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In a prospective controlled trial, we studied the effect
of tight metabolic control on the outcomes of 102
gestational diabetes mellitus (GDM) pregnancies
compared with outcomes of 102 matched nondiabetic
control pregnancies. Women with GDM were treated to
achieve and maintain a blood glucose concentration of
<130 mg/dl at 1 h after breakfast. Treatment consisted
of a diet low in oligosaccharides and fat and, if
necessary, once daily insulin. By the end of gestation, 88
of the 102 women with GDM received insulin at a mean
dose of 18 U/day. Duration of insulin therapy ranged
from 3 to 32 wk with a median of 11 wk. Perinatal
outcome of GDM pregnancies under this management
equaled that of control pregnancies. The full spectrum
of excess morbidity from GDM was prevented, and
normal distribution of birth weight and normal rates of
macrosomia, dystrophy, hypoglycemia, hypocalcemia,
hyperbilirubinemia, fetal acidosis, and low Apgar scores
were achieved. No mortality was observed. In addition
to the two main study groups, we also studied a third
group of 24 women with GDM whose treatment lasted
<5 wk due to late diagnosis. This suboptimally treated
group demonstrated a significant (P < .05) increase of
macrosomia and umbilical artery acidosis compared with
the well-treated GDM group. The study reported herein
demonstrates that excess mortality and morbidity
typically observed in GDM can be prevented by early
institution of tight metabolic control, which required
insulin in 86% of our patients. Diabetes Care 11:761-68,
1988

G
estational diabetes mellitus (GDM) is defined as
carbohydrate intolerance of variable severity with
onset or first recognition during the present
pregnancy (1,2). CDM encompasses a hetero-

geneous array of disorders of insulin secretion and ac-

tion whose hallmark is postprandial hyperglycemia (3).
Because inappropriate hyperglycemia in GDM is mild,
the mother presents with only weak symptoms, if any,
whereas the offspring faces a four- to fivefold rate of
perinatal mortality (4-6) and an increased morbidity (7).
The latter includes neonatal hypoglycemia (8-11), ma-
crosomia (7-9,11), hyperbilirubinemia (7,9,11), hypo-
calcemia (7,11), as well as the respiratory distress syn-
drome and birth trauma (7). The overall fetal morbidity
is as high as 25% (9,12), and, according to several re-
ports, the hazards to the fetus appear to be of similar
severity regardless of whether the mother has mild or
pronounced GDM (7,13,14).

A diet low in oligosaccharide and fat content with
calorie restriction has been shown to allow metabolic
improvement in many mothers with GDM (15,16).
Therefore, most institutions treat all patients with GDM
class A, (1) by diet only. Gyves et al. (17) used diet in
patients with GDM and added insulin to the therapeutic
regimen when preprandial blood glucose levels ex-
ceeded 120 mg/dl. For this treatment modality, a de-
crease of perinatal mortality could be shown but ma-
crosomia remained unchanged compared with previous
pregnancies (17).

Several lines of evidence suggest that use of insulin
may be superior to management by diet alone. The data
of Maresh et al. (16) regarding maternal blood glucose
and p-hydroxybutyrate can be interpreted as suggesting
that insulin treatment improves control. Other investi-
gators have demonstrated in prospective studies that by
using insulin both in fixed prophylactic doses (18,19) as
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well as in individually adjusted doses (20,21), macro-
somia can be reduced compared with a diet-only regi-
men. Oppermann et al. (20) observed a reduction of
macrosomia with insulin treatment only in the subjects
whose fasting plasma glucose (FPG) levels at diagnosis
were <95 mg/dl. Failure to reduce macrosomia in pa-
tients with higher FPG levels was explained by inade-
quate control. In another comparative evaluation of diet
alone versus diet plus insulin, equal control of maternal
blood glucose was associated with identical rates of
neonatal complications in both groups (22).

Moderately strict metabolic control has been dem-
onstrated to reduce perinatal mortality in GDM to ref-
erence figures in most centers (8,23,24). A major role
in this improvement can be attributed to general ob-
stetrical progress. The objective of the treatment of GDM,
however, must be not only a reduction of perinatal mor-
tality but also a complete normalization of pregnancy
outcome both for mother and newborn. The aim of our
study, therefore, was to test the hypothesis that early
implementation of maternal euglycemia in GDM is ac-
companied by normalization of perinatal mortality and
morbidity. For this purpose, all women of our com-
munity in whom GDM had been diagnosed over a 65-
mo period were treated with diet or diet plus insulin.
We selected a blood glucose concentration of <130
mg/dl at 1 h after breakfast as a euglycemic cut-off level,
a level regarded as normal and as a therapeutic goal in
pregnant insulin-dependent diabetic patients (25).

MATERIALS AND METHODS

Subjects. Study subjects were recruited through a
screening procedure generally practiced in Austria where
all pregnancies (11,017 in the study period) are moni-
tored by a general practitioner or by an obstetrician.
Pregnant women were examined at monthly intervals
from gestational wk 4 to 30 and twice monthly thereafter
(total of 13 examinations). The initial visit included clin-
ical history taking and a full physical examination. Re-
garding diabetes mellitus, the following aspects in par-
ticular were considered: A) history of a large-for-date
baby (subgroup I); an unexplained stillbirth (II); or dia-
betes mellitus in a parent or a grandparent (III); 6) glu-
cosuria (IV); proteinuria (both by solid-phase reagent
strips), arterial blood pressure of ^160/100 mmHg,
edema, excessive weight gain (defined as >1 kg/mo in
the 1st trimester and >1.5 kg/mo thereafter; V); poly-
uria and polydipsia (VI); accelerated (VII) or retarded
(VIII) fetal growth both assessed ultrasonographically; or
urinary infection (defined as dysuria with bacteriuria and
leukocyturia; IX).

All subjects recruited from the above screening system
were referred to our center and were subjected to a
regimen specific for detection of GDM. When a historic
factor (I,II, or III) was present, the patient was referred
to the diabetes outpatient clinic at gestational wk 28 to
undergo an oral glucose tolerance test (OGTT). For cri-

teria IV through IX, patients were subjected to the OGTT
immediately as respective findings occurred. Only glu-
cosuria (IV) had to be found more than once for OGTT
to be implemented. [FPG concentration has been used
to quantify the severity of GDM. The classification by
Freinkel et al. (1) has been adopted: class A,, <105
mg/dl; class A2, 105-129 mg/dl; class B,, >130
mg/dl. To convert mg glucose/dl to mM, a factor of
0.0551 is used.]
Oral glucose tolerance test. Study subjects were in-
formed they were potentially afflicted with a borderline
impairment of glucose metabolism, and care was taken
to minimize any psychological stress resulting from the
OGTT. The OGTT was performed in 812 patients the
day after a random blood glucose measurement in pro-
bands whose dietary carbohydrate intake had exceeded
150 g on each of the 3 preceding days (as assessed by
a dietary recall protocol). In cases where carbohydrate
intake had been <150 g/day, the test was postponed
for 3 days to allow for preparation for OGTT with an
adequate dietary carbohydrate content. The OGTT was
performed on an outpatient basis after a 12-h overnight
fast. Because many of our patients lived at a distance
from our clinic requiring >30 min of transportation, it
was necessary to limit the OGTT to 2 h (instead of 3 h).
Despite this modification, we strictly adhered to O'Sul-
livan's criteria for the diagnosis of GDM (26). Two or
more of the following blood glucose levels had to be
found: >90 mg/dl fasting, >165 mg/dl at 1 h, and >145
mg/dl at 2 h. One hundred grams of glucose were dis-
solved in 500 ml of chilled orange-flavored water and
were consumed within 5 min. The glucose concentra-
tion of whole venous blood was measured by an auto-
mated hexokinase method (Boehringer Mannheim,
Mannheim, FRG) via a Technicon Auto-Analyzer II
(Technicon Ireland, Dublin, Ireland). The 102 patients
(93 class A1; 9 class A2) in whom diagnosis of GDM
had been established before or at gestational wk 34 were
included in group 2.
Control group. The control group (group 1) was con-
stituted from pregnant women referred consecutively to
the screening program for GDM who met the following
criteria regarding venous blood glucose concentration:
<85 mg/dl fasting, <160 mg/dl at 60 min, <150 mg/dl
at 90 min, and <135 mg/dl at 120 min after the 100-g
glucose load. Range of blood glucose readings were 42-
84 mg/dl (median 69 mg/dl) fasting, 89-154 mg/dl
(median 136 mg/dl) at 60 min, 65-147 mg/dl (median
120 mg/dl) at 90 min, and 61-132 mg/dl (median 110
mg/dl) at 120 min.

All patients in groups 1 and 2 were allocated to the
above specified subgroups I—IX based on their initial
cause of referral. Subgroup IV (glucosuria) was subdi-
vided into IV-1 (age <27 yr), IV-2 (age 27-33 yr), and
IV-3 (age >33 yr). After a particular woman with GDM
was allocated to one GDM subgroup, the next referred
control subject was recruited as follows. She had to fall
into the same subgroup but had to fulfill the criteria for
control subjects. This algorithm not only allowed match

762 DIABETES CARE, VOL. 11, NO. 10, NOVEMBER/DECEMBER 1988

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/11/10/761/437722/11-10-761.pdf by guest on 20 M
arch 2024



H. DREXEL AND ASSOCIATES

for age and referral symptoms but also ensured that GDM
patients and control subjects were distributed identically
over the 65 mo of the study period. Thus, bias because
of possible obstetrical progress during the period of the
trial was avoided. All patients and controls were Cau-
casian, and there was no socioeconomic difference be-
tween the groups. Both groups consisted of 102 sub-
jects.
Group 3. This group was composed of 24 women in
whom the diagnosis of GDM was established after ges-
tational wk 34 according to the criteria outlined above.
Because duration of treatment in this group was very
short (ranging from 2 to 5 wk), results from group 3 were
used to estimate perinatal morbidity of virtually un-
treated GDM. Causes of referral to groups 1, 2, and 3
are summarized in Table 1.
Treatment and follow-up during pregnancy. Treat-
ment in the GDM groups was always begun immedi-
ately after diagnosis. In group 2, 11 patients were started
before gestational wk 20, 26 patients between wk 20
and 27, 46 patients between wk 28 and 31, and 19
patients between wk 32 and 34.

All patients in this study were monitored biweekly by
their obstetricians. Each visit was used to check for ar-
terial hypertension, proteinuria, and edema. Beginning
with gestational wk 30, fetal well-being was also mon-
itored biweekly by heart rate monitoring and ultrason-
ography. This general monitoring was identical for GDM
patients and control subjects. Metabolic monitoring, in-
cluding capillary blood glucose concentration (auto-
mated hexokinase method) 1 h after breakfast, urine
glucose and acetone (with Ketodiabur test sticks, Boeh-
ringer Mannheim), and body weight measurement, was
applied to GDM patients at weekly intervals and to con-
trols once a month. Treatment of hypertension, edema,
infection, and other illness was identical for all groups.

TABLE 1
Causes for referral in patients with gestational diabetes
mellitus and control subjects

I.

II.

III.

IV.
V.

VI.
VII.

VIII.
IX.

I-IX.

History of a large-for-date
baby
History of an unexplained
stillbirth
Family history of diabetes
mellitus
Glucosuria
Excessive weight gain or
toxemia
Polyuria and polydipsia
Accelerated fetal growth
Retarded fetal growth
Urinary infection
All referrals

Control
(group 1)

3

4

5

61
15

4
3
3
4

102

Group

3

4

5

61
15

4
3
3
4

102

GDM

2 Group 3

1

1

13
5

2
1
1

24

Values are numbers of subjects. GDM, gestational diabetes mellitus.

No attempt was made to modify physical activity in any
group.

The therapeutic goal in the GDM groups was a cap-
illary blood glucose concentration of <130 mg/dl 1 h
after breakfast, absence of ketonuria, and a weight gain
of no more than 1 kg/mo. The first therapeutic step was
a low-fat, low-oligosaccharide diet in which 30-35%
of calories originated from fat (—15% less than the av-
erage fat intake in Austria), 20% from protein (~2 g/kg
body wt) and 45-50% from carbohydrates but <5%
from oligosaccharides. When relative body weight ex-
ceeded 1.30 or when excessive weight gain (as defined
above) had occurred that could not be explained by
fluid incorporation, appropriate calorie restriction was
recommended with the objective to stop further weight
gain. When hypocaloric regimen caused ketonuria,
calories from carbohydrate were increased such that ke-
tonuria subsided. Nonobese patients were allowed a lib-
eral calorie intake of 30 kcal/kg until completion of
gestational mo 7. For mo 8 and 9, up to 35 kcal/kg
ideal weight were allowed as long as weight gain did
not exceed 1 kg/mo.

Where diet failed to achieve a blood glucose concen-
tration of <130 mg/dl, insulin was added to the regi-
men. Patients injected themselves once daily 45 min
before breakfast. A highly purified lente preparation (Lente
MC or Monotard MC, Novo, Copenhagen) was used. In
addition, patients whose OGTT had resulted in one or
more readings of >200 mg/dl were managed from the
beginning of treatment by diet plus insulin. Insulin dos-
age was started with 12 U and was increased by steps
of 4 U whenever the treatment goals were not fully met.
The only reasons to reduce the insulin dosage were clin-
ical signs of hypoglycemia or a blood glucose <95
mg/dl at 1 h after breakfast. No additional metabolic
intervention was attempted in the GDM groups. No di-
etary changes were applied to controls. The monthly
metabolic surveys of the control group did detect met-
abolic deterioration. To exclude borderline cases from
the control group, subjects with blood glucose values
>120 mg/dl 1 h after breakfast were eliminated. None
of the 102 control subjects, however, exceeded this limit
at any time. Because neither controls nor their obstetri-
cians were informed of the proband's inclusion in the
control group, they were treated like all other nondi-
abetic pregnancies. Thus, the study was double blind
for controls albeit not for GDM patients.

Relative body weight was defined as the ratio of actual
weight to normal weight as obtained from age- and sex-
specific tables (Society of Actuaries, Chicago, IL; 27).
Relative body weight before pregnancy was calculated
with weight recalls (these data were available in 91, 85,
and 20 patients of groups 1, 2, and 3, respectively).

Decisions for cesarean section, vacuum extraction, or
induction of labor were based exclusively on obstetrical
criteria that were identical for both GDM patients and
controls. The profile of indications is summarized in
Table 2. Uncomplicated GDM pregnancies were, thus,
allowed to go into spontaneous labor.
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TABLE 2
Frequency of unphysiological modes of delivery

GDM

Indication

Cesarean sections
Breech presentation
Prolonged labor
Rhesus incompatibility
Placenta praevia
Elderly primipara
Contracted pelvis
Previous stillbirth
Previous cesarean section(s)
Toxemia
Uterine myoma
Fetal distress
Total

Vacuum extraction

Cesarean plus vacuum
Induced labor

L.ontroi
(group 1)

2
4

1
1

5
1
1
2

17
1 NS
7

' NS
24
8

I NS

Group 2

1

3
4
1

3
5
2
5
2

26

' NS
3

I I — NS
29

6

1 I—NS

Group 3

1

1
3

2

7

0

1
7
2

I

Fetal outcome. The following data were recorded for
all newborns: gestational week at delivery, birth weight,
birth length, Apgar score, and pH of umbilical artery
blood (measured immediately after birth by an auto-
mated blood gas analyzer). All newborns were moni-
tored for hypoglycemia by the use of a reagent strip
(Haemoglucotest, Boehringer Mannheim). This proce-
dure was repeated over the first 3 h at 30-min intervals
and over the following 6 h at hourly intervals. When a
reading was <40 mg/dl, glucose concentration in whole
capillary blood was determined enzymatically with an
automated hexokinase method. Values ^30 mg/dl were
classified as neonatal hypoglycemia. First feeding was
performed between 2 and 4 h after delivery in both
groups. The serum bilirubin concentration was mea-
sured whenever there was a clinical suspicion or an
increased risk of hyperbilirubinemia because of blood
group constellation, prolonged or pronounced neonatal
icterus, and prematurity. Bilirubin measurement had to
be performed in 38, 41, and 10 newborns of groups 1,
2, and 3, respectively. A serum bilirubin concentration
>10 mg/dl (170 |xM) in babies delivered at term and
>15 mg/dl (255 |xM) in premature babies was classified
as hyperbilirubinemia. When hypocalcemia was sus-
pected because of seizures, increased muscular activity,
or prematurity, calcium concentration was determined.
This measurement had to be performed in infants of 25,
23, and 6 patients in groups 1, 2, and 3, respectively.
A serum calcium concentration <7 mg/dl (1.75 |xM)
was classified as hypocalcemia. Furthermore, the new-
borns underwent two full clinical examinations where
all clinical abnormalities were recorded. All perinatal

5

5 +

20 25 30 35 age (years)

m
20 25 30 35 age (years)

FIG. 1. Distribution of maternal age in patients with ge-
stational diabetes mellitus (A) and in control subjects (B).

deaths were followed by an autopsy. The birth-weight-
for-date standard was represented by curves derived from
local newborn statistics (28). Newborns were classified
as being under the 3rd, under the 10th, between the
10th and 90th, above the 90th, and above the 97th
percentiles, respectively.
Statistical methods. The significance of a difference in
the percentage of complications between groups was
assessed by the one-tailed x2-test. A t test was used to
compare birth weights and lengths of the infants as well
as relative weight and weight gain of the mothers.

RESULTS

Figure 1 depicts the age distribution of mothers in groups
1 and 2. Mean age (±SD) in groups 1, 2, and 3 was
29 ± 6.7, 29 ± 6.6, and 30 ± 7.4 yr, respectively. The
treatment goals of our trial could be met and maintained
by diet only in 14 patients of group 2 and 3 patients of
group 3. Eighty-eight patients of group 2 and 21 patients
of group 3 were treated with insulin. Of these, 40 (group
2) and 6 (group 3) received insulin because OGTT ex-
hibited at least one value >200 mg/dl (percentage of
patients with a value >200 mg/dl not significantly dif-
ferent between the two groups). The remaining subjects
were given insulin because, at some time during the
course of the trial, the blood glucose at 1 h after break-

TABLE 3
Appearance of toxemia symptoms during treatment period
of pregnancy

Edema
Proteinuria
Hypertension
Any symptom

Control (n)

17
2
5

19

GDM (n)

15
8

13
18

x2

0.14
3.79
3.90
0.03

P

NS
<C.O5

<.05
NS

Group 3 subjects were not included because of shortness of obser-
vation period.
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TABLE 4
Fetal outcome: neonatal weight

>97th percentile
>4500 g
>9Oth percentile*
>4000 g*
<2500 g
<1Oth percentile
<3rd percentile

Group 1

n

4
2
9
9
9
8
3

(control)

Total

103
103
103
103
103
103
103

n

1
1
7
6
8
7
1

Group 2

D

0
0
2
2

1

I

1
1
5
4
8
6
1

GDM

Total

103
103
103
103
103
103
103

n

1
1
5
4

3

Group 3

Total

25
25
25
25
25
25
25

n, Number of pathological events; Total, total number of patients in whom the particular parameter was available; D, patients treated with
diet only; I, patients treated with diet plus insulin.
*P < .05 between groups 2 and 3.

fast exceeded 130 mg/dl despite the diet. The mean
daily dose of insulin (±SD) was 1 7.7 ± 5.3 U in group
2 versus 17.5 ± 4.8 U in group 3 (NS). The dosage
range was 12-40 U in group 2 and 12-32 U in group
3. The duration of insulin treatment in group 2 ranged
from 3 to 32 wk; it lasted from 3 to 5 wk in 33 patients
and >5 wk in 55 patients (median 10.7 wk). Among the
88 insulin-treated patients of group 2, a strong associ-
ation existed between the daily insulin dose and the
following blood glucose values of the OGTT: fasting
glucose, r = .406, P < .001; 1-h blood glucose, r =
.437, P < .001; sum of fasting, 1- and 2-h blood glu-
cose, r = .422, P < .001. Only a weak association
existed between insulin dose and the 2-h value of OGTT
(r = .242, P < .05). Fasting blood glucose levels could
not be used to predict which patients might later need
insulin.

Relative body weight (mean ± SD) before pregnancy
was 1.04 ± 0.24 in group 1, 1.08 ± 0.26 in group 2,
and 1.10 ± 0.18 in group 3. Relative body weight at
delivery was 1.25 ± 0.23, 1.27 ± 0.25, and 1.35 ±

0.21 in the three groups, respectively (NS). Weight gain
was 12.1 ± 4.8 kg in group 1, 11.6 ± 6.5 kg in group
2, and 14.6 ± 7.7 kg in group 3. Although these
differences were statistically not significant, the higher
weight gain in group 3 reflects delayed implementation
of treatment that included limitation of weight gain. The
incidence of toxemia is summarized in Table 3 (patients
referred because of toxemia were excluded). Proteinuria
and hypertension occurred more frequently in patients
of group 2 compared with group 1; only when edema
was included also, incidence of toxemia symptoms
showed no difference.

In the GDM group 2, 88 pregnancies continued until
term (between gestational wk 38 and 42), 12 terminated
before wk 38, and 1 terminated after wk 42. One fetal
loss occurred. In the control group, 82 deliveries were
at term, 14 were before term, and 5 were after term
(difference between groups with respect to preterm and
term deliveries was not significant; for deliveries after
wk 42, x2 w a s 2.75, P < .05); 1 intrauterine death
occurred at wk 33. The frequency and causes of cesar-

TABLE 5
Fetal outcome: standard parameters other than birth weight

Apgar score at 5 min ^ 7
pH umbilical artery <7.20
pH umbilical artery <7.10
Hypoglycemia
Hyperbilirubinemia
Hypocalcemia
Malformations (nonlethal)
Mortality (at time of delivery)

n

7
8

3
1
1
1
2

Group 1
(control)

Total

93
85
85

103
103
103
103
103

n

8
8

3
1
2
1

Group

D

1

2

I

7
8

3
1
2
1

GDM

Total

95
80
80

103
103
103
103
103

n

2
5

1

Group 3

Total

24
19
25
25
25
25
25
25

All pregnancies

n (%)

336 (6.4)
635 (12)
101 (1.9)

165 (1.5)

Total

5279
5279
5279

11,017

See Table 4 for abbreviations.
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I
Ji pL

1000 1500 2000 2500 3000 3500 4000 4500

m
1000 1500 2000 2500 3000 3500 4000 4500

birth weight (g)

FIG. 2. Distribution of neonatal weight in control (A) and
gestational diabetes mellitus (B) groups.

ean sections and vacuum extractions are summarized
in Table 2. As evident from the table, there were no
statistically significant differences between the three
groups; the nonsignificant surplus of group 2 over group
1 came from cesarean sections because of rhesus in-
compatibilities and contracted pelvis, which are not
caused by GDM. The one fetal loss of group 2 and the
one intrauterine death at gestational wk 33 in the control
group are not included in the analysis of perinatal mor-
bidity. However, two pairs of twins were registered in
group 1 as well as in group 2, and one pair of twins
was born in group 3. Therefore, 103 neonates remained
in both groups 1 and 2, and 25 neonates remained in
group 3.

Fetal outcome is summarized in Tables 4 and 5. Fre-
quency and severity of the pathology of neonatal weight
are summarized in Table 4. As can be seen in the table,
the control group was truly representative of the normal
local population (28); 4% of the control group newborns
had birth weights over the 97th percentile, and 9% were
above the 90th percentile. The other end of the distri-
bution appeared to be equally representative; 8% were
under the 10th percentile, and 3% were under the 3rd
percentile.

Macrosomia and dystrophy occurred in group 2 no
more often than in the controls. The proportions of ba-
bies above the 90th percentile, under the 10th percen-
tile, or weighing >4500, >4000, and <2500 g were
not significantly different between the two groups. In
contrast, group 3 demonstrated a significantly (P < .05)
higher rate of birth weights >4000 g and birth weights
above the 90th percentile compared with group 2. In
group 1, macrosomic infants were born to 4 women
referred for glucosuria, 1 referred for accelerated fetal
growth, and 4 referred for excessive weight gain; in group
2, 4 were referred for glucosuria, 1 for accelerated fetal
growth, and 2 for excessive weight gain. Thus, 4 women

in each group had a macrosomic infant not explained
by a predisposing factor. This rate is in the 3-5% range
observed in our general population. Figure 2 illustrates
the distribution of birth weights in groups 1 and 2.
Birth weight means (±SD) in groups 1, 2, and 3 were
3274 ± 659, 3240 ± 552, and 3388 ± 592 g, respec-
tively (differences not significant). Birth lengths were
50 ± 3.2, 49.7 ± 2.2, and 49.6 ± 2.1 cm, respectively
(NS).

Standard parameters of fetal outcome other than birth
weight are summarized in Table 5. There was no differ-
ence between groups 1 and 2 with respect to any of the
parameters of fetal outcome recorded in our study (Table
5). In both groups, neonatal hypoglycemia occurred at
the same frequency (3%) and was equally severe; blood
glucose concentrations were 20, 25, and 26 mg/dl
in the three newborns of group 2 and 15, 22, and 25
mg/dl in the three newborns of group 1. Hypoglycemia
was readily corrected by oral or intravenous administra-
tion of glucose. In contrast, group 3 demonstrated a
significantly (P < .05) higher frequency of umbilical ar-
tery pH values <7.20 compared with group 2. The low
incidence of the other abnormalities in groups 1 and 2
did not allow a comparison with group 3. Rates of Apgar
scores <8 did not differ among the three groups. The
rates of pathological Apgar scores in group 1 and group
2, and of pH <7.2 and <7.1 were in the normal range
of our general population (Table 5).

There was no perinatal death in group 2 but one fetal
loss in the 17th wk of gestation. In the control group,
three perinatal deaths were registered; two were intra-
uterine deaths, one of them occurring at gestational wk
33 (etiology unclear, referral because of glucosuria), and
the other at the time of delivery because of placental
insufficiency in toxemia. The third death occurred at the
time of delivery and was caused by multiple congenital
malformations in a woman referred because of glucos-
uria. There was no perinatal death in group 3.

DISCUSSION

I
n all 102 patients of group 2, tight metabolic control
of GDM was induced and maintained throughout
the entire period from establishment of diagnosis to
delivery. Control was achieved by a very feasible

therapeutic protocol applied to all consecutive pregnan-
cies with GDM and not only to a selected subgroup.
The question addressed with this study was whether
metabolic normalization promotes a favorable or even
normal fetal outcome. Normal fetal outcome, compared
with controls and population-wide data, was indeed
achieved in these patients with GDM, with respect to
both neonatal mortality and morbidity. Within the pa-
rameters of morbidity, excess macrosomia, the dem-
onstrated highly sensitive indicator of a disturbed intra-
uterine milieu (1), was prevented. Neither large-for-date,
big (>4000 g) and very big (>4500 g) babies, nor small-
for-date and dystrophic (<2500 g) babies were found at
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increased numbers in GDM group 2. Complete preven-
tion of macrosomia cannot be expected because GDM
is only one of numerous causes of macrosomia (29). Of
the other abnormalities usually found in excess in the
offspring of mothers with GDM, such as hyperbilirubi-
nemia, hypocalcemia, and hypoglycemia, none oc-
curred in group 2 more frequently than in the control
group. Umbilical arterial blood pH and Apgar scores
were in line with these findings and were in the normal
range. Our screening pattern enabled us to build a co-
hort of women with GDM who were diagnosed late and,
therefore, received treatment for a period considered too
short to have an impact on fetal outcome. This group 3
demonstrated a significant increase of both macrosomia
and asphyxia over group 2. The data provide strong
evidence that the tight control of group 2 not only elim-
inated the poor outcome observed in group 3 but also
improved outcome to that of controls. We conclude,
therefore, that the risk of neonatal morbidity and mor-
tality in GDM can be attributed to hyperglycemia. Until
recently, evidence for this causative relationship was not
considered unequivocal (30).

Our results contrast favorably with two studies re-
ported recently where pregnancy outcome, with the ex-
ception of macrosomia, was normalized by intervention
(31,32). In the two studies referred to, treatment con-
sisted of a diet low in oligosaccharides and fat. In both
studies, insulin was used in —20% of patients because
of fasting (>100 mg/dl) or random postprandial (>120
mg/dl) hyperglycemia. From another trial, it was re-
ported that prophylactic insulin therapy reduced macro-
somia and macrosomia-related birth trauma (21). The
study differed from the one presented herein in that un-
treated GDM patients but no nondiabetic subjects served
as controls. Furthermore, in our study, use of insulin,
although necessary in 86% of patients, was not prophy-
lactic but based on the OGTT or the 1 -h postbreakfast
blood glucose, the latter of which was used for weekly
titration of the insulin dose. We selected the 1-h post-
breakfast value because the maximal blood glucose
concentration of the day in GDM occurs typically ~1 h
after breakfast (16,33,34). This value may be represen-
tative not only of control of glucose but also of the other
insulin-regulated fuels such as amino acids and free fatty
acids that are also considered potential factors contrib-
uting to macrosomia (35).

All women in whom GDM was diagnosed were ac-
tually included. However, with respect to diagnosis, the
study probably was not population-wide. There are two
reasons for this assumption. First, traditional screening
has been found to miss a considerable portion of cases
of GDM (36,37). However, our procedure provided
above-average sensitivity because we employed a preg-
nancy survey program that was statewide and repetitive.
The second reason for arguably missing a patient with
GDM is that blood glucose 3 h after the glucose load
was not measured. Because the nature of this study called
for very stringent inclusion criteria for both the GDM
group and the control group, we sacrificed a certain

degree of sensitivity to assure a maximum of specificity.
Inclusion criteria for the control group were also set

to provide a maximum of specificity. All the measured
values of the OGTT (fasting and 60, 90, and 120 min)
had to clearly fall into the normal range as reflected by
the respective median values of 69, 136, 120, and 110
mg/dl. Furthermore, to assure continued high specific-
ity, 1-h postbreakfast blood glucose had to be <120
mg/dl at each of the monthly monitorings. The control
group appears to be indeed representative for a normal
population because of typical rates of neonatal abnor-
malities, particularly expected birth-weight distribution.
Thus, the controls were specifically nondiabetic, and
inclusion of individuals with referral symptoms such as
toxemia, excessive weight gain, infections, and previous
stillbirth, was justified. Normoglycemic glucosuria in the
control group did not compromise specificity because it
is of renal origin and has been shown to be of no harm
to mother or fetus (38).

It has been suggested recently that risk of macrosomia
increases steadily with 2-h OGTT blood glucose values
even when they are within the so-called normal range
(39). The data presented herein are consistent with this
notion and suggest that lowering maternal blood glucose
decreases the risk for neonatal morbidity. The favorable
results observed in this trial strongly suggest that early
implementation of tight control of blood glucose is ben-
eficial in GDM.
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