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ABSTRACT 
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The appropriateness of universal screening for gestational diabetes mellitus (GDM) has been strongly questioned, since it does 
not satisfy ethical principles for screening.  
    The aims of these studies were to determine the prevalence of GDM, expressed in terms of impaired glucose tolerance (IGT) 
and diabetes mellitus (DM), to evaluate different screening models using traditional anamnestic risk factors and repeated random 
B-glucose, to determine whether GDM increases risks for maternal complications such as preeclampsia, and to determine 
whether IGT during pregnancy, if left untreated, is associated with increased maternal or neonatal morbidity.   
    Of 4,918 pregnant non-diabetic women attending maternal health care, 73.5% agreed to have a 75 g oral glucose tolerance test 
(OGTT). GDM was diagnosed in 1.7%, IGT in 1.3% and DM in 0.4%. Traditional risk factor criteria were fulfilled by 15.8%. 
Prior GDM and a prior macrosomic infant showed the highest association with GDM. No selective or two-step universal 
screening model would have detected all cases of GDM. A constructed model comprising prior GDM, a prior LGA/macrosomic 
infant, or a cut-off random B-glucose level of 8 mmol/l as an indication for OGTT reduced the need for OGTT to 7.3% compared 
to the selective screening model with traditional risk factors. Such a universal two-step screening model had 100% sensitivity for 
DM, and 44.7% sensitivity for IGT. 
     The Swedish Medical Birth Register was used to evaluate GDM as risk factor for preeclampsia. GDM occurred in 0.8% and 
preeclampsia in 2.9% of 430,852 singleton pregnancies. There is an independent and significant association between GDM and 
preeclampsia. Obesity is a major confounding factor, but cannot explain the total excess risk.  
    In a prospective population-based case-control study 213 women with untreated IGT during pregnancy were identified. For 
each case, four controls were recruited from the same delivery department. The analyses confirmed that maternal and fetal 
morbidity were increased in the cases in terms of cesarean section rate, pre-term delivery, Erb’s palsy and admission to NICU. 
There was a marked, independent increase in the proportion of LGA infants (OR 7.3; 95% CI 4.1-12.7). To determine whether 
treatment has an effect when IGT is diagnosed during pregnancy, a randomized study is required. 
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"The medical research has made such progress,  
that there are practically no healthy people any more."  

Aldous Huxley. 



PAPERS INCLUDED IN THE THESIS 
 
This thesis is based on the following papers, which are referred to in the text by their 
Roman numerals: 
 
 
 
I Östlund Ingrid, Hanson Ulf. Occurrence of gestational diabetes mellitus and the 

value of different screening indicators for the oral glucose tolerance test. Acta 
Obstetricia et Gynecologica Scandinavica   (Accepted)   
 

 Printed with kind permission of Acta Obstetricia et Gynecologica Scandinavica 
 
II Östlund Ingrid, Hanson Ulf. Repeated random blood glucose measurements as 

universal screening test for Gestational Diabetes Mellitus. Acta Obstetricia et 
Gynecologica Scandinavica   (Accepted) 

 
Printed with kind permission of Acta Obstetricia et Gynecologica Scandinavica 

 
III Östlund Ingrid, Haglund Bengt, Hanson Ulf. Gestational Diabetes and 

Preeclampsia. (Submitted) 
 
IV Östlund Ingrid, Hanson Ulf, Björklund Anders, Hjertberg Ragnhild , Nord Eva, 

Nordlander Elisabeth, Swahn Marja-Liisa, Wager Jan. Maternal and fetal outcome 
if gestational impaired glucose tolerance is left untreated.    (Submitted) 

 
 
 
 



 

Contents 

Introduction.....................................................................................................1 
Diagnostic criteria for GDM.....................................................................2 
Screening for GDM ..................................................................................3 
Maternal and fetal complications..............................................................4 

Aims of the study............................................................................................7 

Material and methods......................................................................................8 
Papers I and II...........................................................................................8 

Study population and design ..............................................................8 
Paper III ....................................................................................................8 

Medical Birth Register .......................................................................8 
Study population and design ..............................................................9 

Paper IV....................................................................................................9 
Study population and design ..............................................................9 
Screening method and diagnostic criteria...........................................9 
Cases and controls ............................................................................10 
Reference groups ..............................................................................10 
Data collection..................................................................................10 

Definitions and classifications................................................................12 
GDM.................................................................................................12 
Preeclampsia.....................................................................................12 

Measurements.........................................................................................12 
Statistical analysis...................................................................................13 

Papers I, II, and IV ...........................................................................13 
Paper III ............................................................................................13 

Results...........................................................................................................14 
Papers I and II.........................................................................................14 
Paper III ..................................................................................................16 
Paper IV..................................................................................................18 

General discussion ........................................................................................20 
Screening for GDM ................................................................................20 

Repeated random B-glucose as universal screening test ..................21 



 

Maternal complications ..........................................................................23 
Preeclampsia.....................................................................................23 
Cesarean section ...............................................................................24 
Development of diabetes later in life................................................24 

Fetal complications.................................................................................25 
LGA and macrosomia.......................................................................25 
Neonatal morbidity...........................................................................26 

Implications for the future ......................................................................27 

Conclusions...................................................................................................28 

Acknowledgements.......................................................................................30 

References.....................................................................................................32 
 



 

Abbreviations 

B-glucose Blood glucose 
BMI Body mass index 
CI Confidence interval 
DM Diabetes mellitus 
DPSG Diabetic Pregnancy Study Group 
GCT Glucose challenge test 
GDM Gestational diabetes mellitus 
IGT Impaired glucose tolerance 
LGA Large-for-gestational-age, defined 

as birth weight more than two 
standard deviations above the 
mean for gestational age and 
gender 

NDDG National Diabetes Data Group 
NICU Neonatal intensive care unit 
OGTT Oral glucose tolerance test 
OR Odds ratio 
PIH Pregnancy-induced hypertension 
SGA Small-for-gestational-age, defined 

as birth weight more than two 
standard deviations below the 
mean for gestational age and 
gender 

WHO World Health Organization 
 
 
  
  
 



1 

Introduction 

Gestational diabetes mellitus (GDM) is not a disease per se. The condition is 
mainly an asymptomatic pregnancy-related condition treated on the basis of 
laboratory findings. GDM is defined as carbohydrate intolerance of varying 
degrees of severity with onset or first recognition during pregnancy (Metzger 
and Coustan 1998). 

GDM has been studied extensively for more than 30 years, but there is 
still a lack of a good foundation of scientific data on which to make 
evidence-based decisions regarding treatment.  In clinical practice, data from 
women with pregestational diabetes have been extrapolated to women with 
GDM. While some authors conclude that GDM is a clinical entity (Metzger 
and Coustan 1998), this has been strongly questioned by others (Keen 1991; 
Jarrett 1993).  

Women with GDM differ from the background population in many other 
respects, such as obesity, age, and chronic hypertension (Coustan et al. 1989; 
Ros et al. 1998). This means that both maternal complications and the 
neonatal outcome can be influenced by other factors than the deviation in 
blood glucose. The consequences of GDM for the woman include an 
increased risk of diabetes and cardiovascular diseases later in life (O'Sullivan 
1991).  

The screening strategies were first developed to identify women at risk of 
developing diabetes later in life (O'Sullivan and Mahan 1964).  

The degree of glucose intolerance varies considerably, from slightly 
impaired glucose tolerance (IGT) to overt diabetes requiring insulin 
treatment. Some studies have also convincingly indicated that there is an 
association between glucose intolerance and maternal as well as perinatal 
complications, in particular fetal macrosomia and resultant shoulder 
dystocia, and cesarean delivery (Langer et al. 1987; Sermer et al. 1995; 
Aberg, Rydhstroem et al. 2001). Very few prospective studies on GDM have 
been carried out, and virtually no randomized controlled data for subjects in 
whom GDM is left untreated are available.  

Screening for and treatment of gestational diabetes are only justified if 
they have an impact on the perinatal and maternal outcome such that an 
adverse condition can be improved by treatment. However, convincing data 
on the potential effects are lacking. The appropriateness of universal 
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screening for gestational diabetes has therefore been strongly questioned, 
since it does not satisfy the ethical principles for screening (Keen 1991; 
Jarrett 1993). An ethical dilemma arises when a health professional suggests 
a test that might reveal a condition previously unsuspected and thereby 
changes a healthy person into a sick one. Furthermore, a screening program 
can only be justified if unambiguous benefits have been proven. The testing 
should be simple, safe, precise and validated. It should also be acceptable to 
the population, with well-defined cut off levels (Wilson and Jungner 1968). 

Diagnostic criteria for GDM 

O’Sullivan and Mahan (1964) used a 100 g oral glucose tolerance test 
(OGTT) with four different venous whole-blood samples for diagnosing 
GDM. During the 1970s there was a shift in most laboratories to plasma or 
serum samples. Consequently the cut-off values have been adjusted and in 
the US the adjusted criteria recommended by the National Diabetes Data 
Group are widely used (NDDG 1979). 

Suggested definitions of GDM, IGT and diabetes mellitus (DM) are 
based on either venous or capillary blood. Sometimes the glucose 
concentration values are based on whole blood, sometimes on plasma. 
Corresponding approximate values are shown in Table 1, with limits recently 
recommended by WHO.  
 

Table 1 Glucose concentration (mmol/l) (Alberti and Zimmet 1998). 

 
             Whole blood      

  
   Venous                 Capillary 

                  Plasma 
 
Venous                 Capillary 

DM 
Fasting value 
or 2 h value 
 
IGT 
Fasting value 
and 2 h value 

 
≥ 6.1 
≥ 10.0 
 
 
< 6.1 
6.7-9.9 

 
≥ 6.1 
≥ 11.1 
 
 
< 6.1 
7.8-11.0 

 
≥ 7.0 
≥ 11.1 
 
 
< 7.0 
7.8-11.0 

 
≥ 7.0 
≥ 12.2 
 
 
< 7.0 
8.9-12.1 

 
DM = diabetes mellitus; IGT = impaired glucose tolerance 
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Outside the US, GDM is mainly diagnosed by a 75 g OGTT as 
recommended by WHO (1980), with a diagnostic criterion for DM in the 
non-pregnant population of a fasting blood glucose (B-glucose) ≥ 6.7 mmol/l 
or 2-hour B-glucose >11.0 mmol/l. Many units also use a non-pregnant 
criterion of a 2-hour B-glucose of 7.8-11.0 mmol/l to identify IGT during 
pregnancy. In the beginning of the 1990s a study published by the European 
Diabetic Pregnancy Study Group showed that a 2-hour value (capillary 
whole blood) of at least 9.0 mmol/l corresponds to the 95th percentile and 
should be diagnostic for GDM (Lind and Phillips 1991).  This level has been 
supported by results of Nord et al (1995). With some exceptions, these 
criteria have been generally accepted in Sweden since the early 1990s. 
During the 1990s the Swedish limit of fasting B-glucose for a diagnosis of 
GDM/DM was 6.7 mmol/l.  

Screening for GDM 

Even though screening for identification of GDM does not fulfil the criteria 
recommended for a screening program, its value has been widely 
emphasized. Mostly the GDM program has consisted of two steps. In the US 
a universal 50 g glucose challenge test (GCT) in gestational week 24-28 has 
been recommended. This time has been chosen because the insulin 
requirement during pregnancy reaches a maximal level in the beginning or 
middle of the third trimester and declines at the end of pregnancy 
(Nordlander et al. 1989). The US recommendation was based on studies on 
high-risk populations (Singer et al. 1988). If the GCT is positive, a 100 g 3-
hour OGTT is performed. 

   Attempts have been made to identify a low-risk group and exclude 
them from GCT screening, but nevertheless the majority of pregnant women 
have been selected for the first step with the GCT (Metzger and Coustan 
1998; Danilenko-Dixon et al. 1999). Even with extensive criteria for 
carrying out OGTT, there are still women with undetected GDM. This is 
especially true among women with impaired glucose tolerance (Wen et al. 
2000).  A direct diagnostic test using the 75 g OGTT as described by WHO 
has been recommended as an alternative to the two-step GCT procedure. 
Drawbacks to both these screening programs have been pointed out, 
especially from economic aspects by investigators from developing countries 
(Agarwal et al. 2000). A simpler test for the first step in a screening program 
has been suggested. Studies have been made on fasting B-glucose tests, but 
these have the disadvantage of not detecting milder forms of GDM  
(Perucchini et al. 1999). 
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   Random B-glucose has been used previously as a screening model. 
Lind and McDougall (1981) suggested that a random B-glucose test should 
be carried out once during pregnancy, around week 28.  They used two 
different limits of meal-related B-glucose as criteria for performing an 
OGTT and found a GDM prevalence of 4/1000. They just used one random 
sample and other diagnostic criteria for GDM and were not able to calculate 
the sensitivity or specificity, since OGTT was performed only in positive 
screens. 

Repeated random B-glucose tests were introduced in Sweden in the 
middle of the 1980s, based on data from Stangenberg et al (1985). These 
authors used a cut-off value of ≥6.5 mmol/l for performing OGTT, but could 
not calculate either the sensitivity or the specificity.  

   Since general screening for GDM does not fulfil the WHO screening 
standard, the Swedish National Board of Health and Welfare suggested in 
1996 that screening for GDM should be restricted to a risk group with 
traditional anamnestic factors (Socialstyrelsen 1996). At that time no 
population-based investigations had been made of the true rate of GDM, or 
of the rates of impaired glucose tolerance and diabetes mellitus in the GDM 
group, in Sweden, and the sensitivity and specificity of the screening 
program had not been addressed. In a subsequent population-based study in 
southern Sweden in which a 75 g OGTT was offered to all women, the 
prevalence of GDM was found to be 1.2% (Aberg, Rydhstroem et al. 2001).  
This confirms that the Swedish pregnant population is a low-risk population 
regarding GDM. 

Maternal and fetal complications 

Originally the purpose of identifying GDM was to be able to predict diabetes 
later in life (O'Sullivan and Mahan 1964). Several studies have since 
confirmed that women diagnosed with GDM are at increased risk of 
developing diabetes mellitus, especially type 2 (Kim et al. 2002). It has been 
shown that as a group women with GDM are heterogeneous regarding the 
degree of deviation in glucose tolerance. Their pathophysiology is 
characterized by increased insulin resistance and/or defective insulin 
secretion (Buchanan et al. 1990). Furthermore, they are often obese and 
prone to develop overt diabetes, mainly non-insulin-dependent, and 
cardiovascular diseases later in life (O´Sullivan 1984). These characteristics 
are essentially the same as those found in the insulin-resistance syndrome 
(Innes and Wimsatt 1999). 
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In preeclampsia, metabolic deviations similar to those seen in the insulin-
resistance syndrome have been demonstrated (Lorentzen et al. 1998). 
Preeclampsia is a major complication of pregnancy, and is associated with 
increased maternal and fetal morbidity and mortality. The rate of 
preeclampsia is significantly higher in type 1-diabetic pregnancies than in 
pregnancies in the population at large (Garner et al. 1990; Hanson and 
Persson 1993). Several authors have also reported an increased, or a 
tendency to an increased frequency of preeclampsia in gestational-diabetic 
pregnancies (Goldman et al. 1991; Suhonen and Teramo 1993; Joffe et al. 
1998; Ros et al. 1998; Conde-Agudelo and Belizan 2000), while others have 
found a normal rate (Schaffir et al. 1995). Compared to controls, women 
with GDM are often characterized by older age and obesity, factors that may 
be associated with preeclampsia (Ros et al. 1998). From an epidemiological 
point of view the importance has been emphasized of considering the 
influence of other variables than glucose tolerance when evaluating the 
maternal and fetal outcome among women with GDM (Keen 1991).  

Observations that GDM may be associated with an increased risk of fetal 
malformation and perinatal mortality (O'Sullivan et al. 1973; Aberg et al. 
1997) have probably been confined to a subgroup of patients with GDM in 
whom diabetes was present but unrecognized before pregnancy (Harris 
1988; Persson and Hanson 1998; Aberg, Westbom et al. 2001). In more 
recent years the main purpose of screening for GDM has been to detect 
women at risk of adverse perinatal outcomes, such as macrosomia, birth 
trauma, neonatal metabolic abnormalities and cesarean section (Persson and 
Hanson 1998). In the past decade, however, the value of screening for GDM 
has been strongly questioned because of the lack of convincing data 
regarding the possibility of improving these outcome variables. In addition, 
findings of risks associated with GDM have been attributed to confounding 
characteristics, such as obesity, advanced maternal age, or other medical 
complications, rather than to the glucose intolerance per se. The value of 
identifying the subgroup with impaired glucose tolerance within the GDM 
group has been especially questioned (Keen 1991; Jarrett 1993; Jarrett 
1998).  

The neonatal outcome has been analyzed in relation to OGTT results, and 
an association has been found between the result of OGTT and birth 
weight/fetal macrosomia in pregnancies that have not met the criteria of 
GDM (Sermer et al. 1995; Aberg, Rydhstroem et al. 2001; Jensen et al. 
2001). This continuous relationship between birth weight and OGTT result 
illustrates the difficulties in defining a single cut-off value for the diagnosis 
of GDM that is a biological threshold for risk. In pregnancies complicated by 
type 1 diabetes, tight glycemic control has contributed to a reduction of 
severe neonatal morbidity such as respiratory distress syndrome (Landon et 
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al. 1987). Despite intensive treatment, the frequency of fetal macrosomia has 
been high in most studies (Hod and Langer 1996; Persson and Hanson 
1996). However, very strict insulin treatment in the mother might even 
increase the risk of giving birth to a small-for-gestational-age (SGA) infant 
(Langer et al. 1989). 

Fetal macrosomia is associated with delivery problems, such as shoulder 
dystocia and an increased risk of a need for cesarean section (Gonen et al. 
1996). The fetus of a diabetic mother may have an asymmetrical growth that 
also makes it difficult to estimate the fetal weight (Cohen et al. 1999). To 
reduce labor complications, it is recommended that in diabetic patients, 
besides tight glucose control, labor should be induced or cesarean section 
performed when fetal macrosomia is suspected (Conway and Langer 1998). 
But even when GDM is identified and treated, with normalized birth 
weights, the rates of cesarean section remain high.  Naylor et al (1996) 
suggested that this indicates that the diagnosis itself lowers the threshold for 
surgical delivery. 

Maternal and fetal complications associated with GDM are often reported 
from observational studies where GDM is identified and treated in different 
ways (Nord et al. 1995; Hod et al. 1996; Svare et al. 2001). There appear to 
be no reports on studies of complications, however, in cases where 
IGT/GDM is left untreated. An ongoing worldwide prospective study, 
Hyperglycaemia and Adverse Perinatal Outcome (HAPO)(Hadden 2000), is 
aiming to include 25,000 women of whom those with IGT will remain 
untreated (fasting B-glucose ≤ 5.8 mmol/l and 2-hour B-glucose 7.8 – 11.0 
mmol/l). No data have yet been published from that study. 
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Aims of the study   

The specific aims of the studies were 
 

• to determine the prevalence of GDM in terms of impaired glucose 
tolerance and diabetes mellitus; 

 
• to evaluate the usefulness of traditional anamnestic risk factors for 

selection for OGTT screening for GDM, both per se and subdivided into  
impaired glucose tolerance and diabetes mellitus; 

 
• to find out whether repeated random B-glucose alone or together with 

anamnestic risk factors could serve as an effective universal screening 
method for identifying high-risk women for the diagnostic second step,  
OGTT;  

 
• to determine whether GDM increases the risk for maternal complications 

such as preeclampsia independently of other risk factors; 
 
• to determine whether IGT during pregnancy, if left untreated, is 

associated with increased maternal or neonatal morbidity. 
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Material and methods 

Papers I and II 

Study population and design 
Studies I and II (Papers I and II) were prospective population-based studies 
undertaken in the county of Örebro in Sweden. All pregnant non-diabetic 
women (n=4,918) attending maternal health care during the period July 1994 
to June 1996 were offered a 75 g oral glucose tolerance test as recommended 
by WHO in gestational week 28-32. Of these women, 3,616 agreed to have 
the test. Traditional anamnestic risk factors were recorded, as well as the 
result of the OGTT in terms of fasting B-glucose and 2-hour B-glucose. 
Random B-glucose was proposed and was recorded every fourth to sixth 
week, when there were other reasons for an antenatal visit. If a random B-
glucose was ≥ 9.0 mmol/l, OGTT was carried out immediately, and if this 
occurred in early pregnancy, OGTT was repeated in gestational week 28-32. 

Paper III  

Medical Birth Register 
The Swedish Medical Birth Register, held by the National Board of Health 
and Welfare, contains data on more than 99% of all births in Sweden 
(Cnattingius et al. 1990). The information is collected prospectively.  It is 
compiled from copies of standardized forms used at antenatal clinics, 
delivery units, and examination of newborn babies throughout Sweden.  The 
register includes all births from pregnancy week 28 and live births before 28 
weeks of gestation. Diseases and complications in pregnancy are classified 
according to the Swedish version of the International Classification of 
Diseases (ICD). The ninth revision (ICD-9) was used from 1987 to 1996.  
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Study population and design 
Study III (Paper III) was a register-based population study of the association 
between GDM and preeclampsia.   

The study population (n=528,763) consisted of women who had given 
birth to singletons registered in the Swedish Medical Birth Register from 
1992 through 1996, after exclusion of women with pre-existing diabetes 
(noted as diabetic before pregnancy or ICD-9 codes 250 or 648A) The 
analysis was restricted to woman with information about body mass index 
(BMI), totally 430,852 births. Of these women, 3,448 were diagnosed with 
GDM (ICD-9 code 648W) and 12,005 with preeclampsia (ICD-9 codes 
642E-H).   

    

Paper IV 

Study population and design  
Study IV (Paper IV) was a prospective population-based case-control study. 
The study was gradually introduced at the maternal health clinics in the 
county of Örebro and in Stockholm in 1997-2001. The study population 
consisted of women with singleton pregnancies who during pregnancy 
attended and followed the proposed screening program for GDM. Excluded 
were women with pregestational diabetes. 

Screening method and diagnostic criteria 
The proposed screening method, applied at all the collaborating maternal 
health clinics, was to use a two-step screening program for GDM. All 
pregnant women were offered random blood glucose tests to be performed 4-
6 times during pregnancy. If a random blood glucose value was ≥ 8.0 
mmol/l, a 75 g 2-hour OGTT was carried out, in accordance with WHO 
(1980) guidelines, within the next few days. If this occurred in early 
pregnancy and the OGTT was negative, this test was repeated in gestational 
week 28-32. An OGTT in week 28-32 was also proposed to women with 
prior GDM or a prior macrosomic infant (≥ 4,500g or ≥ mean+ 2SD).  

During the study period the diagnostic criteria for gestational diabetes 
mellitus were limited to the criteria for diabetes mellitus, that is, fasting 
blood glucose ≥ 6.7 mmol/l and/or 2-hour blood glucose ≥ 11.1 
mmol/l. 
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Cases and controls 
Cases consisted of 213 consecutively collected women identified as having 
IGT during pregnancy and left untreated. For each case, four controls were 
recruited from the same delivery department. 

Reference groups  
Data from 116 pregnant women diagnosed with DM during the same period 
were also recorded. The outcome among GDM women diagnosed with DM 
is shown as a reference for obstetrical praxis when women are diagnosed 
with GDM. 

Data collection 
The results of OGTT and random B-glucose were open and recorded in the 
antenatal care records. All staff as well as pregnant women were informed 
that values below those diagnostic for DM were regarded as normal. Since 
this was a change compared to the earlier policy program, the staff at the 
antenatal clinics or laboratories where the OGTT was performed were told to 
report all OGTT results centrally. Information on the maternal and fetal 
outcome was collected from records. Every record was scrutinized in order 
to detect and exclude cases where the woman received special treatment 
during pregnancy or delivery because of OGTT results.  
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Table 2 Overview of the studies. 

Study Subjects Outcome measures Covariate 

 
I 

 
3,616 pregnant women 
in the county of Örebro 
1994-1996 who 
underwent OGTT 
during pregnancy 
 

 
Rates of GDM, IGT and 
DM. Sensitivity and 
specificity of different 
anamnestic risk factors, 
alone or combined, for 
selection for OGTT for 
detecting GDM 
 

 
- 

 
II 

 
3,616 pregnant women 
in the county of Örebro 
1994-1996 who 
underwent OGTT 
during pregnancy 

 
Sensitivity and specificity 
of different cut-off levels 
of random B-glucose, 
alone or combined with 
different anamnestic risk 
factors, for selection for 
OGTT for detection of 
GDM 
 

 
- 

 
III 

 
430,852 women giving 
birth to singletons in 
Sweden 1992-96, with 
information about 
BMI, after exclusion of 
women with pre-
pregnancy diabetes 
  

 
Risk of preeclampsia in 
women diagnosed with 
GDM 

 
Maternal age, 
parity, BMI, 
smoking habits, 
prepregnancy 
hypertension 
and kidney 
disease 

 
IV 

 
213 women with 
untreated IGT during 
pregnancy and 
812 controls from the 
county of Örebro and 
from Stockholm 1997-
2001 
(116 women with DM 
during pregnancy) 
 

 
Maternal and neonatal 
characteristics. Neonatal 
morbidity. 
Odds ratios for cesarean 
section, LGA and NICU 
≥2 days 

 
BMI, parity, 
prepregnancy 
hypertension, 
PIH /pre-
eclampsia, 
ethnicity 
LGA and 
prematurity  
 

 
BMI = Body mass index; LGA = Large-for-gestational-age; NICU = Neonatal intensive care 
unit; OGTT = Oral glucose tolerance test; PIH = Pregnancy-induced hypertension 
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Definitions and classifications 

GDM 
All study populations were tested for GDM with 75 g OGTT in accordance 
with the WHO guidelines (1980).  

The 75 g OGTT as recommended by WHO, with a 2-hour limit of 9.0 
mmol/l glucose indicating GDM, was introduced during the late 1980s (Lind 
1988; Nord et al. 1995). The cut-off limits used earlier were lower than 9.0 
mmol/l. GDM can be subdivided into IGT and DM. 

In studies I, II, and IV IGT is defined as a fasting B-glucose < 6.7 mmol/l 
and 2 hour B-glucose value of 9.0 - 11.0 mmol/l. DM is defined as fasting B-
glucose ≥ 6.7 mmol/l and/or 2 hour B-glucose ≥ 11.1 mmol/l.  

In study III, based on data from the Swedish Medical Birth Register, the 
above-mentioned definitions for GDM were used in 1992-1996; although it 
cannot be ruled out that in some parts of Sweden, at least in the beginning of 
the study period, a lower limit for a diagnosis of GDM may still have been 
used. 

Preeclampsia 
It is recommended that preeclampsia be defined as a blood pressure equal to 
or greater than 140/90 mmHg with proteinuria of at least 1+ or more on a 
dipstick in two samples 6 hours apart or greater than 0.3 g in a 24-h urine 
sample. 

Measurements 

Both random B-glucose samples and blood samples for OGTT were 
analyzed for their glucose level in a Hemocue apparatus on 5 µl of capillary 
whole blood (Hemocue AB, Ängelholm, Sweden). The precision of the 
Hemocue glucose meters has been investigated previously and compared 
with that of laboratory standard technology (Carr et al. 1995; Åberg 2001). 
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Statistical analysis 

Papers I, II, and IV 
Statistical analyses were performed with an SPSS 10.1 statistical package. 
For comparing group distributions the chi-square test was applied, and for 
comparing continuous variables, the Mann-Whitney U- test.  

In study IV multivariate logistic regression (SPSS 10.1) was used to 
determine whether there was an independent association between different 
outcome measures and untreated IGT. 

Paper III 
Multiple logistic regressions (SAS program) were used to evaluate GDM as 
a risk factor for preeclampsia. The estimates were adjusted for maternal age, 
parity, BMI, smoking habits, pre-existing hypertension, and kidney disease. 
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Results 

Papers I and II 
 
 
During the study period 4,918 women attended clinics for maternal health 
care in the county of Örebro in Sweden. Of these, 3,616 (73.5%) agreed to 
have an OGTT, while 1,302 did not. GDM was diagnosed in 1.7% (n=61) of 
the tested women. Of these 61 women 1.3% (n= 47) had IGT and 0.4% 
(n=14) DM.  

Traditional risk factor criteria were fulfilled by 15.8%. A traditional 
anamnestic risk factor such as heredity for diabetes, obesity (≥ 90 kg), a 
prior LGA or macrosomic infant (≥ 4,500 g or ≥ +2SD), or prior GDM as an 
indication for performing OGTT identified 29 of the 61 women with 
gestational diabetes and 9 of the 14 of women with diabetes mellitus. Prior 
GDM and a prior macrosomic infant showed the highest association with 
GDM (OR 23.6 [95% confidence interval, CI, 11.6-48.0] and 5.59 [2.68-
11.7]) respectively. These risk factors however, were restricted to 
multiparous women. Among primiparas 5 of 21 with GDM would have been 
detected (Table 3). Addition of ethnicity  (non-Nordic origin) as a risk factor 
improved the sensitivity to 60.7%, but markedly increased the proportion of 
women who should undergo OGTT from 15.8% to 25.2%. 

Table 3 Detection of GDM among primiparas and multiparas, using 
traditional risk factors as indication for OGTT. Total GDM, n= 61. 

  
               Traditional risk factors       

         Present                       Not present       Total GDM 
Multiparas 24 16 40 
Primiparas 5 16 21 
 29 32 61 
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The total number of random B-glucose tests in the population was 15,332, 
which meant that a mean of 3.1 samples were analyzed for each woman. A 
random B-glucose value ≥ 8.0 mmol/l as the only indication for OGTT had 
the same sensitivity for detecting GDM, especially in primiparas, as 
traditional risk factors, but reduced the need for OGTT from 15.8% to 3.8% 
of the population. Regarding detection of DM, the sensitivity was even 
higher if repeated random B-glucose was used alone (78.6%) (Table 4). 

Table 4 Detection of GDM among primiparas and multiparas, using 
only random B-glucose with a cut-off level of 8 mmol/l for performing 
an OGTT. Total GDM, n= 61. 

  
 Random B-glucose ≥ 8 

mmol/l  
Random B-glucose < 8 
mmol/l  

Total GDM 

Multiparas 20 20 40 
Primiparas  9 12 21 
 29 32 61 

 
No selective or two-step universal screening model in this study would have 
detected all cases of GDM. Use of repeated random B-glucose as a first step 
in a universal test model for screening for a need for OGTT gave better 
sensitivity, especially for DM. A model with one of the most important 
anamnestic risk factors such as prior GDM or a prior LGA/macrosomic 
infant, and also a cut-off random B-glucose level of 8 mmol/l as indication 
for OGTT reduced the need for OGTT from 15.8% to 7.3% compared to the 
selective screening model with traditional risk factors without random B-
glucose as indications for OGTT. Such a universal screening model in the 
present study had 100% sensitivity for DM. The rate of detection of IGT was 
21/47, compared to 20/47 with traditional risk factors as indications for 
OGTT.  

The sensitivities of different constructed screening models, with 
traditional risk factors combined with different cut-off levels of random B-
glucose, for detection of GDM, IGT and DM are shown in Table 5. 
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Table 5 Screening models for GDM. Their prevalence (number and rate 
in the population) and their sensitivities for GDM, IGT and DM are 
given. Total population n=3,616. 

 Prevalence 
 
n  (%) 

Sensitivity 
GDM 
n  (%) 

Sensitivity  
IGT 
n  (%) 

Sensitivity  
DM 
n  (%) 

 
Traditional risk 
factor 

 
573 (15.8) 

 
29/61 (47.5) 

 
20/47 (42.6) 

 
9/14 (64.3) 
 

 
Traditional risk 
factor 
or R. B-
glucose≥7.0 

 
936 (25.9) 

 
45/61 (73.8) 

 
31/47 (66.0) 

 
14/14 (100) 

 
Traditional risk 
factor 
or  R.. B-
glucose ≥8.0 

 
673 (18.6) 

 
42/61 (68.9) 

 
28/47 (59.6) 

 
14/14 (100) 

 
R. B-glucose 
≥8.0 

 
137 (3.8) 

 
29/61 (47.5) 

 
18/47 (38.3) 

 
11/14 (78.6) 

 
Prior LGA or 
Prior GDM or 
R. B-glucose 
≥8.0 

 
 
263 (7.3) 

 
 
35/61 (57.4) 

 
 
21/47 (44.7) 

 
 
14/14 (100) 

 
Traditional risk factor =Heredity, obesity, prior GDM, prior LGA/macrosomic infant;  
R. B-glucose=Random blood glucose. 

Paper III 
GDM occurred in 3,448 (0.8%) and preeclampsia in 12,005 (2.9%) of all 
pregnancies (n=430,852). There was a higher rate of preeclampsia in the 
GDM group than in the group without GDM (6.1% and 2.8% respectively). 
Higher age, high BMI, multiparity, and occurrence of pre-pregnancy chronic 
hypertension characterized the GDM mothers, while smoking habits and pre-
existing kidney disease seemed to be equally distributed between the two 
groups.  

Logistic regression analysis showed that in comparison with non-GDM 
mothers, the risk of developing preeclampsia was higher among the mothers 
with GDM (crude OR=2.26, 95% CI 1.96-2.61). In model II the potential 
confounders maternal age, parity, smoking habits, chronic hypertension, and 
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pre-existing kidney disease were included in the analysis. The result showed 
that high age, para-I, chronic hypertension, and kidney disease were all 
independently associated with a significantly increased risk of preeclampsia, 
while smoking was associated with a decreased risk. The adjusted odds ratio 
for GDM was the same as the odds ratio obtained in model I. When pre-
pregnancy BMI was introduced into the analysis, model III, the adjusted 
odds ratio for GDM decreased from 2.29 to 1.61 (95 % CI 1.39-1.86) (Table 
6). 

 

Table 6 Crude and adjusted odds ratios and 95% confidence intervals 
for preeclampsia in women with gestational diabetes mellitus (GDM). 

 
 

  
Model I 
OR        95% CI 

 
Model II 
OR         95% Cl 

 
Model III 
OR       95% CI 

 
GDM 

 
2.26 

 
1.96-2.61 

 
2.29 

 
1.98-2.64 

 
1.61 

 
1.39-1.86 

 
Parity 

 
 

     

 I   2.75 2.64-2.87 2.94 2.83-3.07 
 II-III   1.00    
 IV-   1.07 0.98-1.17 0.92 0.84-1.01 
       
Maternal smoking       
 Non-smokers   1.00    
 1-9 cig/day   0.63 0.59-0.68 0.60 0.57-0.65 
 10 cig/day   0.58 0.52-0.63 0.53 0.48-0.58 
       
Hypertension       
 yes   2.43 2.19-2.70 2.00 1.80-2.23 
       
Kidney disease       
 yes   2.03 1.71-2.42 2.10 1.76-2.50 
       
 
BMI 

     
1.10 

 
1.09-1.10 
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Paper IV 
During the study period, 233 women with IGT diagnosed during pregnancy 
were identified. Of these women, 20 were excluded because of treatment, 
with at least self-monitoring of blood glucose, documented in their records. 
116 women with GDM/DM were identified. 

The IGT women were significantly older, had higher BMI, more often 
had prepregnancy hypertension and more often were of non-Nordic origin 
than the controls. 

The rate of cesarean section was significantly higher in the women with 
IGT than among the controls. The crude odds ratio for cesarean section was 
2.1 (95% CI 1.5 –3.0), and when adjusted for parity, ethnicity, LGA infant, 
pregnancy-induced hypertension (PIH) or preeclampsia and BMI, it was 1.9 
(95% CI 1.2-2.9). For emergency cesarean section, adjusted odds ratio was 
2.1 (95% CI 1.3-3.5). 

There were 2 stillbirths both in the IGT group and among the controls. 
Both women with IGT had a slightly raised 2 hour B-glucose at the OGTT 
(9.2 and 9.4 mmol/l respectively). Their children were full-term with birth 
weights of 3,780 g and 2,970 g respectively. There were no cases of neonatal 
death in the group of IGT women, but there was one case among the 
GDM/DM mothers, due to malformation. Among the controls there were 3 
neonatal deaths. 

The studied neonatal characteristics differed significantly in the IGT 
group, with a higher birth weight and higher proportion of macrosomic and 
LGA infants, compared to the controls (Table 7). A multivariate logistic 
regression analysis, including maternal weight, ethnicity, parity, gestational 
age, pre-existing hypertension and preeclampsia, was performed and LGA 
infants were found to be independently significantly associated with 
untreated IGT during pregnancy (OR 7.3; 95% CI 4.1 – 12.7) (Table 8). 

Neonatal morbidity was rare in all groups, with no significant difference 
except for Erb´s palsy and hypoglycemia. Of the control infants 0.1% had 
Erb´s palsy, and of the infants of IGT mothers 1.9%. Hypoglycemia was 
diagnosed in 7.1% of the offspring of women with untreated IGT, as against 
2.5% among the controls. There was no child with respiratory distress 
syndrome in the study.  

A significantly higher proportion of children in the IGT group were 
transferred to and treated for ≥ 2 days at an NICU. However, their median 
ward time was shorter than that among the controls (4.5 days and 6.5 days 
respectively) Multivariate logistic regression showed that IGT children had 
an independently higher risk for NICU admission (OR 2.3; 95% CI 1.3 – 
4.0) even when factors such as ethnicity, chronic hypertension, 
PIH/preeclampsia, maternal BMI and birth weight, classified as LGA or not 
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LGA, were brought into the model. Prematurity was a strong mediating 
factor for NICU admission, but after its introduction into the model, IGT still 
showed an odds ratio of 2.0 (95% CI 1.1 - 3.8).  

Among the children in the IGT group, 71.3% had no neonatal 
complication whatsoever. The corresponding figure among controls was 
87.3%. 

Table 7 Neonatal characteristics of the offspring of women with 
untreated IGT, controls and the group with treated GDM/DM. 

 Controls 
n=810 

Untreated IGT  
n=211 

Controls/IGT 
P 

GDM/DM 
n=116 

Gestational age (weeks) 39.2±1.9 38.6±1.8 <0.001 38.3±1.9 
Prematurity  < 37 w  5.4% 11.4%  0.005 13.9% 
Birth weight (g) 3516±571 3799±657 <0.001 3733±681 
Macrosomic ≥4000g  16.4% 33.0% <0.001 30.4% 
                     ≥4500g  3.3% 12.4% <0.001 10.4% 
                     ≥5000g  0.2% 4.3% <0.001 4.3% 
LGA  4.2% 24.9% <0.001 25.2% 
SGA  2.2% 0.5% NS 0.9% 

Table 8 Crude and adjusted odds ratios for LGA infants of IGT women. 

 Univariate model 
OR             95 % CI 

Multivariate model 
   OR               95 % CI 

Controls 1.0  1.0  
IGT 7.6 4.7 – 12.0 7.3 4.1-12.7 
     
BMI < 25   1.0  
            25 – 30   3.4 1.8-6.5 
         ≥ 30   5.0 2.5-10 
     
Parity 0   1.0  
           I-   2.1 1.2-3.8 
     
Prepregnancy 
hypertension: No 

   
1.0 

 

                       Yes   3.5 0.9-13.2 
     
PIH/Pre- 
eclampsia       No           

   
1.0 

 

                       Yes   0.7 0.2-2.1 
     
Nordic origin   Yes   1.0  
                          No   0.4 0.2-0.7 
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General discussion 

Screening for GDM 
In the study presented in papers I and II the observed rate of GDM was 
1.7%. The rate of DM was as high as 0.4%. The design of this study, with 
the aim of avoiding OGTT before 28 weeks of pregnancy, provides a better 
possibility of estimating the rate of DM among women with GDM than if the 
OGTT is performed earlier in pregnancy.  The prevalence of GDM found in 
this study is in agreement with that in other Swedish studies (Nord et al. 
1995; Aberg, Rydhstroem et al. 2001).  

The present study demonstrates that traditional risk factors, which have 
been suggested as a selective screening model by the Swedish National 
Board of Health and Welfare (Socialstyrelsen 1996), have poor sensitivity 
for GDM even though 15.8% of the population are selected for OGTT. 
Anamnestic traditional risk factors such as heredity, obesity, a prior 
macrosomic infant or prior GDM as indications for OGTT will identify only 
less than half of the total GDM group and only around two thirds of the 
women with DM. Introducing ethnicity as a risk factor improves the 
sensitivity, but will markedly increase the number selected for undergoing 
OGTT. A prior macrosomic infant or GDM is of significant value in 
identifying GDM in the current pregnancy, but is restricted to multiparas. 
For primiparas, in particular, there is a lack of good risk indicators for 
detecting GDM. To identify all pregnant women with even DM, there is 
need for other screening models, preferably with a universal first step.  

To detect all cases of GDM, universal screening with OGTT must be 
generally offered and accepted. However, previous studies, like the present 
one, have shown that the compliance to universal OGTT models is fairly 
limited; as many as one third of the population have refused to participate 
(Aberg, Rydhstroem et al. 2001). Since it is not yet generally accepted that 
identifying IGT during pregnancy will improve the outcome, the value of 
universal screening with OGTT still has to be questioned, not least in low-
risk populations. On the other hand, it is a reasonable expectation that any 
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used screening model will identify women who have developed DM during 
pregnancy.  

There is therefore a need for a simpler universal screening method that 
will be more acceptable by the pregnant women. Commonly applied, 
especially in the US, is the one-hour challenge test using a 50 g glucose load 
once during pregnancy. This test is time-consuming and it has been 
questioned whether all women require it. But efforts to improve that 
universal model by identifying a low-risk population have only reduced the 
test population marginally (Danilenko-Dixon et al. 1999; Williams et al. 
1999; Davey and Hamblin 2001). 

Repeated random B-glucose as universal screening test 
Our study has demonstrated that repeated random B-glucose testing with a 
cut-off limit of ≥ 8.0 mmol/l as an indication for OGTT has the same 
sensitivity for detecting GDM as traditional risk factors, but better 
specificity. DM sensitivity was higher for repeated random B-glucose than 
for traditional risk factors. The rate of DM found in the present study is 
twice as high as that obtained by Nord et al. (1995) in a Swedish population. 
In any event, the present study demonstrates that the Swedish population is a 
low-risk population for GDM, as has been shown earlier in a study in 
southern Sweden (Aberg, Rydhstroem et al. 2001), and this must be 
considered when choosing a screening model for GDM. 

On the basis of a study by Stangenberg et al (1985), repeated random B-
glucose tests have been used in Sweden since the mid-1980s. No systematic 
population-based comparison between repeated random B-glucose levels and 
OGTT outcome has previously been presented.  

A random B-glucose value of ≥ 8.0 mmol/l as the only indication for 
OGTT had the same sensitivity for detecting GDM as traditional risk 
indicators in this study, but reduced the need for OGTT from 15.8% to 3.8% 
of the population. Regarding detection of DM, the sensitivity was even 
higher when repeated random B-glucose was used alone (78.6%).  
Combining anamnestic risk indicators with random B-glucose ≥ 8.0 mmol/l 
increased the sensitivity, especially for identifying DM. By using the 
strongest anamnestic indicators such as a prior macrosomic child or prior 
GDM, the need for OGTT was decreased without losing sensitivity for DM. 
All selected models displayed lower sensitivity for IGT than for DM. This 
probably only reflects the fact that IGT is normal or close to normal, while 
DM is a more obvious deviation in glucose tolerance. The value of 
identifying the IGT group has also been questioned (Jarrett 1993; Keen 
1991), while that of identifying overt DM is accepted. It is obvious from the 
present study that even extensive screening models will not totally detect the 
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IGT population. Thus it is clear that a screening program in two steps will 
not detect all IGT but has to detect most cases of DM.  

The present studies I and II confirmed that median values of random B-
glucose are fairly constant throughout pregnancy. This is in accordance with 
earlier reports (Stangenberg et al. 1985). The finding illustrates that healthy 
women increase their insulin production with increasing length of    
gestation and are able to compensate for reduced insulin sensitivity in order 
to maintain normal blood glucose levels during the entire pregnancy. Thus 
even though individual deviations may increase in the third trimester and 
GDM is commonly discovered in that trimester, there is probably no need 
for the use of different cut-off levels for random B-glucose in different 
trimesters. One objection to the use of random B-glucose is that it is not 
related to food intake. Stangenberg et al (1985) also demonstrated that the 
variation during the day was small. The cut-off value difference 
corresponding to meal intake as used by Lind and McDougall (1981) and 
also by Nielsen et al (1988) was only 0.6 mmol/l. Since the variation 
according to length of gestation is small and data regarding the time of the 
last meal often are uncertain, a single value not related to food intake or 
gestational age has practical advantages. 

It is important for a screening test both to have limited variation and to be 
easily applied. The severity of the condition you want to identify is 
important when deciding the cut-off limit with regard to sensitivity and 
specificity. General screening with repeated random blood glucose tests 
might be motivated, as this decreases the number of OGTT required, as 
compared to a selective screening model using traditional anamnestic criteria 
for OGTT. With a random B-glucose cut-off level of 8.0 mmol/l or with 
prior GDM or a prior macrosomic child, all DM were detected in present 
study.  

As long as screening for GDM does not fulfil the screening criterion of 
showing evidence of favorable impact on maternal and perinatal morbidity, 
it may be questioned whether use of direct diagnostic test with a 75 g OGTT 
as recommended by WHO is acceptable. It seems as if a screening system 
with as low a proportion as possible requiring OGTT is appropriate, 
especially in a low-risk population. 
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Maternal complications 

Preeclampsia 
The result of the population-based study of more than 400,000 pregnant 
women clearly demonstrates that GDM is independently associated with an 
increased risk of preeclampsia. As a group, women with GDM are 
heterogeneous regarding the degree of deviation in glucose tolerance. Their 
pathophysiology is characterized by increased insulin resistance and/or 
defective insulin secretion (Buchanan et al. 1990). Furthermore, they are 
often obese and prone to develop overt diabetes, mainly non-insulin-
dependent, and cardiovascular diseases later in life (O´Sullivan 1984). These 
characteristics are essentially the same as those found in the insulin-
resistance syndrome (Innes and Wimsatt 1999). Although there is evidence 
from several studies that preeclampsia is associated with insulin resistance, 
increased insulin sensitivity has also been found in preeclamptic women 
(Roberts et al. 1998). In preeclampsia, metabolic deviations similar to those 
seen in the insulin-resistance syndrome have recently been demonstrated 
(Lorentzen et al. 1998). Insulin resistance may be involved in the 
pathogenesis of preeclampsia, but the etiology of preeclampsia is still not 
clearly established. It probably has a multifactorial etiology and dysfunction 
of the vascular endothelium is considered to play a central role (Roberts and 
Redman 1993). 

An abnormal maternal vascular endothelial function has been found in 
gestational-diabetic mothers during pregnancy (Knock et al. 1997). This has 
previously been observed in overt diabetes types 1 and 2 (Poston and Taylor 
1995). This means that an alteration in the endothelial vascular function 
might be found early in women who later in life are prone to develop 
diabetes and cardiovascular diseases. Thus abnormalities of the vascular 
endothelium could be a common link between preeclampsia and gestational 
diabetes. To summarize, an increased rate of preeclampsia can be expected 
to be found in GDM mothers. 

It was evident in our study III that women with GDM differed from the 
background population in factors such as age, BMI, parity, and pre-existing 
hypertension. These findings are in accordance with other reports (Maresh et 
al. 1989; Suhonen and Teramo 1993). It was also found that factors such as 
age, BMI, parity, smoking habits, chronic hypertension, and kidney disease 
were all independently associated with a risk of preeclampsia. These results 
confirm reports by others (Sibai et al. 1995; Ros et al. 1998). Together, these 
findings illustrate why the influence of GDM per se on the maternal and 
fetal outcome has been questioned (Keen 1991). There are several reasons 
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for the observed differences between the GDM and the non-GDM group. 
Age and obesity are factors that are well known to influence glucose 
tolerance (Sibai et al. 1995). Furthermore, the screening system in which 
obesity is a reason for performing OGTT will increase the observed rate of 
obesity among women with GDM. This underlines the need to consider the 
influence of possible confounders. The present analysis clearly demonstrates 
that GDM is independently associated with a significantly increased risk of 
preeclampsia during pregnancy. 

Cesarean section 
An important finding in study IV was that the rate of cesarean section was 
significantly higher in the group of women with IGT than in the controls 
even after adjustment for confounders such as preeclampsia, macrosomia or 
LGA. This finding is in accordance with observations by Naylor et al (1996). 
However, contrary to their conclusion that it could be the diagnosis per se 
that led to intervention, the present study indicates an independent 
association, since the obstetrician was not informed of the deviation in 
glucose tolerance. The results demonstrate that IGT is independently 
significantly associated with an increased rate of cesarean section. A 
weakness of the data in study IV is that there was no information about 
earlier deliveries – whether they were vaginal or by cesarean section. 

An increased rate of cesarean section among women even with glucose 
tolerance values just below the diagnostic criteria for GDM has been shown 
previously, for instance in the Toronto Tri-Hospital Gestational Diabetes 
Project and also in recent Nordic studies (Sermer et al. 1995; Aberg, 
Rydhstroem et al. 2001; Jensen et al. 2001). 
 

Development of diabetes later in life 
Gestational diabetes mellitus implies a significant risk to the mother of 
developing overt diabetes (Kim et al. 2002). Intervention studies in different 
populations of individuals with impaired glucose tolerance have 
demonstrated a possibility of preventing or postponing the development of 
type 2 diabetes through lifestyle changes such as weight loss and exercise 
(Pan et al. 1997; Tuomilehto et al. 2001).  Hitherto, however, no study has 
shown evidence that early intervention or treatment among women with 
GDM will lead to a better outcome. 

None of the studies presented in this thesis has dealt with the issue of 
developing diabetes later in life.  
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Fetal complications 
The Danish endocrinologist Jørgen Pedersen was the first to propose a 
mechanism whereby maternal fuels exert a direct effect on the fetus 
(Pedersen 1954 and 1977). He postulated that elevated maternal blood 
glucose levels, resulting from an inadequate maternal insulin response, 
stimulate insulin release in the fetus, leading to an increase in fetal growth 
and consequent macrosomia. 

Later it was shown that the placenta is impermeable to insulin, so that 
maternal and fetal insulin and resulting metabolic effects are separated. 
Furthermore, Freinkel and Metzger (1992) have modified Pedersen’s theory, 
proposing that other maternal fuels also, for example lipids and amino acids, 
act in a growth-enhancing way.  

LGA and macrosomia 
In study IV the offspring of the women with untreated IGT showed a 
significantly higher birth weight and a significantly increased rate of 
macrosomia or LGA infants compared to the controls. Regarding LGA 
infants, a multivariate logistic regression analysis, including maternal 
weight, parity, gestational age, ethnicity, pre-existing hypertension and 
preeclampsia, was performed. LGA infants were found to be independently 
significantly associated with untreated IGT during pregnancy (OR 7.3; 95% 
CI 4.1 – 12.7). 

The increased frequency of macrosomic infants is in accordance with 
reports on an increasing rate of macrosomia even in women with borderline 
glucose tolerance (Nord et al. 1995; Sermer et al. 1995; Aberg, Rydhstroem 
et al. 2001; Jensen et al. 2001). Fetal macrosomia is associated with delivery 
problems, such as shoulder dystocia and an increased need for cesarean 
section (Gonen et al. 1996). The frequency of Erb´s palsy was significantly 
increased in this study, but since this condition is rare the population was too 
small for further analysis. An increased rate of LGA and macrosomia, 
defined in different ways, is a major outcome in GDM, even when treated, 
and is often used as a reason for detecting and treating GDM. The 
continuous relationship between birth weight and OGTT results 
demonstrates the difficulties in defining a single cut-off value for the 
diagnosis of GDM that is a biological threshold for risk, and in determining 
what kind of morbidity really is preventable by detection and treatment. 

However, GDM is not the main cause of macrosomia. In the offspring 
among women who underwent OGTT in studies I and II, there were 137 
infants with a birth weight ≥ 4,500g. Of these infants 132 were born to 
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mothers who had an OGTT performed without the results fulfilling criteria 
for GDM. 

Neonatal morbidity 
Many researchers nowadays agree that carbohydrate intolerance is 
associated with and continuously related to adverse fetal outcomes (Hod et 
al. 1996; Persson and Hanson 1998; Svare et al. 2001). Most of the relevant 
studies have dealt with GDM, which, moreover, has been treated, but 
nevertheless an increased neonatal morbidity has been found. Other studies 
of carbohydrate intolerance just below the diagnostic criteria of GDM have 
also shown increased neonatal morbidity (Nord et al. 1995; Sermer et al. 
1995; Aberg, Rydhstroem et al. 2001; Jensen et al. 2001). No biological 
threshold for risk has been identified (Buchanan and Kjos 1999) and there is 
no consensus as to what outcomes are the most important (Persson and 
Hanson 1998). 

However, studies differ, for instance when it comes to diagnostic criteria 
and populations. Hence the question has been raised as to whether the 
reported outcome is an effect of confounders such as maternal ethnicity, 
weight, parity, and age (Jarrett 1993; Weeks et al. 1994). The associated 
risks for an adverse fetal outcome connected to GDM often become slightly 
weaker when other risk factors are taken into account. Since most of the 
factors cannot be influenced, the Toronto Tri-Hospital Gestational Diabetes 
Project concludes that:  

“Any randomised trials must study several thousand women for sufficient 
statistical power to determine whether maternal-fetal outcomes are 
improved.” (Sermer et al. 1995, p 155). 

 
Study IV showed that when IGT during pregnancy was left untreated, the 
majority of the children were healthy, but there was still increased morbidity 
requiring admission to an NICU.  

The rates of different diagnoses were low, and the numbers of patients 
with separate diagnoses were too small to achieve statistical power. 
Admission to an NICU was therefore used as a measure of total morbidity 
and it was found that the proportion of cases transferred to an NICU for 2 
days or more was increased. The limit of ≥ 2 days was chosen to select cases 
of morbidity that were not only admitted for short observation. 
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Implications for the future 

As long as there is no consensus about what outcome is important and really 
could be improved by identification and treatment of GDM, especially IGT, 
the problem of choosing diagnostic limits and the optimal screening model 
will remain unsolved.   

There are indeed maternal and fetal complications associated with GDM, 
as shown in this thesis, even in the subgroup of GDM consisting of women 
with IGT left untreated. This again underlines the need for a randomized 
study in order to evaluate the effects of treatment of the IGT group, since our 
study (paper IV) could not be used to support the need for treatment of IGT. 
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Conclusions 

• In the population screened with OGTT, the rate of GDM was 1.7%; 
1.3% had IGT and 0.4 % DM. 

 
• Use of traditional risk factor such as family history of diabetes, 

obesity, a prior macrosomic infant or prior GDM as an indication for 
an OGTT, less than half of the total GDM group will be identified, 
and only about two thirds of the women with DM. Introduction of 
ethnicity as a risk factor improves the sensitivity, but will markedly 
increase the number who are to undergo an OGTT.  

 
• A prior macrosomic infant or prior GDM is of significant value in 

identifying GDM in the current pregnancy, but is restricted to 
multiparas. For primiparas, in particular, there is a lack of known 
good anamnestic risk factors for detecting GDM. 

 
• A random B-glucose cut-off value of 8.0 mmol/l for performing an 

OGTT has the same sensitivity but higher specificity for identifying 
GDM patients, compared to traditional risk factors.  

 
• A screening model using a prior LGA infant or prior GDM or a 

random B-glucose cut-off value of 8.0 mmol/l as an indication for 
OGTT, identified all pregnant women with DM and 44.7 % of those 
with IGT. Only 7.3% of the population were selected to undergo an 
OGTT. This is a simple and effective two-step screening model.  

 
• There is an independent and significant association between GDM 

and preeclampsia. Obesity is a major confounding factor, but cannot 
explain the total excess risk. 

 
• There is a marked increase in the proportion of LGA and 

macrosomic infants born to mothers diagnosed with IGT and left 
untreated. The majority of the children are healthy, but there is still 
an increased morbidity requiring admission to an NICU.  
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• Women with untreated IGT show a significantly increased risk for 
cesarean section. 
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