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CASE STUDY 

J.H. is a 27 year old Black woman who was recently seen 

in the Parkland Diabetes Clinic. 

In 1980, while pregnant for the first time, glycosuria 

was noted. Because of the glycosuria a glucose challenge 

test (50 gms oral glucose load) was done. The 1 hour post 

load value was 162 mg/dl. Although this result met the 

criteria for a followup diagnostic test for gestational 

diabetes nothing more was done. She delivered a 2765 gram 

normal infant at 39-40 weeks of gestation. 

In 1983, during her second pregnancy, glycosuria was noted 

but no intervention was made. She delivered another normal 

infant at term weighing 3000 grams. At her postpartum 

checkup her fasting blood glucose level was 67 mg/dl. 

Six months later she developed all the classic symptoms 

of diabetes mellitus (polydipsia, polyuria, and weight loss). 

Her blood glucose level was in excess of 400 mg/dl, although 

she was not in ketoacidosis. Insulin therapy was initiated 

and has continued uninterrupted since that time. 



INTRODUCTION 

Approximately 3~ million women become pregnant in the United States each year 

and about 100,000 of these women will develop gestational diabetes mellitus (GDM). 

During the course of this exercise I plan to discuss the definition, detection, 

and diagnosis of gestational diabetes; to outline some of its pathophysiological 

considerations; to describe the therapeutic strategies for managing gestational 

diabetes ; and finally, to point out the implications of gestational diabetes 

upon the fetus, and the offspring of women with gestational diabetes mellitus as 

well as the mother herself. There are many as yet unanswered questions in many 

areas that become apparent when one critically looks into the problem of gesta

tional diabetes. I plan, wherever appropriate, to point out areas where more 

information is required. I also have come to a slightly different conclusion 

about what presently are considered established recommendations of management. 

Diabetes complicating pregnancy is an enormous area for discussion. 

Although I don't plan to spend much time on the problems of pregnancy in women 

with diabetes, primarily due to a lack of time, I would like to say a few 

things. First of all, the diagnosis of diabetes antedates the pregnancy. There 

there is no question that infants born to women with diabetes there is an 

increased risk of congenital malformation as well as an increase in perinatal 

mortality and morbidity. With regard to this final point, it is also clear that 

with the appropriate management of the diabetes during the course of the 

pregnancy that this increase in perinatal mortality can be reduced. The problem 

of increased risk of congenital malformations is less clear. To date there has 

been no impact of improved diabetes control during the course of cne preGnancy on 
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increased risk of congenital malformations. The reason for this is that the 

pregnancy is usually not diagnosed until it is 4-8 weeks along. Most congenital 

malformations have already occurred by then (almost of all developmental changes 

occu r by 6-8 weeks of gestation). It is the advice of most people who care for 

women with diabetes that if pregnancy is desired that euglycemia be achieved 

prior to conception. There is a large multicenter clinical trial presently 

underway to assess the impac t of prepregnancy euglycemia on the subsequent 

development of congenital malformations. Hopefully, data from this study will 

~ive us a better understanding of the relationship of diabetes control early in 

the course of pregnancy on the development of fetal malformations. 

The best classification that I have seen for diabetes complicating a pregnancy 

is given in Table 1. It is actually Freinkel's modification of White's classi

fi cation of carbohydrate intolerance during pregnancy. In general, diabetes 

complicating pregnancy can be divided into gestational diabetes and that is 

further subdivided into those women who have a normal fasting plasma glucose 

level for pregnancy and those with an elevated fasting plasma glucose level for 

pregnancy. It is important to realize that both the fasting plasma glucose 

l evel and mean plasma glucose levels actually decrease throughout the course of 

a non-diabetic pregnancy (Figure 1). 

The second major category contains those in whom the diagnosis of diabetes 

precedes the present pregnancy. The modified class A category would include 

then women with a normal fasting plasma glucose at present but who have had 

gestational diabetes during a previous pregnancy or impaired glucose tolerance 

prior to this pregnancy. The modified class B criteria would include those with 

fasting hyperglycemia who had either. gestational diabetes in a previous 



-3-

prev,nancy, impaired glucose tolerance prior to the current pregnancy, diabetes 

mellitus prior to the pregnancy with or without insulin therapy with a duration 

of 0-9 years or age at the time of cjiagnosis greater than 20 years and no clini-

cal evidence of angiopathy . The rest of Freinkel's classification is identical 

to those of modified White's classification of diabetes complicating pregnancy. 

FTl P.fN KI·: r. ' S foOOTF'TCATlCN Of \o.H"ITE'S CfJ\SS[frCATlO'l 
m· CI\RmlfYCW\TE TNf'Ol.F:RMCE IN PUff",'\1/I.NC'i 

Class 

Gcsl:t\tional. dia~tes rrellitus IGD-t l 

Classification Criteria 

Glocose intolerance with ooset or first 
reca]niti.on during present pregnancy . 

Pas ting qlu::ose nonM.l for 
pregnancy. venous plasrra 
telow 105 tTq/dl. 

f\1Sti.nq rJllr.ose exc~Yis normal 
for preqnancy. Ve:no•J!1 pl <39M 
105 01)/d l or greater oo at 
\t?ast t ...o cccas1ons. 

<\hnormal c.lrbohvdratc rret:-~001 i sm diagnosed pcior to present preqnancy 

Moii f icO c lass B 

Whi rc c l<'tss f ' 

ra~tinq qlucose norrra l with: 
Gl)'.1 1n previous pregnancy 
Or uTp:n red g locose tolerance prior to 
tht s i)reqnancy. 

Pasting glucose exceeds nonra l ·-rith: 
~"H . . • pc·:;"tOi'~ er ~"·:'r<l .. K Y 
or J!Tp'\ i red gllx::ose toLe rance prior to 
this preqn.mcy 
Or diabetes :rell itus prior to pregnancy 
with or wi thout insuiin therapy; and 
with d•J ra twn 0-9 yea rs , or age at 
diagnosis > 20 Y'""_ars . No clinical evi
dence of a.;jgiopathy. 

'1iabetes rrell itus prio-r to pregr.ancy; 
wi t h insul in ther,J.py ; iU"'d with duration 
10-1 9 yc;u-•:;. No clinical evidence 
of ,J.ngivp.'lthy . 

Oiilbetes rrcllitus prie r to pregnancy; 
with insu li n therapy ; and wi th rlur<'ttion 
> :m v• :.H' <; o r •'l<lO < to ')'('•u s ctt diagno
S 1 •;. 1\:l•:kqrouncl rP. t i nopathy or 
c;, Jcl fi od •JC!>!il!l~ o( til\! (L...:!t ,,nd legs . 

Diabetes rrellLtus pr ior to pregnancy; 
with insulin therapy; and clinical 
cvidcnc~ of diabet ic nephropathy without 
pyoloncphritis. 

Diabetes rrellitus prioC' to pregnancy; 
with insulin therapy; and cl inical evi
dence of rralignant retinopathy 
(pre retinal or vitreous hemlrrhages and 
I)('Ovascularizat.ion or collegen scars). 

P<1titm ts wi th ch..V<tctc ri~tics of toth 
c l ass f' M\d clas c; ~ -
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Mean Blood Glucose Values During Pregnancy 

+--++tt 
60 0 4 8 12 16 20 24 28 32 36 40 

Week of Pregnancy 

(Acta Obstet Gynecol Scand 53:37, 1974) 

Definition, Detection and Diagnosis 

Gestational diabetes was defined by the Second International Workshop 

Conference on Gestational Diabetes Mellitus held in Chicago, Illinois on October 

25, 1984 . This was a very important conference sponsored co-jointly by the 

American Diabetes Association, American College of Obstetrics and Gynecology, the 

Americ~n Academy of Pediatrics, Diabetic Pregnancy Study Group, and the European 

AsJoc iat ion for the Study of Diabetes . The recommendations that came out of 

this Conference, for better or for worse, form the bases for the current manage-

ment of women with gestational diabetes. This workshop defined gestational 

diabetes as "Carbohydrate Intolerance of Variable Severity with Onset of First 

Recognition During The Present Pregnancy." This definition applies irrespective 

of whether or not insulin is used in the treatment of the condition or the con-

dition persists after pregnancy. It does not, unfortunately, exclude the possi-

bility that the glucose diabetes may have antedated the pregnancy. This 

possibility that the diabetes may have in fact occurred prior to pregnancy is 

a 1 ~ys ~ large problem wh en one tries to evaluate the results of studies on 
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the outcome of gestational diabetes pregnancy. As a point of fact, gestational 

diabetes almost always disappears after termination of the pregnancy. 

It is now r ecommended that all pregnant women undergo screening for gesta-

tional diabetes between the 24th and 28th week of gestation. The choice of this 

particular time point in the course of the pregnancy is one of the features of 

gestational diabetes that is troubling. From my review of the available litera-

ture 1 am unable to ascertain why this particular time point was chosen. I 

suspect it was picked because by this time in the pregnancy there are high 

levels of diabetogenic placental hormones. In fact, the only real data that I 

could find that addresses the timing of the screening and diagnosis of gesta-

tional diabetes, is that of Jovanovic and Peterson. In their report the time 

point of 24-28 weeks of gestation was not even studied. They did report disco-

vering more women with gestational diabetes, the later in the pregnancy they 

were tested. This finding is, of course, not surprising. Screening procedures 

are li s t ed in Table 2. 

If the screening test is positive (see Table 2) then a diagnostic test for 

diabetes is done (Table 3). The diagnostic tests consists of a 100 gram oral 

glucose tole rance test performed after an overnight 18-14 hour fast following 

three days of unres t ricted diet including greater than 150 grams of carbohydrate 

and unres tricted physical activity. Venous plasma glucose levels are measured 

at fasting, and 1, 2, and 3 hours. Two or more of these values must meet or 

exceed the following values for a positive diagnosis of gestational diabetes. 

Fasting must be equal to or greater than 105 mg/dl 
1 hour must be equal to or greater than 190 mg/dl 
2 hour mus t be equal to or greater than 165 mg/dl 
3 hour must be equal to or greater than 145 mg/dl 
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Please note that this recommendation is different than the usual 75 gram oral 

~lucose load given to non-pregnant adults to establish the diagnosis of diabetes 

and that the test lasts for three hours rather than two . Also note, that the 

glucose values are somewhat lower reflecting the differences in glucose 

homeostasis that occur normally with pregnancy. These data derived many years 

ago by O'Sullivan and his colleagues . 

These data on "normal" glucose tolerance during pregnancy were established by 

the excellent work of O'Sullivan and his colleagues. These data were actually 

rterived based on an 100 gram oral glucose tolerance test given to 752 women during 

their pregnancy. These women were sel ected because they had an abnormal glucose 

r•h:ll l r. nf:'' t.c,:Jt (i . e . po"L SO f(Tl1 ~lucose load of 2.140 ml:{/dl) . The actual timing 

of this test was not given in this paper, however, all women underwent the glu

cose challenge test at their first prenatal visit . The formal oral glucose 

toleranct test was done subsequent to that . Mean values were derived for each 

test po int of the glucose tole rance test. The validity of these "norrl'.al" values 

were then tested on a total of 1,013 women in terms of the incidence to diabe

tes that occurred subsequent to their pregnancy. If one requires that two or 

more values be exceeded, then 16% of women whose whole blood glucose values 

exr:eeded the mean plus two standard deviations from the "normal" value even

tually developed diabetes. Those who exceeded the mean plus three standard 

deviations, 40 percent went on to develop diabetes. Only one woman of those 

whose test values never exceeded the normal values went on to develop diabetes 

(0 . 4%). Thus, the values for normal glucose tolerance in pregnancy actually 

have been chosen because they predict the future development of diabetes in 

these women . They were not developed to predict any risk to the outcome of the 
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present pregnancy. There is one other small problem that should be discussed. 

Once a pregnant woman is discovered to have an abnormal screening test during 

the course of her pregnancy, the subsequent diagnosis of gestational diabetes 

mellitus is based on a single oral glucose tolerance test during pregnancy. 

While it is well known that the results of an oral glucose tolerance test in non 

pregnant individuals can vary quite considerably (See Ganda et al and Freeman 

et al), this same variability ( if not more) must also occur in the pregnant 

woman. This is cl early one area where more information is needed. 

TABLE 2 

TABLE 3 

SCREENING PROCEDURES 

By glucose measurement in plasma 
Between 24th and 28th week 
50 gram oral glucose load 
1 hour post l oad venous plasma glucose 
concentration 
Abnormal sc reen > 140 mg/dl requires a 
full diagnostic glucose tolerance test 

DIAGNOSTIC TEST FOR GESTATIONAL DIABETES MELLITUS 

100 G oral glucose load 
after 8-14 hour overnight fast 
after 3 days of unrestricted diet 
(> 150g CHO) and physical activity 
Venous plasma glucose measured at 
fasting and at 1, 2, and 3 hours 
Two or more values must be met or 
exceeded for a positive diagnosis 

Fasting > 105 mg/dl 
1 hour > 190 mg/dl 
2 hours > 165 mg/dl 
3 hours ~ 145 mg/dl 

The ac tual frequency of gestational diabetes has been poorly studied. There 

have been no real population based studies. Most studies have used different 

screenin~ techniques and different diagnostic criteria. However, in the studies 
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published, the prevalence varies between 0.31 and 12.3$. Because of all the 

variability in the diagnosti c tests and criteria it is really impossible to be 

certain precisely what the true frequency of gestational diabetes. The general 

consensus is that approximately 1$ of all pregnancies fall into this category. 

The diagnosis of gestational diabetes mellitus is related to the maternal age, 

(Figure 2), maternal weight and screening plasma glucose levels (Figure 3). 

Figure 2 
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figure 1 

INC[DENCE OF' GESTATIONAL DIABETES BY SCREENING SERUM GLUCOSE 
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Some of the studies describ i n~ the f requencP c: re l is':ed h ol m: . 

Table 4 

PREV.~ I~ENCE OF' GESTATT JNAL DI ABETES : A REVIEW 
(JF "lHI·: LT TF·: Ili\TUHE 1\ND DATA t<"ROM SELECTED CDC STATES 

Mestman , et al 
Chen et a l 
Macafee and Beischer 
Guttorm 
O' Sullivan 
Rhode Island 
Washington Sta te 
Merka tz , et al 
Hadden 
Beard et al 
Mississ ippi 
National _ Natality Survey 
Carpenter and Coustan 

Nt.:mber 
Screened 

658 
1269 
1000 
514 
752 

1919 
N/A 

2225 
30' 300 

3317 
1031 
N/A 
381 

12.3 
1.1 

18 . 0 
1.8 
2 . 5 
1.9 
o. 31 
3. 1 
2.2 
1.5 
4.2 
0 . 82 
i.4 

*AGT = abnormal glucose tolerance 
(Sepe e t ac , Giabetes ] 4(suppl 2): 13 , 1985) 
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The cost of the screening and diagnostic procedures for gestational diabetes 

have been estimated by Lavin to be approximately 34 million dollars per year. I 

believe this in only about half of the cos t. Table 5 describes what I consider 

the cost of detec tion for gestational diabetes . It comes to be approximately 

64 million dollars per year by my cal culations. These figures were arrived at 

by calling severa l obstetricians in the community and several clinical labora-

t ories , and assuming that there are 3~ million women who get pregnant every year 

and that 8% of the screening tests will be positive. However, to be fair, 64 

million dollars is a very smal l amount relative to the total costs surrounding 

pregnancy ' in the United States . Assuming 3.5 million women become pregnant in 

t he United States every year and the average cost per pregnancy is $4000 

(physician and hospital) then the overall expenditure for pregnancy is 14 billion 

dollars per year . 

Table 5 

COST OF DETECTION 

Approxi~Btely 3. 5 million pregnant women 
per year in the United States 
Scr een ing tes t~ Costs (x 3.5 million ) 
@$ 15 .00 = $52 . 5 mill ion 
Diagnostic Costs [assuming 8% (280,000) 
positive sc reen) @$39.75 = 11.1 million 
Total Costs = $63.6 million per year 

Effects of Gestational Diabetes on the Fetus 

The pathophysiological mechanisms that relate to the observed abnormalities of 

the fetus born to women with gestational diabetes (or the woman with diabetes 

who becomes pregnant) are not completely understood. The most likely candidate 

for the cause of these abnormalities is thought to befetal hyperinsulinemia. 
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Some of the bes t s tudies in the regard have been done by Susa and Schwartz using 

a pr imate fetal model. They a r e able to continuously infuse insulin into fetal 

monkeys (Macacca mullatta), inute ro, causing varying levels of fetal hyper in-

sulinemia (Table 6). They showed that the fetal insulin level is related to 

both an i ncreas e i n fe tal and placental weight at the time of delivery (Figure 

3). They also were able to show that hyperinsulinemic fetuses had a marked 

increase in act ipose tissue. (Fi gure 4). Interestingly both erythropoetin and 

somatomertin l evel s wer e inc r eased in the hyperinsulinemic fetuses. These 

inc reases in erythropoi e tin l evels might explain the frequent neonatal complica-

tion of polycythemi a that occurs in the infants born to women with gestational 

d iabe t es mellitus . Of course , the cause for fetal hyperinsulinemia during the 

pr egnancy is r ela ted to materna l hyperglycemia as glucose is freely permeable 

ac ross t he placenta. Thus , maternal hyper glycemia can cause temporary fetal 

hyperglycemia . This increase in fetal plasma glucose levels causes increased 

insul in secre t i on . 

TABLE 6 

MATERNAL AND FETAL RHESUS MONKEY PLASMA GLUCOSE AND 
INSULIN CONCENTRATIONS AT DELIVERY 

Glucose (mg/ dO 

Matorna l Fetal Fetal 
Insulin Dose Peripheral UmbiUcel Umbilical 

(U/ day) Vein Vein Artery 

Control 
0 50±7 39%10 34%9 

(N•B) 
Low Dose 

4.75 48>o12 24±9. 21±9· 
(N•B) 

High Dose 
19.0 40±5 32%11 22±r 
(N·6) 

"High Of' low dON WIIUI conlrol, P<0.005 

fHig't do .. 'II . low ®11. P<O.OI 

Maternal 
Peripheral 

Vein 

144%25 

157%97 

85>o77 

(Susa , e t a l; Diabet es 34(Suppl 2):36, 1985) 

lnouRn ~U/mO 

Fetal Fetal 
Umbilical UmbiU cal 

Ve in Artery 

23±12 28::t;;12 

352"'220 340%208 

3885:2095"1 3825±1700'1 
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TABLE 7 

FETAL RHESUS MONKEY PLASMA HORMONE CONCENTRATION 

Insulin Dose Cortisol Erythropoietin Glucagon Somatomedin 
U/ day ug/ dl mU/ ml pg/ ml U/ ml 

Control 18.6±22 28±15 296±217 0.33±0.10 
0 

Low Dose 23.3±11.4 85±49' 79±45' 
4.75 

High Dose 313±19't 73±29' 0.67±0.42 
19.0 

P<0.04 vs. Control 
t • p<O.OS High Dose vs. Low Dose 

(Susa and Schwartz; Diabetes 34(suppl 2):36, 1985) 

rigure 3 

BODY WEIGHT, PLACENTA WEIGHT CROWN-HEAL LENGTH AND HEAD 
CIRCUMFERENCE IN THE HYPERINSULINEMIC rETAL RHESUS MONKEY 

PERCENT 
OF CONTROL 

BODY PlACEHT A 
WEIQHT WEIQHT 

0 COHTAOl ... 
~lOW DOSE 

n ~tO 

• HI:~ 1~08E 
• p(0 .006 

(Susa and Schwartz, Diabetes 34(suppl 2):36, 1985) 
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Figure 4 

THORACIC CAVITY ADIPOSE TISSUE IN A HYPERINSULINEMIC (right panel) 
AND CONTROL (left panel) RHESUS FETUS AT 143 DAYS GESTATION 

(Susa ;CJ nct Schwartz , Diabet8s 34 (supp l 2) : 36 , 1985) 

The pathophysiological mec:1an.:.sms that underly the increased incidence of 

congenital malformations that occur in in fants born to women with diabetes are 

as yet unknown. Most of th e speculation is r elated to fe tal hyperinsulinemia 

during the initia l important developmental part of gestat ion . A study in 1981 

by Miller et al and da ta from our own institution (Lucas , et al ) show a clear 

relat ionshi p be tv1een the glycosylated hemoglobin early in gestation and the fre-

quency of congenital malfor~ations . (Table 8 , 9 , 10 ) . These data have been the 

dr iving for ce behind the reco~~endation that euglycemia be achieved prior to 

r:qnception. 
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In the study by Lucas, et al, during a 5 year prospective investigation they 

measured total glycosylated hemoglobin levels at 16 weeks gestation or less in 

87 diabetic women [46 with GDM, (the diagnos i s made prior to the 16th week of 

pregnancy), Class A orB and 41 wi t h Class C-R ]. The mean glycosylated hemoglo-

bin was 8 . 9% in the 73 women without fetal malformations and this was signifi-

canty l ower than the mean value of 10. 3% for women with either major (n:8) or 

minor ( n=6) malformat ions . Similarly, the incidence of malformation was signi-

f i cantly different when the pregnancies were divided by glycosylated hemoglobin 

levels l ess than or greater than 9% (Table 9) or when they were considered to be 

Rreater than or l ess than the mean value for their particular diabetic class 

(i . e ., Gesta t ional, D, etc.). These data provide additional strong evidence 

linkinR febll malformat ions to hyper glycemia early in the course of a pregnancy 

in a woman with diabetes . 

TABLE R 

MATERNAL HEMOGLOBIN A 1c AND FETAL MALFORMATIONS 

No. with 
% HbA 1c Before Major 

14 Weeks of No. with No Congenital Total No. 
Group Gestation Anomalies Anomalies• of Subjects 

1 <6.9 19 0 (0)} 3.4 
19 

2 7.0-8.5 37 2 (5.1) 39 
3 8.6-9.9 27 8 (22.9) } 22 4 35 
4 > 10.0 18 5 (21 .7) . 23 

All Subjects 101 15 116 

(Miller et al; NEJM 304:1 33 1, 1981) 

Table 9 

Congenital Malformations and Diabetic Pregnancies 

Glycosylated Hemoglobin 
Value 

< 9 % 

> 9% 

Women 
(n) 

47 

40 

M3.lformation 
(n) (%) 

4 

10 

8.5 

25 
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Table 10 

Congenital Malformation and Di abetic Pregnancy 

Glycosylated Hemoglobin 
Value 

Women 
( n) 

Malformation 
(n) ($) 

GHB less than Cl ass Mean 42 3 7 

GHB greate r than Class Mean 45 n 24 

The data regarding an inc rease in congenital malformations in infants born to 

women with gestat ional diabetes (i . e ., diagnosed at 24 to 28 weeks of gestation) 

is probably not correct . This is probably the case because glucose homeostasis 

in women who may go on to develop gesta tional diabetes is probably normal until 

the 24th or 28th week. This is far too late in the course of gestation to cause 

congenital ma lformations . However, there was a recent study in the New England 

J ournal of Medicine which suggests that birth weight and risk of congenital 

malformations i ncreases with decreasi ng glucose tolerance even in nondiabetic 

pregnanc ies . These nata led the authors to conclude that even limited degrees 

of maternal hyperglycemia , whi ch a r e cur rently considered to be in the normal 

range may, impact on th e outcome of the pregnancy (Table 11 ) 

TABLE 11 

~requency of Complications of Pregnancy, Accord•ng to the Two-Hour Plaa· 
ma Glucose Lever on the Or at Glucose· Tolerance Test dunng the Third T rimester. 

No of women 

~~~ ~ comphcatlons 
Ma.:ros.om1a 
Conp tmtAI .nnm.ahc• 
Pc:n naul mon&i.ry 
~matumy 

M••e mal compl•cat10ns 
To .. rm•a or ct";are&n 
ICCI JOO { or both ! 

A( <IOO!Ill.'d.i) 

151 

9 .9 (15) 
0.7 (I) 
2 .7 (4) 
• . 0 (6) 

19.9 (30) 

""""' I(I(I)....IJt..,dJJ 

51 

15.5 (9) 
H(2) 

0 
5.2 (3) 

25.9 (15) 

C(llD-1" ..... 4J) 

2H( II) 
5.0 (2) 

0 
2.5(1) 

.0.0 (16) 

<0.01 
<0.05 

' NS 
NS 

<0.01 

(Tallar igo , et a l; NEJM 315:989 , 1986) 
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Therapeutic Strategies in Gestational Diabetes 

The data regarding the effect of treatment of GDM are not completely worked out 

as yet. However, the recommendations for treatment are clear although not 

necessarily correct. Once the diagnosis of GDM is made close surveillance of 

mother and fetus is recommended. Maternal surveillance should be directed to 

monitoring both the fasting and postprandial glucose levels. Most institutions 

use self blood glucose monitoring in this regard as urinary glucose monitoring 

is not sufficient. Women should receive nutritional counselling as recommended 

by the American Diabetes Association. Monitoring of the mother's weight gain 

and avoidance of excessive weight gain are important. caloric recommendations 

are equivalent to those for nondiabetic women of normal weight (i.e. 35-38 kcal/kg 

of prepregnancy ideal body weight) and 24-28 lb weight gain during the course of 

the pregnancy have been recommended. 

Control of plasma glucose within the normal range (for pregnancy) is considered 

the goal of therapy in gestational diabetes. If dietary management alone does 

not consistently maintain the fasting plasma gluco~e < 105 mg/dl and/or tht; 2 

hour postprandial pl asma glucose < 120 mg/dl on two or more occasions within a 2 

week period, it is recommended that insulin therapy be instituted. Self blood 

glucose monitoring integrated into the overall treatment program is necessary 

for effective therapy as the treatment goal is euglycemia. Highly purified pork 

or human insulin should be used. Oral hypoglycemic agents are contraindicated 

not because they might not be effective but because of their as yet unknown 

effects on the fetus. Finally, maternal surveillance should include a thorough 

search for other conditions specifically associated with diabetes complicated by 

pregnancy. These include hypertension, hydraminios, preeclampsia, and renal 

ctisease. Each should be treated in an appropriate fashion. 
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Still somewhat controvers ial is the effect of insulin treatment on the out-

come of the pregnancy . Some studies show a reduction in perinatal morbidity, 

mostly due to a reduction macrosomia (see below), and others do not. Table 12 

shows data from a study were there was no effect of insulin therapy plus diet 

over diet therapy alone in the frequency of perinatal problems in infants born 

to women with gestational diabetes. 

The recommendation that insulin therapy be instituted to either a fasting glu-

cose value in excess of 105 mg/dl and/or a 2 hour postprandial glucose level 

~reater than 120 mg/dl is a bit troubling. Personally, I have little trouble 

suggesting insulin therapy for women who have fasting hyperglycemia. I do feel 

a bit uncomfortable recommending insulin treatment for those women whose fasting 

glucose level is less than 105 mg/dl yet who have a postprandial glucose level 

greater than 120 mg/dl. There are no data avai lable to suggest how often that 

happens (i . e . normal fasting, yet abnormal postprandial levels) and absolutely 

no data that relates whether the fasting or postprandial level is elevated to 

the eventual outcome of the pregnancy. 

TABLE 12 

NEONATAL COMPLICATIONS AND MATERNAL AND INFANT CHARACTERISTICS, 
MEDIAN AND (RANGE) 

Diet 0>1•30) Diet • lnaulin (N-.40) P·Valua 

Ne0t1atal Complications. Episodes (N) 
Pulmonary Maladaptation " NS 
Feeding Problem• 7 NS 
&fmptomai iC Hypoglyumia 2 NS 
A•ympt~mallc Hypoglycemia 13 " NS 
AaymplomaUc Hypocalcemia 2 ' NS 
Treated Hyporbiitubiotm•• • 8 NS 
Polycylhenva • NS 

Malernal Charac~isl ics 
Aga (yr) 30.0 (20·43) 31.0 (22-42) NS 
No. ol Obete Subjacls (iodsx ,. 1.6) 10 13 NS 
Time ol Entry in S1udy (days) 218 (72-267) 228 (91-285) NS 
Ovfahon of Trutment (days) 70.5 (27-16") 50.0 (7-HI6) NS 

Infant Characteri stics 
Gastat•onal Age (days) 272.5 (234-287) 276.0 (23-4-200) NS 
Bir th Wa•ghl (g) 8640 (2001)-4430) 3650 (1655-4630) NS 
Small lor Gestahonal Age (N) , 0 

}NS 
Appropriate lor Geslat1onal Age (N) 23 ,. 
large for Gestational Age {N) 4 • Sk10fold Thickness Tuceps (rm1) 4.4 (2.HI.9) 5.0 (3.5-9.4) NS 
Skll'llold Thickness Subscapular {mm) 5.2 (2.1-7.3) 4.7 (3.5-6.3) NS 

(Persson, et al; Diabetes 34(suppl 2):101, 1985) 
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Increase fetal surveillance is also necessary, but the time of initiation, 

the frequency and techniques of monitoring nepend on the degree of risk of the 

fetus. Types of fetal surveillance. that can be employed include outpatient non-

stress testing, urinary estirol assay (controversial), maternal estimation of 

fetal activity and clinical assessment of fetal size. 

In the presence of a normal fasting blood glucose level early delivery is 

not necessary and these women can usually be taken to term. There appears to be 

no increase in the risk of interuterine fetal demise given fasting nomoglycemia. 

The presence of fasting hyperglycemia confers upon the pregnancy all of the 

obstetrical problems that occur in women whose diabetes antedates their 

pregnancy . Most studies report an increase in perinatal morbidity including 

neonatal hypoglycemia, hypercalcemia, hyperbilirubinemia, and polycythemia. The 

biggest problem, however, irrespective to the presence or absence of fasting 

hyperglycemia , relates to the development of macrosomia, infants large for 

~Sestational age, with its attendent obstetric problems including shoulder dysto-

cia , Erb ' s palsy, and other traurr.atic conditio~s. (Table 13) . Finally , there ~s 

an increase in the number of women who require cesarean section for delivery. 

(Table 14). 

TABLE 13 

PERINATAL MORBIDITY IN GDM: HUP, 1979-1983 

Hypoglycemia 
Hyperbilirubinemia 
Macrosomia 
Trauma 
ADS 
IUGR 
Polycythemia 
Congenital Malformations 

Class A 

13 (19%) 
12 (17%) 
11 (16%) 
1 
0 
3 
0 

Class AB 

5(17%) 
2 (7%) 
5 (17%) 
0 
3 
2 
1 
0 

ADS, Respiratory Distress Syndrome; and IUGR, Intrauterine Growth 
Retardation 

( ~andon, ~ ., Gabbe, S.; Diabetes; 34(Suppl 2) :50, 1935 
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TABLE 14 

MODE OF DELIVERY IN GDM: HUP, 1979-1983 

Class A Class AB 

Vaginal 43 (62%) 20 (72%) 

Spontaneous Labor 31 11 

Induction 12 9 

Cesarean Section 26 (38%) 8 (28%) 

Repeat 7 2 

Primary 19 6 

(Landon , M.,Gabbe, S.: Diabetes ; 34(suppl 2) :50, 1985) 

Some of the data given in the section of Pathophysiological Considerations 

and most everyone who writes about the outcome of diabetic pregnancies suggests 

that macrosomia is entirely the consequence of fetal hyperinsulinemia that occurs 

secondary to maternal hypergl ycemia. Anyone who has managed a woman with diabe-

tes through a pregnancy often is quite astonished when a woman with quite good 

diabetes control throughout pregnancy delivers a macrosomic infant. Work 

recently publ i shed by Willman et al from our Department of Obstetics and 

Gynecology suggests that macrosomia is multifactorial in origin. They studied 

the incidence of macrosomia in 94 pregnancies complicated by diabetes. Thi rty-

eight percent had gestational diabetes and 62% had other classes of diabetes 

(A -D) . They conc luded that although a glucose threshold in the mother of~ 130 

mg/dl (and presumably fetal hyperi nsulinemia ) was related to fetal macrosomia so 

were other factors. These included in addition to the maternal glucose level, 

maternal weight (obes ity) i nsuli n dosage and a history of the previous delivery 

of a large baby. In fact, using a multiple logistical regression equation they 

calculated a predicted risk for macrosomia (Fi gure 5). 
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It is naive to suggest that the only important factor in the development of 

fetal macrosomia is the maternal glucose level. It seems reasonable to expect, 

ror ·· x.>rnp l P. , that H. liirge woman mi ght give birth to a large infant irrespective 

of their pregnancy glucose level. 

J<'igure 5 
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Maternal Risk Score and the Probability of Macrosomia 

,. 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 
Maternal Score 

(Willman,et al; ~mer J Obstet & Gynecol 154 :470, 1986 ) 

The Effects of Gestational Diabetes on the Mother 

The evidence of gestational diabetes associated with an increased risk for 

later over t diabetes in the mother appears to be establ ished beyond doubt. The 

frequency of such diabetes may be greater than we have recognized before 

aiLhouv,h uany women with gestational diabetes return to normal glucose tolerance 

after delivery of their infant . Women in whom gestational diabetes diagnos ed 

should be followed postpartum and at periodic intervals so as to detect diabetes 
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early in its course. Approximately 25- 35% of these women will go on the develop 

diabetes within 10 years following their gestational diabetes. 

The Second International Workshop Conference on Gestational Diabetes recom

mended that once a pregnancy complicated by gestational diabetes was terminated 

that one was obli ged to reclassify the diabetes by performing a 75 gram oral 

glucose tolerance test at the first post partum visit. They suggested that if 

the glucose tolerance was normal at that time then the woman should be 

classified as " previous abnormality in glucose tolerance". If the glucose 

tolerance test was abnormal then the woman should be classified as having diabe

tes mellitus or "impaired glucose tolerance" depending on the results of the 

glucose tolerance test. To follow these recommendations I feel is a step back

ward. Finally af ter many years, almost everyone has stopped doing glucose 

tolerance tests to diagnosis diabe tes mellitus in non-diabetic individuals and I 

see no reason why this should not be the case for women whose pregnancy is 

complicated by gestational diabetes . Clearly, these women have a risk for the 

development of overt diabetes sometime later in life and these women require 

continuing medical surveillance. I suggest the use of a fasting blood glucose 

measurement for this surveillance. I recommend a fasting plasma glucose measur

ment be done at the first post partum visit and that the woman be advised of her 

increased risk to develop diabetes . Perhaps a fasting glucose measurement 

should be done on an annual basis, and certainly, it should be performed should 

the woman develop symptoms suggestive of diabetes mellitus. Glucose tolerance 

tests should not be done. 
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The Effect of Gestational Diabetes Mellitus on the Chi l d 

It has been suggested that offspring of women with GDM have long term 

problems relating to their interuterine environment. In addition to being 

macrosomic (i.e., large for gestational age) at birth, there have been reports 

that obese neonates have a greater degree of obesity in childhood . Fur thermore, 

it also has been suggested that they are less tolerant of glucose than are 

offspring of women with normal glucose tol erance. These studies have been 

carried out exclusively on Pima Indians. They are reviewed in Figures 6 and 7. 

Figure 6 

Percent of Average Weight (at Birth) and Percent Desirable Weight 
for Height in Offspring of Women With or Without Previous Diabetes 
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Age (years) 

(Pe titt et al; Diabetes 34(Suppl 2):119, 1985) 
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Mean 2-H Postload Glucose C~ncentratlon In . 
Offspring of Women With or Without Previous D•abetes 
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(Pettitt, et al; Diabetes 34(suppl 2) : 119, 1985) 

These studies suggest that fat neonates become fat children and young 

adults. 

In a very recent study (Diabetes, October, 1986) Abbott, et al measured body 

composition, ~bdominal and gluteal adipocyte size , fasting free fatty acid and 

fasting and stimula ted glucose and insulin concentrations during an oral glucose 

tolerance test in prepubertal children born to women with glucose intolerance 

during pregnancy and to those whose carbohydrate tolerance was normal duri ng 

pregnancy. At birth the infants from the women who had glucose intolerance were 

significantly heavier. However, at the time the study was done the age (9 years) , 
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weight, height, and percentage of body fat were the same in both groups (Table 

15). There were no significant differences in adipocyte size or in glucose, 

free fatty acids, C-peptide and insuiin concentrations between the two groups. 

(Table 16) This study was also done in Pima Indian children and is somewhat 

contradictory to the previous report. However, this study appears to have been 

conducted on children whose mothers had a less severe form of carbohydrate into-

lerance during their pregnancy than did the children in the previous study. One 

problem with both of these studies is the failure of the authors to clearly 

define the diabetic status of the women during their pregnancy. 

Table 15 

BODY COMPOSITION OF CHILDREN RELATIVE TO 
CARBOHYDRATE STATUS OF PREGNANCY 

Pregnancy Status Age Height Weight Birth Weight 
(yr) (em) (kg) (g) 

Glucose-Intolerant 9.8=0.5 139=4 45.5=5.9 3820=220 

Glucose-Tolerant 9.1=0.4 138=3 44.4=51 3305±135 

(Abbott et al ; Diabetes 35: 1077, 1986) 

TABLE 16 

FASTING AND STIMULATED GlUCOSE, INSULIN, AND C-PEPTIDE lEVElS 
IN THE TWO GROUPS OF CHILDREN 

tnauln C PaplnH 

Body rat 
(%) 

22=3 

24=2 

....... f\atinO ~~~:"~fi'' (~u~ 't:u~:=n!'-~11 ''""' Aru Above Basal 
(mot d) (,.moll\.) (,.mol •mn ·L" 1) 

Olucose-lntollf lnl Pflgnancy 100.11"'2.0 2,4~0.0:800 33:1:8 10,800•3,250 0.78:&0.10 3QQ:t11Q 

Glucose · Toklrent Pregrtancy 10Q.9:J2.0 2,550*350 27.lt4 11,9()()s2,000 0.8420,1 345:t40 

(Abbott, et al; Diabetes 35, 1077, 1986) 
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CONCLUSIONS 

Gestational diabetes mellitus is a sizable public health problem affecting 

perhaps 100,000 Homen annually, costing at least 64 million dollars per year to 

identify the "patients" and costing unkno~Vn millions more because of increased 

maternal and fetal surveillance once the "diagnosis" is made. From my review of 

this subject one thing is clear. If a woman develops gestational diabetes she 

is at high risk to develop overt diabetes sometime subsequent to the present 

pregnancy. It also increases the risk of developing gestational diabetes during 

a subsequent pregnancy. Because of this increased risk she must be informed and 

advised to have regular medical evaluations. I disagree with the recommen

dations of the Second International Workshop Conference on Gestational Diabetes 

that all women with GDM have a glucose tolerance test to reclassify their diabe

tes at the first post parturn visit, but recommend instead a simple fasting 

plasma glucose determination. Followup with periodic (perhaps annually) fasting 

glucose measut·ements is appropriate. 

Hith respect to the screening at~d dia0r.ostic procedu r es for identifying 

women with gestational diabetes mellitus, I feel additional work must be done. 

This is true espec ially in the area of using a single oral glucose tolerance 

test to establish the diagnosis in the presence of fasting norrnoglycemia. 

Moreover, a diagnosis of gestational diabetes is a complicated one because there 

is always the possibility that the diabetes, although undiscovered, antedated 

the pregancy. 

I also believe however that if true gestational diabetes occurs it may 

impact on the outcome of the pregnancy and women should be evaluated in an 
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attempt to identify those who have GDM. My interpretation of the data is that 

gestational diabetes increases the perinatal morbidity but is not associated 

with an increased risk of congenital· malformation. The increase in perinatal 

morbidity is primarily related to macrosomia which can cause size related mecha

nical trauma during delivery. The impact of treatment on the outcome of the 

pregnancy is still not clear. The presence of normal fasting glucose levels 

decreases the risk of intrauterine fetal demise and probably obviates the need 

for early delivery. However, insulin therapy does not, in my opinion, eliminate 

the macrosomia that occurs in infants born to women with gestational diabetes. 

Macrosomia is multifactional in etiology and is not related only to the maternal 

blood ~>:lucose l evels. In addition, the issue of when to treat with insulin, 

i.e., in the face of normal fasting blood glucose levels needs to be reassessed. 

However, the increase attention paid to the pregnancy is an important factor in 

decreasing the problems associated with delivery. Finally, I am not convinced 

that other than the obstetrical problems that could result, macrosomia confers 

any long term risk of increased obesity to the child. 
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