasting 

blood glucose level of more than 200 mg/dl 

(11.1 mmol/L), marked obesity, and earlier age 

at onset. Treatment with insulin was not a risk 

factor. 

In the Wisconsin study mentioned previ¬ 

ously (54), patients in the older group (over 30 

years) and not taking insulin and with pre¬ 

sumptive NIDDM had the lowest frequency 

and least severe retinopathy. In addition, mac¬ 

ular edema when present was less likely to 

be accompanied by proliferative retinopathy 

(19%) than in IDDM women who were more 

than 30 years of age (65%). 

In Mexican-Americans, NIDDM pregnan¬ 

cies over the age of 40 years are not unusual 

and these women are at risk for retinopathy. 

In newly diagnosed NIDDM patients, without 

the risk factors described previously, there is 

a 10-year cumulative risk of retinopathy of less 

than 10% compared with 40% for women with 

IDDM at high risk. 

Genetics 

Dornan and colleagues (57) have related the 

prevalence of retinopathy in IDDM to HLA- 

DR4 haplotypes and poor diabetic control. Oth¬ 

ers (58-61) have concluded that HLA genetic 

factors, insulin-binding capacity, and autoim¬ 

munity are unrelated to the pathogenesis of 

microvascular disease and that circulating im¬ 

mune complexes may well be secondary to 

widespread tissue damage in diabetes of long 

duration (61). 

Control of Hyperglycemia 

Poor control of blood glucose levels has long 

been proposed as the cause of microvascular 

complications. It has been difficult to prove the 

association because only recently with self¬ 

monitoring techniques and periodic measure¬ 

ments of HbAlc concentrations has it been pos¬ 

sible to assess the degree of blood glucose 

control with greater reliability. The ongoing 

Diabetes Control and Complications Trial 

(DCCT) (62) sponsored by the National Insti¬ 

tutes of Health should provide important in¬ 

formation for future preconception counseling 

of IDDM. The results of previous trials in Eu¬ 

rope and the United States designed to eval¬ 

uate the relationship of diabetes control to 

microvascular complications have been sum¬ 

marized by Rosenstock and Raskin (53). 

Hyperglycemia is clearly associated with 

retinopathy in most studies but multiple risk 

factors contribute to the pathogenesis of the 

complication. 

In their recent review of the Wisconsin Ep¬ 

idemiological Study of Diabetic Retinopathy 

(WESDR), Klein and co-workers point out that 

no medical intervention has been proven to 

prevent the incidence or progression of this 

complication (54). Prevention of visual loss re¬ 

lies on early detection of retinopathy and 

timely treatment of proliferative retinopathy 

with panretinal photocoagulation and clini¬ 

cally significant*, macular edema with focal 

and/or grid photocoagulation. Vitrectomy may 

restore some vision in some eyes with traction 

retinal detachment or vitreous hemorrhage. 

Fluorescein angiography permits the detection 

of retinopathy, on average, 4 years earlier than 

with ophthalmoscopy. The median interval be¬ 

tween the onset of retinopathy, as indicated by 

a few microaneurysms and background reti¬ 

nopathy, is about 5 years. 

Pregnancy 

Does pregnancy precipitate or worsen reti¬ 

nopathy and increase the risk of blindness? To 

a large extent, this depends upon retinal com¬ 

plications and appropriate treatment along 

with good blood glucose control before concep¬ 

tion. Table 3.1 provides guidelines for eye care 

for nonpregnant and pregnant women with di¬ 

abetes (63). The impact of pregnancy on retinal 

changes in IDDM has been described in both 

retrospective and prospective studies. Early re¬ 

ports (before 1970) cautioned that the risk for 

progression of retinopathy during gestation 

was high; diabetic women with this compli¬ 

cation were advised not to become pregnant or 

to elect abortion should conception occur. 

Prospective studies since 1980 have pro¬ 

vided a more balanced and optimistic view. 

Horvat and colleagues (64) in a 12-year pro¬ 

spective study followed 107 women with latent 

diabetes and 172 women with clinical diabetes. 

In the already diabetic women, background 

retinopathy was present in 40 (23%), who had 

an average duration of diabetes of 13.5 years. 

Vision remained stable in all but four women 

(10%) who progressed to proliferative retinop¬ 

athy. Only one woman developed new vessels 

in one eye during pregnancy. The three others 

had proliferative changes noted following 

pregnancy. Eleven women in their study had 

proliferative retinopathy with one case devel- 



Chapter 3 Maternal Complications and Risks of Pregnancy 17 

Table 3.1. 
Eye Care Guidelines 
Pregnant0 

General examination 

Special examinations 
Prepregnancy 

Pregnancy 

for Women With Diabetes Who Anticipate Becoming or Are 

1. In referring patients for routine eye evaluation, the physician 
should be guided by the expertise and qualifications of the eye 
doctor to perform the examinations described 

2. All patients should be informed that: 
a. Sight-threatening eye disease is a common complication of dia¬ 

betes mellitus and is often present even with good vision; 
b. Early detection and appropriate treatment of diabetic eye dis¬ 

ease reduces the risk of visual loss. 
3. Baseline ophthalmologic examinations of all IDDM and NIDDM 

women 3-5 years after the onset of diabetes or at puberty (which¬ 
ever occurs first); the examination should include: 
a. History of visual symptoms; 
b. Measurement of visual acuity and intraocular pressure; 
c. ophthalmoscopic examination through dilated pupils. 

4. After the initial eye examination, it is suggested that women 
with diabetes mellitus should receive the above ophthalmic exams 
annually unless more frequent exams are indicated by the pres¬ 
ence of abnormalities 

1. Women with both insulin-dependent (IDDM, Type I) and noninsu- 
lin-dependent (NIDDM, Type II) who are planning pregnancy 
within 12 months should be examined by an ophthalmologist 

1. Baseline examination for retinopathy by an ophthalmologist as 
soon as conception is confirmed 

2. All diabetic women with IDDM or NIDDM should be under the 
care of an ophthalmologist for: 
a. Unexplained visual symptoms; 
b. Deterioration in visual acuity; 
c. Increased intraocular pressure; 
d. Any retinal abnormality; 
e. Any other occular pathology that threatens vision. 

3. Pregnant women should be under the care of a retinal specialist 
or other ophthalmologist experienced in the management of dia¬ 
betic retinopathy, when the following conditions are identified: 
a. Preproliferative retinopathy (multiple cotton-wool spots, multi¬ 

ple intraretinal hemorrhages, intraretinal microvascular ab¬ 
normalities, venous beading); 

b. Proliferative retinopathy (retinal neovascularization, pre- 
retinal or vitreous hemorrhage, fibrosis, traction retinal de¬ 
tachment); 

c. Macular edema (hard lipid exudates and/or retinal thickening 
inside the temporal vascular arcades). 

4. Laser photocoagulation therapy reduces the risk of visual loss and 
is generally effective in preventing blindness in patients with 
high-risk proliferative retinopathy and/or clinically significant 
macular edema; vitrectomy can restore vision in certain patients 
with recent traction retinal detachment or vitreous hemorrhage; 
laser therapy and vitrectomy should be performed by a retinal 
specialist or other ophthalmologist experienced in these proce¬ 
dures in people with diabetes; these procedures may or may not 
be recommended during pregnancy 

5. Pregnant women with functionally decreased visual acuity post¬ 
partum should undergo low-vision evaluation and rehabilitation 

“Adapted from Hollingsworth DR, Moore TR (64) and a position statement developed by the committee on professional 
practice and approved by the Executive Committee of the Board of Directors of the American Diabetes Association, 8 June 

1988. Diabetes Care 1988; 11:745-746. 
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oping de novo during pregnancy (average du¬ 

ration of diabetes was 21 years). In the Horvat 

study (64), retinopathy fluctuated during the 

index and subsequent pregnancies; not infre¬ 

quently, changes occurred in both directions at 

one time with one part of the eye getting better, 

another part becoming worse. In this report, 

the severity of retinopathy at onset of preg¬ 

nancy was important in predicting severity at 

the end of or following gestation. 

Moloney and Drury (65), in a prospective 

study of 53 pregnant IDDM patients who had 

retinal photography every 6 weeks and at 6 

months postpartum, found that 33 (62%) had 

retinopathy at first examination and eight 

(15%) developed it for the first time during 

gestation. Four women had neovascularization 

for the first time with further deterioration 

with advancing pregnancy. However, by 6 

months after delivery, background changes 

had regressed to control levels and neovascu¬ 

larization showed some regression. Increased 

doses of insulin (tighter control) and hydram- 

nios were risk factors for retinal hemorrhage. 

Low fasting blood glucose values and intensive 

insulin therapy were associated significantly 

with soft exudates and streak blob hemor¬ 

rhages that usually resolved in 6 weeks. No 

effect of pregnancy was demonstrated in 

women who had diabetes less than 2 years. 

In other reports, Phelps and co-workers (66) 

and Laatikinen and colleagues (67) were also 

able to correlate worsening retinopathy with 

degree of hyperglycemia at first prenatal visit 

and magnitude of improvement in glycemic 

control. In Serup’s prospective Copenhagen 

study from 1979-1986, of 145 IDDM cases, 

three ophthalmologic examinations were per¬ 

formed during pregnancy and three in the year 

following delivery (68). Half of the women who 

already had retinopathy had some deteriora¬ 

tion during pregnancy, but all had regression 

to some extent following delivery. A few 

women with background retinopathy at onset 

of gestation developed proliferative retinopa¬ 

thy that commonly disappeared in the post¬ 

partum period. They had no severe changes 

with respect to vitreous hemorrhages or severe 

proliferative changes and in only one case was 

postpartum photocoagulation necessary to ar¬ 

rest retinal proliferative changes at the optic 

disc. 

In the most recent (1990) Wisconsin study 

reported by Klein and colleagues (69), 171 

pregnant women in the first half of pregnancy 

were recruited from 1982-1986 and compared 

with 298 nonpregnant insulin-taking women. 

Blood pressure, blood glucose values, HbAlc 

concentrations, and stereoscopic color fundus 

photographs were obtained. No other obser¬ 

vations were made during gestation. Fundus 

photographs were repeated at 9.4 ± 6.6 weeks 

postpartum and at a similar time period in 

controls. Thirty-eight pregnant (22%) and 57 

nonpregnant (19%) women failed to return for 

the second examination. There were gradable 

fundus photographs at both visits in 78% of the 

pregnant and 80% of the nonpregnant subjects. 

In this epidemiologic study with no longitu¬ 

dinal examinations of women during preg¬ 

nancy, elevated glycosylated hemoglobin at 

first examination was confirmed as a risk fac¬ 

tor for retinopathy in both pregnant and 

nonpregnant women. There were marked 

differences in metabolic control that reflected 

current obstetric emphasis of “tight control” in 

pregnant women but no such management in 

control subjects. Thus, the frequently reported 

worsening of retinopathy with intensive in¬ 

sulin therapy and lack of observations during 

pregnancy make it impossible to conclude that 

pregnancy alone worsens retinopathy. Other 

studies of rapid tightening of blood glucose con¬ 

trol by multiple daily doses of insulin or use 

of an insulin pump in nonpregnant individuals 

have demonstrated progression of retinopathy 

(70-75). 

In sum, all recent studies underline the crit¬ 

ical importance of preconception counseling for 

prevention of worsening retinopathy during 

pregnancy. Poor diabetic control at conception 

and untreated retinopathy are preventable 

risks. Parity is not a risk factor for retinopathy, 

when analyzed apart from duration of diabetes. 

Photocoagulation of retinal lesions before con¬ 

ception seems to be more protective than 

having the procedure performed during 

pregnancy. Should pregnant women with se¬ 

vere disc neovascularization or with marked 

progression of retinopathy despite first trimes¬ 

ter photocoagulation therapy be advised to 

have an abortion? At present, there is no evi¬ 

dence that termination of pregnancy would 

improve substantially the ultimate visual 

outcome. Pregnant IDDM women with severe 

retinopathy and potential loss of vision in one 

or both eyes and their partners are faced with 

difficult personal considerations. They require 
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the most up-to-date information and consul¬ 

tation with centers enrolling patients in dia¬ 

betic retinopathy and vitrectomy studies 

(DRVS) (2). 

Management of diabetic retinopathy during 

pregnancy and fundus photographs of typical 

retinal lesions are described in Section 6, 

Chapter 17. 

NEPHROPATHY 

Nephropathy (76) qf variable degrees of se¬ 

verity is common in women with IDDM. Does 

pregnancy accelerate this complication and 

pose additional risks for the mother and fetus? 

Insulin-dependent Diabetes 
Mellitus (IDDM) 

Figure 3.1 (77) illustrates the development 

of albuminuria and clinical nephropathy over 

time in IDDM patients. The presence of more 

than 300 mg of albuminuria (Ualb V) in 24 

hours indicates incipient diabetic nephropathy 

and a risk for later development of clinical ne¬ 

phropathy (77-80). 

During preconception counseling, all IDDM 

patients should have an assessment of renal 

function. Recommendations for this evalua¬ 

tion, both before conception and at the first 

prenatal visit, are described in Section 6, 

Chapter 17. 

Diabetic nephropathy occurs in 40-45% of 

IDDM patients. Why more than half of these 

at-risk women escape without this complica¬ 

tion is unclear. Although hyperglycemia is a 

necessary condition, it is not a sufficient factor 

to explain patient susceptibility. A Diabetes 

Control and Complications Trial (DCCT; N = 

1441) is in progress in the United States until 

1993 (81). This is one of the complications 

being investigated. 

Seaquist and colleagues (82) have reported 

a familial clustering of diabetic kidney disease 

with evidence for genetic susceptibility to di¬ 

abetic nephropathy. Other contributory factors 

that have been suggested are hypertension, 

urinary tract infections, smoking, high dietary 

protein intake, and the presence of other car¬ 

diovascular disease risk factors. With modern 

treatment of diabetic women that includes con¬ 

trol of hyperglycemia and hypertension and 

alert diagnosis and treatment of urinary tract 

infections, the outlook for a successful preg¬ 

nancy outcome is excellent. Nephropathy as a 

complication of pregnancy is discussed in Sec¬ 

tion 6, Chapter 17. 

In the past, antedating major advances in 

perinatology and neonatology, many physi¬ 

cians strongly discouraged pregnancy in 

women with diabetic renal disease, especially 

when there was evidence of impaired renal 

function and hypertension (83). A more opti- 

Figure 3.1. Development of proteinuria and clinical nephropathy in IDDM. There is a gradual increase 
in the excretion of urinary albumin over time in IDDM with microalbuminuria. With permission from 
Decked et al. Clinical assessment and prognosis of complications of diabetes. Transplant Proc 1986; 
18:1636-1638. 
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mistic view has been presented by Lindheimer 

and Katz (84). Hayslett and Reece (85) suggest 

that if patients with the most severe forms of 

nephropathy are excluded (poorly controlled 

first trimester hypertension despite medical 

therapy, serum creatinine level > 1.5 mg/dl, 

proteinuria > 3.0 g/24 h in the first trimester), 

both maternal and fetal outcomes are quite 

good. This more favorable prognosis, however, 

requires intensive obstetric and medical mon¬ 

itoring at a tertiary care hospital using an am¬ 

bulatory care team approach (85). 

In the most severe forms of diabetic nephrop¬ 

athy (see criteria previously listed), each 

woman should have individualized and coor¬ 

dinated management by a diabetologist, a 

renal medicine specialist, and a perinatologist 

(76). Women on chronic hemo- or peritoneal 

dialysis are often anovulatory or amenorrheic. 

When conception occurs, early spontaneous 

abortions are common. At best, only 20-25% 

of pregnancies result in viable infants. Many 

successful pregnancies are in women with 

some residual renal function or in those who 

needed to start dialysis only after pregnancy 

occurred. No maternal deaths have been re¬ 

corded in women on dialysis. However, pree¬ 

clampsia occurs frequently and requires 

antihypertensive medications. When giving 

advice about fertility and contraception to 

young women on dialysis, the nephrologist 

should discuss realistic expectations of what 

pregnancy and its management would entail. 

Women with successful kidney transplants are 

relieved of their uremia and usually regain 

near-normal fertility. They must be counseled 

carefully regarding contraception, because 

pregnancy in the early months of a transplant 

could be very deleterious. The choice of con¬ 

traceptive must balance the unreliability of 

barrier methods against the possible potentia¬ 

tion of hypertension or thrombogenesis from 

the use of oral contraceptives. Women who 

have received a transplant are usually advised 

to delay any attempt at pregnancy until 2 

years after transplantation because failures 

from acute rejection and other causes are less 

frequent after this time interval. Criteria for 

allograft stability sufficient to allow preg¬ 

nancy have been generally agreed upon (86, 

87) and include: stable renal function (serum 

creatinine less than 2 mg/dl); no proteinuria; 

no significant hypertension; no evidence of al¬ 

lograft rejection; no evidence of hydrone¬ 

phrosis on intravenous pyelography or ul¬ 

trasonography; and drug dosages of not more 

than 15 mg/day of prednisone or prednisolone 

and 2 mg/kg/day of azathioprine. These med¬ 

ications must not be discontinued, except for 

life-threatening complications. Most knowl¬ 

edge of pregnancy in renal transplantation has 

been obtained with the use of azathioprine 

(Imuran) and it is unclear how much will 

remain true in the cyclosporine era. Kidney 

allograft survival data are better with 

cyclosporine (Sandimmune), but because of 

nephrotoxicity at?d reduced compensatory hy¬ 

pertrophy, most cyclosporine-treated patients 

have serum creatinine levels between approx¬ 

imately 1.2 and 3.0 mg/dl, compared with a 

range of about 0.8-2.0 with azathioprine (89). 

Whether the usual relationship between 

higher serum creatinine values and worse ges¬ 

tational outcomes will decrease reproductive 

success in cyclosporine-treated patients is not 

yet known. 

Results of pregnancy in azathioprine- 

treated renal transplant recipients have been 

extensively documented. Davison (87) has re¬ 

viewed cumulative data based on 1569 preg¬ 

nancies in 1009 women. Therapeutic abortions 

were performed in 22% (for unwanted preg¬ 

nancy, uncertain maternal prognosis, or ma¬ 

ternal medical problems); 16% aborted 

spontaneously (the same incidence as in nor¬ 

mal women). Of the 60% of pregnancies that 

extended beyond the first trimester, 92% re¬ 

sulted in a viable infant. Preeclampsia oc¬ 

curred in 30%, preterm delivery in about 50%, 

and intrauterine growth retardation in 20%. 

Patients with the worst renal function had the 

most problems in pregnancy. 

Normal vaginal delivery is not impaired by 

the pelvic position of the transplanted kidney 

in 95% of cases. Neonatal problems that can 

be anticipated include respiratory distress, 

leukopenia, thrombocytopenia, adrenal insuf¬ 

ficiency, and infection. Most infants recover 

well from these complications, although 

growth retardation from congenital cytome¬ 

galovirus infection is a serious exception. 

Despite anxieties about the side effects of 

immunosuppressive drugs, congenital anom¬ 

alies are otherwise not a problem and the chil¬ 

dren have appeared to develop normally. 

There is no evidence that survival or func¬ 

tion of a transplanted kidney is lessened by 

pregnancy. Renal allograft rejection episodes 



Chapter 3 Maternal Complications and Risks of Pregnancy 21 

occur in about 9% of pregnancies, which is sim¬ 

ilar to the rate expected in nonpregnant pa¬ 

tients. There may be difficulty distinguishing 

acute rejection from preeclampsia and renal 

magnetic resonance imaging or *renal biopsy 

may be needed. Acute antirejection medica¬ 

tions can be given if indicated, although there 

is not much known about their effect on the 

fetus. 

Urinary tract infections are” common in 

women with renal allografts and must be 

treated before conception and monitored 

closely thereafter. Antibiotic suppression can 

be continued during pregnancy, although the 

choice of medication presents some difficulties. 

This choice should be made by a transplant 

surgeon or nephrologist. Nitrofurantoin prep¬ 

arations (e.g., Macrodantin) are not recom¬ 

mended when the glomerular filtration rate 

(GFR) is less than 50 ml/min (which is the case 

for many transplant patients) because of side 

effects. Ampicillin may be used but predisposes 

to resistant organisms and it may not be ef¬ 

fective for long. Trimethoprim combinations 

(Septra, Bactrim) are widely used for nonpreg¬ 

nant women but are less favored in pregnancy 

and should be used extremely cautiously in 

cyclosporine-treated patients because of the 

possibility of synergistic nephrotoxicity. Sul¬ 

fonamides on their own may be useful in some 

cases (e.g., Gantrisin). There is no evidence 

that recipients of live-related grafts do any bet¬ 

ter than cadaver-kidney recipients in preg¬ 

nancy. 

In summary, renal transplantation diabetic 

patients should wait 2 years post transplan¬ 

tation but ideally not more than 5 years, before 

becoming pregnant. If renal function is good 

and hypertension or other renal problems are 

not present, pregnancy is likely to be success¬ 

ful despite the increased frequency of prema¬ 

turity, reduced fetal growth, and preeclampsia. 

Close monitoring and surveillance of the preg¬ 

nancy and of renal allograft function are nec¬ 

essary throughout gestation. 

In the United Sates, abortion for chronic 

renal disease is not mandated or insisted upon 

by primary physicians (diabetologist, ne¬ 

phrologist, and perinatologist). Informed re¬ 

productive decisions are considered to be the 

responsibility of the patient and her partner. 

Many young diabetic women with evidence of 

renal (and retinal) microvascular disease are 

determined to have a baby and their partners 

and extended family may support this wish. 

Most often, however, these are not decisions 

made before conception. In our experience, 

such patients usually present to prenatal clin¬ 

ics already pregnant and they have often al¬ 

ready made firm personal decisions to continue 

or to interrupt the pregnancy. 

Non-insulin-dependent Diabetes 
Mellitus (NIDDM) 

There are marked differences in age at onset 

and peak incidence of diabetic nephropathy in 

NIDDM patients compared to IDDM patients 

(Table 3.2). In a study of 5059 Pima Indians, 

no cases of diabetic nephropathy were observed 

in women aged 5-34 years and there was an 

incidence of only 3.3 cases per 1000 person- 

years at risk in those aged 35-44 years (89). 

Thus, in a well-documented epidemiologic 

study of women with a high prevalence of 

NIDDM, diabetic nephropathy was extremely 

rare during the child-bearing years. 

There have been no reports of the natural 

history of nephropathy in pregnant women 

with NIDDM despite the prevalence of the dis¬ 

order in relatively young women of many pop¬ 

ulation groups. Fabre and associates (90) have 

assessed and quantified the course of renal 

involvement in nonpregnant women with 

NIDDM. All 510 of their subjects were diag¬ 

nosed after age 40 years. The major finding 

was that abnormal protein excretion occurred 

sooner after diagnosis in NIDDM than in 

IDDM and as frequently. However, the clinical 

characteristics, severity, and outcome of ne¬ 

phropathy differed to a major and surprising 

extent. There was excessive urinary excretion 

of high molecular weight proteins (> 100,000); 

hypertension and cardiovascular complica¬ 

tions were common. Even when diabetic con¬ 

trol was considered satisfactory, 48% of 

patients in this study of older women had pro¬ 

teinuria of greater than 150 mg/24 h. The pro¬ 

portion with nephrotic syndrome was no more 

than 1.8% compared with 45% in IDDM women 

age 20-50 years at death. In NIDDM patients, 

adequate GFR was maintained even though 

proteinuria had been documented for many 

years. There was only one death from renal 

insufficiency despite the large number of pa¬ 

tients with both long-standing and poorly con¬ 

trolled diabetes. 

The long-term prognosis of nephropathy in 
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Table 3.2. 
Diabetes and Nephropathy 

Clinical Features 
(% of all diabetics) IDDM (90% of all diabetics) 

NIDDM” (10% of all diabetics) 

Person-years Women 
at Risk (yrs) Cases” 

Age 30-34 ± 8 yr 845 5-34 0 

906 35-44 3.3 

1263 45-54 12.0 

Incidence Peak: 10-16 yr after onset Incidence:0 

IDDM 5-34 0 
35-44 3.3 
Peak: 
55-64 

Prevalence 40-45% 15-40% 
10-yr duration 

Relationship to diabetic Control trials are in progress Influenced to a 

control lesser extent by 
Poor glycemic control is a neces- metabolic control 

sary but not sufficient condi- than IDDM 
tion to cause albuminuria 

“Cases per 1000 person-years at risk (89). 

NIDDM is relatively good, unlike that of 

IDDM. Women with this complication at a 

young age are almost always asymptomatic; 

the diagnosis is frequently made in prenatal 

clinics during routine screening procedures for 

gestational diabetes. We rarely receive a re¬ 

quest for preconception counseling by a woman 

with NIDDM or her physician. Should efforts 

be successful in reaching this group or if a pa¬ 

tient returns with a subsequent pregnancy, she 

should be advised to control hyperglycemia, 

hyperlipidemia, and hypertension in addition 

to achieving or maintaining normal weight. 

Urinary tract infections should receive prompt 

and effective treatment. Selby and colleagues 

(91) have reviewed the natural history and ep¬ 

idemiology of diabetic nephropathy in IDDM 

and NIDDM women. 

In our experience, renal complications in 

pregnant women with NIDDM have not been 

a problem. Expensive monitoring by repeated 

determinations of creatinine clearance is not 

necessary or cost effective unless hypertension 

or preeclampsia are present. This is probably 

explained by the fact that pregnant women 

with NIDDM, although often older than those 

with IDDM, are generally under age 40 years 

at conception. 

The complication of nephropathy empha¬ 

sizes the importance of distinguishing between 

pregnant women with IDDM vs. those with 

NIDDM. The White (1965) pregnancy classi¬ 

fication categories for women with renal, myo¬ 

cardial, and retinal complications and older 

studies of outcome of diabetic pregnancy do not 

apply to women with NIDDM and GDM. 
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Maternal Metabolic Adjustments 
in Normal and 

Diabetic Pregnancies 

Dorothy R. Hollingsworth 

Normal and diabetic pregnancies are un¬ 

usual experiments of nature that involve com¬ 

plex metabolic alterations in the maternal, 

placental, and fetal compartments. Freinkel 

and Metzger (1, 2) described pregnancy as a 

tissue culture experience in which the concep- 

tus develops de novo with the composition of 

the tissue culture medium determined by the 

vagaries of maternal fuels that gain access to 

the fetus. This interesting concept has pro¬ 

found implications for the fetus, the newborn 

infant, and, perhaps, for the child and adult 

who have had an abnormal biochemical envi¬ 

ronment in utero. 
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creased insulin response to glucose or meal 

stimulation. Thus, normal adaptation to preg¬ 

nancy results in relative fasting hypoglycemia, 

and marked sensitivity to food deprivation (2). 

As shown in Table 4.2, normal pregnancy is 

characterized by maternal fat storage in the 

early months followed later by fat mobilization 

concurrent with accelerated utilization of glu¬ 

cose and amino acids by the fetus. Late in 

pregnancy, concentrations of free fatty acids 

and lipoprotein lipids are both increased. 

During pregnancy, a huge new endocrine or¬ 

gan develops de novo—the placenta. There is 

no biologic equivalent to this multipurpose 

gland that synthesizes hypothalamic and pi¬ 

tuitary-like peptides, steroid duplications, 

pregnancy-associated proteins and growth hor¬ 

mones. Its functions are clearly metabolic, en¬ 

docrine, autocrine, and paracrine. And of 

course, it must fulfill its role as an umbilical 

lifeline to the developing embryo and fetus. 

The genetic and hereditary component of each 

new individual’s future life span is decided at 

conception. Our most important and earliest 

environmental heritage is our first nurturing 

milieu, the maternal-placental-fetal trio (Fig. 

4.1). When the intrauterine environment is 

disturbed or perturbed, the consequences to the 

Table 4.1. 
Carbohydrate Metabolism in Early Pregnancy (to 20 Weeks) 

Hormonal Change_Effect Metabolic Change 

| Estrogen and 

f Tissue glycogen 
storage 

1 Hepatic glucose Anabolic 
progesterone production 

f Peripheral glucose Due to | sex steroids 
utilization + 

t (3-Cell hyperplasia and i Fasting plasma Hyperinsulinemia 
insulin secretion glucose 

NORMAL PREGNANCY 

In normal women, pregnancy evokes re¬ 

markable alterations in metabolic homeostasis 

to favor an advantageous environment for fetal 

embryogenesis, growth, maturation, and sur¬ 

vival. To achieve a proper metabolic milieu for 

a constantly feeding fetus and an intermit¬ 

tently fasting and feeding mother, a well-in¬ 

tegrated metabolic shift must occur. Fetal 

needs take precedence and demand an unin¬ 

terrupted supply of fuel. 

Early Gestation 

In the first few weeks of pregnancy, mater¬ 

nal carbohydrate metabolism is affected by a 

rise in maternal levels of estrogen and pro¬ 

gesterone that stimulates pancreatic (3-cell hy¬ 

perplasia and insulin secretion (4-7). At the 

same time, there is an increase in tissue stor¬ 

age of glycogen, a decrease in the production 

of hepatic glucose, an increase in peripheral 

utilization of glucose, and a decrease in ma¬ 

ternal fasting levels of plasma glucose. The 

overall metabolic change is anabolic (Table 

4.1). 

As pregnancy progresses, pancreatic islet 

cell hypertrophy continues and there is an in- 
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Table 4.2. 
Fat Metabolism in Pregnancy 
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Hormonal Change 

Early 

t Estrogen 
t Progesterone 
f Insulin 

Effect Metabolic Change 

t Fat synthesis 
f Fat cell hypertrophy-> Anabolic fat storage 

Inhibition of lipolysis 

Late 
*, 

t hCS • Lipolysis--> Catabolic fat mobilization 

Figure 4.1. Twelve-week-old male fetus and 
membranes measuring 85 mm from crown to 
rump. 1, ear; 2, eye; 3, placenta; 4, umbilical 
cord. With permission from Margaret A. England, 
Senior Lecturer in Anatomy, University of Leices¬ 
ter, U.K. and Wolf Medical Publications Ltd. 

fetus can be far reaching and life long—if it 

survives at all. 

The common maternal medical problem of 

carbohydrate intolerance, whether it be a tran¬ 

sient pregnancy-evoked hyperglycemia (1-3% 

of all pregnancies), diabetes (insulin-depen¬ 

dent diabetes mellitus [IDDM] or non-insulin- 

dependent diabetes mellitus [NIDDM]), ante¬ 

dating pregnancy, cystic fibrosis, or accen¬ 

tuated reversible hyperlipidemia of gestation 

(3), there is an important metabolic impact on 

the fetus. The longer-term implications of hav¬ 

ing an abnormal diet in utero and other prob¬ 

lems that occur in these pregnancies are being 

addressed by multidisciplinary research in¬ 

vestigations. 

Late Gestation 

During the latter half of pregnancy (Table 

4.3), carbohydrate metabolism is stressed by 

rising levels of human chorionic somatomam¬ 

motropin (hCS) from the placenta (Fig. 4.2), 

prolactin (decidual and possibly of pituitary 

origin), cortisol, and glucagon. These hormonal 

changes contribute to decreased glucose tol¬ 

erance, insulin resistance, decreased stores of 

hepatic glycogen, and an increase in produc¬ 

tion of hepatic glucose. The physiologic effect 

Table 4.3. 
Carbohydrate Metabolism in Late Pregnancy (20-40 Weeks) 

Hormonal Change Effect Metabolic Change 

t hCS 
“Diabetogenic” 
i Glucose toler- Facilitated anabolism 

| Prolactin 
ance 

Insulin resistance 
during feeding 

Accelerated starva- 

t Bound and free cortisol i Hepatic glycogen 
tion during fasting 

stores 
t Hepatic glucose 

production 
Ensure glucose and 

amino acids to fetus 
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WEEKS 
4 8 12 16 20 24 28 32 36 40 

DECAMESTERS 

Figure 4.2. Increase in human chorionic so¬ 
matomammotropin (hCS, previously called hu¬ 
man placental lactogen (HPL)) levels (mean 2 
SD) by decamester in normal pregnant women. 

is to ensure a constant supply of glucose, lipids, 

and amino acids to the fetus (8). 

Freinkel (9) was the first to describe these 

combined effects as maternal “accelerated 

starvation” when food is unavailable and “fa¬ 

cilitated anabolism” with food ingestion. Other 

24-h metabolic studies by Phelps and col¬ 

leagues (10) have shown alterations in the 

concentrations of every major class of nutrient 

in late gestation. Figure 4.3 shows the marked 

changes in plasma glucose and insulin levels 

in normal women at the 3rd trimester. Figure 

4.4 depicts the rtfarked decrease in maternal 

levels of alanine and leucine around the 24-h 

clock and Figure 4.5 shows the significantly 

higher maternal levels of free fatty acids and 

triglyceride in late pregnancy. 

Figure 4.3. The effect of normal 
late pregnancy on the diurnal 
changes in plasma glucose and 
insulin concentration. Asterisks indi¬ 
cate values during pregnancy that 
are significantly elevated. (•—•), 
Normal pregnant women; (□—□), 
normal nonpregnant women. With 
permission from Phelps RL, Metzger 
BE, Freinkel N. Carbohydrate me¬ 
tabolism in pregnancy. XVII. Diur¬ 
nal profiles of plasma glucose, 
insulin, free fatty acids, triglycer¬ 
ides, cholesterol and individual 
amino acids in late normal preg¬ 
nancy. Am J Obstet Gynecol 1981; 
140:730-736. 
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EALS: t 1 

Figure 4.4. The effect of normal 
late pregnancy on diurnal and 
meal-stimulated levels of alanine 
and leucine. Note the significantly 
lower values in the pregnant 
women. With permission from 
Phelps RL, Metzger BE, Freinkel N. 
Carbohydrate metabolism in preg¬ 
nancy. XVII. Diurnal profiles of 
plasma glucose, insulin, free fatty 
acids, triglycerides, cholesterol 
and individual amino acids in late 
normal pregnancy Am J Obstet 
Gynecol 1981; 140:730-736. 

MEALS: t t 

Figure 4.5. The effect of normal 
late pregnancy on the diurnal 
changes and meal-stimulated lev¬ 
els of plasma-free fatty acids and 
triglyceride. •, normal pregnant 
women; □, normal, nonpregnant 
women. With permission from 
Phelps RL, Metzger BE, Freinkel N. 
Carbohydrate metabolism in preg¬ 
nancy. XVII. Diurnal profiles of 
plasma glucose, insulin, free fatty 
acids, triglycerides, cholesterol 
and individual amino acids in late 
normal pregnancy. Am J Obstet 
Gynecol 1981;140:730-736. 



CHAPTER 

5 
The Maternal-Placental-Fetal Unit 

PLACENTAL TRANSFER OF NUTRIENTS 

AND INSULIN 

Glucose 

The placenta modulates the transfer of nu¬ 
trients to the fetus, which is totally dependent 
upon metabolic fuels from the maternal cir¬ 
culation. Figure 5.1 is a schematic represen¬ 
tation of the maternal to fetal transfer of 
glucose, amino acids, and fat. Battaglia and 
Meschia have published a comprehensive re¬ 
view of fetal nutrition (11). 

Glucose is transported across the placenta 
to the fetus by saturation-dependent carriers 
(12, 13). Several studies have focused on the 
factors that control fetal uptake and utilization 
of glucose. The quantity of glucose delivered 
into the umbilical circulation is less than the 
quantity taken up from the uterine circulation 
because the placenta also utilizes glucose as a 
metabolic fuel. Bozzetti and colleagues (14) 
have investigated the relationship between 
maternal and fetal glucose concentrations in 
pregnant women at different gestational ages. 
At 17-21 weeks, fetal blood was obtained dur¬ 
ing fetoscopy; from 32-36 weeks, from umbil¬ 
ical cord serum samples, and at 34-37 weeks 
from fetal blood samples during cesarean sec¬ 
tions. They demonstrated a significant linear 
relationship between maternal and fetal glu¬ 
cose determinations at mid- and late gestation. 
At midgestation, fetal glucose concentration is 
independent and may exceed maternal glu¬ 
cose concentrations when maternal glucose 
levels are more than 80 mg/dl (4.4 mmol/L). 
At concentrations above this value, the rela¬ 
tionship between maternal and fetal concen¬ 
trations differed significantly. At equal 
maternal concentrations, there were higher 
glucose concentrations in the midtrimester fe- 

v« 
• 

tus. In late gestation, as the maternal glucose 
concentration increases, there is an increase 
in the maternal arterial-umbilical arterial glu¬ 
cose concentration difference and the umbilical 
glucose/oxygen quotient that reflects in¬ 
creased glucose utilization by the fetus. Of in¬ 
terest, there were no significant differences 
between appropriately grown and small-for- 
gestational age fetuses with respect to these 
relationships. From the standpoint of nutri¬ 
tional requirements of pregnancy, the uptake 
of metabolic substrates by the pregnant uterus 
is more important than fetal uptake alone (11). 
The placental-to-fetal glucose transfer rate de¬ 
pends upon: (a) the glucose concentration gra¬ 
dient; and (b) the area available for transfer. 
Thus, any factors that alter these two variables 
influence normal, excessive, or diminished glu¬ 
cose transport to the fetus. For example, con¬ 
ditions that impair fetal growth result in a 
reduced glucose rate while those that cause 
large placentas (insulin-dependent diabetes 
mellitus [IDDM], non-insulin-dependent dia¬ 
betes mellitus [NIDDM], and some gestation- 
ally evoked diabetes [GDM]) result in a larger 
transfer of glucose. 

Battaglia and Meschia (11) discuss the im¬ 
portant question of the possible role that ma¬ 
ternal and fetal insulin concentrations might 
play in the regulation of placental glucose up¬ 
take and transport. The placenta is richly 
endowed with receptors for insulin on the 
maternal surface of the trophoblast (15). Re¬ 
ports of studies of insulin infusion into either 
maternal or fetal blood have not shown a sig¬ 
nificant change in the rate of placental glucose 
uptake as long as maternal and fetal glucose 
concentrations are kept constant by means of 
a glucose clamp technique (16). Of course, this 
is not the in vivo circumstance in diabetic preg¬ 
nancies where there may be a large magnitude 
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PLACENTAL TRANSFER OF MATERNAL NUTRIENTS 
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Figure 5.1. The transport of maternal fuels to the placental and fetal compartments. The placenta 
serves as a modulator for the total parenteral alimentation of the fetus. See text for description. 

of glucose excursions around the 24-h meta¬ 

bolic clock. Once glucose is transferred to the 

fetus, however, the utilization role is regulated 

by fetal insulin (17, 18). 

Amino Acids 

Essential amino acids are rapidly trans¬ 

ferred from the mother to the fetus by energy- 

dependent active transport mechanisms; fetal 

plasma levels exceed maternal concentrations 

(19). The question of how protein synthesis 

within the placenta and amino acid transport 

across the placenta are linked has not been 

resolved (11). 

Cetin and colleagues (20) have used the 

technique of cordocentesis to obtain human fe¬ 

tal blood for analysis of amino acid concentra¬ 

tions in normal and growth-retarded fetuses in 

11 pregnancies in which the mother was hav¬ 

ing the procedure for fetal karyotyping, the 

presence or absence of thalassemia minor, or 

toxoplasmosis. Amino acid levels were also 

measured at cesarean section in 14 normal 

term infants and in 12 small-for-gestational 

age (SGA) fetuses. In normal fetuses, fetal/ 

maternal total molar concentration ratios of 

amino acids did not change significantly be¬ 

tween the second and third trimesters. SGA 

fetuses had significantly lower concentrations 

of total a-aminonitrogen due mainly to a re¬ 

duction of branched chain amino acids—va¬ 

line, leucine, and isoleucine—and of lysine and 

serine. Maternal arterial concentrations of 

phenylalanine, arginine, histidine, and ala¬ 

nine were elevated in SGA pregnancies. It has 

not been established whether the selective re¬ 

duction of some amino acids in SGA fetuses is 

causally related to the condition or an inter¬ 

esting but unexplained association with intra¬ 

uterine growth retardation. 

Lipids 

Free fatty acids (FFA) readily cross the pla¬ 

centa in amounts exceeding those necessary to 

fulfill lipid storage requirements. Although 

the placentas of all species investigated appear 

to be virtually impermeable to esterified lipids, 

FFA derived from maternal triglyceride (TG) 

have been shown to cross the placenta in rab¬ 

bits and in humans (21-24). There is con- 
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siderable storage of triglyceride within the 

placenta and hydrolysis of very low-density li¬ 

poprotein (VLDL). FFA transported to the fe¬ 

tus are rapidly taken up and esterified by the 

fetal liver and released into the circulation as 

VLDL (Fig. 5.2). 

In the fetal rat, mouse, and guinea pig liver, 

the rates of transfer and enzymes of fatty acid 

synthesis are affected by changes in the nature 

of the maternal diet. Thus, the fetus is depen¬ 

dent upon a supply of long-chain unsaturated 

fatty acids from the maternal circulation and 

the lipid composition of the fetal liver, partic¬ 

ularly for unsaturated fatty acids, is dependent 

upon maternal dietary intake. 

In a review of placental metabolism and 

transport of lipid, Coleman (25) states that 

both the developing fetus and the placenta re¬ 

quire fatty acids for the synthesis of complex 

lipids necessary for the biogenesis of plasma 

membranes, intracellular membranes, and or¬ 

ganelles; triacylglycerol stores; and secreted 

products such as lipoproteins, bile, and pul¬ 

monary surfactant. Although fetal tissues can 

readily synthesize fatty acids, considerable 

evidence exists in nonruminants that as much 

as 50% of the fatty acid requirements of the 

fetus are maternally derived. The placenta 

may be even more dependent than the fetus on 

the maternal contribution because the pla¬ 

centa synthesizes fatty acids poorly. The major 

sources of fatty acid provided to the fetus and 

placenta have not been identified with cer¬ 

tainty. The mechanism of transport of mater¬ 

nal FFAs and lipoprotein-carried lipid has not 

been investigated on a molecular level. Future 

studies with cultured trophoblasts should be 

useful in providing answers to many questions 

concerning placental lipid metabolism and the 

role of the placenta in transporting lipid to the 

fetus. 

Insulin 

There has been considerable controversy 

and debate since*1911 concerning possible pla¬ 

cental transfer of insulin (26). In 1961, Josim- 

ovich and Knobil (27) injected I131 insulin into 

pregnant rhesus monkeys in a procedure that 

permitted sampling of maternal blood, umbil¬ 

ical venous, and arterial blood. When I131-la- 

beled insulin was injected into the maternal 

circulation, it was detected in umbilical venous 

plasma within 5 minutes. A marked umbilical 

arterial-venous difference was observed that 

suggested rapid degradation of the labeled hor¬ 

mone by the fetus. They concluded that insulin 

could cross the primate placenta and in both 

directions. 

A year later, Buse and co-workers (28) stud¬ 

ied 28 pregnant women, aged 14-41 years, who 

were given a single intravenous injection of I131 

insulin at 7-274 minutes before delivery. They 

concluded from their experiments that the hu¬ 

man placenta is relatively impermeable to in¬ 

sulin I131, but that it actively traps and 

MOTHER I 
HELPL PLACENTA FETUS 

FFA 

(Storage and slower transfer) 

Rapid Transfer_ 

(Gradient Dependent Diffusion) 

De novo 
FFA Synthesis 

VLDL in 
Fetal Circulation 

Figure 5.2. Mechanisms by which maternal FFAs and triglycerides give rise to FFAs in the fetal 
circulation. Abbreviations: TG = triglyceride; FFA = free fatty acids; HELPL = heparin elutable lipo¬ 
protein lipase; VLDL = very-low-density lipoproteins. 
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degrades the hormone. Their experiments did 

not completely exclude the possibility that 

small amounts of insulin I131 or its trichloro¬ 

acetic acid (TCA)-precepitable breakdown 

products may have crossed the placental bar¬ 

rier during the period of observation. The low 

levels of TCA-precepitable radioactivity found 

in fetal blood did not permit further charac¬ 

terization of this material. 

In experiments in 1965, Gitlin and associ¬ 

ates (29) gave I131-labeled insulin to nine preg¬ 

nant women having cesarean sections at 

36-40 weeks’ gestation. The mothers were de¬ 

livered 16-68 minutes after the intravenous 

administration of a 0.15 p-g/kg of body weight 

dose of I131. In their study, the data suggested 

that insulin readily traverses the human pla¬ 

centa and that the amount transferred from 

mother to fetus is equivalent to 33% of the 

insulin utilized by the normal fetus at term. 

Again, the placenta appeared to be equally 

permeable in both directions. 

The foregoing experiments encouraged 

Keller and Krohmer (30) to perform perfusion 

experiments on the isolated human placenta 

in an artificial milieu unaffected by fetal or 

maternal metabolic activity. In this study of 

seven placentas in an artificial milieu, they 

reported that insulin traverses the placenta 

from the fetal to maternal system but not in 

the opposite direction. 

Adam and colleagues (31) reported different 

findings at 16-20 weeks’ gestation when they 

performed metabolic studies in 23 pregnant 

women, aged 16-41 years, who were having 

abortions (1969). In eight pregnant women 

who were also having planned sterilizations, 

insulin I131 was infused continuously into a ma¬ 

ternal peripheral arm vein during the abortion 

procedure. No insulin transfer from mother to 

fetus was documented at this early age of ges¬ 

tation. 

Kalhan and co-workers (32) have provided 

further evidence against placental transfer of 

insulin in studies in which they infused I125 

insulin into normal women and demon¬ 

strated no significant transplacental transfer 

In a similar study in pregnant diabetic women, 

including three with high titers of insulin an¬ 

tibodies, the same investigators failed to find 

evidence of maternal to fetal transfer of in¬ 

sulin. 

The placental transfer of animal insulin was 

first identified with the use of specific antisera 

that made it possible to distinguish animal 

from human insulin (33). In the newborn in¬ 

fants of two diabetic mothers treated with in¬ 

sulin, the insulin concentrations in umbilical 

plasma were 5020 and 25,100 pmol/L, of which 

10% and 25%, respectively, were of animal or¬ 

igin. 

In a recent report (1990), Menon and col¬ 

leagues (34) have clearly demonstrated that, 

in some women with IDDM, considerable 

amounts of antibody-bound insulin are trans¬ 

ferred from mother to fetus during pregnancy. 

Moreover, the extent of transfer correlates 

with maternal concentration of anti-insulin 

antibody. The most interesting finding in this 

study was the high correlation between con¬ 

centrations of animal insulin in cord serum 

and fetal macrosomia. This latter finding ap¬ 

peared to indicate that the transferred anti- 

body-bound insulin had biologic activity and 

supported the hypothesis that maternal anti¬ 

body formation to insulin is a determinant of 

fetal outcome, e.g., macrosomia. Sperling and 

Devaskar (35) emphasize that evidence now 

indicates that insulin in the fetal circulation 

is of fetal origin except when it is antibody 

bound independent of maternal glucose lev¬ 

els. Macrosomic infants have always been a 

metabolic puzzle. The work described in these 

clinical studies reopens the whole question of 

possible circumstances in which maternal 

transfer of insulin might contribute signifi¬ 

cantly to fetal growth. 

The importance of the maternal-fetal meta¬ 

bolic relationship for nutrients and insulin in 

normal, diabetic, and problem pregnancies has 

become essential for our understanding of fe¬ 

tal, infant, and lifelong outcomes in under- and 

overgrown fetuses. At present, we have no in¬ 

telligent way to make decisions for the modi¬ 

fication of maternal dietary prescriptions or 

medications such as insulin, antihypertensive 

and, tocolytic agents to ensure ideal fetal 

growth and development. Prospective research 

studies that employ the technique of cordocen- 

tesis should be enlightening. 

The overall effect of the metabolic changes 

during pregnancy is diabetogenic and char¬ 

acterized by resistance to insulin. The mech¬ 

anism for development of insulin resistance in 

normal pregnant women is complex and is as¬ 

sociated with increasing maternal serum lev¬ 

els of hCS, prolactin, progesterone, estrogens, 

and free cortisol that result in enhanced pan- 
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creatic secretion of insulin. Although the pre¬ 

cise mechanism of altered sensitivity to insulin 

is unknown, Puavilai and colleagues (36) have 

suggested that the impairment of insulin ac¬ 

tion in normal pregnant women is at a site 

distal to the insulin receptor, e.g., a postrecep¬ 

tor defect. In diabetic women, particularly 

those with marked obesity, other mechanisms 

at the level of the insulin receptor may also be 

important. 



CHAPTER 

6 
Maternal Plasma Concentrations 
of Hormones and Lipids in Normal 
and Diabetic Pregnancies 

• 

The striking changes in maternal plasma 

levels of glucose and insulin in normal preg¬ 

nant women were illustrated earlier in Figure 

4.3. In this chapter, metabolic profiles around 

the 24-h clock for C-peptide, glucagon, cortisol, 

and prolactin concentrations are compared in 

longitudinal observations during late preg¬ 

nancy and 3 months postpartum (control) in 

normal women, IDDM (Type I) patients, and 

NIDDM (Type II) women. Fasting plasma lipid 

levels are also compared in normal and dia¬ 

betic women. 

C-PEPTIDE 

Insulin is formed in pancreatic (3 cells by 

enzymatic splitting of a precursor molecule, 

proinsulin, which is cleaved into insulin and a 

connecting peptide (CP; Fig. 6.1). The molar 

ratio of CP to insulin equals 1 in the (3-cell 

granules and portal circulation, but is signif¬ 

icantly higher in the peripheral circulation 

because of the slower degradation of CP. 

Measurement of CP levels hourly around the 

24-h metabolic clock during pregnancy has 

been a useful method for the assessment of (3- 

cell reserve. 

Figure 6.2 depicts 24-h excursions of CP in 

normal women and Type I (IDDM) and Type 

II (NIDDM) diabetic subjects at a control pe¬ 

riod (3 months postpartum) and at 2nd and 3rd 

trimesters. Normal pregnant women have a 

progressive rise in serum levels of CP to the 

3rd trimester. Significantly lower levels of CP 

were observed in Type I diabetes versus con¬ 

trols (postpartum, p < 0.02; 2nd trimester, p < 

0.007; 3rd trimester, p < 0.004) and these pa¬ 

tients had an insignificant response to meal 

stimulation. Type II patients were remarkable 

in that they had higher baseline CP values 

than normal patients, a delayed response to 

meal stimulation, and higher total CP concen¬ 

tration (area under the 24-h curve) than nor¬ 

mal subjects. 

The measurement of CP around the clock or 

during a 2-h mixed meal tolerance test is use¬ 

ful in the differentiation of women who are 

mildly or severely insulin deficient from those 

with hyperinsulinemia and target cell resist¬ 

ance to the hormone. 

GLUCAGON 

Glucagon diurnal profiles in late 3rd trimes¬ 

ter were not significantly different in normal 

and NIDDM (Type II) women (Fig. 6.3). Post¬ 

partum, however, plasma levels in NIDDM pa¬ 

tients remained higher than both normal 

subjects and women with IDDM (Type I). 

In IDDM women, there was no increase in 

glucagon levels during pregnancy and post¬ 

partum values were comparable to those of 

normal women. NIDDM (Type II) women had 

persistently higher glucagon measurements 

than IDDM (Type I diabetes) regardless of 

whether or not they were pregnant. 

CORTISOL 

Free and protein-bound serum cortisol val¬ 

ues rise in all pregnant women unless they 

have hypoadrenalism (Fig. 6.4). They main¬ 

tain the usual 24-h pattern, diabetic or not, 

with preservation of a nocturnal elevation that 

reaches a peak at 0600 hours. Women with 

IDDM (Type I) have lower nocturnal values 

37 
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Figure 6.1. Schematic drawing of the proinsulin 
molecule showing the A- and B-chains of insulin 
and the connecting C-peptide. 
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Figure 6.2. Hourly measurements of C-peptide 
immunoreactivity (CPR) in four normal pregnant 
women (top panel), six patients with Type I di¬ 
abetes (middle panel), and six subjects with 
Type II diabetes (bottom panel). Control values 
(3 months postpartum) are shown in the left col¬ 
umn, 2nd trimester (24-27 weeks) in the center 
column, and late 3rd trimester (34-37 weeks) in 
the right column. B, L, D, and S indicate breakfast, 
lunch, dinner, and snacks. See text for descrip¬ 
tion. With permission from Hollingsworth DR. Al¬ 
terations of maternal metabolism in normal and 
diabetic pregnancies. Differences in insulin-de¬ 
pendent, non-insulin dependent and gestational 
diabetes. Am J Obstet Gynecol 1983; 146:417-428. 
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Figure 6.3. Hourly measurements of plasma 
glucagon levels ± SEM at 34-37 weeks’ gestation 
(■-■) or 3 months postpartum (O-O). Top panel, 
normal women have higher levels during preg¬ 
nancy than postpartum. Middle panel, gluca¬ 
gon levels are compared at late 3rd trimester in 
pregnant NIDDM versus IDDM patients. Dotted 
areas in background represent values in normal 
pregnant women. IDDM women have lower 
measurements than either normal or NIDDM 
women. Bottom panel, at 3 months postpartum, 
NIDDM women have higher than normal glu- 
cacon concentrations around the 24-h clock 
while IDDM values remain low and unchanged 
from pregnancy. 
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Figure 6.4. Cortisol 24-h profiles in pregnant and nonpregnant normal women, as well as NIDDM 
and IDDM women. Left, in late 3rd trimester, normal pregnant women (■-■) have higher levels of 
plasma cortisol with a normal diurnal rhythm. Lower postpartum measurements are shown in the open 
circles (O-O). Right, NIDDM subjects have a normal cortisol pattern late in pregnancy while nocturnal 
IDDM values are slightly lower (PNS). Postpartum measurements in both groups resembled those of 
normal women. 

and a lower morning peak than NIDDM (Type 

II) women. Postpartum, no differences were ap¬ 

parent between normal and diabetic women 

and all three groups had returned to a normal 

pattern. 

PROLACTIN 

Prolactin levels rise in both normal and di¬ 

abetic women beginning shortly after concep¬ 

tion. Marked elevations are apparent at late 

3rd trimester (Fig. 6.5). In normal women, val¬ 

ues range from 200-400 ng/ml. IDDM (Type I) 

women have somewhat lower levels but pre¬ 

serve a normal sleep-associated peak. In 

contrast, NIDDM (Type II) women have con¬ 

sistently lower values than normal or IDDM 

patients in late gestation and do not have a 

nocturnal spike. 

From our observations of hormonal profiles 

obtained at the peak of maternal metabolic 

stress of gestation (late 3rd trimester), inter¬ 

esting differences are apparent between in¬ 

sulin-dependent versus non-insulin-dependent 

women (8). 

CHOLESTEROL AND TRIGLYCERIDES 

The most striking lipid change during nor¬ 

mal and diabetic pregnancies is the increase 

in plasma triglyceride (TG). During the first 

trimester of human pregnancy, hypertrigly¬ 

ceridemia results primarily from an increase 

of very low-density lipoprotein (VLDL) (37). 

Concentrations of cholesterol and phospholipid 

also increase during pregnancy. Figure 6.6 

depicts differences in total plasma TG and 

cholesterol levels at 3 months postpartum 

(control) and in the 2nd and 3rd trimesters in 

normal women. 

Lipid abnormalities are common in diabetes 

and vary in individual patients because of the 

heterogeneity of carbohydrate intolerance. Hy¬ 

perlipidemia results from the interaction of the 

diabetic syndrome, genetic background of the 

patient, and the environment. Thus, preg¬ 

nancy evokes a metabolic stress that exagger¬ 

ates the heterogeneous characteristics of 

diabetic women, who may already have lipid 

abnormalities associated with insulin defi¬ 

ciency, insulin resistance, obesity, or abnormal 

genetic factors, in addition to varying degrees 

of hyperglycemia. 

Pregnant women with IDDM in relatively 

good control do not differ from normal women 

in mean fasting plasma levels of total choles¬ 

terol (CHOL) and TG, (VLDL) TG, low-density 

lipoprotein (LDL) CHOL, high-density lipo¬ 

protein (HDL) CHOL, or ratios of TG:CHOL in 
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Figure 6.5. Left, markedly elevated hourly prolactin concentrations in normal pregnant women at 
34-36 weeks’ gestation (■-■). The 0-0 indicate normal postpartum values in nonlactating women. 
Right, IDDM hourly prolactin values (0-0) do not differ from normals while NIDDM women (■-■) have 
lower concentrations than either normal or IDDM (0-0) women. This difference was not apparent 
postpartum. 

LDL or HDL during mid- or late pregnancy or 

postpartum (3). 

In marked contrast, some pregnant women 

with NIDDM in comparable diabetic control 

have significantly higher total fasting TG than 

normal or IDDM women at 2nd trimester, 

3rd trimester, and postpartum. In addition, 

pregnancy-accentuated hypertriglyceride¬ 

mia is also apparent in elevated LDL 

TG:CHOL and HDL TG:CHOL ratios. The 

differences between IDDM and NIDDM 

women are not correlated with prepregnancy 

weight, weight gain during gestation, or dia¬ 

betic control. 

A lower mean level of HDL CHOL in 

NIDDM throughout pregnancy and 3 months 

postpartum that was not related to degree of 

glucose intolerance has also been observed 

(Fig. 6.7). 

In summary, normal pregnancy is charac- 
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Figure 6.6. Fasting levels of total plasma cholesterol and triglyceride (SD) in normal weight women 
in the 2nd trimester, 3rd trimester, and 3 months postpartum. 
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Figure 6.7. Fasting plasma HDL-cholesterol levels at 3 months postpartum (control) and in the 2nd 
and 3rd trimesters in normal pregnant women (NORMAL), IDDM (TYPE I), gestational (GEST) and NIDDM 
(TYPE II) diabetes. In well-controlled Type I patients, there were no significant differences from normal 
subjects. Women with GDM and NIDDM had significantly lower HDL-cholesterol values both during 
pregnancy and postpartum. 

terized by profound metabolic changes that are 

modulated by a new endocrine organ, the pla¬ 

centa. Gestation is diabetogenic and accom¬ 

panied by modest insulin resistance, selective 

hypoaminoacidemia (particularly alanine and 

leucine), and endogenous hypercholesterole¬ 

mia and hypertriglyceridemia. Women with 

IDDM and NIDDM diverge as distinctly dif¬ 

ferent entities during the metabolic stress of 

pregnancy. 
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SECTION 

Effect of Pregnancy on Different 
Types of Diabetes 

Dorothy R. Hollingsworth 

In Table 1.1 of the introduction (1), a revision 

is presented of our classification of diabetes in 

pregnancy, first published in 1981 (2). The ac¬ 

companying color photographs (Fig 1.1 in the 

introduction) illustrate typical women with 

insulin-dependent diabetes mellitus (IDDM) 

or non-insulin-dependent diabetes mellitus 

(NIDDM) and lean and obese women with ges¬ 

tational diabetes (GDM). 

Our reasons for abandoning the popular 

White obstetric classification of diabetes first 

published in 1949 (3), before it was possible to 

measure insulin levels in serum or plasma by 

radioimmunoassay, and several subsequent 

revisions (4) are three-fold. First, pregnancy is 

but a brief interlude in the lives of diabetic 

women or those who develop GDM. Their dis¬ 

orders of carbohydrate metabolism need to be 

viewed in the broader perspective of diabetes 

defined by the National Institutes of Health 

(NIH), National Diabetes Data Group (NDDG) 

(5), or, in the case of women with GDM, re¬ 

classified definitively postpartum, according to 

World Health Organization (WHO) criteria (6, 

7) as (a) diabetes no longer present (normal), 

(b) impaired, or (c) diabetes present. Second, 

the large body of knowledge emerging in the 

1980s in genetics, autoimmune disorders, and 

molecular biology requires that we begin to 

understand and manage each pregnant dia¬ 

betic woman in our clinics according to the 

most up-to-date knowledge of her genetic back¬ 

ground and pathophysiology. Third, in the 

most recent and better designed studies of di¬ 

abetic pregnancies, there is no evidence that 

pregnancy complications are correlated with 

obstetric White classification. Moreover, this 

approach to pregnant diabetic women has pre¬ 

vented us from gaining any knowledge at all 

of the risk of malformations, retinal and renal 

complications, outcome measures of pregnancy 

labor and delivery, problems in newborn in¬ 

fants, and long-term outcome of children of 

NIDDM women. Throughout the world, most 

diabetic women of childbearing age have 

NIDDM. 

In the United States, it is estimated that 

there are about 1,000,000 women of child¬ 

bearing age with NIDDM, compared with 

250,000 with IDDM (Fig. 7.1) (8). To keep pace 
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INSULIN-DEPENDENT DIABETES (IDDM; TYPE I) AND 
NON-INSULIN-DEPENDENT DIABETES (NIDDM; TYPE II) 

IN AMERICAN WOMEN OF CHILDBEARING AGE 
(18-45 YEARS)3 

Number IDDM (I) NIDDM (II) 

a Personal Communication from Maureen Harris Ph.D. National Diabetes Data Group 
(NDDG), NIDDK, NIH, Bethesda, Maryland. Figures derived from survey data (8) 

Figure 7.1. Number of women of childbearing age (18-45 years) in the United States with IDDM and 
NIDDM. The dotted box in the NIDDM column indicates probable or possible undiagnosed women 
in this age group with NIDDM. The figures are from survey data collected by Harris (8). 

with modern biology, potential contributions 

in the field of reproductive medicine will ne¬ 

cessitate well-designed prospective clinical 

studies that add to the unfolding story of the 

genetics and course of all types and subtypes 

of diabetes in pregnant women. 



CHAPTER 

7 
Gestational Carbohydrate 
Intolerance (301); Gestational 
Diabetes Mellitus 

« 

The metabolic stress of pregnancy may re¬ 

sult in reversible carbohydrate intolerance. 

This problem is estimated to occur in 1-3% of 

all pregnancies. Table 7.1 describes women 

who are at particular risk for GDM. 

GDM is usually detected in the second half 

of pregnancy when placental synthesis of pep¬ 

tide and steroid hormones reaches a peak. 

Women who are found to have markedly ab¬ 

normal oral glucose tolerance tests early in 

pregnancy (with fasting plasma glucose levels 

of >105 mg/dl [5.5 mmol/L] and/or one or 

more values >200 mg/dl [> 11 mmol/L] follow¬ 

ing an oral glucose challenge) and elevated 

HbAlc concentrations are more likely to have 

NIDDM rather than GDM even though hy¬ 

perglycemia was detected for the first time 

during pregnancy. Barden and Knowles (9) 

and Harris (10) have reviewed the problems 

and clinical correlations of the diagnosis of di¬ 

abetes during pregnancy. 

Heterogeneity of GDM 

Women who develop reversible glucose in¬ 

tolerance during pregnancy do not represent a 

single metabolic problem. Although many of 

these patients are obese and have a strong fam¬ 

ily history of diabetes, others are of normal 

weight or thin before conception and may have 

no history of carbohydrate intolerance in their 

families. The 400-kcal breakfast mixed meal 

tolerance test (MTT) described later in this sec¬ 

tion permits a better metabolic definition of 

such patients. 

Metabolic differences among patients with 

GDM are most apparent when obese subjects 

are compared with those who are normal or 

slightly overweight. Figure 7.2 depicts CP val¬ 

ues during a breakfast MTT performed at 25 

weeks’ gestation in a massively obese woman 

(weight: 245 lb, 11kg; body mass index 

[BMI] = 43) versus those of a slightly over¬ 

weight patient (weight: 140 lb, 64 kg; BMI = 

28). Both women had similar degrees of glucose 

intolerance (mean 24-h plasma glucose values: 

obese, 102 mg/dl (5.6 mmol/L); slightly over¬ 

weight, 113 mg/dl) (6.2 mmol/L). Normal 

mean 24-h glucose value at 25 weeks’ gestation 

is 87 mg/dl ± 1.7 SEM (4.8 mmol/L ± 0.09). 

The thinner patient had relative insulin defi¬ 

ciency while the very obese woman was hy- 

perinsulinemic and insulin resistant. These 

two women with quite different metabolic 

problems share the diagnosis “gestational di¬ 

abetes” in our current diagnostic classification 

of diabetic pregnancies. 

In both obese and thin groups of patients 

with mild reversible glucose intolerance, mean 

HbAlc concentrations do not differ signifi¬ 

cantly from normal. Although most women 

with reversible glucose intolerance during 

pregnancy have normal HbAlc concentrations 

before 20 weeks of gestation and plasma glu¬ 

cose values that do not exceed 200 mg/dl (11 

mmol/L) at any point during a 3-h oral glucose 

tolerance test with a 100-g glucose load, this 

is not always true. 

Patient G. T., a normal-weight young 

woman (Fig. 7.3), arrived at the hospital for 

the first time at 42 weeks’ gestation with the 

chief complaint of no fetal movement. A 5300- 

g stillborn infant was delivered following in¬ 

duction of labor. A HbAlc concentration ob¬ 

tained on the first day postpartum was 9.8%. 
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Table 7.1. 
Pregnant Women at Risk for Gestational Di¬ 
abetes 

1. Previous history of gestational diabetes or 
positive family history of diabetes 

2. Glycosuria or symptoms of diabetes 

3. Fasting plasma glucose >105 mg/dl (5.8 
mmol/L) or 2-h postprandial plasma glu¬ 
cose level of >120 mg/dl (6.6 mmol/L) 

4. Obesity (>150 lb or body mass index (kg/ 
m2) of >27 before pregnancy) 

5. Previous infant >9 lb (4100 g) 

6. Previous unexplained intrauterine fetal 
demise 

7. Development of polyhydramnios and/or 
macrosomic fetus 

An oral GTT with a 75-g load of glucose was 

normal at 3 months postpartum. 

One year later, the patient returned to the 

hospital for prenatal care at 29 weeks’ gesta¬ 

tion. At this time, her 3-h GTT was markedly 

abnormal (plasma glucose values: fasting, 115 

mg/dl (6.3 mmol/L); 1 h, 169 mg/dl (9.3 mmol/ 

L) 2 h, 237 mg/dl (13.1 mmol/L), 3 h 171 mg/ 

dl (9.5 mmol/L). An hourly 24-h plasma glu- 

O- -O SLIGHTL Y OBESE GEST DM 

BODY MASS INDEX ■%, (28) 

•—• MASSIVELY OBESE GEST DM 

Figure 7.2. Serum C-peptide responses in two 
women with GDM following a 400-kcal mixed 
meal. Note the markedly elevated C-peptide 
values in the massively obese subject and the 
slow and inadequate insulin response in a 
slightly obese patient. 

Figure 7.3. A 24-year-old slightly overweight 
woman who has had reversible carbohydrate 
intolerance in two successive pregnancies. See 
text for description. 

cose profile revealed a mean 24-h glucose of 

132 mg/dl (7.3 mmol/L) with a 24-h urinary 

loss of glucose of 8.2 g and a HbAlc level of 

7.6%. A daily dose of 28 units of rapid-acting 

regular/crystaline insulin in divided doses be¬ 

fore each meal was required to maintain nor¬ 

mal levels of plasma glucose. At term, HbAlc 

was 7.4%. A normal 3200-g infant was born by 

spontaneous vaginal delivery. Glucose toler¬ 

ance was again normal after delivery and pan¬ 

creatic islet cell antibody studies were 

negative. 

Screening for Gestational Diabetes as 
Part of Prenatal Care 

Pregnancy represents a special situation for 

detection of carbohydrate intolerance in con¬ 

trast to mass population screening programs 

that have now been abandoned as unreward¬ 

ing. GDM is associated with higher maternal 

morbidity and an increased risk of perinatal 

morbidity and mortality for infants. Selective 

screening of women known to be at risk for 



Chapter 7 GCI; GDM 49 

diabetes fails to detect many women of normal 

weight who develop GDM. 

Improved infant perinatal mortality and 

morbidity rates have followed higher detection 

rates and more aggressive treatment of mild 

carbohydrate intolerance in pregnant women. 

In addition, failing the carbohydrate stress test 

of pregnancy alerts patients and their physi¬ 

cians to the increased risk for these women to 

develop overt diabetes in later life. Thus, pre¬ 

ventive health measures, such as improved nu¬ 

trition, weight control,. and a regular exercise 

program can be instituted during pregnancy 

and continued postpartum. Routine screening 

of all pregnant women for gestational carbo¬ 

hydrate intolerance is recommended (11). 

Criteria for Diagnosis of GDM 

Care must be taken not to overdiagnose ma¬ 

ternal diabetes; it is preferable to describe 

women with abnormal screening tests as 

having “impaired glucose tolerance during 

pregnancy” or “gestational carbohydrate 

intolerance” (GCI) rather than using the term 

diabetes since final definition depends upon re- 

evaluation 6-12 weeks postpartum. World¬ 

wide, there is no unanimity of opinion con¬ 

cerning criteria for the diagnosis of GDM. 

Several approaches will be mentioned in the 

discussion that follows. 

Table 7.2 outlines the several types of tests 

in general use for detection of GDM. In the 

United States, the most common screening test 

is the administration of a 50-g glucose cola 

drink (Glucola) load with a single plasma 

glucose determination drawn at 1 h. Patients 

need not be fasting and women with risk 

factors (Table 7.1) for diabetes can easily be 

screened at or before the first clinic visit. 

In women who have positive 1-h Glucola 

Table 7.2. 
Tests for Carbohydrate Intolerance During 
Pregnancy 

1. Simple screening tests, abnormal values 
A. Fasting plasma glucose >105 mg/dl 

(5.8 mmol/L) or serum glucose of >90 
mg/dl (5.0 mmol/L) 

B. Random 2-h or more postprandial 
plasma glucose >120 mg/dl (6.6 
mmol/L) 

2. Recommended loading tests for screening 
A. 50-g glucose load given orally at ran¬ 

dom (need not be fasting); abnormal: 
1-h plasma glucose >140 mg/dl (7.8 
mmol/L) 

B. 3-h oral glucose tolerance test with 
100-g glucose (Table 7.3) (11) 

3. 75-g oral glucose tolerance test (12) 

4. Breakfast mixed-meal tolerance test (13- 
15) 

test, a 3-h oral glucose tolerance test is per¬ 

formed (Table 7.3). The diagnosis of GDM is 

made according to the criteria of O’Sullivan 

and Mahan (11). The procedure followed in our 

clinic is outlined in Table 7.4. 

In patients with a positive history of risk 

factors for diabetes, we recommend that a 

HbAlc concentration be obtained at the same 

time to detect early the presence of previously 

unrecognized NIDDM. 

Differences in Lean and Obese GDM 

In the NDDG criteria for NIDDM, there is 

a further subdivision for lean and obese indi¬ 

viduals. We have been impressed that lean 

GDM women (BMI < 27 kg/m2) have marked 

Table 7.3. 
Diagnosis of Gestational Diabetes0 

Venous Plasma 
or Serum 

Venous Plasma 
or Serum 

Capillary 
whole blood 

(mg/dl) (mmol/L)" (mg/dl) (mmol/L)6 (mg/dl) (mmol/L)c 

Fasting 105 5.8 95 5.3 114 6.3 

1 h 190 10.6 180 10.0 211 11.7 

2 h 165 9.2 155 8.6 183 10.0 

3 h 145 8.1 140 7.8 157 8.7 

“Two or more oral glucose tolerance test (OGGT with 100 g of glucose); values must be met or exceeded. National Diabetes 
Data Group. Diabetes 1979; 28:1039. 
"Data from Carpenter and Coustan. Am J Obstet Gynecol 1982; 144:768. 
"Data from Weiner et al. Am J Obstet Gynecol 1987; 156:1085. This study was performed with the Accuchek II meter. 



50 Section III Effect of Pregnancy on Diabetes 

Table 7.4. 
Detection and Diagnosis of Impaired Glucose Tolerance or Gestational Carbohydrate 
Intolerance (GCI); Gestational Diabetes (GDM) During Pregnancy0 

First prenatal visit 
Evaluation for diabetes mellitus 

All women with negative history 
Glucose load screening test at 
24-28 weeks gestation 

Positive History: previous gestational diabetes, history 
of large babies, family history of diabetes, glycosuria, 
symptoms of diabetes or fasting plasma glucose >105 
mg/dl (5.8 mmol/L) or 2-h postprandial plasma glu¬ 
cose >120 mg/dl (6.6 mmol/L); perform a 50-g oral 
glucose screening test; if 1-h glucose is >140 mg/dl 
(7.8 mmol/L), a 3-h (100-g) oral glucose tolerance test 
criteria of National Diabetes Data Group (NDDG) (5) 
is indicated and an HbAlc test 

50-g glucose load given at random; abnormal: 1-h 
plasma glucose >140 mg/dl (7.8 mmol/L) 

Women with positive screening test: Abnormal: two or more elevated values by NDDG crite- 
3-h glucose tolerance test with ria (Table 7.3) 
100 g of glucose 

Women with a positive screening 
test and normal 3-h glucose 
tolerance test or a single ab¬ 
normal value 

Repeat 50-g glucose load at 32 weeks or if patient has 
hydramnios or a macrosomic fetus on ultrasono¬ 
graphic examination; if positive, repeat 3-h glucose 
tolerance test 

"These are the procedures currently followed in the United States and differ from screening procedures used in the UK, 

Europe, and other parts of the world. A unified approach awaits better genetic definition of the diabetic syndrome. 

metabolic differences when compared with 

obese GDM subjects (BMI > 27). In a study of 

hourly measurements of blood glucose and in¬ 

sulin concentrations around the 24-h clock, we 

found virtually no difference in blood glucose 

levels in these two groups of women (Fig. 7.4). 

Plasma insulin levels, however, were quite dif¬ 

ferent, indicating a greater degree in insulin 

resistance in obese compared with lean GDM 

patients. In a more extensive study of 38 lean 

and 45 obese GDM women, placental weights 

and infant birth weights were both higher in 

the obese GDM group but the differences did 

not reach statistical significance (Table 7.5) 

(16). 

A major obstetric concern for women with 

GDM is the possibility of a macrosomic fetus, 

shoulder dystocia, or birth injury. Thus, size 

at birth is an important variable in GDM preg¬ 

nancies. Are there differences in infants of lean 

versus obese GDM mothers and how do they 

compare with babies of normal lean and obese 

women? 

We have addressed this question by collect¬ 

ing anthropometric measurements in 199 nor¬ 

mal newborn boys and girls born in San Diego 

(sea level) (Fig. 7.5) (17). These data differ from 

those of others reported in the literature in 

that all infants included in the study had moth¬ 

ers with a normal BMI, a normal 1-h blood 

glucose concentration (< 140 mg/dl; 7.8 mmol/ 

L) following a 50-g glucose cola drink and no 

complications during pregnancy. All measure¬ 

ments were obtained in the first 48 h after 

birth. 

A comparison of measurements of infants of 

normal lean mothers with those of lean GDM 

mothers showed that the latter were heavier 

and longer than normal infants with increased 

waist-to-hip ratios and wider triceps and sub¬ 

scapular skinfolds (Table 7.6). Measurements 

obtained in infants of 12 obese normal women 

were compared with those of obese GDM moth¬ 

ers (Table 7.7). Infants of obese women were 

heavier than those of lean normal women. 

They differed from infants of obese GDM moth¬ 

ers who had increased measurements of the 

subscapular skinfold. A disparity in skin fold 

measurements was also apparent when infants 

of lean GDM were compared with those of 

obese GDM mothers (Table 7.8). Thus, in in¬ 

fants of both lean and obese GDM mothers with 
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Figure 7.4. Top, plasma glucose determinations were measured hourly around the 24-h metabolic 
clock in seven obese GDM women and three lean GDM women. Mean 24-h blood glucose values 
were nearly identical. Bottom, plasma insulin levels in the same women differed markedly with hyper- 
insulinemia and insulin resistance apparent in obese GDM. 

similar mean birth weights to those of infants 

of normal-weight mothers, there was evidence 

at birth of a significant difference in fat pat¬ 

terning in utero; there was a greater accu¬ 

mulation of truncal fat in infants of both lean 

and obese GDM mothers. Relative central obe¬ 

sity can and does cause dystocia in mothers of 

normal-weight infants of diabetic mothers 

(IDM). The long-term implications of abnormal 

fat patterning in utero are unknown. 
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Table 7.5. 
Characteristics of Lean and Obese Women with Gestational Diabetes0 

Group Age (yr) Wt (kg) 

BMI 
(kg/M2) 

Weight 
gain in 

pregnancy 

(kg) 

HbAl 
(at term) 

(%) 

Placental wt 

(g) 

Infant birth 

wt (g) 

Gestational 

age 
(weeks) 

Gestational Diabetes 
Lean6 31 ± 7 56 ± 7 23 ± 3 14 ± 6 6.4 ± 0.8 530 ± 100 3574 ± 570 40 ± 1 

(38) (36) (32) (34) 
Obese 31 ± 5 93 ± 17 36 ± 5 14 ± 10 6.9 ± 1 570 ± 105 3812 ± 535 40 ± 1 

(45) (34) (34) (32) 

P NS 0.0 0.0 NS .02 NS NS NS 

Normal 
Lean 26 ± 4 57 ± 8 22 ± 3 16 ± 5 5.8 ± 0.5 542 ± 114 3368 ± 60 40 ± 0.1 

(23) (10) (16) (10) (199) 
Obese 28 ± 6 93 ± 18* 35 ± 5* 11 ± 5 6.0 ± 0.9 611 ± 164 3813 ± 588 40 ± 1 

(17) (12) (9) (13) (16) 

P NS 0.0 0.0 0.02 NS NS 0.0 NS 

“All values are presented as mean ± standard deviation; b () = Number of subjects. 

Normal Newborn San Diego Boys and Girls (199) 

Birthweight (g) Length (cm) BMI (kg/m3) 
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Figure 7.5. Measurements ± 2 SD in 199 newborn San Diego infants (sea level). 
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Table 7.6. 
Measurements of Infants of Lean Normal 
and Lean GDM Mothers 

Variable 
Lean Normal 

(199) 

Lean GDM 

432) P 

IBW (g) 3368 ± 60 3574 ± 570 0.0 

IBL (cm) 50 ± 0.5 51 ± 2 0.0 

W/H x 100 112 ± .00 114 ± 2 0.0 

Skinfolcls 
Buccal (mm) 4.8 ±1 4.6 ± 1 NS 

Triceps (mm) 3.8 ± 0.2 4.1 ± 0.6 0.0 

Subscap (mm) 3.9 ± 0.2 4.4 ± 0.9 0.0 

Table 7.7. 
Measurements of Infants of Obese Normal 
and Obese GDM Mothers 

Obese Normal Obese GDM 
Variable (12) (38) P 

IBW (g) 3813 ± 588 3812 ± 535 NS 
IBL (cm) 52 ± 2 52 ± 2 NS 
W/H x 100 111 ± 2 113 ± 4 NS 

Skinfolds 
Buccal (mm) 5.0 ± 1 5.5 ± 1 NS 
Triceps (mm) 4.5 ± 1 4.5 ± 1 NS 

Subscap (mm) 4.8 ± 1 5.5 ± 1 .03 

Table 7.8. 
Measurements of Infants of 
Obese GDM 

Lean and 

Variable 

Lean GDM 
(32) 

Obese GDM 
(38) p 

IBW (g) 3574 ± 570 3812 ± 535 NS 

IBL (cm) 51 ± 2 52 ± 2 .04 

BMI (kg/m3) 26 ± 2 30 ± 4 .04 

Waist (cm) 32 ± 2 33 ± 2 .03 

Hip (cm) 28 ± 2 30 2 .03 

W/H x 100 114 ± 2 
Skinfolds 

113 ± 4 NS 

Buccal (mm) 4.6 ± 1 5.5 ± 1 m 
Triceps (mm) 4.1 ± 0.6 4.5 ± 1 NS 

Subscap (mm) 4.4 ± 0.9 5.5 ± 1 rori 
TSF 13.1 ± 2 15 ± 3 1-03 | 

THE 400-KILOCALORIE MIXED MEAL 

TOLERANCE TEST (MTT) 

The 3-h oral 100-g glucose tolerance test for 

gestational diabetes is an unpleasant experi¬ 

ence for pregnant women. Some are unable to 

follow the instructions to have a diet of 150- 

300 g of carbohydrate for the 3 days preceding 

the test. Others experience nausea after inges¬ 

tion of such a high glucose load and promptly 

vomit. The idea of a more physiologic breakfast 

meal tolerance test (MTT) is appealing and has 

had a number of clinical trials (13-16, 18, 19). 

The MTT is well tolerated by patients and 

a breakfast test has been standardized in Ab¬ 

erdeen, Scotland where a quality-controlled, 

standardized mixed formula test meal repre¬ 

senting an average United Kingdom breakfast 

was obtained from Boots Pharmaceutical Com¬ 

pany (18). Sutherland and colleagues (19) 

tested 101 unselected women with both an 

MTT and a 75-g oral glucose load (WHO cri¬ 

teria). The one mother with an infant with a 

birth weight above the 90th percentile had nor¬ 

mal blood glucose values during both tests. The 

2-h 75-g OGTT failed to identify any of the 

three women with possible diabetogenic fetop¬ 

athy. Sutherland and colleagues suggest there 

is mounting evidence to justify a radical reap¬ 

praisal of approaches to evaluate maternal me¬ 

tabolism and carbohydrate tolerance in human 

pregnancy (19). 

The MTT can be administered easily in an 

outpatient clinic. Table 7.9 shows the compo¬ 

sition of the breakfast meal and normal values 

± SD for plasma glucose, C-peptide, and in¬ 

sulin in six normal women. The test is per¬ 

formed as follows: After a 10-h overnight fast, 

baseline blood samples are drawn for plasma 

lipids, HbAlc concentration, glucose, insulin 

and C-peptide levels. The patient eats the 400- 

kcal breakfast in 10 min. At 30, 60, and 120 

min after the start of feeding, glucose and hor¬ 

mone determinations are repeated. Figure 7.6 

shows mean ± SD plasma levels of glucose and 

insulin in seven normal women during a MTT 

performed at the 2nd trimester and repeated 

in the same individuals before delivery. Note 

the slightly higher glucose values at the 2nd 

trimester test when compared with the late 

pregnancy test. Although normal pregnant 

women had a rather narrow range of fasting 

levels of plasma insulin, they differed mark¬ 

edly in response to the test meal as is apparent 
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Table 7.9. 
400-Calorie Mixed Meal (Breakfast) Tolerance Test 

Test Meal Dietary 

Exchange Food Amount Carbohydrate (g) Protein (g) Fat (g) kcal Fiber (g) 

1 Fruit Grape juice 3.0 oz 15.8 0.4 65 

1 Bread White bread 25 g 11.9 2.2 0.8 64 0.68 

1 Meat Egg 50 g 0.35 6.4 5.8 79 
1 Fat Margarine 4 g 4.0 36 
1 Milk Whole milk 8 oz 11.0 8.0 9.0 157 

Total 39.05 17 19.6 400 0.68 
Percent 39 17 44 100 <1.0 

Test: normal values in 6 normal pregnant women at 3rd trimester '?34- -37 weeks) 

Plasma 
glucose, C-peptide Insulin 

Time (min) mg/dl, ±SD (mmol/L) (ng/dl, ±SD) (p,U/ml, ±SD) 

0 
Test meal 

75 ± 8 (4.2) 2.6 ± 1.5 23 ± 9 

30 103 ± 13 (5.7) 5.7 ± 3.5 135 ± 61 
60 100 ± 12 (5.5) 5.7 ± 3.5 117 ± 48 

120 87 ± 8 (4.8) 5.4 ± 4.1 83 ± 49 

GLUCOSE 

mmol/L mg/dl 

7.8 140 

6.6 120 

5.5 100 

4.4 80 

3.3 60 

2.2 40 

2nd Trimester 
(24-27 wk) 

l-1-1_i 

3rd Trimester 
(34-37 wk) 

J_L 

pU/ml INSULIN 

0 30 60 120 

Time (min) 

Figure 7.6. Fasting and meal-stimulated plasma glucose and insulin values in seven normal preg¬ 
nant women during a 2-h 400-kcal MTT at 2nd and 3rd trimesters. See text for description Mean 
glucose values are ±2 SD; mean insulin values are ±1 SD. 
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in the wide standard deviation at 30, 60, and 

120 min. Normal values for the MTT obtained 

in 23 lean and 10 obese normal women are 

shown in Table 7.10. 

Because some diabetic women Jhave abnor¬ 

mal fasting plasma cholesterol (CHOL), tri¬ 

glyceride (TG), and lipoprotein values and both 

normal and diabetic women may develop ges¬ 

tational hypertriglyceridemia (20), it is useful 

to do a screening test for abnormal lipid levels 

at the fasting period. In selected women, 

plasma glucagon responses to the test meal, an 

HbAlc concentration, and serum titers of pan¬ 

creatic islet cell antibodies may provide addi¬ 

tional information of interest. 

MTT tests in obese GDM women are char¬ 

acterized by significantly higher levels of glu¬ 

cose and insulin at all points during the test 

(Figs. 7.7 and 7.8). Insulin measurements were 

particularly informative because they clearly 

demonstrated hyperinsulinemia and insulin 

resistance when compared with both normal 

and lean women with GDM (p < 0.001) or 

obese normals (p < 0.03). 

In addition, MTTs are of special help in 

IDDM women to determine whether there is 

still residual p-cell function and in lean and 

obese NIDDM women to evaluate whether in¬ 

dividual patients have a decreased, normal, or 

delayed and elevated insulin response to the 

physiologic challenge of a normal meal. At 

present, in the absence of genetic markers for 

all types of diabetes, we suggest that GDM may 

be an expression of early genetic and environ¬ 

mental interaction that can unmask suscep¬ 

tibility to either IDDM (of slowly evolving 

type) or NIDDM. A physiologic breakfast MTT 

provides a better metabolic description of in¬ 

dividual patients or groups of women with 

GDM than an unphysiologic, unpleasant, large 

glucose loading test with measurements lim¬ 

ited to changes in plasma concentrations of 

glucose. Moreover, among diabetic women, we 

need to detect those with elevated levels of 

plasma lipoproteins so that we can provide bet¬ 

ter advice for preventive health measures and 

choice of contraceptives. 

In conclusion, the remarkable metabolic 

changes that occur in normal pregnancy pro¬ 

vide a very real stress for women with de¬ 

creased or “relatively decreased” insulin 

reserve. Pregnancy is the best test we have for 

Table 7.10. 
Breakfast Meal Tolerance Test in 23 Lean and 10 Obese Normal Pregnant Women0 

Time Glucose Insulin C-peptide Glucagon hCS CHOL TG 
(min) mg/dl (mmol/L) p.U/ml ng/ml pg/ml p.g/dl mg/dl mg/dl 

0 75 ± 7 17 ± 9 
L (4.2) 
O 80 ± 6 26 ± 19 

(4.4) 

30 
L 111 ± 13 102 ± 45 

(6.2) 
O 112 ± 8 123 ± 63 

(6.2) 

60 
L 106 ± 12 90 ± 42 

(5.9) 
O 108 ± 15 109 ± 45 

(6.0) 

120 
L 84 ± 8 51 ± 36 

(4.7) 
O 92 ± 6 56 ± 20 

(5.1) 

2.3 ± 1 158 ± 67 4.6 

5.1 ± 3 179 ± 80 4.9 

6.5 ± 4 161 ± 73 4.4 

10.5 ± 6 188 ± 77 4.5 

6.7 ± 4 152 ± 58 4.7 

11.0 ± 4 187 ± 74 4.3 

6.1 ± 4 170 ± 79 4.8 

9.5 ± 5 187 ± 72 4.8 

± 1.4 259 ± 46 244 ± 82 

± 1.4 256 ± 24 229 ± 72 

± 1.1 

± 1.7 

± 1.4 

± 1.6 

± 1.6 

± 1.6 

“All values are presented as mean ± standard deviation; abbreviations: hCS: human chorionic somatomammotropin (hPL; 
human placental lactogen); CHOL: cholesterol; TG: triglyceride; L: lean (BMI £24; N = 23); O: obese (BMI s27; N = 10). 



56 Section III Effect of Pregnancy on Diabetes 

GLUCOSE 

mmol/l mg/dl 
Lean GDM Obese GDM 

(31) 

*P i 0.01 
I-1-1_I... I 

0 30 60 90 120 
Time (min) 

Figure 7.7. Fasting and meal-stimulated plasma glucose concentrations in 46 lean and 31 obese 
GDM women. Obese GDM women have significantly higher values at each point during the test. The 
stippled areas in this figure and in Figure 7.8 indicate values in normal, lean, and obese pregnant 
women. 

diabetes and may provide the first hint of a 
genetic environmental interaction that indi¬ 
cates a “susceptibility” for later development 
of diabetes. There are various tests used 
throughout the world to diagnose GDM. It 
seems clear on the basis of clinical observa¬ 
tions that it is a heterogeneous syndrome with 

the two largest subgroups being lean and obese 
women. Dietary management of GDM is dis¬ 
cussed in Section 4, Chapter 14 as well as 
general treatment and labor and delivery. 
Postpartum reassessment and educational 
suggestions for follow-up are also described in 
Chapter 14. 

INSULIN 

240 
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3. 

Figure 7.8. Measurements of plasma insulin values during a meal-stimulation test in 46 lean and 39 
obese GDM women. Obese GDM women have significantly higher fasting and subsequent values at 
each point during the test and higher total integrated insulin units under the 2-h curve than normal 
women. 



CHAPTER 

8 
Insulin-Dependent Diabetes 
Mellitus (IDDM, Type 1) 

0 

• 

Pregnancy has a profound effect on women 

with IDDM because they have a marked or 

relatively severe decrease in pancreatic 3-cell 

function. The original onset of the disorder 

may be explosive, especially in children or ad¬ 

olescents, and is often manifested suddenly 

with diabetic ketoacidosis, an infectious dis¬ 

ease, or a surgical procedure, such as an ap¬ 

pendectomy. In recent years, it has become 

apparent that this type of onset is more often 

the exception than the rule. Current knowl¬ 

edge supports the concept that an environ¬ 

mental insult (? viral or other) evokes an 

autoimmune response in genetically “suscep¬ 

tible” individuals. Islet cell antibodies (ICA) 

may occur even before the disease becomes 

clinically apparent. Over time, as the [3-cell 

mass declines, the first metabolic indication of 

a problem is an abnormal (delayed) insulin re¬ 

sponse to glucose. When about 80% of (3 cells 

are destroyed, the oral glucose tolerance test 

becomes abnormal; symptoms and a diagnosis 

of IDDM occur when virtually all (3 cells (90%) 

are lost. This life-long spectrum of an autoim¬ 

mune genetic disorder is not unlike that of the 

similar pattern observed in autoimmune 

Graves’ disease or Hashimoto chronic thy¬ 

roiditis. The onset of IDDM has been docu¬ 

mented in affected individuals from the new¬ 

born period to age 93 years. 

PATHOGENESIS OF IDDM 

Many of the exciting advances in our un¬ 

derstanding of this disease have occurred dur¬ 

ing the decade of the 1980s. This section is not 

meant to be a recapitulation of the review in 

Section I, Chapter 1 (references 7-21). Rather, 

it is envisioned as a complementary discussion 

to serve as a bridge between recent advances 

in research in diabetes and as a background 

for the clinical care of pregnant women with 

IDDM. 

Why do 3-cells die? Figure 8.1 graphically 

displays the clinical course that follows 3-cell 

loss (21). As described in Section I, genes in 

the major histocompatibility complex (MHC) 

on chromosome 6 have been associated with 

IDDM. The suspect genes lie in the D region 

of the MHC (Section I, Fig. 1.2) (22). 

In 1987, Todd and associates (23) identified 

a region of DQ molecules that increases sus¬ 

ceptibility to diabetes. In individuals who in¬ 

herit the genes for DQ proteins 1 through 6, 

they reported that susceptibility for IDDM is 

usually determined by the 57th amino acid on 

the DQB chain. When this position is occupied 

by aspartic acid, which is negatively charged, 

the likelihood of developing diabetes is low, but 

noncharged amino acids, such as valine or 

serine, at the same position (as occurs in the 

DQw 3.2 protein) raises the risk. The presence 

of aspartic acid at position 57, however, is not 

protective for everyone. 

An explanation of why a lack of aspartic acid 

at position 57 of the class II DQB chain can 

contribute to the pathogenesis of diabetes re¬ 

quires analysis of the structure of MHC mol¬ 

ecules. Figure 8.2 shows a model of analyses 

of the structure of MHC molecules. Atkinson 

and Riley (22) have proposed a three-part hy¬ 

pothesis to explain how pancreatic 3 cells 

might be attacked, become impaired or de¬ 

stroyed, and respond to continuing attack. Fig¬ 

ure 8.3 is an artist’s view of how this sequence 

might proceed. 

Within the general category of IDDM, it has 

57 
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NATURAL HISTORY OF IDDM 

Environmental 
Genetically insult 

Figure 8.1. In the natural history of IDDM, there is a “prediabetic” phase of variable length of time. 
The disorder occurs in genetically predisposed individuals with a superimposed autoimmune process 
reflected by a positive islet cell antibody (ICA) titer. When p-cell mass diminishes to about 10%, 
symptoms of polyuria, polydipsia, and polyphagia occur and treatment with insulin becomes im¬ 
perative. With permission from Hitchcock CL, Riley WJ, Maclaren NK. Autoimmmunity in insulin-de¬ 
pendent diabetes mellitus: Its detection and prevention. In: Cruse JM, Lewis RE (eds). Genetic basis 
of autoimmune disease. New York: Karger1988: pp 144-167. 

Figure 8.2. Left, in this panel is shown a class I molecule. It consists of a heavy chain (blue in color 
figure, see page ) and a small reversibly bound polypeptide, p2-microglobulin (yellow in color 
figure, see page ). The first two domains of the a chain (top) form a cleft to bind antigen. Center, in 
the top of this panel, the empty cleft is viewed from above; the center bottom photograph, shows the 
cleft occupied by antigen (pink in the color figure, see page ). Right, class II molecules on mac¬ 
rophages present antigens to helper T cells. The 57th amino acid on the a chain (blue in color figure, 
see page ) is thought to lie on the surface of the class II binding cleft. With permission from Atkinson 
MA, Maclaren NK. What causes diabetes? Scientific American 1990;263:62-71. 
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8 CELL 

/ 
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Figure 8.3. Top, the initiating event is a vigorous immune response against a foreign antigen (green 
in color figure, see page ) that closely resembles a normal component of p cells. Macrophages 
ingest an invader somewhere in the body and present the mimic antigen (in tight association with 
a class II MHC molecule) to helper T cells [violet in color figure, see page ). The helper T cells, in 
turn, secrete peptides (interleukins) that promote activity by other helper cells and antibody pro¬ 
ducing p-cells and cytotoxic T cells (blue in color figure, see page ). Center, in the pancreas, the 
sensitized cytotoxic T cells (blue in color figure, see page ) easily recognize the natural “twin” (red 
in color figure, see page ) of the foreign antigen, actually an “autoantigen” on p cells wherever the 
twin is bound by class I MHC molecules, which are ubiquitous. Antibodies bind the p cells as well 
and, thus, impair them directly or by eliciting help from other components of the immune systems, 
such as the toxic proteins that are collectively known as complement (chartreuse in color figure, see 
page ). Macrophages become involved and stimulate helper T cells to amplify the cell-mediated 
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Table 8.1. 
Heterogeneity Within IDDM: DR3 Compared With DR4° 

Characteristic DR3 DR4 

Production of insulin antibodies 
Islet cell antibodies 

Low or absent 
Persistent 

High response 
Disappear shortly after 

diagnosis 

Antipancreatic cell-mediated immunity 
Thyroid and other autoimune endocrine 

diseases 

Increased 
Frequent 

Not increased 
Less frequent 

Onset Any age Young age 

Seasonal variation in onset None Yes 

Residual (3-cell function, short-term 
after diagnosis 

High No 

Can present as NIDDM Yes Less frequent 

Association with proliferative retinopa¬ 
thy 

Not increased ?Increased 

Gene preferentially transmitted by 
mothers 

Yes No 

“Table adapted from Rotter and Rimoin (31) and published with permission. 

been possible to observe two subsets of patients 

who have different clinical characteristics. 

Rotter and Rimoin have compared individuals 

with HLA phenotypes DR3 and DR4 (Table 

8.1). 

In pregnant IDDM, the above chain of 

events that led to insulin-dependent diabetes 

has almost always long since passed. These 

women now have a lifelong metabolic disorder 

that requires daily replacement of the hormone 

insulin that they are unable to synthesize in 

adequate amounts to maintain normal blood 

glucose concentrations. 

Many IDDM women do become pregnant, 

frequently after a prolonged period of poor con¬ 

trol. They often experience a gap in medical 

care when they emerge from pediatric settings 

but delay the selection of a new family phy¬ 

sician or internist. Their care tends to be less 

closely supervised when they become indepen¬ 

dent from their families and bored or impatient 

with living with a chronic lifelong disease. Al¬ 

though most IDDM develop the disease as chil¬ 

dren, adolescents, or young adults, the onset 

of the disorder is also recognized in middle- 

aged or older adults. 

In IDDM patients who are in fair or good 

control at conception, the first sign of preg¬ 

nancy is often the sudden development of ke- 

tonuria without apparent reason. Diabetic 

control tends to become erratic, often punc¬ 

tuated by episodes of hypoglycemia followed 

by rebound hyperglycemia. In addition, even 

mild nausea and vomiting associated with 

changes in food intake and activity produce 

marked changes in the requirement for insu¬ 

lin. During the first weeks of gestation, insulin 

doses often have to be decreased or changes 

destruction. Bottom, further attack follows as the 3 cells become more and more damaged. The cells 
overproduce class I MHC molecules (thus promoting more activity by cytotoxic T cells). They also 
display class II molecules. Such display by cells not a part of the immune system should induce the 
system to suppress autoimmunity but in prediabetics the opposite occurs; the display stimulates more 
helper T-cell activity. As the 3 cells become ever more damaged, substances normally sequestered 
within them, such as proinsulin, begin to appear at the surface of the cell. They arouse new waves 
of attack that in the end overcome the 3 cells. With permission from Atkinson MA, Maclaren NK. What 
causes diabetes? Scientific American 1990;263:62-71. 

( 
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must be made in the time of administration. 

Dietary alterations are necessary and have to 

be carefully individualized. 

RISKS FOR WOMEN WITH IDDM 

Women with IDDM usually request prenatal 

care shortly after conception or during the 

first 8-12 weeks of gestation because they 

frequently develop symptomatic hypoglycemia 

and/or ketonuria. This change in their custom¬ 

ary diabetic control is unpleasant and confus¬ 

ing. Ideally, educational emphasis in the 

future will focus on preconception counseling 

and access to prenatal care by 10-30 days’ ges¬ 

tation for all diabetic women in the reproduc¬ 

tive age group. At present, this approach is 

undergoing clinical trials in specially desig¬ 

nated National Institutes of Health-supported 

perinatal centers to test the effect of early di¬ 

abetic control on the outcome of pregnancy. 

In many hospitals, special preconception 

and diabetic perinatal centers are not yet 

available. Economical and cost-effective am¬ 

bulatory programs need to be devised to ensure 

standard high quality care in different clinical 

settings. On most obstetric services or in pri¬ 

vate offices, many IDDM patients have not 

contacted an obstetrician until at least 6-8 

weeks’ gestation. 

An occasional IDDM woman presents to the 

obstetrician in excellent control and with ex¬ 

perience and training in the use of multiple 

daily insulin injections or a subcutaneous 

pump for constant insulin infusion. She may 

have noted a modest decrease in insulin re¬ 

quirement or experienced hypoglycemia a 

week or two after conception. If the pregnancy 

was planned, the patient might already have 

anticipated some increase in lability of blood 

glucose values, changes in food intake, and in¬ 

sulin requirements. In these carefully super¬ 

vised patients, medical and obstetric care can 

be coordinated easily throughout gestation by 

the combined efforts of the diabetes center and 

the obstetrician. It is anticipated that this ap¬ 

proach will decrease maternal risk for hypo¬ 

glycemia or spontaneous abortion during 1st 

trimester. 

In contrast, many IDDM patients have al¬ 

ready experienced repeated and often severe 

episodes of hypoglycemia and frequent keto¬ 

nuria before they are first seen for prenatal care. 

Their diabetes may be in only fair or poor con¬ 

trol, even when they have a monitor to meas¬ 

ure blood glucose levels at home. Although 

some women test their blood glucose levels 

three to four times daily, many are less con¬ 

sistent on a long-term basis. The obstetrician 

should assess overall control on the first visit 

by a careful history and physical examination 

and an HbAlc determination. In patients who 

are in poor control (elevated HbAlc concen¬ 

tration), there is an increased likelihood of 

spontaneous abortion. Vaginal bleeding or 

spotting is an ominous sign and sonographic 

examinations are helpful in the assessment of 

early fetal development and viability. All pa¬ 

tients should begin a well-supervised program 

for diabetic pregnancy as soon as possible (see 

Sections IV-XIII). 

Control of Plasma Glucose Levels Around 
the 24-H Clock 

The first 7-8 weeks of gestation are critical, 

because it is during this period that the em- 

bryologic development of all major organs oc¬ 

curs (see Section I). There is insufficient 

clinical information available to know whether 

prompt, intensive establishment of good meta¬ 

bolic control by hospitalization and the use of 

either an artificial pancreas (Biostator) or con¬ 

stant intravenous insulin infusion would ac¬ 

tually decrease the likelihood of fetal loss or 

teratogenesis. If the pregnancy has progressed 

beyond 8 weeks and the patient has had 

previous education concerning diabetes and 

the use of a blood glucose monitor, good con¬ 

trol should be feasible on an outpatient basis. 

This option requires frequent communication 

between the patient, physician, dietitian, 

and nurse clinician. However, embryogenesis 

is already complete and even excellent con¬ 

trol beyond this point will not prevent malfor¬ 

mations. 

The most difficult pregnant IDDM women 

are those in whom there has been no regular 

diabetic care before conception and nothing is 

remembered about previous education during 

childhood and adolescence. These women char¬ 

acteristically request an appointment after 8 

weeks’ gestation and are invariably in poor 

control with a much higher risk for poor out¬ 

come for the pregnancy. An immediate 5- to 7- 

day hospitalization should be recommended for 

careful re-education and achievement of good 
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metabolic control. This therapeutic and pre¬ 

ventive medicine approach helps establish 

good patient rapport with the diabetic care 

team and reduces the need for frequent hos¬ 

pitalizations throughout pregnancy. 

Figure 8.4 shows a 24-h plasma glucose pro¬ 

file of a 25-year-old woman who had IDDM 

since age 13. Her chief complaint was episodes 

of hypoglycemia on her usual insulin dose of 

50 U of intermediate-acting (NPH) insulin and 

10 U of rapid-acting (regular) insulin in the 

morning and 5 U of NPH insulin and 5 U of 

regular insulin before dinner. A 2-h postpran¬ 

dial plasma glucose value at the first prenatal 

clinic visit was 264 mg/dl (14.6 mmol/L). Dur¬ 

ing the 1st day of hospitalization, she received 

her customary prepregnancy dose of insulin. 

On this regimen, marked excursions of plasma 

glucose levels were documented. The mean 

24-h plasma glucose level was 104 mg/dl (5.7 

mmol/L) (mean for normal pregnant women, 

76 mg/dl ± 3 SD mg/dl; 4.2 mmol/L ± 0.16 

SD mmol/L). The HbAlc concentration was 

9.5%. During the 24-h study, it was also ap¬ 

parent that, with this treatment regimen, 

there was a prolonged duration of insulin effect 

from her large morning dose of intermediate¬ 

acting insulin. This information permitted ad¬ 

justment of her overall daily dose of insulin 

from 70 to 56 U for 24 h and a redistribution 

of the proportion of intermediate and short¬ 

acting insulin (AM: 30 U NPH, 18 U regular; 

PM: 4 U NPH, 4 U regular). During the 7-day 

hospitalization, the patient was instructed in 

a proper diet for pregnancy and the use of a 

glucose monitor for determinations of blood 

glucose values at home. 

Although hospitalization of women with 

IDDM in poor control early in pregnancy may 

seem costly, it catl.be justified for the following 

reasons: (a) the physician has an immediate 

understanding of the patient’s diabetic control 

and problems; (b) the patient learns a great 

deal about the management of her diabetes; 

and (c) an early and excellent doctor-patient 

relationship develops that makes the subse¬ 

quent course of the pregnancy far easier and 

less stressful. In addition, this early and 

comprehensive evaluation permits an assess¬ 

ment of retinopathy, nephropathy, neuropa¬ 

thy, plasma lipids, and cardiovascular status 

if this has not been accomplished in the pre¬ 

conception period. 

A 24-h profile of blood glucose levels is in- 

Insulin 

50 NPH 
10 REG 

10 WEEKS GESTATION 
5 NPH 
5 REG 

TIME (h) 

Figure 8.4. Hourly plasma glucose values in an IDDM patient at 10 weeks’ gestation with severe 
episodes of nocturnal hypoglycemia. Noted marked excursion of plasma glucose values with a 
mean 24-hour glucose value of only 104 mg/dl (5.7 mmol/L) and moderately elevated HbAlc con¬ 
centration of 9.5%. Hatched lines show plasma glucose values in six normal women ± SD during 1st 
trimester, j indicates meals (B, S, L, and D: breakfast, snack, lunch, and dinner) 
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valuable. In a community hospital, this can 

easily be accomplished with a glucose meter at 

the bedside. It is worthwhile to plot the results 

on a graph because the diurnal excursion is 

more easily appreciated than by* scanning a 

row of figures. 

IDDM Pregnancies with 
Severe Complications 

# 

Actually, most IDDM pregnancies go quite 

well. Perinatologists and medical diabetolo- 

gists have become quite skillful at replacement 

insulin therapy, adapted for each individual 

pregnant woman, taking into account the 

metabolic alterations of gestation. Manage¬ 

ment of IDDM pregnancies requires a great 

deal of time and each patient should have a 

designated primary physician (perinatologist 

and/or diabetologist) who can make and as¬ 

sume responsibility for therapeutic decisions. 

The “team approach” in ambulatory clinics 

varies in different settings, but works best 

when it is in place in a single clinic location 

to eliminate extra medical visits and costs for 

the patient; it also facilitates rapid and mean¬ 

ingful communication among physicians. 

For IDDM pregnancies, we have available 

in hospitals caring for high-risk pregnancies a 

“margin of safety” that was not possible before 

the last decade. This includes the assumption 

of greater responsibility on the part of each 

patient (discussed more extensively in Section 

5), modern technology in ultrasonography, per¬ 

inatal monitoring procedures, judicious han¬ 

dling of the timing and mode of delivery, and 

sophisticated neonatal care. 

The key coordinating team member for a 

diabetes in pregnancy clinic is a specially 

trained, experienced, seasoned, nonjudgmen- 

tal diabetes nurse-clinician and patient edu¬ 

cator. This individual, more than any other, 

makes all the difference in the ambience, 

warmth, and excellence of diabetes care during 

complicated pregnancies. This is a full-time job 

in those hospitals that have more than an oc¬ 

casional diabetic patient. The nurse-clinician 

also provides invaluable assistance with sched¬ 

uling timely appointments for blood tests, 

evaluation of renal function, ultrasonographic 

examinations, and consultations with re¬ 

nal, cardiac, and ophthalmologic specialists. 

Finally, the nurse-clinician coordinates in¬ 

patient and outpatient care when hospital¬ 

izations are necessary. Additional support 

personnel include a dietitian who is well 

versed in diabetes, diabetic pregnancies, and 

the marked variability in different racial and 

ethnic diets. Social problems can easily become 

overwhelming for young parents and families. 

An expert in social services is needed to 

achieve early access to and funding for pre¬ 

natal care as well as assistance with interper¬ 

sonal and economic problems. 

Some women with IDDM arrive in our clin¬ 

ics with severe microvascular complications; 

they may be already pregnant and determined 

to have a baby. These are our most trying preg¬ 

nancies and the case that follows is from our 

own clinic. 

Patient S.B. 

Ms. S.B. developed IDDM acutely at 10 

years of age. Her treatment during adolescence 

had been erratic and, at age 19, she had a 1st 

trimester spontaneous abortion. At age 21, she 

was hospitalized elsewhere with diabetic ke¬ 

toacidosis. She first presented to the Univer¬ 

sity of California San Diego (USCD) Medical 

Center in 1985 at 7 weeks’ gestation in good 

diabetic control with a HbAl concentration of 

7.2% (NL for 1985 method: 5-8%), but with 

pyelonephritis, double ureters, and far ad¬ 

vanced diabetic retinopathy. Her renal prob¬ 

lems were discovered at age 16 when she had 

had IDDM for only 6 years. These problems 

most likely stemmed from repeated urinary 

tract infections associated with her genitouri¬ 

nary malformation rather than from diabetes. 

The details of her clinical and obstetric data 

are shown on Table 8.2. The prenatal course 

was stormy and subsequently complicated by 

preeclampsia that necessitated delivery of a 

preterm infant by cesarean section. 

After delivery, S.B. married the father of the 

baby and was followed at regular intervals by 

the UCSD Diabetes Center. In 1987, she called 

to say she was several weeks pregnant and 

would like early postconception counseling. 

Extensive sessions were held over several days 

and many hours with a perinatologist who had 

a special interest and vast experience in dia¬ 

betic pregnancies, as well as with a diabetol¬ 

ogist and the chief of the nephrology division. 

They all explained their most frank views of 

the high likelihood for the development of ma¬ 

ternal and fetal complications. The patient de¬ 

cided upon and arranged for an abortion. 
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On the morning of the scheduled abortion, 

Mrs. S.B. called and said she was simply un¬ 

able to go through with the procedure; she 

asked if we all could take care of her again? 

Her second pregnancy was most instructive. 

She was placed on macrodantin to prevent or 

suppress urinary tract infections and followed 

weekly in the Diabetes in Pregnancy Clinic. 

No retinal, renal, or neuropathic problems 

were encountered and her relaxed, cooperative 

demeanor made control of her diabetes quite 

easy. At 38 weeks’ gestation, she experienced 

mild preeclampsia with hypertension, protein¬ 

uria, and a further increase in her serum cre¬ 

atinine level with a decrease in creatinine 

clearance to 55 ml/minute. These late compli¬ 

cations at term prompted a cesarean section 

delivery of an appropriate for gestational age 

infant girl. Both children are fine at 3 and 5 

years of age. Mrs. S.B. has had a tubal ligation. 

Figure 8.5 is a picture of this young family 

shortly after the birth of the second child. All 

are well in 1990 and S.B.’s diabetes and mi- 

crovascular complications are stable. 

The above case is not atypical. Adolescent 

diabetic women can and do mature into stable 

adults. Nonetheless, their pregnancies often 

try the ingenuity, patience, and fortitude of the 

staff of an obstetric diabetes clinic. 

EARLY GESTATION AND NIDDM 

Since 90% of women with diabetes have 

NIDDM, it is not surprising that many 

conceive and represent a large number of 

pregnancies complicated by carbohydrate in¬ 

tolerance. 

Although women from middle and upper in¬ 

come groups with NIDDM may present early 

for prenatal care, this is unusual in patients 

with a low income who lack easy access to the 

health care system. Even for patients with 

Medicaid coverage or those in health care pro¬ 

grams for indigent people, prenatal care for 

high-risk pregnancies is inordinately delayed. 

Because these women do not experience 1st 

trimester hypoglycemia or other symptoms re- 

Figure 8.5. Photograph of IDDM patient, S.B., her husband, and two children shortly after delivery of 
the second baby. 
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lated to diabetes, they frequently do not come 

to medical attention before late 2nd trimester. 

On first evaluation, it is not uncommon to find 

a random plasma glucose level of >200 mg/dl 

(11 mmol/L) and a HbAlc concentration of 

>10%. 
In patients with NIDDM, the fetus may have 

an abnormal intrauterine metabolic environ¬ 

ment for a long period of time. The postnatal 

implications of a disturbed nutritional envi¬ 

ronment in utero are unknown. Figure 9.4 

shows a 24-h plasma glucose profile of a 36- 

year-old woman with NIDDM who was receiv¬ 

ing no insulin on entry into the diabetic pre¬ 

natal program at 27 weeks’ gestation. The 

mean 24-h plasma glucose value was 178 mg/ 

dl (9.8 mmol/L) and the 24-h urinary loss of 

glucose was 50 g. The HbAlc concentration 

was 12.5%. At the first prenatal examination, 

polyhydramnios and fetal macrosomia were 

noted. Despite hospitalization and markedly 

improved control of diatebes (Fig. 9.4), onset 

of labor occurred at 34 weeks’ gestation with 

subsequent delivery of a macrosomic, poly¬ 

cythemic infant with respiratory distress 

syndrome. In this pregnancy, the late es¬ 

tablishment of good control of diabetes did not 

prevent complications for the mother or infant. 

Improvement in the early control and man¬ 

agement of this large group of pregnant dia¬ 

betic women who are non-insulin-dependent 

when not pregnant (but require insulin when 

pregnant) will be accomplished best by patient 

and physician education. The concept of pre¬ 

conception counseling will be especially valu¬ 

able for these individuals. 



CHAPTER 

9 
Non-Insulin-Dependent Diabetes 
(NIDDM, Type II) 

Pregnant women with NIDDM are not rare. 

In the United States, 90% of diabetics have this 

form of diabetes. Harris (8) estimates that the 

number of NIDDM women of childbearing age 

may be at least one million (Fig. 3.1). Table 

9.1 describes the clinical features that differ¬ 

entiate NIDDM from IDDM. In our own clinic 

and in those cities and communities with large 

Mexican-American, Asian, Pacific Island, or 

American Indian populations, these women 

compose the majority of pregnant diabetic in¬ 

dividuals (24). Figure 9.1 shows the ethnic 

composition of the Diabetes in Pregnancy 

Clinic at the University of California San 

Diego during a representative 2-year period. 

All pregnant women with NIDDM require in¬ 

sulin, but none are insulin dependent or prone 

to ketosis. To achieve and maintain normogly- 

cemia, they require two to four insulin injec¬ 

tions each day. Oral hypoglycemic agents are 

contraindicated in NIDDM pregnancies be¬ 

cause of increased risk of teratogenesis (25). 

PATHOGENESIS OF NIDDM 

In pregnant and nonpregnant women, 

NIDDM is genetically, pathologically, and 

physiologically quite distinct from IDDM. In 

NIDDM, islet cell dysfunction and insulin re¬ 

sistance are both present but their relationship 

is unknown (26). Harris has presented a com¬ 

prehensive overview of the prevalence, char¬ 

acteristics, morbidity, mortality, and risk 

factors for NIDDM in blacks and whites in the 

United States (27). Among Pima Indians in 

Arizona, more than 50% of the population has 

NIDDM. Extensive and ongoing population 

and metabolic studies in these native Ameri¬ 

cans have provided additional insights into the 

pathogenesis of NIDDM. Bogardus and col¬ 

leagues (28) have reported preliminary data 

suggesting that, in the Pima, insulin resist¬ 

ance in muscle, aggravated by obesity, appears 

to be familial and possibly genetically deter¬ 

mined. The degree of insulin resistance is pro¬ 

portional to the degree of glycemia among 

nondiabetics. However, in diabetics with a 

fasting blood glucose of approximately 300 mg/ 

dl (17 mmol/L) or higher there is no greater 

insulin resistance than in those with fasting 

blood glucose values of approximately 150 mg/ 

dl (8.3 mmol/L). These investigators postulate 

that mild hyperglycemia results from muscle 

insulin resistance; further increases in hyper¬ 

glycemia are a result of decreasing insulin se¬ 

cretion resulting from effects on the pancreas 

of chronic insulin resistance mediated by mild 

chronic hyperglycemia. Pima Indians are com¬ 

monly obese, have diabetes during pregnancy 

40 times more frequently than reported by 

O’Sullivan and others (29, 30), and have a high 

incidence of subsequent maternal diabetes and 

obese children with early onset NIDDM. 

There are a number of genetic abnormalities 

that can result in an interference with the ac¬ 

tion of insulin. Figure 9.2 (31) is a schematic 

description of defects in various points of in¬ 

sulin action. No single gene has been identified 

with this disorder but, in family studies, em¬ 

piric risk figures for first degree relatives of 

individuals with NIDDM show increased clus¬ 

tering with a 38% incidence of affected sib¬ 

lings. The presence of diabetes or impairment 

of glucose tolerance was reported in one third 

of offspring (32). 

The possible provocative role of greater 

availability of food with acquired obesity in 

genetically susceptible individuals appears to 

68 
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Table 9.1. 
Clinical Characteristics That Differentiate Non-Insulin-Dependent Diabetes (NIDDM) from 
Insulin-Dependent (IDDM) Diabetes Mellitus” 

Characteristics NIDDM IDDM 

Obesity at onset Common, often of central or 
masculine type 

Uncommon 

Metabolic ketoacidosis Ketosis less likely Prone to ketosis 
Age Predominantly older (>30 yr) Predominantly young 

(<30 yr) 
Seasonal trend Nope Fall and winter 
Insulin levels * Variable Low to absent 
Appearance of symptoms Variable, usually slow Acute or subacute 
Inflammatory cells in islets Absent Present initially 
Treatment Diet control or oral hypoglyce- 

mics may be sufficient, al¬ 
though insulin may be 
required to control hypergly¬ 
cemia 

Insulin is required for life 

Family history of diabetes Common with increased preva- Uncommon, but increased 

lence of NIDDM prevalence of IDDM 

Twin studies Close to 100% concordance in 20-50% concordance in 

monozygotic twins monozygotic twins 
Association with other au¬ 

toimmune endocrine dis¬ 
eases and antibodies 

No Yes 

Islet cell antibodies No Yes 

HLA associations No Yes 

Further subtypes Maturity Onset Diabetes of the 
Young, mutant insulins 

DR3, DR4 associated 

“Both types may present initially during pregnancy as gestational carbohydrate intolerance. 

IDDM 
(29) 

NIDDM 
(35) 

GDM 
(79) 

fljjji White ^ Black [H Mex. Amer. |§| Other 

Figure 9.1. Ethnic distribution of 143 diabetic women at the University of California San Diego Diabetes 
in Pregnancy Clinic from July 1,1986 to April 1,1988. Most women (55%) have gestational diabetes 
and more than half are Mexican-American. The category “Other” includes Asians, Pacific Islanders, 
Philippines, and American Indians. Note the predominance of insulin-dependent diabetes (IDDM) in 
whites. In contrast, the majority of women who have non-insulin-dependent diabetes (NIDDM) or 
gestational diabetes (GDM) are Mexican-American. 
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Figure 9.2. Genetic heterogeneity of NIDDM almost certainly implies physiologic heterogeneity 
though thus far it has proved impossible to associate most known genetic defects with specific 
physiologic mechanisms. Abnormalities may involve the insulin molecule (aberrant insulin syndrome), 
formation of antibodies to insulin (1), to insulin receptors on the cell surface (2), or abnormalities of 
the receptor (3). Within the cell, abnormal postreceptor action may block the intracellular degra¬ 
dation of insulin or one or more processes by which the insulin-receptor complex modulates activities 
of the cell (4, 5). With permission from Rotter Jl, Rimoin DL. The genetics of diabetes. Medical genetics 
XVIII. Hosp Pract1987; May:79-88. 

be an important association with the expres¬ 

sion of NIDDM in all populations studied. 

Two excellent recent books review current 

knowledge of the biochemistry, physiology, 

and molecular events that regulate synthesis, 

release, and action of insulin (33,34). The basic 

controversy of the relative importance of in¬ 

sulin secretion or insulin resistance as the pri¬ 

mary factor in the pathogenesis of NIDDM 

remains unresolved. This heterogeneous type 

of diabetes, which occurs in both obese and 

lean individuals, represents a prime example 

of the importance of the future need to trans¬ 

late research in molecular biology to the 

practice of common medical problems, such 

as diabetes. 
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Heterogeneity of NIDDM 

Pregnant women with NIDDM are also het¬ 

erogeneous and are separated easily into two 

main subsets—lean and obese. In both subsets, 

the diagnosis has often not been jnade before 

conception, but there may be a previous history 

antedating pregnancy of impaired or “border¬ 

line” glucose tolerance that was treated with 

diet, oral hypoglycemic agents, or insulin. 

Lean NIDDM women characteristically have 

low-normal levels of circulating insulin and C- 

peptide around the 24-h clock with an inade¬ 

quate response to meal stimulation. In con¬ 

trast, and not always predictable by the body 

mass index (BMI), obese NIDDM may have 

low-normal, high-normal, or quite elevated 

levels of insulin and C-peptide. Their most 

common pattern is characterized by fasting 

hyperinsulinemia, a delayed stimulation re¬ 

sponse following meals and marked hyperin¬ 

sulinemia with a peak 2 h later. Calculation 

of insulin area under a 2-h curve during a MTT 

shows a higher integrated insulin unit value 

than that of normal pregnant women. 

Many NIDDM women, who are well con¬ 

trolled on diet alone, small doses of oral hypo¬ 

glycemic agents, or total insulin doses of 25 or 

less units per day often require a striking in¬ 

crease in insulin dose during pregnancy to 

maintain normal glucose values. In some 

women, 50-100 U or even 200 U of insulin per 

day are necessary, given in divided doses. This 

change is usually interpreted as due to an ex¬ 

aggerated resistance to insulin, compared with 

their status when not pregnant. 

Some very obese NIDDM women exhibit 

such marked insulin resistance that >200 U 

of insulin per day are necessary for diabetic 

control. We have studied one extreme case re¬ 

ported in detail elsewhere (35) of a woman who 

was treated with a constant subcutaneous in¬ 

sulin infusion (CSII) (Fig. 9.3). 

Figure 9.3. Left, patient S.A. with NIDDM and severe insulin resistance at 24 weeks’ gestation. She 
was treated with continuous subcutaneous infusion of insulin (CSII) and was euglycemic from 29 
weeks’ gestation until delivery at term. Right, infant of patient S.A. born at 38.5 weeks’ gestation (birth 
weight of 4530 g), with marked truncdl obesity, severe hypoglycemia, hyperbilirubinemia, and 
polycythemia necessitating a partial exchange transfusion. 
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Patient S.A. 

Mrs. S.A. was a 33-year-old, 260-lb (118-kg) 

white woman with NIDDM. In a previous preg¬ 

nancy, she had gestational diabetes (reversible 

postpartum) and delivered a 4570-g infant girl. 

Two years later, she developed NIDDM and 

was treated with chlorpropamide twice daily; 

this was continued through the first few weeks 

of the current pregnancy. Between pregnan¬ 

cies, she had two spontaneous 1st trimester 

Fetal and Maternal 

Insulin Dosage 

* R.L. Williams. California Perinatal Database. 1978-1982 

abortions and a fetal death at 25 weeks’ ges¬ 

tation. 

The patient was sent to UCSD Medical Cen¬ 

ter at 20 weeks’ gestation because of difficulty 

in establishing glycemic control with an in¬ 

sulin dose of 150 U/day. Her insulin dose was 

increased progressively to 250 U/day and her 

dietary intake was reduced to 1800 kcal/day. 

Plasma glucose levels remained elevated 

around the clock (mean 24-h ± SD glucose 

Response to CSII 

24 Hour Mean Plasma Glucose 

Growth Velocity 

Figure 9.4. Top left, insulin doses per 24 h in patient S.A. Continuous subcutaneous insulin infusion 
(CSII) was initiated at 29 weeks’ gestation and continued until term delivery. Note prompt decrease 
in insulin requirement immediately postpartum. Top right, Excellent and rapid control of maternal 
hyperglycemia by CSII from 29 weeks to term. Lower left, fetal weight estimates by ultrasonography. 
An already macrosomic fetus had accelerated growth and growth velocity (lower right) during CSII 
despite reduced maternal dietary intake to 1800 kcal/day. Total maternal weight qain was onlv 19 
lb (3.6 kg). 
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value of 168 ± 37 mg/dl [9.3 ± 2.0 mmol/L]; 

normal 84 ± 2 SD 10 mg/dl [4.6 ± 2 SD 0.5 

mmol/L]. Because of failure to achieve accept¬ 

able control, a rising HbAlc concentration of 

from 8.7% to 10.5%, macrosomia, and hydram- 

nios, continuous subcutaneous infusion of in¬ 

sulin (CSII) was initiated. Euglycemia was 

established in 2 days with a total insulin dose 

of 500 U in 24 h. She remained on this treat¬ 

ment until cesarean section delivery at 38.5 

weeks. Fetal growth actually accelerated in 

utero despite maternal normoglycemia. The 

placenta was huge, 870 g (normal 526 ± 38 g), 

but normal on histological examination. The 

baby girl (Fig. 9.3) was obese and had hypo¬ 

glycemia, hyperbilirubinemia, and polycy¬ 

themia. Maternal insulin dose at delivery was 

333 U/day; on day 1 postpartum, she required 

only 13 U of regular insulin in divided doses 

given subcutaneously. Figure 9.4 shows ma¬ 

ternal mean 24-h glucose levels and fetal 

growth during CSII. We concluded that: (a) al¬ 

ready established fetal macrosomia at 29 

weeks’ gestation is not reversible even 

with long-term (2 months) maternal eugly¬ 

cemia before term birth; and (b) pregnancy- 

related factors, probably placental, were 

associated with extreme insulin resistance 

in this patient with immediate reversal post¬ 

partum. 
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10 
Emotional Support and Summary 

v« 

EMOTONAL SUPPORT 

Because early pregnancy is often associated 

with emotional as well as metabolic lability, 

weekly prenatal visits are recommended for 

women with diabetes. Patients with IDDM 

should not be requested to be fasting for hos¬ 

pital visits because they are at risk for rec¬ 

ognized or unrecognized hypoglycemia. Blood 

glucose levels can be checked 2 h after 

breakfast and other values assessed from 

the patient’s records during home monitor¬ 

ing. Arrangements for 24-h telephone 

communication with the physician and/or 

nurse-clinician should be made at the first 

clinic visit. 

During this early period, it is helpful to meet 

with both the husband and wife or other family 

members. Patients should develop an early 

feeling of security; their fears can be discussed 

reasonably and realistic plans can be made for 

the management of the pregnancy, labor, and 

delivery. These points are emphasized because 

it is impossible to establish good diabetic con¬ 

trol in a frightened, distraught patient who 

does not understand her complicated preg¬ 

nancy and is emotionally unable to help with 

her metabolic problem. 

The concept of a perinatal team for diabetic 

pregnancies is invaluable because it permits 

different kinds and levels of support from phy¬ 

sicians, specially trained nurses, dietitians, 

and social workers. 

SUMMARY 

In this section, pregnancies have been de¬ 

scribed in women with different types of dia¬ 

betes. IDDM is an autoimmune genetic disease 

with (3-cell destruction and a hormonal defi¬ 

ciency (insulin). NIDDM is characterized as 

a disorder of insulin resistance and abnor¬ 

mal pancreatic (3-cell function. A distinction is 

made between lean and obese NIDDM women. 

Gestational diabetes (GDM) emerges as a het¬ 

erogeneous syndrome that is defined, detected, 

described, and treated differently throughout 

the world. It may represent the first hint, 

evoked by the severe metabolic stress of preg¬ 

nancy, of “susceptibility” for any type or sub- 

type of diabetes in later years. Again, lacking 

genetic markers, it is easiest to define these 

women as lean or obese, to control their hy¬ 

perglycemia accordingly, and to redefine their 

metabolic status postpartum according to 

WHO criteria. 
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CHAPTER 

11 
General Considerations 

The primary goal in the management of 

diabetic pregnancies is a good outcome with 

minimal morbidity and no mortality for the 

mother, the fetus, and the infant. To achieve 

this goal, the best course for the diabetic 

woman and her physician to follow requires 

(a) good diabetic control before conception and 

during pregnancy, the peripartum, and the 

postpartum periods; (b) prevention of com¬ 

plications by good prenatal care at frequent 

intervals; (c) early detection and prompt treat¬ 

ment of minor and major medical problems; (d) 

careful timing and appropriate mode of deliv¬ 

ery; and (e) a positive reproductive experience 

for the patient and her family. 

The expansion of knowledge in the fields of 

diabetes and perinatal medicine has been 

markedly accelerated during the past decade, 

since the first edition of this book. To facilitate 

the translation of advances in both the basic 

sciences and clinical medicine to individual pa¬ 

tients it has become both reasonable and prac¬ 

tical to establish regional centers for high-risk 

pregnancies. 

This goal has become a reality; many more 

hospitals in 1990 have facilities for ambulatory 

care management of high-risk diabetic preg¬ 

nancies and neonatal tertiary care nurseries 

for problems of infants of diabetic mothers. 

For diabetic women with heterogeneous 

metabolic disorders of carbohydrate metabo¬ 

lism that are exaggerated by the normal phys¬ 

iologic changes of pregnancy, a team approach 

that utilizes the skills of physicians, nurses, 

nutritionists, and social workers provides an 

excellent method for coordinated care. In ad¬ 

dition, in regional centers, experts in ophthal¬ 

mology, renal disease, neurology, cardiology, 

anesthesiology, and neonatology are readily 

available. 

However, many pregnant diabetic women 

and particularly the large number with ges¬ 

tational diabetes do not have easy access to 

geographically widely separated regional cen¬ 

ters for diabetes and other preinatal problems. 

This chapter is a summary of current infor¬ 

mation on the three modalities used to treat 

diabetes during pregnancy, e.g., insulin, diet 

and exercise (Fig. 11.1). It is meant to serve as 

a general guideline for physicians and para¬ 

medical personnel who have primary respon¬ 

sibility for the care of pregnant diabetic women 

in diverse settings for prenatal care. 

TREATMENT OF DIABETES 
IN PREGNANCY 

Figure 11.1. Diagrammatic representation of 
the three modalities of treatment in diabetic 
pregnancies. Insulin is emphasized because it 
modulates metabolic responses to both nutrition 
and exercise. 
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CHAPTER 

12 
Insulin: An Essential 
Pharmacologic Agent and 
Potentially Dangerous Drug 

In IDDM, the goal of physiologic replace¬ 

ment of insulin remains elusive (1). Although 

earlier, less pure insulins extracted from cows 

and pigs, which had a high potential for an¬ 

tiinsulin antibody formation in the recipient, 

are no longer in common use, it is still difficult 

to titer exactly an ideal dose of this hormone 

for each patient. This is especially true in preg¬ 

nant women. Because this is the only drug we 

have to control diabetes during gestation, it is 

prudent to become familiar with different 

types of insulin, their duration of action, and 

modes and sites of administration. By far, the 

most common problems in diabetic prenatal 

clinics are the frequent rotation of physicians 

and paramedical personnel and the irresistible 

urge to prescribe excessive doses of insulin. 

In normal adult nondiabetic individuals, in¬ 

sulin is secreted into the portal system in the 

basal state at a rate of approximately 1 U/h. 

The total daily secretion of insulin is approx¬ 

imately 40 U (2-4). Thus, in IDDM, this might 

be considered a general insulin replacement 

requirement. The intake of food triggers a 

nicely balanced release of 5-10 U of insulin 

from the p cell, depending upon the type and 

amount of food ingested. Pregnant IDDM 

women require about a third more insulin each 

day, approximately 15-20 U/day during the 

2nd and 3rd trimesters. These estimates are 

based upon the increased insulin requirements 

of normal pregnant women (5-7). 

INSULIN PREPARATIONS AND 
THEIR PHARMACOKINETICS 

The most recent advances in the manufac¬ 

ture of insulin have been the now limitless 

potential to produce human insulin by recom- 

binant-DNA technology and the development 

of genetically engineered insulin analogues. 

Animal insulins have improved in quality and 

monovalent porcine preparations have reduced 

the frequency of insulin allergy and the pro¬ 

duction (but not total elimination) of insulin 

antibodies during treatment. 

The physiologic importance of insulin anti¬ 

bodies in diabetic control is unclear (8-10). In 

several clinical studies, measurements of titers 

of circulating antibodies have shown (a) atten¬ 

uated responses to regular insulin injected 

subcutaneously, and (b) delays in recovery 

from hypoglycemia when measurable titers of 

insulin antibodies were present (11, 12). 

Does the presence of variable titers of in¬ 

sulin antibodies have any implications for 

pregnant women? Bauman and Yalow (13) 

were the first to report transplacental passage 

of insulin complexed to antibody. Two years 

later (1984), Mylvaganam and colleagues (14) 

demonstrated antibodies to insulin in 92% of 

131 insulin-treated pregnant diabetic women. 

Pregnancy had no effect on the antibody titers, 

but a change from conventional insulin, in use 

at that time, to a highly purified porcine in¬ 

sulin resulted in a significant reduction of an¬ 

tibody levels. Insulin antibodies were freely 

transferred to the fetus but not detectable after 

the first 8 months of life. They did not report 

an association of higher maternal insulin an¬ 

tibody titers with percentile birth weights or 

cord serum measurements of C-peptide, but 

their presence was associated with indices of 

neonatal morbidity. 

Interest in this topic has been rekindled by 

the report of Menon and associates (15) that 

79 
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demonstrated antibody-bound insulin tra¬ 

verses the placenta in insulin-treated IDDM 

and may have biologic activity. They suggest 

the possibility that the antibody-insulin com¬ 

plex can stimulate (3 cells and can be a deter¬ 

minant of fetal macrosomia independent of 

maternal blood glucose levels. If these obser¬ 

vations are extended and confirmed, the pres¬ 

ent recommendation to use only the least 

antigenic insulin preparations during preg¬ 

nancy will have more than theoretical rele¬ 

vance. 

Types of Insulin 

Table 12.1 shows types of regular/fast¬ 

acting insulins recommended for pregnant 

women. Table 12.2 is a list of intermediate¬ 

acting insulins (NPH, lente) and Table 12.3 

shows the effect of mixing on immediate in¬ 

sulin action of Novo Nordisk preparations (16— 

19). These tables include the usual published 

durations of action for different types of in¬ 

sulin. These should not be used as firm, fast, 

always reliable time spans. Duration of insulin 

action and more information on mixing of dif¬ 

ferent proportions of rapid-acting insulin and 

intermediate-acting insulins (NPH and lente) 

are described later in this chapter. 

Duration of Insulin Action 

Biosynthetic and semisynthetic insulins are 

identical in structure and pharmacology to hu¬ 

man insulin. The biologic activity and intra¬ 

venous pharmacokinetics of human insulin are 

remarkably similar to those of porcine insulin, 

except that human insulin is slightly less an¬ 

tigenic. 
Human insulin is absorbed more quickly 

than porcine insulin when injected subcuta¬ 

neously (20, 21). This is important in tightly 

controlled pregnant IDDM women who should 

be cautioned to ta'He their morning insulin dose 

immediately before breakfast. Intermediate¬ 

acting human insulin has a shorter duration 

of action than purified porcine insulin. 

Novo-Nordisk Pharmaceutical Company 

recommends an initial 20% decrease in insulin 

dose when a shift is made to its products. There 

are conflicting reports about the observation 

that human insulin is associated with more 

inapparent hypoglycemia following intrave¬ 

nous bolus injections (22). In a randomized 2- 

hour infusion study in 8 healthy young men, 

Heine and colleagues (22) reported sympatho- 

adrenergic (but not more neuroglycopenic) 

symptoms. These investigators suggested the 

explanation that the decreased adrenal re¬ 

sponse with human insulin (inapparent hypo- 

Table 12.1. 
Fast-acting Insulins0 

Characteristics of products: clear, crystalline, neutral pH, and contain no retarding agents 
Action: Onset, 0.5 h; maximum effect, 1-4 h; end, 6-8 h 

Human Zinc 
Insulin Source Buffer Content Preservatives 

Novo Nordisk 
Novolin-R® Fast-acting None Unknown Phenol 

human insulin 
(semi-synthetic) 

Novolin Made as human insulin injection USP 
PenFill® 

Lilly 
Humulin-R Biosynthetic None .01-04 M-cresol 

Human mg/100 U 

Purified Pork Source Buffer Zinc Content Preservatives 

Novo Nordisk 
Purified Pork Rapid-acting None Unknown Phenol 

purified pork 
Lilly 

Rapid-acting Purified pork None 0.1-0.4 M-cresol 
(regular) 
Iletin II 

mg/100 U 

“See text for expanded discussion of duration of action. 
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Table 12.2. 
Intermediate-acting Insulins0 

Characteristics of products: suspension, neutral pH, zinc as retarding agent 

Time Course (h) 

Lente Insulin Type Source Onset Max End Zinc Content 

Novo Nordisk 
Novolin L® Lente Lente human 

insulin 
2.5 7-15 22 0.15 mg/100 U 

Purified Pork L Lente® 

zinc suspension 
(semi-synthetic) 

Purified pork 
insulin zinc 

Lilly 
Iletin II Lente 

suspension USP 

Purified pork 1-3 6-12 18-26 .12-25 mg/100 U 

Characteristics of products: suspension, neutral pH, protamine as retarding agent 

Time Course (h) 

NPH Insulin Type Source Onset Max End Protamine (mg/100 U) 

Novo Nordisk 
Novolin® N NPH Human insulin 1.5 4-12 24 0.35 

Novolin® N NPH 

isophane suspension 
(semi-synthetic) 
Human insulin 

PenFill 

Purified Pork N NPH 

isophane suspension 
(semi-syntbetic) 

Purified pork 

Lilly 
Iletin II NPH 

isophane insulin 
suspension USP 

Purified pork 1-2 6-12 18-26 0.30-0.50 
Humulin N NPH Biosynthetic human 1-2 6-12 18-24" 0.30-0.50 

“See text and references for expanded discussion of duration of action of intermediate-acting insulins. 

glycemia) reported by others might be due to 
the different physiochemical characteristics of 
human and porcine insulins. Porcine insulin 
is more lipophilic than human insulin and may 
have greater penetration of the blood-brain 
barrier to account for a difference in autonomic 
responses. In tightly controlled pregnant 
women who do not experience symptoms of 
hypoglycemia when blood glucose levels are 
below 60 mg/dl (3.3 mmol/L), it may be wise 

Table 12.3. 
Effect of Mixing on Immediate Insulin 
Action 

Rapid-acting 
Insulin 

(Regular) 

Intermediate¬ 

acting Insulin 
(NPH or lente) 

Loss of 
Immediate 

Insulin 
Action0 

Velosulin Insulatard-NPH 0 

Rapid-acting Lente + 
Rapid-acting NPH + 

“0, no loss of action; +, loss of action. 

to shift to purified pork insulin in some indi¬ 
viduals to avoid repeated and severe asymp¬ 
tomatic hypoglycemia. 

Insulins with rapid action (crystalline zinc; 
CZI or clear insulin) have a theoretical max¬ 
imum effect in 2-3 h when administered sub¬ 
cutaneously. The effect is usually dissipated 
within 4-5 h. It should be noted, however, 
that there are marked individual varia¬ 
tions in the “usual time course” published 
by pharmaceutical companies. This is par¬ 
ticularly true in women with long-standing di¬ 
abetes who have received less pure insulins 
and developed high titers of insulin antibodies. 
This situation can make diabetes control es¬ 
pecially difficult because the time course of ac¬ 
tion of rapid-acting insulin can be inordinately 
prolonged and a source of confusion for the pa¬ 
tient and physician. 

Figure 12.1 depicts the effective time course 
of a patient who received a single subcuta¬ 
neous dose of rapid-acting insulin. The onset 
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Figure 12.1. Duration of action of rapid-acting 
insulin. The solid line (—) shows the predicted 
time course that is customarily used for instruc¬ 
tion in diabetic clinics. The dotted line(-) shows 
the actual time course in a patient given a single 
morning dose of rapid-acting insulin. Note the 
nadir was not reached for 6 h and the total du¬ 
ration of action was 12 h. With permission from 
Bressler R, Galloway JA. Insulin treatment of di¬ 
abetes mellitus. Med Clin North Am 1971 ;55:861— 
876. 

of action was slower and the duration was 

longer than normal subjects (23). 

Rapid-acting insulin may also be adminis¬ 

tered as an intravenous bolus, which produces 

a maximum depression of the blood glucose in 

about 30 min, or by a slow intravenous drip at 

a rate of 0.5-2.5 U/h, which maintains the 

level of blood glucose in the euglycemic range. 

The constant low-dose intravenous infusion of 

insulin has been especially useful in treating 

diabetic ketoacidosis, bringing poorly regu¬ 

lated patients into better control, and main¬ 

taining euglycemia during labor, delivery, and 

the immediate postpartum period. 

Intermediate-acting insulins (NPH, lente), 

theoretically produce a maximal effect at about 

8 h, which is dissipated by 24 h. Many pa¬ 
tients do not follow this time course, which 

has been so ingrained in medical student and 

postgraduate teaching. Bressler and Galloway 

(24) have reported three patterns of response 

that may follow a single daily dose of inter- 

mediate-acting (NPH) insulin (Fig. 12.2). 

The time course of insulin action is also de¬ 

pendent upon thQ«pharmacology of mixtures of 

insulin. Because the use of combined injections 

of rapid-acting and intermediate-acting insu¬ 

lin is common, it is important to note the vari¬ 

ations in maximum increase in serum insulin, 

time of maximum increase, maximum reduc¬ 

tion in blood glucose, and time of maximum 

reduction that result from various combina¬ 

tions. 

Galloway and colleagues (25) have evalu¬ 

ated serum insulin concentrations (SIC) and 

blood glucose response to mixtures of rapid¬ 

acting and intermediate-acting insulin in 45 

normal males of normal weight who had no 

antibodies to insulin. They assessed the effects 

of concentration, depth, and method of admin¬ 

istration and found that a higher ratio of rapid- 

actingdente was needed to achieve peak SIC 

than with rapid-acting:NPH combinations (Ta¬ 

bles 12.4 and 12.5). The depth and site of in¬ 

jection were also important factors. These 

findings in normal subjects, which showed 

A 
TRANSIENT 

B 
NORMAL 

C 
DELAYED 

MEALS t t t t__..l t t t_t. t t t 

INSULIN t_1_t 
INJECTION 

Figure 12.2. This figure shows three different responses of blood glucose concentrations to a single 
morning injection of intermediate-acting acting NPH insulin. With permission from Bressler R, Galloway 
JA. Insulin treatment of diabetes mellitus. Med Clin North Am 1971;55:861-876. 
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Table 12.4. 
Summary of Studies to Demonstrate the Influence on Serum Insulin Concentration after 
the Administration of lnsulinob 

Treatment 

Maximum 
Increasp in 

Serum Insulin 
(p.U/ml) 

Time of 
Maximum 

Increase (h) 

Maximum 
Reduction of 

Blood Glucose 
(mg/dl) 

Time of 
Maximum 
Reduction 

(h) 

NPH 21.8 ± 38.8 4.6 ± 3.2 21.8 ± 9.3 8.5 ± 2.4 
NPH:NRI, 1:1 58.5 ± 24.9 2.3 ± 0.8 35.8 ± 12.4 2.2 ± 0.5 
NPH:NRI, 2:1 49.6 ± 17.2 3.7 ± 3.9 30.0 ± 9.7 4.4 ± 3.4 
NPH:NRI, 3:1 »28.6 ± 23.9 2.9 ± 2.9 24.5 ± 9.1 7.1 ± 2.9 
NPH:NRI, 1:2 58.7 ± 12.6 1.8 ± 0.5 35.9 ± 10.2 2.6 ± 1.1 
NPH:NRI, 1:3 57.6 ± 21.2 1.5 ± 0.4 33.4 ± 11.5 2.4 ± 0.9 
NRI 70.5 ± 21.7 1.8 ± 1.1 41.8 ± 12.3 3.2 ± 1.6 
Least significant 

difference^ 
27.8 11.2 2.2 

“Table used with permission from Galloway et al. Insulin concentration and blood glucose responses after injections of regular 
insulin, and various insulin mixtures. Diabetes Care 1981; 4:366-376. 

'’Factors include site and method of administration, depth of injection and intra- and intersubject variation. Also included 
are areas under the SIC curves and, where appropriate, fractional absorption. NPH:NRI is the proportion of intermediate 
(NPH) to short acting (R) insulin. Note the values in Tables 12.4 and 12.5 are in normal nondiabetic nonobese males. 
“Two means are significantly different at the 0.05 level if they differ by more than this quantity. 

marked inter- and intrasubject variations, em¬ 

phasize the difficulties in the administration 

of combinations of different preparations of 

this hormone to pregnant women who have 

varying degrees of insulin resistance, variable 

levels of insulin antibodies, and low or absent 

circulating levels of endogenous insulin in ad¬ 

dition to marked differences in body weight. 

During pregnancy, insulin is most often pre¬ 

scribed as a mixture of rapid-acting and inter¬ 

mediate-acting (NPH or lente) insulins in the 

same syringe. Twice daily or more frequent 

injections are the most common regimen, al¬ 

though many modifications are devised for in¬ 
dividual women. 

In a mixture of rapid-acting insulin with in¬ 

termediate-acting insulin (NPH, an isophane 

insulin suspension), the separate action pro¬ 

files of the components of mixtures may 

be retained up to 72 h depending upon the 

proportions of each insulin type. In mixtures 

of rapid-acting insulin with lente insulin (an 

insulin-zinc suspension), there is a modifica¬ 

tion of the duration profile of the rapid-acting 

insulin that appears to interact with the excess 

zinc in the lente preparation often resulting in 

Table 12.5. 
Means (± SD) of Peaks and Times of Peak Serum Insulin Concentrations and Blood Glucose 
Responses in Normal Fasting Subjects Given Lente and Regular Insulin (NRI) in Ratios of 
1:1—3:1 and 1:2 or1:3° 

Treatment 

Maximum 

Increase in 
Serum Insulin 

(p.U/ml) 

Time of 
Maximum 
Increase 

(h) 

Maximum 
Reduction of 

Blood Glucose 
(mg/dl) 

Time of 
Maximum 
Reduction 

(h) 

Lente 31.0 ± 15.8 3.5 ± 2.9 24.1 ± 8.5 6.6 ± 2.9 

Lente:NRI, 1:1 41.4 ± 6.7 2.5 ± 0.8 29.9 ± 7.3 4.3 ± 2.1 

Lente:NRI, 2:1 44.9 ± 10.9 3.5 ± 2.1 29.9 ± 9.0 5.1 ± 2.2 

Lente:NRI, 3:1 35.2 ± 14.8 4.4 ± 3.0 26.3 ± 8.0 5.8 ± 2.7 

Lente:NRI, 1:2 63.7 ± 17.2 2.9 ± 2.8 33.0 ± 7.5 2.7 ± 1.3 

Lente:NRI, 1:3 63.8 ± 17.3 1.8 ± 0.9 36.0 ± 8.5 2.6 ± 1.3 

NRI 72.8 ± 15.6 2.6 ± 3.3 36.1 ± 7.3 2.2 ± 1.0 

Least significant 
difference6 

15.9 7.2 2.3 

“Table used with permission from Galloway et al. Insulin concentration and blood glucose responses after injection of regular 

insulin, and various insulin mixtures. Diabetes Care 1981; 4:366-376. 
6Two means are significantly different at the 0.05 level if they differ by more than this quantity. 
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a longer duration. In individual pregnant 

women, depending on their life-style and eat¬ 

ing patterns, this difference could theoretically 

be associated with hypoglycemia. However, a 

more recent study by Tunbridge and associates 

(23) in a double-blind crossover trial of iso- 

phane (NPH)- and lente-based insulin regi¬ 

mens, did not find an increase in hypoglycemic 

events associated with lente insulin. They con¬ 

cluded that lente- and NPH-based twice daily 

human insulin regimens give indistinguisha¬ 

ble metabolic control. 

We customarily use intermediate-acting 

NPH insulin in our clinic unless a patient is 

already receiving lente insulin, because it is 

easiest to prescribe as few types of insulin as 

possible with a staff of rotating students and 

house officers. Premixed rapid-acting and is- 

ophane NPH insulins are available as a 30%/ 

70% mixture. Although a convenience for pa¬ 

tients who do not see well or have difficulty in 

preparing mixtures, the inflexible dose has not 

been practical in most pregnant women. 

During pregnancy, it is not unusual to find 

patients who are receiving either excessive or 

insufficient amounts of insulin. Each patient 

differs from every other patient; each lives and 

eats in a highly individual fashion and is sub¬ 

ject to emotional stresses peculiar only to her¬ 

self and her family. The dose of exogenous 

insulin must be carefully determined through¬ 

out gestation and readjusted frequently during 

periods of minor bacterial infection, viral ill¬ 

ness, gastrointestinal upset, urinary tract in¬ 

fection, emotional trauma, or other medical 

complications of pregnancy. This requires that 

a pregnant diabetic woman be in frequent com¬ 

munication with a physician who knows her 

well. 

INSULIN ADMINISTRATION 
DURING PREGNANCY 

Table 12.6 describes possible methods of de¬ 

livery of insulin. Until mechanical and tech¬ 

nical problems are solved, administration of 

insulin on a long-term basis during pregnancy 

is limited to the use of multiple subcutaneous 

insulin injections (MSI) or a carefully initiated 

and supervised continuous subcutaneous in¬ 

fusion pump (CSII). 

Multiple Subcutaneous Injections (MSI) 

Excellent diabetic control can be achieved 

with intensified conventional therapy with 

Table 12.6. 
Possible Methods of Insulin Delivery for Pregnant Women with Diabetes 

Method Advantages Disadvantages 

1. Closed-loop systems (glu¬ 
cose serum-controlled in¬ 
sulin infusion system) 

2. Long-term intravenous 
portable pump with insu¬ 
lin reservoir and elec¬ 
tronic control box 

3. Implantable insulin infu¬ 
sion devices 

4. Open-loop continuous 
subcutaneous insulin in¬ 
fusion (fixed program or 
demand program) 

5. Multiple subcutaneous 
injections 

Servo-controlled feedback 

Normoglycemic control for 
1-3 months 

Physiologic feedback control 
of plasma glucose 

Independent delivery of 
basal and premeal insulin 
doses can be used for long 
periods (2-8 months) in 
ambulatory care 

Good control of glucose lev¬ 
els in motivated patients; 
most pregnant women use 
this method 

Nonportable; intravenous deliv¬ 
ery limited to 24-48 h 

Requires catheter in subclavian 
vein; mechanical difficulties; 
precipitation of insulin in 
pump tubes 

Present infusion pumps lack a 
long-term sensor 

Infection, hypoglycemia, or hy¬ 
perglycemia with ketosis (oc¬ 
casionally fatal); pump 
malfunction with over- or un- 
derinsulinization; psychosocial 
and compliance problems; la¬ 
bor-intensive; requires 
24 h/day diabetes and obstet¬ 
ric staff 

Over- or underinsulinization 
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multiple subcutaneous injections of insulin 

(26, 27). It should be noted, however, that 

women who lack normal counterregulatory 

mechanisms in response to hypoglycemia are 

also at increased risk for insulin-jnduced coma 

during regimens that employ multiple subcu¬ 

taneous injections. Multiple injections of in¬ 

sulin require careful attention to the type and 

amount of insulin being administered. At least 

two and often three or mpre injettions per day 

may be necessary to establish and maintain 

good control during pregnancy. The differences 

in management of IDDM versus NIDDM are 

discussed later in this section. 

In women who begin pregnancy or present 

for prenatal care in extremely poor control, 

there is probably not a role for use of the ar¬ 

tificial p cell (Biostator) or prolonged intra¬ 

venous or MSI administration to improve 

control quickly. 

The risk of malformations associated with 

hypoglycemia before embryogenesis is com¬ 

plete (7.5 weeks) may be as high or higher than 

that of hyperglycemia. Every effort should be 

made to avoid extremes of both hyper- and 

hypoglycemia after initial assessment of dia¬ 

betic control; early hospitalization for diabetes 

education may be necessary. Gestational con¬ 

trol is smoother and easier if achieved grad¬ 

ually over 2-3 weeks. 

In patients who are hyperglycemic, but con¬ 

tinue to secrete normal or elevated levels of 

endogenous insulin [many obese women with 

NIDDM or gestational diabetes (GDM)], the 

type of insulin and timing of injections may 

need to be modified during pregnancy to pre¬ 

vent overinsulinization. In obese subjects who 

are resistant to insulin and have difficulty in 

releasing insulin following meals, a small dose 

of regular insulin before each meal is a more 

physiologic approach than the administration 

of split doses of intermediate and rapid-acting 

insulin. 

Pregnant women most often receive insulin 

by subcutaneous injections. There is consid¬ 

erable variability of insulin absorption from 

different sites of injection or even from the 

same site. Analysis of peak insulin levels and 

the area under insulin-response curves after 

repeated injections in a single patient at the 

same anatomical site and with the same dose 

and technique show coefficients of variation of 

20-30% for both rapid-acting and intermedi¬ 

ate-acting insulins (28). The time between in¬ 

jection and peak plasma insulin concentration 

may vary as much as 50% and, in glucose- 

clamp studies, the amount of glucose needed 

to maintain euglycemia may vary by 35% for 

the same dose of insulin. Thus, in IDDM 

women with 0 insulin reserve, variable char¬ 

acteristics of insulin absorption can make a 

real difference in the magnitude of glucose ex¬ 

cursions despite close attention to the other 

aspects of diabetic control. 

Bantle and colleagues (29) have reported 

that the usual clinical practice of rotating sites 

of insulin injection actually increases day-to- 

day variations in blood glucose concentrations. 

This can be reduced if a single site, such as the 

abdomen, is used for all injections. Subcuta¬ 

neously injected 125I-labeled rapid-acting in¬ 

sulin has been reported to disappear 86% faster 

from the abdominal wall than from the leg and 

30% faster than from the arm (30). In addition, 

insulin is absorbed more quickly when it is 

injected into an extremity that is subsequently 

exercised (31). 

MSI programs are of several types. The eas¬ 

iest to implement is a twice daily regimen with 

a mixture of intermediate-acting and rapid¬ 

acting insulin before breakfast and the eve¬ 

ning meal. Some women may need a small dose 

of rapid-acting insulin before lunch. In non¬ 

pregnant IDDM women with a “dawn phenom¬ 

enon” described later in this chapter, an 

intermediate-acting insulin is given at bed¬ 

time in addition to other dose regimens in the 

morning and before dinner. 

Other physicians and patients work out a 

basal dose of ultra-lente (long-acting insulin) 

before either breakfast or dinner and addi¬ 

tional rapid-acting insulin before each meal. 

There has been some reluctance to use ultra- 

lente insulin in pregnant IDDM women be¬ 

cause of possible added risk of hypoglycemia. 

Our experience is limited to one patient who 

arrived for prenatal care early in 1st trimester 

already following an ultra-lente schedule. Be¬ 

cause she was doing extremely well and was 

in good diabetic control, we elected to continue 

her program and cautiously increase her be¬ 

fore-meals rapid-acting insulin doses in incre¬ 

ments of 2 units as needed according to home 

blood glucose monitoring results as pregnancy 

progressed. She did extremely well with no 

complications during gestation. She had a re¬ 

peat cesarean section delivery of a normal 

weight infant at term. 
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Continuous Subcutaneous Infusion of 
Insulin (CSII) 

A decade ago, three successful feasibility 

studies were published that demonstrated nor¬ 

mal glucose profiles could be achieved by con¬ 

tinuous subcutaneous insulin infusion (CSII) 

in pregnant IDDM (32-34). Coustan and col¬ 

leagues (35) conducted a randomized study of 

22 IDDM women to CSII or MSI from early 

pregnancy onward. Both groups of women had 

frequent outpatient visits and performed home 

blood glucose monitoring four to six times a 

day. Women in the two groups achieved ex¬ 

cellent diabetic control and good fetal out¬ 

comes. Severe hypoglycemia was comparable 

in both methods of insulin administration. 

There was probably no inherent advantage in 

either form of treatment. Rather, excellent re¬ 

sults occur when patients are highly moti¬ 

vated, enroll in clinical studies, and receive 

constant supervision from their physicians and 

paramedical personnel. 

Over the years, interest in treating women 

with CSII has waned unless they were on an 

insulin infusion pump before conception. In 

carefully selected women, remarkable gly- 

cemic control is possible. Those who like the 

method and do not opt out for personal reasons 

enjoy the freedom a computerized pump with 

built-in warning features for pump failure pro¬ 

vides. They feel in better control of their dis¬ 

ease. 

Table 12.7. 
Technique for Subcutaneous Insulin Infusion0 

Delivery cannula and implantation site 
Fine gauge (25- or 27-gauge) metal needle with wings attached to a connecting tube (butter¬ 

fly, Abbott Laboratories) is inserted by patient and secured to skin by wings; accidental 
withdrawal is rare 

Reimplant cannula every 1-3 days at different site in anterior abdominal wall usually at 
same time insulin syringe is refilled. 

Insulin 
Short-acting (regular insulin) is used in the pump syringe 

Pumps 
Several infusion pumps are available in the United States and new models are being devel¬ 

oped and marketed 

Most pumps deliver insulin from a syringe; they infuse insulin at a basal rate (the volumet¬ 
ric rate is fixed or can be preset) and have the capability to deliver a preprandial boost 
either manually, electronically, or in a computer program 

The basal infusion rate is calculated according to the concentration of insulin in the syringe; 
the basal rate can be programmed for a lower dose at night 

The pump is usually worn in a pouch attached to a belt around the waist or as a shoulder 
harness. 

An occasional patient develops a neurosis 

with an hypnotic fascination for repeatedly 

testing blood glucose levels throughout the day 

and night. Our diabetes center pump nurse re¬ 

moved one of our medical students from the 

CSII program when he was discovered to be 

monitoring his blood glucose levels 17 times a 

day. The most sophisticated models of CSII 

pumps are expensive and medical obstetric 

care of CSII patients is labor-intensive. For¬ 

tunately, pregnant IDDM women can be as¬ 

sured they will also do quite well on MSI. 

The main complications of CSII are infec¬ 

tions at the infusion site, severe hypoglycemia, 

and more frequent hyperglycemia and ketosis 

in the presence of unrecognized infections. 

Pickup and colleagues (36) have reported that 

in patients with “brittle diabetes” (a rare prob¬ 

lem characterized by wide, fast, completely 

unpredictable excursions in levels of blood 

glucose that are evidently unrelated to insulin, 

food intake, or exercise), it is not possible to 

obtain better control with CSII than by con¬ 

ventional injection therapy. 

The technique for CSII is described in Table 

12.7 (37). Until treatment is well established, 

blood glucose levels need to be monitored be¬ 

fore and 2 h after each meal, at bedtime, when¬ 

ever symptoms occur, and around 2:00 or 3:00 

AM. 

Chantelau and associates (38) have pub¬ 

lished a follow-up of long-term safety, efficacy 

and side effects of CSII in 140 nonpregnant 

“Adapted from Pickup JC. Continuous subcutaneous insulin infusion. Br Med J 1982; 285:49-50. 
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IDDM patients from their diabetes center in 

Dusseldorf. At follow-up after 4.5 ± 0.2 years, 

only 24 patients had stopped the pump and 

resumed insulin injection therapy. Most 

previous long-term reports have presented 

disappointing results; e.g., frequent com¬ 

plications, failure to maintain improved met¬ 

abolic control, and a high rate of rejection by 

patients (39-43). 

The Chantelau study was much more opti¬ 

mistic than others. The Investigators found a 

1% decrease of HbAlc values in their patients 

to 6.7 ± 0.1% during the long observation pe¬ 

riod. Inflammation at the catheter site oc¬ 

curred with about the same frequency noted in 

other studies but episodes of diabetic ketoaci¬ 

dosis (0.14 per patient-year) and disabling 

hypoglycemia (0.1 per patient-year, including 

0.05 incidents of hypoglycemic coma per pa¬ 

tient-year) were observed at lower rates than 

those in any comparable study. An analysis of 

subgroups of patients suggested that a normal 

(< 5.6%) HbAlc value at follow-up was asso¬ 

ciated with an increased incidence of hypogly¬ 

cemia whereas poor metabolic control (HbAlc 

> 7.5%) was associated with increased rates of 

skin complications and hospitalizations for ke¬ 

toacidosis. In their center, 83% of CSII patients 

were maintained for a long time with generally 

excellent results. 

A number of deaths have been associated 

with use of CSII. Teutsch and colleagues (44) 

have described seven patients who died. All 

were alone at the time of death and informa¬ 

tion about circumstances of the deaths was un¬ 

available, save for one man whose pump was 

operating in a bolus mode. Teutsch and co¬ 

workers (45) recommend that patients with 

suboptimal counterregulatory mechanisms for 

hypoglycemia be identified before a CSII pro¬ 

gram is started (46, 47) and be treated with 

less intensive regimens, e.g., lower therapeutic 

goals for diabetic control. 

All patients on intensive therapy (MSI or 

CSII) should have a knowledgeable person 

close at hand (especially at night) and a readily 

available glucagon kit to assist in treatment 

of hypoglycemia. 

Some patients have found the SLEEP- 

SENTRY (48), a 45-g wristwatch-like device 

capable of detecting a fall in skin tempera¬ 

ture and a fall in the galvanic skin resistance 

during sweating, helpful as an alert for noc¬ 

turnal blood glucose values of < 54 mg/dl 

(< 3 mmol/L) (Fig. 12.3). In a clinical trial at 

Steno Memorial Hospital, Gentofte, Denmark 

(49), the Sleep-Sentry detected significant 

hypoglycemia in about two thirds of patients. 

At 3:00 AM, the alarm sounded 22 times in 22 

patients; hypoglycemia was present six times 

giving a diagnostic true positive rate of 0.27 

(95% confidence limits of 0.11-0.50). In 35 of 

38 cases with no alarm, the blood glucose was 

at a reassuring level of more than 54 mg/dl (3 

mmol/L)), with a diagnostic sensitivity of 0.92 

(95% confidence limits 0.79-0.98). Thus, if a 

pregnant woman on an intensive insulin reg¬ 

imen is not averse to tolerating middle-of-the- 

night false alarms, this device can be very 

helpful. We especially recommend it for women 

alone at night. 

In sum, the method of insulin administra- 

Figure 12.3. Photograph of the Sleep-Sentry, a wristwatch-like device that is often helpful in alerting 
IDDM patients to episodes of nocturnal hypoglycemia. The Sleep-Sentry is available from Diabetes 
Supplies, 8181 North Stadium Drive, Suite 202, Houston, Texas 77054. 
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tion for pregnant women will depend on their 

individual characteristics and life-styles, the 

experience of physician and clinic, and the 

availability of an extended staff with special 

expertise should CSII be the method of choice. 

We are still some years away from successful 

islet cell transplants. Programmable implant¬ 

able medication systems (PIMS) are, however, 

undergoing their first clinical trials (50). 

Risk Factors for Hypoglycemia in 
Pregnant IDDM on Intensive 
Insulin Regimens 

IDDM patients who have had symptomatic 

diabetes mellitus and insulin replacement 

treatment for more than 2-5 years usually 

have no functioning (3 cells, a deficient glu¬ 

cagon response to hypoglycemia, and a higher 

risk of hypoglycemia. In long-standing IDDM 

women, the epinephrine response to hypogly¬ 

cemia and action of other counterregulatory 

hormones (cortisol and growth hormone) may 

be abnormal or inadequate. A newly recog¬ 

nized problem has been the demonstration that 

intensive therapy by either MSI or CSII may 

be associated with deterioration of responses 

of counterregulatory hormones to hypoglyce¬ 

mia (51). This is manifested by a decrease in 

the glycemic threshold for the release of epi¬ 

nephrine. This leads to a lowering of the 

glycemic threshold at which symptoms of 

hypoglycemia are recognized—and the type of 

inapparent hypoglycemia so common in 

pregnant IDDM women. In the ongoing Dia¬ 

betes Control and Complications Trial (DCCT), 

nonpregnant patients who were intensively 

treated had a twofold to threefold increase in 

the occurrence of severe hypoglycemia, which 

resulted in a modification of the original re¬ 

search protocol (52). 

Glucose counterregulation and its impact on 

diabetes mellitus is reviewed in detail in the 

1988 Lilly Lecture by Gerich (53). The search 

for a solution to the increasing problem of 

hypoglycemia as more intensive insulin regi¬ 

mens are implemented is described in the sum¬ 

mary of a recent conference. This conference 

concluded that, fundamentally, pending the 

prevention or cure of IDDM, we must learn to 

deliver insulin in a more physiologic fashion 

or to prevent, correct, or compensate for com¬ 

promised glucose counterregulation if we are 

to achieve euglycemia safely in most patients 

with IDDM (54). 

HYPOGLYCEMIA IN 
DIABETIC PREGNANCIES 

From the previous discussion, it is readily 

apparent that insulin is a potentially danger¬ 

ous drug. Hypoglycemia is, by far, the most 

serious and common adverse reaction to the 

administration of insulin: it can result in sub¬ 

stantial morbidity and death. The effect of se¬ 

vere maternal hypoglycemia on the human 

fetus at all stages of gestation is unknown be¬ 

cause it is not possible to assess in utero neu- 

rodevelopmental processes. 

The effects of hypoglycemia on mammalian 

embryos undergoing neurulation (3rd to 4th 

week of human development) have been in¬ 

vestigated by Sadler and Hunter (55). This 

study of mouse embryos maintained in whole 

embryo cultures investigated growth and mal¬ 

formations when blood glucose levels were 40, 

60, 80, and 147 mg/dl (2.2, 3.3, 4.4, and 8.2 

mmol/L). The normal blood glucose level in the 

pregnant mouse is 125 mg/dl (6.9 mmol/L). 

Their results demonstrated that glucose levels 

approximately 50% of normal maternal levels 

were teratogenic but not growth inhibitory; 

lower glucose concentrations to 30-40% of ma¬ 

ternal levels were lethal to the embryo. Fur¬ 

thermore, a 14-h exposure to reduced blood 

sugar levels in either the first or second half 

of the culture period produced malformations. 

From a biochemical standpoint, glucose ap¬ 

pears to be an essential energy source during 

the earliest stages of embryogenesis. Because 

of these and other studies (56-58) with similar 

findings of increased risk of fetal teratogenesis 

in hypoglycemic mothers, a cautionary note 

has been sounded to obstetricians and diabe- 

tologists to avoid this problem in pregnant 

women by less stringent diabetic control dur¬ 

ing the first 8 weeks after fertilization of the 

embryo. It is difficult to tread a fine line of 

reasonably good control (maternal blood glu¬ 

cose values between 70-150 mgl/dl; 3.8-8.3 

mmol/L and no episodes of hypoglycemia), un¬ 

less there has been good control(without epi¬ 

sodes of hyperglycemia with blood glucose 

values > 70 mg/dl [3.8 mmol/L]), unless there 

has been good control in the preconception 
period and a normal HbAlc concentration. The 

risks of hypoglycemia with use of methods for 

intensified glucose control (MSI and CSII) have 

been discussed previously. 
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The Somogyi Phenomenon 

In the 1930s, Dr. Michael Somogyi, a bio¬ 

chemist at Jewish Hospital in St. Louis, asked 

local physicians to send him their worst dia¬ 

betic patients who seemed impossible to 

control (59). He subsequently published his 

landmark studies on a new reagent for meas¬ 

urement of blood glucose concentrations (60, 

61). He had become interested in the wide fluc¬ 

tuations of blood glucose'levels in difficult-to- 

control patients and observed that even mild 

transient hypoglycemia evoked subsequent 

hyperglycemia (62). Rebound hyperglycemia 

following hypoglycemia is referred to as the 

Somogyi phenomenon. 

In recent years, the existence of the Somogyi 

phenomenon has been questioned although 

morning hyperglycemia is often demonstrated 

in poorly controlled IDDM. The exact cause is 

not always apparent and cannot be confidently 

assumed always to represent a rebound effect 

of nocturnal hypoglycemia. Somogyi found, in 

his “impossible to control patients,” that a 

gradual decrement in insulin dose resulted in 

improved diabetic control and fewer episodes 

of hypoglycemia. The Somogyi phenomenon 

has long been familiar to pediatric diabetolo- 

gists who describe the most common cause of 

poor diabetic control in children and adoles¬ 

cents as chronic overtreatment with insulin 

(63). Although this phenomenon can readily 

be documented in many IDDM, there are, of 

course, additional explanations for high morn¬ 

ing glucose concentrations. Most patients eat 

a snack after a nocturnal episode of hypogly¬ 

cemia that may have been undocumented. The 

increased caloric intake in the absence of an 

adequate concentration of circulating insulin 

can cause marked hyperglycemia by breakfast 

time. 

Morning hyperglycemia has been demon¬ 

strated in well-controlled IDDM patients on 

CSII when they were deliberately made mildly 

hypoglycemic without symptoms at night (64). 

In this study, fasting glucose levels rose by 

approximately 27 mg/dl (1.5 mmol/L) and 

postbreakfast levels by 72 mg/dl (4 mmol/L). 

These elevations were correlated significantly 

with those of plasma levels of growth hormone, 

epinephrine, and cortisol. This rebound in glu¬ 

cose concentrations, although small, reflected 

a balance between insulin availability (the 

CSII infusion was continuous) and activation 

of counterregulation. There was a dispropor¬ 

tionate effect on postbreakfast hyperglycemia 

with postprandial glucose levels three times as 

high as fasting values. 

In some patients, hypoglycemia evokes a 

state of insulin resistance for as long as 7 h. 

This effect has been demonstrated in studies 

during a somatostatin-insulin-glucose-infu- 

sion test (65). The extent to which insulin re¬ 

sistance and/or insulinopenia (unrelated to 

levels of counterregulatory hormones) account 

for rebound hyperglycemia in clinical practice 

is unclear at present. 

Several diabetologists have proposed that 

nocturnal hypoglycemia does not commonly re¬ 

sult in severe morning hyperglycemia (66-72). 

Perriello and colleagues (64) have reinter¬ 

preted some of the papers that doubt the oc¬ 

currence of Somogyi phenomena. They noted 

that one third of the IDDM patients, who had 

adequate counterregulation and were de¬ 

scribed in previous publications, did have se¬ 

vere rebound fasting hyperglycemia that was 

interpreted as evidence supporting a confir¬ 

mation of the Somogyi phenomenon. 

In sum, the explanation of morning hyper¬ 

glycemia requires careful examination of each 

patient for possible etiologic factors. In preg¬ 

nant women, the risk for nocturnal hypogly¬ 

cemia is exacerbated by a constantly feeding 

fetus while the mother sleeps. Thus, insulin 

doses before the evening meal must be scru¬ 

tinized carefully and blood glucose levels 

checked periodically at 2:00 to 3:00 AM to de¬ 

tect asymptomatic hypoglycemia. This possi¬ 

bility should always be considered in the 

differential diagnosis of fasting hyperglycemia 

in pregnant IDDM. Postprandial hypergly¬ 

cemia following hypoglycemia in pregnant 

women may be prolonged 6-9 h or longer. 

Overtreatment of rebound hyperglycemia with 

additional insulin precipitates further epi¬ 

sodes of hypoglycemia as originally described 

by Somogyi. 

Brittle Diabetes 

Brittle diabetes is a poorly defined term used 

to describe many IDDM patients who are dif¬ 

ficult to control. Gill and colleagues call the 

syndrome “emotive, subjective and imprecise” 

(73). A practical definition of brittle diabetes 

that is clinically useful is a description of 

IDDM women with control so fragile that they 

are subject to frequent and precipitous flue- 
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tuations between hyperglycemia and insulin 

reactions without other known causes of meta¬ 

bolic instability (74). The syndrome is well rec¬ 

ognized in pediatrics as occurring in children 

whose sensitivity to insulin is such that a dos¬ 

age change of 10% will result in either keto- 

nemia or reactions (75). 

It is possible to define the reason for gly- 

cemic instability in many patients labeled brit¬ 

tle and attempts should be made to do so. 

Tattersall’s more contemporary definition (76) 

refers to these individuals as those whose lives 

are constantly disrupted by hypo- or hypergly¬ 

cemia whatever the cause. The usual causes of 

such instability are shown on Table 12.8 (73). 

Pregnancy in diabetic IDDM is a prototype 
for the coalescence of all possible reasons 
for fragile control of hyperglycemia. 

Table 12.8. 
Causes of Brittle Diabetes—a Complex 
Syndrome in Pregnant IDDM Women0 

Therapeutic 
errors 

Inappropriate insulin 
regimens 

General 
Overinsulinization 

Injection problems 
Monitoring problems 
Dietary errors 
Obsessional attention 

Intercurrent 
illness 

Infections 
Urinary tract infec¬ 

tions 
Dental or foot care 

problems 
Cholecystitis, hepatitis 
Viral or bacterial res¬ 

piratory infections 
Progressive renal failure 
Malabsorption (auto¬ 

nomic gastrointestinal 
neuropathy) 

Psychological 
problems 

Anxiety 
Personality disorders 
Psychopathy 
Obstetric crises 
Conflicts with family or 

significant others 

Hormonal 
changes and 
insulin 
resistance 

Marked maternal physio¬ 
logic and hormonal 
changes 

The placenta as a new 
autonomous endocrine 
organ 

“Adapted from Gill et al. Brittle diabetes—present concepts. 
Diabetologia 1985; 28:579-589 

In obstetric outpatient prenatal diabetic 

clinics, the first approach to marked lability in 

blood glucose concentrations should be exclu¬ 

sion of therapeutic errors by taking a careful 

history from the patient and observing her 

technique for insulin injection. This solves 

most problems. Intercurrent illnesses are com¬ 

mon and trivial infections, such as a cold or 

toothache, may be a reason for poor control. 

Table 12.9 is a list of 10 factors that increase 

risks of severe hypoglycemia in pregnant 

IDDM women during intensive insulin ther¬ 

apy with MSI or £SII. 

Psychologic problems as a cause of instabil¬ 

ity of diabetes are discussed later in Section 

VI. These are the most difficult to ameliorate 

because they reside in the patient and her life 

circumstances. A sympathetic staff in the di¬ 

abetes clinic and optimistic, encouraging sup¬ 

port can make an encouraging difference in 

smoothing the long course to delivery. 

Hormonal changes associated with preg¬ 

nancy and varying degrees of insulin resist¬ 

ance are familiar problems to obstetricians and 

diabetologists. In most women, an increased 

requirement for insulin as pregnancy pro¬ 

gresses can be met by gradual and small in¬ 

creases (2-4 units) in the dose of insulin. 

Table 12.9. 
Ten Factors that Increase Risks of Severe 
Hypoglycemia in Pregnant Women During 
Intensive Insulin Therapy with MSI or CSII° 

Previous history of severe hypoglycemia 

Hypoglycemia unawareness 

Obstetric complications 

Concomitant treatment with p-blockers 

Past uncooperative behavior in treatment 
programs 

Severe emotional disorders 

Drug or alcohol abuse 

Adrenal or pituitary insufficiency (multiple 
endocrine neoplasia [MEN] syndrome) 

Learning disabilities 

Blindness or other physical handicaps 

“Abbreviations: MSI; multiple subcutaneous injections, 
CSII; constant subcutaneous insulin infusion. 
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Table 12.10. 
Strategy tor Management of Seemingly 
Hopeless Brittle Diabetes in Pregnant IDDM 
Women 

Recognize the problem • 

Start again policy; admit to hospital 

“One physician” medical care 
4, 

Intensive re-education 

Meticulous and rapid search for cause 

Devise an outpatient strategy with family, 
significant other, and assigned clinic per¬ 
son 

An occasional pregnant IDDM patient with 

brittle diabetes seems hopeless. Tables 12.10 

and 12.11 present a practical approach that 

may work for a time or need to be repeated at 

intervals during pregnancy, depending on the 

pathophysiology of the instability of glycemic 

control. We have found the approach outlined 

to be a useful and informative maneuver; it 

does require the personal attention of a 

single obstetrician and diabetologist as 

well as help from the patient. Most women 

respond well to this strategy and a careful ex¬ 

planation of the 24-h profile of the assessment 

of their control. The difficult problem of coor¬ 

dinating insulin doses with different occu¬ 

pational life-styles and eating patterns is il¬ 

lustrated later in this section in Table 14.10. 

The Dawn Phenomenon 

The dawn phenomenon is described in non¬ 

pregnant IDDM and NIDDM women as an in¬ 

crease in insulin requirement and elevation of 

blood glucose concentrations between 4:00 AM 

and 8:00 AM (77). The phenomenon occurs in 

the absence of preceding hypoglycemia, al- 

Table 12.11. 
Reestablishment of Diabetic Control During a Brief Hospitalization0 

Admit to high-risk pregnancy ward on Monday. Continue insulin dose prescription from clinic 
and prescribed diet; assign a single physician for complete responsibility for patient’s care 

FIRST MORNING: 
1. Fasting, 7:00 AM blood glucose determination by patient with blood glucose meter at 

bedside; repeat hourly, through 8:00 AM the following morning; plot each value on graph 
(Table 12.11 A) 

2. Begin 24-h fractional urine collection for quantitative urinary glucose loss; 24-h urine 
can be pooled for creatinine clearance determination 

3. HbAlc 

Meals at 8:00 AM; 12:00 noon, 5:00 PM 
Snacks at 10:00 AM; 3:00 PM; 10:00 PM 

Diabetes and nutrition reeducation; patient should be fully clothed and ambulatory during 
hospitalization 

SECOND MORNING: 
1. Obstetrician and diabetologist review 24-h blood glucose profile, quantitative urinary 

glucose loss at each collection period, and other laboratory data 
2. Judicious adjustment of insulin dose 

Observe and continue patient education for 48 h on new insulin dose; patient monitors and 
graphs blood glucose before and 2 h after each meal, at bedtime, and if symptoms of hypo¬ 

glycemia occur 

Discharge Friday PM with minor insulin adjustment if necessary; return to clinic the follow¬ 
ing week for additional fine tuning of insulin dose 

“We have found this the quickest, most efficient way to sort out difficult patients. Frequent, sporadic insulin dose changes 
by multiple physicians without a management plan or diurnal visual graph of a patient’s progress prolongs hospitalization 

and is often unsuccessful. 
^Maintain clinic dietary prescription and insulin doses in this 24-h profile period. If hypoglycemia occurs, treat as described 
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though this may not have been recognized or 

been disregarded as minimal. The pathogen¬ 

esis of the entity is not well understood. It has 

been attributed to: (a) an increase in insulin 

clearance, (b) a decrease in insulin sensitivity, 

or (c) nocturnal spikes in growth hormone or 

cortisol. The ongoing controversy of the exist¬ 

ence of a dawn phenomenon has not been ex¬ 

tended to or investigated in pregnant IDDM 
women. , 

We have performed more than 100 24-h glu¬ 

cose and hormonal profiles of pregnant normal 

and IDDM women at all stages of gestation and 

never observed a dawn phenomenon. This may 

be attributed to suppression of maternal 

plasma pituitary growth hormone levels dur¬ 

ing gestation or lack of diurnal excursions of 

placental growth hormone (chorionic somato¬ 

mammotropin, hCS; human placental lacto¬ 

gen, hPL) in normal, IDDM, and NIDDM 

patients (78). In management of pregnant di¬ 

abetic women, the hypothetical existence of 

this phenomenon to explain morning hyper¬ 

glycemia should not be used as a rationale to 

increase evening doses of insulin; rather, other 

causes should be sought as previously dis¬ 

cussed. 

We have observed and documented the dawn 

phenomenon in pregnant, obese NIDDM pa¬ 

tients. These women respond well to a bedtime 

dose of 10-15 units of an intermediate-acting 

insulin. This has been quite safe because they 

are not prone to inapparent hypoglycemia. 

EEG Abnormalities, Cognitive 
Changes, and Physical Injuries 
Following Hypoglycemia 

Aside from the risk of death during hypo¬ 

glycemia, impairment of cognitive function 

and physical injuries are the most serious ef¬ 

fects of iatrogenic hypoglycemia in IDDM pa¬ 

tients. Dangerously low asymptomatic plasma 

glucose levels are a rare problem in pregnant 

NIDDM women because they do not have im¬ 

pairment of counterregulatory mechanisms 

even in long-standing disease. In addition, 

some p-cell function is preserved. In 12 years, 

we have never observed a serious hypoglyce¬ 

mic reaction (confusion, loss of consciousness) 

in a pregnant NIDDM woman. 

The dangers and mortality associated with 

severe hypoglycemia in IDDM were first 

brought to our attention by pediatricians. 

Abnormal electroencephalographic (EEG) find¬ 

ings following hypoglycemia have been de¬ 

scribed since 1962 in children in Europe and 

Israel (79-89). 

Haumont and Dorchy (88) investigated EEG 

examinations in 61 diabetic children and ad¬ 

olescents between the ages of 1 and 22 years. 

The duration of diabetes ranged from 4 months 

to 12 years. All neurologic examinations were 

normal and no family members had a history 

of epilepsy. All subjects had experienced both 

mild and severe episodes of hypoglycemia. Ret¬ 

inal examinations with fluorescein were per¬ 

formed in 45 patients. In this study, abnormal 

EEG patterns were found in 25% of patients 

(15 of 61) in contrast to 10-15% of nonspecific 

abnormalities seen in a normal population. 

The abnormalities were diffuse nonrhythmic 

slowing in six children, paroxysmal spikes and 

waves in five, bursts of delta waves in two chil¬ 

dren, and spikes and sharp waves in one child 

each. There were no focal abnormalities. EEG 

abnormalities were higher in patients with 

poor control. In patients with more than five 

severe hypoglycemic episodes (loss of con¬ 

sciousness and/or convulsions), 80% had ab¬ 

normal EEGs. Minor hypoglycemic episodes 

had no effect on the EEG. Although all patients 

had had diabetes 12 years or less, the inves¬ 

tigators were able to demonstrate incipient 

retinal angiopathy and correlate its presence 

with frequent and severe episodes of hypogly¬ 

cemia and pathologic electrocerebral (EEG) ac¬ 

tivity. 

The above findings were confirmed a decade 

later (1989) by Soltesz and Ascadi in 70 Hun¬ 

garian children (89). They reported abnormal 

EEG tracings in 26% of diabetic children and 

in only 7% of normal controls. Abnormal find¬ 

ings were associated with a young age, earlier 

onset of diabetes, and previously severe epi¬ 

sodes of hypoglycemia (62%). All diabetic chil¬ 

dren who had had hypoglycemic convulsions 

had EEG abnormalities. 

Children with onset of IDDM before age 4- 

5 years are at increased risk for development 

of mild to moderate neuropsychological im¬ 

pairment (90-97), although the course is not 

clearly defined. Golden and colleagues (97) 

have conducted the first longitudinal study of 

cognitive tests in 23 IDDM children diagnosed 

before age 5 yr and reported results that sug¬ 

gested that hypoglycemia, even if mild and 

asymptomatic, may be related to impaired cog¬ 

nitive function. 
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Ryan and colleagues (98) have studied 11 

IDDM children aged 11-18 yr using the in- 

sulin-glucose-clamp technique to induce and 

maintain hypoglycemia. Cognitive tests were 

performed at baseline (blood glucose 100 mg/ 

dl; 5.5 mmol/L), at the end of a hypoglycemic 

plateau (blood glucose 55-65 mg/dl; 3.1-3.6 

mmol/L), and again after restoration to eugly- 

cemia. They demonstrated a significant de¬ 

cline in mental efficiency associated with the 

mildly hypoglycemic blood levels in the 

study protocol; complete recovery did not occur 

with restoration of euglycemia. Not all subjects 

showed cognitive impairment during hypogly¬ 

cemia and they observed a high degree of in¬ 

tersubject variability. 

In normal adults, what is the blood glucose 

threshold level for early impairment of cog¬ 

nitive function? DeFeo and co-workers (99) ex¬ 

amined this question in six normal adult males 

and six females under conditions of insulin- 

induced, glucose-controlled plasma glucose 

decrements or during maintenance of eugly¬ 

cemia. Cognitive function was evaluated every 

10-30 minutes by measuring the latency of the 

P300 wave, which is the most prominent com¬ 

ponent of auditory event-related potentials. 

They found: (a) a fall in plasma glucose con¬ 

centration from 83 ± 3 mg/dl to 80 ± 1 mg/dl 

(4.6 ± 0.17 to 4.4 ± 0.05 mmol/L) for 150 min¬ 

utes had no effect on P300 wave latency, (b) 

there was a significantly increased latency 

with blood sugar decrements from 87 ± 3 to 

72 ± 1 mg/dl (4.8 ± 0.17 to 4 mmol ± 0.05 

mmol/L) for 120 minutes, (c) when plasma glu¬ 

cose levels were decreased from 88 ± 2 to 

50 ± 1 mg/dl (4.9 ± 0.1 to 2.8 ± 0.05 mmol/ 

L), a marked increase in P wave latency was 

demonstrated that had a high correlation with 

plasma glucose concentrations (r = 0.76; 

P<0.001). The threshold for hypoglycemic 

symptoms was 49 ± 2 mg/dl (2.7 ± 0.1 mmol/ 

L). These observations in normal nondiabetic 

subjects are an important baseline because 

they show that the threshold of 72 ± 1 mg/dl 

(4 ± 1 mmol/L) is higher than currently 

thought for early impairment of cognitive 

function (neuroglycopenia). Hormonal coun¬ 

terregulation follows the onset of neuroglyco¬ 

penia and symptomatic hypoglycemia is a late 
indicator of neuroglycopenia. 

Blackman and colleagues (100) have pro¬ 

vided confirmatory evidence for the above find¬ 

ings in 19 healthy normal subjects. Although 

they observed individual variation in response 

to hypoglycemia, they noted that cognitive 

dysfunction occurred at an average plasma 

glucose levels of 59.4 and 46.8 mg/dl (3.3 and 

2.6 mmol/L). They reported that decision-mak¬ 

ing rather than sensory or motor processes 

were predominantly affected as well as audi¬ 

tory and visual P300 reaction time. Again, re¬ 

covery of cortical dysfunction lagged behind a 

restoration of plasma glucose levels to normal 

by 45-75 minutes. 

Adults with IDDM, not unexpectedly, show 

frequent cognitive\lysfunction associated with 

inapparent hypoglycemia (101). Diminished 

“attention” is the main manifestation of cer¬ 

ebral dysfunction. Poor performance of every¬ 

day tasks was apparent at blood glucose 

concentrations of 54 mg/dl (3 mmol/L), not 

usually considered to be in a hazardous range. 

The performance tests indicated that the fron¬ 

tal lobes are more sensitive to hypoglycemia 

than other cortical regions. These deficits have 

implications for everyday life; an excess of au¬ 

tomobile accidents in IDDM women but not 

men (102), seizures with musculoskeletal in¬ 

juries (103), and permanent neuropsychologi¬ 

cal impairment (104). 

This extensive, perhaps too comprehensive, 

discussion of hypoglycemia and brain function 

is relevant to pregnant IDDM women because 

meticulous diabetic control—in the best inter¬ 

est of the fetus—places them at considerable 

personal risk if they are overinsulinized and 

experience frequent episodes of apparent or 

inapparent hypoglycemia. Low blood glu¬ 

cose concentrations negatively influence brain 

function because of the inability of the brain 

to utilize oxygen during episodes of hypogly¬ 

cemia despite normal arterial oxygen tension. 

This can result in brain damage. Many more 

episodes of hypoglycemia are recognized since 

home blood glucose monitoring became part of 

standard diabetic care during the past decade. 

We have now recognized in our own clinic a 

number of IDDM women with impaired cog¬ 

nitive abilities following severe episodes of 

hypoglycemia during previous pregnancies in 

our program. 

Do episodes of severe maternal hypoglyce¬ 

mia affect the fetus? We are unable to measure 

neurodevelopmental changes in utero. In hy¬ 

poglycemic mothers, blood pressure does not 

change, but maternal pulse rate increases. In 

six of nine women studied by Stangenberg and 
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colleagues (105), there was a decrease in fetal 

heart rate variability during hypoglycemic pe¬ 

riods that increased with normalization of 

maternal blood glucose levels. The authors 

postulated this could be a direct effect of gly- 

copenia on the fetal heart. There are no pro¬ 

spective studies that specifically address this 

problem in school-age follow-up studies of chil¬ 

dren of IDDM women who experienced mild 

and/or severe episodes of hypoglycemia during 

their pregnancies. 

We have never observed a severe episode of 

hypoglycemia (mental confusion, seizures, or 

coma) in a pregnant NIDDM or GDM woman, 

probably because each has normal counter- 

regulatory responses for low glucose levels and 

rarely, if ever, experiences inapparent hypo¬ 

glycemia. 



CHAPTER 

13 
Insulin Treatment of Pregnant 
GDM, IDDM, and NIDDM Women 

There are many ways to devise insulin reg¬ 

imens for pregnant women, not unlike ap¬ 

proaches used in treating IDDM in children, 

adolescents, and adults. The methods we use, 

described later in this chapter, were selected 

because they are simple and easy to “fine- 

tune.” The important point is to individualize 

insulin administration for each patient based 

on her work, play, eating, and sleep habits. 

Successful regimens can be implemented even 

in women with consistent but unusual eating 

patterns and physical activities. Table 14.10, 

in the following chapter, illustrates the coor¬ 

dination of insulin administration and dietary 

adjustments in several nonroutine diabetic 

pregnancies. For these reasons and to keep 

things simple, we do not use meters with data 

banks or algorithms that neither we, nor our 

pregnant patients in a dynamic ever-changing 

metabolic state, can interpret. 

For working women or those often away 

from home, it may be an added convenience to 

carry an “insulin-pen” for injecting insulin 

doses (Fig. 13.1). 

GDM 

Women with gestational diabetes (with nor¬ 

mal HbAlc concentration before 20 weeks’ 

gestation and reversible hyperglycemia post¬ 

partum documented by repeat testing accord¬ 

ing to WHO criteria) have two metabolic char¬ 

acteristics: (a) impaired (1-cell recognition of 

elevated glucose concentrations, and (b) a 

delay in release of insulin. This form of dia¬ 

betes is relatively mild if strict criteria are 

used for diagnosis that eliminate most women 

with asymptomatic, previously undiagnosed 

NIDDM. 

There are two treatment options: (a) dietary 

treatment (discussed later in this section) or 

(b) diet plus insulin. At least half of women 

with GDM maintain near-normal plasma glu¬ 

cose profiles around the clock when treated by 

dietary means. However, if they have an ele¬ 

vated fasting plasma glucose (>90 mg/dl; 5.0 

mmol/L) or 2-h postprandial glucose levels 

that exceed 120 mg/dl (6.7 mmol/L) on several 

days between clinic visits, insulin treatment 

should be started. In normal-weight GDM 
women, residual (3-cell function is present and 

their problem is insufficient insulin reserve ca¬ 

pacity to maintain normoglycemia with meal 

stimulation. It is most physiologic to give them 

a small dose of rapid-acting insulin before each 

meal. Blood glucose levels are monitored be¬ 

fore each meal and insulin doses are easily 

adjusted on a daily or weekly basis. 

Obese GDM women present a different 

problem. In addition to the defects in (3-cell 

function described previously, they may have 

appreciable insulin resistance secondary to 

obesity that becomes more intense when preg¬ 

nant. They respond well to a reduction in ca¬ 

loric intake (see 1990 guidelines later in this 

section) and preprandial doses of rapid-acting 

insulin. In some, a 10:00 PM dose of inter¬ 

mediate-acting insulin is necessary to achieve 

a normal 24-h glucose profile. This can be pre¬ 

scribed safely—if cautiously with the first 

dose, because they do not have brittle (unsta¬ 

ble) diabetes or lack normal hormonal re¬ 

sponses to hypoglycemia. 

In some centers, there has been enthusiasm 

for treating all GDM with insulin (“prophy¬ 

lactic insulin”) (106, 107). The rationale for 

this approach is to prevent fetal macrosomia. 

Roversi and colleagues (106) were the first to 
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Figure 13.1. Novolin pen®. Simple, portable dial-a-dose insulin delivery system. Pen refill cartridges 
are available as semi-synthetic rapid-acting human insulin, NPH human (semi-synthetic) insulin iso- 
phane suspension, or 70% NPH human insulin isophane suspension with 30% rapid-acting human 
(semi-synthetic) insulin. Provided by the Novo-Nordisk Company, Princeton, NJ, courtesy of Rex Clem¬ 
ents, MD. 

report this method of treatment in an uncon¬ 

trolled series of 225 pregnancies. A maximal 

tolerated dose of insulin was prescribed using 

hypoglycemic symptoms to determine the max¬ 

imum dose. On this regimen, only 2.6% of ba¬ 

bies were macrosomic and operative delivery 

rate (primary cesarean section, vacuum ex¬ 

traction, and forceps application) was 14.5%. 

Mean plasma glucose values were only 90 mg/ 

dl (5.0 mmol/L) before treatment and 70 mg/ 

dl (3.9 mmol/L) during therapy. No compari¬ 

son group was studied and there was no follow¬ 

up of the infants. In our 24-h metabolic studies, 

the mean 24-h glucose value in normal preg¬ 

nant women was 84 ± 2 SD 10 mg/dl (4.7 ± 

2 SD 0.5 mmol/L). We would question the ra¬ 

tionale for iatrogenically establishing “chronic 

relative hypoglycemia” in a developing fetus 

for the sole purpose and dubious success of de¬ 

creasing its birth weight. 

Coustan and Lewis (107), in a randomized 

trial of prophylactic insulin treatment (20 U 

NPH and 10 U of regular insulin each morn¬ 

ing) in 34 women versus 11 treated with diet, 

reported 2 of 34 infants in the prophylactic 

group with a birth weight of > 8.5 lb (3.9 kg) 

and 4 of 11 infants of this size in the diet group. 

This was a very small sample size in an un¬ 

controlled study not correlated with maternal 

preconception BMI in the two groups. One 
also has to keep in mind that, in routine 

prenatal clinics, 8% of normal newborn 
term infants weigh > 4000 g (108). 

Our approach is similar to that of Goldberg 

and colleagues (109) who followed 58 women 

with GDM who monitored their blood glucose 

levels four times daily and began insulin treat¬ 

ment if fasting whole blood glucose values 

exceeded 95 mg/dl (5.3 mmol/L) and 1-h post¬ 

prandial values were above 120 mg/dl (6.7 

mmol/L). In the Goldberg study, comparison 

with an historical control group showed a re¬ 

duction in the incidence of macrosomia from 

24% in the controls to 9% in women on home 

monitoring. We customarily use the 2-h post¬ 

breakfast glucose value for making decisions 

about the initiation of insulin therapy and sub¬ 

sequent changes in dose. 

An optimal approach to treatment of GDM 

requires a large prospective, well-designed 

clinical trial that includes long-term longitu¬ 

dinal follow-up of infants of GDM mothers. 

IDDM 

No two IDDM women follow exactly the 

same insulin replacement regimen and this is 

certainly true in pregnancy. Substantial in¬ 

sulin adjustments may be required during 

pregnancy in women with different work pat¬ 

terns and life-styles. Some women will be most 

comfortable remaining on or beginning round- 
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the-clock, rapid-acting insulin administered 

by a pump. A few patients will wish to try to 

simulate baseline insulin availability of in¬ 

sulin over 24 h by a single injection of long- 

acting/ultra-lente insulin given in the morn¬ 

ing or at night with supplemental doses of 

rapid-acting insulin administered before each 

meal. 

The simplest, most common form of insulin 

replacement in prenatal (or other) clinic set¬ 

tings is to give a morning (before breakfast) 

dose of a mixture of intermediate-acting/NPH 

or lente and rapid-acting insulin in a single 

syringe. This is adjusted carefully to maintain 

normal glucose levels during morning and 

afternoon until a second (usually about one 

third smaller mixture is given before dinner), 

taking into account the effect of midmorning 

and midafternoon small snacks. This regimen 

constitutes the baseline replacement dose. 

Adjustments of insulin components are based 

on glucose monitoring over a period of several 

days. It takes about 3 days to reflect a change 

in baseline insulin requirements and this 

should be done carefully. Some patients will 

have smoother control with the addition of 2- 

4 units of rapid-acting insulin before the noon 

meal. 

Figure 13.2 illustrates the establishment of 

control of hyperglycemia in an IDDM who pre¬ 

sented for prenatal care at 25 weeks’ gestation. 

She was hospitalized for rapid (24-h) assess¬ 

ment and diabetes re-education (Table 12.11) 

and gradually regulated over the next several 

weeks in the outpatient clinic. No glucose me¬ 

ter was available; insulin adjusments were 

made by checking a 2-h postbreakfast glucose 

value in the clinic each week and evaluating 

urinary quantitative glucose loss in fractional 

urines from the 24-h period before the clinic 

visit. She was hospitalized for 36 h in late 3rd 

trimester to reassess diabetic control before de¬ 

livery (Fig. 13.2). 

Of course, adjustments have to be made for 

unexpected events—minor illnesses, forgotten 

or irregular snacks, missed or late meals, emo¬ 

tional upsets, long waiting times in a hospi¬ 

tal clinic. Nevertheless, most IDDM patients 

quickly learn about these things and can make 

personal adjustments. Diabetic control is never 

optimal over Christmas holidays, on vacations, 

changes of jobs, or during any period when 

there is a change in usual patterns of living. 

The worst circumstances are unexpected 

deaths, divorces or marital problems, acci¬ 

dents, or illnesses in children in the family. 

For all of these reasons, “reading the numbers 

on the glucose log each week” is meaningless 

without a conversation concerning possible 

reasons for “outliers” in glucose measure¬ 

ments. 
The lives of most pregnant diabetic women 

do not follow a preset algorithm for selecting 

insulin doses. They, least of all, respond to such 

a mechanistic approach to their IDDM. In our 

clinic, we never prescribe a bedtime dose of 

either rapid-acting or intermediate-acting in¬ 

sulin for IDDM patients for the following rea¬ 

sons: (a) during sleep—with a constantly 

feeding fetus—and a mother who injects before 

breakfast and dinner doses of an insulin mix¬ 

ture and has a bedtime snack, 24-h glucose 

profiles (hourly determinations) show a down¬ 

ward drift of maternal blood glucose through 

the night. This is especially true in women 

with long-standing diabetes, 0 residual insu¬ 

lin, and previous treatment with impure in¬ 

sulins resulting in high titers of insulin 

antibodies; (b) the risk of apparent or inap- 

parent nocturnal hypoglycemia in IDDM is 

simply too great. Should such an episode oc¬ 

cur—many are detected only with 24-h glucose 

profiles, the metabolic consequences are not 

brief; morning and postbreakfast hypergly¬ 

cemia are the rule and maternal glucose con¬ 

trol may be disturbed for an entire day or 

longer, and (c) no metabolic studies conducted 

by many investigators in diverse settings in 

the United States or Europe have reported doc¬ 

umentation of a dawn effect in pregnant 

IDDM women. 

In the interim between weekly clinic visits, 

the pattern of glucose excursions is observed 

carefully. Ideally, one physician should follow 

each patient longitudinally during gestation 

and get to know her (and her family) well. Fine 

adjustments in her program are then quite 

easy, especially when they are coordinated 

with the nutritionist. This approach can be dif¬ 

ficult in large teaching hospitals with physi¬ 

cians at many different levels of training. It 

works well though if the clinic has a nurse 

clinician who does not rotate and perinatal fel¬ 

lows and chief OB residents who have at least 

a 3- to 6-month assignment to the clinic. In 

private settings or HMOs, all obstetricians in 

the group should be knowledgeable about the 

modern care of diabetic women or, alterna- 
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Figure 13.2. These two graphs illustrate 24-h blood and quantitative urinary glucose profiles in a 
young IDDM on entry into prenatal clinic at 24 weeks’gestation and at late third trimester (36 weeks). 
Top: Every blood glucose determination during the baseline period was abnormal. Mean plasma 
glucose value was 205 mg/dl (11.4 mmol/L) and HbAic concentration was 10.7%. Urinary glucose loss 
was 66 g in 24 h. The assessment was performed on her usual insulin dose of 30 U NPH and 10 U of 
rapid-acting insulin in the morning and a second predinner dose of 14 U of NPH and 8 U of rapid¬ 
acting insulin (total 62 U). Arrows indicate times of meals, snacks, and insulin injections in this figure 
and in Figure 13.3. Bottom: At 36 weeks’ gestation, the follow-up glucose profile is “near-normal." Mean 
24-h glucose has declined to 96 mg/dl (5.3 mmol/L); HbAic to 9% and urinary loss to 1.2 g in 24 h. 
Her insulin dose had increased only 12 U/day. The open hatched area represents normal plasma 
glucose values ± SD in six normal pregnant women at 34-37 weeks’ gestation. 
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tively, refer patients who require so much time 

(in an already busy practice) to a perinatal 

center that follows many such problem preg¬ 

nancies. 

NIDDM 

In many ways, the treatment of pregnant 

NIDDM women is more difficult and challeng¬ 

ing than that of IDDM women because we un¬ 

derstand so little about their hepatic and lipid 

metabolic functions or the genesis of their in¬ 

sulin resistance. NIDDM patients come in two 

sizes: fat (body mass index; BMI, kg/m2 > 27) 

and thin (BMI < 27). 

Thin NIDDM women in 24-h metabolic stud¬ 

ies are relatively insulin-deficient but, at this 

stage, at least, are not ketosis-prone and re¬ 

spond well to twice daily injections of rapid¬ 

acting and NPH or lente insulins or prepran- 

dial doses of rapid-acting insulin. In prenatal 

clinics—where it would be both expensive and 

unnecessary to measure antibodies to insulin, 

pancreatic islet cell antibodies or HLA tissue 

types, we can view these patients as perhaps 

having slowly evolving IDDM without yet hav¬ 

ing lost 80-90% of their (3 cells or as having 

NIDDM and, for one reason or another, are not 

yet fat. Their subsequent course will unfold 

over time. Because they have some residual (3- 

cell function and have not had diabetes very 

long, they are at much less risk for hypogly¬ 

cemia unless their insulin deficit is excessive. 

The definition of subgroups of diabetic patients 

awaits gene markers for each type of disorder. 

Several insulin regimens need to be consid¬ 

ered for fat, moderately fat, significantly obese 

(> 200 lb; > 90 kg), and massively obese 

(> 300 lb; 150 kg) pregnant NIDDM women, 

many of whom have no difficulty in conceiving. 

It is rare to see extreme insulin resistance in 

women who weigh less than 200 lb (90 kg). If 

the pathophysiology of NIDDM is taken into 

consideration, e.g., faulty or slow (3-cell rec¬ 

ognition of elevated blood glucose concentra¬ 

tions and a delay in release of insulin, admin¬ 

istration of regular insulin before each meal is 

a reasonable approach that we have found 

quite successful. There are NIDDM patients, 

however, who are clearly deficient in insulin 

overnight and they may demonstrate gradu¬ 

ally rising nocturnal glucose levels. We have 

not investigated this phenomenon further, but 

as mentioned previously, find a dose of about 

10 U of NPH or lente insulin at bedtime 

smoothes the nocturnal curve. Figure 13.3 il¬ 

lustrates 24-h plasma and urinary glucose pro¬ 

files in a massively obese, 287-lb (131-kg) 

pregnant NIDDM woman at 6 and 25 weeks’ 

gestation and 3 months postpartum. Her treat¬ 

ment with rapid-acting insulin before each 

meal had been started the previous week in 

the outpatient prenatal clinic. 

This case illustrates how much more diffi¬ 

cult it is to achieve good diabetic control in 

massively obesev« NIDDM women who fre¬ 

quently have no health care supervision before 

or after pregnancy. Insulin resistance was ap¬ 

parent with less than ideal diabetic control 

with an increase in insulin dose from 0 units 

before pregnancy to 112 U/24 h by only 25 

weeks’ gestation. Pregnancy complications 

prevented a late 3rd trimester assessment. In 

this case, the addition of 10-15 U of inter¬ 

mediate-acting NPH insulin would have safely 

smoothed the nocturnal curve. Patients have 

not complained about taking three to four in¬ 

sulin injections a day. Pregnancy and the 

desire for a good outcome provide intense 

motivation that far exceeds the impetus for 

optimal glycemic control that diabetic women 

experience at other periods of their chronic dis¬ 

ease. 

NIDDM women have a dramatic honeymoon 

postpartum with a marked fall in insulin re¬ 

quirements. Unfortunately, early hospital dis¬ 

charge is usually with instructions to take no 

or small doses of insulin. Unless there are def¬ 

inite postpartum arrangements that they may 

not be able to afford, there is a rapid deterio¬ 

ration of diabetic control (Fig. 13.3, bottom 

panel). 

Some obese NIDDM women (usually > 200 

lb; 90 kg) who have required no treatment be¬ 

fore conception or were controlled by diet alone 

or oral hypoglycemic agents often have hyper¬ 

glycemia to such a marked degree during ges¬ 

tation that, by early 3rd trimester (> 26 weeks’ 

gestation), they require > 100 U of insulin a 

day. An occasional NIDDM patient develops 

severe, but reversible insulin resistance that 

requires insulin doses of > 200 U/day. This 

seems to be a clearly pregnancy-associated (? 

placental) phenomenon because it disappears 

immediately upon delivery of the baby and the 

placenta. To keep the volume of insulin doses 
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Figure 13.3. Hourly plasma glucose determinations and fractional urinary glucose loss around the 
24-h clock in a pregnant NIDDM woman at 6 and 25 weeks’ gestation and 3 months postpartum. Top: 
Markedly abnormal 24-h glucose profile with a mean 24-h glucose value of 153 mg/dl (8.5 mmol/L), 
HbA1c6.4%, and 24-h urinary glucose loss was 19 g. Middle: At 25 weeks’ gestation, marked improve¬ 
ment was apparent with a decline in mean 24-h glucose value to 119 mg/dl (6.6 mmol/L), HbAlc 
6.4%, and 24-h urinary glucose loss of 2.1 g. The open hatched area represents the 2nd trimester 24- 
h plasma glucose profile in six normal pregnant women. The patient remained underinsulinized 
despite an increase from 0 U before conception to 112 U/day by 25 weeks' gestation. Bottom: By 3 
months postpartum, there was no carry-over of intensive diabetes education program and the patient 
was not under medical supervision. Her diabetes was seriously out of control with mean 24-h plasma 
glucose of 292 mg/dl (16.2 mmol/L), HbAlc concentration of 9.65, and urinary glucose loss of 75 g in 
24 h. 
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reasonable in women who require excessive 

amounts, we have used U-500 rapid-acting in¬ 

sulin prepared by The Lilly Company. 

The dietary treatment of NIDDM women is 

described by Ney in the following chapter. This 

fascinating type of diabetic pregnancy is 

largely unexplored in humans. It is certainly 

heterogeneous and greatly modified by the 

normal hormonal changes that occur during 

gestation. It is tempting to surmise that the 

answers reside in the placenta. 

In summary, this section is a review of dif¬ 

ferent types of purified or human insulins 

available for pregnant women and the various 

ways the hormone can be administered. A ma¬ 

jor focus has been the increasingly frequent 

and severe problem of hypoglycemia in IDDM 

(but not NIDDM or GDM) pregnancies. This 

complication, usually a result of overinsulin- 

ization, carries a risk of morbidity, mortality, 

and subsequent impairment of cognitive func¬ 

tion for the mother. Potential risks of maternal 

hypoglycemia for the fetus and child are un¬ 

known. Methods are described for administra¬ 

tion of insulin for individual diabetic women 

and general guidelines are presented for in¬ 

sulin treatment of IDDM women, who have a 

problem of hormonal replacement, NIDDM 

women who have abnormal (3-cell function and 

insulin resistance, and GDM women, who 

experience a relatively mild, temporary per¬ 

turbation of glucq^e tolerance limited to preg¬ 

nancy. 

There are many ways to achieve the ther¬ 

apeutic goal of relative euglycemia during 

pregnancy; none is a substitute for a normal 

pancreas and all methods require experience 

and clinical judgment. 



CHAPTER 

14 
Maternal Nutrition and Diet 
Denise M. Ney 

Nutrition and diet have been recognized as 

critical factors in the management of pregnan¬ 

cies complicated by diabetes since the 19th cen¬ 

tury (110, 111). Provision of adequate nutrition 

during pregnancy is essential for optimal fetal 

growth and development. Women with diabe¬ 

tes need special dietary measures, along with 

insulin, to achieve normal plasma glucose con¬ 

centrations throughout the 24-h day. In addi¬ 

tion, those women who develop carbohydrate 

intolerance during pregnancy (gestational di¬ 

abetes; GDM) also require highly individual¬ 

ized dietary advice and, often, the addition of 

insulin to achieve and sustain normoglycemia. 

Current dietary practice for women with dia¬ 

betic pregnancies follows the accepted guide¬ 

lines for nutrition during normal pregnancy 

(112, 113) and recommendations for the nu¬ 

tritional management of diabetes (114). 

Development of acceptable guidelines for 

nutritional management of diabetes during 

pregnancy is complicated by the heterogeneity 

of various types of diabetes. There is a lack of 

consensus regarding nutritional advice for 

pregnant diabetic women. The areas of contro¬ 

versy include the question of optimal caloric 

intake and meal patterns in lean and obese 

women, the percentage of calories from dietary 

carbohydrate, use of non-nutritive food com¬ 

ponents, such as caffeine and aspartame, and 

consideration of the possible benefit of high- 

carbohydrate, high-fiber diets. 

In the first part of this chapter, nutrition in 

normal pregnancy will be reviewed, followed 

by a discussion of general principles for dietary 

management of diabetes. The third part will 

focus on guidelines for individualized nutri¬ 

tional management of women with GDM, 

IDDM (Type I), and NIDDM (Type II) diabetes. 

The special nutritional considerations for preg¬ 

nant women with diabetes secondary to cystic 

fibrosis are included because of the increasing 

frequency of this problem. 

RECOMMENDATIONS FOR 
NORMAL WOMEN 

Adequate nutrition during pregnancy con¬ 

tributes to a successful pregnancy outcome. 

Current guidelines for nutrition in pregnancy 

are summarized in the 1990 Institute of Med¬ 

icine, National Academy of Sciences publica¬ 

tion, “Nutrition During Pregnancy” (112), a 

review published by the Tenth Study Group of 

the Royal College of Obstetricians and Gyne¬ 

cologists (1983) (115) and the 1989 version of 

the Food and Nutrition Board, National Acad¬ 

emy of Sciences, National Research Council 

Recommended Dietary Allowances (RDAs) 

(113). 

1989 Recommended Dietary 
Allowances (RDAs) 

A number of significant changes have been 

introduced in the latest version of the RDAs. 

Thus, use of the 1989 RDAs as guidelines for 

nutrient intake during pregnancy and lacta¬ 

tion deserves comment. The RDAs are defined 

as “the levels of intake of essential nutrients 

that, on the basis of scientific knowledge, are 

judged by the Food and Nutrition Board to be 

adequate to meet the known nutrient require¬ 

ments of practically all healthy persons” (113). 

They are intended to reflect average intakes 

over at least 3 days and, for some nutrients 

such as vitamins A and B12, they reflect av¬ 

erage intake over several months. For most 

nutrients, and in particular for pregnancy and 

lactation, nutrient requirements are based on 

limited data. 

Unlike the 1980 RDAs, the new recommen¬ 

dations for women during pregnancy and lac- 
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Table 14.1. 
Recommended Dietary Allowances for Nonpregnant Women and for Pregnancy and Lac¬ 
tation, Revised 1989.ob  

Category 
Age (yr) 

or Condition 

Weight' Height' Energy* 
Protein 

(g) 

Vita¬ 
min A 

(pg re)8 

Fat-Soluble Vitamins 

Vita- Vita¬ 
min D min E 

(pg/ (mg oi-te)* 

Vita¬ 
min K 

(Pg) (kg) (lb) (cm) (in) (per kg) (per day) 

Females 19-24 58 128 164 65 38 2,200 46 800 10 8 60 

25-50 63 138 163 64 36 2,200 50 800 5 8 65 
Pregnant + 300 60 800 10 10 65 
Lactating' 1st 6 months + 500 65 1,300 10 12 65 

2nd 6 months + 500 62 1,200 10 11 65 

° Adapted from Food and Nutrition Board, National Academy of Sciences-National Research Council. 
Recommended Dietary Allowances, 10th edition. National Academy Press. Washington, DC,»1989. 
b The allowances expressed as average daily intakes over time, are intended to provide for individual variations among most normal 
persons as they live in the United States under usual environmental stresses. Diets should be based on a variety of common foods in 
order to provide other nutrients for which human requirements have been less well defined. 
c Weights and heights of Reference Adults are actual medians for the U.S. population of the designated age, as reported by NHANES 
II. The use of these figures does not imply that the height-to-weight ratios are ideal. 

tation are tabulated as absolute figures rather 

than as additions to the basic allowances (Ta¬ 

ble 14.1). This change reflects convenience and 

the precision with which the additional costs 

of reproduction and lactation are known. Be¬ 

cause there are differences in the amount of 

milk produced during different stages of lac¬ 

tation, separate RDAs are now provided for the 

first and second 6 months of lactation. The 

1989 RDAs also contain important changes in 

the allowances for protein, folate, calcium, 

iron, and zinc for nonpregnant women and for 

pregnancy and lactation. These allowances are 

discussed later in this section. 

Weight and height of reference individuals 

in different age and sex classes are used to 

establish the RDAs for many nutrients. Cur¬ 

rent changes in the RDAs resulted from use of 

a different method to determine the heights 

and weights of reference individuals. In the 

1980 RDAs, heights and weights of reference 

individuals were set at an arbitrary ideal. In 

contrast, the 1989 RDAs use actual median 

(50th percentile) values for the U.S. population 

as reported in the second National Health and 

Nutrition Examination Survey (NHANES II). 

These weight and height values more accu¬ 

rately reflect the U.S. population; however, 

they are not necessarily ideal and may lead to 

overestimation of energy and nutrient needs 

when applied to individuals. For example, the 

weight on which energy requirements are 

based for nonpregnant women, aged 23-50 yr, 

is 63 kg according to the 1989 RDAs but 55 kg 

according to the 1980 RDAs. This results in 

1989 recommendations for energy of 2200 kcal 

(range, 1760-2640 kcal) and 1980 recommen¬ 

dations of 2000 kcal (range, 1600-2400 kcal). 

While the 1989 RDAs may be more valid for 

evaluating the intake of a population group, 

they require more interpretation, particularly 

with regard to energy needs, for individuals 

who deviate from the median weights used for 

the reference individuals. This change affects 

more than just energy allowances because 

weight is the basis for setting the RDAs for 

many nutrients. 

In summary, the 1989 RDAs for pregnancy 

reflect nutrient needs of women at median 

body weight with moderate to light activity 

level (Table 14.1). The coefficient of variation 

for energy requirements for adults is 20%. 

While the RDAs are useful as guidelines, it is 

important to remember that most women are 

not “median” body size and have variable ac¬ 

tivity patterns. Moreover, women from differ¬ 

ent cultural backgrounds have diverse eating 

habits and customs. Thus, it is important to 

develop an individualized diet plan for preg¬ 

nant women that is both culturally acceptable 

and nutritionally appropriate. 

Energy and Weight Gain 

The total energy cost of pregnancy in 

healthy, well-nourished women is controver¬ 

sial and is the focus of debate among nutri¬ 

tionists. The World Health Organization 

(WHO) (116) and the U.S. Food and Nutrition 

Board (113) estimate a total energy cost of 

80,000 kcal for a full-term pregnancy during 
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Water-Soluble Vitamins Minerals 

Vita¬ 
min C 
(mg) 

Thia¬ 
min 
(mg) 

Ribo¬ 
flavin 
(mg) 

Niacin^ 
(mg ne) 

Vita¬ 
min B6 

(mg) 

» 
Folate 

tug) 

Vita¬ 
min B12 

(Pg) 

Cal¬ 
cium 
(mg) 

Phos¬ 
phorus 

(mg) 

Mag¬ 
nesium 

(mg) 
Iron 
(mg) 

Zinc 
(mg) 

Iodine 

(Pg) 

Sele¬ 
nium 

(Pg) 

60 1.1 1.3 15 1.6 180 2.0 1,200 1,200 280 15 12 150 55 
60 1.1 1.3 15 1.6 180 2.0 800 800 280 15 12 150 55 
75 1.5 1.6 17 2.2 , 400 2.2 1,200 1,200 320 30' 15 175 65 
95 1.6 1.8 20 ' 2.1 280 2.6 1,200 1,200 355 15' 19 200 75 
90 1.6 1.7 20 2.1 260 2.6 1,200 1,200 340 15 16 200 75 

d In the range of light to moderate activity, the coefficient of variation is ± 20%. 
8 Retinol equivalents, 1 retinol equivalent = 1 |ig retinol or 6 pg [3-carotene. 
r As cholecalciferol. 10 pg cholecalciferol = 400 IV of vitamin D. 
e a-Tocopherol equivalents. 1 mg d-a tocopherol = 1 cc-te . Calculation of vitamin E activity of the diet as a-tocopherol equivalents. 
h 1 NE (niacin equivalent) is equal to 1 mg of niacin or 60 mg of dietary tryptophan. 
1 An additional 300 kcal/day is recommended during the 2nd and 3rd trimesters of pregnancy only. 
1 Daily iron supplements are recommended for pregnancy, but not for lactation. 

which the mother gains 12.5 kg and gives birth 

to a 3.3-kg baby. Various groups have esti¬ 

mated the energy cost of a normal pregnancy 

to be as low as 45,000 kcal (117) to 68,000 kcal 

(118) or as high as 111,000 kcal (119). The 

National Academy of Sciences in its publica¬ 

tion, “Nutrition During Pregnancy,” states 

that the total energy cost of pregnancy is now 

believed to be 55,000 kcal (112). Differences in 

these estimates of energy expenditure reflect 

assumptions regarding the composition of 

weight gain, the usual energy intake of preg¬ 

nant women, and measurement of the different 

components of energy expenditure. Current re¬ 

search using whole-body calorimetry to meas¬ 

ure energy expenditure in pregnant women 

has demonstrated a large inter-individual var¬ 

iation in the energy cost of pregnancy (120). 

The 1989 RDA for pregnancy recommends 

an additional 300 kcal/day during the 2nd and 

3rd trimesters with a cumulative energy cost 

of pregnancy of 80,000 kcal. This increase in 

energy needs reflects greater energy require¬ 

ments for maintenance due to a larger tissue 

mass, the energy equivalent of new maternal 

and fetal tissue, and the cost of synthesizing 

these new tissues (Fig. 14.1). There is no al¬ 

lowance in the RDA for activity; for example, 

the additional energy needed to move a heavier 

body as pregnancy progresses. The assumption 

is implied that with advancing gestation, en¬ 

ergy expenditure for activity will decrease. 

Several investigators suggest that WHO 

and U.S. RDAs overestimate energy needs be¬ 

cause they do not take into consideration that 

pregnant women may have a decreased ther- 

Weeks of Pregnancy 

Figure 14.1. The cumulative energy cost of pregnancy and its components. With permission from 
Hytten FE: Nutritional physiology during pregnancy, p. 1. In Campbell DM, Gillmer MDG (eds). Nutrition 
in Pregnancy. Proceedings of the Tenth Study Group of the Royal College of Obstetricians and Gy¬ 
naecologists. September, 1982. Royal College of Obstetricians and Gynaecologists, London, 1983. 
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Table 14.2. 
Average Composition of Pregnancy Weight Gain0 

Tissue Weight (lb) 

Fetus 7.5 
Placenta 1.0 Fetal = 13 lb 
Amniotic fluid 2.0 
Uterus6 2.5 

Breast tissue6 3.0 
Blood volume" 4.0 (1500 ml) Maternal = 11-15 lb 
Maternal stores 

o
 

oo 1 
o

 

Total ■»« 24-28 lb 

"Adapted from: Maternal nutrition and the course of pregnancy. NAS, 1970. 
6Weight increase. 
"Increase in volume (ml). 

mogenic response to food, and may utilize 
energy for activity more efficiently than non¬ 
pregnant women. Recent work by King sug¬ 
gests that pregnancy does not reduce the 
thermogenic response to food (121). She has 
also reported that, with advancing gestation, 
pregnant women do not change their pace of 
walking or efficiency of energy use. This sug¬ 
gests that pregnant women do not utilize en¬ 
ergy for activity more efficiently than non¬ 
pregnant women and that physically active 
pregnant women will require greater energy 
to move their heavier bodies (121). The impact 
of physical activity on the energy requirements 
of pregnancy depends on the percentage of time 
usually spent being physically active. Addi¬ 
tional studies are needed to assess the effects 
of pregnancy, in both lean and obese women, 
on energy expenditure due to activity, diet- 
induced thermogenesis, and resting metabolic 
rate. 

Weight Gain 
Weight gain during pregnancy reflects 

growth of both fetal and maternal tissues as 
outlined in Table 14.2 and Figure 14.1. Since 
1970, most reported average total pregnancy 
weight gains have ranged between 10 and 15 
kg (22 and 33 lb) with a range from approxi¬ 
mately 7-18 kg (16-40 lb) corresponding to 
the 15th to 85th percentiles (112). Recommen¬ 
dations for a normal range of maternal weight 
gain may vary depending on the mother’s 
prepregnant body weight (122) or her pre¬ 
pregnancy body mass index (BMI). BMI is 
a mathematical expression (BMI = wt/ht2 = 
kg/m2 x 100) of body weight corrected for 
height. It is commonly used to assess prepreg¬ 
nancy weight for height (112). Recommenda¬ 
tions for total weight gain for pregnant women 
according to prepregnancy BMI are presented 
in Table 14.3. Tables for estimating BMI are 
provided in the Appendix. 

Table 14.3. 
Recommended Total Weight Gain Ranges for Pregnant Women0 By Pregnancy Body Mass 
Index (BMI)00 

Recommended Total Gain Usual Rate of Gain 

Weight-for-Height Category"* kg lb 
1st trimester 

kg(lb) 
2nd and 3rd trimesters 

kg(lb) per week 

Low (BMI < 19.8) 
Normal (BMI of 19.8-26.0) 
High" (BMI > 26.0-29.0) 

12.5- 18.0 
11.5- 16.0 
7.5-11.5 

28-40 
25-35 
15-25 

2.3 (5.0) 
1.6 (3.5) 
0.9 (2.0) 

0.49 (1.07) 
0.44 (0.97) 
0.30 (0.67) 

"Young adolescents and black women should strive for gains at the upper end of the recommended range. Short women 
(<157 cm, or 62 inches) should strive for gains at the lower end of the range. 

6BMI is calculated using metric units. BMI = — = —- x 100. 
ht2 m2 

"Adapted from Nutrition During Pregnancy. National Academy Press. Washington, DC, 1990. 
dThe ranges for BMI generally correspond to 90, 120, and 135% of the 1959 Metropolitan Life Insurance Company’s weight- 
for-height standards. 
"The recommended target weight gain for obese women (BMI >29) is at least 6.0 kg (15 lb). 
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The recommended gestational pattern of 

weight gain for women who enter pregnancy 

at normal weight consists of a minimal weight 

gain of 2-5 lb (1-2.3 kg) during the 1st trimes¬ 

ter with a linear rate of weight ^ain of 0.45- 

0.52 kg (1 lb) per week during the last 20 weeks 

of pregnancy (112). The average rate of weight 

gain during the 2nd trimester of pregnancy 

may be slightly higher than that during the 

3rd trimester. The usual rates of weight gain 

for women with low, normal, and high pre¬ 

pregnancy BMI are presented in Table 14.3. 

Various weight gain charts and tables are 

available (112) to monitor the rate of weight 

gain during pregnancy. Current approaches to 

assess appropriate rate of weight gain in 

women at the extremes of prepregnant weight 

for height (i.e., BMI <19.8 or >27) deserve 

special comment. Rosso (123) developed a 

weight gain chart that applies different as¬ 

sumptions of weight gain patterns for under¬ 

weight and overweight women (Fig. 14.2). 

Rosso’s grid suggests that normal-weight 

women should be advised to achieve 120% of 

their prepregnancy reference weight for height 

but that overweight women (e.g., those weigh¬ 

ing up to 140% of reference weight for height) 

should gain up to 115% of their prepregnancy 

reference weight. The chart suggests that un¬ 

derweight women gain all their weight deficit 

up to their prepregnancy reference weight as 

well as the additional weight needed to achieve 

Figure 14.2. Chart to monitor weight gain during 
pregnancy considering prepregnancy weight 
and height. With permission from Rosso P: Am J 
Clin Nutr 1985:41:644. 

120% of that reference weight during gesta¬ 

tion. Additional research will be needed to 

evaluate information presented by Rosso (123) 

and others (112) for the appropriate rate of 

weight gain in women who enter pregnancy 

underweight or overweight. 

A large proportion of tissue accretion during 

pregnancy is fat. Fat is stored mostly in sub¬ 

cutaneous tissue of the abdomen, upper thighs, 

and back because of higher levels of maternal 

protein and steroid hormones. Epidemiologic 

evidence suggests that adequate maternal 

weight gain, including some maternal fat stor¬ 

age, is needed to assure that the size of the 

newborn infant is optimal for survival (113). 

The effect of limiting energy intake during 

pregnancy on growth of maternal and fetal tis¬ 

sue is unclear. Results of the Dutch famine 

during World War II suggest that the fetus is 

somewhat protected from maternal energy re¬ 

striction as infants of Dutch mothers were well 

grown but thin, lacking 300-400 g of subcu¬ 

taneous fat (124). The report of A,brams and 

Laros (125) indicates that maternal energy in¬ 

take and corresponding pregnancy weight gain 

influence infant birth weight only in women 

who weigh 135% or less of ideal body weight, 

as shown in Figure 14.3. This suggests that 

obese women may deliver infants who are over¬ 

weight regardless of their energy intake and 

gestational weight gain. 

In summary, women who are within 110- 

Figure 14.3. Birth weight of live-born infants at 
term by prepregnancy body mass and weight 
gain, adjusted for maternal age, race, parity, so¬ 
cioeconomic status, cigarette consumption, and 
gestational age (n = 2964). With permission from 
Abrams BF, Laros RK: Am J Obstet Gynecol 
1986:154:503. 
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120% of ideal body weight at conception or 

have a BMI of 19.8-26 should not limit their 

energy intake and should be encouraged to 

gain 11.5-16 kg during pregnancy (112). The 

risks to the neonate associated with a decrease 

in infant birth weight far outweigh any ad¬ 

vantage of a possible decrease in maternal fat 

deposition in normal women. Women with an 

ideal body weight generally require 2000- 

2400 kcal/day or 36 kcal/kg body weight dur¬ 

ing pregnancy. Recommendations for energy 

intake and maternal weight gain in obese 

pregnant women will be discussed later in this 

chapter. 

Daily Food Guide and Key Nutrients 

The quality or nutrient density of the diet 

needs to be high during pregnancy because en¬ 

ergy requirements increase only slightly in 

comparison to the need for vitamins and min¬ 

erals. In general, the need for additional 

protein during pregnancy has been over¬ 

emphasized. This is reflected in the reduction 

in protein allowance from an additional 30 g 

to an additional 10 g of protein per day during 

pregnancy in the 1989 RDAs. Most American 

women routinely consume the allowance of 

60-65 g of protein per day recommended dur¬ 

ing pregnancy and lactation. A guide for the 

selection of a high-nutrient density diet ac¬ 

cording to the recommended daily food guide 

for pregnancy and lactation is outlined in Ta¬ 
ble 14.4. 

All vitamins and minerals are needed in in¬ 

creased amounts during pregnancy as indi¬ 

cated in Table 14.1. However, requirements for 

vitamin B6, folate, calcium, iron, and zinc in¬ 

crease substantially and deserve special com¬ 

ment. These key nutrients are the same ones 

most likely to be consumed in inadequate 

amounts by American women as indicated by 

the United States Department of Agriculture 

1977-1978 Nationwide Food Consumption 

Survey (126) and the 1986 Continuing Survey 

of Food Intake of low-income women and their 

children (127). Food sources and requirements 

for these key vitamins and minerals are sum¬ 

marized in Table 14.5. 

Calcium 

Adequate calcium intake during pregnancy 

is necessary to preserve the maternal skeleton 

and provide a total of 30 g of calcium (2.5% of 

maternal skeletal calcium) for mineralization 

of the fetal skeleton. In addition, recent evi¬ 

dence suggests that an adequate calcium 

intake may play a role in prevention of preg¬ 

nancy-induced hypertension (128). This effect 

is especially important in older primigravida, 

who are at higher risk for hypertension than 

younger women. 

The 1989 RDAs for calcium in nonpregnant 

women have been increased to provide 1200 

mg of calcium and 10 |xg of vitamin D per day 

through age 24 yr instead of 19 yr (113). This 

is an attempt to reduce the risk of osteoporosis 

later in life by assuring that young women 

reach their genetically programmed peak bone 

mass. Peak bone mass in women is usually 

attained by 35 yr of age. It is particularly im¬ 

portant that pregnant adolescents receive 

1200-1500 mg calcium per day to promote 

bone deposition. 

Prenatal vitamin-mineral supplements pro¬ 

vide approximately 100% of the pregnancy 

RDA for the majority of vitamins and min¬ 

erals, but most brands contain only 200-300 

mg of calcium. If dairy products are not con¬ 

sumed, it is difficult to achieve the pregnancy 

RDA of 1200 mg of calcium even if a prenatal 

supplement is taken. Low dietary intakes of 

calcium (<600 mg/day) are most commonly ob¬ 

served in Blacks, Hispanics, American Indi¬ 

ans, and individuals with lactose intolerance 

(112) . Supplements providing 600 mg of cal¬ 

cium per day are recommended if food sources 

of calcium, such as milk or cheese, are not con¬ 

sumed regularly. One cup of milk and approx¬ 

imately 1 oz of hard cheese each contain 

approximately 300 mg of calcium. Absorption 

of calcium from supplements is improved by 

consuming the supplement with or at the end 

of a light meal (112). 

Iron 

Adequate iron intake is needed during preg¬ 

nancy to prevent iron deficiency anemia in 

mothers and to allow for accretion of iron stores 

in newborn infants. The RDA for iron increases 

from 15 mg to 30 mg/day during pregnancy 

(113) to provide for the expansion of maternal 

blood volume, the demands of the fetus and 

placenta, and blood losses during childbirth. 

The routine use of an iron supplement during 

pregnancy is controversial. The U.S. Food and 

Nutrition Board recommends a daily iron sup¬ 

plement, especially during the last two trimes¬ 

ters, since the typical American diet provides 
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Table 14.4. 
Daily Food Guide For Women0 

Recommended Minimum Servings 

Food Groups One Serving Equals 

Nonpregnant Pregnant/ 
lactating 11-24 yr 25+ yr 

Protein Foods Animal Protein: Vegetable Protein: 5 5 7 
Provide protein, 1 oz. cooked chicken 1/2 cup cooked dry 
iron, zinc, and B- or turkey beans, lentils, or 
vitamins for 1 oz. cooked lean split peas 
growth of muscles, beef, lamb, or 3 oz. tofu 
bone, blood, and pork 1 oz. or 1/4 cup pea- A half One 
nerves. Vegetable .1 oz. or 1/4 cup fish nuts, pumpkin, or serving of serving of 
protein provides or other seafood sunflower seeds vegetable vegetable 
fiber to prevent 1 egg 1 1/2 oz. or 1/3 cup protein protein 
constipation 2 fish sticks or hot other nuts daily daily 

dogs 2 tbsp. peanut but- 
2 slices luncheon ter 

meat 

Milk Products 8 oz. milk 1 1/2-2 slices pre- 3 2 3 

Provide some pro- 8 oz. yogurt sliced American 
tein and calcium 1 cup milk shake cheese 
to build strong 11/2 cups cream 4 tbsp. parmesan 
bones, teeth, soup (made with cheese 
healthy nerves milk) 2 cups cottage 
and muscles, and 1 1/2 oz. or 1/3 cup cheese 
to promote normal grated cheese (like 1 cup pudding 
blood clotting. cheddar, monte- 1 cup custard or flan 

rey, mozzarella, or 11/2 cups ice milk, 
swiss) ice ceam, or frozen 

yogurt 

Breads, Cereals, 1 slice bread 1/2 cup rice 7 6 7 

Grains 1 dinner roll 1/2 cup noodles or 

Provide carbohy- 1/2 bun or bagel spaghetti 

drates and B-vita- 1/2 english muffin 1/4 cup wheat germ Four servings of whole-grain 

mins for energy or pita 1 4-inch pancake or products daily 

and healthy 1 small tortilla waffle 

nerves; also pro- 3/4 cup dry cereal 1 small muffin 

vide iron for 1/2 cup granola 8 medium crackers 

healthy blood; 1/2 cup cooked ce- 4 graham cracker 

whole grains pro- real squares 

vide fiber to pre- 3 cups popcorn 

vent constipation. 

Vitamin C-Rich 6 oz. orange, grape- 1/2 cup strawberries 1 1 1 

Fruits and Vege- fruit, or fruit juice 1/2 cup cooked or 1 

tables enriched with vi- cup raw cabbage 

Provide vitamin C tamin C 1/2 cup broccoli, 

to prevent infec- 6 oz. tomato juice or Brussels sprouts, 

tion and to pro- vegetable juice or cauliflower 

mote healing and cocktail 1/2 cup snow peas, 

iron absorption; 1 orange, kiwi, sweet peppers, or 

also provide fiber mango tomato puree 

to prevent consti- 1/2 grapefruit, can- 2 tomatoes 

pation taloupe 
1/2 cup papaya 
2 tangerines 
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Table 14.4. (Continued) 

Recommended Minimum Servings 

Nonpregnant Pregnant/ 

Food Groups One Serving Equals 11-24 yr 25+ yr lactating 

Vitamin A-Rich 6 oz. apricot nectar 1/2 cup cooked or 1 1 1 1 

Fruits and Vege- or vegetable juice cup raw spinach 

tables cocktail 1/2 cup cooked 

Provide beta-caro- 3 raw or 1/4 cup greens (beet, 

tene and vitamin dried apricots chard, collards, 

A to prevent in- 1/4 cantaloupe or dandelion, kale, 

fection and to pro- mango mustard) 

mote wound 1 small or 1/2 cup 1/2 cup pumpkin, 

healing and night sliced carrots sweet potato, win- * 

vision; also pro- 2 tomatoes ter squash, or 

vide fiber to pre¬ 
vent constipation 

yams 

Other Fruits and 6 oz. fruit juice (if 1/4 cup dried fruit 3 3 3 

Vegetables not listed above) 1/2 cup sliced vege- 

Provide carbohy- 1 mediun or 1/2 cup table (asparagus, 

drates for energy sliced fruit (apple, beets, green 

and fiber to pre- banana, peach, beans, celery, 
vent constipation pear) corn, eggplant, 

1/2 cup berries mushrooms, onion, 
(other than straw- peas, potato, sum- 
berries) mer squash, zuc- 

1/2 cup cherries or chini) 
grapes 1/2 artichoke 

1/2 cup pineapple 
1/2 cup watermelon 

1 cup lettuce 

Unsaturated Fats 1/8 med. avocado 2 tsp. salad dressing 3 3 3 
Provide vitamin E 1 tsp. margarine (mayonnaise- 
to protect tissue 1 tsp. mayonnaise based) 

1 tsp. vegetable oil 1 tbsp. salad dress- 
ing (oil-based) 

“From Maternal and Child Health Branch. WIC Supplimental Food Branch. California Department of Health Sciences June 
1990. NOTE: The Daily Food Guide for Women may not provide all the calories you require. The best way to increase your 
intake is to include more than the minimum servings recommended. 

only 6 mg of iron per 1000 calories. Thus, they 

reason that the pregnancy RDA of 30 mg iron 

is difficult to achieve with a daily intake of 

2000-2400 calories. There is no RDA recom¬ 

mendation for supplemental iron during lac¬ 

tation, because losses of iron in milk are less 

than menstrual loss, which is often absent dur¬ 

ing lactation (113). 

The Subcommittee on Dietary Intake and 

Nutrient Supplements During Pregnancy rec¬ 

ommended the routine use of iron supplements 

during pregnancy in their 1990 Institute of 

Medicine report (112). Their recommendations 

include the routine use of 30 mg ferrous iron 

per day beginning at about week 12 of gesta¬ 

tion. Evidence suggests that iron is absorbed 

more completely from tablets when taken 

alone, not as part of a multivitamin/multi¬ 

mineral supplement, and when taken between 

meals with liquids other than milk, tea, or cof¬ 

fee. Fewer side effects have been noted when 

iron supplements are taken at bedtime. Sup¬ 

plemental vitamin C has not been shown to 

enhance absorption of iron supplements when 

given in the ferrous form. Doses of ferrous iron 

above 30 mg/day may impair the absorption 

of zinc and should be reserved for the treat¬ 

ment of frank iron deficiency anemia, not for 

routine prenatal use. 

The British investigator Lind argues that 
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Table 14.5. 
Key Nutrients for Pregnancy Often Consumed in Inadequate Amounts by American 
Women 

Nutrient 
RDA for 

Pregnancy* 
% Increase 

in RDA Food Sources 

Vitamin B6 2.2 mg 37 Banana, meat, poultry, fish, 
legumes, potato 

Folacin 400 p.g 

t. 

0 

122 Liver, yeast, orange, spin¬ 
ach, beets, broccoli, pea¬ 
nuts, cantaloupe 

Zinc , 15 mg 25 Beef, egg, milk, legumes, 
whole grain cereals, liver, 
seafood 

Calcium 1200 mg 50 Dairy products, fish with 
bones, dark green leafy 
vegetables 

Iron 30 mg 50 Fortified cereals, liver, 
beets, raisins, leafy green 
vegetables, red meat 

women who enter pregnancy with sufficient 

iron stores do not require iron supplementation 

because absorption of dietary iron increases to 

meet the additional need for iron (129). The 

likelihood that most American women enter 

pregnancy with sufficient iron stores is ques¬ 

tionable. Assessment of iron status throughout 

pregnancy can be useful in identifying women 

who need iron supplementation. 

The normal mean hemoglobin concentration 

changes considerably during pregnancy as 

shown in Figure 14.4. Normal hemoglobin lev¬ 

els decline in the 2nd trimester to a mean of 

11.6 g/dl and gradually increase during the 

3rd trimester reaching a mean value of 12.5 g/ 

dl at 36 weeks’ gestation (112). A hemoglobin 

concentration of less than 11 g/dl during the 

1st or 3rd trimesters or below 10.5 g/dl during 

the 2nd trimester is defined as anemia (112). 

Anemia accompanied by a serum ferritin con¬ 

centration of <12 |xg/dl strongly suggests the 

presence of iron deficiency anemia. Treatment 

Weeks of Gestation 

Figure 14.4. Normal hemoglobin values during pregnancy. With permission of National Academy 
Press, Washington, DC, 1990. 
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until the hemoglobin concentration becomes 

normal for the stage of gestation (see Fig. 14.4), 

and then the dose can be decreased to 30 mg/ 

day). 

The principal dietary sources of iron include 

meat, eggs, vegetables, and cereals, especially 

fortified cereal products. Food consumption 

data for women 18-24 yr of age from the Na¬ 

tional Health and Nutrition Examination Sur¬ 

vey (NHANES II) indicated that 31% of daily 

iron intake came from meat, poultry, and fish 

and that 25% came from iron fortified cereals 

(130). Heme iron in animal tissues is highly 

absorbable in comparison to nonheme iron, 

which comprises 50% of the iron in animal tis¬ 

sues and all the iron in vegetable products. The 

absorption of nonheme iron can be enhanced 

by concomitant ingestion of meat and vitamin 

C, while the absorption of nonheme iron is re¬ 

duced by concomitant ingestion of tea, coffee, 

phytates, and calcium phosphate supplements. 

Women who do not tolerate iron supplements 

may enhance their absorption of dietary iron 

by increasing their intake of red meats, vita¬ 

min C, and iron-fortified cereal products. 

Folate 

Folate is a generic descriptor of compounds 

with chemical structures and nutritional prop¬ 

erties similar to those of folic acid (pteroyl- 

glutamic acid) (112). Folates are a key nutrient 

during periods when rapid tissue growth oc¬ 

curs because they function as coenzymes in the 

transport of single carbon units. This process 

is vital to many metabolic processes, including 

the metabolism of several amino acids and 

the synthesis of purine and thymidylate-com- 

pounds essential to nucleic acid synthesis 

(112). Low serum folate levels during preg¬ 

nancy are common although their significance 

to the course or outcome of pregnancy is un¬ 

known. The percentage of folate absorption 

during pregnancy is unchanged although uri¬ 

nary losses of folate increase compared with 

those during nonpregnancy (112). Low folate 

stores may be associated with alterations in 

folate metabolism due to pregnancy, inade¬ 

quate dietary folate intake, or prolonged use 

of oral contraceptives (131). Megaloblastic ane¬ 

mia is one of the first signs of folate deficiency; 

however, it is rarely observed in pregnant 

women with low serum folate levels. 

Investigators have suggested that reduced 

folate levels or a change in maternal folate 

metabolism may be associated with premature 

birth or neural tube birth defects. Baumslag 

and colleagues (132) have reported a reduced 

incidence of premature births in women given 

supplementary folate. However, a recent study 

demonstrated that periconceptional use of 

multivitamins and folate-containing supple¬ 

ments by American women did not decrease 

the risk of having an infant with a neural tube 

defect (133). The results of numerous studies 

to date have been contradictory and inconclu¬ 

sive (112). Clinical, trials are currently under¬ 

way to address the important public health 

question of whether vitamin supplementation 

lowers the risk for neural tube defects. 

Routine folate supplementation during 

pregnancy is not currently recommended by 

the U.S. Food and Nutrition Board (112, 113). 

Evaluation of the need for folate supplemen¬ 

tation during pregnancy should include con¬ 

sideration of current dietary folate intake and 

folate status, especially if there is a history of 

long-term use of oral contraceptives. Addi¬ 

tional research regarding folate metabolism 

during pregnancy is needed. 

The current RDA for folate during preg¬ 

nancy is 400 (xg, half the previous RDA. This 

change reflects recognition that diets con¬ 

taining about half the 1980 RDA maintain 

adequate folate status and liver stores. In ad¬ 

dition, folate values in food composition tables 

are thought to underestimate the true folate 

content of foods. Good dietary sources of folate 

include liver, yeast, leafy vegetables, fortified 

or whole grain breads and cereals, dried peas 

and beans, and selected fruits, especially or¬ 

anges and cantaloupe (Table 14.5). Folate is 

generally unstable and as much as 50% of food 

folate may be destroyed during food prepara¬ 

tion or storage (113). 

Zinc 

Zinc is essential for cell growth and repair 

because it is a cofactor or constituent of several 

important enzymes, including those needed for 

RNA and DNA synthesis. Plasma concentra¬ 

tions of zinc decrease throughout gestation, 

which may be due, in part, to hemodilution or 

uptake of zinc by the fetus or other products 

of conception. Animal studies indicate that 

zinc deficiency during pregnancy may lead to 

developmental disorders in offspring. Evidence 

from studies of human pregnancy suggest that 
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lowered maternal serum zinc levels are asso¬ 

ciated with pregnancy complications and 

small-for-date babies (134), including a higher 

incidence of congenital malformations (135). 

The 1989 RDA for zinc was redjuced from 15 

mg to 12 mg to account for the lower body 

weight of adult women compared to men (113). 

The RDA for zinc increases by 3 mg during 

pregnancy, by 7 mg for the first 6 months of 

lactation, and by 4 mg jluring the second 6 

months of lactation. The typical zinc intake of 

pregnant women has .been estimated to be 9- 

11 mg/day (131). Among vegetarians, usual 

zinc intake may be even lower. Zinc absorption 

increases when zinc stores are low although, 

in general, pregnancy is not associated with 

an increase in zinc absorption. Prenatal iron 

supplements containing more than 30 mg iron 

have been associated with a reduction in ma¬ 

ternal zinc levels (136). Zinc supplementation 

is recommended when >30 mg of supplemental 

iron is administered per day (112). 

Most of the zinc in the American diet is pro¬ 

vided by animal products, in particular meat. 

Seafood, especially shellfish, poultry, eggs, 

dairy products, legumes, and whole grains are 

also good sources of dietary zinc. 

Alcohol, Caffeine, and Sugar Substitutes 

The adverse effects of excessive alcohol con¬ 

sumption on fetal development have been 

clearly demonstrated. Infants born to mothers 

who are chronic alcoholics show a high rate of 

perinatal mortality and a unique set of char¬ 

acteristics described as the fetal alcohol syn¬ 

drome (137). Moderate consumption of alcohol 

during pregnancy is associated with more sub¬ 

tle features of the syndrome, an increased rate 

of spontaneous abortion, and low birth weight 

delivery. The lower limit of safety for fetal ex¬ 

posure to alcohol has not been established 

(138). Therefore, total abstinence from alcohol 

is recommended during pregnancy. Women 

who are attempting to become pregnant should 

also avoid alcoholic beverages because a major 

part of embryogenesis occurs before 7.5 weeks’ 

gestation, often well in advance of a confirmed 

diagnosis of pregnancy. 

The effect of caffeine ingestion on pregnancy 

outcome has been the subject of several inves¬ 

tigations. In a retrospective study of 12,000 

normal pregnant women, Linn et al. (139) 

found no relationship between coffee consump¬ 

tion and the incidence of low birth weight, 

short gestation, or congenital malformation. 

Similarly, Kurppa and associates (140) eval¬ 

uated prenatal coffee consumption in Finnish 

women who had given birth to an infant with 

a significant congenital malformation. They 

found no difference in consumption in com¬ 

parison to a control group of women who de¬ 

livered normal infants. In a more recent 

prospective study in Connecticut (141), the as¬ 

sociation of caffeine consumption during 

pregnancy with late 1st and 2nd trimester 

spontaneous abortions was studied. In women 

who consumed >150 mg of caffeine daily, there 

was a higher incidence of late 1st and 2nd 

trimester spontaneous abortions compared 

with women who consumed 0-150 mg of caf¬ 

feine daily. Overall, there are no convincing 

human data to suggest that caffeine intake af¬ 

fects pregnancy outcome (131). However, com¬ 

mon sense suggests that pregnant women 

should use caffeine in moderation, for example, 

no more than 2-3 cups of a caffeine-containing 

beverage per day. 

The sugar substitutes, saccharin, aspartame 

(trade name Nutrasweet) and acesulfame-K 

(trade name Sunette) are available in the U.S. 

Aspartame is the most popular because it is 

approved for use in a wider variety of foods 

than saccharin or acesulfame-K. Acesulfame- 

K is a nonabsorbable derivative of acetoacetic 

acid that imparts a clean sweet taste and is 

stable at high temperatures that occur during 

baking. In the United States, it is approved for 

use in chewing gum, dry mixes for beverages, 

instant coffee and tea, gelatins, puddings, non¬ 

dairy creamers, and tabletop sweeteners. As¬ 

partame is authorized as a sweetener in cold 

breakfast cereals, chewing gum, dry bases for 

gelatins, puddings, fillings, dairy products and 

toppings, soft drinks, and the product Equal, 

a dry free-flowing sweetener. Equal uses glu¬ 

cose as a carrier for aspartame and one 1-g 

packet contains approximately 1 g of carbo¬ 

hydrate and 36 mg of aspartame with a sweet¬ 

ness equivalent to 2 tsp of sucrose. One packet 

of Equal contains 4 kcal versus 16 kcal con¬ 

tained in 1 tsp of sucrose. 

Aspartame is a methyl ester of aspartyl 

phenylalanine, which is metabolized in the 

small intestine into methanol, and two amino 

acids, L-aspartic acid and L-phenylalanine. 

The phenylalanine content of aspartame is the 

primary reason for concern regarding safety of 

use during pregnancy. The FDA has set the 
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allowable or acceptable daily intake of aspar¬ 

tame at 50 mg/kg body weight and projects 

that the 99th percentile for daily intake will 

be 34 mg/kg body weight (142). This repre¬ 

sents an intake of 9-14 12-oz cans of aspar¬ 

tame-sweetened soda for a 50-kg person, an 

intake that we have recorded in obese women 

with polydipsia. Of course, Nutrasweet is pres¬ 

ent in many other foods that do not record the 

amount per serving on the label. Thus, it is 

impossible to calculate reliably the total daily 

intake of aspartame in pregnant women. The 

FDA considers aspartame safe for use during 

pregnancy (143). However, based on experi¬ 

ence with maternal phenylketonuria (PKU) 

and the well-known detrimental effect of phen¬ 

ylalanine on brain development (144), we feel 

that aspartame should be used sparingly or not 

at all by pregnant women; for example, no 

more than 2 cans of soda per day. This is a 

particular concern for pregnant women with 

diabetes who are likely to consume larger 

amounts of aspartame because their diet elim¬ 

inates foods containing a high concentration 

of simple sugars. PKU is not a rare genetic 

trait. Approximately 2% of the population or 

1 in 50-60 people are heterozygous for PKU. 

Unfortunately, unless there is a case of classic 

PKU in the family, a woman usually does not 

know she is a PKU heterozygote. No prenatal 

care program in the United States screens for 

maternal PKU heterozygosity. 

GENERAL PRINCIPLES FOR THE 

DIETARY MANAGEMENT OF DIABETES 

Diabetes has received more intensive use of 

dietary therapy than any other disease in med¬ 

ical history (110, 111). Extreme approaches 

have varied from total starvation to emphasis 

on one type of nutrient, in particular, fat or 

carbohydrate (110). The objectives for nutri¬ 

tional management of both nonpregnant and 

pregnant women with IDDM (Type I) and 

NIDDM (Type II) diabetes differ. The highest 

priority for IDDM women is a consistent intake 

of food, distributed to avoid hypoglycemia. In 

contrast, in obese nonpregnant women with 

NIDDM, moderate caloric restriction is 

stressed to achieve weight reduction. Although 

weight reduction has been demonstrated very 

clearly to decrease insulin resistance and lower 

fasting plasma levels of glucose, insulin, and 

lipids in nonpregnant obese diabetic individ- 

Table 14.6. 
1986 Nutritional Recommendations for In¬ 
dividuals with Diabetes Mellitus0 

Nutrient Amount 

Protein 0.8 g/kg body weight 
60 g/ day for pregnancy 

Carbohydrate 50-60% of total calories 

Fiber 25 g/1000 kcal 
40-50 g/day 

Fat <30% of total calories6 

Cholesterol <300 mg/dl 

“Adapted from: American Diabetes Association, (1987) Nu¬ 
tritional Recommendations and Principles for Individuals 
with Diabetes Mellitus', 1986. Diabetes Care 10:126—132; 
American Diabetes Association Consensus Statement 

(1989). Role of cardiovascular risk factors in prevention and 
treatment of macrovascular disease in diabetes. Diabetes 
Care 12:573-579; and Recommended Dietary Allowances, 
10th edition, 1989. 
6Saturated fat <10%, polyunsaturated fat <10% (preferably 
6-8%), and the rest as monounsaturated fat. 

uals, weight reduction during pregnancy in 

NIDDM diabetes is not recommended. 

Current American guidelines for dietary 

management of diabetes are summarized in 

the 1986 ADA position statement (114)1 and 

the 1986 version of the ADA exchange lists 

(145). The basic goals of diabetes management 

include restoration of normal blood glucose 

concentration, optimal lipid levels, and pro¬ 

vision of adequate nutrition throughout the 

life cycle. The 1986 nutritional recommenda¬ 

tions for individuals with diabetes mellitus are 

summarized in Table 14.6. They do not include 

specific guidelines for the dietary management 

of carbohydrate intolerance during pregnancy. 

Distribution of Nutrients in the Diet 

The optimal amount of carbohydrate in the 

diabetic diet has been a subject of great debate 

during this century. From 1950-1970, the 

American Diabetes Association (ADA) con¬ 

servatively recommended that carbohydrate 

intake should be low (40% of total calorie in¬ 

take) and fat intake should be moderate (40% 

of total calories). Recognition that diets high 

in both carbohydrate and soluble fiber content 

enhance insulin sensitivity and that individ- 

lA copy of the 1986 “Exchanges for Meal Planning” 
may be purchased from the American Diabetes As¬ 
sociation, 1660 Duke St., Alexandria, VA 22314 (Tel. 
800-ADA-DISC) or the American Dietetic Associa¬ 
tion, 208 S. LaSalle St., Suite 1000, Chicago, IL 
60604-1003 (Tel. 312-899-0400). 



Chapter 14 Maternal Nutrition and Diet 115 

uals with diabetes are at increased risk for 

cardiovascular disease has resulted in the 1986 

ADA dietary guidelines, which encourage an 

intake low in fat (<30% of total kcal) and high 

in complex carbohydrate (50-60% of total 

kcal) and fiber (25 g/1000 kcal) (114, 146). 

During the past 10 years, diabetes associations 

around the world have adopted these dietary 
guidelines. 

Recent evidence, however, suggests that 

high-carbohydrate, low-fiber, low-fat diets 

may not be optimal for nonpregnant, nonobese 

adults with NIDDM. Coulston and co-workers 

(147) have compared plasma lipids and dia¬ 

betic control in NIDDM-fed diets contain¬ 

ing 14-18 g dietary fiber and 40% carbohy¬ 

drate + 20% fat or 60% carbohydrate + 20% 

fat for 6 weeks each. They report a persistent 

30% increase in plasma triglycerides, lower 

HDL cholesterol levels, and significant ele¬ 

vations in plasma glucose concentrations, in¬ 

sulin levels, and urinary glucose excretion 

during consumption of the 60% carbohydrate- 

20% fat diet (147). These observations raise 

questions about the effect of a high-carbohy- 

drate, low-fiber, low-fat diet on glycemic con¬ 

trol and triglyceride levels. These results also 

suggest a need to study further the response 

to variation in carbohydrate intake of individ¬ 

uals with IDDM and NIDDM before making 

generalizations for all individuals with dia¬ 

betes. 

Individuals with IDDM or NIDDM have a 

greater risk for developing coronary artery dis¬ 

ease, even in the absence of hypertension, 

smoking, and lipid abnormalities, than the 

general population (148). A recent ADA con¬ 

sensus statement recommends dietary man¬ 

agement aimed at reducing plasma lipid 

concentrations, in particular, cholesterol lev¬ 

els to reduce the risk of developing coronary 

heart disease in individuals with diabetes 

(148) . However, it is important to recognize 

that we currently lack data indicating a de¬ 

crease in the late complications of diabetes in¬ 

cluding coronary artery disease when blood 

sugar levels are tightly controlled and plasma 

lipid levels are reduced by diet or other means 

(149) . 

The relationship of hypertriglyceridemia to 

the development of macrovascular disease in 

NIDDM is unclear as is the dietary treatment 

of hypertriglyceridemia. For example, fish oils 

have been recommended for treatment of hy¬ 

pertriglyceridemia in individuals without di¬ 

abetes, but others have reported that ingestion 

of fish oils may result in deterioration of gly¬ 

cemic control and an increase in LDL apo B 

levels in NIDDM (150). Further study of the 

relationship of plasma lipid levels to diet and 

the development of cardiovascular disease is 

needed for individuals with diabetes. 

Type of Dietary Carbohydrate 

Complex, often controversial issues regard¬ 

ing the type of dietary carbohydrate to include 

in the diabetic diet have received considerable 

attention. These issues include the relative ef¬ 

fects on glycemic control of simple sugars 

versus complex carbohydrates, use of the “gly¬ 

cemic index,” and the potential benefits of an 

increased intake of dietary fiber. 

Simple versus Complex Carbohydrates 

In general, it is recommended that most car¬ 

bohydrates in the diabetic diet come from 

starches and other complex forms and that 

ingestion of simple carbohydrates or sugars, 

such as sucrose, be restricted to those occurring 

naturally in foods such as fruits. The elimi¬ 

nation of added sucrose in the diabetic diet is 

based on the premise that sucrose will aggra¬ 

vate hyperglycemia. However, several studies 

in which diabetic subjects consumed sucrose as 

part of a meal have demonstrated that the 

plasma glucose response was not different 

when compared with an isocaloric amount of 

other forms of carbohydrates such as bread, 

potato, or rice (151, 152). Caution needs to be 

used in interpreting these studies because they 

have addressed only the acute effects of in¬ 

gesting sucrose in a single meal; other studies 

have suggested that long-term sucrose inges¬ 

tion increases postprandial glucose, insulin, 

and triglyceride levels, and significantly de¬ 

creases HDL cholesterol concentrations (153). 

A prudent approach for good nutrition and 

weight control for individuals with diabetes 

would appear to involve restriction of sucrose 

intake to that occurring naturally in foods with 

occasional ingestion of a sucrose-containing 

dessert. 

Fructose 

Fructose consumption has been steadily in¬ 

creasing in the U.S., in part, due to the wide¬ 

spread use of high-fructose corn syrup by the 

food industry. Some studies have suggested 
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that dietary fructose may produce a lower post¬ 

prandial rise in plasma glucose than isocaloric 

amounts of other common carbohydrates (151). 

However, chronic fructose ingestion has been 

associated with hypertriglyceridemia and in 

vitro studies demonstrate a higher rate of non- 

enzymatic glycosylation of hemoglobin with 

fructose than glucose (151). Long-term human 

studies are needed to assess the effects of 

chronic ingestion of fructose in the diabetic 

population. 

Glycemic Index 

There is some evidence to suggest that plas¬ 

ma glucose response to equivalent amounts 

of carbohydrate differs depending on the 

carbohydrate-rich food source. For example, 

Crapo and associates (154) compared glycemic 

responses in NIDDM women fed a 50-g car¬ 

bohydrate load from dextrose, rice, potato, 

corn, and bread. They noted the highest post¬ 

prandial serum glucose response with potato 

and dextrose, the lowest response with rice and 

corn, and an intermediate response with bread. 

This initial observation has led to development 

of the “glycemic index” (155). The glycemic in¬ 

dex classified individual foods based on their 

glycemic response compared with a reference 

food or standard. 

Proponents of the usefulness of a glycemic 

index suggest that this classification system 

offers advantages over the exchange system for 

planning diabetic diets. The premise is that 

meals containing foods with a low glycemic 

index will result in lower postprandial glucose 

responses in patients with diabetes than meals 

containing foods with a high glycemic index. 

Critics of the glycemic index note that it pro¬ 

vides insight into the differences that exist in 

the availability of carbohydrate as it is found 

within a test food but that extrapolation to 

mixed meals requires further study (153). Sev¬ 

eral investigators have been unable to dem¬ 

onstrate any significant difference in glucose 

and insulin responses with ingestion of meals 

differing as much as twofold in predicted gly¬ 

cemic response using the glycemic index. Thus, 

at this time, the glycemic index has not been 

shown to be useful clinically in designing 

meals for patients with diabetes. 

Dietary Fiber and Blood Sugar Control 

Diets high in complex carbohydrate and fi¬ 

ber content reduce postprandial blood glucose 

levels and insulin requirements, lower serum 

cholesterol levels, and help control food intake 

(146, 156). This evidence has led to recom¬ 

mendations by the American, Canadian, and 

British Diabetes Associations (114, 157, 158) 

to increase the intake of fiber as a means of 

reducing postprandial blood glucose concen¬ 

trations. However, several investigators have 

noted that the beneficial effects of an increased 

intake of dietary fiber have not always been 

demonstrated (153). The positive effects of fi¬ 

ber on blood sugar control are primarily ap¬ 

parent when the fiber is consumed with a diet 

comprising approximately 50% of calories as 

carbohydrate (146). Patients taking less than 

30 units of insulin daily and those with 

NIDDM are especially sensitive to the bene¬ 

ficial effects of fiber supplementation. 

Two studies in pregnant women with dia¬ 

betes suggest that fiber supplementation dur¬ 

ing pregnancy may also have beneficial effects 

on blood glucose control. Patients with gesta¬ 

tional diabetes demonstrated a significant im¬ 

provement in their oral glucose tolerance test 

when given a supplement of guar gum (159). 

In addition, we have demonstrated a signifi¬ 

cant reduction in insulin requirements in preg¬ 

nant women with IDDM or NIDDM with 

ingestion of a high-carbohydrate, high-fiber 

diet compared with a low-fiber, moderately 

high-fat diet (160) (Fig. 14.5). 

The typical American eats approximately 

10-30 g of dietary fiber daily (114, 146, 161). 

The ADA currently recommends 40-50 g of 

dietary fiber per day (25 g dietary fiber/1000 

kcal) for individuals with diabetes (114). Sol¬ 

uble rather than insoluble sources (e.g., wheat 

bran) of dietary fibers are more effective in 

improving glycemic control (146). Soluble di¬ 

etary fiber increases intestinal transit time, 

delays gastric emptying, and slows glucose ab¬ 

sorption. Because the positive effects of soluble 

fiber are most apparent when consumed in con¬ 

junction with at least 50% of total calories as 

carbohydrate, it is important to consume die¬ 

tary sources of soluble fiber, which are also 

high in complex carbohydrate, rather than 

commercial fiber supplements. 

Foods that provide good sources of soluble 

fiber and complex carbohydrate include fruits, 

green leafy vegetables, legumes, lentils, oats, 

and barley. The 1986 ADA exchange lists high¬ 

light foods with a high fiber content. Guide¬ 

lines to increase dietary fiber intake include: 
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Figure 14.5. Mean daily insulin requirement in pregnant diabetic women who received either a 
high-carbohydrate, high-fiber diet (HCF) or the control diet at baseline (solid bars), predelivery (clear 
bars), and 3 months postpartum (hatched bars). Decreases in insulin requirement occurred in both 
Type I and Type II diabetes. With permission from Ney D, Hollingsworth DR, Cousins L: Decreased 
insulin requirement and improved control of diabetes in pregnant women given a high-carbohydrate, 
high-fiber, low-fat diet. Diabetes Care 1982;5:529. 

additional servings of vegetables, fruits, leg¬ 

umes, and oats; consumption of raw, unpeeled 

fruits and vegetables when possible; and use 

of whole grain breads and cereals in place 

of refined products. Table 14.7 describes a 

sample menu for a 2000-kcal high-carbohy¬ 

drate (50-60% kcal), high-fiber (40-50 g), low- 

fat (15-20% kcal) diet suitable for women with 

diabetes during pregnancy. A gradual rather 

than abrupt increase in dietary fiber intake 

tends to reduce side effects, such as abdominal 

cramping, loose stools, and flatulence. 

INDIVIDUALIZED NUTRITIONAL 
MANAGEMENT OF DIABETES 
DURING PREGNANCY 

In the first edition of this book and subse¬ 

quent publications, we have advised individ¬ 

ualized recommendations for nutritional man¬ 

agement of IDDM, NIDDM, and GDM patients 

during gestation because these women dem¬ 

onstrate different hormonal metabolic profiles 

when studied around the 24-h clock. In addi¬ 

tion, the educational and nutritional require¬ 

ments of women with IDDM and NIDDM differ 

from those of lean and obese women who de¬ 

velop GDM in the 3rd trimester of pregnancy. 

A discussion of nutritional management in¬ 

cluding total energy needs, optimal weight 

gain, number of meals, and use of an appro¬ 

priate educational approach for pregnant 

women with the various types of diabetes is 

presented in this section. 

Gestational Diabetes (GDM, gestational 
carbohydrate intolerance) 

Women who develop gestational diabetes 

are often but not necessarily overweight. One 

recent study with a small number of subjects 

has reported that the majority of women who 

develop gestational diabetes consume, on the 

average, an additional 700 calories per day 

from high-carbohydrate foods, especially su¬ 

gar-sweetened beverages, cookies, and cakes 

(162). Excessive caloric consumption from 

foods high in sucrose can cause an elevation of 

postprandial blood glucose concentrations dur¬ 

ing the last half of pregnancy when insulin 

resistance increases and the metabolic stress 

of pregnancy is most severe. In GDM, modifi¬ 

cations in diet often have a dramatic effect on 



118 Section IV Treatment of Pregnant Women With Diabetes 

Table 14.7. 
Sample Menu for a 2000-kcal High-Carbohydrate, High-Fiber, Low-Fat Diet Suitable for 
Women with Carbohydrate Intolerance During Pregnancy0 

Breakfast: 
1 cup nonfat milk 
3/4 cup whole grain cereal 
1 slice whole wheat toast 
1 banana 
1 tsp margarine 

Lunch: 
1 cup nonfat milk 
Chef’s salad: 

1 cup lettuce 
1 oz. turkey 
1 oz. skim cheese 
1/2 cup garbanzo beans 

1 tbsp salad dressing (low fat) 
1 whole wheat roll 
1 small apple 

Dinner: 
1 cup nonfat milk 
3 oz. chicken breast 
1 medium baked potato 
1 tsp margarine 
1 small corn on the cob 
1 cup broccoli 
3/4 cup strawberries 

Morning Snack: 
4 rye crisp crackers 

Afternoon Snack: 
3 cups popcorn—no fat added 
Carrot sticks 

v« 

Bedtime Snack: 
4 graham cracker squares 
1 cup nonfat milk 

“All menus require individualization. Ethnic adaptations for Hispanics, Orientals and Blacks may be needed. This diet 
includes (%kcal): carbohydrate, 50-60; protein, 12-20; fat, 15-20; dietary fiber is present at the 40-50-g range. Obese women 
with Type II or GDM may be advised to omit morning and afternoon snacks and to include a small bedtime snack. 

normalization of plasma glucose levels to a 

normal range of 70-120 mg/dl (3.8-6.6 mmol/ 

L) throughout the day. A 1- to 2-week trial 

period of diet, including intense dietary coun¬ 

seling and monitoring of blood glucose levels 

at least four times a day, is needed to assess 

the efficacy of dietary management. Dietary 

recommendations differ for lean and obese 

GDM women (Table 14.8). The indications for 

the use of insulin in GDM are discussed earlier 

in this section. 

In lean GDM patients who have not had ex¬ 

cessive weight gain in pregnancy, total caloric 

intake is not restricted, but free sucrose is 

eliminated from the diet. Daytime snacks may 

or may not be advised depending on weight 

gain and usual dietary patterns. Weight loss 

or inadequate weight gain should be avoided. 

Lean women with GDM, who weigh within 

10% of ideal body weight, do not demonstrate 

a hyperinsulinemic response to food intake. 

They are metabolically similar to individuals 

with IDDM and are relatively insulin defi¬ 

cient. Their nutritional recommendations ac¬ 

cordingly parallel those of women with IDDM. 

Obese GDM women respond well to modest 

caloric restriction to 1500-1800 kcal/day, 

elimination of daytime snacks, and, some¬ 

times, the bedtime food supplement. They 

more often but not always demonstrate accen¬ 

tuated insulin resistance with hyperinsulin- 

emia during pregnancy far greater than when 

not pregnant or compared with lean GDM, lean 

NIDDM, and IDDM women. Light activity 

after meals, such as walking, is useful to help 

control postprandial blood sugar and insulin 

elevations and should be encouraged. Nutri¬ 

tion education needs to emphasize the basic 

principles of dietary management of diabetes 

and nutrition during pregnancy. An emphasis 

on behavior modification to help affect long¬ 

term changes in eating habits and postpartum 

weight reduction is important because women 

with GDM have an increased risk of develop¬ 

ing overt diabetes. 

Recommendations for energy intake and 

weight gain in overweight pregnant women 

with GDM are controversial. Nutritionists, 

diabetologists, and obstetricians agree that 

pregnancy is not a time for weight reduction. 
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Table 14.8. 
Nutritional Recommendations for Women 
with Gestational Diabetes0 

Lean Obese 

Consistent tim- Stress modifica- 
ing of meals tion of eating 
and caloric in- pattern to 
take lower intake 

of fat and 
avoidance of 

0 

sucrose 
3 meals plus 3 3 meals with no 

snacks at mid- or very small 
morning, mid- snack at bed- 
afternoon, and 
bedtime 

time 

Avoid high-fat Limit breakfast 
and high- to 20-25% of 
sugar meals; 
adapt meals to 
usual life¬ 
style. 

daily kcal 

2000-2400 kcal/ 1500-1800 kcal 
day; 36 kcal/ per day; 25 
kg ideal pre- kcal/kg ideal 
pregnancy prepregnancy 
weight gain; body weight; 
avoid inade- 15-20 lb (7-9 
quate weight kg) weight 
gain, weight 
loss, or long 
periods with¬ 
out food; at 
higher risk for 
early AM ke¬ 
tonuria; 25-35 
lb weight 
gain. 

gain 

“Body Mass Index (BMI) kg/m2—lean: 19.8-26, obese: 29- 
>40. 

However, some are not comfortable with even 

modest caloric restriction during gestation 

(163, 164). In contrast, a number of other in¬ 

vestigators (115,165-168) who have published 

a variety of clinical reports feel that a reduc¬ 

tion of calories in obese pregnant women has 

no adverse effect on the mother or baby. Taken 

together, these latter studies indicate that 

daily caloric allowances advised for normal 

women may be excessive for obese GDM and 

NIDDM women who are not prone to ketosis 

compared with normals and lean diabetic 

women. We and others (122) have recom¬ 

mended a lower pregnancy weight gain of 

15-20 lb for obese women with a BMI of >29. 

In the Comprehensive Perinatal Project con¬ 

ducted in the early 1960s, weight gains of less 

than 10 lb were associated with a doubling of 

perinatal mortality, suggesting that large fat 

stores do not protect the fetus from maternal 

nutritional deprivation (122). This large na¬ 

tional study was conducted before the devel¬ 

opment of the specialties of perinatology and 

neonatology. Restriction of calories to <25 

kcal/kg and of weight gain to less than 15 lb 

during pregnancy should be avoided. A lower 

caloric intake, particularly when the diet is not 

high in complex carbohydrate or well distrib¬ 

uted, may be associated with ketonuria in lean 

and some obese women. 

Algert and colleagues (169) have investi¬ 

gated the effect of modest caloric restriction 

(1700-1800 kcal/day; 25 kcal/kg/day) in 22 

obese women with GDM. They observed a 

lower weight gain in obese subjects than in 

lean GDM women or normal controls. How¬ 

ever, placental weights were higher and their 

infants were significantly heavier (Fig. 14.6). 

No ketonuria or untoward effects were ob¬ 

served in any of the subjects or their infants. 

The energy needs of obese pregnant women 

are unclear. Perhaps these individuals have an 

activity level that is less than expected or their 

energy utilization is more efficient. Definitive 

answers will require technical studies com¬ 

parable to those now underway in nonpregnant 

women. For obese pregnant diabetic women, 

we suggest that the most practical approach is 

to provide caloric prescriptions of 1500-1800 

kcal/day, but not less than 25 kcal/kg of the 

ideal prepregnancy body weight, coupled with 

careful monitoring of weight gain and subse¬ 

quent adjustment of food intake. 

11) DM (Type I) (170) 

For this group of pregnant women, one must 

consider several important variables. These in¬ 

clude the stage of pregnancy when first seen, 

life-style, cultural food preferences, timing of 

meals, level of physical activity, and energy 

needs for gestation. 

During the 1st trimester and often before 

any other sign of pregnancy, such as nausea 

or vomiting, a well-controlled IDDM patient 

may note symptoms of hypoglycemia and the 

presence of unexplained ketonuria. This ab¬ 

rupt metabolic change may reflect a rise in 

maternal plasma levels of estrogen and pro- 
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| Normal ^ Lean GDM [ | Obese GDM 

Kcal/kg/BODY WEIGHT Kcal/DAY 

WEIGHT GAIN INFANT BIRTH WEIGHT (g) 

18 

16 

14 

p< 0.03 

4000 r 

p< 0.03 

Figure 14.6. Calorie intake calculated as kcal/ 
kg of prepregnancy body weight and total kcal/ 
day, weight gain during pregnancy, and infant 
birth weight in normal women (n = 10) versus 
lean (n = 31) and obese (n = 22) patients with 
gestational diabetes. Values represent means ± 
SEM. With permission from Algert S, Shragg P, Hol¬ 
lingsworth DR: Moderate calorie restriction in 
obese women with gestational diabetes. Obstet 
Gynecol 1985;65:487 and American College of 
Obstetricians and Gynecologists. 

gesterone and an increased tissue sensitivity 

to insulin. 

By 6 weeks’ gestation, even mild nausea, 

with or without vomiting, decreases food in¬ 

take. Well-controlled IDDM women, as well as 

those in poor control, may note sudden, wide 

excursions of plasma glucose levels and mild 

to severe episodes of hypoglycemia and keton- 

uria followed by marked hyperglycemia. 

Symptoms of hypoglycemia are most frequent 

at night or with daily activities that require 

added output of energy. Thus, in the 1st trimes¬ 

ter, a decreased intake of food and altered food 

choices have to be taken into account and in¬ 

sulin doses adjusted appropriately downward. 

Small frequent feedings throughout the day 

and at bedtime are often the most practical 

approach. These changes in daily pattern are 

somewhat counterbalanced by the usual som¬ 

nolence and fatigue that markedly decrease 

physical activity early in pregnancy. There is, 

however, a greahdeal of individual variation 

among women who work and have added 

stresses and strains. The emotional lability so 

common in the first few weeks of pregnancy 

may disrupt previously consistent meal pat¬ 

terns. These changes should be mentioned dur¬ 

ing preconception counseling so that they can 

be anticipated and diabetic treatment modified 

by prenatal care begun as early as possible 

after conception (171). A key feature of dietary 

management is the initial careful history. We 

have not found it very rewarding to present 

patients with a “diet consultation” of didactic 

lectures and a daunting series of exchange 

lists. This is especially true in multicultural 

urban areas. Instead, nutritionists and preg¬ 

nant women find it far more enjoyable and 

profitable to exchange information about how 

each patient and her family actually live and 

eat. A dietary program should be designed for 

that family and their life-style. No radical or 

unacceptable change in dietary habits is ad¬ 

vised beyond the guidelines described earlier. 

Menu selections are adapted for the prefer¬ 

ences of different ethnic groups. In San Diego, 

these menus include those for Anglos, Afro- 

Americans, Mexican-Americans, Orientals, 

Southeast Asians, Samoans, and others from 

the Pacific Basin. 

After the above information has been ob¬ 

tained, emphasis is placed on consistent timing 

of meals. This is perhaps the most important 

instruction for IDDM women whose glycemic 

control during pregnancy will be monitored 

frequently and meticulously. Most IDDM 

women find a meal pattern of three meals and 

three snacks each day the most satisfactory. 

The bedtime snack contains a minimum of 25 

g of complex carbohydrate. However, we have 

had patients who do not get up until noon and 

others working in restaurants who eat their 

major meal of the day at 10:00 PM. We enlist 
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the help of each patient in the management 

process and then devise an individual dietary 

plan. No two patients ever have exactly the 

same dietary plan and, for this reason, we tend 

to use dietary “guidelines” rather than “pro¬ 

tocols” (Table 14.9). 

Because no present method of insulin 

administration completely mimics normal (3- 

cell function, the therapeutic line between con¬ 

trol and maternal hypoglycemia in pregnant 

IDDM women can be quite narrow (as de¬ 

scribed in detail earlier in this section when 

insulin was considered as a necessary but dan¬ 

gerous drug). When dietary intake is consist¬ 

ent and blood glucose levels are monitored 

frequently, much more informed judgment is 

possible concerning the type, amount, and 

route of insulin administration. The role of ex¬ 

ercise in the therapeutic triad is discussed in 

the chapter that follows. 

In IDDM women who are of normal weight 

and eat according to appetite, the average 

daily caloric intake in our clinic is 2282 ± 524 

kcal/day. Weight gain during pregnancy is 

monitored each week and caloric intake is ad¬ 

justed accordingly to prevent inadequate or ex¬ 

cessive weight gain. An occasional IDDM 

patient is obese; we have noted that these pa¬ 

tients tend to gain weight more easily. To pre¬ 

vent excessive weight gain (>25 lb; 11.4 kg), 

caloric intake may have to be adjusted down¬ 

ward. All patients are followed weekly in an 

ambulatory clinic where the quality and quan¬ 

tity of food intake is assessed. Pregnancy is a 

dynamic state, and adjustments have to be 

made frequently if gastrointestinal symptoms, 

illnesses, pregnancy complications, or changes 

in activity occur. Women with IDDM are the 

most labile and fragile of all pregnant diabetic 

women. Attempts at “perfect” blood glucose 

control are unrealistic. In some women, ex¬ 

tremely tight control may increase the risk of 

Table 14.9. 
Nutritional Recommendations for Pregnant Women with Diabetes0 

Insulin-Dependent 
(IDDM, Type I) 

Obese Non-Insulin-Dependent 
(NIDDM, Type II)“ 

General guidelines Timing and number of Attempt to achieve normal 
meals individually ad¬ 
justed for life-style and 
physical activity 

weight before conception 

Regularity of food intake Monitor weight gain care- 
and exercise patern, with fully each week 
ingestion of a carbohy- Weight reduction not rec- 
drate-rich snack before 
exercise 

ommended 

Restricted substances Glucose, fructose, and su¬ 
crose 

Alcohol and non-nutritive 
sweeteners 

Same as for Type I patients 

Diet composition CHO 50-60%6 
PRO 12-20% 
FAT 30% 

Same as for Type I patients 

Total calories (kcal) 2000-2400 kcal/day 1500-1800 
36 kcal/kg/day for ideal 25 kcal/kd/day for ideal 

weight weight 

Diet distribution (ad- AM 20% kcal AM 20% 

just to life-style) Snack 5% Lunch 30% 
Lunch 30% Dinner 40% 

Snack 5% 
Dinner 35% 
HS snack 5% 

HS snack 10% 

Weight gain 25-35 lb (11.5-16 kg) 15-20 lb (7-9 kg) 

“These recommendations are rough guidelines. Each woman must have a highly individualized diet prescription based on 

food preferences, life-style, ethnicity, and activity pattern. 
Preferably as complex unrefined carbohydrate (starch associated with fiber). 
“These patients all require insulin during pregnancy for control of plasma glucose levels. 
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inapparent hypoglycemia and loss of con¬ 

sciousness. In these patients, six feedings a 

day, judicious lowering of insulin dose, lower 

therapeutic goals for glucose values, and 

frequent telephone communication usually 

achieve better as well as safer control than that 

resulting from unsuccessful attempts at “tight 

control” that result in blood glucose excursions 

from <30 mg/dl to 200-300 mg/dl in a few 

hours and unacceptably poor control for the 

subsequent 1-2 days. Women with no func¬ 

tioning islet cell tissue are at greatest risk for 

an excessive magnitude of glucose excursions 

marked by both hyper- and hypoglycemia. 

Thus, in overall management, and for stability 

of blood glucose concentrations around the 

clock, a reasonable and consistent dietary pre¬ 

scription devised in conjunction with the pa¬ 

tient is of utmost importance. 

Few women actually live according to 

the idealized management guidelines recom¬ 

mended for IDDM pregnancies. Table 14.10 

shows typical examples of five women followed 

in our clinic. Excellent control was achieved in 

all five, with smooth prenatal courses and nor¬ 

mal babies. Each IDDM patient represents a 

distinct challenge to achieve “cooperative” 

treatment; the term “noncompliant” should 

not be used as a pejorative label for women 

who are unable (for usually complex emo¬ 

tional, educational, economic, or physical rea¬ 

sons) to follow dietary advice. 

NIDDM (Type II)'' 

As described in Section III, pregnant 

NIDDM women have an entirely different 

metabolic disorder than women with IDDM, 

although they share the label diabetes in com¬ 

mon. NIDDM women are resistant to ketosis, 

less labile, and present different types of man- 

Table 14.10. 
Individualized Approach to Five IDDM Women with Marked Occupational and Life-Style 
Differences05 

Timing of 
meals and 

insulin 

Unmarried 
mother 

living alone 

28-year-old with 
near blindness, 

severe nephropathy, 
and inapparent 
hypoglycemia 

Computer 
operator who 

refused to monitor 

blood glucose 
levels" 

Non-English 
speaking, 

illiterate in 
English and 

Spanish'' 

Nighttime 
restaurant 

worker 

Breakfast 10:00 AM 8:00 AM 7:00 AM 9:00 AM 4:00 AM 
Snack None 10:00 AM 9:30 AM None Sleep 

Lunch 1-2:00 PM 12:00 Noon 12-1:00 PM 2:00 PM 2:00 PM 
Snack None 3:00 PM 3:00 PM 5:00 PM 7:00 PM 

Dinner 5:00 PM 6:00 PM 7:00 PM 8:00 PM 10:00 PM 
Snack 9:00 PM 8:00 PM 11:00 PM 11:00 PM Intense 

physical 
activity 

Insulin 10:00 AM 8:00 AM 7:00 AM 9:00 AM 10:00 PM 
NPH NPH NPH NPH NPH 
regular regular regular regular regular 
5:00 PM 12:00 Noon 7:00 PM 2:00 PM 4:00 AM 
NPH 
regular 

2 units 
regular if 
blood sugar 
>150 mg/dl 

6:00 PM 
small dose 
of NPH and 
regular 

NPH 
regular 

regular 

8:00 PM 
NPH 
regular 

regular 

2:00 PM 
NPH 
regular 

“These are actual patients followed over the past few years at UCSD Medical Center. 

‘Insulin doses carefully adjusted based on monitoring of blood glucose concentrations at fasting, before meals, bedtime and 
occasional nocturnal tests. 

“Insulin dose adjusted weekly based on 24-h fractional urine for quantitative glucose determination. 

‘Color-coded insulin syringes (blue = breakfast; yellow = lunch; green = dinner) were loaded and dispensed at each clinic 

visit. This woman was so eager to follow all instructions precisely she ate exactly the same foods for each meal at the same 
times throughout the entire pregnancy. 
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agement problems. Their insulin therapy is de¬ 

scribed earlier in this section. 

More than half of pregnant women with this 

form of carbohydrate intolerance are obese at 

conception. This is the most common form of 

carbohydrate intolerance; 90% of all diabetic 

patients have NIDDM. Among some popula¬ 

tions (Mexican-Americans, Amerindians, and 

Pacific Islanders), NIDDM may be present in 

50% or more of the population. There are an 

estimated 1,000,000 women of childbearing 

age with NIDDM in the United States. 

Table 14.9 shows dietary guidelines for 

obese women with NIDDM. Excessive weight 

gain is discouraged. Naeye (122) has reported 

superior obstetric outcome in overweight 

women with a pregnancy weight gain of 15 lb 

(7 kg) or approximately half the gain usually 

recommended. In addition, evidence from de¬ 

veloping countries suggests that chronic, mild 

food restriction in pregnant women does not 

inhibit fetal growth (121). Taken together, 

these reports indicate that a lower standard of 

weight gain may need to be developed for obese 

pregnant NIDDM women. 

We customarily advise omission of morning 

and afternoon snacks because meals and 

snacks result in excessive postprandial ele¬ 

vations of plasma glucose and insulin levels. 

In most women, however, bedtime snacks are 

prescribed when a long hiatus is present be¬ 

tween dinner and breakfast. The appropriate 

total daily caloric intake for obese diabetic 

women is a matter of controversy, as discussed 

earlier. 

All obese NIDDM pregnant women are 

not hyperinsulinemic and markedly insulin 

resistant. There is no way to document the 

degree of hyperinsulinemia and insulin resist¬ 

ance (aside from complex clinical investiga¬ 

tions) without a glucose loading test to mea¬ 

sure insulin and glucose responses, or a short 

(2-h) or more prolonged (24-h) meal tolerance 

test (Chapter 7). In most prenatal outpatient 

settings, it is neither feasible nor practical to 

obtain this degree of metabolic definition and 

assessment of functional capacity of the p cell. 

In our own practice of pregnant and nonpreg¬ 

nant diabetic patients of all ages, however, we 

have become increasingly dependent on this 

information and also upon assessment of fast¬ 

ing plasma lipid levels to provide better advice 

concerning diet, insulin administration, exer¬ 

cise, and postpartum health care, particularly 

with respect to contraceptive counseling. 

Young pregnant NIDDM women are often 

of normal weight. Some may actually be mis- 

classified because we lack genetic markers for 

all types of diabetes. Metabolic investigations 

for insulin reserve and response to meals are 

not yet part of routine prenatal care. Some 

women in this group undoubtedly represent 

“slow-onset” IDDM or they may be so young 

and of such low parity they have not yet 

developed the obesity of their mothers and 

grandmothers. Accordingly, in normal-weight 

NIDDM patients, we customarily follow the 

dietary recommendations for IDDM or lean 

GDM women. 

Secondary Diabetes—Cystic Fibrosis 

There are many forms of secondary diabetes 

but most are infrequently or never associated 

with reproduction (171). The exception is cystic 

fibrosis (CF), the most common lethal genetic 

disorder that occurs in about 1 in 2000 Cau¬ 

casian births. Improved treatment of these pa¬ 

tients has resulted in a much longer lifespan. 

Women with CF now progress through puberty 

and become pregnant. They may already have 

secondary diabetes as part of the natural his¬ 

tory of CF or develop GDM with the added 

metabolic stress of pregnancy. 

For the few pregnant CF patients who have 

been referred to us, we have been unable to 

find dietary recommendations that address the 

problems of CF requirements, diabetes control, 

and energy needs of the fetus. The brief dis¬ 

cussion that follows is a composite of infor¬ 

mation gleaned by the author. 

Adequate energy intake is the primary con¬ 

cern for pregnant women with CF. Nutritional 

needs are estimated to increase 30-50% with 

this disorder because of the additional energy 

required to breathe against the resistance of 

mucous secretions and to compensate for the 

presence of chronic lung infection and mal¬ 

absorption of nutrients, especially fat. Pro¬ 

jected energy needs during pregnancy are 

2600-3600 kcal/day (Table 14.11). The work 

of breathing makes some CF patients anorexic; 

this increases further the challenge of provid¬ 

ing an adequate energy intake. 

Optimal pregnancy weight gain for women 

with CF is 8-10 kg, although this is often quite 

difficult to achieve. Cohen reported, in 1980, 

that total weight gain in 41% of pregnant 

women with CF was less than 4.5 kg (172). 

Adequate pregnancy weight gain is suggested 

to be a positive marker for successful preg- 
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Table 14.11. 
Nutritional Considerations for Pregnant Women with Diabetes Secondary to Cystic 
Fibrosis0 

Nutritional Factors Recommendation 

Energy 2600-3600 kcal/day; 47-54 kcal/kg of ideal body weight; nutri¬ 
tional supplements may be needed 

Weight gain Strive for at least a minimal 18-22 lb (8-10 kg) weight gain 

Nutrients 40% carbohydrate, 20% protein (75-100 g/d), and 40% fat; avoid 
simple sugars if adequate carbohydrate can be achieved 

Meal pattern Eat to appetite; 3 meals plus 3 snacksu*iot more than 25% kcal at 
breakfast 

Enzyme replacement6 Adjust as necessary at meals and snacks for high-fat foods 

Vitamin supplements Daily prenatal supplement plus: 
Vitamin A—5,000-10,000 IU 
Vitamin D—400 IU 
Vitamin E—200 IU, water-soluble form 
Vitamin K—5 mg twice a week while on antibiotic therapy (men- 

adiol form) 

Salt At least 600-1200 mg of sodium or 1/2 teaspoon of salt each day; 
an additional 1-2 tsp of salt during periods of heavy perspira¬ 
tion 

Lactose intolerance Addition of LACT-AID to milk to digest lactose and prevent 
cramping and diarrhea associated with lactose intolerance 

"Adapted from Sondel S, Hartman L: Cystic Fibrosis Nutrition Handbook and Cookbook. University of Wisconsin Hospital 

and Clinics, Madison, WI. p. 12, 1988. 
6Pancreatic enzymes for treatment of pancreatic insufficiency include: Pancreas (McNeil), Cotazyme-S (Organon) and Creon 
(Reid-Rowell). A high-fiber diet may interfere with enzyme replacement therapy and should be avoided. Most CF patients 

are already receiving enzyme supplements. These should be continued. 

nancy outcome in these women (173). Enteral 

or parenteral feeding may be needed in cases 

where anorexia interferes with adequate en¬ 

ergy intake (174). However, aggressive nutri¬ 

tional support has been associated with 

deterioration of glycemic control. Any increase 

in doses of insulin must be carefully monitored 

because CF patients have an increased risk for 

hypoglycemia. Interestingly, these women 

with an unusual form of secondary diabetes are 

not prone to ketosis. Serial assessment of ca¬ 

loric intake and weight gain is important 

throughout pregnancy. 

We recommend a nutrient intake of 40% car¬ 

bohydrate, 40% fat, and 20% protein to in¬ 

crease the energy density of the diet, and thus 

facilitate ingestion of a high-energy intake. 

Pancreatic enzyme replacement therapy 

should be continued. A high-fiber diet may in¬ 

terfere with enzyme replacement therapy and 

should be avoided. Beverages and desserts that 

contain a high concentration of simple sugars 

should be avoided but may be used occasionally 

to increase energy intake. In some women, an 

increase in fat and simple sugars may be the 

only way to provide adequate fetal nutrition. 

Maternal hyperglycemia can be carefully mon¬ 

itored and controlled with much lower doses of 

insulin than those prescribed for IDDM or 

NIDDM women. Daily supplements of the fat- 

soluble vitamins A, D, E, and K, twice weekly, 

are needed as specified in Table 14.11 in ad¬ 

dition to a daily prenatal vitamin and mineral 

supplements. Adequate salt intake is usually 

not a problem although additional salt may be 

needed during periods of heavy perspiration. 

Some individuals with CF also have lactose 

intolerance and will benefit from the use of 

Lact-Aid to digest the lactose in milk and dairy 

products. Breast milk from women with CF is 

physiologically normal and safe for the infant 

(175). 

Genetic counseling for women with CF is 

discussed in Section I. 
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CHAPTER 

15 
Exercise in Diabetic Pregnancies 

p 

Should diabetic women be enrolled in ex¬ 

ercise programs and, if so, which women and 

for what kinds of exercise? This chapter de¬ 

scribes briefly the effects of exercise on normal 

pregnant women and those with different types 

of diabetes (176). It follows the general guide¬ 

lines of The American College of Obstetricians 

and Gynecologists (177). 

PHYSIOLOGIC HEMODYNAMIC 
CHANGES WITH EXERCISE IN NORMAL 
PREGNANT WOMEN 

Several excellent reviews have provided 

comprehensive physiologic discussions of both 

maternal and fetal responses to exercise dur¬ 

ing pregnancy (178-180). During normal ges¬ 

tation, increases in cardiac output, ventilation, 

and oxygen consumption are the most impor¬ 

tant hemodynamic changes. There are, how¬ 

ever, marked biological variations among 

individuals (181). Resting cardiac output in 

early pregnancy has been reported to range 

from 5.48-12.0 L/min (182). Because individ¬ 

ual variations may in some cases exceed 100%, 

longitudinal studies that document changes in 

cardiac output in single individuals have been 

the most rewarding and have shown that rest¬ 

ing cardiac output by midpregnancy increases 

by 30-50% above nonpregnant values (181, 

183, 184). 

Other factors that influence observations of 

cardiovascular status include minute to min¬ 

ute variations in each individual, the condi¬ 

tions under which the observations are made, 

and differences in methodology utilized by di¬ 

verse groups of investigators. Most of the in¬ 

crease in cardiac output occurs by the end of 

the 1st trimester and is maintained until de¬ 

livery at term. 

Figure 15.1 depicts changes in maternal car¬ 

diac output, stroke volume, and maternal 

heart rate from midgestation to 2 months post¬ 

partum. These studies by Ueland and col¬ 

leagues (185) and Metcalfe and Ueland (186) 

show that maternal cardiac output reaches its 

highest level by 20-24 weeks of gestation, fluc¬ 

tuates markedly with changes in position, and 

declines in the last 8 weeks before delivery. As 

term approaches, venous pooling tends to occur 

with increased venous distensibility (187), 

growth of large venous plexuses in the broad 

ligaments of the uterus, and occlusion of the 

inferior vena cava by the pregnant uterus in 

the supine position (188). 

Normal hemodynamic changes during ges¬ 

tation include an increase in plasma volume 

that occurs as early as the 6th week and 

reaches levels that average 40% above normal. 

There are, however, extremely wide individual 

variations (189-191). 

Hypervolemia permits filling of the in¬ 

creased vasculature of the pregnant uterus and 

provides a reserve against hemorrhage at de¬ 

livery. Red cell mass decreases slightly at the 

onset of pregnancy but subsequently has a 

fairly steady rate of gain (181). Hypervole¬ 

mia of pregnancy results primarily from an 

increase in plasma volume. Thus, modest 

hemodilution occurs with a lowering of 

hemoglobin concentration to 11-12 g/100 ml 

and hematocrit values of 33-38% in late preg¬ 

nancy (192). 

Hyperventilation occurs normally during 

gestation and arterial C02 tension is approx¬ 

imately 10 mm Hg lower than postpartum. Ex¬ 

ercise accelerates the respiratory rate and the 

work of breathing (193). These changes may 

be influenced, in part, by a progesterone effect 

on the respiratory center. 

127 
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A. Cardiac Output 

Postpartum 

Figure 15.1. The effect of gestational age and 
maternal posture on cardiac output (A), stroke 
volume (B), and maternal heart rate (C) in normal 
pregnancy. With permission from Ueland K, Novy 
MJ, Peterson EK, Metcalfe J: Maternal cardio¬ 
vascular dynamics. Am J Obstet Gynecol 
1969:856-864. 

The clinical correlates of alterations in car¬ 

diovascular and hemodynamic factors during 

pregnancy are an important consideration for 

recommendations of mild, moderate, or more 

extreme forms of exercise. Normal physiologic 

changes result in hyperventilation in the rest¬ 

ing state, edema of the lower extremities, and 

disconcerting changes in balance with a new 

and awkward shift in the center of gravity. As 

term approaches, there is a substantial ma¬ 

ternal hemodynamic commitment to reproduc¬ 

tive tissues, such as the uterus and breasts 

(179). 

EXERCISE IN NORMAL 
PREGNANT WOMEN 

There are very few clinical studies of exer¬ 

cise in normal untrained pregnant women and 

most reports involve limited observations on 

small groups of subjects. Figure 15.2 is a sche¬ 

matic representation of Morton’s description of 

the physiologic changes affecting maternal 

cardiac output at rest and following exercise 

during normal pregnancy (179). Enlargement 

of left ventricular volume may reflect hor¬ 

monal changes. I» nonpregnant individuals, 

exercise results in a diversion of blood flow 

from the viscera to exercising muscles (194). 

During pregnancy, there is a redistribution of 

blood flow to reproductive organs (uterus, 

breasts, placenta), which is quite marked by 

term. Physiologic measurements of maternal/ 

fetal changes in blood flow during exercise or 

other activities throughout human pregnancy 

have not been possible. 

There is little direct evidence on the effect 

of exercise on human uteroplacental circula¬ 

tion. In an early study by Morris and col¬ 

leagues (195), radioactive sodium was injected 

into uterine muscle and the disappearance rate 

was measured by an external counter to assess 

blood flow. In late pregnancy, exercise resulted 

in decreased blood flow to uterine musculature. 

The effect on the human fetus or placenta of 

decreased blood flow to the uterine muscle is 

unknown. The quantitative decrease would 

likely depend upon type and duration of ex¬ 

ercise, previous training, weight bearing, am¬ 

bient environmental temperature, and many 

other variables. Morton and colleagues (196) 

have measured heart rate and stroke volume 

serially in late gestation in 23 subjects at rest 

in the sitting position and at the onset and 

conclusion of a 6-minute period of upright bi¬ 

cycle exercise. They confirmed observations 

that cardiac output during rest and exercise in 

late gestation were not different from those in 

the postpartum period. Heart rates, however, 

were higher at rest and stroke volume was 

lower during exercise in late gestation than in 

the postpartum period. In addition, at the end 

of exercise, stroke volume fell dramatically in 

late gestation but not postpartum. Surpris¬ 

ingly, there were no differences between phys¬ 

ically fit and nonflt women. In the postpartum 

period, though, the physically fit women had 

exercise responses typical of trained persons 
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Rest Exercise 

t Aortic Capacitance 

t LV Size (Radius: Wall) 

No Change: Cardiac Filling 

Pressure 

t Stroke Volume (30%) 
t Ejection Rate 
t Cardiac Output (40%) 

Peripheral Vessels 

• Normal t in Contractility 
of LV 

• Impaired Venous Return 
Restricts Cardiac Output 
at Term 

• Late Gestation 
| Stroke Volume After 

Bicycle Exercise 

t Venous Capacitance 
t Size Pelvic Veins 
i Blood Volume (40%) 
1 Peripheral Resistance 

• Relative Tachycardia 
(vs Non-Pregnant Women) 
To Maintain Cardiac Output 
During Upright Exercise 

Figure 15.2. Physiologic changes in the heart and peripheral vessels in normal pregnant women at 
rest and during exercise. 

and different from those of the nonfit cohort. 

They suggested the interesting conclusion 

that, in late gestation, rest and exercise hemo¬ 

dynamics in subjects in the sitting position ap¬ 

peared to be dominated by factors controlling 

venous return independent of physical fitness. 

In pregnant women, exercise causes a re¬ 

duction in aerobic capacity, efficiency of oxy¬ 

gen and substrate management, and endur¬ 

ance (197-199). The oxygen cost of exercise 

(the difference between steady-state oxygen 

consumption during exercise and resting ox¬ 

ygen consumption) is greater during preg¬ 

nancy than postpartum. Approximately 50% of 

this increase is required by the pregnant 

uterus and its contents (200). 

MATERNAL EXERCISE AND RISK TO 
THE FETUS 

The major concern relating to maternal ex¬ 

ercise is a possible adverse effect on the fetus. 

In pregnant animals, severe exercise has been 

associated with increased fetal mortality, 

lower birth weights, and delayed fetal bone 

ossification (201). Several groups of investi¬ 

gators have monitored human fetal responses 

to exercise (202-207). Maternal exercise in¬ 

variably resulted in higher maternal concen¬ 

trations of epinephrine and fetal activity 

appeared to be associated with increased ma¬ 

ternal sympathetic activity independent of ma¬ 

ternal exercise (203). In some women, exercise 

was associated with fewer fetal breathing 

movements. Inconsistent findings reported in 

regard to fetal activity and breathing move¬ 

ment by several groups of investigators may 

have been related to different types of ultra¬ 

sound scanners, whether the fetus was in an 

active or sleep cycle, and other unknown fac¬ 

tors, such as hypoglycemia, fetal blood levels 

of catecholamines, and heat transfer to the fe¬ 

tus. No data are available on the possible al¬ 

terations of human fetal P02 concentrations in 

response to heating and cooling. 

It is not known whether maternal exercise 

is associated with a risk of decreased blood flow 

in the fetus. Pijpers and co-workers (205) have 

reported no difference in mean blood flow ve¬ 

locity in the fetal descending aorta as meas¬ 

ured by pulsed Doppler ultrasound following 

moderate short-term bicycle ergometer exer¬ 

cise in 11 mothers in the 3rd trimester. The 

maternal heart rate increases following exer¬ 

cise (208, 209), but Veille et al. (207) have con¬ 

cluded that moderate prenatal exercise in a 

highly motivated, trained pregnant population 

does not increase uterine activity or fetal heart 

rate in the immediate 30 minutes following the 

exercise period. 

Artal et al. (210) have reported fetal 

bradycardia in the fetuses of three healthy 

pregnant women, accompanied by elevated 

maternal serum levels of catecholamines, fol- 
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lowing a symptom-limited V02 max treadmill 

test. This is in contrast to the study of Collings 

and Curet (206) who described fetal tachycar¬ 

dia following 10 minutes of warm-up flexibility 

activity followed by 30 minutes of continuous 

aerobic activity at 60.8-75.1% of maximal 

aerobic capacity. They did not find fetal heart 

rate changes related to different gestational 

ages as previously reported by Pernoll and as¬ 

sociates (209). 

Physical activity and the risk of preterm de¬ 

livery have been evaluated in a postpartum 

case-control study by Berkowitz and colleagues 

(211) in a retrospective analysis of responses 

to a questionnaire by 175 mothers of singleton 

preterm infants and 313 mothers of singleton 

term infants. They found no evidence that em¬ 

ployment, housework, child care, and leisure¬ 

time physical activity during pregnancy in¬ 

creased the risk of preterm delivery. Moreover, 

women who participated in sports or physical 

fitness exercises had a decreased risk of pre¬ 

term delivery as compared to those who were 

not similarly active. 

HISTORICAL BACKGROUND 

OF EXERCISE AS A TREATMENT 

FOR DIABETES 

Exercise as a treatment for diabetes has a 

long historical background. Vranic and col¬ 

leagues (212) noted that exercise was sug¬ 

gested as an important adjunct in the treat¬ 

ment of diabetes by the Roman physician and 

philosopher Celsus (30 BC-50 AD). Before the 

discovery of insulin, Allen and associates (213) 

reported that exercise could lower blood glu¬ 

cose levels and improve acutely the tolerance 

to a carbohydrate load in diabetic patients. 

Hetzel and Long (214) confirmed these physi¬ 

ologic observations and, shortly after insulin 

became available, other investigators reported 

that a combination of exercise and insulin 

therapy produced a greater reduction in blood 

glucose levels than insulin alone (215-217). 

Vranic and Berger (218), however, have 

pointed out that although physical activity in 

the treatment of diabetes is generally recom¬ 

mended, the evidence to support the benefit of 

an exercise regimen has been limited. Chronic 

studies regarding the metabolic and hormonal 

consequences of different modes of exercise in¬ 

cluding appropriate controls are scanty. 

Zinman and associates (219) have noted that 

metabolic responses to exercise in normal and 

diabetic subjects are influenced by many vari¬ 

ables such as endocrine status, emotions, an¬ 

thropometric characteristics, physical fitness, 

workload, and duration of activity. In nondi¬ 

abetic patients with extreme obesity, Bjorn- 

torp and co-workers (220) observed no changes 

in blood glucose values after physical training, 

but did report a marked decrease in plasma 

levels of insulin. 

Zinman and Vranic (221) have examined the 

effects of acute exercise and exercise training 

on various aspects*of metabolic control. Figure 

15.3 shows the factors in normal individuals 

that contribute to glucose homeostasis and the 

hormonal and metabolic responses during ex¬ 

ercise. Rapid mobilization and redistribution 

of metabolic fuels must occur because muscle 

contraction requires an immediate supply of 

energy. Muscle glycogen provides an early and 

limited source of energy. This must quickly be 

replaced by glucose and free fatty acids and, 

to a smaller extent, by amino acids and ketone 

bodies. The increased glucose uptake of exer¬ 

cising muscles is favored by increased blood 

flow and the availability of insulin. 

The need for increased glucose during ex¬ 

ercise is met by an increase in hepatic glucose 

production primarily by glycogenolysis, with 

gluconeogenesis playing a more prominent 

role during prolonged exercise (221). Thus, in 

nondiabetic individuals, glucose utilization is 

matched by increments of glucose production 

(222, 223). Maintenance of glucose homeosta¬ 

sis during exercise involves specific hormonal, 

neural, and cardiovascular responses (221). 

Several investigators have studied the var¬ 

ious hormonal responses to exercise (219, 224- 

226). These include a decrease in insulin se¬ 

cretion and a concomitant increase in the cir¬ 

culating concentration of counterregulatory 

hormones (catecholamines, glucagon, growth 

hormone, and cortisol). The decrease in insulin 

secretion facilitates hepatic glucose production 

and the mobilization of free fatty acids from 

adipose tissue. Glucagon plays an important 

role in the stimulation and maintenance of in¬ 

creased hepatic glucose production during ex¬ 

ercise to prevent hypoglycemia. Epinephrine 

helps maintain circulating plasma levels of 

glucose by stimulating hepatic glucose pro¬ 

duction, inhibiting glucose uptake by muscle, 

and stimulating lipolysis to increase free fatty 

acid production. 
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Glucose Homeostasis During Exercise 

Glucagon 
(Autonomic innervation, 
Catecholamines, 
Glucocorticoids, etc.) 

Catecholamines and autonomic 
innervation via increased muscle 
glycogenolysis and increased FFA 
availability 

Muscle 
Utilization 

Local Muscular Factors 
— Stimulation 

■*•••• Inhibition 

<*=> Fluxes 

Blood flow, capillary area 
insulin receptors, NSILA, Ca++ 
flux, muscular activity factors 

Figure 15.3. Glucose regulation during exercise and the hormonal and metabolic responses in 
normal humans. See text for description. Adapted with permission from Zinman B, Vranic M: Diabetes 
and exercise. Med Clin North Am 1985;69:145-157. 

Cryer and Gerich (53, 54) have stated that, 
in general, patients with long-standing IDDM 
diabetes are more likely to have defective glu¬ 
cose counterregulation. Patients with overt 
adrenergic neuropathy (e.g., hypoadrenergic 
postural hypotension) are at special risk for 
defective counterregulatory responses. A 
history of hypoglycemia without adrener¬ 
gic symptoms (sweating, tremor, circumoral 
numbness, nervousness, headache, hunger 
pangs) should also be predictive. However, pa¬ 
tients who do have these clinical clues can also 
have defective glucose counterregulation (46). 

EXERCISE IN IDDM PREGNANCIES 

Exercise has not been a standard therapeu¬ 
tic recommendation for pregnant diabetic 
women. In fact, diabetes is listed as a relative 
contraindication for exercise during pregnancy 
by the American College of Obstetricians and 
Gynecologists (ACOG) (177). ACOG advises 
that physicians evaluate each pregnant pa¬ 
tient individually with respect to an exercise 
program. 

Many women with IDDM, however, are in 
physical fitness programs and have integrated 
regular exercise into their life-styles. Many of 
these women follow modified exercise pro¬ 

grams during gestation. For others, who are 
usually sedentary and have no experience with 
their own tolerance and endurance for various 
types of exercise, pregnancy is not the time to 
initiate such a program. There are no clear 
indications for exercise in pregnant IDDM 
women (Table 15.1). Figure 15.3 depicts glu¬ 
cose regulation during exercise (221) and Fig¬ 
ure 15.4 shows the effect of exercise in IDDM 
women in good control compared with those 
women in poor control. 

If an exercise program is being considered 
before conception, the guidelines on Table 15.2 
should be observed because women with long¬ 
standing diabetes complicated by vascular 
complications, unstable diabetes, and inappar- 
ent hypoglycemia are at risk for increasing the 
instability of their diabetes. Table 15.3 lists 
guidelines for exercise during pregnancy and 
Table 15.4 describes clear contraindications for 
an exercise program for IDDM women that ex¬ 
ceeds normal activities of family living. Table 
15.5 describes warning signs for pregnant 
women to stop exercise. 

Our own experience with exercise in preg¬ 
nant IDDM patients is limited. Because simple 
walking exercise is a recommendation all preg¬ 
nant women customarily receive, we have pre¬ 
scribed a leisurely 20-minute walk (1 mile) 
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Exercise and IDDM Diabetic Pregnancies 

Good Control 
(Euglycemia) 

Blood Glucose 

t Blood Lactate 

t FFA, Ketones, Glucagon 
and Cortisol 

Poor Control 
(Insulin Deficiency 

and Ketosis) 

f Blood Glucose 

f Blood Lactate 

f FFA, Ketones, Glucagon 
and Cortisol 

? Improved Metabolic 
Control 

• Further Deterioration 
of Metabolic Control 

Abbreviation: FFA: Free Fatty Acids 

Figure 15.4. Left: In IDDM women in good con¬ 
trol, exercise results in a fall in blood glucose 
with a rise in blood lactate, FFA, glucagon, and 
cortisol. Right: \n IDDM in poor control, blood glu¬ 
cose rises, there is increased ketogenesis, and 
metabolic control worsens. 

Table 15.2. 
Exercise Guidelines for Women With IDDM 
in the Reproductive Age Group (15-45 yr)° 

Complete history, physical examination, and 
screening for proliferative retinopathy, neph¬ 
ropathy, and cardiovascular disease 

Screen for postural hypotension tachycadia 
and history of hypoglycemia without auto¬ 
nomic symptoms 

Establish diabetic control by MSI or CSII, 
self-glucose monitoring, and dietary modi¬ 

fications v« 
« 

Initiate a gradual program of postprandial 
exercise on a regular basis in conjunction 
with self-glucose monitoring 

Adjust preexercise insulin dose, food intake, 
and postexercise carbohydrate supplement 

after each meal in 13 pregnant IDDM patients 

(228). Their pregnancy course and outcome 

were compared with those of 21 IDDM women 

who were given no specific exercise instruc¬ 

tions. All women in the study wore a walking 

pedometer to record distance of walking after 

each meal and per day. The controls recorded 

a pedometer reading at bedtime. 

No patient had been in a physical training 

program before pregnancy and all were in poor 

diabetic control at the first prenatal visit 

(mean HbAlc concentration was 11.8% in the 

IDDM exercise group and 10.5% in the IDDM 

controls). All patients were requested to follow 

a 2000-2300 kcal/day modified high-carbo- 

hydrate, high dietary-fiber diet. One subject in 

the exercise group was shifted from multiple 

subcutaneous injections of insulin (MSI) to 

constant subcutaneous insulin infusion (CSII) 

Table 15.1. 
Indications for Exercise in Pregnant Women 
With IDDM 

None have been clearly established 

Continuation of an exercise program initi¬ 
ated before conception; modifications may 
be necessary with weight gain, postural 
changes, and later stages of gestation 

Possible improvement in psychological and 
physical sense of well-being 

Possible synergistic effect with insulin on 
control of blood glucose 

Avoid exercise during peak insulin action 

Do not use exercising extremities as insulin 
injection sites 

Alert patients to possibility of exercise-in¬ 
duced hypoglycemia, which may occur sev¬ 
eral hours after the completion of exercise 

“Adapted from Zinman B, Vranic M. Diabetes and exercise. 
Med Clin North Am 1985;69:145-147. 

in her 2nd trimester because of wide excur¬ 

sions in plasma glucose levels around the 24- 

h clock and frequent hypoglycemic reactions. 

In our study, we were unable to demonstrate 

improved diabetic control or an effect on in¬ 

sulin requirements in women who exercised 

compared with IDDM controls. There was a 

moderate but not significant increase in pre¬ 

term labor in the exercise group (20% versus 

3.4% in the controls; p = NS). 

During our study, we had the opportunity 

to follow an extremely intelligent and coop¬ 

erative IDDM patient during two consecutive 

pregnancies. In the first pregnancy, she was a 

normal control for a clinical research study of 

exercise during pregnancy and received no ex¬ 

ercise instruction. In the second, she received 

more intensive treatment with CSII and ex¬ 

ercise from 2nd trimester until term delivery 

and a change in dietary instructions. Table 

15.6 shows the marked difference in maternal 

and infant outcome. Although the patient was 

in somewhat poorer diabetic control at first 

prenatal visit in the second pregnancy, she 

achieved a normal HbAlc concentration with 
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Table 15.3. 
Guidelines for Exercise During Pregnancy0 

Maternal heart rate should not exceed 140 
beats per minute 

Strenuous activities should not exceed 15 
minutes in duration 

No exercise should be performed in the su¬ 
pine position after the 4th month of gesta¬ 
tion is completed . 

Exercises that employ the valsalva maneu¬ 
ver should be avoided 

Caloric intake should be adequate to meet 
not only the extra energy needs of preg¬ 
nancy, but also those of the exercise per¬ 
formed 

Maternal core temperature should not exceed 
38° C 

“With permission from the American College of Obstetri¬ 
cians and Gynecologists (ACOG): Technical Bulletin, Ex¬ 
ercise during pregnancy and the postnatal period. ACOG, 
Washington, DC 1985. 

intensive therapy and gained less weight. The 

most striking observations were the marked 

decrease in fasting plasma triglyceride (TG) 

and cholesterol (CHOL) levels and lower infant 

birth weight and length. Her mean walking 

distance was 3.5 miles/day. The improved out¬ 

come probably reflected both better glycemic 

control and the exercise regimen. It is not pos- 

Table 15.4. 
Contraindications for Exercise in Pregnant 
Women With IDDM 

Lack of normal counterregulatory responses 
to hypoglycemia 

Myocardial ischemia or arrhythmias 

Proliferative retinopathy 

Nephropathy with elevated serum creatinine 
level (>1.0 mg/dl) and evidence of auto¬ 
nomic neuropathy or proteinuria >0.5 
g/24 h 

Antecedent or pregnancy-induced hyperten¬ 
sion 

Twins and multiple births 

Severe emotional stress 

Table 15.5. 
Warning Signs and Symptoms for Women 
to Stop Exercise and Contact Their Physi¬ 
cians0 

Pain Faintness 
Bleeding Tachycardia 
Dizziness Back pain 
Shortness of breath Pubic pain 
Palpitations Difficulty walking 

“With permission from the American College of Obstetri¬ 
cians and Gynecologists (ACOG): Technical Bulletin, Ex¬ 
ercise during pregnancy and the postnatal period. ACOG, 
Washington, DC 1985. 

sible to separate clearly the effect of exercise 

from deliverry of insulin by CSII, which may 

have been the most important aspect of her 

improved control. Growth and development of 

both children has been normal and compara¬ 

ble. 

EXERCISE IN PREGNANT 
NIDDM WOMEN 

There are no epidemiologic prospective stud¬ 

ies to demonstrate the efficacy of exercise on 

the outcome of NIDDM pregnancies. 

As a group, although there are many excep¬ 

tions, pregnant women with NIDDM are older 

and heavier than those with IDDM. In these 

individuals, exercise would appear to be an 

ideal therapeutic measure to reduce insulin 

requirements and achieve better control of 

plasma glucose and lipid levels. 

Artal and colleagues (179) have compared 

the metabolic responses of normal healthy 

pregnant women and those with NIDDM fol¬ 

lowing the mild exercise of a 15-minute walk 

on a motorized treadmill at a speed of 2 mph. 

They reported a greater decrease in glucose 

and free fatty acid levels, but a heightened 

epinephrine and norepinephrine response com¬ 

pared with controls. There are no other pub¬ 

lished data on short- or long-term effects of 

exercise in NIDDM during pregnancy. The 

possible significance of an exercise-induced el¬ 

evated catecholamine response on the fetus is 

unknown. 

In our clinical investigations, we have fol¬ 

lowed 14 obese NIDDM women who continued 

their usual life-style activities as controls and 

12 patients who were instructed to walk a 20- 

minute mile after each meal. There was no 

significant difference in age, prepregnancy 

weight, or weight gain during pregnancy. All 
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Table 15.6. 
Maternal and Infant Measurements in Patient L.R. During Two Consecutive Pregnancies0 

Pregnancy 1 Pregnancy 2 

Insulin MSI MSI and CSII 

Diet 2000 kcal/day 2000 kcal/day 

Exercise Usual activity Postprandial walking exercise 

Age (yr) 24 27 

Prepregnant wt. (kg) 73 66 

Wt. gain (kg) 17 13 

HbAlc (%) 8.6 —» 7.0 9.3 —* 5.9 

Lipids (35 wk) 
TG (mg/dl) 403 175 

Choi, (mg/dl) 326 226 

IBW (g) 4139 3570 

Length (cm) 55 50 

Head circ (cm) 36.7 36.8 

“Abbreviations: MSI: multiple subcutaneous injections; CSII: continuous subcutaneous insulin infusion; IBW: infant birth 

weight. 

the women were obese and multiparous and 

were caring for young children at home. 

We found that it was extremely difficult to 

motivate older, physically untrained, obese, 

pregnant women to take walks each day. Many 

found fatigue to be a major problem and sev¬ 

eral developed backache. Two women, who 

weighed over 300 lb (136 kg), refused to walk 

at all and spent their entire pregnancies in 

semireclining positions. In this preliminary 

study, we found no difference at delivery in the 

experimental and control groups in HbAlc 

concentrations (controls, 7.9% versus walkers, 

8.0%) or miles walked per day (controls, 3.5 

versus walkers, 3.9). There were four prema¬ 

ture births in the control group and three in 

the group that walked. In this small sample of 

patients, the mean placental weight was lower 

(p<0.05) in the exercise group. In one patient 

who was an extremely conscientious exerciser, 

premature labor occurred at 31 weeks, and all 

exercise was abruptly terminated. No dietary 

changes were made. Over the following 7 

weeks she had worsening of her HbAlc con¬ 

centration and an abrupt increase in her in¬ 

sulin requirement. This was indirect evidence 

that exercise had favorably influenced diabetic 

control and decreased the requirement for in¬ 

sulin but it may have been a contributing fac¬ 

tor to her preterm labor. 

In contrast to our patients with IDDM, all 

but two NIDDM subjects presented or were re¬ 

ferred for prenatal care in late 2nd trimester. 

Thus, assessment of the efficacy of walking 

was difficult because of a shorter treatment 

time and confounding variables. As diabetic 

care becomes regionalized in special diabetes 

centers, a much better approach for women 

with NIDDM would be to institute exercise and 

weight control programs before conception. 

GESTATIONAL DIABETES AND EXERCISE 

There are no reports in the literature of the 

efficacy of exercise in GDM. 

Should exercise be added as specific therapy 

for GDM? Metabolic studies have shown that 

there is great variability of insulin levels 

among thin versus fat women with GDM (229). 

Both groups of women have delayed insulin 

release following meal stimulation, but thin 

subjects have lower insulin values than obese 

patients following either glucose or meal stim¬ 

ulation (230). 

Hydramnios and macrosomia may occur in 

both thin and fat women with GDM. Exercise 

is contraindicated if this complication is pres¬ 

ent because it may precipitate preterm labor. 

In thin women with GDM who require treat¬ 

ment with insulin, hypoglycemia may occur. 

On the other hand, extremely obese women 

(200-300 or more lb; 92-136 kg) with GDM 

are resistant to ketosis even when food intake 

is decreased (231) and rarely become hypogly¬ 

cemic. They are, however, quite ungainly. 

Many have a variety of skeletal complaints 

and others lack motivation to perform even the 

simplest forms of exercise. Preeclampsia is a 

complication that also excludes exercise as a 

therapeutic modality. From a realistic point of 

view, somewhat limited exercise therapy may 

be more effective in conjunction with modest 

caloric restriction to 1500-1800 kcal/day. 

Our experience with walking exercise in in- 
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dividuals with GDM is extremely limited. In 

our medical center, referral of patients from 

outlying clinics is slow because of the time 

elapsed between positive screening tests and 

confirmation of GDM with the 10p-g glucose 

loading test. We have followed 15 women in an 

exercise study. 

In 12 obese (mean age 32 ± SD 7 yr and 

weight 92 ± SD 17 kg) nonexercising women 

with GDM, we have observed that normal 

walking activity averaged 2.6 ± 0.6 miles/day. 

On a modified high-carbohydrate, high-fiber 

diet of 1700-1800 kcal/day and treatment 

with small doses of rapid-acting insulin before 

each meal, overall diabetic control was good 

(mean HbAlc at delivery 7.3 ± SD 0.9%). The 

mean gestational age at delivery was 39 ± SD 

1.5 weeks and mean infant birth weight was 

3924 ± 636 g. Six of 12 infants were macro- 

somic. 

Three obese women with GDM completed a 

walking program for 8-10 weeks. They walked 

an average of 6.3 miles/day, but did not have 

a lower HbAlc concentration at delivery 

(7.8%). None of the babies were macrosomic 

and mean birth weight was lower (3292 ±212 

g)- 
These data are too few for meaningful com¬ 

parisons, but this would appear to be a group 

of pregnant, mildly carbohydrate-intolerant 

individuals in whom an exercise trial would 

be warranted. In the selection of cases, how¬ 

ever, it will be important to assess factors such 

as obesity or leanness, HbAlc concentrations, 

and residual P-cell function to evaluate ma¬ 

ternal/fetal outcome variables. 

In summary, in this chapter, exercise has 

been discussed in relation to the special phys¬ 

iologic changes of normal gestation. Through¬ 

out this century, pregnant women have been 

encouraged to take outdoor exercise, but it has 

always been difficult to specify the exact 

amount. The American College of Obstetri¬ 

cians and Gynecologists (177) has stated, 

“it is noteworthy that no evidence exists to 

support the popular notion that regular ex¬ 

ercise will improve the outcome of preg¬ 

nancy. Those studies that have been done 

reveal no change in the length or quality of 

labor and no reduction in the number of 

maternal or fetal complications. There is 

some evidence that increased occupational 

activity and heavy endurance exercise will 

shorten the length of gestation and result 

in lower infant weights. The significance of 

these findings can only be speculated upon.” 

Similarly, since ancient times, exercise has 

been recommended as an important adjunct in 

the treatment of diabetes. The evidence to sup¬ 

port the benefit of an exercise program in non¬ 

pregnant diabetics is limited and no data are 

presently available to assess the risk/benefit 

of acute or chronic exercise for pregnant 

women with IDDM, NIDDM, or GDM. It seems 

reasonable to recommend that women with 

IDDM who are in good physical condition and 

metabolic control continue exercise activities 

along the lines recommended by The American 

College of Obstetricians and Gynecologists. 

They should, of course, be aware of the special 

precautions suggested to avoid hyper- and 

hypoglycemia; exercise should not be pre¬ 

scribed for those with antecedent hyper¬ 

tension, preeclampsia, evidence of macro- or 

microvascular disease, autonomic dysfunction, 

or lack of normal counterregulatory mecha¬ 

nisms to counteract hypoglycemia. 

Pregnant women with NIDDM and GDM 

would appear to have the most to gain and least 

to risk from a moderate exercise program. 

Whether metabolic control is more easily 

achieved and maintained without risk when 

exercise is added to treatment with diet and 

insulin remains to be established. It will be 

particularly important to assess the risk/ben¬ 

efit ratio in all diabetic pregnancies to the pri¬ 

mary patient—the fetus. Pregnancy is not the 

time to begin strenuous body-building exercise 

or heavy exercise routines for the first time. 

Perhaps this is another example of the impor¬ 

tance of the role of preconception counseling. 

Women with both IDDM and NIDDM as well 

as obese individuals with a strong family his¬ 

tory of diabetes who plan to become pregnant 

might be counseled to enroll in exercise pro¬ 

grams before conception. In this way, physical 

fitness and exercise tolerance would already 

be established and the effect of exercise 

adapted to pregnancy could be assessed more 

accurately. In any case, all pregnant women 

with established or gestationally provoked di¬ 

abetes who engage in exercise programs should 

do so only with the close supervision of their 

physician. 
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SECTION 

V 
Maternal Surveillance 

Dorothy R. Hollingsworth 



CHAPTER 

16 
Assessment of Diabetic Control 
During Pregnancy 

If preconception counseling has been pro¬ 

vided over 3-6 months and early diabetic care 

has been implemented successfully in a pre¬ 

natal clinic, how do we evaluate success (or 

failure) of diabetic control? Certain reasonable 

objectives should be kept in mind because a 

term pregnancy (38-42 weeks) is a long time. 

Simple, yet not impossible goals to encourage 

diabetic pregnant women and their families 

are outlined on Table 16.1. 

All women will need some help to achieve 

a good metabolic balance—some more than 

others. Diabetic control should not consume all 

one’s energy; but it does require attention and 

supervision when not pregnant and weekly 

surveillance during gestation. 

HOME BLOOD 
GLUCOSE MONITORING 

Self-monitoring of blood glucose levels by 

patients has become a popular and valuable 

technique because it involves the patient in 

her own care and permits an immediate con¬ 

firmation of hypo- or hyperglycemia. What is 

the normal pattern of glucose excursion in 

pregnant women who do not have diabetes? 

Figure 16.1 illustrates our observations of 

24-h, around the clock hourly plasma glucose 

profiles in 10 normal-weight pregnant women 

(1, 2). The plasma glucose values measured in 

these clinical studies are 10-15% lower than 

measurements for capillary whole blood re¬ 

ported by Weiner and colleagues using ah Ac- 

cuchek-II meter during a 3-h glucose tolerance 

test study to detect gestational diabetes (3). 

Our therapeutic goal in pregnant diabetic 

women has been to try to replicate the glucose 

excursions of normal pregnant women. We do 

not aim for “tighter than normal” control be¬ 

cause glucose is the most vital substrate for 

normal embryonic and fetal growth and de¬ 

velopment. This range of maternal diurnal 

glucose concentrations also reduces the like¬ 

lihood of iatrogenic episodes of hypoglycemia. 

Several types of meters are available at di¬ 

abetes supply centers. Most clinics settle on a 

model that suits their needs; patients often 

have a personal preference based on ease of 

use, reliability, and cost. Test strips are ex¬ 

pensive but costs can be halved by carefully 

cutting the strips in half. To prevent deterio¬ 

ration of the glucose detection component, they 

should be kept in a dry place with the vial of 

the cap screwed on tightly. Prices of equipment 

and supplies and insulin preparations vary 

considerably. It is worthwhile to compare costs. 

In prenatal clinics, we prefer to use glucose 

meters rather than visually read strips, be¬ 

cause they permit more precise readings for 

the “normal-like” patterns of glucose control 

we strive to maintain during pregnancy. Math¬ 

ematically oriented patients and doctors are 

comforted by “meters with a memory.” In real 

life, it is hard for most patients and their doc¬ 

tors to translate a string of numbers or a mean 

value of those figures into day to day or week 

by week adjustment of insulin doses, especially 

if this is attempted without regard for dietary 

intake, exercise, psychological and economic 

variables. 

Meter Seduction 

Some extremely compulsive women become 

so bonded to their meters they want to see a 

number flash on the screen every few hours 

(4). The reflectance meter becomes a toy. Phy¬ 

sicians, too, are not immune to meter seduc- 

146 
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Table 16.1. 
Reasonable, Achievable Goals That 
Should Be Possible for Most Diabetic 
Women 

Assess and try to ameliorate or lehrn to live 
with the stress factors in your life 

Strive for economic security with a full- or 
part-time job with health benefits 

Learn about your type of diabetes, current 
treatment, and the details of prenatal 
care 

Reduce the magnitude of daily excursions 
of blood glucose by avoiding hyper- and 
hypoglycemia; a good range is 70-130 
mg/dl (3.9-7.2 mmol/L) 

Adjust a nutritious diet to life-style, food 
preferences, and a consistent pattern 

Engage in an active, not sedentary, activ¬ 
ity pattern 

tion. In outpatient clinics or private offices, 

how tempting it is to pore over the numbers— 

to average all the breakfast, lunch, dinner, and 

bedtime values—separately and together and 

suddenly select a new insulin dose based on 

“data.” 

The major problem with meter seduction is 

that outliers—values both high and low—do 

not come with an explanation from the ma¬ 

chine. It is probably best for physicians and 

nurse-clinicians to avoid looking at the num¬ 

bers until they have chatted with the patient 

about how things have gone since the last visit. 

How many and what type of insulin reactions 

occurred? Were any low readings a surprise 

and not accompanied by symptoms. Did any 

morning high values follow a terrible night¬ 

mare or night sweat? Have the patient’s hus¬ 

band or others noted any periods of confusion 

or cognitive changes? After physician eye con¬ 

tact, interest, and a sympathetic ear, the num¬ 

bers can then be interpreted together with the 

patient in light of the interim history. 

There is no substitute for a visual interpre¬ 

tation of glucose values. After many years, we 

have developed a simple scheme that can be 

viewed quickly and meaningfully yet under¬ 

stood easily by both patients and inexperienced 

physicians in training. Figure 16.2 shows, in 

the background, the glucose excursions ±2 SD 

of perfectly normal pregnant women shown in 

Figure 16.1. We imprinted this curve that 

shows excursions of glucose levels following 

meals and the nocturnal blood glucose pattern 

of sleeping pregnant women to the daily home 

blood glucose monitoring record maintained by 

each patient. Patients plot their values each 

day; explain outliers in the comments at the 

bottom of the form and bring seven records to 

clinic each week. This patient-managed record 

b s l s d s 

1 J I I I I 

CLOCK HOURS 

Figure 16.1. Profile of hourly blood glucose levels around the 24-h clock in 10 normal-weight, non¬ 
diabetic women at 35 weeks’ gestation in response to a 2000-kcal isocaloric diet given as three 
meals and three snacks at the times indicated by the arrows. B, breakfast; S, snack; L, lunch; D, dinner. 
Note how small the meal-evoked excursions are. The mean fasting blood glucose level in nor¬ 
mal-weight pregnant women is 75 ± SD 7 mg/dl (4.2 mmol/L) and the mean 24-h plasma glucose 
value is 84 ± 2 SD of 10 mg/dl (4.7 mmol/L). Values are 5 mg/dl (0.3 mmol/L) higher in obese normal 
women (1). 
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DAILY RECORD OF HOME BLOOD GLUCOSE MONITORING 
Name: 

BREAKFAST SNACK LUNCH 
r 

SNACK DINNER 
Day: Date: 

SNACK 

7am 8 9 10 11 12 Noon 1 2 3 4 5 6 7 

COMMENTS:_ 

9 10 11 12 M 1 

Figure 16.2. Daily record for home blood glucose monitoring maintained by each pregnant diabetic 
woman. The shaded background area represents plasma glucose values in normal pregnant women 
±2 SD around the 24-h clock. 

keeping helps avoid meter seduction. The tech¬ 

nique for home monitoring we use in an am¬ 

bulatory clinic for control of hyperglycemia is 

outlined on Table 16.2. 

ALTERNATIVE METHOD FOR 
MONITORING DIABETIC CONTROL 
DURING PREGNANCY BY 
MEASUREMENTS OF 24-H GLUCOSE 
LOSS IN FRACTIONAL 
URINE COLLECTIONS 

Is there ever a reason to measure quanti¬ 

tative urinary glucose loss in fractional urines? 

Most obstetricians and medical diabetologists 

would say no; we do not ever need that archaic 

method to assess diabetic control. By and large, 

this is true, and prenatal diabetic clinics al¬ 

ready resemble a sea of urine with so many 

24-h containers for serial creatinine clearances 

and little urine receptacles for weekly dip-stick 

tests for proteinuria and acetone, or baseline 

and subsequent cultures for bacteriuria. 

With the development of simple, accurate 

glucose meters, almost all diabetologists would 

agree that quantitative measurement of urine 

glucose loss in four fractional samples for 

24-h is a method we rarely, if ever, need. In 

some settings and circumstances, however, 

there are exceptions when this old-fashioned 

approach is invaluable in both pregnant and 

nonpregnant patients. A description is re¬ 

tained in this edition for easy reference to the 
method. 

In many clinic settings and for pregnant 

women of limited means, access to newer meth¬ 

ods to monitor blood glucose may not be 

available. Some patients (computer operators, 

seamstresses, musicians, and others) are 

either unable or unwilling to check their blood 
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Table 16.2. 
Home-Monitoring Techniques for Control of 
Blood Glucose Levels During Pregnancy 

Period of stabilization and insulin dos¬ 
age adjustments 

Before and 2 h after meals and bedtime 
Fasting, prelunch, predinner 
Two hours after meals, bedtime 
Nocturnal tests as indicated for possible 

symptomatic or asymptomatic hypo¬ 
glycemia 

In exceptional cases or in clinical set¬ 
tings where all patients cannot afford 
a glucose meter and expensive sup¬ 
plies, excellent control can be estab¬ 
lished by collecting 24-h fractional 
urines and measuring glucose quanti¬ 
tatively 

Long-range control 
Fasting, prelunch, predinner, bedtime, 

daily during gestation, 3 days a week 
before and after pregnancy 

Combine four blood glucose measure¬ 
ments with urine pregnancy acetone 
tests (Ketodiastix) daily with illness, 
fever, or unexplained high glucose val¬ 
ues 

Suspected hypoglycemia 
At time of symptoms and nocturnal test¬ 

ing when morning fasting glucose lev¬ 
els are inexplicably high (rebound 
effect following unrecognized noctur¬ 
nal hypoglycemia) 

glucose levels with strips or meters. Still oth¬ 

ers are blind, illiterate, mentally ill, retarded, 

or live in poverty. Some of our patients have 

been homeless. With poor diabetic control and 

unfortunate or exceptional circumstances, it is 

always easier to void and collect urine 1 day a 

week than to stick your own finger many times 

a day and keep up with monitoring records. As 

mentioned in the previous section, we still like 

to use this technique along with hourly blood 

glucose monitoring in our 24-h hospital as¬ 

sessment of poor control in our most difficult 

pregnant women. Moreover, the four fractional 

urine collections can be pooled easily to deter¬ 

mine total urinary protein loss in 24-h, as well 

as urinary creatinine levels and a creatinine 

clearance value. In these women and others 

who are difficult to control or who report er¬ 

ratic blood glucose values by self-monitoring, 

excellent diabetic control can be achieved by 

assessment of quantitative urinary glucose 

loss in fractional periods of the 24-h day (Fig. 

16.3). 

The information provided by this test is ex¬ 

tremely useful for adjustment of type and tim¬ 

ing of insulin doses. The disadvantage of the 

method is the necessity for accurate collections 

of urine over specified time periods and the 

variable costs of different laboratories for per¬ 

forming quantitative determinations for uri¬ 

nary glucose. In our experience, pregnant 

women are highly motivated to achieve good 

control and have not found a 24-h collection of 

urine only 1 day each week to be burdensome. 

Urine collections are easier and cheaper than 

repeated finger sticks and yield more valuable 

information in patients in poor control than 

three or four blood glucose values in 24 h. In 

addition, we have found this test to be a useful 

adjunct to home monitoring because it mea¬ 

sures total urinary loss of glucose, an excellent 

index of diabetic control and loss of dietary 

calories during the 24-h day. Again, the pa¬ 

tient is involved in her own care and a partic¬ 

ipant in tests that help with decisions 

concerning the type and distribution of insulin 

doses. 

Method for Determination of 24-h 
Fractional Urinary Glucose Loss 

On the day before each weekly clinic visit, 

the patient discards the first AM urine on 

awakening. Subsequent urine collections are 

made in a large receptacle or plastic pitcher 

(to avoid collection losses) and poured carefully 

using a funnel, into a labeled plastic bottle that 

contains sodium benzoate as a preservative for 

each collection period. 

Each fractional time period is divided as fol¬ 

lows and the four individual containers kept 

in a cool place: number 1: 8 AM to 12 noon; 

number 2: 12 noon to 4 PM; number 3: 4 PM 

to 8 PM; number 4: 8 PM to 8 AM. The patient 

is instructed to void as needed and at the end 

of each time period. 

The laboratory reports the total volume and 

quantitative measurement of glucose in each 

of the four urine collections. Total grams of 

glucose per collection period are calculated as 

in the following example: specimen 1, volume, 

320 ml; glucose, 950 mg/dl; calculation, 3.2 x 
0.950 = 3.04 g glucose in specimen 1. The total 
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HOURS 
Figure 16.3. Excursions of plasma glucose levels (solid lines) during the 24-h metabolic clock in a 
baseline study of a poorly regulated IDDM at 18 weeks of gestation. Urinary glucose loss (hatched 
areas) during fractional urine collections (8:00 AM-12:00 noon); 12:00 noon-4:00 PM; 4:00 PM-8:00 
PM; and 8:00 PM through and including the first voided urine the following morning) mirrors mean 
plasma glucose values during the same time periods (5). 

urinary glucose loss in 24 h is equal to the sum 

of the glucose values in the four specimens. 

From the same 24-h collection, total protein 

loss can also be determined as well as a cre¬ 

atinine clearance, which is usual in each 

trimester in IDDM patient or, more frequently, 

in women with problems such as renal disor¬ 

ders or preeclampsia. Figure 16.3 illustrates 

the pattern of urinary glucose loss around the 

24-h clock in a 17-year-old woman with IDDM 

in poor control on admission to the prenatal 

diabetes program. Urinary loss of glucose in 

fractional urine collections correlated nicely 

with hourly plasma glucose values during the 

same time periods. A further advantage of this 

method is information gained concerning the 

renal threshold for glucose. It is not a reliable 

method to evaluate diabetic control in patients 

with severe diabetic nephropathy who have 

proteinuria exceeding 3 g in 24 h; elevated lev¬ 

els of serum creatinine and blood urea nitrogen 

because urinary glucose levels, in this circum¬ 

stance, do not reflect accurately the blood glu¬ 

cose levels. 

HbAlc CONCENTRATION 

Measurements of glycosylated hemoglobin 

(HbAlc) have proved to be a useful index of 

long-term (4-6 week) control of hyperglycemia 

during diabetic pregnancy (6). HbAlc is a nor¬ 

mal minor hemoglobin that has glucose linked 

to the N-terminal end of the (3 chain. Glyco- 

sylation of hemoglobin occurs nonenzymati- 

cally throughout the life-span of the red blood 

cell as a postsynthetic modification of hemo¬ 

globin A. HbAlc levels depend on the mean 

circulatory glucose levels to which the eryth¬ 

rocyte is exposed during its 120-day life-span. 

Thus, levels of HbAlc provide information con¬ 

cerning glucose control when erythrocyte sur¬ 

vival time is normal. 

Poliak and colleagues (7) have measured 

HbAlc in 178 women during pregnancy and 

immediately postpartum by a thiobarbituric 

acid and spectrophotometric method. In 

women with normal glucose tolerance, HbAlc 

levels were unchanged in the 2nd and 3rd 

trimesters of pregnancy or the immediate post¬ 

partum period. They found a significantly 

higher concentration of HbAlc in women with 

an abnormal glucose tolerance test during 

pregnancy. The highest values were noted in 

pregnant women with insulin-dependent dia¬ 

betes and there was a positive correlation be¬ 

tween maternal HbAlc concentration and 

infant birth weight. 

Ylinen and co-workers (8) have measured 

HbAlc values in 112 insulin-dependent dia¬ 

betic pregnancies. They noted that high values 

at 2nd trimester were associated with severe 

fetal malformations in three patients and per- 
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inatal death in six others. Higher levels were 

also found in mothers of infants with neonatal 

hypoglycemia and hyperbilirubinemia. 

Steel and colleagues (9) have found it useful 

to measure HbAlc on the 1st or 2nd day after 

delivery in mothers who have delivered infants 

at >95th percentile weight for gestational age. 

Nine of 50 women with large infants but only 

one of 50 controls had HbAlc concentrations 

above the normal range. tSince all the women 

had normal glucose tolerance 6 weeks after 

delivery, the postpartum HbAlc value was 

useful in the retrospective documentation ges¬ 

tational diabetes. 

Madsen and associates (10) investigated the 

relationship of 3rd trimester HbAlc concen¬ 

trations to average blood glucose values and 

to birth weight of infants of diabetic mothers 

in 42 consecutive insulin-dependent pregnan¬ 

cies. In this report, fasting and postprandial 

glucose values were averaged and a positive 

correlation was found for HbAlc and average 

blood glucose levels, but not for relative birth 

weight ratio of the infants. However, when in¬ 

dividual pregnancies were examined, HbAlc 

determinations were often a poor predictor of 

average blood glucose levels. In our own stud¬ 

ies around the 24-h metabolic clock, we have 

observed that HbAlc values correlated with 

mean 24-h glucose values, but did not reflect 

the mean amplitude of glycemic excursions. 

Acute improvement of glycosylated hemo¬ 

globin (A + B + C) has been reported after 

short periods of treatment on the artificial pan¬ 

creas (Biostator). This has been attributed to 

an unstable component of HbAlc, which may 

represent Schiff base that is formed as the ini¬ 

tial step in the formation of glycosylated hemo¬ 

globin. The presence of unstable HbAlc may 

result in large errors in routine outpatient 

studies. The unstable component can be elim¬ 

inated by incubation of red cells in a low glu¬ 

cose medium at 37°C for several hours or by 

dialysis. In the presence of severe hypergly¬ 

cemia, HbAlc concentrations can increase 

within a few hours. Reversal of high values 

can occur in 6 h with the artificial pancreas, 

but the same response requires several days if 

routine insulin therapy is used. 

HbAlc concentrations are lower in hemo¬ 

globinopathies and hemolytic anemias and are 

elevated in iron deficiency anemia. Correction 

factors are necessary in these situations. There 

is no universal HbAlc method and tempera¬ 

ture control is an important variable. Despite 

these kinetic and methodologic problems, a 

normal level of HbAlc concentration in a clinic 

setting usually indicates good overall control 

of blood glucose in the previous 4—6 weeks and 

is a useful test. 

Measurement of HbAlc concentrations is 

not a good procedure for detection of gesta¬ 

tional diabetes and should not be used for this 

purpose in lieu of any of the several diagnostic 

approaches to this problem. Measurement of 

HbAlc concentrations in women already di¬ 

agnosed with GDM is useful because, if done 

early (<20 weeks’ gestation) or when high val¬ 

ues are present, it is more likely that the pa¬ 

tient has NIDDM rather than GDM. In any 

event, postpartum reassessment is important 

and should be routine standard of care for all 

these individuals (Section III). 

PLASMA FRUCTOSAMINE 

Measurements of fructosamine, a glycosyl¬ 

ated serum protein, have been used in some 

clinics as an index of short-term control of di¬ 

abetes, often in conjunction with tests of gly¬ 

cosylated hemoglobin concentration, which 

measures medium- to longer-term control (11). 

In some obstetric clinics, fructosamine deter¬ 

minations have been used to assist in the di¬ 

agnosis of gestational diabetes (12, 13). Doery 

and co-workers (11) found no significant dif¬ 

ference in fructosamine levels in women with 

GDM compared with normals. They also found 

the test of no value in the management of di¬ 

abetes during pregnancy. Several other studies 

have reported that neither HbAlc nor fruc¬ 

tosamine determinations are suitable for the 

diagnosis of mild abnormalities in glucose tol¬ 

erance (14-17). 

LONGITUDINAL ASSESSMENT OF 
IMPORTANT CLINICAL VARIABLES 
DURING DIABETIC PREGNANCY 

In 1991, there is great variation in type of 

obstetric care. Some, but not many, obstetri¬ 

cians are in solo practice. Others form part¬ 

nerships or groups or join health maintenance 

organizations (HMOs), community clinics, or 

teaching hospitals. All obstetricians are busy 

and rely increasingly on nurse-clinicians to 

provide a high standard of care and avoid pre¬ 

ventable problems. No physician chooses ob- 
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stetrics as a specialty to subsequently become 

primarily a diabetologist, but many, if not 

most, obstetricians and clinics who have many 

diabetic patients find it useful to set up a sep¬ 

arate diabetic prenatal clinic using an ambu¬ 

latory care team approach and the help of 

nurse-clinicians. 

How can you keep all the details of diabetes 

management straight and treatment on track 

in some simple format, yet have all the infor¬ 

mation available for each patient on a single 

page in the chart that can be viewed quickly 

to summarize the patient’s progress and prob¬ 

lems? In the first edition of this book, we in¬ 

cluded a longitudinal record that we have now 

had an opportunity to evaluate for a decade. 

In our busy clinic with medical students, house 

officers from many different medical schools, 

attendings, nurses, nutritionists, and social 

workers, this single page record has become a 

real asset for patient care and we regard it as 

a useful “crutch.” Figure 16.4 is a revised ver¬ 

sion of our longitudinal clinic record for dia¬ 

betic women that can easily be replicated to 

meet the needs of individual obstetricians, 

medical diabetologists, or clinics. A similar for¬ 

mat is also convenient for pregnant women 

with other chronic disorders, e.g., Graves’ dis¬ 

ease. 

OUTCOME MEASUREMENTS TO ASSESS 
EFFICACY OF DIABETIC CONTROL 

There are three different types of measure¬ 

ment of progress in achieving overall meta¬ 

bolic stability for diabetic women in an 

outpatient clinic: (a) a 2-h postbreakfast cap¬ 

illary blood glucose value (meter) performed at 

each clinic visit. This tells us only the level of 

blood glucose at that second—1 of 86,000 sec- 

Name- 

Birthdate:- 
Hospital #:- 

LONGITUDINAL MEDICAL RECORD FOR PREGNANT DIABETIC PATIENTS 

Date 

Week of Gestation 
Sonogram ✓ 
Retinal Exam v" 

Weight 

BP 

B
lo

o
d

 

BUN/Creat. 

Glu. Fast. 

2 hr 

Other 

HbA10 

Choi. 

Triglycerides 

U
ri

n
e 

Glucose 40 
g/24 h 30 

20 
10 

Protein 0-4+ 

Cr. CL. ml/min 

X 
cc 

Diet kcal/day 

In
su

li
n

 

AM 

PM 

Other Medications 

Pregnancy Problems 
and Complications 

Figure 16.4. Simple longitudinal chart for recording data each week of diabetic pregnancy in an 
ambulatory care setting. HbAlc determinations are obtained monthly. Creatinine clearance deter¬ 
minations are not routine; baseline values are usually obtained in IDDM women and repeated each 
trimester if serum creatinine values are elevated or if the pregnancy is complicated by chronic 
hypertension or preeclampsia. It is informative to measure fasting CHOI and TG at first visit and late 
3rd trimester to detect women with hyperlipidemia. Thyroid function tests: T4, sensitive TSH, and mi¬ 
crosomal antibody titers should be requested for all women with IDDM. 
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onds on that particular day; (6) a review and 

interpretation of weekly profiles of home blood 

glucose monitoring described previously to 

give a better overall day-to-day assessment of 

insulin doses, dietary habits, and physical ac¬ 

tivity; and (c) a HbAlc concentration at 

monthly intervals to evaluate long-term con¬ 

trol over the previous month or 6 weeks. This 

test does not measure the possibility of a rel¬ 

atively normal HbAlc concentration in the 

presence of poor diabetic control manifested by 

severe episodes of hypoglycemia with many 

values below 60 mg/dl (3.3 mmol/L) balanced 

by high values of greater than 200 mg/dl (11.1 

mmol/L). 

All three outcome measurements are ex¬ 

tremely helpful and they provide us with dif¬ 

ferent kinds of important information. Taken 

together, they give us a very good view of how 

successful (or unsuccessful) our treatment is in 

each pregnancy. No single measurement pro¬ 

vides sufficient information. 

In conclusion, this section is a description of 

longitudinal surveillance and methods of as¬ 

sessment of the total impact of combined 

measures, e.g., insulin, diet, and physical ac¬ 

tivity used to achieve and maintain hypergly¬ 

cemic control in diabetic pregnancies. Graphic 

methods are used to illustrate patient moni¬ 

toring records and easy visualization of a pa¬ 

tient’s clinical data on a single page placed in 

the front of the chart. 

Always, there are the really difficult pa¬ 

tients and their pregnancies are a challenging 

trial for everyone. It is always best to keep 

things simple and, if totally frustrated, even 

an old-fashioned method like a weekly 24-h 

urine collection may achieve excellent results. 
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CHAPTER 

17 
Medical Complications 

their own care and complete successful preg¬ 
nancies a short time later. 

Stillborn infants of diabetic mothers are rare 
in modern obstetric clinics. However, they still 
occur in women with no prenatal care or un¬ 
recognized and untreated GDM who present 
late in gestation with no fetal movement. The 
diagnosis of diabetes can sometimes be con¬ 
firmed by elevated levels of HbAlc. A great 
deal of support has to be provided for these 
women along with careful medical explana¬ 
tions, advice for preventive health measures, 
and instruction for early prenatal care in sub¬ 
sequent pregnancies. 

INFECTION 

Diabetic pregnancies can be associated with 
every known obstetric complication. Because 
even trivial problems upset diabetic control 
and pose greater hazards for the mother and 
fetus, every effort is made to ensure early rec¬ 
ognition and treatment of untoward events. 

Prevention of most medical problems in di¬ 
abetic pregnancies is possible with preconcep¬ 
tion counseling that includes diabetes re¬ 
education and attention to chronic medical 
problems, as discussed in detail in Section I. 

Table 17.1 is a list of the 12 most frequently 
encountered medical problems in pregnant di¬ 
abetic women. 

EMOTIONAL STRESS 

In pregnant women with diabetes, the three 
most common problems that adversely affect 
metabolic control are emotional stress, infec¬ 
tion, and iatrogenic hypoglycemia. Emotional 
upsets, anxiety about pregnancy outcome, and 
financial difficulties are such disturbing fac¬ 
tors in many pregnancies that good diabetic 
control cannot be established until some so¬ 
lution is found. In some patients, these prob¬ 
lems can be resolved by the efforts of the 
physicians, family, and social workers. In oth¬ 
ers, however, ongoing psychologic counseling 
is necessary. 

The most difficult emotional problems for 
the diabetic patient and her family arise when 
spontaneous abortions or stillbirths occur or 
an infant is born with a congenital anomaly 
that is incompatible with life. Early fetal loss 
happens most often in women with elevated 
HbAlc concentrations. Psychologic and medi¬ 
cal support should be continued by the obstet¬ 
ric staff rather than abandoning the patient to 
deal with grief and possible guilt without help. 
Often, these patients are motivated to improve 

A sudden change in plasma glucose levels 
or an increase in urinary loss of glucose in a 
24-h quantitative fractional urine from a well- 
regulated patient is often the first sign of a 
seemingly minor infection. The most common 
problems are viral illnesses and urinary tract 
infections. Worsening of control also occurs 
during acute cholecystitis, otitis media, sinu¬ 
sitis, gastroenteritis, toothaches, and ingrown 
toenails. Poor control lasts longer than might 
be expected despite an increase in dosage of 
insulin and appropriate medical therapy. 

HYPOGLYCEMIA 

The risks of hypoglycemia have been dis¬ 
cussed in Section IV, Chapter 12. The common 
causes of hypoglycemia are outlined in Table 
17.2. Blood glucose levels of <50 mg/dl (2.8 
mmol/L) are in the hypoglycemic range and 
usually are accompanied by autonomic symp¬ 
toms or mental confusion in most patients with 
diabetes. The range of symptoms is quite vari¬ 
able and each patient tends to have a char- 

158 
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Table 17.1. 
Medical Problems in Pregnant Diabetic 
Women 

1. Emotional stress 
2. Hypoglycemia 
3. Infections 
4. Starvation ketosis 
5. Diabetic ketoacidosis 
6. Hyperosmolar hyperglycemia nonketotic 

syndrome (HHNS) 
7. Retinopathy 
8. Nephropathy 
9. Cardiovascular problems 

10. Neuropathy 
11. Edema 
12. Noncooperative patients and physician 

failure 

acteristic pattern. The earliest symptom may 

be a sensation of circumoral numbness fol¬ 

lowed by tremulousness, tremor, increased 

sweating, tachycardia, and a feeling of intense 

hunger or headache. In some individuals, the 

only premonitory sensation is a feeling of 

“tiredness.” In others, outbursts of temper or 

weeping may indicate a low blood sugar. 

In some women who have had IDDM for a 

long time (usually >10 years), severe hypo¬ 

glycemia (plasma glucose, <40 mg/dl, 2.2 

mmol/L) may occur without warning. Inap- 

parent hypoglycemia in pregnant women who 

are tightly controlled on a constant subcuta¬ 

neous infusion or by multiple subcutaneous in¬ 

jections of insulin is a special risk during both 

day and night. Frightening nightmares may 

be the only indication of this problem. Hypo¬ 

glycemic coma can occur, which is life threat¬ 

ening. 

The most common cause of hypoglycemia is 

overinsulinization by a zealous patient or her 

physician in the attempt to achieve “perfect 

control.” Wilson (1) has reviewed the biochem¬ 

ical effects and clinical repercussions of exces- 

Table 17.2. 
Causes of Hypoglycemia in Diabetic Pa¬ 
tients 

Overinsulinization 
Abnormal counterregulatory responses 
Anti-insulin antibodies 
Antibodies to the insulin receptor 
Impaired subcutaneous absorption of insulin 

Table 17.3. 
Recommendations for Pregnant Women 
with Insulin-dependent Diabetes (IDDM; 
Type I) and Metabolic Instability to Prevent 
Severe and Often Asymptomatic Hypogly¬ 
cemia 

1. Meals at fixed times with consistent ca¬ 
loric intake 

2. Snacks at 10 AM, 3 PM, bedtime; carry 
snack in purse or car at all times; addi¬ 
tional snacks before, during, and after ex¬ 
ercise 

3. Monitoring of blood glucose with glucome- 
ter or test strips before each meal, at bed¬ 
time, and during minor or unexplained 
symptoms 

4. Glucagon kit and instruction of family in 
glucagon administration 

5. In women who lack counterregulatory re¬ 
sponses to hypoglycemia, use a baseline- 
fixed insulin dose regimen that permits 
less stringent control; work out individual 
adjustment schedule of only ± 2-4 U of 
regular insulin based on meter or test 
strip readings before each meal and at 
bedtime; goals for “CONTROL” should be 
set at a higher level 

sive insulin therapy. Low blood glucose levels 

often occur (particularly in IDDM patients) 

during excessive or unplanned exercise, as de¬ 

scribed in detail in Section IV. 

During pregnancy, frequent and severe ep¬ 

isodes of hypoglycemia are a serious risk for 

both mother and fetus. It may be possible to 

identify individuals who lack normal counter¬ 

regulatory mechanisms before conception. 

There is a serious danger during pregnancy 

that lack of cooperation or overcompulsiveness 

during intensive treatment regimens will in¬ 

crease the danger of severe hypoglycemia. 

Because there are no practical and inexpen¬ 

sive tests to detect the causes of hypoglycemia 

in women at increased risk during gestation 

other than overinsulinization, the measures 

outlined in Table 17.3 are recommended as 

practical suggestions for the prevention of dan¬ 

gerously low levels of blood glucose. Table 17.4 

outlines the treatment of mild and severe ep¬ 

isodes of hypoglycemia. 

STARVATION KETOSIS 

Ketonuria in pregnant IDDM women usu¬ 

ally indicates a prolonged period without food 

(long overnight fast, e.g., 12-14 h). The meta- 
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Table 17.4. 
Treatment of Hypoglycemia in Pregnant Di¬ 
abetic Women 

Mild but Symptomatic 
1. Confirm low blood glucose by test strip 

(between 40 and 80 mg/dl; 2.2-4.4 
mmol/L) or glucose meter 

2. Snack: 1 cup low fat milk and two 
crackers (25 g of carbohydrate) 

3. Persistent symptoms: Recheck blood 
glucose in 15 min and repeat snack if 
symptoms persist and blood sugar re¬ 
mains low (40-80 mg/dl; 2.2-4.4 mmol/ 
L on visually read strips or <60 mg/dl; 
3.3 mmol/L by meter) 

4. Rarely, a third blood glucose test and 
snack will be necessary 

Severe: Treatment Requires Assistance 
from Another Person or Patient is in 
Coma 
1. Subcutaneous injection of 0.15 mg of 

glucagon; recheck blood glucose; if <50 
mg/dl (2.8 mmol/L), repeat glucagon in¬ 
jection; start oral feeding if patient is 
conscious or glucose IV if she is not re¬ 
sponsive 

2. Judicious use of glucagon may also pre¬ 
vent starvation ketosis or hypoglycemia 
in patients with severe morning sick¬ 
ness* * * * * 6 

“Adapted and modified from Jovanovic L, Peterson CM, Sax- 
ena BB, Dawood MY, Saudek CD. Feasibility of maintaining 
normal glucose profiles in insulin-dependent pregnant di¬ 
abetic women. Am J Med 1980;68:105-112; and Jovanovic 
L, Braun CB, Druzin ML, Peterson CM. Protocols for Man¬ 
aging Diabetes in Pregnancy. A Guide for Physicians and 
Allied Health Care Professionals. Bio-Dynamics, A Boeh- 
ringer Mannheim Corp. Indianapolis, IN. 
6A11 patients with IDDM and their families should be in¬ 
structed in the use of glucagon and have a glucagon kit. 

bolic effects of fasting or decreased food intake 

are accentuated during gestation. Starvation 

ketosis generally results in only a weakly pos¬ 

itive serum nitroprusside test (application of 

undiluted plasma to Acetest tablet). A purple 

color develops in the presence of acetoacetate 

and causes only minor systemic acidosis. 

Starvation ketosis is differentiated from 

metabolic diabetic ketoacidosis (DKA) by low 

levels of serum acetoacetate and (3-hydroxy- 

butyrate and normal serum osmolality and 

electrolytes. It is rare to measure a serum bi¬ 

carbonate level of less than 16-18 mEq/L or 

a blood pH less than 7.35. The most frequent 

causes of anion-gap metabolic acidosis are dis¬ 

cussed later in this chapter. Glycosuria may or 

may not be present depending upon plasma 

glucose levels and the renal threshold for glu¬ 

cose. This complication responds well to ad¬ 

justment in dietary intake (an increment in 

complex carbohydrate), a lower dose of insulin 

at night, and a 25-g carbohydrate snack at bed¬ 

time. 
Ketonuria probably occurs sporadically in 

most normal pregnancies (4). A report 20 years 

ago by Churchill and colleagues (5, 6) sug¬ 

gested that children of diabetic and nondi¬ 

abetic mothers who had acetonuria during 

pregnancy had lower mental and motor scores 

at 8 months and ldwer IQ values at 4 years of 

age than children not so exposed. A later report 

by Stehbens and associates (7) from a prospec¬ 

tive study of infants of diabetic mothers at 

1, 3, and 5 years of age described atypical in¬ 

trauterine growth, an increase in neonatal 

problems, and congenital malformations. Not 

surprisingly, they found an increased inci¬ 

dence of intellectual delay at 3 and 5 years of 

age, which they ascribed to the presence of ace¬ 

tone in the urine during pregnancy. 

Naeye and Chez (8), who extracted data from 

the same population reported by Churchill, 

found that maternal acetonuria, low weight 

gain, and weight loss during pregnancy had 

little or no effect on neonatal, infant, and child¬ 

hood psychomotor functions including IQ (9). 

They attributed their different results from 

those of Churchill to their methodology, which 

controlled for a number of non-nutritional fac¬ 

tors that influence psychomotor development 

and IQ. 

Coetzee and co-workers (10) in South Africa 

care for a large population of pregnant women, 

most of whom have non-insulin-dependent di¬ 

abetes (NIDDM); more than half are obese. Di¬ 

abetes is controlled by reducing diets of 1000- 

1600 kcal/day (4200-6700 kj). In their study, 

ketonuria was frequent (19% with 1000 kcal, 

14% with a 1400-1800 kcal, and 7% of normal 

pregnant women who ate 1600 kcal/day). The 

Ketostix test was never found to be positive in 

blood even when it was in urine samples. Se¬ 

rum acetoacetate levels in all subjects were 

always below 1 mmol/L. The highest serum 

P-hydroxybutyrate ((3-OHB) level measured 

was 0.94 mmol/L with total ketoacids of 1.2 

mmol/L. These levels are considered to be 

nontoxic since a change of 5 mmol/L is re¬ 

quired to alter acid-base balance. 

In pregnant IDDM women who are in poor 

control, we do not know whether augmented 
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ketogenesis is harmful to the fetus and do 

not monitor plasma P-OHB values in most 

prenatal clinics. Because the data from the 

Comprehensive Perinatal Project described 

previously were collected in 1966 (9), before 

the development of perinatal and neonatal 

subspecialties, this question should be re-ex¬ 

amined by a prospective study of infants of 

IDDM and NIDDM mothers. 

It is not usual in the United States to restrict 

dietary intake of pregnant obese NIDDM to the 

low levels employed by Coetzee. In our clinic, 

we rarely document ketonuria in obese 

NIDDM women on diets of 1700-1800 kcal 

(11). In IDDM women, however, and in lean 

NIDDM and lean GDM women, ketonuria in 

1st trimester or later is frequent. Now that the 

issue of fuel-mediated teratology has been 

raised (12), the possibility of maternal aug¬ 

mented ketogenesis and its effect on infants of 

IDDM women in poor control, lean NIDDM 

and GDM women, and all women with hyper¬ 

emesis gravidarum should be re-evaluated and 

compared with the experience in infants of 

nondiabetic women who do or do not have ke¬ 

tonuria during gestation. 

DIABETIC KETOACIDOSIS 

Pregnant women with IDDM are at in¬ 

creased risk for mild or more severe forms of 

diabetic ketoacidosis (DKA). Infection with a 

concomitant deficiency of insulin is the most 

common precipitating factor (Table 17.5). 

Early in the illness, there is an elevation of 

plasma glucose values and an increase in 

plasma ketones (acetoacetic acid and P-hy- 

droxybutyric acid). If hyperglycemia is uncor¬ 

rected, marked diuresis, dehydration, and 

hyperosmolality follow. In pregnant women 

with mild illnesses, the early stages of ketoac- 

Table 17.5. 
Precipitating Factors for Diabetic Keto¬ 
acidosis in IDDM Pregnant Women 

Infection 
Acute illness 
Omission of insulin therapy 
Newly diagnosed IDDM 
Insulin pump malfunction or failure 

Drugs 
Steroids 
Adrenergic agonists 

idosis respond quickly to appropriate treat¬ 

ment of the initiating cause, additional doses 

of rapid-acting insulin, and adjustment of food 

and fluid intake. 

In pregnant diabetic women who become se¬ 

verely ill, or in whom treatment has been de¬ 

layed, more profound metabolic alterations 

occur. The combined efforts of a perinatologist 

and diabetologist should be utilized for treat¬ 

ment of the maternal-fetal pair. 

The pathogenesis of DKA is illustrated in 

Figure 17.1 (13). Comprehensive discussions 

of the pathophysiology, clinical aspects, and 

treatment of DKA provide invaluable back¬ 

ground information for this potentially life- 

threatening complication (14-17). The pri¬ 

mary problem is a deficiency in insulin that 

initiates a chain of events leading to increased 

hepatic glucose production and hyperglycemia. 

The subsequent osmotic diuresis results in loss 

of water and electrolytes, hyperosmolality, and 

volume depletion. The release of stress hor¬ 

mones (catecholamines, glucagon, growth hor¬ 

mone, and cortisol) impairs insulin action and 

contributes to insulin deficiency. This combi¬ 

nation of events leads to a decreased tissue 

uptake of ketones, increased production of he¬ 

patic ketones, and ketonemia. 

Impaired insulin action characterized by in¬ 

sulin resistance contributes significantly to 

DKA. The metabolic acidosis resulting from 

hyperketonemia is an anion-gap acidosis that 

must be differentiated from hyperchloremic 

acidosis (13). A gap of greater than 14-16 

mEq/L is an indication of anion-gap. In DKA, 

the anion-gap ranges from 25-35 mEq/L. This 

corresponds to the quantity of ketone present 

in plasma, usually 15-20 mEq/L. Table 17.6 

lists the usual causes of anion-gap metabolic 

acidosis. In pregnant IDDM patients, hyper¬ 

ventilation is a normal occurrence. Arterial 

C02 tension is approximately 10 mm Hg lower 

than postpartum. 

Some patients may present with a pure hy¬ 

perchloremic acidosis with a normal anion-gap. 

In these women, there may be a slower rate of 

recovery (16). Table 17.7 illustrates serum 

electrolyte values and the anion-gap in hy¬ 

perchloremic and anion-gap acidosis. 

Lactic acidosis can be differentiated from 

DKA by a serum lactate level of >5 mmol/L. 

An extremely large anion-gap (>40 mEq/L) 

may be an early sign of lactic acidosis or a 

combination of lactic ketoacidosis. In the latter 
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Figure 17.1. Physiologic consequences of insulin deficiency in IDDM women. Adapted with permis¬ 
sion from Barrett EJ, De Fronzo RA. Diabetic ketoacidosis: Diagnosis and treatment. Hosp Pract1984; 
April :90—94. 

Table 17.6. 
Causes of Anion-Gap Metabolic Acidosis 
in Pregnant IDDM Women 

Ketoacidosis 
Diabetes 
Starvation 

Lactic Acidosis 
Tissue ischemia and/or hypoxemia 

Chronic Renal Failure0 
GFR <20 ml/min 

Drugs 
Salicylates 

“Abbreviation: GFR, Glomerular filtration rate. Adapted 

with permission from Barrett EJ, DeFronzo RA. Diabetic 

ketoacidosis. Diagnosis and treatment. Hosp Pract 1984; 
April: 90-104. 

case, which is not rare, there is usually a re¬ 

sponse to treatment of DKA. 

Salicylate ingestion with toxicity is the most 

common cause of anion-gap acidosis in non¬ 

pregnant women but can occur inadvertently 

during gestation. In these patients, hyperven¬ 

tilation is out of proportion to the degree of 

acidosis; combined metabolic acidosis and res¬ 

piratory alkalosis often result in a normal 

blood pH (13). 

In pregnant diabetic women, diabetic ke- 

toalkalosis may occur. These patients have 

the usual clinical and biochemical features of 

DKA except that the arterial pH is higher 

than normal. Several factors may precipitate 

this problem during pregnancy: severe vom- 
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Table 17.7. 
Serum Electrolytes and the Anion Gap in Acidosis0 

Sodium 
(mEq/L) 

Chloride 
(mEq/L) 

Bicarbonate 
(mEq/L) 

Anion Gap6 
(mEq/L) 

Normal ' 140 105 25 10 
Hyperchloremic 

acidosis 140 115 15 10 
Anion-gap acidosis 140 105 15 20 

"Adapted with permission from Barrett EJ, DeFronzo RA. Diabetic ketoacidosis: Diagnosis and treatment. Hosp Pract 1984; 
April:90-104. # 

'’The normal anion gap is 12 ± 12 mEq/L and is calculated as follows: Anion gap = Na - (Cl + HC03) 

iting, excessive hyperventilation, and diuretic 

therapy (18, 19). 

Pregnant women with DKA present with 

the usual findings, including hyperventilation, 

normal or obtunded mental status (depending 

on severity of the acidosis), dehydration, hy¬ 

potension, and a fruity odor to the breath. Ab¬ 

dominal pain and vomiting may be prominent 

symptoms. The diagnosis of DKA is confirmed 

by hyperglycemia (>300 mg/dl; 16.7 mmol/L) 

and ketonemia. The quantification of ketone- 

mia by a positive nitroprusside reaction (Ace- 

test tablet) is unsatisfactory because visual 

observations are subjective and nitroprusside 

does not react with f-hydroxybutyrate, the 

predominant circulating ketone. A specific en¬ 

zymatic assay for serum levels of (3-hydroxy- 

butyrate is useful to confirm DKA when the 

nitroprusside test is negative or weakly posi¬ 

tive. 

DKA is life threatening to mother and fe¬ 

tus and is regarded as a bad prognostic sign of 

pregnancy. Prompt treatment is essential and 

fetal well-being is in jeopardy until maternal 

metabolic homeostasis is re-established. High 

levels of plasma glucose and ketones are read¬ 

ily transported to the fetus, which may be un¬ 

able to secrete sufficient quantities of insulin 

to prevent DKA in utero. When DKA occurs 

after 28 weeks’ gestation, the fetal heart rate 

should be monitored carefully. If fetal distress 

is documented, the risk of early delivery has 

to be weighed against the danger of fetal im¬ 

maturity. Conservative measures (hydration, 

maintenance of blood pressure) and correction 

of ketoacidosis are generally preferable to pre¬ 

mature delivery. 

Treatment of Diabetic Ketoacidosis 

In pregnant diabetic women followed by 

clinic visits each week and by frequent tele¬ 
phone communication, severe DKA is a rare 

event. Mild to moderate ketoacidosis does oc¬ 

cur in some circumstances and pregnant 

women with DKA are occasionally transported 

to medical centers for their first prenatal visit 

as an emergency. If the patient is unconscious, 

she should be admitted promptly to the med¬ 

ical intensive care unit. Less severe cases are 

more often admitted to a high-risk pregnancy 

ward. 

The use of a standard treatment protocol is 

a helpful guideline but this must be accom¬ 

panied by meticulous attention to detail and 

maintenance of an accurate hour by hour flow 

sheet. 

There are six essential components for treat¬ 

ment of DKA. These are outlined in Table 17.8. 

Excellent recent discussions and an overview 

of the clinical aspects and pathophysiology of 

DKA have been published by Walker and as¬ 

sociates (17) and Kitabachi (20). Diagram¬ 

matic representations of the effects of normal 

and abnormal serum potassium concentrations 

are shown in Figure 17.2. 

Complications of Treatment of DKA 

Most deaths that occur in DKA are due to 

complications of treatment and are largely pre¬ 

ventable (21-24). Of course, in pregnancy, the 

clinical problem is more complex because we 

must consider the mother and fetus as a pair. 

It is imperative to treat (but not overtreat) the 

mother promptly and effectively. 

Table 17.9 shows complications that may oc¬ 

cur during treatment of DKA and suggests 

methods for their prevention. Cerebral edema 

is described more often in children but can oc¬ 

cur in adults. 

HYPERGLYCEMIC, HYPEROSMOLAR 
NONKETOTIC SYNDROME (HHNS) 

In uncontrolled diabetic patients, a hyper¬ 

glycemic hyperosmolar nonketotic syndrome 
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Table 17.8. 
Treatment Protocol for Diabetic Ketoacidosis in Pregnant IDDM Women0 

Initial Phase Recovery Phase 

Fluids 0.9% NaCl at 1000 ml/h 
Replace sodium deficit in 4-6 h (av¬ 

erage = 500 mEq) 

When blood pressure is stable, urine 
output brisk, and serum glucose 
falling, 0.45% NaCl at 250-500 
ml/h 

When serum glucose <250 mg/dl, 
add 5% glucose to IV fluids 

Replace H20 deficit over 12-24 h 
(average, 5-10 L) 

Insulin 10-20 U regular insulin intravenous 
(IV) bolus +5-10 U/h IV (infu¬ 
sion), or IM, or subcutaneously6 
the IV route should be used in any 
hypotensive patient6 

Increase hourly dose if serum glu¬ 
cose does not fall despite adequate 
fluid therapy 

As acidosi§,is reversed, 5-10 U 
every 2-4 h 

When patient is eating, begin subcu¬ 
taneous insulin 

Potassium Serum K+ high; begin KC1 at 20 
mEq/h after urine output estab¬ 
lished 

Serum K+ normal or low; begin KC1 
at 20 mEq/h immediately; reduce 
rate by 50% if patient is oliguric 

Monitor ECG; measure serum K + 
every 1-2 h 

Adjust dose of KC1 by serum K+ 
measurements 

Continue oral KC1 replacement for 1 
week for correction of total deficit 

Bicarbonate pH <7.0; give as needed to raise pH 
to 7.0 

pH > 7.0; no bicarbonate 

No bicarbonate 
No bicarbonate 

Phosphorus If patient is not oliguric, may give 
potassium phosphate 10 mEq/h 
(decrease dose of KC1 accordingly) 

Measure serum phosphorus and cal¬ 
cium frequently 

No phosphorus 

General 
measures 

Comatose patient: nasogastric tube, 
bladder catheter 

Identify and treat any precipitating 
illness 

Cardiac monitoring for changes in 
serum K (Fig. 17.2) 

Consider low-dose heparin 
Monitor blood glucose hourly at the 

bedside 

Remove bladder catheter as soon as 
possible 

Continue to observe for signs of a 
precipitating or complicating ill¬ 
ness 

Monitor glucose: fasting, before 
meals, 2 h after meals, and HS un¬ 
til control is re-established. 

“These are general guidelines. Since there may be wide variation of individual patient needs, there is no substitute for careful 
monitoring of each patient, particularly in the early phase of therapy of DKA. Start a DKA flow sheet and maintain 

hour by hour. 
4In pregnant women, constant IV insulin infusion with an intravenous controlled infusion pump is preferable. 

(HHNS) (14, 25-27) may occur with or without 

stupor or an altered mental state. A change in 

mental status correlates more often with hy¬ 

perglycemia and the rapid development of hy¬ 

perosmolality than with acidosis. 

Precipitating factors for HHNS during preg¬ 

nancy are uncontrolled diabetes, new or 

previously unrecognized diabetes, infection, 

reduction or omission of insulin dose, medi¬ 

cations, such as corticosteroids, thiazide di- 
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Normokalemia (4.5 mEq/L) 

Hyperkalemia (7.0 mEq/L) 

Hypokalemia (3.5 mEq/L) 

Hyperkalemia (8.5 mEq/L) 

Hypokalemia (2.5 mEq/L) 

Figure 17.2. Profiles of serum potassium levels are reflected in characteristic ECG tracings: normo¬ 
kalemia (top panel)] tall T waves in hyperkalemia, with loss of the P wave and widening of the QRS 
complex; ST-segment depression in hypokalemia. Adapted with permission from Barrett EJ, De Fronzo 
RA. Diabetic ketoacidosis: Diagnosis and treatment. Hosp Pract1984; April:90-94. 

uretics or (3-sympathomimetic drugs that are 

administered for tocolysis in treatment of pre¬ 

term labor. Several investigators have ob¬ 

served that HHNS is not a distinct clinical 

entity; it represents one end of a wide spectrum 

of severe diabetic metabolic decompensation 

(27, 28); Fig. 17.3). 

Patients with HHNS present following a 

rapid or prolonged period of osmotic diuresis 

with depletion of both intracellular and extra¬ 

cellular fluid volumes. Hyperglycemia ranges 

from 600-2400 mg/dl (33-133 mmol/L) in the 

absence of overt ketoacidosis. Dehydration, hy¬ 

povolemia, and, ultimately, disorientation and 

coma can lead to death. 

Table 17.10 describes the calculation of se¬ 

rum osmolity. The normal value is 280 ± 10 

mOsm/L. Values that exceed 300 mOsm/L are 

abnormal; those above 320 mOsm/L indi¬ 

cate clinically significant hyperosmolar- 

ity. 
The treatment of patients with the HHNS 

syndrome is presented in Table 17.11 (25). The 

first priority is expansion and maintenance of 

intravascular volume, perfusion of vital or¬ 

gans, and an adequate urine output. These 

measures assume even greater importance 

during pregnancy when placental perfusion is 

critical for fetal well-being. If hypotension is 

present, a volume expander, such as albumin 

or plasmanate, should be given until blood 

pressure and tissue perfusion are restored. 

Matz recommends hypotonic (one-half normal) 

multielectrolyte solutions initially (25). This 

avoids the administration of excessive chloride 

with resultant, almost inevitable, hyperchlo¬ 

remia. As described earlier in the treatment 

of DKA, clinical judgment is critical and de¬ 

tails of therapy must be individualized for each 

patient. Consultation should be requested from 

an experienced diabetologist and it may be nec¬ 

essary to implement invasive monitoring of 

cardiac filling pressures by means of a Swan- 

Ganz catheter or central venous pressure line. 
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Table 17.9. 
Complications of Treatment of Diabetic 
Ketoacidosis0 

Complication Prevention 

Cerebral edema with 
sudden deteriora¬ 
tion in conscious¬ 
ness level and 
respiratory arrest 

Avoid a rapid fall in 
plasma osmolality 

Initial use of isotonic 
rather than half¬ 
normal saline 

Brain herniation and 
death occur only 
when fluid re¬ 
placement exceeds 
4 L/mz/d (23) 

Adult respiratory 
distress syndrome 
with dyspnea, hy¬ 
poxemia, decreased 
lung compliance, 
and evidence of 
pulmonary edema 
on chest x-ray (22) 
No clinical signs of 
left ventricular 
failure and pulmo¬ 
nary wedge pres¬ 
sure is normal 

Rare, complication 
with high mortal¬ 

ity 
Avoid use of crystal¬ 

loid fluids 
Avoid or treat risk 

factors of sepsis, 
hypovolemia, or 
aspiration 

Thromboembolism 
secondary to acti¬ 
vated intravascu¬ 
lar coagulation 
pathway and endo¬ 
thelial damage 
(28), hypovolemia, 
hyperosmolality, 
disseminated in¬ 
travascular coagu¬ 
lation (DIC), and 
immobility second¬ 
ary to decreased 
level of conscious- 

Consider use of pro¬ 
phylactic heparin 
5000 U every 8 h; 
there are persua¬ 
sive theoretical 
reasons to initiate 
this treatment in 
pregnant women 

ness 

Hypoglycemia Avoid excessive in¬ 
sulin administra¬ 
tion 

Hypo- or 
hyperkalemia 

ECG monitoring 
Serial measurements 

of serum K 
Careful adjustment 

of doses of KC1 

“Adapted from Walker M, Marshall SM, Alberti KGMM. 
Clinical aspects of diabetic keotacidocis. Diabet Metab Rev 
1989;5:651-663. 

In contrast to most circumstances that evoke 

HHNS, pregnancy presents a special challenge 

and a responsibility to try to prevent fetal de¬ 

mise. Fetal surveillance should include fetal 

heart rate monitoring and serial evaluations 

of the biophysical profile (BPP) described in 

greater detail in Section VII, Chapter 20. 

RETINOPATHY 

This important topic and a comprehensive 

summary of the most recent reports of reti¬ 

nopathy duringv,pregnancy have been dis¬ 

cussed extensively in Section I. The 1988 

guidelines for women with diabetes who an¬ 

ticipate becoming or are already pregnant are 

provided in Table 1.2. Section I and this section 

are intended to be complementary reviews to 

reinforce the concept of preconception coun¬ 

seling, point out differences in retinopathy 

risks in the reproductive age group in IDDM 

and NIDDM women, and describe the course 

and treatment of retinopathy during gestation. 

Diabetic Retinopathy 

The cause of diabetic retinopathy is not 

known. Recent reports indicate that this com¬ 

plication is more common early in the disease 

than previously suspected. Numerous inter¬ 

related factors have been proposed as possible 

contributors to the neovascular changes that 

are characteristic of diabetic retinopathy. 

These include genetic differences among pa¬ 

tients, poor control of diabetes with increased 

transport of glucose across cell membranes, ac¬ 

cumulation of sorbitol in retinal endothelial 

cells, and unidentified hormones that might 

stimulate angiogenesis. 

IDDM 

In the past, there has been great concern 

that pregnancy would accelerate vascular 

changes in the eye and hasten blindness. 

Women with IDDM of 10—15 years’ duration 

are estimated to have a 50% chance of devel¬ 

oping retinopathy. The prognosis for blindness 

is much worse if neovascularization is present. 

Before modern laser treatment and vitrectomy 

were available, IDDM patients who developed 

this complication before age 20 yr had a 30- 

40% chance of blindness after 5 yr. 

During the last few years, major advances 

have occurred in both the diagnostic tech¬ 

niques and treatment of diabetic retinopathy. 
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Mild with 
minimal 
CNS symptoms 

Severe with 
minimal 
CNS symptoms 

Severe with 
coma which 
may be fatal 

Figure 17.3. Pathophysiology of the hyperosmolar, hyperglycemic nonketotic syndrome (HHNS). See 
text for description. 

In pregnant diabetic women with retinopathy, 

the outlook is also more encouraging (Sec¬ 

tion I). 

Several reports in nonpregnant and preg¬ 

nant diabetic women have described worsen¬ 

ing of retinal abnormalities associated with 

tightening of glucose control (29-38). These 

reviews from centers all over the world are 

disquieting. In a study from Finland by Helve 

and co-workers (35), even a moderate improve¬ 

ment in metabolic control induced by contin¬ 

uous subcutaneous insulin infusion (CSII) was 

associated with a risk of progression of reti¬ 

nopathy during the 1st months of therapy. The 

net impairment in retinopathy grading and in¬ 

dividual lesions was significant during CSII 

compared with conventional subcutaneous 

multiple injection therapy. 

Some studies have shown that accelerated 

progression of mild to moderate retinopathy is 

not sustained and does not initiate vasopro- 

liferative deterioration (39). A more complete 

analysis of the separate effects of pregnancy 

and rapid improvement in glucose control on 

retinopathy may be possible after completion 

of the NIH study of Diabetes in Early Preg¬ 

nancy (DIEP). 

When diabetic control is tightened rapidly 

during gestation, sudden and rapid retinal 

changes have been documented as shown in 

Figure 17.4. This patient, who was cared for 

by Dr. Lois Jovanovic-Peterson (40), was a 33- 

yr-old homeless IDDM woman in her first preg¬ 

nancy who was hospitalized at Cornell Uni¬ 

versity early in 1st trimester for immediate 

normalization of blood glucose values. Her 

HbAlc concentration was 11.0%. Control of hy¬ 

perglycemia was accomplished in 3 days. Six 

weeks later, the patient experienced a severe 

vitreous hemorrhage. She remained in the hos¬ 

pital and was kept at bed rest in an upright 

position for the remainder of the pregnancy. A 

cesarean section was performed at 39 weeks’ 

gestation with the delivery of a 3863-g male 
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Table 17.10. 
Calculation of Serum Osmolality0 

The normal serum osmolality is 280 ±10 
mOsm/L. 

A rough approximation of the serum osmo¬ 
lality can be derived from the following 
calculation: 

Serum osmolality (mOsm/L) = 
2Na+(mEq/L) + K + (mEq/L) 

Plasma glucose (mg/dl) BUN (mg/dl) 

+ 18 + 2.8 

Since urea is freely diffusible across cell 
membranes, it contributes little or nothing 
to the effective serum osmolality, which is 
the critical determinant in hyperosmolar 
states. Matz uses the term “effective serum 
osmolality” (Eosm), which he calculates as 
follows: 

Eosm (mOSm/L) = 2[Na+ + K+ (mEq/L)] 
+ 

Plasma glucose (mg/dl) 

18 

When Eosm exceeds 320 mOsm/L, signifi¬ 
cant hyperosmolality is present. 

“With permission from Matz R. Hyperosmolar non-acidotic 
diabetic coma. Pract Diabetol 1984; May/June:10-12. 

infant. Following delivery, there was improve¬ 

ment in the right eye with some resorption of 

the hemorrhage (follow-up photographs are 

not available). 

The worsening of retinopathy in addition to 

added risks of severe hypoglycemia during em- 

bryogenesis and later have resulted in a more 

cautious and gradual (weeks versus days) ac¬ 

complishment of control in early IDDM preg¬ 

nancies. Phelps and colleagues (38) provide 

further support for this approach with their 

observation that intensive therapy for diabetes 

mellitus resulted in improved diabetic control 

by the time of delivery but retinal abnormal¬ 

ities worsened as gestation proceeded in 55% 

of the pregnancies. Moreover, they observed a 

highly significant correlation between wors¬ 

ening retinopathy, the degree of hypergly¬ 

cemia at entry into pregnancy, and the 

magnitude of improvement in glycemic con¬ 

trol. They and others (41) emphasize, none¬ 

theless, that the above studies should not 

lessen our enthusiasm for the achievement of 

normoglycemia during pregnancy that has 

clearly been associated with better pregnancy 

outcome as well as improvement in retinopa¬ 

thy postpartum. Again, a preventive approach 

to microvascular complications should be em¬ 

phasized to establish good diabetic control with 

retinal examinations and treatment before 

conception. The adverse factors that increase 

the risk of progression of retinopathy during 

gestation are listed on Table 17.12. Figures 

17.5-17.7 illustrate changes in background 

and preproliferative retinopathy, severe pro¬ 

liferative changes on the optic nerve and more 

peripheral neovascularization. 

Baseline and longitudinal ophthalmoscopic 

observations by obstetricians are important 

in prenatal clinics for diabetic women. An 

ophthalmologist with expertise in diabetic ret¬ 

inopathy should also do baseline examinations 

on every diabetic pregnant woman with follow¬ 

up evaluations each trimester and postpartum. 

Two other complications deserve mention: 

acute optic disc edema (pseudopapilledema) 

and macular edema (42) (Fig. 17.8). In our ex¬ 

perience, these complications have occurred 

in association with preeclampsia in diabetic 

women and have been reversible postpartum. 

Color fundus photography is extremely help¬ 

ful to document changes and photographs can 

be read and graded by standard criteria. Al¬ 

though fluorescein angiography is a helpful 

tool in nonpregnant patients, its use is not rec¬ 

ommended during gestation because of uncer¬ 

tainty of the effect and possible toxicity in the 

fetus. There is not universal agreement con¬ 

cerning the advisability of laser treatment 

during gestation. The decision to employ laser 

photocoagulation will vary among ophthal¬ 

mologists and it may be useful to seek more 

than one opinion from individuals experienced 

in retinal changes during diabetic pregnan¬ 

cies. Figures 17.9 and 17.10 show photographs 

of the patient in Figure 17.6 after completion 

of full scatter laser coagulation and 6 months 

later. 

NIDDM Women 

Retinopathy in NIDDM is described in Sec¬ 

tion I. There are no prospective pregnancy 

studies to assess the prevalence of this com¬ 

plication. In 12 yr, we have observed severe 

retinopathy in a 40-yr-old American Indian 

NIDDM woman with a HbAlc value of 12.5%, 

fasting blood glucose level of 220 mg/dl (12.2 

mmol/L), and mean 24-h glucose value of 178 
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Table 17.11. 
Therapy for the Hyperosmolar Diabetic Patient0 

Rx Hours of Therapy 

» 

12 3 

Comments* 

Obtain blood glucose, 
P, Ca2+, Mg2 + , 
electrolytes, BUN, 
CBC, urinalysis, 
chest x-ray, ECG, 
appropriate cul¬ 
tures; arterial pH, 
P02, PC02 

Aspirate stomach; if 
guaiac positive, 
leave tube in 

Give thiamine and 
4 B-complex 

Antibiotics if in¬ 
fected 

Check for hypother¬ 
mia, hypotension 

Fluids: 1/2 
normal 
multielectrolytes 

1500 ml/h 1000 ml/h 1000 ml/h 500-750 ml/h May require CVP or 
PCWP to guide 
Rx. 

Change to isotonic 
solution when 
Eosm < 320 

Add glucose (5% 
D/W) when serum 
glucose is 250-300 
mg/dl. 

■> Decrease dose to 2-3 
U/h when plasma 
glucose is 250-300 
mg/dl 

If plasma glucose 
fails to decrease 
over 2-4 h and 
urine output ade¬ 
quate, double dose 
hourly until re¬ 
sponse 

Potassium 

<■ 

20 mEq/hr 
as K acetate 

and K phosphate 
(if serum K+ is 4-5 mEq/L) 

If serum K+ >5.0 
mEq/L, give no 
K + 

If serum K+ 3-4 
mEq/L, give 40 
mEq/h 

If serum K+ <3.0 
mEq/L, give 60 
mEq and re-check 

Hourly ECG strip for 
T-waves 

Insulin 15 unit <  0.1 U/kg/hr (IV/IM/SC) 

(rapid- IV 
acting) bolus 

(iContinued) 
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Table 17.11. (Continued) 

Rx Hours of Therapy Comments6 

Phosphate <- 

Magnesium 

Calcium 

10 mM/h-> Repeat arterial pH 
500 ml of 2% MgS04 over 4 h hourly if <7.25 
if Mg2+ is low or for tentany Repeat serum K+ 

hourly as needed 
Repeat Na+, C02, 

BUN q 2-4 h 

If Ca2+ is low, for tetany, Use Chemstrip bG or 
give 10 mEq as IV bolus as comparable bed- 
needed , side test of plasma 

' glucose hourly 
once blood glucose 
<800 mg/dl. 

Repeat T° hourly if 
hypothermic 
(<95°F) 

Follow intake and 
output hourly 

“With permission from Matz R. Hyperosmolar non-acidotic diabetic coma. Pract Diabetol 1984; May/June:10-12. 

6CVP-Central venous pressure; Eosm = effective serum osmolality; PCWP = pulmonary capillary wedge pressure. 

Figure 17.4. Worsening of ophthalmic findings following rapid control of hyperglycemia. Left- Pho¬ 
tograph of retina on admission October 4,1982. Diabetic retinopathy with a splinter retinal hemor¬ 
rhage. The veins are dilated indicating venous stasis. When the slide of the photograph was projected 
and enlarged, evidence of neovascularization of the disc was apparent. Right: Six weeks later 
November 15,1982. Vitreous hemorrhage from neovascularization of the disc. Photographs provided 
by Dr. Lois Jovanovic-Peterson, MD, Sansum Medical Foundation, Santa Barbara, California and read 
by J. Terrence Daly, MD, Vitreoretinal Surgeon and Consultant, La Jolla, California. 
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Table 17.12. 
Factors Related to the Presence and Pro¬ 
gression of Retinopathy 

No preconception counseling, eye care, or 
retinal evaluation • 

Duration of diabetes (>10 yr) after onset of 
puberty 

Degree of retinopathy at conception 
Marked elevation of glycosylated hemoglobin 

(HbAlc > 10%) at first prenatal visit 
Rapid intensification of gfticose control in pa¬ 

tients with most severe and prolonged hy¬ 
perglycemia (HbAlc1 > 10%) 

Hypertension 
Proteinuria 

mg/dl (9.8 mmol/L), measured at first hospi¬ 

talization at 27 weeks’ gestation. She experi¬ 

enced severe worsening of her extensive 

baseline background and preproliferative 

retinopathy within 1 week after starting 

an intensive insulin regimen to achieve nor¬ 

malization of blood glucose values. Prospective 

studies will be necessary to assess the preva¬ 

lence of this complication in geographic areas 

where NIDDM pregnancies are common. 

In sum, behavior of diabetic eye complica¬ 

tions in IDDM women during pregnancy is 

highly variable. It has not been possible to pre¬ 

dict reliably the women in whom retinopathy 

will worsen. Caution should be exercised in the 

Figure 17.5. Background and preproliferative diabetic retinopathy. Note the clustered, white “cotton¬ 
wool” spots just above the vein near the center of the photograph. There are also multiple blot 
hemorrhages, dilated veins of somewhat irregular caliber, and some fine, tortuous vessels that do not 
quite look as though they should normally be present. These latter vessels probably represent “intra- 
retinal microvascular abnormalities,” the earliest neovascular sprouts within the retina. With permission 
from Elman KD, Welch RA, Frank RN, et al. Diabetic retinopathy in pregnancy: A review. Obstet Gynecol 
1990;75:119-127. 
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Figure 17.6. The optic nerve head of a 30-yr-old diabetic woman with severe proliferaive diabetic 
retinopathy. Note the extensive networks of flat (i.e., nonelevated) new vessels surrounding the optic 
disc. Optic nerve head neovascularization of this extent constitutes one of the high-risk characteristics 
defined by the national Diabetic Retinopathy Study. (The Diabetic Retinopathy Study Research Group. 
Photocoagulation treatment of proliferative diabetic retinopathy: Clinical application of Diabetic 
Retinopathy Study (DRS) findings. DRS report no. 8. Ophthalmology 1982;88:583-600.) With permission 
from Elman KD, Welch RA, Frank RN, et al. Diabetic retinopathy in pregnancy: A review. Obstet Gynecol 
1990;75:119-127. 

institution of excessively rapid achievement 

(days versus weeks) of diabetic control. There 

is no evidence that an abortion at any stage of 

pregnancy will affect the ultimate outcome of 

diabetic retinopathy or that the presence of 

retinopathy is a contraindication for becoming 

pregnant. There are no reports of the preva¬ 

lence or course of ophthalmologic complica¬ 

tions during gestation in NIDDM women. 

These observations would be of importance be¬ 

cause of the high prevalence of hypertension 

in these women. 

DIABETIC NEPHROPATHY 

In Section I, diabetic nephropathy is dis¬ 

cussed with respect to preconception counsel¬ 

ing. In this chapter, emphasis is placed upon 

management of diabetic nephropathy during 

gestation and the different characteristics of 

this problem in NIDDM and IDDM patients. 

NIDDM Women 

Renal function in NIDDM women is influ¬ 

enced by metabolic control although to a lesser 

extent than is seen in IDDM women (43). Mi¬ 

croalbuminuria is common (even at first di¬ 

agnosis) and is improved by normoglycemia. 

Renal pathophysiology differs in NIDDM com¬ 

pared with IDDM women; this topic has been 

reviewed in detail by Morgensen and col¬ 

leagues (44). Because NIDDM occurs in older 

women, renal complications have not been de- 
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Figure 17.7. Neovascularization elsewhere, i.e., not on the optic nerve head, in the same patient as 
shown in Figure 17.6. The tuft of new vessels along the inferior temporal vascular arcade is surrounded 
by early hemorrhage into the vitreous cavity. Neovascularization elsewhere, greater than one-half 
of an optic disc area, together with vitreous or preretinal hemorrhage, constitutes another of the high- 
risk characteristics of the national Diabetic Retinopathy Study, and requires extensive photocoagu¬ 
lation treatment. (The Diabetic Retinopathy Study Research Group. Photocoagulation treatment of 
proliferative diabetic retinopathy: Clinical application of Diabetic Retinopathy Study (DRS) findings. 
DRS report no. 8. Ophthalmology 1982;88:583-600.) With permission from Elman KD, Welch RA, Frank 
RN, et al. Diabetic retinopathy in pregnancy: A review. Obstet Gynecol 1990;75:119-127. 

scribed as a problem during gestation. How¬ 

ever, there can be renal deterioration when 

hypertension or preeclampsia supervene. Or¬ 

dinarily, microalbuminuria or albuminuria 

are stable throughout uncomplicated preg¬ 

nancy; no pregnancy data are available in 

young NIDDM women (Maturity Onset Dia¬ 

betes of the Young, MODY) (45). 

IDDM Women 

Microvascular lesions in the kidneys of pa¬ 

tients with IDDM represent a serious and po¬ 

tentially life-threatening complication. After 

10 yr of diabetes, diffuse glomerulosclerosis is 

present in many patients and proteinuria (in¬ 

itially without a decrease in the glomerular 

filtration rate) is not uncommon after that 

time. Decompensated renal disease occurs 

after about 17-20 yr when serum creatinine 

levels rise and the glomerular filtration rate 

decreases. Progression of renal disease can be 

slowed by control of hypertension and absti¬ 

nence from smoking. 

The pathogenesis of small vessel disease in 

diabetes has not been established and the rel¬ 

ative roles of genetics and control (or lack of) 

of hyperglycemia are not clear. During preg¬ 

nancy or preferably before conception, it is im¬ 

portant to assess maternal renal function. 
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Figure 17.8. Diabetic macular edema. Note the partial ring of “hard” exudates surrounding the center 
of the macula. Blot hemorrhages can be seen within the ring. Collections of intraretinal fluid are poorly 
seen near the center of the macula, almost directly in the center of the photograph. Because they 
are not surrounded by a wall, they are not true cysts, which gives this particular condition the name 
“cystoid” macular edema. The macular portion of the retina is thickened, hence the term “edema” 
is appropriate, but this cannot be appreciated from the photograph, which is not stereoscopic. With 
permission from Elman KD, Welch RA, Frank RN, et al. Diabetic retinopathy in pregnancy: A review. 
Obstet Gynecol 1990;75:119-127. 

Older studies of renal microangiopathy and 

pregnancy (46) reported before the advent of 

drugs for hypertension, hemodialysis, renal 

transplantation, or perinatal intensive care for 

mothers and infants showed a progressive rise 

in perinatal infant mortality with progressive 

severity of maternal renal disease (46). Fetal 

growth was impaired and smaller placentas 

with extensive vascular changes were de¬ 

scribed (47). 

In the long-term follow-up of patients with 

IDDM Knowles and colleagues (48) reported 

in 1965 on the pregnancy outcome of 42 women 

with severe diabetic nephropathy. Infant sur¬ 

vival rate was 55%, and 16% of women devel¬ 

oped preeclampsia. There were no maternal 

deaths and no evidence that renal disease 

worsened during pregnancy. Sims also found 

no evidence that pregnancy in diabetic women 

affected renal status adversely (49). Early and 

Gottschalk (50) have stated that the course of 

diabetic nephropathy during pregnancy is sim¬ 

ilar to that of other renal diseases with little 

or no evidence that renal disease is worsened. 

Lindheimer and Katz (51) have found renal 

complications in pregnant diabetic women to 

be quite rare. 

When fetal survival rates are considered, re¬ 

cent experience is also encouraging. Hare and 

White in 1977 reported a 94% fetal survival 

rate in IDDM without nephropathy and 72% 

in infants of mothers with nephropathy (52). 

Kitzmiller and colleagues described an 89% 

neonatal survival rate without substantial ma- 



Chapter 17 Medical Complications 175 

Figure 17.9. A portion of the acute photocoagulation pattern in the patient described in Figure 17.6. 
This photograph was taken just after completion of the laser treatment. Note the clusters of large, 
white photocoagulation burns at the right side and the top of the photograph. These were placed in 
the "full scatter” pattern, in which argon laser burns are placed throughout the posterior and mid¬ 
peripheral retina, sparing the macula, with a nominal burn diameter of 500 |xm and a spacing of 
one-half burn diameter between burns. Because of the swelling that occurs immediately after treat¬ 
ment, the burns now appear even closer together. At the left side of the photograph is a cluster of 
smaller (100-|xm nominal diameter) laser burns, constituting a “grid” pattern within the macula. This 
is used to treat macular edema, which was also present in this patient. With permission from Elman 
KD, Welch RA, Frank RN, et al. Diabetic retinopathy in pregnancy: A review. Obstet Gynecol 
1990;75:119-127. 

ternal complications in 26 women with ne¬ 

phropathy (53). 

Reece and co-workers have reported a ret¬ 

rospective chart review study of 31 pregnan¬ 

cies at Yale from 1975-1984 complicated by 

nephropathy (54). They assessed pregnancy 

performance and fetomaternal outcome and 

observed that although 71% of mothers expe¬ 

rienced an increase in blood pressure and 

proteinuria as pregnancy progressed, these 

changes were reversible postpartum and there 

was no apparent adverse effect of preg¬ 

nancy on the natural course of the underlying 

renal disease. There were only two stillbirths 

(6%); 70% of the 29 live-born infants born at 

36 ± SD 2.7 weeks were appropriate in size for 

gestational age while 16% were small and 13% 

were large. The complications in the fetus were 

considerable. Although cesarean section rate 

was comparable to that reported in other in¬ 

stitutions (49%), preterm deliveries occurred 

in one-third of women. The neonatal compli¬ 

cations of respiratory distress, hypoglycemia, 

and hyperbilirubiemia were high and almost 

10% of infants had congenital malformations. 

Nevertheless, the uncorrected perinatal sur- 
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Figure 17.10. A photograph of the posterior retina and optic nerve head of the patient in Figure 17.9, 
6 months later. Note the irregular, pigmented appearance of the laser-burn scars. The neovascular¬ 
ization has disappeared completely, and the caliber of the major retinal arteries and veins has 
notably decreased. A fibrous band, all that remains of the extensive neovascular network, extends 
in an arcuate pattern from the 1-o’clock to the 5-o’clock border of the photograph, touching the optic 
nerve head at its 3-o’clock margin. The visual acuity in this patient’s eye remained at 20/40, its level 
before laser treatment. With permission from Elman KD, Welch RA, Frank RN, et al. Diabetic retinopathy 
in pregnancy: A review. Obstet Gynecol 1990;75:119-127. 

vival rate was excellent (94%) and even higher 

when corrected for major congenital anoma¬ 

lies) (97%). At 0.5-9 yr postpartum, most 

women (74% of 27 women contacted) enjoyed 

active productive lives and remained capable 

of caring for their children. Two women had 

received renal transplants and four were on 

dialysis therapy. With one exception, all in¬ 

fants were reported to have normal develop¬ 

mental examinations. 

Management guidelines for diabetic ne¬ 

phropathy before and after pregnancy are 

shown on Table 17.13. Fetal surveillance is be¬ 

gun at 25-26 weeks’ gestation and continued 

until delivery. The most serious potential ma¬ 

ternal complications include preterm labor 

with or without rupture of membranes, pree¬ 

clampsia—often superimposed on chronic hy¬ 

pertension, infection with poor control of 

hyperglycemia, and severe hypoglycemia 

secondary to overinsulinization. Even with 

severely compromised renal function (pro¬ 

teinuria >5 g/day, creatinine clearance <40 

ml/min and serum creatinine >2.0 mg/dl), 

it is rarely necessary to institute renal he¬ 

modialysis during pregnancy. Microalbu¬ 

minuria is predictive of future diabetic 

nephropathy and should be measured in a 

24-h urine collection in all diabetic pregnant 

women who have negative tests for albumin 

by conventional dip-stick testing. McCance 

and co-workers have observed a modest in- 
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Table 17.13. 
Recommendations for Diagnosis and Treatment of Nephropathy in Women of Child¬ 
bearing Age (14-45 yr) with IDDM 

_Preconception _ Pregnancy" 

I. Annual evaluation of renal status 

URINE DIPSTICK 
Positive 

1. Measure quantitative 24- 
h urinary protein loss, 
serum BUN, creatininej 
and creatinine clearance 

2. Renal consultation if cre¬ 
atinine level is >3.0 mg/ 
100 ml to consider inter¬ 
mittent hemodialysis, 
continuous ambulatory 
peritoneal dialysis, or 
renal transplantation 

Negative 
1. Measure urinary albu¬ 

min excretion for mi- 
' croalbuminuria (30-300 

mg/24 h) 

2. Maintain near-normogly- 
cemic diabetic control 

3. High-complex carbohy¬ 
drate diet (50-55%) 

1. Schedule renal function 
assessment: serum BUN, 
creatinine, creatinine 
clearance, uric acid and 
measurement of 24-h 
urinary protein loss and 
creatinine 

2. Urine culture 

3. Close attention for signs 
of pregnancy-induced hy¬ 
pertension 

4. Control of hyperglycemia 
by multiple-dose insulin 
regimen; women with 
IDDM and severe ne¬ 
phropathy may require 
less insulin and are at 
greater risk for hypogly¬ 
cemia without warning 

5. Reassessment of renal 
function each month or 
more often if preeclamp¬ 
sia occurs 

II. Establish and maintain good diabetic control 
II. High-complex CHO diet with moderate protein re¬ 

striction 
IV. Treatment of hypertension 

“With these therapeutic measures, patients with diabetes who are treated early do almost as well as nondiabetic patients 
with end-stage renal disease. Pregnancy, however, should be undertaken only with full realization of the risks involved for 
the fetus. 

crease in urinary albumin in normal preg¬ 

nancy from 28 weeks onward (55). In pregnant 

diabetic women without microalbuminuria at 

conception, they reported an exaggeration of 

the normal pattern with levels returning to 

normal after delivery. 

Biesenbach and Zazgornik confirmed the 

findings in the McCance study and also showed 

that diabetic women with pre-existing microal¬ 

buminuria had a significant increase in pro¬ 

teinuria during gestation (56). In addition, 

they observed a transient nephrotic syndrome 

with peripheral edema during 3rd trimester in 

3 women with pre-existing albuminuria. 

All women with severe diabetic nephropa¬ 

thy should be managed at a tertiary care hos¬ 

pital and followed jointly by a nephrologist 

with expertise in nephropathy and hyperten¬ 

sion during pregnancy. Diabetic renal disease 

is not a contraindication for becoming preg¬ 

nant or a reason for abortion (unless desired 

and requested by the patient) for a pregnancy 

already underway. Women with diabetic and/ 

or hypertensive renal disease must be fully 

informed about the details of their medical 

care during pregnancy and potential fetal 

risks. With comprehensive care and modern 

perinatal technology, the maternal and fetal 

outcomes in these pregnancies in special ter¬ 

tiary diabetes centers are now comparable to 
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those of other women with IDDM. This opti¬ 

mistic outcome is not reported in other types 

of health care centers or in clinics unable to 

provide a coordinated ambulatory care team 

approach, weekly clinic visits, and close tele¬ 

phone supervision of these complicated pa¬ 

tients. 

CARDIOVASCULAR PROBLEMS 

In diabetic women with IDDM, there may 

be impaired adaptation of the cardiovascular 

system to pregnancy. Although coronary heart 

disease with angina or myocardial infarction 

are rare complications, two other problems are 

not unusual: autonomic neuropathy and car¬ 

diomyopathy. 

Airaksinen and colleagues have studied car¬ 

diac function in pregnant normal and IDDM 

women (57). In a longitudinal study of 17 

IDDM women during each trimester and post¬ 

partum, they assessed left ventricular function 

by serial echocardiography and by recording 

systolic time intervals. Diabetic women had 

less than the normal increase in left ventric¬ 

ular size and stroke volume. In addition, heart 

rate increases were lower, which resulted in a 

smaller increment in cardiac output. Minor 

collections of pericardial fluid occurred in 76% 

of diabetic women (45% in controls) and two 

women had classical pericardial effusions. 

They concluded that the normal hemodynamic 

adjustments to pregnancy seem to be impaired 

in women with IDDM and that preclinical di¬ 

abetic cardiomyopathy and autonomic neurop¬ 

athy that antedate gestation may be involved 

in the observed alterations. Because these 

changes are likely to be asymptomatic, they 

may not be appreciated unless other compli¬ 

cations of pregnancy occur or there has been a 

careful cardiac assessment before gestation. 

Reduced maternal cardiac output and de¬ 

creased uteroplacental blood flow, particularly 

in the 3rd trimester, may be of clinical impor¬ 

tance in situations in which other concomitant 

factors, such as anemia or preeclampsia, de¬ 

crease fetal oxygen supply (58). Preterm labor 

treated with tocolytic agents or fluid overload 

for any reason are dangerous situations that 

place IDDM women at higher risk for pul¬ 

monary edema, hypovolemia, and diabetic 

ketoacidosis. Because unsuspected diabetic 

cardiomyopathy may lead to serious conse¬ 

quences as pregnancy progresses and compli¬ 

cations occur, we recommend a maternal 

cardiac evaluation and echocardiography in all 

pregnant women with IDDM of more than 10 

years’ duration before conception or shortly 

after the first prenatal visit. 

Exercise can also induce left ventricular 

dysfunction in IDDM women. Prepregnant 

women with microvascular and autonomic 

complications should be evaluated carefully 

and given advice about physical activity dur¬ 

ing gestation. Diversion of cardiac output by 

exercise causes a further temporary decrease 

in fetal blood flow in pregnant IDDM diabetic 

women that can be of clinical significance (59). 

Little information is currently available on 

pregnancy in diabetic patients with significant 

coronary artery disease but without myocar¬ 

dial infarction. Reece and colleagues have re¬ 

ported a successful outcome in a 32-yr-old 

IDDM in her first pregnancy; 2 yr previously, 

she had had coronary artery disease that re¬ 

quired an emergency coronary artery bypass 

graft to the left descending coronary artery 

(60). She also had additional complications of 

retinopathy and nephropathy. In their review 

of the literature (12 case reports), there were 

eight maternal deaths (67%) and five fetal 

losses (42%) in women with myocardial in¬ 

farctions before, during, or up to 4 weeks post¬ 

partum. There are only two reports of women 

who have had coronary artery bypass proce¬ 

dures before pregnancy (52). 

There have been no studies reported of car¬ 

diac function with or without exercise in preg¬ 

nant NIDDM women. This information would 

be informative because these women are older 

and more likely to be obese and hypertensive 

but have fewer macro- and microvascular com¬ 

plications during the reproductive years. 

Some pregnant diabetic women may have 

congenital or valvular heart disease and 

an occasional IDDM patient presents with 

Graves’ disease and hyperthyroidism or Hash- 

imoto’s chronic thyroiditis. Women with these 

problems may develop arrhythmias or conges¬ 

tive heart failure during pregnancy or at labor 

and delivery. Their cardiac status should be 

assessed by careful history, physical exami¬ 

nation, and appropriate laboratory studies. 

NEUROPATHY 

Diabetic autonomic neuropathy (62-66) is a 

serious complication of IDDM and NIDDM. 



Chapter 17 Medical Complications 179 

Subclinical abnormalities may be found early 

in the course of diabetes. Although this prob¬ 

lem was once considered to result only from 

poor diabetic control, neurologic involvement 

is now generally thought to be a result of 

insulin deficiency and its metabolic conse¬ 

quences (65-66). The extent to which glucose- 

related metabolic factors, such as polyol path¬ 

way activation or nonenzymatic glycation, act 

directly on peripheral neurons and Schwann 

cells or through secondary microvascular al¬ 

terations in various diabetic neuropathic syn¬ 

dromes remains controversial (67, 68). Many 

symptoms of autonomic neuropathy are simi¬ 

lar to those of pregnancy and there is a low 

index of suspicion for this complication in most 

prenatal clinics. Cardiovascular neuropathy is 

characterized by postural hypotension (a fall 

in systolic blood pressure of >30 mm Hg on 

standing with a failure of compensatory tach¬ 

ycardia), lower cardiac output during exercise, 

and diminished catecholamine responsiveness. 

On 24-h ECG monitoring, diabetic individuals 

have faster heart rates through the day than 

normal subjects. Pregnant women with long¬ 

standing IDDM should be warned not to 

change position quickly and to avoid strenuous 

exercise programs if they have signs or symp¬ 

toms of neuropathy. Postural hypotension 

is ameliorated by the use of body stockings. 

Women with cardiac denervation syndrome (a 

fixed heart rate of 80-90 beats per minute) 

should be evaluated for painless myocardial 

ischemia before conception or beginning an ex¬ 

ercise program (65). 

Gastrointestinal neuropathy (atony, gas- 

troparesis diabeticorum), gallbladder dys¬ 

function, and diabetic explosive diarrhea or 

constipation may require pharmacologic or di¬ 

etary interventions (69). These symptoms can 

be especially distressing and may worsen as 

the uterus enlarges. Diabetic women often ex¬ 

perience anorexia, nausea, vomiting, fullness, 

and early satiety. Although metaclopramide 

may be helpful in nonpregnant women, there 

are no adequate or well-controlled studies 

in pregnant or lactating women. Because of 

delayed gastric emptying, there is irregular 

absorption of nutrients that leads to more 

difficult control of hyperglycemia. A high-fiber 

diet is contraindicated because of the risk of 

developing fiber besoars. The most practical 

therapy is often the use of multiple (six to 

eight) very small meals spread over 12-16 h. 

Neurogenic bladder dysfunction causes a loss 

of bladder sensation, overflow incontinence, 

and significant bacteriuria. Diabetic women 

with cardiovascular autonomic neuropathy ap¬ 

pear to be at increased risk of developing bac¬ 

teriuria. This should be kept in mind when 

pregnant IDDM women have repeated asymp¬ 

tomatic bladder infections. 

EDEMA 

Severe, generalized edema, often occurring 

early in pregnancy and persisting until term, 

is not unusual in women with IDDM and com¬ 

promised renal function. It is usually treated 

with bed rest. The presence of congestive 

heart failure should be excluded. Women with 

NIDDM or GDM more often have dependent 

edema when preeclampsia is also present. 

NONCOOPERATIVE PATIENTS AND 
PHYSICIAN FAILURE 

It is difficult for many adolescent and young 

adult women with IDDM to accept and live 

with a chronic metabolic problem that requires 

daily treatment with injections and a constant 

adjustment or adaptation of life-style. Some 

solve the problem by an obsessive compulsive¬ 

ness; others consciously or subconsciously deny 

that they have a disorder that requires atten¬ 

tion. Obese women with NIDDM may find it 

difficult to adjust to therapeutic advice during 

pregnancy because they are usually asymp¬ 

tomatic and have often been quite casual about 

medical advice until this time. On the other 

hand, pregnancy in diabetic women provides a 

great deal of motivation and an opportunity 

for patient education and preventive health 

measures. 

When pregnancy occurs, each diabetic 

woman arrives in prenatal care with her past 

diabetic educational experience and her own 

approach to life. If a prenatal program is too 

rigid or demanding, she may be unable to cope 

emotionally with a totally new plan for dia¬ 

betic control. She and her family may be ex¬ 

cessively worried about the pregnancy and 

possible outcome of the infant. These fears are 

heightened if her glycemic control is subopti- 

mal and she becomes labeled “noncompliant” 

by the individuals responsible for her care. 

Fortunately, pregnancy for most diabetic 

women is a highly motivating experience. In 
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most instances, these are wanted pregnancies 

and almost all women are eager to learn about 

the new advances in diabetic care. Thus, it is 

both possible and highly rewarding to try to 

adjust prenatal care to the individual needs of 

each family. A sympathetic patient-physician 

relationship and bilateral trust are carefully 

nurtured during initial hospitalization and the 

first prenatal visits. It is helpful to have the 

patient’s husband, the father of the baby, close 

family member, or significant other person 

participate in the obstetric plans and attend 

clinic visits when possible. 

On the initial visit, the previous medical his¬ 

tory is carefully compiled and a complete phys¬ 

ical examination performed with particular 

attention to funduscopic, neurologic, and car¬ 

diovascular examination. Goiter and Hashi- 

moto’s thyroiditis are common in women with 

IDDM and the possibility of hypo- or hyper¬ 

thyroidism should not be overlooked. Renal 

status is evaluated by history of previous prob¬ 

lems, careful urinalysis, and serum blood urea 

nitrogen (BUN) and creatinine determina¬ 

tions. With this information, it is possible for 

the physicians, (preferably the obstetrician 

and diabetologist) to have a relaxed, comfort¬ 

able, and informative bilateral discussion with 

the patient and her family. 

For women in poor control, hospitalization 

can be arranged and medical education and 

treatment initiated under optimal conditions. 

Arrangements also have to be made for each 

patient to have the phone number of her phy¬ 

sician or a patient care coordinator 24 h a day. 

Most women do not abuse this line of com¬ 

munication and feel much more secure in case 

a problem arises. From the standpoint of the 

physician, minor illnesses and other difficul¬ 

ties are quickly brought to attention. This 

permits early diagnostic and therapeutic pro¬ 

cedures and prevents unnecessary hospitali¬ 

zation. The utilization of a team approach is a 

practical and much less expensive method for 

ambulatory care of pregnant women with di¬ 

abetes. 

Although the approach outlined is obviously 

time-consuming initially, it is well worth the 

effort in the prevention of problems and the 

enhanced quality of care possible throughout 

the subsequent course of the pregnancy. 

Patients who appear noncooperative are 

usually women with emotional problems who 

are unable or sometimes unwilling to fit into 

regimens that are structured with too much 

rigidity. The label noncompliant is unfortu¬ 

nate because it may unfairly prejudice medical 

care. In these difficult situations, it is best to 

work out an approach that the patient will fol¬ 

low and enlist the help of significant or sym¬ 

pathetic others. 
It is frustrating to physicians when patients 

fail to follow instructions or are unable to make 

the considerable behavioral modifications ad¬ 

vised during pregnancy. In some instances, the 

personality of the patient and the physician 

are incompatible. In these circumstances, the 

easiest course is for another physician in the 

group to assume primary responsibility for the 

patient. For some women, it may be easier to 

express problems and fears to the nurse cli¬ 

nician, dietitian, or social worker who can then 

act as an intermediary in helping with ther¬ 

apeutic advice and plans for delivery. In any 

case, isolation of the patient or judgmental la¬ 

bels by the staff should be avoided. For a va¬ 

riety of reasons, all physicians can and do fail 

with some patients. 

In conclusion, the management of compli¬ 

cations of diabetic pregnancies is a challenging 

experience for both obstetricians and intern¬ 

ists. Women with diabetes are an ideal model 

for instruction in obstetric prenatal care be¬ 

cause these patients may present with or de¬ 

velop every known complication of repro¬ 

ductive medicine. When the usual problems of 

pregnancy are superimposed upon a hetero¬ 

geneous metabolic disorder, they require pa¬ 

tience, expertise in perinatal medicine and 

psychiatry, and familiarity with the pathogen¬ 

esis, course, and treatment of carbohydrate in¬ 

tolerance. 
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CHRONIC HYPERTENSION 

Chronic hypertension (69) is defined as high 
blood pressure (>140/90 mm Hg) present and 
observable before pregnancy or the 20th week 
of gestation. Hypertension that is diagnosed 
for the first time during pregnancy and that 
persists beyond the 42nd day postpartum is 
also classified as chronic hypertension. 

There has been a great deal of confusion and 
some disagreement about the diagnosis and 
treatment of hypertensive disorders of preg¬ 
nancy. This section and the one that follows 
on preeclampsia and eclampsia include several 
points of view represented in the current lit¬ 
erature and rely heavily on the 1990 National 
High Blood Pressure Education Program 
(NHBPEP) working group consensus report 
sponsored by the National Institutes of Health 
(69). 

The consensus group recommends the 
scheme for hypertensive disorders of preg¬ 
nancy proposed by the American College of Ob¬ 
stetricians and Gynecologists in 1972, which 
has been in use for two decades (70). Hyper¬ 
tension associated with gestation is defined in 
only four categories (Table 18.1) (69). Classi¬ 
fications of hypertensive disorders of preg¬ 
nancy are also available from the American 
College of Obstetricians and Gynecologists (71) 
and the World Health Organization (WHO) 
(72). The reason for the consensus group choice 
was that, although imperfect, the 1972 clas¬ 
sification has been in use a long time and has 
the advantage of simplicity and clarity. Be¬ 
cause preeclamptic syndromes and essential 
hypertension comprise over three quarters of 
the hypertensive disorders in pregnancy, the 
consensus document focuses on the presen¬ 

tation, pathophysiology, and management of 
these diseases. It will undoubtedly serve as the 
standard of care for the next few years. Hy¬ 
pertension complicates approximately 10% of 
all pregnancies and is a significant cause of 
fetal and maternal morbidity (73). Preeclamp¬ 
sia and eclampsia are the most serious forms 
of hypertension during pregnancy. 

The interaction between diabetes and pre¬ 
eclampsia has been unclear (74). Although the 
Mayo Clinic Group (75) reported a twofold in¬ 
crease in this problem among diabetic preg¬ 
nancies, others have found no significant 
differences between nondiabetic and diabetic 
women even when they required insulin ther¬ 
apy (76, 77). Importantly, preeclampsia did not 
occur at a significantly higher rate in preg¬ 
nancies in classes D-R in the White classifi¬ 
cation (women with IDDM with microvasular 
abnormalities). 

In the 1987 report of risk factors for the oc¬ 
currence of preeclampsia by Guzick and col¬ 
leagues at Parkland Hospital in Dallas, Texas, 
a computerized data base was used to assess 
28,838 women who delivered between 1978 
and 1980 (74). Of the total, 5190 (18%) devel¬ 
oped preeclampsia. When the data were ana- 

Table 18.1. 
Classification of the Hypertensive Disor¬ 
ders of Pregnancy0 

Chronic hypertension 
Preeclampsia-eclampsia 
Preeclampsia superimposed upon chronic 

hypertension 
Transient hypertension 

“With permission from National High Blood Pressure Ed¬ 
ucation program (NHBPEP) working group report on high 
blood pressure in pregnancy. March 1990. 
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lyzed by multiple logistic regression and 

multivariate analysis, it was found that: (a) 

age had a linear (not U shaped) relation to 

preeclampsia after adjusting for parity; (b) 

preeclampsia was twice as likely to occur if 

chronic hypertension was present, controlling 

for all other variables; (c) diabetes did not 
have a significant association with pre¬ 
eclampsia when an independent effect of this 

risk factor was determined by multivariate 

methods, controlling for all other factors; and 

(d) heart disease, renal disease, race, and mul¬ 

tiple gestation had important independent ef¬ 

fects on preeclampsia. 

Blood pressure measurements normally de¬ 

cline during 1st trimester and reach a nadir in 

2nd trimester followed by a gradual increase 

to or near preconception levels in 3rd trimester 

(78). Four criteria have been established by the 

American College of Obstetricians and Gyne¬ 

cologists for the definition of hypertension in 

pregnancy (Table 18.2). The diagnosis of 

chronic hypertension (antedating pregnancy) 

is suspected if the systolic blood pressure is 

>130 mm Hg or the diastolic pressure is >80 

mm Hg before 3rd trimester. Other findings 

that strengthen the likelihood of this diagnosis 

are: (a) failure of mean blood pressure to de¬ 

cline normally in late 2nd trimester; (6) an 

elevation of BUN to >10 mg/dl, serum creat¬ 

inine to >1 mg/dl, or a reduced creatinine 

clearance to <100 ml/min. 

Pregnant women with severe chronic hy¬ 

pertension and other hypertensive disorders of 

pregnancy are at increased risk of developing 

preeclampsia, eclampsia, abruption of the pla¬ 

centa, disseminated intravascular coagulation 

(DIC), cerebral hemorrhage, hepatic failure, 

and acute renal failure. The fetus has a higher 

risk of intrauterine growth retardation and 

death. 

Management of chronic hypertensive preg¬ 

nant diabetic women is summarized in Table 

Table 18.2. 
Definition of Hypertension in Pregnancy0*5 

Systolic blood pressure >140 mm Hg 
Diastolic blood pressure >90 mm Hg 
Increase of >30 mm Hg in systolic pressure 
Increase of 5:15 mm Hg in diastolic pressure 

“With permission from The American College of Obstetri¬ 
cians and Gynecologists. 

6 Any of these criteria must be present on at least two oc¬ 
casions, separated by at least 6 h. 

18.3. Bedrest, often with the addition of an 

antihypertensive agent to treat a systolic blood 

pressure consistently >150 mm/Hg and dia¬ 

stolic pressures of >100 mm Hg is the usual 

treatment. The goal of therapy is to control 

the upper limits of maternal blood pressure 

and minimize the risk of stroke, abruption of 

the placenta, and acute renal tubular and cor¬ 

tical necrosis. These untoward events correlate 

with age of pregnant women and duration of 

their high blood pressure (79). Most of these 

complications occur in women over age 30 yr 

or in those with evidence of end-organ damage. 

Most women with essential hypertension— 

about 85%—have uncomplicated and success¬ 

ful pregnancies (80). An adequate blood pres¬ 

sure must be maintained so that uterine 

perfusion is adequate for fetal growth. 

The choice of antihypertensive agents re¬ 

quires experience and a full understanding of 

their potential side effects (81, 82). Table 18.4 

describes the drug therapy of chronic hyper¬ 

tension in pregnancy. Most obstetricians spe¬ 

cializing in diabetes care use methyldopa as 

the first-line drug and agent of choice. The in¬ 

itial dose is 250 mg three or four times per day 

with a maximum dose of 3000 mg daily. This 

drug has a long history of safe use and a suc¬ 

cessful clinical trial including a 7-yr follow-up 

of infants of mothers who received this treat¬ 

ment. A (3-adrenergic inhibitor (and the com- 

Table 18.3. 
Management of Pregnant Diabetic 
Women With Chronic Hypertension 

Bedrest is the cornerstone of therapy. 
Modified (6 h daily plus sleep) or full bedrest 

when: 
Fatigue or headache become prominent 

maternal symptoms 
Fetal growth is at or below the 10th 

percentile or reaches a plateau 
Fetal surveillance tests become worrisome 

(borderline findings but not diagnostic of 
fetal distress) 

Initiate antihypertensive medications 
when diastolic pressures are consistently 
>100 mm Hg and systolic pressures >150 
mm Hg 

Adjust antihypertensive medications to keep 
diastolic pressures between 88 and 95 mm 
Hg 

Monitor laboratory tests and clinical findings 
for impending preeclampsia. 
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Table 18.4. 
Drug Therapy of Chronic Hypertension in Pregnancy0* 

Drug Dose Adverse Effects and Comments 

Agent of choice 
Methyldopa 500-3000 mg in 

2-4 divided doses 
Safety for mother and fetus 

(after 1st trimester) is well 
documented 

Second-line agents 
Hydralazine 500-300 mg in 2-4 Few controlled trials but 

# divided doses extensive experience with 
few serious adverse effects 
documented; several reports 
of neonatal thrombocytopenia 

(3-adrenergic inhibitors Dependent on specific May cause fetal bradycardia 
(and the combined a- 
P-blocker, labetalol) 

agent used and impair fetal responses to 
hypoxia; risk of intrauterine 
growth retardation remains 
unclear 

Third-line agents 
Thiazide diuretics Dependent on agent used Most controlled studies are in 

normotensive gravidas; few 
data in hypertensive 
pregnancies; implicated in 
volume depletion, electrolyte 
imbalance, pancreatitis, and 
thrombocytopenia 

Clonidine 0.1-0.8 mg in 2 divided doses Limited data 
Nifedipine 30-120 mg in 3-4 divided 

doses 
Limited data; may inhibit 

labor; potential for severe 
hypotension in patients 
receiving MgS04 

Prazosin 1-30 mg in 2-3 divided doses Limited data 
Contraindicated 

Angiotensin-converting- 
enzyme inhibitors 

Dependent on agent used High rates of fetal loss in 
animals; several cases of 
neonatal anuric acute renal 
failure in humans 

“With permission from Barron WM, Murphy MD, Lindheimer MD. Management of hypertension during pregnancy. In: 
Laragh JH, Brenner BM (eds). Hypertension. Diagnosis and Management. New York: Raven Press, 1990, pp 1809-1827. 
‘Note that safety during the 1st trimester has not been established for any antihypertensive agent. 

bined a-(3 blocker, labetalol) can be added as a 

second agent when diastolic pressures are 

>100 mm Hg (83). In some centers, hydrala¬ 

zine is used as a reasonable second-line agent. 

Medications should be titrated to keep the pa¬ 

tient’s diastolic pressure in the range of 90- 

95 mm Hg and the systolic pressure <160 mm 

Hg. It is helpful to have the patient check blood 

pressures daily at home during the interval 

between office visits. However, care should be 

taken in increasing the dose of antihyperten¬ 

sive medications. Women who require the 

addition of a second or third agent more fre¬ 

quently experience poor fetal growth and early 

onset of preeclampsia. 

Diuretics have not proved to be beneficial in 

chronic hypertension or preeclampsia. Their 

use has been associated with a number of ad¬ 

verse side effects including severe extracellu¬ 

lar volume depletion, azotemia, and electrolyte 

disturbances. They may affect placental per¬ 

fusion adversely and have also been associated 

with neonatal thrombocytopenia and hemor¬ 

rhage. Maternal risks include hemorrhagic 

pancreatitis and hyperuricemia. A rise in se¬ 

rum uric acid level is an important diagnostic 

sign of preeclampsia. Caution is advised con¬ 

cerning routine use of diuretics; the only preg¬ 

nant women for whom Barron and colleagues 

prescribe saluretics unhesitatingly are those 

with pulmonary edema and/or left ventricular 

failure (82). A broader appraisal of the use of 
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diuretics in pregnancy by NHBPEP follows be¬ 

low (69). Controversy remains, however, about 

use of diuretics during pregnancy. 

The theoretic concerns about diuretic 

agents, reported mostly in the 1960s, have to 

be balanced by the extensive experience in sev¬ 

eral well-controlled studies with their prophy¬ 

lactic use in normotensive pregnant women 

in whom there was no evidence of excessive 

perinatal mortality or morbidity (84). A meta¬ 

analysis of nine randomized trials comprising 

over 7000 subjects showed a decrease in the 

tendency of these women to develop edema 

and/or hypertension and confirmed the obser¬ 

vation that there were no increased adverse 

effects in the fetus (85). Based on theoretic con¬ 

cerns, diuretics are usually not used as first- 

line drugs. However, if their use is indicated, 

they are safe and efficacious agents that can 

markedly potentiate the response to other an¬ 

tihypertensive agents and are not contraindi¬ 

cated in pregnancy except in settings where 

uteroplacental perfusion is already reduced, 

e.g., preeclampsia and intrauterine growth re¬ 

tardation. 

Although recent data concerning use of di¬ 

uretics in pregnant women with hypertension 

are sparse, the NHBPEP consensus group con¬ 

cluded that gestation does not preclude use of 

saluretic drugs to reduce or control blood pres¬ 

sure in women (especially those who are salt 

sensitive) whose hypertension antedates con¬ 

ception or is manifested before 20 weeks’ ges¬ 

tation (69). The 1988 report of the Joint 

Committee on Detection, Evaluation and 

Treatment of High Blood Pressure recom¬ 

mended smaller doses of diuretics than used 

previously, thus minimizing metabolic effects 

(86). 

Sodium restriction during pregnancy has 

also been associated with severe volume de¬ 

pletion, azotemia, and electrolyte distur¬ 

bances. There are no documented benefits of 

sodium restriction. However, patients with 

chronic hypertension who enter pregnancy on 

a moderately restricted sodium intake need not 

alter their dietary patterns (82). 

Angiotensin convertase inhibitors, e.g., cap- 

topril and enalopril, are used with increasing 

frequency in nonpregnant hypertensive pa¬ 

tients. However, during pregnancy, these 

drugs have been linked to poor fetal growth, 

fetal anuria, and fetal death (87). They should 

be discontinued early in pregnancy and re¬ 

started only if potential benefits outweigh 
documented risks. 

Preliminary information concerning cal¬ 

cium antagonists is encouraging but only lim¬ 

ited data are available. The roles of calcium 

supplementation and low-dose aspirin medi¬ 

cation (which decreases thromboxane synthe¬ 

sis while sparing prostacyclin production) to 

prevent preeclampsia and/or chronic or tran¬ 

sient hypertension are under investigation 

(69). 
Finally, the question should be raised 

whether women.with mild chronic hyperten¬ 

sion during pregnancy should receive any med¬ 

ication at all. Sibai and colleagues (88) have 

reported their experience in 300 women with 

mild chronic hypertension at 6-13 weeks’ ges¬ 

tation who were randomly allocated to receive 

methyldopa, labetol, or no medication. In the 

263 women followed with serial renal function 

tests and assessment of fetal status for the du¬ 

ration of pregnancy, there were no differences 

among groups with respect to superimposed 

preeclampsia (15.6%, 18.4%, and 16.3%, re¬ 

spectively), abruption of the placenta (2.2%, 

1.1%, and 2.3%), or preterm delivery (10%, 

12.5%, 11.6%). Furthermore, there were no dif¬ 

ferences among groups with respect to ges¬ 

tational age at delivery, birth weight, intra¬ 

uterine growth retardation, or neonatal head 

circumference. There was one fetal loss in each 

group. They concluded that, in mild chronic 

hypertension in pregnancy, treatment does not 

improve perinatal outcome. 

Many of the published studies of antihyper¬ 

tensive agents in mild and severe chronic hy¬ 

pertension in pregnancy have been limited in 

scope. There remains a critical need for large 

multicenter clinical trials using the combined 

services of obstetricians, hypertension special¬ 

ists, epidemiologists, and statisticians (79). 

PREECLAMPSIA 

Preeclampsia is a disease peculiar to preg¬ 

nancy. It is most common in nulliparas, pre¬ 

sents usually after gestational week 20, most 

frequently near term. The criteria for diag¬ 

nosis are listed in Table 18.5. It may occur 

earlier in women with trophoblastic disease, 

such as hydatidiform mole or a fetus with hy¬ 

drops. Signs helpful in diagnosis are protein¬ 

uria, edema (especially if of recent or rapid 

onset), and any of the following: hemoconcen- 
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Table 18.5. 
Diagnosis of Preeclampsia 

Hypertension Blood pressure >140/90 on 
2 occasions, 6 h apart 

Rise in blood pressure of 
>30 mm Hg systolic and 
15 mm Hg diastolic 

Proteinuria >1 + on standard urine 
dipstick; this correlates 
with 30 mg/dl on a 
random specimen 

=>300 mg urinary protein in 
a 24-h collection 

Edema Significant nondependent 
edema or >4-lb weight 
gain in 1 week 

tration, hypoalbuminemia, abnormalities of 

hepatic function and/or coagulation, and in¬ 

creased serum urate levels. The predictive 

value of raised serum iron levels, low anti¬ 

thrombin III concentrations and hypocalciuria 

are under investigation. Any of the following 

criteria suffice for the diagnosis of hyperten¬ 

sion: (a) systolic blood pressure increases of 30 

mm Hg or greater; (6) diastolic blood pressure 

increases of 15 mm Hg or greater from 1st 

trimester values. If pregestational blood pres¬ 

sure is unknown, readings of 140/90 mm Hg 

after 20 weeks’ gestation are considered suf¬ 

ficiently elevated to satisfy the blood pressure 

criterion for preeclampsia. Many young 

women will show the blood pressure in¬ 

crease required for a diagnosis of pre¬ 

eclampsia without increasing their pres¬ 

sure to 140/90 mm Hg. Preeclampsia su¬ 

perimposed upon chronic hypertension 

has a much worse prognosis for mother 

and fetus than either condition alone. 

Proteinuria is defined as the excretion of 0.3 

g or greater in a 24-h specimen. This correlates 

with a 30 mg/dl (“1+ dip-stick”) or greater 

amount in a random urine determination. Pro¬ 

teinuria is usually a late sign in the course of 

preeclampsia. 

Edema is diagnosed as clinically evident 

swelling, but fluid retention may also be man¬ 

ifested as a rapid increase of weight without 

evident swelling. There is a tendency for pre¬ 

eclampsia to be inherited (89). Twin pregnancy 

increases the risk five times (90). 

Eclampsia is the occurrence of seizures in 

a preeclamptic woman that cannot be attrib¬ 

uted to other causes. 

Transient hypertension is the develop¬ 

ment of elevated blood pressure during preg¬ 

nancy or in the first 24 h postpartum without 

other signs of preeclampsia or preexisting hy¬ 

pertension. This condition is often predictive 

of the eventual development of essential hy¬ 

pertension. It is probably the usual basis for 

the erroneous diagnosis of preeclampsia in 

multiparas. 

A major pathophysiologic feature of pre¬ 

eclampsia is a marked increase in peripheral 

resistance caused by vasospasm due, in part, 

to exaggerated vascular responsiveness to cir¬ 

culating angiotensin II and catecholamines. 

This may represent an imbalance between 

thromboxane and prostacyclin production. Be¬ 

fore therapeutic interventions are imposed, 

cardiac output is often decreased, pulmonary 

capillary wedge pressure is normal or low, and 

intravascular volume is below that of normal 

pregnant women. Renal hemodynamics also 

decrease due, to some extent, to glomerular 

endotheliosus, a characteristic morphologic le¬ 

sion in the glomerulus. Increased vascular 

permeability leads to loss of albumin from the 

intravascular space. Uteroplacental perfusion 

is often reduced and associated with fetal 

growth retardation. It is important to recog¬ 

nize the onset of preeclampsia because poor 

management may result in significant fetal 

and maternal morbidity. Conversely, a care¬ 

fully managed diabetic woman with mild pre¬ 

eclampsia near term will experience very little 

effect on herself or the baby. 

Many obstetricians find it useful to define 

more severe signs and symptoms of preeclamp¬ 

sia (Table 18.6). Lindheimer disagrees with at¬ 

tempts to categorize preeclampsia as mild or 

severe because this definition may be mislead¬ 

ing (79). In essence, he recommends that de 

novo 3rd-trimester hypertension in a nullipara 

is sufficient reason for hospitalization, regard¬ 

less of whether other signs are present, be¬ 

cause deterioration and progression from mild 

to severe forms of preeclampsia can occur sud¬ 

denly. In the variant of preeclampsia charac¬ 

terized by hemolysis, elevated liver enzymes, 

and low platelet count (HELLP syndrome; Ta¬ 

ble 18.7), the initial onset and appearance may 

be quite benign and misleading with only min¬ 

imal changes in platelet count, liver function 

tests and blood pressure, and little or no renal 

dysfunction. The syndrome can quickly reach 

life-threatening proportions with transami- 
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Table 18.6. 
Criteria for the Diagnosis of Severe Pre¬ 
eclampsia0 

Hypertension 

Proteinuria 

Oliguria 

CNS symptoms 

Epigastric pain 
Pulmonary edema 

Blood pressure >160/ 
110 mm Hg 

3 + - 4 + on urine 
dipstick or > 5 g of 
urinary protein 
excretion in 24 h 

<20 ml/h x 4 h or 
longer 

<400 ml/24 h 
Severe or persistent 

headache 
Visual phenomena: 

blurred vision, 
scotomata, or 
scintillations 

Altered consciousness 

“Any of these are sufficient for the diagnosis of severe pre¬ 
eclampsia (see text for expanded discussion on preeclamp¬ 
sia-eclampsia) 

nase values increasing to >1000 IU, plate¬ 

let counts decreasing to <40,000/mm3, and 

marked evidence of microangiopathic anemia 

constituting an emergency that requires ter¬ 

mination of pregnancy (91, 92). 

A second life-threatening complication of 

preeclampsia is progression to a convulsive 

stage, eclampsia. This severe form has been 

associated with cerebral hemorrhage, cardio¬ 

vascular collapse, and maternal death. Im- 

Table 18.7. 
Diagnosis of the Syndrome of Hemolysis, 
Elevated Liver Enzymes, and Low Platelet 
Count (HELLP) 

Hemolysis 

Abnormal 
liver function 

Thrombocytopenia 

Abnormal peripheral 
blood smear 

Elevated serum 
bilirubin 

(>1.2 mg/dl) 
Increased SGOT (AST, 

aspartate amino 
transaminase) 

Increased SGPT (ALT, 
alanine amino 
transaminase) 

Increased lactic 
dehydrogenase 
(LDH) to >600 
IU/L 

Platelet count 
<100,000 mm3 

pending or frank eclampsia requires imme¬ 

diate termination of gestation. 

Treatment 

In mild preeclampsia, a conservative ap¬ 

proach can be taken. Fetal maturity (docu¬ 

mented by fetal lung maturity with amnio¬ 

centesis or certain gestational age >38.5 

weeks) is an indication for immediate delivery. 

However, if the fetus is immature (<37 com¬ 

pleted weeks of gestation), observation of the 

patient, preferably in the hospital, for signs of 

severe preeclampsia and documentation of fe¬ 

tal lung maturity is appropriate. Intensive 

fetal and maternal monitoring should be in¬ 

stituted during conservative management of 

preeclampsia (Table 18.8). For clinical man¬ 

agement, preeclampsia should be overdi¬ 

agnosed because a major goal in managing 

preeclampsia is the prevention of eclamp¬ 

sia, primarily through timing of delivery. 

As noted previously, in large epidemiologic 

studies, diabetes does not have a significant 

association with preeclampsia when a multi¬ 

variate analysis of other confounding variables 

is performed (74). Aside from nulliparity, the 

most frequent associations are age (after ad¬ 

justing for parity), chronic hypertension, heart 

disease, renal disease, race, multiple gesta¬ 

tions, genetic factors, and immunologic disor¬ 

ders such as lupus erythematosus (93). 

In chronic hypertensive women, it may be 

difficult to diagnose preeclampsia with cer¬ 

tainty but an attempt should be made. Pro¬ 

gressive elevations in blood pressure in women 

with chronic hypertension can be managed 

conservatively with additional antihyperten- 

Table 18.8. 
Guidelines for Monitoring Diabetic Women 
With Mild Preeclampsia and an Im¬ 
mature Fetus 

Check maternal vital signs and fetal heart 
rate every 4 h 

Fetal biophysical surveillance daily 
Every 3 days: complete blood count and 

platelet count, liver enzymes, BUN, 
creatinine, uric acid 

Weekly: 24-h urinary protein and creatinine 
clearance determinations 

Weekly: amniotic fluid volume assessment by 
ultrasound 

Every other week: fetal growth assessment 
by ultrasound 
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sive medications as long as the fetus is growing 

and well oxygenated. A previously hyperten¬ 

sive patient is considered to have superim¬ 

posed preeclampsia when serum uric acid is 

elevated or platelet counts decrease (94). The 

onset can be insidious or rapid and may not be 

recognized until a severe stage. In severe pre¬ 

eclampsia, particular attention should be paid 

to detection of early signs of the HELPP syn¬ 

drome described previously (95, 96). 

When severe preeclampsia is present, deliv¬ 

ery arrangements should be made imme¬ 

diately. Sibai and colleagues (97) have 

reported that conservative management of pa¬ 

tients with severe preeclampsia and an im¬ 

mature fetus resulted in a progression to 

eclampsia in 8%, abruption of the placenta in 

10%, and stillbirths in 25% of women. Con¬ 

servative management of severe preeclampsia 

is dangerous for both mother and fetus. Even 

if the fetus is immature, prompt delivery pro¬ 

vides the best chance for both mother and baby. 

The 1990 NIH consensus panel agrees that 

treatment for preeclampsia when gestation is 

advanced is delivery of the baby (69). The 

group also recommends that severe intrapar¬ 

tum hypertension be controlled with intrave¬ 

nous hydralazine, which is successful in most 

instances. Favorable results have been re¬ 

corded with parenteral diazoxide, labetalol, 

and clonidine as well as oral nifedipine. Ni- 

troprusside should be avoided unless ma¬ 

ternal jeopardy is extreme. Magnesium 

sulfate remains the drug of choice to prevent 

or treat eclamptic convulsions. Table 18.9 out¬ 

lines drug therapy of severe hypertension of 

pregnancy (82). 

The management of severe hypertension 

during labor and delivery remains controver¬ 

sial among perinatologists, but all agree that 

this situation requires special precautions and 

careful use of medications. Management at 

The University of California San Diego is a 

modification of the consensus report to the fol¬ 

lowing procedure. 

Patients whose blood pressure is consist¬ 

ently above 160/110 mm Hg are considered to 

be at increased risk for intracranial hemor¬ 

rhage. However, abrupt and excessive lower¬ 

ing of the blood pressure may precipitate fetal 

distress. Thus, the target maintenance range 

for blood pressure in these patients should be 

140/90 to 155/105 mm Hg. 

The use of hydralazine is recommended as 

a first-line agent (Table 18.9) and given in 5- 
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to 10-mg doses with 20-30 minutes allowed to 

lapse between doses to permit the drug to act. 

Administration of the drug in this fashion per¬ 

mits a gentle but limited decline in blood pres¬ 

sure. More severe and prolonged increases in 

blood pressure to >160/110 may require a con¬ 

tinuous intravenous infusion. This is typically 

observed at the onset of cesarean section de¬ 

livery and particularly during endotracheal in¬ 

tubation. Both nitroglycerine and sodium 

nitroprusside have been used successfully 

and safely during these periods of transient 

changes in blood pressure. These drugs are ad¬ 

ministered as a continuous infusion before and 

during intubation and then rapidly discontin¬ 

ued. It should be emphasized that continuous 

infusions of antihypertensive agents require 

continuous monitoring of blood pressure via 

arterial catheter and many of these patients 

will benefit by central hemodynamic monitor¬ 

ing. 

Second-line agents in the treatment of in¬ 

trapartum severe hypertension include the a- 

P blocker, labetalol, and the calcium channel 

blocker, nifedipine. There is limited experience 

with both of these agents, and injudicious 

administration may precipitate maternal hy¬ 

potension and fetal distress. 

The role of prostaglandins in preeclampsia 

is not well understood; nor is it known whether 

the reported metabolic derangements (an im¬ 

balance in the production of vasoactive pros¬ 

taglandins, thromboxane A2 and prostacyclin) 

that lead to vasoconstriction of small arteries 

and activation of platelets are primary or sec¬ 

ondary. Table 18.10 compares the relationship 

of prostacyclin and thromboxane in normal 

and preeclamptic pregnancies. 

Fitzgerald and colleagues (98) have reported 

that thromboxane metabolite excretion (uri¬ 

nary excretion of thromboxane B2 metabolites 

as markers of thromboxane A2 synthesis) cor¬ 

relates with mean arterial blood pressure, 

platelet lactate dehydrogenase, and platelet 

count, all of which are indices of the severity 

of preeclampsia. These findings are important 

because they provide a rationale for the use of 

low doses of aspirin for prevention and treat¬ 

ment of preeclampsia that is still under active 

investigation. Walsh has reviewed the present 

status of low-dose aspirin treatment for the 

imbalance of increased thromboxane and de¬ 

creased prostacyclin in preeclampsia (99). The 

use of aspirin as a treatment of primagravid 

patients at risk for preeclampsia was first re- 
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Table 18.10. 
Alterations in Serum Thromboxane A2 and Prostacyclin in Normal Pregnancies and 
Preeclampsia 

Normal 

Pregnancy Preeclampsia 

Platelet activiation with 
t thromboxane A2 (a 
platelet aggregate and 
vasoconstrictor) 

T T 

Serum prostacyclin 
(endogenous inhibitor of 
platelet aggregation) 

T or absent 

Altered sensitivity to 
angiotensin II 

- + 

with possible i blood 
flow to uteroplacental 
unit and formation of 
placental thrombi 

ported by Beaufils and associates (100). The 

following year (1986), Wallenburg and co¬ 

workers reported their results of a low-dose 

aspirin trial in 46 women. They used a dose of 

60 mg of aspirin a day and found that 2 of 23 

women developed symptoms of preeclampsia 

compared with 12 of 23 women treated with a 

placebo. Many thousands of women through¬ 

out the world with both normal and high-risk 

pregnancies are enrolled in low-dose aspirin 

studies. 

Initial reports (100-103) and presentations 

at international meetings have been promis¬ 

ing, but the actual number of patients de¬ 

scribed in the literature is still small. Schiff 

and colleagues (104) conducted a prospective 

randomized, double-blind, placebo-controlled 

study in 69 of 791 pregnant women with an 

increase in blood pressure and risk factors for 

preeclampsia. They studied 65 women with 

either 100 mg of aspirin a day (N — 34) or a 

placebo (N = 31). Significantly fewer women 

in the aspirin group developed preeclampsia. 

The ratio of serum levels of thromboxane A2 

to serum prostacyclin metabolites decreased in 

the aspirin group and increased in the placebo 

group. They concluded that low doses of aspirin 

in this small preliminary study reduced the 

incidence of hypertension and preeclampsia 

without serious maternal or neonatal side ef¬ 

fects. 

Benigni and colleagues (105) have followed 

their initial report with a randomized study of 

daily long-term administration of 60 mg of as¬ 

pirin in 33 women at risk for preeclampsia (17 

study patients and 16 controls treated with a 

placebo). They found that low-dose aspirin 

given from the 12th week of gestation to de¬ 

livery prolonged gestation and increased birth 

weight. 

In sum, chronic hypertension and pre¬ 

eclampsia are frequent and serious complica¬ 

tions for normal and diabetic women. These 

patients must be monitored carefully and 

treated judiciously. The recent consensus 

statement from an NIH panel will help clarify 

and standardize our current approach to this 

problem. The most interesting and provocative 

development in this area is the use of low-dose 

aspirin as primary prevention for preeclamp¬ 

sia. Collaborative trials have been designed 

and are in progress but it is too soon to rec¬ 

ommend routine use of aspirin in women at 

possible risk for preeclampsia until efficacy is 

determined and the risk/benefit ratio is clearly 

established as advantageous for the mother 

and fetus. 

PRETERM LABOR 

Preterm labor is defined as the presence of 

uterine contractions resulting in cervical 

change before fetal maturity occurs. The most 

widely used definition is six to eight uterine 

contractions per hour or four contractions in 

20 minutes associated with cervical change 

(106) . The incidence of preterm birth in Britain 

and America has not changed in 25 yr and 6- 

8% of pregnancies still end in preterm delivery 

(107) . 
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Pathophysiology and 
Clinical Observations 

Although most spontaneous preterm labors 

are not due to a recognizable cause, there has 

been increasing epidemiologic, microbiologic, 

and biochemical evidence for a link between 

infection and preterm labor (108, 109). In a 

prospective New York study, strong associa¬ 

tions were reported between preterm birth and 

a history of pelvic inflammatory disease or use 

of an intrauterine contraceptive device (110). 

Other well-recognized conditions associated 

with preterm labor include low socioeconomic 

status, low and high maternal age, history of 

preterm birth, previous abortion, maternal 

smoking, multiple gestation, hydramnios, an¬ 

tepartum hemorrhage, and chorioamnionitis. 

In addition, uterine anomalies, such as large 

fibroids or bicornuate uteri, maternal history 

of diethylstilbestrol (DES) exposure in utero, 

and previous cervical surgery (e.g., cone bi¬ 

opsy) are also risk factors for this complication. 

In IDDM women, the prevalence of sponta¬ 

neously occurring preterm labor is unknown 

because previous studies have been con¬ 

founded by a high rate of iatrogenic prema¬ 

turity. At the University of Cincinnati College 

of Medicine, Mimouni and colleagues aban¬ 

doned a policy of “early delivery strategy” for 

diabetic women in the late 1970s (111). This 

permitted their group to conduct a prospective 

epidemiologic study from 1978-1986 of the 

spontaneous preterm labor rate in 181 preg¬ 

nancies of diabetic women who received in¬ 

sulin. They excluded patients with GDM. The 

diagnosis of preterm labor was based on evi¬ 

dence of regular uterine contractions docu¬ 

mented by external tocodynamometry, cer¬ 

vical dilation of 3 cm or more, and/or progres¬ 

sive effacement of the cervix at 20-37 weeks 

of gestation. Nondiabetic pregnant women who 

were cared for by the same obstetricians in 

university private clinical settings from 1984- 

1986 served as a comparison group. A high rate 

of spontaneous preterm labor was found in 

both the diabetic and comparison groups 

(31.1% versus 20.2%; with a relative risk for 

developing preterm labor in diabetic women of 

1.64 with a confidence interval of 1.16-2.31). 

They did not find an association of preterm 

labor with maternal age, parity, gravidity, di¬ 

abetic class according to White, presence of 

renal disease, retinopathy, previous elective 

abortion, chronic hypertension, preeclampsia, 

cigarette smoking, vaginal bleeding in 1st 

trimester or after 20 weeks’ gestation, mater¬ 

nal serum magnesium concentrations, or hy¬ 

dramnios. There were only four positive 

associations with preterm labor: (a) premature 

rupture of membranes; (b) history of preterm 

delivery; (c) poor glycemic control in 2nd 

trimester; and id) urogenital infection. 

In a second recent study (1989) of prema¬ 

turity among 420 insulin-requiring diabetic 

pregnant women at the Joslin Clinic and The 

Brigham and Women’s Hospital in Boston, 

Greene and colleagues reported their experi¬ 

ence from 1983-1987 (112). There were 110 

deliveries (26.2%) before 37 completed weeks 

of gestation in diabetic women compared with 

9% for the general population of Brigham and 

Women’s Hospital in 1985. Their findings dif¬ 

fer from those of Mimouni and co-workers in 

that 33% were the result of hypertension or 

preeclampsia in women with more advanced 

White class. They also found a correlation with 

a history of preterm delivery, duration of di¬ 

abetes, and male sex of the fetus. In both stud¬ 

ies, the comparison groups were not strictly 

comparable with the study population and 

multivariate analyses of cases and controls 

were not performed. Nonetheless, taken to¬ 

gether, the two studies, which differed in de¬ 

sign and conclusions, affirmed the importance 

of good control of hyperglycemia, detection 

and treatment of urogenital infections, and 

management of chronic hypertension and 

preeclampsia in diabetic (and nondiabetic) 

women. 

Treatment 

Diabetic women with risk factors for pre¬ 

term labor described previously should have 

intensive surveillance in addition to treatment 

of hyperglycemia, hypertension, and urinary 

tract infections with symptomatic or asymp¬ 

tomatic bacteriuria. Individual instruction 

should be given about signs and symptoms of 

preterm labor and warnings that more than 

four uterine contractions per hour increase the 

risk of preterm delivery (113). Patients can use 

this limit as a threshold for contacting their 

physician. All pregnant diabetic women should 

have a clinic visit each week and have tele¬ 

phone contact available with the nurse coor¬ 

dinator and their physician 24 h/day. 

Once a diagnosis of preterm labor is con- 
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firmed, the risk of preterm birth should be as¬ 

sessed. This requires a careful review of 

obstetric dates before considering intervention 

by medications to inhibit labor. The absolute 

and relative contraindications for the use of p- 

sympathomimetic tocolytic agents should also 

be reviewed (Table 18.11). If fetal lung ma¬ 

turity is likely (based on the review of gesta¬ 

tional age by dates, ultrasonography, and 

physical examination), ^amniocentesis for a 

phospholipid profile, gram stain, and culture 

should be performed. If the fetus is immature, 

every effort should be made to suppress labor 

and avoid delivery if there are no contraindi¬ 

cations. This topic has been reviewed compre¬ 

hensively by Main and Main (114). 

3-Sympathomimetic tocolytic intravenous 

drug therapy has become standard practice in 

the treatment of preterm labor in many centers 

and it is often followed by oral p-sympatho- 

mimetic medication for maintenance of tocol- 

ysis. Opinions vary about the indications for 

and potential benefits of these drugs: King and 

colleagues (115) have conducted a meta-anal¬ 

ysis of controlled trials of p-sympathomimetic 

therapy for preterm labor. The trials were 

identified in the Oxford Database of Perinatal 

Trials, published papers, and unpublished 

trials in the United States, Canada, and Eu¬ 

rope. Adequately controlled trials are few in 

number; King and associates (115) were able 

to analyze data from 890 women who partici¬ 

pated in 16 methodologically acceptable con¬ 

trolled trials. Meta-analysis demonstrated an 

unequivocal effect of p-sympathomimetic to¬ 

colytic administration in delaying delivery as 

reflected by a reduction in preterm births and 

low birth weight infants. However, there was 

no beneficial effect of this treatment on peri¬ 

natal mortality or severe neonatal respiratory 

disorders. 

When tocolytic agents are used, the choice 

of a particular drug depends on the experience 

of the obstetrician, the difficulty encountered 

in suppressing contractions, and the degree of 

prematurity. At present, the only FDA-ap¬ 

proved P-sympathomimetic agent for inhibi¬ 

tion of preterm labor in the United States is 

ritodrine. Ritodrine must be used cautiously, 

particularly in diabetic women, because it in¬ 

creases hyperglycemia appreciably. p-Sym- 

pathomimetic therapy for preterm labor has 

been associated with maternal deaths. Many 

women experience nausea (20-30%) and 50% 

develop tachycardia of greater than 120 beats 

per minute. Pulmonary edema is the most 

serious nonfatal complication. IDDM women 

who have had the disorder for more than 10 yr 

are at special risk for serious fatal cardiovas¬ 

cular complications. 

P-Sympathomimetic drugs cross the pla¬ 

centa freely and may cause severe cardiovas¬ 

cular complications in the fetus (116). These 

include stillbirth, heart failure, disturbances 

Table 18.11. 
Absolute and Relative Contraindications to the Administration of p-Mimetic Agents in 
Preterm Labor0 

Absolute Relative (Increased Risk) 

Maternal cardiac disease Multiple gestation 

Preeclampsia or eclampsia Preterm rupture of membranes 

Significant antepartum hemorrhage Fever 

Chorioamnionitis Well-controlled diabetes 

Fetal mortality or significant 
abnormality 

Chronic hypertension 

Significant fetal growth retardation Women receiving K+ depleting 
diuretics 

Uncontrolled diabetes mellitus 

Hyperthyroidism, uncontrolled 
hypertension, hypovolemia 

Obstetric or medical condition that 
contraindicates prolongation of 
pregnancy 

History of severe migraine 
headaches 

“Adapted with permission from Main DM, Main EK. Management of preterm labor and delivery. In: Gabbe SG, Niebyl JR, 
Simpson JL (eds). Obstetrics. Normal and Problem Pregnancies. New York, Churchill Livingstone, 1986, 689-737. 
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of rate and rhythm, myocardial ischemia or 

infarction, hydrops, and neonatal death. Pro¬ 

spective studies have documented changes in 

the interventricular septa. The mechanism of 

p-sympathomimetic fetal toxicity appears to be 

an increased myocardial concentration of in¬ 

tracellular calcium leading to overexcitation 

and cell necrosis. Katz and Seeds caution that 

benefits should outweigh risks before these po¬ 

tent agents are prescribed (116). 

In diabetic women, control of blood glucose 

during p-sympathomimetic treatment is ex¬ 

tremely difficult. Most patients become signif¬ 

icantly hyperglycemic during tocolysis (mean 

blood glucose 200 mg/dl; 100 mmol/L) and re¬ 

quire high-dose insulin infusions (up to 3.5 

U/h) to maintain even modest levels of glucose 

control. For these reasons, it is best to avoid 

these drugs in diabetic women and use another 

agent. 

Other investigators who use p-sympatho- 

mimetic drugs in diabetic women under 

strictly controlled clinical settings have been 

more optimistic. Miodovnik and associates 

(117) reported the successful use of these 

agents in 12 insulin-dependent diabetic 

women with preterm labor. In this small ret¬ 

rospective study, tocolytic treatment was ini¬ 

tiated at a mean gestational age of 31.5 ± 0.9 

weeks. Delivery time (35.8 ± 0.5 weeks) was 

delayed by a mean of 30.5 ± 6.6 days. There 

were no fetal or infant deaths and neonatal 

morbidity did not differ from that of infants of 

30IDDM women delivered at term. At the San- 

sum Medical Foundation, Santa Barbara, Cal¬ 

ifornia, Jovanovic-Peterson and her colleagues 

(118) also report favorable outcomes for dia¬ 

betic women with preterm labor following use 

of p-sympathomimetic drugs in meticulously 

controlled clinical circumstances. 

Another tocolytic drug, magnesium sulfate 

(MgS04), offers the advantage of equivalent ef¬ 

ficacy to P-adrenergic agents without hyper¬ 

glycemic side effects (119). In a comparison of 

P-sympathomimetic agents and MgS04, Beall 

and colleagues (120) concluded that this drug 

was superior in efficacy because it had fewer 

maternal and fetal side effects. They discon¬ 

tinued use of the P-sympathomimetic drug, 

terbutaline, because it was associated with an 

unacceptably high level of side effects in moth¬ 

ers with no enhanced therapeutic advantage 

over ritodrine. 

In 1988, Lam and co-workers (121) reported 

the first use of subcutaneous terbutaline ad¬ 

ministered by a pump for long-term tocolysis. 

They managed nine nondiabetic women with 

preterm labor on an ambulatory program. All 

had failed oral tocolytic treatment and would 

otherwise have required prolonged hospitali¬ 

zation. In this preliminary feasibility study, 

women were monitored at home with portable 

tocodynamometers and visits by nurses. Uter¬ 

ine activity data were transmitted via tele¬ 

phone to the study center and infusion rates 

of terbutaline adjusted accordingly. The pa¬ 

tients received a combination low-dose, contin¬ 

uous basal infusion of terbutaline supple¬ 

mented with intermittent high-dose boluses. 

The total daily dose was low (<3 mg/24 h). 

Treatment was prolonged (9.2 ± 4.3 weeks) 

and mean gestational age at delivery was 37.3 

weeks with no significant complications. There 

are no other published clinical trials of this 

technology (as of 1990). In a case report of an 

IDDM woman treated in this way, diabetic ke¬ 

toacidosis and insulin resistance occurred 

(122). 
At UCSD, MgS04 is the first-line agent for 

suppression of preterm labor in all patients 

and the drug of choice in diabetic women. The 

guidelines for use of magnesium sulfate for to¬ 

colysis are presented in Table 18.12. An initial 

intravenous bolus followed by at least 3 g/h is 

necessary to obtain therapeutic magnesium 

levels promptly (123). Fluid overload must be 

avoided; pulmonary edema occurs in patients 

whose cumulative positive fluid balance ex¬ 

ceeds 3000 ml/day (124). 

Signs of toxicity with MgS04 are predictable 

and related to serum levels of Mg. Patients 

complain of lethargy and thirst when serum 

Mg concentrations are greater than 6.0 mg/dl; 

above 7.0 mg/dl, constipation, urinary reten¬ 

tion, and nausea are prominent symptoms. 

When levels rise above 8.0 mg/dl, deep tendon 

reflexes cannot be elicited; respiratory depres¬ 

sion occurs at and above 9.0 mg/dl. Infusion of 

MgS04 should be discontinued if serum Mg val¬ 

ues exceed 8.0 mg/dl. 

For the occasional woman who continues to 

have contractions and shows cervical dilata¬ 

tion despite therapeutic levels of serum mag¬ 

nesium, a second agent or (less frequently) 

changing therapeutic agents can be consid¬ 

ered. Indomethacin is very useful in this sit¬ 

uation. Courses limited to 48 h in duration, are 

reported to be safe for the fetus (125,126). Mo- 
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Table 18.12. 
Guidelines for Use of Magnesium Sulfate in 
Labor Inhibition 

Mix 10 g MgS04 sulfate in 100 ml 0.5% 
normal saline 

Administer a 4- to 6-g intravenous bolus 
over 20-30 min 

Follow with an infusion rate of 3.0 g/h; 
continue at this or a higher rate until 
contractions have diminished in strength 
and the frequency is less than 4/h 

Maintain serum magnesium level between 6 
and 8 mg/dl 

Maintain drip at a minimum of 2 g/h for at 
least 48 h after contractions have subsided 

Gradually decrease infusion by 0.3-0.5 g/h 
Monitor serum MgS04 levels every 6 h while 

infusing >2 g MgS04/h 
Avoid fluid overload by limiting total fluids 

to 2400 ml/24 h while infusion rates are 
above 2.5 g/h; measure total intake and 
output daily 

Do not reduce the infusion rate below 2.0 g/h 
until labor has been suppressed for at 
least 48 h 

rales and colleagues (127) report that indo- 

methacin and ritodrine hydrochloride are 

equally effective in inhibiting uterine contrac¬ 

tions and delaying delivery. In their study 

comparing the two drugs, there were no ma¬ 

ternal side effects with indomethacin in con¬ 

trast to their experience with ritodrine 

hydrochloride that was associated with a 24% 

incidence of serious cardiovascular and meta¬ 

bolic adverse effects prompting discontinua¬ 

tion of the drug. They reported no difference 

in outcome of infants who received these two 

medications and no newborn infant had pre¬ 

mature closure of the ductus arteriosus or pul¬ 

monary hypertension. 

Indomethacin supplementation is employed 

at our institution to assist in weaning difficult 

patients from therapeutic levels of MgS04 to 

maintenance doses (2 g/h). This second-line 

therapy should not be used in pregnancies be¬ 

yond 33 weeks’ gestation because of concern 

about constriction of the ductus arteriosus, nor 

should it be given in pregnancies in which the 

fetus has marginal oxygenation, growth retar¬ 

dation, documented cardiac anomalies, or myo¬ 

cardial dysfunction (128). 

Calcium channel blockers have been re¬ 

ported to suppress labor with greater efficacy 
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and fewer side effects than (3-sympatho- 

mimetic drugs (129, 130). A calcium channel 

blocker (nifedipine) can be added to or sub¬ 

stituted for MgS04 therapy. The principal 

maternal side effects include flushing and 

headache. Nifedipine, when used with MgS04, 

may precipitate significant hypotension in 

women with hypovolemia. The potential ben¬ 

efit versus risk of these agents should be 

weighed carefully before use in diabetic 

women. 

Preterm labor often leads to preterm birth. 

The respiratory distress syndrome (RDS) oc¬ 

curs in 10-15% of infants who weigh less than 

2500 g at birth (131). Infants who weigh less 

than 1500 g and those below 30 weeks’ ges¬ 

tation are most susceptible to RDS and most 

likely to die from it (132). Liggins and Howie 

(133) were the first to report a controlled trial 

of antepartum glucocorticoid treatment for 

prevention of respiratory distress syndrome in 

preterm infants. A review of this topic has been 

provided by Papageorgiou and Stern (134). 

Should prenatal steroids be used to prevent 

neonatal respiratory distress and in what cir¬ 

cumstances? In the United States, collabora¬ 

tive studies have been in progress since 1976 

and two papers describing major outcomes 

have been published (135, 136). A report of all 

findings of the trial was issued by the National 

Institutes of Health (NIH) in 1985 (137). Avery 

and other participants in a report of an NIH 

conference in September 1985 have provided 

an update of the United States experience 

(138). Overall, the trial was confirmatory in 

showing a reduction of RDS in the treated 

group. It was equivocal in showing no effect in 

the presence of multiple pregnancy and pre¬ 

mature rupture of membranes. The question 

of prenatal use of dexamethasone in twins re¬ 

mained open because none of the trials had 

sufficient numbers to permit control for con¬ 

founding factors such as sex of the fetuses and 

infection. No statistically significant benefit 

was found in treated male infants of any race. 

No conclusion was reached concerning the ad¬ 

visability of giving a repeat dose of dexameth¬ 

asone after 7 days if delivery had not taken 

place. 

The collaborative study did not show a ben¬ 

efit for prenatal dexamethasone in gestations 

of <28 weeks; however, there were only 36 

births of <l-kg birth weight and 24 were from 

a single center. Follow-up data on infants in 
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the study will require future trials. The review 

group noted, however, that current practice 

among obstetricians was to use corticosteroids 

in patients who were <27 weeks’ gestation 

(135). The abbreviated conclusion of the con¬ 

ference was that antenatal dexamethasone to 

prevent respiratory distress syndrome was ef¬ 

fective under the constraint that >24 h before 

delivery were required to see an effect bene¬ 

ficial to female infants of >30 weeks’ gestation. 

In the United Kingdom (U.K.), from mid- 

1975 to February 1978, 11 hospitals parti¬ 

cipated in a multicenter prospective, ran¬ 

domized, double-blind trial that compared 

antenatal treatment with betamethasone 

phosphate with a placebo for the prevention of 

RDS (139). This trial, which included 251 

women (130 in the betamethasone and 132 in 

the placebo group), contributed further evi¬ 

dence of the effectiveness of antenatal corti¬ 

costeroids in prevention of RDS. There was a 

significant reduction in RDS and neonatal 

deaths in infants born between 24 h and 6 days 

after entry into the trial. The largest difference 

in frequency occurred in the subgroup of in¬ 

fants born before 38 weeks’ gestation, within 

8 days of trial entry, whose mothers had re¬ 

ceived at least three injections. The U.K. group 

recommended that use of betamethasone be re¬ 

stricted to women in whom steroids are not 

contraindicated because of maternal disease, 

severe hypertension, or infection including 

amnionitis. Of course, many diabetic women 

with preterm labor have these complications 

in addition to worsening of glycemic control 

when these medications are prescribed. The 

brief period of higher maternal glucose levels 

can be managed easily, however, by additional 

insulin therapy by constant intravenous in¬ 

fusion for 36-48 h. 

In our institution, corticosteroid therapy is 

rarely used in diabetic pregnancies; a gesta¬ 

tional age of >32 weeks and borderline ma¬ 

turity of the amniotic fluid phospholipid profile 

eliminate the need for steroid treatment in 

most diabetic women. Most preterm infants of 

>32 weeks’ gestation do not develop RDS. 

Long-term studies are in progress to deter¬ 

mine late effects of in utero exposure to 

steroids on children at a later age. Many of the 

infants so treated in the United States have 

been lost to follow-up, but no developmental 

deficiencies have been noted in one 3-yr follow¬ 

up study (136). MacArthur and co-workers 

(140) report similar findings in New Zealand 

children to age 6 yr and Doyle and colleagues 

(141) did not detect any adverse effects of an¬ 

tenatal steroid therapy on any relevant aspect 

of mortality or morbidity over the first 2 yr of 

life in infants in Melbourne, Australia. In a 

10- to 12-yr follow-up of physical development 

and medical history of children treated ante- 

natally with corticosteroids to prevent RDS, 

Smolders-de Haas and colleagues (142) report 

that no differences between corticosteroid and 

placebo groups were found except that, in the 

children exposed ttj corticosteroids, there were 

significantly more hospital admissions be¬ 

cause of infectious diseases during the first 

years of life. 

PREMATURE RUPTURE OF 
MEMBRANES (PROM) 

Rupture of membranes with leakage of am¬ 

niotic fluid through the cervix before fetal ma¬ 

turity (PROM) complicates 25-30% of preterm 

deliveries (143). When there is no longer in¬ 

tegrity of the amniotic sac, labor follows typ¬ 

ically within 24 h in 50% of women, within 3 

days in 70%, and in 1 week in 90% (144). The 

fetus is at risk for intrauterine sepsis, as¬ 

phyxia, and death from umbilical cord occlu¬ 

sion secondary to a decrease in amniotic fluid 

volume. The risks to the mother and newborn 

baby are infection and preterm birth. 

Prevention of PROM is preferable to man¬ 

agement after it occurs. This is achieved best 

by careful management of preterm labor, be¬ 

cause PROM commonly occurs in periods of 

increased uterine activity. This complication 

can occur unexpectedly despite careful efforts 

at prevention and management must be al¬ 

tered appropriately. 

After documentation of ruptured mem¬ 

branes, the timing of labor induction or cesar¬ 

ean section becomes paramount. When it is 

clear that continued conservative manage¬ 

ment will increase rather than decrease neo¬ 

natal morbidity, delivery preparations should 

begin (Table 18.13). If indications for delivery 

are not present when PROM occurs, a period 

of conservative observation should follow. A 

phospholipid lung profile obtained from a vagi¬ 

nal pool of amniotic fluid permits documen¬ 

tation of presence or absence of phospho- 

tidylglycerol (PG). In the absence of PG, using 

the percentage of phosphotidylinositol helps 
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Table 18.13. 
Indications for Prompt Delivery in Women 
With Premature Rupture of Membranes 

Fetal distress 

Documentation of maturity by amniotic fluid 
phospholipid profile 

Intrauterine infection or active herpes 
infection 

Unstable fetal lie: back-up, transverse or 
footling breech 

project the anticipated time of pulmonary ma¬ 

turity and the relative risk of RDS can be 

estimated from the lecithin/sphingomyelin 

(L/S) ratio. The use of the amniotic fluid 

phospholipid profile to determine timing of de¬ 

livery is illustrated and discussed in Chapter 

21. 

Fetal distress is an indication for prompt 

delivery even if fetal lung maturity can not be 

documented. Early recognition of fetal com¬ 

promise from oligohydramnios or sepsis is fa¬ 

cilitated by monitoring the fetal heart rate 

(FHR) twice daily. Late decelerations, lack of 
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accelerations, or significant variable decel¬ 

eration should be evaluated by a fetal bio¬ 

physical profile (145) (Section VII, p. 215). We 

assess amniotic fluid volume using the Am¬ 

niotic Fluid Index (AFI), a four-quadrant as¬ 

sessment of amniotic fluid volume, every 1-2 

days (146,147). A plot of the AFI by gestational 

age is shown in Figure 18.1. AFI values of <50 

mm are associated with meconium staining 

and fetal distress (148). Delivery should be con¬ 

sidered when the AFI is <50 mm for several 

days. 

Expectant management of PROM may be 

associated with the presence or development 

of amnionitis. Early detection of this compli¬ 

cation can be difficult and requires close mon¬ 

itoring. A major neonatal threat is Group B 

Streptococcal infection (GBS) (149). This or¬ 

ganism is associated with rapidly progressive 

sepsis; risk of neonatal death is at least 50% 

(150). All patients with PROM should have a 

cervical and vaginal culture for GBS as soon 

as this diagnosis is apparent. We begin anti¬ 

biotic treatment immediately after cultures 

are obtained and continue until results are 

known. If a positive cervical GBS culture is 

Weeks Gestation 

Figure 18.1. The amniotic fluid index represents the sum (mm) of four pockets from each quadrant 
of the uterus determined by measurements during ultrasonography. An index that exceeds the 95th 
percentile indicates hydramnios. The mean (50th percentile) is indicated by the heavy black line. 
Values characteristic of hydramnios are shown in the clotted area. 
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confirmed, the patient should be delivered 

promptly unless the fetus is very immature. 

The onset of amnionitis may be asympto¬ 

matic or associated with maternal fever 

(>100°F, 37.8°C), leukocytosis (>20,000), uter¬ 

ine tenderness, labor, fetal distress, or a com¬ 

bination of these signs and symptoms. 

Confirmatory findings include demonstration 

of pathogenic organisms on a gram stain of 

unspun amniotic fluid, foul odor, a positive am- 

niotic fluid culture, or a biophysical profile 

(BPP) score of less than 6 (see p. 215 for scoring 

of BPP). Broad-spectrum antibiotic therapy 

should be initiated promptly and the patient 

delivered (151). 

Use of glucocorticoids in the presence of 

PROM is controversial (135, 136). The largest 

and best-controlled studies in the United 

States (135, 152) have failed to demonstrate a 

beneficial effect of these agents when mem¬ 

branes are ruptured. Corticosteroids are usu¬ 

ally not administered to diabetic women with 

PROM because they may exacerbate intra¬ 

uterine infection and worsen glycemic control. 

HYDRAMNIOS 

Hydramnios is the accumulation of exces¬ 

sive amniotic fluid volume in the uterus. The 

clinical definition of hydramnios varies, e.g., 

an estimate of >2000 ml of amniotic fluid re¬ 

corded at delivery (153) and various measure¬ 

ments of amniotic fluid pocket depths observed 

on ultrasound (147, 154). 

In normal pregnancies, there is a wide range 

of amniotic fluid volumes. The three major de¬ 

terminants of volume are: (a) movement of 

water and solutes across the membranes; (b) 

physiologic regulation by the fetus by swallow¬ 

ing and urine production; and (c) maternal in¬ 

fluences on transplacental fluid movement 

(155). The frequency of hydramnios varies 

from 1-2% in normal subjects to 5-18% among 

diabetic women with an overall incidence of 

about 16% (156). This complication is more fre¬ 

quent in diabetic women with poor glucose 

control. Severe prolonged maternal hypergly¬ 

cemia results in fetal hyperglycemia; this may 

stimulate a fetal diuresis to excrete an exces¬ 

sive solute load. In addition, hydramnios is as¬ 

sociated with congenital malformations of the 

central nervous system and gastrointestinal 

tract. These are more common in diabetic 

women who were in poor control at conception 

and during embryogenesis. 

In practice, hydramnios is usually diagnosed 

when any single vertical pocket of amniotic 

fluid is deeper than 80 mm (equivalent to the 

97th percentile) or when the sum of four pock¬ 

ets from each quadrant of the uterus (AFI ex¬ 

ceeds 250 mm, 95th percentile) (146, 154). 

Ideally, ultrasound measurements of amniotic 

fluid volume should be referenced against ap¬ 

propriate normal values for gestational age 

(Fig. 18.1). Carlson and colleagues (157) de¬ 

signed a prospective study using an AFI > 24 

cm (>2 SD above the mean) to detect hydram¬ 

nios in 112 nondiabetic women. Although all 

subjects were reported to have hydramnios on 

ultrasonography, only 49 met the authors’ cri¬ 

terion for significant hydramnios (AFI > 24 

cm). Their definition detected all fetuses with 

serious structural defects or death. 

The diagnosis of hydramnios is important 

because of its association with fetal anomalies 

and preterm labor (158). A rapid increase in 

fundal height may indicate excessive amniotic 

fluid and should prompt a thorough ultrasound 

examination by a skilled examiner. Esopha¬ 

geal atresia should be ruled out by careful eval¬ 

uation of the fetal stomach (159). Abdominal 

wall defects, such as gastroschisis and om¬ 

phalocele, can also lead to hydramnios and 

should be excluded by ultrasonographic scru¬ 

tiny of the umbilical cord insertion site on the 

fetal abdomen. Fetal hydrops and hydramnios 

also occur in conjunction with fetal cardiac 

anomalies, which are observed more fre¬ 

quently in diabetic women (160). 

Table 18.14. 
Investigation of Hydramnios in Pregnant 
Diabetic Women 

Measure amniotic fluid volume using the 
four-quadrant technique 

High-definition ultrasonography to rule out: 
Esophageal atresia 
Omphalocele and gastroschisis 
Fetal cardiac anomaly and hydrops 
Anencephaly and spina bifida 

Evaluate and improve maternal glycemic 
control 

Educate the patient about signs of preterm 
labor 

Schedule frequent office visits to detect early 
cervical change 
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Mamopoulos and colleagues (161) have 

treated 15 women with polyhydramnios and 

symptoms related to excess amniotic fluid with 

indomethacin therapy begun at 27.4 ± 2.79 

weeks’ gestation and discontinued at 32.9 ± 

1.8 weeks. The patients received *2.0-2.2 mg/ 

kg body weight of indomethacin per day either 

lorally or in the form of rectal suppositories. 

No treatment was given after 35 weeks’ ges¬ 

tation and the drug was administered no 

longer than 4 weeks. Mo£t of the reduction of 

amniotic fluid occurred in the 1st week with 

a small but steady further decrease during 

treatment. All women were delivered at 38 

weeks’ gestation and their infants had a mean 

weight of 3543 ± 586.3 g. There were no ad¬ 

verse effects of indomethacin observed in new¬ 

born babies or at follow-up at 3, 6, and 12 

months later. 

Management of women with hydramnios is 

summarized in Table 18.14. Once significant 

fetal structural defects have been excluded, the 

focus should shift to prevention of preterm la¬ 

bor. Enhanced patient awareness of uterine 

contractions is the most important first step. 

Careful instruction about the signs and subtle 

sensations of contractions associated with pre¬ 

term labor is essential. The patient should be 

seen weekly with frequent examinations of the 

cervix. Hospital admission should be consid¬ 

ered in all patients with advanced dilation of 

the cervix. 

As additional studies become available, 

prostaglandin inhibition may emerge as a use¬ 

ful therapy for treatment of hydramnios. 

However, the use of indomethacin to reduce 

amniotic fluid volume remains experimental 

because of the potential for adverse effects on 

ductus arteriosus flow and renal hemody¬ 

namics. 
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SECTION 

VII 
Fetal Obstetric Complications 

and Fetal Surveillance 

Thomas R. Moore 

Pregnancy complicated by diabetes repre¬ 

sents a perturbation of normal metabolic ad¬ 

justments that occur during gestation, as 

described in Section II. In addition, if compli¬ 

cations, such as hypertension or preeclampsia, 

ensue in normal or diabetic pregnancies, uter¬ 

ine blood flow may be compromised with re¬ 

duction of fetal growth. Placental infarction 

with inadequate transfer of nutrients may also 

limit fetal growth or result in fetal death. 

During pregnancy, the fetus engages in 

three major activities: (a) Maintenance of 

metabolic homeostasis through the steady- 

state consumption of oxygen and energy sub¬ 

strates (glucose, lipids, and amino acids); (6) 

growth through accretion of bone, soft tissue, 

and fat; under normal conditions, the rate of 

transfer of nutrients to the fetus is of such a 

high order that it triples in size during the last 

12 weeks of pregnancy; and (c) motor and neu- 

robehavioral development. The fetus develops 

adaptive responses, reflexes, and behaviors 

that will assist in the transition to extrauter- 

ine life. 

The goals of fetal management during a di¬ 

abetic pregnancy are to minimize the degree 

of abnormality of the fetal environment by nor¬ 

malization of maternal physiology and to mon¬ 

itor the fetus and its milieu to detect problems 

early and intervene before substantial mor¬ 

bidity or fetal loss occur. 

In some diabetic pregnancies, there is an 

altered pattern of oxygen delivery to the fetus 

during uterine contractions with labor. This 

may impede oxygen transfer in the intervillous 

space and the fetus can experience relative hy¬ 

poxia following each uterine contraction. The 

poorly compensated fetus with a cardiac anom¬ 

aly, for example, may be unable to withstand 

these physiologic alterations successfully. 

Difficulties of another sort may occur during 

fetal passage through the birth canal. A ma- 

crosomic fetus of a poorly controlled hypergly¬ 

cemic mother characteristically has truncal 

obesity with a large thorax and shoulders. This 

abnormal central deposition of fat can pose a 

problem if, following delivery of the head, the 

size of the fetal shoulders and abdomen exceeds 

the dimensions of the mother’s pelvis. These 

difficult deliveries can result in permanent 

neurologic injury. 
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Fetal Complications 

SPONTANEOUS ABORTION 

Spontaneous abortion or miscarriage is de¬ 
fined as death of the embryo or fetus before 20 
weeks’ gestation. Approximately half of all 
conceptions are unrecognized; among those 
that are apparent, 10-15% are lost during 1st 
trimester and an additional 2% later in preg¬ 
nancy (1). Approximately half of spontaneous 
abortions occur in association with fetal chro¬ 
mosomal or structural anomalies, with the 
cause of the remainder unknown. The contri¬ 
butions of maternal vascular disease, immu¬ 
nologic factors, and an abnormal metabolic 
milieu to fetal loss are not well understood. 
Fetal structural anomalies and placental or 
uterine microvascular and macrovascular dis¬ 
ease also contribute to an excessive fetal loss 
rate. 

There is evidence from a number of centers 
documenting a significant increase in spon¬ 
taneous abortions among diabetic women in 
poor control (2-5). Preconception counseling 
has had a positive effect and resulted in fewer 
early fetal losses (4). In IDDM of more than 15 
years’ duration, vascular disease and hyper¬ 
tension may alter vascular supply to and 
within the uterus, resulting in blighting of the 
embryo. 

Mills and colleagues have reported the early 
results of a prospective multicenter Diabetes 
in Early Pregnancy Study (DIEP) (5). In this 
research project that stressed early detection 
(before 10 days’ gestation) and management of 
diabetic pregnancies, they followed 386 IDDM 
and 432 control subjects from five institutions. 
Early pregnancy losses among diabetic (16.1%) 
and control women (16.2%) were not different. 
After adjustment for known risk factors, the 
rate was still not significantly different in di¬ 
abetic women in good control. Among those 
who had poorer control, however, there was an 
increase in risk of spontaneous abortion of 

3.1% for each standard deviation above the 
normal range of 1st trimester glycosylated 
hemoglobin concentration. These observations 
can be used persuasively in preconception 
counseling. On the other hand, patients in 
early pregnancy who have elevated glyco- 
hemoglobin values should be reassured that 
the increased risk of miscarriage is modest. 

Women who have an elevated glycohemo- 
globin concentration should have early preg¬ 
nancy surveillance by ultrasonography. We 
document the presence of the fetal heart at a 
1st trimester visit in all women with elevated 
glycohemoglobin values and follow closely the 
subsequent growth of the embryo. Control of 
hyperglycemia during early gestation and the 
potential risks of severe hypoglycemia during 
this period are discussed in Sections I and IV. 

FETAL DEATH AND 
PERINATAL ASPHYXIA 

Neonatal outcome for infants of diabetic 
mothers (IDM) has improved markedly since 
the introduction of insulin in 1922 and inten¬ 
sive perinatal and newborn care in the 1970s. 
This has resulted in an impressive decline in 
perinatal mortality (Section I; Fig. 1.1). The 
currently reported perinatal and infant mor¬ 
tality rates among diabetic women cared for in 
perinatal centers approach those of nondi¬ 
abetic women. Nevertheless, fetal demise and 
intrapartum asphyxia after 20 weeks’ gesta¬ 
tion continue to occur. 

An association of fetal death with poor ma¬ 
ternal glycemic control has been recognized for 
decades; only recently has the probable path¬ 
ophysiology been elucidated. Fetal hypergly¬ 
cemia in poorly controlled diabetic women can 
lead to progressive fetal hypoxemia, acidosis 
and, eventually, death. Pathologic changes in 
the fetal heart rate (decreased variability, late 
decelerations) have been recorded by several 
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groups of investigators during periods of poor 

maternal glycemic control and ketonemia (6- 

12). Thus, poor diabetic control remains a risk 

factor for fetal and neonatal loss despite the 

technological advances of perinatology and 

neonatology. ' 

Edelberg and co-workers studied the effect 

of maternal hyperglycemia on fetal biophysical 

status following maternal glucose infusion us¬ 

ing the glucose clamp technique (13). Fetal ac¬ 

tivity was monitored by ultrasound. They 

reported a significant decrease in fetal move¬ 

ments when maternal glucose levels were 

raised to 120 mg/dl (6.6 mmol/L). Patrick and 

colleagues have confirmed the close associa¬ 

tion between decreased human fetal move¬ 

ments and fetal acidemia in the last 10 weeks 

of pregnancy (14). Other investigators, utiliz¬ 

ing doppler wave-form analysis of fetal um¬ 

bilical blood flow, have shown an increase in 

placental vascular resistance when maternal 

glucose levels were elevated (15). These find¬ 

ings support the hypothesis that oxygen deliv¬ 

ery to the fetus is adversely affected by poor 

maternal glucose control and ketoacidosis. 

The implications of the above experimental 

observations for management of diabetic preg¬ 

nancies are: (a) excellent control of maternal 

metabolic status throughout pregnancy may 

minimize the risk of fetal hypoxia, (6) women 

with poor control of hyperglycemia in later 

pregnancy should be viewed with concern and 

undergo more intensive fetal surveillance. 

PRETERM BIRTH 

Early delivery of infants of diabetic mothers 

(IDM) with a gestational age of <37 weeks 

remains a problem in diabetic pregnancies 

with respect to preterm labor and PROM (Sec¬ 

tion VI). Maternal complications, such as pree¬ 

clampsia, a sharp decline in renal function, or 

placental insufficiency may require early tim¬ 

ing of delivery. Iatrogenic preterm births are 

uncommon now that ultrasound examinations 

make possible more accurate dating of preg¬ 

nancies and fetal biophysical profiles give a 

better assessment of fetal well-being. Amni¬ 

ocentesis for the evaluation of fetal pulmonary 

maturation has also been helpful in women in 

poor diabetic control and those with poor dat¬ 

ing criteria for gestational age. 



Concern for a prospective fetus begins before 

conception (Section I) and continues through¬ 

out pregnancy. Once pregnancy has occurred, 

there is an array of techniques to detect a fetus 

in jeopardy. A recommended sequence for fetal 

evaluation during diabetic pregnancy in IDDM 

and NIDDM women is outlined in Table 20.1. 

DETECTION OF 

CONGENITAL MALFORMATIONS 

The role of preconception counseling and 

metabolic control of hyperglycemia for preven¬ 

tion of congenital malformations has been dis¬ 

cussed comprehensively in Section I. Once 

pregnancy is established, early detection of fe¬ 

tal malformations is of paramount importance. 

The goal of early fetal surveillance is to provide 

anxious diabetic mothers and their partners 

with reassuring information about the struc¬ 

tural integrity of the baby. When major mal¬ 

formations are detected, alternatives for 

decision-making need to be presented carefully 

and in detail to both parents. 

Women with NIDDM are at special risk for 

fetal malformations because they are fre¬ 

quently asymptomatic and often have unrec¬ 

ognized diabetes. They usually enter prenatal 

care long after embryogenesis is complete. 

Among many low income older women with 

NIDDM, access to modern diabetic care is un¬ 

available or limited. In the United States, this 

group represents a large pool of one million 

women of childbearing age at high risk for ma¬ 

jor and minor fetal malformations. 

Women with “truly gestational diabetes,” 

e.g., evoked by pregnancy, are not at risk for 

diabetic embryopathy but, of course, are not 

exempt from the myriad of other causes of birth 

defects (chromosomal, drug related, infections, 

and others). Thus, a fetal anatomic survey by 

ultrasonography s'hould be performed in all di¬ 

abetic women during examinations for fetal 

growth as pregnancy progresses. 

Accurate documentation of date of concep¬ 

tion, or the 1st day of the last normal men¬ 

strual period is possible in many but not all 

women. A sonographic survey of the embryo 

at 9-10 weeks’ gestation provides highly ac¬ 

curate gestational dating (± 3 days). Fog-Ped- 

ersen and colleagues have reported a delay in 

early fetal growth in women with poor diabetic 

control (16). In some pregnancies in their Co¬ 

penhagen clinic, this has been a risk marker 

for congenital malformations. Of interest, in 

their studies early fetal growth delay has been 

followed by poorer postnatal psychomotor de¬ 

velopment. 

At 16 ± 2 weeks’, a maternal serum a-fe- 

toprotein (MSAFP) screening test should be 

performed to rule out the possibility of a neural 

tube defect. This test is recommended to all 

pregnant women but is especially important in 

IDDM and NIDDM women because the fre¬ 

quency of neural tube malformations is in¬ 

creased more than ten times that in those with 

poor diabetic control (17). A normal MSAFP 

value indicates a lower risk of undetected 

spina bifida by a factor of 100. The result of 

the screening test should be available when 

high resolution sonography is performed at 

20-22 weeks’ gestation. An abnormal MSAFP 

screening test is an indication to measure a- 

fetoprotein concentration in the amniotic fluid. 

At the high-resolution ultrasonographic ex¬ 

amination at 20-22 weeks’, targeted imaging 

of fetal anatomy including the cranium and its 

contents, spinal axis, heart, abdominal con¬ 

tents, kidneys, bladder, genitalia, umbilical 

cord insertion, and limb morphology should be 

conducted. This study should be performed by 

an experienced sonographer with equipment 

208 



Chapter 20 Fetal Surveillance 209 

Table 20.1. 
Fetal and Neonatal Assessment of Pregnant Diabetic Women and Their Infants 

Time 
(week of gestation) Tests and Procedures 

8-12 Fetus , 

Ultrasonography for dating of pregnancy and measurement of early growth; 
serial growth observations if fetus appears under- or overgrown during 
subsequent examination of the mother 

15-16 Maternal serum cx-fetoprotein level (MSAFP) 
0 

20-22 IDDM, NIDDM 
• 

High-resolution real-time ultrasonographic examination to detect possible 
developmental anomalies 

Amniotic fluid a-fetoprotein measurement if MSAFP was abnormal 

Fetal echocardiography if initial maternal HbAlc concentration was 
elevated;" in some centers, this procedure is performed in all women with 
diabetes antedating conception 

26 Sonographic assessment of fetal growth 

28-Delivery Maternal instruction for counting fetal movements 

32 Follow-up longitudinal assessment of fetal growth by ultrasound 

34-40 Monitor fetal well-being 
Biophysical testing: 

2 times weekly NST or weekly CST or weekly biophysical profile (See text 
for description and expanded discussion) 

36 Sonographic estimation of fetal weight 

Delivery Timing, type, and mode of delivery are planned by the perinatologist 

37-38.5 Amniocentesis and delivery for patients in poor control 

38.5-40 Delivery without amniocentesis for patients in good control with good dating 
criteria 

Birth and 
Neonatal 
period 

Macro- and microscopic examination of the placenta; diabetic control, lactation 
instruction, plans for postpartum diabetic care and contraception should be 
discussed before hospital discharge 

Newborn infant 
Physical examination, including Dubovitz assessment and evaluation of 

developmental abnormalities if present 

Metabolic assessment in special care nursery for: hypoglycemia, 
hypocalcemia, hypomagnesemia, polycythemia, and/or hyperviscosity, 
hyperbilirubinemia, and respiratory distress syndrome 

“Check local hospital laboratory for normal values. 
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that provides high resolution. In obese women 

and in poorly positioned fetuses, inadequate 

fetal assessment is common. In these situa¬ 

tions, every attempt should be made for a sec¬ 

ond examination before 24 weeks’ gestation. 

Fetal echocardiography performed by an ex¬ 

perienced pediatric fetal cardiologist should be 

performed in all women with abnormal HbAlc 

concentrations at conception, during the first 

8 weeks of pregnancy or at the first prenatal 

visit. Normal reference values for HbAlc val¬ 

ues vary in different institutions and this 

range should be checked with the local labo¬ 

ratory. In some institutions, fetal echocardi¬ 

ography is performed in all women who are 

known to have had diabetes before conception. 

If a fetal cardiologist is not available, a four- 

chamber view of the heart during high-reso- 

lution cardiac ultrasonography will detect 90% 

of major cardiac malformations. 

EVALUATION OF ABNORMAL 
FETAL GROWTH 

Macrosomia and Fetal Dystocia 

The multitude of complex factors that con¬ 

tribute to normal and abnormal fetal growth 

have not been fully elucidated. The problem is 

difficult because the fetus represents a type of 

tissue culture experience that reflects the in¬ 

fluence of genetic inheritance, the fetal intra¬ 

venous umbilical diet, and placental endo¬ 

crine, autocrine, and paracrine factors (18). 

For the individual fetus, the final outcome at 

birth represents the interplay and modulation 

of all intrauterine events from conception to 

birth. 

It is difficult to differentiate the growth of 

fetuses of diabetic and nondiabetic mothers by 

ultrasound before early 3rd trimester. Individ¬ 

ual fetal growth patterns, however, can be fol¬ 

lowed serially from early gestation onward. 

Deviations from normal can be documented 

and plotted on fetal growth curves. Abnormal 

increments in abdominal circumference are an 

indication of fetal macrosomia and truncal obe¬ 

sity (19). Figure 20.1 illustrates ultrasono¬ 

graphic findings in an overgrown fetus of a 

mother with GDM. 

Reece and colleagues, in an ultrasound 

study of measurements of the fetal head, have 

reported normal growth velocities in diabetic 

women similar to those of normals, despite an 

advanced degree of maternal vascular disease 

Placenta Body Head 

Figure 20.1 Longitudinal scan through the mid¬ 
abdomen of a woman with GDM at 36 weeks. 
Ultrasonographic documentation of macro¬ 
somia. The 107-mm body is disproportionately 
large when compared with the 89-mm biparietal 
diameter of the head. 

(20). Landon and colleagues (21) confirmed the 

cranial and femur growth measurements ob¬ 

served by Reece. In addition, they differen¬ 

tiated diabetic from normal fetuses by ab¬ 

dominal circumference growth beginning at 32 

weeks’ gestation (diabetic: 1.36 cm/week ver¬ 

sus 0.901 cm/week in normals, p < .001). Their 

method employed a cutoff value of a growth 

velocity of 1.2 cm/week from 32-39 weeks and 

identified macrosomic infants with 84% spec¬ 

ificity and 85% sensitivity. 

Enormous effort has been expended using 

ultrasonography to describe and validate a 

regression formula to predict accurately the 

birth weights of normal and diabetic babies 

(22, 23). Polynomial formulas employ a com¬ 

bination of biometric measurements (head, ab¬ 

dominal circumference, and limb length) to 

predict fetal weight in grams. Unfortunately, 

small errors in individual measurements have 

an exaggerated effect on such predictions that 

limit their accuracy and validation (24). For 

this reason, no single formula has been suffi¬ 

ciently accurate to identify reliably the large 

or small infants of normal or diabetic mothers. 

Despite methodologic problems, it is important 
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to try to identify an overgrown or undergrown 

fetus before delivery. 

Shinozuka and colleagues at the University 

of Tokyo have devised two new formulas to 

improve the accuracy of fetal weight estima¬ 

tion by ultrasound measurement that is ap¬ 

plicable especially to low birth weight infants, 

including those with intrauterine growth re¬ 

tardation (24). In a prospective study of 657 

pregnancies, they showed a high correlation 

between estimated weights and actual birth 

weights with a small range of error (15%) in 

nearly 90% of infants' who weighed between 

450 g and 4800 g at gestational ages from 21- 

41 weeks. An error of ± 10-15% is thought to 

be inevitable because of the variance of values 

obtained through ultrasonographic measure¬ 

ments; especially those of soft tissue, such as 

anteroposterior trunk diameter (APTD) and 

transverse trunk diameter (TTD) that are of 

this magnitude. 

Figure 20.2 describes the principle for the 

Shinozuka formula for fetal weight estimation. 

Ultrasonographic measurements of the fetuses 

included biparietal diameter (BPD), APTD, 

TTD, spine length (SL), and femur length (FL). 

Figure 20.3 shows the impressive correla¬ 

tion obtained by the Shinozuka formula for es¬ 

timated weights by ultrasound and actual 

birth weights. Birth weights were measured 

Principle of the formula 

Fetal w.ight = S>ac;,“.E*»XAXBPD- + 

Volume of the head 

immediately after delivery and the actual vol¬ 

umes of the heads and trunks with all four 

limbs were measured within 2 days after de¬ 

livery. A separate formula was devised for 

newborn data. The correlation coefficient of es¬ 

timated weights and actual birth weights was 

0.920. This study was performed by several 

residents and specialists. The formula for the 

ultrasound techniques is available in a com¬ 

puter program. This methodology has not been 

applied to diabetic pregnancies because they 

are so few at the University of Tokyo (personal 

communication from Dr. Shinozuka). 

Growth trends in the fetus are characterized 

in most obstetric settings in the United States 

by a minimum of three ultrasonographic ex¬ 

aminations performed in the 3rd trimester 

(typically at 28, 32, and 36 weeks). Three data 

points permit a more accurate assessment of 

fetal growth than one or two observations. At 

the University of California San Diego, serial 

ultrasonographic examinations are performed 

every 3-4 weeks during 3rd trimester; fetal 

weight is calculated according to the formula 

of Warsof (25) (Fig. 20.4). This method is rea¬ 

sonably accurate as a predictor of fetal weight. 

We pay close attention to the percentiles of 

abdominal circumference and calculated 

weight. If both are consistently greater than 

the 90th percentile on two or more 3rd trimes- 

for fetal weight estimation 

Specific gravity x B XAPTD XTTD X SL 
of the trunk __. 

Volume of the trunk 

Weight of the head + Weight of the trunk 

Figure 20.2. Principle of the Shinozuka formula for estimation of fetal weight. BPD3 (biparietal di¬ 
ameter) and anterposterior trunk diameter (APTD) x transverse trunk diameter (TTD) x spine length (SL) 
were used as three-dimensional parameters of the head and trunk, respectively. Coefficients A and 
B are the ratios of the volumes and parameters of each part. The trunk includes all four limbs. With 
permission from Norio Shinozuka, MD, University of Tokyo. 
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Actual Birth Weight 

Figure 20.3. Correlation between estimates of fetal weights by ultrasound and actual birth weights 
by the Shinozuka formula. Key: A, light-for-dates; +, appropriate for dates; t, heavy-for-dates. With 
permission from Norio Shinozuka, MD, University of Tokyo. 

ter examinations, the likelihood of macrosomia 

is very high (26). 

In some women who have late entry into 

prenatal care, only a single ultrasonographic 

examination and abdominal measurements of 

uterine height on physical examination may 

be available to evaluate the possibility of fetal 

macrosomia. Hadlock and co-workers (26) have 

suggested that calculation of a ratio of femur 

length to abdominal circumference (FLAC) 

would be helpful because it is relatively con¬ 

stant at 22 ± 2% throughout the latter half of 

pregnancy. Unfortunately, this calculation is 

not sufficiently sensitive nor specific for clin¬ 

ical management. 

Elliot and colleagues have proposed a ma¬ 

crosomia index, calculated by subtraction of 

the biparietal diameter from the chest diam¬ 

eter (27). In their experience, an index of 1.4 

cm or greater was associated with shoulder 

dystocia in 25% of patients. This is not an en¬ 

couraging figure and their macrosomia index 

has not had wide application because ultra¬ 

sonographic measurement of the chest diam¬ 

eter is difficult and subject to a high degree of 

variation. 

The main goal of antenatal detection of 

macrosomia is to avoid birth injury. In poorly 

controlled IDDM, NIDDM, and even well-con¬ 

trolled GDM women, fetal shoulder and ab¬ 

dominal widths can become excessive and 

result in extremely difficult vaginal deliveries 

(28). Shoulder dystocia is a complication de¬ 

fined as difficulty in delivery of the fetal body 

after expulsion of the fetal head. This obstetric 

emergency occurs in 0.3-0.5% of vaginal de¬ 

liveries among normal pregnant women and is 

much higher in diabetic women. The incidence 

of shoulder dystocia rises tenfold to 3% among 

infants weighing 4000 g or more. In some re¬ 

ports of diabetic women with infants of >4000 

g, 16% sustained shoulder dystocia (29-30). 

The higher incidence in IDM is attributed to 

abnormal fat patterning in utero with truncal 

obesity in both normal weight and macro- 

somic babies (19). 

The clinical characteristics that signal in¬ 

creased risk of shoulder dystocia include: (a) 

protracted active phase of labor; (6) prolonged 

second stage of labor (pushing for more than 2 

h); (c) use of midforceps. The majority of shoul¬ 

der dystocia complications occur without warn¬ 

ing. A long second stage of labor, prolonged 

deceleration phases, and excessive birth 

weight contribute to the risk of shoulder dys¬ 

tocia, but only 16% of cases with subsequent 

trauma can be predicted by this multifactorial 

model (31). Acker and colleagues recommend 
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Figure 20.4. Fetal growth record and amniotic fluid index for longitudinal sonographic examinations 
at the University of California San Diego. Fetal weight is calculated by the formula of Warsof and 
associates (25). 

cesarean section delivery for all diabetic 

women whose estimated fetal weight is >4000 

g because of their higher risk for dystocia (32). 

Other experienced obstetricians prefer to as¬ 

sess each pregnancy individually and plan the 

mode of delivery accordingly (33). 

In summary, fetal macrosomia in diabetic 

pregnancy is often but not always predictable 

by performing serial ultrasonographic exami¬ 

nations. An estimate of the trend of fetal 

weight and an assessment of abdominal 

growth compared with those of normal women 

are useful guidelines. In our institution, all 

infants with a predicted birth weight >4300 g 

are delivered by cesarean section unless there 

are compelling reasons to make an alternative 

decision. A discussion of the pathophysiology 

of macrosomia in infants of diabetic mothers 

is presented in Section X. 

Intrauterine Growth Retardation (IUGR) 

Intrauterine growth retardation is usually 

defined as a birth weight or fetal growth meas¬ 

urements below the 10th percentile when cor- 
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Table 20.2. 
Diagnostic Clues for the Detection of 
Fetal Growth Retardation 

Accurate assessment of gestational age 
A single ultrasound examination is less 

accurate than longitudinal analysis of fetal 
growth 

Helpful sonographic parameters: 
Head/abdominal ratio f 
Femur length/abdominal circumference 

ratio | 
Ponderal index | 

Plot biometric observations against normal 
curves 

Longitudinal plot of fetal weight and 
abdominal circumference 

Assess amniotic fluid volume 
Assess biophysical profile 

rected for gestational age. Fetuses with poor 

intrauterine growth are at risk for increased 

rates of perinatal asphyxia and death. 

A diagnosis of IUGR requires an accurate 

assessment of gestational age and several ul¬ 

trasonographic examinations. Diagnostic clues 

for the detection of HJGR are shown on Table 

20.2. A study of pulsed doppler blood flow of 

the uterine artery and fetal circulatory system 

may also be helpful (34). Fok and colleagues 

(35) have correlated umbilical artery doppler 

velocimetry with arterial lesions in the pla¬ 

centas of small-for-dates pregnancies. They 

studied the placentas of 14 growth-retarded fe¬ 

tuses from mothers with abnormal umbilical 

artery velocimetry at 36-40 weeks’ gestation 

and compared them with placentas of 15 ap¬ 

propriately grown fetuses with normal wave 

forms. They found that a large percentage of 

arterial vessels in the placentas from the 

growth-retarded* fetuses showed abnormal 

changes in the vessel wall. The percentage of 

abnormal vessels correlated significantly with 

the resistance index on doppler velocimetry 

and provided an anatomic basis for elevated 

resistance to blood flow in small-for-dates 

pregnancies. 

Good obstetric dating criteria and longitu¬ 

dinal observations on three or more occasions 

also permit the useful measurement of fetal 

growth pattern and determination of several 

types of fetal growth disorder (asymmetric or 

symmetric) with some degree of certainty. A 

plot of estimated fetal weight on intrauterine 

growth charts provides the best method of as- 

Figure 20.5. Top, Abnormal doppler wave form from the uteroplacental circulation at first exami¬ 
nation (16-22 weeks) with a high resistance pattern and elevated resistance index of 0.65. Bottom, 
Normal doppler wave form resistance pattern with a resistance index of 0.36. Courtesy of Dr. S.a! 
Steel and her colleagues at St. George’s Hospital, London, U.K. 
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sessment of the fetal growth profile (36). Na¬ 

tional United States growth curves are 

available as well as those with validated data 

at high altitudes and at sea level (37-40). Fig¬ 

ure 20.5 shows the University of California 

San Diego longitudinal record for plotting fetal 

growth and the amniotic fluid index (AFI). The 

severity of IUGR and the possible urgency for 

obstetric intervention must be evaluated with 
care. ' 

Amniotic fluid volume declines markedly in 

late stages of growth retardation (41). Oligo¬ 

hydramnios is a sign of diminished placental 

function and a potential cause of fetal death 

secondary to umbilical cord compression. It is 

useful to monitor this complication by meas¬ 

urement of the four-quadrant sum of vertical 

pockets of amniotic fluid (AFI) at each sono¬ 

graphic evaluation (42, 43). An AFI value of 

<75 mm total should be viewed with suspicion. 

Measurements <50 mm should prompt im¬ 

mediate evaluation for delivery. 

A fetus that grows steadily along a low- 

growth profile curve and shows active move¬ 

ments, breathing, and adequate amniotic fluid 

will likely do well over the short term. In care¬ 

ful observation of these pregnancies, however, 

signs of cessation of growth and changes in 

amniotic fluid volume may occur as a harbin¬ 

ger of impending fetal jeopardy. In fetuses with 

symmetric IUGR, sonographic examinations 

for fetal malformations should be performed at 

more frequent intervals. 

A preterm fetus at 28-34 weeks’ gestation 

with asymmetric growth and diminished am¬ 

niotic fluid should be monitored weekly or 

more often. Normal fetal movement and sat¬ 

isfactory serial biophysical profiles provide 

reassurance that the pregnancy continues to¬ 

ward maturity (46). Maternal bedrest is rec¬ 

ommended to improve placental blood flow and 

fetal nutrient supply. Sonographic evidence of 

growth arrest should prompt evaluation for de¬ 

livery. 

In summary, accurate diagnosis and man¬ 

agement of fetal growth abnormalities re¬ 

quires sophisticated clinical skills and ultra¬ 

sonographic expertise. Simple measurements 

of fetal head size by ultrasonography are not 

sufficient. Attention should be paid to all as¬ 

pects of the fetal environment. These include 

underlying maternal problems, the dynamics 

of measurements of all aspects of fetal growth, 

and changes in the volume of amniotic fluid. 

Table 20.3. 
Fetal Biophysical Profile06 

Reactive nonstress test 
At least two episodes of fetal heart rate 

acceleration of >15 beats/min and >15 
sec in duration associated with fetal 
movement in 20 min 

Fetal breathing movements 
At least one episode of sustained fetal 

breathing movements >30 sec in 
duration in 30 min of observation 

Fetal tone 
At least one episode of active extension 

with return to flexion of fetal limbs or 
trunk in 30 min of observation 

Fetal movement 
At least three discrete limb or body 

movements in 30 min of observation 
Amniotic fluid volume 

At least one pocket of amniotic fluid that 
measures 1 cm in the ventral plane 

“Modified from Manning et al. Fetal assessment based on 
fetal biophysical profile scoring: Experience in 12,620 re¬ 
ferred high-risk pregnancies. I. Perinatal mortality by fre¬ 
quency and etiology. Am J Obstet Gynecol 1985;151:345. 
6Two points are awarded for each parameter when the above 
criteria are fulfilled. No points are given if the criteria are 
not met. 

BIOPHYSICAL PROFILE (BPP) 

An oxygen-deficient fetus in extremis typi¬ 

cally moves infrequently or sluggishly (43). 

The biophysical profile (BPP) is a useful ad¬ 

junct for the evaluation of fetal well-being in 

these pregnancies (44, 45). Many obstetricians 

also prefer to assess a BPP if a nonstress test 

(NST) is not reactive. Table 20.3 is a modifi¬ 

cation of the original profile developed by 

Manning (44). The presence of normal fetal 

breathing movements, gross body movements, 

fetal tone, and amniotic fluid volume are each 

given a score of 2 with 2 additional points for 

a reactive NST. A score of 8-10 is reassuring 

while a score of 6 or less may indicate a fetus 

in jeopardy. 

Several investigators have described their 

extensive experience with the BPP. Golde and 

colleagues (48) reported that 430 of 434 tests 

performed after a reactive NST in diabetic 

women were associated with BPP scores of 8 

or higher. When the NST was nonreactive (25 

women), 25 consecutive BPP tests were normal 

while four had scores lower than 8. All pa¬ 

tients, even those with low scores, had a good 

perinatal outcome. 
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In a study by Dicker and co-workers (49), a 

normal BPP predicted normal Apgar scores in 

99% of patients. Johnson and colleagues (50) 

performed BPP assessments in 50 IDDM 

women twice weekly and weekly tests in 188 

women with GDM. There were no stillbirths 

and only 8 of 238 (3.3%) tests were abnormal. 

Neonatal morbidity was significantly higher 

in infants whose mothers had positive tests. 

This study was reassuring because it demon¬ 

strated that the BPP can be used successfully 

for fetal surveillance with few interventions, 

thereby prolonging pregnancy beyond 37 

weeks’ gestation in most women. 

ELECTRONIC FETAL MONITORING 

IDDM Women 

Antenatal fetal heart rate tests (46) are used 

extensively to monitor fetal well-being in 

women with IDDM and NIDDM during 3rd 

trimester. The choice of test and interval be¬ 

tween tests vary in different countries and 

medical centers. In the United States, there is 

no unanimity of opinion among obstetricians 

in excellent perinatal centers. External elec¬ 

tronic fetal heart rate monitoring is accom¬ 

plished by applying a doppler transducer to the 

maternal abdomen. 

Nonstress Test (NST) 

An NST is a noninvasive recording from 

these instruments that correlates fetal activity 

with changes in baseline fetal heart rate dur¬ 

ing a defined time interval. At the University 

of California San Diego, a reactive NST sug¬ 

gesting fetal well-being is defined as two fetal 

cardiac accelerations of 15 beats per minute 

lasting 15 seconds concomitant with fetal 

movement during 20 minutes of observation. 

A majority of perinatal centers in the United 

States use the NST as the primary biophysical 

test. However, a multicenter comparison of the 

NST and the contraction stress test (CST) doc¬ 

umented a significantly lower risk of antepar¬ 

tum death with monitoring by a CST (1.1 

versus 7.8/1000 births, p < .05) (47). 

How effective are NST tests in diabetic preg¬ 

nancies? Keegan and Paul (51) noted that the 

NST failed to predict two perinatal deaths in 

342 pregnancies when the test was performed 

weekly. A subsequent study by Golde and co¬ 

workers (47) in which the NST was adminis¬ 

tered twice weekly to 107 women with IDDM 

reported no perinatal losses. In reports by 

Olofsson and colleagues (52, 53), NST and CST 

were compared retrospectively in 99 diabetic 

pregnancies. These studies documented no dif¬ 

ference in the predictive value of a reassuring 

test performed weekly, but the CST was su¬ 

perior with fewer false-positive tests that pre¬ 

cipitated unwarranted intervention. 

In Landon and Gabbe’s review of seven clin¬ 

ical studies of NSTs that included 426 patients 

with diabetes tested weekly, six antepartum 

deaths were documented, a significantly 

higher fetal deat^i rate than that seen in other 

high-risk situations (46). Their summary of 

data from 13 series in the literature reported 

49 deaths within 1 week of a reactive NST 

result. Twenty-six of these were due to acute 

causes, such as placental abruption or umbil¬ 

ical cord prolapse. Of the 23 deaths attributed 

to chronic processes, 10 occurred in women 

with diabetes. Experience in various centers 

has led to the recommendation that the NST 

should be performed twice weekly if used in 

diabetic pregnancies. 

Contraction-Stress Test (CST); Oxytocin 
Challenge Test (OCT) 

If an NST is nonreactive, a CST (oxytocin 

challenge test, OCT) should be performed. Ox¬ 

ytocin is administered intravenously by an in¬ 

fusion pump (initial dose, 0.44 mU/min) and 

carefully titrated to a rate sufficient to produce 

three uterine contractions in a 10-minute in¬ 

terval. The OCT evaluates the heart-rate re¬ 

sponse to uterine contractions in the fetus at 

risk for uteroplacental insufficiency. 

The interpretation of the OCT test is defined 

as follows: negative—absence of persistent, 

late decelerations of the fetal heart rate after 

uterine contractions; suspicious—occasional 

late decelerations of the fetal heart rate after 

uterine contractions; positive—late fetal 

heart rate decelerations after each uterine con¬ 

traction. 

A negative OCT test is reassuring and usu¬ 

ally indicates that the fetus is not in immediate 

jeopardy. False-negative tests have been re¬ 

ported, especially in diabetic pregnancies. 

Positive OCTs have been associated with in¬ 

trapartum fetal distress (50). 

The incidence of abnormal perinatal out¬ 

comes including mortality, fetal distress in la¬ 

bor, low Apgar scores, and reduced birth 

weight is higher in patients with a positive 
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Table 20.4. 
Antepartum Surveillance of Diabetic Pregnancies0 

Technique 
Abnormal 
Results (T) 

False-Negative 
Results (%) 

False-Positive 

Results (%)“ 

Contraction stress test ' 10 1 50 
Nonstress test 10 1 75-90 
Fetal movement 5-15 1 60 
Biophysical profile 2 1 20 

“Published with permission from Landon MB, Gabbe SG. Antepartum fetal surveillance and delivery timing in diabetic 
pregnancies. Clin Diabet 1990;8:§3-46. 

OCT. Landon and Gabbe (46) note that the in- 
• 

cidence of false-positive OCT results in preg¬ 

nancies complicated by diabetes and other 

high-risk conditions has been significant, 

ranging from 40-60% (Table 20.4). For this 

reason, they advise that elective intervention 

in a preterm pregnancy complicated by dia¬ 

betes should be undertaken only when several 

tests suggest fetal compromise or fetal pul¬ 

monary maturation has been documented. 

Available information indicates that the 

OCT and BPP can be performed weekly to mon¬ 

itor fetal risk. In IDDM women, tests should 

be performed weekly from 34 weeks’ gesta¬ 

tion onward unless fetal growth retardation, 

significant maternal hypertension, or oligo¬ 

hydramnios require monitoring earlier in 

pregnancy. In some centers, the BPP has re¬ 

placed the OCT for fetal surveillance. Obstetric 

intervention for abnormal fetal testing is per¬ 

formed in less than 5% of pregnancies (exclud¬ 

ing fetal malformations and noncooperative 

patients). The frequency of intrauterine deaths 

in diabetes centers (but not in nontertiary hos¬ 

pitals or rural centers) is now 5.1/1000 (46). 

Are American women tested excessively and 

can the costs, even in diabetic pregnancies, be 

justified? The answer to this question awaits 

the completion of the diabetes in pregnancy 

trials now in progress and a comparison of re¬ 

sults with those of prospective studies in 

Canada, Scandinavia, Europe, the United 

Kingdom, and Australia where fetal electronic 

monitoring is often less intensive. 

NIDDM Women 

No data for fetal surveillance have been pub¬ 

lished in NIDDM pregnancies. These older, 

often heavier, and frequently hypertensive 

women always require insulin during gesta¬ 

tion and are likely to be in worse control than 

IDDM in early 3rd trimester. They are at 

higher risk for preeclampsia, preterm birth, 

and macrosomic infants. At present, no sepa¬ 

rate guidelines for monitoring women with 

NIDDM have been established. Fetal elec¬ 

tronic monitoring and decisions for obstetric 

intervention are based upon the diagnosis of 

diabetes and the complications that occur dur¬ 

ing the course of gestation. 

GDM Women 

Opinions differ concerning the necessity for 

surveillance of fetuses of women with GDM. 

In some centers, management varies for 

women who are treated only by diet in contrast 

to those who require insulin. Landon and 

Gabbe (46), following a review of 69 of their 

patients who were diet controlled and 28 who 

required insulin, no longer initiate antepar¬ 

tum surveillance in GDM women who have 

normal fasting and postprandial glucose val¬ 

ues unless they have hypertension, preeclamp¬ 

sia, or a history of a previous stillbirth. Those 

who require insulin are followed in the same 

manner as IDDM and NIDDM patients, with 

twice weekly NSTs beginning at week 32. Ma¬ 

ternal counts of fetal movement are monitored 

from 28 weeks’ gestation onward. 

Our approach differs from that of Landon 

and Gabbe with the intensity of antepartum 

testing in GDM before 40 weeks’ gestation 

based on glycemic control. Women with occa¬ 

sional postprandial blood glucose values 

higher than 120 mg/dl (6.6 mmol/L), who are 

not receiving insulin, have fetal heart rate 

testing with an NST each week because of the 

association of hypoxemia and hyperglycemia. 

In general, most GDM women, whether diet 

controlled or receiving insulin, begin fetal 

movement counts at 28 weeks and have weekly 

NSTs from 36-40 weeks. There are no large 

prospective studies of fetal surveillance in 

these two groups of GDM patients. 

Because women with true gestational car¬ 

bohydrate intolerance (reversible immediately 
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postpartum) have normal HbAlc values and 

rarely have a blood glucose value of >150 mg/ 

dl (8.3 mmol/L), is there any real justification 

for expensive and cumbersome NST and OCT 

tests? In GDM pregnancies with complications, 

the decision to test is straightforward. In the 

absence of good prospective epidemiologic 

studies in GDM, many obstetricians in the 

United States are more comfortable with and 

feel reassured by fetal electronic monitoring of 

GDM patients. The efficacy of intense fetal 

monitoring of GDM women remains an open 

question. 

MATERNAL COUNTS OF 

FETAL MOVEMENT 

A mother’s perception of fetal activity is the 

oldest and most widely used form of monitoring 

fetal well-being. It is simple, cheap, requires 

no equipment, and can be done at home. There 

are, however, large inter- and intrapatient 

variations in fetal movement and no normal 

frequency and pattern has been established 

(54). 

About 60% of all perinatal deaths occur be¬ 

yond 28 weeks’ gestation and, of these, there 

is no obvious cause in about 70% (55). Fetal 

deaths may be preceded by reduction or ces¬ 

sation of fetal movement by a day or more. In 

the early 1980s, Neldam published two studies 

of a small, controlled trial and showed that 

routine formal counting of fetal movement was 

associated with a significantly lower rate of 

antepartum death among normally formed ba¬ 

bies weighing more than 1500 g when com¬ 

pared with infants of mothers who only 

informally noted fetal activity (56, 57). A non- 

randomized cohort study of 20,000 women 

failed to confirm such a benefit (58). 

Grant and colleagues (59) evaluated a rou¬ 

tine recommendation to women to count fetal 

movements daily using a modified Cardiff 

count-to-ten chart (60). All women were in¬ 

structed by specially trained midwives. This is 

the most widely used system in the U.K. and 

their collaborative study included the Oxford 

Perinatal Epidemiology Unit, The Department 

of Obstetrics and Gynecology in the General 

Hospital in Malm, Sweden, and the Maternit 

Universitaire de la Citadelle Liege, Belgium. 

They enrolled 68,000 women who were ran¬ 

domly allocated to a policy of routine counting 

or to standard care that might involve selective 

use of formal counting or informal noting of 

movements. The large sample size was nec¬ 

essary because the rate of late fetal deaths in 

the participating countries was estimated at 

the time of the trial to be only about 4/1000 

total births. In this setting, antepartum death 

rates for normally formed singletons were sim¬ 

ilar in the two groups regardless of cause of 

fetal death or risk status. Despite the counting 

policy, most of the fetuses were dead by the 

time the mothers received medical attention. 

The study did not rule out a beneficial effect 

of fetal movement counting but, at best, the 

policy would have to be used by about 1250 

women to prevent unexplained antepartum 

late fetal death. 

In Canada, Connors and associates (54) re¬ 

cruited 146 women for a study of maternally 

perceived fetal activity from 24 weeks’ gesta¬ 

tion to term in both normal and high risk preg¬ 

nancies. The periodicity of fetal activity 

perceived by mothers correlated well with ul¬ 

trasonic observations. They too confirmed the 

variability of fetal movement counts and the 

need to take periodicity into account when ma¬ 

ternally perceived fetal activity is used as a 

screen for fetal well-being. Their data sug¬ 

gested that the patient should be observed for 

a consecutive period up to a maximum of 2 h; 

if no fetal activity is perceived by 2 h of ob¬ 

servation, further evaluation of well-being 

should be considered. They reported no still¬ 

births in either group of patients. In the at- 

risk group, one fetus had fetal hypoxemia that 

was suspected before labor and delivery. A 

real-time scan of twins at 37 weeks’ showed 

persistent bradycardia. An emergency cesar¬ 

ean section was performed and monoamniotic 

twins with significant cord entanglement were 

delivered. One twin had severe birth asphyxia 

and subsequently died. The second twin 

showed no birth asphyxia. There had been no 

change in this patient’s fetal movement counts 

to suggest fetal compromise. The investigators 

concluded that the extreme variability of ma¬ 

ternally perceived fetal movement counts 

makes it difficult to determine a normal range 

of fetal activity. Thus, it would be difficult to 

use movement counts as the only objective as¬ 

sessment of fetal well-being. 

Moore and Piacquadio (43) have conducted 

a prospective study of women who were mostly 

dependents of active duty Navy personnel 

based at San Diego Naval Medical Center. 
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During a 7-month control period with no fetal 

movement screening program, there were 2519 

deliveries with a fetal mortality rate of 8.7/ 

1000 births. After a pilot study that required 

patients to record the elapsed time required to 

note 10 fetal movements to validate a fetal 

movement protocol, they conducted an inves¬ 

tigation of 1864 women over a 6-month period. 

Patients were instructed to request further fe¬ 

tal evaluation if 10 movements Were not per¬ 

ceived within a 2-h counting period. Dur¬ 

ing the active study phase, the number of an¬ 

tepartum fetal electronic monitoring tests 

increased 13%; interventions for fetal compro¬ 

mise prompted by inadequate fetal activity 

trebled, and fetal mortality among women 

with decreased movement was 10/1000 births. 

The overall fetal mortality rate in study pa¬ 

tients was 2.1/1000 births. 

Enthusiasm for maternal fetal movement 

counting varies in different health care set¬ 

tings. In the Diabetes in Pregnancy Clinic at 

the University of California, San Diego, we 

have a multiracial (White, Mexican-American, 

Asian, American Indian, and Pacific Islander) 

population of low socioeconomic status. Many 

women do not speak English and some are il¬ 

literate. From both a medical and economic 

standpoint, these are high-risk pregnancies 

with increased risks for mothers and babies. 

In 1988, we initiated a program of fetal move¬ 

ment counting because it is inexpensive and, 

more importantly, involves each diabetic 

woman directly in her own care (43). A change 

Table 20.5. 
Daily Fetal Movement Record 

Name_ 

Birthdate _ 

Hospital # 

Counting fetal movements is 
one way that you may play an 
important role in checking the 
health of your baby. By counting 
and recording the number of 
movements made by your baby 
once each day at the same time, 
you create a profile of your baby’s 
activity during the final weeks of 
your pregnancy. An ideal time for 
counting is following dinner. 
Select a quiet place. 

Please bring this record with you 
each time you visit the doctor’s 
office, clinic or hospital. 

Date 

Time First 

Movement Felt 

Time 10th 

Movement Felt Total Time 

EXAMPLE 
11/4/88 6:50 7:28 38 minutes 
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in the pattern of fetal movement or requiring 

more than 2-h to feel 10 movements alerts her 

to the immediate urgency to find transporta¬ 

tion to the hospital for a more comprehensive 

fetal assessment. Our patient numbers are too 

small for an accurate analysis of the efficacy 

of fetal movement counting apart from other 

measures of fetal surveillance. However, in a 

county where the fetal mortality rate per 1000 

varies from 5.6 for Whites to 10.19 for Blacks, 

6.34 for Asians, and 5.36 for Mexican-Ameri- 

cans, it seems worthwhile to explore all 

avenues that may help in management of ex¬ 

pensive obstetric problems of diabetic preg¬ 

nancies. 

Table 20.5 is a chart of the fetal movement 

record we use at UCSD. Maternal counting be¬ 

gins at 28 weeks’ gestation. 

Doppler Ultrasound Flow Velocity Tests 

Doppler ultrasound was first described to in¬ 

vestigate the fetal circulation in 1977 by Fitz¬ 

gerald and Drumm (61). Since then the 

technique has had extensive use in pregnan¬ 

cies complicated by intrauterine growth retar¬ 

dation (IUGR) (35, 62-64), hypertension (65- 

68), and diabetes (69, 70). McParland and 

Pearce (67) have provided a comprehensive 

historical review of doppler blood flow studies 

in pregnancy and Pearce and colleagues (71) 

have published reference ranges and sources 

of variation for indices of pulsed doppler flow 

velocity wave forms from the utero placental 

and fetal circulation. 

In diabetic pregnancies, there are two high- 

risk circumstances where doppler wave forms 

have been reported to be helpful: in hyperten¬ 

sion and in IUGR. Al-Ghazali and colleagues 

(65) have examined two vessels, the fetal aorta 

and the umbilical artery, in 32 women with 

complicated pregnancies that resulted in 

IUGR. They were able to identify three groups 

of patients: (a) In six pregnancies, normal dop¬ 

pler flow in both arteries resulted in a good 

outcome at birth. These babies are presumably 

healthy but have a low-growth potential. (6) 

The second group of 11 pregnancies had ab¬ 

normal flow in both arteries and all infants 

had subsequent morbidity problems. Six.moth- 

ers had severe proteinuric preeclampsia and 

the remaining five had fetuses with severe 

growth retardation, (c) In the third group of 12 

pregnancies, umbilical artery flow was abnor¬ 

mal but uterine artery tracings were normal. 

Seven fetuses had severe IUGR and five 

women had preeclampsia. The authors explain 

the normal uterine artery readings in the 

seven fetuses with severe IUGR by the fact 

that the primary defect was on the fetal side 

of the placenta and not maternal in origin. In 

the study by Al-Ghazali and associates, dop¬ 

pler assessment of high-risk pregnancies was 

of clinical value because when all indices were 

normal the outcome was likely to be good. The 

most reliable predictor of morbidity was the 

umbilical artery tracing; only 2 of 28 pregnan¬ 

cies with abnormal tracings had a normal out¬ 

come. 

In a report of doppler wave forms in women 

with hypertension by Cameron and co-workers 

(66), patients were grouped according to the 

severity of their hypertension, e.g., chronic hy¬ 

pertension, mild or severe preeclampsia. They 

found that doppler assessment offered no sig¬ 

nificant value in women with chronic hyper¬ 

tension or mild preeclampsia. In women 

with severe preeclampsia, however, doppler 

changes may precede those of the biophysical 

profile or nonstress test. Both systolic and di- 
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Figure 20.6. Maximum resistance index in pa¬ 
tients with hypertension or proteinuric hyperten¬ 
sion. The centile range is derived from maximum 
resistance index in all normotensive patients. 
See text for description. Courtesy of Dr. S.A. Steel 
and her colleagues at St. George’s Hospital, 
London, U.K. 
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astolic flow velocities in the fetal aorta must 

be considered and abnormalities of these may 

precede those seen in the descending aorta. 

Fok and colleagues (35), as mentioned ear¬ 

lier, have provided the first anatomic evidence 

that correlated elevated resistance to blood 

flow in placentas from growth-retarded fetuses 

with doppler velocimetry. Thus, determination 

of the extent of vessel involvement from dop¬ 

pler velocimetry permits £ qualitative assess¬ 

ment of total placental function. This is a 

valuable adjunctive method of antenatal test¬ 

ing to assess fetal well-being. 

Preeclampsia and IUGR are both associated 

with impaired perfusion of the intervillous 

space (34), antenatal fetal asphyxia, high per¬ 

inatal morbidity and mortality. Present 

methods of fetal surveillance include fetal 

movement charts, NSTs, and ultrasonographic 

biophysical profiles. However, warning signs 

from use of these methods may inadequately 

antedate fetal distress. Doppler ultrasound ex¬ 

amination provides a more direct estimation 

of blood flow in the fetoplacental unit and an 

earlier indication of impending fetal hypoxia 

(66). Steel and colleagues have screened 1198 

nulliparous women in early pregnancy (mean 

18 weeks) by recording doppler ultrasound 

wave forms from the uteroplacental circulation 

(68). The results of 114 women were available 

for analysis. In 18 women (12%), there were 

persistently abnormal wave forms in repeat 

ultrasound scans at 24 weeks that were re¬ 

garded as a positive result. In these patients, 

hypertension was significantly more frequent 

(29/118; 25% versus 45/896; 5%). Hyperten¬ 

sion associated with abnormal wave forms was 

more likely to be severe and accompanied by 

proteinuria (12; 10%) and IUGR (15; 13%) com¬ 

pared with 0.8% and 0%, respectively, in 

women with normal wave forms. 

Figure 20.5 shows an abnormal doppler 

wave form from the uteroplacental circulation 

at first examination. Wave forms were stand¬ 

ardized by means of a resistance index cal¬ 

culated by taking mean of three wave forms 

with a high signal-to-noise ratio. A resistance 

index of 0.58 is an appropriate cut-off point 

that maintains maximum sensitivity with an 

acceptable false-positive rate. Figure 20.6 

shows the highest resistance index of women 

in whom hypertension and proteinuric hyper¬ 

tension developed, plotted against centile 

ranges for the highest resistance index from 

the population without hypertension. They 

noted that the higher the resistance index, the 

greater the likelihood of complicated hyper¬ 

tension. 

In sum, the development of doppler ultra¬ 

sound has moved beyond the initial stage of 

development to a second stage of application 

for efficacy in high-risk patients. It is now to 

a final stage of a clinical trial to incorporate 

the technique into standard management of 

patients in a concealed/revealed fashion in or¬ 

der to determine whether knowledge of the 

new tests resulted in improved outcome (67, 

72). 
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SECTION 

VIII 
Intrapartum Management of 

Labor and Delivery 

Thomas R. Moore 

During the 3rd trimester, in preparation for 

delivery, there are three major aspects of pa¬ 

tient care for diabetic women: (a) regulation of 

maternal glycemia, (b) assessment of fetal 

well-being, and (c) determination of fetal pul¬ 

monary maturation. 

Management of labor and delivery in a di¬ 

abetic mother requires knowledge about pre¬ 

vious obstetric history. This should include the 

gestational ages, mode of delivery, complica¬ 

tions, ease or difficulty of previous births, and 

birth weights of previous children. Intrapar¬ 

tum management may be complicated by 

the presence of hypertension, preeclampsia- 

eclampsia, preterm labor, premature rupture 

of membranes, infections, an over- or under¬ 

grown fetus, hydramnios, or variable control 

of hyperglycemia during late gestation. 

Diabetic women with preeclampsia, whose 

labor must be induced for maternal indica¬ 

tions, frequently become severely ill without 

warning. In addition, diabetes is associated 

with a higher risk, with or without prolonged 

labor, of chorioamnionitis, and other infec¬ 

tions. Their infections are often more severe 

and pose a higher risk for fetal sepsis. 

Diabetic pregnancy is a poor setting for pro¬ 

longed labor, slow cervical dilation, high doses 

of oxytocin, or midforceps delivery. The timing 

and mode of delivery should be carefully 

planned well in advance unless complications 

ensue that require immediate delivery. Most 

perinatal centers have a high rate of cesarean 

section delivery of about 50% in IDDM and 

NIDDM women. 



CHAPTER 

Timing and Mode of Delivery 

A critical issue in diabetic pregnancy is 

planning the timing of delivery (1, 2). Al¬ 

though it has been common practice in the past 

to perform amniocentesis and deliver diabetic 

women at 37 weeks’ gestation, experience in 

perinatal centers since 1980 indicates that, 

with meticulous antepartum fetal assessment 

procedures, delivery can be delayed frequently 

until nearly 40 weeks’ gestation without an 

increase in morbidity for the mother or mor¬ 

bidity or mortality for the infant. 

In diabetic women in good control and with 

normal antepartum surveillance tests, deliv¬ 

ery should be delayed until fetal pulmonary 

maturation occurs. Term or near-term delivery 

permits ripening of the cervix and improves 

the chances of vaginal delivery. The consid¬ 

erations for delivery at term must be balanced 

with the risk of a larger baby or an unexpected 

fetal demise as the due date approaches. In the 

United States, Landon and Gabbe (2) plan elec¬ 

tive induction of labor at 38-40 weeks’ in well- 

controlled diabetic women without vascular 

disease. An amniocentesis may be performed 

to document fetal maturity, but this procedure 

is often not necessary when there is accurate 

gestational dating and there has been good di¬ 

abetic control. 

Coustan points out that the convergence of 

advancing perinatal technology and our im¬ 
proved understanding of the relationship be¬ 

tween maternal diabetic control and a good 

pregnancy outcome now permit the obstetri¬ 
cian to individualize decision making so that 

the majority of women can proceed to term or 

near term before planned delivery (1). The ap¬ 

proach used at Brown University for timing 
and delivery of diabetic women is presented in 

Table 21.1 (1). It should be noted that, in the 

Coustan scheme, the White class of maternal 

diabetes does not enter into clinical decision¬ 

making concerning timing of delivery. In gen¬ 

eral, perinatal risks increase when any type of 

diabetic pregnandy goes much beyond term; 

most obstetricians are reluctant to allow 

women with diabetes including those with 

GDM, to continue their pregnancies much be¬ 

yond the estimated date of confinement (EDC). 

The uncomplicated diabetic pregnancy at 40 

weeks’ gestation with the maternal cervix un¬ 

favorable for induction can present a dilemma. 

One option is to use prostaglandin E gel or 

laminaria for cervical ripening. The efficacy of 

this procedure has not been demonstrated un- 

equivocably but this approach is often used to 

alleviate anxiety of both the patient and the 

obstetrician. Except in the presence of macro- 

somia or if there has been a previous delivery 

by cesarean section, the option of cesarean sec¬ 

tion without labor is almost never chosen (1). 

Primary prevention of perinatal complica¬ 

tions is possible when diabetic women are eu- 

glycemic throughout pregnancy (fasting blood 

glucose values <100 mg/dl; 5.5 mmol/L, other 

values consistently <120-130 mg/dl; 6.6 

mmol/L-7.2 mmol/L) and with normal HbAlc 

values during 3rd trimester. In Ireland, Drury 

and colleagues (3) followed 129 diabetic preg¬ 

nancies and limited antepartum fetal testing 

to women with hypertension (12 patients), sus¬ 

pected IUGR (3 patients), and reduced fetal 

movement (3 patients). These complicated 

pregnancies represented only 14% of diabetic 
deliveries. Women with GDM were not in¬ 

cluded in the study and 85% of deliveries were 

between 38 and 40 weeks’ gestation. The ce¬ 

sarean section rate was 20% and perinatal 

mortality rate, excluding congenital anoma¬ 
lies incompatible with life, was 2.3%. 

ASSESSMENT OF FETAL 
PULMONARY MATURATION 

Preterm birth of infants of diabetic mothers 
remains a persistent problem even with ex¬ 

cellent maternal control of hyperglycemia be- 

226 
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Table 21.1. 
Guidelines for an Approach to Decisions for Timing, of Delivery in Diabetic Women0 

Decision Examples 

Immediate delivery even without 
documentation of fetal lung maturity 

4, 

Maternal or fetal compromise puts the life of 
either at significant risk 

Proven severe fetal compromise at a time 
when fetal survival after delivery is 
considered possible (26 weeks’ gestation 
at Brown University) 

0 

• 

Maternal eclampsia or severe preeclampsia 
when maternal well-being is 
compromised by continuing the 
pregnancy and little improvement in 
fetal outcome is anticipated 

Delivery as soon as fetal lung maturity can 
be documented when there is a significant 
maternal or fetal problem, but neither pose 
an immediate risk 

Poor or undocumented maternal metabolic 
control, preeclampsia, worsening of pre¬ 
existing hypertension, IUGR, strongly 
suspected fetal macrosomia, previous 
classical cesarean section, or equivocal 
antepartum assessment of fetal condition 

Patients who do not fulfill any of the above 
criteria; elective delivery is considered at 
38 weeks’ gestation 

Cervix is clinically “ripe” and fetal lung 
maturity has been documented by studies 
on amniotic fluid 

Unfavorble cervix: amniocentesis not 
attempted because fetal lung maturity 
would not lead to induction of labor 
under these circumstances 

If after 38 completed weeks of gestation, 
oligohydramnios precludes successful 
amniocentesis, this is taken as an 
indication to proceed with delivery 
without amniotic fluid studies 

Repeat cesarean sections are performed at 
38 weeks if lung maturity is documented 

"Adapted from Coustan DR. Delivery: Timing, Mode and Management. In: Reece EA, Coustan DR (eds). Diabetes Mellitus 
in Pregnancy. Principles and Practice. New York, Churchill Livingstone, 1988;525-533. 

cause maternal complications may require 

delivery before term. The main causes are 

preeclampsia, a decline in renal function, and 

uteroplacental insufficiency. When clear ob¬ 

stetric indications for preterm delivery are 

present, an assessment of fetal lung maturity 

is critical (Fig. 21.1). 

Kulovich and Gluck (4, 5) originally re¬ 

ported a delay in normal timing of pulmonary 

maturation in diabetic pregnancies. They de¬ 

scribed a longer interval before appearance of 

the amniotic fluid phospholipid compound, 

phosphatidylglycerol (PG). Their observations 

were in amniotic fluid samples from an unse¬ 

lected population of poorly controlled diabetic 

women in the general community and they 

were not correlated with degree of diabetic con¬ 

trol, confirmation of gestational age, or type of 

diabetes (IDDM, NIDDM, or GDM). 

Other investigators have reported different 

observations. Landon and colleagues (6) strat¬ 

ified IDDM patients by mean maternal glucose 

level and reported that fetal lung maturity oc¬ 

curs later in pregnancies with poor glycemic 

control (mean glucose level >110 mg/dl; 6.1 

mmol/L) irrespective of type of diabetes. Fadel 
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L/S 
RATIO 

ACETONE 
PPTD 
(Disaturated) 
FRACTION 

% PI 
PHOSPHATIDYL 
INOSITOL 

%PGL 
PHODPHSTIDYL 
GLYCEROL 

L/S RATIO 
(wks gest.) 

TRAN- MATURE POST- POST- 

Figure 21.1. Kulovich-Gluck form used to report the lung profile (4, 5). The four amniotic fluid lipid 
determinations are plotted on the ordinate and the weeks of gestation are plotted on the abscissa 
(as well as the L/S ratio and an internal standard). When these are plotted, they fall with a very high 
frequency into a given grid that identifies the stage of development of the lung, as shown in the upper 
part of the form. The term “mature (caution)” refers to patients other than those with diabetes who can 
be delivered if necessary at this time. Patients with diabetes can be delivered with safety when the 
values fall in the “mature” grid. Reprinted with permission from Regents of the University of California, 
1977. 

and co-workers (7) obtained amniotic fluid for 

fetal maturity studies in 287 healthy and 198 

diabetic women. Each diabetic patient was 

matched with a control subject of the same 

race, sex of newborn infant, and gestational 

age at amniocentesis. The regression lines of 

nonhypertensive, hypertensive, and all dia¬ 

betic women were not different from those of 

their respective matched control subjects. Also, 

there was no difference in the proportion of 

mature lecithin phosphorus concentrations at 

different weeks between diabetic and normal 

women. They interpreted their failure to find 

a significant influence of diabetes on fetal lung 

maturation to a probable improvement in di¬ 

abetic control, which resulted in normalization 

of the fetal metabolic environment. 

In a study from Finland, Ylinen (8) reported 

amniotic fluid phospholipid concentrations in 

227 3rd trimester specimens and HbAlc values 

in 889 maternal blood specimens. In 115IDDM 

singleton pregnancies without fetal malfor¬ 

mations or stillbirths, they found that fetuses 

of diabetic mothers whose HbAlc was 8.5% or 

higher during pregnancy remained PG nega¬ 

tive more often than those in pregnancies with 

mean HbAlc values below 8.5% at 37 and 38 

completed weeks of gestation. Their results 

and recent studies of others suggest that ma¬ 
ternal hyperglycemia or other metabolic dis¬ 

turbances associated with hyperglycemia are 

the cause of delayed fetal lung maturation 

among IDDM women. 

In diabetic women in less than ideal control, 

it is not safe to assume that there is no risk 

for neonatal respiratory distress syndrome 

(RDS) until at least 38.5 completed weeks of 

gestation. Any delivery planned before this 

time for other than the most urgent fetal and 

maternal indications should be preceded by 

documentation of pulmonary maturity by am¬ 

niocentesis. The documentation of a lecithin/ 

sphingomyelin (L/S) ratio of >2.0 is insuffi¬ 

cient reassurance. An amniotic fluid concen- 
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tration of phosphotidylglycerol of 3% and a 

decline in phosphotidyl/inositol (PI) indicate a 

mature lung profile (Fig. 21.1). Amniocentesis 

should also be performed for confirmation of 

fetal maturity if obstetric dates are uncertain 

or the patient has been in poor diabetic control 

throughout pregnancy. 

CONTINUOUS FETAL HEART 
RATE MONITORING . 

For the past two decades, techniques have 

been available for continuous fetal heart rate 

monitoring during labor and delivery and meas¬ 

urements of fetal scalp blood pH values. Al¬ 

though there has been some disagreement 

about the place of this technology in normal 

and abnormal pregnancies, there has been a 

rapid proliferation of monitoring in both the 

United Kingdom (9) and the United States. 

One problem with fetal heart rate monitor¬ 

ing has been the high degree of inter- and in¬ 

traobserver variation (10, 11). Visual analysis 

of tracings, even by experienced professionals, 

presents difficulties in recognition of erroneous 

or doubtful decelerations or accelerations. 

Dawes and colleagues have addressed these 

problems and the errors caused by fetal heart 

rate monitors in a study of 1000 consecutive 

fetal heart rate tracings from 349 patients (12). 

They documented erroneous or doubtful decel¬ 

erations in 111 (11%) tracings when they used 

the computer technique of autocorrelation to 

process ultrasound signals from the fetal heart 

to derive the best estimate of pulse interval. 

Their use of a computer to measure variables 

permitted an accuracy not attainable from vis¬ 

ualization of strips and allowed a consistent 

judgment to be made when information was 

deficient. The system also made it possible, for 

the first time, to judge the functions of fetal 

monitors by measuring their limitations ob¬ 

jectively. In evaluating continuous fetal heart 

rate monitoring, more comprehensive outcome 

measurements than neonatal mortality are 

necessary to assess the long-term efficacy of 

the technique. 

In the United States, monitors are used dur¬ 

ing labor and delivery in about 75% of births. 

A number of studies have failed to show that 

monitoring reduces perinatal mortality or the 

incidence of neurologic developmental disor¬ 

ders. Prentice and Lind (13) have examined 

eight prospective randomized controlled trials 

designed to assess the value of fetal heart rate 

monitoring during labor. None suggested any 

improvement over surveillance by intermit¬ 

tent auscultation. Rates of cesarean section 

and forceps delivery were higher in the con¬ 

tinuously monitored group. In a randomized 

trial involving 13,079 newborn children con¬ 

ducted by the Oxford National Epidemiology 

Unit at the Radcliffe Infirmary, Oxford, and 

the National Maternity Hospital in Dublin, in¬ 

tensive monitoring had little, if any protective 

effect against cerebral palsy (14). 

In an important United States multicenter 

randomized clinical trial of 93 children born 

prematurely, whose heart rates were moni¬ 

tored electronically during delivery, and 96 

prematurely born infants whose heart rates 

were periodically monitored by auscultation, 

there was no improvement in perinatal out¬ 

comes among the infants who had fetal elec¬ 

tronic monitoring (15). Moreover, the pro¬ 

cedure was associated with about a threefold 

risk of cerebral palsy compared with the con¬ 

ventional practice of auscultation in which a 

nurse uses a stethoscope to check the unborn 

infant’s heart rate every few minutes during 

labor and delivery. 

In addition, Shy and colleagues (15) showed 

that the development of cerebral palsy was cor¬ 

related with the duration of abnormal heart 

rates before delivery. The heart rate of a nor¬ 

mal fetus may slow during uterine contrac¬ 

tions. Very slow heart rates or failure of the 

heart rate to rise promptly to the normal range 

following a contraction may signal a poten¬ 

tially dangerous lack of oxygen. In this study, 

the average time that elapsed between detec¬ 

tion of an abnormal heart rate and delivery 

was longer in the electronically monitored 

group (104.5 minutes) than in the group mon¬ 

itored manually by stethoscope (60.5 minutes). 

They suggest that the physicians who used fe¬ 

tal electronic heart rate monitoring may have 

delayed the decision to perform a cesarean sec¬ 

tion either because they were falsely reassured 

by the technology or because they did not be¬ 

lieve the results were reliable. Although the 

American College of Obstetricians and Gyne¬ 

cologists previously recommended fetal elec¬ 

tronic monitoring for all high-risk patients, 

they issued a statement in 1990 that auscul¬ 

tation is equally acceptable (16). In most 

American hospitals, however, the shortage of 

nurses has made frequent checks of fetal heart 
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rate impossible. For this reason, fetal elec¬ 

tronic monitoring is likely to continue, because 

it is preferable to not checking the baby’s heart 

rate at all (16). 

Freeman (17) commented on the Shy paper 

in an editorial by summarizing all the clinical 

trials of electronic fetal monitoring dating 

from optimistic retrospective reports in the 

1970s to the more recent prospective reports 

from 1979-1987 (18-21). The hoped-for ben¬ 

efit from electronic fetal monitoring has not 

been confirmed because controlled trials were 

not carried out before this form of technology 

became applied universally. 

Diabetic women exemplify all recognized 

risks for intrapartum fetal hypoxia, fetal aci¬ 

dosis, fetal death, low Apgar scores, and 

childhood developmental problems despite im¬ 

proved maternal glucose control; a strong case 

can be made for a large prospective, random¬ 

ized trial that emphasizes both specially 

trained nurses and monitors. Such a trial 

would be informative; otherwise, the answers 

concerning the best methods for monitoring la¬ 

bor and delivery in diabetic women will elude 

us for a long time. Meanwhile, and in the ab¬ 

sence of specially trained nursing personnel in 

constant attendance during deliveries of di¬ 

abetic women, it is both prudent and justifiable 

to utilize continuous fetal heart monitoring. 

Every effort should be made to avoid incorrect 

interpretations of the tests that can lead to 

interventions for preterm delivery. Nor should 

we forget that it has been the combined ap¬ 

proach of control of hyperglycemia with use of 

self-monitoring of blood glucose levels at home 

plus the advances in technology in perinatal 

medicine that is responsible for the optimistic 

outcome of these pregnancies today. 

CESAREAN SECTION 

Despite efforts in the United States in recent 

years to reduce the rate of delivery by cesarean 

section (CS), about half of diabetic women are 

delivered by this route. In California, in a 

state-sponsored program from 1986-1988, 

1817 deliveries in diabetic women were ana¬ 

lyzed (22). The statistics did not include all 

diabetic women, adjust for type of diabetes by 

NDDG criteria, or take into account control of 

maternal hyperglycemia. In this survey, CS 

delivery rate varied from 38-56%. The most 

common indications for operative delivery 

Table 21.2. 
Contraindications to a Trial of Labor0 

Previous uterine incision secondary to 
uterine disease 

Extensive myomectomy 
Cephalopelvic disproportion resulting from 

abnormalities of pelvic bones 
Malpresentation of the fetus, e.g., shoulder, 

complete, or footling breech 
Invasive cervical carcinoma 
Central or total placenta previa 
Active or culture proven genital herpes 

infection . 

“In general, any contraindication to spontaneous labor and 
vaginal delivery is a contraindication for induction of labor. 

(Adapted from text by O’Brien WF, Cefalo RC. In: Gabbe 
SG, Niebyl JR, Simpson, JL (eds). Obstetrics. Normal and 
Problem Pregnancies. New York: Churchill Livingstone, 

1986;370-371. 

were fetal distress, failed induction of labor, 

arrest of cervical dilatation, and repeat CS. A 

major concern for the prevention of birth in¬ 

juries in infants of diabetic mothers (IDM) has 

contributed to the high rate of CS in all clinical 

settings. In the United States, rates for CS ex¬ 

ceed those in the United Kingdom and other 

European nations with long established na¬ 

tional diabetes in pregnancy programs. Cur¬ 

rent American guidelines for fetal, maternal, 

and obstetric contraindications to a trial of 

labor are indicated in Table 21.2 (23), and 

relative contraindications for spontaneous 

vaginal delivery are shown in Table 21.3. 

These conditions must be assessed carefully 

and managed on a case by case basis. 

INDUCTION OF LABOR 

In diabetic pregnancy, the decision for in¬ 

duction of labor is sometimes made for obstet¬ 

ric reasons at a time when cervical maturation 

Table 21.3. 
Relative Contraindications for Normal 
Spontaneous Delivery in Diabetic Women 

Breech presentation 
More than one previous cesarean section 
Questionable fetal macrosomia 
Severe preeclampsia and an unfavorable cer¬ 

vix for induction of labor 

Grand multiparity and uterine overdistension 
secondary to multiple gestation 

Hydramnios 
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is not fully complete. In this circumstance, la¬ 
bor is often prolonged or less successful than 
spontaneous labor with full cervical dilation. 
For this reason, cervical length and consist¬ 
ency, dilation, and position of the presenting 
part should always be determined. 

Women with unfavorable Bishop scores (Ta¬ 
ble 21.4) (24) are sometimes thought to be can¬ 
didates for preinduction cervical ripening. 
When the Bishop score i§ 4 or l6ss, preinduc¬ 
tion intracervical or intravaginal prostaglan¬ 
din administration mpy be effective (25). This 
is achieved by instillation of prostaglandin E2 
in an appropriate vehicle into the endocervical 
canal or posterior vaginal fornix. Women who 
are prescribed this type of cervical ripening 
may experience strong uterine contractions for 
the first 1-3 h following administration of the 
prostaglandin. Fetal distress, abnormal fetal 
heart rate patterns, and fetal death have been 
documented (26). For this reason, administra¬ 
tion of prostaglandin gel should always be con¬ 
ducted in a hospital setting with continuous 
fetal monitoring for at least 2 h following in¬ 
stillation. The procedure can be repeated once 
in the next 4-8 h. Studies of labor induction 
using this technique have demonstrated an 
overall improvement in Bishop score. Al¬ 
though some investigators have noted a short¬ 
ening of labor and reduced cesarean section 
rate, this has not been a universal finding. 

Administration of oxytocin over a 1- to 3- 
day period may also induce cervical readiness 
for labor and development of the lower uterine 
segment. This is typically done by preparing 
the patient for labor, administering oxytocin 
intravenously to achieve contractions every 4 
minutes and continuing the drug until 8:00 or 
10:00 at night. At the end of each day, if the 

cervix has not reached complete effacement or 
dilation to 3 cm, oxytocin is discontinued and 
the patient is allowed to rest overnight. This 
technique has the advantage of permitting the 
membranes to remain intact during the cerv¬ 
ical ripening phase. The disadvantage in 
women with IDDM, NIDDM, and GDM is that 
the patient is not permitted to take food or 
fluids by mouth during this prolonged induc¬ 
tion period. In IDDM and NIDDM women, a 
constant intravenous infusion of insulin with 
an adequate glucose supply is necessary. Be¬ 
cause of the requirement in this setting to con¬ 
tinue the insulin drip for 2-3 days, many 
obstetricians avoid this “serial induction” tech¬ 
nique in diabetic women for whom it is an es¬ 
pecially stressful and unpleasant experience. 

An alternative approach is used by Samuels 
and Landon (26). In general, they recommend 
that a patient who fails to demonstrate sig¬ 
nificant cervical change after 6-8 h of oxytocin 
stimulation is best delivered by cesarean sec¬ 
tion. They rarely perform serial induction of 
labor. In women whose labor is clearly estab¬ 
lished, their practice is to continue close ex¬ 
ternal or internal electronic monitoring of the 
fetal heart rate. Analgesics or anesthesia are 
usually prescribed and the blood sugar is main¬ 
tained in the normal range. 

The decision to perform a CS delivery for 
failed induction of labor should be based on 
obstetric criteria. This decision is made when 
the patient has had an adequate latent phase 
of labor (contractions every 3 minutes of mod¬ 
erate or strong intensity) and failed to achieve 
complete cervical effacement. The length of 
time for entry into the active phase of labor 
should be individualized. The work of Fried¬ 
man and colleagues (28) suggests that 97% of 

Table 21.4. 
Bishop Score0 

Criteria 0 l 2 3 

Position of cervix 
Consistency of cervix 

Posterior 
Firm 

Mid 
Medium 

Anterior 
Soft 

Effacement (%) 0-30 40-50 60-70 >80 
Dilation (cm) 0 1-2 3-4 >5 
Position of head Negative 

3 station 
(3 cm above 

iliac spines) 

Negative 
2 station 

Negative 
1 station 

+ 1 
station 

“A score of 9 or more is favorable for induction. With permission from Bishop EH. Pelvic scoring for elective induction. 
Obstet Gynecol 1964;24:266-268. 
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primiparous women should enter the active 

phase of labor after 20 h with a shorter period 

for multiparous women (16 h). 

Other indications for a CS after the active 

phase of labor has been established include: (a) 

fetal distress (persistent late decelerations or 

severe variable decelerations) and, when pos¬ 

sible, confirmation of fetal acidosis by meas¬ 

urement of pH from a capillary blood sample 

obtained from the fetal scalp; (b) arrest of di¬ 

lation with failure of the cervix to dilate for 2 

consecutive hours despite adequate contrac¬ 

tions; and (c) arrest of fetal descent with failure 

of the vertex to descend into a deliverable sta¬ 

tion after 2-3 h of adequate maternal bearing- 

down efforts. 

Caution is indicated in diabetic women with 

marginally macrosomic infants with slow 

progress in labor, a prolonged second stage, 

and oxytocin stimulation. In these patients, 

the use of forceps or vacuum to assist in deliv¬ 

ery of the fetal head poses a marked danger of 

shoulder dystocia, Erb’s palsy or other neuro¬ 

logic injury, asphyxia, or fracture of the cla¬ 

vicle. 

At delivery of diabetic mothers, a skilled pe¬ 

diatric team should stand by even if labor has 

been spontaneous or induced without diffi¬ 

culty. An initially vigorous infant may develop 

respiratory distress insidiously or hypoglyce¬ 

mia may occur while the newborn baby is still 

in the delivery room. Most pediatric services 

have clear guidelines to monitor IDM for hypo¬ 

glycemia, metabolic problems, respiratory dis¬ 

tress, major malformations, and hypertrophic 

or congestive cardiomyopathy. Neonatal prob¬ 

lems of IDM are discussed in Section X. 

Following delivery of the baby, the obste¬ 

trician should turn attention to the third stage 

of labor to avoid postpartum hemorrhage and 

ensure appropriate uterine involution. Women 

who have received prolonged oxytocin therapy 

or whose uteri have been overdistended by a 

macrosomic infant are at increased risk for 

postpartum hemorrhage in the delivery room 

and in the first hours postpartum. Vigorous 

fundal massage, administration of intravenous 

oxytocin and, in appropriate instances, injec¬ 

tion of intramuscular prostaglandin F2 will as¬ 

sist in keeping the uterus firm. 



CHAPTER 

22 
Management of Diabetes During 
Labor and Delivery 

After the onset of labor, control of maternal 

plasma glucose levels is often erratic. The 

problem becomes more difficult when labor is 

prolonged or a cesarean section is necessary. 

Labor and delivery suites tend to be very busy 

places. The staff responsible for the care of a 

diabetic patient may change throughout the 

course of the day and night. Thus, it is helpful 

to have a simple method to record the course 

of labor, metabolic status, and treatment 

throughout this period. Figure 22.1 is a flow¬ 

sheet that has been devised to provide this in¬ 

formation on a single page of the chart. 

The control of plasma glucose levels during 

labor and delivery is much easier when insulin 

is administered as a continuous low-dose in¬ 

fusion during the peripartum period. The pa¬ 

tient is hospitalized 1 day before delivery. She 

follows her usual schedule for diet, insulin 

administration, and activity. 

Table 22.1 is a simplified protocol adapted 

from Coustan (1) for the management of dia¬ 

betes during labor and delivery in IDDM and 

NIDDM women. Table 22.2 is a guideline for 

infusion of insulin and glucose during labor 

and delivery. The treatment is coordinated 

with the anesthesiologist to prevent overhy¬ 

dration and excessive glucose administration 

during delivery. 

Coustan employs a simple procedure for di¬ 

abetic control for elective cesarean sections (1). 

The patient follows her usual meal and insulin 

plan on the day and evening before surgery. If 

she has been in good control, her fasting blood 

glucose on the morning of surgery should be 

normal. An intravenous line is inserted and 

normal saline without glucose is infused. Her 

cesarean section should be the first operation 

on the morning schedule and begin at an early 

hour so that no perturbations in glucose me¬ 

tabolism have yet occurred. If she is not in good 

control and is hyperglycemic on the morning 

of surgery (fasting blood glucose >120 mg/dl; 

6.6 mmol/L), the suggested guidelines on Ta¬ 

ble 22.1 should be followed. Once the baby is 

delivered, glucose with or without insulin can 

be infused as needed. 

Women with gestational diabetes, unless 

they have unrecognized NIDDM that required 

large doses of insulin during pregnancy, re¬ 

quire little or no insulin during labor and de¬ 

livery. The flowsheet described earlier (Fig. 

22.1) is useful to monitor their progress. Small 

doses of rapid-acting insulin injected subcu¬ 

taneously are given as necessary to maintain 

euglycemia. 

Although a normal maternal plasma glucose 

level during delivery does not reverse fetal 

pancreatic (1-cell hypertrophy that may have 

occurred over the previous 9 months, infants 

delivered by the method described previously 

have much less difficulty in maintaining a nor¬ 

mal neonatal level of plasma glucose (29, 30). 

Jovanovic and Peterson (31) use a somewhat 

different protocol for management of labor and 

delivery, and aim to maintain maternal glu¬ 

cose values at 70-90 mg/dl (3.8-5.0 mmol/L) 

during induction of labor in well-controlled in¬ 

sulin-dependent patients. The usual dose of 

NPH intermediate-acting insulin is given at 

bedtime and insulin is withheld on the morn¬ 

ing of induction of labor. An intravenous line 

is placed and normal saline is infused. Once 

active labor is achieved or the blood glucose 

level falls below 70 mg/dl, the infusion solu¬ 

tion is changed to dextrose at a rate of 2.55 

mg/kg/min. The blood glucose level is checked 

at intervals and the dextrose infusion rate is 
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Table 22.1. 
Management of Diabetes During Labor 
and Delivery in Women with IDDM or 
NIDDM0 bc 

_Decision_Examples_ 

One day before induction of labor 
Usual insulin dose and meal plan to main¬ 

tain euglycemia 
Morning of induction 

Withhold insulin and breakfast 
Baseline fasting blood glucose 
Initiate labor and delivery flowsheet (Fig. 

22.1) 

Start intravenous infusion of 5% dextrose in 
0.5% normal saline at 125 ml/h using an 
infusion pump 

Measure blood glucose hourly with meter 
at bedside 

For glucose level >110 mg/dl (6.1 mmol/L) 
add 10 U regular insulin to 1000 ml D5/ 
0.5N saline and continue infusion rate of 
125 ml/h (1.25 U insulin/h); keep 
infusion rate constant 

Insulin adjustments are made hourly if 
necessary by doubling or halving the 
insulin concentration to maintain blood 
glucose at 70-120 mg/dl (3.8-6.6 mmol/ 
L) 

“This clear and concise protocol is adapted from Coustan 
DR. Delivery, Timing, Mode and Management. In: Reece 
EA, Coustan DR. Diabetes Mellitus in pregnancy. Principles 
and Practice. New York: Churchill Livingstone 1988:525- 
533. 

AFor spontaneous labor, follow the same procedure. Insulin 
requirement will be less if the patient has taken interme¬ 
diate-acting insulin in the previous 12 h. Patients with fever 
or infection will require higher doses (insulin-infusion 
“Guideline”, Table 22.2). 

“Obese NIDDM women who have required >100U of insulin 
a day prepartum, and patients with fever, infection, or other 

complications will require higher insulin doses. 

changed accordingly. If the blood glucose rises 

to >140 mg/dl (7.7 mmol/L), 2 U rapid acting 

insulin are given subcutaneously each hour 

until the blood glucose is <140mg/dl (7.7 

mmol/L). When elective cesarean sections are 

planned, the bedtime dose of NPH insulin is 

repeated at 8:00 AM on the day of surgery and 

every 8 h if surgery is delayed. Glucose infu¬ 

sions are started if the blood glucose falls below 

70 mg/dl (3.8 mmol/L). 

In later studies, Jovanovic and Peterson (32) 

used glucose-controlled insulin infusions to de¬ 

fine glucose and insulin requirements during 

first stage of labor induced by oxytocin in 52 

IDDM women. In these circumstances, insulin 

requirements decreased to zero during active 

stage 1 labor while glucose infusion rate was 

constant. In six women with spontaneous la¬ 

bor, the decrement in insulin requirement was 

similar. Insulin was required during second 

stage of labor. 

Golde and colleagues (33), however, found 

that half their patients required insulin infu¬ 

sions of 0.6-1.2 U or more per hour throughout 

labor. Thus, although some women with dia¬ 

betes require no insulin during active labor, 

others need insulin to maintain normogly- 

cemia. Our experience is similar to that of 

Golde and associates (33). We have found that 

women who require insulin during labor are 

most likely to be IDDM patients in poor gly- 

cemic control or NIDDM women who are 

obese with variable and, sometimes, marked 

degrees of insulin resistance. These differences 

underscore the importance of individualization 

of the management of pregnant diabetic 

woman during labor and delivery. Blood glu¬ 

cose levels should be checked hourly at the 

bedside and the insulin dose should be adjusted 

accordingly. 

In summary, there are several ways to man¬ 

age insulin therapy and maternal caloric in¬ 

take during labor and delivery. We prefer the 

constant insulin infusion method because it 

provides more even control of maternal plasma 

glucose values and is easier to implement and 

supervise on a busy labor and delivery suite. 

Table 22.2. 
Guidelines for Insulin and Glucose Infusion During Labor and Delivery in IDDM and NIDDM0 

Fluids by 
Infusion Pump 

Capillary Glucose Insulin 
U/h mg/dl mmol/L 

5% dextrose in <80 4.4 0.0 
0.5% normal 80-100 4.4-5.5 0.5 
saline, constant 101-140 5.6-7.7 1.0 
rate: 125 ml/h 141-180 7.8-1.0 1.5 

181-220 10.1-12.2 2.0 
>220 >12.2 2.5 

“These guidelines will need to be adjusted for each patient. 
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SECTION 

Postpartum Management of 
IDDM, NiDDM, and GDM: 

Transitional Care 

Dorothy R. Hollingsworth 

Following delivery, an immediate decrease in 

insulin requirement occurs. This is related to 

the abrupt loss of the placenta, which has syn¬ 

thesized high levels of peptide and steroid 

hormones throughout pregnancy. These sub¬ 

stances are diabetogenic and have actions that 

are antagonistic to those of insulin. Thus, im¬ 

mediate maternal metabolic adjustments oc¬ 

cur following birth. The postpartum course is 

smoother for diabetic women who have been 

carefully controlled throughout labor and de¬ 

livery with a low-dose constant insulin infu¬ 

sion. 



IDDM WOMEN 

The care of IDDM patients after delivery is 

difficult on busy obstetrical services. Different 

physicians and nursing staff members may be 

responsible for medications and treatment and 

they may not be familiar with the details of 

the medical history and antenatal course of the 

patients. The hospital record is often cumber¬ 

some and it may be difficult to coordinate lab¬ 

oratory values with fluid intake and their 

relation to labor and delivery. This period can 

be simplified if a one-page summary flowsheet 

is attached to the front of the chart (Fig. 23.1). 

This is especially useful for women who have 

a long labor, cesarean section, or complications 

during delivery or the postpartum period. 

In IDDM patients, particularly those who 

have had a cesarean section, the easiest man¬ 

agement in the transitional immediate post¬ 

partum period is to continue the low-dose 

insulin infusion during the 1st postoperative 

day or until normal oral intake is ensured. Al¬ 

ternatively, plasma glucose levels can be as¬ 

sessed before meals (6 AM, 12 noon, 6 PM) and 

at bedtime with a meter at the bedside. Small 

doses of rapid-acting insulin are administered 

subcutaneously before each meal to cover el¬ 

evated levels of plasma glucose. There is a very 

real danger of overinsulinization of patients 

during this period and “sliding scale” insulin 

orders based on tests of random urine speci¬ 

mens or plasma glucose values should never 

be left for nursing staff or covering physicians 

to carry out. 

Each insulin dose in the immediate post¬ 

partum period (1-3 days) should be determined 

judiciously based on the patient’s plasma glu¬ 

cose level, clinical course, and intake of nu¬ 

trients. Little or no insulin may be required 

during the 1st postpartum day. This period is 

v« 

a brief, mild hoheymoon that begins immedi¬ 

ately after delivery and lasts 48-72 h. 

The mild honeymoon is not apparent in 

many women who have had complications, a 

cesarean section with already present cho- 

rioamnionitis, postoperative fever, endometri¬ 

tis, and infections in the incision or urinary 

tract. 

Breast feeding is encouraged and there is no 

contraindication to lactation in IDDM women. 

Some women experience hypoglycemia during 

breast feeding unless they have a snack be¬ 

forehand. Caloric intake may be modestly in¬ 

creased or insulin may be decreased. The 

recommended maternal dietary adjustments 

for lactation are discussed in Section IV. Al¬ 

though difficult with a new baby, each mother 

should be encouraged to have three meals at 

regular times with midmorning, midafter- 

noon, and bedtime snacks. If this can be 

worked out, it is soon possible to return to a 

maintenance insulin program. 

After 1-3 days, the patient can be restarted 

on twice daily injections of intermediate- and 

rapid-acting insulin. The selection of the in¬ 

sulin dose has to be individualized. Because 

many women are in poor diabetic control at 

the onset of pregnancy, the prepregnancy dose 

of insulin may be a poor guideline. However, 

in patients who were in excellent control before 

conception, on home monitoring and with nor¬ 

mal HbAlc concentrations, it is appropriate to 

return to about two thirds the previous pre¬ 

pregnancy insulin dose. 

The first morning after vaginal delivery, one 

half of the last predelivery intermediate-acting 

insulin dose and 4-6 units of regular insulin 

may be sufficient before breakfast and dinner. 

Glucose monitoring should be resumed by the 

patient and insulin adjusted again on day 3. 

Ideally, glucose levels should range between 
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242 Section IX Postpartum Management: Transitional Care 

70 and 150 mg/dl (3.8-8.3 mmol/L), but this 

may not be possible with the excitement of a 

new baby or if a urinary tract infection or en¬ 

dometritis is present. Lactation decreases in¬ 

sulin requirements. Before hospital discharge, 

each IDDM woman should be instructed to 

make an appointment with her diabetologist 

within 1 week and reminded to have an annual 

(around the time of each birthday) pelvic ex¬ 

amination with a Papanicolaou smear of the 

cervix, retinal examination, and renal assess¬ 

ment. 

NIDDM WOMEN 

In NIDDM patients, an even greater de¬ 

crease in insulin requirement is noted follow¬ 

ing delivery. During the first few postpartum 

days, no exogenous insulin may be necessary. 

Plasma glucose levels should be monitored by 

strips or a meter at the bedside before each 

meal. If these values exceed 150 mg/dl (8.3 

mmol/L), 2-4 U of rapid-acting insulin are 

usually adequate, but some patients will re¬ 

quire as much as 8-10 U. The course of the 

individual patient will depend upon whether 

delivery was vaginal or by cesarean section, 

complications, food intake, and activity. 

The postpartum diabetic honeymoon is un¬ 

fortunately short lived for both IDDM and 

NIDDM patients. Within 48-72 h, glucose tol¬ 

erance worsens and higher doses of insulin are 

often necessary. Hospital discharge usually co¬ 

incides with this period of increased glucose 

intolerance, hyperglycemia, and the onset of 

lactation. Home blood glucose monitoring 

should be resumed. 

In women with psychosocial problems and 

limited financial resources, home visits by 

public health nurses and weekly medical clin¬ 

ical appointments are helpful. Supervision of 

diabetic care should revert to the patient’s 

usual medical care physician or clinic by 1 

week postpartum. A decision is made to con¬ 

tinue insulin or shift to oral hypoglycemic 

agents. 

After discharge from the hospital, most di¬ 

abetic patients become more casual about their 

control because of the added responsibility of 

a new baby and irregular hours of eating and 

sleeping. In follow-up metabolic studies of di¬ 

abetic patients at 6-12 weeks postpartum, 

marked underinsulinization is common and 

many women are in worse control than at any 

time during pregnancy. 

NIDDM women present a special problem 

because they may be asymptomatic with 

marked elevations of plasma glucose and lipid 

values. They may discontinue administration 

of insulin altogether and often do not seek med¬ 

ical supervision. This group of generally older 

and obese women is at increased risk for hy¬ 

pertension and micro- and macrovascular dis¬ 

ease. Special efforts are needed to provide them 

with preventive medical care. Because these 

women are so easily lost from the health care 

system, plans for continuation of their medical 

care should be formulated during the 3rd 

trimester of pregnancy. Many NIDDM women 

have no regular physician and arrangements 

need to be made before delivery for a postpar¬ 

tum appointment with a diabetes clinic or phy¬ 

sician within 1 week or 10 days after discharge 

from the hospital. 

GDM (REVERSIBLE CARBOHYDRATE 
INTOLERANCE EXPERIENCED 
DURING PREGNANCY) 

These women require no insulin immedi¬ 

ately postpartum. A preventive medicine 

approach should be taken with a careful ex¬ 

planation of GDM, describing the importance 

of a proper retrospective diagnosis and future 

health measures. 

At hospital discharge, each GDM patient 

should be instructed to return for her 6-week 

postpartum visit after fasting from 8:00 PM 

onward on the previous night. She should have 

an adequate diet containing 150 kcal of car¬ 

bohydrate in the 3 preceding days. At the post¬ 

partum obstetric clinic visit, venous blood is 

drawn for a fasting plasma glucose level. She 

should then be given a cola drink containing 

75 g of glucose following which a plasma of 

glucose determination is repeated at 2 h. 

This procedure coordinated with regular 

postpartum obstetric care permits reclassifi¬ 

cation of each woman following delivery ac¬ 

cording to World Health Organization (WHO) 

criteria as (a) normal with previously mildly 

impaired glucose tolerance during pregnancy; 

(6) having impaired glucose tolerance; or (c) 

diabetes (Table 23.1) (1, 2). 
These women are usually in good health and 

do not require frequent or expensive medical 

testing or care. Their usual annual health ex¬ 

amination is a routine pelvic examination and 

a Papanicolaou smear of the cervix by their 

gynecologist. Because they are at higher risk 
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Table 23.1. 
Definition of Diabetes Mellitus by World Health Organization (WHO) Criteria0 

Normal'' Impaired Diabetes 

Time mg/dl mmol/L mg/dl mmol/L mg/dl mmol/L 

Fasting <140 <7*8 <140 <7.8 >140 >7.8 
2h <140 <7.8 140-198 7.8-11 >198 >11.1 

“With permission from WHO Expert Committee on Diabetes Mellitus: Second Report. WHO Tech Rep Ser 1980;646;9-14; 
and Report of a WHO Study Group. Diabetes Mellitus. WHO Tech Rep Ser 1985;727:9-17. 
'’The terminology “normal” is not used by WHO. In the postpartum redefinition of gestational diabetes, we use the term to 
mean the absence of impaired glucose tolerance or diabetes. 

* 

for subsequent development of NIDDM or 

IDDM, we recommend that, for convenience of 

remembering, they have their gynecologic ex¬ 

amination around the time of their birthday 

each year and request a random blood glucose 

determination at this appointment. An abnor¬ 

mally high result (>150 mg/dl; 8.3 mmol/L) 

should lead to further investigation and treat¬ 

ment by a diabetologist. 

Clinical investigations during the past sev¬ 

eral years have revealed two gaps in the care 

of women with diabetes: (a) the postadolescent- 

prepregnancy period when young women leave 

home and become independent but may not 

find a new physician; and (b) the postpartum 

period when maternal diabetes tends to be ig¬ 

nored and all attention is focused on the new 

infant. 



LACTATION 

There is a paucity of information for diabetic 

women concerning breast feeding; several re¬ 

cent articles have added new insights on this 

neglected topic. Lawrence (3) has provided 

guidelines for lactation in IDDM women and 

Ferris and Reece (4) have written an excellent 

overview of lactation for IDDM women. No in¬ 

formation is available concerning breast feed¬ 

ing or the composition of human milk in 

NIDDM or GDM women. 

In a case-control study, Ferris and col¬ 

leagues (5) followed 30 diabetic mothers and a 

matched comparison group from birth to 6 

weeks postpartum. More than half of each 

group (53% and 57%) intended to breast feed 

but fewer diabetic women actually did and 

more stopped nursing in the 1st week. The pri¬ 

mary reason was that many infants of diabetic 

mothers (IDM) spent variable periods in the 

special neonatal unit for observation for pos¬ 

sible hypoglycemia. Of interest, however, is 

that by 1 week postpartum as many diabetic 

mothers as those in the comparison group were 

nursing. Initially, there were no differences in 

feeding problems between groups; between 2 

and 6 weeks, two IDDM patients developed 

mastitis. By 6 weeks postpartum, fasting 

plasma glucose levels were lower in nursing 

mothers (82 ± 40 mg/dl; 4.6 ± 2.2 mmol/L) 

versus mean values in women who stopped 

nursing (145 mg/dl; 8.1 ± 2.1 mmol/L) and 

IDDM mothers who chose to bottle feed (120 

± 30 mg/dl; 6.7 ± 1.7 mmol/L). The daily ca¬ 

loric intake of nursing mothers necessary to 

sustain lactation was 31 kcal/kg of ideal ma¬ 

ternal weight. 

A detailed analysis of breast milk from an 

IDDM woman by Bitman and colleagues (6) 

has shown that,'with the exception of lipids, 

there was no difference in milk composition of 

the IDDM mother compared with normal 

women. In the IDDM mother, there was a 

higher proportion of free fatty acids (FFA) but 

it was not clear whether this represented lower 

rates of fatty acid activation or lower activity 

of acyltransferases within the mammary 

gland. Medium-chain fatty acids (C10-C14) 

were also lower. No information is available 

concerning whether there are biochemical dif¬ 

ferences in breast milk from IDDM women ver¬ 

sus NIDDM women or the effect of maternal 

diet, insulin doses, and degree of control of hy¬ 

perglycemia. 

There has been some uncertainty about in¬ 

sulin requirements during lactation and the 

risk of maternal hypoglycemia. Davies and co¬ 

workers (7) have studied 24 consecutive IDDM 

pregnancies. Breast feeding was established in 

18 women and continued by 16 at the 6-week 

postpartum visit. All women had been placed 

on their prepregnancy insulin dose following 

delivery; five who nursed had hypoglycemia 

while in the ward. Subsequently, IDDM re¬ 

quired a reduction of insulin dose of 11.6 U 

(95% confidence interval of 8.9-14.3 U; p < 

0.001) by 1 week after delivery, compared with 

a reduced insulin dose of 5.2 U in women who 

were bottle feeding. These investigators rec¬ 

ommend a postpartum reduction of 27% of the 

insulin dose in IDDM women who plan to 

breast feed compared with predelivery require¬ 

ments. 

Diabetic women who plan to nurse their ba¬ 

bies should have detailed instruction about 

lactation and supervision of breast feeding be¬ 

fore hospital discharge. In addition, they 

should have specific dietary instructions (Sec¬ 

tion IV) to increase carbohydrate intake before 
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nursing and cautionary advice concerning the 

complications of mastitis and lactation asso¬ 

ciated hypoglycemia. 

I 

THYROID DYSFUNCTION 
AFTER DELIVERY 

Women with IDDM are at higher risk for 

autoimmune thyroid disorders. The most com¬ 

mon problem is chronic Hashimoto’s thyroidi¬ 

tis, which may or may not be associated with 

goiter. All pregnant IDDM women should be 

screened for this problem with antenatal tests 

for serum T4, free thyroxine index, sensitive 

TSH assay, and the presence of thyroid micro¬ 

somal autoantibodies. 

Women with chronic thyroiditis may have a 

rebound recurrence of the disorder 2-5 months 

postpartum. Unless suspected, the symptoms 

of fatigue and failure to lose weight gained 

during pregnancy may be attributed to the 

usual tiredness and normal changes that occur 

with a new baby. Because the symptoms are 

depressing and debilitating and because hy¬ 

pothyroidism is so easy to treat, physicians 

should be alert to the possibility of this diag¬ 

nosis in the postpartum period. 



CHAPTER 

25 
Contraceptive Dilemmas for 
Postpartum Diabetic Women 

No form of contraception is successful unless 

it is agreeable to both partners; this can some¬ 

times be a religious, ethnic, or cultural prob¬ 

lem. All current opinions indicate that we are 

years away from an ideal contraceptive for 

both nondiabetic and diabetic women and 

there is nothing in sight for men. 

GUIDELINES FOR DIABETIC 
WOMEN BASED ON CURRENT 
INFORMATION (1990) 

This topic is reviewed extensively in this 

section because there is uncertainty and con¬ 

troversy about the most ideal and least haz¬ 

ardous form of contraception for diabetic 

women. General advice is not adequate be¬ 

cause young women with IDDM under 30 years 

of age without hypertension or macro- or mi- 

crovascular complications and who do not 

smoke are very different from older IDDM 

women with these problems or older NIDDM 

women or previous GDM patients with obesity, 

hyperlipidemia, insulin resistance, or hyper¬ 

tension. 

Barrier and Spermicidal Methods 

In many clinics, there has been renewed 
interest in the use of the diaphragm along 
with a spermicidal cream or jelly. Barrier 
and surgical sterilization methods of birth 
control result in the least perturbation of 
metabolic factors and have the lowest risk 
of complications. Use of a diaphragm with 
or without additional protection of a sper¬ 
micide or a condom by the male partner is 
the best method of contraception for dia¬ 
betic women who have not yet completed 
their families. The reasons for these methods 

as a first choice are several: (a) Diabetic women 

and those with a history of GDM are at higher 

risk for hyperlipidemia, macro- and microvas- 

cular disease, hypertension, and obesity, (b) 

From a preventive medicine standpoint, use of 

barrier methods represents a method of pri¬ 

mary prevention of later cardiovascular dis¬ 

ease. The reassuring prospective studies of 

Stampfer and colleagues (9) that show a lack 

of association of risks associated with past use 

of oral contraceptives in normal women may 

not apply to women with diabetes. 

Barrier methods of contraception have the 

additional advantage of reducing the rate of 

transmission of sexually transmitted diseases 

('Chlamydia trachomatis, syphilis, bacteria, 

gonorrhea, genital herpes, and HIV-1). The in¬ 

cidence of cervical neoplasia is also lower 

among women in couples using diaphragms or 

condoms (10,11) probably because of decreased 

transmission of the human papilloma virus 

(12). 

The practical problem that arises is that 

many diabetic women dislike or refuse to con¬ 

sider using a diaphragm and their partners 

may not be enthusiastic about or willing to use 

condoms. Their major concerns are the higher 

risks for unplanned pregnancies and loss of 

spontaneity in their sex lives. These are not 

insoluble problems. A proper discussion of bar¬ 

rier methods requires considerably more time 

than writing a prescription for an oral contra¬ 

ceptive. In addition, many obstetricians and 

paramedical personnel have not had a great 

deal of experience in the technique of skillful 

fitting of a diaphragm, which may require ex¬ 

perimentation with several models, and follow¬ 

up for necessary changes of type of diaphragm 

should repeated urinary tract infections occur 

secondary to urethral compression. 

The psychological disadvantage of associ¬ 

ating contraceptive activity with sexual inter¬ 

course can be avoided by some ingenuity in 
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preplanning its insertion. There is considera¬ 

ble variation among women in the frequency 

and times and places of engaging in sexual 

intercourse. For example, some women put in 

their diaphragm when they brush their teeth 

in the morning; others bathe and insert theirs 

in the late afternoon before dinner some hours 

before planned, unplanned, or no sexual activ¬ 

ity. It is handy to have two diaphragms and 

women without regular partners or those with 

unstable sex lives or unexpected opportunities 

for sex can carry one .in their purses. 

In England and in Europe, many women 

prefer using a cervical cap because it can be 

left in place longer and is more comfortable 

than a poorly fitted diaphragm. There are no 

reports of use of a cervical cap in diabetic 

women, but it has many obvious physical and 

psychological advantages. In the United 

States, the Prentif cavity-rim cervical cap has 

been approved for general use (8). A spermicide 

should be applied inside the cap and it can be 

left on the cervix for 48 h. Caps come in four 

sizes. Physicians, obstetricians, and paramed¬ 

ical workers who provide this service need spe¬ 

cial training in the technique to ensure efficacy 

and pregnancy prevention. There have been no 

clinical trials of the cervical cap in North 

America. Thus, there are no data from control 

studies concerning patient acceptance, reli¬ 

ability, and side effects. 

For couples who choose to try a barrier and/ 

or spermicidal form of birth control, a frank 

discussion should take place in advance that 

recognizes sexual activity is often impulsive, 

unplanned, or unexpected. This form of con¬ 

traception is subject to failure if a diaphragm 

or condom is not in place or if there is a method 

failure. It is far easier to discuss possible al¬ 
ternatives of an unplanned pregnancy (abor¬ 

tion, prenatal care, or possible adoption) at a 

time when decisions are likely to be more ra¬ 

tional and less emotional. 

Surgical Control of Fertility 

Diabetic women who have completed child¬ 

bearing overwhelmingly choose this method of 

contraception. Even smooth pregnancies with¬ 

out complications require a tremendous effort 

and frequently difficult behavioral modifica¬ 

tions. If a planned or repeat cesarean section 

is the mode of delivery, women desiring tubal 

ligation have signed consent papers in advance 

to have the procedure. Others having vaginal 

deliveries, and their partners, also give con¬ 

siderable thought to this option. Alternatively, 

there may be a decision requested by the male 

partner for a vasectomy. For all couples, 

thoughtful counseling by the physician with 

an explanation of current figures on reversi¬ 

bility of tubal ligation and vasectomy proce¬ 

dures is a necessary part of contraceptive 

planning and transitional postpartum care. 

Oral Contraceptives 

This section considers the risks and benefits 

of oral contraceptives (OCs) in considerable de¬ 

tail because, in most obstetric settings, dia¬ 

betic women who are nulliparous or those who 

have not elected to have a tubal ligation fol¬ 

lowing delivery most often select this contra¬ 

ceptive option. This is true even when there 

are clearly increased risks for cardiovascular 

disease because a repeat pregnancy may be 

considered a greater immediate hazard. The 

whole issue of birth control for women with 

diabetes needs to be examined in well-designed 

prospective epidemiologic studies because pre¬ 

vious clinical trials have not addressed this 

subset of women. 

In nondiabetic women who do not have 

well-recognized risk factors for cardiovascular 

disease (Table 25.1), recent epidemiologic stud¬ 

ies indicate that use of OC formulations 

containing <50 gg of estrogen by healthy 

nonsmoking women, including those in the 

group 35 ± 4 yr of age is not associated with 

an increased risk of arterial cardiovascular 

disease, specifically, myocardial infarction and 

cerebrovascular accidents (13). Similar opti¬ 

mistic data regarding the use of low-dose OC 

formulations by healthy women have been re¬ 

ported from a large cohort study in Britain 

(14). 

The steroid components of OCs have been 

progressively decreased without an increase in 

side effects or risk of unplanned pregnancy. In 

1989, the FDA required removal from the mar¬ 

ket of OCs with an estrogen content of greater 

than 50 (xg/tablet. There are 35 OC prepara- 

Table 25.1. 
Risk Factors for Cardiovascular Disease in 
Users of Oral Contraceptives 

Hypertension 
Diabetes 
Hypercholesterolemia 
Women older than 35 yr who smoke 
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tions currently available in the United States. 

All of the newer products contain ethinyl es¬ 

tradiol as the estrogen component. The only 

other estrogen, mestranol, which is inactive 

alone and must be converted to active ethinyl 

estradiol in the body, is available in older prod¬ 

ucts. 

Side effects associated with the estrogen 

component of OCs, even in low-dose formula¬ 

tions, include nausea, breast tenderness, fluid 

retention, and depression. Studies of a num¬ 

ber of risk factors involving OCs indicate that 

the use of newer products using doses of ethinyl 

estradiol in the 30- to 35-fxg range offer very 

low failure rates and a significantly lower side 

effect rate. Cardiovascular risks commonly as¬ 

sociated with the estrogen component, includ¬ 

ing venous thrombosis and pulmonary 

embolism, appear to be significantly reduced 

by the use of OCs with less than 50 |xg of 

ethinyl estradiol. It is recommended that only 

OCs with 35 |xg of estrogen or less be pre¬ 

scribed. 

At present, a controversy remains concern¬ 

ing the possible association of OC use and 

cancer of the breast. Several studies have 

indicated that risk of breast cancer increases 

in women who use OCs for more than 4-8 yr 

before age 25 yr or their first full-term preg¬ 

nancy (15, 16). Other investigators and a Cen¬ 

ters for Disease Control (CDC) study in the 

United States have not found such relation¬ 

ships (17, 18). More than 20 epidemiologic 

studies have shown no overall association be¬ 

tween use of OCs and breast cancer (19). 

Several reports from Europe in 1988 and 

1989 (20-22) have described a significantly in¬ 

creased risk of breast cancer in women younger 

than age 45 if they used OCs for many years. 

In the study by Stadel and Schlesselman (20), 

the increased risk was limited to nulliparous 

women with onset of menarche before age 13 

(20). Kay and Hannaford (21) found an in¬ 

creased risk limited to former users of OCs who 

had only one child and were between the ages 

of 30 and 34 yr. 

In southern Sweden during the 1960s, 

women began using OCs at a young age. In a 

case-control study, Olsson and colleagues (23) 

studied the relationship between the use of 

OCs and development of breast cancer in the 

early 1980s. In a multivariate analysis, an 

early starting age of OC use emerged as a de¬ 

terminant of breast cancer. 

Meirik and co-workers (22) have reanalyzed 

a Swedish-Norwegian case-control study of 473 

women less than 45 yr old, with newly diag¬ 

nosed invasive breast cancer first detected in 

1984-1985, and 722 age-matched control 

women to evaluate if nulliparous women who 

had used OCs were at particular risk for breast 

cancer. In their Scandinavian study, the rel¬ 

ative risk of cancer of the breast for nulliparous 

women who used OCs for 8 yr or more was 4.1 

(95% confidence interval, 1.4-13.1) and parous 

women with the same duration of use had a 

relative risk oM.7 (0.7-4.2) when compared 

with nulliparous and parous women who had 

never used OCs. Parous women who had used 

OCs for 2 yr or more after their first full-term 

pregnancy had a relative risk of 3.0 (1.3-7.4). 

This study is important because it indicates 

that, at least in this data set, total duration of 

OC use appears to be a risk factor for premen¬ 

opausal breast cancer. Of special interest, nul¬ 

liparous women had a higher relative risk 

estimate after 8 yr of OC use than parous 

women after 12 yr of use. Thus, a full-term 

pregnancy may possibly modify any increased 

risk of breast cancer associated with OCs. Sta¬ 

del and colleagues (24) have also reported that 

a high-risk group of nulliparous women with 

early menarche may be particularly suscepti¬ 

ble to breast cancer risk following long-term 

exposure to OCs. 

Three new studies reviewed by a Food and 

Drug Administration (FDA) committee (1989) 

raised the possibility of an increased relative 

risk of breast cancer among women less than 

45 yr of age who present with the disease (25). 

One study found a risk ratio of approximately 

2, irrespective of duration of OC use. It seems 

unlikely that the existence of such a large over¬ 

all risk could have been missed by other stud¬ 

ies in the United States. This report was 

followed by letters to the editor of the Ameri¬ 

can Journal of Epidemiology by several other 

investigators who have questioned the meth¬ 

odology of studies in the FDA review (26-28). 

Controls were selected in a different manner 

in the studies of 1986 and 1989 by Miller and 

associates, which reported such a marked dif¬ 

ference in risk for cancer of the breast (null 

risk ratio in 1986 and risk ratio of 2.0 in 1989). 

In reply, Rosenberg and associates (29) denied 

any real differences in methodology, but could 

not exclude the possibility of bias in their most 

recent study. In sum, relevant studies of the 
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association of OCs with breast cancer report 

results that are inconsistent. Biases in the 

selection of controls or in reporting of past 

history could be present or the association of 

OCs with breast cancer could be genuine. 

After 30 yr of human use of OCs, we still do 

not know for certain if they are associated with 

a risk of breast cancer. The International Com¬ 

mittee for Research in Reproduction (19) en¬ 

dorses the unanimous decision of the FDA’s 

committee not to recommend any change in 

use or prescription o^ OCs at this time and 

issues a plea that resources be made available 

to explore further the relevant existing data 

sets. At the same time, this committee believes 

that users and providers of OCs should be 

aware that uncertainties exist and that addi¬ 

tional research is being conducted. Mortality 

and morbidity associated with breast cancer 

more than justify a significant and urgent ex¬ 

pansion in basic and epidemiologic research 

into the etiology of this devastating disease. 

One goal should be to present achievable 

changes in life-style that could reduce the 

incidence of breast cancer, e.g., protection 

through lactation. Another goal should be to 

understand the role of exogenous hormones, 

with the possibility of developing formulations 

of systemically active agents that might have 

a protective effect. 

Taken together, the numerous studies cited 

previously raise concern about use of OCs at a 

young age. The possible risk association of 

breast cancer with low-dose OCs cannot yet be 

evaluated epidemiologically because the latent 

period since they were introduced (less than 

30 yr) is too short for analysis. 

Three studies have been reported to show 

that women who used OCs for more than 5 yr 

have a significantly higher risk of cervical can¬ 

cer than do control groups (30-32). Other stud¬ 

ies, which have taken confounding factors into 

account, did not find such an association (33- 

36). OCs have a protective effect against en¬ 

dometrial and ovarian cancers (37-39). 

Other side effects can also occur with OC 

use. Some women experience hypertension on 

low dose formulations of estrogen (40) but 

those who receive progestins without estrogen 

do not have an increase in blood pressure over 

time (41). Blood pressure should be monitored 

in all women on OCs (13). 

Most studies of metabolic alterations asso¬ 

ciated with triphasic OCs have been conducted 

in normal women for short periods of time and 

focused on changes in HDL cholesterol levels. 

Study comparisons are difficult because of dif¬ 

ferences in protocols, schedules of blood sam¬ 

pling and laboratory methodology that have 

led to controversy, and difficulties in interpre¬ 

tation of results. In the study by Lussier-Cacan 

and associates (42), subjects were followed for 

a full year of treatment that included weekly 

blood samples in each of two different treat¬ 

ment cycles, in addition to posttherapy 

samples. They observed transient but no 

remarkable alterations in total cholesterol, 

LDL cholesterol, or HDL cholesterol. There 

were, however, significant increases in tri¬ 

glycerides (both total and lipoprotein fractions) 

during treatment that fell to baseline levels 

within one posttreatment cycle (Fig. 25.1). 

Very low density lipoprotein (VLDL) choles¬ 

terol and apolipoproteins AI, All, and B also 

rose during the study. 

Ball and co-workers (43), in a 6-month 

study, have compared the effects of two tri¬ 

phasic OCs: levonorgestrel (EE/LN) or a new 

progestagen, gestogene (SHG451g), not yet on 

the market, for six pill cycles. Exclusion cri¬ 

teria included abnormal body weight of 25% 

above or below ideal for height, diabetes, al¬ 

coholism, diastolic blood pressure >90 mm Hg, 

smoking more than 10 cigarettes per day, 

a family history of hyperlipidemia, or drugs 

known to affect lipid metabolism. The treat¬ 

ment regimen is shown in detail on Table 25.2. 

In this trial, a number of side effects were 

reported (16 on EE/LN; 11 on SHD 4156) that 

were similar in each group. They included nau¬ 

sea, headaches, breast tenderness, and break¬ 

through bleeding. Five women (5% on EE/LN; 

18% on SHD415G), including one woman 

with persistent headaches, withdrew from the 

study. There were no significant effects of 

either preparation on carbohydrate metabo¬ 

lism, a finding that is in agreement with other 

reports of lose-dose triphasic OCs (44-46). 

There were, however, small but significant in¬ 

creases in total cholesterol, triglycerides (TG), 

LDL cholesterol, and the ratio of total choles¬ 

terol/HDL cholesterol and LDL cholesterol/ 

HDL cholesterol. In addition, coagulation fac¬ 

tors VII and fibrinogen increased significantly 

in both groups. Antithrombin III, an important 

inhibitor of coagulation, decreased signifi¬ 

cantly from baseline. Overall, coagulation al¬ 

terations in the Ball study were in agreement 
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Figure 25.1. Plasma triglyceride levels (means±SEM) before, during, and after OC therapy. Except 
for samples 3,6, and 16, all values are significantly different from baseline: samples 5 and 15; p<0.0005 
and all others: p<0.001. Published with permission of Lussier-Cacan S, Nestruck AC, Arslanian H, et al. 
Influence of triphasic oral contraceptive preparation on plasma lipids and lipoproteins. Fertil Steril 
1990;53:28-34. 

with other OC studies that suggest a pro- 

thrombotic change. 

Sex hormone-binding globulin levels in the 

Ball study increased two- to threefold. The 

metabolic effects of these triphasics in normal 

women are much less than those of older for¬ 

mulation OCs that contained higher amounts 

of estrogen but are still apparent. The impli¬ 

cations of a slight increase in lipoprotein levels 

and moderate changes in coagulation factors, 

both potential risk factors for cardiovascular 

disease, remain uncertain for the long term 

(47). Several other studies have also reported 

elevations of TG levels and other lipoproteins 

with all the common triphasic preparations 

now in use (48-50). 

Singh and Nattrass (51) have reported, for 
the first time, that the use of a low-dose estro¬ 

gen (30-35 gg ethinyl estradiol) with either 

levonorgestrel or norethisterone as the pro- 

Table 25.2. 
Treatment Regimen for a Trial of Two Triphasic Contraceptives with Different Progestagens0 

Menstrual Cycle 

Days 
1-6 

Days 
7-11 

Days 
12-21 

Days 

21-28 
Total Dose 

per cycle 

EE/LN(N = 21) 
Ethinyl estradiol (ptg) 30 40 30 0 680 
Levonorgestrel (peg) 50 75 125 0 1875 

SHD 415G (N = 22) 
Ethinyl estradiol (peg) 30 40 30 0 680 
Gestodene (peg) 50 70 100 0 1650 

"Adapted from Ball MJ, Ashwell E, Jackson M, Gillmer MDG. Comparison of two triphasic contraceptives with different 
progestogens: Effects on metabolism and coagulation proteins. Contraception 1990;41:363-376. 
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gesterone component, induces in vivo insulin 

resistance in the metabolism of free fatty acids 

(FFA) and ketones (Fig. 25.2). This was pre¬ 

dominantly a progesterone effect and is a 

metabolic change that is well documented dur¬ 

ing pregnancy. Although the implications of 

these findings may or may not be of signifi¬ 

cance in normal women, these metabolic ef¬ 

fects could contribute to postreceptor insulin 

resistance in obese NIDDM women, those with 

a previous history of GDM, and those with fa¬ 

milial problems of hyperlipidemia. 

Very few studies have been published on the 

effects of OCs on lipid metabolism in IDDM, 

0-12 

basal 0-005 0-01 0-05 

Insulin infusions (U/kg/h) 

Figure 25.2. Mean (SEM) blood glycerol, 
plasma FFA, and blood total ketone bodies con¬ 
centrations during incremental insulin infusion in 
eight women taking OCs preparations (•-•) and 
eight women in the luteal phase of the menstrual 
cycle (A). Adapted with permission from Singh 
BM, Nattrass M. Use of oral contraceptive prep¬ 
arations alters insulin sensitivity of fatty acid and 
ketone metabolism. Clin Endocrinol 1989;30:561- 
570. 

NIDDM, or previous GDM women. All reports 

in the literature except those of Skouby (52) 

are from studies with combined compounds 

that contained at least 50 fxg of ethinyl estra¬ 

diol and 250-1000 p,g of a progestogen. All 

report increased serum lipid levels. Pyorala 

and associates (53) have reported no influence 

of “progesterone only” preparations (norethis- 

terone and lynestrenol) on plasma TG and 

cholesterol values in women with previous 

GDM. They did not measure FFA or assess 

insulin resistance. 

Atherosclerotic-prone IDDM, NIDDM, GDM 

women and women with a positive family his¬ 

tory of coronary artery disease may be at 

higher risk for changes in plasma lipid and 

lipoprotein levels with use of even low dose 

estrogen-variable progestogen content contra¬ 

ceptives. Skouby (52) has examined the effects 

of four oral low-dose contraceptive agents on 

glucose and lipid metabolism in IDDM women 

and those women with a previous history 

of GDM. None of the subjects experienced 

difficulty with glucose control or lipid /lipopro¬ 

tein metabolism when taking nonalkylated 

estrogen/norethisterone and triphasic ethi¬ 

nyl /levonoryestrel preparations. However, 

low-dose ethinyl estradiol/norethisterone 

combinations resulted in small but signif¬ 

icant increases in plasma TG and VLDL 

cholesterol levels. Treatment with norethis- 

terone alone as “mini-pills” might be con¬ 

sidered an appropriate alternative form of 

contraception, except that more information is 

needed to assess their effect on insulin resist¬ 

ance, FFAs, and ketones. 

No observations were made by Skouby (52) 

in NIDDM women who frequently have ele¬ 

vated levels of TG and decreased HDL choles¬ 

terol values. Elevated TG concentrations in 

these women reflect enhanced hepatic produc¬ 

tion of VLDL-TG in response to elevated levels 

of FFA and decreased catabolism (54). He re¬ 

ported no differences in plasma lipid/lipopro¬ 

tein levels in women with normal weight and 

previous GDM but he made no observations in 

obese GDM women. 

As mentioned previously, side effects of OC 

agents do occur with triphasic low-dose for¬ 

mulations, but are less frequent and severe 

than those reported in previous decades with 

pills containing higher doses of estrogen. They 

include nausea, vomiting, edema, weight 

gain, headaches, hypertension, depression, de¬ 

creased libido, amenorrhea (failure of with- 
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drawal bleeding), and intermenstrual bleed¬ 

ing. These side effects are not usually reported 

spontaneously and do not appear to be much 

of a problem in routine clinic visits. Although 

these side effects are reversible and not ordi¬ 

narily considered serious they do negatively 

affect compliance and efficacy of this method 

of birth control. 

Droegemuller and colleagues (55) note that 

while OCs have the highest theoretical efficacy 

of all reversible forms of contraception, they 

have an actual failure rate equivalent to that 

of some barrier methods. A major reason for 

discontinuation is the nuisance of intermen¬ 

strual bleeding. In a triphasic randomized clin¬ 

ical trial in North Carolina this group 

compared Ortho-Novum 7-7-7, Tri-Levien, and 

Tri-Norinyl. Women on Ortho-Novum 7-7-7 

had the highest incidence of intermenstrual 

bleeding (63%) followed by Tri-Levien (44%) 

and Tri-Norinyl (33%). Control subjects on 

other formulations with higher amounts of 

ethinyl estradiol had no breakthrough bleed¬ 

ing and a 4% incidence of spotting. 

Inadvertent pregnancies also occur in low- 

dose OC users. Kovacs and associates studied 

209 inadvertent pregnancies in Australian 

women (56). In Australia, at least 25% of 

women of reproductive age use the pill. They 

compared percentage of pill types with market 

usage over the same period and found that the 

most common problems were missed pills, late 

pills, drug ingestion, and gastrointestinal up¬ 

sets. Surprisingly, the triphasic pills were rep¬ 

resented more frequently than would have 

been expected from their share of the market 

and were comparatively less effective. 

In women who do not wish to breast feed, 

OCs can be started by 2 weeks postpartum. The 

amount of breast milk is decreased with OCs 

containing less than 50 frg of estrogen (57). 

Progestin-only OCs do not decrease breast 

milk and are the formulation of choice for 

women who wish to nurse and to use an OC. 

Lactation in diabetic women is discussed on 

pp. 244-245. 

Intrauterine Devices (lUDs) 

In the United States, there are only two 

FDA-approved intrauterine devices, the cop¬ 

per T380A and a progesterone-releasing T- 

shaped model. There are a number of reasons 

why diabetic women should not use IUDs. 

They are more susceptible to infection than 

nondiabetic subjects; this could play a role in 

the high failure rate of IUDs in IDDM and 

NIDDM women. The major contraindication, 

however, is the high risk of pregnancy in di¬ 

abetic women with IUDs. 

In a study by Gosden and colleagues (58) at 

the Royal Infirmary in Edinburgh, Scotland, 

11 of 30 (36.6%) of IDDM women fitted with 

IUDs became pregnant within 1 yr. In con¬ 

trast, the pregnancy rate for nondiabetic 

women fitted with the same types of IUDs by 

the same consultant gynecologists over a sim¬ 

ilar time period'Ayas 4/100 women years (4%). 

The IUDs were examined by a scanning elec¬ 

tron microscope with x-ray microprobe anal¬ 

ysis to measure the amount of copper eroded 

from the wire, extent of encrustation on the 

wire, and composition of the deposit. In 40% of 

IUDs from diabetic women, deposits contained 

sulfur and chloride compared with only 15.3% 

of IUDs from normal women. In normal 

women, deposits on IUDs consisted mainly of 

calcium. Figure 25.3 compares an analysis of 

an IUD removed from a normal woman with 

that of an IUD removed from a diabetic 

woman. Both had copper 7 devices. The results 

for diabetic patients demonstrated that the 

high sulfur plus chloride and low calcium re¬ 

sponse was not attributable to pregnancy; ero¬ 

sion and deposition were linked in IUDs from 

diabetic but not normal women. 

IUD use in both normal and diabetic women 

may cause menorrhagia, cramping, or expul¬ 

sion of the device. IUDs are contraindicated 

in all women with a history of salpingitis, nul- 

liparous women under age 25 yr, and all 

women with multiple sexual partners. In di¬ 

abetic women, the added risk for preg¬ 

nancy is the strongest contraindication for 

use of an IUD. In Edinburgh, the first clinic 

to implement preconception counseling for di¬ 

abetic women, the policy of contraception for 

all diabetic women includes the progesterone- 

only pill and barrier methods (59). The Scottish 

findings differ from those of Wiese from Den¬ 

mark who reported only four pregnancies in 

118 diabetic women during the 1st yr of use of 

“antigon” IUDs (60). However, there was a 

very high expulsion rate in this series with 14 

devices (12%) expelled in the 1st yr. 

Other Methods (8) 

Periodic abstinence of sexual intercourse 

with calendar rhythm methods is associated 
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Figure 25.3. X-ray microanalysis of spectra and micrographs of copper 7 devices removed from a 
normal and a diabetic woman. Left, Copper 7 device removed from a normal woman. The analysis 
showed the deposit (D) to consist mainly of calcium with little evidence of erosion. Right, Copper 7 
device removed from a diabetic woman. Analysis of the IUD showed a deposit (D) consisting mainly 
of sulphur and chloride but with an erosion layer (£). Abbreviations: P: phosphorus; S: sulphur; Cl: 
chloride; Ca: calcium; Cu: copper; K: potassium; Na: sodium. With permission from Gosden et al. 
Intrauterine contraceptive devices in diabetic women. Lancet 1982;1:530-535. 

with high pregnancy rates of 14.4-47/100 

menstrual years. “Natural family planning 

methods” that rely on temperature changes, 

alterations in cervical mucus, and sympto- 

thermal methods require high motivation and 

training and an inevitable loss of spontaneity 

for sexual activity. In addition, these ap¬ 

proaches necessarily require avoidance of 

sexual intercourse for many days of each 

menstrual cycle. 

In summary, diabetic women, more than 

most others, face a difficult contraceptive 

dilemma. The best methods, with the least 

side effects, are barrier techniques with care¬ 

ful instruction and follow-up. These are the 

methods of choice for women who wish to 

have additional children. Couples who 

select barrier techniques should consider 

in advance whether a personal or method 

failure wouldresult in a wanted or unwanted 

pregnancy or a decision for an adoption 

or abortion. Of course, a woman may change 

her mind. 

Women who have completed their families 

will, most often, choose tubal ligations for 

themselves or their partners will opt for vas¬ 

ectomy. Either of these decisions will require 

counseling and a discussion about chances for 

reversibility should a change of heart occur. 

OCs have a high degree of reliability for pre¬ 

vention of pregnancy, but only if there is ex¬ 

cellent compliance in addition to patience with 

troublesome side effects. Diabetes, hyperten¬ 

sion, hyperlipidemia, cardiovascular disease, 

depression, and migraine may significantly in¬ 

crease the risk/benefit ratio with this method. 

There are method failures with low-dose tri¬ 

phasic formulations and intermenstrual bleed¬ 

ing is a nuisance. The higher frequency of 

cardiovascular disease in diabetic women 

and still uncertain and emerging possible ep¬ 

idemiologic evidence of an association of OCs 

with cancer of the breast and cervix further 

dampen enthusiasm for this method. On the 

other hand, many young IDDM women with¬ 

out diabetic complications will not use barrier 

methods and, for them, a trial of low-dose tri¬ 

phasic preparations or a progestagen only pill 

may be reasonable in the short term because 

this approach is a better, safer, and certainly 

an easier alternative than a diabetic preg¬ 

nancy. 
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Intrauterine devices may be associated with 

more frequent infections in diabetic women; 

the more serious problem is that they are less 

effective and result in a higher rate of preg¬ 

nancies in diabetic women compared with non¬ 

diabetic women. 

Thus, women with IDDM, NIDDM, or pre¬ 

vious GDM and their partners have to make 

somewhat more complicated decisions post¬ 

partum than others about future reproductive 

plans and the several forms of contraception. 

The problem is more difficult because of short¬ 

ened hospital stays after the birth of a baby, 

often hasty advice without much counseling on 

busy labor and delivery services or at the 6- 

week postpartum visit, and, perhaps less in¬ 

dividualized attention that may not include 

the partners of diabetic women. 
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SECTION 

X 
Infants of Diabetic Mothers 

Dorothy R. Hollingsworth 

Diabetic mothers in poor control have in¬ 
fants with a higher prevalence of neonatal 
problems than those of normal women. Im¬ 
provement of maternal metabolic control and 
the new technological advances in perinatal 
and neonatal care since the mid-1970s have 
resulted in a marked decrease in morbidity for 
infants of diabetic mothers (IDM). In many di¬ 
abetic pregnancies, a high standard of peri¬ 
natal care for high risk pregnancies is not 
available. This section presents a summary of 

problems and complications that may be en¬ 
countered in IDM. 

The physician responsible for care of the di¬ 
abetic mother must coordinate plans for the 
infant well in advance of delivery. The pedia¬ 
trician should be aware of the mother’s pre¬ 
natal course, type of diabetes, treatment and 
complications, and be in attendance at deliv¬ 
ery. This collaboration permits anticipation 
and immediate treatment of fetal and neonatal 
complications. 



CHAPTER 

26 
Perinatal Mortality and Morbidity 

v« 

MORTALITY 

Women with IDDM account for approxi¬ 

mately 5/1000 pregnancies. Because there is 

no national surveillance of pregnancies in di¬ 

abetic women, national trends in the rates 

of perinatal mortality and congenital malfor¬ 

mations associated with maternal diabetes can¬ 

not be monitored (1). 

The Centers for Disease Control (CDC) have 

reported data from 225 United States, Cana¬ 

dian, and European hospitals, published from 

1940-1988, of pregnancies of women with 

IDDM. The reports evaluated the relationship 

of congenital malformations and perinatal 

mortality in such pregnancies (2). These data 

were compared with published hospital-based 

data for all women for the same years. The only 

reports included were those that had identified 

women with IDDM and had calculated the per¬ 

inatal mortality rate and/or the proportion of 

perinatal mortality from congenital malfor¬ 

mations for women with IDDM. 

From 1940 through 1988 in the United 

States, Canada, and many European countries, 

the perinatal mortality rate for IDM had de¬ 

creased from 250-300/1000 births to 30-50/ 

1000. 

This substantial decline in perinatal mor¬ 

tality in IDM has not been matched by a 

lessening of the problem of congenital mal¬ 

formations, which have emerged as the most 

common cause of death for IDM in the United 

States, accounting for approximately 50% of 

all perinatal deaths. The genesis of congenital 

malformations among infants of IDDM is not 

well understood; other factors may be involved 

in addition to glycemic control (3). A compre¬ 

hensive discussion of fetal malformations in 

IDM is presented in Section I. 

Connell and colleagues (4) have reported a 

population-based study of incidence, referral 

for care, and perinatal mortality in diabetic 

pregnancies from 1979-1980 in Washington 

State. They found an incidence rate of 2.1/1000 

total births in women with preexisting dia¬ 

betes mellitus. Of these, 25% had NIDDM. The 

perinatal mortality rate was 108/1000 births, 

eight times the state perinatal mortality rate. 

Only 45% of all births to diabetic women oc¬ 

curred in the five tertiary centers in the state; 

39% were in hospitals that had fewer than six 

deliveries of diabetic women per year. Con¬ 

genital malformations accounted for 43% of the 

28 perinatal deaths. Fetal losses between 20 

and 27 weeks’ gestation were responsible for 

another 21%. These data from a population- 

based study give a more realistic view of an 

unselected, statewide population encompass¬ 

ing over 125,000 births during a 2-yr period. 

For various reasons, the investigators say the 

number of NIDDM women is, most likely, an 

underestimate. Nevertheless, the perinatal 

mortality of infants of NIDDM women was 

almost five times that of the general popula¬ 

tion and these infants also appeared to be at 

increased risk for fatal congenital malforma¬ 

tions. Other population-based studies (5, 6) 

have not differentiated between diabetes that 

antedated pregnancy and GDM. 

In selected studies from diabetes centers in 

the United States in the late 1970s, perinatal 

mortality among IDM had been reduced to less 

than 5% (7, 8); this optimistic outcome was not 

matched in the unselected population-based 

study reported for Washington state, where 

perinatal mortality exceeded 10%, or for South 

Carolina with 102 perinatal deaths in IDM per 

1000 births per year. 

It has been difficult to evaluate and compare 

outcomes of pregnancy in diabetic women be¬ 

cause of lack of standardized criteria and meth¬ 

ods for assessing programs in different 

geographic locations and because of different 
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types of settings for clinical care. There are no 

national or local registries for all women with 

diabetes, all pregnant women with diabetes, or 

infants born to mothers with diabetes. The cost 

of such registries has delayed their implemen¬ 

tation, but several states are beginning to de¬ 

velop such programs. 

Braveman and colleagues (9) at University 

of California, San Francisco, in conjunction 

with the Centers for Disease Control (CDC), 

have evaluated both primary sources of infor¬ 

mation collected by programs (registration 

forms, flowsheets, labor and delivery records) 

and secondary data information collected by 

other agencies, such as vital statistics, com¬ 

puterized hospital discharge abstracts, and 

third party billing data for setting up a reg¬ 

istry. These are important steps to determine 

the number of diabetic women of childbearing 

age. Once registeries are established, it will be 

possible to calculate rates of selected maternal 

and infant outcomes for various types and set¬ 

tings of obstetric care. A registry would also 

define a target population for concerted efforts 

to provide preconception counseling and refer¬ 

ral to appropriate health care services. 

MORBIDITY 

Infants of IDDM, NIDDM, and GDM women 

have more perinatal problems than those 

of normal mothers (8). These complications, 

which are discussed in greater detail later in 

this section, have usually been attributed to 

poor maternal control of hyperglycemia and 

iatrogenic or emergency preterm delivery. In¬ 

fant morbidity remains a problem despite the 

decline in mortality rate to 3-5%. Figure 26.1 

illustrates the common problems of neonatal 

morbidity by gestational age in IDM. 

Landon and co-workers (10) have assessed 

the relationship between glycemic control and 

perinatal outcome in a relatively uniform pop¬ 

ulation of White class B through D pregnant 

IDDM diabetic women. All patients used home 

blood glucose monitoring with a minimum of 

four determinations daily. They divided their 

population in two groups based on mean cap- 

31 33 35 37 39 41 43 

WEEKS 

Figure 26.1. Prevalence of common problems of neonatal morbidity by gestational age in infants 
of diabetic mothers (IDM). With permission from Gabbe S. Semin Perinatol Vol 2,1978. 
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illary blood glucose values (<110 mg/dl; 6.1 

mmol/L) versus those above this level. The 

mean for the first group (43 patients) was 

96.8 ± 7.1 mg/dl (5.5 ± 0.4 mmol/L) while 

the second group had a mean of 126 ± 9 

mg/dl (7.0 ± 0.5 mmol/L). 

They were able to correlate a significant pos¬ 

itive effect of maternal glycemic control with 

perinatal outcome for the incidence of neonatal 

hypoglycemia, macrosomia, and respiratory 

distress syndrome. 

Duffty and Lloyd (11) have reported their 

Aberdeen experience with 46 infants of IDDM 

mothers during 1986 and 1987. Thirteen ba¬ 

bies (28%) had no neonatal problems whatso¬ 

ever and 14 had only mild problems that would 

not normally have needed admission. Two- 

thirds of the infants were discharged to the 

postnatal wards within 48 h and only 5 (11%) 

required intensive care. The most common 

problems, like those of other centers, were 

macrosomia (26%), hypoglycemia (39%), res¬ 

piratory disorders (9%), and hypocalcemia 

(9%). 



Problems associated with morbidity in new¬ 

born IDM are positively correlated with pre¬ 

maturity. The most common complications for 

these infants, excluding congenital malfor¬ 

mations, are pulmonary and metabolic. Figure 

26.1 shows the prevalence of common problems 

of neonatal morbidity from age 31-43 weeks’ 

gestation. 

MACROSOMIA 

Macrosomia, shoulder dystocia, and birth in¬ 

juries have been discussed earlier in Section 

VII. 

IDM often appear fat and have the charac¬ 

teristic appearance of an IDM even when birth 

weight is normal. Figure 27.1 shows the infant 

of an obese NIDDM mother who gained 24 lb 

on a 2400 kcal/day diabetes diet and was in 

good diabetic control throughout pregnancy. 

The interesting feature of this photograph is 

that although the birth weight was normal 

(3000 g at delivery at 37 weeks), the infant 

was fat, plethoric, Cushingoid, and had the 

typical appearance of an IDM. Birth weight 

alone is not an accurate measurement of mac¬ 

rosomia in IDM. Because it is not practical or 

possible to measure fat cell size and number 

in these infants, relative obesity and macro¬ 

somia can be assessed most easily by simple 

skin fold measurements (12). 

Massively obese women who develop GDM 

and gain excessive amounts of weight during 

pregnancy are at greatest risk for severely mac- 

rosomic infants. Figure 27.2 shows the grossly 

obese (weight 6260 g; length, 54 cm; head cir¬ 

cumference, 28 cm) newborn male infant of a 

41-yr-old woman who weighed 250 lb (114 kg) 

at conception with her 12th pregnancy. At 18 

weeks’ gestation, she had a normal 3-h oral 

glucose tolerance test—plasma glucose values: 

fasting 100 mg/dl (5.5 mmol/L); 1 h, 170 mg/ 

dl (9.4 mmol/L); 2 h, 160 mg/dl (8.8 mmol/L); 

3 h, 140 mg/dl (7.7 mmol/L). At 22 weeks’ ges¬ 

tation, the fasting plasma glucose level was 

elevated to 110 mg/dl (6.1 mmol/L), but tests 

before lunch (110 mg/dl; 6.1 mmol/L) and 2 h 

after lunch (80 mg/dl; 4.4 mmol/L) were nor¬ 

mal. No treatment aside from dietary advice 

was given. 

At 33 weeks’ gestation, the fasting plasma 

glucose was 132 mg/dl (7.3 mmol/L) and a 

2-h postbreakfast value was 155 mg/dl (8.6 

mmol/L). A sonogram at 36 weeks’ showed 

scalp edema and a biparietal diameter of 10.0 

cm. The mother gained a total of 57 lb (30 kg; 

normal = 10-12 kg) during pregnancy. The 

huge infant was delivered vaginally without 

an episiotomy and with no problems. The pla¬ 

cental weight was 870 g (normal 539 ± SD 121 

g). The infant was hypoglycemic (Dextrostix 

glucose values, 25-45 mg/dl; 1.4-2.5 mmol/L) 

and treated with early feeding (1st h of life) 

and intravenous glucose. A central hematocrit 

of 68 necessitated a partial exchange trans¬ 

fusion. Hypocalcemia with a serum Ca value 

of 7.2 mg/dl was treated with calcium supple¬ 

mentation. Following discharge from the nurs¬ 

ery, the baby did well and had no further 

problems. At 10 weeks of age, the infant re¬ 

mained above the 95th percentile for weight. 

This pregnancy illustrates the severe neo¬ 

natal problems that can be associated with 

pregnancy-evoked carbohydrate intolerance in 

women who are markedly overweight and then 

gain excessive additional weight. Ideally, a 

GDM woman with this course should be pre¬ 

scribed strict dietary control, limitation of 

weight gain to the recommended amount for 

an obese pregnant woman, and rapid-acting 

insulin before each meal in an attempt to limit 

infant birth weight and lessen neonatal meta¬ 

bolic problems. This approach was successful 

in the infant shown in Figure 27.1 but did not 
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Figure 27.1. Normal weight (3000 g) but ple¬ 
thoric, Cushingoid IDM at 37 weeks’ gestation. 
The mother had NIDDM and gained 24 lb (10.9 
kg) on a 2400 kcal/day diabetic diet during 
pregnancy. With permission from Hollingsworth 
DR, Cousins L. In Milunsky A, Friedman EA, Gluck 
L (eds): Advances in Perinatal Medicine. New 
York, Plenum Publishing, vol 20.1982:245-320. 

prevent an obese appearing infant with the 

typical phenotype of an IDM. 

The problem of excessive fetal growth in 

utero is complex and may reflect the end result 

of an abnormal mixture of fuels delivered to 

the fetus. Shortly after the discovery of insulin, 

Dubrueil and Anderodias (13) made the obser¬ 

vation that fetuses of diabetic mothers had in¬ 

creased pancreatic islet cell tissue. Other in¬ 

vestigators subsequently reported that (3 cells 

of IDM showed both hypertrophy and hy¬ 

perplasia (14, 15) and had an increased amount 

of insulin (16). Pedersen (17) later proposed the 

hypothesis that, maternal hyperglycemia re¬ 

sults in fetal hyperglycemia, which causes hy¬ 

pertrophy of fetal islet tissue, hypersecretion 

of insulin, and fetal macrosomia. 

The Pedersen hypothesis has been extended 

by Freinkel and Metzger (18) who have ex¬ 

amined the role of other nutrients that provide 

a substrate mixture for the fetus (Fig. 27.3). 

In this hypothetical model, decreased availa¬ 

bility of maternal insulin results in both ov¬ 

erproduction and underutilization of glucose. 

Major changes occur in all maternal nutrients 

with higher levels of plasma glucose, lipids, 

selected amino acids, and ketones. Placental 

structure and/or function may be altered, per¬ 

mitting an abnormal mixture of fuels to the 

fetus. In addition to excessive fetal insulin pro¬ 

duction, Freinkel and Metzger suggest that 

other fetal growth factors not yet identified 

Figure 27.2. A 6260-g term infant of a massively obese woman with mild untreated GDM and ex¬ 
cessive weight gain (57 lb; 30 kg) during pregnancy. See text for description. 
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Figure 27.3. Modification of the Pedersen hypothesis of excessive fetal growth in diabetic preg¬ 
nancies. With permission from Freinkel N, Metzger BE. Pregnancy Metabolism, Diabetes and the Fetus. 
Amsterdam: Excerpta Medica, 1979. See text for description. 

may contribute to development of facilitated 

anabolism and increased cell development. 

The possible role of insulin-like growth factors 

(IGF-I and IGF-II) and others in fetal growth 

has been reviewed by Brinsmead and Liggins 

(19), Giordano and colleagues (20), and Guyda 

and co-workers (21). 

What is known about development of the 

fetal pancreas? Microscopically, the fetal pan¬ 

creas (about 20-25 somites) is visible from the 

fourth week after conception (22). Pancreatic 

insulin is present at 7-10 weeks’ gestation at 

a concentration of 300 U/mg at 10.5-15.5 

weeks’, and approximately 4000 U/mg at 16- 

25 weeks’. In vitro studies indicate that the 

cell is functional from 14-24 weeks’ gestation 

and responds to amino acids, ions such as Ca2+ 

and factors that raise intracellular cyclic AMP, 

such as theophylline and glucagon. 

In vitro studies of human fetal islets have 

shown that they have not responded at all to 

glucose or have responded poorly. However, or¬ 

gan cultures and other methods have shown 

that human fetal (1 cells can release insulin in 

response to glucose stimulation (23, 24). Thus, 

there is strong evidence to suggest that insulin 

may be a physiologic regulator of glucose me¬ 

tabolism and fetal growth (25). 

Otonkoski and colleagues (26) have per¬ 

formed dynamic studies of insulin secretion us¬ 

ing a technique of perifusion of pancreatic 

islet-like cell clusters from fetal pancreases at 

different stages of gestation. Their experi¬ 

ments indicated that the human fetal p cell is 

responsive to glucose as early as the 17th to 

20th week of gestation. They also demon¬ 

strated, in a secretory dynamic study of the 

fetus of an IDDM mother at 22.5 weeks’ ges¬ 

tation, a prompt early insulin response, which 

suggested precocious functional maturation of 

the (3 cells. 

These new studies (1988) open the question 

of the physiologic impact of early glucose sen¬ 

sitivity. It is reasonable to postulate that it 

may be important in fetal growth because fetal 

insulin production is regulated by the mater¬ 

nal supply of nutrients (27, 28). Sensitivity to 

glucose levels may occur quite early in fetuses 

of diabetic mothers and, if it does, a pattern 

for macrosomia may be set much earlier than 

previously thought. 

Placental synthesis of human chorionic so¬ 

matomammotropin (hCS) influences maternal 

nutrient supply. Decidual production of pro¬ 

lactin and a biosynthetic precursor for adreno¬ 

corticotropic hormone, lipotropin, and (3 en¬ 

dorphin, may also play a role in modulating 

fetal growth. In the latter half of pregnancy, 

the fetus has a well-integrated hypothalamic- 

pituitary axis with a well-developed mid¬ 

dle lobe of the pituitary, which synthesizes 

growth-promoting peptides. Thus, fetal growth 

and size at birth reflect the final neuroen¬ 

docrine-metabolic pathway of an integrated 

three-compartmental system: maternal, pla¬ 

cental, and fetal. 
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In summary, the occurrence of macrosomia 

is complex and probably represents fetal hy¬ 

pernutrition of all nutrients in addition to 

other growth factors. Accumulating evidence 

indicates that fetal hyperglycemia may not be 

the sole etiologic stimulus for endogenous fetal 

hyperinsulinemia. In humans, glucose is only 

one of the substrates involved in the stimu¬ 

lation of insulin production. The role of amino 

acids, especially those that are insulinogenic, 

has not been established for the fetus of human 

diabetic mothers. Further studies of hormone- 

substrate-cell interaction are necessary to de¬ 

fine the cell biology of diabetic fetopathy. 

In insulin-treated women, transplacental 

passage of antibody-bound insulin has been re¬ 

ported in pregnant IDDM women by Menon 

and colleagues (29). They suggest that the 

transferred antibody-bound insulin has bio¬ 

logic activity and may be a determinant of fetal 

macrosomia independent of maternal blood 

glucose levels. 

RESPIRATORY DISTRESS SYNDROME 
(RDS) AND TRANSIENT TACHYPNEA 
OF THE NEWBORN 

Until the 1980s, RDS was the most common 

and serious morbidity problem for IDM. The 

improvement in maternal prenatal manage¬ 

ment of diabetes and new techniques in ob¬ 

stetrics for timing and mode of delivery have 

resulted in a dramatic decline in RDS from 

31% to 3% in diabetic pregnancies (30). 

Curet and colleagues (31) have followed 108 

diabetic pregnancies in an ambulatory pro¬ 

gram aimed at close control of blood glucose 

levels. The prevalence of RDS in their patients 

was not different from that in nondiabetic 

women. They found that pulmonary fetal ma¬ 

turity progressed at a normal rate in all dia¬ 

betic pregnancies with careful metabolic 

control without increased risk of RDS. Hall¬ 

man and Teramo (32) have confirmed the pre¬ 

dictive accuracy of the lecithin/sphingomyelin 

(L/S) ratio, and phosphatidylglycerol (PG) 

analysis. They were able to detect RDS, tran¬ 

sient tachypnea, symptomatic pneumothorax, 

and persistence of fetal circulation by amniotic 

fluid determinations of phospholipids. PG con¬ 

centrations improved the predictive value of 

both the mature L/S ratio (2 or more) and non- 

mature L/S ratio (less than 2). 

A mild form of RDS without hyaline mem¬ 

brane disease, transient tachypnea of the new¬ 

born, may occur with retained lung fluid 

following delivery by cesarean section. Infants 

with polycythemia and hyperviscosity may 

also have transient respiratory distress or 

tachypnea that resolves in a few days. 

NEONATAL HYPOGLYCEMIA 

The hyperinsulinemic fetus of a diabetic 

mother is at special risk for low plasma glucose 

levels after birth. This complication is usually 

much milder and less frequent in infants 

whose insulin-dependent mothers are well con¬ 

trolled during pregnancy and euglycemic 

throughout a labor and delivery that is care¬ 

fully monitored by constant low-dose insulin 

infusion administered intravenously. This ap¬ 

proach combined with early feeding (in the 

1st h of life) may eliminate the necessity for a 

neonatal intravenous infusion of glucose. The 

use of bolus infusions of hypertonic glucose 

stimulates the hypertrophied fetal pancreatic 

(3 cells excessively and tends to perpetuate a 

cycle of hyperinsulinemia and hypoglycemia. 

Hypoglycemia in the neonate may not be 

apparent on physical examination and has to 

be documented by measurement of low levels 

of blood glucose. Suggestive physical signs in¬ 

clude twitching, jitteriness, hypotonia, apnea, 

or seizures. These signs may be absent or ap¬ 

parent only with careful observation. 

Management of neonatal hypoglycemia 

should begin with measurement of blood glu¬ 

cose in the baby while still in the delivery room 

or certainly within the first half hour. Cowett 

has stated that the most important factor is to 

deliver these infants in a facility that can deal 

with all the potential problems (33). In his in¬ 

stitution (Women and Infants Hospital, Prov¬ 

idence, Rhode Island, Brown University), all 

infants born to women known to be diabetic, 

e.g., GDM, IDDM, and NIDDM women, are 

admitted to the intensive care unit for at least 

6 h. Glucose is monitored first at 30 minutes 

of age and, then, frequently throughout the 

first 6-h period. At that point, if the babies are 

stable, they are transferred to the regular 

nursery but considered high risk and man¬ 

aged accordingly. 

For high-risk IDM there is as much concern 

about hyperglycemia as hypoglycemia, espe¬ 

cially in the prematurely born neonate. When 

infusions of glucose at 4-6 mg/kg/minute are 

started, which is the basic glucose production 

rate, the intravenous infusion has to be mon- 
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itored carefully to maintain euglycemia and 

to prevent extremes. The new infusion pumps 

are very accurate and glucose measurements 

should be made at the cribside with a glucose 

analyzer or glucose meter. Glucose oxidase 

strips are not sufficiently accurate for moni¬ 

toring these infants. Management of IDM re¬ 

quires nursing expertise and a capable in- 

house staff—a very different level of complex¬ 

ity and intensity than in^ the average nursery 
(34). 

Because there may.be possible long-term se- 

quellae of neonatal hypoglycemia, treatment 

is advised for both symptomatic and asymp¬ 

tomatic infants with blood glucose levels <35 

mg/dl (1.9 mmol/L). Early oral feeding may 

be the only treatment required. If a repeat 

blood glucose determination is <45 mg/dl (2.5 

mmol/L), intravenous administration of glu¬ 
cose is necessary. 

Oh (35) does not recommend subcutaneous 

injections of glucagon because of the risk of 

rebound hyperglycemia nor does he recom¬ 

mend epinephrine because of possible unto¬ 

ward cardiovascular side effects and lactic 

acidosis in infants who may already have 

cardiopulmonary difficulties. In a few infants, 

hypoglycemia may persist beyond 24-28 h. In 

these instances, he recommends the use of glu¬ 
cocorticoids. 

Infants with prolonged severe, intractable 

hypoglycemia that does not respond to glucose 

infusion or glucocorticoids present a serious 

diagnostic problem. The various possibilities 

include nesidioblastosis ((3-cell hyperplasia of 

unknown cause), islet cell or other insulin-pro¬ 

ducing tumor, hypopituitarism, or hypoadren- 

alism. 

Two studies have emphasized the impor¬ 

tance of maintaining blood glucose concentra¬ 

tions above 46.8 mg/dl (2.6 mmol/L) in 

newborn babies and children (36-38). Ayn- 

sley-Green and Eyre (37) have raised the 

possibility that “safe” blood glucose con¬ 

centrations may be higher than 46.8 mg/dl (2.6 

mmol/L) in those with other conditions that 

compromise neural function or cerebral auto¬ 

regulation. Chucas and colleagues (38) have 

reported adverse neurodevelopmental out¬ 

comes following moderate neonatal hypogly¬ 

cemia in premature infants. In a study of 

evoked brainstem auditory responses by Koh 

and collagues (39), responses were normal be¬ 

fore episodes of hypoglycemia and became ab¬ 

normal associated with a fall in blood glucose 

levels. When normoglycemia was restored, 

evoked potentials remained abnormal in four 

children for 1 h, 1.5 h, 16 h, and 2 days in the 

absence of factors such as asphyxia, acidosis, 

hyperbilirubinemia, intracranial hemorrhage, 

or aminoglycoside treatment, all factors rec¬ 

ognized to influence evoked potentials. 

The long-term result of mild or severe neo¬ 

natal hypoglycemia is under investigation. 

Low blood glucose values in neonates should 

be recognized and treated promptly, because 

prolonged hypoglycemia is clearly associated 

with central nervous system abnormalities in 

children and older individuals. 

NEONATAL HYPOCALCEMIA 

Derangements in mineral metabolism are 

frequent in IDM (40-44). There is increasing 

evidence that the disturbance in calcium me¬ 

tabolism is linked to maternal and fetal mag¬ 

nesium (Mg) deficiency created by an increased 

maternal Mg excretion that occurs in diabetes 

mellitus (42-44). No differences have been 

demonstrated in diabetic women compared 

with nondiabetic women with respect to levels 

of calcitonin or phosphorus in the mother, fe¬ 

tus, or neonate (43). 

Low levels of serum calcium (<7 mg/dl) 

have been recognized in as many as 50% of 

IDM during the first 3 days of life. Tsang and 

colleagues (40, 41) have studied this problem 

extensively. They have reported normal levels 

of parathyroid hormone in cord blood of IDM, 

indicating normal fetal parathyroid function. 

Decreased parathyroid function in IDM after 

birth was associated with decreased levels of 

serum calcium and increased serum phospho¬ 

rus values. These changes in infants of IDDM 

mothers did not evoke an increase in serum 

parathyroid hormone. The resulting “func¬ 

tional hypoparathyroidism” is aggravated by 

birth asphyxia and iatrogenic prematurity 

(42). 

Maternal serum-ionized Ca correlates posi¬ 

tively with cord-ionized Ca. In a report of 

Tsang et al. (41), higher values of maternal 

ionized Ca were related to greater postnatal 

depression of serum Ca in infants and de¬ 

creased parathyroid function. Increased para¬ 

thyroid hormone levels were not demonstrated 

in maternal serum. Neonatal hypocalcemia is 

usually treated with administration of calcium 

by oral or intravenous routes. In IDMs, neo¬ 

natal hypocalcemia refractory to standard in- 
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travenous calcium therapy can be corrected by 

magnesium supplementation. 

NEONATAL HYPOMAGNESEMIA 

Magnesium (Mg) plays an important role in 

neonatal calcium metabolism (42, 44). The rec¬ 

ommended daily allowance of Mg during preg¬ 

nancy is 450 mg but, in most women, this 

intake is not met (45). Decreasing serum Mg 

concentrations are observed during pregnancy 

that may reflect, to some extent, hemodilution 

rather than true deficiency (46). In pregnant 

rats fed Mg-deficient diets, there is a high rate 

of spontaneous abortion, intrauterine growth 

retardation, and malformations (47, 48). 

In normal neonates, serum Mg concentra¬ 

tions range from 1.6-2.8 mg/dl with 35% of 

Mg bound to proteins. 

Tsang and colleagues (41) followed 56 dia¬ 

betic mothers and their infants prospectively 

from birth and noted that 38% of IDM had a 

serum Mg level of <1.5 mg/dl on at least one 

occasion during the first 3 days of life. De¬ 

creased levels of serum Mg were related to low 

maternal age and gravidity, severity of ma¬ 

ternal diabetes, and prematurity. Neuromus¬ 

cular irritability in infants was not correlated 

with decreased serum Mg alone or with de¬ 

creased ionized or total Ca. In IDM, decreased 

serum Mg levels were associated with de¬ 

creased maternal serum Mg, decreased ionized 

and total Ca, increased serum phosphorus lev¬ 

els, and decreased parathyroid function. The 

significance of hypomagnesemia in IDM is un¬ 

known. 

HYPERBILIRUBINEMIA 

The risk of hyperbilirubinemia is higher in 

IDM than in normal infants. Prematurity is a 

major contributing factor in some infants. In¬ 

fants of mothers with NIDDM are at greater 

risk for polycythemia. In these newborns, in¬ 

creased destruction of red blood cells contrib¬ 

utes to the risk of jaundice. There are multiple 

etiologic causes for hyperbilirubinemia in IDM 

and, often, the cause cannot be defined pre¬ 

cisely. Treatment of this problem is usually by 

phototherapy, but exchange transfusions may 

be necessary if bilirubin levels are markedly 

elevated. 

The incidence of hyperbilirubinemia (49, 50) 

in IDM remains relatively high despite modern 

methods of perinatal management of maternal 

diabetes. Contributing factors include impair¬ 

ment of hepatic conjugation of bilirubin be¬ 

cause of prematurity and the influence of 

polycythemia. However, treatment of polycy¬ 

themia by partial exchange transfusion does 

not prevent jaundice in IDM (51). Stevenson 

and colleagues (49) have reported that IDM 

have a relatively delayed clearance of bilirubin 

implicating impairments in the uptake of bil¬ 

irubin into hepatocytes, conjugation, or excre¬ 

tion. 

Jahrig and s»-workers (50) have assessed 

neonatal jaundice in 357 IDM and 20 healthy 

newborns at term. IDM at term had prolonged 

and higher concentrations of serum bilirubin 

compared with controls (Fig. 27.4). Hyperbil¬ 

irubinemia was not simply related to macro- 

somia (birth weight) but was correlated with 

an increased birth weight/length ratio (central 

obesity, “heavy-for-length infants”). Despite 

identical cord blood insulin levels of IDM, the 

shorter, fatter IDM had significantly lower 

blood glucose concentrations immediately 

after birth. White classes of diabetes had no 

influence on the course of hyperbilirubinemia. 

Stevenson (49) and Peevy and associates (52) 

speculate that IDM are heterogeneous with re¬ 

spect to pathogenesis of hyperbilirubinemia 

and certain adverse metabolic consequences 

cannot be prevented by simply normalizing 

maternal blood glucose levels. 

Although IDM with hyperbilirubinemia are 

a high-risk population, it is not known whether 

Figure 27.4. Bilirubin serum concentration in the 
first 2 weeks of life in full-term infants of healthy 
nonOiabetic mothers (•-•) and IDM (o-o). The 
factor for converting conventional units (mg/dl) 
to SI units is 17.1. Adapted with permission from 
Jahrig et al. Neonatal jaundice in infants of di¬ 
abetic mothers. Acta Paediatr Scand (Suppl) 
1989;360:101-107. 
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there is a relationship between moderate ele¬ 

vations in bilirubin and morbidities later in 

life. A National Institutes of Child Health and 

Human Development Randomized, Controlled 

Trial of Phototherapy for Neonatal Hyperbi¬ 

lirubinemia has been conducted to determine 

whether phototherapy used to control neonatal 

serum bilirubin levels is safe and is as effective 

in preventing brain injury as exchange trans¬ 

fusion (53). The study, conducted at six neo¬ 

natal care centers, randomly assigned 1339 

newborn infants to phototherapy or control 

groups by the following subgroups: (a) birth 

weight <2000 g; (b) birth weight 2000-2499 g 

and bilirubin level >171 (xmol/L (10 mg/dl); 

or (c) birth weight s 2500 g and bilirubin level 

>222 p,mol/L (13 mg/dl). Phototherapy was 

administered for 96 h and exchange transfusion 

was used to control hyperbilirubinemia at the 

same predetermined levels in both groups. 

Neurological and developmental examinations 

were conducted at 1 and 6 yr of age, with fol¬ 

low-up rates of 83% and 62%, respectively. The 

two groups did not differ in mortality or di¬ 

agnosed medical conditions. The phototherapy 

and control groups had similar rates of cere¬ 

bral palsy (5.8% versus 5.9%), other motor 

abnormalities including clumsiness and hy¬ 

potonia (11.1% versus 11.4%), and sensori¬ 

neural hearing loss (1.8% versus 1.9%). The 

Wechsler Intelligence Scale for Children-Re- 

vised Scores overall were not significantly dif¬ 

ferent for the two groups (Verbal, 96.8 versus 

94.8; Performance, 95.8 versus 95.1 for pho¬ 

totherapy and control groups, respectively). 

Phototherapy effectively controlled neonatal 

hyperbilirubinemia without evidence of ad¬ 

verse outcome at 6 yr of age and was at least 

as effective as management with exchange 

transfusion alone. 

POLYCYTHEMIA AND HYPERVISCOSITY 

Neonatal polycythemia is defined as venous 

hematocrit (from a peripheral vein) >65% 

(±2 SD above the mean hematocrit in normal 

newborns) (54). Hyperviscosity is measured by 

a microviscometer; most infants with hyper¬ 

viscosity are polycythemic but either condition 

can be present without the other. In a pro¬ 

spective study of IDM, the incidence of poly¬ 

cythemia has been reported to be 12% (55, 56). 

Other infants at risk for polycythemia 

and hyperviscosity are those with perinatal 

asphyxia, intrauterine growth retardation 

(IUGR), the recipient in twin-to-twin trans¬ 

fusion, babies with a large placental transfu¬ 

sion because of delay in clamping the cord, and 

infants with Beckwith’s syndrome (macro- 

somia, hypoglycemia, umbilical hernia, and 

macroglossia) (57). Infants at risk should be 

checked in the first hours of life for prompt 

detection and therapeutic decisions. 

The possible mechanisms for development of 

polycythemia include increased erythropoiesis 

in response to hypoxia and an increased level 

of erythropoietin (58-60). Widness and asso¬ 

ciates (61) have reported a direct relationship 

of antepartum glucose control and fetal eryth- 

ropoitin levels in IDDM pregnancies. Oh’s 

proposed pathogenesis for the multiple pre¬ 

natal, intrapartum, and postnatal events that 

can lead to polycythemia and hyperviscosity is 

shown schematically in Figure 27.5 (57). An 

abrupt increase in blood volume by acute in¬ 

trauterine or postnatal placental transfusion 

results in physiologic compensatory events 

and hemoconcentration (Fig. 27.6). The con¬ 

sequences of these events are: (a) a marked in¬ 

crease in hematocrit resulting in polycythemia 

and hyperviscosity in some infants; (b) trans¬ 

udation of fluid from the intravascular into 

the extravascular (primarily interstitial) com¬ 

partments; and (c) persistence of a high red 

blood cell volume. 

Clinical manifestations may or may not be 

present in polycythemic IDM. When apparent, 

they include plethora, jitteriness, irritability, 

lethargy, seizures, and apnea. Tachypnea and 

respiratory distress may occur and, rarely, 

congestive heart failure may develop. Polycy¬ 

themic IDM are at higher risk for feeding prob¬ 

lems and for necrotizing enterocolitis (62, 63). 

The treatment of asymptomatic infants with 

polycythemia and hyperviscosity is controver¬ 

sial because of the lack of good data from 

controlled studies. Oh recommends that man¬ 

agement of asymptomatic infants be individ¬ 

ualized based on the level of the venous he¬ 

matocrit (<70%), accuracy in determining 

whether an infant is symptomatic, and the 

postnatal age because during the first 6-12 h 

after birth, the hematocrit generally rises due 

to fluid shifts from the intravascular compart¬ 

ment (57). 

In infants with symptoms treated with par¬ 

tial exchange transfusion, better neurologic 

and developmental outcomes are reported (64). 
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Figure 27.5. Polycythemia and hyperviscosity: Proposed pathogenesis (I). With permission from Oh 
W. Neonatal polycythemia and hyperviscosity. Pediatr Clin North Am 1986;33:523-532. See text for 
descriptions. 

In a follow-up report of infants with neonatal 

hyperviscosity and polycythemia, Black and 

colleagues (64) re-evaluated 49 children at age 

7 yr. Of these, 21 infants had received a partial 

exchange transfusion, while 28 were given 

symptomatic care. Small, but statistically sig¬ 

nificant improvements were noted in the group 

that received the exchanges. The question re¬ 

mains unsettled as to whether the risks of 

partial plasma exchange transfusion are war¬ 

ranted in otherwise asymptomatic infants. The 

risk/benefit ratio of the exchange procedure is 

not fully established and this therapy has been 

associated with a variety of neonatal problems. 

No study has attempted to evaluate outcome 

at any age with a multivariate analysis for 

each of the pregnancy and neonatal problems 

that may be associated with neonatal polycy- 
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Figure 27.6. Polycythemia and hyperviscosity. 
Proposed pathogenesis (II). With permission from 
Oh W. Neonatal polycythemia and hypervis¬ 
cosity. Pediatr Clin North Am 1986;33:523-532. 
See text for descriptions. 

themia and hyperviscosity. The amount of 

blood volume exchange with colloid or crys¬ 

talloid during a partial exchange depends on 

the hematocrit. The formula for calculation is 

(57): 

Blood volume to be exchanged = 

Observed HCT - Desired HCT (55%) 

Observed HCT x blood volume 

x body weight (kg) (100 mg /kg) 

Plasmanate is used most commonly for the 

exchange. 

HYPERTROPHIC AND CONGESTIVE 
CARDIOMYOPATHY 

In some macrosomic, plethoric infants of 

poorly controlled diabetic mothers, a thickened 

myocardium and significant asymmetric sep¬ 

tal hypertrophy has been described (66). The 

pathogenesis of hypertrophic cardiomyopathy 

in IDM is unclear, although it is recognized to 

be associated with poor maternal metabolic 

control and fetal hyperinsulinemia. The fetal 

myocardium is particularly sensitive to insulin 

during gestation, and Susa and colleagues (67) 

have reported a 100% increase in cardiac mass 

in fetal hyperinsulinemic rhesus monkeys. 

IDM who manifest cardiomegaly and signs 

of congestive heart failure may have either 

congestive or hypertrophic cardiomyopathy. 
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This condition is often asymptomatic and un¬ 

recognized. Echocardiograms show a hyper- 

contractile, thickened myocardium, often with 

septal hypertrophy disproportionate to the size 

of ventricular walls. The ventricular chambers 

are often smaller than normal and there may 

be anterior systolic motion of the mitral valve 

producing left ventricular-outflow tract ob¬ 

struction. 

Way and colleagues C68) have followed 11 

IDM with hypertrophic cardiomyopathy for 

30-40 months. All infants presented with car¬ 
diorespiratory distress and were found to 

have disproportionate septal hypertrophy on 

echocardiogram. Four infants had a cardiac 

catheterization; three had subaortic obstruc¬ 

tion. The natural history of hypertrophic car¬ 

diomyopathy appears to be benign with a 

resolution of symptoms within 2-4 weeks and 

septal hypertrophy within 2-12 months. Most 

infants need only supportive care. If pharma¬ 

cologic intervention is necessary, propanolol is 

the drug of choice. 

IDM may also have congestive cardiomy¬ 

opathy without hypertrophy. On echocardi¬ 

ogram, the myocardium is overstretched and 

Table 27.1. 
Congenital Malformations in Infants of Di¬ 
abetic Mothers 

Central nervous system 
Anencephalus 
Encephalocele 
Meningomyelocele 

Skeletal and spinal 
Sacral agenesis 
Spina bifida 

Heart 
Transposition of great vessels 
Ventricular septal defect 
Atrial septal defect 
Situs inversus 
Single ventricle 
Hypoplastic left ventricle 

Kidney 
Agenesis 
Cystic kidney 
Ureteral duplication 

Gastrointestinal tract 
Small left side of colon 
Situs inversus 
Anal/rectal atresia 

Lungs 
Hypoplasia 

poorly contractile. This condition is often 

rapidly reversible with correction of neona¬ 

tal hypoglycemia, hypocalcemia, and polycy¬ 

themia; it responds to digoxin or diuretics or 

both. In contrast, treatment of hypertrophic 

cardiomyopathy with an ionotropic or diuretic 

agent tends to decrease further the size of the 

ventricular chambers and leads to obstruction 

of blood flow. Echocardiographic examination 

of IDM with enlarged hearts is recommended 

to detect and treat clinically silent cardiomy¬ 

opathy. 

CONGENITAL MALFORMATIONS 

Problems associated with developmental de¬ 

fects have emerged as the most important 

cause of neonate mortality in IDM. Table 27.1 

is a list of the most common congenital defects 

Figure 27.7. Newborn infant with sacral agen¬ 
esis syndrome, flexion contractures, and hypo¬ 
plasia of the lower extremities. The mother had 
IDDM and a HbAlc concentration of 13.5% when 
first seen for prenatal care at 12 weeks’ gestation. 
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reported in diabetic pregnancies. In all re¬ 

views, the number of significant malfor¬ 

mations is underreported since many ab¬ 

normalities do not have clinical signs or symp¬ 

toms in the early perinatal period. No specific 

congenital defect is peculiar to diabetes but 

malformations are more severe and cardiovas¬ 

cular and central nervous system defects are 

overrepresented. Congenital heart disease is 

more often fatal in IDDM than control groups. 

Grix and associates (69) have described in de¬ 

tail the patterns of multiple malformations in 

IDM. 

The severe malformation, sacral agenesis 

syndrome (Fig. 27.7), with agenesis of the sac¬ 

rum and lumbar spine and hypoplasia of the 

lower extremities is almost never seen except 

in IDM. Davis and Campbell (70) have re¬ 

ported an unusually high incidence (40%) of 

IDM who have a narrowed colon from the 

splenic fixture to the anus (neonatal small left 

colon syndrome). This disorder is sponta¬ 

neously reversible in the 1st week of life. 

Poor maternal control of diabetes at concep¬ 

tion is associated with a higher incidence of 

congenital malformations in infants of IDDM 

and NIDDM women but not those of women 

with “truly gestational diabetes” (e.g., occur¬ 

rence >20 weeks’ gestation, normal HbAlc 

concentration, artd reversible postpartum). Be¬ 

cause this topic is intimately associated with 

preconception and early postconception events, 

the major discussion of the subject and most 

recent data (1990) are presented in Section I. 



CHAPTER 

28 
Long-Term Observations 
of Children of Diabetic Mothers 

0 

t 

A retrospective view of children born to 

mothers with diabetes during pregnancy pre¬ 

sents a confusing picture. Although these 

mothers all have glucose intolerance, IDDM 

and NIDDM women have metabolic problems 

associated with different genetic disorders. In 

addition, the fetal intrauterine environment of 

each infant has been influenced by maternal 

complications including hyperglycemia or 

hypoglycemia, ketosis, documented or undoc¬ 

umented hypoxia, and abnormal concentra¬ 

tions of amino acids and lipids. In some women, 

repeated infections and hypertension are ad¬ 

ditional complications. Data collected before 

the 1970s do not reflect the recent improve¬ 

ments in perinatal care and delivery methods. 

Thus, it is difficult to assess the role of indi¬ 

vidual factors in present retrospective studies. 

Prospective studies with modern perinatal and 

neonatal care will provide a better view of in¬ 

fants of mothers with different types of dia¬ 

betes. 

NEURODEVELOPMENTAL STUDIES 

Yssing (71) reported the long-range findings 

in 740 Danish children born from 1946-1966 

with a birth weight of >1000 g who survived 

the neonatal period. The follow-up period ex¬ 

tended from 1.5-26 yr. The main abnormal 

findings were postneonatal (> 10 days of age) 

mortality of 4%, congenital malformations 

(11%), and cerebral dysfunction (36%). In 130 

children (18%), a major cerebral handicap of 

definite clinical significance was recorded. Cer¬ 

ebral palsy and epilepsy were noted in 3% of 

the total series which represented a prevalence 

three to five times higher than the normal pop¬ 

ulation. 

In a more recent study, Petersen and her 

associates (72) in Copenhagen, have reported 

their findings in 99 consecutive IDDM women 

and 101 nondiabetic women who had an ultra¬ 

sonographic examination to assess early fetal 

growth. There was early intrauterine growth 

delay in 42 diabetic and 3 nondiabetic mothers. 

All children available for study were evaluated 

by the Denver Developmental Screening test 

at 4-5 yr of age. Only 23 of 34 (68%) children 

of diabetic mothers with early intrauterine 

growth delay had normal test scores compared 

with 46 of 50 (92%) children of diabetic moth¬ 

ers with normal intrauterine growth. The chil¬ 

dren failed in personal-social development, 

gross motor development, and, particularly, in 

language and speech development. Children of 

diabetic mothers with normal early fetal 

growth had scores very similar to those of non¬ 

diabetic mothers of whom 76 of 86 (88%) tested 

had normal scores. 

Brain development in the fetus, neonate, 

and infant is extremely complex and basic 

knowledge in this field stems mainly from ex¬ 

perimental work in animals. Herschkowitz 

(73) has reviewed the eight interrelated but 

distinguishable events recognized in struc¬ 

tural brain development: (1) neuronal induc¬ 

tion; (2) neuroblast proliferation; (3) neuronal 

migration; (4) neuronal selective aggregation; 

(5) neuronal differentiation and formation of 

specific patterns of connection; (6) neuronal 

death; (7) selective synapse elimination; and 

(8) myelination. The basic mechanisms regu¬ 

lating these developmental events are ge¬ 

netically determined but, at any stage of 

development, epigeneic and environmental 

factors modulate genetic regulation. Do per¬ 

turbations in early fetal growth and an ab¬ 

normal maternal metabolic environment have 

later sequellae, such as behavioral terato- 
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genesis (74) in IDM? These questions are, of 

course, of great importance for all children, but 

unanswered at present. 

Petersen (75) has also studied 90 children 

born from 1980-1983 to IDDM women and 115 

in a comparison group. She found that the Gen¬ 

eral Cognitive Index (IQ) of IDM differed sig¬ 

nificantly from the mean of normal birth 

weight children of nondiabetic mothers in the 

comparison group. Some of the differences 

might be explained by a difference in social 

class distribution. Nevertheless, 14.5% of chil¬ 

dren of diabetic mothers were intellectually 

subnormal and, excluding three children from 

poor social backgrounds, the percentage was 

10.5%. Peterson and others have not found any 

relationship between IQ of IDM and maternal 

White class and metabolic compensation. Like 

Yssing’s previous studies (71), this follow-up 

found low birth weight (preterm birth or 

IUGR) infants were at greatest risk. Children 

of IDDM mothers remained at risk for psy¬ 

chomotor problems. Poor performance in three 

noncognitive fields (the grooved pegboard test, 

the McCarthy Motor, and the Qualitative Mo¬ 

tor Development Score) suggested a neurologic 

immaturity or sequellae to some adverse in¬ 

fluence on the development of the fetal brain. 

In the Swedish experience reported by Pers- 

son and Gentz (76), at age 5 yr, 53 children of 

IDDM mothers had normal physical and neu¬ 

rologic development (13 infants lost to follow¬ 

up and, accordingly, not examined had more 

perinatal complications including malforma¬ 

tions than the follow-up group). Social class 

and data from infants of nondiabetic mothers 

were not evaluated. No obvious relationship 

was found among the variables of acetonuria 

during pregnancy, infant birth weight, blood 

glucose during first hours after birth, and neo¬ 

natal complications and subsequent IQ of the 

children. These studies were in agreement 

with those of Hadden and colleagues (77), 

Cummins and Norrish (78), and Reid and Rus¬ 

sell (79) whose studies in children of mothers 

with GDM were more optimistic than those in 

older studies (71, 80, 81). 

The differences in outcome of children with 

IDDM may reflect differences in study proto¬ 

cols and perhaps differences in maternal com¬ 

plications during gestation. In the Belfast 

study of Hadden and associates (77), several 

trends were noted beyond age 4 yr that did not 

reach statistical significance. These children 

appeared to miss school and to have a some¬ 

what lower academic achievement in teachers’ 

assessments than the control group. 

GROWTH PATTERNS AND SUBSEQUENT 
RISK OF DIABETES 

Oppermann and colleagues (82), in a study 

of GDM and macrosomia, found that large ba¬ 

bies were more prone to become or stay obese 

in later life. Farquhar (83) followed 231 chil¬ 

dren of “truly diabetic women” in Edinburgh 

and compared tl\eir birth weights with weight 

1-19 yr later. He employed a weight/height 

index using the 50th percentile for height and 

weight as 100/100 = 1.0. At birth, two thirds 

of the infants had an index of 1.0 or greater. 

Subsequent findings showed a clear trend to¬ 

ward heavy babies becoming heavy children. 

Pima Indian women with NIDDM also have 

excessive obesity in their offspring (84). Insen¬ 

sitivity to insulin has been reported in off¬ 

spring of NIDDM (85). 

Improved control of maternal diabetes dur¬ 

ing pregnancy will enable better correlations 

to be made for the assessment of relative risks 

of genetic factors, maternal metabolic abnor¬ 

malities, and neonatal and childhood obesity. 

Prospective studies that include skin fold 

measurements at birth may provide a better 

index of neonatal obesity than birth weight 

alone and should be helpful in defining the 

relative risk of long-term obesity in infants of 

mothers with IDDM, NIDDM, and GDM. 

Children of IDDM are at higher risk for de¬ 

veloping insulin-dependent diabetes. Many 

studies have been conducted throughout the 

world to assess the risk for development of di¬ 

abetes in IDM. Estimates vary depending upon 

whether glucose tolerance tests were per¬ 

formed. White (86) reported that in the United 

States 9% of infants were diabetic by adoles¬ 

cence and 14% had borderline glucose toler¬ 

ance. In Denmark, Yssing (71) detected 

diabetes in 1%, borderline diabetes in 15.9%, 

and an abnormal oral glucose tolerance test in 

18.4%. All reports suggest the risk for devel¬ 

oping diabetes is far greater in IDM than the 

normal population. It will be important in fu¬ 

ture studies to compare the outcome in chil¬ 

dren of mothers with IDDM, NIDDM, and 

GDM. Amendt and colleagues (87) have found 

a high percentage of abnormal or borderline 

glucose tolerance tests in IDM, and Persson 
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and associates (88) report a frequency of IDDM 

of 3% in offspring of IDDM mothers. 

It is extremely difficult to assess subsequent 

risk of diabetes in IDM because of the lack of 

a genetic marker for any type or subtype of 

maternal diabetes. From the experience in 

well-studied Pima Indians who have NIDDM, 

the risk for diabetes in children of mothers 

with this type of diabetes is likely to be much 

higher than for children of IDDM mothers. 

Pettitt and associates f89) suggest that the 

intrauterine environment is an important 

determinant for congenital susceptibility to 

NIDDM. 

In summary, diabetic mothers who are in 

poor control at conception are at much higher 

risk for infants with congenital malformations 

and higher morbidity and mortality. There has 

been a dramatic fall in perinatal complications 

of IDM, which reflects better maternal meta¬ 

bolic control throughout pregnancy, preven¬ 

tion of premature births, improved methods of 

labor and delivery, and the availability of neo¬ 

natal intensive care nurseries. The relation¬ 

ship of maternal diabetes of various types upon 

the growth patterns and risk of diabetes in 

their children has not been established but will 

be of importance in these families. 
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SECTION 

XI 
Conclusion 

In this revised guide for the management of 

abnormal carbohydrate tolerance during preg¬ 

nancy, the problem has been approached as a 

complex metabolic experiment of nature that 

involves not only elevated maternal plasma 

glucose levels, but all metabolic fuels that com¬ 

prise the fetal diet in utero. In this scheme, a 

large, complex new endocrine gland, the pla¬ 

centa, develops de novo and plays a central role 

in both the delivery and modulation of mater¬ 

nal fuels to the fetus. IDDM and NIDDM are 

presented as two entirely different metabolic 

diseases that unfortunately share the label di¬ 

abetes in common. GDM is a serious and het¬ 

erogeneous disorder that requires more precise 

definition in individual lean and obese women. 

Our future knowledge of pregnancy compli¬ 

cated by diabetes will involve well-designed 

prospective clinical and laboratory investiga¬ 

tions to provide a better understanding of the 

maternal, fetal, and placental compartments. 

For individual diabetic women, the best ap¬ 

proach to successful pregnancy requires: (a) 
preconception counseling and optimal diabetic 

control before conception, (b) meticulous man¬ 

agement of diabetic control during pregnancy 

by a diabetes team in a regional perinatal cen¬ 

ter, (c) prompt attention to the diagnosis and 

treatment of both trivial and serious compli¬ 

cations of pregnancy, (d) careful timing and 

appropriate mode of delivery, (e) good diabetic 

control in the intra- and postpartum periods, 

if) attendance of a pediatrician at the delivery 

who is knowledgeable in the assessment and 

management of infants of diabetic mothers, 

and (g) the proximity of a neonatal intensive 

care nursery. 

The care of pregnant diabetic patients is an 

exciting challenge for physicians and para¬ 

medical personnel. In this setting, the role of 

the obstetrician is expanded and he or she be¬ 

comes the pediatrician for the unborn child, 

internist for the mother, and mental health 

counselor for the family. 
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Page numbers followed by italic “t” denote tables; those in italics denote figures. 

Abdomen, as insulin injection site, 85 
Abdominal circumference growth, fetal, 210 
Abdominal wall defects, 196 
Abortion 

diabetic retinopathy and, 172 
for chi’onic renal disease, 21 

Abstinence, sexual, 252-253 
Acesulfame-K (Sunette; Equal), 113 
Acetonuria, 160 
Acidosis, anion gap in, 163t 
P-Adrenergic inhibitors, 183-183t 
AFI (amniotic fluid index), 195, 213 
Alanine, diurnal changes in during normal late 

pregnancy, 31 
Alcohol consumption, maternal, 113 
American Diabetes Association (ADA) 

dietary management guidelines, 114 
exchange lists, 114, 116 
recommended carbohydrate intake, 114 

Amino acids 
pathogenesis of IDDM and, 57 
placental transfer of, 33 

Amniocentesis, 226, 229 
Amnionitis, premature rupture of membranes and, 

195-196 
Amniotic fluid 

phospholipid concentrations, fetal pulmonary 
maturation and, 228 

volume, determinants of, 196 
volume of, in growth retardation, 215 

Amniotic fluid index (AFI), 195, 213, 215 
Angina, 178 
Angiotensin convertase inhibitors, 184 
Angiotensin-converting-enzyme inhibitors, 183 
Anion-gap acidosis, 161-163t 
Anteroposterior trunk diameter (APTD), 211 
Antihypertensive agents, selection of, 182—183t 
Artificial pancreas (Biostator), 61, 85 
Aspartame (Nutrasweet), 113-114 
Asphyxia, perinatal, 206-207, 267 
Aspirin, preeclampsia and, 187, 189 
Asymmetric intrauterine growth retardation, 215 

Autonomic neuropathy, 178 
Azathioprine (Imuran), 20 

Barrier methods of contraception, 246-247, 253 

Beckwith’s syndrome, 267 
Betamethasone, for neonatal respiratory distress 

prevention, 194 

Bicarbonate serum levels, in acidosis, 163t 
Bilirubin, neonatal hyperbilirubinemia and, 266- 

267 
Biophysical profile (BPP), 215-216t 
Biostator, 61, 85 
Biparietal diameter (BPD), 211 
Birth defects. (see Congenital malformations) 
Birth injury, gestational diabetes and, 50 
Birth weight, prediction of, 210-212 
Bishop score, 23It 
Blood chemistry laboratory values, xxxiv-xxxviii 
Blood flow 

during pregnancy, 128 
fetal, maternal exercise and, 129 
uteroplacental, 178 

Blood pressure, elevated. (see Hypertension) 
Blood volume exchange, formulation for 

calculation, 268 
BMI (Body Mass Index), 106t, 108, 125-126 
Body mass index (BMI), 106t, 108, 125—126 
BPD (biparietal diameter), 211 
BPP (biophysical profile), 215-216t 
Bradycardia of fetus, maternal exercise and, 129- 

130 
Brain development, 271 
Breast cancer risk, oral contraception and, 248- 

249 
Breast milk, from IDDM mothers, 244 
Breastfeeding 

by IDDM mothers, 240 
lactation and, 244-245 

Brittle diabetes, 86, 89—91t 

C-peptide (connecting peptide), 37, 38, 47-48 
Caffeine ingestion, pregnancy outcome and, 113 
Calcium 

dietary intake during pregnancy, 108 
food sources, lilt 
neonatal hypocalcemia and, 265-266 
RDA for pregnancy, lilt 

Calcium antagonists, 184 
Calcium channel blockers, for preterm labor, 193 
Captopril, 184 
Carbohydrate intolerance 

during pregnancy. (see Gestational diabetes 
mellitus (GDM)) 

tests for, 49t 
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Carbohydrate metabolism 
in early pregnancy, 287 
in late pregnancy, 297 

Carbohydrates, dietary 
distribution in diet, 114-115 
recommended intake of, 114 
simple vs. complex, 115 
types of, 115-117 

Cardiac output, 127, 128, 178 
Cardiomyopathy, 178, 268-269 
Cardiorespiratory distress, 269 
Cardiovascular disease risk, oral contraceptives 

and, 2477, 248, 253 
Cardiovascular problems, in diabetic pregnancy, 

178 
Cerebral palsy, 229 
Cervical cap, 247 
Cervical ripening, 226, 231 
Cesarean section 

diabetic control for, 233, 2357 
for failed induction of labor, 231-232 
indications for, 2307, 232 
rates of, with diabetic pregnancy, 225 

Children of diabetic mothers, (see also Infants of 
diabetic mothers (IDM)) 

growth patterns, 272-273 
long-term observations, 271—273 
subsequent risk of diabetes, 272—273 

Chloride serum levels, in acidosis, 1637 
Cholesterol 

dietary management of, 115 
diurnal profiles, 39-41 
oral contraception and, 249-250 

Chronic hypertension, (see Hypertension) 
Classification of diabetes 

problems with, 3 
scheme for, xxx 

Clonidine, 1837, 187 
Cognition, hypoglycemia and, 93-94 
Colloid volume exchange calculation, 268 
Color fundus photography, 168 
Conception date, documentation of, 208 
Congenital malformations, 269-2707 

detection of, 208-2107, 210 
gestational age and, 13-14 
in infants of diabetic mothers, 9-141 

by White classification, 9-10, 111 
in planned vs. unplanned diabetic pregnancies, 

10, lit 
incidence ratios, 137 
incompatible with life, 1 
of infants of diabetic mothers, 269-2707 
of prenatal hypoglycemia, 85 

Congestive cardiomyopathy, 268-269 
Connecting peptide (C-peptide), 37, 38, 47-48 
Continuous subcutaneous insulin infusion (CSII) 

deaths and, 87 
fetal and maternal responses, 72 
HbAlc and, 87 
infectious complications of, 86 
long-term followup reports, 86-87 
morning hyperglycemia and, 89 
retinopathy risk and, 167 
Sleep-Sentry and, 87 
technique, 86t 

Contraception, guidelines based on current 
information, 246-254 

Contraction-stress test (CST), 216-2177 
Coronary artery disease, 115, 178 
Corticosteroids 

for neonatal respiratory distress prevention, 

193-194 
premature rupture of membranes and, 196 

Cortisol, diurnal profiles of, 37, 39 
Counseling, preconception, 1 
Crystalloid volume exchange calculation, 268 
CST (contraction-stress test), 216-2177 
Cyclosporine (Sandimmune), 20 
Cystic fibrosis 

carrier status, detection of, It 
genetics of, 7-8 v*. 
secondary diabetes of, 7—8 

dietary management of, 123-124) 

Dawn phenomenon, 91, 93, 98 
DCCT (Diabetes Control and Complications Trial), 

16, 88 
Delivery 

constant attendance by nursing personnel, 230 
continuous fetal heart monitoring and, 229-230 
diabetic management during, 233, 2357 
early strategy for diabetic women, 190 
flow sheet for diabetic patients, 234 
forceps or vacuum assisted, 232 
management of, 225 
spontaneous, contraindications for diabetic 

women, 2307 
thyroid dysfunction during, 245 
timing of, 226, 2277 

Dexamethasone, for neonatal respiratory distress 
prevention, 193-194 

Diabetes Control and Complications Trial (DCCT), 
16, 88 

Diabetes in Early Pregnancy Study (DIEP), 10-11, 
167, 206 

Diabetic control 
before conception, 9, 107 
during labor and delivery, 233, 2357 
for IDDM pregnancies, 121-122 
goals, reasonable and achievable, 1477 
in IDDM, around 24-H clock, 61-63 
monitoring, by glucose loss in 24-hour fractional 

urines, 148-150 
near normalization vs. full normalization goal, 

12 
outcome measurements to assess efficacy, 152- 

153 
poor, 206-207, 227 

rapid tightening during gestation, retinal 
changes and, 167-168, 170 

Diabetic ketoacidosis 
complications of treatment, 163, 1667 
pathogenesis of, 161, 162 
precipitating factors, 1617 
treatment of, 163, 1647 
vs. lactic acidosis, 161-162 

Diabetic ketoalkalosis, 162-163 
Diabetic metabolic embryopathy, 14 
Diabetic nephropathy. (see Nephropathy) 
Diabetic retinopathy. (see Retinopathy) 
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Dialysis, kidney, 20 
Diaphragm, 246-247 
Diazoxide, 187, 188/ 
DIEP (Diabetes in Early Pregnancy Study), 10-11, 

167,206 
Diet 

calcium in, 108 
high-carbohydrate, low-fiber, low-fat, 115, 777 
postpartum adjustments for lactation, 240 

Dietary management 
general principles, 103, 114-1174 
individualized, 117-124fc 
of gestational diabetes mellitus, 96 
of IDDM, 119—122^ 
of NIDDM, 102 
of secondary diabetes, 123-1241 

Diuretics, for hypertension and/or preeclampsia, 
183-184/ 

Doppler ultrasound flow velocity tests, 220-221 
DR genes, IDDM and, 3-4 
DR3 phenotype, IDDM and, 60/ 
DR4 phenotype, IDDM and, 60/ 

Eclampsia, 185, 186, 187 
Edema 

in diabetic pregnancy, 179 
in preeclampsia, 184-185/ 
macular, 168 
optic disc, 168 

Electrocardiography, potassium levels and, 165 
Electroencephalography abnormalities, of IDDM, 

93-94 
Electrolytes, serum, in acidosis, 163/ 
Electronic fetal monitoring, 216-218/ 
Embryogenesis, hypoglycemia and, 88 
Emotional stress, 98, 158 
Emotional support, 74 
Enalopril, 184 
Energy cost, total, of pregnancy, 104-706 
Epinephrine, 129, 130 
Equal (acesulfame-K), 113 
Esophageal atresia, 196 
Estrogens, in oral contraceptives, 247-248 
Ethnic distribution of diabetes, 69 
Exercise 

as treatment, historical background for, 130- 
131 

fetal risk and, 129-130 
for IDDM pregnancy, 131-133/ 
for NIDDM pregnancy, 133-134 
gestational diabetes and, 134-135 
guidelines during pregnancy, 133/ 
in normal pregnant women, 128-129 
left ventricular dysfunction and, 178 
physiologic hemodynamic changes in, 127—720 
warning signs to stop exercising, 133/ 

Eye care guidelines, for diabetic pregnancy, 17/ 

Fat 
maternal storage during pregnancy, 107 
metabolism of, in pregnancy, 29/ 
recommended dietary intake of, 114 

Femur length, fetal, 211 
Femur length to abdominal circumference (FLAC), 

212 
Fertility, surgical control of, 247 

Fetal anomalies, detection procedures, 14 
Fetal complications 

death, 206-207 
perinatal asphyxia, 206-207 
preterm birth, 207 
spontaneous abortion, 206 

Fetal death, 206-207 
Fetal dystocia, 50, 51, 212-213 
Fetal growth 

abnormal, evaluation of, 210-215 
Pedersen hypothesis of, 262-263 
record of, 213 
retardation of. (see Intrauterine growth 

retardation (IUGR)) 
Fetal heart monitoring, continuous, during 

delivery, 229-230 
Fetal hydrops, 196 
Fetal movements, maternal counts of, 218-220 
Fetal pulmonary maturation, assessment of, 226- 

229 
Fetal surveillance. (see also specific surveillance 

tests) 
biophysical profile and, 215-216 
detection of congenital malformations, 208, 210 
electronic fetal monitoring, 216-221/ 
evaluation of abnormal fetal growth, 210-275 
tests, timing for, 209/ 

Fetal survival, nephropathy and, 174-175 
Fetal weight estimation, 211-212 
a-Fetoprotein 

in amniotic fluid, 208 
in maternal serum, 208 

Fetus 
acidemia of, fetal movements and, 207 
complications of, 206-207 
glucose concentration of, 32 
goals of management during diabetic pregnancy, 

205 
in NIDDM, 66-67 
major activities of, 205 
maternal exercise and, 129—130 

Fiber, dietary 
blood sugar control and, 116-117 
gastrointestinal neuropathy and, 179 
guidelines, 116-117 
insulin sensitivity and, 114-115 

FLAC (femur length to abdominal circumference), 
212 

Folacin 
food sources, 111/ 
RDA for pregnancy, 111/ 

Folate, 112 
Free fatty acids 

diurnal changes in, during normal late 
pregnancy, 31 

oral contraception and, 251 
placental transfer of, 33-34 

Fructosamine, plasma, 151 
Fructose, dietary, 115-116 
Fuel mediated organ teratogenesis, 11-72 
Functional hypoparathyroidism, 265 

Gantrisin, 21 
Gastrointestinal neuropathy, 179 
Gastroschisis, 196 
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GDM. (see Gestational diabetes mellitus (GDM)) 
General Cognitive Index, 272 
Genetics 

of diabetes, 3-8 
of NIDDM, 68, 70 
retinopathy and, 16 

Genital tract anomalies, 14 
Gestation 

early, during normal pregnancy, 28-29) 
late, in normal pregnancy, 29-31 
normal hemodynamic changes of, 127 

Gestational diabetes mellitus {GDM) 
birth injury and, 50 
classification of, 45 
congenital malformations and, 13, 208 
diagnostic criteria, 49-50) 
electronic fetal monitoring and, 217-218 
emotional support and, 74 
ethnic distribution of, 69 
exercise and, 134—135 
'heterogeneity of, 47-48 
in normal-weight women, 96 
in obese women, 96 
incidence of, 47 
infants of, measurements of, 52-53) 
insulin therapy for, 96-97 
labor and delivery, diabetic control for, 233, 235) 
lean vs. obese, 49-52) 
macrosomic fetus and, 50 
metabolic characteristics, 96 
nutritional management of, 117-119) 
postpartum management of, 242-243) 
prenatal screening, 48-52) 
risk factors for, 48) 

serum C-peptide levels in, 47-48 
shoulder dystocia and, 50 
treatment options, 96 

Gestogene (SHG451g), 249-250) 
Glucagon 

diurnal profiles during pregnancy, 37, 38 
hepatic glucose production and, 130 

Glucocorticoids, premature rupture of membranes 
and,196 

Glucose, blood 
changes in 24-hours, 150 
cognitive function and, 94 
control of. (see Diabetic control) 
decreased levels. Hypoglycemia, neonatal); (see 

Hypoglycemia, maternal 
dietary fiber and, 116-117 
diurnal changes during normal late pregnancy, 

30 
during p-sympathomimetic treatment, 192 
fetal concentrations of, 32 
home monitoring, 146-148 
homeostasis of, during exercise, 130-131 
in IDDM pregnancy, postpartum control of, 240— 

242 
in normal-weight nondiabetic women, during 24- 

hours, 147 
increased levels. (see Hyperglycemia) 
maternal concentrations of, 32 
monitoring of, in neonatal hypoglycemia, 264 
outliers, 98 
placental transfer of, 32-33 

postprandial, dietary fiber and, 116-117 

self-monitoring, 146 
Glucose, urinary 

changes in 24-hours, 150 
fractional 24-hour loss, determination of, 149- 

150 
quantitative, in fractional urines, 148-150 

Glucose counterregulation, 88 
Glucose infusions, for neonatal hypoglycemia, 

264-265 
Glucose intolerance, classification of, xxx 

Glucose meters, 146-148 
Glucose tolerance, impaired during pregnancy, 

detection of, 49-50). See also Gestational 

diabetes , 
Glycemic control. (see Diabetic control) 
Glycemic index, 116 
Glycohemoglobin, 206 
Glycopenia, fetal heart and, 95 
Glycosuria, 160 
Goiter, 180 
Group B streptococcal infection (GBS), 195—196 
Growth patterns, of children of diabetic mothers, 

272-273 

Hashimoto’s thyroiditis, 180, 245 
HbAlc. (see Hemoglobin Alc (HbAlc)) 
hCS. (see Human chorionic somatomammotropin) 
HDL cholesterol, oral contraception and, 249-250 
Heart rate 

fetal, maternal hypoglycemia and, 94-95 
maternal, 127, 128 

HELLP syndrome, 185-186), 187 
Hemoglobin, during pregnancy, 111-112 
Hemoglobin Alc {HbAjc) 

abnormal, cardiac malformations and, 210 
blood glucose and, 151 
congenital malformations and, 10, 11) 
continuous subcutaneous infusion and, 87 
diagnosis of GDM and, 49 
exercise and, 134 
for maternal surveillance, 150-151 
in IDDM pregnancy, 61, 228 
in poor diabetic control, 132 
infant birth weight and, 151 
reversible glucose intolerance and, 47 

Hemorrhage 
intracranial, 187 
postpartum, 232 

HHNS (hyperglycemic, hyperosmolar nonketotic 
syndrome), 163-166 

Histocompatibility complex (HLA) haplotypes, 3-4 
HLA-DQp gene, IDDM and, 4-5 
HLA-DR3 haplotype, IDDM and, 3-4 
HLA-DR4 haplotype 

IDDM and, 3-4 
retinopathy of IDDM and, 16 

Home glucose monitoring 
daily record of, 148 
during pregnancy, 146-748, 149) 

Hormones. (see also specific hormones) 
brittle diabetes and, 90 
dawn phenomenon and, 93 
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Hospitalization 
for noncooperative patients, 180 
of IDDM pregnancy, 62 

Human chorionic somatomammotropin (hCS) 
during late gestation, 29, 30 
placental synthesis of, 263 • 

Hydralazine, 183*, 187, 188* 
Hydramnios, 134, 196-197* 
P-Hydroxybutyrate, 160 
Hyperbilirubinemia, neonatal, 266-267 
Hypercholeremic acidosis, 161 
Hyperglycemia t 

control of, maternal retinopathy and, 16 
morning, in IDDM patients on CSII, 89 
postprandial, 89 
rebound, 89, 265 

Hyperglycemic, hyperosmolar nonketotic syndrome 
(HHNS) 

clinical features of, 163-164 
pathophysiology of, 167 
precipitating factors, 164-165 
treatment of, 165-166, 169*-170* 

Hyperketonemia, metabolic acidosis of, 161 
Hyperlipidemia, 39 
Hyperosmolar diabetic patient, (see 

Hyperglycemic, hyperosmolar nonketotic 
syndrome (HHNS)) 

Hypertension 
chronic, 181-184* 
classification of disorders, 181* 
definition of, 182* 

doppler ultrasound flow velocity tests and, 220- 
221 

drug therapy 
first-line agents, 183*, 187 
second-line agents, 183*, 187 

goal of therapy, 182 
in preeclampsia, 185* 
management of pregnancy diabetic women with, 

182 * 
mild, management of, 184 
oral contraception and, 249 
severe 

contraindicated drugs, 188* 
drug therapy for, 188* 
first-line agents for, 188* 
management during labor and delivery, 187 
second-line agents, 188* 

transient, 185 
treatment of, 186-187 

Hypertriglyceridemia, 115 
Hypertrophic cardiomyopathy, 268-269 
Hyperuricemia, 183 
Hyperventilation, 127-128 
Hypervolemia, of pregnancy, 127 
Hypocalcemia, neonatal, 265-266 
Hypoglycemia, maternal 

causes in diabetic patients, 159* 
cognitive changes of, 94 
electroencephalographic abnormalities of, 93-94 
embryogenic effects of, 88 
fetal effects of, 94-95 
in diabetic pregnancies, treatment of, 160* 
in IDDM pregnancy, nutrition and, 120 
inapparent, 88 

nocturnal, 89 
physical injuries from, 93-94 
risk, during MSI or CSII insulin therapy, 90* 
Somogyi phenomenon, 89 
symptoms of, 158-159 
teratogenicity of, 12 

Hypoglycemia, neonatal, 264-265 
Hypomagnesemia, neonatal, 265 

IDDM. (see Insulin-dependent diabetes mellitus 
(IDDM)) 

IDM. (see Infants of diabetic mothers) 
Imuran (azathioprine), 20 
Indomethacin 

for hydramnios, 197 
for preterm labor, 192-193 

Induction of labor, (see Labor induction) 
Infants of diabetic mothers (IDM). (see also 

Perinatal complications) 
congenital malformations of. (see Congenital 

malformations) 
General Cognitive Index, 272 
hyperbilirubinemia of, 266-267 
hypertrophic and congestive cardiomyopathy of, 

268-269 
hyperviscosity of, 267-268 
hypocalcemia of, 265-266 
hypomagnesemia of, 265 
morbidity of, 259-260 
mortality of, 1, 258-259 
outcome improvement for, 1—2 
perinatal complications of, 261-270 
polycythemia of, 267-268 
prenatal care and, 257 
transient tachypnea of, 264 

Infection, 158 
Insulin 

administration, 84* 
by continuous subcutaneous infusion, 72, 86- 

89*, 167 
by multiple subcutaneous injection, 84-85 
individualized, 96 
“insulin-pen” for, 96, 97 
predelivery, in IDDM, 240, 242 

animal, 79 
antibody-bound, in fetus, 35 
baseline replacement dose, 98 
bedtime doses of, 98 
diurnal changes in plasma levels, 30 
duration of action, 80-84* 
fetal secretion of, 263 
for GDM pregnancy, 96-97 
for IDDM pregnancy, 61-62, 97-100* 
for NIDDM pregnancy, 100-103* 
human, adrenal response and, 80-81 
hypoglycemia of, 88-95* 
infusion guidelines during labor and delivery, 

233, 235* 
injection sites, rotation of, 85 
intermediate-acting, 81*, 82 
long-acting or ultra-lente, 85 
mixtures of, 83-84 
normal secretion of, 79 
overinsulinization, 102, 159, 240 
pharmacokinetics of preparations, 79-80 
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Insulin—continued 
placental transfer of, 32—33, 32—36, 34—36 
porcine, adrenal response and, 81 
production, by recombinant-DNA technology, 79 
prophylactic, 96-97 
rapid-acting, 81-82 
requirements during lactation, 242, 244 
resistance, 100 

brittle diabetes and, 90 
diabetic ketoacidosis and, 161 
in NIDDM, 71 

secretion, exercise and, 130 
serum concentrations, 82-83 
types of, 801 
underinsulinization, 242 

Insulin antibodies, 79-80 
Insulin-dependent diabetes mellitus (IDDM) 

antibody-bound insulin, placental transfer of, 35 
atherosclerotic-prone, 251 
bedtime doses of insulin, 98 
Brittle diabetes, 89—917 
cardiovascular problems and, 178 
cholesterol diurnal profiles, 39-41 
clinical characteristics, 691 
congenital malformations of newborns, maternal 

HbAlc and, 111 
control, 24-hour assessment, 92, 93 
control of plasma glucose around 24-H clock, 61- 

63 
coronary artery disease risk, 115 
cortisol diurnal profiles, 37, 39 
dawn phenomenon, 85, 91, 93, 98 
diabetic control during labor and delivery, 233, 

2351 
electroencephalography abnormalities, 93-94 
electronic fetal monitoring for, 216-2177 
emotional support and, 74 
ethnic distribution of, 69 
exercise and, 135 

contradictions for, 1337 
guidelines during pregnancy, 131-1337 
guidelines for, 1321 
indications during pregnancy, 1327 

genetics of, 3-6 
glucagon diurnal profiles, 37, 38 
glucose counterregulation and, 131 
HLA-DR3 and, 3—4 
HLA-DR4 and, 3 —4 
in women of childbearing age, 461 
insulin therapy 

goal of, 79 
intensive, hypoglycemia risk factors, 88 
replacement regimen for, 97-1007 
requirements for, 79 

ketonuria in, 159-161 
maternal hyperglycemia of, fetal lung 

maturation and, 228 
natural history of, 58 
nephropathy of, 79-21, 173-1787 
neuropathy, diabetic autonomic and, 178-179 
nutritional management, 114, 119-1227 
pathogenesis of, 57-61 
perinatal mortality and, 258 
postpartum blood glucose control, 240-242 
preconception counseling and, 206 

pregnancies with severe complications, 63-667 

pregnancy and, 57 
prenatal care, 1 
prenatal risks, 61 
preterm labor and, 190 
prevention of hypoglycemia, recommendations 

for, 1597 
prolactin diurnal profiles, 39, 40 
reestablishment of control during 

hospitalization, 917 
retinopathy of, 15-16, 166-168, 171—176 

Intracranial hemorrhage, 187 
Intrapartum management, complications of, 225 
Intrauterine devices (IUDs), 252, 253, 254 
Intrauterine growth retardation (IUGR) 

asymmetric, 215'*, 
definition of, 213-214 
diagnosis of, 214-2157 
doppler ultrasound flow velocity tests and, 220- 

221 
polycythemia and hyperviscosity risk and, 267 
symmetric, 215 
uteroplacental perfusion reduction and, 185 

Iron 
dietary intake during pregnancy, 108, 110—112 
dietary sources of, 1117, 112 
RDA for pregnancy, 1117 

Iron deficiency anemia, 111—112 
Iron supplements, 110 
Islet cell antibodies, 57 
IUDs (intrauterine devices), 252, 253, 254 

Jaundice, neonatal, 266—267 

Ketoacidosis, metabolic diabetic, vs. starvation 
ketosis, 160 

Ketones, oral contraception and, 251 
Ketonuria, in IDDM pregnancy, 60, 159-161 
Ketosis, of starvation, 159-161 
Kidney transplants, pregnancy and, 20-21 

Labetalol, 182-183, 187, 1887 
Labor 

diabetic management during, 233, 2357 
flow sheet for diabetic patients, 234 
management of, 225 
trial of, contraindications for, 2307 

Labor induction 
Bishop score and, 2317 
cervix unfavorable for, 226 
decision for, 230—232 

failed, cesarean section for, 231—232 
magnesium sulfate for, 192-1937 
oxytocin for, 231 
tocolytic agents for, 190-1947 

Lactation 

breastfeeding and, 244-245 
insulin requirements and, 242, 244 
of IDDM mothers, 240 

recommended dietary allowances for, 1047-1057 
Lactic acidosis, vs. diabetic ketoacidosis, 161-162 
Laminaria, 226 

LDL cholesterol, oral contraception and, 249-250 
Lean women, with gestational diabetes, 49-527 
Lecithin/sphingomyelin (L/S), 228-229, 264 
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pregnancy, 31 
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Lipids. (see also specific lipids) 

metabolism of, oral contraception and, 249-257 
placental transfer of, 33-34 
plasma levels of, 115 

Longitudinal assessment, of diabetic pregnancy, 
151-152 

Macrodantin (nitrofurantoin), 21 
Macrosomia 

antenatal detection of, 216-212 
cesarean section for, 226 
gestational diabetes and, 50, 134 
maternal complications of, 232 
neonatal complications of, 261-264 
neurologic injuries from, 205 

Macrosomia index, 212 
Macular edema, 168 
Magnesium serum levels, in neonatal 

hypomagnesemia, 265 
Magnesium sulfate 

for preterm labor, 192-1931 
for prevention of eclampsic convulsions, 187 

Major histocompatibility complex (MHC) 
genes, IDDM and, 3-4, 57, 58 
haplotypes, susceptibility to diabetes and, 5 

Malformations, congenital. (see Congenital 
malformations) 

Management of diabetic pregnancy 
modalities for, 78 
primary goal, 78 

Maternal serum a-fetoprotein (MSAFP), 208 
Maturity-onset diabetes of the young (MODY), 7 
Medical complications, in pregnant diabetic 

women, 158, 159b (see also specific 
complications) 

Meters, glucose. (see Glucose meters) 
Methyldopa, 182, 1831 
MHC. (see Major histocompatibility complex) 
Minerals, dietary, 108 
Miscarriage, 206 
Mixed meal tolerance test (MTT), 47, 53—561 
MODY (maturity-onset diabetes of the young), 7 
Morbidity, perinatal, 259-260 
Mortality, perinatal, 21, 258-259 
MSAFP (maternal serum a-fetoprotein), 208 
Myocardial infarction, 178 

Natural family planning, 252-253 
Nephropathy, 79-221, 172-1781 

management guidelines, 176-1781 
of IDDM pregnancy, 173-1781 
of NIDDM pregnancy, 21-221, 172-173 

Nervous system anomalies, 14 
Neurodevelopmental studies, of children of 

diabetic mothers, 271-272 
Neuroglycopenia, 94 
Neuropathy, diabetic autonomic, 178-179 
Neuropsychological impairments, 93 
NIDDM. (see Non-insulin-dependent diabetes 

mellitus (NIDDM)) 
Nifedipine 

for hypertension, 1831 

for preeclampsia, 187, 1881 
for preterm labor, 193 

Nitrofurantoin (Macrodantin), 21 
Nitroglycerine, 187 
Nitroprusside, 187, 1881 
Non-insulin-dependent diabetes mellitus (NIDDM) 

case report, 72-73 
cholesterol diurnal profiles, 39-41 
clinical characteristics, 691 
coronary artery disease risk, 115 
cortisol diurnal profiles, 37, 39 
dawn phenomenon, 91, 93 
diabetic control during labor and delivery, 233, 

2351 
dietary treatment, 102 
early gestation and, 66-67 
electronic fetal monitoring and, 217 
emotional support and, 74 
ethnic distribution of, 69 
exercise and, 135, 178 
exercise during pregnancy, 133-134 
fetal malformation risk and, 208 
genetics of, 6-7 
glucagon diurnal profiles, 37, 38 
heterogeneity of, 71 -73 
in women of childbearing age, 461 
incidence of, 6, 68 
ketonuria of, 160-161 
lean subset of, 71 
maturity-onset diabetes of the young, 7 
NDDG criteria, 49-50 
nephropathy of, 21-221, 172-173 
neuropathy of, 178-179 
nutritional management of, 1211, 122-123 
obese subset of, 71 
pathogenesis of, 68, 70 
perinatal mortality and, 258 
postpartum insulin levels, 100 
postpartum management of, 242 
prenatal care, 1 
prolactin diurnal profiles, 39, 40 
retinopathy of, 15-16, 168, 171-172 
treatment of, 100-1031 

Noncompliance, 179-180 
Noncooperative patients, 179—180 
Nonstress test (NST), 215-2171 
Nutrasweet (aspartame), 113-114 
Nutrients, 114-115. (see also specific nutritents) 
Nutrition, (see also Dietary management) 

caloric intake and, 121 
daily food guide for women, 1091-1101 
during normal pregnancy, 103-1141 
timing of meals, 120-121 

Obese women 
fetal assessment and, 210 
infant birth weights for, 107 
insulin administration during pregnancy, 85 
with gestational diabetes, 49-521 

exercise for, 135 
macrosomia and, 261-262 

with IDDM, caloric intake for, 121 
with NIDDM 

control of, 100, 103 
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exercise for, 133-134 
ketonuria of, 160-161 

Obstetric complications, maternal 
chronic hypertension, 181-184* 
future knowledge of, 277 
hydramnios, 196-197* 
preeclampsia, 184-189* 
premature rupture of membranes, 194-196* 
preterm labor, 189-194* 

OCT (oxytocin challenge test), 216-217* 
Oligohydramnios, 215 
Omphalocele, 196 
Optic disc edema, 168 
Oral contraception 

breast cancer risk and, 248-249 
cardiovascular disease risk factors and, 247*, 248 
cholesterol and, 249-250 
hypertension and, 249 
side effects of, 251-252 
triglycerides and, 249-250 

Oral contraceptives, 247-252 , 
Osmolality, serum, calculation of, 168* 
Overinsulinization, 102, 159, 240 
Oxygen cost, of exercise, 129 
Oxygen delivery to fetus, 205 
Oxytocin, for labor induction, 231 
Oxytocin challenge test (OCT), 216-217* 

Pancreas, fetal development of, 262, 263 
P-Pancreatic cells 

attack of, 57, 59 
fetal hypertrophy of, 233 
loss, clinical course of, 57 

Pancreatitis, hemorrhagic, 183 
Patient-physician incompatibility, 180 
Perinatal asphyxia, 206-207, 267 
Perinatal complications 

congenital malformations, (see Congenital 
malformations) 

hyperbilirubinemia, 266-267* 
hypertrophic and congestive cardiomyopathy, 

268-269 
hyperviscosity, 267-268 
hypocalcemia, 265-266 
hypoglycemia, 264-265 
hypomagnesemia, 266 
macrosomia. (see Macrosomia) 
of infants of diabetic mothers, 261-270 
polycythemia, 267-268 
prevention of, 226 
respiratory distress syndrome, 264 
transient tachypnea, 264 

PG (phosphotidylglycerol), 194-195, 227, 229 
pH, blood 

in anion-gap acidosis, 162 
in diabetic ketoalkalosis, 162-163 

Phenylketonuria (PKU), 114 
Phosphatidylglycerol (PG), 194-195, 227, 229, 
Phototherapy, for hyperbilirubinemia, 267 
Physical activity. (see Exercise) 
Physical injuries, of hypoglycemia, 93 
Physician failure, 180 
Pima indians, 68 

PIMS (programmable implantable medication 

systems), 88 
PKU (phenylketonuria), 114 

Placenta 
abruption of, 187 
arterial vessels of, in growth-retarded fetuses, 

214 
during early gestation, in normal pregnancy, 

28-29 
glucose transfer, 32-33 
infarction, 205 
insulin transfer, 32-36 

Placental transfusion recipients, 267 
Polycythemia, neonatal, 267—268 
Polyhydramnios, 197 
Postconception codfjseling, retinopathy and, 15—16 
Postimplantation conceptus, developmental events, 

12* 
Postpartum management 

maternal adjustments, 239 
of gestational diabetes mellitus, 242-243* 
of NIDDM, 242 

Postprandial blood glucose levels, dietary fiber 
and, 116-117 

Postural hypotension, 179 
Prazosin, 183 
Preconception, hypoglycemia risk and, 88 
Preconception counseling 

for retinopathy, 18-19 
importance of, 9 
in Europe and America, 2* 
questions asked by diabetic women, 2 

Preconception planning, 1—2 
Preeclampsia 

aspirin and, 187, 189 
diagnosis of, 184-185* 
doppler ultrasound flow velocity tests and, 220- 

221 
eclampsia and, 185, 186 
exercise and, 134 
in diabetic vs. nondiabetic mothers, 181-182 
labor induction for, 225 
pathophysiologic feature of, 185 
prostaglandins in, 187 
risk factors for, 181-182 
severe 

management of, 187 

signs and symptoms of, 185-186* 
treatment of, 186-189* 

Pregnancy 

effect on different types of diabetes, 45-46* 
normal, 28-31 
retinopathy and, 16-19* 
successful, for diabetic women, 277 
total energy cost of, 104-106 

Premature rupture of membranes (PROM), 194- 
196* 

Prenatal care, 78 

screening for gestational diabetes, 48-52* 
Preterm delivery, risk of, 130, 207 
Preterm labor 

clinical observations, 190 
definition of, 189 
diagnosis of, 190 
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treatment of, 190-194; 

Progesterone, 251 

Programmable implantable medication systems 
(PIMS), 88 

Prolactin, diurnal profiles, 39, 40 • 
Prostacyclin 

in normal pregnancy, 189; 
in preeclampsia, 187, 1891 

Prostaglandin E gel, for cervical ripening, 226, 231 
Prostaglandins, in preeclampsia, 187 
Protein, 108 , 
Proteinuria, in preeclampsia, 184-185; 
Pseudopapilledema, 168 
Psychological problems,'Brittle diabetes and, 90 
Psychomotor problems, of infants of IDDM 

mothers, 272 

RDS (respiratory distress syndrome), 193, 228- 
229, 264 

Rebound hyperglycemia, 265 
Recommended dietary allowances (RDAs) 

for calcium, 108 
for iron, 108, 110 
for normal pregnancy, 103-1041 

Resistance index, 214 
Respiratory distress syndrome (RDS), 193, 228- 

229, 264 
Retinopathy 

IDDM and, 15, 166-168 
NIDDM and, 15-16, 168, 171-172 
pregnancy and, 16, 18-19 
presence, factors of, 1711 
progression, 1711 

Risks 
age-corrected, 5 
for IDDM, by HLA phenotype and genotype, 61 
of siblings, 5-6 

Ritodrine, 191 

Saccharin, 113 
Sacral agenesis syndrome, 269, 270 
Salicylate ingestion, with toxicity, anion-gap 

acidosis of, 162 
Saluretics, 183 
Sandimmune (cyclosporine), 20 
Secondary diabetes 

dietary management of, 123—1241 
of cystic fibrosis, 1-8 

Sex hormone-binding globulin, oral contraceptives 
and, 250 

Sexual intercourse, periodic abstinence of, 252— 
253 

Sexually transmitted diseases, barrier methods of 
contraception and, 246 

SHG451g (Gestogene), 249-2501 
Shoulder dystocia, 50, 51, 212-213 
Siblings, risk of, 5 
Sleep-Sentry, 87 
Small-for-gestational age fetuses, amino acid 

content of, 33 
Sodium, dietary restriction during pregnancy, 

184 
Sodium nitroprusside, 187 
Sodium serum levels, in acidosis, 1631 

Somogyi phenomenon, 89 
Spermicidal contraceptives, 246-247 
Spine length, fetal, 211 
Spontaneous abortion, 206 
Starvation ketosis, 159—161 
Steroids 

for neonatal respiratory distress prevention, 
193-194 

in oral contraceptives, 247-248 
Stillborn infants, 158 
Stress, emotional, 98, 158 
Stroke volume, 127, 128 
Sugar substitutes, pregnancy outcome and, 113- 

114 
Sulfonamides, 21 
Sunette (acesulfame-K), 113 
Symmetric intrauterine growth retardation, 215 
S-Sympathomimetic tocolytic agents, for preterm 

labor, 191-193; 

Teratogenicity 
fuel mediated organ, 11-72 
of oral hypoglycemics, 6-7 
risk in hypoglycemic mothers, 88 

Teratogens, dose-response relationships, 12 
Terbutaline, for preterm labor, 192 
Thiazide diuretics, 183; 
Third trimester, 225 
Thrombocytopenia, neonatal, 183 
Thromboxane A2, serum 

in normal pregnancy, 1891 
in preeclampsia, 187, 189; 

Thromboxane metabolite excretion, 187 
Thyroid dysfunction 

during delivery, 245 
postpartum, 245 

Tocolytic agents, for preterm labor, 191-193; 
Transient tachypnea of newborn, 264 
Transverse trunk diameter (TTD), 211 
Triglycerides, maternal 

dietary control of, 115 
diurnal profiles of, 39-47 
oral contraceptives and, 249 -250 
placental transfer of, 33 —34 

Trimethoprim, 21 
TTD (transverse trunk diameter), 211 
Tubal ligation, 253 
Type I diabetes, (see Insulin-dependent diabetes 

mellitus (IDDM)) 
Type II diabetes. (see Non-insulin-dependent 

diabetes mellitus (NIDDM)) 

Ultra-lente insulin, 85 
Ultrasonography 

for birth weight prediction, 210-212 
for fetal head measurement study, 210 
for gestational dating, 208 

Underinsulinization, of NIDDM mothers, 242 
Urinary tract infections, with renal allografts, 21 
Uteroplacental circulation, exercise and, 128 

Vaginal delivery, with transplanted kidney, 20 
Very low-density lipoprotein (VLDL) 

oral contraception and, 249-250 
placental tranfer of, 34 
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food sources, lilt 
RDA for pregnancy, lilt 

Vitamin C supplements, 110 
Vitamins, 108 
VLDL. (see Very low-density lipoprotein (VLDL)) 

Weight gain 
Body Mass Index, 106, 125-126 
during normal pregnancy, 106-108t 

gestational pattern of, 107 
infant birthweight and, 107 
recommended dietary allowances for, 104t 

Wisconsin Epidemiological Study of Diabetic 
Retinopathy (WESDR), 16 

World Health Organization (WHO), definition of 
diabetes mellitus, 242-243t 

Zinc, dietary, 111—113t 







MH Ufcrafy, Bunding 10 
rf HP? 

UvUlUit^i *i Iw'w U- WO U * *W 

Bsthesda, Md. 2G8D2 

r > 
• LIBRARY 

Amazing Help. 

http://nihlibrary.nih.gov 

10 Center Drive 
Bethesda, MD 20892-1150 

301-496-1080 



Well Organized an 
Read..." —N Engl J Med on the First1 

Recent advances in the understanding of diabetes nr 
impact on pregnancy have inspired a new edition of 
resource for the physician. From new genetic factor 
reiiabie, tested methods of management, the secon( 
revised and updated, featuring: 

a comprehensive section on preconception c 

insights for managing women with IDDM, NIDD 

new types of insulin and their action in diabetic 

mechanisms of hypoglycemia and inapparent t 
during pregnancy 

safe management of the "difficultto control" di< 

dietary recommendations for thin and overwe 
patients and those patients with cystic fibosis a 
diabetes 

fetal obstetric complications and feta! surveiiia 
national insights 

and much, much more. 

From reviews of the first edition: 

v« 

AUG 24 2007 

“Wei! organized and easily read. Any obstetrician, internist, or family 
practitioner who participates in the care of pregnant diabetic 
patients should read this book in its entirety." -~N Engl J Med 

ISBN D-bfl3-DmD3-7 

90000 


