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1. Introduction 

 

1.1 Intention of the presented work  

Gestational diabetes mellitus (GDM) is one of the most common complications in 

pregnancies. Presently, 3-5% up to 14% of the pregnant women are affected, dependent on 

the ethnical group investigated. Actual estimations suggest that the prevalence of GDM will 

significantly increase in the near future due to the rising rate of obesity and glucose 

intolerance in young women in industrialized countries. Optimal medical care has to be 

provided to avoid short and long term sequelae for the fetus and the mother. On the other side 

there is clearly a need for a concept of management of GDM which guarantees a reasonable 

balance of efficacy and costs. For more than two decades there is an ongoing discussion about 

the optimal management strategy in pregnancies with GDM. 

In 2001 the guidelines for diagnosis and therapy of GDM in Germany had been 

modified based on the suggestions of an expert panel of the German Society of Obstetrics and 

Gynecology (DGGG) and the German Diabetes Association (DDG). The major goal of this 

attempt was an adaptation of the German guidelines to the international standard. Although a 

concept was developed that considers all available data well as clinical experience and best 

practicability, several questions remain. There is controversy about the best glycemic 

thresholds for the diagnosis of GDM as well as the optimal glucose targets during pregnancy. 

While intensive glucose control in women with GDM has been proven to reduce neonatal 

morbidity, the rates of accelerated growth (macrosomia) and it's associated complications are 

still elevated, as compared to the normal obstetrical population. Thus, do we have to modify 

our criteria for insulin therapy to reduce morbidity? In studies that target to reduce 

macrosomia, intensive insulin therapy was required in the majority of the women. This does 

not seem reasonable. How can we identify pregnancies with a high risk for neonatal 

morbidity? Are the maternal glucose values reliable predictors for morbidity or do we have to 

include other parameters to improve the outcome?  Do we really have to monitor intensively 

the glucose metabolism in all woman with GDM? 

 

This manuscript constitutes a part of the ongoing attempt to find for answers to these 

questions. It summarizes the quintessence of almost 10 years of clinical research in the field 

of gestational diabetes. Our research covers various aspects of pregnancies complicated by 

diabetes including congenital anomalies, maternal and fetal predictors for neonatal morbidity, 

predictors for postpartum diabetes after GDM and the influence of contraception on the 
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development of diabetes after pregnancies with GDM and. Based on the clinical experience in 

our Diabetic Prenatal Care Clinic we became more and more aware of an urgent need to 

modify the principles of the management of GDM. When looking at the outcome parameters 

it seemed that several of the women were under-treated, while others were over-treated when 

therapy was based solely on strict glycemic control. 

 

In the first part, based on own data and several studies by others this thesis assesses 

the importance of maternal glucose values to predict adverse neonatal outcome. In the second 

part, the results of intervention trials done by our group will be presented that investigated a 

modified management combining maternal and fetal criteria to guide therapy. The advantage 

of this approach will be demonstrated that provides the opportunity to adjust the intensity of 

surveillance and therapy based on antenatal risk assessment.  
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1.2. Gestational diabetes 

 

1.2.1. Epidemiology and pathophysiology 

GDM is defined as glucose intolerance of varying degrees of severity with onset or 

first recognition during pregnancy 1. The prevalence of GDM is dependent on the prevalence 

of type 2 diabetes in the given population and varies from 1-14% with 2-5% being the most 

common figure 2-4. Risk factors for GDM are increasing age, positive family history of 

diabetes, increasing obesity and descent from selected ethnic groups with high prevalence of 

diabetes. 

Pregnancy is associated with profound hormonal changes that have a direct effect on 

the carbohydrate tolerance. In the 1st trimester, progesterone and estrogen rise but 

counterbalance regarding their insulin action. Once the 2nd trimester is entered, human 

placental lactogen (HPL) , cortisol and prolactin increases, causing decreased phosphorylation 

of the insulin receptor substrate-1 5 and profound insulin resistance 6, 7. In most women, 

pancreatic insulin secretion adapts to this need, but in those with underlying beta-cell defects, 

hyperglycemia ensues. Women typically return to euglycemia postpartum but defects in 

insulin secretion and action are still evident. 8 

 

1.2.2  Morbidity 

Maternal morbidity 

Maternal hyperglycemia in GDM is rarely severe enough to cause concern for the 

mother. Women with GDM are more likely to develop hypertensive disorders than women 

without GDM which might be partly related to the underlying risk factors for GDM (obesity, 

increasing age). There is a higher risk of vaginal and urinary infections causing preterm labor. 

At delivery, neonatal macrosomia results in a higher risk of C-section and birth traumata for 

mother and child. A pregnancy with GDM indicates a maternal long-term risk of diabetes in 

later life. Approximately 10-15% of the women remain diabetic postpartum 9, 10, the 

cumulative risk is approximately 50% for diabetes and 75 % for any other impairment of 

glucose intolerance within 10 years after the index pregnancy. 10-13  

 

Fetal and neonatal morbidity 

Fetal  hyperinsulinism secondary to an excessive supply of substrate due to maternal 

hyperglycemia (Pederson hypothesis) 14 is the underlying cause for all short-and long term 

complications of GDM. The primary perinatal concern in GDM remains the excessive fetal 
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growth (fig 1). Macrosomia is significantly more common in pregnancies with GDM even 

when GDM is treated according to standard recommendations. Fat accumulation tends to be 

truncal with a larger shoulder circumference which leads to an increased risk for 

cephalopelvic disproportion and shoulder dystocia. 15 Other significant acute neonatal 

morbidities include hypoglycemia, hyperbilirubinemia, hypocalcemia and polycthemia. 

 

 

Figure 1: Macrosomic newborn with diabetic fetopathy 

 

The infant of women with GDM inherits an increased susceptibility for glucose 

intolerance not only due to genetic disposition but due to the exposure to hyperglycemia in 

utero. Studies in Pima Indians demonstrated that children from the same mother who were 

born after the mother developed diabetes were more obese and more likely to have insulin 

resistance 16. Numerous studies support an increased risk for obesity in the offspring. 17, 18 

 

1.2.3 Diagnostic management 

There is a lively ongoing discussion about the diagnostic procedure for detection of 

GDM. The major controversies exist regarding universal screening versus diagnostic limited 

to women with risk factors and the diagnostic criteria for GDM. It would exceed the capacity 

of this text to go into the details of this discussion. The following presentation will be limited 

to the major issues of the current recommendations valid for Germany 19 which represent a 

modified version of the Recommendations of the Fourth International Workshop Conference 

on GDM. 1 
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Screening for GDM should be performed in every woman with 24-28 weeks of 

gestation. The diagnosis of GDM is based on the results of an oral glucose tolerance test 

(oGTT). The evaluation for GDM may be done in one or two steps. The one - step procedure 

requires a complete 75 g oGTT in all women. When two or more glucose values exceed the 

glycemic thresholds of fasting 90mg/dl, 180 mg/dl after 1 hour and 155 mg/dl after two hours, 

the criteria for GDM are met.20 The two-step procedure uses a 50 g glucose load (glucose 

challenge test) as selection criteria for the oGTT; it may be applied without regard to the time 

of day or last meal.  The diagnostic oGTT is reserved for women with glucose values above 

140 mg/dl in the screening test. When performed between 24-28 weeks of gestation, the 

screening test has a sensitivity of 80% at a 140 mg/dl cut point 1. Women with high-risk for 

GDM should be tested as soon as feasible and testing should be repeated at 24-28 weeks if 

GDM is not diagnosed. The cutoff values for the oGTT are derived from the original data 

from O’Sullivan from 1964 evaluating an increased risk for development of type 2 diabetes of 

the mother in later life. 21 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: 

Diagnostic procedure for GDM  

 

In contrast to the recommendations of the German Diabetes Association, currently (up 

to spring 2003) the German health system covers only a diagnostic for GDM in women with 

risk factors for GDM following the one-step procedure. About 50% of the women with GDM 

are missed by this selective testing. 2 Thus in this text, all presented studies which had been 
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1 hour  > 180 mg/dl 
2 hours > 155 mg/dl 

1st trimester testing 

   24-28 weeks of gestation 
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performed in Germany, are based on a population of women with GDM who were identified 

by selective testing. Additionally in the time period of the studies, the diagnosis of GDM was 

based on the O’Sullivan criteria (90/165/145 mg/dl) in most institutions in Germany. 

 

1.2.4  Therapy 

Antepartum treatment of women with GDM should be focused on the prevention of 

fetal complications. Dietary education is the first step in the treatment for GDM. The 

nutritional prescription should provide the caloric needs for pregnant women of 30 kcal per 

kilogram of actual body weight. The total intake should be reduced to 25 kcal for overweight 

women. Self monitoring of blood glucose is superior to less frequent measurements in the 

clinic. The recommended frequency of the glucose profiles consisting of 3 pre-and 3 

postprandial measurements varies between twice per week or daily. Glycemic goals during 

pregnancy are fasting values < 90 mg/dl, 1 hour postprandial < 140 mg/dl and 2 hour values < 

120 mg/dl. 19 In women who fail to achieve or maintain normoglycemia additional insulin 

therapy is recommended. Physical activity after meals increases glucose consumption and 

insulin sensitivity and it had been shown that in women with GDM insulin therapy could be 

avoided by a strict exercise protocol. 22 
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2. Own contributions  

 

2.1.  The influence of maternal glycemia on embryogenesis 

2.1.1  Introduction and summary  

Preexisting diabetes is a well known risk factor for congenital anomalies since 

maternal hyperglycemia during time of embryogenesis has a teratogenic effect of the 

development of the embryo. 23-28 Data from animal and clinical studies have demonstrated a 

correlation of the degree of maternal hyperglycemia during early pregnancy and the 

occurrence of malformations in the embryo. 29-31 Preconceptional care and optimizing of 

maternal glucose control can reduce the rate of anomalies to the level of the normal 

population. 27, 32, 33 In women with preexisting diabetes, a great body of data is available to 

assess the risk for diabetes based on the level of maternal glucose values. Congenital 

anomalies typical for diabetes affect primarily the heart, central nervous system, kidneys and 

the axial skeleton.  

 

Figure 3: Newborn with caudal regression syndrome - the most specific but rare congenital 

anomaly in pregnancies complicated by diabetes (from Smith's Recognizable Patterns of 

Human Malformation )  

 

Disturbance of fetal development causing these disorders must occur during the first 8 

weeks of pregnancy. Thus, GDM is not considered as risk factor for congenital malformations 

because it typically develops not before the late second trimester coincident with the 

decreasing insulin sensitivity at this time. But the definition of GDM as any glucose 

intolerance diagnosed first in pregnancy, comprises a wide range of metabolic 
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decompensation - from mild intolerance to overt hyperglycemia. It can be speculated that 

women with severe hyperglycemia at time of diagnosis of GDM might have had 

hyperglycemia in early pregnancy high enough to impart a risk for malformation to their 

children. So far, there had been very few data to quantify the risk of malformations in these 

heterogeneous population of women with GDM.  

 

•  Congenital malformations in offspring of women with GDM 

Our study aimed to determine the incidence of congenital anomalies in women with 

hyperglycemia diagnosed first in pregnancy and to identify clinical predictors for an increased 

risk for anomalies. A total of 3743 infants of mothers with GDM who attended the Diabetic 

Clinic of the Los Angeles County-University of Southern California Women’s and Children’s 

Hospital between 1987 and 1995 could be analyzed. Infants with genetic syndromes and 

aneuploidy were excluded. The incidence of was 2.9% for major congenital and 2.4% for 

minor anomalies. There was no difference in maternal historical or glycemic parameters 

between mothers of pregnancies with normal infants and infants with minor anomalies thus 

we combined them for the further analysis. The multivariate analysis revealed that the fasting 

glucose concentration at time of diagnosis was the only independent predictor (Odds ratio 

1.13 for each 10 mg/dl increase, 95% CI 1.08-1.16) for major malformations. The fasting 

glucose is an easy accessible clinical parameter since it is part of the diagnostic procedure. 

Thus we examined if there is a threshold glucose value for an increased risk. The population 

was divided into subgroups according their fasting glucose values using strata of 20 or 40 

mg/dl respectively. There was an abrupt increase in the risk for major congenital anomalies at 

a serum glucose concentration > 120 mg/dl and again at >260 mg/dl (table 1). 

 

Table 1: Rate of and odds ratio for the risk of major congenital malformations in a population 

of women with hyperglycemia diagnosed first in pregnancy 

 Total population Subgroup with normal  

oGTT 1- 4 month postpartum 

Fasting glucose (mg/dl) Rate OR (95%CI) Rate OR (95%CI) 

< 120  62 (2%) 1.0 22 (1.7%) 1.0 

121-260 39 (5%) 2.6* (1.7 - 3.8) 8 (3.7%) 2.1* (1.1-4.82) 

> 260 7 (30%) 20.5* (8.5-50.7) 0  

* p< 0.05 
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The majority of our study population belonged to the ethnic group of Mexican-American who 

are characterized by a high degree of glucose intolerance due to insulin resistance.  To 

exclude that our results were valid only for women with presumably undiagnosed preexisting 

type 2 diabetes, we repeat the analysis in a subgroup of women with normal oGTT (n= 1600) 

1- 4 month postpartum. We identified the same cut-off at 120 mg/dl but there was no case of 

fasting glucose  > 260 mg/dl in this subgroup. 

 

• Patterns of congenital anomalies and their relationship to initial maternal  hyperglycemia 

In pregnancies with type 1 diabetes there is a predominance of organ systems which 

are frequently affected by congenital anomalies. In this second study we aimed to investigate 

1.) the types of malformations in infants of mothers with GDM or type 2 diabetes and 2.) 

whether the types of anomalies occurring are related to the level of maternal hyperglycemia at 

entry to care. We hypothesize that some organ systems are more susceptible to hyperglycemia 

than others . Study subjects were again retrieved from our database of diabetic women 

attending the Diabetes Clinic of the Los Angeles County women’s hospital. Diagnosed major 

congenital malformations were categorized by the number and type of affected organ systems.  

In a total of 3764 women with GDM and 416 women with known type 2 diabetes 

mellitus. Maternal historical (age, prepregnancy BMI, prior pregnancy with macrosomia, 

stillbirth or anomalies) and clinical parameter (gestational age at first prenatal visit, first 

trimester exposure to sulfonylurea agents) and value of the initial fasting glucose and HbA1c 

were investigated regarding their relation to anomalies. 143 infants (3.4%) with major 

anomalies were identified, with a prevalence of 2.9% in GDM and 8.9% in type 2 diabetes. 

The most frequently affected organ systems were cardiac (37.6%), musculo-skeletal (16%) 

and central nervous system (9.8%).  

In 16% of the infants multiple organ systems were affected. There was no 

predominance seen of any organ system affected with increasing fasting glucose values 

(figure 4). But major anomalies involving multiple organ systems were associated with 

significantly higher glucose levels (166 ± 64 mg/dl) than malformations which were limited to 

one affected organ system (141 ± 55 mg/dl, p=0.006.) 

 

2.1.2 Discussion  

In this first large-scale study in women with GDM, we could confirm the tight 

relationship between maternal glycemia and the rate of congenital anomalies that had been  
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demonstrated in women with preexisting type 1 diabetes. Additionally, we saw the same 

predominance of anomalies affecting the heart, skeleton and central nervous system in a  

mixed population of women with GDM and known type 2 diabetes as reported from 

pregnancies with type 1 diabetes.  

The overall rate of major anomalies was slightly higher than in non-diabetic women of 

our population. Our women with GDM had an unusual wide range of  the degree of glucose 

intolerance  partly due to the high level of insulin resistance in the Mexican-American 

population in Los Angeles. 34 There is a great chance that women with fasting glucose values 

above our second identified threshold for an increased risk for anomalies (260 mg/dl) had 

undiagnosed type 2 diabetes before pregnancy. But already glucose levels below the level 

required for the diagnosis of diabetes outside pregnancy  at the time of study (fasting glucose 

140 mg/dl) were related with in increased rate for anomalies. 35 A second analysis in a 

subgroup of women with normal postpartum oGTT and therefor little chance of having 

preexisting diabetes confirmed that women who develop severe glucose intolerance first in 

pregnancy are also at risk for an infant with congenital anomalies. We have no information 

about the glucose values in early pregnancy since in general screening for GDM is 

Figure 4:  

Distribution of affected organ systems in infants with major anomalies according to the

fasting glucose value at entry to care 
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recommended not before 24-28 weeks of gestation. Thus, we could only speculated about the 

degree of hyperglycemia during embryogenesis which is required to cause anomalies. 

Interestingly our identified threshold of a fasting glucose value >120 mg/dl was identical with 

the threshold which was reported for 1st trimester glucose measurement in women with type 1 

diabetes. 31 Regardless the final classification of diabetes after pregnancy, our data provide a 

useful tool to counsel women with hyperglycemia diagnosed first in pregnancy about their 

risk for major anomalies based on their fasting glucose levels at time of diagnosis. Ultrasound 

examination on a high level of expertise should de offered to women with fasting glucose > 

120 mg/dl with special attention to the most frequently affected organ systems. Additionally, 

the high chance for anomalies involving multiple organ systems have to be considered since 

increasing glucose levels had been associated with a higher number of affected organ systems 

in the infants of our population. Further prospective studies are needed to develop strategies 

to identify preconceptionally women without overt diabetes but glucose intolerance sufficient 

to cause congenital anomalies. A minority of the women would have qualified for routine 

diabetes testing which is limited to women with age > 45 or other risk factors like prior GDM. 
36 But even with routine testing the women who appeared to be at risk would not have been 

detected considering the existing diagnostic criteria for diabetes outside pregnancy at the time 

of the study. The rate of major anomalies was more than double in women with fasting 

glucose > 120 mg/dl, a level which was classified as normal by the recommendations of the 

American Diabetes Association from 1996. 36 Meanwhile the diagnostic criteria for diabetes 

outside pregnancy had been modified and a repeat fasting glucose measurement of 125 mg/dl 

in venous plasma and 110 mg/dl in capillary blood qualifies for the diagnosis of diabetes. 37 
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2.2 The influence of maternal glycemic values on fetal growth and neonatal 

morbidity 

2.2.1  Studies in pregnancies with borderline glucose intolerance  

2.2.1.1 Introduction and summary  

The diagnosis of GDM is based on the glucose values obtained by an oral glucose 

tolerance test. There is an ungoing discussion for three decade about the thresholds for 

defining maternal glucose intolerance in pregnancy which resulted in a great variation of 

glucose values used for the definition of GDM  (table 2).  

 

Table 2: Different diagnostic criteria used for diagnosis of GDM 

 

 1964 

O'Sullivan 

 & Mahan 

1979 

NDDGa 

1982 

Carpenter 

& Coustan 

WHO 1998 

ADAb 

 

Germany 

Until  

2001 

2001 

DDGc 

Load (g) 100 100 100 75 100 75 75 

Method  SM-Nd GO/HKe GO/HK GO/HK GO/HK GO/HK GO/HK 

Medium VBf VPg VP VP VP CBh CB VP 

Fasting  

(mg/dl) 

 

90 

 

105 

 

95 

 

126 

 

95 

 

90 

 

90 

 

95 

1H 165 190 180  180 165 180 180 

2H 145 165 155 140 155 145 155 155 

 
aNational Diabetes Data Group    bAmerican Diabetes Association 
cGerman Diabetes Association    dSomogy-Nelson 
eHexokinase/Glukoseoxigenase,    fWhole venous blood  
gVenous plasma        hCapillary blood 
 
All used definitions were derived from the original criteria from O’ Sullivan and Mahan from 

1964. 21 But these were based on the subsequent maternal risk for diabetes and did not 

investigate the risk for fetal or neonatal morbidity. Furthermore there is more and more 

evidence that the relationship between maternal glycemia during pregnancy and neonatal 

morbidity behaves more like a continuum, with no precise threshold to discriminate between 

high and low risk fetus. 38 39 For termination of thresholds for increased morbidity an 

untreated population of women with glucose intolerance in pregnancy would be needed. Since 

it is unethical to withhold a therapy that had been shown to reduce morbidity, the studies 

addressing this issue were limited to women with glucose intolerance below the existing 
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thresholds for gestational diabetes. They investigated the outcome either in women with 

positive glucose challange test but negative oGTT or in women with only one pathologic 

value in the oGTT. 

 

•  Fetal hyperinsulinism, neonatal obesity and placenta immaturity 

The aim of the present study was to determine the impact of borderline glucose 

intolerance on diabetic fetopathy indicated by neonatal obesity, fetal hyperinsulinism and 

placenta immaturity. Our study was performed between 1992 and 1993 at the Department for 

Obstetrics at the Vivantes Medical Center Neukoelln in Berlin. We involved 325 women with 

risk factors for GDM who were tested for glucose intolerance by a 75 g oGTT. The 

O’Sullivan criteria were applied for diagnosis of GDM. Diabetes care consisting of diet 

education and frequent glucose profiles was limited to women with GDM, defined as usual by 

two pathologic values in the oGTT.  The study population was divided into women with 

normal oGTT, women with one abnormal value (IGT= impaired glucose tolerance) and 

women with GDM and neonatal outcome was compared between the groups. Neonatal 

parameters tested were as followed: birth weight, large-for.gestational-age birth weight 

(LGA), skinfolds at three sites of the newborn (figure 5), amniotic fluid insulin at time of 

delivery, cord blood glucose and insulin, neonatal glucose and villous maturation of the 

placenta. Neonatal obesity was defined according percentile rankings obtained by skinfold 

measurements that had been previously performed in 250 consecutively born infants.  
 

Figure 5:   

Skinfold measurement at the triceps in a newborn 
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Women with one abnormal value had significantly higher rates of LGA infants and 

infants with central obesity, of hyperinsulinism and neonatal hyperglycemia compared to 

women with normal oGTT with a rate similar to women with GDM. Central obesity and 

hyperinsulinism with consecutive neonatal hypoglycemia was even more frequent than in 

pregnancies with GDM. Severe placental immaturity was seen most frequently in GDM 

pregnancies but again the rate in IGT was significantly higher compared to normal 

pregnancies. 

 

•  Neonatal Hypoglycemia in LGA newborns 

Neonatal glucose testing is routine part of neonatal care in infants of mothers with 

known diabetes.  Additionally, neonatal glucose testing is recommended in all LGA infants 

(birth weight> 90th percentile) independently of the diabetic status of the mother. Excessive 

growth is the major clinical sign of fetal hyperinsulinism due to maternal hyperglycemia in 

pregnancy. Macrosomic newborns are at increased risk for neonatal hypoglycemia when after 

delivery the insulin secretion has to be adapted to the sudden drop in glucose supply.  

Universal testing in all LGA newborns implicates unnecessary diagnostic in infants at low or 

no risk for hypoglycemia since only a minority of macrosomia is caused by diabetes. Therefor 

we investigated the rate of hypoglycemia in LGA newborns of non-diabetic mothers and 

whether maternal or neonatal risk factors for hypoglycemia could be identified. In 887 LGA 

infants, we observed hypoglycemia within the first day of life in 16% of the infants with a 

steep decrease of the incidence after the first two hours. 

There was no clinical useful predictor for hypoglycemia unless glucose values of an oGTT in 

pregnancy were available. In the subgroup of infants of mothers with oGTT the 1 hour-

glucose value was an excellent discriminator between infants at low, intermediate or high risk 

for hypoglycemia. Three cutoff points with stepwise increase in the rate of hypoglycemia 

were identified. The rate of hypoglycemia was 2.5% for glucose values ≤ 120 mg/dl, 

increased to 9.3% for values of ≥ 120 and ≤ 179 mg/dl and further to 22% for ≥ 180 and ≥ 

239 mg/dl.  

 

2.2.1.2. Discussion 

Several groups have been shown that women with glucose intolerance below the 

existing thresholds for gestational diabetes have a higher rate of macrosomia, cesarean 

delivery and preeclampsia. 38-42 The best evidence comes from the Toronto Tri Hospital 

study, a prospective study that involved 3600 women with normal oGTT,  patients and care 
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givers were blinded to the glucose values. They could demonstrate a graded increase in 

adverse maternal-fetal outcome with increasing maternal carbohydrate intolerance. 38 In 

addition to other studies which were limited to clinical complications known to be increased 

in diabetes, we could confirmed the influence of borderline glucose intolerance on very 

specific parameters for diabetic fetopathy. Beside macrosomia and hypoglycemia also 

hyperinsulinism, trunk obesity and placenta immaturity were significantly more frequent in 

untreated women with IGT than in normal women. Our second work related to this topic 

concentrated on macrosomic infants of non-diabetic mothers. We could show that the risk of 

neonatal hypoglycemia in these infants is tightly related to the 1-hour oGTT value of the 

mother. Interestingly, the identified threshold corresponds to the threshold for an abnormal 1-

hour value according to the Carpenter and Coustan criteria for GDM. 20 Thus, all mothers of 

the infants at greatest risk for hypoglycemia had IGT that was not treated because the oGTT 

did not fulfill the criteria for GDM. Secondly, our data support the clinical importance of a 

general screening for GDM since without available oGTT values a risk assessment for 

hypoglycemia in LGA newborns seems not be possible. 
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2.2.2 The impact of maternal obesity 

2.2.2.1 Introduction and summary  

The hypothesis of Pedersen proposed that glucose from the maternal circulation is a 

major regulator for fetal growth. 14 A large body of clinical and experimental studies 

supported that maternal hyperglycemia enhances fetal growth by an excessive glucose supply 

to the fetus at a time when the fetal pancreas is able to respond by increasing its production of 

insulin. 43-45 Although the stimulation of insulin secretion starts with 11-15 weeks of 

gestation 46 , accelerated growth due to maternal diabetes occurs at around 28 weeks, 

presumable because of the fetal capacity to store triglycerides at that time. 47 Thus, it is 

obvious that maternal hypergylcemia is a risk factor for macrosomia, however the regulation 

of fetal growth is far more complex and is influenced by many factors. The clinical 

experience indicates that despite of tight glucose control neonatal macrosomia occurs. On the 

other side, normosomic infants are born to mothers with hyperglycemia. 

 

• The correlation of maternal obesity and high rates of fetal macrosomia 

Existing studies are limited to the investigation of the influence of maternal glycemia 

and LGA at time of birth. Our study aimed to examine the correlation of maternal glucose 

values and fetal growth at different gestational weeks of pregnancies in normal and 

overweight women with GDM. In 406 women with GDM or IGT a total of 919 serial 

ultrasound examinations was performed. A fetal abdominal circumference > 90th percentile 

according to gestational age 48 was defined as fetal macrosomia. Glucose values at diagnosis - 

oGTT , entry glucose profile and HbA1c – and the glucose values of the profiles  performed 

at 5 different categories of gestational weeks were compared between pregnancies with and 

without fetal macrosomia diagnosed at correspondent gestational ages. Each analysis was 

adjusted for maternal obesity, defined as body mass index (BMI) ≥ 30 kg/m2. 49 There was no 

difference in glucose values either at entry or during pregnancy between pregnancies with or 

without fetal macrosomia either in lean nor in obese women. In contrast, the fetal macrosomia 

rate was significantly higher in obese compared to lean women at each category of gestational 

age and at birth. 
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• Determinants for in utero macrosomia at different gestational ages 

Our first work revealed the strong influence of maternal obesity on fetal growth. In a 

second step, we investigated the influence of other maternal parameters. We use the above 

described population to determine independent predictors for fetal macrosomia at different 

periods of pregnancies and at birth. We included maternal historical (prior pregnancy with 

LGA or GDM, prepregnancy BMI and parity) and glycemic parameters at entry (oGTT, 

HbA1c and mean fasting and postprandial glucose values of the daily profile) and the glucose 

values of the profiles at the different periods of pregnancy. We found different parameters 

univariately associated with accelerated growth at different times of pregnancy: LGA in a 

previous pregnancy, parity, prepregnancy obesity, fasting of the oGTT or fasting glucose at 

32GA. The independent predictors are displayed in figure 6. 

 

 

 

 

 

 

 

 

 

                              

        Entry                24                28              32                36              Birth 

 

 

 

Figure 6 

Timeline of independent predictors for an AC≥90th percentile at entry, in different gestational 

age categories and for large-for-gestational age birth weight in pregnancies with GDM and 

IGT. (Odds Ratio and 95%CI given). Obesity was defined as BMI ≥ 30 kg/m2. OR per 5 

mg/dl increase of fasting glucose 
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2.2.2.2. Discussion 

The complexity of fetal growth occurs at several levels determined by the mother, the 

placenta and the fetus. Both of our presented studies revealed the strong influence of maternal 

obesity on the risk for accelerated growth. At no time in pregnancy, a higher rate of fetal 

macrosomia was associated with higher maternal glucose values but with obesity. Obesity is 

often associated with elevated lipids and proteins and peripheral hyperinsulinism which had 

been shown to be related to the risk for macrosomia. 50-52 Lipids and amino acid levels are 

influenced by the carbohydrate metabolism but there is no linear correlation between the 

elevation of glucose and non-glucose nutrients. Thus, the effect of hyperlipidemia and 

hyperacidemia on fetal growth cannot be eliminated solely by glucose control.  When we 

looked for other maternal predictors in the second analysis, we found independent predictors 

that represent the three major determinants of fetal growth. A history of a prior LGA infant 

representing the genetic influence, maternal obesity reflecting genetic and non-glucose fuels 

and the fasting hyperglycemia indicating an increased glucose supply to the fetus. In the early 

pregnancy the influence of genetic factors predominates; about 15% of the variation in birth 

weight is due to genetic predisposition. 53 It could be shown that an early symmetric 

accelerated growth is not associated with fetal hyperinsulinism. 54 In the early third trimester 

maternal obesity became a strong predictor coincident with the time of fetal adipocyte 

proliferation and lipid storage. Maternal glycemia appears to have the strongest influence in 

the late trimester, the time when accelerated growth in diabetic pregnancies was described 55, 
56. Maternal hyperglycemia leads via fetal hyperinsulinism to an increase of the insulin 

sensitive tissue, like the adipose tissue.  

In summary, our GDM management that was focused on tight glucose control could 

not lower the macrosomia rate in obese women. Considering the strong influence of non-

glucose related parameters, a modified approach in obese women might be more effective to 

lower the high rate of LGA infants in these women. 
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2.3. The importance of the fetal abdominal circumference in pregnancies with 

diabetes 

2.3.1. Introduction and summary  

As demonstrated above, the reliability of maternal glycemic values to predict diabetic 

morbidity in the newborn is limited. Normalization of maternal hyperglycemia could lower 

the rate of adverse outcome in pregnancies with GDM but the rate of macrosomia and 

neonatal morbidity is still elevated compared to the normal obstetrical population. 1 In studies 

with very strict control the macrosomia rate had been lowered to 10% but this management 

required intensive insulin therapy in 66-100% of the women. 57-59 Furthermore, in gestational 

diabetes aggressive lowering of the maternal glucose levels may lead to an increased rate of 

intrauterine growth retardation and an adverse perinatal outcome for small-for-gestational-age 

newborns. Attainment of strict control in all women with GDM might result in unnecessary 

treatment in low-risk pregnancies and absorption of limited resources needed for intensive 

therapy in high-risk pregnancies.  Therefor some researchers were looking for other predictors 

besides  maternal glycemia to identify pregnancies at high risk for morbidity. One approach is 

based on fetal growth 60-62 and limits intensive insulin therapy to pregnancies with accelerated 

growth of the fetal abdominal circumference (AC). Diabetes associated macrosomia is 

characterized by an asymmetric growth of the fetal abdomen versus head and long bones due 

to the stimulation of the insulin sensitive fat tissue by fetal hyperinsulinism (fig.1 ). 63, 64 In 

diabetic pregnancies, the fetal AC ( fig. 7) measured in the early third trimester revealed to be 

a good predictor for a LGA newborn. 47, 55, 56  

 

Figure 7 

Measurement of the fetal abdominal circumference 
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The second approach uses amniotic fluid insulin to diagnose fetal hyperinsulinism. 65-

68 The level of fetal insulin is supposed to correspond to the level of insulin in the amniotic 

fluid secondary to the urinary excretion. When insulin levels are elevated, insulin therapy is 

either initiated or intensified. Although this approach offers a direct estimation of the fetal 

reaction on maternal glycemia, it is not widely accepted because it requires an amniocentesis 

as an invasive procedure to obtain amniotic fluid. 

 

• Fetal abdominal circumference as predictor for neonatal macrosomia 

Existing data demonstrate the tight relation of the fetal AC in the third trimester with 

the LGA status at birth but there is a paucity of data investigating the predictive power of the 

fetal AC compared to maternal parameters known to influence fetal growth. Therefor we 

determined independent predictors for LGA and their predictive power. Secondly, we aimed 

to create a score of the discriminatory parameters and quantitated the  predictive power by 

receiver operator characteristics (ROC) curves analysis. In 728 women treated for GDM four 

independent predictors could be identified: a history of GDM, prior delivery of an infant > 

4000 g birth weight, prepregnancy BMI ≥ 30 kg/m2 and fetal AC ≥ 90th percentile at entry 

with the fetal AC being the strongest predictor (OR 3.9) (unpublished data 5.3). None of the 

glycemic parameters revealed to be predictive. The area under ROC curve of a score based on 

the three historical risk factors was 0.66, which could be increased to 0.71 by inclusion of 

fetal AC at entry to diabetes therapy  (p>0.05). The negative predictive value (NPV) for 

women with no risk factor was 0.90 and improved to 0.93 when the fetal AC was considered 

as well. Subsequent ultrasound examinations did not improve predictive power of the score. 

 

• Correlation of amniotic fluid insulin levels and fetal abdominal circumference at time of 

amniocentesis 

The fetal AC measurement is an indirect approach to assess fetal morbidity in 

pregnancies with diabetes based on a clinical manifestation of fetal hyperinsulinism. But since 

fetal growth is influenced by many other factors beside the fetal insulin levels there is still a 

concern of over- or under-treatment when insulin therapy is administered solely depending on 

the fetal AC. Thus, we investigated the correlation between amniotic fluid insulin (AF 

insulin) and fetal AC percentiles at time of amniocentesis performed in the third trimester in 

121 diabetic women.  In a second step, we aimed to find a threshold for fetal AC 

measurements that identifies low vs high risk levels of AF insulin without performing an 

amniocentesis. We could show that AF insulin levels were significantly correlated with the 



2. Own contributions  24 
 

AC percentiles (r=0.3, p=0.0005) by linear regression. Division of the cohort according to AC 

percentiles revealed a significant stepwise increase in AF insulin ≥ 7 µU/ml at the 80th 

percentile of the AC. An amniotic fluid insulin >7 µU/ml was previously defined as 90th 

percentile of a normal obstetrical population by our group. 69 But the negative predictive 

value (NPV) was low (77.6 %) and the ROC curve confirmed that there was no good 

threshold of the fetal AC to identify an AF insulin ≥7 µU/ml (fig 8). In contrast an AC 

threshold ≥ 75th percentile could reliably identify fetal hyperinsulinism with an AF insulin 

>16 µU/ml. All 10 cases of AF insulin >16 µU/ml were identified with a NPV of 100%  

(74/74).  

 

Figure 8:  ROC curves for the fetal abdominal circumference to identify amniotic fluid insulin 

≥ 7 µU/ml and ≥ 16 ≥ 7 µU/ml 

 

2.3.2. Discussion  

Both our studies support the importance of the fetal AC in the management of 

pregnancies with diabetes. The percentiles of the fetal AC corresponded to the level of the 

fetal insulin indirectely determined by the AF insulin. The fetal AC ≥ 90th percentile was the 

strongest predictor for an LGA infant within a wide selection of tested parameters. In contrast, 

as we expected from our previous studies, the maternal glycemic values in this treated 

population were not predictive. We can only speculate if maternal glycemia would be more 

discriminative in an untreated population with a wider range of glycemic values.  
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Surprisingly, the predictive power of a score created from historical data was only slightly 

improved by inclusion of the fetal AC. Easy obtainable historical data by itself seem to 

provide enough information for clinicians to antenatally estimate the risk for an LGA 

newborn. All predictors in a single or combined fashion are superior in identifying an infant at 

low risk for excessive growth (NPV) while the sensitivity and specificity did not exceed 77% 

or 53%, respectively. Similar, the identified threshold fetal AC for an increased risk for severe 

fetal hyperinsulinism was highly reliable in excluding hyperinsulinism but weak in predicting 

elevated insulin levels > 16 µU/ml. For moderately elevated insulin levels the fetal AC offers 

no reliable tool for risk assessment. Almost 50% of the cases would have been missed by the 

identified AC threshold for AF insulin > 7 µU/ml. Kainer et al, the only group so far that 

investigated the relation of amniotic fluid insulin and the fetal AC also found the AC 

measurement to be useful only in identifying high levels of insulin. 70 Our finding 

corresponds to the data of Weiss et al who had demonstrated that neonatal morbidity was 

mostly limited to AF insulin levels which were increased 2 - 3 fold above normal. 66  There is 

evidence that excessive birth weight is limited to markedly AF insulin levels about ≥ 20 

µU/ml 66, 71. Similarly, long term effects of fetal hyperinsulinism like an increased rate of 

childhood obesity also appear to be restricted to the levels of AF insulin ≥ 20 µU/m. 72 These 

insulin levels correspond closely to the insulin level of ≥ 16 µU/ml that according to our data 

can be identified by an AC ≥ 75th percentile. Interestingly, the AC threshold of the 75th 

percentile found by our study to identify severe hyperinsulinism was identical to the AC 

threshold which has been recommended for initiating insulin therapy in GDM. 60-62  
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2.4. Intervention studies – management of GDM based on fetal growth 

 

2.4.1 Introduction and summary  

Fetal growth in pregnancies complicated by diabetes is related to maternal glycemia 

but it is controversial to what extend hyperglycemia determines morbidity. 1 In agreement 

with other groups, we could show that the relation of neonatal morbidity and maternal glucose 

values seems to behave in a continuous fashion. 38, 42, 73-76   Thus, the glucose targets that we 

aim to achieve during pregnancies are arbitrary and consensus based. Recently it had been 

shown that the 97th percentile of the 1-hour postprandial glucose value of women with normal 

glucose tolerance is far below the recommended cutoff for insulin therapy of 140 mg/dl. 77 

The best evidence that the same maternal glucose values may result in different outcome 

comes from observations in twins. 78 Applying the strategy of tight glucose control on all 

women misses the change to target intervention on pregnancies with high risk for morbidity. 

In a pilot study limited to women with normoglycemia it was demonstrated that a single 

measurement at entry to therapy could identify a fetus at risk for macrosomia. Intensive 

insulin therapy could lower the macrosomia rate by 3 fold in this high risk population 

compared to those who were treated with diet only. The overall macrosomia rate of the study 

population was reduced without applying insulin to the majority of the women. Our 

subsequent studies which will be presented in the following aimed (1) to extend this approach 

to women with hyperglycemia and (2) to proof the applicability of this strategy in a 

population with a different ethnic background and without prior stratification according to the 

maternal glycemia status. 

 

• Fetal growth based approach applied in Latino women limited to women with maternal 

hyperglycemia  

 Eighty-nine women with GDM and venous fasting glucose levels > 105  < 200 mg/dl 

after a 1 week trial of diet were randomized to a standard and an experimental group. The 

standard group was treated with insulin due to maternal hyperglycemia. In the experimental 

group insulin therapy was limited to pregnancies with a fetal AC > 70th percentile at entry or 

in one of the subsequent monthly ultrasound examinations. Additionally, insulin was applied 

when maternal glucose exceeded fasting > 120 mg or postprandial 200 mg/dl. There was no 

difference in maternal characteristics at entry between the two study groups. According to the 

protocol, the glucose values during pregnancy were lower in the standard group compared to 

the experimental group. In the experimental group (n=48), insulin therapy was applied in 27 
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(56%) women because of fetal AC > 70th percentile, in 3 women because of fasting glucose > 

120 mg/dl or non-compliance and in 18 (=38%) insulin could be withhold. The neonatal 

outcome did not differ between the groups with overall low rates of LGA newborns (6.3 vs 

8.3 % for standard versus experimental group). Delivery by Cesarean section was performed 

more frequently in the experimental group but this could not be explained by complications 

related to diabetes. Despite intensive insulin therapy the LGA rate in women with fetal AC > 

70th percentile at entry was higher than in women with normal fetal growth. 

 

• Evaluation of the fetal growth based approach in a Caucasian population without respect to 

maternal glycemia status 

 In this study women with diagnosis of GDM according O’Sullivan criteria were 

enrolled who attended the Diabetic Prenatal Care Clinic either of the Charité or of the 

Vivantes Medical Center in Berlin. Both institutions take care of a multiethnic population 

with a rate of approximately 40% women from Turkey, Arabian countries or East Europe. 

Women from Latin-America are rare. The women were randomized to a standard (n=100) and 

an ultrasound group (US-group, n=99) when fasting glucose < 120 mg/dl and postprandial 

values < 200 mg/dl in the glycemic profiles after one week of diet. In the standard group, 

women stayed on diet unless fasting glucose > 90 mg/dl and/or postprandial glucose >120 

mg/dl. The US-group was started on insulin if fetal AC exceeded the 75th percentile at entry 

or at any examination thereafter corresponding to a 4 week examination schedule at 20, 24, 

28, 32 weeks of gestation. Additional, insulin was recommended in case of severe maternal 

hyperglycemia defined as fasting glucose > 120 mg/dl or postprandial > 200 mg/dl. The two 

groups were similar regarding historical data, glycemic data and the rate of fetal AC at entry. 

In the US-group insulin was given exclusively based on AC > 75th percentile. Neonatal 

outcome was not significantly different in both groups. When we analyzed a subgroup of 

women with GDM according to Carpenter and Coustan criteria (n=161) the results were 

identical with the exception of a higher rate of insulin use in the standard group. In a 

secondary analysis in women with euglycemia and AC >75th percentile (n=34) the rate of 

LGA, C-section and neonatal hypoglycemia was lower in the insulin treated US-group 

compared to corresponding women in the standard-group. In those pregnancies with maternal 

hyperglycemia but AC< 75th percentile (n=35) there was no adverse outcome in the US-group 

although insulin was withheld.  
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2.4.2 Discussion 

Both our studies demonstrated that a management based on relaxed glycemic criteria 

combined with fetal AC measurements is a safe approach for mother and child independent 

on the ethnic background of the study population. The measurement of the fetal AC with 

ultrasound reliably identified fetuses at low risk for accelerated growth. This supports the 

prior work of Bochner, Landon and Ogata. 47, 55, 56 In GDM managed by a fetal-growth based 

approach the neonatal outcome was similar to pregnancies guided solely by maternal 

glycemia even in selected women with hyperglycemia from a population of Mexican-

Americans that is known to have a high rate of severe glucose intolerance. 34 Insulin therapy 

could be avoided in 38 % of these women and in 43% of Caucasian women with 

hyperglycemia investigated in Berlin. The “Berlin study” combined the two pilot studies from 

Los Angeles and included both women with normoglycemia and hyperglycemia. The overall 

rate of insulin use was slightly higher in the US-group compared to the standard approach. 

This reflectes the mild degree of glucose intolerance when diagnosis of GDM is based on the 

low diagnostic criteria for GDM of O’Sullivan. 21 When we excluded women who did not 

fulfill the Carpenter and Coustan criteria that require higher post challenge glucose values, the 

insulin use in both study arms was similar. When we looked at the women who were treated 

differently in the US-group compared to the standard group we realized a better outcome in 

the US-group: a tendency toward a lower SGA rate in women with hyperglycemia but normal 

fetal growth and a lower LGA rate in women with euglycemia but accelerated growth. The 

last finding confirmed the study of Buchanan. 60 Interestingly, in both studies the LGA rate 

was unexpectedly low in the standard group. It can be only speculated about the influence of 

increased attention and motivation under the conditions of a clinical trial and the frequent 

demonstration of fetal growth by serial ultrasound examinations.  
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Condension 

Maternal historical parameters and the fetal abdominal circumference predict an LGA infant 

but the predictive value is limited and is only slightly improved by the inclusion of 

ultrasound. 

 

Abstract  

Objective:  The aim of treatment of women with gestational diabetes (GDM) includes 

prevention of the development of a large-for-gestational-age infant (LGA). To reserve 

intensified interventions for women at increased risk, we investigated potential LGA 

predictors and asked if inclusion of fetal ultrasound could enhance predictive power. 

Research Design: In 728 women treated for GDM, maternal history variables, maternal 

glycemic values, and fetal abdominal circumference (AC) at entry and thereafter were 

compared between LGA and non-LGA infant women. Parameters identified by univariate 

analysis were investigated for their ability to predict LGA individually or collectively. 

Results: A history of GDM (OR 1.9), prior delivery of an infant >4000 g birth weight (OR 

2.2), prepregnancy BMI ≥30 kg/m2 (OR 2.4), and fetal AC ≥90th percentile at entry (OR 3.9) 

but not glycemic values were independent predictors of LGA. The area under a receiver 

operator characteristics curve of a score based on historical risk factors was 0.66. The area  

increased to 0.71 or 0.72 after inclusion of one or two fetal AC measurements, respectively. 

The negative predictive value for women with no risk factor excluding or including 

ultrasound at entry (n=437 and 356) was 0.90 and 0.93, respectively (p > 0.05). Subsequent 

ultrasound examinations did not improve predictive power. 

Conclusions: In women treated for GDM, maternal history and sonographically-determined 

measures of fetal AC independently predict delivery of an LGA infant while glycemic values 

do not. However, the predictive value of these parameters is limited and is only slightly 

improved by the inclusion of ultrasound.  
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Introduction 

 Excessive growth due to fetal hyperinsulinism is a major clinical problem in 

pregnancies complicated by gestational diabetes (GDM). Presumably, infants born large-for-

gestational-age (LGA) to mothers with GDM have been exposed to hyperglycemia in utero 

for prolonged periods of time and therefore are more prone to its long-term metabolic 

sequelae. In addition, LGA infants are at increased risk for obstetrical complications, and the 

rate of birth injuries of LGA infants born to GDM mothers even exceeds that of LGA infants 

born to non-GDM mothers. 1  

To prevent the development of a LGA infant, interventions during pregnancy are 

focussed on the maintenance of maternal glucose values within a strict range supposed to 

reduce the risk for neonatal macrosomia and other morbidities. Despite apparently successful 

efforts toward maternal glycemic control the macrosomia rate in pregnancies complicated by 

gestational diabetes (GDM) is often reported to be higher than in a normal obstetrical 

population. 2-4 Antenatal risk assessment for LGA might improve the management of women 

who have GDM. In the present study, we evaluated the predictive ability of antenatal risk 

factors for the development of a large-for-gestational-age (LGA) infant and specifically 

assessed the contribution of individual or serial measurements of the fetal abdominal 

circumference (AC) by ultrasound. A score was created of the discriminatory variables, and 

its predictive power quantitated by receiver operator characteristics (ROC) curve analysis.  

 

Research  Design and Methods 

Study population 

Subjects were retrospectively selected from the population of women with glucose 

intolerance who attended the Diabetes Clinic of the Department of Obstetrics of an urban 

community hospital between 1994 and 2000 and had been entered into an ongoing database. 

Study inclusion criteria were: 1.) documented glucose intolerance first diagnosed in 

pregnancy ; 2.) accurate gestational age, confirmed by an ultrasound examination before 20 

weeks of gestation; 3.) singleton pregnancy; 4.) at least one complete fetal biometry 

determined by ultrasound at entry to diabetic  therapy; 5.) absence of identified fetal 

anomalies; 6.) documented data regarding maternal obstetrical history and anthropometry and 

7.) documented delivery data.  

Reflecting obstetrical standards in Germany, testing for GDM in our study subjects was 

performed selectively in women with risk factors. In women with historical risk factors 

testing was preformed in the first trimester otherwise whenever risk factors first occurred (e.g. 
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glucosuria) or were diagnosed (e.g. fetal macrosomia). The diagnosis of GDM was 

established by a 75g oral glucose tolerance test (oGTT) with determination of capillary blood 

glucose levels by glucose oxidase (Beckman Glucose Analyzer, Brea, CA). Diagnostic 

criteria for GDM valid in Germany at the time of study were: fasting >90 mg/dL (5.0 

mmol/l); 1 hour >165 mg/dL (9.1 mmol/l), 2 hour >145 mg/dL (8.0 mmol/l) (adopted from 

O’Sullivan 5). Diagnosis of GDM required at least two abnormal values, and of impaired 

glucose tolerance (IGT) one abnormal value.  

Women with GDM and IGT were educated regarding an individualized diabetic diet 

based on prepregnancy weight  (30 kcal/kg/d) with caloric restriction for obese women  (25 

kcal/kg/d). All women were instructed to self-monitor blood glucose (SMBG) by performing 

a daily glucose profile (3 preprandial and 3 1-h-postprandial measurements) twice a week 

using a reflectance meter with electronic memory (Advantage Glucose meter, Roche 

Diagnostics, Germany). Accuracy of the glucose meters was tested biweekly by comparison 

with a laboratory glucose measurement  (glucose oxidase). Insulin therapy was recommended 

when the mean of all glucose values of a profile exceeded 100 mg/dL (5.5 mmol/l) after a 

two-week trial of diet. Insulin dose was adjusted to achieve fasting glucose values ≤90 mg/dL 

(5.0 mmol/l) and 2 hour postprandial values ≤120 mg/dL (6.6 mmol/l). Women treated with 

insulin therapy were asked to perform glucose profiles every day.  

An initial ultrasound examination with complete fetal biometry was scheduled at the 

entry visit and monthly in conjunction with Diabetes Clinic visits. The fetal abdominal 

circumference (AC) was measured in the standard cross-section view of the abdomen. 6 

 

Potential risk factors and outcome data 

Maternal parameters assessed included age, parity, history of prior macrosomia (birth 

weight ≥90th percentile for gestational age in at least one previous pregnancy 7) or GDM, 

prepregnancy body mass index (BMI) and weight gain during current pregnancy. Glycemic 

parameters included gestational age (GA) at time of diagnosis, glycosylated hemoglobin 

levels (HbA1c) at diagnosis, glucose levels of the diagnostic oGTT and from of the daily 

glucose profiles during pregnancy and insulin use.  

The only fetal measurement utilized was the AC percentile for gestational age. All 

ultrasound measurements performed during the study were divided into 5 categories 

according to gestational age at time of examination, i.e. < 24, 24/0 –27/6, 28/0-31/6, 32/0-

35/6, and 36/0 to 40/0 weeks/days. For purposes of data analysis AC measurements were 
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classified as either ≥ or < 90th percentile for gestational age according to standards published 

by Hadlock, et al. 6 

Newborn parameters included birth weight and length and classification of the infants as 

large-for-gestational-age (LGA) or non-LGA. LGA was defined according the 90th percentile 

for gestational age using current German growth curves. 7 

 

Statistical analysis 

Differences between pregnancies resulting in LGA and non-LGA neonates at birth were 

tested for statistical significance by the Mann Whitney U test (continuous variables) or by χ2 

analysis (categorical variables). Data are presented as mean ± SD. 

A multivariate logistic regression analysis was performed to determine independent 

predictors of LGA neonates with their associated odds ratios. The sensitivity, specificity, 

positive and negative predictive value (PPV/NPV) to predict LGA were calculated for each 

predictor and for scores which combined all identified predictors. The scores were created 

based on the number of absent or present of identified risk factors, either with or without 

inclusion of a fetal AC ≥ 90th percentile as additional risk factor diagnosed exclusively at the 

first or at the first or second ultrasound. The predictive values were calculated for different 

cutoff points; absence of any versus presence of at least 1 risk factor, presence of 0-1 versus at 

least 2 risk factors and 0-2 versus at least 3 risk factors. The predictive power of each score 

was described by the area under a ROC curve. 

All statistical analyses were performed with the statistical program SPSS 10.0 (SPSS, 

Chicago). 

 

Results 

A total of 1058 women had been entered in the database until December 2000. Of 

these, 54 women were excluded because of preexisting diabetes, and 276 women because of 

missing data, thus leaving 728 women for the final analysis. 552 (75.8 %) of the women were 

diagnosed with GDM, and 176 (24.2%) with IGT. While GDM women had significantly 

higher oGTT values, as compared to IGT women (fasting: 96.7 ± 22.0 vs 81.5 ± 23.9 mg/dL; 

1 hour 204.1 ± 31.1 vs 179.9 ± 35.6 mg/dL; 2 hours 158.8 ± 37.1 vs 120.3 ± 25.3 mg/dL; p< 

0.0001 for all comparisons), higher entry HbA1c levels (6.1 vs 5.4 %, p=0.05), and required 

insulin therapy more often (16.7.2% vs 6.3 %, p = 0.001), 3rd trimester glycemic control after 

initiation of therapy was not different between GDM and IGT women, as measured by fasting 
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and postprandial glucose values. Historical parameters did not differ significantly between the 

two groups, as did AC measurements at entry (AC ≥ 90th percentile, 21.7 % vs 24.7%) or 

LGA at birth (16.3 vs 13.6 %). Therefore, women with GDM and IGT were analyzed 

together.  

A total of 1712 ultrasound examinations were available for analysis. Out of 728 

subjects, in 35.1 % one ultrasound examination, in 23.7% two and in 41.2 % three to five 

examinations were performed. The entry ultrasound examinations were distributed almost 

equally between those performed prior to 28 weeks (38.1%), between 28 to 31/6 (29.0%) and 

32/0 to 36/0 weeks /days (34.9). (Only 8 scans at entry were performed beyond 36 weeks of 

gestation) At entry, an AC ≥ 90th percentile was found in 22.4 % (177) of the pregnancies and 

there was at least one event of an AC ≥ 90th percentile throughout pregnancy in 26.5% (193) 

of the infants. 

A total of 114 (of 728, 15.7%) women delivered an LGA infant. Table 1 displays 

maternal characteristics of mothers of LGA compared to those of non-LGA infants. (table). 

There was no difference in gestational age at diagnosis between pregnancies resulting in a 

LGA infant compared to AGA newborns.  The LGA rate was 16.4% when GDM was 

diagnosed < 28 weeks of gestation and 14.9% for ≥ 28 weeks (p= 0.3).  A fetal AC ≥ 90th 

percentile at entry or thereafter was found more frequently among babies destined to be LGA 

(p<0.0001, table 1). LGA infants were delivered significantly earlier than non-LGA newborns 

thus the maternal parameter weight gain was examined for difference between the two groups 

after adjusting for gestational age at delivery.   

The multivariate regression analysis revealed four independent predictors for a LGA 

newborn (table 2). Calculations of the predictive power of the identified predictors are 

displayed in table 2. The NPV value of the fetal AC was slightly improved by a second 

ultrasound while a third measurement did not further increase the predictive power. 

Ultrasound examinations performed at different gestational ages (20/0-23/6, 24/0 –27/6, 28/0-

31/6, 32/0-35/6, or > 36/0 weeks/days) had virtually identical NPV values (88.1% - 91.0%). 

Scores were created combining the three identified historical risk factors, either with or 

without inclusion of one or two fetal AC measurements. For primiparae only the maternal 

BMI and the fetal AC was used as risk factors for the score. The predictive power is displayed 

in table 3. The area under the ROC curve was 0.61 for historical risk factors alone, 0.71 with 

inclusion of one and 0.72 of two ultrasound examinations. The area under the ROC curves of 

the two scores including ultrasound did not differ significantly compared to the score based 

only on historical factors (p = 0.12 and 0.14, respectively). 
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Comment 

In this large-scale retrospective study of pregnant women treated for glucose 

intolerance, we identified and evaluated antenatal risk factors for delivery of an LGA infant 

and specifically assessed the value of repeat fetal AC ultrasound measurements. There are 

three major findings: First, a history of a prior baby weighing ≥ 4000 g, a prior maternal 

history of GDM, a maternal BMI ≥ 30 kg/m2 were predictors of LGA babies. Second, fetal 

AC at entry was the strongest predictor of LGA neonates. However, the addition of the first 

fetal AC measurement to the maternal historical predictors improved the predictive power 

only slightly, and additional ultrasound examinations were of no further value. Third, all 

predictors, individually or collectively, had a limited ability to predict a LGA infant in this 

cohort of women.  

In contrast to others’ works, this study included detailed data documenting maternal 

glycemic values at entry and thereafter, and numerous consecutive ultrasound measurements 

of fetal growth. None of the glycemic parameters either at entry or thereafter was associated 

with LGA at birth. In untreated pregnant women with impaired glucose tolerance glucose 

values have, however, been found to be related to macrosomia. 8 The more stringent criteria 

defining need for treatment in our study and subsequent good glycemic control might explain 

the complete loss of the discriminative power of the glycemic parameters. In addition, factors 

besides maternal concentrations of glucose have been reported to be associated with birth 

weight. 9,
 
10,11  

The strongest predictor of an LGA neonate was a fetal AC > 90th percentile at entry 

with a 4-fold increase of the risk for LGA. A large amount of data investigated the predictive 

power of ultrasound measurements for macrosomia at birth. 12-18 There is an agreement about 

the unsatisfied accuracy of the estimation of fetal weight obtained by ultrasound at term to 

predict an LGA newborn, especially in diabetic pregnancies or in extremely overweight 

infants. 17  Sonographic weight estimates are derived from cross-sectional data.  Fetuses with 

accelerated growth due to maternal diabetes have been shown to have an increase in adipose 

tissue, which is less dense than fat-free tissue (e.g. muscle and bone).  Thus the application of 

tables derived from an unselected patient population may lead to sonographic overestimation 

of fetal weight 19,
 
20.   This might explain our finding of a high false positive rate of the AC in 

predicting LGA babies which is consistent with the reports of others 13,
 
15. However, there is 

evidence that the fetal AC is the best of all fetal measurements to identify macrosomic 
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growth. 12, 13, 15,
 
18 Recently, our group demonstrated that a fetal AC < 75th percentile reliably 

excluded fetal hyperinsulinism at a level which is known to be associated with morbidity. 21  

Few studies have assessed the utility of serial measurements in predicting birth weight, 
15 but failed to provide information on how much incremental improvement in prediction is 

accrued with each additional examination. According to our data, the predictive power of 

repeat ultrasound examinations does not differ considerably from those of a single 

examination at entry. Surprisingly, the gestational age when the AC was obtained seemed to 

have a limited influence on the NPV. Most of the existing studies performed the AC 

measurement during a defined tight period (30-36 weeks) 14,
 
15 and did not determine the 

predictive power at different times of pregnancy.  

In summary, there are antenatal maternal and fetal factors in GDM pregnancies which 

are significantly associated with an increased risk for accelerated growth but the delivery of 

an LGA infant in pregnancies complicated by GDM seems not to be predictable. Neither a 

single parameter, nor the combination of multiple maternal risk factors nor the inclusion of 

measurements of the fetal AC showed a satisfying predictive power. Likely due to the low 

incidence of LGA in our cohort, identification of those with a low LGA infant risk was 

possible with reasonable accuracy. The establishment of more specific, and easily 

reproducible sonographic measures of evolving diabetic fetopathy in utero as part of the 

routine ultrasound examination could further enhance the clinical value of involving fetal 

ultrasound.  
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Table 1 

Maternal characteristics and glycemic values in GDM pregnancies with and without LGA 

newborns(continuous variables expressed as mean ± SD) 

 

         

                                  
Non LGA 

(n= 115) 

LGA 

 (n=617) 

p-value 

Maternal history    

Age (years) 30.5 ± 5.4 31.1 ± 5.2 0.2 

Multiparae (%) 54.9 67.0 0.01 

Prepregnancy  BMI (kg/m2) 26.9 ± 6.0 29.9 ± 5.9 0.000 

Prepregnancy  BMI >30 kg/m2   (%) 24.8 42.1 0.000 

Prior GDM (% of multiparas) 19.2 37.7  0.001 

Prior Macrosomia (> 4000 g) (% of 

multiparas) 

14.2 41.8 0.000 

Maternal glycemic values    

     Gestational age at diagnosis 26.5 ± 5.6 26.0 ± 5.9 0.4 

     Oral glucose tolerance test                    

     - fasting (mg/dl) 

 

92.7 ± 24.3 

 

93.9 ± 18.5 

 

0.6 

     - 1-h mg/dl) 198.2 ± 34.3 196.9 ± 43.2 0.7 

     - 2-h (mg/dl) 148.8 ± 38.6 151.5 ± 38.2 0.5 

     IGT  (%) 24.6 20.9 0.6 

Glycemic values at study entry    

     Fasting of the profile 80.6 ± 14.1 83.4 ± 14.1 0.064 

     Postprandials of the profile 112.7 ± 15.3 116.5 ± 14.5 0.3 

      HbA1c (%) 5.7 ± 1.3 5.9 ± 1.2 0.09 

Mean of fasting glucose during pregnancy   

   28-31/6  weeks  81.5 ± 14.7 83.4 ± 15.3 0.4 

    32-35/6 weeks 79.3 ± 12.1 82.4 ± 12.2 0.58 
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 Mean of postprandial glucose during pregnancy   

    28-31/6  weeks 106.3 ± 18.5 107.5 ± 18.6 0.7 

    32-35/6 weeks 105.5 ± 17.3 104.9 ± 17.5 0.8 

Weight gain (kg) 11.8 ± 7.7 12.7 ± 5.9 0.3 

Insulin use (%) 13.3 11.8. 0.2 

Fetal and neonatal parameter    

AC ≥ 90th percentile at entry (%) 17.7 47.8 < 0.0001 

At least 1 AC ≥ 90th percentile (%) 21.4 53.9 0.0000 

GA at delivery (weeks) 39.0 ± 1.7 38.6 ± 1.9 0.04 

Delivery by Cesarean Section (%) 17.9 24.3 0.07 

 

 
 
 
 
Table 2 

Sensitivity , specificity , positive and negative predictive value (PPV, NPV) of the identified 

independent predictors for LGA in pregnancies with GDM  

 OR (95% CI) Sensitivity Specificity PPV NPV 

Prior pregnancy with 

macrosomia 

1.9 (1.07-3.5) 39.5 92.0 28.1 87.3 

Prior pregnancy with GDM 1.9 (1.2-4.2) 31.6 89.4 26.3 86.7 

Maternal BMI ≥ 30 kg/m2 1.9 (1.2-3.) 42.5 75.5 24.2 87.6 

AC ≥ 90th percentile at entry 3.9 (2.4-6.2) 48.7 82.4 33.7 89.6 

At least 1 event of AC ≥ 90th  

in 1st or 2nd US 

3.8 (2.4-6.1) 59.4 78.9 33.5 91.5 

At least 1 event of AC ≥ 90th in  

1st, 2nd  or 3rd US 

3.7 (2.3-6.3) 57.4 79.1 33.8 90.5 

 



3. Relevant original publications  43 
 

 

Table 3 

Predictive values of a score based on the presence or absence of the identified risk factors 

(prior pregnancy with macrosomia or GDM, maternal BMI ≥ 30 kg/m2) without or with 

inclusion of the fetal abdominal circumference ≥ 90th percentile as risk factor obtained by 1 or 

2 ultrasound examinations. In primiparae only maternal BMI and fetal AC were considered 

 

Cohort dived according to 

 No. of risk factors  

0 vs At least 1 RF 

Primiparae       Multiparae

0-1 vs At least 2 RF 

Primiparae       Multiparae 

0-2 vs at 

least 3 RF 

Score without US      

Spec  75.5 64.4  92.6  99.8 

Sens  39.5 64.0  23.6 8.7 

NPV  90.9 90.4  86.4 85.5 

PPV  23.8 25.1  37.5 90.0 

Score with 1st  US      

Spec 62.7 53.7 93.9 87.8 97.8 

Sens 61.7 77.2 23.5 44.7 15.8 

NPV 85.6 92.6 81.8 89.5 86.2 

PPV 30.8 23.6 51.6 40.5 58.1 

Score with 1st and 2nd US      

Spec 61.6 52.9 91.3 79.3 94.3 

Sens 63.7 78.0 36.2 59.6 28.1 

NPV 86.2 92.9 92.2 91.0 87.6 

PPV 30.8 23.6 55.8 34.1 47.8 
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4. Summary , discussion and perspectives 

 

 The standard management of pregnancies complicated by GDM is focused on the 

avoidance of maternal hyperglycemia. 1, 19, 79  Diet education and self-glucose-monitoring is 

recommended in all women. Insulin therapy is added if the glucose values of the daily profiles 

exceed a certain threshold. 19 There is strong evidence that in GDM pregnancies maternal, 

fetal and neonatal morbidity increases with increasing maternal hyperglycemia. 43, 80-83 

However, the relationship seems to behave in a continuous fashion 40, 41, 73, 74, 84, and 

diagnostic criteria for GDM as well as glycemic targets during pregnancy are rather based on 

expert opinion or consensus than on evidence. A great diversity exists regarding the criteria 

for the diagnosis of GDM. All threshold glucose values for the oral glucose tolerance test 

(oGTT) that had been used to define glucose intolerance are modifications of the original 

O’Sullivan criteria established in the early Sixties 21, and show a variation of up to 25 mg/dl 

for the post challenge glucose levels. 1, 19, 20, 85-87 Regarding glycemic control during 

pregnancy there is controversy if measurements at one hour postprandial are superior to the 

determination of two hour postprandial glucose values. 43, 88-90 The glucose targets show the 

same wide variation as the diagnostic criteria.  Overall, over the years the rate of adverse 

outcome in pregnancies with GDM had been reduced, and stillbirth is now rare in treated 

women with GDM. However, despite good glucose control the rate of neonatal morbidity is 

still elevated compared to pregnancies of women with normal glucose tolerance. 1, 73, 91-93 

The same phenomenon is seen in pregnancies of women with preexisting type 1 diabetes. 45, 

94 Some groups aimed to solve the dilemma by applying very tight glucose control to all 

women with GDM. This approach could reduce the rate of accelerated growth but resulted in 

insulin therapy and the demand of a high frequency of glucose monitoring in the majority of 

the women. 57-59 This strategy appears to be cost intensive and questionable with respect to 

the occurrence of morbidity only in a minority of cases and lacks evidence based data 

indicating the necessity of intensive treatment in all women.  

 The primary goal of the present work was to determine to what extent maternal 

glycemia in GDM pregnancies treated according to the standard management predicts 

neonatal morbidity. In a second step, we investigated whether inclusion of fetal growth 

patterns improves the neonatal outcome and provides an additional clinical tool for antenatal 

risk assessment. Our studies covered four major questions. Are maternal glucose values 

helpful to assess the risk for morbidity in early pregnancy of women with GDM? Are the 
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existing glucose criteria for diagnosis and treatment of GDM reliable to identify pregnancies 

at increased risk for diabetic morbidity? What are the major determinants of accelerated 

growth in treated GDM pregnancies? Are concepts of management based on fetal growth 

criteria save and what are the advantages compared to the standard approach?  

 

 It is well known since the early Sixties that preexisting type 1 diabetes is associated 

with an increased risk for congenital anomalies in the offspring and that the rate of 

malformations is positively correlated with the degree of maternal hyperglycemia at time of 

embryogenesis. 23, 24, 26, 27, 29, 33, 95, 96 Up to 1995, there was a paucity of data investigating 

the occurrence of congenital anomalies in GDM. Malformations had not been considered as a 

problem in GDM pregnancies since pregnancy induced glucose intolerance is supposed not to 

occur before the second trimester. Thus, we retrospectively investigated the rate and risk 

factors of congenital anomalies in a large cohort of 3700 women with hyperglycemia first 

detected in pregnancy (i.e. GDM) who attended the Diabetic Prenatal Care Clinic of the 

Women’s Hospital of the University of Southern California in Los Angeles. The fasting 

glucose value at time of diagnosis was the strongest predictor for major malformations and we 

identified a glucose level of 120 mg/dl as threshold of an increased risk for anomalies. 97 The 

rate of major anomalies increased from 2.1% to 5.2 % for fasting glucose levels between 120-

260 mg/dl. Interestingly, our identified threshold of 120 mg/dl corresponds to the glucose 

level in the first trimester previously identified for an increased risk for malformations in 

pregnancies with preexisting type 1 diabetes. 31 Furthermore, we investigated the pattern of 

congenital anomalies and their relationship to maternal fasting levels at diagnosis. We saw the 

same predominance of organ systems affected as in type 1 diabetes and a tight relation of the 

severity, i.e. the number of affected organ systems, and the level of fasting hyperglycemia. 98  

 Our findings were opposing the hypothesis that the physiologic decrease of glucose 

tolerance in pregnancy does reach a significant level far beyond embryogenesis. We were 

faced to the argument that a fair amount of the women in our population presumably had 

undiagnosed type 2 diabetes before pregnancy. The ethnic background of our predominantly 

Mexican-American women allows speculations about a high rate of undiagnosed type 2 

diabetes although a fasting of 120 mg/dl does not even fulfill the recently lowered criteria for 

diabetes outside pregnancy. 37 However, when we excluded women with persisting diabetes 

postpartum diagnosed by an oGTT 4-16 weeks postpartum, we still confirmed our results. 

Considering the course of the development of pregnancy induced glucose intolerance, the 

women presumably have had even lower glucose values in the first trimester. Another aspect 
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was the high rate of obesity in the study population that is common in women with GDM. 

Obesity and the associated hyperinsulinemia by itself is a risk factor for malformations.  99, 
100 Experimental studies demonstrated that diabetic embryopathy is associated with an excess 

of radical oxygen species. It had been shown that hyperglycemia leads to increased embryonic 

levels of the products of lipid peroxidation. 101 The physiologic increase of lipoxygenase 

activity is normally counterbalanced by an increase in the antioxidant system activity. 101, 102 

It might be that in obese women with increased number of adipocytes a lower degree of 

hyperglycemia is sufficient to disturb this counterbalance. For obstetrical clinical care during 

pregnancy, the speculation of an underlying undiagnosed type 2 diabetes is of minor 

relevance and per definition the diagnosis of GDM comprises a wide range of severity of 

glucose intolerance. 1  In conclusion, we could positively answer our question that maternal 

glucose values are helpful to assess the risk for morbidity in early pregnancy of women with 

GDM. High fasting glucose levels at diagnosis clearly indicate a risk for congenital 

malformations and should prompt an intensive specified fetal ultrasound examination. Our 

findings had been confirmed by recent studies. 103-106 

 

 In contrast to the obvious tight relation between maternal glucose values and 

embryonic morbidity in early pregnancy, we are faced with a different situation in the later 

course of pregnancy. The data of our studies indicate that neither the current diagnostic 

criteria nor the glucose values during therapy reliably predict neonatal morbidity. The 

diagnosis of GDM requires at least two pathologic glucose values independently of the 

applied criteria  - either O’Sullivan, Carpenter and Coustan, ADA or WHO. We investigated 

specific parameters of diabetic morbidity in pregnancies of women with only one elevated 

glucose value in the oGTT according to O’Sullivan criteria, defined as impaired glucose 

tolerance (IGT). The rate of elevated amniotic fluid insulin (> 7 µU/ml), hypoglycemia (< 30 

mg/dL), neonatal obesity, LGA and severe immaturity of the placenta was significantly higher 

in newborns of women with IGT compared to those from women with a normal oGTT. 73, 107 

Neonatal obesity was defined as the sum of skinfold thickness measurements obtained at three 

sites of the body above the 90th percentile of gender-specific percentile rankings which were 

previously determined by measurements of skinfolds in 250 consecutive newborns with 

gestational age > 37 weeks. Hyperinsulinism, hypoglycemia and neonatal obesity were 

virtually even more frequent in IGT than in treated GDM pregnancies.  

 We also confirmed the impact of borderline glucose intolerance in a study that was 

primarily designed to determine the incidence and timing of and risk factors for hypoglycemia 
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in large-for-gestational-age (LGA) newborns of non-diabetic mothers. Excessive fetal growth 

may indicate fetal hyperinsulinism that exposes the newborn at high risk of hypoglycemia 

when the glucose supply suddenly drops after delivery. Therefore, frequent glucose testing is 

recommended in LGA newborns. 108, 109 Hypoglycemia occurred in 16% of the infants and 

the only predictor for hypoglycemia was the 1-hour glucose value of the maternal antenatal 

oGTT. 110 A threshold glucose level of 180 mg/dl revealed to be a good discriminator for an 

increased risk of hypoglycemia. The incidence sharply rises to 25% compared to 2.5% for 1-

hour glucose value < 120 mg/dl and 9.3 % for 120-179 mg/dl. Interestingly, the glucose level 

of 180 mg/dL corresponds to the 1-hour glucose threshold of the Carpenter and Coustan 

criteria for the oGTT. 20 Thus, a majority of the mothers of newborns with high risk for 

hypoglycemia had untreated IGT.  

 Our observations of the impact of IGT on the neonatal outcome are in agreement with 

other studies using either one abnormal oGTT glucose value or increasing glucose values 

below the diagnostic criteria for GDM to define borderline glucose intolerance. 38-42, 92, 111 In 

contrast to these studies, we included highly specific parameters like amniotic fluid insulin 

that had not been investigated in IGT before. The data of others and our group reflect the 

major deficit of all currently applied criteria. They are all derived from the original O’Sullivan 

criteria that had been design to investigate the relation of antenatal oGTT values and the risk 

for maternal diabetes in later life.  They did not consider the risk for neonatal morbidity. The 

multicenter HAPO-study involving 25000 pregnancies has been started in the year 2000 

(HAPO= hyperglycemia adverse pregnancy outcome) to finally determine oGTT thresholds 

for short and long term morbidity of the offspring. 112 The results will not be available before 

2004/5. When currently available criteria were applied, based on our data the requirement of 

at least two pathologic values in the oGTT to initiate therapeutic intervention does not appear 

to be justified and should be reconsidered. The actual German guidelines for diagnosis and 

therapy of GDM reflect the impact of IGT and recommend diet education and glucose control 

similar to GDM pregnancies. 87 

 

 As mentioned before, good glycemic control during pregnancy according to the 

recommended glycemic goals is not able to normalize the morbidity rate in GDM 

pregnancies. In our own population, we could lower the macrosomia rate of 24% in the early 

Nineties 73 by the implementation of self-glucose monitoring in all women. However, the 

current rate is still about 18%. 89, 113  Thus, we retrospectively investigated the relation of 

maternal glucose values during the course of pregnancy and fetal growth pattern in a 
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population of 400 women with IGT or GDM. Since the fetal abdominal circumference (AC) 

is known to be a good predictor for LGA at birth 47, 55, 56  (own unpublished data 5.1), we 

have chosen a fetal AC < and ≥ 90th percentile to discriminate between pregnancies with 

normal and accelerated growth. 48 We compared pre-and postprandial glucose values of the 

daily profiles at 5 different periods of pregnancy with the AC measurements at corresponding 

gestational ages. There was no difference in glucose values between pregnancies with AC < 

and ≥ 90th percentile either at diagnosis or later in pregnancies, with the exception of the 

fasting glucose values between 32-35 weeks of gestation. In contrast, there was a tight 

relation to the maternal BMI. The rate of fetal AC ≥ 90th percentile and LGA at birth was 

significantly higher in women with BMI ≥ 30 kg/m2 compared to lean women (28% vs 14% 

at entry). 113  

 In a second step, we evaluated various parameters influencing fetal growth and 

determined independent predictors for an AC ≥ 90th percentile at diagnosis, during pregnancy 

and for LGA at birth. A history of LGA and obesity with BMI ≥ 30 kg/m2, either alone or 

combined, were independent predictors for an AC ≥ 90th percentile at entry, at 24-27 (history 

of LGA) and 28-31(both) weeks of gestation and for LGA at birth. In contrast, the fasting 

glucose at 32-35 weeks proved to be the only predictors at 32-35 and 36-40 weeks.  89 The 

identified predictors and the periods of their major influence on fetal growth reflect the 

primary impact of genetic and epigenetic factors in previous pregnancies (history of LGA) in 

the early third trimester (obesity), of recent maternal parameters in the mid third trimester and 

the influence of the stimulation of growth by elevated maternal glucose in the late third 

trimester. The majority of the women (> 90%) had good glucose control which might explain 

the limited influence of maternal glucose values. But this also implicates that tighter glucose 

control might not be efficient because of the strong contribution of other factors. e.g. maternal 

obesity. Maternal obesity is known to be an independent risk factor for macrosomia in 

pregnancies with impaired 114 as well as normal glucose tolerance 115-117 due to peripheral 

hyperinsulinism 118 and increased levels of serum lipids and amino acids in face of normal 

maternal glucose values. 50, 51 Macrosomic infants of obese mothers show the same 

disturbances in lipids profiles as their mothers 119 and the neonatal fat mass determines 43% 

of the variance in birth weight although it accounts only for 14% of the total body weight. 120, 

121  
 In conclusion, the existing glucose criteria for diagnosis and treatment of GDM do not 

appear to be reliable to identify pregnancies at increased risk for neonatal morbidity. Thus, a 

tailored management concept which considers the individual maternal conditions, might 
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improve the efficacy and outcome of care in GDM. In obese women, prepregnancy 

counseling about the adverse effects of obesity on pregnancy outcome and a moderate caloric 

restriction might reduce additional obesity associated morbidity. It was shown that a 33% 

caloric restriction lowers triglycerides without marked ketonuria. 122 However, the effect of 

interventions during pregnancy seems less promising than prepregnancy counseling since the 

majority of obese women demonstrate low weight gain in pregnancy.  

 

 The limited predictive ability of maternal glycemia for neonatal outcome is not only 

caused by the impact of maternal fuels besides glucose but also by the alterations in placental 

transport and consumption of fuels associated with diabetes, 123-125 and the individual 

susceptibility of the fetus to oversupply. 78, 126  Fetal-based management strategies aimed to 

avoid these uncertainties by concentrating directly on the target, the fetus. The measurement 

of fetal insulin was one approach established by Weiss. 65 The level of fetal insulin can be 

determined by amniotic fluid insulin (AF insulin) secondary to the urinary excretion of 

insulin. 68, 127 Diabetic fetopathy is causally related to fetal hyperinsulinism. 14, 44, 128 The 

Weiss approach directed intensive insulin therapy to women with elevated AF insulin levels 

without respect to maternal glycemia. The disadvantage of his strategy was that amniotic fluid 

is accessible only by an invasive amniocentesis. Another approach used fetal overgrowth 

identified by ultrasound as a clinical marker for presumed fetal hyperinsulinism 60-62 , and 

directed insulin therapy to pregnancies with an accelerated growth of the fetal AC. 

Determination of fetal growth is an indirect approach to assess hyperinsulinism and there was 

concern about over- or under-treatment when therapy is predominately based on fetal growth. 

Thus, we evaluated our data from amniocenteses in women with diabetes derived from times 

when determination of AF insulin was part of our routine management. We could demonstrate 

a weak but significant correlation between the fetal AC at time of amniocentesis and the level 

of AF insulin. Moderately elevated levels (90th percentile = 7 µU/ml) were poorly identified 

but a level of 16 µU/ml was excluded by an AC < 75th percentile with a negative predictive 

value of 100%. 129  Kainer et al 70, demonstrated similar results in a population consisting 

exclusively of women with type I diabetes. Interestingly, the identified AC threshold 

corresponds to the AC percentile that is used in the fetal-growth-based approach to initiate 

insulin therapy. The level of 16 µU/ml is still below the levels reported by other researchers to 

be associated with short 66, 71 and long term morbidity. 72 After establishing a correlation 

between the fetal AC and AF insulin we were additionally interested to determine the power 

of the AC to predict LGA at birth. Although an AC > 90th percentile at entry was the strongest 
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independent predictor, the predictive power of the ultrasound was only slightly higher than 

that of maternal history predictors like BMI, history of GDM or LGA. A second ultrasound 

slightly added to the predictive power (own unpublished data in 2.3.1) when evaluated in a 

single fashion. But when all predictors were combined for a score, the second ultrasound did 

not improve the predictive power. Similar to the predictive power for AF insulin, ultrasound 

seemed to be more helpful to exclude than to predict LGA at birth.  

 The utility of the fetal AC to guide metabolic therapy in women with GDM was first 

investigated in a pilot study by the group of Buchanan and Kjos from Los Angeles. Their 

study population was limited to women with glucose values that would not have prompted 

insulin therapy based on a standard guidelines. Insulin was given in pregnancies with a fetal 

AC ≥ 75th percentile diagnosed by a single ultrasound at entry to care. 60, 61 The macrosomia 

rate could be reduced by 3 fold compared to pregnancies with AC ≥ 75th percentile but no 

insulin therapy (13 vs 45%) and reached the level of pregnancies with AC < 75th percentile at 

entry. This first study addressed the question whether morbidity could be lowered by targeted 

intervention in pregnancies identified as high risk based on fetal growth. A second study was 

designed to investigate whether the ultrasound-based approach also allows to avoid intensive 

intervention, i.e. insulin therapy and intensive glucose monitoring, in pregnancies at low-risk 

despite maternal hyperglycemia that would have required insulin therapy. 62 Insulin was not 

given when the fetus did not demonstrate accelerated growth in serial ultrasound 

examinations during pregnancy. Women with severe hyperglycemia had been excluded. 

Indeed, insulin therapy could be avoided in 38% of the women in the ultrasound-guided group 

without adverse neonatal or maternal outcome. Both studies were performed in predominantly 

Mexican-American women who are genetically determined to have a high rate of insulin 

resistance and obesity that might have had an important impact on the results. Therefore the 

wide applicability of the therapy concept was questioned. However, we could confirm the 

benefit and safety of the fetal-growth-based approach in a Caucasian population of 200 

women included in a study in Berlin 135 .We combined the approaches of both pilot studies 

and included both women who presented euglycemia under diet therapy and those with 

hyperglycemia. We did not find any adverse outcome either in the mother or in the offspring 

in pregnancies guided predominately by fetal growth compared to those guided solely by 

maternal glycemia. When we divided the population according to the selection that was done 

in the two previous pilot studies, we found the same reduction of LGA rate in women with 

euglycemia but accelerated fetal growth and save of insulin therapy in women with 

hyperglycemia but normal fetal growth. In the ultrasound-guided group, maternal 
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hypoglycemia prompting clinical intervention occurred in no case when insulin therapy was 

applied based on accelerated growth despite maternal glucose levels below the standard 

thresholds for the initiation of insulin therapy. Maternal jeopardy by hypoglycemia had been a 

serious concern when we transferred the fetal-growth-based approach to a population with 

milder glucose intolerance than normally seen in Mexican-Americans. Insulin therapy was 

given exclusively based on a fetal AC ≥ 75th percentile. No women developed a level of 

severe hyperglycemia which was included as additional criteria for insulin therapy in the 

protocol.  

 

 Our studies in pregnancies complicated by GDM demonstrated that in women 

presenting high fasting glucose values at diagnosis the maternal glucose values are extremely 

reliable to assess the risk for disorders in embryogenesis resulting in congenital anomalies. In 

the majority of the women with GDM congenital malformation are not a concern. In the later 

course of pregnancy, maternal glucose values are of limited use to predict neonatal morbidity 

and a new management approach that is predominantly based on fetal growth instead of 

maternal glycemia showed promising results. Considering the knowledge about glucose 

metabolism in pregnancy and the numerous factors influencing the fetal development, we 

were not surprised about the low predictive power of maternal glucose values in treated GDM 

pregnancies. The normalization of maternal glucose values is indisputably beneficial for 

mother and offspring in pregnancies with a high level of hyperglycemia like in preexisting 

type 1 and 2 diabetes. However, the majority of women with GDM demonstrate only 

moderately elevated values. In these women, insulin therapy often results only in a reduction 

of fasting glucose values by 10 mg/dl or postprandial glucose by 20-30 mg/dl. There is 

evidence that the thresholds for the initiation of insulin therapy are still higher than the 

glucose values of the normal obstetrical population. Parretti et al77 reported a 1-hour 

postprandial glucose value of 114 mg/dl as 97th percentile even at 38 weeks of gestation. If we 

attempt to reach this level, we will end up with an unacceptable high rate of insulin use. No 

doubt that maternal glucose supply is an important factor but it is only one parameter in the 

whole cascade that determines the outcome. A management solely based on maternal 

glycemia does not consider other maternal fuels or characteristics, placental function and the 

individual susceptibility of the fetus for disturbances. Twin studies demonstrated impressively 

the occurrence of fetal hyperinsulinism in one and normal insulin values in the other fetus. 78 

These data support our clinical experience. We saw fetuses obviously presenting 

disproportional growth with an AC > 90th percentile and the mother had glucose values far 



4. Summary, discussion and perspectives  53 
 

below the thresholds for insulin therapy 135. On the other side, we had normally grown fetuses 

with maternal glycemia that would require insulin therapy when we followed the 

recommendations. In extreme cases, we caused growth restriction. We had 6 small-for -

gestational-age (SGA) newborns in the standard group of the Berlin study when we had to 

give insulin in fetuses with normal AC (table 3, Box B, 6.1). Additionally we should keep in 

mind that we based our decision for insulin therapy on self-glucose-monitoring. This 

implicated considerable problems like the accuracy of reflectance meters, the individual 

technique of the women and an improved compliance in diet at days selected for glucose 

profiles.     

 Following critical data analysis and present knowledge it is obvious that an additional 

tool beside maternal glucose is needed to identify GDM pregnancies at risk for neonatal 

morbidity. Why do we not include the target - the fetus himself ? The approach based on the 

identification of fetal hyperinsulinism via measurement of amniotic fluid insulin presents the 

most reliable method but can not be widely recommended because of the requirement of an 

amniocentesis. However, the fetal-growth-based management uses a method to target GDM 

pregnancies with need for intensive intervention which is part of the routine in prenatal care. 

However, there are two concerns that should be addressed when we discuss the utility of this 

approach. First, the unsatisfying accuracy of ultrasound to predict birth weight or the 

development of LGA, especially in diabetic pregnancies 130 or extremely overweight fetuses. 
131 This is caused by the limitation of the technique itself combined with the individual 

capacities of the ultrasonographers and the high rate of obesity in GDM women. In fetuses 

with accelerated growth due to maternal diabetes, we are additionally faced with an increase 

in adipose tissue that is less dense than fat-free tissue, e.g. muscle and bone.  Thus the use of 

growth percentiles derived from an unselected patient population may lead to sonographic 

overestimation of fetal weight. 121, 132   This might explain our finding of a high false positive 

rate of the AC in predicting LGA babies which is consistent with the reports of others. 55, 56 

The specificity of the fetal AC to predict an LGA newborn was about 80% thus 20 of 100 

women would have been treated with insulin without having a fetus at risk. On the other side, 

data from Weiss showed that only 50% of the fetuses presented elevated insulin levels with a 

maternal mean blood glucose level of 100 mg/dl. 66 This mean glucose level corresponds to 

the recommended fasting and postprandial glucose levels for initiation of insulin therapy. 19 

Thus, using the standard glycemia-based approach 50 of 100 women are treated with insulin 

without having a fetus at risk. 

 



4. Summary, discussion and perspectives  54 
 

 What are the perspectives in the care of women with GDM?  The increase of obesity 

in young women accompanied with a high risk for GDM will face us with rising numbers of 

women with GDM seeking care. Official surveys in Germany estimate a rate of 19% obese 

teenagers for 1995 which increased up to 32 % for the year 2000. 133, 134 Thus, we have to 

optimize the allocation of resources for treatment by targeting high-risk pregnancies for 

intensive intervention. Strict glucose control in all women without additional risk assessment 

might cause avoidable financial and emotional costs and will eventually consume valuable 

resources. The fetal-growth-based concept of care includes antenatal risk assessment and 

therefore might not only improve the efficacy of care but also help to improve cost-efficient 

treatment. In our study, almost 60% of the women in the ultrasound group identified to be at 

low-risk performed glucose profiles without clinical consequences. We neither discussed the 

values, nor were the women encouraged to observe their diet. They were not aware of the 

thresholds for insulin therapy. We can only speculate about the effect of self-glucose-

monitoring in these women since they could not be blinded to the numbers showing up on the 

reflectance meters. In future, we might be able to adjust the frequency and intensity of glucose 

control based on the risk assessment by fetal growth, resulting in a considerable reduction of 

monitoring in low-risk women.  Intensive glucose monitoring is the most cost intensive 

parameter in the diabetic management of GDM pregnancies and adds an unpleasant 

diagnostic technique for the mothers. In contrast, ultrasound is well accepted by the women 

and part of the routine prenatal care. Based on recent costs and diagnosis of GDM estimated 

at 28 weeks of gestation, the calculated expenses were 160 Euro for glucose monitoring 

consisting of 2 profiles per week and 220 Euro if 3 profiles would be performed. Our data 

indicate that 90% of the cases with AC > 75th percentile are diagnosed by a 1st or a 2nd 

ultrasound examination (unpublished data 6.1) and that a 3rd examination will add only little 

predictive power (unpublished data 5.1). When we assume 2 ultrasound examinations and e.g. 

2 profiles per month, we will end up with a total amount of 37 Euro. The first ultrasound does 

not add additional cost since one exam of fetal growth is part of the German prenatal care 

protocol. Thus, we estimate that our approach will cut down the costs for diabetic care in 

GDM by 4 or 6 fold, respectively. 

 

Our studies indicate that GDM therapy assignment based on fetal ultrasound 

assessment in addition to limited baseline maternal glycemic values is a safe, more pleasant 

and likely less cost intensive approach. Still, several topics need further investigations. We 

will have to determine to what extend glucose monitoring could be reduced in low-risk 



4. Summary, discussion and perspectives  55 
 

pregnancies with moderately GDM without increasing risk of adverse neonatal and maternal 

outcome. Second, whether this strategy is not only safe but also represents a significant 

improvement of the outcome remains to be proven in larger cohorts. Last, the establishment 

of more specific, and easily reproducible sonographic measures of evolving diabetic fetopathy 

in utero as part of the routine ultrasound examination would further enhance the clinical value 

of involving fetal ultrasound.  

 

 



References      56 
 

References 

1. Metzger BE, Coustan DR.  Summary and Recommendations of the 4th International 

Workshop-Conference on Gestational Diabetes. Diabetes Care 1998; 21 (Suppl.):161-

167. 

2. Coustan DR, Nelson C, Carpenter MW, Carr SR, Rotondo L, Widness JA.   Maternal  

age and screening for gestational diabetes. A population based study .  Obstet Gynecol   

1989 ; 73 : 557-561 . 

3. Naylor C, Sermer M, Chen E.  Selective screning for gestational diabetes mellitus. N 

Engl J Med 1997; 337:1591-6. 

4. Harris S, Caulfield L, Sugamori M, Whalen E, Henning B.  The epidemiology of 

diabetes in pregnant native Canadians. JAMA 1997; 20:1422-5. 

5. Friedman J, Ishizuka T, Shao J.  Impaired glucose transport and insulin receptor 

tyrosine phosporylation in skeletal muscle from obese women with gestational 

diabetes. Diabetes 1999; 48:1807-14. 

6. Ryan E, Enns L.  Role of gestational hormones in the induction of insulin resistance. J 

Clin Endocrinol Metab 1988; 67:341-7. 

7. Kühl C.  Etiology and pathogenesis of gestational diabetes. Diabetes Care 1998; 

21:B19-26. 

8. Buchanan, T.  Pancreatic ß-cell defects in gestational diabetes: implications for the 

pathophysiology and prevention of type 2 diabetes. J Clinical Endocrinol Metab 2001; 

86:989-93. 

9. Schaefer-Graf U, Buchanan T, Xiang A, Peters R, Kjos S.  Clinical predictors for a 

high risk for development of diabetes mellitus in the early puerperium in women with 

recent gestational diabetes. Am J Obstet Gynecol 2002; 186:751-6. 

10. Catalano PM, Vargo KM, Bernstein IM, Amini SB.  Incidence and risk associated 

with abnormal glucose tolerance in women with gestational diabetes. Am J Obstet 

Gynecol 1991; 165:914-919. 

11. Kjos SL, Peters RK, Xiang A, Henry OA, Montoro M, Buchanan TA.  Predicting 

future diabetes in Latino women with gestational diabetes. Diabetes 1995; 44:586-591. 

12. Buchanan T, Xiang A, Kjos S, Lee W, Trigo E, Nader I, et al.  Gestational diabetes: 

Antepartum characteristics that predict postpartum glucose intolerance and type 2 

diabetes in Latino women. Diabetes 1998;  47:1302-1310. 

13. Persson B, Hanson U, Hartling S.  Follow-up of women with previous GDM: insulin, 

C-peptide, and proinsulin response to oral glucose load. Diabetes 1991; 40:136-41. 



References      57 
 

14. Pedersen J, Osler M.  Hyperglycemia as the cause of characteristic features of the 

foetus and newborn in diabetic mothers. Dan Med Bull 1961; 8:78. 

15. Nesbitt TS, Gilbert WM, Herrchen B.  Shoulder dystocia and associated risk factors 

with macrosomic infants born in California. Am J Obstet Gynecol 1998,179:476-80. 

16. Pettitt D, Bennett P, Knowler W, Carraher M, Bennett P, Knowler W.  Congenital 

susceptibility to NIDDM. Role of intrauterine environment. Diabetes 1988; 37:622-8. 

17. Vohr B, McGarvey S.  Effect of maternal gestational diabetes on offspring adiposity at 

4-7 years of age. Diabetes Care 1999; 22:1284-91. 

18. Plagemann A, Harder T, Kohlhoff R, Rhode W, Dörner G.  Glucose tolerance and 

insulin secretion in children of mothers with pregestational or gestational diabetes. 

Diabetologia 1997; 40:1094-100. 

19. Arbeitsgemeinschaft Diabetes und Schwangerschaft der Deutsche Diabetes 

Gesellschaft. Empfehlungen zu Diagnostik und Therapie des Gestationsdiabetes. 

FRAUENARZT 2001; 42:891-899. 

20. Carpenter M, Coustan D.  Criteria for screening tests for gestational diabetes. Am J 

Obstet Gynecol 1982; 144:768-773. 

21. O'Sullivan J, Mahan C.  Criteria for the oral glucose tolerance test in pregnancy. 

Diabetes 1964; 13:278-285. 

22. Bung P, Artal R, Khodiguian N, Kjos S.   Exercise in gestational diabetes. An optional 

therapeutic approach?   Diabetes   1991 ; 40 ( Suppl.2) : 182-5 . 

23. Molsted-Pedersen L, Tygstrup I, Pederson J.  Congenital malformations in newborn 

infants of diabetic women. Lancet 1964; 1:1124-1126. 

24. Fuhrmann K, Reiher H, Semmler K, Fischer F, Fischer M, Glockner E.  Prevention of 

congenital malformations in infants of insulin-dependent diabetic mothers. Diabetes 

Care 1983;6(3):219-23. 

25. Reiher H, Fuhrmann K, Jutzi E, Hahn HJ.  Fetal hyperinsulinism in early pregnancy--a 

cause of diabetic fetopathy? Zentralbl Gynakol 1983; 105(14):889-93. 

26. Simpson J, Elias S, Martin A, Palmer M, Ogata E, Radvany R.  Prospective study of 

anomalies in offspring of mothers with diabetes mellitus. Am J Obstet Gynecol 

1983;146:263-270. 

27. Kitzmiller J, Gavin L, Gin G, Jovanonvic-Peterson L, Main E, Zigrang W.  

Preconception care of diabetes: glycemic control prevents congenital anomalies. 

JAMA 1991; 265:731-736. 



References      58 
 

28. Martinez-Frias M.  Epidemiological analysis of outcomes of pregnany in diabetic 

mothers. Am J Med Genet 1994; 51:108-113. 

29. Miller E, Hare J, Clohery J.  Elevated maternal hemoglobin A1 in early pregnancy and 

major congenital anomalies in infants of diabetic mothers. N Engl J Med 1981; 

304:1331-1334. 

30. Hanson U, Persson B, Thunell S.  Relationship between hemoglobin A1c  in early type 

I (insulin- dependent) diabetic pregnancy and the occurrence of spontaneous abortion 

and fetal malformation in Sweden. Diabetologia 1990; 33:100-104. 

31. Rosenn B, Miodovnik M, Combs C, Khoury J, Siddiqi T.  Glycemic thresholds for 

spontaneous abortion and congenital malformations in insulin-dependent diabetes 

mellitus. Obstet Gynecol 1994; 84:515-520. 

32. Fuhrmann K, Reiher H, Semmler K, Glockner E.  The effect of intensified 

conventional insulin therapy before and during pregnancy on the malformation rate in 

offspring of diabetic mothers. Exp Clin Endocrinol 1984; 83:173-177. 

33. Eriksson U, Dahlstrom E, Larsson K, Hellerstrom C.  Increased incidence of 

congenital malformations in the offspring of diabetic rats and their prevention by 

maternal insulin therapy. Diabetes 1982; 30:1-6. 

34. Harris M.  Epidemiological correlates of NIDDM in Hispanics, Whites, and Blacks in 

the U.S. population. Diabetes Care 1991; 14 (Suppl.3):639-648. 

35. National Diabetes Data Group.  Classification and diagnosis of diabetes mellitus and 

other categories of glucose intolerance. Diabetes 1979; 29:1039-1057. 

36. American Diabetes Association.  Clinical practice recommendations 1996: screening 

for diabetes. Diabetes Care 1996; 19 (Suppl.9:5-6. 

37. American Diabetes Association. Report of the expert committee on the diagnosis and 

classification of diabetes mellitus. Diabetes Care 1998; 21:S5-S19. 

38. Sermer M, Naylor DC, for the investigators of the Toronto Tri-Hospital Study .  

Impact of increasing carbohydrate intolerance on maternal-fetal outcomes in 3637 

women without diabetes. Am J Obstet Gynecol 1995; 173:146-56. 

39. Tallarigo L, Giampietro O, Penno G, Miccoli R, Gregori G, Navalesi R.  Relation of 

glucose tolerance to complications of pregnancy in non diabetic women. N Engl J Med 

1986; 315:989-92. 

40. Berkus MD, Langer O.  Glucose tolerance test: Degree of glucose abnormality 

correlates with neonatal outcome. Obstet Gynecol 1993; 81:344-8. 



References      59 
 

41. Langer O, Brustman L, Anyaegbunam A.  The significance of one abnormal glucose 

tolerance test value on adverse outcome in pregnancy. Am J Obstet Gynecol 1987; 

157:758-63. 

42. Mestman JH.  Outcome of diabetes screening in pregnancy and perinatal morbidity in 

infants of mothers with mild impairment in glucose tolerance. Diabetes Care 1980; 

3:447-52. 

43. Jovanovic-Peterson L, Peterson CM, Reed GF, Metzger BE, Mills JL, Knopp R, et al.  

Maternal postprandial glucose levels and infant birth weight: the diabetes in early 

pregnancy study. Am J Obstet Gynecol 1991; 164:103-111. 

44. Susa JB, Schwartz R.  Effects of hyperinsulinemia in the primate fetus. Diabetes 1985; 

34 (Suppl.2):36-41. 

45. Combs C, Gunderson E, Kitzmiller J, Gavin L, Main E.  Relationship of fetal 

macrosomia to maternal glucose control during pregnancy. Diabetes Care 1992; 

15:1251-1257. 

46. Reiher H, Fuhrmann K, Noack S, Woltanski KP, Jutzi E, Hahn von Dorsche H, et al.  

Age-dependent insulin secretion of the endocrine pancreas in vitro from fetuses of 

diabetic and nondiabetic patients. Diabetes Care 1983; 6(5):446-51. 

47. Ogata E, Sabbagha R, Metzger B, Phelps R, Depp R, Freinkel N.  Serial 

ultrasonography to assess evolving fetal macrosomia. JAMA 1980; 243:2405-2408. 

48. Hadlock FP, Deter RL, Harrist RB, Park SK.  Estimated fetal age: Computer-assisted 

analysis of multiple fetal growth parameters. Radiology 1984; 152:497-501. 

49. Andres R, Elahi D, Tobin J, Muller B, Brant L.  Impact of age on weight goals. In: 

National Institut of Health Consensus Development Conference. Health implications 

of obesity. Ann Int Med 1985; 102:1030-33. 

50. Kalkhoff RK.  Impact of maternal fuels and nutritional state on fetal growth. Diabetes 

1991; 40 (Suppl. 2):61-66. 

51. Knopp RH, Magee MS, Walden CE, Bonet B, Benedetti TJ.  Prediction of infant birth 

weight by GDM screening: importance of plasma triglyceride. Diabetes Care 1992; 

15:1605-1613. 

52. Hollingsworth D, Ney D, Stubblefield N, Fell T.  Metabolic and therapeutic 

assessment of gestational diabetes by two-hour and twenty-four isocaloric meal 

tolerance tests. Diabetes 1985; 34:81-87. 

53. Langer O.  Fetal macrosomia. Clin Obstet Gynecol 2000; 43:283-287. 



References      60 
 

54. Keller J, Metzger B, Dooley S, Tamura R, Sabbagha R, Freinkel N.  Infants of diabetic 

mothers with accelerated fetal growth by ultrasonography. Am J Obstet Gynecol 1990; 

163:893-7. 

55. Landon MB, Mintz MC, Gabbe SG.   Sonographic evaluation of fetal abdominal 

growth: Predictor of large-for-gestational-age infant in pregnancies complicated by 

diabetes mellitus.   Am J Obstet Gynecol  1989; 160:115-121. 

56. Bochner CJ, Medearis AL, Williams J, Castro L, Hobel CJ, Wade ME.  Early third-

trimester ultrasound screening in gestational  diabetes to determine the risk of 

macrosomia and labor dystocia at term. Am J Obstet Gynecol 1987; 157:703-708. 

57. Coustan DR, Imarah J.  Prophylactic insulin therapy treatment of gestational diabetes 

reduces the incidence of macrosomia, operative delivery and birth trauma. Am J 

Obstet Gynecol 1984; 150:836-842. 

58. Jovanovic-Peterson L, Bevier W, Peterson C.  The Santa Barbara County Health 

Services Program: birth weight change concomitant with screening for and treatment 

of glucose-intolerance of pregnancy: a potential cost-effective intervention ? Am J 

Perinatol 1997; 14:221-8. 

59. Langer O, Levy J, Brustmann L, Anyaegbunam A, Merkatz R, Divon M.  Glycemic 

control in gestational diabetes mellitus- How tight is enough: Small for gestational age 

versus large for gestational age. Am J Obstet Gynecol 1989; 161:646-53. 

60. Buchanan TA, Kjos SL, Montoro MN, Wu P, Madrilejo NG, Gonzalez M, et al.  Use 

of fetal ultrasound to select metabolic therapy for pregnancies complicated by mild 

gestational diabetes. Diabetes Care 1994; 17:275-283. 

61. Buchanan TA, Kjos SL, Schaefer UM, Peters R, Xiang A, Byrne J et al. Utility of fetal 

measurements in the management of gestational diabetes. Diabetes Care 1998; 21 

(Suppl.2): 99-106. 

62. Kjos S, Schaefer-Graf U, Sardesi S, Peters R, Buley A, Xiang A et al.  A randomized 

controlled trial using glycemic plus fetal ultrasound parameters versus glycemic 

parameters to determine insulin therapy in gestational diabetes with fasting 

hyperglycemia. Diabetes Care 2001; 24:1904-1910. 

63. Catalano P, Thomas A, Huston L, Fung C.  Effect of maternal metabolism on fetal 

growth and body composition. Diabetes Care 1998; 21:85-90. 

64. Kehl R, Krew M, Thomas A, Catalano P.  Fetal growth and body composition in 

infants of women with diabetes mellitus during pregnancy.  Matern Fetal Med  1996; 

5:273-80 . 



References      61 
 

65. Weiss P, Hofmann H.  Diagnosis and treatment of gestational diabetes according to 

amniotic fluid insulin levels. Arch Gynecol 1986; 239:81-91. 

66. Weiss PAM.  Gestational diabetes: A survey and the Graz approach to diagnosis and 

therapy. In: Weiss P, Coustan D, eds. Gestational Diabetes. Wien: Springer-Verlag; 

1988:1-55. 

67. Weiss P, Hofmann H, Kainer F.  Fetal outcome in gestational diabetes with elevated 

amniotic fluid insulin levels. Diabetes Res Clin Pract 1988; 5(1):1-7. 

68. Weiss PAM, Hofmann HMH.  Monitoring pregnancy in diabetes: Amniotic fluid. 

Diab. Nutr. Metab. 1990; 3(Suppl.2):31-35. 

69. Woltmann W, Dudenhausen JW.  Insulin, C-Peptide und IGF 1 im Fruchtwasser 

stoffwechselgesunder Schwangeren ( Insulin, c-peptide and IGF 1 in amniotic fluid of 

metabolic healthy women) [Dissertation]. Freie Universitaet  Berlin; 1994. 

70. Kainer F, Weiss PAM, Hüttner U, Haas J.  Ultrasound growth parameters in relation to 

levels of amniotic fluid insulin in women with diabetes type I. Early Hum Dev 1997; 

49:113-121. 

71. Burkhart W, Holzgreve W, Dame WR, Schneider HPG.  Antenatal assessment of fetal 

outcome in pregnant diabetics. J Perinat Med 1986;14:293-297. 

72. Metzger BE, Freinkel N.  Amniotic fluid insulin as a predictor of obesity. Arch Dis 

Child 1990, 65:1050-2. 

73. Schaefer-Graf UM, Dupak J, Vogel M, Dudenhausen JW, Kjos SL, Buchanan TA, et 

al.  Hyperinsulinism, neonatal adiposity and placental immaturity in infants born to 

women with one abnormal glucose tolerance test value. J Perinatal Med. 1998; 26:27-

36. 

74. Sermer M, Naylor CD, Farine D, Kenshold AB, Ritchie JWK, Gare DJ, et al.  The 

Toronto Tri-Hospital Gestational Diabetes Project. A preliminary review. Diabetes 

Care 1998; 21 (Suppl. 2):B33-B42. 

75. Langer O, Anyuaegbunam A, Brustman L, Divon M.  Management of women with 

one abnormal oral glucose tolerance test value reduces adverse outcome in pregnancy. 

Am J Obstet Gynecol 1989; 161:593-9. 

76. Innes K, Wimsatt J, McDuffie R.  Relative glucose tolerance and subsequent 

development of hypertension in pregnancy. Obstet Gynecol  2001; 97:905-10. 

77. Parretti E, Mecacci F, Papini M, Cioni R, Carignani L, Mignosa M, et al.  Third-

trimester maternal glucose levels from diurnal profiles in nondiabetic pregnancies: 



References      62 
 

correlation with sonographic parameters of fetal growth. Diabetes Care 2001;24:1317-

8. 

78. Burke B, Sherift R.  Diabetic twins: an unequal result. Lancet 1979: 1372-73. 

79. American College of Obstetricians and Gynecologists.  Practice Bulletin: Gestational 

Diabetes. Obstet Gynecol 2001; 98:525-538. 

80. Jensen D, Damm P, Soresen B, Molsted-Pedersen L, Westergaard J, Klebe J, et al.  

Clinical impact of mild carbohydrate intolerance in pregnancy: A study of 2904 

nondiabetic Danish women with risk factors for gestational diabetes mellitus. Am J 

Obstet Gynecol 2001; 185:413-9. 

81. Raychaudhuri K, Maresh J.  Glycemic control throughout pregnancy and fetal growth 

in insulin-dependent diabetes. Obstet Gynecol 2000; 95:190-194. 

82. Langer O, Mazze R.  The relationship between large-for-gestational-age infants and 

glycemic control in women with gestational diabetes. Am J Obstet Gynecol 1988; 

159:1478-83. 

83. Langer O.  A spectrum of glucose thresholds may effectively prevent complications in 

pregnant diabetic patients. Semin Perinatol 2002; 26:196-205. 

84. Buchanan T, Kjos S.  Gestational diabetes: risk or myth? J Clin Endorinol Metab 

1999; 84:1854-1857. 

85. American Diabetes Association.  Gestational Diabetes. Diabetes Care 1999; 22 (Suppl. 

1):S74-S76. 

86. Metzger BE. Summery and recommendations of the 3rd international workshop-

conference on gestational diabetes. Diabetes 1991; 40 (Suppl 2):197-201. 

87. Arbeitsgemeinschaft Diabetes und Schwangerschaft der Deutsche Diabetes 

Gesellschaft.  Diagnostik und Therapie des Gestationsdiabetes. Richtlinien der 

Deutschen Diabetes-Gesellschaft. Der Frauenarzt 1993 ;34:13-14. 

88. De Veciana M, Major C, Morgan M, Asrat T, Toohey J, Lien J, et al.  Postprandial 

versus preprandial blood glucose monitoring in women with gestational diabetes 

mellitus requiring insulin therapy. NEJM 1995; 333:1237-41. 

89. Schaefer-Graf U, Kjos S, Kilavuz Ö, Plagemann A, Brauer M, Dudenhausen J, et al.  

Determinants of fetal growth  different periods of pregnancies complicated by 

Gestational Diabetes or impaired glucose tolerance. Diabetes Care 2003; 26:193-198. 

90. Hadden D.  When and how to start insulin treatment in gestational diabetes: A UK 

perspective. Diabet Med 2001; 18:960-964. 



References      63 
 

91. Persson B, Hanson U.  Neonatal morbidities in gestational diabetes mellitus. Diabetes 

Care 1998; 21(Suppl.2):B79-84. 

92. Leikin EL, Jenkins JH, Pomerantz G, Klein L.  Abnormal glucose screening test in 

pregnancy: A risk factor for fetal macrosomia. Obstet Gynecol 1987;69:570-73. 

93. Jang H, Cho N, Min Y, Han I, Jung K, Metzger B.  Increased macrosomia and 

perinatal morbidity independent of maternal obesity and advanced age in Korean 

women with GDM. Diabetes Care 1997; 20:1582-1582. 

94. Evers I, De Valk H, Mol B, Ter Braak E, Viser G.  Macrosomia despite good glycemic 

control in type I diabetic pregnancy; result of a nationwide study in the Netherlands. 

Diabetologia 2002; 45:1484-1489. 

95. Becerra J, Khoury M, Cordero J, Erickson J.  Diabetes mellitus in pregnancy and risk 

of specific birth defects: a population- based case control study. Pediatrics 1990; 85:1-

9. 

96. Towner D, Kjos SL, Leung B, Montoro MM, Xiang A, Mestman JH, et al.  Congenital 

malformations in pregnancies complicated by NIDDM. Diabetes Care 1995; 18:1446-

1451. 

97. Schaefer UM, Songster G, Xiang A, Berkowitz K, Buchanan TA, Kjos SL.  

Congenital malformations in offspring of women with hyperglycemia first detected 

during pregnancy. Am J Obstet Gynecol 1997; 177:1165-1171. 

98. Schaefer-Graf U, Buchanan T, Xiang A, Songster G, Montoro M, Kjos S.  Patterns of 

congenital anomalies and relationship to initial maternal fasting glucose levels in 

pregnancies complicated by type 2 and gestational diabetes. Am J Obstet Gynecol 

2000; 182:313-320. 

99. Watkins M, Botto L.  Maternal prepregnancy weight and congenital heart defects in 

offspring. Epidemiology 2001; 12:439-46. 

100. Hendricks K, Nuno O, Suarez L, Larsen R.  Effects of hyperinsulinemia and obesity 

on risk of neural tube defects among Mexican Americans. Epidemiology 2001; 

12:630-635. 

101. Yang X, Hakan Borg L, Martin Siman C, Eriksson U.  Maternal antioxidants 

treatments prevent diabetes-induced alterations of mitochondrial morphology in rats 

embryos. Anat Rec 1998; 251:303-315. 

102. Carone D, Loverro G, Greco P, Capuano F, Selvaggi L.  Lipid peroxidation products 

and antioxidants enzymes in red blood cells during normal and diabetic pregnancy. 

Eur J Obstet Gynecol Reprod Biol 1993; 51:103-109. 



References      64 
 

103. Kousseff B.  Gestational diabetes mellitus (class A): a human teratogen ? Am J Med 

Genet 1999; 23:402-8. 

104. Aberg A, Westbom L, Kallen B.  Congenital malformations among infants whose 

mothers had gestational diabetes or preexisting diabetes. Early Hum Dev 2001; 61:85-

95. 

105. Sheffield J, Butler-Koster E, Casey B, McIntire D, Leveno K.  Maternal diabetes 

mellitus and infant malformations. Obstet Gynecol 2002; 100:925-30. 

106. Farrell T, Neale L, Cundy T.  Congenital anomalies in offspring of women with type1, 

type 2 and gestational diabetes. Diabetic Med 2002; 19:322-6. 

107. Schäfer U, Vogel M, Unger M, Dupak J, Vetter K.  Zottenreifungsstörungen der 

Plazenta bei geringgradigen Glucosestoffwechselstörungen. Geburtsh. u. Frauenheilk. 

1997; 57:256-262. 

108. Hawdon J, Ward-Platt M, Aynsley A.  Prevention and management of neonatal 

hypoglycemia. Arch Dis Child Fetal Neonatal 1994; 70:60-64. 

109. Cornblath M, Hawdon J, Williams A, Aynsley-Green A, Ward-Platt M, Schwarzt R, et 

al.  Controversies regarding definition of neonatal hypoglycemia: suggested 

operational thresholds. Pediatrics 2000; 105:1141-5. 

110. Schaefer-Graf U, Wilke A, Kjos S, Bührer C, Dudenhausen J, Vetter K.  Predictors for 

neonatal hypoglycemia in large-for-gestational age newborns. Am J Obstet Gynecol 

2002; 185:S197. 

111. Pettitt DJ.  Gestational diabetes and impaired glucose tolerance during pregnancy. 

Diabetes 1985; 34 (Suppl 2):119-21. 

112. No authors.  The hyperglycemia and adverse pregnancy outcome study (HAPO). Int J 

Gynecol Obstet 2002;78:69-77. 

113. Schaefer-Graf U, Heuer R, Kilavuz Ö, Pandura A, Henrich W, Vetter K.  Maternal 

obesity not maternal glucose values correlates best with high rates of fetal macrosomia 

in pregnancies complicated by gestational diabetes. J Perinat Med 2002; 30 (4):313-

321. 

114. Goldman M, Kitzmiller J, Abrams B, Cowan R, Laros R.  Obstetric complications 

with GDM. Effects of maternal weight. Diabetes 1991; 40 (Suppl):79-82. 

115. Perlow J, Morgan M, Montgomery D, Towers C, Porto M.  Perinatal outcome 

complicated by massive obesity. Am J Obstet Gynecol 1992; 167:958-962. 



References      65 
 

116. Lu G, Rouse D, DuBard M, Cliver S, Kimberlin D, Hauth J.  The effect of the 

increasing prevalence of maternal obesity on perinatal morbidity. Am J Obstet 

Gynecol 2001; 185:845-9. 

117. Castro L, Avina R.  Maternal obesity and pregnancy outcomes. Curr Opin Obstet 

Gynecol 2002; 14:601-606. 

118. Marquette G, Francoeur D, Skoll M.  The incidence of fetal macrosomia in 

hyperinsulinemic euglycemic patients. K Matern Fetal Invest 1995; 5:33-35. 

119. Merzouk H, Meghelli-Bouchenak M, Loukidi B, Prost J, Belleville J.  Impaired serum 

lipids and lipoproteins in fetal macrosomia related to maternal obesity. Biol Neonate 

2000; 77(1):17-24. 

120. Catalano P, Thomas A, Avallone D, Amini S.  Anthropometric estimation of neonatal 

body composition. Am J Obstet Gynecol 1995; 173:1176-81. 

121. Catalano PM, Tzybir, E.D., Allan, S.R., McBean, J.H., McAuliffe, T.L.  Evaluation of 

fetal growth by estimation of neonatal body composition. Obstet Gynecol 1992; 79:46-

50. 

122. Knopp R, Magee M, Raisys V, Benedetti T.  Metabolic effects of hypocaloric diets in 

management of gestational diabetes. Diabetes 1991; 40 (Suppl 2):165-71. 

123. Bjoerk O, Persson, B.  Placental changes in relation to the degree of metabolic control 

in diabetes mellitus. Placenta 1982; 3:367-378. 

124. Diamant Y.  The human placenta in diabetes mellitus. A review. Isr J Med Sci 1991; 

27(8-9):493-7. 

125. Jansson T, Ekstrand Y, Bjorn C, Wennergen M, Powell T.  Alterations in the activity 

of placental amino acid transporters in pregnancies complicated by diabetes. Diabetes 

2002; 51:2214-9. 

126. Weiss P.  Lessons from the fetus. In: Dornhorst A, Hadden D, eds. Diabetes and 

pregnancy . Wiley: Chichester; 1996:221-40. 

127. Persson B, Heding LG.  Fetal beta cell function in diabetic pregnancy. Am J Obstet 

Gynecol 1982; 144:455-459. 

128. Schwartz L.  Hyperinsulinemia and macrosomia. N Engl J Med 1990; 323(5):340-342. 

129. Schaefer-Graf U, Kjos S, Bühling K, Henrich W, Brauer M, Heinze T, et al.  Amniotic 

fluid insulin levels and fetal abdominal circumference at time of amniocentesis in 

pregnancies with diabetes. Diabetic Med 2003; in press. 



References      66 
 

130. McLaren R, Puckett J, Chauhan S.  Estimates of birth weight in pregnant women 

requiring insulin: a comparison of seven sonographic models. Obstet Gynecol 1995; 

85:565-569. 

131. Smith G, Smith M, McNay M, Fleming J.  The relation between fetal abdominal 

circumference and birth weight: finding in 3512 pregnancies. Br J Obstet Gynaecol 

1997; 104:186-190. 

132. Bernstein IM, Catalano PM.   Influence of fetal fat on the ultrasound estimation of 

fetal weight in diabetic mothers .  Obstet Gynecol   1992 ; 79 : 561-563 . 

133. Deutsche Gesellschaft für Ernährung. Ernährungsbericht 2000. 2001. 

Senatsverwaltung für Arbeit, Soziales und Familie. Zur gesundheitlichen Lage von 

Kindern in Berlin (The health status of children in Berlin). 

Gesundheitsberichterstattung Berlin. 2001. 

135. Schaefer-Graf  UM,  Kjos SL, Ostary Fauzan, Buehling KJ , Siebert G Barbara 

Ladendorf B, Bührer C, Dudenhausen  JW, Vetter K. A randomized trial evaluating a 

predominately fetal-growth-based strategy to guide management of gestational 

diabetes in Caucasian women. Diabetes Care  27 (2004) 297-302 

 

 

 

 



Abbreviations      67 
 

Abbreviations 

 

AC    Fetal abdominal circumference 

ADA    American Diabetes Association 

AF insulin   Amniotic fluid insulin 

AGA    Appropriate-for gestational-age newborn 

FCG    Fasting capillary glucose 

GCT    Glucose Challenge test 

GDM    Gestational diabetes mellitus 

IGT    Impaired glucose tolerance 

OGTT    Oral glucose tolerance test 

LGA    Large-for-gestational newborn 

NDDG    National diabetes data group 

NPV    Negative predictive value 

NICU    Neonatal intensive care unit 

SGA    Small-for-gestational-age newborn 

Standard-group  Study group management by maternal glycemia 

US-group   Study group managed by criteria of fetal growth  

ROC curves   Receiver operator characteristics curves 

WHO    World Health Organization 



Acknowlegdement      68 
 

Acknowledgment 
 

I thank my family for their great support and understanding for my work, my husband 

Kristof for his love and constant support with his valuable knowledge in medical research. I 

stopped counting how many times he saved me when I was desperate with my computer. I 

owe my children Maya and Niels a lot since they had to tolerate their Mom’s frequent 

physical and mental absence. But I was puzzled to realize how much their life was imprinted 

by their parent’s work. 5 year old Maya told me with a very serious facial expression that 

there was no time for cleaning up since she urgently had to finish slides for her next 

presentation. 

I highly appreciate that my  beloved parents provided me with a substantial education 

that enabled a great start into my professional career. Their believing in my own strengths and 

success helped to clear of many hurdles in my life. I am specially grateful to my mother who 

still supports us in so many ways, not only as an extraordinary stand-by babysitter for our 

children when ever our child care system breaks down. 

Professor Klaus Vetter was my mentor for many years and he always tried to pave the 

way for my scientific ambitions and career that was not always easy in an institution outside 

the University. I remember very well the times when we sat in his office and he taught me 

how to write a scientific paper. I thank him for his patience and constant support. 

With his help, I was able to leave Berlin and to work as a research fellow with Tom 

Buchanan and Siri Kjos at the University of Southern California in Los Angeles. I have to 

express my special gratitude for their great engagement to share their knowledge with me. I 

gained an incredible amount of experience as well in clinical research as in prenatal care of 

women with diabetes. Siri is not only still my long time partner in research projects but she 

and her family became very close friends for us. 

My special thanks to Professor Joachim Dudenhausen, who might not be aware of that 

he set the grounds for my interest in diabetes and pregnancy. Right after the wall came down, 

he got me a position at Oskar-Ziethen-Hospital in the former East Berlin - a hospital that 

served as a center for diabetic pregnancies at that time. Many years later, he supported my 

application for a research grant of the Charité and became my mentor for my research 

fellowship at his department. 

Last not least, I would like to thank all my colleagues, specially Dr. Angela Pandura 

and the midwifes who run with me the Diabetes Prenatal Care Clinic of Vivantes Medical 

Center Neukoelln for their pleasant and flexible cooperation and all my doctorates who joined 

part of my way. 



Acknowledgement      69 
 

All these individual people had been important and essential to accomplish my 

research. 

 

 



   
 

 
EIDESSTATTLICHE VERSICHERUNG 

gemäß Habilitationsordnung der Charité 

 

Hiermit erkläre ich, daß 

 

- keine staatsanwaltschaftlichen Ermittlungsverfahren gegen mich anhängig sind, 

 

- weder früher noch gleichzeitig ein Habilitationsverfahren durchgeführt oder 

angemeldet wurde bzw. welchen Ausgang ein durchgeführtes Habilitationsverfahren 

hatte; 

 

- die vorgelegte Habilitationsschrift ohne fremde Hilfe verfaßt, die beschriebenen 

Ergebnisse selbst gewonnen wurden, sowie die verwendeten Hilfsmittel, die 

Zusammenarbeit mit anderen Wissenschaftlerinnen oder Wissenschaftlern und 

technischen Hilfskräften und die Literatur vollständig angegeben sind, 

 

- mir die geltende Habilitationsordnung bekannt ist, 

 

.................................................   ................................................. 

Datum       Unterschrift 
 

 


	Content
	1. Introduction
	1.1 Intention of the presented work
	1.2. Gestational diabetes
	1.2.1. Epidemiology and pathophysiology
	1.2.2 Morbidity
	1.2.3 Diagnostic management
	1.2.4 Therapy


	2. Own contributions
	2.1. The influence of maternal glycemia on embryogenesis
	2.1.1 Introduction and summary
	2.1.2 Discussion

	2.2 The influence of maternal glycemic values on fetal growth and neonatal morbidity
	2.2.1 Studies in pregnancies with borderline glucose intolerance
	2.2.1.1 Introduction and summary
	2.2.1.2. Discussion

	2.2.2 The impact of maternal obesity
	2.2.2.1 Introduction and summary
	2.2.2.2. Discussion


	2.3. The importance of the fetal abdominal circumference in pregnancies with diabetes
	2.3.1. Introduction and summary
	2.3.2. Discussion

	2.4. Intervention studies – management of GDM based on fetal growth
	2.4.1 Introduction and summary
	2.4.2 Discussion


	3. Relevant original publications
	3.1 The influence of glycemia on the embryogenesis
	3.2 The influence of maternal glycemia and maternal obesity on fetal morbidity
	3.2.1. The impact of borderline glucose intolerance
	3.2.2. The impact of maternal obesity

	3.3. The fetal abdominal circumference as predictor for fetal hyperinsulinism and macrosomia at birth
	3.4 Intervention studies evaluating a fetal-growth-based management of GDM

	4. Summary, discussion and perspectives
	References
	Abbreviations
	Acknowledgment

