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Abstract
Type 1 diabetes (T1D) is a chronic disease caused by destruction of the insulin producing
beta-cells in the pancreas. The incidence of T1D has increased rapidly, especially in the
Western world and among young children. The pathogenesis of T1D is not fully understood,
but the beta-cells are believed to be destroyed by an autoimmune process initiated years
before the onset of T1D. During this pre-clinical period, autoantibodies to insulin (IAA),
glutamic acid decarboxylase (GADA) and the tyrosine phosphatase-like protein IA-2 (IA-2A)
can be detected and are used to identify individuals at risk of T1D. The major genetic
determinant for T1D is the HLA class II genes, but also polymorphism in the insulin gene and
CTLA-4 gene are associated with T1D. The risk genes cannot explain the rapid increase in
incidence of T1D, therefore a role for different environmental factors has been suggested.
The aim was to study the prevalence of beta-cell autoantibodies in children from the general
population in relation to known genetic and environmental risk factors, and in young patients
with T1D in high and low incidence areas.
Short duration of breast-feeding was associated with an increased risk of developing beta-cell
autoantibodies in children from the general population at 5-6 years of age. We found an
association between positivity for GADA and/or IAA at the age of 5-6 years and a short
duration of total breast-feeding, and also between positivity for GADA, IA-2A and/or IAA
and a short duration of exclusive breast-feeding. Our findings suggest that breast-feeding has
a long term protective effect on the risk of beta-cell autoimmunity in children from the
general population. The T1D related risk genes were not associated with beta-cell
autoantibodies other than GADA in children from the general population at 5-6 years of age.
Children with the DR4-DQ8 haplotype were more often positive for GADA than children
without this haplotype. We found no association of GADA with DR3-DQ2 haplotype or
between these two haplotypes and any of the other autoantibodies. Our results suggest that
beta-cell autoimmunity in children from the general population is not strongly associated with
any risk genes of T1D other than DR4-DQ8. In the non-diabetic children with allergic
heredity GADA was detectable in almost all children, IA-2A in about half and IAA in 10% of
the children. The levels low of these autoantibodies fluctuated with age and different patterns
of fluctuations were seen for GADA and IA-2A, which may reflect differences in the immune
response to the autoantigens. In patients with newly diagnosed T1D, we found some
differences between patients from a high incidence country (Sweden) and a country with a
lower incidence (Lithuania). Among the Swedish patients, the prevalence of IAA and GADA
or multiple autoantibodies was higher than in Lithuanian patients. The risk genes DR4-DQ8
and the heterozygous high risk combination DR4-DQ8/DR3-DQ2 was more common among
the Swedish patients than Lithuanian patients. Patients with low levels of IAA had higher
levels of HbA1c and ketones, indicating that patients without IAA or with low levels of IAA
have a more severe onset of T1D. Our findings indicate that beta-cell autoimmunity is more
pronounced in a high incidence area compared to an area with a lower incidence.
In conclusion, short duration of breast-feeding is a risk factor for beta-cell autoantibodies in
children from the general population, and the beta-cell autoantibodies in these children are not
associated with specific risk genes. Children with newly diagnosed T1D in a high incidence
area carry risk genes and have autoantibodies more often than newly diagnosed children from
an area with a lower incidence, perhaps indicating different disease phenotypes.
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History of type 1 diabetes
Insulin is produced in the beta-cells in pancreatic islets of Langerhans. The insulin is
needed for glucose to enter all cells and be used as a source of energy. An individual
with diabetes suffers from insulin deficiency and hence an increased blood glucose.
When blood glucose reaches a certain level, the kidneys are unable to retain the
glucose and some is secreted with the urine. This causes symptoms like increased
urine flow, increased thirst and weight loss. If not treated with insulin, the individual
will die of starvation since the body cannot make use of the glucose.
The first known record of diabetes is from an Egyptian physician in 1552 BC who
noted increased urine flow as the commonest symptom. An Indian physician used the
sweet taste of the urine to diagnose diabetes in 400 BC. The name “diabetes” is a
Greek word meaning to pass through and was first used around 250 BC. Later the
Latin word “mellitus” meaning “honey” was added to describe the sweet urine. Two
German physicians, Joseph Von Mering and Oskar Minkowski, discovered in 1889
that when they completely removed the pancreas of dogs, the dogs developed all the
signs and symptoms of diabetes and died shortly afterward. In 1921, Frederick Banting
and Charles Best repeated the work of Von Mering and Minkowski in the laboratory of
John Macleod. They also showed that they could reverse the induced diabetes in dogs
by giving them an extract from the pancreatic islets of Langerhans from healthy dogs.
A biochemist, James Collip, improved the purification of the pancreatic extract. In
1923, Banting and Macleod received the Nobel Prize in Physiology or Medicine for
the discovery and isolation of insulin. Banting later split his prize with Best and
Macleod with Collip.

Definition and diagnosis of diabetes
According to the World Health Organization (WHO), diabetes mellitus is defined as “a
metabolic disorder of multiple aetiology characterized by chronic hyperglycaemia with
disturbances of carbohydrate, fat and protein metabolism resulting from defects in
insulin secretion, insulin action, or both” (WHO, 1999).
Diabetes can be classified into four major groups, according to WHO:
Type 1 diabetes (formerly insulin-dependent diabetes mellitus; IDDM) include the
majority of cases due to pancreatic islet beta-cell destruction and are prone to
ketoacidosis. Both incidences where the beta-cell destruction is caused by an
autoimmune reaction or idiopathic cases are included. The process of beta-cell
destruction ultimately leads to requirement of exogenous insulin to prevent death.
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Type 1 diabetes (T1D) is usually characterised by markers of the autoimmune process,
autoantibodies against glutamic acid decarboxylase (GAD65), insulin, tyrosine
phosphatase-like protein IA-2 (IA-2) or islet cell proteins. The progression of disease
varies, often rapid in children and slower in adults. The slowly progressive form
among adults is sometimes referred to as latent autoimmune diabetes in adults
(LADA). The peak incidence occurs in childhood and adolescence, but it may occur at
any age. There is a genetic predisposition and environmental factors are also
important.
Type 2 diabetes (formerly non-insulin-dependent diabetes mellitus; NIDDM) is the
most common form of diabetes and includes cases where diabetes is due to defects in
insulin secretion and is often resistant to the action of insulin. The majority of the
patients with type 2 diabetes (T2D) are obese, and the obesity causes or aggravates the
insulin resistance. Exogenous insulin is usually not required for survival, at least
initially. The hyperglycaemia is usually not severe enough to provoke symptoms, but
increases the risk of long-term complications.
Gestational diabetes mellitus is defined as glucose intolerance first discovered during
a pregnancy.
Other specific forms of diabetes include genetic defects of beta-cell function seen in
maturity-onset diabetes of the young (MODY) and diseases of the exocrine pancreas.
The diagnosis of diabetes can be made from the symptoms among which increased
urine flow, increased thirst and weight loss are included. In severe cases, the
hyperglycaemia may cause ketoacidosis (WHO, 1999). When starving, the body
breaks down its own protein and fat using it as an energy source. To provide energy
for the brain, the liver makes ketone bodies (acetone and aceto-acetic acid), which are
acidic. In addition to decreasing the pH of the blood, the osmolarity also changes,
forcing water out of the cells to keep vital organs perfused and the result is
dehydration. If not treated, this will lead to coma and death. The diagnosis of diabetes
can not be made on hyperglycaemia alone, since this can be caused by for example,
infections. Children usually present the severe symptoms mentioned above and the
diagnosis of diabetes can be confirmed by a plasma glucose value of ≥12.2 mmol/l. In
the case of less severe symptoms, a fasting venous plasma glucose value of ≥7.0
mmol/l or ≥6.1 mmol/l in capillary blood are considered as diagnostic cut off values
for diabetes (WHO, 1999).
The long-term effect of diabetes include retinopathy, neuropathy and nephropathy as
well as an increased risk of developing cardiovascular, peripheral vascular and
cerebrovascular disease (WHO, 1999).
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Epidemiology of type 1 diabetes
T1D is most common in Caucasians. In Europe, the incidence is higher in the northern
countries compared to the southern countries, with Sardinia being an exception with a
high incidence (Green et al., 1992). World wide the incidence varies from 0.1 per 100
000 a year in China and Venezuela to 36.8 per 100 000 a year in Sardinia (Karvonen et
al., 2000). Finland has the highest incidence and in 1998 the annual incidence was
48.5/100 000 person-years (Podar et al., 2001).
The overall increase in the annual incidence of T1D worldwide was 2.5% (Onkamo et
al., 1999), and an increase was seen both in countries with low and high incidence
(Onkamo et al., 1999; EURODIAB ACE study group, 2000). In a study of 0-34 year
old Swedish patients with T1D during 1983-1998, no increase in incidence of T1D
was found. Instead the median age when diagnosed had decreased and a shift towards
earlier age at diagnosis could explain the increased incidence of T1D in childhood
(Pundziute-Lyckå et al., 2002). Also, in a study of the incidence of T1D in Europe, the
relative increase in incidence was highest in children under 5 years of age
(EURODIAB ACE study group, 2000).
Apart from the north-south gradient in the incidence of T1D in Europe, the incidence
also varies between Western and Eastern Europe. The mean incidence in Sweden
during 1978-1992 was 24.9 per 100 000 a year but in Lithuania it was 6.4 per 100 000
a year during 1983-1992 (Onkamo et al., 1999). More recently, the incidence in
Sweden was reported as almost 50 per 100 000 in 2002 in 5-14 year old children (The
National Board of Health and Welfare Centre for Epidemiology, 2005), and as
previously reported from the case-control study, Diabetes and Environment around the
Baltic Sea (DEBS), the incidence in Lithuania varied between 8.0 and 10.2 per
100 000 a year during 1996-2000 (Sadauskaite-Kuehne et al., 2004). The reason for
the geographical differences in incidence within the European population is not
known. Since the incidence of T1D is also increasing in different populations, T1D is
less likely to be caused solely by genetic factors. Instead several different
environmental factors, probably in combinations, may contribute to the increase in
incidence and to the geographical differences.

Some aspects of the immune system
General aspects of the immune system: The immune system consists of a wide range
of different white blood cells. These cells carry different receptors which enable them
to perform different tasks in the immune response, all with the main purpose of
eliminating pathogens and control inflammation. The signalling-molecules called
cytokines are produced by activated cells and are of major importance in regulation of
the immune responses. The immune response consists of two parts: 1) the innate or
non-specific immune response involving granulocytes and macrophages which are
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phagocytic and 2) the adaptive or specific immune response which involves the
lymphocytes and providing the antigen-specific immunity that can follow the exposure
to certain diseases or vaccinations.
The adaptive immune response consists of the lymphocytes (termed T cells and B
cells). The lymphocytes interact with the different antigen presenting cells (APCs, for
example dendritic cells) through their antigen-specific receptors. The lymphocytes
become activated and proliferate; the T cells evolve into antigen-specific effector cells
and the B cells into antibody-secreting cells.
T cells: The precursors of the T cells mature in the thymus. Here, the T cell receptors
(TCRs) are generated and tested. Only lymphocytes that respond to antigen bound to
the individuals own major histocompatibility complex (MHC) molecules will survive
(positive selection). If the TCRs bind strongly to self-antigen, the lymphocytes will die
(negative selection). In this way, tolerance to self-antigens is established. The T cells
can be divided into different populations based on their surface molecules. T cells with
the surface molecule cluster of differentiation 4 (CD4) are called TH1 or TH2 cells
and if they carry CD8 they are called cytotoxic T cells. The T cells leave the thymus
and circulate continually from the blood to the peripheral lymphoid tissues (lymph
nodes, spleen and lymphatic tissues associated with mucosa). When APCs encounter
antigens from for example a pathogen in the periphery, they carry the antigen to a
lymph node and present it to an antigen-specific T cell, which will then proliferate and
differentiate into an effector T cell.
The cytotoxic T cells recognize peptides from intracellular pathogens presented
together with MHC I molecules, and kill the pathogen-infected cells. The TH1 and
TH2 cells both recognize peptides derived from pathogens that are presented by APCs
together with MHC II molecules. The TH1 cells are responsible for activating and
attracting macrophages and cytotoxic cells to the site of infection and are thereby
important in cell-mediated immunity against intracellular pathogens. The TH2 cells,
on the other hand, are important in the humoral immune response since they induce
antibody production by B cells to eliminate extracellular pathogens. The TH1 and TH2
cells produce different cytokines, TH1 cells produce mainly interferon-γ (IFN- γ) and
TH2 cells produce interleukin-4 (IL-4), IL-5 and IL-9 (Romagnani, 2000).
The TH1 and TH2 cells have been shown to not only have different tasks in the
immune system but also to inhibit the development of the opposing subset while
promoting its own. Thereby IFN-γ inhibits TH2 cells (Gajewski et al., 1988) and IL-4
inhibits TH1 cells (Hsieh et al., 1992).
B-cells and antibodies: When activated by an antigen via its B cell receptor, the B
cell differentiates into a plasma cell and produces antibodies, which are the secreted
form of the B cell receptor. The main functions of the antibodies are to bind to and
13
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neutralize pathogens or prepare them for uptake and destruction of phagocytes. The
antibodies can be divided into five major classes or isotypes: immunoglobulin M
(IgM), IgD, IgA, IgE and IgG. Here, I will focus on IgG antibodies. Each B cell
expresses only one receptor specificity and hence only produces antibodies of one
specificity, but the variety of receptors in one individual is almost endless. The IgG
antibody is made out of two light- and two heavy–chains in a Y-shape, which consists
of both constant and variable regions. The antigen-binding site of each antibody is
made of the variable regions of both the heavy and the light chain. The two heavy
chains are identical, as are the two light chains, giving the antibody two identical
binding sites (Figure 1). The constant region with the C terminus is referred to as the
Fc part of the antibody.

Light
chain
Heavy
chain

Variable region
with antigen
binding -site
Constant
region

Figure 1: A schematic illustration of a IgG antibody, with two antigen-binding sites at the tip
of the arms (modified from (Janeway et al., 2005)).

The genes for the variable regions of the antibodies are encoded by sets of gene
segments. During the development of the B cell in the bone marrow, one member of
each set of gene segments are randomly joined to others by DNA recombination,
which enables the individual to have a vast number of B cells with different antibody
specificity.
The reader is referred to for example (Janeway et al., 2005), where most of the
abovementioned information can be found, for a more extensive survey of the immune
system.
The immune system in young children: The immune system of the newborn infant is
immature, although functioning in many aspects as reviewed in (Holt & Jones, 2000).
For example, the production of antibodies is impaired at birth (Holt & Jones, 2000).
Most of the IgG antibodies at birth are maternally acquired and the level decrease
during the first 6-24 weeks of life (Fulginiti et al., 1966). The T cell functions are also
immature and mainly type 2 cytokines are produced in response to antigens. This TH2
polarisation is probably due to the down regulation of both foetal and maternal TH1
immune responses during the pregnancy (Holt & Jones, 2000).

14

REVIEW OF THE LITERATURE

Pathogenesis of type 1 diabetes
The pathogenesis of T1D is not fully understood, but is generally considered to be
caused by an autoimmune destruction of the insulin producing beta-cells in the
pancreas. The autoimmune process destroying the beta-cells may be initiated several
years before diagnosis of T1D and cause a decrease in the beta-cell mass. Eventually
the low production of insulin causes the clinical symptoms of T1D (Figure 2).

Beta-cell
mass

Environmental triggers

Genes confer
susceptibility
or protection

Glucose intolerance

Insulitis
Immune
dysregulation

Beta-cell autoantibodies

Loss of C-peptide

T1D

Pre-diabetic phase
Time

Figure 2: A model of the pathogenesis and natural history of T1D. The interaction of genes
and immune system with different environmental factors may trigger a response against the
beta-cells. As insulitis develops, the beta-cell mass decreases and autoantibodies appear, as
the individual progress to T1D (modified from (Atkinson & Eisenbarth, 2001)).

Animal models of T1D, mainly the non-obese diabetic (NOD) mice and the
BioBreeding (BB) rat, have given extensive information about the autoimmune
process in the animal models. For example, T1D could be induced at an early age by
transferring spleen T cells from diabetic NOD mice into neonatal NOD mice
(Bendelac et al., 1987). The autoimmune process causing an inflammation in the betacells (insulitis) is characterised by infiltration of different inflammatory cells. In
human insulitis, the infiltrate consists of CD8+ cytotoxic T cells (Gepts, 1965;
Imagawa et al., 1999), CD4+ TH cells and macrophages (Moriwaki et al., 1999). In
Japanese patients with T1D, pancreatic biopsies have shown expression of Fas on the
beta-cells and of Fas ligand on the infiltrating cytotoxic T cells. The interaction
between Fas and Fas ligand may trigger selective apoptosis of the beta-cells (Moriwaki
et al., 1999). The autoreactive T cells probably play an important role in the
pathogenesis of T1D, although several other cell types and immune mediators act
together with these T cells in the autoimmune process.
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During the pre-clinical period, the presences of autoantibodies directed against betacell antigens are markers of the autoimmune process. These autoantibodies can be
detected years before diagnosis of T1D and may be used to identify individuals at risk
of T1D.
Islet cell antibodies (ICA)
In 1974, autoantibodies of IgG class directed against pancreatic tissue were reported in
patients with diabetes (Bottazzo et al., 1974; MacCuish et al., 1974). These antibodies
became known as islet cell antibodies (ICA) and were widely used to study the
pathogenesis of T1D and as a marker of beta-cell autoimmunity. The antibodies were
detected by immunofluorescence, a labour intensive technique, which also proved
difficult to standardize. ICA comprise a number of antigens, including GAD65 and IA2 but not insulin (Myers et al., 1995; Leslie et al., 1999).
ICA are detected in 71.0-86.0% of patients with newly diagnosed T1D (Verge,
Howard, Rowley et al., 1994; Sabbah et al., 1999; Strebelow et al., 1999; Borg et al.,
2002). The prevalence of ICA in individuals at increased risk of T1D (first degree
family members or children with HLA risk genotypes) varies between 7.0-7.9%
(Verge et al., 1996; Kulmala et al., 1998; Kukko et al., 2005), while the prevalence in
the general population (schoolchildren) has been reported 0.9% and 2.8% in two
studies (Strebelow et al., 1999; Kulmala et al., 2001).
Autoantibodies to glutamic acid decarboxylase (GADA)
In 1982, autoantibodies were shown to immunoprecipitate a 64 kilo Dalton (kD)
pancreatic protein in children with T1D (Baekkeskov et al., 1982). Later, it was found
before onset of T1D (Baekkeskov et al., 1987) and was identified as the γ–amino
butyric acid (GABA) synthesizing enzyme glutamic acid decarboxylase (Baekkeskov
et al., 1990). There are two isoforms of glutamic acid decarboxylase (GAD), GAD65
and GAD67 with the molecular weights of 65 and 67 kD (Bu et al., 1992), although the
GAD65 isoform has been regarded as the primary autoantigen in humans (Hagopian et
al., 1993). Since the molecular cloning of GAD65 (Karlsen et al., 1991) several assays
to detect autoantibodies against GAD65 (GADA) have been developed, for example a
radioligand binding assay with immunoprecipitation (Grubin et al., 1994). It has been
demonstrated that GADA most frequently binds to the central and C-terminal region of
the GAD65 molecule (Kaufman et al., 1992; Richter et al., 1993).
GADA are detected in 69.0-80.2% of patients with newly diagnosed T1D (Grubin et
al., 1994; Verge, Howard, Rowley et al., 1994; Falorni et al., 1995; Sabbah et al.,
1999; Strebelow et al., 1999; Borg et al., 2002). The prevalence of GADA in
individuals at increased risk of T1D (first degree family members or children with
HLA risk genotypes) varies between 3.2-10.7% (Verge et al., 1996; Kulmala et al.,
16
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1998; Barker et al., 2004; Hummel et al., 2004; Kukko et al., 2005), while the
prevalence in the general population (schoolchildren) varies between 0.5-3.0%
(Strebelow et al., 1999; Kulmala et al., 2001; Marciulionyte et al., 2001; LaGasse et
al., 2002).
As the enzyme of GABA, GADA is associated with the central and peripheral nervous
system (Ellis & Atkinson, 1996).
Autoantibodies to tyrosine phosphatase-like protein IA-2 (IA-2A )
Further analysis of the 64 kD pancreatic protein showed that it contained another
antigen besides GAD65. Following tryptic proteolysis, a 40 kD or a 37 kD fragment
was found to bind antibodies other than the 50 kD fragment that bound to GADA
(Christie et al., 1990). The 40 kD or a 37 kD fragments were found to be derived from
the intracellular domain of tyrosine phosphatase-like proteins IA-2 and IA-2β
respectively (Payton et al., 1995; Lu et al., 1996). The autoantibodies against IA-2
(IA-2A) are directed to the intracellular part of the protein (Kawasaki et al., 1997; Xie
et al., 1997; Zhang et al., 1997) or to the juxtamembrane region (Naserke et al., 1998;
Hoppu et al., 2004). As with GAD65, IA-2 is also found in the tissues of the nervous
system (Zhang et al., 1997; Dromey et al., 2004).
IA-2A are detected in 59.0-85.7% of patients with newly diagnosed T1D (Bonifacio et
al., 1998; Kawasaki et al., 1998; Sabbah et al., 1999; Strebelow et al., 1999; Borg et
al., 2002). The prevalence of IA-2A in individuals at increased risk of T1D (first
degree family members or children with HLA risk genotypes) varies between 2.05.3% (Verge et al., 1996; Kulmala et al., 1998; Barker et al., 2004; Hummel et al.,
2004; Kukko et al., 2005), while the prevalence in the general population
(schoolchildren) varies between 0.2-2.4% (Strebelow et al., 1999; Kulmala et al.,
2001; Marciulionyte et al., 2001; LaGasse et al., 2002).
Insulin as an autoantigen
The insulin molecule consists of two chains, A and B, linked by two disulfide bridges.
The structure of the human insulin molecule is similar to that of porcine and bovine
insulin (differs with one and three amino acids, respectively), as reviewed in (Potter &
Wilkin, 2000). Insulin is synthesized as preproinsulin molecule and following the
cleavage of NH2 terminal sequence, proinsulin is formed (Hutton et al., 2002). In the
secretory granules of the beta-cell, proinsulin is then cleaved to form insulin and
connecting C-peptide. These proteins are present in a 1:1 ratio (Hutton et al., 2002).
Proinsulin has been reported to be an autoantigen in T1D, but less specific in
prediction of T1D (Williams et al., 1999), although elevated proinsulin autoantibodies
in adult T1D patients has been reported (Narendran et al., 2003). Transcription of the
insulin gene and production of low levels of insulin/proinsulin has been reported in
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tissues other than the beta-cell, for example in the human thymus (Pugliese et al.,
1997; Vafiadis et al., 1997). In the thymus, T cells that bind strongly to self-antigens
are deleted through the process of negative selection. This deletion is dose-dependent
and therefore the level of insulin expression can influence whether T cells reacting to
insulin are deleted or not, as reviewed in (Anjos & Polychronakos, 2004).
Several lines of evidence suggest that insulin is the most important of the T1D
associated antigens. Insulin is a beta-cell specific antigen, unlike GAD65 and IA-2. In
studies of the NOD mice, infiltrating T lymphocytes targeting the insulin B chain
(Wegmann et al., 1994) and islet-derived CD8+ T cells targeting the insulin B chain
has been reported (Wong et al., 1999). NOD mice with a modified insulin gene was
recently reported to show no signs of immune response towards the beta-cells
(Nakayama et al., 2005). In humans, it has recently been reported that insulin A chain
may be the trigger of the autoimmune response. In two studies, the lymphocytes from
lymph nodes of HLA-DR4 positive T1D patients (Kent et al., 2005) or the
lymphocytes from a T1D patient (Mannering et al., 2005) recognized the insulin A
chain.
Autoantibodies to insulin (IAA)
Autoantibodies to insulin, by definition, develop in individuals before insulin
treatment is commenced. It is generally considered that a sample taken within 14 days
of the first insulin injection contains IAA since antibodies to the exogenous insulin has
not yet developed (Bingley et al., 2003; Falorni & Brozzetti, 2005). Autoantibodies to
insulin in newly diagnosed T1D patients were first reported in 1983 (Palmer et al.,
1983). Later, it was reported that the levels of IAA correlate inversely with age
(Arslanian et al., 1985; Vardi et al., 1988), and that IAA often is the first autoantibody
to appear in children as a sign of beta-cell autoimmunity (Ziegler et al., 1999),
suggesting that insulin is an important autoantigen at least in young children.
IAA are detected in 43.0-70.0% of patients with newly diagnosed T1D (Verge,
Howard, Rowley et al., 1994; Williams et al., 1997; Sabbah et al., 1999; Strebelow et
al., 1999; Borg et al., 2002; Williams et al., 2003). The prevalence of IAA in
individuals at increased risk of T1D (first degree family members or children with
HLA risk genotypes) varies between 3.5-8.3% (Verge et al., 1996; Kulmala et al.,
1998; Barker et al., 2004; Hummel et al., 2004; Kukko et al., 2005), while the
prevalence in the general population (schoolchildren) varies between 0.9-3.0%
(Strebelow et al., 1999; Kulmala et al., 2001; Marciulionyte et al., 2001; LaGasse et
al., 2002).
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Analyses of beta-cell autoantibodies - methodological issues
Fluid phase radiobinding assays of GADA have generally demonstrated higher disease
sensitivity compared to enzyme-linked immunosorbent assay (ELISA) (Schmidli et
al., 1995), which is seldom used (Bingley et al., 2003). This may be due to the fact
GAD65 is adhered to the plastic in the ELISA and this may change the conformation of
the epitopes (Schmidli et al., 1995). Also in the case of IAA, the superiority of the
radiobinding assay over ELISA has been reported (Levy-Marchal et al., 1991;
Greenbaum et al., 1992). The fluid phase radiobinding assay is affinity dependent and
favours the binding of high affinity IAA as opposed to ELISA which allows
simultaneous binding of IAA of varying affinity (Wilkin, 1990). The radiobinding
assay was reported to detect disease-associated IAA in the fourth international
workshop (Greenbaum et al., 1992).

Genetic risk of type 1 diabetes
Hereditary risk of T1D
First degree relatives of patients with T1D are at increased risk of developing diabetes
compared to the general population. The risk of T1D in the general population is
approximately 0.5%, the risk for offspring of a diabetic mother is 1-4%, the risk for
offspring of diabetic fathers is 6-9% and the risk for siblings is approximately 6% as
reviewed in (Hawa et al., 2002; Redondo & Eisenbarth, 2002). However, the risk of
T1D in relatives increase if the proband is diagnosed before 5 years of age (Gillespie
et al., 2002). Also, the concordance rate for monozygotic twins (meaning both twins
have T1D) range from 21% to 70% and the concordance rate in dizygotic twins from
0% to 13% which is similar to singletons, as reviewed in (Redondo & Eisenbarth,
2002). Taken together, the data suggests a genetic component in the development of
T1D.
The human leukocyte antigen complex (HLA)
The most important genes in defining risk of T1D are located within the human
leukocyte antigen (HLA) complex on chromosome 6p21. The HLA genes provide up
to 40-50% of the inheritable risk of T1D (Davies et al., 1994; Noble et al., 1996). The
HLA complex is divided into three regions, class I, class II and class III. The HLA-DQ
(Thorsby & Ronningen, 1993) and -DR loci in the class II region have a major
influence on development of T1D (She, 1996). The DQ locus consists of two tightly
linked genes; DQA1 and DQB1, encoding one alpha and one beta chain of the HLA
molecule which together forms a heterodimer (She, 1996). If the HLA molecule is
encoded by DQA1 and DQB1 genes of the same chromosome they are in cis position,
but the genes can also be found on homologous chromosomes and are then found in
trans position (She, 1996; Ilonen et al., 2002). The alleles at one HLA locus are in
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linkage disequilibrium, meaning they are non-randomly associated with alleles at other
loci (She, 1996) and from a given DQB1 allele it is possible to deduce the DQA1
allele based on the linkage between the loci (Ilonen et al., 2002).
Certain HLA class II alleles or haplotypes (combinations of alleles) show a strong
association with development of T1D. Accordingly, the HLA haplotypes found more
often among T1D patients than controls are considered predisposing, and when found
more often among healthy individuals, they are then considered protective. The HLADQ heterodimers encoded by DQA1*0301-DQB1*0302 (DQ8) and DQA1*0501DQB1*0201 (DQ2) have the strongest association with T1D in Caucasians (Kelly et
al., 2001). The DRB1*04 is in linkage disequilibrium with DQA1*0301 and
DQB1*0302 and the DRB1*0301 is in linkage disequilibrium with DQA1*0501 and
DQB1*0201 (Kelly et al., 2001).
In
Caucasians,
the
DQA1*0501-DQB1*0201-DRB1*0301,
DQA1*0301DQB1*0302-DRB1*0401, DQA1*0301-DQB1*0302-DRB1*0402, DQA1*0301DQB1*0302-DRB1*0405 (Pugliese, 2004) and to some extent DQA1*0301DQB1*0302-DRB1*0404 (Nejentsev et al., 1998) are predisposing haplotypes (Table
1). The DQA1*0501-DQB1*0201-DRB1*0301 are commonly referred to as DR3DQ2 and the DQA1*0301-DQB1*0302 haplotypes together with different DRB1*04
are referred to as DR4-DQ8. The highest risk for T1D are seen in individual
heterozygous for DQA1*0501-DQB1*0201 and DQA1*0301-DQB1*0302
(DR3/DR4) (Ilonen et al., 2002; Pugliese, 2004). In Caucasian individuals with T1D,
90-95% have been reported to carry DR3-DQ2 or DR4-DQ8 (Lernmark, 1994; Kelly
et al., 2001; Notkins & Lernmark, 2001) whereas 45-50% of the general population in
USA carry these haplotypes (Lernmark, 1994; Notkins & Lernmark, 2001).
The haplotype DQA1*0102-DQB1*0602-DRB1*1501 confer a dominant protection,
even in the presence of predisposing DQA1*0301-DQB1*0302 (Ilonen et al., 2002)
and it is observed in 20% of the general population (Todd, 1999) although it has been
reported in about 1% of patients with T1D (Pugliese et al., 1999; Todd, 1999) (Table
1).
The frequency of T1D predisposing HLA genotypes are not uniform within
Caucasians, but varies in different populations in Europe (Rønningen et al., 2001).
When comparing frequencies of patients and healthy children from Finland, Greece
and Hungary the frequencies of DQB1 genotypes were different, but in all three ethnic
groups the heterozygous DQB1*02/*0302 genotype had a strong predisposing effect
(Hermann et al., 2004). On the other hand, comparing Finnish patients with patients
from the Baltic region showed no significant difference in the frequency of T1D
predisposing HLA alleles (Nejentsev et al., 1998).
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Table 1: Some of the HLA haplotypes in Caucasian populations and the association with risk
of T1D.
Risk of T1D

HLA haplotypes

Highest risk
Risk
Risk
Risk
Risk
Risk

DQA1*0501-DQB1*0201 and DQA1*0301-DQB1*0302
DQA1*0501-DQB1*0201-DRB1*0301
DQA1*0301-DQB1*0302-DRB1*0401
DQA1*0301-DQB1*0302-DRB1*0402
DQA1*0301-DQB1*0302-DRB1*0405
DQA1*0301-DQB1*0302-DRB1*0404

Strong protection

DQA1*0102-DQB1*0602-DRB1*1501

The insulin gene (INS)
Another gene contributing to risk of T1D is the insulin gene (INS), located on
chromosome 11p15.5. An association of the promoter region, a variable number of
tandem repeats (VNTR), of insulin gene with T1D was found some 20 years ago
(Owerbach & Nerup, 1982; Bell et al., 1984). This region consists of polymorphic
repeats of 14-15 base pairs (Bell et al., 1981; Bell et al., 1982), and the alleles of the
INS VNTR are divided into three groups according to the number of repeats. In
Caucasian populations there are mainly two groups; the class I alleles with 26-63
repeats and the class II alleles with 141-209 repeats (Bell et al., 1984; Stead et al.,
2003). The alleles of intermediate length, class II, are rare in Caucasians (Bell et al.,
1984). A study of the polymorphisms around the INS VNTR reported the association
within a 4.1-kb interval spanning INS with the VNTR and 10 single nucleotide
polymorphisms (SNPs) in linkage disequilibrium with each other as well as with the
INS VNTR (Lucassen et al., 1993). The association of the shorter class I allele or
associated SNPs with T1D has since been reported in several studies (van der Auwera
et al., 1995; Graham et al., 2002; Perez De Nanclares et al., 2003; Walter et al., 2003).
Among the polymorphisms studied the -23 HphI (Undlien et al., 1995) and the -2221
MspI were both found to be in concordance with the class I/III genotype of the VNTR
(Lucassen et al., 1993). The -23 HphI polymorphism is used as a genetic marker, were
the A alleles are in strong linkage disequilibrium with the class I alleles of the INS
VNTR and T alleles with class III alleles (Bennett et al., 1995; Barratt et al., 2004;
Hermann et al., 2005). The -2221 MspI is also used as a genetic marker, were the C
alleles are in strong linkage disequilibrium with the class I alleles of the INS VNTR
and T alleles with class III alleles (Barratt et al., 2004). These SNPs are commonly
used as surrogate markers for the INS VNTR polymorphism and we therefore tested
the insulin VNTR by using –23 Hph1 and -2221 MspI in Papers II and IV.
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The cytotoxic T lymphocyte associated antigen -4 gene (CTLA-4)
The cytotoxic T lymphocyte associated antigen-4 (CTLA-4) plays an important role in
the activation of T cells. The activation of naïve antigen specific T cells by antigen
presenting cells (APCs) occurs when the APC presents both a specific antigen to the T
cell receptor (TCR) and a co-stimulatory molecule (B7.1/B7.2, also denoted
CD80/CD86) to the CD28 molecule (Chambers, 2001; Egen et al., 2002). This
activation causes the T cell to expand and differentiate into effector cells (Chambers,
2001; Egen et al., 2002). Shortly after the T cell is activated, CTLA-4 is produced
(Egen et al., 2002; Saito & Yamasaki, 2003). CTLA-4 suppresses the activation of the
T cell both by having a 10-20 fold higher affinity for CD80/CD86 than CD28 and by
inducing inhibitory signals (Egen et al., 2002; Saito & Yamasaki, 2003).
An association of the CTLA-4 gene and T1D was reported some 10 years ago (Nistico
et al., 1996). A point mutation at position 49, an A-G transition, in the CTLA-4 gene
was detected and the frequencies of the G alleles and G/G genotype were increased in
Italian and Spanish patients with T1D compared to controls (Nistico et al., 1996).
Similar findings have been reported in patient/control comparisons in other Caucasian
populations (Donner et al., 1997; Marron et al., 1997; Graham et al., 2002) as well as
in a Chinese population (Lee et al., 2000). In populations at risk, siblings/offspring or
children with HLA defined risk genes, no association of beta-cell autoantibodies and
CTLA-4 polymorphisms were found (Hermann et al., 2005; Steck et al., 2005).
Although the CTLA-4 +49 A/G SNP, used in Paper II of this thesis, has been shown to
be associated with T1D in a meta-analysis (Kavvoura & Ioannidis, 2005), others have
reported that it is not the functional polymorphism for T1D (Turpeinen et al., 2003;
Ueda et al., 2003). Rather, the +49 A/G SNP may be used together with the CT60 A/G
SNP (Ueda et al., 2003).
The immunological effects of the genetic risk factors
The highly polymorphic HLA class II genes as a consequence encode molecules that
are highly diverse. The HLA class II molecule is mainly expressed on the surface of
professional APCs, responsible for presenting exogenous antigen to T cells. The
extracellular antigen is phagocytised by an APC and degraded to peptides within
endosomes. A peptide is then assembled with a HLA molecule and transported to the
cell surface where the complex is presented to a T cell. The HLA molecule consists of
one alpha and one beta chain, both of which form the peptide-binding cleft (Klein &
Sato, 2000) and the conformation of the HLA molecule is affected by different HLA
genes, generating differences in the peptide binding clefts of the HLA molecule (She,
1996; Thorsby, 1997). HLA molecules associated with susceptibility to T1D share
similar traits in their antigen-binding clefts which may results in differences in their
ability to bind to diabetogenic antigens (Kelly et al., 2003). Certain HLA molecules
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may more efficiently bind and present antigens to the T cell and thereby affecting the
T cell response and repertoire (Thorsby, 1997). Another explanation is that HLA
molecules associated with protection from T1D form more stable complexes with selfantigens in the thymus, leading to a more efficient deletion of autoreactive T cells
(negative selection) (Kelly et al., 2003). The HLA genes therefore have a major effect
on the immune response, not only in T1D.
Since either the INS VNTR or other polymorphisms change the coding sequence of
INS, their effect must be due to effects on the transcription of the gene. Transcription
of the INS gene and the production of low levels of insulin/proinsulin occurs mainly in
the beta-cells, but also to some extent in the thymus ((Pugliese et al., 1997; Vafiadis et
al., 1997). As reviewed in (Pugliese & Miceli, 2002), the expression of self-antigens
like insulin in the thymus may be necessary for the development of self-tolerance. The
level of transcription for class III alleles is higher than for class I alleles (Pugliese et
al., 1997). Increased levels of insulin may induce more efficiently a negative selection
of autoreactive T cells specific for insulin or improve the selection of regulatory T
cells, thereby influencing the induction of tolerance to insulin.
The CTLA-4 +49 A/G SNP affects the function of CTLA-4, as healthy individuals
with G/G genotype show a decreased up-regulation of CTLA-4 compared to A/A
genotype individuals (Maurer et al., 2002). The decreased up-regulation of CTLA-4
may affect the ability to down-regulate the T cell responses. As reviewed in (Pugliese,
2004), the polymorphism influences the splicing of CTLA-4 mRNA and individuals
with G/G genotype show decreased levels of soluble CTLA-4 (sCTLA-4). Due to the
decreased level of sCTLA-4, the CD28 may bind CD80/CD86 on the APCs to a higher
extent thereby reducing the inhibition of the immune response (Pugliese, 2004) and
render a down-regulation of the immune response difficult.

Prediction of type 1 diabetes
It is estimated that only about 15% of the newly diagnosed T1D patients have a first
degree relative with the disease (Redondo, Eisenbarth, 2002). To predict development
of T1D in the remaining 85%, other strategies are required. Since no intervention is yet
available, the main purpose of characterising individuals at increased risk of
developing T1D is for various research projects; prevention trials or etiological
studies. Since the risk of T1D is 0.4% or higher (She & Marron, 1998) in Caucasian
populations, selection based on heredity, genetic risk and/or autoantibodies also
increases the number of affected individuals in the study population.
In studies of first degree relatives, the risk of developing T1D increases markedly
when multiple autoantibodies are detected (Bingley et al., 1994; Verge et al., 1996;
Hummel et al., 2004). The risk of T1D in different studies in first degree relatives in
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relation to autoantibody positivity is given in Table 2, modified from (Franke et al.,
2005).
Table 2: The risk of T1D in first degree relatives in relation to autoantibody positivity
reported in different studies (modified from (Franke et al., 2005)).
Autoantibody positivity

Cumulative risk of T1D (over 5 years)

IAA

24-59%

GADA
IA-2A

12-52%
26-81%

ICA
GADA and IAA
IAA and IA-2A

29-63%
68%
100%

GADA and IA-2A
Any 2 autoantibodies
Any 3 autoantibodies

86%
25-100%
55-100%

Screening for HLA associated risk genotypes has been used in several different
populations. In Finnish populations, the risk associated DQB1*0302 and *02 together
with the three most important protective alleles (DQB1*0602, *0603 and *0301) have
been used to grade risk of T1D (Ilonen et al., 1996; Nejentsev et al., 1999). Using this
kind of strategy in the Type I Diabetes Prediction and Prevention project (DIPP) for
screening the general population, about 77% of the children who developed T1D was
identified as children at increased genetic risk (Kupila et al., 2001).
Prediction and prevention studies
In the All Babies in south-east Sweden (ABIS) study children from the general
population are followed, but several other studies have followed children at increased
risk of T1D with frequent sampling and autoantibody analysis. The long period of
beta-cell destruction has been considered as a “window of opportunity” when
intervention could be used to delay or even stop the destructive process. Prediction of
T1D is possible in children based on multiple autoantibody positivity in populations at
risk but so far no intervention or prevention has been successful.
BABYDIAB: The BABYDIAB study is a prospective German multicentre study.
Offspring of parents with T1D were recruited and samples were taken at 9 months, 2,
5 and 8 years of age. At 9 months of age, 1.4% of the children were positive for IAA,
0.5% for GADA and 0.2% for IA-2A. The frequencies of all three autoantibodies
increased with age and at 5 years of age, 4.4% were positive for IAA, 4.4% for GADA
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and 3.0% for IA-2A. At 5 years of age, 3.5% of the children had multiple
autoantibodies. Of the 24 (1.5%) children who developed T1D by 5 years of age all
but one child had multiple autoantibodies (Hummel et al., 2004).
DAISY: The Diabetes Autoimmunity Study in the Young (DAISY) is a prospective
cohort study in Denver, Colorado, USA. Young first degree relatives of patients with
T1D (offspring or siblings) and newborns with high risk or moderate risk HLA genes
were recruited. Samples were taken at 9, 15 and 24 months of age and annually
thereafter. In children who were autoantibody positive, samples were taken with 3-6
months interval. If a sample was reported as positive it was re-analysed for
confirmation. Of the confirmed positive children, 3.5% were positive for IAA, 3.2%
for GADA and 2.0% for IA-2A. All 24 (1.1%) children who developed T1D, were
confirmed positive for at least one autoantibody and 23/24 were positive for more than
one autoantibody (Barker et al., 2004).
DIPP: The Type I Diabetes Prediction and Prevention project (DIPP) is a Finnish
study involving three centres. Newborns with high risk or moderate risk HLA genes
were recruited. Samples were taken at 3, 6, 12, 18 and 24 months of age and annually
thereafter. ICA was used as the initial screening test, and if positive, IAA, GADA and
IA-2A was analysed (Kupila et al., 2001). Persistent autoantibodies were defined as at
least two positive samples in a row. By 5 years of age, 8.3% had IAA at least once,
4.6% had GADA and 3.3% had IA-2A. All 13 (1.3%) children who developed T1D by
5 years of age had at least two autoantibodies before diagnosis (Kukko et al., 2005).
TEDDY: The Environmental Determinants in Diabetes of the Young (TEDDY) study
involves centres in North America, Germany, Finland and Sweden. Newborn babies
with increased genetic risk of T1D or with a first degree relative will be recruited. The
long-term goal of the TEDDY study is the identification of environmental agents, for
example infectious agents and dietary factors which trigger T1D in genetically
susceptible individuals or which protect against the disease. No results are yet
available (Lernmark et al., 2005).
ENDIT: The European Diabetes Intervention Trial (ENDIT) was a double blind
placebo-controlled trial, involving centres in Europe and North America. First degree
relatives with high levels of ICA were recruited and allocated to oral nicotinamide or
placebo for 5 years. There was no difference in the development of diabetes between
the treatment groups (Gale et al., 2004). Among the participants under 20 years of age,
57% were positive for IAA, 70% for GADA and 55% for IA-2A (European
Nicotinamide Diabetes Intervention Trial Group, 2003).
DPT-1: The Diabetes Prevention Trial Type 1 (DPT-1) has recruited relatives of
patients with T1D throughout the USA and Canada. First degree relatives were 2.5-40
years old and second degree relatives were 2.5–20 years old. The prevalence of GADA
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or IA-2A among ICA positive relatives was 22.6% and 4.3% respectively (Yu et al.,
2001).
The ICA-positive relatives were then divided into two groups, one receiving parenteral
insulin and the other oral insulin, but essentially no difference in prevention of T1D
was found (Diabetes Prevention Trial--Type 1 Diabetes Study Group, 2002).
TRIGR: The Trial to Reduce IDDM in the Genetically at Risk (TRIGR) study is a
multinational, randomized controlled trial involving over 70 centres in Canada, the
USA, Europe and Australia. Newborns with an affected family member and with
increased genetic risk are recruited. The mothers are encouraged to exclusively
breastfeed the child for the first 6 months of life. If a mother is unable to exclusively
breastfeed until the baby is 8 months of age, her child will be randomly assigned to
one of two groups: formula with hydrolysed cow milk based formula versus a standard
cow milk-based formula. The study will compare the rates of development of T1D in
infants given hydrolysed cow's milk based formula versus a standard cow's milk-based
formula (TRIGR, 2002).
In genetically selected populations, almost all children who progress to T1D have a
pre-diabetes period when autoantibodies are detectable. Intervention would therefore
necessitate sampling with short intervals in order to find children with autoantibodies
at an early stage. This would be very laborious if done on a population level even if
pre-screening for genetic risk is performed. It may also be worth while to consider if
intervention should be offered only to those at increased risk, i.e. with both genetic
risk and autoantibody positivity. Maybe, by then, it is too late to stop or delay the
autoimmune process?

Environmental factors
The rapid increase in the incidence of T1D can not be explained by heredity or
presence of risk genes, but rather by environmental factors. Several different
environmental factors are suggested to trigger the autoimmune response, as reviewed
in (Åkerblom et al., 2002).
Breast-feeding: Breast-feeding has been proposed to have a protective effect in a
number of studies and high frequency of breast-feeding was reported to be associated
with low incidence of T1D (Borch-Johnsen et al. 1984; Dahl-Jorgensen et al. 1991).
Short duration of exclusive breastfeeding has been reported to increase the risk of T1D
(Virtanen et al., 1992; Virtanen et al., 1993; Verge, Howard, Irwig et al., 1994;
Sadauskaite-Kuehne et al., 2004) as well as short duration of total breast-feeding
(Borch-Johnsen et al., 1984; Virtanen et al., 1992). Duration of breast-feeding shorter
than 3 to 4 months (Gerstein, 1994) and breast milk substitutes before the age of 3
months (Norris & Scott, 1996) has been demonstrated to be associated with
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development of T1D in two meta-analyses. Differences in participation rates of T1D
patients and controls may bias the studies, and maternal recall of the breast-feeding
duration in retrospective studies may differ between cases and controls (Norris &
Scott, 1996). Thus, prospective studies are needed to investigate the possible
association between beta-cell autoimmunity and infant feeding in general and breastfeeding in particular. In a Finnish study, short duration of exclusive breast-feeding was
associated with an increased risk of beta-cell autoantibodies in genetically predisposed
children (T Kimpimäki et al., 2001). However, the duration of breast-feeding was not
associated with the increased risk of beta-cell autoantibodies in children with a first
degree relative with T1D in Germany and Australia (Couper et al., 1999; Hummel et
al., 2000; Ziegler et al., 2003) or with either a first degree relative or increased genetic
risk in USA (Norris et al., 2003).
Cow milk: The risk of T1D implied by short duration of breast-feeding may be
interpreted as early weaning to formula, which most often contains cow milk proteins.
Early exposure to cow milk has been reported to increase the risk of T1D (Virtanen et
al., 1992; Kostraba et al., 1993; Virtanen et al., 1993). In epidemiological studies,
increased risk of T1D has been associated with an early introduction of cow milk
formula in infancy, indicating that triggering of the gut immune system in early
infancy may contribute to the later development of beta-cell autoimmunity (Vaarala,
1999). In a prospective study of children at increased risk, the prevalence of beta-cell
autoantibodies was lower in children weaned to a casein hydrolysate formula
compared to children weaned to a control formula (Åkerblom et al., 2005). In other
prospective studies, early introduction of cow milk containing supplements did not
affect the risk of beta-cell autoantibodies (Norris & Scott, 1996; Norris et al., 2003;
Ziegler et al., 2003). High consumption of cow milk during childhood has also been
associated with increased risk of beta-cell autoantibodies in both in first degree
relatives and children from the general population (Virtanen et al., 1998; Wahlberg et
al., 2006).
Bovine insulin & the gut immune system: One of the theories to explain how the
risk of T1D is mediated by cow milk is by immunisation to bovine insulin. Children
who received a cow milk-based formula had higher levels of IgG antibodies against
bovine insulin compared to children who received either a formula containing
hydrolysed formula or who were exclusively breast-fed (Vaarala et al., 1998; Paronen
et al., 2000). The gut immune system is important for the induction of oral tolerance
towards for example the bovine insulin molecule. The gut mucosa is immature in
infants and young children, allowing passage of antigenic proteins that might trigger
an immune response, and if the response is detrimental, it will affect the immune
system (Kolb & Pozzilli, 1999). The association between T1D and cow milk may be
due to the fact cow milk proteins is the first major source of foreign proteins the infant
is exposed to (Kolb & Pozzilli, 1999).
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Weight gain & the accelerator hypothesis: Weaning to formula has been associated
with weight gain, and increased weight gain in infancy may be a risk factor for T1D
(Johansson et al., 1994; Hyppönen et al., 1999). The accelerator hypothesis argues that
T1D and T2D are the same disease, only distinguishable by the rate of beta-cell loss
and which accelerators are responsible. The first accelerator is constitutionally or
intrinsic; a high rate of apoptosis of the beta cells. The second accelerator is acquired;
insulin resistance as a result of weight gain and physical inactivity. The third
accelerator is the beta-cell autoimmunity and it develops only in a small and
genetically defined subgroup of patients (Wilkin, 2001).
Other dietary factors: Different dietary factors have been suggested to be associated
with development of T1D and beta-cell autoimmunity. Some examples are gluten, Dvitamin and nitrate and nitrite which are all reviewed in (Åkerblom et al., 2002).
Viral infections: Viral infections have been suggested to play a role in the
pathogenesis of T1D. The incidence of T1D shows a seasonal variation, which follows
that of enterovirus infection, (Gamble & Taylor, 1969). The strongest evidence has
been reported for congenital Rubella infection (Menser et al., 1978), as about 20% of
children born with Rubella develop T1D. Enterovirus, among them Coxsackie virus
B4 (CVB4) has been suggested although a recent review concluded that it is uncertain
if there in fact is a casual association between Coxsackie virus infection and T1D
(Green et al., 2004). Children with T1D have been shown to mount an impaired
immune response towards CVB4 in vitro, as compared to healthy children (Skarsvik et
al., 2006).

Mechanisms of allergy and atopy
Allergy is a hypersensitivity reaction which is initiated by immunological mechanisms
and may be antibody- and/or cell-mediated. The immune response is directed against
antigens (referred to as allergens) reacting with antibodies, mostly of IgE class but also
of IgG class (Johansson et al., 2001). According to the definitions of European
Academy of Allergology and Clinical Immunology (EAACI), “atopy” is the tendency
to produce IgE in response to low doses of allergens and persons referred to as
“atopic” also have hereditary predisposition to produce IgE to allergens (Johansson et
al., 2001). In addition to the production of IgE antibodies to allergen, a person with
atopy or allergy show TH2 type responses to the allergen, characterised with
production of for example IL-4, IL-5 and IL-13, as reviewed in (Kay, 2001). These
cytokines produced by TH2 cells induce the differentiation and activation of
eosinophils, stimulate B cells to produce high amounts of antibodies, including IgE,
and stimulate the growth of mast cells and basophils, all of these which play an
important part in development of allergic symptoms (Romagnani, 2000). During
infancy and early childhood, allergic reactions are most often directed against food
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allergens, reactions against inhalant allergens usually do not appear until school age
(Hattevig et al., 1993).

Celiac disease
Aberrant regulation of oral tolerance has been suggested in T1D by reports of
enhanced immune reactivity to cow milk proteins in the patients with T1D, as
reviewed in (Vaarala, 1999). In celiac disease (CD), or gluten sensitive enteropathy, a
chronic inflammation in the small intestine results in villus atrophy. The inflammation
is triggered by wheat gluten and antibodies to the autoantigen tissue transglutaminase
are often detected in serum (Sollid, 2000). In children with T1D, CD is more common
compared to the healthy population. The prevalence of CD in children with T1D varies
between 1-16% in different studies, as reviewed in (Holmes, 2002). A similar genetic
background can partly explain this increased prevalence, since both diseases are
associated with HLA haplotype DRB1*0301 (associated with DQ2) and DRB1*0401
(associated with DQ8) (Sollid, 2000). Two prospective studies of beta-cell
autoimmunity in genetically predisposed children have reported early introduction of
gluten as a risk factor for beta-cell autoimmunity (Norris et al., 2003; Ziegler et al.,
2003), indicating the importance of the gut immune system in both T1D and CD.
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HYPOTHESES & AIMS OF THE THESIS
The general aims of the thesis were to explore the prevalence of beta-cell
autoantibodies in children from the general population in relation to genetic and
environmental risk factors, and also to explore the prevalence of beta-cell
autoantibodies in young patients with T1D in high and low incidence areas.
The specific aims and hypotheses were:
I.

To study the natural course of beta-cell autoantibodies at low levels in a group
of non-diabetic children. We hypothesised that an autoimmune reaction to
beta-cell antigens may be initiated in young children but with autoantibodies
at low levels, usually not considered positive.

II.

To study the prevalence of beta-cell autoantibodies at diagnosis in young
patients from two areas with different incidences of T1D and to relate the
beta-cell autoimmunity to known genetic risk factors and to the severity at
onset. We hypothesised that beta-cell autoimmunity and genetic risk factors
may be more common among the Swedish patients, partly explaining the
higher incidence of T1D in Sweden.

III:

To study the prevalence of beta-cell autoantibodies in 5-6 year old children
from the general population in relation to the duration of breast-feeding. We
hypothesised that a short duration of exclusive breast-feeding may be
associated with beta-cell autoimmunity, even several years after completing
breast-feeding.

IV:

To study the prevalence of beta-cell autoantibodies in 5-6 year old children
from the general population in relation to known genetic risk factors of T1D.
We hypothesised that HLA related risk of T1D may be associated with
increased prevalence of beta-cell autoimmunity in the children. We also
hypothesised that prevalence of IAA may be increased in the children with the
high risk insulin gene polymorphism.
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Study populations
Paper I: Diabetes-related autoantibodies in non-diabetic children
All children studied were born between February 1983 and July 1984 and had a family
history of atopy; i.e. there was a personal history suggesting atopic disease in at least
one of the family members. The 212 families were recruited from 10 maternity clinics
to a prospective study to investigate the effect of maternal diet elimination during
pregnancy on the development of atopic diseases in children (Fälth-Magnusson &
Kjellman, 1987). Half of the mothers were randomized into a diet-group and avoided
cow milk and egg during the third trimester, the others had a normal diet. All children
were exclusively breast-fed until 3 months of age, or they received supplementary
casein hydrolysate formula (Nutramigen®). Venous blood samples were drawn at 6
weeks, 6 months, 18 months and 5 years of age. The sera were stored at –20ºC for later
analysis. At least one blood sample was available from 205 children.
Parents filled in questionnaires at the follow-up at 6 weeks, 6 months and 18 months.
They answered questions about duration of total breast-feeding, introduction of
formula and infections. At the 18 months follow up all babies who had shown any sign
of atopic disease or allergy were examined by a senior paediatric allergist. Their atopic
disease until the age of 18 months was scored as “definite atopic” (26.9%) “probably
atopic” (20.8%), “possibly atopic” (9.6%) and “not atopic” (42.6%) (Fälth-Magnusson
& Kjellman, 1987).
Paper II: Swedish and Lithuanian children with type 1 diabetes
This study is part of the case-control study, Diabetes and Environment around the
Baltic Sea (DEBS), conducted in south-east of Sweden, including the Skåne region
and in the whole of Lithuania. All children, 0-15 years old, diagnosed with T1D during
01 08 1995 – 01 08 2000 in south-east Sweden and the Skåne region and during 01 08
1996 – 01 08 2000 in Lithuania were invited to participate in the study. Most of the
children (83%) in south-east Sweden, half of the children (50%) in the Skåne region
and all children in Lithuania diagnosed during the time period participated
(Sadauskaite-Kuehne et al., 2002). T1D was defined according to the WHO criteria
(WHO, 1999). Patients from the original study population were included in this study
based on the availability of samples from patients and from at least one family member
(mother, father, siblings). From Sweden 96 patients were included, and from Lithuania
96 patients were included, matched for age and gender, since levels of IAA decrease
with age (Vardi et al., 1988) and the prevalence of GADA is higher among females
(Verge, Howard, Rowley et al., 1994). All the patients were 1-15 years old, median
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age 9.0 years. The female/male ratio among the patients in the study sample was
51/49.
Serum samples were taken within 7 days of diagnosis and stored at -20ºC until
analysis of autoantibodies. Whole blood with EDTA was also stored at -20ºC until
genetic analysis was performed.
All children and their parents were asked to answer questionnaires at the time of
diagnosis (Sadauskaite-Kuehne et al., 2002; Sadauskaite-Kuehne et al., 2004).
Questions were asked about diabetes symptoms before diagnosis, infections,
vaccinations, neonatal period including breast-feeding, autoimmune disease in the
family and social factors (living conditions, parent’s age, education and employment).
Paper III: Breast-feeding & autoantibodies in children from the general
population
The current study was part of a prospective population-based follow-up study of all
infants born during 01 10 1997 – 01 10 1999 in south-east Sweden (the ABIS study;
All Babies in south-east Sweden) (Ludvigsson et al. 2001). Data on total and exclusive
breast-feeding, dietary factors, hereditary factors, delivery, infections and mothers’ age
and education were obtained through questionnaires filled in at birth, and at 1, 2-3 and
5-6 years of age. Duration of total breast-feeding was defined as the period when any
breast milk was given regardless of other food supplements and exclusive breastfeeding as the period when only breast milk was given. Duration of total breastfeeding was categorized into 0-3 months and 4 month or longer, and duration of
exclusive breast-feeding into 1-3 months and 4 months or longer.
Autoantibodies were analysed in sera taken at 5-6 years of age and stored at -20ºC. A
sample for autoantibody analysis was available from 3788 children, 12 of them (0.3%)
had developed T1D at the age of 5-6 years and were therefore excluded from the
analysis. Data from questionnaires were available from 16 070 families at birth, 11
091 at 1 year, 8805 at 2-3 years and 7443 at 5-6 years follow-up.
Paper IV: Risk genes & autoantibodies in children from the general population
The current study was also part of the prospective ABIS study, see Paper III.
Autoantibody data at 5-6 years of age was available from 3776 children who had not
developed T1D. Data on HLA haplotype were available from 714 and data on INS-23
polymorphism from 651 of these children. The genetic markers were analysed in
whole blood samples taken at any of the three follow-up visits and stored at -20ºC until
analysed.
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Methods
Paper I: Diabetes-related autoantibodies in non-diabetic children
Antigen preparation: The cDNA for GAD65 was cloned into the pcDNA2 vector and
cDNA for IA-2ic was cloned into pSP64 poly (A) vector (both gifts from Prof. Å
Lernmark, Seattle). The cDNA was extracted from plasmid-carrying E. Coli using the
Qiagen Plasmid Purification kit (KEBO labs, Stockholm, Sweden) and translated into
35
S-labelled protein using the TNT® SP6 Coupled Reticulolysate System (Promega,
Madison, WI, USA). The methionine in the substrate was replaced with 35Smethionine (Amersham Biosciences, Buckinghamshire, Great Britain). The 35Sincorporation in the product was estimated by precipitation with trichloroacetic acid.
GADA and IA-2A assay: Antigen was diluted in a wash buffer (0.15M NaCl, 0.02M
TRIS-HCl, pH 7.4) supplemented with BSA (0.1%) and Tween-20 (0.15%) to an
activity of 20 000 cpm/50 µl. Serum samples were incubated with the antigen in a 1:25
dilution in duplicates, over night on a shaker at +4°C. This incubation was performed
in a 96 round-bottom well plates (Labassco, Stockholm, Sweden). On each plate a
standard (denoted RA) consisting of sample from one individual positive for both
GADA and IA-2A diluted in wash buffer and comparable to the WHO standard were
included, a well as a background sample and one positive and one negative control.
Both standard and controls were serum samples from adults.
The following day, the IgG antibodies were precipitated with 15 µl Protein ASepharose (Zymed, San Francisco, CA, USA) diluted in 50 µl wash buffer in a 96 well
filter plate (Millipore, Stockholm, Sweden) blocked with 1% BSA in TRIS-HCl buffer
(0.15M NaCl, 0.02M TRIS-HCl, pH 7.4). After incubation for 45 min at +4°C, wells
were washed with wash buffer using a vacuum manifold (Millipore, Stockholm,
Sweden). After drying, scintillation fluid was added and the plates counted in a MicroBeta counter (1450 Micro-Beta Tri-Lux counter, Wallac Inc., Turku, Finland). For all
samples, mean and %CV were calculated. The results were expressed as RA units/ml
(RA u/ml; the sample used for the standard is denoted RA) in relation to the standard
curve. The lowest standard for GADA was 7.8 RA u/ml and for IA-2A the lowest was
5.5 RA u/ml. All samples with GADA below 7.8 RA u/ml or IA-2A below 5.5 RA
u/ml were regarded as undetectable and were given the arbitrary value 3.9 RA u/ml
and 2.8 RA u/ml respectively. Sera containing high levels of GADA or IA-2A were
diluted to fall within the range of the standard curves. In inhibition assays, the binding
between the radioactive antigens (GAD65 or IA-2) and the autoantibodies was
inhibited by addition of homologous antigen (unlabelled GAD65 or IA-2).
The cut off limit for positivity at the 98th percentile of 1 year old non-diabetic Swedish
children was 101.5 RA u/ml, corresponding to 35.4 WHO units for GADA and 36 RA
u/ml, corresponding to 31.1 WHO units for IA-2A (N=4400). In DASP (Diabetes
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Auto-antibody Standardization Program) for the year 2002, at the 98th percentile the
specificity was 96% for GADA and 100% for IA-2A while the sensitivity was 82% for
GADA and 54% for IA-2A. Inter-assay variation for negative and positive controls
was 14% and 13% for GADA and 16% and 14% for IA-2A, respectively. I have in
Paper I mistakenly given the arbitrary laboratory RA values instead of the WHO
values as cut off for positivity. The correct RA values and WHO values are stated
above.
IAA assay: Autoantibodies to insulin were determined by radiobinding assays
according to (Williams et al., 1997) with some modifications. Human insulin labelled
with 125I ((3-(125I)iodotyrosylA14 insulin, from Amersham Biosciences,
Buckinghamshire, Great Britain) was diluted in a TBT buffer (50mM TRIS-HCl, 1%
Tween-20, pH 8.0) to an activity of 15 000 cpm/25 µl. Serum samples (7.5 µl) and
labelled insulin were incubated in a 96 deep-well plate with shaking for 72 h at +4°C.
On each plate a standard consisting of a pool of sera from eight newly diagnosed
children (age 2-5 years, samples taken within 7 days of diagnosis) diluted in TBT
buffer were included, a well as a background sample and one positive and two
negative controls. The positive control and the two negative controls were serum
samples from adults.
After 72 h, the IgG antibodies were precipitated with 15 µl Protein A-Sepharose
(Zymed, San Francisco, CA, USA) diluted in 50 µl TBT buffer. The samples were
washed five times by centrifugation at +4°C and aspirated using a vacuum manifold.
Following transfer to 96 well isoplates, the samples were counted as above. For all
samples, mean and %CV were calculated. The results were expressed as units/ml
(u/ml) in relation to the standard curve. The detection of limit of the method was the
lowest standard corresponding to 2 u/ml. All samples with IAA below 2 u/ml were
given the arbitrary value 0.1 u/ml. All samples with IAA above 2 u/ml were tested in
inhibition assay. Insulin labelled with 125I insulin was added to quadruplicate samples.
Equal volumes of unlabelled homologous insulin in excess were added to duplicate
samples and the plates were incubated at 4°C with shaking for 72 h and then
precipitated, washed and counted as above. Background counts were subtracted and
specific counts were calculated by subtraction of counts of excess unlabelled insulin
from counts of labelled insulin. The results were expressed as u/ml of IAA calculated
in relation to a standard curve. Sera containing high levels of IAA were diluted to fall
within the range of the standard curve.
The cut off limit for positivity corresponding to the 97th percentile of 72 non-diabetic
Swedish schoolchildren (8-16 years old, median age 11) was 6 u/ml. In DASP in 2002,
using 6 u/ml as the cut off level, the specificity was 98% and the sensitivity was 24%.
Inter-assay variation for negative and positive controls was 13% and 9% in the
screening assay and 15% and 14% in the inhibition assay.
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General comment to autoantibody analyses: the protein A in Protein A-Sepharose
binds to the Fc part of three of the four different human IgG subclasses: IgG1, IgG2
and IgG4 antibodies (GE Health Care, formerly Amersham Biosciences; Hand book of
Antibody purification).
Paper II: Swedish and Lithuanian children with type 1 diabetes
Antigen preparation: This assay was performed in the same way as in Paper I.
GADA and IA-2A assay: This assay was performed in the same way as in Paper I,
with one exception. The antibodies were precipitated with 20 µl Protein A-Sepharose
(nProtein A Sepharose 4 Fast Flow, Amersham Biosciences, Uppsala, Sweden).
The cut off for positivity at the 98th percentile of 4258 non-diabetic Swedish children
(median age 3 years) was 105.1 RA u/ml, corresponding to 36.7 WHO units for
GADA and 29.8 RA u/ml, corresponding to 28.5 WHO units for IA-2A. Sera
containing high levels of GADA or IA-2A were diluted to fall within the range of the
standard curves. In DASP in 2003, using these cut off values the specificity for GADA
was 98% and 100% for IA-2A. The sensitivity was 78% for GADA and 48% for IA2A. Inter-assay variation for negative and positive controls was 8% and 14% for
GADA and 13% and 11% for IA-2A, respectively.
IAA assay: This assay was performed in a similar way as in Paper I, but all samples
were analysed with an inhibition assay and samples were counted in a gamma counter.
Serum (7.5 µl) were analysed in quadruplicates and tested with a competition assay in
deep-well plates. Human insulin labelled with 125I was diluted in TBT-buffer to an
activity of 25 000 cpm/25 µl and added to the quadruplicate samples. The same
standard and negative controls as described above were used. The positive control
consisted of a pool of sera from three newly diagnosed children (samples taken within
7 days of diagnosis). Equal volumes of unlabelled homologous insulin in excess or
TBT-buffer were added to duplicate samples and the plates were incubated at 4ºC with
shaking for 72 h. The sample-antigen mixture was precipitated and washed as above.
The samples were then transferred to vials and counted in a gamma counter (1282
Compugamma Wallac Inc., Turku, Finland). Calculations were performed as in Paper
I.
The cut off for positivity at the 98th percentile of 114 non-diabetic Swedish children,
(median age 10 years) was 6.45 u/ml. When using this cut off, we had specificity for
IAA of 100%, while the sensitivity was 24% in DASP in 2003. Inter-assay variation
was 5% for negative controls and 9% for positive controls.
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Genetic analyses: The HLA genotyping as well as analyses of insulin gene and
CTLA-4 gene polymorphisms were performed by the research group of Professor
Jorma Ilonen in Turku, Finland.
HLA genotyping: From whole blood or from whole blood spots on filter paper, the
HLA DQB1 typing was done by amplifying the second exon of the DQB1 gene by the
polymerase chain reaction (PCR) using a primer pair with biotinylated 3´ primer. The
amplification product was bound to streptavidin-coated microtitre plates and
denaturated by NaOH. After washing away the non-biotinylated DNA strand, the
bound DNA was analysed using 12 different DQB1 probes in mixes of three probes
labelled with various lanthanide (Europium, Samarium and Terbium) chelates.
Specific signals for each label were measured by time-resolved fluorometry after
washes and addition of enhancement solution. The different emission wave lengths
and delay times were used for specific detection of each lanthanide label (Sjöroos et
al., 1995; Laaksonen et al., 2002).
The DQA1 typing was done similarly in samples were it were deduced to be
informative (in DQB1*02, *0301, *0303 positive samples). A mix of DQA1*0201,
*03 and *05 probes labelled with various lanthanide labels were used as described
previously (Sjöroos et al., 1998; Laaksonen et al., 2002).
The DR4 subtyping was done similarly from DQB1*0302 positive samples. Two
mixes of three sequence specific probes were able to define DRB1*0401, *0402,
*0403, *0404, *0405, *0408 and *0409 (Nejentsev et al., 1999).
Individuals carrying DQB1*0302 and either DRB1*0401, *0402, *0404 or *0405
were combined and analysed together as DR4-DQ8 (non-DRB1*0403). Individuals
carrying DQB1*02-DQA1*05 were analysed as DR3-DQ2. Also the high risk
combination of DR4-DQ8 with DR3-DQ2 was used.
Insulin gene and CTLA-4 gene polymorphisms: The polymorphism in the insulin
and CTLA-4 gene was detected as -2221 MspI C/T and CTLA-4 +49 restriction site
polymorphisms. DNA from filter blood spots was amplified using primer pairs for
insulin gene and CTLA-4 gene. The amplified product was transferred to streptavidincoated microtitre plates as above and hybridised to two different lanthanide labelled
probes, one for insulin gene and one for CTLA-4. Detection was done with timeresolved fluorometry as above (Haller et al., 2004).
Polymorphism in the insulin gene was also detected as -23 HphI A/T restriction site
polymorphism, which was analysed in a similar way.
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HbA1c, ketones, and blood glucose: Data on haemoglobin A1c (HbA1c), ketones,
and blood glucose were collected from the hospital records (Sadauskaite-Kuehne et
al., 2002). In Sweden HbA1c was measured by the DCA-2000 analyser (Bayer
Diagnostics, Laverkevsen, Germany) and adjusted to a national standard which gives
values about 1% lower than the DCTT standard (Kullberg et al., 1996). In Lithuania,
HbA1c was measured by the DCA-2000 without adjustments. In our calculations, the
HbA1c values of the Swedish patients were therefore increased by 1%. Ketonuria was
assessed with Ketostix reagent strips before the first insulin injection. Blood glucose
was measured by standard glucose peroxidase reaction and the highest blood glucose
value during the last 24 h before the first insulin injection was used in the statistical
analysis.
Paper III: Breast-feeding & autoantibodies in children from the general
population
Antigen preparation: This assay was performed in the same way as in Paper I and II.
GADA and IA-2A assay: This assay was performed in the same way as in Paper II.
The cut off for positivity at the 99th percentile of 5-6 years old non-diabetic Swedish
children was 160.9 RA u/ml, corresponding to 61.4 WHO units for GADA (N=3251)
and 5.6 RA u/ml, corresponding to 4.0 WHO units for IA-2A (N=3459). The cut off
for positivity at the 95th percentile for GADA was 62.3 RA u/ml, corresponding to
20.9 WHO units. The cut-off for positivity was determined as the 99th percentile for
IA-2A since the detection level of the IA-2A assay is 5.5 RA u/ml. In DASP for the
year of 2005, at the 99th percentile the specificity was 99% for GADA and 100% for
IA-2A while the sensitivity was 74% for GADA and 72% for IA-2A. At the 95th
percentile, the specificity for GADA was 94% and the sensitivity was 80%. Inter-assay
variation for negative and positive controls was 10% and 8% for GADA and 11% and
12% for IA-2A.
IAA assay: This assay was performed in the same way as in Paper II.
The cut off for positivity at the 99th percentile of 2201 non-diabetic Swedish children,
(age 5-6 years) was 6.3 u/ml, and the cut off for positivity at the 95th percentile was 2.6
u/ml. In DASP for the year of 2005, at the 99th percentile the specificity for IAA was
100%, while the sensitivity was 24%. The corresponding figures at the 95th percentile
was 97% and 34% respectively. Inter-assay variation for negative and positive controls
were 11% and 8% respectively.
IAA above the 95th percentile or IA-2A above the 99th percentile was used as an
outcome variable and marker of beta-cell autoimmunity. Also, GADA and/or IAA
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above the 95th percentile or any one of GADA, IAA or IA-2A above the 99th percentile
were used as outcome variables.
Paper IV: Risk genes & autoantibodies in children from the general population
GADA and IA-2A assay: This assay was performed in the same way as in Paper III.
The cut off for positivity at the 99th percentile of 5-6 years old non-diabetic Swedish
children was 160.9 RA u/ml, corresponding to 61.4 WHO units for GADA (N=3251)
and 5.6 RA u/ml, corresponding to 4.0 WHO units for IA-2A (N=3459). The cut off
for positivity at the 98th percentile was 88.0 RA u/ml, corresponding to 30.8 WHO
units for GADA. The cut-off for positivity was determined as the 99th percentile for
IA-2A since the detection level of the IA-2A assay is 5.5 RA u/ml. In DASP in 2005,
the specificity for GADA at the 99th percentile was 99% and the sensitivity was 74%.
At the 98th percentile the specificity was 94% and the sensitivity was 76%. For IA-2A
at the 99th percentile, the specificity was 100% and the sensitivity was 72%. Interassay variation for negative and positive controls were 10% and 8% for GADA and
11% and 12% for IA-2A.
IAA assay: This assay was performed in the same way as in Paper III.
The cut off for positivity at the 99th percentile of 2201 non-diabetic Swedish children,
(age 5-6 years) was 6.3 u/ml, and the cut off for positivity at the 98th percentile was 4.2
u/ml. In DASP in 2005, we had specificity for IAA of 100%, while the sensitivity was
24% according to the 99th percentile and corresponding figures at the 98th percentile
was 100% and 30% respectively. Inter-assay variation for negative and positive
controls was 11% and 8%.
Single autoantibodies were used as markers for beta-cell autoimmunity. For this,
GADA, IAA and IA-2A above 99th percentile and GADA and IAA above the 98th
percentile were used as out-come variables. Also, the combinations of GADA and/or
IAA at the 98th percentile and GADA, IAA and/or IA-2A at the 99th percentile were
used as out-come variables.
Genetic analyses: The HLA genotyping as well as analysis of insulin gene
polymorphism were performed by the research group of Professor Jorma Ilonen in
Turku, Finland.
HLA genotyping: This assay was performed in the same way as in Paper II.
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Individuals carrying DQB1*0302 and either DRB1*0401, *0402, *0404 or *0405
were combined and analysed together as DR4-DQ8 (non-DRB1*0403). Individuals
carrying DQB1*02-DQA1*05 were analysed as DR3-DQ2.
The protective haplotypes (DR15)-DQB1*0602, (DR5)-DQA1*05-DQB1*0301 and
(DR1301)-DQB1*0603 were also used. Individuals carrying different genotypes were
graded according to risk of T1D, see Table 30.
Insulin gene and polymorphisms: This assay was performed in the same way as in
Paper II, with the polymorphism detected as -23 HphI A/T restriction site
polymorphism.

Statistical methods
Standard curves and interpolated values of samples were performed using GraphPad
Prism 4 (GraphPad Software Inc., San Diego, California, USA). For statistical
analyses, the statistical package SPSS 11.0 (SPSS Inc., Chicago, Illinois, USA) was
used.
The levels of autoantibodies were not normally distributed and therefore nonparametric tests or tests for categorical variables were used.
Comparisons between three or more unpaired groups were analysed with Kruskal
Wallis test and comparisons between two unpaired groups with Mann Whitney’s Utest. Comparisons between paired groups were analysed with Wilcoxon signed rank
test. Correlations were analysed with Spearman’s rank correlation coefficient test. A
two-tailed p value of 0.05 or less was considered statistically significant.
The Chi-square test was used for categorical variables. A p value of 0.05 or less was
interpreted as a significant association. Chi-square with Yates’ correction was used for
all 2x2 tables in Paper II. In Paper III and IV, Yates’ correction were only used for 2x2
tables with expected count<5 in one cell or more, but a minimum expected count of 1.
In paper III: categorical variables significant by the Chi-square tests were analysed by
logistic regressions.
Logistic regression analysis is used to explore predictors and to calculate odds ratios
(OR) with 95% confidence intervals (CI) for binary dependent variables. An OR above
1.0 indicates increased risk, but only if the CI does not include 1.0 or is too large. The
logistic regression analyses (enter) were used when estimating the OR for binary
variables, significant in the univariate (Chi-square) analyses, in relation to the
dependent variable (beta-cell autoimmunity). If an external factor indicated increased
risk of beta-cell autoimmunity in the univariate analyses, it was analysed
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simultaneously and included in a multivariate model and selection of significant
explanatory variable by logistic regression analyses (forward stepwise).
A p value given as 0.000 by the SPSS program is reported here as p<0.001. No
corrections were made for multiple comparisons.

Ethical considerations
Paper I: Diabetes-related autoantibodies in non-diabetic children
The protocol for the prospective prophylaxis study was approved by the Human
Research Ethics committee of the Medical Faculty, Linköping University. All parentsto-be gave their written informed consent to enter the study.
The families were recruited from 10 maternity clinics in the Linköping area, and
midwives asked pregnant woman about their own and family members’ history of
allergic disease/atopy. The midwives informed the eligible woman about the purpose
of the study. More information about the study as well as verification of the
preliminary diagnosis was given over the telephone by the Paediatrician in charge of
the study. All mothers allocated to the diet-group were informed that they were
welcome to continue with the follow-up of the baby even if they did not adhere to the
diet restrictions.
Paper II: Swedish and Lithuanian children with type 1 diabetes
The protocol for the DEBS study was approved by the Research Ethics Committees of
the Medical Faculties of Linköping University and Lund University in Sweden and by
the Research Ethics Committee of Kaunas University of Medicine in Lithuania. All
newly diagnosed patients were invited to participate in the study. All participants and
parents/guardians gave their written informed consent to enter the study.
Paper III: Breast-feeding & autoantibodies in children from the general
population
The protocol for the ABIS study was approved by the Research Ethics Committees of
the Medical Faculty of Linköping University, Linköping and of the Medical Faculty of
Lund University, Lund. Parents/guardians gave their informed consent to enter the
study.
Before entering the ABIS study all parents-to-be received both written and oral
information before the baby was born. They were also offered to watch a video-film
about the ABIS study. Return of completed at-birth questionnaire and/or any
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biological samples (in addition to cord blood) was considered as informed consent.
Likewise, participation in the 1 year, 2-3 year and 5-6 year follow-up with return of
completed questionnaires and/or any biological samples was considered as additional
informed consent from the parents. The children in the study are identified by an ABIS
number only. The data from questionnaires and laboratory analysis are stored without
personal identifications and the data is stored and handled with due confidentiality.
Ethical questions in the ABIS study has been studied separately (Stolt et al., 2002) as
well as the maternal attitude to participation (Ludvigsson et al., 2001).
Paper IV: Risk genes & autoantibodies in children from the general population
For ethical considerations of the ABIS study, see Paper III.
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RESULTS & DISCUSSION
Paper I: Diabetes-related autoantibodies in non-diabetic children
In non-diabetic children with allergic heredity we found low levels of beta-cell
autoantibodies with some fluctuations. We defined low levels of GADA, IA-2A and
IAA as levels above the detection limit, i.e. the lowest standard. Samples with levels
lower than the detection limit were given an arbitrary value.
Prevalence & fluctuation of beta-cell autoantibodies
GADA were detectable in almost all children, IA-2A in about half and IAA in about
10% of all children. The prevalence of detectable GADA, IA-2A and IAA are shown
in Table 3.
Table 3: The prevalence of detectable GADA, IA-2A and IAA below the cut off limit for
positivity in non-diabetic children with allergic heredity.
GADA

IA-2A

IAA

N (%)

N (%)

N (%)

6w
6m
18 m

196/196 (100.0) 92/196 (46.9)
186/191 (97.3) 97/186 (52.2)
184/185 (99.5) 81/183 (44.3)

12/196 (6.1)
16/186 (8.6)
19/180 (10.6)

5y

152/157 (96.8)

10/154 (6.5)

61/156 (39.1)

When using the cut off limits for positivity 1/196 (0.5%) of the children were positive
for GADA at 6 weeks of age, 4/191 (2.1%) at 6 months of age, 2/185 (1.1%) at 18
months of age and 7/157 (4.5%) at 5 years of age. For IAA 7/196 (3.6%) of the
children were positive at 6 weeks of age, 5/186 (2.7%) at 6 months of age, 6/180
(3.3%) at 18 months of age and 2/154 (1.3%) at 5 years of age. No children were
positive for IA-2A. Only one child was double positive, for both GADA and IAA at 6
months of age, but the level of both autoantibodies decreased at 18 months and at 5
years of age.
We compared the levels of each autoantibody at different time points with Wilcoxon
test. The levels of GADA, IA-2A and IAA fluctuated during the first 5 years of life in
non-diabetic children. The level of GADA decreased from 6 weeks to 6 months of age
(p<0.001), increased between the age of 6 and 18 months (p<0.001) and then remained
similar at the age of 5 years (Figure 3A). The levels of IA-2A increased from 6 weeks
to 6 months of age (p<0.001) but then decreased until the age of 5 years (p<0.001)
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(Figure 3B). No significant changes in the levels of IAA were found, presumably due
to the low prevalence of detectable IAA (Figure 3C).
A
200

***
***

***

20

***
***

IA-2A RA u/ml

GADA RA u/ml

B

**

150
100
50

15
10
5

0

0
6w

6m

18m

5y

6w

Median
47.1
38.1
48.7
51.5
Range 14.0-115.8 3.9-136.4 3.9-132.5 3.9-198.4

Median
2.8
Range 2.8-15.3

6m
5.8
2.8-19.1

18m
2.8
2.8-17.6

5y
2.8
2.8-13.2

C
50

Figure 3A-C: Fluctuation of autoantibody
levels during the first five years of life in
non-diabetic children with allergic heredity.
A) GADA: the cut off at the 98th percentile
was 101.5 RA u/ml.; *** p<0.001 and **
p=0.007. B) IA-2A: the cut off at the 98th
percentile was 36.0 RA u/ml; *** p<0.001.
C) IAA: the cut off at the 97th percentile
was 6 u/m; all NS.

IAA u/ml

40
30
20
10
0
6w
Median
0.1
Range 0.1-43.0

6m

18m

0.1
0.1-10.4

0.1
0.1-13.6

5y
0.1
0.1-27.8

At the age of 6 weeks, we detected a weak correlation between the levels of GADA
and IA-2A (rho=0.18, p=0.01). Also at the age of 6 months we found a weak
correlation between the levels of GADA and IA-2A (rho=0.25, p=0.001) as well as
between the levels of GADA and IAA (rho=0.26, p<0.001). At 5 years of age we
found a weak correlation between IA-2A and IAA (rho=0.26, p=0.001).
Dietary factors & beta-cell autoantibodies
Maternal elimination of cow milk and egg from the diet during the last trimester of
pregnancy did not influence neither the prevalence of detectable autoantibodies nor the
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levels of autoantibodies in the children at any age (data not shown) (Ludvigsson,
2003).
The median duration of total breastfeeding was 7 months, and the duration of total
breastfeeding did not influence the level or prevalence of detectable GADA, IA-2A or
IAA in the children (data not shown). Children who were exposed to cow milk before
6 months but after 3 months of age had higher levels of GADA at 6 months than
children who had not been exposed to cow milk (median levels of GADA was 39.6
and 32.4 RA u/ml respectively, p=0.029, Mann-Whitney test). No associations of cow
milk exposure before 6 months of age and IA-2A or IAA were found (data not shown)
(Ludvigsson, 2003).
Ear infection or atopy & beta-cell autoantibodies
The levels of IA-2A at 18 months of age were higher in children who had otitis media
(middle ear infection) before 6 months of age than in children with no otitis (median
levels of IA-2A was 2.8 and 6.3 RA u/ml respectively, p=0.048, Mann-Whitney test).
Children diagnosed as having a atopic disease at 18 months of age or earlier had lower
levels of IA-2A at 5 years of age than children without atopy (median levels of IA-2A
was 2.8 and 6.2 RA u/ml, p=0.002, Mann-Whitney test) (Ludvigsson, 2003).
Discussion
We found low but clearly detectable levels of beta-cell autoantibodies in non-diabetic
children with allergic heredity. The levels are far below the cut off limits which are
used to define risk of T1D. Even so, we believe that the autoantibodies detected here
are antigen-specific because the binding was effectively inhibited by homologous
antigen (data not shown).
GADA, IA-2A and IAA showed different patterns. Production of IA-2A started
already at 6 months of age and the levels declined after 18 months of age which may
be interpreted as development of tolerance. The level of GADA first decreased from 6
weeks to 6 months, indicating a clearance of maternal GADA. The children’s own
production of GADA started later, and reached a plateau at 18 months, where the level
remained the same at 5 years of age. This is in line with previous results reporting
increasing levels of GADA with age and increase in the prevalence of GADA with age
in newly diagnosed patients with T1D, opposed to the prevalence of IA-2A and IAA
which decreases with age in T1D (Vardi et al., 1988; Verge, Howard, Rowley et al.,
1994). In the case of IAA no pattern can be seen since IAA was detected in fewer
children. This may to some extent be explained by the low sensitivity of our method.
IAA is often reported to be the first autoantibody to appear in the pre-diabetes stage of
high risk individuals (Ziegler et al., 1999; T. Kimpimäki et al., 2001; Kukko et al.,
2005). The autoantibodies detected at 6 weeks of age probably reflect transfer of
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maternal antibodies via the placenta, since IgG antibodies cross the placenta especially
during the third trimester as reviewed in (Simister, 2003). Autoantibodies in cord
blood has been shown to reflect the autoantibody status of the mother (Ziegler et al.,
1993; Hämäläinen et al., 2002). The level of IgG in infants decrease until 3-6 months
of age when the levels starts to increase due to the child’s own production of IgG
(Fulginiti et al., 1966).
The different pattern of fluctuations for GADA and IA-2A may reflect different types
of immune response against GAD65 and IA-2 and/or different mechanisms of
development of tolerance. Autoantibodies to GAD65 is not a phenomenon restricted to
T1D, but are common also in other autoimmune conditions, such as in Stiff-Mans
Syndrome (WHO, 1999). IA-2A have a good predictive value for T1D in children as
shown by several studies, and could be considered more specific for T1D.
The risk of T1D conferred by positivity to a single beta-cell autoantibody is small,
instead multiple positivity confers an increased risk of developing T1D (Bingley et al.,
1994; Verge et al., 1998). In the children of our study, the low levels of autoantibodies
indicate a low risk of progression to T1D. Accordingly, none of the children still living
in the Linköping region has been diagnosed with T1D.
Maternal abstention from cow milk and egg during the last trimester of pregnancy did
not influence the level of autoantibodies, nor did the length of total breastfeeding.
However, exposure to cow milk by 6 months of age was associated with higher levels
of GADA at 6 months of age. According to the study design, the children received
casein hydrolysate until three months of age as supplementary feeding. By this age the
gut maturation is well underway in humans and we could not evaluate the effect of
early exposure (i.e. before 2-4 months of age) to cow milk on the levels of
autoantibodies in the present study. Within the original study, the maternal abstention
from cow milk was not found to protect the children from developing allergies (FälthMagnusson & Kjellman, 1987).
Children diagnosed with atopic disease at 18 months had lower levels of IA-2A at 5
years of age than children without atopic diseases. It is possible that development of
atopy and a TH2 deviated immune response has inhibitory effect on the development
of IgG-class autoantibodies. Children with ear infections before 6 months of age had
increased levels of IA-2A at 18 months when compared to children without ear
infections. This might be due to an infection-mediated triggering of the immune
system and the trigger is likely non-antigen specific.
Our population is not a randomly selected population of healthy individuals, as all the
children have an increased risk to develop atopic disease or allergy. A deviation
towards a type 2 immune response characterise atopic disease and allergy and T1D is
generally considered as a deviation towards a type 1 response. If this is the case, there
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is no reason why atopic children should be more prone to develop autoantibodies.
However, both atopic disease and T1D may be regarded as diseases with an aberrant
immune regulation/function and it may therefore not be possible to apply our findings
to a healthy population.
In summary, our results demonstrate that low levels of autoantibodies against GAD65,
IA-2 and insulin are detectable in most children without increased risk of T1D and that
the levels of these autoantibodies fluctuate over the first 5 years of life. Our findings
suggest that immune response to IA-2 is induced during the first months of life
resulting in tolerance. Immune response to GAD65 seems to be induced later and the
levels of GADA increase with age in non-diabetic children.
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Paper II: Swedish and Lithuanian children with type 1 diabetes
We compared newly diagnosed patients from Sweden and Lithuania to describe
differences in beta-cell autoimmunity, T1D associated risk genes and clinical
manifestation. Since the incidence of T1D is much higher in Sweden than in Lithuania,
we hypothesised that the process leading to T1D may differ and thereby also the
prevalence of beta-cell autoantibodies and risk genes. In this study we used the 98th
percentile as cut off for autoantibody positivity.
Beta-cell autoantibodies in patients and family members
We detected IAA above the cut off for positivity in 53/96 (55.2%) Swedish and 38/96
(39.6%) Lithuanian patients (p=0.043) and GADA in 73/96 (76.0%) Swedish and
57/96 (59.4%) Lithuanian patients (p=0.032) (Table 4). The prevalence of IA-2A in
Swedish 61/96 (63.5%) and Lithuanian patients 56/96 (58.3%) was similar (p=0.6).
The levels of IAA in IAA positive patients were similar in Sweden and Lithuania. The
levels of GADA in GADA positive patients were higher in Lithuania (p=0.005), and
the levels of IA-2A in IA-2A positive patients were higher in Sweden (p=0.005)
(Table 4). The frequencies of family members positive for any of the autoantibodies
were small and no statistical differences could be detected (Table 4).
Table 4: Prevalence of beta-cell autoantibodies and level of autoantibodies in patients,
parents and siblings in Sweden and Lithuania. Data are the number of subjects positive/total
number of subjects (%), range and median level of autoantibody. Levels of IAA are given in
u/ml and levels of GADA and IA-2A in RA u/ml. Frequency of autoantibodies were compared
by Chi-square with Yates’ correction and comparisons of median levels of autoantibodies
between countries with Mann-Whitney test.
IAA

GADA

Sweden

Lithuania
a

IA-2A

Sweden
a

Lithuania
b

Patients 53/96 (55.2) 38/96 (39.6) 73/96 (76.0)
Median 20.2
17.4
397.0c

Sweden
b

Lithuania

57/96 (59.4)
1600.0c

61/96 (63.5) 56/96 (58.3)
2079.0d
420.0d

(6.5-1333.0)

(105.6-88*106)

(115.7-219450)

(35.5-34740)

(32.9-35200)

Parents 7/172 (4.1)

9/167 (5.4)

10/172 (5.8)

7/167 (4.2)

0/172

2/167 (1.2)

Median 14.0

11.1

334.3

352.8

(range)

(7.4-251.2)

(113.2-44000)

(178.0-403000)

5/81 (6.2)
13.0

4/71 (5.6)
126.5

2/81 (2.5)
1350.0

2/71 (2.8)

1/81 (1.2)

(112.7-182.8)

(1000.0-1700.0)

(range)

(6.8-272.8)

(11.7-299.2)

Siblings 3/71 (4.2)
Median 13.0
(range)
a

(12.3-112.4)
b

(6.8-31.6)
c

d

p=0.043, p=0.032, p=0.005 and p=0.005, all other p values were non significant
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In the entire patient population, the level of IAA did not correlate with the levels of
IA-2A (rho=-0.051, p=0.7) or the level of GADA (rho=0.004, p=1.0) and the level of
GADA did not correlate with the level of IA-2A (rho=-0.082, p=0.5).
The prevalence of multiple autoantibodies (2 or 3 autoantibodies) was higher in
Swedish patients, and the number of autoantibody negative patients were higher in
Lithuania (p=0.015) (Table 5).
Table 5: The prevalence of positivty for multiple beta-cell autoantibodies in Swedish and
Lithuanian patients. Frequency of autoantibodies were compared by Chi-square test.
Autoantibody

Sweden

Lithuania

status

N (%)

N (%)

Overall

Positive all three
Positive any two
Negative all three

26/96 (27.1)
44/96 (45.8)
5/96 (5.2)

13/96 (13.5) 0.031
43/96 (44.8) 1.000
14/96 (14.6) 0.053

p-value

p-value

0.015

Patient age and gender & beta-cell autoantibodies
The median age in both Swedish and Lithuanian patients was 9.0 years. The patients
were divided into three age groups; 1-4 years, 5-9 years and 10-15 years (SadauskaiteKuehne et al., 2002). In Lithuania IAA were more prevalent in children below 5 years
of age compared to older children (p=0.001), this was not seen in Swedish patients
(p=0.5) (Table 6). There was an inverse correlation between the level of IAA in IAA
positive patients and the age of the patient in the Swedish patient group (rho=-0,613,
p<0.001), but no significant correlation was found in Lithuanian patients (rho=-0.242,
p=0.1).
Table 6: The distribution of IAA positive children in different age groups in Swedish and
Lithuanian patients. Frequencies of autoantibodies were compared by Chi-square tests.
1-4 years

5-9 years

10-15 years

N (%)

N (%)

N (%)

p value

25/44 (56.8)
8/35 (22.8)

21/41 (51.2)
19/47 (40.4)

0.553
0.001

Sweden
7/10 (70.0)
Lithuania 11/14 (78.6)

Gender had no influence on the level of IAA in IAA positive patients (data not
shown). Age and gender did not affect GADA levels (data not shown).
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The prevalence of IA-2A was similar in the three age groups in both Sweden and
Lithuania (data not shown). There was a weak correlation between the level of IA-2A
in IA-2A positive patients and patient age in the entire patient population (rho=0.187,
p=0.044). This correlation was not significant in the separate patient groups (data not
shown). The level of IA-2A was higher in the oldest age group (1-4 years old; median
241.9 range 35.5-8060.0, 5-9 years old; median 1037.0, range 44.9-35 200.0 and 10-15
years old; median 2079.0, range 32.9-34 740.0, p=0.047). Gender did not influence the
level of IA-2A (data not shown).
Parent’s age and autoimmunity & beta-cell autoantibodies in the patients
The age of the mother of Swedish patients (median 37.0 years) was similar to that of
the mothers of Lithuanian patients (median 37.0 years) (p=0.4). Similarly, the age of
Swedish fathers (median 39.0 years) was similar to that of Lithuanian fathers (median
36.5 years) (p=0.3). The age of the mother or father did not affect the levels of IAA,
GADA or IA-2A in the patients (data not shown). Similarly, autoimmune diseases
(T1D, rheumatic disease, celiac disease or thyroid disease) or type 2 diabetes (T2D)
did not affect the levels of IAA, GADA or IA-2A in the patients (data not shown).
This may be explained by the low numbers of parents with these diseases: 12 reported
T1D (10 fathers and 2 mothers), one reported T2D, 5 reported rheumatic disease, 2
reported celiac disease and 9 reported thyroid disease.
Beta-cell autoantibodies & clinical characteristics
The IAA negative patients showed signs of a more serious clinical manifestation at
onset of diabetes, independently of the age. To be able to stratify for age, the patients
from Sweden and Lithuania were analysed together in relation to clinical parameters.
In the entire patient population, the HbA1c level was elevated in IAA negative patients
(median 12.4, range 6.1-14.5) compared to in IAA positive patients (median 9.8, range
5.7-14.0) (p=0.001). Among patients positive for IAA, HbA1c correlated inversely
with the level of IAA (rho=-0.339, p=0.007). Similarly, the level of ketones was
elevated in the IAA negative patients (median 3, range 0-4) compared to in IAA
positive (median 2, range 0-4) (p=0.006). In patients positive for IAA, the levels of
ketones correlated inversely with the level of IAA (rho=-0.300, p=0.012). The findings
when analysing Swedish and Lithuanian patients separately are given in Table 7. The
association of negative IAA with HbA1c and ketones were similar in the age groups 14 years and 5-9 years, although no differences were seen in the age group 10-15 years
(Table 8). There were no associations between GADA and signs of a more serious
clinical manifestation at onset of diabetes (data not shown). In patients positive for IA2A, blood glucose levels correlated positively with the level of IA-2A (rho=0.275,
p=0.003). The level of ketones was significantly lower in patients positive for all three
autoantibodies (median 2, range 0-4) compared to patients with two autoantibodies
(median 3, range 0-4) or no autoantibodies (median 3, range 0-4) (p=0.029). The levels
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of HbA1c, blood glucose and pH values in the patients were not influenced by
prevalence of two or three different autoantibodies, or by the absence of
autoantibodies (data not shown).
Table 7: The clinical characteristics (HbA1c and ketones) in Swedish and Lithuanian patients
at diagnosis. Comparisons were made by the Mann-Whitney test and the Spearman’s rank
correlation test.
Median
Swedish

Range

N

p value

(rho), p value

5.7-13.4
6.1-14.1

30
25

0.2

(-0.3), 0.1

0-3
0-3

31
24

0.1

(-0.4), 0.034

Range

N

p value

(rho), p value

IAA pos 10.3

6.7-14.0

33

0.017

(-0.4), 0.02

IAA neg 12.4
Ketones IAA pos 3
IAA neg 3

7.0-14.5
0-4
0-4

52
38
58

0.2

(0.2), 0.1

HbA1c

IAA pos 9.0
IAA neg 9.5

Ketones IAA pos 1
IAA neg 2
Median
Lithuanian HbA1c

Beta-cell autoantibodies & genetic risk of type 1 diabetes
The risk haplotype HLA-DR4-DQ8 (DQB1*0302) was more common among Swedish
than Lithuanian patients, 65/81 (80.2%) of Swedish and 52/86 (60.5%) of Lithuanian
patients carried this haplotype (p=0.004). The risk haplotype DR3-DQ2 (DQA1*05DQB1*02) was detected in 43/81 (53.1%) of Swedish and 37/86 (43.0%) of
Lithuanian patients (NS). The high-risk combination of these both haplotypes was also
more frequent among Swedish 32/81, (39.5%) than Lithuanian 17 /86 (19.8%) patients
(p=0.009). In the entire patient population, the number of IAA or GADA positive
children did not differ between children with and without DR4-DQ8 or DR3-DQ2
haplotype (Table 9). The IA-2A positivity was associated with DR4-DQ8 haplotype in
patients (p<0.001), but not with the DR3-DQ2 haplotype (Table 9).
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Table 8: The clinical characteristics (HbA1c and ketones) in the entire patient population,
stratified for age. Comparisons were made by the Mann-Whitney test and the Spearman’s
rank correlation test.
Median
1-4 years

HbA1c

IAA pos 9.4
IAA neg 10.7
Ketones IAA pos 2
IAA neg 2
Median

5-9 years

HbA1c

IAA pos 9.5
IAA neg 11.1

Ketones IAA pos 2
IAA neg 3
Median
10-15
years

HbA1c

IAA pos 10.5
IAA neg 12.4

Ketones IAA pos 3
IAA neg 3

Range

N

p value

(rho), p value

5.7-12.3
7.0-11.5
0-4

15
4
15

0.2

(-0.645), 0.009

1.0

(-0.515), 0.049

0-4

4

Range

N

p value

(rho), p value

6.2-14.0
6.1-14.3

22
38

0.019

(-0.460), 0.031

0-4
0-4

24
40

0.069

(-0.580), 0.003

Range

N

p value

(rho), p value

7.1-14.0
8.2-14.5

26
35

0.2

(0.090), 0.7

0-4
0-4

30
38

0.034

(-0.003); 1.0

Table 9: Prevalence of autoantibodies in the entire patient population with or without HLA
risk haplotypes. Frequencies were compared by Chi-square test with Yates' correction.
Haplotype
DR4-DQ8

IAA positive

GADA positive

IA-2A positive

N (%)

N (%)

N (%)

Yes
No

59/116 (50.8)
22/52 (42.3)
0.4

72/112 (64.3)
40/52 (76.9)
0.2

81/114 (71.1)
21/52 (40.4)
<0.001

Yes
No

41/80 (51.3)
40/87 (46.0)

55/78 (70.5)
56/111 (50.5)

44/78 (56.4)
57/87 (65.6)

0.6

0.6

0.3

28/49 (57.1)
53/65 (81.5)
0.2

30/47 (63.8)
81/116 (69.8)
0.6

32/47 (68.1)
69/118 (58.5)
0.3

p value
DR3-DQ2
p value
DR4-DQ8 &
DR3-DQ2
p value

Yes
No
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In patients matched according to their DR4-DQ8 or DR3-DQ2 haplotype, the number
of GADA positive children was significantly higher in Sweden than in Lithuania
(Table 10A). The number of IAA positive or IA-2A positive children did not differ
between patients with and without these haplotypes.
The polymorphism in the insulin gene was analysed as –2221 C/T or -23 A/T
polymorphism, and the distributions of the genotypes was similar in Swedish and
Lithuanian patients (Table 11). The polymorphism in the CTLA-4 gene, analysed as
A/G polymorphism, did not differ between Swedish and Lithuanian patients (Table
12). The frequency of IAA, GADA or IA-2A positive children did not differ between
patients carrying different genotypes of the insulin gene (Table 13). In patients
carrying the CC genotype of the –2221 C/T polymorphism or the AA genotype of the 23 A/T polymorphism, the number of patients positive for IAA was higher in Swedish
patients than in Lithuanian patients (p=0.017 and p=0.031 respectively, see Table
10B). The number of IAA, GADA or IA-2A positive children did not differ between
children carrying different CTLA-4 genotypes (Table 14). In patients carrying the GG
or AG genotype, the number of patients positive for GADA was higher in Swedish
than in Lithuanian patients (p=0.038, Table 10C).
Table 10: Beta-cell autoantibodies in Swedish and Lithuanian patients matched according to
A) DR4-DQ8 or DR3-DQ2, B) INS VNTR C/C or A/A and C) CTLA-4 G/G and A/G
genotypes. Data are the number of patients positive/total number of patients (%). Frequencies
were compared by Chi-square test with Yates' correction.
A
DR4-DQ8 genotype
Sweden
Lithuania
IAA

p value

DR3-DQ2 genotype
Sweden
Lithuania

p value

pos

38/65 (58.5) 21/51 (41.2)

25/43 (58.1) 16/37 (43.2)

neg

27/65 (41.5) 30/51 (58.8) 0.097

18/43 (41.9) 21/37 (56.8) 0.3

GADA pos
GADA neg

48/64 (75.0) 24/48 (50.0)
16/64 (25.0) 24/48 (50.0) 0.011

35/42 (83.3) 20/36 (55.6)
7/42 (16.7) 16/36 (44.4) 0.015

IA-2A pos

48/64 (75.0) 33/50 (66.0)

26/42 (61.9) 18/36 (50.0)

IA-2A neg

16/64 (25.0) 17/50 (34.0) 0.4

16/42 (38.1) 18/36 (50.0) 0.4

IAA

Continues on next page
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Table 10: Continued.
B
INS VNTR; 2221 C/C
Sweden
IAA
IAA

pos
neg

p value

Lithuania

INS VNTR; 23 A/A
Sweden

p value

Lithuania

36/58 (62.1) 27/69 (39.1)
22/58 (37.9) 42/69 (60.9) 0.017

32/52 (61.5) 24/61 (39.3)
20/52 (38.5) 37/61 (60.7) 0.031

GADA pos

42/57 (73.7) 41/66 (62.1)

37/51 (72.5) 35/58 (60.3)

GADA neg

15/57 (26.3) 25/66 (37.9) 0.2

14/51 (27.5) 23/58 (39.7) 0.3

IA-2A pos

36/57 (63.2) 37/68 (54.4)

33/51 (64.7) 31/60 (51.7)

IA-2A neg

21/57 (36.8) 31/68 (45.6) 0.4

18/51 (35.3) 29/60 (48.3) 0.2

C
CTLA-4; G/G and A/G
Sweden
IAA
IAA

p value

Lithuania

pos
neg

29/52 (55.8) 24/64 (37.5)
23/52 (44.2) 40/64 (62.5)

0.076

GADA pos
GADA neg

42/51 (82.3) 39/62 (62.9)
9/51 (17.6) 23/62 (37.1)

0.038

IA-2A pos

34/51 (66.7) 37/63 (58.7)

IA-2A neg

17/51 (33.3) 26/63 (41.3)

0.5

Table 11: Frequencies of INS-2221 and INS-23 polymorphisms in Swedish and Lithuanian
patients. CC and AA genotypes confer risk of T1D, CT, AT and TT genotypes confer varying
degrees of protection. Frequencies were compared by Chi-square test with Yates' correction.

Genotype
INS-2221

INS-23

Sweden

Lithuania

N (%)

N (%)

p value

CC
CT
TT

58/81 (71.6) 69/87 (79.3)
21/81 (25.9) 16/87 (18.4)
2/81 (2.5)
2/87 (2.3)

0.5

AA
AT
TT

52/79 (65.8) 61/85 (71.8)
24/79 (30.4) 22/85 (25.9)
3/79 (3.8)
2/85 (2.3)

0.7
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Table 12: Frequencies of CTLA-4 A/G polymorphism in Swedish and Lithuanian patients. GG
and AG genotypes confer risk of T1D, AA genotype confers protection. Frequencies were
compared by Chi-square test with Yates' correction.
CTLA-4 A/G genotype
GG
AG
AA

Sweden

Lithuania

N (%)

N (%)

21/81 (25.9) 24/87 (27.6)
31/81 (38.3) 40/87 (46.0)
29/81 (35.8) 23/87 (26.4)

p value

0.4

Table 13: Prevalence of autoantibodies in relation to INS polymorphism analysed as INS2221 or INS-23 in the entire patient population. Frequencies were compared by Chi-square
test with Yates' correction.
Polymorphism Genotype IAA positive
INS-2221

GADA positive

IA-2A positive

N (%)

N (%)

N (%)

CC
CT

63/81 (77.8)
18/81 (22.2)

83/112 (74.1)
28/112 (25.0)

73/102 (71.6)
26/102 (25.5)

TT

0
0.1

1/112 (0.9)
0.1

3/102 (2.9)
0.4

AA
AT
TT

56/79 (70.9)
23/79 (29.1)
0

72/109 (66.1)
35/109 (32.1)
2/109 (1.8)

64/98 (65.3)
30/98 (30.6)
4/98 (4.1)

0.1

0.2

0.5

p value
INS-23

p value

Table 14: Prevalence of autoantibodies in relation to CTLA-4 polymorphism in the entire
patient population. Frequencies were compared by Chi-square test with Yates' correction.
CTLA-4

IAA positive

GADA positive IA-2A positive

Genotype N (%)

N (%)

N (%)

GG
AG
AA

25/81 (30.9)
28/81 (34.6)
28/81 (34.6)

33/112 (29.5)
48/112 (42.9)
31/112 (27.7)

27/102 (26.5)
44/102 (43.1)
31/102 (30.4)

p value

0.1

0.3

0.9
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Discussion
We found differences in humoral beta-cell autoimmunity and HLA haplotypes
between children with newly diagnosed T1D in Sweden and Lithuania. The
frequencies of IAA and GADA were higher in Swedish compared to Lithuanian
patients. Also, the frequencies of HLA haplotype DR4-DQ8 and the high risk
combination of DR4-DQ8 and DR3-DQ2 were higher in Swedish compared to
Lithuanian patients. The differences in IAA and GADA frequencies did not diminish
when the patients were matched for HLA, insulin or CTLA-4 genotypes. Interestingly,
the difference in the prevalence of IAA between Swedish and Lithuanian patients was
more significant among patients with the insulin gene risk genotypes. Therefore, the
autoimmune response towards insulin and GAD65 seems to be more pronounced in an
area with a high incidence of T1D and this pronounced autoimmune response can not
be fully explained by the found differences in some risk genes.
As reported previously (Arslanian et al., 1985; Karjalainen et al., 1986; Vardi et al.,
1988), the prevalence of IAA was highest in the youngest group of patients. The
incidence of T1D has increased in the young children in Sweden during the last
decades (Pundziute-Lyckå et al., 2002). This increase may be associated with changes
in environment favouring the development of beta-cell autoimmunity or an earlier
precipitation of T1D, where IAA and GADA may be specifically associated with this
recent increase in T1D.
No differences in the prevalence of autoantibodies were seen among family members
in Sweden and Lithuania. The prevalence of beta-cell autoantibodies in first degree
relatives in European countries have previously been reported to be similar, despite
different incidence of T1D (Williams et al., 2002). The disposition to autoimmunity
seems to be similar in Sweden and Lithuania, which is in line with the finding of
similar frequency of autoimmune diseases in this study population (Samuelsson et al.,
2004). It should be emphasized that the number of family members studied is not large
and the prevalence of autoantibodies in family members is low, which limits the
interpretation of the data.
We analysed the prevalence and level of beta-cell autoantibodies in relation to clinical
characteristics at diagnosis. We found that patients with low levels of IAA had higher
levels of HbA1c (Sabbah et al., 1999). When the material was stratified for age, this
was true in age groups 1-4 years and 5-9 years, although not in children 10-15 years
old. An inverse correlation was found between the levels of IAA and of ketones, and
this was seen in all age groups when stratified for age. We did not find any association
between IA2-A or GADA positivity and any clinical parameters in accordance with
other studies (Komulainen et al., 1997; Sabbah et al., 1999). However, we found that
levels of IA-2A among the IA-2A positives correlated with blood glucose levels,
suggesting that autoimmunity to IA2-A may indicate poor insulin response in patients.
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Our results suggest that patients without IAA have a more severe onset of T1D which
may be interpreted as less residual insulin induces less autoantibody response,
although the results need to be interpreted with some care due to the multiple
comparisons made.
Several studies have shown that multiple autoantibodies increase the risk of T1D in
first degree relatives (Bingley et al., 1994; Bingley, 1996; Gardner et al., 1999). The
prevalence of patients positive for all three autoantibodies was higher in Sweden than
in Lithuania, which is to be expected because the frequencies of both IAA and GADA
were higher among the Swedish patients.
The levels of HbA1c, blood glucose and pH were not influenced by prevalence of
none or two or three different autoantibodies (Sabbah et al., 1999). However, the level
of ketones was significantly lower in patients with all three autoantibodies, supporting
our interpretation that the presence of beta-cell autoimmunity in patients may be
associated with less aggressive destruction of beta-cells. Increased awareness of T1D
in Sweden may lead to an earlier diagnosis and hence less severity at onset as
compared to Lithuanian patients (Sadauskaite-Kuehne et al., 2002).
We found a higher frequency of Swedish patients with the high risk HLA genotype
combination HLA DR4-DQ8 and DR3-DQ2 compared to Lithuanian patients.
Similarly, the frequency of the HLA haplotype DR4-DQ8 was also higher in Swedish
patients whereas the frequency of the haplotype DR3-DQ2 was similar in Swedish and
Lithuanian patients (Nejentsev et al., 1998). These differences did not explain the
differences in prevalence of autoantibodies and neither did the T1D associated
polymorphisms in the insulin and CTLA-4 genes. The single nucleotide
polymorphisms (SNPs) in the insulin gene, detected as CC-, CT- and TT- genotypes or
AA-, AT- and TT- genotypes did not differ between Sweden and Lithuania. The
frequencies of the high risk genotypes (CC- and AA- genotypes) and the low risk
genotype (TT- genotype) correspond well with earlier studies (Sarugeri et al., 1998;
Perez De Nanclares et al., 2003; Walter et al., 2003). The high risk genotypes in the
insulin gene polymorphisms were both associated with higher frequency of IAA
positive children in Sweden than in Lithuania. The SNP at position 49 in the CTLA-4
gene, detected as AA-, AG- and GG-genotypes, did not differ between Sweden and
Lithuania. The high risk genotypes (GG and AG) in the CTLA-4 polymorphism were
associated with higher frequency of GADA positive children in Sweden than in
Lithuania. We did not perform correction for multiple comparisons since these
comparisons were not part of our original hypotheses, but rather originated from our
primary findings.
Our results demonstrate that autoantibodies against insulin and GAD65 are more often
seen at diagnosis in children with T1D living in Sweden with high incidence of T1D
than in Lithuania with low incidence of T1D. The disease phenotype characterized by
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the presence of these autoantibodies seems to be clinically milder, although our results
are limited to the three major markers of humoral beta-cell autoimmunity.
Environmental factors, which protect from autoimmune mediated T1D may dominate
in Lithuania while factors precipitating T1D may dominate in Sweden. The
autoimmune process may play a more important role in disease development in high
incidence areas like Sweden, but additional investigations in larger study populations
are required to further elucidate this hypothesis. An alternative explanation is that
differences in autoantibodies are due to variation in the progression of the disease
process. Our findings favour the view that T1D in children could be divided into
subtypes with heterogeneous aetiology.
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Paper III: Breast-feeding & autoantibodies in children from the
general population
Breast-feeding has been suggested to have a protective effect in the development of
T1D. We investigated the association between duration of breast-feeding and
development of beta-cell autoimmunity, detected as presence of beta-cell
autoantibodies, in children who participated in the prospective population-based ABIS
study. The aim was to investigate if duration of breast-feeding is associated with betacell autoimmunity in Swedish children from the general population, 5-6 years old. The
cut off levels for autoantibody positivity used in this study were the 95th and 99th
percentile.
Descriptives
We studied 3788 children with autoantibody analysis and 12 (0.3%) of them
developed T1D by the age of 5-6 years and were therefore excluded from further
analysis. Among the remaining 3776 non-diabetic children the median duration of total
breast-feeding was 8 months and mean duration was 9 months (data available on 2916
children). Median duration of exclusive breast-feeding was 4 months and mean
duration was 5 months (data available on 2867 children). At 3 months of age,
2724/2916 (93.4%) of the children were breast-fed and 2491/2867 (86.9%) were
exclusively breast-fed. At 9 months of age, nearly half of the children were still
receiving breast-milk (Table 15). Sixty-four of 3776 children (1.7%) were positive for
at least one of GADA, IA-2A and IAA above the 99th percentile, and 266/3776
children (7.0%) were positive for GADA and/or IAA above the 95th percentile.
Table 15: The number of children breast-fed at different ages among the sub sample of ABIS
children where at least one autoantibody was analysed at 5-6 years of age and data on
breastfeeding is available. (N=2867 and 2916).
3 mo

6 mo

9 mo

N (%)

N (%)

N (%)

Total breastfeeding
2724/2916 (93.4) 2378/2916 (81.6)
Exclusive breastfeeding 2491/2867 (86.9) 836/2867 (29.2)

1406/2916 (48.2)
114/2867 (4.0)

Duration of total breast-feeding & beta-cell autoantibodies
In children with a short duration of total breast-feeding, less than 4 months, the
prevalence of GADA and/or IAA above the 95th percentile was higher than in children
breast-fed longer (14.0% and 7.2% respectively, p<0.001). Similarly, the prevalence of
IAA above the 95th percentile was higher in children with duration of total breast58
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feeding less than 4 months when compared to those breast-fed longer (12.3% and
4.6% respectively, p<0.001) (Table 16). Short duration of total breast-feeding was
associated with an increased risk of GADA and/or IAA above the 95th percentile at 5-6
years of age (OR 2.09; 95% CI 1.45-3.02; p<0.001) as well as with an increased risk of
IAA above the 95th percentile at this age (OR 2.89; 95% CI 1.81-4.62; p<0.001) (Table
16).
Table 16: The frequencies of GADA and/or IAA above the 95th percentile and IAA above the
95th percentile in non-diabetic children with short or longer duration of total breast-feeding.
Frequencies were compared by Chi-square test and OR were calculated by logistic
regression.
Autoantibodies,

Breast-feeding

95th perc.

0-3 mo; N (%) ≥ 4 mo; N (%) p value

GADA and/or IAA 40/285 (14.0)
IAA
27/220 (12.3)

ChiX
179/2469 (7.2) <0.001
70/1515 (4.6) <0.001

OR (95% CI); p value
2.09 (1.45-3.02); <0.001
2.89 (1.807-4.615); <0.001

The number of children with GADA, IAA and/or IA-2A above the 99th percentile were
not significantly affected by the duration of total breast-feeding (3.0% and 1.6% for 03 months vs. 4 months or longer, p=0.090) (Table 17). The numbers of children with
IA-2A above the 99th percentile or IAA above the 99th percentile were not affected by
the duration of total breast-feeding (Table 17). Similarly, the numbers of children with
GADA above the 95th or 99th percentile were not affected by the duration of total
breast-feeding (Table 17).
Table 17: Frequencies of single autoantibodies above the 95th or 99th percentile or
combination of autoantibodies above the 99th percentile in non-diabetic children with short or
longer duration of total breast-feeding. Frequencies were compared by Chi-square test.
Autoantibodies
GADA, 95th perc.
GADA, 99th perc.

Breast-feeding
0-3 mo; N (%)

≥ 4 mo; N (%)

ChiX p value

14/596 (5.4)
5/259 (1.9)

115/2277 (5.1)
21/2277 (0.9)

0.8
0.2

14/1515 (0.9)
17/2405 (0.7)
42/2614 (1.6)

0.1
0.7
0.090

IAA, 99th perc.
5/220 (2.3)
IA-2A, 99th perc.
1/279 (0.4)
GADA, IAA, IA-2A, 99th perc. 9/305 (3.0)
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Duration of exclusive breast-feeding & beta-cell autoantibodies
In children with a short duration of exclusive breast-feeding, less than 4 months, the
prevalence of GADA, IAA and/or IA-2A above the 99th percentile was higher than in
children breast-fed longer (2.7 % and 1.4% respectively, p=0.025). The prevalence of
IA-2A above the 99th percentile was also increased in children exclusively breast-fed
less than 4 months when compared to those breast-fed longer (1.6% and 0.5%
respectively, p=0.013) (Table 18).
Table 18: Frequencies of combination of autoantibodies above the 99th percentile or IA-2A
above the 99th percentile in non-diabetic children with short or longer duration of exclusive
breast-feeding. Frequencies were compared by Chi-square test and OR were calculated by
logistic regression.
Autoantibodies,

Breast-feeding

99th perc.

1-3 mo; N (%)

GADA, IA-2A, IA-2A 15 (2.7)
IA-2A
8 (1.6)

ChiX
≥ 4 mo; N (%) p value OR (95% CI); p value
32 (1.4)
10 (0.5)

0.025
0.013

2.01 (1.08-3.73); 0.028
3.50 (1.38-8.92); 0.009

The number of children positive for GADA and/or IAA above the 95th percentile was
not affected by the duration of exclusive breast-feeding (8.9% and 6.9% for 1-3
months vs. 4 months or longer, p=0.1). Neither was the number of children positive for
IAA above the 95th percentile not significantly affected by the duration of exclusive
breast-feeding (6.5% and 4.2% for 1-3 months vs. 4 months or longer, p=0.070). The
numbers of children with GADA above the 95th or 99th percentile or IAA above the
99th percentile were not affected by the duration of exclusive breast-feeding (Table
19).
Table 19: Frequencies of combination of autoantibodies above the 95th percentile or single
autoantibodies above the 95th or 99th percentile in non-diabetic children with short or longer
duration of exclusive breast-feeding. Frequencies were compared by Chi-square test.
Autoantibodies

Breast-feeding
1-3 mo; N (%) ≥ 4 mo; N (%)

ChiX p value

GADA, IAA, 95th perc.

46/516 (8.9)

151/2177 (6.9)

0.1

IAA, 95th perc.
IAA, 99th perc.

22/337 (6.5)
4/337 (1.2)

56/1333 (4.2)
11/1333 (0.9)

0.070
0.8

GADA, 95th perc.
GADA, 99th perc.

26/469 (5.5)
8/469 (1.7)

100/2003 (5.0)
16/2003 (0.8)

0.6
0.1
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Short duration of exclusive breast-feeding was associated with a risk of GADA, IAA
and/or IA-2A above the 99th percentile (OR 2.01; 95% CI 1.08-3.73; p=0.028) as well
as with a risk of IA-2A above the 99th percentile (OR 3.50; 95% CI 1.38-8.92;
p=0.009) at 5-6 years of age (Table 18).
Introduction of cow milk proteins & beta-cell autoantibodies
We also investigated if early introduction of cow milk proteins in formula was
associated with beta-cell autoantibodies. The duration of exclusive breast-feeding
correlated to age of exposure to formula (rho=0.620, p<0.001). The majority of the
non-diabetic children (1619/2675; 60.5%) received formula for the first time at 5-9
months of age, and 667 children received cow milk free formula (Table 20). In
children who received formula early, at 1-3 months of age, the prevalence of GADA,
IAA and/or IA-2A above the 99th percentile was increased compared to children who
received formula later (2.4% and 1.3% respectively, p=0.043) and was associated with
a risk of GADA, IAA and/or IA-2A above the 99th percentile (OR 1.84; 95% CI 1.013.37; p=0.047) (Table 21). In children who received formula early, at 1-3 months of
age, the prevalence of IAA above the 95th percentile was not significantly different
compared to children who received formula later (6.1% and 4.3% respectively, p=0.1)
(Table 21).
Table 20: The number of children who received formula and cow milk free formula for the
first time at different ages among the sub sample of ABIS children where at least one
autoantibody was analysed at 5-6 years of age and data on formula is available. (N=2675
and 667).
Age

Formula

Cows milk free formula

N (%)

N (%)

1-2 mo

635/2675 (23.7)

168/667 (25.2)

3-4 mo
5-9 mo

421/2675 (15.7)
1619/2675 (60.5)

85/667 (12.7)
414/667 (62.1)

External factors & beta-cell autoantibodies
The external factors maternal age, maternal education, infections during pregnancy,
mode of delivery, low birth weight (<2500 g), early gestation age (≤ 37 weeks), first
degree relative with T1D or celiac disease (CD) or type 2 diabetes (T2D), or
gastroenteritis in the child during its first year or recurrent until 5-6 years of age, were
considered as potential confounder variables and were tested by Chi-square test. The
significant variables were entered as covariates in a multivariate model.
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The prevalence of IAA above the 95th percentile was higher in children with a first
degree relative with CD compared to those with no CD in the family (12.9% and 4.9%
respectively, p=0.044). However, in a forward stepwise logistic regression with IAA
as the dependent variable and the duration of total breast-feeding and CD in the family
as covariates, CD in the family did not affect the risk mediated by short duration of
breast-feeding (Table 22).

Table 21: Introduction of formula in non-diabetic 5-6 year old children with IAA above the
95th percentile or GADA, IAA and/or IA-2A above the 99th percentile. Frequencies were
compared by Chi-square test and OR were calculated by logistic regression.
1-3 mo

≥ 4 mo

N (%)

N (%)

Total N ChiX

OR (95% CI); p value

p value

IAA, 95th perc. 29/475 (6.1) 47/1083 (4.3) 1558
GADA, IAA,
19/787 (2.4) 25/1888 (1.3) 2675
IA-2A 99th perc.

0.1
0.043

1.84 (1.01-3.37); 0.047

Table 22: The external factor "CD in first degree relative" and IAA above the 95th percentile
in 5-6 year-old non-diabetic children. The external factor was tested in forward stepwise
logistic regression together with duration of total breast-feeding and IAA above the 95th
percentile. The "CD in first degree relative" variable did not enter the forward stepwise
logistic regression model, and does not affect the risk mediated by short duration of total
breast-feeding.
External factor

IAA
95th perc.

CD in 1st degree relative
No CD
ChiX p value
FW Log. Reg: OR (95% CI); p value

4/31 (12.9)
107/2170 (4.9)
0.044
NE

NE; external factor did not enter the model. CD; celiac disease. FW Log. Reg; forward
stepwise logistic regression.

The prevalence of IA-2A above the 99th percentile was higher in those children whose
mothers reported having had an infection during pregnancy compared to those with no
infection (1.1% and 0.5% respectively, p=0.051) (Table 23) and when the child was
delivered via caesarean section compared to vaginal delivery (1.6% and 0.5%
respectively, p=0.027) (Table 24). However, in a forward stepwise logistic regression
with IA-2A as the dependent variable and the duration of exclusive breast-feeding and

62

RESULTS & DISCUSSION

either infection during pregnancy or mode of delivery as covariates, neither of them
affected the risk mediated by short duration of breast-feeding (Table 23 and 24).
Table 23: The external factor "Infection during pregnancy" and autoantibodies in 5-6 yearold non-diabetic children. The external factor was tested in forward stepwise logistic
regression together with duration of total breast-feeding and GADA and/or IAA above the
95th percentile or exclusive breast-feeding and IA-2A above the 99th percentile. "The Infection
during pregnancy" variable did not enter the forward stepwise logistic regression models or
was non-significant, and does not affect the risk mediated by short duration of total or
exclusive breast-feeding.
External factor

IA-2A
99th perc.

Infection during pregnancy; N (%)

9/837 (1.1)

No infection during pregnancy; N (%) 11/2387 (0.5)
ChiX p value
0.051
FW Log. Reg: OR (95% CI); p value NE

GADA, IAA
95th perc.
51/856 (6.0)
195/2440 (8.0)
0.051
0.77 (0.55-1.08); 0.1

NE; external factor did not enter the model. FW Log. Reg; forward stepwise logistic
regression.

Table 24: The external factor "Mode of delivery" and IA-2A above the 99th percentile in 5-6
year-old non-diabetic children. The external factor was tested in forward stepwise logistic
regression together with duration of exclusive breast-feeding and IA-2A above the 99th
percentile. The "Mode of delivery" variable did not enter the forward stepwise logistic
regression model, and does not affect the risk mediated by short duration of exclusive breastfeeding.
External factor

IA-2A
99th perc.

caesarean section

6/367 (1.6)

vaginal delivery
14/2770 (0.5)
ChiX p value
0.027
FW Log. Reg: OR (95% CI); p value NE
NE; external factor did not enter the model. FW Log. Reg; forward stepwise logistic
regression.

The prevalence of GADA and/or IAA above the 95th percentile tended to increase in
those children whose mothers reported not having had an infection during pregnancy
compared to those with an infection (8.0% and 6.0% respectively, p=0.051). However,
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in a forward stepwise logistic regression with GADA and/or IAA as the dependent
variables and the duration of exclusive breast-feeding and infection during pregnancy
as covariates, infection during pregnancy did not affect the risk mediated by short
duration of breast-feeding (Table 23).
All other abovementioned external factors were found to be non-significant in Chisquare tests with either IAA above the 95th percentile, IA-2A above the 99th percentile,
GADA and/or IAA above the 95th percentile or GADA, IAA and/or IA-2A above the
99th percentile, and were therefore excluded from any logistic regression analysis.
Discussion
We found an association between the duration of total breast-feeding and positivity for
GADA and/or IAA at the age of 5-6 years in children from the general population,
which suggests that breast-feeding has a long term effect on the risk of beta-cell
autoimmunity several years after completing breast-feeding. As breast-milk contains
growth factors and cytokines it promotes the maturation of the intestinal mucosa and
thus the protective effect of breast-feeding might be explained by improved function of
the gut immune system as reviewed in (Harrison & Honeyman, 1999). The importance
of breast-feeding in the induction of oral tolerance has been indicated in
epidemiological studies of celiac disease (CD) (Ivarsson et al., 2002), where the
introduction of wheat gluten during the breast-feeding was found to decrease the risk
of CD later in life. Interestingly enough, we found a long-term protective effect of
breast-feeding or possibly a diabetogenic effect of cow milk formula, on beta-cell
autoimmunity in non-diabetic children. An increased risk of autoimmunity associated
with CD at 5 years of age has been reported in children exposed to gluten in the first 3
months of life (Norris et al., 2005). This may be interpreted as a slowly escalating
immune response by an immature immune system towards a continued exposure to the
antigen.
We also found an association between the duration of exclusive breast-feeding and
positivity for GADA, IAA and/or IA-2A at the age of 5-6 years. The risk of T1D
associated with short duration of exclusive breast-feeding (less than 4 months) may be
mediated by a diabetogenic effect of cow milk formula, which is usually used for the
weaning, or by the protective effect of breast milk itself. Immunization to bovine
insulin in cow milk has been suggested to be the link explaining the cow milk
mediated risk of T1D in children with aberrant function of the gut immune system
(Vaarala, 1999; Knip et al., 2005). To study the relation of cow milk exposure and
development of an autoimmune response to insulin we studied the occurrence of IAA
at 5-6 years of age using the 95th percentile as cut off for positivity. It is of special
interest that the risk for IAA above the 95th percentile was increased in the children
who were breast-fed shorter than 4 months, as this was not found for GADA.
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IAA is often the first autoantibody detected in young children (Ziegler et al., 1999)
and the prevalence of IAA is highest in the youngest children (Arslanian et al., 1985;
Karjalainen et al., 1986; Vardi et al., 1988), suggesting that insulin is an important
primary autoantigen in young children who develop T1D. Although the short duration
of breast-feeding was associated specifically with IAA indicating a clue to insulin, we
observed only a weak association between the occurrence of IAA and the duration of
exclusive breast-feeding, which correlates strongly with the age at exposure to cow
milk formula in the Swedish population. We did not observe any association between
the occurrence of IAA and introduction of formula at the age of 1-3 months. Instead
IA-2A above the 99th percentile alone or in combination with GADA and/or IAA
above the 99th percentile was associated both with duration of exclusive breast-feeding
and with introduction of formula at the age of 1-3 months.
The interaction between the suspected dietary trigger of the disease and the factors
which modulate the effect of the trigger is complex in humans. As mentioned earlier,
breast-feeding during introduction of wheat gluten has been reported to modify the risk
of CD in Swedish studies, but when the risk of CD-related autoimmunity and timing of
gluten introduction was studied in a North-American follow-up study, the timing of
gluten-introduction into the infant diet was associated with the appearance of CD
autoimmunity, whereas no effect of the duration of breast-feeding was observed
(Norris et al., 2005). The authors speculate that the effect of breast-feeding is not seen
in North-American infants since gluten is introduced in the form of infant cereals,
which are not replacements for breast milk and their use does not correlate with breastfeeding duration.
It is extremely difficult to dissect the effect of different mediators in the pathogenic
process leading to the manifestation of T1D or appearance of surrogate markers such
as beta-cell autoantibodies. The intake of dietary items introduced at the weaning, such
as cow milk formula, is lower if the breast-feeding is still continued. The infants with a
short duration of total breast-feeding (i.e. breast-fed less than 4 months) have been
exposed to higher doses of cow milk formula at the age of 3 months than those infants
who have been reported to have duration of exclusive breast-feeding less than 4
months. This kind of dose-effect was seen in a previous study of primary
immunization to dietary insulin during infancy: the highest antibody levels to dietary
insulin were seen in the infants who did not receive breast milk at the age of 3 months,
whereas the levels were lower in those infants who were breast-fed during the first
exposure to cow milk formula (Vaarala et al., 2002). Also in the studies of risk of CD,
children with CD were exposed to a larger amount of gluten at first exposure than
children without CD (Ivarsson et al., 2002). Furthermore, the immunization to dietary
bovine insulin is modified by human insulin in breast-milk so that exposure to high
levels of breast-milk insulin is associated with decreased levels of antibodies binding
to dietary insulin (Tiittanen et al., 2005). Accordingly, human insulin in breast-milk
may attenuate the immunization to insulin by the mechanisms of oral tolerance
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(Harrison & Honeyman, 1999). We conclude that it is important to breastfeed while
introducing new food items during the weaning time.
In previous studies of children with increased genetic risk of T1D (Norris et al., 2003)
or a first degree relative with T1D (Couper et al., 1999; Ziegler et al., 2003) no
association between duration of either total or exclusive breast-feeding and beta-cell
autoimmunity was found. Also, early introduction of food supplement containing cow
milk did not increase the risk of beta-cell autoimmunity (Norris et al., 2003; Ziegler et
al., 2003). The prospective studies in Germany (Ziegler et al., 2003) and USA (Norris
et al., 2003) did not reveal any association between duration of breast-feeding and
beta-cell autoimmunity, as was found in the Finnish study (T Kimpimäki et al., 2001)
as well as in ours. The different findings in these studies may be due to differences in
the populations or reflect different infant feeding practices in different countries.
One effect of early discontinuation of breast-feeding and subsequent introduction of
formula may be an increased weight gain, a risk factor for T1D (Johansson et al.,
1994; Hyppönen et al., 1999) which results in impaired insulin sensitivity causing
elevated blood glucose (the accelerator-hypothesis) (Wilkin, 2001). When weaning to
formula in Germany and USA, a hydrolysed formula is often used (Åkerblom et al.,
2005), which is less immunogenic (Vaarala et al., 1995). These kinds of formulas are
less often used in Sweden (according to the recommendations of the National Board of
Health and Welfare) and in Finland (Åkerblom et al., 2005). The high frequency of
children receiving breast-milk at 3 months of age in our study-cohort correlates with
numbers from the entire ABIS study population (Brekke et al., 2005) as well as the
National Board of Health and Welfare (Official Statistics of Sweden, 2000).
We do not expect a large number of children with T1D in our study population at this
age and the end-point is therefore beta-cell autoimmunity. One may speculate if the
beta-cell autoimmunity is transient or if the aetiology differs from that of T1D. It is
possible that other environmental factors trigger the initial beta-cell autoimmunity than
those factors which later cause the following T1D (Knip et al., 2005). Despite this, the
environmental factors which trigger the beta-cell autoimmunity determine the
population in risk of T1D. Additional studies may shed light on the importance of
these factors, such as short duration of breast-feeding, in the process from beta-cell
autoimmunity to clinical disease.
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Paper IV: Risk genes & autoantibodies in children from the general
population
Beta-cell autoantibodies are mostly studied in either first degree relatives of probands
with T1D or in children with increased genetic risk of T1D. The present knowledge on
the development of beta-cell autoimmunity in these populations may not be relevant
for the general population. Our aim was therefore to retrieve information on the
initiation of beta-cell autoimmunity in 5-6 year old children from the general
population and also on the association with HLA risk haplotypes and insulin gene
VNTR polymorphism. The cut off levels for autoantibody positivity used in this study
was the 98th or 99th percentile.
Frequencies of HLA haplotypes and INS-23 genotypes
In Swedish children from the general population the two most common haplotypes
associated with susceptibility were DRB1*0401/2/4/5-DQA1*0301-DQB1*0302
(DR4-DQ8) and (DR3)-DQA1*05-DQB1*02 (DR3-DQ2) The three most common
haplotypes associated with protection was (DR15)-DQB1*0602, (DR5)-DQA1*05DQB1*0301 and (DR1301)-DQB1*0603 (Table 25).
Table 25: Frequencies of the five most commonly detected haplotypes associated with risk or
protection among non-diabetic Swedish children.

Risk

Haplotype

N (%)

(DR3)-DQA1*05-DQB1*02

163/711 (22.9)

DRB1*0401/2/4/5-DQA1-0301-DQB1*0302

212/711 (29.8)

Protection (DR15)-DQB1*0602
(DR5)-DQA1*05-DQB1*0301
(DR1301)-DQB1*0603

203/711 (28.6)
129/711 (18.1)
75/711 (10.5)

The insulin gene polymorphism was analysed as -23 A/T polymorphism. Among nondiabetic Swedish children the frequency of the AA genotype was 306/643 (47.6%), of
the A/T genotype 278/643 (43.2%), of the T/T genotype 59/634 (9.2%) and 337/643
(52.4%) carried either A/T or T/T genotype (non-A/A genotype).
Beta-cell autoantibodies in relation to HLA haplotypes or genotypes
The number of children positive for GADA above the 99th percentile was higher in
children with the DR4-DQ8 (10/182, 5.5%) compared to children without this
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haplotype (6/459, 1.3%) (p=0.005; Table 26). Similar results were found for GADA
above the 98th but not for IAA or IA-2A or any combination of autoantibodies (Table
26). For DR3-DQ2, no differences were found (Table 27).
Table 26: Frequencies of autoantibodies above the 98th or 99th percentile in non-diabetic
Swedish children with or without the DR4-DQ8 haplotype. Frequencies were compared by
Chi-square test.
Autoantibody

DR4-DQ8
No
N (%)

Yes
N (%)

Total N p value

GADA, 98th
GADA, 99th

14/459 (3.1) 13/182 (7.1)
6/459 (1.3) 10/182 (5.5)

641
641

0.020
0.005

IAA, 98th

26/329 (7.9) 11/132 (8.3)

461

0.9

IAA, 99th

11/329 (3.3) 5/132 (3.8)

461

1.0

IA-2A, 99th

4/469 (0.9)

662

0.2

GADA and/or IAA, 98th
GADA, IAA and/or IA-2A,
99th

40/487 (8.2) 22/202 (10.9) 689

0.3

21/499 (4.2) 15/212 (7.1)

0.1

5/193 (2.6)

711

Table 27: Frequencies of autoantibodies above the 98th or 99th percentile in non-diabetic
Swedish children with or without the DR3-DQ2 haplotype. Frequencies were compared by
Chi-square test.
Autoantibody

DR3-DQ2
No
N (%)

Yes
N (%)

Total N p value

GADA, 98th
GADA, 99th

20/488 (4.1)
13/488 (2.7)

7/153 (4.6)
3/153 (2.0)

641
641

0.8
0.9

IAA, 98th
IAA, 99th

29/353 (8.2)
13/353 (3.7)

8/108 (7.4)
3/108 (2.8)

461
461

0.8
0.9

IA-2A, 99th

8/505 (1.6)

1/157 (0.6)

662

0.6

GADA and/or IAA, 98th

47/529 (8.9)

15/160 (9.4)

689

0.8

6/163 (3.7)

711

0.4

GADA, IAA and/or IA-2A, 99th 30/548 (5.5)
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In children with the protective haplotype (DR15)-DQB1*0602, the prevalence of
autoantibody positive children was lower. The prevalence of children positive for
GADA and/or IAA above the 98th percentile and/or IA-2A above the 99th percentile
was lower in children with (DR15)-DQB1*0602 (12/203, 5.9%) compared to children
without this haplotype (56/508, 11.0%) (p=0.036; Table 28). Similarly, the prevalence
of children positive for GADA and/or IAA above the 98th percentile tended to be lower
in children with (DR15)-DQB1*0602 (Table 28). No differences in frequency of
autoantibodies were found with the protective haplotypes (DR5)-DQA1*05DQB1*0301 and (DR1301)-DQB1*0603 (data not shown). The number of children
positive for GADA, IAA or IA-2A, or combinations of these, was not affected by
other HLA haplotypes associated with susceptibility or protection (data not shown).
Table 28: Frequencies of autoantibodies above the 98th or 99th percentile in non-diabetic
Swedish children with or without the protective (DR15)-DQB1*0602 haplotype. Frequencies
were compared by Chi-square test.
(DR15)-DQB1*0602
No
Yes
N (%)
N (%)

Total N p value

GADA and/or IAA, 98th

51/495 (10.3)

11/194 (5.7) 689

0.056

GADA and/or IAA, 98th
and/or IA-2A, 99th

56/508 (11.0)

12/203 (5.9) 711

0.036

GADA, IAA and/or IA-2A, 99th

30/508 (5.9)

6/203 (3.0)

0.1

711

Table 29: Frequencies of IAA or GADA above the 98th or 99th percentile as single
autoantibodies or in combination in non-diabetic children with or without HLA risk genotypes
(see Table 30 for definitions). Frequencies were compared by Chi-square test.

GADA, 98th
IAA, 98th
GADA and/or IAA, 98th

HLA genotype
High risk Risk

No risk

N (%)

N (%)

N (%)

Total N

p value

4 (6.8)
2 (4.9)
6 (9.5)

12 (4.8)
16 (9.0)
26 (9.6)

10 (3.0)
19 (7.9)
29 (8.2)

640
460
688

0.3
0.7
0.8

13 (4.7) 18 (4.9)
28 (10.1) 33 (9.0)

710
709

0.9
0.9

GADA, IAA and/or IA-2A, 99th
4 (6.0)
GADA, IAA, 98th and/or IA-2A, 99th 6 (9.1)
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The frequencies of GADA or IAA as single autoantibodies or in combination were
similar in children with or without HLA risk genotypes defined as “High risk”, “No
risk” or “Risk” (Table 29). The definition of the HLA genotypes defined as “High
risk”, “No risk” or “Risk” are given in Table 30.
Table 30: Definitions of the HLA "high risk" and "no risk" genotypes used. The "No risk"
haplotypes are associated with protection (upper part of table) or are neutral (lower part of
table). “Risk” is defined as having one of the high risk haplotypes in combination with one of
the haplotypes associated with no risk.
HLA genotypes
High risk
two of these haplotypes

HLA genotypes
No risk
two haplotypes: Protective or Neutral

DRB1*0401/2/4/5-DQA1*0301-DQB1*0302
(DR3)-DQA1*05-DQB1*02

(DR15)-DQB1*0602
(DR5)-DQA1*05-DQB1*0301
(DR7)-DQA1*0201-DQB1*0303
(DR14)-DQB1*0503
DRB1*0403-DQA1*0301-DQB1*0302
(DR1301)-DQB1*0603
DQA1*0301-DQB1*0301
(DR7)-DQA1*0201-DQB1*02
(DR1302)-DQB1*0604
(DR9)-DQA1*03-DQB1*0303
(DR8)-DQB1*04
(DR1)-DQB1*0501
(DR2)-DQB1*0601
(DR16)-DQB1*0502
DQB1*0609

Beta-cell autoantibodies in relation to polymorphism in the insulin gene
The frequency of IAA positive children was similar in children with INS-23 A/A, A/T
or T/T genotypes even when children with A/T and T/T were grouped together (Table
31). The levels of IAA were similar in children with A/A, A/T or T/T genotype, also in
children with HLA risk haplotype (Table 32). No differences in frequencies of GADA
or IA-2A positivity, or any combination of autoantibodies, were found in children with
different INS-23 genotypes (data not shown).
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Table 31: Frequencies of IAA above the 98th or 99th percentile in non-diabetic children in
relation to INS A/A, A/T or T/T genotypes, or to A/A and non-A/A (children with A/T or T/T
genotype). Frequencies were compared by Chi-square test.
INS genotype

IAA, 98th perc. IAA, 99th perc.
N (%)

N (%)

A/A
A/T

15/202 (7.4)
20/182 (11.0)

8/202 (4.0)
8/182 (4.4)

T/T
Total N
p value

4/42 (9.5)
426
0.5

2/40 (4.4)
426
1.0

A/A
non-AA
Total N

15/202 (7.4)
24/224 (10.7)
426

8/202 (4.0)
10/224 (4.5)
426

p value

0.2

0.8

Table 32: Frequencies of IAA above the 98th or 99th percentile in non-diabetic children in
relation to INS A/A, A/T or T/T genotypes, or to A/A and non-A/A (children with A/T or T/T
genotype), in children matched for A) HLA DR4-DQ8 or B) DR3-DQ2 haplotype.
Frequencies were compared by Chi-square test.

A
Autoantibody

IAA, 98th perc. N (%)
IAA, 99th perc. N (%)

DR4-DQ8
INS genotype
A/A
A/T

T/T

3/37 (8.1)
1/37 (2.7)

5/23 (21.7)
3/23 (13.0)

1/5 (20.0) none
0/5
none

A/A

non-AA

p value

3/37 (8.1)
1/37 (2.7)

6/28 (21.4)
3/28 (10.7)

0.2
none

Continues on next page
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Table 32: Continued.

B
Autoantibody

DR3-DQ2
INS genotype
A/A
A/T

T/T

p value

Total N

IAA, 98th perc.

N (%)

3/37 (8.1)

5/23 (21.7)

1/5 (20.0) none

65

IAA, 99th perc.

N (%)

1/37 (2.7)

3/23 (13.0)

0/5

65

A/A
3/37 (8.1)
1/37 (2.7)

non-AA
6/28 (21.4)
3/28 (10.7)

none
p value
0.2
none

none; no p value because expected count<5 in 20% of the cells and minimum expected
count<1

Discussion
We found that Swedish children from the general population with the risk associated
haplotype DR4-DQ8 had an increased frequency of GADA at 5-6 years of age. In
previous studies, GADA has been associated with DQ2 in subjects with T1D (Sabbah
et al., 1999; Graham et al., 2002) and in genetically predisposed Finnish children
(Hermann et al., 2005). In German schoolchildren with autoantibodies, the frequency
of GADA was increased in children with haplotypes conferring either risk or
protection of T1D (Schlosser et al., 2003). The frequencies of the risk associated
haplotypes DR4-DQ8 and DR3-DQ2 found in our population of non-diabetic Swedish
children corresponds to earlier studies in Swedish children (Kockum et al., 1999).
These haplotypes have previously been reported to be associated with T1D in the
Swedish populations (Sanjeevi et al., 1995; Sanjeevi et al., 1996).
We found that 5-6 year old non-diabetic Swedish children with the protective
haplotype (DR15)-DQB1*0602 had a decreased frequency of GADA, IAA and/or IA2A, indicating that a haplotype commonly associated with decreased risk of T1D also
is associated with decreased risk of developing beta-cell autoimmunity at a population
level. The frequencies of autoantibodies were not however affected by the protective
haplotypes (DR5)-DQA1*05-DQB1*0301 and (DR1301)-DQB1*0603.
The frequency of the INS-23 A/A genotype, associated with increased risk of T1D,
found in our population of non-diabetic Swedish children is similar to frequencies in
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healthy subjects in both Sweden (Graham et al., 2002) and Western Europe (van der
Auwera et al., 1995; Walter et al., 2003). We found that the frequency of IAA positive
children, as well as GADA or IA-2A positive children, was similar for non-diabetic 56 year old children with INS-23 A/A, A/T or T/T genotype. An association between
the risk INS genotype and frequency of IAA has been reported previously in
genetically predisposed Finnish children who also were positive for islet cell
antibodies (ICA) indicating perhaps stronger induction of diabetes associated
autoimmunity (Hermann et al., 2005). Walter and co-authors found an association
between autoantibody positivity and INS risk genotype in children of parents with T1D
(Walter et al., 2003). The children in this study (the ABIS study) have not been
selected by means of increased risk of T1D by heredity or genetic risk factors. This
suggests that emergence of IAA or other autoantibodies are not modified by INS
polymorphism if other genetic risk factors are absent. The emergence of beta-cell
autoimmunity in our study population is associated with the HLA haplotype conferring
high risk of T1D (i.e. HLA DR4-DQ8), but the impact of other T1D associated risk
genotypes or haplotypes in the development of autoantibodies seems to be small in a
general population.
These results suggest that the risk of beta-cell autoimmunity in the general population
is not strongly associated with other risk genes of T1D than the HLA DQB1*0302DRB1*0401/2/4/5 haplotype, indicating that environmental factors are more important
determinants in the induction of beta-cell autoimmunity.
The risk genes of T1D may be more important for the progression from beta-cell
autoimmunity to the clinical disease, although progression to T1D in Finnish
schoolchildren with multiple autoantibodies but without the risk associated allele
DQB1*0302 has been reported (Kulmala et al., 2001). However, the Finnish
schoolchildren were a little older than the children in our study, and the HLA
genotypes associated with increased risk of T1D is most frequently found in young
patients (Karjalainen et al., 1989; Komulainen et al., 1997).
When the appearance of beta-cell autoimmunity is screened in a population with
hereditary or genetic risk of T1D, the frequency of beta-cell autoimmunity is higher
when compared to the general population (Barker et al., 2004; Hummel et al., 2004;
Franke et al., 2005; Kukko et al., 2005). It is therefore regarded as more efficient to
study a group of individuals at increased risk of T1D in order to design a strategy for
prediction of T1D that later could be applied to the general population. It may be that
screening of autoantibodies in the general population without pre-screening of HLA
risk genes is less effective in the prediction of T1D since fewer children will develop
T1D, however it may reveal the environmental triggers of beta-cell autoimmunity.
These triggering factors seem to work also in the general population and their effect is
not restricted to children with genetic risk of T1D. The interaction of these
environmental triggers with HLA is important. In view of our findings, as well as
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others (Karjalainen et al., 1989; Komulainen et al., 1997), the presence of HLA risk
alleles is not a prerequisite for beta-cell autoimmunity or T1D.
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SUMMARY & CONCLUSIONS
We have studied the development of beta-cell autoantibodies in children from the
general population and in non-diabetic children with an allergic heredity as well as in
patients with newly diagnosed T1D. The children from the general population
participated in the ABIS study and represent the cohort of children born in south-east
Sweden between October 1997 and October 1999. They were not selected by
hereditary risk or increased genetic risk of T1D, and in this aspect, the design of the
ABIS study was unique.
In children from the general population, we that found an association between
positivity for GADA and/or IAA at the age of 5-6 years and a short duration of total
breast-feeding. We also found an association between positivity for GADA, IA-2A
and IAA and short duration of exclusive breast-feeding. Our findings suggest that
breast-feeding has a long term protective effect on the risk of beta-cell autoimmunity
in children from the general population that is seen several years after completing
breast-feeding. It is especially interesting that a short duration of total-breastfeeding
was associated with positivity for IAA. It has been hypothesised that immunisation to
bovine insulin, present in the formula used at weaning, could explain the link between
early introduction of cow milk and increased risk of T1D. Although retrospective
studies have reported an association between a short duration of total or exclusive
breastfeeding and risk of T1D, several prospective studies have failed to do so in
relation to beta-cell autoimmunity. One could hypothesise that the lack of association
could be due to differences in the populations studied or weaning to different kind of
formulas compared to the Swedish children studied here. Findings of associations of
breast-feeding and T1D as well as beta-cell autoantibodies have been reported from
Finland, a country with high incidence of T1D, but no association was reported in
Germany or USA, countries with lower incidence of T1D. It can not be ruled out that
these differences could be explained by differences in the populations. Early
discontinuation of breast-feeding may coincide with other environmental and genetic
factors resulting in a higher impact of the short duration of breast-feeding on the risk
of beta-cell autoimmunity in for example Swedish and Finnish children.
We also found that children from the general population who carried the DR4-DQ8
haplotype more often were positive for GADA at 5-6 years of age than children
without this haplotype. We found no association of GADA with DR3-DQ2 haplotype
or between these two haplotypes and any of the other autoantibodies, single or in
combinations. We did not find any association between IAA and polymorphism in the
insulin gene among children from the general population, and perhaps this association
may only exist in children who are progressing to T1D, i.e. with positivity for more
than one autoantibody. The results suggest that beta-cell autoimmunity in children
from the general population is not strongly associated with any risk genes of T1D
other than DR4-DQ8. The risk genes are probably more important in defining the risk
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of T1D, i.e. the development from beta-cell autoimmunity to T1D indicating that
environmental factors are important determinants in the induction of beta-cell
autoimmunity.
The effect of HLA risk genes on development of beta-cell autoantibodies in the
general population is less known, although Finnish schoolchildren with multiple
autoantibodies, progressed to T1D without carrying the risk associated allele
DQB1*0302. When the appearance of beta-cell autoimmunity is screened in a
population with hereditary or genetic risk of T1D, the frequency of beta-cell
autoimmunity is higher when compared to the general population. The study of
individuals at increased risk of T1D is therefore regarded as more efficient in order to
design a strategy for prediction of T1D. It may be that screening of autoantibodies in
the general population without pre-screening of HLA risk genes or by selecting first
degree relatives is less effective in the prediction of T1D, since fewer children will
develop T1D, however it may reveal the environmental triggers of beta-cell
autoimmunity. These triggering factors seem to affect also the children in the general
population and not only the children predisposed to T1D. The interaction of these
environmental triggers with HLA is important. In view of our findings, as well as
others (Karjalainen et al., 1989; Komulainen et al., 1997), the presence of HLA risk
alleles is not a prerequisite for beta-cell autoimmunity or T1D.
In the non-diabetic children with an allergic heredity we found that several children
have an immune response to beta-cell autoantigens, but the autoantibodies are found at
low levels. Generally, cut off limits based on for example the 95th percentile of healthy
children is used to define autoantibody positivity and negativity in the study
population. We decided to use a different approach and study the immune response to
beta-cell autoantigens in children without T1D by analysing all detectable
autoantibodies. We found that GADA was detectable in almost all children, IA-2A in
about half and IAA in about 10% of the children. Also, the levels of these
autoantibodies fluctuated with age and different patterns of fluctuations were seen for
GADA and IA-2A, which may reflect differences in the immune response to the
autoantigens.
In patients with newly diagnosed T1D, we found some differences between patients
from a high incidence country (Sweden) and a country with substantially lower
incidence (Lithuania). Among the Swedish patients, the prevalence of IAA and GADA
was higher than in Lithuanian patients. Also, the prevalence of multiple autoantibodies
was higher in Swedish patients compared to Lithuanians. The risk genes DR4-DQ8
and the heterozygous high risk combination DR4-DQ8 with DR3-DQ2 was more
common among the Swedish patients than Lithuanians patients. When matched
according to HLA DR4-DQ8 or DR3-DQ2 genotype, the differences between Swedish
and Lithuanian patients in the prevalence of GADA remained and when matched for
the high risk genotypes of the insulin gene polymorphism, the differences in the
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prevalence of IAA remained. Our findings indicate that an autoimmune response to
insulin and GAD65 is more pronounced in a high incidence area compared to a low
incidence area. We also found associations between beta-cell autoantibodies and
clinical characteristics at diagnosis. Patients with low levels of IAA had a higher level
of HbA1c and ketones, indicating patients without IAA or with low levels of IAA have
a more severe onset of T1D.
The differences in clinical parameters between Swedish and Lithuanian patients may
be due to an earlier diagnosis and hence less severe onset in Sweden. However, the
differences in frequency of risk genes and beta-cell autoantibodies may be caused by
the differences between the populations in these two areas. A different genetic
background and different environmental triggers during infancy and childhood may
precipitate beta-cell autoimmunity and T1D more often in Swedish children than in
Lithuanian children.
From the findings of our studies I conclude that the aetiology of T1D may be different
in different populations due to differences in phenotype. The triggering factors of betacell autoimmunity may also be different or exert different effects in high incidence
areas as compared to low incidence areas. It is already extremely difficult to dissect
the effect of different mediators in the pathogenesis of T1D e.g. the interaction of
different environmental factors together with the genetic risk of T1D. It may, however,
be even more complicated if there is also differences between populations that needs
to be taken into account. This is speculative, and the results of ongoing multi-national
studies like the TRIGR study and the TEDDY study will be very interesting.
In conclusion, beta-cell autoantibodies are detectable in children from the general
population and in non-diabetic children with allergic heredity. The levels of
autoantibodies below the generally accepted cut off levels are seen in many nondiabetic children. In children from the general population, only positivity to GADA at
5-6 years of age seems to have any association with T1D related genetic risk. Short
duration of total or exclusive breast-feeding is a risk factor for beta-cell autoantibodies
at the age of 5-6 years in children from the general population. Children with newly
diagnosed T1D in a high incidence area carry risk genes and have autoantibodies more
often than newly diagnosed children from an area with lower incidence, indicating
perhaps different disease phenotypes.

77

ACKNOWLEDGEMENTS

ACKNOWLEDGEMENTS
I would like to thank all who has helped my complete this thesis. First of all, I would
like to thank all the children and their families who participated in the different
studies.
I especially wish to express my sincere gratitude to:
Johnny Ludvigsson, my supervisor, for scientific and financial support but more
importantly for your endless enthusiasm and ideas and for always being enthusiastic
and optimistic in a very contagious way!
Outi Vaarala, my mentor and unofficial second supervisor, for sharing your great
knowledge in diabetes-immunology and research and also for our non-scientific
discussions and many laughs!
The collaborators in the different project: Jorma Ilonen for your invaluable help in
comprehending the world of HLA and genetics of type 1 diabetes and for always
patiently answering my questions. Vaiva Sadauskait÷ – Kuehne and Žilvinas Padaiga
for sharing with me your knowledge regarding the DEBS study and for valuable
comments on the manuscript draft. Karin Fälth-Magnusson for your enthusiasm and
valuable comments and your knowledge of atopy. Jeanette Wahlberg for sharing with
me your knowledge of breast-feeding, autoantibodies and ABIS but mostly for being a
good friend, a fun travel mate and for saving me from starvation at the Louvre
museum.
Iris Franzén and Christina Larsson, for coordinating the ABIS study and for always
being encouraging and helpful. Mickaela Samuelsson for all you work organizing the
ABIS samples and taking care of all the logistics in the ABIS study but also for being
a good friend.
Gosia Smolinska, Lena Berglert, Ingela Johansson, Cecilia Runnqvist, Camilla
Gullstrand and Martin Ljungberg for your skilful technical assistance the autoantibody
analyses, for always helping me and for all the laughs both in the laboratory and
outside of work. Special thanks to Gosia, Lena and Ingela for all your hard work
analysing GADA, IA-2A and IAA!
All friends and colleagues at the Division of Pediatrics, at the Clinical and
Experimental Research and at the Diabetes Research Centre for creating a nice
working environment and for all scientific and non-scientific discussions. Special
thanks to Jenny Fredriksson, Susanne Skarsvik and Anna Lindström for being the best
travel mates! To Jenny also for all the funny e-mails you sent, for your singing and

78

ACKNOWLEDGEMENTS

dancing in the laboratory and for being a great room mate and friend. To Maria Faresjö
for being a great room mate and friend, for guiding me through the paper work and for
helping me with numerous scientific questions. To Anki Gilmore-Ellis for always
trying your best to help me and solving most of my problems, for being a good friend
and also for all nice dog-talks and laughs.
Florence Sjögren for her language review, general comments and support.
The Biomedical Research School at the Linköping University for providing an
excellent introduction to research.
Forum Scientium, the multidisciplinary graduate school at Linköping University for
providing a multidisciplinary research environment within the Diabetes Research
Centre.
This project was supported by grants from JDRF-Wallenberg foundations (K 98-99D12813-01A), the Swedish Child Diabetes Foundation (Barndiabetesfonden), the
Swedish Diabetes Association, the Söderberg Foundation, the Novo Nordisk
Foundation, The Swedish Research Council (Vetenskapsrådet, K 2002 -72X-11242-0
8A, K99-72X-11242-05A), The Swedish Diabetes Association, The Medical Research
Found of the County of Östergötland, the Samariten’s Foundation (Stiftelsen
Samariten) and The Jerring Foundation (Jerringfonden).

Till sist och viktigast av alla
Andreas, jag älskar dig så mycket! Du är min bästa vän och du är den viktigaste
personen i mitt liv. Du inte bara tror på mig, utan får även mig att tro på att jag ska
lyckas! Jag är så tacksam att jag har dig!
Mina föräldrar, Monica och Leif, jag är så oerhört tacksam för all uppmuntran, hjälp
och goda råd! Ni är de bästa föräldrar man kan önska sig! Tack för att ni alltid har
stöttat och uppmuntrat mig och för allt roligt vi gör ihop. Linköping skulle vara en
ännu bättre stad om den bara låg närmare Skåne så jag kunde åka hem till er oftare!
Min syster, Lisa, för att du alltid finns där! Trots att vi är som natt och dag i vissa
avseeden är vi så väldigt lika i andra, och jag vet att jag har en vän som jag alltid kan
lita på! Jag saknar dig och önskar att vi sågs lite oftare och jag hoppas det blir lite
oftare framöver! Tack också till Thomas för att du gör Lisa lycklig och för dina härliga
skrattanfall!

79

ACKNOWLEDGEMENTS

Hela familjen Wessman, som tog emot mig som en i familjen från första dagen! Tack
för allt roligt vi gör ihop och för att ni lärt mig att inte planera allt i förväg och inte bli
(så) stressad över att vara försenad! Extra mycket tack till Alexander och Maya för att
ni är så goa och gör det extra roligt att hälsa på i Jönköping.
Gamla och nya vänner, i och utanför Linköping, för allt roligt vi har hittat på under
åren!
Lukas, för att du är den härligaste hund en matte kan ha! Tack för att du med jämna
mellanrum sliter mig från datorn för att gå promenader, leka eller bara för att klia dig
på magen en stund!

80

REFERENCES

REFERENCES
Anjos, S., & Polychronakos, C. (2004). Mechanisms of genetic susceptibility to type I diabetes:
beyond HLA. Mol Genet Metab, 81(3), 187-195.
Arslanian, S. A., Becker, D. J., Rabin, B., Atchison, R., Eberhardt, M., Cavender, D., et al. (1985).
Correlates of insulin antibodies in newly diagnosed children with insulin-dependent diabetes before
insulin therapy. Diabetes, 34, 926-930.
Atkinson, M., A, & Eisenbarth, G. S. (2001). Type 1 diabetes: new perspectives on disease
patogenesis and treatment. Lancet, 358(July 21), 221-229.
Baekkeskov, S., Aanstoot, H. J., Christgau, S., Reetz, A., Solimena, M., Cascalho, M., et al. (1990).
Identification of the 64K autoantigen in insulin-dependent diabetes as the GABA-synthesizing enzyme
glutamic acid decarboxylase. Nature, 347(6289), 151-156.
Baekkeskov, S., Landin, M., Kristensen, J. K., Srikanta, S., Bruining, G. J., Mandrup-Poulsen, T., et
al. (1987). Antibodies to a 64,000 Mr human islet cell antigen precede the clinical onset of insulindependent diabetes. J Clin Invest, 79(3), 926-934.
Baekkeskov, S., Nielsen, J. H., Marner, B., Bilde, T., Ludvigsson, J., & Lernmark, A. (1982).
Autoantibodies in newly diagnosed diabetic children immunoprecipitate human pancreatic islet cell
proteins. Nature, 298(5870), 167-169.
Barker, J. M., Barriga, K. J., Yu, L., Miao, D., Erlich, H. A., Norris, J. M., et al. (2004). Prediction of
autoantibody positivity and progression to type 1 diabetes: Diabetes Autoimmunity Study in the
Young (DAISY). J Clin Endocrinol Metab, 89(8), 3896-3902.
Barratt, B. J., Payne, F., Lowe, C. E., Hermann, R., Healy, B. C., Harold, D., et al. (2004). Remapping
the insulin gene/IDDM2 locus in type 1 diabetes. Diabetes, 53(7), 1884-1889.
Bell, G. I., Horita, S., & Karam, J. H. (1984). A polymorphic locus near the human insulin gene is
associated with insulin-dependent diabetes mellitus. Diabetes, 33(2), 176-183.
Bell, G. I., Karam, J. H., & Rutter, W. J. (1981). Polymorphic DNA region adjacent to the 5' end of the
human insulin gene. Proc Natl Acad Sci U S A, 78(9), 5759-5763.
Bell, G. I., Selby, M. J., & Rutter, W. J. (1982). The highly polymorphic region near the human insulin
gene is composed of simple tandemly repeating sequences. Nature, 295(5844), 31-35.
Bendelac, A., Carnaud, C., Boitard, C., & Bach, J. F. (1987). Syngeneic transfer of autoimmune
diabetes from diabetic NOD mice to healthy neonates. Requirement for both L3T4+ and Lyt-2+ T
cells. J Exp Med, 166(4), 823-832.
Bennett, S. T., Lucassen, A. M., Gough, S. C., Powell, E. E., Undlien, D. E., Pritchard, L. E., et al.
(1995). Susceptibility to human type 1 diabetes at IDDM2 is determined by tandem repeat variation at
the insulin gene minisatellite locus. Nat Genet, 9(3), 284-292.
Bingley, P. J. (1996). Interactions of age, islet cell antibodies, insulin autoantibodies, and first-phase
insulin response in predicting risk of progression to IDDM in ICA+ relatives: the ICARUS data set.
Islet Cell Antibody Register Users Study. Diabetes, 45(12), 1720-1728.
Bingley, P. J., Bonifacio, E., & Mueller, P. W. (2003). Diabetes Antibody Standardization Program:
first assay proficiency evaluation. Diabetes, 52(5), 1128-1136.
Bingley, P. J., Christie, M. R., Bonifacio, E., Bonfanti, R., Shattock, M., Fonte, M.-T., et al. (1994).
Combined analaysis of autoantibodies improves prediction of IDDM in islet cell antibody positive
relatives. Diabetes, 43, 1304-1310.
Bonifacio, E., Lampasona, V., & Bingley, P. J. (1998). IA-2 (islet cell antigen 512) is the primary
target of humoral autoimmunity against type 1 diabetes-associated tyrosine phosphatase
autoantiggens. J Immunol, 161, 2648-2654.

81

REFERENCES

Borch-Johnsen, K., Joner, G., Mandrup-Paulsen, T., Christy, M., Zachau-Christiansen, B., & Kastrup,
K. (1984). Relation between breast-feeding and incidence rates of insulin-dependent diabetes mellitus:
a hypothesis. Lancet(nov 10), 1083-1086.
Borg, H., Marcus, C., Sjöblad, S., Fernlund, P., & Sundkvist, G. (2002). 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, 3, 149-154.
Bottazzo, G. F., Florin-Christensen, A., & Doniach, D. (1974). Islet-cell antibodies in diabetes
mellitus with autoimmune polyendocrine deficiencies. Lancet, 2(7892), 1279-1283.
Brekke, H. K., Ludvigsson, J. F., van Odijk, J., & Ludvigsson, J. (2005). Breastfeeding and
introduction of solid foods in Swedish infants: the All Babies in Southeast Sweden study. Br J Nutr,
94(3), 377-382.
Bu, D. F., Erlander, M. G., Hitz, B. C., Tillakaratne, N. J., Kaufman, D. L., Wagner-McPherson, C. B.,
et al. (1992). Two human glutamate decarboxylases, 65-kDa GAD and 67-kDa GAD, are each
encoded by a single gene. Proc Natl Acad Sci U S A, 89(6), 2115-2119.
Chambers, C. A. (2001). The expanding world of co-stimulation: the two-signal model revisited.
Trends Immunol, 22(4), 217-223.
Christie, M. R., Vohra, G., Champagne, P., Daneman, D., & Delovitch, T. L. (1990). Distinct antibody
specificities to a 64-kD islet cell antigen in type 1 diabetes as revealed by trypsin treatment. J Exp
Med, 172(3), 789-794.
Couper, J. J., Steele, C., Beresford, S., Powell, T., McCaul, K., Pollard, A., et al. (1999). Lack of
association between duration of breast-feeding or introduction of cow's milk and development of islet
autoimmunity. Diabetes, 48, 2145-2149.
Davies, J. L., Kawaguchi, Y., Bennett, S. T., Copeman, J. B., Cordell, H. J., Pritchard, L. E., et al.
(1994). A genome-wide search for human type 1 susceptibility genes. Nature, 371, 130-136.
Diabetes Prevention Trial--Type 1 Diabetes Study Group. (2002). Effects of insulin in relatives of
patients with type 1 diabetes mellitus. N Engl J Med, 346(22), 1685-1691.
Donner, H., Rau, H., Walfish, P. G., Braun, J., Siegmund, T., Finke, R., et al. (1997). CTLA4 alanine17 confers genetic susceptibility to Graves' disease and to type 1 diabetes mellitus. J Clin Endocrinol
Metab, 82(1), 143-146.
Dromey, J. A., Weenink, S. M., Peters, G. H., Endl, J., Tighe, P. J., Todd, I., et al. (2004). Mapping of
epitopes for autoantibodies to the type 1 diabetes autoantigen IA-2 by peptide phage display and
molecular modeling: overlap of antibody and T cell determinants. J Immunol, 172(7), 4084-4090.
Egen, J. G., Kuhns, M. S., & Allison, J. P. (2002). CTLA-4: new insights into its biological function
and use in tumor immunotherapy. Nat Immunol, 3(7), 611-618.
Ellis, T. M., & Atkinson, M. A. (1996). The clinical significance of an autoimmune response against
glutamic acid decarboxylase. Nat Med, 2(2), 148-153.
EURODIAB ACE study group. (2000). Variation and trends in incidence of childhood diabetes in
Europe. Lancet, 335, 873-876.
European Nicotinamide Diabetes Intervention Trial Group. (2003). Intervening before the onset of
Type 1 diabetes: baseline data from the European Nicotinamide Diabetes Intervention Trial (ENDIT).
Diabetologia, 46(3), 339-346.
Falorni, A., & Brozzetti, A. (2005). Diabetes-related antibodies in adult diabetic patients. Best Pract
Res Clin Endocrinol Metab, 19(1), 119-133.
Falorni, A., Örtqvist, E., Persson, B., & Lernmark, Å. (1995). Radioimmunoassays for glutamic acid
decarboxlase(GAD65) and GAD65 autoantibodies using 35S or 3H recombinant human ligands. J
Immunol Methods, 186, 89-99.
Franke, B., Galloway, T. S., & Wilkin, T. J. (2005). Developments in the prediction of type 1 diabetes
mellitus, with special reference to insulin autoantibodies. Diabetes Metab Res Rev, 21(5), 395-415.

82

REFERENCES

Fulginiti, V., Sieber, O. J., Claman, H., & Merrill, D. (1966). Serum immunoglobulin measurement
during the first year of life and in immunoglobulin-deficiency states. J Pediatr, 68(5), 723-730.
Fälth-Magnusson, K., & Kjellman, N.-I. M. (1987). Development of atopic disease in babies whose
mothers were receiving exclusion diet during pregnancy - a randomized study. J Allergy Clin
Immunol, 80(6), 868-875.
Gajewski, T. F., Goldwasser, E., & Fitch, F. W. (1988). Anti-proliferative effect of IFN-gamma in
immune regulation. II. IFN-gamma inhibits the proliferation of murine bone marrow cells stimulated
with IL-3, IL-4, or granulocyte-macrophage colony-stimulating factor. J Immunol, 141(8), 2635-2642.
Gale, E., Bingley, P., Emmett, C., Collier, T., & European Nicotinamide Diabetes Intervention Trial
(ENDIT) Group. (2004). European Nicotinamide Diabetes Intervention Trial (ENDIT): a randomised
controlled trial of intervention before the onset of type 1 diabetes. Lancet, 363(9413), 925-931.
Gamble, D. R., & Taylor, K. W. (1969). Seasonal incidence of diabetes mellitus. Br Med J, 3(671),
631-633.
Gardner, S. G., Gale, E. A. M., Williams, A. J. K., Gillespie, K. M., Lawrence, K. E., & Bottazzo, G.
F. (1999). Progression to diabetes in relatives with islet autoantibodies: is it inevitable. Diabetes Care,
22, 2049-2054.
Gepts, W. (1965). Pathologic anatomy of the pancreas in juvenile diabetes mellitus. Diabetes, 14(10),
619-633.
Gerstein, H. C. (1994). Cow's milk exposure and type 1 diabetes mellitus. Diabetes Care, 17(1), 1319.
Gillespie, K. M., Gale, E. A., & Bingley, P. J. (2002). High familial risk and genetic susceptibility in
early onset childhood diabetes. Diabetes, 51(1), 210-214.
Graham, J., Hagopian, W. A., Kockum, I., Li, L. S., Sanjeevi, C. B., Lowe, R. M., et al. (2002).
Genetic Effects on Age-Dependent Onset and Islet Cell Autoantibody Markers in Type 1 Diabetes
Diabetes, 51(5), 1346-1355.
Green, A., Gale, E. A. M., Patterson, C. C., & for the Eurodiab Ace study group. (1992). Incidence av
childhood-onset insulin-dependent diabetes mellitus: the Eurodiab ace study. Lancet, 339, 905-909.
Green, J., Casabonne, D., & Newton, R. (2004). Coxsackie B virus serology and Type 1 diabetes
mellitus: a systematic review of published case-control studies. Diabet Med, 21(6), 507-514.
Greenbaum, C. J., Palmer, J. P., Kuglin, B., & Kolb, H. (1992). Insulin autoantibodies measured by
radioimmunoassay methodology are more related to insulin-dependent diabetes mellitus than those
measured by enzyme-linked immunosorbent assay: results of the Fourth International Workshop on
the Standardization of Insulin Autoantibody Measurement. J Clin Endocrinol Metab, 74(5), 10401044.
Grubin, C. E., Daniels, T., Toivola, B., Alndin-Olsson, M., Hagopian, W. A., Li, L., et al. (1994). A
novel radioligand binding assay to determine diagnostic accuracy of isoform-specific glutamic acid
decarboxyalse antibodies in childhood IDDM. Diabetologia, 37, 344-350.
Hagopian, W. A., Michelsen, B., Karlsen, A. E., Larsen, F., Moody, A., Grubin, C. E., et al. (1993).
Autoantibodies in IDDM primarily recognize the 65,000-M(r) rather than the 67,000-M(r) isoform of
glutamic acid decarboxylase. Diabetes, 42(4), 631-636.
Haller, K., Kisand, K., Nemvalts, V., Laine, A. P., Ilonen, J., & Uibo, R. (2004). Type 1 diabetes is
insulin -2221 MspI and CTLA-4 +49 A/G polymorphism dependent. Eur J Clin Invest, 34(8), 543548.
Harrison, L. C., & Honeyman, M. C. (1999). Cow's milk and type 1 diabetes: the real debate is about
mucosal immune function. Diabetes, 48, 1501-1507.
Hattevig, G., Kjellman, B., & Bjorksten, B. (1993). Appearance of IgE antibodies to ingested and
inhaled allergens during the first 12 years of life in atopic and non-atopic children. Pediatr Allergy
Immunol, 4(4), 182-186.

83

REFERENCES

Hawa, M. I., Beyan, H., Buckley, L. R., & Leslie, R. D. (2002). Impact of genetic and non-genetic
factors in type 1 diabetes. Am J Med Genet, 115(1), 8-17.
Hermann, R., Bartsocas, C. S., Soltesz, G., Vazeou, A., Paschou, P., Bozas, E., et al. (2004). Genetic
screening for individuals at high risk for type 1 diabetes in the general population using HLA Class II
alleles as disease markers. A comparison between three European populations with variable rates of
disease incidence. Diabetes Metab Res Rev, 20(4), 322-329.
Hermann, R., Laine, A. P., Veijola, R., Vahlberg, T., Simell, S., Lahde, J., et al. (2005). The effect of
HLA class II, insulin and CTLA4 gene regions on the development of humoral beta cell
autoimmunity. Diabetologia, 48(9), 1766-1775.
Holmes, G. K. (2002). Screening for coeliac disease in type 1 diabetes. Arch Dis Child, 87(6), 495498.
Holt, P. G., & Jones, C. A. (2000). The development of the immune system during pregnancy and in
early life. Allergy, 55, 688-697.
Hoppu, S., Härkönen, T., Ronkainen, M. S., Åkerblom, H. K., & Knip, M. (2004). IA-2 antibody
epitopes and isotypes during the prediabetic process in siblings of children with type 1 diabetes. J
Autoimmun, 23(4), 361-370.
Hsieh, C. S., Heimberger, A. B., Gold, J. S., O'Garra, A., & Murphy, K. M. (1992). Differential
regulation of T helper phenotype development by interleukins 4 and 10 in an alpha beta T-cellreceptor transgenic system. Proc Natl Acad Sci U S A, 89(13), 6065-6069.
Hummel, M., Bonifacio, E., Schmid, S., Walter, M., Knopff, A., & Ziegler, A. G. (2004). Brief
communication: early appearance of islet autoantibodies predicts childhood type 1 diabetes in
offspring of diabetic parents. Ann Intern Med, 140(11), 882-886.
Hummel, M., Füchtenbusch, M., Schenker, M., & Ziegler, A.-G. (2000). No major association of
breast-feeding, vaccinations, and childhood viral diseases with early islet autoimmunity in the german
BABYDIAB study. Diabetes Care, 23, 969-974.
Hutton, J., Wasmeier, T., Amaria, R., Bright, N., & Creemers, J. (2002). Proprotein Processing and
Pancreatic Islet Function. In G. S. Eisenbarth & K. Lafferty (Eds.), Type 1 diabetes: Molecular
cellular and clinical immunology (Vol. Online Edition Version 2.5). Denver, Colorado, USA: Barbara
Davies Center for Childhood diabetes.
Hyppönen, E., Kenward, M. G., Virtanen, S. M., Piitulainen, A., Virta-Autio, P., Tuomilehto, J., et al.
(1999). Infant feeding, early weight gain, and risk of type 1 diabetes. Childhood Diabetes in Finland
(DiMe) Study Group. Diabetes Care, 22(12), 1961-1965.
Hämäläinen, A.-M., Ilonen, J., Simell, O., Savola, K., Kulmala, P., Kupila, A., et al. (2002).
Prevalence and fate of type 1 diabetes-associated autoantibodies in cord blood samples from newborn
infants of non-diabetic mothers. Diab Metab Res Rev, 18, 57-63.
Ilonen, J., Reijonen, H., Herva, E., Sjöroos, M., Iitiä, A., Lövgren, T., et al. (1996). Rapid HLA-DQB1
genotyping for four allels in the assessment of risk for IDDM in the finnish population. Diabetes Care,
19(8), 795-800.
Ilonen, J., Sjöroos, M., Knip, M., Veijola, R., Simell, O., Åkerblom, H. K., et al. (2002). Estimation of
genetic risk for type 1 diabetes. Am J Med Genet Semin Med Genet, 115, 30-36.
Imagawa, A., Hanafusa, T., Itoh, N., Waguri, M., Yamamoto, K., Miyagawa, J., et al. (1999).
Immunological abnormalities in islets at diagnosis paralleled further deterioration of glycaemic control
in patients with recent-onset Type I (insulin-dependent) diabetes mellitus. Diabetologia, 42(5), 574578.
Ivarsson, A., Hernell, O., Stenlund, H., & Persson, L. A. (2002). Breast-feeding protects against celiac
disease. Am J Clin Nutr, 75(5), 914-921.
Janeway, C. A., Travers, P., Walport, M., & Shlomchik, M. (2005). Immunobiology. The immune
system in health and disease (6 ed.). New York, USA: Garland Publishing.

84

REFERENCES

Johansson, C., Samuelsson, U., & Ludvigsson, J. (1994). A high weight gain early in life is associated
with an increased risk of type 1 (insulin-dependent) diabetes mellitus. Diabetologia, 37(1), 91-94.
Johansson, S. G., Hourihane, J. O., Bousquet, J., Bruijnzeel-Koomen, C., Dreborg, S., Haahtela, T., et
al. (2001). A revised nomenclature for allergy. An EAACI position statement from the EAACI
nomenclature task force. Allergy, 56(9), 813-824.
Karjalainen, J., Knip, M., Mustonen, A., Ilonen, J., & Akerblom, H. K. (1986). Relation between
insulin antibody and complement-fixing islet cell antibody at clinical diagnosis of IDDM. Diabetes,
35(5), 620-622.
Karjalainen, J., Salmela, P., Ilonen, J., Surcel, H. M., & Knip, M. (1989). A comparison of childhood
and adult type I diabetes mellitus. N Engl J Med, 320(14), 881-886.
Karlsen, A. E., Hagopian, W. A., Grubin, C. E., Dube, S., Disteche, C. M., Adler, D. A., et al. (1991).
Cloning and primary structure of a human islet isoform of glutamic acid decarboxylase from
chromosome 10. Proc Natl Acad Sci U S A, 88, 8337-8341.
Karvonen, M., Viik-Kajander, M., Moltchanova, E., Libman, I., LaPorte, R., & Tuomilehto, J. (2000).
Incidence of childhood type 1 diabetes worldwide. Diabetes Mondiale (DiaMond) Project Group.
Diabetes Care, 23(10), 1516-1526.
Kaufman, D. L., Erlander, M. G., Clare-Salzler, M., Atkinson, M. A., Maclaren, N. K., & Tobin, A. J.
(1992). Autoimmunity to two forms of glutamate decarboxylase in insulin-dependent diabetes
mellitus. J Clin Invest, 89(1), 283-292.
Kawasaki, E., Yu, L., Gianani, R., Verge, C. F., Babu, S., Bonifacio, E., et al. (1997). Evaluation of
islet cell antigen (ICA) 512/IA-2 autoantibody radioassays using overlapping ICA512/IA-2 constructs.
J Clin Endocrinol Metab, 82(2), 375-380.
Kawasaki, E., Yu, L., Rewers, M. J., Hutton, J. C., & Eisenbarth, G. S. (1998). Definition of multiple
ICA512/phogrin autoantibody epitopes and detection of intramolecular epitope spreading in relatives
of patients with type 1 diabetes. Diabetes, 47(5), 733-742.
Kavvoura, F. K., & Ioannidis, J. P. (2005). CTLA-4 gene polymorphisms and susceptibility to type 1
diabetes mellitus: a HuGE Review and meta-analysis. Am J Epidemiol, 162(1), 3-16.
Kay, A. B. (2001). Allergy and allergic disease: part one. N Engl J Med, 344, 30-37.
Kelly, M. A., Mijovic, C. H., & Barnett, A. H. (2001). Genetics of type 1 diabetes. Best practice &
research clinical endocrinology and metabolism, 15(3), 279-291.
Kelly, M. A., Rayner, M. L., Mijovic, C. H., & Barnett, A. H. (2003). Molecular aspects of type 1
diabetes. Mol Pathol, 56(1), 1-10.
Kent, S. C., Chen, Y., Bregoli, L., Clemmings, S. M., Kenyon, N. S., Ricordi, C., et al. (2005).
Expanded T cells from pancreatic lymph nodes of type 1 diabetic subjects recognize an insulin
epitope. Nature, 435(7039), 224-228.
Kimpimäki, T., Erkkola, M., Korhonen, S., Kupila, A., Virtanen, S. M., Ilonen, J., et al. (2001). Shortterm exclusive breastfeeding predisposes young children with increased genetic risk of type 1 diabetes
to progressive beta-cell autoimmunity. Diabetologia, 44, 63-69.
Kimpimäki, T., Kupila, A., Hamalainen, A. M., Kukko, M., Kulmala, P., Savola, K., et al. (2001). The
first signs of beta-cell autoimmunity appear in infancy in genetically susceptible children from the
general population: the Finnish Type 1 Diabetes Prediction and Prevention Study. J Clin Endocrinol
Metab, 86(10), 4782-4788.
Klein, J., & Sato, A. (2000). The HLA system. First of two parts. N Engl J Med, 343(10), 702-709.
Knip, M., Veijola, R., Virtanen, S. M., Hyöty, H., Vaarala, O., & Åkerblom, H. K. (2005).
Environmental triggers and determinants of Type 1 Diabetes. Diabetes, 54(Suppl 2), S125-136.
Kockum, I., Sanjeevi, C. B., Eastman, S., Landin-Olsson, M., Dahlquist, G., & Lernmark, A. (1999).
Complex interaction between HLA DR and DQ in conferring risk for childhood type 1 diabetes. Eur J
Immunogenet, 26(5), 361-372.

85

REFERENCES

Kolb, H., & Pozzilli, P. (1999). Cow's milk and type 1 diabetes: the gut immune system deserves
attention. Trends Immunol, 20(3), 108-110.
Komulainen, J., Knip, M., Lounamaa, R., Vahasalo, P., Karjalainen, J., Sabbah, E., et al. (1997). Poor
beta-cell function after the clinical manifestation of type 1 diabetes in children initially positive for
islet cell specific autoantibodies. The Childhood Diabetes in Finland Study Group. Diabet Med, 14(7),
532-537.
Kostraba, J. N., Cruickshanks, K. J., Lawler-Heavner, J., Jobim, L. F., Rewers, M. J., Gay, E. C., et al.
(1993). Early exposure to cow's milk and solid foods in infancy, genetic predisposition, and risk of
IDDM. Diabetes, 42, 288-295.
Kukko, M., Kimpimäki, T., Korhonen, S., Kupila, A., Simell, S., Veijola, R., et al. (2005). Dynamics
of diabetes-associated autoantibodies in young children with human leukocyte antigen-conferred risk
of type 1 diabetes recruited from the general population. J Clin Endocrinol Metab, 90(5), 2712-2717.
Kullberg, C., Bergstrom, A., Dinesen, B., Larsson, L., Little, R., Goldstein, D., et al. (1996).
Comparisons of studies on diabetic complications hampered by differences in GHb measurements.
Diabetes Care, 19(7), 726-729.
Kulmala, P., Rahko, J., Savola, K., Vähäsalo, P., Sjöroos, M., Reunanen, A., et al. (2001). Beta-cell
autoimmunity, genetic susceptibility, and progression to type 1 diabetes in unaffceted schoolchildren.
Diabetes Care, 24(1), 171-173.
Kulmala, P., Savola, K., Petersen, J. S., Vähäsalo, P., Karjalainen, J., Löppönen, T., et al. (1998).
Prediction of insulin-dependent diabetes mellitus in siblings of children with diabetes. J Clin Invest,
101, 327-336.
Kupila, A., Muona, P., Simell, T., Arvilommi, P., Savolainen, H., Hamalainen, A. M., et al. (2001).
Feasibility of genetic and immunological prediction of type I diabetes in a population-based birth
cohort. Diabetologia, 44(3), 290-297.
Laaksonen, M., Pastinen, T., Sjoroos, M., Kuokkanen, S., Ruutiainen, J., Sumelahti, M. L., et al.
(2002). HLA class II associated risk and protection against multiple sclerosis-a Finnish family study. J
Neuroimmunol, 122(1-2), 140-145.
LaGasse, J., Brantley, M., S, Leech, N. J., Rowe, R. E., Monks, S., Palmer, J. P., et al. (2002).
Successful prospective prediction of type 1 diabetes in schoolchildren through multiple defined
autoantibodies. An eight year follow-up of the Washington state diabetes prediction study. Diabetes
Care, 25, 505-511.
Lee, Y. J., Huang, F. Y., Lo, F. S., Wang, W. C., Hsu, C. H., Kao, H. A., et al. (2000). Association of
CTLA4 gene A-G polymorphism with type 1 diabetes in Chinese children. Clin Endocrinol (Oxf),
52(2), 153-157.
Lernmark, Å. (1994). Molecular biology of IDDM. Diabetologia, 37, S73-S81.
Lernmark, Å., Hagopian, W., Rewers, M., She, J. X., Ziegler, A., Simell, O., et al. (2005, October 6 October 9, 2005). The environmental determinants of diabetes in the young observational clinical
trial. Paper presented at the The Immunology of Diabetes Society, Awaji Island, Japan.
Leslie, R. D. G., Atkinson, M. A., & Notkins, A. L. (1999). Autoantigens IA-2 and GAD in type 1
(insulin-dependent) diabetes. Diabetologia, 42, 3-14.
Levy-Marchal, C., Bridel, M. P., Sodoyez-Goffaux, F., Koch, M., Tichet, J., Czernichow, P., et al.
(1991). Superiority of radiobinding assay over ELISA for detection of IAAs in newly diagnosed type I
diabetic children. Diabetes Care, 14, 61-63.
Lu, J., Li, Q., Xie, H., Chen, Z. J., Borovitskaya, A. E., Maclaren, N. K., et al. (1996). Identification of
a second transmembrane protein tyrosine phosphatase, IA-2beta, as an autoantigen in insulindependent diabetes mellitus: precursor of the 37-kDa tryptic fragment. Proc Natl Acad Sci U S A,
93(6), 2307-2311.
Lucassen, A. M., Julier, C., Beressi, J. P., Boitard, C., Froguel, P., Lathrop, M., et al. (1993).
Susceptibility to insulin dependent diabetes mellitus maps to a 4.1 kb segment of DNA spanning the
insulin gene and associated VNTR. Nat Genet, 4(3), 305-310.

86

REFERENCES

Ludvigsson, J. (2003). Cow-milk-free diet during last trimester of pregnancy does not influence
diabetes-related autoantibodies in nondiabetic children. Ann N Y Acad Sci, 1005, 275-278.
Ludvigsson, J., Ludvigsson, M., & Sepa, A. (2001). Screening for prediabetes in the general child
population: maternal attitude to participation. Pediatr Diabetes, 2(4), 170-174.
MacCuish, A. C., Irvine, W. J., Barnes, E. W., & Duncan, L. J. (1974). Antibodies to pancreatic islet
cells in insulin-dependent diabetics with coexistent autoimmune disease. Lancet, 2(7896), 1529-1531.
Mannering, S. I., Harrison, L. C., Williamson, N. A., Morris, J. S., Thearle, D. J., Jensen, K. P., et al.
(2005). The insulin A-chain epitope recognized by human T cells is posttranslationally modified. J
Exp Med, 202(9), 1191-1197.
Marciulionyte, D., Williams, A. J. K., Bingley, P. J., Urbonaite, B., & Gale, E. A. M. (2001). A
comparison of the prevalence of islet autoantibodies in children from two countries with differing
incidence of diabetes. Diabetologia, 44, 16-21.
Marron, M. P., Raffel, L. J., Garchon, H. J., Jacob, C. O., Serrano-Rios, M., Martinez Larrad, M. T., et
al. (1997). Insulin-dependent diabetes mellitus (IDDM) is associated with CTLA4 polymorphisms in
multiple ethnic groups. Hum Mol Genet, 6(8), 1275-1282.
Maurer, M., Loserth, S., Kolb-Maurer, A., Ponath, A., Wiese, S., Kruse, N., et al. (2002). A
polymorphism in the human cytotoxic T-lymphocyte antigen 4 ( CTLA4) gene (exon 1 +49) alters Tcell activation. Immunogenetics, 54(1), 1-8.
Menser, M. A., Forrest, J. M., & Bransby, R. D. (1978). Rubella infection and diabetes mellitus.
Lancet, 1(8055), 57-60.
Moriwaki, M., Itoh, N., Miyagawa, J., Yamamoto, K., Imagawa, A., Yamagata, K., et al. (1999). Fas
and Fas ligand expression in inflamed islets in pancreas sections of patients with recent-onset Type I
diabetes mellitus. Diabetologia, 42(11), 1332-1340.
Myers, M. A., Rabin, D. U., & Rowley, M. J. (1995). Pancreatic islet cell cytoplasmic antibody in
diabetes is represented by antibodies to islet cell antigen 512 and glutamic acid decarboxylase.
Diabetes, 44(11), 1290-1295.
Nakayama, M., Abiru, N., Moriyama, H., Babaya, N., Liu, E., Miao, D., et al. (2005). Prime role for
an insulin epitope in the development of type 1 diabetes in NOD mice. Nature, 435(7039), 220-223.
Narendran, P., Williams, A. J., Elsegood, K., Leech, N. J., & Dayan, C. M. (2003). Humoral and
cellular immune responses to proinsulin in adults with newly diagnosed type 1 diabetes. Diabetes
Metab Res Rev, 19(1), 52-59.
Naserke, H. E., Ziegler, A. G., Lampasona, V., & Bonifacio, E. (1998). Early development and
spreading of autoantibodies to epitopes of IA-2 and their association with progression to type 1
diabetes. J Immunol, 161(12), 6963-6969.
Nejentsev, S., Koskinen, S., Sjöroos, M., Reijonen, H., Schwartz, E. I., Kovalchuk, L., et al. (1998).
Distribution of insulin-dependent diabetes mellitus (IDDM)-related HLA alleles correlates with the
difference in IDDM incidence in four populations of the Eastern Baltic region. Tissue Antigens, 52(5),
473-477.
Nejentsev, S., Sjoroos, M., Soukka, T., Knip, M., Simell, O., Lovgren, T., et al. (1999). Populationbased genetic screening for the estimation of Type 1 diabetes mellitus risk in Finland: selective
genotyping of markers in the HLA-DQB1, HLA-DQA1 and HLA-DRB1 loci. Diabet Med, 16(12),
985-992.
Nistico, L., Buzzetti, R., Pritchard, L. E., Van der Auwera, B., Giovannini, C., Bosi, E., et al. (1996).
The CTLA-4 gene region of chromosome 2q33 is linked to, and associated with, type 1 diabetes.
Belgian Diabetes Registry. Hum Mol Genet, 5(7), 1075-1080.
Noble, J. A., Valdes, A. M., Cook, M., Klitz, W., Thomson, G., & Erlich, H. A. (1996). The role of
HLA class II genes in insulin-dependent diabetes mellitus: molecular analysis of 180 Caucasian,
multiplex families. Am J Hum Genet, 59(5), 1134-1148.

87

REFERENCES

Norris, J. M., Barriga, K., Hoffenberg, E. J., Taki, I., Miao, D., Haas, J. E., et al. (2005). Risk of celiac
disease autoimmunity and timing of gluten introduction in the diet of infants at increased risk of
disease. JAMA, 293(19), 2343-2351.
Norris, J. M., Barriga, K., Klingensmith, G., Hoffman, M., Eisenbarth, G. S., Erlich, H. A., et al.
(2003). Timing of initial cereal exposure in infancy and risk of islet autoimmunity. JAMA, 290(13),
1713-1720.
Norris, J. M., & Scott, F. W. (1996). A meta-analysis of infant diet and insulin-dependent diabetes
mellitus: do biases play a role? Epidemiology, 7(1), 87-92.
Notkins, A. L., & Lernmark, Å. (2001). Autoimmune type 1 diabetes: resolved and unresolved issues.
J Clin Invest, 108(9), 1247-1252.
Official Statistics of Sweden. (2000). Statistics - Health and Disease: Breast-feeding, children born
1998 (No. 91-7201-487-3). Stockholm: The National Board of Health and Welfare Centre for
Epidemiology.
Onkamo, P., Vaananen, S., Karvonen, M., & Tuomilehto, J. (1999). Worldwide increase in incidence
of Type I diabetes--the analysis of the data on published incidence trends. Diabetologia, 42(12), 13951403.
Owerbach, D., & Nerup, J. (1982). Restriction fragment length polymorphism of the insulin gene in
diabetes mellitus. Diabetes, 31(3), 275-277.
Palmer, J. P., Asplin, C. M., Clemons, P., Lyen, K., Tatpati, O., Raghu, P. K., et al. (1983). Insulin
antibodies in insulin-dependent diabetics before insulin treatment. Science, 222, 1337-1339.
Paronen, J., Knip, M., Savilahti, E., Virtanen, S. M., Ilonen, J., Åkerblom, H. K., et al. (2000). Effect
of cow's milk exposure and maternal type 1 diabetes on cellular and humoral immunization to dietary
insulin in infants at genetic risk for type 1 diabetes. Diabetes, 49, 1657-1665.
Payton, M. A., Hawkes, C. J., & Christie, M. R. (1995). Relationship of the 37,000- and 40,000-M(r)
tryptic fragments of islet antigens in insulin-dependent diabetes to the protein tyrosine phosphataselike molecule IA-2 (ICA512). J Clin Invest, 96(3), 1506-1511.
Perez De Nanclares, G., Bilbao, J. R., Calvo, B., Vitoria, J. C., Vazquez, F., & Castano, L. (2003). 5'Insulin gene VNTR polymorphism is specific for type 1 diabetes: no association with celiac or
Addison's disease. Ann N Y Acad Sci, 1005, 319-323.
Podar, T., Solntsev, A., Karvonen, M., Padaiga, Z., Brigis, G., Urbonaite, B., et al. (2001). Increasing
incidence of childhood-onset type I diabetes in 3 Baltic countries and Finland 1983-1998.
Diabetologia, 44 Suppl 3, B17-20.
Potter, K. N., & Wilkin, T. J. (2000). The molecular specificity of insulin autoantibodies. Diab Metab
Res Rev, 16, 338-353.
Pugliese, A. (2004). Genetics of type 1 diabetes. Endocrinol Metab Clin North Am, 33(1), 1-16, vii.
Pugliese, A., Kawasaki, E., Zeller, M., Yu, L., Babu, S., Solimena, M., et al. (1999). Sequence
Analysis of the Diabetes-Protective Human Leukocyte Antigen-DQB10602 Allele in Unaffected, Islet
Cell Antibody-Positive First Degree Relatives and in Rare Patients with Type 1 Diabetes. J Clin
Endocrinol Metab, 84(5), 1722-1728.
Pugliese, A., & Miceli, D. (2002). The insulin gene in diabetes. Diabetes Metab Res Rev, 18(1), 13-25.
Pugliese, A., Zeller, M., Fernandez, A., Jr., Zalcberg, L. J., Bartlett, R. J., Ricordi, C., et al. (1997).
The insulin gene is transcribed in the human thymus and transcription levels correlated with allelic
variation at the INS VNTR-IDDM2 susceptibility locus for type 1 diabetes. Nat Genet, 15(3), 293297.
Pundziute-Lyckå, A., Dahlquist, G., Nyström, L., Arnqvist, H., Björk, E., Blohmé, J., et al. (2002).
The incidence of Type I diabetes has not increased but shifted to a younger age at diagnosis in the 034 years group in Sweden 1983-1998. Diabetologia, 45(6), 783-791.
Redondo, M. J., & Eisenbarth, G. S. (2002). Genetic control of autoimmunity in Type I diabetes and
associated disorders. Diabetologia, 45(5), 605-622.

88

REFERENCES

Richter, W., Shi, Y., & Baekkeskov, S. (1993). Autoreactive epitopes defined by diabetes-associated
human monoclonal antibodies are localized in the middle and C-terminal domains of the smaller form
of glutamate decarboxylase. Proc Natl Acad Sci U S A, 90(7), 2832-2836.
Romagnani, S. (2000). The role of lymphocytes in allergic disease. J Allergy Clin Immunol, 105(3),
399-408.
Rønningen, K. S., Keiding, N., Green, A., the, o. b. o. g. m. c. a., & EURODIAB ACE study group.
(2001). Correlations between the incidence of childhood-onset type 1 diabetes in Europe and HLA
genotypes. Diabetologia, 44, (Suppl 3) B 51-B59.
Sabbah, E., Savola, K., Kulmala, P., Veijola, R., Vahasalo, P., Karjalainen, J., et al. (1999). Diabetesassociated autoantibodies in relation to clinical characteristics and natural course in children with
newly diagnosed type 1 diabetes. The Childhood Diabetes In Finland Study Group. J Clin Endocrinol
Metab, 84(5), 1534-1539.
Sadauskaite-Kuehne, V., Ludvigsson, J., Padaiga, Z., Jasinskiene, E., & Samuelsson, U. (2004).
Longer breastfeeding is an independent protective factor against development of type 1 diabetes
mellitus in childhood. Diabetes Metab Res Rev, 20(2), 150-157.
Sadauskaite-Kuehne, V., Samuelsson, U., Jasinskiene, E., Padaiga, Z., Urbonaite, B., Edenvall, H., et
al. (2002). Severity at onset of childhood type 1 diabetes in countries with high and low incidence of
the condition. Diabetes Res Clin Pract, 55(3), 247-254.
Saito, T., & Yamasaki, S. (2003). Negative feedback of T cell activation through inhibitory adapters
and costimulatory receptors. Immunol Rev, 192, 143-160.
Samuelsson, U., Sadauskaite-Kuehne, V., Padaiga, Z., Ludvigsson, J., & for the DEBS study group.
(2004). A fourfold difference in the incidence of type 1 diabetes between Sweden and Lithuania but
similar prevalence of autoimmunity. Diabetes Res Clin Pract, 66(2), 173-181.
Sanjeevi, C. B., Hook, P., Landin-Olsson, M., Kockum, I., Dahlquist, G., Lybrand, T. P., et al. (1996).
DR4 subtypes and their molecular properties in a population-based study of Swedish childhood
diabetes. Tissue Antigens, 47(4), 275-283.
Sanjeevi, C. B., Lybrand, T. P., DeWeese, C., Landin-Olsson, M., Kockum, I., Dahlquist, G., et al.
(1995). Polymorphic amino acid variations in HLA-DQ are associated with systematic physical
property changes and occurrence of IDDM. Members of the Swedish Childhood Diabetes Study.
Diabetes, 44(1), 125-131.
Sarugeri, E., Dozio, N., Belloni, C., Meschi, F., Pastore, M. R., & Bonifacio, E. (1998). Autoimmune
responses to the beta cell autoantigen, insulin, and the INS VNTR-IDDM2 locus. Clin Exp Immunol,
114(3), 370-376.
Schlosser, M., Wassmuth, R., Strebelow, M., Rjasanowski, I., & Ziegler, M. (2003). Multiple and
high-titer single autoantibodies in schoolchildren reflecting the genetic predisposition for type 1
diabetes. Ann N Y Acad Sci, 1005, 98-108.
Schmidli, R. S., Colman, P. G., & Bonifacio, E. (1995). Disease sensitivity and specificity of 52
assays for glutamic acid decarboxylase antibodies. The Second International GADAB Workshop.
Diabetes, 44(6), 636-640.
She, J. X. (1996). Susceptibility to type I diabetes: HLA-DQ and DR revisited. Immunol Today, 17(7),
323-329.
She, J. X., & Marron, M. P. (1998). Genetic susceptibility factors in type 1 diabetes: linkage,
disequilibrium and functional analyses. Curr Opin Immunol, 10(6), 682-689.
Simister, N. E. (2003). Placental transport of immunoglobulin G. Vaccine, 21(24), 3365-3369.
Sjöroos, M., Iitiä, A., Ilonen, J., Reijonen, H., & Lövgren, T. (1995). Triple-label hybridization assay
for type-1 diabetes-related HLA alleles. Biotechniques, 18(5), 870-877.
Sjöroos, M., Ilonen, J., Reijonen, H., & Lövgren, T. (1998). Time-Resolved Fluorometry Based
Sandwich Hybridisation Assay for HLA-DQA1 Typing. Disease Markers, 14(1), 9-19.

89

REFERENCES

Skarsvik, S., Puranen, J., Honkanen, J., Roivainen, M., Ilonen, J., Holmberg, H., et al. (2006).
Decreased in vitro type 1 immune response against Coxsackie virus B4 in children with type 1
diabetes. Accepted for publication in Diabetes.
Sollid, L. M. (2000). Molecular basis of celiac disease. Annu Rev Immunol, 18, 53-81.
Stead, J. D., Hurles, M. E., & Jeffreys, A. J. (2003). Global haplotype diversity in the human insulin
gene region. Genome Res, 13(9), 2101-2111.
Steck, A. K., Bugawan, T. L., Valdes, A. M., Emery, L. M., Blair, A., Norris, J. M., et al. (2005).
Association of non-HLA genes with type 1 diabetes autoimmunity. Diabetes, 54(8), 2482-2486.
Stolt, U. G., Liss, P. E., Svensson, T., & Ludvigsson, J. (2002). Attitudes to bioethical issues: a case
study of a screening project. Soc Sci Med, 54(9), 1333-1344.
Strebelow, M., Schlosser, M., Ziegler, B., Rjasanowski, I., & Ziegler, M. (1999). Karlsburg type 1
diabetes risk study of a general population: frequencies and interactions of the four major type 1
diabetes-associated autoantibodies studied in 9419 schoolchildren. Diabetologia, 42, 661-670.
The National Board of Health and Welfare Centre for Epidemiology. (2005). Public health report (No.
91-7201-940-9). Stockholm: The National Board of Health and Welfare Centre for Epidemiology,.
Thorsby, E. (1997). Invited anniversary review: HLA associated diseases. Hum Immunol, 53(1), 1-11.
Thorsby, E., & Ronningen, K. S. (1993). Particular HLA-DQ molecules play a dominant role in
determining susceptibility or resistance to type 1 (insulin-dependent) diabetes mellitus. Diabetologia,
36(5), 371-377.
Tiittanen, M., Paronen, J., Savilahti, E., Virtanen, S. M., Ilonen, J., Knip, M., et al. (2005). Dietary
insulin as an immunogen and tolerogen. Submitted.
Todd, J. A. (1999). From genome to aetiology in a multifactorial disease, type 1 diabetes. Bioessays,
21(2), 164-174.
TRIGR. (2002). Trial to
http://trigr.epi.usf.edu/index.html

reduce

IDDM

in

the

genetically

at

risk,

from

Turpeinen, H., Laine, A. P., Hermann, R., Simell, O., Veijola, R., Knip, M., et al. (2003). A linkage
analysis of the CTLA4 gene region in Finnish patients with type 1 diabetes. Eur J Immunogenet,
30(4), 289-293.
Ueda, H., Howson, J. M., Esposito, L., Heward, J., Snook, H., Chamberlain, G., et al. (2003).
Association of the T-cell regulatory gene CTLA4 with susceptibility to autoimmune disease. Nature,
423(6939), 506-511.
Undlien, D. E., Bennett, S. T., Todd, J. A., Akselsen, H. E., Ikaheimo, I., Reijonen, H., et al. (1995).
Insulin gene region-encoded susceptibility to IDDM maps upstream of the insulin gene. Diabetes,
44(6), 620-625.
Vaarala, O. (1999). Gut and the induction of immune tolerance in type 1 diabetes. Diabetes Metab Res
Rev, 15(5), 353-361.
Vaarala, O., Klemetti, P., Juhela, S., Simell, O., Hyöty, H., & Ilonen, J. (2002). Effect of coincident
enterovirus infection and cow's milk exposure on immunisation to insulin in early infancy.
Diabetologia, 45, 531-534.
Vaarala, O., Paronen, J., Otonkoski, T., & Åkerblom, H. K. (1998). Cow milk feeding induces
antibodies to insulin in children-a link between cow milk and insulin-dependent diabetes mellitus?
Scand J Immunol, 47, 131-135.
Vaarala, O., Saukkonen, T., Savilahti, E., Klemola, T., & Åkerblom, H. K. (1995). Development of
immune response to cow's milk proteins in infants receiving cow's milk or hydrolysed formula. J
Allergy Clin Immunol, 96, 917-923.
Vafiadis, P., Bennett, S. T., Todd, J. A., Nadeau, J., Grabs, R., Goodyer, C. G., et al. (1997). Insulin
expression in human thymus is modulated by INS VNTR alleles at the IDDM2 locus. Nat Genet,
15(3), 289-292.

90

REFERENCES

Wahlberg, J., Vaarala, O., Ludvigsson, J., & the ABIS study group. (2006). Dietary risk factors for the
emergence of type 1 diabetes-related autoantibodies in 2½ year old Swedish children. Accepted for
publication in British journal of nutrition.
Walter, M., Albert, E., Conrad, M., Keller, E., Hummel, M., Ferber, K., et al. (2003). IDDM2/insulin
VNTR modifies risk conferred by IDDM1/HLA for development of Type 1 diabetes and associated
autoimmunity. Diabetologia, 46(5), 712-720.
van der Auwera, B., Schuit, F., Lyaruu, I., Falorni, A., Svanholm, S., Vandewalle, C. L., et al. (1995).
Genetic susceptibility for insulin-dependent diabetes mellitus in Caucasians revisited: the importance
of diabetes registries in disclosing interactions between HLA-DQ- and insulin gene-linked risk.
Belgian Diabetes Registry. J Clin Endocrinol Metab, 80(9), 2567-2573.
Vardi, P., Ziegler, A. G., Mathews, J. H., Dib, S., Keller, R. J., Ricker, A. T., et al. (1988).
Concentration of insulin autoantibodies at onset of type I diabetes. Inverse log-linear correlation with
age. Diabetes Care, 11(9), 736-739.
Wegmann, D. R., Norbury-Glaser, M., & Daniel, D. (1994). Insulin-specific T cells are a predominant
component of islet infiltrates in pre-diabetic NOD mice. Eur J Immunol, 24(8), 1853-1857.
Verge, C. F., Gianani, R., Kawasaki, E., Yu, L., Pietropaolo, M., Jackson, R. A., et al. (1996).
Prediction of type I diabetes in first-degree relatives using a combination of insulin, GAD, and
ICA512bdc/IA-2 autoantibodies. Diabetes, 45(7), 926-933.
Verge, C. F., Howard, N. J., Irwig, L., Simpson, J. M., Mackerras, D., & Silink, M. (1994).
Environmental factors in childhood IDDM. A population-based, case-control study. Diabetes Care,
17(12), 1381-1389.
Verge, C. F., Howard, N. J., Rowley, M. J., Mackay, I. R., Zimmet, P. Z., Egan, M., et al. (1994).
Anti-glutamate decarboxylase and other antibodies at the onset of childhood IDDM: a populationbased study. Diabetologia, 37(11), 1113-1120.
Verge, C. F., Stenger, D., Bonifacio, E., Coleman, P. G., Pilcher, C., Bingley, P. J., et al. (1998).
Combined use of autoantibodies (IA-2ab, GADab, IAA, ICA) in type I diabetes: combinatorial islet
autoantibody workshop. Diabetes, 47(December), 1857-1866.
WHO. (1999). Definition, Diagnosis and Classification of Diabetes Mellitus and its Complications.
Geneva.
Wilkin, T. J. (1990). Insulin autoantibodies as markers for type I diabetes. Endocr Rev, 11(1), 92-104.
Wilkin, T. J. (2001). The accelerator hypothesis: weight gain as the missing link between type I and
type II diabetes. Diabetologia, 44, 914-922.
Williams, A. J., Norcross, A. J., Dix, R. J., Gillespie, K. M., Gale, E. A., & Bingley, P. J. (2003). The
prevalence of insulin autoantibodies at the onset of Type 1 diabetes is higher in males than females
during adolescence. Diabetologia, 46(10), 1354-1356.
Williams, A. J. K., Bingley, P. J., Bonifacio, E., Palmer, J. P., & Gale, E. A. M. (1997). A novel
micro-assay for insulin autoantibodies. J Autoimmun, 10(5), 473-478.
Williams, A. J. K., Bingley, P. J., Chance, R. E., & Gale, E. A. M. (1999). Insulin autoantibodies:
more specific than proinsulin autoantibodies for prediction of type 1 diabetes. J Autoimmun, 13, 357363.
Williams, A. J. K., Bingley, P. J., Moore, W. P. T., Gale, E. A. M., & the ENDIT screening group.
(2002). Islet autoantibodies, nationality and gender: a multinational screening study in first-degree
relatives of patients with type 1 diabetes. Diabetologia, 45, 217-223.
Virtanen, S. M., Hyppönen, E., Läära, E., Vähäsalo, P., Kulmala, P., Savola, K., et al. (1998). Cow's
milk consumption, disease-associated autoantibodies and type 1 diabetes mellitus: a follow-up study in
siblings of diabetic children. Diabet Med, 15(9), 730-738.
Virtanen, S. M., Räsänen, L., Aro, A., Ylönen, K., Lounamaa, R., Tuomilehto, J., et al. (1992).
Feeding in infancy and the risk of type 1 diabetes mellitus in Finnish children. Diabet Med, 9(9), 815819.

91

REFERENCES

Virtanen, S. M., Räsänen, L., Ylönen, K., Aro, A., Clayton, D., Langholtz, B., et al. (1993). Early
introduction of dairy products associated with increased risk of IDDM in finnish children. Diabetes,
42, 1786-1790.
Wong, F. S., Karttunen, J., Dumont, C., Wen, L., Visintin, I., Pilip, I. M., et al. (1999). Identification
of an MHC class I-restricted autoantigen in type 1 diabetes by screening an organ-specific cDNA
library. Nat Med, 5(9), 1026-1031.
Xie, H., Zhang, B., Matsumoto, Y., Li, Q., Notkins, A. L., & Lan, M. S. (1997). Autoantibodies to IA2 and IA-2 beta in insulin-dependent diabetes mellitus recognize conformational epitopes: location of
the 37- and 40-kDa fragments determined. J Immunol, 159(7), 3662-3667.
Yu, L., Cuthbertson, D. D., Maclaren, N., Jackson, R., Palmer, J. P., Orban, T., et al. (2001).
Expression of GAD65 and islet cell antibody (ICA512) autoantibodies among cytoplasmic ICA+
relatives is associated with eligibility for the Diabetes Prevention Trial-Type 1. Diabetes, 50(8), 17351740.
Zhang, B., Lan, M. S., & Notkins, A. L. (1997). Autoantibodies to IA-2 in IDDM: location of major
antigenic determinants. Diabetes, 46(1), 40-43.
Ziegler, A.-G., Hillebrand, B., Rabl, W., Mayrhofer, M., Hummel, M., Mollenhauer, U., et al. (1993).
On the appearance of islet associated immunity in offspring of diabetic mothers: a prospective study
from birth. Diabetologia, 36, 402-408.
Ziegler, A. G., Hummel, M., Schenker, M., & Bonifacio, E. (1999). Autoantibody appearance and risk
for development of childhood diabetes in offspring of parents with type 1 diabetes: the 2-year analysis
of the German BABYDIAB Study. Diabetes, 48(3), 460-468.
Ziegler, A. G., Schmid, S., Huber, D., Hummel, M., & Bonifacio, E. (2003). Early infant feeding and
risk of developing type 1 diabetes-associated autoantibodies. JAMA, 290(13), 1721-1728.
Åkerblom, H. K., Vaarala, O., Hyöty, H., Ilonen, J., & Knip, M. (2002). Environmental factors in the
etiology of type 1 diabetes. Am J Med Genet Semin Med Genet, 115, 18-29.
Åkerblom, H. K., Virtanen, S. M., Ilonen, J., Savilahti, E., Vaarala, O., Reunanen, A., et al. (2005).
Dietary manipulation of beta cell autoimmunity in infants at increased risk of type 1 diabetes: a pilot
study. Diabetologia, 48(5), 829-837.

92

