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DIABETES MELLITUS AND PREGNANCY 

I NTRODUCTION 

? regnancy and diabetes mellitus is a common medical proble m, a lt houg h 
those of us in the practice of internal medicine seem to be called on 
infreque ntly to aid in the care of this type of patient. But, with 
t he chang ing philosophy regarding the man a gement of such patients the 
internist is surely going to be a sked, with increa sing frequency in 
the future, to aid the obstetrician with these problems. 

Personally, I have had little experience with this clinical entity and 
thus I thought this would be a timely subject for this Grand Rounds 
Presentation . 

Diabetes mellitus is observed i n approximately 1-2% of all pregnan­
cies. Although this is one of the most common medical complications 
seen in obstetrical practice there remains considerable controversy as 
to the exact definition of the disorder and what is regarded as proper 
management . Furthermore, the exact pathophysiological abnormalities 
responsible for much of the perinatal morbidity and mortality inherent 
in diabetic pregnancies is poorly understood. I will attempt, in this 
review to examine and discuss all aspects of this problem and hope­
fully, put each one into perspective. 

TABLE 1 

CLASSIFICATION OF DIABETES MELLITUS IN PREGNANCY 

l. Class A - Asynptoma t ic (diagnosis based 
on abnormal OGTTl ; gestational 

2 . Class B - Onset of overt diabetes after 
age 20 ; duration less than 10 
year s, no vascular lesions (may 
also be gestational) 

3. Class C - Onset of overt diabetes before 
age 20 , duration less than years 

4~ Class D - Onset of overt diabetes before 
age 10 or greater than 20 years 
duration; or calcification of 
vessels of legs, hypertension, 
or benign retinopathy · 

5. Class ~ - Calcification of oelvic 
blood vessels (not us~O 
presently) 

6. Class F - Ne~hropathy 

7. Class G - Many failurs 

8. Class H - Arteriosclerotic Heart 
Disease 

9. Class R - Proliferative retinopathy 

10. Class T - Renal transplantation 
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Class A diabetes includes those groups of patients with "chemical" 
diabetes that is, those who have a normal fasting plasma glucose level 
but whose response to oral glucose exceeds an acceptable limit. 
According to the new NIH Diabetes Study Group classification (3) these 
pat ient s are asymptomatic prior to pregnancy and have developed 
"gestational diabetes" as a result of the intracurrent pregnancy. 
After termination of the pregnancy they will require re-classification 
into so.ne other group. Some will, of course, revert to normal y lucose 
tolerance and thus fall into the classification of Previous Abnormal 
Glucose Tolerance, while others will continue to have impa ired g l ucose 
to lerance and, there will be some who will r ema in diabetic. 

The term "gestational diabetes" is really a confusing one. Accor~ing 
to the NIH report, this category is restricted to pregnant women 1n 
whom the onset or recognition of diabetes occurs during pregnancy. 
Th·erefore, diabetic women who become pregnant are not included in this 
category. The White Class A diabetic is a "gestational diabetic" in 
that her impaired glucose intolerance occurs with pregnancy. However, 
it is important to realize ·that patients who fall into White Class B 
can also be considered "gestational diabetics". Their fasting 
hyperglycemia may remit with the termination of the pregnancy. 

Is Class A diabetes really a justifiable classification? As I will 
discuss later there appears to be little if a~y increased perinatal 
mor tality in this class of diabetic pregnancy and treatment of the 
"diabetes" is usually limited to dietary management only. From an 
obstetric point of view there appears to be no need for early delivery 
either. So why have such a classification? Although perinatal mor­
tality is p robably normal in this group, there continues to be an 
increased incidence of neonatal morbidity. The infant of the Class A 
diabetic pregnancy should receive special care by the pediatrician. 
Thus, th i s classific~tion is warranted in order to alert the pediatri­
cian. Furthermore , what I feel is most important about this classifi­
cation is the careful observation of the pregnancy. Sometimes there 
is a very thin line between true Class A diabetes and the subsequent 
development of persistant hyperglycemia (Class B diabetes) • One 
should be aware of the patient's history for those indicators of 
potential problems. Such things as a family history of diabetes, pre­
vious delivery of a large baby or an unexplained stillbirth should 
alert the clinician to the situation. 

Class B diabetics are those who have the onset of diabetes after the 
age of 20, or those who have it for less than 10 years and have no 
microvascular lesions . Development of Class B diabetes can also be a 
form of "gestational diabetes". Women who fall into Class Care those 
who developed diabetes between the ages of 10 and 19, or those who 
have had the disease for a duration of 10 - 19 years but who are free 
of microvascular lesions. Class D diabetics are those who were less 
than 10 when their diabetes began or who have had diabetes for more 
than 20 years. Also included in this classification are those diabe­
tics of any age of onset or duration of the disease who have calcifi­
cation of blood vessels in their legs, hypertension or benign diabetic 
retinopathy. Class E diabetics were originally placed in this cate­
gory if they were found to have calcification of their pelvic 
arteries . This classification is no longer in used. Patients fall 
into Class F if they have diabetic nephropathy. Class G diabetics 
are those with multiple organ failures. Class H diabetics have 
arteriosclerotic heart disease. Class R diabetics have proliferative 
diabetic retinopathy and Class T are those pregnant diabetic women who 
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have had a prior renal transplantion (4) 

The Diagnosis of Diabetes Me llitus During Pregnancy 

For those patients who would fall into the diagnostic classificatio n 
o f diabetes B-T is simple, and in most cases, the diagnosis of diabe­
tes has been established prior to the onset of pregnancy . Fasting 
hyper g lycemia present on two or more occasions is all that is needed 
to establish the diagnosis according to the criteria recently 
established by the NIH Di abe tes Study Group f a sting hyperg lycemia is 
defined as a fasting plasma glucose level in excess of 140 mg/ dl. It 
is important to note that according to the NIH group the acceptable 
limit of fasting plasma glucose levels is lowered to 105 mg/dl during 
pregnancy. 

The diagnosis of Class A diabetes (patients with normal fasting plasma 
glucose levels, i.e., less than 105 mg/d l) according to the NIH 
Diabetes S tudy Group requires the use of the oral glucose tolerance 
test. They use the diagnostic criteria of O'Sullivan and Mahan (5) to 
establish the diagnosis. The diagnosis of ~gestational diabetes" can 
be made when two of more of the following p lasma glucose values are 
me t or exceeded (after 100 g glucose dose) fasting 105 mg/dl, l hour, 
90 mg/dl, 2 hours 165 mg/dl, 3 hours 145 mg/dl. 

As seems to be case generally in establishing a diagnosis of diabetes, 
the true incidence of "gestational diabetes" is difficult to ascer­
tain. Amankwah, Prentice, and Flerry (6) using criteria established by 
O'Sullivan and Mahan (5) (these happen to be the diagnostic criteria 
utilized by the NIH Diabetes Study Group) were able to determine that 
the incidence of gestational diabetes was 6 % in p rivate patient popu­
lation. It is of interest to note that when one examines, in a 
re tros pecti ve fashi on, the p revious pregnancy history of these gesta­
tional diabetic pa tients, one finds an inc idence of congenital abnor­
maliti e s of 13.6 % and a total incidence of perinatal abnormalities of 
4.5 %, sugge sting that patients with "gestational diabetes" are at 
g reater risk for an unhappy outcome of their p regnancy than their non­
diabetic counterpart. 

Should all asymptomatic pregnant women be screened for diabetes? If 
so, should the clinician do anything more sophisticated than to 
measure the urine glucose? Should he (she) do a fasting p lasma glu­
cose or oral glucose tolerance test? The answer is no, but there are 
things in the patients' history or initial evaluation that would 
suggest that a fasting plasma glucose or even an oral glucose 
tolerance test be performed. These would include glycosuria on more 
than one random sample; a strong family history of diabetes (one or 
both parents), particuarly in an obese samples; a previous infant 
weighing greater than 10 pounds at birth; and a history of recurrent 
unexplained stillbirth, neonatal death, or congenital anomalies. 

In my opinion what the clinician is looking to primarily identify is 
not the gestational diabetic who falls into the White Class A category 
but those would have asymptomatic fasting hyperglycemia and are in 
Class B. These are the patients who would be at risk for an unhappy 
outcome to their pregnancy should their diabetes go undiscovered • 
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The Effect of Diabetes on the Pregnancy 

In g eneral there is an increased fetal wastag e {perinatal mortality) 
in diabetic pregnancies . This increase seems to be in proportion to 
the seve rity of the diabetes as inc icated by the Wh ite classification 
of the diabetes (7, 3, 9). For example , Table 2 shows the results of 
a large Scandinavian se r ies of 1332 pregnancies in women with diabetes 
followed at a single center from 1946 to 19 72 (7) . As can be seen, 
the pe rinatal mortality increased sig ni fi cantly from 5% in Class A 
diabetics to 35.4 % in those women who fall into Class F. The overall 
perinata l mortality wa s 16 . 3%. They found that cong e nital malfo r­
mation were the most important single cause of perinatal death. 
Although perinatal mortality in each White classification declined 
significantly in the perio d from 1966 - 1972 as compared to that 
period from 1946 - 1965 it is c lear t hat the more severe the diabetes 
the greater the perinatal mortality (Ta ble 3). Table 4 from another 
study (8) shows the incidence of congeni tal malformation in infan ts of 
diabetic mothers according to t he White classification. In this study 
the risk of congenital abnormalities in patients in Class A was not 
inc reased, however, more severe diabetes (White classification B, C, 
D, F) was associated with a high incidence of congenital malifor­
mation. Women whose diabetes began before age 20 had a higher inci­
dence of infants with malformations that were fatal than women who 
developed diabetes at an older age. In this study the risk of conge­
nital malformation was similar for Class B, C, D, and F, affecting one 
in ten infant s , while one in 13 had major malformations . Fetal 
malformation accounted for the death of one in every 75 infants and 
the r isk was tw i ce as high in Classes c, D., and F . as was in Class 
l:l . 

TP.BLE 2 

Perinatal mortality among 
1,332 infants as related to White's classe) 

\lihite's Total no. of Perinatal mortality 
class infants No. % 

A 181 9 5.0 
B 316 44 13.9 
c 331 60 18. 1 
D 425 76 17.9 
F 79 28 35.4 

Total 1,332 217 16.3 

TABLE 4 

Incidence of infants 
classification 

Total uumber of women 

Infants wit.h congenital malformations 
(%) 

Infants with fatal malforma.t.ions 
(%) 

Tl'.BLE 3 
Perinatal mortali ty rela tive to 

White's classes in two periods. l,J32 inLlnts 

1946-1965 1966· 1972 
White's class • Perinatal Perinatal 

mortality mortality 
% % 

A 5.0 5.4 
B 16.2 6.8 
c 23.5 8.5 
D 19.8 15.4 
F 44.2 18.5 

• The number of infants is given in table 2. 

congenital malformation according to ll'hite'3 

A B c D+F 

116 281 173 131 

23 18 14 
( 1·i ) (8·2) (10·4) (IO·i) 

0 9 9 8 
(0) (3·2) (5·2) (6·1 ) 
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Hare and White have reviewed the Joslin Clin ic exp erience fo r diabe tic 
i? reg nanc i es in 1975 (Tab l e 5) (9) . In 72 p regna nci e s of more than 20 
weeks gestation t he overall p e rinatal surviva l rate was 94.4 %. ~os t 
o f the p r oblems occurr ed in t he more severe diabe tic pregnancies . 
This same study also reported their results of pregnancies in diabetic 
wome n who had vascular disease (Class R, F, RF , E. H. and T.) 'rhey 
divided the data from the total of 416 (Table 6 ) into the t ime period 
from 1924 to 1962 (271 cases) and from 1963 to 1975 (145 cases). I n 
both groups, maternal survival in pregnancie s complicated by diabetes 
is p ractically assured except in those women with atheros cle rotic 
heart disease. Three of the four diabetic women in Class H died 
during the course of pregnancy a nd/ or delivery. One woman died unde­
livered, two died within the four week period after delive ry. The 
only maternal survivor in this group was a patient who had coronary 
artery bypass surgery performed three months prior to her pr eg nancy. 
Two of the t h ree children survived their mothers. In other diabetic 
p regnancies viable fetal sur vival in the i r s e r ie s now approches that 
of wome n without diabetes delivery in the same hospital, but not if 
vascular d isease is present despite improvement in care. The othe r 
vascular complications of diabetes seem unaffected by pregnancy. For 
example, there appears to be no progression of diabetic retinopathy 
during t he course of pregnancy (10). 

TABLE 5 

TABLE 6 

N Clas.s 

6 A 
10 B 
33 c 
17 D 
5 F 

Joslin diabetic pregnancies, 1975 
perinatal survival rate: 94.4 per cent 

Fetal distress Neonatal 
serious 

0 0 
2 I 
4 2 
5 2 
2 3 

Motbidity 
ntild 

I 
5 

21 
12 
I 

7i Reaching 20 weel<s' gestation 
Spontaneous abortion rate: 15% 

Viable fetal survival-vascular series •16 ca.sa 

1924-1962 1963·1975 
Class No. Survival No. Survival 

(%) (%) 
R 34 74 48 84 
F 126 65 59 72 
RF 53 54 30 81 
E 58 76 . 4 100 
H 0 4 75 
T 0 (I previable) 

Total 271 143 



/ 6/ 

Pederson et al (7), have slightly refined the prognostic capablities 
of the White Class ificatio n by add ing what they refer to as a PBSP 
(Prognos tically Bad Sig ns in Preg na ncy) classification . This classi ­
ficat i on relates p rognosis to factors that oecome evident only during 
the p r eg nancy . The factors which indicate a poor prognosis include : 

(1) Clinical pyelonephritis: urinar y tract infection 
with an acute eleva tions of temperature exceeding 
39 · C, confirmed by urine culture 

{2 ) Precoma: Di abetic ac idosis wi t h a venous plasma 
bicarbonate level below 10 meq/L 

(3) Severe acidosis: Venous plasma bicarbonate levels 
between 10-17 meq/L 

{4) Severe toxemia: Two of the following three signs 
must be present. 

a) P . B. ) 150/100 for at least 5 days before 
delivery. 

b) More than 0.1% albuminuria for at least 24 
hours before delivery 

c ) Severe edema or weight gain~ 20 kg. 

5 . Mild toxemia : Two of the following three signs present 

a) B . P. 140/90 for at least three days before 
delivery 

b) More than 0.05 % albuminuria for at least 24 
hours before deliver y 

c) Moderate edema or weight gain~ 15 kg. 

6. Neglect: Failure t o foll ow the recommended regimen, 
irrespective of the cause, e . g. , "psychopathy" low 
intelligence, first attendance late in pregnancy (at 
delivery) , poor social circumstanc es and lack of proper 
information. 

Table 7 (7) shows the perinatal mortality combining both the White and 
PBSP classification. As can be seen when the PBSP are present there 
is a marked increase in perinatal mortality at each White classifica­
tion. 

TABLE 7 

PBSP and White's classifications combined. 920 infants (1959-1972) 

PBSP £resent PBSP absent 

White's No. o ( Perinatal mortality No. of Perinatal mortality 

class cases No. % cases No. % 

35 14.3 } 132 4 3.0 } A 
3.4 17.1 

47 9 19.1 132 3.8 B 
68 20 29.4 } 155 14 9.0 } c 9.8 26.7 

119 30 25.2 171 18 10.5 D 
F 48 18 37 .5 13 4 30 .8 

Total 317 82 25.9 603 45 7.5 
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Fuel Homeostasis in Pregnancy 

In order to discuss the metabolism of fuels during pr egnancy it is 
appropriate to look at this from two points of view . That is we must 
discuss in metabolism of pregnancy in both the basal (fasted state) 
and fed state. A summary of maternal-fetal fuel and hormone exchange 
is seen in Figure l (ll) . ~aintenance of glucose homeostasis in the 
fasted, post absorptive state in the non-pregnant condition depends 
upon a balance between the uti lization and production of glucose. 
This control as sugg e sted by Unger (12) is bihormonal in nature, i.e., 
insulin, the beta cell hormone controls the rate of glucose utiliza­
tion by its effects on insulin sensitive tissues such as fat, liver, 
and muscle, wh ile glucagon, the hormone of the alpha cell regulates 
glucose production through its glycogenolytic and gluconeogenic actions 
on the liver. During pregnancy there is a continous loss of glucose 
and amino acids from the maternal to fetal circulation . It is thoug ht 
that the fuel requirements of the developing fetus are met almost 
entirely by the consumption of glucose (13). Thus, glucose is needed 
both to provide energy for protein synthesis and also constitutes the 
precursor for the synthesis of fat for the formation of glycogen . The 
overall level of glucose utilization as determined by measurements in 
the fetal man (14) and the lamb (15) is about 20 mg/minute at term (16), 
which is in considerable excess than the 2-3 mg/kg/minute in adult men. 
Glucose moves easily from the maternal to the fetal circulation. The 
fetal plasma glucose concentration is generally 10 to 20 mg/dl less 
than what is in the maternal circulation. Since, the rate of glucose 
e xchange from maternal to fetal circulation is greater than can be 
explained on the basis of simple diffusion, the process of glucose 
transfer has been described as one of "facilitated diffusion". 

MATERNAL- FETAL FUEL AND HORMONE EXCHANGE 

MOTHER FETUS --- : .. _ 

GLUCOSE ('"I"' INSULIN -71- INSULIN 

GLUCAGON -11- :;<..GLUCA~ 
AMINO ACIDS AMIN O ACIDS 

FFA ~ ·.: 

.. 
KETONES KETONES 

PLACENTA ----
Figure 1 :. Maternal-fetal fuel and hormone exchange. Glucose, amino acids and ketones 

arl' transferred from mother to fetus \\'bile insulin, glucagon. and free fatty acids (FFA) are 
not . Glucose in the fetal circulation s timulates secretion of insulin and inhibits secretion of 
glucagon by fetal islet cells. Amino acids are also potent stimuli of fetal insulin secretion. 

Because, maternal insulin fails to traverse the placenta (17), fetal 
glucose metabolism is independent of maternal insulin availability, 
but fetal insulin is thought to play a central role in the development 
of the consceptus (16) being present and responds approximating to 

- glucose by 12 weeks of gestation (18) (19). 

In addition to the transfer of glucose, amino 
transported by the placenta from the maternal 
resulting in maternal hypoaminoacidemia (20). 

acids are actively 
to the fetal circulation 
Since amino acids espe-
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cially alanine are ke y precursors in the bas a l state for gluconeogene­
sis by the maternal liver the pregnancy results in a drain of glucose 
as well as, glucose precursor from the mother. 

Because of these changes in the maternal circulation the metabolic 
p rofile of the mother in the fasted state is characterized by hypogly­
cemia, hyperketonuria and hypoaminoacidemi a . Ke tones proba bl y trans­
verse the placenta and can be use d by the fetus for fuel in brain 
tissue. The maternal hyperketonuria probably i s the result of the 
hypoglycemia which in turn results in lowe r plasma insulin l eve l s . 
The f al l in p l a sma insul i n levels st imulate s lipolysis providi ng 
substrate for ketone synthesis. 

Glucagon does not cross the placenta in either the maternal to fetal 
or fetal to maternal direction. And, although maternal and neona t al 
alpha cells respond to various stimuli fetal alpha cells do not (21). 

In the nonpregnant individual, the response to ingested nutrients such 
as a mixed meal results in an increase in both insulin and glucago n 
levels. This increase in insulin levels results in uptake of the glu­
cose in the diet into a variety of tissues . The most important of 
these tissues are the liver where glucose may be stored as glycogen or 
converted to fatty acids and triglycerides. 

In the pregnant woman the metabolic response to feeding is charac­
terized by hyperinsulinemia, hyperglycemia, hypertriglyceridemia, and 
insulin resistance (22). This hyperinsulinemic effect is most marked 
in the first trimester of pregnancy and can be seen in response to 
either glucose or amino acids (23). The hyperinsulinemia occurs even 
when plasma glucose levels are no higher than in nonpregnant controls 
(22). Thus a change in the responsiveness of the islets rather than 
an alteration in the circulating sig nal appears to be the responsible 
factor for the hyperinsulinemia of pregnancy. In keeping with this 
hyperresponsiveness of the beta cells, hyperplasia and hypertrophy of 
the beta cells have been demonstrated during pregnancy in rodents (24) 
(Table 8). 

TABLE 8 
!4orphologic changes of the endocrine pancreas in pregnant rate (mean ! S.D.) 

Group EndocrinE tissue B cells I weight of pancreae weight animals 

% % mg g 

.. 
non-pregnant 0, 88 ! 0. 32 70. 8 :!: 2'. 7 411,7:: 37.3 166.3 ! 10.3 

pregnant 2. 20:: 0. 55 82.1:!: 3.3 +· 
432.7 - 43.2 201.5:!: 31.1 

-
p ( 0. 001 < 0,001 11.5 . < 0.005 
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The p resence of insulin resistance during p regnanc y is r e flected by 
highe r blood glucose response to either oral or intravenous g lucose 
than in the nonpregnant state des p it e the presence of hyperi n­
sulinemia. The diminished responsiveness to intravenously admi­
nistered insulin suggest peripheral insulin resistance as well. 

There are several factors which seem to be responsible for the 
"di abe t ogenic" effects of pregnancy, which often re s ults in the 
unmasking of diabe tes in preg nancy (gestational diabetes ) • These 
include human placental lactogen (HPL) progesterone and estr9gen all 
of which are secreted by the placenta. Glucagon physiology appears to 
be normal in pregnancy (22, 25). 

Pathophy siology of Fetal Abnormalities in Diabetes Mellitus 

It seems clear that many of the fetal abnormalities that occur in the 
diabetic pregnancy result from fetal hyper g lycemia and subsequent 
fetal hyperinsulinemia. Since glucose freely passes from the maternal 
to fetal side of the placenta, maternal hyperglycemia results in fetal 
hyperglycemia and subsequent fetal hyperinsulinemia. Mintz et al, in 
elegant experiments (26) studied fetal and maternal glucose and insulin 
responses to the intravascular administration of glucose or amino acid 
in subhuman primate pregnancies in which diabetes had been induced in 
the mother by the administration of streptozotocin. 

Fetal and neonatal baseline insulin leve ls were significantly eleva t e d 
compared to those of controls. The administration of intravascular 
glucose to the fetus, mother or neonate was associated with a prompt 
two to five fold rise in fetal or neonatal plasma insulin con­
centrations. The intravenous infusion of a relatively low con­
centration of mixed amino acids to the conceptii from the 
streptozotocin-treated pregnancies was also associated with an eleva­
tion in fetal and neonatal plasma insulin levels, whereas normal 
monkey fetuses and neonates required a 10-fold greater concentration 
of amino acids in the infusate for a similar response. Furthermore, 
in this study both the neonates and the placentas of the 
streptozotocin-treated pregnant animals were significantly heavi e r 
than average for the period of gestation (Figure 2) , polyhydramnios 
was consistently present and there was an increase in the incidence of 
third trimester stillbirths. Thus, studies in the pregnant 
streptozotocin-induced diabetic subhuman primate seems to be a good 

~ model in which to study diabetic pregnancy. Maternal hyperglycemia 
results in fetal hyperglycemia and fetal hyperinsulinemia. This meta­
bolic milieu results in increased perinatal mortality. 
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Similar findings have been noted in man. Obenshani et al, showed a 
clear relationship between maternal hyperglycemia and fetal hyperin­
sulinemia (19). Another important fact in attempting to understand 
the pathophysiology of fetal abnormalities in diabetic pregnancies is 
that fetal macrosomia (excessive fetal size for gestation age), which 
is common in Class A - C diabetics, is the result, not of edema, but 
is primarily a consequence of increased deposition of fat and glyco­
gen. Table 9 shows the increased skin fold thickness (an indicator of 
body fat) in infants of diabetic mothers as compared to those from 
nondiabetic pregnancies. Whitelaw (28) has provided strong evidence 
that it is the fetal hyperglycemia and hyperinsulinism which contribu­
tes to increased triglyceride synthesis in fetal adipose cells and 
increased deposition of subcutaneous fat. He showed close correla­
tion between maternal fasting blood glucose and mean blood-glucose 
levels with neonatal skin fold thickness. The fattest babies had the 
largest adipose tissue cells and there was significant positive corre­
lation between maternal blood-glucose levels and neonatal cell 
diameter (Figure 3 and 4). 

TABLE 9 

SKIN FOLD MEASUREMENTS IN NEWBORN INFANTS OF DIABETIC MOTHERS 
(Diab. inf.) AND NEWBORN INFANTS OF NORMAL MOTHERS (Norm. inf.) 

Number of infants 
Gestational age (days) 
Body weight (g) 

Body length (em) 
Skin fold thickness (mm) 
Skin fold thickness (range) 

Diab. inf. 

12 
258 

3420 
51 

6.3 
4.8-8.5 

Norm. inf. 

25 
275 

3300 
52 

4. 4 
3.1-6.5 
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Hyperinsulinism may also contribute to the fr equent appearance of the 
respiratory distress syndrome in the infant of the diabetic mother. 
Pulmonary ma turation in the fetus is large l y dependent upon the abi ­
lity of the fetal lung to synthesize surfactant . The synthesis of 
lecithin is dependent in pa rt to ari elevation of fetal gl uco cort icoid 
secre tion whi ch occurs late in gestation (28). I nsuli n has recentl y 
bee n shown to be an antagonist of cortisol in induced synthesis of 
fetal lung cells (29) . 

The Effect of Pregnancy o n the Diabe tes 

The course of diabetes in pregnancy is qu i te variable a nd depe nds in 
large pa rt upon whether or not one is dealing with early or late 
p reg nancy . A schematic drawing of the course of d iabetes in pregnancy 
is presented in Fig ure 5 (30). 

Figure 5 
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During the first half of pregnancy the major influence on maternal 
carbohydrate homeostasis results in . the maternal to fetus transfer of 
glucose. This loss of glucose to the fetus often results in mat e rnal 
hypoglycemia and requires a reduction of insulin dosage. Furthermore, 
this is complicated often by decreased food intake secondary to the 
nausea and vomiting so common in early pregnancy. Things change with 
the onset of the second half of pregnancy, when the diabetogenic 
action of the placental hormones {HPL, Estrogen, Progesterone) over­
come the effects of the continuing glucose loss to the fetus. The 
need for insulin increases and insulin dosage increases approximate ly 
67 % o n the averag e . As i nsulin become s less e f f ect ive there is a 
marked increase in the tendency to develop ketoacidosis. Since during 
even uncomplicated pregnancy ketonuria is common, the recognition of 
diabetic ketoacidosis is difficult because plasma glucose levels are 
often not markedly elevated. In addition, ketonuria may reflect star­
vation ketosis rather than diabetic ketoacidosis and indicate an 
increased need for glucose rather than insulin. 

Postpartum, the rapid fall in the levels of HPL, estrogen and proge­
terone results in a reduction in maternal insulin requirements often 
to levels below the prepregnant course ; It is not unusual for some 
women to undergo a remarkable postpartum remission which can last up 
to six weeks. 

Management 

In the Class A Diabetic 

For those patients who have normal fasting plasma glucose values but 
have abnormal glucose tolerance tests during p regnancy, most recent 
studies show that this pregnancy is not associated with a perinatal 
mortality any greater than that of the general population {31, 32), 
provided that fasting hype rglycemia does not develop. Exceptions to 
this include women who have had a previous stillbirth, who develop 
preeclampsia during pregnancy, or those who require insulin during a 
prior pregnancy. For example, during the period from 1970 to 1972, 
261 women with Class A diabetes were delivered at Los Angeles County 
Womens Hospital their perinatal death rate from the Class A group was 
19/ 1,000 as compared to 32/1,000 in the general population. However, 
in those patients in whom the gestation was not permitted to go to 
term there was a high rate of neonatal mortality almost entirely 
related to hyaline membrane disease. Fetal macrosomia was more common 
in Class A diabetic pregnancies followed to term as compared to the 
general population. Also, there was an increased incidence of neona­
tal hypoglycemia and hyperbilirubinemia. 

For these patients {Type A Diabetics) therapy that includes strict 
dietary control is usually all that is needed. O'Sullivan et al noted 
no improvement in fetal salvage when gestational diabetics were 
treated with insulin unless the maternal age exceeded 25 {33). 
However, Coustan and Lewis {34) divided 72 patients with gestational 
diabetes into three groups: those treated with insulin {20 u NPH and 
10 u Regular) and diabetic diet, those treated with diet alone, and 
those treated with neither. Table 10 shows the results of the study 

_of the 27 patients treated with insulin and diet alone two {7%) had 
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babies weighing more than 8~ lbs. Of the 11 pati ents trea t ed with 
d i et a lone four (36.4 %) had babies we i ghing more 8~ lbs and of the 34 
~atient s treated with neither diet nor ins ul in 17 (50 %) had babies 
weighing more than 8~ lbs. This effect of insuli n on fetal size was 
independent of maternal age . However, th is study is diff icul t to eva ­
luate as they never separated those patients with ges tati o na l d i abetes 
into those with or without fasting hyperglycemia. 

TABLE 10 
I NCJDESCE OF :-v1 ACROS0!\11A A~10SG 72 B~BIES I ~ STLDY 

Babies > 81.·1 pounds 
Average we igh a {kg) 
Average weight (\b/ oz) 
Maternal ae.e 2:: 25 

birthwei;hl above 
Klh po~nds 

Maternal age < 25 
birthweight above 

81f: pounds 
Babies wi th co rrech:d 

weight > 75% 
percentile 

Control 
.v = ]J 

(%i 

17 (50) 
3.625 ± 0.990 
1/IS if: 

17 

7 (41.2) 
17 

10 (58.8) 

16(47.1) 

• = P < 0.005 from control group 
' = p < 0.025 rrom die! group 

Insulin 
N = :1 

(%) 

2(71" ' 
3.281 ± 0.600 
7/ 3'1: 

IS 

I (6.7)• 
12 

I (8.311 

3 (.I I. I )' 

' = P < 0 .05 from control and diet groups 
I = P < 0.05 from control ~roup 

Diet 
.V =! I 

( %} 

4 (36.4) 
3.418 ± 0.624 
7/8'h 

I (50) 
9 

3 (33) 

3m.z> 

= Tables published by Tanner and Thomson (1976)correcting 
weight for se.\, gestatio nal age. maternal height. matern al weight, and 
parity 

~ = P < 0.0 1 rrom control group 

Class A diabetics may be safely followed to term, If they are undeli­
vered at this time fetal surveillance may be indicated. Each fetus 
must be evaluated individually for macrosomia and delivery by cesarean 
section should be considered wh en the estimated fetal weight is near 
4000 - 4500 grams. 

In summary, the Class A diabetic probably requires no treatment except 
diet and provided that she does not develop fasting hyperglycemia she 
is at a low risk for a sudden intrauterine deat h . Thus, she should be 
allowed to go into labor spontaneously. Early delivery in these 
p atients is associated with a high incidence of neonatal death relat ed 
to hyaline membrane disease. However, fetal macrosomia will be more 
common at term in these patients so delivery by cesarean section 
s hould be considered when the fetal size e xceed 4000 gms. Neonatal 
hypoglycemia and/ or hyperbilirubinemia should be anticipated. 

Management of Classes B-R Diabetes 

There seems to be little question that reasonable metabolic control in 
these patients is necessary to achieve a successful outcome of the 
pregnancy. However, there seems to be some disagreement between those 
in the field, about the importance of instituting the most rigid type 
of diabetic control with diet and insulin therapy in order to reduce 
the incidence of perinatal mortality in gravid women with Class B-R 
diabetes mellitus. Karlsson and Kjellmer (35) were the first investi­
gators to report a relationship between the degree of maternal diabe-
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tic regulation and the eventual outcome of the pregnancy in regard to 
the perinatal mortality. Their study was based on 167 hospitalized 
pregnant diabeteics followed at the Obstetric Clinic Sahlgren's 
Hospital from 1961 to 1970. All patients were hospitalized during the 
final weeks of pregnancy and all had whole blood glucose measurements 
done three times daily. In those women whose average blood glucose 
levels were below 100 mg/dl (equivalent to 115, mg/dl plasma) the 
perinatal mortality was 3.8 %. When the mean blood glucose level was 
between 100-150 mg / dl the perinatal mortality increased to 16 % and 
when the mean blood glucose level exceeded 150 mg/d l per inatal mor­
tality inc reas ed to 24%. The y also repo rted a much lower inc i de nce of 
congenital malformation and neonatal morbidity (hypoglycemia, hyper­
bilirubinemia, and RDS) in those pregnancies in which the average 
blood glucose level was less than 100 mg/dl (Table 11) . Other 
investigators as well, have suggested that the degree of maternal 
diabetic control was an important determinent of perinatal mortality, 
i.e., the better the maternal diabetic control the lower the rate of 
perinatal mortality and morbidity. (36, 37, 38, 39, 40). However, in 
a recent study Soler et al (32), were unable to show any difference in 
any neonatal problems when his women were divided in groups with mean 
blood glucose values less than or greater than 110 mg/dl (Table 12). 

TABLE 11 

Perinatal deaths, neonatal morbidity, and malfonnations in relation to 
maternal blood glucose values 

I< 100 mg./100 ml.ji00-150 mg.//00 ml.j > 150 mg./ 100 mi. 

Perinatal deat~s 1961-65 1/12 5/ 36 7/28 
1966-70 1/40 7/41 2/1 0 

Totals 2/5 2 (3.8%) 12/ 77 ( 16%) 9/38 (24%) 

Hypoglycemia• 196 1-65 1/12 1/36 3/28 
1966-70 5/40 7/ 41 1/10 

Totals 6/ 52 ( 12%) 8/77 ( 10%) 4/ 38 (II%) 

Jaundicet 1961-65 0/ 12 5/ 36 3/28 
1966-70 0/40 1/41 0/ 10 

Totals 0/52 (0% ) 6/77 (8%) 3/38 (8%) 

Respiratory distress: 1961-65 2/ 12 10/36 7/28 
1966-70 7/ 40 14/ 41 2/10 

T otals 9/52 ( 17%) 24/77 (3 1%) 9/ 38 (24%) 

Malformation§ l !l61-65 0/12 8/36 2/28 
1966-70 2/ 40 4/ 41 3/ 10 

Totals 2/5 2 (3 .8%) 12/7 7 ( 16%) 5/38 (13%) 

•Includu infanu \\'ith recorded blood glucose values at or below 20 mg. per 100 ml , Only three iofants had obviow 

clinicallisru ol hyposlyc.emia . 
tlncl udes severe jaudice that required ellchange translu sion. Corresponds to bilirubin leveU above 25 mg. per 100 mi . of 

~erum in 6 uses and 20 to 25 mg. per 100 mi. in the remaining 3 babies, who v.·ere all born -t week or more before term. 

!lneludu botb idiopathic rupiratory dittreu (hyaline membrane disuse) :and x ..,ere aspiration. 

lfncludet- both perinatally c.Je.a.d inCants and those surviving the neor..a.t.a.l period. 



TABLE 12 
Neonatal morbidity 1n rdanon to mean ma ternal blood glucose during the 
th1rd trimester 

No. (%} oi infams w1rh indtvidual neonatal pro~lems 
Mean 

maternal Major Respira· 
hlood congenttal tory 

glucose malfor· distress Hypo· Hypo· H~~rbili-
(mg./dl.) matloru syndrome glycem•a calc em1a rubmem1a 

< 11 0 10 l 7 
n = 49 (n) (4) (20) (6) (14) 

> 110 l 9 5 12 
n =51 (6) (14) (18) (10) (24 ) 
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In another study Persson (41), suggested that, while attention to the 
maternal level of control was important, the final answer on how rigid 
the control should be was not in. Further complicating this issue is 
the fact that in the study by Kitzmiller, et al (40) even though they 
reported excellent results with regard to perinatal mortality, the 
degree of maternal glucose control was ~uggested by the Scandinavian 
study (35) was not achieved in all women. The same is true of another 
large series reported by Gabbe, et al (43). 

Because of the importance of this issue, the question of the rela­
tionship between maternal diabetic control and perinatal outcome has 
recently been evaluated by Dr. Peggy Whalley and her colleagues, here 
at Southwestern Medical School and Parkland Hospital (43). The basis 
for their study were 120 overtly diabetic women hospitalized on a High 
Risk Pregnancy Ward at Parkland. Patients (White's classification B­
F) were initially h~spitalized following their initial referral at 
which time the severity of the diabetes was assessed and to provide 
education to the patient regarding the importance of dietary manage­
ment (which was an ADA diabetic diet providing 30 to 35 calories per 
kg of actual body weight) and insulin therapy during the pregnancy. 
All patients were begn on a suitable diet and insulin treatment 
program prior to discharge. After the initial hospitalization all 
were followed at weekly intervals in the outpatient department. 
Patients were routinely hospitalized at 32-34 weeks gestation for the 
remainder of the pregnancy unless complications prompted earlier 
admission. The purpose of this final hospitalization was to achieve 
optimal diabetic control while closely watching the progress of the 
pregnancy. Plasma glucose was measured at least four times per day at 
least one a week (more often if needed) and intermediate and short­
acting insulin were administered as single or split doses as need to 
achieve the goal of therapy which was a fasting plasma glucose value 
of less than 115 mg/dl with comparable preprandial values. 

The patients were closely monitored and these clinical finding were 
regarded as evidence of fetal jeopardy and prompted consideration for 
delivery irrespective of the gestational age: 

1) development of pregnancy-induced hypertension 
2) decreased fetal growth 
3) polyhydrominos 
4) decrease in fetal movements 
5) sudden decrease in insulin requirements 
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In the absence of these features the pregnancy was al lowed to 
p rogress to 37 weeks. Delivery was effected when the L/ S ratio was 
2:1 or greater. A pediatrician was always in attendance at delivery 
and the infant was closely observed in the neonatal ICU . 

Table 13 shows the resul t s of neonatal outcome in relation to maternal 
mean plasma g lucose levels {mean of plasma glucose levels done during 
the final hospitalization) {43). As can be seen, there was no rela­
tionship between the level of maternal diabetic control and fetal· 
perinata l mortality. Although in the groups with poorer diabetic 
control there were more perinatal deaths, these di f ferences were no t 
statistically significant. This point deserves comment. This is in 
reality a fairly small series. Enlargement of the total series might 
result in statistically significant differences between the groups not 
appa rent with this s ize series. Table 14 shows the relationship of 
neonatal morbidity in relationship to maternal diabetic control {43 ) . 
Although more than half of the neonates experienced some morbidity 
there was no relationship between the presence or absence of morbidity 
and the level of maternal control. Those women whose mean prepran­
dial glucose values excee ded 172 mg/dl required earlier intervention 
for signs of fetal jeopardy. Dr. Whalley and her colleagues 
concluc ·~d that maternal hyperglycemia exceeding plasma glucose levels 
of 172 mg/ dl is to be avoided but that mean plasma glucose levels of 
less than 115 mg/dl is unnecessary for a successful perinatal outcome. 

TABLE 13 

PERINATAL DEATHS IN RELATION TO 
MATERNAL GLUCOSE CONTROL 

Mean 
Preprandial 

Glucose mg/dl 

Group I 
< ns 
Group II 
115-172 

Group III 
) 172 

Total 
Pregnancies 

18* 

79 

24 

*includes one set of twins 

Total 
Pe rinatal 

Deaths 

None 

2 

3 



TABLE .14 

DURATION OF PJU:GNANC'Y AND INDICAIIONS FOR 
DELI.VD.Y Cl REI..\!ION TO MATtl\l'IAL GLUCOSE CO!mOL 

l!EAN PREPRANDIAL GLUCOSE (mg/dl) 

Gl\OUP I GROUP II GROUl' III 
< 115 11.5-172 > 172 

liean Gestational As• 36.3 :!: 0.4 36.7 ~ O.l 35 ~ 0.4" 
at Delivery (lleeka 
~ S.E.M.) 

Pregnancy-Induced 4/17 (23%) ll/79 (14%) 14/24 (58%)b 

H~er'tensiou 

Polyhydramnios 0/17 12/79 (15%) 5/24 (21%) 

Decreased Fetal Movement 2/17 (12%) 8/19 (10%) 7/24 (29%) 

Decreased Insulin 1/17 (6%) 9/79 (11%) 6/24 (25%) 
Requirement 

Suspected Fetal 2/17 (12%) 7/79 (9%) 5/24 (21%) 
Growth Retardation 

a Sign1!1cautly shorter gutation when compared to either Croup I or 
Group II (p < . 001) 

b p < .OS 
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Insulin treatment in the pregnant diabetic is no different than of the 
non gravid diabetic in that rigid diabetic control must be pursued 
with extreme care upon the background that hypoglycemia is potent ial l y 
life threatening and should be avoided at all costs. Recent studies 
in nondiabetic populations suggests that maternal hypoglycemia is 
associated with an increase in fetal mortality (44), and cerebral 
palsy and seizure disorders occurs two to three times more frequently 
in children of diabetic mothers (45) . This may be related to maternal 
hypoglycemia (46) • 

Thus, while I feel that the best diabetic control possible should be 
the final goal, as I will mention shortly, this type of control using 
the present modalities of treatment is difficult to achieve. Since 
the risk of hypoglycemia is a real hazard, I think that a more 
moderate policy, such as ·that followed by our OB/Gyn Department, 
should be followed with regard to treatment of the Class B-T diabetic. 
Diet therapy should be insituted in all patients. It should consist 
of 30 cal/kg actual body weight divided between three meals and at 
least a bedtime snack. When necessary, additional midmorning and 
midafternoon snacks should be added. Carbohydrates should provide 
approximately 50% of the total calories with the remainder of the 
calories divided between protein and fat. As in the nongravid diabe­
tic, the carbohydrates in the diet should mainly be in the form of 
complex starches rather than concentrated sweets. Although insulin 
regimines must be individualized usually two daily injections of a 
mixture of intermediate acting insulin (NPH or Lente) and regular 
insulin are required. The ultimate goal of diabetic control is to 
keep the urine free of glucose, and to have fasting plasma glucose 
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values below 115 mg/dl whenever possible. Mean preprandial plasma 
glucose levels should average less than 172 mg/d l (43 ) . However, this 
goal should not be achi e ved at the expense of frequent and sever e epi­
sodes of hypoglycemia. Measurement of glycosalated hemog lobin has 
recently been used to monitor diabetic control during the course of 
pregnancy and has proven to be a good predictor of both maternal gl u­
cose control and o f birth weight. (47, 48). 

For reasons that are not entirely clear to me, diabetic regulation in 
the gravid diabetic is somewhat more simply accomp lished than has been 
the exp erience in the non-gravid diabetic (49). However, while many 
of those who report beneficial effects on pe rinatal mortality from 
rigid diabetic control most really do not achieve this goal in most of 
their patients. Most of their experience is similar to Dr. Whalley's 
in that only a relatively few patients (14% in Dr. Whalley's series) 
(43) was this really accomplished. However, treatment of the pregnant 
diabetic is not all that different from treatment of the nongravid 
diabetic (49), that is, rigid diabetic control is very difficult even 
while the patient is hospitalized. 

In many centers, in order to carefully monitor the progress of the 
pregnancy and to attempt to achieve an optimal level of diabetic 
control, even the uncomplicated pregnant diabetics are hospitalized 
for varying periods of time during the last trimester of pregnancy. 
In any case, all diabetics should be admitted to the hospital at least 
one week prior to the anticipated date of delivery. Once hospitalized 
the patients should be carefully monitored and the diabetic control 
managed according to the principles outlined above. Some institutions 
have gone so far as to use a "closed loop" insulin deliver y system 
(Biostator) during the third trimester of pregnancy to determine the 
patients' daily insulin requirement so as to make opti~al diabetic 
control easier to achieve (50). 

Delivery 

Diabetic management on the day of delivery also results in special 
p roblems because of the rapid fall in insulin requirements that occurs 
with delivery (the result of a fall in concentration of the diabetoge­
nic placental hormones). Several methods have been suggested, the 
most common one being to fast the patient, and to give a reduced dose 
of insulin in the morning of the day of delivery, and begin a glucose 
infusion. Soler and Malins (51) use the following protocol. The 
patients are fasted and infused with 10 g of glucose per hour 
throughout labor and after delivery until normal eating is resum~ed. 
They give a fixed dose of intermediate acting insulin ( NPH 24 units) 
at 0800. They-find this dose suitable for women whose insulin 
requirements during pregnancy ranged from 60 to 250 units / day. This 
protocol is effective for women whose delivery was induced or for 
those having cesarean section. West and Lowy (52) carried 14 diabetic 
patients through labor and delivery using a combined glucose 
(approximately 10 g/h) and insulin infusion (1-2 U/ h). Others have 
used a "closed loop" insulin infusion system to control glucose levels 
during labor and delivery (53). 
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The major challenge in the management of the pregnant diabetic is the 
timing of the deliver y . It has long been known that the risk of 
1ntrauterine fetal death in the diabetic pregnancy increases if the 
p regnancy is delayed beyond 36 weeks (55). However, the incidence of 
respiratory distress syndrome (RDS) is greater the more premature the 
fet us. Herein, lies the dilemma faced by the obstetrician. He (she) 
is faced with the problem of detecting fetal jeopardy which could lead 
to intrauterine death should delivery be delayed while assessing fetal 
maturity to avoid neonatal deaths due to RDS if delivery is premature. 

TABLE 15 

METHODS OF ASSESSMENT 

1. Ultrasound determination of biparietal diameters 
2. L/S (lecithin/ sphingomyelin) ratio in amniotic fluid 
3. Urinary estriql measurement 
4. Oxytocin challenge test (OCT) 

Table 15 shows the methods of fetal assessment which are helpful in 
resolving this dilemma (55) • Fetal growth is determined by ultrasound 
determination of biparietal diameters. Vaginal delivery is to be 
avoided in the case of fetal macrosomia and cesarean section con­
sidered when fetal size is in excess of 4000 gms. The maturity of the 
fetal lung is determined by measurement of the L/S (lecithin/ s phingo­
myelin) ratio in amniotic fluid. The increase in this ratio to 2.0 
which occurs at 35 weeks in nondiabetics, is often delayed in diabe­
tics in Classes A - C. A L/S ratio greater than 2.0 is rarely asso­
ciated with RDS in the neonate regardless of gestational age, except 
in diabet i c pregnancies where a ratio exceeding 2 .0 can be assoc iated 
with RDS in the infant (56). For this reason some workers sugges t 
that measurement of the amniotic fluid phospholipid levels also be per­
formed in an attempt to identify those patients in whom fetal RDS may 
occur despite mature L/S ratios. Amniotic fluid phospholipids were 
found to be absent in 5 of 6 infants of diabetic mothers who had RDS 
despite having L/ S ratios greater than 2.0 (57). 

Fetal jeopardy is evaluated by measurement of urinary estriol excre­
tion (biweekly determinations at over 32 to 35 and daily beyond 35 
weeks). A fall in urinary estriol excretion of 50% indicates fetal 
jeopardy. The oxytocin challenge test (58) which measures the 
response of the fetal heart rate to an oxytocin infusion is done 
weekly after 32 weeks of gestation or as necessary if there has been a 
50% fall in the urinary excretion of estriol. 

Individual management of each pregnancy is necessary. The diabetic 
with Class B-T diabetic should be delivered as close to 38 weeks as 
possible if fetal pulmonary maturity has been established. If estriol 
determination (50% fall) or a positive OCT indicates fetal deteriora­
tion and the L/S ratio was in excess of 2.0, then immediate induction 
or cesarean section should be performed. Cesearan section should only 
be done for the usual obstetric indication. 
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The Infan t of the Diabetic Mother 

Once the gravid diabetic is delivered of a v iable infant the burden of 
reponsibility quickly shifts from the obstetrician to the pediatri­
cian. It is interesting to remember that the infant of the diabetic 
mother is already abnormal at birth, the result of forces extended by 
maternal diabetes and o ften medical manipulation. As discussed 
above, there have been tremendous advances in the outcome of diabetic 
pregnancies. And, although per inata l loss i s much less than it once 
was, there are particular problems t hat relate to the IDM. 

Congenital malformation have emerged as the most important cause of 
perinatal mortality the risk of such occurance is about three or four 
times higher than the risk in an infant of a nondiabetic mother. 
Table 16 shows the types of congenital abnormalities in a series of 
100 consecutive diabetic pregnancies reported by Soler and Malins 
(32). This represented a 9% incidence. 

TABLE 16 

Cnn~en1 ta l malformations 

Fatal major malformations 
(B) Elhs van Crc \'ald syndrome 
(C) Renll l ageneSIS 

(C) C1r mlocul:ue 
(0) Hyt.lwcephalus and coarctation oi aorta 

Nonfatal malf0rmatJons 

Major 

(C ) lmr~rfora t e anus 
(C) Arrial septal Jefect 
(C) Mi!'nmgl'myelocele 

(F) Ventricular serral defect 
(F) Cleft palate 

White class 1s shown in parentheses. 

Mmor 

(A) CystiC hem:mg1oma face 
(8) MiJ line Jefcct superior alvenhu 

marl'!m 
(C) B;6d thumh 

(D) Hvruspadoas 

Other problems which are confronted by the IDM include macrosomia 
which can often result in trauma to both infant and mother during 
vaginal deliery. As mentioned above the increase in fetal size is due 
to a fat accumulation. In fact, Farquhar (59) has described the IDM 
as a "cherubic" overweight infant which is easily picked out in the 
nursery. Other problems encountered by the pediatrician in the IDM 
are listed in Table 17. All require the immediate attention of the 
pediatrician. 
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TABLE 17 

CLINICAL FEl>TURES OF IDM 

1) Congenital Malformation 
2) Macrosommia 
3) Repiratory Distress Syndrome 
4) Hy poglycemia 
5) Hypocalcemia 
6) Hyperbilirubinemia 

With the marked improvement in obstetrical care in the past years and 
the progressive fall in perinatal mortality in diabetic pregnancies, 
it remains the challenge of those in the health care team to reduce or 
effectively treat these postnatal complication of diabetic pregnan­
cies. They will continue to represent the largest part of the problem 
(60) facing those of us interested in diabetes and pregnancy. 
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