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Background 

Diabetes is defined as a group of metabolic disorders characterized by defects of insulin 
secretion and/or insulin action which leads to hyperglycaemia. There are different forms of 
diabetes, but the long term negative side effects of chronic hyperglycaemia on different 
organs such as kidneys (nephropathy), eyes (retinopathy), blood vessels (angiopathy), 
nerves (neuropathy) and heart remain the same (1).  

History of diabetes mellitus  

Clinical features of diabetes were first described by the ancient Egyptians about 1550 BC. 
In the Tomb of Thebes a papyrus was discovered where polyuria was mentioned. It was 
sold to the German Egyptologist Georg Ebers in 1872 and named after him as the Ebers 
Papyrus. Even though the Ebers papyrus was written about 1550 BC, evidence suggests 
that it was copied from a series of books from 3400 BC (2, 3).  

Aretus of Cappodocia from ancient Greece (81-133 AD) was first to use the term 
“diabetes”, which came from the Greek word for siphon (4). The clinical diagnosis of 
diabetes with polyuria and glycosuria was described by the Hindu physicians Charaka, 
Susruta and Vaghbata. They found that the urine of those affected attracted flies and ants, 
and they called it “honey urine” (3).  

The word mellitus (honey sweet) was added by the British physician Thomas Willis in 1675 
when he as the first European discovered the sweetness of urine in patients with diabetes 
(5). In 1776, Doctor Matthew Dobson from Manchester did experiments showing that 
sugar was present in both urine and blood of diabetic patients.  

Another important man in the history of diabetes was the Frenchman Claude Bernard, who 
through experiments in the early 19th century discovered the role of the liver in 
glycogenesis. It was the German medical student, Paul Langerhans who first found the 
pancreatic islets cells in 1869, but did not know their function (2, 3, 6). Later, in 1893, the 
French histologist Gustave Laguesse named the islet cells “islets of Langerhans” after their 
discoverer (7, 8).  

In 1889, German diabetologist Oscar Minkowski and pharmacist Joseph von Mering 
demonstrated that removal of the pancreas from a dog led to development of diabetes in 
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the dog. Insulin was discovered not long thereafter. It was the young physician, Frederick 
Banting, who thought it might be possible to isolate the internal secretions of the pancreas 
by ligating the pancreatic ducts to induce atrophy of the acinar cells and thereby minimize 
contamination of the tissue extract with digestive enzymes. Banting presented his 
suggestion to J.J.R. Macleod, a physiologist at the University of Toronto who provided 
Banting with a laboratory for the summer and some dogs for the experiments. Macleod also 
assigned Charles Best, a young student, to work as Banting’s assistant for the summer. 
During the summer of 1921, Banting and Best made remarkable progress, and by fall they 
had isolated material from pancreas extracts that dramatically prolonged the life of dogs 
made diabetic by removal of the pancreas. In the winter of 1922, Banting and Best treated 
their first human patient, a 14-year old boy named Leonard Thompson, whose life was 
saved by the treatment (9).  

After that, the Eli Lilly Company was brought in to collaborate in the production and 
manufacture of insulin. By 1923, insulin was available in quantities adequate for relatively 
widespread treatment of diabetes. In 1923, the Nobel Prize in Medicine was awarded to 
Banting and Macleod. To acknowledge Best’s role in the discovery of insulin, Banting 
shared his prize with him (2). 

History of gestational diabetes mellitus 

Gestational diabetes mellitus (GDM) was first described in 1823 by the German physician 
Heinrich Bennewitz, who described thirst and polyuria in a pregnant woman. He 
considered that diabetes actually was a symptom of the pregnancy, since the symptoms and 
the glycosuria disappeared after pregnancy (10). Studies in the 1940s and 1950s showed 
that a lesser degree of maternal hyperglycaemia during pregnancy also was a risk for 
pregnancy outcome and increased perinatal mortality (11-13). The Belgian researcher J.P. 
Hoet published a study called “Carbohydrate Metabolism during Pregnancy” in French 
and was the first to use the term “metagestational diabetes”. The paper was translated into 
English by doctor F.D.W. Lukens and published in Diabetes 1954 (14). 
The modern term “gestational diabetes” was used by John B O'Sullivan in 1961 and is said 
to have been used instead of the more neutral “Carbohydrate Intolerance of Pregnancy”, 
because the authorities thought women should take the diagnosis more seriously. 

In 1964 John B. O'Sullivan performed a 100 gram 3-hour oral glucose tolerance test 
(OGTT) in 752 pregnant women during mainly the second or third trimester. From this 
material the first, second and third standard deviation (SD) upper limits for these glucose 
values were published, which were the first statistically based criteria for assessing the upper 
limit of glycaemic normality in pregnancy. The O’Sullivan criteria, published with 
statistician Claire Mahan, were the standard for diabetes detection in pregnancy for the 
next 40 years (15).  
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Jorge H. Mestman showed at about the same time an increased rate of perinatal mortality 
associated with abnormal glucose tolerance in southern California. The population 
consisted of more than 60% Latino women (16).  

In October 1979, doctor Norbert Freinkel (representing the American Diabetes 
Association) and doctor John Josimovich (representing the American College of 
Obstetricians and Gynaecologists) met in Chicago at the First International Workshop 
Conference on Gestational Diabetes Mellitus. Experts from around the world attended this 
meeting and shared their clinical experience, research, and opinions about GDM. During 
this and the next coming International Workshop Conferences on GDM held in 1984 and 
1990 a definition of GDM was established (17). 

History of autoantibodies 

Islet cell antibody (ICA) was the first discovered autoantibody against the pancreatic beta-
cells, results published by GF Bottazzo in the Lancet 1974 (18). Richard Lendrum was 
another scientist who studied ICA at the same time period and he demonstrated that the 
prevalence of ICAs fell with increasing duration of the disease (19). ICA is analysed by 
immunofluorescence with human pancreas of blood type O as antigen (20). In 71-86% of 
patients with newly diagnosed type 1 diabetes, ICA are detected (21, 22) and the prevalence 
in the general background population (schoolchildren) is 0.9-2.8% (23, 24). 

Insulin autoantibody (IAA) was discovered next (25), and is detected in 43-69% of type 1 
diabetes patients. It can only be measured before exogenous insulin treatment has begun, 
since antibodies also form against exogenous insulin, which leads to a cross reaction (21, 
26). The prevalence in the general background population (schoolchildren) is 0.9-3.0% 
(22, 24).  

Glutamic acid decarboxylase (GAD) is an enzyme that catalyses the decarboxylation of 
glutamate to GABA and CO2 production. GAD exists in two isoforms, GAD67, Figure 1, 
and GAD65, Figure 2, with molecular weights of 67 and 65 kDa, respectively.  

GAD67 and GAD65 are expressed in the central nervous system, where GABA is used as 
a neurotransmitter. GAD65 is also expressed in the pancreas. Autoantibodies against 
glutamic acid decarboxylase, GAD67, were found in patients with the rare neurological 
disease Stiff-man syndrome, and when GAD67 cross reacted with GAD65 this lead to the 
discovery of this type 1 diabetes specific autoantibody, GADA (26-29). The prevalence of 
GADA in the general background population (schoolchildren) is 0.5-3.0% (23, 24) and 
GADA are found in about 70% of patients with type 1 diabetes (21, 22). 
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Figure 1.  
X-ray crystal structure of GAD67 (Wikimedia Commons). 

 

Figure 2. 
X-ray crystal structure of GAD65 (Emw, Wikimedia Commons). 
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Another autoantibody in autoimmune diabetes is the tyrosine phosphatase antibody (IA-
2A), against a trans-membrane protein in the beta-cells (30). IA-2A is detected in 59-80% 
of type 1 diabetes patients (31, 22) and in the general background population 
(schoolchildren) the prevalence of IA-2A is 0.6-2.4% (23, 24).  

A new major diabetes auto-antigen was identified a few years ago, a member of the zinc 
transporter family (ZnT8), which is expressed in pancreatic alpha- and beta-cells. It is 
localized in the membrane of the insulin secretory granules and facilitates the accumulation 
of zinc from the cytoplasm in intracellular insulin containing vesicles, and plays a major 
role in providing zinc for insulin maturation and/or storage processes (32-35). Studies show 
that ZnT8A is a good complement to GADA and IA-2, in particular as a marker of adult-
onset autoimmune diabetes (36). However, the role of ZnT8A as an autoimmune marker 
during GDM is less well studied. 
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History of C-peptide 

C-peptide was first described in 1967 by D.F. Steiner and is a stable marker for endogenous 
insulin production. From the beta-cells, preproinsulin is secreted with an A-chain, C-
peptide, a B-chain, and a signal sequence. The signal sequence is cut off, leaving proinsulin. 
Then the C-peptide is cut off, leaving the A-chain and B-chain to form insulin and both 
are secreted in equal amounts into the portal circulation (37), Figure 3. C-peptide assays 
are widely used for evaluation of the beta-cell reserve (38) and differential diagnosis between 
type 1 and type 2 diabetes (39). Compared to insulin measurements, determination of C-
peptide is preferable; reflecting beta-cell production of insulin irrespective of treatment with 
exogenous insulin, and as insulin rapidly is eliminated from the circulation by the liver with 
an individual variation (40).  

Figure 3.  
Proinsulin consisting of an A-chain, C-peptide, and a B-chain. After C-peptide is cut off, the A-chain and B-
chain form insulin.  
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Classification of diabetes mellitus 

Type 1 diabetes  

Type 1 diabetes is sometimes called insulin-dependent, immune-mediated or juvenile-onset 
diabetes. This form of diabetes is caused by a cellular mediated autoimmune destruction of 
the insulin producing beta-cells in the pancreas. The reason why this occurs is not fully 
understood and is related to multiple genetic predispositions and environmental factors.  

Markers of the autoimmune process such as ICA, IAA, GADA and IA-2A are present in 
85–90% of individuals at their onset of autoimmune diabetes (1, 41-43). There is also a 
strong association between type 1 diabetes and the human leukocyte antigen (HLA) region 
on chromosome 6p2 and the DQA and DQB genes (44-45). The disease can affect people 
of any age, but usually occurs in children or young adults and the progression of the disease 
is variable. Younger patients usually have a more rapid progression, often together with 
ketoacidosis (46). Patients with type 1 diabetes always need insulin treatment, since the 
majority of the beta-cells are destroyed. At present, type 1 diabetes cannot be prevented (1, 
41-43).  

For women with type 1 diabetes, pregnancy can lead to different complications. In a UK 
study, the perinatal mortality in babies of women with type 1 diabetes was 3.2% and the 
prevalence of major congenital anomalies was 4.8% (47). A study from the Netherlands 
showed congenital malformations in 8.8% (5.5% for major congenital malformations) and 
perinatal mortality in 2.8% of babies to women with type 1 diabetes (48). 

Type 2 diabetes  

Type 2 diabetes is sometimes called non-insulin dependent diabetes or adult-onset diabetes, 
and is characterized by relative insulin deficiency and insulin resistance, either of which 
may be the predominant feature. At least initially, and often through many years, these 
patients do not need insulin treatment. The diagnosis is more common among older people 
and overrepresented among obese patients. Type 2 diabetes can remain undetected for 
many years and is often incidentally discovered after associated complications or at regular 
health controls (1, 41, 49). By maintaining a healthy weight and being physically active, 
type 2 diabetes can be prevented, or at least delayed in many cases (50, 51).  

As in type 1 diabetes, pregnancies with type 2 diabetes can lead to complications. In a UK 
study during 1990-2002, the rate of perinatal mortality was 2.5% and congenital 
malformation was 9.9% (52). Another large study from UK showed a perinatal mortality 
of 3.2% and that the prevalence of major congenital anomalies was 4.3% (47). When 
comparing pregnancy outcomes in type 1 and type 2 diabetes, some studies show almost 
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the same rate of malformation and mortality (47, 53, 54), or even higher rates (55) in type 
2 than in type 1 diabetes. 

Gestational diabetes mellitus  

GDM was for many years defined as “any degree of glucose intolerance with onset or first 
recognition during pregnancy” (56, 57). Even though GDM often resolves after delivery, 
the definition applied whether or not the condition persisted after pregnancy. Therefore, it 
did not exclude the possibility that the glucose intolerance could have antedated or begun 
concomitantly with the pregnancy. Though the limitations of this definition were apparent 
for many years, the definition remained. Because the number of women with overweight, 
obesity and diabetes continue to increase, the number of pregnant women with 
undiagnosed type 2 diabetes has increased. Therefore, the International Association of 
Diabetes and Pregnancy Study Groups (IADPSG) recommend that high risk women, 
where diabetes is found at their initial prenatal visit, receive the diagnosis overt diabetes 
instead of the GDM diagnosis (1). 

GDM, depending on the population studied, affects 1-14% of all pregnant women (1). In 
Sweden 2% of pregnancies are complicated by GDM (58). GDM is often more common 
in populations with a high frequency of type 2 diabetes, such as India and China (59). It is 
well known that women with GDM have a substantial risk of developing type 2 diabetes 
later in life (60), but the risk of developing type 1 diabetes is also increased (61). 

Other specific types of diabetes also exist, but will not be further discussed in this 
dissertation. 

Epidemiology of diabetes mellitus 

In the year 2000, the World Health Organization (WHO) estimated that there were 171 
million people in the world with diabetes (62). The International Diabetes Federation 
(IDF) estimated in 2011 the number at 366 million (of which 183 million are undiagnosed) 
and in 2030 at total of 552 million people are expected to have diabetes (63). Diabetes is 
most common between 40-59 years of age and 80% of people with diabetes live in low–
income and middle-income countries (63). 

There is a more than 350-fold difference in the incidence among the 100 populations 
worldwide. The highest incidences of type 1 diabetes are found in Finland, Sardinia and 
Sweden (64-67). The lowest incidences of type 1 diabetes are found in China and 
Venezuela (67-69). The five countries with the greatest number of people with type 2 
diabetes are India, China, USA, Indonesia and Japan (70-72). 
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In Sweden about 365 000 people have diabetes and 40 000 of them have type 1 diabetes 
(73). Worldwide, type 1 diabetes approximately accounts for 5-10% whereas type 2 
diabetes accounts for approximately 90-95% of the total diabetes incidence (1). The 
American Diabetes Association (ADA) estimated the national costs in the USA of diabetes 
for 2002 at USD 132 billion dollars (74) and in 2011 the costs were USD 465 billion 
dollars (63). 

Diagnostic criteria for diabetes mellitus 

WHO has published guidelines for the diagnosis and classification of diabetes since 1965. 
The current guidelines were published in 2006 (75) and are listed in Table 1 together with 
the diagnostic criteria for impaired glucose tolerance.  

Table 1. 
Diagnostic criteria in plasma glucose levels for diabetes mellitus and for impaired glucose tolerance, according 
to WHO.  
 
 

Venous plasma glucose 
(mmol/l) 

Capillary plasma glucose 
(mmol/l) 

Diabetes Mellitus 
 

  

Fasting1 ≥7.0 ≥7.0 
2-hour OGTT2 ≥11.1 ≥12.2 
   
Impaired glucose tolerance   
Fasting ≥6.1-6.9 ≥6.1-6.9 
2-hour OGTT ≥7.8- 11.0 ≥8.9- 12.1 

1After overnight fasting of eight hours 
2OGGT=oral glucose tolerance test consisting of a 75 gram glucose solution 
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Diagnostic criteria for gestational diabetes mellitus 

During the years there have been different screening methods and different criteria for 
diagnosis of GDM. Complications during pregnancy and the early postnatal period due to 
GDM for both mother and child are extensively studied.  

The Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) study published in 2008, 
was the result of a large, multicentre, multinational observational study (25 000 pregnant 
women) that examined the relationship between maternal hyperglycaemia less severe than 
overt diabetes mellitus and adverse pregnancy outcomes. The study showed that the risk of 
large for gestational age infants, increased cord blood C-peptide levels (evidence of foetal 
hyperinsulinemia), neonatal hypoglycaemia, and caesarean delivery increased with the 
mother’s glucose levels, even if they were below the value for GDM (76).  

Since then, the IADPSG has come with new recommendations for the diagnosis and 
classification of hyperglycaemia during pregnancy. They recommend that all women 
without known diabetes undergo a 75 gram, 2-hour OGGT at 24-28 weeks of gestation. 
For GDM diagnosis at least one of the following plasma glucose values should be exceeded: 
Fasting: ≥5.1 mmol/l, 1-hour value of the OGGT: ≥10.0 mmol/l or 2-hour value of the 
OGGT ≥8.5 mmol/l (77). There is yet no evidence that identification and treatment of 
women based on these recommendations will lead to clinically significant improvements in 
maternal and neonatal outcomes, but it would lead to a significant increase in health care 
costs.  

The WHO current guidelines for GDM were published in 1999 and are widely used 
worldwide. WHO also recommends a 75 gram 2-hour OGGT but with a 2-hour value of 
the OGGT ≥7.8 mmol/l (41).  

The Diabetic Pregnancy Study Group of the European Association for the Study of 
Diabetes (EASD) also suggests a 75 gram 2-hour OGGT but with different diagnostic 
values (78). The 2-hour OGTT capillary plasma glucose value for defining GDM is >10.0 
mmol/l, or >9.0 mmol/l for capillary blood glucose (used before 2004) (58). These criteria 
are used in Sweden and Denmark (58, 79). In our region in Sweden since around 1990, a 
2-hour OGTT in the 28th gestational week is performed on every pregnant woman as a 
screening for GDM. Women with prior GDM and/or heredity for diabetes are tested 
already during the 12th gestational week (58). 

Using HbA1c in general GDM screening instead of the OGTT has been studied, but is 
still controversial and can lead to misclassification (80). Because of changes during 
pregnancy, HbA1c decreases and normal reference intervals can therefore not be used (81). 
OGTT is still the gold standard when screening for GDM. 

However, there is still today no universal recommendation for the ideal approach for 
screening and diagnosis of GDM.  
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Table 2 shows the different diagnostic criteria for GDM. 

Table 2.  
Diagnostic criteria in plasma glucose levels for gestational diabetes. 

 
 

IADPSG 
(mmol/l) 

WHO  
(mmol/l) 

EASD  
(mmol/l) 

Gestational diabetes    
Fasting1 ≥5.1   
1-hour OGTT2 ≥10.0   
2-hour OGTT ≥8.5 ≥7.8 ≥10.0 

1After overnight fasting of eight hours 
2OGGT=oral glucose tolerance test consisting of a 75 gram glucose solution 

Changes during pregnancy with gestational diabetes mellitus 

Metabolism  

In a pregnancy complicated by GDM, the same metabolic changes occur as in a normal 
pregnancy. During pregnancy, the mother’s metabolism is adapted to supply nutrients to 
the foetus for its growth. Glucose is the main nutrient that crosses the placenta and 
constitutes the primary energy source for the foetus. Early during pregnancy basal plasma 
glucose, hepatic gluconeogenesis and insulin levels are unchanged (82). But during late 
pregnancy the mother develops basal hypoglycaemia, which is due to the high rate of 
placental transfer, despite reduced glucose consumption (because of insulin resistance) and 
enhanced gluconeogenesis (83). The placental transfer of glucose is carried out by facilitated 
diffusion by different glucose transporters (GLUT) and concentration dependent kinetics 
(84).  

In the first half of pregnancy, there is storage of energy and nutrients due to maternal 
changes. The appetite of the mother is increased and the insulin sensitivity is normal or 
increased. This leads to an increase in the lipid store (82, 85). During the second half of 
pregnancy, the stored reserves are used for foetal and placental growth. The insulin 
resistance also increases during this time and leads to a decreased uptake of glucose by 
maternal tissues sensitive to insulin, such as muscle and adipose tissues (86). 
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Insulin resistance 

The mechanisms behind insulin resistance induced by the pregnancy per se are still not 
fully understood. In pregnant rats (are believed to be similar to humans) the degradation 
of insulin by the placenta is increased, which leads to accelerated insulin removal (85). 
There are also different hormonal and metabolic changes during the second half of 
pregnancy which facilitate insulin resistance. One is the high plasma level of progesterone 
during the second part of pregnancy (88-90).  
GDM is associated with both insulin resistance and an impaired insulin secretion (91-93). 
There is a lack of insulin during a period of time with high insulin needs, to compensate 
the insulin resistance that develops during the third trimester of pregnancy. In the maternal 
tissues where glucose uptake is insulin-dependent, the uptake is decreased because of the 
lack of insulin and postprandial hyperglycaemia develops. Since the maternal-placental-
foetal transfer of glucose is concentration dependent, the hyperglycaemia of the mother 
leads to an increased placental transfer of glucose to the foetus. This leads to foetal 
hyperglycaemia and hyperinsulinism. Because insulin is one of the main growth factors for 
the foetus, the hyperinsulinism leads to macrosomia and can cause delivery complications 
such as shoulder dystocia (94).  

The hyperinsulinism remains in the newborn after delivery and once the umbilical supply 
of glucose has disappeared, the risk of hypoglycaemia is increased. Early feeding of the 
newborn is important as well as the monitoring of their blood glucose levels, since untreated 
hypoglycaemia can lead to brain damage (95).  

Future risk for the mother 

Women with GDM have an increased risk of developing diabetes later in life. Studies have 
shown an incidence between 2.6-70% (60, 96). However, one has to remember that it is 
difficult to compare and evaluate risks for developing diabetes, since diagnostic tests and 
criteria vary. Studies have shown that women with insulin treatment during their GDM 
have a higher risk of developing overt diabetes, than women treated with diet only (97, 98). 
Other specific risk factors for development of diabetes after GDM are body mass index 
(BMI) >30 kg/m2 and at least two pregnancies before the GDM pregnancy (98). Higher 
fasting blood glucose levels, higher OGTT 2-hour values and a higher OGTT glucose area 
under the curve, are strong predictors of later development of diabetes (99).  
Because of the increasing prevalence of diabetes worldwide (100), early diagnosis and 
prevention is proving increasingly important. Since type 2 diabetes can be asymptomatic 
during at least 4-7 years before the clinical diagnosis, many patients already have developed 
micro- or macro-vascular complications at diagnosis (101, 102). 
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It is of uttermost importance that women with a prior GDM are offered appropriate follow-
up and advised to lose weight after pregnancy (if they are overweight or obese), to maintain 
a healthy diet and exercise regularly. In preventing diabetes, life styles changes seem to be 
more effective than pharmalogical intervention (103). 

All women with GDM are followed up at our Department of Endocrinology with an 
annual OGTT during the first two years postpartum, and with an additional OGTT at five 
years postpartum. If they do develop type 2 diabetes, they are retransferred to their Health 
Care Centre. In women who are autoantibody positive during their pregnancy, the first 
OGTT is performed already three months postpartum, and those who develop type 1 
diabetes are followed up at our Department of Endocrinology. 

Future risk for the child 

Short term complications for the newborn after a pregnancy with GDM can be both 
metabolic and hematologic. Known complications are hypoglycaemia, hypocalcaemia, 
hypomagnesia, macrosomia, polycythaemia, hyperbilirubinemia and congenital 
malformations (104-108). Long term complications consist of an increased risk for 
overweight, obesity and the metabolic syndrome (obesity, insulin resistance, hypertension, 
dyslipidaemia and glucose intolerance) (109-111). Studies have also shown that children 
born to mothers with a prior GDM have an increased risk for deficient neurological and 
psychological development. The proposed mechanisms behind this are birth trauma (112) 
and prolonged severe hypoglycaemia (113).  

It is of general belief that an intrauterine environment complicated by maternal diabetes 
increases the risk for overweight and obesity in the offspring (114-117). But overweight 
among women with GDM per se can also increase risk for overweight and obesity in their 
offspring (118-120). In 2011, a systematic review of the relationship between GDM and 
childhood obesity was published. A total of 192 articles were found concerning this topic, 
and 12 of them were thoroughly examined. The conclusion was that it is still impossible to 
distinguish between maternal obesity and GDM as the cause of a higher risk for overweight 
and obesity in the offspring (121). With the exception of the high birth weight, it is unclear 
at which age overweight starts to appear in children (122). Simultaneously, overweight and 
obesity are increasing rapidly among children in the world, and about 17.6 million children 
are estimated to be overweight (123). Among school-aged children around the world, 10% 
are estimated to be overweight and 25% of these children are obese (124). The prevalence 
of overweight is also increasing in European countries (125), including Sweden (126).  

Data from the European Childhood Obesity Group show that during the last 20-30 years 
obesity has increased steadily in Europe (125, 127), especially in southern Europe (128, 
129). In northern Europe the prevalence of overweight and obesity is still lower, with an 
overweight prevalence of 10–20%, compared to 20–35% in southern Europe (125). The 
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reasons for these differences are still not clear, but could perhaps consist of a combination 
of economic and social factors. Many children, especially adolescents, continue to be 
overweight and obese throughout their adulthood (130, 131).  

Today, there is still no consensus regarding intervention in this group of women with GDM 
and their offspring, and more studies are needed on this topic. 
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Aims 

 Determine how many women with GDM that have beta-cell specific 
autoantibody markers during pregnancy and follow these women after delivery to 
estimate the risk for later development of type 1 diabetes. 

 
 Estimate the frequency of ZnT8A in patients with GDM and evaluate its 

importance as an autoimmune marker in GDM. 
 
 Evaluate C-peptide levels in women with GDM as a predictor for future 

development of diabetes. Investigate the role of C-peptide in relation to other 
birth related factors. 

 
 Investigate the effects of maternal GDM on childhood height, weight and BMI 

compared to the age-specific reference values in Sweden. Compare the BMI of 
these children with that of their siblings born after non-GDM pregnancies. 
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Materials and Methods 

Subjects 

In this thesis, women diagnosed with GDM during 1995-2010 (n=862) in the district of 
Lund in Sweden have been studied, as well as the children of these women, illustrated in 
Figure 4. 

Figure 4.  
Schematic view of subjects in this thesis. 

 

Study subjects
Women with GDM 

between 1995-2010 
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Paper I
Women with GDM
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n=193
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Women with GDM
during 1995-2008

n=669

Paper IV
Children of women with 
GDM during 1995-2000 

n=229
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In our district, a 2-hour OGTT is performed in every pregnant woman in the 28th 
gestational week as a screening for GDM. Women with prior GDM and/or heredity for 
diabetes are tested already during the 12th gestational week. The 2-hour OGTT capillary 
plasma glucose value for defining GDM was >10.0 mmol/l, or >9.0 mmol/l for capillary 
blood glucose (58). 

Paper I 

In this paper, women who had GDM during 1995-2005 (n=385) were tested for the 
autoantibodies GAD and IA-2. There were 24 women (6.2%) with GDM that were 
positive for at least one autoantibody. Two control subjects who also had GDM, but 
without autoantibodies, were selected for each woman (n=48). The control subjects were 
matched for age ±5 years and year of delivery. The medical records from the two groups of 
women were examined and compared. Frequency of women who had developed diabetes 
was also noted. At follow-up, the women who were autoantibody positive during their 
pregnancy with GDM and had developed diabetes were asked to reanalyse GADA and IA-
2A. If they had not developed diabetes at follow-up they also underwent a new OGGT.  

Paper II 

In this study, women who had GDM during 2009-2010 were investigated (n=193) and 
tested for GADA, IA-2A and ZnT8A. A total of 19 women (9.8%) were positive for at least 
one autoantibody. The women’s medical records from their GDM pregnancy were also 
examined. 

Paper III 

Women who were diagnosed with GDM during 1995-2008 (n=669) were included in this 
study and tested for GADA and IA-2A. There were 34 women (5.1%) with GDM that 
were positive for at least one autoantibody and their medical records were examined 
regarding later development of diabetes. C-peptide levels were also measured in women 
with GDM during 2006-2008 (n=281) and the role of C-peptide for later development of 
diabetes and other birth related factors were studied. Three women had GDM twice during 
this time period and only their first pregnancy was used for analysis in this study. 
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Paper IV 

Children born to women with GDM during 1995-2000, and their siblings born after 
pregnancies without GDM, were examined in this study. There were 204 pregnancies with 
GDM, corresponding to 189 women. Among these 189 women, 14 women chose not to 
participate in the study. Written consent to contact the children’s Health Care Centre and 
their present school for data on height and weight measurements were obtained from the 
parents. The women were also asked to report their own and the children’s fathers’ present 
height and weight. Finally, 110 of 175 women (63%) chose to participate in the study. 
These women had in total given birth to 235 children, including three twin pregnancies, 
which meant 232 pregnancies. The six children from duplex pregnancies were excluded. In 
151 of the pregnancies the women were diagnosed with GDM. The children were 
compared at ages 0, 0.5, 1, 1.5, 4, 5, 6, 7, 8, 10 and 12 years. Swedish population based 
reference values for height, weight (132) and the age-specific BMI references values for 
Swedish children (133, 134) were used for comparison. For the parents, the international 
BMI (kg/m²) thresholds of ≥25 and ≥30 respectively were used for defining overweight and 
obesity (135).  

Analyses  

Islet cell antibodies (ICA) 

ICA (Paper I) were analysed by a two-colour immunofluorescence method. Human 
pancreas of blood type 0 was used as antigen (20). The samples were diluted until negative. 
Thereafter, the highest positive titre for each sample was converted to Juvenile Diabetes 
Foundation units (JDF-U) according to a standard curve for the specific pancreas used. A 
cut-off equal or above 6 JDF-U, was considered positive. The sensitivity was 100% and the 
specificity 88% when tested in the International Diabetes Workshop (136). 

Glutamic acid decarboxylase antibodies (GADA) 

GADA (Paper I-III) were analysed in a radioimmunoprecipitation assay (137) with in vitro 
translated human GAD65 that was antigen labelled with 35S-methionine. An index, 
calibrated to a positive and negative standard expressed the levels. GADA indexes <0.08 
were defined as negative and represented values below the 97.5th percentile. The GADA 
assay had a sensitivity of 70% and a specificity of 100% when tested in the Diabetes 
Antibody Standardization Program (138). Since 2006 GADA are analysed using a 
commercial enzyme linked immunosorbent assay (ELISA) supplied by RSR® Ltd, Cardiff, 
UK and performed according to manufacturer’s instructions. The cut-off levels for 
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positivity were 10 U/ml for GADA. The specificity was 94% and the sensitivity was 90% 
when tested in the Diabetes Antibody Standardization Program 2010 (unpublished data). 

Tyrosine phosphatase antibodies (IA-2A) 

IA-2A (Paper I-III) were also analysed in radioimmunoprecipitation assays (139) with in 
vitro translated human IA-2A that was antigen labelled with 35S-methionine. An index, 
calibrated to a positive and negative standard, expressed the levels. IA-2A indexes <0.05 
were defined as negative and represented values below the 97.5th percentile. The IA-2A 
assay had a sensitivity of 50% and a specificity of 100%, when tested in the Diabetes 
Antibody Standardization Program (138). Since 2006, assays for IA2A are analysed using 
ELISA supplied by RSR® Ltd, Cardiff, UK and performed according to manufacturer’s 
instructions. The cut-off levels for positivity were 15 U/ml for IA-2A. The specificity for 
IA-2A was 100% and the sensitivity was 64% in the Diabetes Antibody Standardization 
Program 2010 (unpublished data). 

Zink transporter 8 antibodies (ZnT8A) 

ZnT8A (Paper II) were analysed using ELISA from RSR Ltd®, Cardiff, UK according to 
the manufacturer’s instructions. The cut-off levels for positivity were 15 U/ml. The 
reported specificity was 99% and the sensitivity was 68% in the Diabetes Antibody 
Standardization Program 2010 (unpublished data). 

C-peptide 

C-peptide levels (Paper II) were analysed with a commercial ELISA from (Mercodia, 
Uppsala, Sweden) according to the manufacturer’s instructions. The detection limit of the 
assay was 15 pmol⁄l. The samples for C-peptide (Paper III) were analysed by 
radioimmunoassay, using a commercial kit (Euro-Diagnostica, Malmö, Sweden). The 
reference range (only defined for fasting condition) was 0.25-1.0 nmol/l. The detection 
limit of the assay was 0.13 nmol/l. 
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Statistical methods 

A p-value of <0.05 was considered significant in all papers. 

Paper I 

Since the values were not normally distributed, the results are shown as median and 
interquartile range. Mann-Whitney U test is a non-parametric test which is used to 
investigate whether the values of a certain variable tend to be higher in one of two study 
groups, and was used for comparison of levels. For comparison of frequencies for categorical 
data, the Chi-square test was used and Fischer’s exact test when working with low numbers. 
The frequencies are shown as numbers and percent. For the analyses, the programme 
Statistical Package for the Social Sciences for Mac (version 11.0) was used. 

Paper II 

D’Agostino-Pearson test was used to examine normal distribution of data. Mean ±SD is 
shown when normality was accepted. Moreover, median and interquartile range was used 
when normality was rejected. Spearman’s rho (rs) is a non-parametric measure of statistical 
dependence between two variables, and was used for testing correlations. Mann-Whitney 
U test was used to test for differences between groups. The software MedCalc® for Windows 
(version 12.1.4) was used for statistical analyses.  

Paper III 

Normal distribution was tested with D’Agostino-Pearson test. Results that were normally 
distributed are presented as mean ±SD. The T-test was used for comparison between 
groups. The non-parametric results are presented as median and range, and Mann-Whitney 
U test was used for comparison between groups. The frequencies are presented as numbers 
and percent, and were compared using Chi-square test. Correlations were tested using 
Spearman’s rho (rs) correlation test. A Kaplan-Meier Survival Analysis is a method of 
estimating time-to-event models in the presence of censored cases and was used to examine 
the time from GDM with autoantibodies until the development of type 1 diabetes. The 
programme Statistical Package for the Social Sciences for Windows (version 17.0) and 
MedCalc® for Windows (version 12.0.3.0) was used.  
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Paper IV 

Normal distribution was tested with D’Agostino-Pearson test. Results are presented as 
mean ±SD, and the children’s height (cm), weight (kg) and BMI (kg/m2) were compared 
to Swedish reference values. Non-parametric results are presented as median and range. 
The T-test for two independent parametric samples was used for comparing height, weight 
and BMI between groups. The frequencies are presented as numbers and percent. The 
programme Statistical Package for the Social Sciences for Windows (version 17.0) and 
MedCalc® for Windows (version 12.0.3.0) was used for analyses.  
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Results 

Paper I 

There were 385 women with GDM between the years 1995-2005, and 24 women (6.2%) 
were autoantibody positive. Among these 24 autoantibody positive women 95.8% (23 of 
24) were positive for GADA and 29.2% (7 of 24) were positive for IA-2A. Only 22 of 24 
women had been tested for ICA, and 59.1% (13 of 22) were found positive for ICA. 
Positivity for at least two autoantibodies was found in 54.2% (13 of 24) of the women and 
27.3% (6 of 22) women were found positive for all three autoantibodies. A schematic 
illustration of the number of autoantibodies among the 24 women is shown in Figure 5. 

Figure 5. 
Schematic view of autoantibodies among the 24 autoantibody positive women. Only 22 women were tested 
for ICA. 
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The medical records of the 24 autoantibody positive women were compared to the 48 
control subjects who also had GDM but without autoantibodies. The results are shown in 
Table 3.  

Table 3.  
Characteristics for the autoantibody positive women with GDM and their control subjects. 

 
 

Antibody positive 
women with  
GDM (n=24) 

Antibody negative 
women with GDM 
(n=48) 

p-value 

Age (years)1 29.5 (27.0-34.0) 30.0 (27.0-34.0) NS 
BMI (kg/m2)2 24.5 (22.4-28.4) 25.4 (21.9-30.1) NS 
Heredity3 15 (62.5) 22 (45.8) NS 
Ethnicity 
Scandinavian 
Non-Scandinavian 

 
21 (87.5) 
3(12.5) 

 
37 (77.1) 
11 (22.9) 

 
NS  
NS 

OGTT value during 
pregnancy4 

10.0 (9.4-12.0) 9.5 (9.1-10.4) NS 

GDM during 
previous pregnancy 

8 of 19 (42.1) 9 of 42 (45.2) NS 

Insulin during 
pregnancy 

14 (58.3) 18 (37.5) NS 

Birth weight of the 
child (g) 

3430 (3170-3770) 3710 (3300-4080) NS 

Caesarean delivery 5 (28.8) 8 (16.7) NS 
Data are median (interquartile range) or numbers (%), NS=not significant 
1Age of mother at time of pregnancy, when the autoantibodies were discovered  
2Values are from the first trimester 
3Family history of type 1 or type 2 diabetes among first or second-degree relatives 
4During pregnancy week 12 or 28 

Follow-up 

At follow-up, significantly more women had developed diabetes among the autoantibody 
positive women compared to the autoantibody negative women (p=0.001). In all, 50% of 
the 24 autoantibody positive women had developed type 1 diabetes and none had 
developed type 2 diabetes. Impaired fasting glucose (IFG) or impaired glucose tolerance 
(IGT) was found in 20.8%. Among the 48 control subjects, 12.5% had developed type 2 
diabetes and none had developed type 1 diabetes. This is illustrated in Figure 6 and Figure 
7. 
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Figure 6.  
Development of diabetes among the 24 autoantibody positive women with GDM during their pregnancy. 

 

 

 

Figure 7.  
Development of diabetes among the 48 autoantibody negative women with GDM during their pregnancy. 
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At follow-up among the 12 women who had developed type 1 diabetes after their GDM 
pregnancy, 6 women chose to reanalyse GADA and IA-2A. GADA persisted in 83.3% (5 
of 6) and IA-2A in 33.5% (2 of 6) of these women. Among the 12 women who were not 
diagnosed with diabetes, 11 underwent a new OGTT and reanalysed GADA and IA-2A. 
GADA persisted in 81.8% (9 of 11), IA-2A in 18.2% (2 of 11) and 45.5% (5 of 11) of 
these women had disturbed glucose metabolism (IGT or IFG). 
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Paper II 

Among the 193 women who had GDM during their pregnancy between the years 2009-
2010, 7.8% (15 of 193) were positive for GADA and/or IA-2A. When adding ZnT8A, 
9.8% (19 of 193) were positive for at least one autoantibody. GADA was found in 63.2% 
(12 of 19), ZnT8A in 26.3% (5 of 19) and IA-2A in 26.3% (5 of 19). This is shown in 
Figure 8.  

Figure 8.   
Schematic view of autoantibodies among the 19 autoantibody positive women.  
 

C-peptide  

Median C-peptide levels did not differ between the group of autoantibody positive (n=19) 
and autoantibody negative (n=174) women. No statistically significant difference in 
median age was found between the group of autoantibody positive and autoantibody 
women. There was also no significant correlation found between C-peptide levels and GAD 
antibody titres or IA-2 antibody titres. However, there was a weak tendency towards high 
ZnT8A titres with low C-peptide levels (rs=0.13; p=0.07).  
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Paper III 

C-peptide in relation to later development of diabetes 

C-peptide levels were compared in autoantibody negative women (n=261) and 
autoantibody positive women (n=12) during their pregnancy with GDM during 2006-
2008 which is shown in Figure 9. C-peptide levels were missing from medical records in 
five cases. The median C-peptide levels were significantly higher in the group without 
autoantibodies 1.5 (0.2-7.9) than in the group with autoantibodies 0.9 (0.4-1.9) (p=0.007). 

Figure 9.  
Comparison of C-peptide levels in autoantibody (Ab) negative women (n=261) and autoantibody positive 
women (n=12) during their pregnancy with GDM.  
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Significantly more women had developed diabetes among the autoantibody positive group 
(5 of 12) compared to the autoantibody negative group (21 of 266) during 2006-2008 
(p=<0.001). There was, however, no significant difference in C-peptide levels between 
women who later developed diabetes and those who did not.  

C-peptide correlations in women with GDM 

C-peptide levels correlated significantly with the women’s first weight during pregnancy 
(rs=0.3; p=0.0003). When comparing age, first weight of the mother during pregnancy and 
birth weight of the newborn between the autoantibody positive and autoantibody negative 
women with GDM during 2006-2008, there was no significant difference found, Table 4. 

Table 4.  
Comparison between autoantibody positive and autoantibody negative women with GDM. 

 
 

Antibody positive 
women with GDM 
(n=12) 

Antibody negative 
women with GDM 
(n=266) 

p-value 

Age (years)1 33.5 (20.0-42.0) 33.0 (17.0-44.0) NS 
First weight during 
pregnancy (kg)2 

56.5 (48.0-105.0) 
n=8 

68.0 (44.4-150.0) 
n=196 

NS 

Birth weight of the 
child (g) 

3473.1 ±519.3 
n=8 

3408.7 ±541.1 
n=213 

NS 

Data are median (range) or mean ±SD, NS=not significant 
1Age of mother during the pregnancy 
2Values are from the first trimester 

Follow-up of the autoantibody positive women with GDM 

There were 34 women (5.1%) who were positive for at least one antibody and their medical 
records were examined regarding later development of type 1 diabetes. The follow-up time 
was between 2 and 15 years, with a median time of 9 years. Of the 34 women, 94.1% (32 
of 34) were positive for GADA and 29.4% (10 of 34) were positive for IA-2A. In Figure 
10, a Kaplan-Meier Survival Analysis shows the time from GDM diagnosis until 
development of type 1 diabetes. 
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Figure 10.  
Kaplan-Meier Survival Analyses that shows time from GDM diagnosis until development of diabetes in the 
34 autoantibody positive women. 

 
At follow-up, 17 (50%) had developed type 1 diabetes and 5 of the 34 women had 
disturbed glucose metabolism (IGT or IFG). In addition, 6 of the 34 were pregnant again 
with GDM and positive autoantibodies. The data is shown in Figure 11. 
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Figure 11.  
Development of diabetes among the 34 autoantibody positive women with GDM during their pregnancy. 
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Paper IV 

When comparing the height in male children, where the mother had GDM during her 
pregnancy, to Swedish reference values, height was significantly greater at birth, Figure 12. 
For female children where the mother had GDM during her pregnancy, height was 
significantly grosser at birth, ages 0.5-5 years and ages 7-10 years compared to Swedish 
reference values, Figure 13.  

Figure 12.  
Height was significantly greater at birth for male children where the mother had GDM, compared to Swedish 
reference values. 
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Figure 13.  
Height was significantly greater at birth and ages 0.5-5 years and at ages 7-10 years for female children where 
the mother had GDM, compared to Swedish reference values. 
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Weight of male children where the mother had GDM during her pregnancy was 
significantly lower at age 1.5 year and higher at birth and ages 8-10 years, compared to 
Swedish reference values, Figure 14. When comparing weight for female children where 
the mother had GDM during her pregnancy, to Swedish reference weight values, weight 
was significantly higher at birth, age 0.5 year and at ages 4-12 years, Figure 15.  

Figure 14.  
Weight was significantly lower at age 1.5 year, higher at birth and ages 8-10 years for male children where the 
mother had GDM, compared to Swedish reference values. 
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Figure 15.  
Weight was significantly higher at birth, age 0.5 year and ages 4-12 years for female children where the 
mother had GDM, compared to Swedish reference values. 
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BMI of male children where the mother had GDM during pregnancy was significantly 
lower at ages 1-1.5 years and significantly higher at ages 7-10 years, compared to Swedish 
reference values, Figure 16. For female children where the mother had GDM during 
pregnancy, BMI was significantly lower at ages 1-1.5 years and significantly higher at birth 
and ages 4-12 years, compared to Swedish reference values, Figure 17.  

Figure 16.  
BMI was significantly lower at ages 1-1.5 years and significantly higher at ages 7-10 years for male children 
where the mother had GDM, compared to Swedish reference values. 
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Figure 17.  
BMI was significantly lower at ages 1-1.5 years and significantly higher at birth and ages 4-12 years for female 
children where the mother had GDM, compared to Swedish reference values. 
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When comparing the BMI of male children, where the mother had GDM during her 
pregnancy, to their siblings born after a non-GDM pregnancy, there was no significant 
difference between the two groups, Figure 18. For the female children, BMI was 
significantly lower at age 6 months compared to their siblings born after a non-GDM 
pregnancy (p=0.04), Figure 19. 

Figure 18. 
Comparison between the BMI of male children where the mother had GDM during pregnancy, and their 
male siblings born after a non-GDM pregnancy. There was no significant difference between the two groups. 
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Figure 19.  
Comparison between the BMI of female children where the mother had GDM during pregnancy, and their 
female siblings born after a non-GDM pregnancy. BMI was significantly lower at age 6 months compared to 
their siblings. 
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BMI of all male children, delivered by women who had had GDM at any of her 
pregnancies, was significantly lower at ages 1-1.5 years and significantly higher at birth and 
ages 6-10 years, compared to Swedish reference values, Figure 20. BMI of all female 
children, delivered by women who had had GDM at any of her pregnancies, was 
significantly lower at ages 1-1.5 years and significantly higher at birth and ages 4-12 years, 
compared to Swedish reference values, Figure 21. 

Figure 20.  
BMI was significantly lower at ages 1-1.5 years and significantly higher at birth and ages 6-10 years for male 
children where the mother had at least one pregnancy with GDM, compared to Swedish reference values. 
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Figure 21.  
BMI was significantly lower at ages 1-1.5 years and significantly higher at birth and ages 4-12 years for female 
children where the mother had at least one pregnancy with GDM, compared to Swedish reference values. 
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Data for the mothers and fathers are presented in Table 5.  

Table 5.  
Data for the parents at follow-up. 
 Mothers  

(n=110) 
Fathers  
(n=110) 

First BMI during pregnancy 
(kg/m2)1 

24.8 (17.6-48.9) 
(n=95) 

NT 

Present age 20112

 
46 (34-59) 
(n=110) 

48 (34-71) 
(n=101) 

Present weight (kg)  
 

69.0 (51-160) 
(n=105) 

89.0 (55.0-122.0) 
(n=91) 

Present height (m) 
 

1.65 ±6.6 
(n=109) 

1.80 ±7.0 
(n=93) 

Present BMI (kg/m2) 
 

25.4 (18.3-59.5) 
(n=105) 

26.5 (18.6-38.1) 
(n=90) 

Data are median (range) or mean ±SD, NT=not tested 
1Values are from the first trimester 
2Age of parents at follow-up  
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Discussion 

Paper I-III 

In our studies (Paper 1-Paper III), 5-10% of all women with GDM had beta-cell specific 
autoantibodies during pregnancy, that are characteristic of autoimmune type 1 diabetes. It 
is known that autoantibodies against beta-cells can be present for months and years before 
the clinical symptoms of diabetes shows (140, 141), which is often when 70% of the beta-
cell function is lost (140). The increased insulin resistance during pregnancy leads to an 
increased demand on the remaining and affected cells. A pregnancy could therefore uncover 
an early stage of type 1 diabetes but be interpreted as just GDM. Autoantibody 
measurement during GDM, for predicting development of type 1 diabetes later in life, has 
been investigated in a number of studies for presence of ICA (142-146) or GADA (144, 
146-148). The prognostic value of ZnT8A (Paper II) has not been studied before.  

Frequency of ICA during pregnancy with GDM has been 1-15% (145, 146 152-160) in 
studies using the same standard method as in our own study (Paper I). For GADA, 
frequency during pregnancy with GDM has been reported between 0-13% (146, 148, 153-
157, 159-165). In our studies (Paper I-Paper III), the frequency of GADA was 5-6%. 

Follow-up time in our studies (Paper 1, Paper III) for the women with GDM, to estimate 
the risk for later development of type 1 diabetes, varied between 6 months and 15 years, 
which is a long time for this kind of study. At follow-up, 50% had developed type 1 diabetes 
in both studies, and many of these women developed type 1 diabetes within the first years 
after their GDM pregnancy with autoantibodies. There was also an additional 15-21% of 
the autoantibody positive women who had IFG or IGT at follow-up (Paper I, Paper III) 
and since GADA positivity can precede and also persist after the diagnosis of type 1 diabetes 
(144) it is not improbable that even more of these women might develop type 1 diabetes 
with time. When we reanalysed autoantibodies in 50% of the 12 women that had developed 
type 1 diabetes (Paper I), 83.3% (5 of 6) were positive for GADA and 33.5% (2 of 6) for 
IA-2A. Among the other 12 women who were not diagnosed with diabetes, GADA and IA-
2A were reanalysed in 11 women and GADA persisted in 81.8% and IA-2A in 18.2% (2 
of 11). 

When ICA were measured during pregnancy with GDM in a Danish study, 75% of these 
women developed type 1 diabetes later in life (143). In a Finnish case-control study of 
women with GDM, 4.6% (20 women) developed type 1 diabetes and during pregnancy, 
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66% of these 20 women were positive for ICA, 56% for GADA and 38% for IA-2A (146). 
When investigating diabetes development in autoantibody positive women with GDM, 
10.6% (32 women) of all women in a German study had antibodies against GAD, IA-2A 
or both during their pregnancy. Postpartum, 31 women developed type 1 diabetes and 47% 
progressed to type 1 diabetes within one year after delivery (98).  

We have recommended screening for GAD autoantibodies in patients with gestational 
diabetes, as this has shown to be the most frequently found autoantibody in our studies 
(Paper I-Paper III). It is important to find these women early to prevent onset of diabetes 
with ketoacidosis, which potentially could be life-threatening (167-169).  

Whether measurement of other autoantibodies than GADA can add any prognostic 
information in GDM women is still open to discussion. When we added the analysis of 
ZnT8A among the GDM autoantibody positive women (Paper II), the incidence of 
autoantibody positivity increased from 8% to 10%. A limitation was that we did not have 
the data for how many of the ZnT8A positive women that developed manifest type 1 
diabetes after their GDM pregnancy. This follow-up data could be valuable proof in 
evaluating the importance of ZnT8A as independent marker for autoimmunity. 

ZnT8A have been associated with a fast progression towards diabetes (within 5 years) in 
young first-degree relatives of patients with type 1 diabetes (170, 171) and ZnT8A has also 
proved to be a useful additional risk marker in people with low genetic risk of diabetes and 
older individuals (172). Future research on ZnT8A as a predictor in GDM of type 1 
diabetes development post-partum is of great priority.  

In the Better Diabetes Diagnosis study where 3165 patients with newly diagnosed type 1 
diabetes participated, ZnT8A was found in 65% of the patients and in 3.4% as the only 
autoantibody. With the exception of children under two years of age, the prevalence of 
ZnT8A was independent of age (173). ZnT8A has also been reported in the same range as 
IA-2A in latent autoimmune diabetes in adults (LADA) (36).  

It would be interesting to analyse ZnT8A in autoantibody negative pregnant women 
without diabetes. Since ZnT8A autoantibody was only recently identified, such data would 
be of major importance when interpreting ZnT8 antibody titres in women with GDM.  

The clinical use of C-peptide among women with GDM, as a predictor for future 
development of diabetes was also explored (Paper III). Unfortunately, C-peptide did not 
discriminate between women who at follow-up developed diabetes and those women who 
did not. C-peptide levels were not able to predict future development of diabetes in the 
woman. Clinical usefulness of C-peptide was therefore very limited and should not be used 
to replace the testing of GADA. Levels of C-peptide correlated significantly with the 
women’s first weight during pregnancy, but otherwise no correlations were found. A 
limitation of this study was the lack of C-peptide data on patients diagnosed with GDM 
before 2006.  
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There is a physiological increase in insulin resistance that occurs in all women during the 
second half of pregnancy, because of increased blood levels of different hormones (174, 
175). Some studies have also shown that women with GDM are more insulin resistant than 
women without diabetes (176-177) which could be due to defective insulin secretion as 
well as defective insulin action.  

Insulin resistance in the peripheral tissue could maybe have been preferable to measure 
instead of C-peptide levels. This could have been done by analysis of p-glucose and p-
insulin in fasting samples for estimation of HOMA (homeostasis model assessment) index 
(178).  

Key points in Paper 1, Paper II and Paper III 

Women who have had GDM and autoantibodies during their pregnancy should be offered 
a structured programme for follow-up during several years postpartum, since the 
progression to manifest diabetes in this group of women, is higher than in other risk groups. 
We further recommend that GAD analyses should be performed in all women with GDM, 
since a frequency of 5-8% is not negligible and the risk for type 1 diabetes is at least 50% 
among women with autoantibodies during GDM. By adding ZnT8, the number of 
autoantibody-positive patients increased to 10%. Commercial GADA ELISAs are easy to 
obtain and manage, and the cost is relatively low.  
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Paper IV 

In this study, children born to women with GDM during pregnancy, and their siblings 
born after non-GDM pregnancies were studied. Height, weight and BMI were compared 
to Swedish age-specific reference values. Strengths of this investigation were that there is a 
general screening for GDM in the district of Lund in Sweden, which gives a representative 
sample of women. The children were followed from birth up to 12 years of age, which is a 
long time for this kind of study. Since the data regarding height and weight of the children 
was measured in Health Care Centres and at schools, the validity was considered to be high. 
Swedish reference values, which were used as comparisons in this study, are based on a large 
representative sample of the population. 

We also collected present height and weight data from the mothers and fathers, which is 
important when considering environmental influence of life style and dietary habits in the 
family. 

Among children born after a GDM pregnancy, there was a significant difference in BMI 
compared to Swedish reference values. For boys, the BMI was higher at ages 7-10 and for 
girls at birth and ages 4-12 compared to Swedish reference values.  

When separating measurements of height and weight, we could observe a discrepancy in 
the relation between the rates of longitudinal increase. Height increased significantly faster 
than weight in girls, and non-significantly in boys during the first years of life in the group 
where the mother had GDM during at least one of her pregnancies. This leads to a BMI 
equal or below normal in offspring younger than four years of age, despite a larger increase 
of both weight and height compared to Swedish reference values.  

We included only children born 1995-2000, because we did not have a general OGTT 
screening among pregnant women before 1995. There have been studies where the children 
have been followed for a longer period of time and in a Danish follow-up study the offspring 
were between 18-27 years old. Their mothers had either diet only treated GDM or type 1 
diabetes during their pregnancy. Risk of overweight was doubled in offspring of women 
with diet only treated GDM and the risk of the metabolic syndrome was increased 4-fold 
compared to the background population (179). This suggests that overweight and obesity 
among children born to women with a prior GDM will continue through adulthood. 

Even if the relationship between maternal GDM and overweight and obesity among their 
children previously has been investigated (180-186), there is still no consensus concerning 
postnatal care and follow-up of these families. In our study, a large proportion of the 
children developed overweight and obesity. Previous studies have shown a higher frequency 
of overweight in offspring of mothers with a prior GDM in populations with both high 
(109) and low risk of GDM (187), even if some studies have shown only modest (188) or 
no association (189). High birth weight and future weight development can not only be 
explained by hyperglycaemia during pregnancy with diabetes as tight metabolic control 
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during pregnancy still can lead to foetal macrosomia (76, 190-192). One also has to 
remember that during GDM the hyperglycaemia often is not that severe (118, 193). In a 
randomized controlled trial from the Australian Carbohydrate Intolerance Study in 
Pregnant Women (ACHOIS), comparing routine care to an intervention group in mild 
GDM, 199 mothers participated. The effect of GDM on the BMI of the children at ages 
4 to 5 years was studied, and the result showed no significant difference in BMI between 
the two groups (194). 

Maternal overweight and obesity are important risk factors for GDM and can per se lead 
to overweight among the offspring (119, 120, 195-197). But the first median BMI during 
the 110 women’s GDM pregnancy in our study was normal, 24.8 (17.6-48.9 n=95).  

To investigate other factors that could play a role in the association between GDM and 
offspring overweight, we collected data on height and weight of siblings, born after non-
GDM pregnancies. Since most women only had one child during this period, the siblings 
formed a separate group for comparison, so that the whole material could be used. Our 
results showed that the same growth pattern was found in siblings born after non-GDM 
pregnancies, which suggests the importance of environmental influence such as life style 
and dietary habits in the family as risk factors for overweight and obesity. However, the 
influence of genetic factors was not tested in this study. This could have been important 
information, since the genetic heritability of individual BMI has been shown to be around 
70% (198).  

BMI is often presented in centiles, meaning that the reached BMI value is given for a 
determined percent of children, which will exclude the effect of outliers and non-parametric 
distribution. The latest BMI centile curves for Swedish children were published in 2000 
(133). 

BMI is also often presented with Z-score. Z-score is of interest to assess if an individual 
subject is normal for his/her age by a quantification of how far from average the measured 
value is and is based on the following calculation: ((measured value-average value in the 
reference population)/standard deviation in the reference population). A Z-score from -1 
to 1 will include 67% of the reference population (=1 SD), while a Z-score from -2 to 2 
will include 95% (=2 SD).   

BMI values at birth are normally distributed but later on BMI show a positive skewed 
distribution over age, due to the fact that overweight is more common than underweight. 
The median values for BMI will therefore be smaller than the mean values. With the 
statistic Box transformation it is possible to force a non-parametric curve into a normal 
distribution using the formula Y=(Xβ-1)/β (134).  

Karlberg et al has constructed a formula for the beta value, giving the best fitting normal 
curve for BMI, by a third degree polynomial logarithm (β=0.031179-
0.289503*Age+0.008617*Age2+0.000221*Age3) for boys and (β=0.10848-0.563978*Age-
0.052448*Age2-0.00143*Age3) for girls. After Box transformation the smoothed mean and 
SD can be calculated before transformed back to the original scale (134). 
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Transformed BMI values are useful when individual children are compared to reference 
values. In our study we have compared groups of children and the transformation is 
therefore not that important, since the positive skewness will be present in both groups.  

To further investigate the environmental influence on the children’s growth patterns, 
height and weight of the mothers and fathers were collected at follow-up. The data from 
the parents was self-reported and therefore of lower validity, but more likely to be 
underestimated than the reverse. We found that median BMI was 25.4 (18.3-59.5 n=105) 
for the mothers and 26.5 (18.6-38.1 n=90) for the fathers which both are over the limit for 
overweight (135). Several studies have shown associations between the BMI of parents and 
the BMI of their children (199, 200). 

Key points in Paper IV 

Children born to mothers with GDM have a higher risk for overweight and obesity. BMI 
for boys was higher at 7-10 years of age and for girls at birth and 4-12 years of age compared 
to Swedish reference values. Similar BMI pattern was found in their siblings born after a 
non-GDM pregnancy. Present BMI of the mothers and fathers also showed a high 
frequency of overweight and obesity. These findings suggest that life style habits in the 
families rather than only prepregnancy BMI and/or the intrauterine environment that 
causes overweight and obesity in the offspring. However, a shared genetic predisposition to 
large body size cannot be ruled out. 
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Conclusions 

 Between 5-8% of all women with GDM have beta-cell specific autoantibodies 
during their pregnancy and at least 50% of these women develop type 1 diabetes 
later in life. GAD was the most frequent autoantibody and GAD analyses should 
therefore be performed in all women with GDM. 

 
 When adding ZnT8A as an autoimmune marker in GDM, the number of 

autoantibody positive women increased by 2%.  
 
 C-peptide analyses did not add any valuable information to women with GDM 

for development of either for type 1 or type 2 diabetes, and should therefore not 
be undertaken by routine.  

 
 Children to women with a prior GDM have a high risk for overweight and 

obesity. This is thought to be due to life style habits in the family rather than 
prenatal factors, even if genetic factors could not be tested in this study. The 
similar BMI pattern was found in siblings and strongly suggests that 
environmental factors are of importance. Early life style intervention is very 
important in these families to prevent manifest overweight and obesity among 
these children.  
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Future research 

It would be of great interest to perform a new follow-up in five years of time of the women 
with autoantibodies during their pregnancy, to investigate if more women had developed 
type 1 diabetes. The data for how many of the ZnT8A positive women that developed 
manifest type 1 diabetes after their GDM pregnancy are under working progress, but the 
calculations are not finalised yet. The medical journals of women with GDM between 
1995-2010 have been thoroughly examined and we are planning new study designs from 
this material. We are also planning to collect data on the height and weight of children 
born to mothers with prior GDM after 2000. 
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Svensk sammanfattning 

Graviditetsdiabetes är diabetes som uppkommer eller först upptäcks under en graviditet. 
Mellan 1-14 % av alla gravida kvinnor runt om i världen drabbas av graviditetsdiabetes och 
i Sverige är det ungefär 2 %. I Sverige behandlas graviditetsdiabetes med kostråd och om 
detta inte räcker lägger man till insulinbehandling. Kända riskfaktorer för att utveckla 
graviditetsdiabetes är övervikt och fetma, som är växande problem runt om i världen. Fetma 
och övervikt åtföljs även av en rad hälsoproblem, som ökad risk för hjärt- och 
kärlsjukdomar. Graviditetsdiabetes ökar även risken för att föda stora barn, kejsarsnitt samt 
förlossningsskador. Det finns dock inte så många studier som är gjorda på långtidsprognos 
samt eventuella framtida risker för barn vars mammor haft graviditetsdiabetes. 

Kvinnor som haft graviditetsdiabetes löper även ökad risk att utveckla diabetes efter sin 
graviditet. Det vanligaste är att utveckla typ 2 diabetes, som kan bero på att förmågan att 
producera insulin är nedsatt och/eller att känsligheten för insulin i muskel- och fettceller är 
nedsatt. I första hand behandlas typ 2 diabetes med kostråd, motion, viktnedgång samt 
tabletter men ibland behövs även tillägg av insulinbehandling.  

Det finns även kvinnor som haft graviditetsdiabetes och som utvecklar typ 1 diabetes 
istället. Typ 1 diabetes är en autoimmun sjukdom, vilket innebär att man tror att kroppens 
eget immunsystem har rubbats så att det angriper och förstör de insulinproducerande 
cellerna i bukspottkörteln. Det beror på att det bildas s.k. antikroppar mot dessa celler vilket 
gör att immunförsvaret attackerar de insulinproducerande cellerna. Man kan mäta nivåerna 
av dessa antikroppar med blodprover, och det finns flera olika sorters antikroppar vid typ 
1 diabetes. Man vet fortfarande inte vad som sätter igång denna process som leder till att 
kroppen inte längre kan tillverka sitt eget insulin. Bristen på insulin leder i sin tur till att 
sockret stannar kvar i blodet och blodsockernivån stiger. Typ 1 diabetes behandlas alltid 
med insulin. För att mäta hur mycket egen insulinproduktion man har kvar i kroppen 
används C-peptid, som är en biprodukt från insulin. 
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Studiedesign 

Alla kvinnor i Lunds sjukvårdsdistrikt genomgår en 2-timmars glukosbelastning under 
vecka 28 av sin graviditet som screening för graviditetsdiabetes. De som har haft 
graviditetsdiabetes tidigare eller har ärftlighet för diabetes genomgår glukosbelastningen 
redan under vecka 12 av sin graviditet. Kvinnorna kommer fastande till sin 
mödravårdscentral och får dricka en lösning med 75 gram glukos och efter två timmar mäts 
deras blodsocker i fingret. Ett blodsocker på ≥10,0 mmol/l räknas som graviditetsdiabetes. 
De kvinnor som haft graviditetsdiabetes mellan åren 1995-2010 samt deras barn är 
studerade i denna avhandling. 

Metod 

Denna avhandling består av fyra delarbeten: 

I Arbete I-III undersöktes kvinnor som haft graviditetsdiabetes mellan 1995-2010. Syftet 
var att se hur många av dessa kvinnor som haft antikroppar mot de insulinproducerande 
cellerna i bukspottskörteln under sin graviditet. De antikroppar som undersöktes i dessa 
studier heter GADA, IA-2A samt ZnT8A. Därefter följdes dessa kvinnor för att se hur 
många som faktiskt utvecklade typ 1 diabetes efter sin graviditet. Betydelsen av C-peptid 
nivån hos kvinnor med graviditetsdiabetes för att senare utveckla diabetes undersöktes 
också.  

I Arbete IV undersöktes barnen till kvinnor som haft graviditetsdiabetes mellan 1995-2000. 
Deras längd- och viktkurvor samlades in från BVC och skolor. Syftet var att jämföra deras 
body mass index (BMI=kg/m2) med Sveriges referensvärden för pojkar och flickor i samma 
åldrar samt mot BMI hos deras syskon, födda efter en normal graviditet. Åldrarna som 
studerades var från födseln upp till 12 års ålder.  

Resultat 

I Arbete I-III var det mellan 5-8 % av alla kvinnor med graviditetsdiabetes som hade 
antikropparna GADA och IA-2A under sin graviditet. Av dessa kvinnor som haft 
antikroppar under sin graviditetsdiabetes utvecklade 50 % typ 1 diabetes senare i livet. 
Dessutom var det många som hade förhöjda blodsockervärden efter sin graviditet, och en 
del som även hade graviditetsdiabetes vid nästa graviditet. När även förekomst av 
antikroppen ZnT8A undersöktes, var ytterligare 2 % av kvinnorna med graviditetsdiabetes 
positiva för denna antikropp. Den vanligast förekommande antikroppen var dock GADA. 
C-peptid nivåerna hos kvinnorna med graviditetsdiabetes hade ingen betydelse för 
utveckling av vare sig typ 1 eller typ 2 diabetes efter graviditeten. 
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I Arbete IV var BMI hos pojkar vars mamma haft graviditetsdiabetes högre vid ålder 7-10 
år jämfört med Sveriges referensvärden. För flickor var BMI högre vid födseln samt ålder 
4-12 år jämfört med Sveriges referensvärden. Samma BMI mönster fanns hos deras syskon 
födda efter en normal graviditet. 

Slutsats 

Arbete I-III: Kvinnor som haft graviditetsdiabetes löper en ökad risk att utveckla typ 1 
diabetes (minst 50 %) om de haft antikroppar under sin graviditet. GADA analyser bör 
göras på alla kvinnor med graviditetsdiabetes, och det är därför viktigt att följa kvinnor som 
haft antikroppar för att tidigt upptäcka typ 1 diabetes. 

Arbete IV: Barn till kvinnor som haft graviditetsdiabetes löper en ökad risk att utveckla 
övervikt och fetma. Detta tros i första hand bero på livsstilsfaktorer, eftersom deras syskon 
födda efter en normal graviditet hade samma BMI mönster. Därför är det viktigt att följa 
dessa familjer och tidigt ge livsstilsråd avseende kost och fysisk aktivitet, för att förhindra 
uppkomst av övervikt och fetma. 

  



64 

  



65 

Acknowledgements 

I wish to express my sincere appreciation to all those who, in one way or another, have 
contributed to this thesis, especially the following people: 

First, my main supervisor Professor Mona Landin-Olsson for everything you have done for 
me. You are the unique combination of brilliant scientist and enthusiastic supervisor. You 
have been my most important role model through my medical career and you are a true 
friend. I would not have accomplished this thesis without you.  

I would also like to express my gratitude to my co-supervisors, Annelie Carlsson and Helena 
Strevens, for your help, encouragement and scientific guidance. 

My co-author, Magnus Hillman, for your great scientific and statistical advices. 

My other co-authors, Dag Ursing, Carina Törn, Anders Åberg and Jonatan Dereke, for your 
contribution to this thesis. 

Birgitte Ekholm, for skilful technical assistance with laboratory analysis.  

Margit Bergström, Bertil Nilsson, Fredrik Nilsson, Eva Bergqvist, Agneta Dalquist, Margaretha 
Larsson, Carina Pedersen, Eva Cronsie and Karin Salomon for skilful assistance. 

Head of the Department of Paediatrics Jan Neiderud, my supervisor Charlotte Ekelund and 
my “extra” supervisor Lisen Ignell, all at the Department of Paediatrics, Helsingborg 
Hospital, for your support and for understanding the importance of science. You are great 
role models to me. 

All my colleagues and friends at the Department of Paediatrics, Helsingborg Hospital, for 
making me feel like I have the best work in the world. 

Everyone at the Department of Endocrinology, Skåne University Hospital, Lund. 

My wonderful parents, Gunilla and Rolf, for always believing in me and encouraging me to 
follow my dreams. I could not have wished for better parents. 

My dear brother Magnus, for all the happy memories we have shared growing up. 

All my friends, for the joyful times we spent together through the years.  

Finally, Martin, for your love and support. My life would not be the same without you. 

 



66 

Financial support 
The research presented in this thesis was supported by grants from the Foundation of 
Region Skåne, the Thelma Zoégas Foundation, the Crafoord Foundation, the Stig Almén’s 
Foundation and Lund University Faculty of Medicine.  



67 

References 

1. American Diabetes Association. Diagnosis and classification of diabetes mellitus. 
Diabetes Care 2012;35(Suppl 1):64–71 

2. King KM, Rubin G. A history of diabetes: from antiquity to discovering insulin. 
Brit J Nurs 2003;12:1091-1095 

3. Sanders LJ. From Thebes to Toronto and the 21st Century: an incredible journey. 
Diabetes Spectrum 2002;15:56-60 

4. Barthold SW. Introduction: unsung heroes in the battle against diabetes. ILAR 
journal 2004;45:227-230 

5. Papaspyros NS. The History of Diabetes Mellitus. London: Robert Stockwell Ltd 
1952 

6. Jolles S. Paul Langerhans. J Clin Pathol 2002;55:243 
7. Laguesse GE. Sur la formation des îlots de Langerhans dans le pancréas. C R 

Séances Mem Soc Biol 1893;45:819–820 
8. Goet JP. Gustave Edouard Laguesse; his demonstration of the significance of the 

Islands of Langerhans. Diabetes 1953;2:322-324 
9. Banting FG, Best CH, Collip JB, Campbell WR, Fletcher AA. Pancreatic extracts 

in the treatment of diabetes mellitus: preliminary report 1922. CMAJ 
1991;145:1281–1286 

10. Bennewitz HG. De diabete mellito, graviditatis symptomate (diabetes mellitus: a 
symptom of pregnancy). Inaugural Dissertation in Medicine, Berlin 1824 

11. Hurwitz D, Jensen DN. Carbohydrate Metabolism in Normal Pregnancy. Engl J 
Med 1946;234:327-329 

12. Jackson WP. Studies in pre-diabetes. Br Med J 1952;2:690-696 
13. Miller H. The effect of the prediabetic state on the survival of the foetus and the 

birth weight of the newborn infant. N Engl J Med 1945;223:376-378 
14. Hoet JP. Carbohydrate metabolism in pregnancy (translated from the French by 

F.D.W. Lukens). Diabetes 1954;3:1–12 
15. O'Sullivan JB, Mahan CM. Criteria for the oral glucose tolerance test in 

pregnancy. Diabetes 1964;13:278-285 
16. Mestman JH, Anderson GU, Barton P. Carbohydrate metabolism in pregnancy. 

Am J Obstet Gynecol 1971;109:41-45 



68 

17. Gabbe SG. The gestational diabetes mellitus conferences. Three are history: focus 
on the fourth. Diabetes Care 1998;21(Suppl 2):B1-2 

18. Bottazzo GF, Florin-Christensen A, Doniach D. Islet-cell antibodies in diabetes 
mellitus with autoimmune polyendocrine deficiencies. Lancet 1974;30:1279-1283 

19. Lendrum R, Walker G, Cudworth AG, Theophanides C, Pyke DA, Bloom A, 
Gamble DR. Islet cell antibodies in diabetes mellitus. Lancet 1976;2:1273-1276 

20. Landin-Olsson M, Sundkvist G, Lernmark Å. Prolonged incubation in the 
twocolour immunofluorescene test increases the prevalence and titres of islet cell 
antibodies in type 1 (insulin-dependent) diabetes mellitus. Diabetologia 
1987;30:327–332 

21. Verge CF, Howard NJ, Rowley MJ, Mackay IR, Zimmet PZ, Egan M et al. Anti-
glutamate decarboxylase and other antibodies at the onset of childhood IDDM: a 
population-based study. Diabetologia 1994;37:1113-1120 

22. Borg H, Marcus C, Sjöblad S, Fernlund P, Sundkvist G. Insulin autoantibodies 
are of less value compared with islet antibodies in the clinical diagnosis of 
autoimmune type 1 diabetes in children older than 3 yr of age. Pediatric Diabetes 
2002;3:149-154 

23. Kulmala P, Rahko J, Savola K, Vähäsalo P, Sjöroos M, Reunanen A et al. Beta-cell 
autoimmunity, genetic susceptibility, and progression to type 1 diabetes in 
unaffected schoolchildren. Diabetes Care 2001;24:171-173 

24. Strebelow M, Schlosser M, Ziegler B, Rjasanowski I, Ziegler M. Karlsburg Type I 
diabetes risk study of a general population: frequencies and interactions of the four 
major Type I diabetes-associated autoantibodies studied in 9419 schoolchildren. 
Diabetologia 1999;42:661-670 

25. Palmer JP, Asplin CM, Clemons P, Lyen K, Tatpati O, Raghu PK et al. Insulin 
antibodies in insulin-dependent diabetics before insulin treatment. Science 
1983;222:1337-1339 

26. Vardi P, Ziegler AG, Mathews JH, Dib S, Keller RJ, Ricker AT et al. 
Concentration of insulin autoantibodies at onset of type I diabetes. Inverse log-
linear correlation with age. Diabetes Care 1988;11:736-739 

27. Baekkeskov S, Aanstoot HJ, Christgau S, Reetz A, Solimena M, Cascalho M et al. 
Identification of the 64K autoantigen in insulin-dependent diabetes as the GABA-
synthesizing enzyme glutamic acid decarboxylase. Nature 1990;347:151-156 

28. Bu DF, Erlander MG, Hitz BC, Tillakaratne NJ, Kaufman DL, Wagner-
McPherson CB et al. Two human glutamate decarboxylase, 65-kDa GAD and 67-
kDa GAD. Are each encoded by a single gen. Proc Natl Acad Sci USA 
1992;89:2115-2119 



69 

29. Karlsen AE, Hagopian W, Grubin CE, Dube S, Disteche CM, Adler DA et al. 
Cloning and primary structure of a human islet isoform of glutamic acid 
decarboxylase from chromosome 10. Proc Natl Acad Sci USA 1991:88:8337-8341 

30. Lan MS, Lu J, Goto Y, Notkins AL. Molecular cloning and identification of a 
receptor-type protein tyrosine phosphatase, IA-2, from human insulinoma. DNA 
Cell Biol 1994;13:505-514 

31. Bonifacio E, Lampasona V, Bingley PJ. IA-2 (islet cell antigen 512) is the primary 
target of humoral autoimmunity against type 1 diabetes-associated tyrosine 
phosphatase autoantigens. J Immunol 1998;161:2648-2654 

32. Wenzlau JM, Juhl K, YU L, Moua O, Sarkar SA, Gottlieb P et al. The caution 
efflux transporter ZnT8 (Slc30A8) is a major autoantigen in human type 1 
diabetes. Proceedings of the National Academy of Sciences 2007;104:17040–
17045 

33.  Chimienti F, Devergnas S, Favier A, Seve M. Identification and cloning of a beta-
cell-specific zinc transporter, ZnT-8, localized into insulin secretory granules. 
Diabetes 2004;53:2330–2337 

34.  Gyulkhandanyan AV, Lu H, Lee SC, Bhattacharjee A, Wijesekara N, Fox JEM, et 
al. Investigation of transport mechanisms and regulation of intracellular Zn2+ in 
pancreatic alpha-cells. J Biol Chem 2008;283:10184–10197 

35.  Overbeck S, Uciechowski P, Ackland ML, Ford D, Rink L. Intracellular zinc 
homeostasis in leukocyte subsets is regulated by different expression of zinc 
exporters ZnT-1 to ZnT-9. J Leukoc Biol 2008;83:368–380 

36. Lampasona V, Petrone A, Tiberti C, Capizzi M, Spoletini M, di Pietro S, et al. 
Zinc Transporter 8 Antibodies Complement GAD and IA-2 Antibodies in the 
Identification and Characterization of Adult-Onset Autoimmune Diabetes Non-
Insulin Requiring Autoimmune Diabetes (NIRAD) 4. Diabetes Care 
2010;33:104–108 

37. Steiner DF, Oyer PE. The biosynthesis of insulin and a probable precursor of 
insulin by a human islet cell adenoma. Proc Natl Acad Sci U S A 1967;57:473-
480 

38. Steiner DF. The proinsulin C-peptide- a multirole model. Experimental Diab Res 
2004;5:4-17 

39. Pihoker C, Gilliam LK, Hampe CS, Lernmark A. Autoantibodies in diabetes. 
Diabetes 2005;54(Suppl 2):52-61 

40. Polonsky KS, Rubenstein AH. C-peptide as a measure of the secretion and hepatic 
extraction of insulin, pitfalls and limitations. Diabetes 1984;33:486-494 

  



70 

41. World Health Organization: Definition, Diagnosis and Classification of Diabetes 
Mellitus and its Complications: Report of a WHO Consultation.Part 1: Diagnosis 
and Classification of Diabetes Mellitus. Geneva, World Health Org 1999 

42. Karjalainen J, Salmela P, Ilonen J, Surcel HM, Knip M. Comparison of childhood 
diabetes and adult type 1 diabetes mellitus. N Engl J Med 1989;320:881-886 

43. Haller MJ, Atkinson MA, Schatz D. Type 1 diabetes mellitus: etiology, 
presentation, and management. Pediatr Clin North Am 2005;52:1553-1578 

44. Breuning MH, van den Berg-Loonen EM, Bernini LF, Bijlsma JB, van Loghem E, 
Meera Khan P et al. Localization of HLA on the short arm of chromosome 6. Hum 
Genet 1977;37:131-139 

45. She JX. Susceptibility to type I diabetes: HLA-DQ and DR revisited. Immunol 
Today 1996;17:323-329 

46. Neu A, Willasch A, Ehehalt S, Hub R, Ranke MB; DIARY Group Baden-
Wuerttemberg. Ketoacidosis at onset of type 1 diabetes mellitus in children--
frequency and clinical presentation. Pediatric Diabetes 2003;4:77–81 

47. Macintosh MC, Fleming KM, Bailey JA, Doyle P, Modder J, Acolet D et al. 
Perinatal mortality and congenital anomalies in babies of women with type 1 or 
type 2 diabetes in England, Wales, and Northern Ireland: population based study. 
BMJ 2006;333:177 

48. Evers IM, de Valk HW, Visser GH. Risk of complications of pregnancy in women 
with type 1 diabetes: nationwide prospective study in the Netherlands. BMJ 
2004;328:915 

49. Griffin SJ, Little PS, Hales CN, Kinmonth AL, Wareham NJ. Diabetes risk score: 
towards earlier detection of type 2 diabetes in general practice. Diabetes Metab Res 
Rev 2000;16:164-171 

50. Palitzsch D, Bührlen M. Prevention of type 2 diabetes mellitus. MMW Fortschr 
Med 2012;154:45-48 

51. Tuomilehto J, Lindström J, Eriksson JG, Valle TT, Hämäläinen H, Ilanne-Parikka 
P et al. Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects 
with impaired glucose tolerance. N Engl J Med 2001;344:1343–1350 

52. Dunne F, Brydon P, Smith K, Gee H. Pregnancy in women with type 2 diabetes: 
12 years outcome data 1990-2002. Diabet Med 2003;30:734-738 

53. 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 

54. Balsells M, García-Patterson A, Gich I, Corcoy R. Maternal and fetal outcome in 
women with type 2 versus type 1 diabetes mellitus: a systematic review and 
metaanalysis. J Clin Endocrinol Metab 2009;94:4284–4291 



71 

55. Clausen TD, Mathiesen E, Ekbom P, Hellmuth E, Mandrup-Poulsen T, Damm 
P. Poor pregnancy outcome in women with type 2 diabetes. Diabetes Care 
2005;28:323–328 

56. Metzger BE. Summary and recommendations of the third International Workshop 
Conference on Gestational Diabetes Mellitus. Diabetets 1991;40(Suppl 2):197-
201 

57. American Diabetes Association. Diagnosis and classification of diabetes mellitus. 
Diabetes Care 2008;31(Suppl 1):55-60 

58. Åberg A, Rydström H, Frid A. Impaired glucose tolerance associated with adverse 
pregnancy outcome: a population-based study in southern Sweden. Am J Obstet 
Gynecol 2001;184:77-83 

59. Hunt KJ, Schuller KL. The increasing prevalence of diabetes in pregnancy. Obstet 
Gynecol Clin North Am 2007;34:173-199 

60. Kim C, Newton KM, Knopp RH. Gestational diabetes and the incidence of type 
2 diabetes: a systematic review. Diabetes Care 2002;25:1862-1868 

61. Järvelä IY, Juutinen J, Koskela P, Hartikainen AL, Kulmala P, Knip M. Gestational 
diabetes identifies women at risk for permanent type 1 and type 2 diabetes in fertile 
age: predictive role of autoantibodies. Diabetes Care 2006;29:607-612 

62. Wild S, Roglic G, Green A, Sicree R, King H. Global Prevalence of Diabetes: 
Estimates for the year 2000 and projections for 2030. Diabetes Care 
2004;27:1047-1053 

63. International Diabetes Federation: IDF Diabetes Atlas, 5th edition 2011 
64. Knip M, Veijola R, Virtanen SM, Hyöty H, Vaarala O, Akerblom HK. 

Environmental triggers and determinants of type 1 diabetes.  Diabetes 
2005;54(Suppl 2):125-136 

65. Podar T, Solntsev A, Karvonen M, Padaiga Z, Brigis G, Urbonaite B et al. 
Increasing incidence of childhood-onset type 1 diabetes in 3 Baltic countries and 
Finland 1983-1998. Diabetologia 2001;44(Suppl 3):17-20 

66. Dahlquist GG, Nyström L, Patterson CC; Swedish Childhood Diabetes Study 
Group. Incidence of type 1 diabetes in Sweden among individuals aged 0-34 years, 
1983-2007: an analysis of time trends. Diabetes Care 2011;34:1754-1759 

67. Karvonen M, Viik-Kajande M, Moltchanova E, Libman I, LaPorte R, Tuomilehto 
J. Incidence of Childhood Type 1 Diabetes Worldwide. Diabetes Care 
2000;23:1516–1526 

68. Borchers AT, Uibo R, Gershwin ME. The geoepidemiology of type 1 diabetes. 
Autoimmun Rev 2010;9:355–365 

69. Soltesz G, Patterson CC, Dahlquist G. EURODIAB Study Group. Worldwide 
childhood type 1 diabetes incidence – what can we learn from epidemiology? 
Pediatric Diabetes 2007;8(Suppl 6):6-14 



72 

70. Chan JC, Malik V, Jia W, Kadowaki T, Yajnik CS, Yoon KH, Hu FB. Diabetes 
in Asia: epidemiology, risk factors, and pathophysiology. JAMA 2009;301:2129-
2140 

71. Shetty P. Public health: India’s diabetes time bomb. Nature 2012;485:14-16 
72. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS et al. 

Prevalence of Obesity, Diabetes, and Obesity-Related Health Risk Factors, 2001. 
JAMA 2003;289:76-79  

73. The Swedish National Board of Health and Welfare. Folkhälsorapport 2009 
http://www.socialstyrelsen.se/ 

74. American Diabetes Association. Economic costs of diabetes in the US in 2002. 
Diabetes Care 2003;26:917-932 

75. World Health Organization: Definition and diagnosis of diabetes mellitus and 
intermediate hyperglycaemia. Report of a WHO/IDF consultation 2006 

76. Metzger BE, Lowe LP, Dyer AR, Trimble ER, Chaovarindr U, Coustan DR et al. 
Hyperglycemia and adverse pregnancy outcomes. HAPO Study Cooperative 
Research Group. N Engl J Med 2008;358:1991–2002 

77. Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA, Damm P et al. 
International association of diabetes and pregnancy study groups 
recommendations on the diagnosis and classification of hyperglycemia in 
pregnancy. International Association of Diabetes and Pregnancy Study Groups 
Consensus Panel. Diabetes Care 2010;33:676–682 

78. Lind T, Phillips PR. Influence of pregnancy on the 75-g OGTT. A prospective 
multicenter study. The Diabetic Pregnancy Study Group of the European 
Association for the Study of Diabetes. Diabetes 1991;40(Suppl 2):8-13 

79. Jensen DM, Damm P, Sørensen B, Mølsted-Pedersen L, Westergaard JG, 
Korsholm L et al. Proposed diagnostic thresholds for gestational diabetes mellitus 
according to a 75-g oral glucose tolerance test. Maternal and perinatal outcomes in 
3260 Danish women. Diabet Med 2003;20:51-57 

80. Agarwal M, Dhatt G, Punnose J, Koster G. Gestational diabetes: A reappraisal of 
HBA1c as a screening test. Acta Obstet Gynecol Scand 2005;84:1159–1163 

81. Mosca A, Paleari R, Dalfra MG, Di Cianni G, Cuccuru I, Pellegrini G et al. 
Reference intevals for Hemoglobin A1c in pregnancy women: Data from an Italian 
multicenter study. Clin Chemistry 2006;52:1138-1143 

82. Catalano PM, Tyzbir ED, Wolfe RR, Roman NM, Amini SB, Sims EA. 
Longitudinal changes in basal hepatic glucose production and suppression during 
insulin infusion in normal pregnant women. Am J Obstet Gynecol 1992;167:913-
919 

83. Herrera E, Amusquivar E. Lipid metabolism in the fetus and the newborn. 
Diabetes Metab Res Rew 2000;16:202-210 



73 

84. Jansson T, Wennergren M, Illsley NP. Glucose transporter protein expression in 
human placenta throughout gestation and in intrauterine growth retardation. J 
Clin Endocrinol Metab 1993;77:1554-1562 

85. Knopp Rh, Montes A, Childs M, Li JR, Mabuchi H. Metabolic adjustments in 
normal and diabetic pregnancy. Clin Obstet Gynecol 1981;24:21-49 

86. Kalhan S, Rossi K, Gruca I, Burkett F, O´Brien A. Glucose turnover and 
gluconeogenesis in human pregnancy. J Clin Invest 1997;100:1775-1781 

87. Goodner CJ, Freinkel N. Carbohydrate metabolism in pregnancy: the degradation 
of insulin by extracts of maternal and fetal structures in the pregnant rat. 
Endocrinology 1959;65:957-967 

88. Kalkhoff RK. Metabolic effects of progesterone. Am J Obstet Gynecol 
1982;142:735-738 

89. Ryan EA, Ennes L. Role of gestational hormones in the induction of insulin 
resistance. J Clin Endocrinol Metab 1988;67:341-347 

90. Costrini NV, Kalkhoff RK. Relative effect of pregnancy estradiol and progesterone 
on plasma insulin and pancreatic islet insulin secretion. J Clin Invest 1971;50:992-
999 

91. Metzger BE, Coustan DR. Summary and recommendations of the Fourth 
International Workshop Conference on Gestational Diabetes Mellitus. Diabetes 
Care 1998;21(Suppl 2):161-167 

92. Catalano PM, Tyzbir ED, Wolfie RR, Calles J, Roman NM, Amini SB et al. 
Carbohydrate metabolism during pregnancy in control subjects and women with 
gestational diabetes. Am J Physiol 1993;264:60-67 

93. Ryan EA, O´Sullivan MJ, Skyler JS. Insulin action during pregnancy: studies with 
the euglycemic clamp technique. Diabetes 1985;34-380-389 

94. Osler M, Pedersen J. The body composition of newborn infants of diabetic 
mothers. Pediatrics 1960;26:985-992 

95. Chase HP, Marlow RA, Dabiere CS, Welch NN. Hypoglycemia and brain 
development. Pediatrics 1973;52:513-520 

96. Kjos SL, Buchanan TA. Gestational Diabetes Mellitus. N Engl J Med 
1999;341:1749-1756  

97. Metzger BE, Cho NH, Roston SM, Radvany R. Prepregnancy weight and 
antepartum insulin secretion predict glucose tolerance five years after gestational 
diabetes mellitus. Diabetes Care 1993;16:1598-1605 

98. Löbner K, Knopff A, Baumgarten A, Mollenhauer U, Marienfeld S, Garrido-
Franco M et al. Predictors of postpartum diabetes in women with gestational 
diabetes mellitus. Diabetes 2006;55:792-797 

  



74 

99. Golden SH, Bennett WL, Baptist-Roberts K, Wilson LM, Barone B, Gary TL et 
al. Antepartum glucose tolerance test results as predictors of type 2 diabetes 
mellitus in women with a history of gestational diabetes mellitus: a systematic 
review. Gend Med 2009;6(Suppl 1):109-122 

100. Amos AF, McCarty DJ, Zimmet P. The rising global burden of diabetes and its 
complications: estimates and projections to the year 2010. Diabet Med 
1997;14(Suppl 5):1-85 

101. Beck-Nielsen H, Groop LC. Metabolic and genetic characterization of prediabetic 
states. Sequence of events leading to non-insulin dependent diabetes mellitus. J 
Clin Invest 1994;94:1714-1721 

102. Harris MI, Klein R, Welborn TA, Knuiman MW. Onset of NIDDM occurs at 
least 4-7 yr before clinical diagnosis. Diabetes Care 1992;15:815-819 

103. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker 
EA et al. Reduction in the incidence of type 2 diabetes with lifestyle intervention 
or metformin. N Engl J Med 2002;346:393-403 

104. Cordero L, Treuer SH, Landon MB, Gabbe SG. Management of infants of 
diabetic mothers. Arch Pediatr Adolesc Med 1998;152:249-254 

105. Cornblath M, Ichord R. Hypoglycemia in the neonate. Semin Perinatol 
2000;24:136-149 

106. Reece EA, Homko CJ. Infant of diabetic mother. Semin Perinatol 1994;18:459-
469 

107. Tsang RC, Kleinman LI, Sutherland JM, Light IJ. Hypocalcemia in infants of 
diabetic mothers. J Pediatr 1972;80:384-395 

108. Tsang RC, Strub R, Brown DR, Steichen J, Hartman C, Chen IW. Hypomagnesia 
in infants of diabetic mothers: perinatal studies. J Pediatr 1976;89:115-119 

109. Boney C, Verma A, Tucker R, Vohr B. Metabolic syndrome in childhood: 
association with birth weight, maternal obesity, and gestational diabetes mellitus. 
Pediatrics 2005;115:290-296 

110. Dabelea D, Mayer-Davis EJ, Lamichhane AP, D'Agostino RB, Angela D. Liese 
AD,  Vehik KS. Association of Intrauterine Exposure to Maternal Diabetes and 
Obesity with Type 2 Diabetes in Youth. The SEARCH Case-Control Study. 
Diabetes Care 2008:31:1422–1426 

111. Pettitt DJ, Bennett PH, Saad MF, Charles MA, Nelson RG, Knowler WC. 
Abnormal glucose tolerance during pregnancy in Pima Indian women. Long-term 
effects on offspring. Diabetes 1991;40(Suppl 2):126-130 

112. Dor N, Mosberg H, Stern W, Jagani N, Schulman H. Complications in fetal 
macrosmia. NY State J Med 1984;84:302-305 

113. Pildes RS. Infants of diabetic mothers. N Engl J Med 1973;289:902-904 



75 

114. Silverman BL, Rizzo TA, Green OC, Cho NH, Winter RJ, Ogata ES et al. Long-
term prospective evaluation of offspring of diabetic mothers. Diabetes 
1991;40(Suppl 2):121-125 

115. Pettitt DJ, Knowler WC, Bennett PH, Aleck KA, Baird HR. Obesity in offspring 
of diabetic Pima Indian women despite normal birth weight. Diabetes Care 
1987;10:76–80 

116. Pettitt DJ, Nelson RG, Saad MF, Bennett PH, Knowler WC. Diabetes and obesity 
in the offspring of Pima Indian women with diabetes during pregnancy. Diabetes 
Care 1993;16:310 –314 

117. Pettitt DJ, Bennett PH, Knowler WC, Baird HR, Aleck KA. Gestational diabetes 
mellitus and impaired glucose tolerance during pregnancy: long-term effects on 
obesity and glucose tolerance in the offspring. Diabetes 1985;34(Suppl 2):119-122 

118. Xiong X, Saunders LD, Wang FL, Demianczuk NN. Gestational diabetes mellitus: 
prevalence, risk factors, maternal and infant outcomes. Int J Gynaecol Obstet 
2001;75:221-228 

119. Catalano PM, Farrell K, Thomas A, Huston-Presley L, Mencin P, de Mouzon SH 
et al. Perinatal risk factors for childhood obesity and metabolic dysregulation. Am 
J Clin Nutr 2009;90:1303-1331 

120. Catalano PM, Ehrenberg HM. The short- and long-term implications of maternal 
obesity on the mother and her offspring. BJOG 2006;113:1126-1133 

121. Kim SY, England JL, Sharma JA, Njoroge T. Gestational diabetes mellitus and risk 
of childhood overweight and obesity in offspring: a systematic review. Exp 
Diabetes Res 2011;2011:541308 

122. Pettitt DJ, McKenna S, McLaughlin C, Patterson CC, Hadden DR, McCance 
DR. Maternal glucose at 28 weeks of gestation is not associated with obesity in 2-
year-old offspring: the Belfast Hyperglycemia and Adverse Pregnancy Outcome 
(HAPO) family study. Diabetes Care 2010;33:1219-1223 

123. Moore TR. Fetal exposure to gestational diabetes contributes to subsequent adult 
metabolic syndrome. Am J Obstet Gynecol 2010;202:643-649 

124. Lobstein T, Baur L, Uauy R. Obesity in children and young people; a crisis in 
public health. Obese Rev 2004;5(Suppl 1):4-104 

125. Lobstein T, Frelut ML. Prevalence of overweight among children in Europe. Obese 
Rev 2003;4:195-200 

126. Petersen S, Brulin C, Bergström E. Increasing prevalence of overweight in young 
schoolchildren in Umeå, Sweden, from 1986 to 2001. Acta Paediat 2003;92:848-
853 

127. International Obesity Task Force with the European Childhood Obesity Group. 
Obesity in Europe. IOTF: Copenhagen, 2002 
http://www.iotf.org/media/euobesity.pdf 



76 

128. Krassas GE, Tzotzas T, Tsametis C, Konstantinidis T. Prevalence and trends in 
overweight and obesity among children and adolescents in Thessaloniki, Greece. J 
Pediatr Endocrinol Metab 2001;14(Suppl.5):1319–1326 

129. Manios Y, Moschandreas J, Hatzis C, Kafatos A. Health and nutrition education 
in primary schools of Crete: changes in chronic disease risk factors following a 6-
year intervention programme. Br J Nutr 2002;88:315–324 

130. Dietz WH. Critical periods in childhood for the development of obesity. Am J 
Clin Nutr 1994;59:955–959 

131. Must A, Jacques PF, Dallel GE, Bajema CJ, Dietz WH. Long-term morbidity and 
mortality of overweight adolescents. New Engl J Med 1992;327:1350–1355 

132. Albertsson-Wikland K, Luo ZC, Niklasson A, Karlberg J. Swedish population-
based longitudinal reference values from birth to 18 years of age for height, weight 
and head circumference. Acta Paediatr 2002;91:739-754 

133. He Q, Albertsson-Wikland K, Karlberg J. Population-based body mass index 
reference values from Göteborg, Sweden: birth to 18 years of age. Acta Paediatr 
2000;89:582-592 

134. Karlberg J, Luo ZC, Albertsson-Wikland K. Body mass index reference values 
(mean and SD) for Swedish children. Acta Paediatr 2001;90:1427-1434 

135. World Health Organization. The challenge of obesity in the WHO European 
region and the strategies for response. Summary. Copenhagen, Denmark: World 
Health Organization Europe 2007 

136. Verge CF, Stenger D, Bonifacio E, Colman PG, Pilcher C, Bingley PJ, Eisenbarth 
GS. Combined use of autoantibodies (IA-2 autoantibody, GAD autoantibody, 
insulin autoantibody, cytoplasmic islet cell antibodies) in type 1 diabetes. Diabetes 
1998;47:1857–1866 

137. Grubin CE, Daniels T, Toivola B, Landin-Olsson M, Hagopian WA, Li L, Karlsen 
AE, Boel E. Michelsen B, Lernmark Å. A novel radioligand binding assay to 
determine diagnostic accuracy of isoform-specific glutamic acid decarboxylase 
antibodies in childhood IDDM. Diabetologia 1994;37:344-350 

138. Bingley PJ, Bonifacio E, Mueller PW. Diabetes Antibody Standardization 
Program: first assay proficiency evaluation. Diabetes 2003;52:1128-1136 

139. Gianani R, Rabin DU, Verge CF, Yu L, Babu SR, Pietropaolo M, Eisenbarth GS. 
ICA512 autoantibody radioassay. Diabetes 1995;44:1340-1344 

140. Ziegler AG, Hummel M, Schenker M, Bonifacio E. Autoantibody appearance and 
risk for the developmnt of childhood diabetes in offspring of parents with type 1 
diabetes: the 2-year analysis of the German BABYDIAB study. Diabetes 
1999;48:460-468 



77 

141. Gorsuch AN, Spencer KM, Lister J, Mc-Nally JM, Dean BM, Bottazzo GF, 
Gudworth AG. Evidence for a long prediabetic period in type 1 (insulin-
dependent) diabetes mellitus. Lancet 1981;2:1363–1365 

142. Damm P, Kühl C, Buschard K, Jakobsen BK, Svejgaard A, Sodoyez-Goffaux F, 
Shattock M, Bottazzo GF, Mølsted-Pedersen L. Prevalence and predictive value in 
women with gestational diabetes. Diabet Med 1994;11:558-563 

143. Ginsberg-Fellner F, Mark EM, Nechemias C, Hausknecht RU, Rubinstein P, 
Dobersen MJ et al. Islet cell antibodies in gestational diabetes. Lancet 1980;2:362-
363 

144. Petersen JS, Dyrberg T, Damm P, Kuhl C, Molsted-Petersen L, Buschard K. 
GAD65 autoantibodies in women with gestational or insulin-dependent diabetes 
mellitus diagnosed during pregnancy. Diabetologia 1996;39:1329-1333 

145. Panczel P, Kulkey O, Luczay A, Bornemisza B, Illyes G, Halmos T et al. Detection 
of antibodies against pancreatic islet cells in clinical practice. Orv Hetil 
1999;140:2695-2701 

146. Järvelä I, Juutinen J, Koskela P, Hartikainen AL, Kulmala P, Knip M et al. 
Gestational diabetes identifies women at risk for permanent type 1 and type 2 
diabetes in fertile age: predictive role of autoantibodies. Diabetes Care 
2006;29:607-612 

147. Ivarsson SA, Ackefors M, Carlsson A, Ekberg G, Falorni A, Kockum I et al. 
Glutamate decarboxylase antibodies in nondiabetic pregnancy precedes insulin-
dependent diabetes in the mother but not necessarily in the offspring. 
Autoimmunity 1997;26:261-269 

148. Murgia C, Orru M, Portoghese E, Garau N, Zedda P, Berria R et al. 
Autoimmunity in gestational diabetes mellitus in Sardinia: a preliminary case-
control report. Reprod Biol Endocrinol 2008;6:24-30 

149. Fallucca F, Di Mario U, Gargiulo P, Iavicoli M, Galfo C, Contreas G et al. 
Humoral immunity in diabetic pregnancy: interrelationships with 
maternal/neonatal complications and maternal metabolic control. Diabete Metab 
1985;11:387-395 

150. Catalano PM, Tyzbir ED, Sims EA. Incidence and significance of islet cell 
antibodies in women with previous gestational diabetes. Diabetes Care 
1990;13:478-482 

151. Steel JM, Irvine WJ, Clarke BF. The significance of pancreatic islet cell antibody 
and abnormal glucose tolerance during pregnancy. J Clin Lab Immunol 
1980;4:83-85 

  



78 

152. Mauricio D, Corcoy R, Codina M, Balsells M, Puig Domingo M, Pou JM et al. 
Islet cell antibodies identify a subset of gestational diabetic women with higher risk 
of developing diabetes mellitus shortly after pregnancy. Diabetes Nutr Metab 
1992;5:237-241 

153. Bartha JL, Martinez-del-Fresno P, Comino-Delgado R. Postpartum metabolism 
and autoantibody markers in women with gestational diabetes mellitus diagnosed 
in early pregnancy. Am J Obstet Gynecol 2001;184:965-970 

154. Albareda M, Caballero A, Badell G, Piquer S, Ortiz A, de Leiva A et al. Diabetes 
and abnormal glucose tolerance in women with previous gestational diabetes. 
Diabetes Care 2003;26:1199-1205 

155. Dozio N, Beretta A, Belloni C, Castiglioni M, Rosa S, Bosi E et al. Low prevalence 
of islet autoantibodies in patients with gestational diabetes mellitus. Diabetes Care 
1997;20:81-83 

156. Lapolla A, Fedele D, Pedini B, Dal Fra MG, Sanzari M, Masin M et al. Low 
frequency of autoantibodies to islet cell, glutamicacid decarboxylase and second-
islet antigen in patients with gestational diabetes mellitus: a follow-up study. Ann 
N Y Acad Sci 2002;958:263-266 

157. Bo S, Menato G, Pinach S, Signorile A, Bardelli C, Lezo A et al. Clinical 
characteristics and outcome of pregnancy in women with gestational 
hyperglycemia with and without antibodies to beta-cell antigens. Diabet Med 
2003;20:64-68 

158. Steel JM, Irvine WJ, Clarke BF. The significance of pancreatic islet cell antibody 
and abnormal glucose tolerance during pregnancy. J Clin Lab Immunol 
1980;4:83-85 

159. Whittingham S, Byron SL, Tuomilehto J, Zimmet PZ, Myers MA, Vidgren G et 
al. Autoantibodies associated with presymptomatic insulin-dependent diabetes 
mellitus in women. Diabet Med 1997;14:678-685 

160. Kinalski M, Kretowski A, Telejko B, Kowalska I, Bingley P, Kinalska I. Prevalence 
of ICA antibodies, anti-GAD and antylA-2 in women with gestational diabetes 
treated with diet. Przegl Lek 1999;56:342-346 

161. Mitchell ML, Hermos RJ, Larson CA, Palomaki GE, Haddow JE. Prevalence of 
GAD autoantibodies in women with gestational diabetes: a retrospective analysis. 
Diabetes Care 2000;23:1705-1706 

162. Kousta E, Lawrence NJ, Anyaoku V, Johnston DG, McCarthy MI. Prevalence and 
features of pancreatic islet cell autoimmunity in women with gestational diabetes 
from different ethnic groups. BJOG 2001;108:716-720 

163. Petersen JS, Dyrberg T, Damm P, Kuhl C, Molsted-Petersen L, Buschard K. 
GAD65 autoantibodies in women with gestational or insulin-dependent diabetes 
mellitus diagnosed during pregnanc. Diabetologia 1996;39:1329-1333 



79 

164. Beischer NA, Wein P, Sheedy MT, Mackay IR, Rowley MJ, Zimmet P. Prevalence 
of antibodies to glutamic acid decarboxylase in women who have had gestational 
diabetes. Am J Obstet Gynecol 1995;173:1563-1569 

165. Fuchtenbusch M, Ferber K, Standl E, Ziegler AG. Prediction of type 1 diabetes 
postpartum in patients with gestational diabetes mellitus by combined islet cell 
autoantibody screening: a prospective multicenter study. Diabetes 1997;46:1459-
1467 

166. Landin-Olsson M, Karlsson FA, Lernmark A, Sundkvist G. Islet cell and 
thyrogastric antibodies in 633 consecutive 15–34 year old patients in the Diabetes 
Incidence Study in Sweden (DISS). Diabetes 1993;41:1022–1027 

167. Lebovitz HE. Diabetic ketoacidosis. Lancet 1995;345:767-771 
168. Hamblin PS, Topliss DJ, Chosich N, Lording DW, Stockigt JR. Deaths associated 

with diabetic ketoacidosis and hyperosmolar coma. Med J Australia 
1989;151:439–444 

169. Keller U. Diabetic ketoacidosis: current views on pathogenesis and treatment. 
Diabetologia 1986;29:71-77 

170. De Grijse J, Asanghanwa M, Nouthe B, Albrecher N, Goubert P, Vermeulen I et 
al. Predictive power of screening for antibodies against insulinoma-associated 
protein 2 beta (IA-2b) and zinc transporter-8 to select first-degree relatives of type 
1 diabetic patients with risk of rapid progression to clinical onset of the disease: 
implications for prevention trials. Diabetologia 2010;53:517–524 

171. Gorus FK, Balti EV, Vermeulen I, Demeester S, Van Dalem A, Costa O et al. 
Screening for insulinoma antigen 2 and zinc transporter 8 autoantibodies: a cost-
effective and age-independent strategy to identify rapid progressors to clinical onset 
among relatives of type 1 diabetic patients. Clin Exp Immunol. 2013;171:82-90 

172. Long AE, Gooneratne AT, Rokni S, Williams AJ, Bingley PJ. The role of 
autoantibodies to zinc transporter 8 in prediction of type 1 diabetes in relatives: 
lessons from the European Nicotinamide Diabetes Intervention Trial (ENDIT) 
cohort. J Clin Endocrinol Metab 2012;97:632-637 

173. Andersson C, Vaziri-Sani F, Delli A, Lindblad B, Carlsson A, Forsander G et al. 
Triple specificity of ZnT8 autoantibodies in relation to HLA and other islet 
autoantibodies in childhood and adolescent type 1 diabetes. Pediatric Diabetes 
2012;10:[Epub ahead of print] 

174. Catalano PM, Tyzbir ED, Roman NM, Amini SB, Sims EA. Longitudinal changes 
in insulin resistance in non-obese pregnant women. Am J Obstet Gynecol 
1991;165:1667–1772 

175. Sivan E, Chen X, Homko CJ, Reece EA, Boden G. Longitudinal study of 
carbohydrate metabolism in healthy obese pregnant women. Diabetes Care 
1997;20:1470 –1475 



80 

176. Kautzky-Willer A, Prager R, Waldhausl W, Pacini G, Thomaseth K, Wagner OF 
et al. Pronounced insulin resistance and inadequate b-cell secretion characterize 
lean gestational diabetes during and after pregnancy. Diabetes Care 
1997;20:1717–1723 

177. Bowes SB, Hennessy TR, Umpleby AM, Benn JJ, Jackson NC, Boroujerdi MA et 
al. Measurement of glucose metabolism and insulin secretion during normal 
pregnancy and pregnancy complication by gestational diabetes. Diabetologia 
1996;39:976 –983 

178. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and beta-cell function from 
fasting plasma glucose and insulin concentrations in man. Diabetologia 
1985;28:412-419 

179. Clausen TD, Mathiesen ER, Hansen T, Pedersen O, Jensen DM, Lauenborg J et 
al. Overweight and the metabolic syndrome in adult offspring of women with diet-
treated gestational diabetes mellitus or type 1 diabetes. J Clin Endocrinol Metab 
2009;94:2464-2470 

180. Wroblewska-Seniuk K, Wender-Ozegowska E, Szczapa J. Long-term effects of 
diabetes during pregnancy on the offspring. Pediatric Diab 2009;10:432-440 

181. Hillier TA, Pedula KL, Schmidt MM, Mullen JA, Charles MA, Pettitt DJ. 
Childhood obesity and metabolic imprinting: the ongoing effects of maternal 
hyperglycemia. Diabetes Care 2007;30:2287–2292 

182. Boerschmann H, Pflüger M, Henneberger L, Ziegler AG, Hummel S. Prevalence 
and predictors of overweight and insulin resistance in offspring of mothers with 
gestational diabetes mellitus. Diabetes Care 2010;33:1845-1849 

183. Malee MP, Verma A, Messerlian G, Tucker R, Vohr BR. Association between 
maternal and child leptin levels 9 years after pregnancy complicated by gestational 
diabetes. Horm Metab Res 2002;34:212-216 

184. Wright CS, Rifas-Shiman SL, Rich-Edwards JW, Taveras EM, Gillman MW, 
Oken E. Intrauterine exposure to gestational diabetes, child adiposity, and blood 
pressure. Am J Hypertens 2009;22:215-220 

185. Lawlor DA, Fraser A, Lindsay RS, Ness A, Dabelea D, Catalano P et al. Association 
of existing diabetes, gestational diabetes and glycosuria in pregnancy with 
macrosomia and offspring body mass index, waist and fat mass in later childhood: 
findings from a prospective pregnancy cohort. Diabetologia 2010;53:89-97 

186. Tam WH, Ma RC, Yang X, Ko GT, Tong PC, Cockram CS et al. Glucose 
intolerance and cardiometabolic risk in children exposed to maternal gestational 
diabetes mellitus in utero. Pediatrics 2008;122:1229-1234 



81 

187. Malcolm JC, Lawson ML, Gaboury I, Lough G, Keely E. Glucose tolerance of 
offspring of mother with gestational diabetes mellitus in a low-risk population. 
Diabetes Med 2006;23:565-570 

188. Gillman MW, Rifas-Shiman S, Berkey CS, Field AE, Colditz GA. Maternal 
gestational diabetes, birth weight and adolescent obesity. Pediatrics 2003;11:221-
226 

189. Whitaker RC, Pepe MS, Seidel KD, Wright JA, Knopp RH. Gestational diabetes 
and the risk of offspring obesity. Pediatrics 1998;101:e9 

190. Evers IM, de Valk HW, Mol BW, ter Braak EW, Visser GH. Macrosomia despite 
good glycaemic control in Type I diabetic pregnancy; results of a nationwide study 
in The Netherlands. Diabetologia 2002;45:1484-1489 

191. Persson B, Hanson U. Fetal size at birth in relation to quality of blood glucose 
control in pregnancies complicated by pregestational diabetes mellitus. Br J Obstet 
Gynaecol 1996;103:427-433 

192. Johnstone FD, Mao JH, Steel JM, Prescott RJ, Hume R. Factors affecting fetal 
weight distribution in women with type I diabetes. BJOG 2000;107:1001-1006 

193. Casey BM, Lucas MJ, Mcintire DD, Leveno KJ. Pregnancy outcomes in women 
with gestational diabetes compared with the general obstetric population. Obstet 
Gynecol 1997;90:869-873 

194. Gillman M, Oakey H, Baghurst P, Volkmer R, Robinson J, Crowther C. Effect of 
treatment of gestational diabetes mellitus on obesity in the next generation. 
Diabetes Care 2010;33:964-968 

195. Chu SY, Callaghan WM, Kim SY, Schmid CH, Lau J, England LJ et al. Maternal 
obesity and risk of gestational diabetes mellitus. Diabetes Care 2007;30:2070-2076 

196. Olson CM, Strawderman MS, Dennison BA. Maternal weight gain during 
pregnancy and child weight at age 3 years. Matern Child Health J 2009;13:839-
46 

197. Whitaker RC. Predicting preschooler obesity at birth: the role of maternal obesity 
in early pregnancy. Pediatrics 2004;114:29-36 

198. Hewitt JK. The genetics of obesity: what have genetic studies told us about the 
environment? Behav Genet 1997;27:353–358 

199. Davey Smith G, Steer C, Leary S, Ness A. Is there an intrauterine influence on 
obesity? Evidence from parent child associations in the Avon Longitudinal Study 
of Parents and Children (ALSPAC). Arch Dis Child 2007;92:876–880 

200. Perez-Pastor EM, Metcalf BS, Hosking J, Jeffery AN, Voss LD, Wilkin TJ. 
Assortative weight gain in mother-daughter and father-son pairs: an emerging 
source of childhood obesity. Longitudinal study of trios (EarlyBird 43). Int J Obes 
2009;33:727-735 



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 64 to page 64
     Mask co-ordinates: Left bottom (33.59 27.65) Right top (76.39 69.14) points
      

        
     0
     33.5869 27.6528 76.3938 69.1425 
            
                
         64
         SubDoc
         64
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     63
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 60 to page 60
     Mask co-ordinates: Left bottom (36.88 26.34) Right top (80.35 69.14) points
      

        
     0
     36.8798 26.3356 80.3452 69.1425 
            
                
         60
         SubDoc
         60
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     59
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 58 to page 58
     Mask co-ordinates: Left bottom (32.93 28.97) Right top (75.74 70.46) points
      

        
     0
     32.9284 28.9699 75.7352 70.4596 
            
                
         58
         SubDoc
         58
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     57
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 50 to page 50
     Mask co-ordinates: Left bottom (36.88 29.63) Right top (81.66 62.56) points
      

        
     0
     36.8798 29.6284 81.6623 62.5568 
            
                
         50
         SubDoc
         50
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     49
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 28 to page 28
     Mask co-ordinates: Left bottom (33.59 33.58) Right top (73.10 63.22) points
      

        
     0
     33.5869 33.5799 73.101 63.2154 
            
                
         28
         SubDoc
         28
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     27
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (34.25 32.26) Right top (79.03 64.53) points
      

        
     0
     34.2455 32.2627 79.0281 64.5325 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 10 to page 10
     Mask co-ordinates: Left bottom (30.29 36.21) Right top (71.78 65.19) points
      

        
     0
     30.2941 36.2141 71.7838 65.1911 
            
                
         10
         SubDoc
         10
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     9
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (35.56 35.56) Right top (69.81 59.92) points
      

        
     0
     35.5626 35.5556 69.8081 59.9225 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 7 to page 7
     Mask co-ordinates: Left bottom (410.29 34.90) Right top (439.92 62.56) points
      

        
     0
     410.2874 34.897 439.9229 62.5568 
            
                
         7
         SubDoc
         7
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (34.25 32.26) Right top (71.78 72.44) points
      

        
     0
     34.2455 32.2627 71.7838 72.4353 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (409.63 29.63) Right top (439.92 63.87) points
      

        
     0
     409.6288 29.6284 439.9229 63.8739 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (35.56 24.36) Right top (73.10 63.87) points
      

        
     0
     35.5626 24.3599 73.101 63.8739 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (411.60 31.60) Right top (439.26 63.87) points
      

        
     0
     411.6045 31.6042 439.2643 63.8739 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 2 to page 2
     Mask co-ordinates: Left bottom (33.59 36.87) Right top (69.81 61.24) points
      

        
     0
     33.5869 36.8727 69.8081 61.2397 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (412.26 31.60) Right top (442.56 65.19) points
      

        
     0
     412.2631 31.6042 442.5572 65.1911 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     80
     81
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



