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Further clues to the aetiology of type 1 diabetes: spatial
clustering amongst 0-29 year olds in Yorkshire, UK

R. G. Feltbower', R. J. Q. McNally?, L. Parker?, H. J. Bodansky® &

P. A. McKinney'

1University of Leeds, Leeds, UK, 2Unive'rsity of Newcastle upon Tyne,
Newcastle, UK, *Leeds Teaching Hospitals NHS Trust, Leeds, UK

Objective: The actiology of type 1 diabetes in children and young
people has a strong environmental component. The presence of
geographical or spatial clustering would suggest localised excesses
of relevant environmental exposures. We studied spatial clustering
amongst 0-29 year olds using population-based data from a
register in Yorkshire, UK.

Research Design and Methods: Two datasets of children and young
people diagnosed with type 1 diabetes while living in Yorkshire
were analysed: (i) cases aged 0—14 years diagnosed between 1978—
2002 and (ii) cases aged 15-29 years diagnosed between 1991-2002.
The Potthoff-Whittinghill method was used to test for spatial
clustering.

Results: A total of 3019 cases of type 1 diabetes aged 0-14 years
and 989 cases of type 1 diabetes aged 15-29 years were analysed.
There was statistically significant spatial clustering for 0-14 year
olds diagnosed during the period 1978-1985 only (p = 0.009),
mainly involving younger children (p = 0.01 for 0-4 year olds and
p = 0.005 for 5-9 year olds). There was also significant clustering
for 15-29 year olds (p = 0.003 and p < 0.001 for cases diagnosed
during the periods 1991-1995 and 1996-2002, respectively),
especially involving 20-24 year olds (p = 0.002 and p = 0.01 for
cases diagnosed during the periods 1991-1995 and 1996-2002,
respectively).

Conclusion: The present study is the first to analyse spatial
clustering of type 1 diabetes amongst older teenagers and young
adults. The findings show that geographical clustering of cases is
present and differs by age and time period. This pattern suggests
that environmental factors associated with persistent localised
exposure may influence the risk of developing type 1 diabetes in
different age groups during different time periods.
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Circulating insulin mRNA levels in whole blood as a

predictive test for type 1 diabetes mellitus (T1IDM)

J. Popovic, P. Y. Tong, T. Orford, F. Ugrasbul, W. V. Moore, D Xu &
K. Kover

Children's Mercy Hospital, University of Missouri-Kansas City School
of Medicine, Kansas City, MO, USA

Abstract withdrawn.
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The prevention of diabetes progression trial (PDPT):
preservation of B-cell function using daclizumab in

new onset type 1 diabetes
H. Rodriguez, L. Amstutz, B. Book, 0. Pescovitz, C. Saha, R. Sidner &
M. Pescovitz

Indiana University, Indianapolis, IN, USA

Type 1 diabetes (TIDM) results from the autoimmune T-cell
mediated immune destruction of pancreatic B-cells and loss of
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insulin production. Stimulated C-peptide (SCP) reveals significant
endogenous insulin production at the time of diagnosis. Prior
studies have implicated IL-2 and its receptor (IL-2R) in the
pathophysiology of p-cell destruction. Daclizumab (DZB), a
humanized IgG-1 monoclonal antibody binds specifically to the
o-subunit of the human IL-2R and functions as an IL-2R
antagonist. The safety, efficacy and pharmacokinetic profile of
DZB have been demonstrated in adults with uveitis and psoriasis,
in adult transplant patients, and in 60 pediatric renal transplant
recipients. DZB also prevents rejection of human pancreatic islet
transplants. We report analyses of an open label phase I/II trial to
test the safety and efficacy of DZB in children with newly
diagnosed TIDM. B-cell function preservation was assessed by
exogenous insulin requirement, HgAlc, and glucagon SCP. Sub-
jects were monitored for infusion-related toxicities, frequency and
type of infections, and chemistry and hematological profiles. 36
patients (18 treated) were randomized. IL-2R + cells were elimin-
ated by 4 weeks in treated subjects but not in controls. The change
in insulin requirement, HgbAlc and SCP were analyzed by
repeated measures ANOVA, each subject as a random effect and
Log transformation of C-peptide + 1. On average, treatment
subjects had a significantly higher mean C-peptide AUC
(p = 0.015), lower insulin requirement (p = 0.0001) with similar
HgbAlc during 39 weeks of treatment. The mean differences
(£SE) were 2.84 (1.09) ng/ml/10 and -0.26 (0.06) units/kg/day for
+ C-peptide and insulin requirement, respectively. Two subjects
developed autoimmune thyroid disease but had (+) antibodies at
study entry. This pilot trial demonstrates that daclizumab therapy
is safe and, when initiated within 11 weeks of TIDM diagnosis,
preserves more insulin production. Further study must confirm
whether DZB can improve TIDM management and reduce long-
term complications.
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Weaning to a highly hydrolyzed formula in infancy
decreases the cumulative incidence of beta-cell
autoimmunity in young children with increased genetic

risk for type 1 diabetes

H. K. Akerblom', S. M. Virtanen?, J. llonen?, E. Savilahti', 0. Vaarala®,
A. Reunanen®, K. Teramo®, A-M. Hamildinen’, J. Paronen’,

H-M. Dosch® & T. Hakulinen®
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University of Helsinki, Helsinki, Finland, 2Tampere School of Public
Health, University of Tampere, Tampere, Finland, *Department of
Virology, University of Turku, Turku, Finland, *National Public Health
Institute, Department of Viral Diseases and Immunology, Helsinki,
Finland, ®National Public Health Institute, Department of Health and
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Early nutrition may modify the risk of later type 1 diabetes (T1D).
We aimed at determining whether weaning to a highly hydrolyzed
formula decreases the cumulative incidence of signs of beta-cell
autoimmunity, i.e. diabetes-associated autoantibodies, in children



at increased risk for T1D. We randomized 230 newborn infants
who had a first-degree relative with T1D and carried risk-
associated HLA-DQBI genotypes to a double-blinded pilot trial,
in which the infants were weaned after exclusive breastfeeding to
either a casein hydrolysate or conventional, cows milk-based
formula until the age of 6-8 months. Islet cell antibodies (ICA)
were analyzed with conventional immunofluoresecence, while
autoantibodies to insulin (IAA), GADG65 and IA-2 (IA-2A) were
measured with specific radiobinding assays during a mean obser-
vation period of 6.5 years. The hazard ratios (HR) of seroconver-
sion to autoantibody positivity during follow-up were estimated
with life-table survival regression. Fourteen children in the
hydrolysate group (14.1%) tested positive for a minimum of one
autoantibody reactivity at least once during the observation period,
whereas the corresponding proportion among the control subjects
was 28 (25.7%). Seven subjects in the hydrolysate group (7.1%)
and 17 in the control group (15.6%) had two or more autoanti-
bodies at least once. The cumulative incidences of at least one
autoantibody [HR 0.51 (95% CI 0.26-0.95); p = 0.033], ICA [HR
0.41 (CI 0.18-0.86); p = 0.017], and IA-2A [HR 0.34 (CI 0.11-
0.86); p = 0.022] were reduced in the hydrolysate group. After
adjustment for duration of study formula feeding, the HR for at
least one antibody was 0.47 (CI 0.24-0.89; p = 0.020), ICA 0.39
(CI 0.17-0.84; p = 0.014) and IA-2A 0.30 (CI 0.10-0.77,
p = 0.012). After adjustment the HR for at least two autoanti-
bodies was 0.43 (CI 0.16-1.03; p = 0.057). These data provide
further support that it may be possible to manipulate spontaneous
beta-cell autoimmunity by dietary intervention in infancy in
children with increased susceptibility to T1D.
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CNS function in young people with type 1 diabetes
12-15 years after disease onset

E. Northam', D. Rankins', D. Boyce', M. Wellard?, G. Werther', G. Pell?,
A. Lin' & F Cameron'

"Murdoch Childrens Research Instute, Melbourne, Victoria, Australia,
2The Brain Research Institute, Austin Repatriation Medical Centre,
Melbourne, Victoria, Australia

Subtle cognitive deficits have been documented previously in
childhood onset type 1 diabetes but the biological correlates of
these deficits are not well understood.

Aim: This study combined neuroimaging and neuropsychological
assessment to examine CNS function in young people with TIDM
studied prospectively from diagnosis 12—15 years previously.
Methods: Subjects Young people with TIDM (n = 106, mean age
20.5 years SD 4.2) and healthy community controls (C) (n = 69,
mean age 20.7 years SD 4.1). There were no group differences on
baseline Full Scale IQ (FSIQ) assessed on study entry 12-15 years
previously, socioeconomic status, gender distribution or age.
Neuropsychological assessment Wechsler Abbreviated Scale of
General Intelligence. Neuroimaging Structural and T2 relaxation
measurements were performed at 3T (TIDM n = 75, Cn = 50).
Proton MRS was recorded from 2 cm isotropic voxels placed
bilaterally in frontal and temporal lobes and basal ganglia.
Results: TIDM had lower Verbal IQ than C (p = 0.05). TIDM
with onset <6 years (EOD) (n = 40) had lower Performance 1Q
than TIDM onset 6+ (LOD) (p < 0.01) and C (p < 0.01). EOD
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showed more negative change (baseline to current) in FSIQ than
LOD (p < 0.01) and C (p < 0.05). Gray matter was decreased in
thalamus and medial frontal gyrus in TIDM and correlated with
years since diagnosis. Increased white matter fraction was observed
in the inferior temporal gyrus. T2 relaxation times were increased
in the superior temporal gyrus and decreased in the lentiform
nucleus in TIDM, compared to C. TIDM had higher levels of
myoinositol (MI) and lower levels of total N-acetylaspartyl (NAA)
in frontal lobes and basal ganglia. MI levels were higher in
temporal lobes in TIDM (all p < 0.01).

Conclusions: This study is the first to document CNS changes
(cognitive deficit, altered metabolite profiles and structural brain
changes) 1215 years after diagnosis in a sample of TIDM with
normal neuropsychological profiles at disease onset. Higher levels
of MI may be a marker of fluid imbalance resulting from
disruption of glucose homeostasis and are also associated with
increased gliosis. Lower NAA is a marker of reduced neuronal
population or function.
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Newer tests of autonomic nerve function: entropy of
heart rate variation and the light reflex

M. M. Chan', I. Spence1, J. M. Cusumano® & K. C. Donaghue2
"University of Sydney, Sydney, NSW, Australia, *The Children's Hospital
at Westmead, Sydney, NSW, Australia

Meta-analysis of 15 studies has confirmed association of cardio-
vascular autonomic neuropathy with increased mortality in
diabetes (Diabetes Care 2003: 1895-1901). The tests used to
determine neuropathy were the ‘Ewing battery’ (EB). Subsequently,
measurement of the resting pupil diameter and the phasic light
reflex (pupillometry) has been shown to be more sensitive,
especially in adolescents. Heart rate variability (HRV) can now
be analysed using time domain, frequency domain (power spectral
analysis) and nonlinear techniques (based on chaos theory). In this
study we compared parameters from the Ewing battery, analysis of
HRYV recorded over 20 minutes and pupillometry in a cohort of
young adults with childhood onset diabetes (n = 35) and age-
matched controls (n = 36). The diabetic group had mean age of
22.8 £ 4.2 years, duration 16.3 + 5.4 years and median HbAlc
8.1% =+ 1.2%. Comparison of mean values is given in the Table
with significant differences (*).

ROC curve analysis of parameters which showed significant
differences indicated that the best discrimination between diabetes
and controls was achieved with reflex amplitude (AUC 0.75) and
ApEn (AUC 0.71). These results confirm that pupillometry and
HRYV analysis are more sensitive than Ewing battery of cardiovas-
cular tests in detecting change in diabetes. The cardiovascular
autonomic system and the pupil are both affected early in the
course of diabetes.

Diabetes Control p*
Deep breathing heart rate variation (EB) 27.2 26.5 05
Lying standing heart rate ratio (30:15) (EB) 1.48 1.36 0.6
Lying standing systolic BP fall (mmHg) (EB) -1.8 -30 05
Max pupil diameter (mm)* 5.6 6.0 0.002
Reflex amplitude (mm)* 16 19 0.0002
Max constriction velocity (mm/s)* 5 55 0.04
Sqrt pNN50 (time domain)* 3.2 44 0.02
Ln triangular index (time domain)* 24 29 0.033
Ln SD1 (time domain)* 3.1 34 0.03
Sqrt SD1/SD2 (time domain)* 0.56 0.61 0.027
Approximate entropy* ApEn 1.15 1.28 0.002
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Smoking prevalence and its relation to metabolic
control, blood pressure and serum lipids in 25 605
paediatric patients with TIDM from 212 centres in

Germany and Austria

S. E. Hofer', J. Grulich-Henn? J. Rosenbauer®, A. Herbst*, U. Krause®,
W. Hecker®, B. Rami’ & A Naeke®

'"Medical University, Department of Paediatrics, Innsbruck, Tirol,
Austria, 2Medical University, Department of Paediatrics, Heidelberg,
Germany, *German Diabetes Centre, Heinrich-Heine-University,
Diisseldorf, Germany, *Childreris hospital, Leverkusen, Germany,
SUniversity, Ulm, Germany, ®Olgahospital, Stuttgart, Germany, ' Medical
University, Department of Paediatrics, Vienna, Austria, 8Carl Gustav
Carus University, Department of Paediatrics, Dresden, Germany

Introduction: Smoking is generally accepted as a major risk factor
for vascular disorders in adulthood, however, smoking receives
little focus in paediatric and adolescent diabetology during routine
care, even in specialised units.

Aims: To relate self-reported smoking frequency to metabolic
control and other cardiovascular risk factors in adolescents with
T1DM.

Methodology: In the multicentre DPV database from Germany
and Austria, anonymised records on 25 605 patients <20 years of
age (52% males, mean age at onset: 8.2 years, mean diabetes
duration: 5.1 years) with documented smoking status were
available for analysis. The most recent year of observation was
evaluated, HbAlc-values were mathematically standardised to the
DCCT normal mean (MOM-method).

Results: Self-reported smoking was negligible in patients younger
than 11 years (0.3%), increasing to 5.9% in 11-15 year-old
patients and 30.2% in the age-group 15-20 years. Male patients
reported smoking more frequently than females (15-20 years:
31.4% vs. 28.8%, p < 0.0001). Multivariate analysis (SAS proc
mixed) with adjustment for age, diabetes duration, insulin therapy
and centre differences, revealed that smokers had higher HbAlc-
levels compared to nonsmokers (9.1% vs. 8.0%, p < 0.0001) and
had a higher BMI-SDS (+0.56 compared to +0.51, p < 0.0001).
Diastolic blood pressure was higher (67.7 vs. 67.0 mmHg,
p < 0.001) and the lipid profile was unfavourable in smoking
patients: Triglycerides, total cholesterol and LDL cholesterol were
higher and HDL-cholesterol was lower (all p < 0.0001).
Conclusions: A considerable proportion of adolescents with TIDM
diabetes report cigarette smoking. Assuming a relevant degree of
underreporting, the true rate is likely to be even higher. Smokers
display significantly worse metabolic control and a higher
cardiovascular risk profile. Education about smoking, smoking
prevention and psychological help for smoking cessation should be
an integral part of comprehensive paediatric care for adolescent
patients with TIDM.
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Sensitivity of retinopathy screening: comparison of 7
field with 2 field photography

J. Cusumana’, S. Hing? A. Chan', M. Craig', M. Silink!, N. Howard' &
K. Donaghue'

Vinstitute of Endocrinology and Diabetes, The Children's Hospital at
Westmead, Sydney NSW 2145, Australia, >Ophthalmology Department
The Children's Hospital at Westmead, Sydney NSW 2145, Australia

Screening for diabetic retinopathy increasingly involves nonmy-
driatic photography of the central retina, allowing more patients to
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be screened for treatable retinopathy including those in remote
areas. The question remains whether this reduces sensitivity,
because mydriasis enables screening of seven fields. We aimed to
compare screening using 2 vs. 7 field, stereoscopic photography in
our adolescent population with TIDM.

Patients with TIDM, aged <22 years (n = 161), with mild or
moderate background retinopathy from seven fields (defined as >31
using the modified Airlie House grading system) were included and
all occasions of retinopathy reviewed (677 individual eyes). Retinal
slides were taken using a Topcon Retinal Camera following
mydriasis. Reproducibility of our seven field grading has a
weighted Kappa score of 0.88 (very good). For the present
analysis, assessments with retinopathy were regarded using two
fields and results compared with seven fields (Table). Retinopathy
grade using two fields was unchanged for 435 (64%) of eyes
reviewed. In 148 eyes (22%), screening of the two fields did not
detect microvascular changes. In the remaining 94 eyes, retino-
pathy was graded as less severe when only the central fields were
assessed. The sensitivity of 2 vs. 7 field photography was 78%.
Weighted kappa for agreement between 2 and 7 fields for
retinopathy was 0.56 (fair).

2 fields
7 fields 10 21 31 41 45 Total
21 116 213 329
31 32 87 205 324
4 2 1 16 19
45 4 1 5
Total 148 302 206 20 1 677

In summary, screening with two fields misses 14% of adolescents
with retinopathy and underestimates severity by 22% of mild to
moderate background retinopathy. This indicates that limited
retinal screening involving only central fields reduces sensitivity.
Adolescents are potentially more motivated to adhere to treatment
goals when retinopathy is detected.
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Activating mutations in the ABCC8 gene coding for
SUR1, the high affinity sulfonylurea receptor, cause
neonatal diabetes

M. Polak, A. P. Babenko*, H. Cavé, K. Busiah, P. Czernichow, R.
Scharfmann, J. Bryan, L. Aguilar-Bryan, M. Vaxillaire & P. Froguel
CNRS 8090, Pasteur Institute, Lille, France; Faculty of Medicine, Rene
Descartes, Pediatric Endocrinology, Necker-Enfants-Malades Hospital,
Paris, France,Genetic Biochemistry and Pediatric Endocrinology,
Robert Debré Hospital, Paris, France,INSERM 0363 Necker University,
Paris, France,Departments of Molecular and Cellular Biology and
Medicine, Baylor College of Medicine, Houston, TX, USA,Genomic
Medicine, Imperial College London Hammersmith Hospital, London, UK

Neonatal diabetes, defined by mild to severe hyperglycemia within
the first months of life, can be either permanent (PND) or transient
(TND) when showing early remission with possible relapse during
adolescence. A significant number of PND cases, and rare cases of



TND, are attributable to mutations in KCNJII encoding the
K;r6.2 subunit of the K5p channel expressed at the surface of the
pancreatic b-cell. The ATP-gated potassium (Katp) channel,
composed of SURI and K;r6.2 proteins, is a key regulator of
insulin release. It is inhibited by the binding of adenine nucleotides
to K r6.2 which closes the channel, and activated by nucleotide
binding and/or hydrolysis on SURI, which opens the channel. The
balance of these opposing actions determines the open channel
probability, which controls the excitability of pancreatic b-cells.
We hypothesized that over-stimulating mutations in ABCC8 could
reduce insulin secretion and cause ND. We found nine hetero-
zygous mutations in the 4ABCCS gene in 13 out of 45 patients
diagnosed with PND or TND of unknown origin from 88 patients
of the French network for the study of neonatal diabetes.
In unrelated cases with vertical transmission, five mutations
co-segregated with diabetes. Functional analysis of two de novo
mutations, from both PND and TND subjects presenting with
severe hyperglycemia and ketoacidosis, demonstrated a novel
molecular mechanism by which the increased activity of the
channels, under physiologic conditions, is due to an increase in the
Mg-dependent stimulatory action of SURIL on the pore whereas
the net-inhibitory action of ATP on ND-SUR1 mutant channel is
unchanged (compared with wild-type SURI). Furthermore, ND-
SURI1 channels retain sensitivity to inhibitory sulfonylureas
providing a better metabolic control than insulin in probands
with four separate ABCCS8/SURI1 mutations. Thus, dominant
SURI mutations account for a significant fraction ("15%) of ND
cases, effectively treatable with oral hypoglycemic agents.
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Kir6.2 birth weight and postnatal growth as bioassay

for insulin secretion
A. S. Slingerland & A. T. Hattersley

Institute of Biomedical and Clinical Science, Exeter, UK

Introduction: Birth weight is a bioassay for fetal insulin secretion as
altered insulin secretion in utero alters insulin mediated growth.
Activating mutations in Kir6.2 are the major cause of neonatal
diabetes and reduce insulin secretion by altering the closure of the
beta cell KATP channel in the presence of ATP.

Aim: Our objective was to examine fetal and post-natal growth in
patients with activating Kir6.2 mutations and identify if this was
modified by severity of mutation or maternal diabetes.
Methodology: We used Standard Deviation Scores (SDS) for birth
and postnatal growth in an international series of patients
(n = 49) with Kir6.2 mutations and related this to their clinical
phenotype.

Results: Birth weight was greatly reduced [-1.73 (-3.68-1.41)
median (range)] SDS but there was postnatal catch up as present
weight was normal [-0.37 (-4.37-2.34)] SDS. Catch up growth for
height and weight was not seen until insulin treatment was started.
Birth weight was not influenced by severity of postnatal phenotype
but was increased by maternal diabetes (-0.12 vs. -1.81 SDS
p = 0.037). Patients with the severe neurological DEND syndrome
did not catch up (present weight -2.2 vs. -0.24 SDS p = 0.003).
Conclusion: Kir6.2 mutations greatly reduce insulin secretion and
hence fetal growth but this is independent of mutation severity.
Increased fetal growth in response to maternal diabetes suggests
either the Kir6.2 mutated fetal beta cell is still glucose responsive or
alternatively there is a noninsulin-mediated increase in fetal
growth. Postnatal catch up requires insulin treatment but is
complete except in those with epilepsy.
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The PTPN22-associated risk for type 1 diabetes in the

Czech population
0. Cinek, 0. Hradsky, S. Kolouskova, J. Vavrinec & Z. Sumnik
Motol University Hospital, Charles University, Prague, Czech Republic

Introduction: The PTPN22 is a negative regulator of the T-cell
response. Its +1858C > T (R620W) polymorphism has been
associated with a risk for autoimmune diseases, including type 1
diabetes (T1D). A recent study showed a complete absence of the
minor allele in a large Asian dataset, but indicated a possible
involvement of another polymorphism located within the promoter
of the PTPN22 gene.

Aims: We sought to analyze the association of three PTPN22
polymorphisms in the Czech population.

Methodology: The single nucleotide polymorphisms (SNP) at
positions -1123 (rs2488457), +1858 (rs2476601, the R620W
substitution), and +2740 (rs1217412) were genotyped using
TagMan assays in 372 subjects with childhood-onset T1D, and
297 control subjects. Haplotypes were reconstructed from
unphased genotype data via the expectation-maximization
algorithm. Association was tested in bivariate models, as well as
in models adjusted for other polymorphisms associated with T1D.
Results: The SNPs were in strong linkage disequilibrium,
D’(-1123, +1858) = 0.89, D’(-1123, +2740) = 0.92, D’(+ 1858,
+2740) = 0.95. Four haplotypes exceeded the frequency of 1% in
either cases or controls. Relative to the haplotype carrying the three
wild-type alleles (‘w-w-w’, 68% haplotypes in cases, 78% in
controls), only the haplotype consisting of three minor alleles (‘m-
m-m’, 21% haplotypes in cases, 9.4% in controls) was associated
with T1D (OR 2.5, 95% CI 1.8-3.5). The haplotype having the wild-
type allele at the + 1858 position and two minor alleles (*-1123m
+ 1858w +2740m’) was neutral as to the TID risk (9.1%
haplotypes in cases, 10.4% in controls, OR = 1.0). The risk
conferred by positivity for the +1858 T allele (620W) was
OR = 3.5, 95% CI 2.2-5.5 when adjusted for other TID-
associated gene polymorphisms (HLA-DQ, insulin gene,
NEUROD).

Conclusions: In contrast to the Asian data, the +1858C > T
(R620W) polymorphism seems to be causative in the Czechs, as
shown by the neutrality of the ‘-1123m + 1858w +2740m’
haplotype. The PTPN22 association is relatively strong,
comparable to that of the insulin gene.
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Evidence for common genetic background between
type 1 and gestational diabetes

A. Katsarou, K. Lynch, B. Lernmark & A. Lernmark

Department of Clinical Sciences, Lund University, Malmoe, Sweden

Children born to mothers with type 1 diabetes (T1D) have an
increased risk of developing the disease. It is unresolved to what
extent gestational diabetes (GDM) is associated with an increased
risk for the child to develop diabetes. The aim of this study was to
determine whether there is an association between gestational
diabetes and HLA DQBI1 genes. HLA genotypes were determined in
dried blood spots of cord blood taken from 32 663 children born to
nondiabetic mothers and 1179 children born to diabetic mothers. In
addition, 1046 diabetic mothers were HLA typed. Out of this
number, 208 reported having type 1 diabetes and 838 had
gestational diabetes. GDM mothers positive for islet autoantibodies
were excluded from the HLA distribution analysis. TID was
strongly associated with the high risk HLA DQBI genotypes and
the association was passed on to the offspring (p < 0.0001 for
DQBI1*0201/0302, 0302/X and 0302/0604). There was no positive
association between HLA and GDM. The HLA DQB1*0602 allele
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was confirmed to be negatively associated with T1D (p = 0.04 for
DQB1*0602-3-4/X), but was also negatively associated with GDM
(p = 0.01 for DQB1*0602/02, p = 0.04 for DQB1*0602/0301 and
p = 0.0008 for DQB1*0602/X), as was also the case for the
offspring (p = 0.0008 for DQB1*0602/02 and p = 0.02 for
DQB1*0602/X). A positive association was found between maternal
age and GDM (p < 0.0001). T1D and GDM mothers gave birth
prematurely (< 37" week) in a higher frequency than the control
population (p < 0.0001). DQB1*0602 allele that is considered
protective for type 1 diabetes seems to have a strong negative
association with gestational diabetes, suggesting that there is a
common genetic background between autoimmune and gestational
diabetes. Therefore, children born to GDM mothers may have a
slightly higher risk of developing autoimmune diabetes in the future.
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Serum metabolite patterns between hirth and
development of autoantibodies and overt type 1
diabetes: Application of large-scale metabolomics to
the Type 1 Diabetes Prediction and Prevention study

(DIPP)

M. Oresic', T. Seppénen-Laakso’, S. Simell?, T. Suortti', V. Parikka?,

K. Nénto-Salonen? R. Lahesmaa? J. Lihde®, M. Sysi-Aho’,

M. Katajamaa®, A. Reinikainen?, P. Vuorinen? T. Simell?, J. llonen?,

H. Hydty®, M. Knip®, R. Veijola* & 0. Simell?

YWTT Technical Research Centre of Finland, Espoo, Finland, University
of Turku, Turku, Finland, 3Universil‘y of Tampere, Tampere, Finland,
*University of Oulu, Oulu, Finland

Background: Over 8000 children carrying HLA-conferred genetic
risk for T1D have been followed since birth at 3-12-month
intervals for development of T1D-related autoantibodies and overt
T1D in Type 1 Diabetes Prediction and Prevention Study launched
in 1994. As changes in groups of metabolites may be descriptive of
systemic responses to genetic or environmental exposures, they
may function as a powerful tool for characterisation of complex
phenotypes and as biomarkers. We thus hypothesised that
extended serum metabolite patterns might differ between children
remaining autoantibody negative (controls) and children who later
develop autoantibodies and progress to T1D (cases), and that the
changes might reflect etiopathogenetic events that by far precede
development of autoimmunity.

Aims: Elucidate early events leading to autoimmunity and overt
TID by analysing our 11.5-year collection of longitudinal serum
sample series from the case and control children.

Methodology: The metabolite profiles of the sample series collected
from 46 cases (progressed to T1D) were compared with the series
collected from 59 controls (remained autoantibody negative)
matched for time of birth, gender, genetic T1D risk, and city of
birth (total 1234 samples). Liquid Chromatography coupled to
high resolution mass spectrometry (MS) and gas chromatography
coupled to mass spectrometry were used.

Results: Metabolite profiles and identified key metabolites separate
the cases from the controls much before autoantibodies emerge.
The changes reflect alterations in gut permeability, antioxidant
capacity and inflammation.

Conclusion: Our data suggest that early metabolic insult(s) may
lead to alterations in the immune system making it autoimmunity-
prone. The preseroconversion changes support the trigger-booster
hypothesis claiming that the processes leading to T1D are triggered
by an exogenous factor driven by one or several environmental
determinants. Our data further suggest that advanced high-
throughput metabolomics methods may markedly antedate and
improve accuracy of defining which children will later progress to
autoimmunity and T1D.
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Unchanged clinical picture and beta cell function of
diabetic children in the last 25 years.

M. Nordwall & J. Ludvigsson

Division of Paediatrics, Department of Molecular and Clinical Medicine
Linkdping University, Linkdping, Sweden

Introduction: The incidence of type 1 diabetes in childhood has
doubled from 20-40/100 000 children/year the last two decades in
Sweden. The reason must be environmental factors, which also
might lead to different disease process and manifestation. The
insulin regimens have been more intensive.

Aim: To study whether clinical characteristics at onset, duration of
partial remission and C-peptide secretion the first years after newly
diagnosed diabetes have changed in the last 25 years.
Methodology: All 316 children with type 1 diabetes diagnosed
during 1976-2000 in the Linkoping area were included.
Information about age, gender, duration of symptoms prior to
diagnosis, ketoacidosis at diagnosis and Hbalc and insulin therapy
at diagnosis and during the first years was collected retrospectively
from medical records. Duration of partial clinical remission was
defined as the period with insulin dose <0, 5 E/kg. Fasting and
stimulated C-peptide secretion was measured regularly during the
first 5 years. For the analysis the population was divided in 5
cohorts according to the year of diagnosis.

Results: The clinical characteristics at onset were unchanged as
well as the duration of partial remission (median 0.9 years). Insulin
therapy changed from s. c insulin at diagnosis and thenl-2 daily
doses to i.v insulin and multiple insulin injections from the mid 80s.
C-peptide secretion was highest after 3 months and then declined
gradually. After 5 years still 33% of the patients had measurable
fasting C-peptide, but only 7% > 0.1 nmol/l. The cohort 1996—
2000 had higher C-peptide secretion at diagnosis and at 3 months,
but after longer follow up there was no difference.

Conclusion: The clinical characteristics at diagnosis, the period of
partial remission and magnitude and duration of C-peptide
secretion have remained largely unchanged in the last 25 years.
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Insulin secretion and sensitivity in the prediction of
type 1 diabetes among children with signs of beta cell

autoimmunity
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0. Simell® & M. Knip'
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Introduction: A reduced first-phase insulin response (FPIR) to
intravenous glucose and decreased insulin sensitivity have been
reported as predictors of type 1 diabetes (T1D) among first-degree
relatives. The value of these markers for prediction of TID is,
however, poorly defined among young children with signs of beta-
cell autoimmunity in the general population.

Aims: To assess the predictive role of FPIR and insulin resistance
for TID in genetically susceptible children, who have been
recruited from the general population at birth and later
seroconverted to positivity for multiple (=2) autoantibodies.
Methodology: An intravenous glucose tolerance test (IVGTT) was
performed in 130 children with persistent positivity for at least two



of the four autoantibodies (ICA, IAA, GADA, and IA-2A). The
subjects were observed for progression to TID for a mean of
5.8 years. Plasma glucose concentrations were measured with an
enzymatic method, and serum insulin with an enzyme
immunoassay. Weight for height was assessed, and FPIR (sum of
insulin concentrations at 1 and 3 min), the homeostasis model
assessment of insulin resistance (HOMA-IR) and the HOMA-IR/
FPIR ratio were calculated.

Results: Forty-one children progressed to T1D and their mean age
at diagnosis was 4.5 years (2.1-9.2 years). The mean weight for
height at IVGTT was 97.7% (range 88%—133%), and there was no
difference between progressors and nonprogressors. Children
developing T1D were younger at initial seroconversion (1.5 years
vs. 2.2 years; p = 0.015), and they presented with multiple
autoantibodies earlier (1.6 years vs. 2.5 years; p = 0.006) than
those remaining nondiabetic. Progressors had lower median FPIR
values (27.8 mU/1 vs. 47 mU/l; p < 0.001), and their HOMA-IR/
FPIR ratio was higher (0.027 vs. 0.017; p < 0.001). HOMA-IR did
not differ between the two groups.

Conclusions: Children developing T1D at a young age have a
decreased FPIR but not reduced insulin sensitivity, arguing against
a role of insulin resistance as a factor affecting the progression rate
to TID.
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Diabetic children with several or high GAD65
antibodies have a different seasonality of month of birth
than no or low antibody populations

Z. Laron', C. Hampe?, 0. Kordonouri®, 0. Kordonouri*, H. Haberland*,
M. Landin-Olsson®, C. Torn® & H. Lewy'

1University of Tel Aviv, Tel Aviv, Israel, 2University of Washington,
Seattle, WA, USA, 3Universiz‘y of Hannover, Hannover, Germany,
4University of Berlin, Berlin, Germany, 5University of Stockholm,
Stockholm, Sweden

Background: In previous studies we have reported that children
with Type 1 diabetes (T1D)' and IAA/GAD positive offsprings of
diabetic parents have a different pattern of month of birth (MOB)
than the general population or antibody (Ab) negative offsprings.
Aim: To investigate the MOB pattern by gender in 462 diabetic
children from Sweden in whom the titer of GADG65 was determined
and compared to 833 healthy children as well as the MOB pattern
in 504 diabetic children in Berlin in whom the titers of TAA,
GADG65 and 1A2 were compared to the pattern in the general
population (n = 446 571).

Method: Rhythmicity of MOB was evaluated by Cosinor analysis.
Results: In both cohorts of children with TID we found that
children with either a high titer of GAD65 (above the 80
percentile) or positivity for 3 anti-beta cell antibodies differed in
their pattern of MOB from the healthy population as illustrated in
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the figures for the Berlin male subjects and even from T1D children
with no or a low titer of Abs.

Conclusions: Our past and present observations support the
hypothesis that the autoimmune process leading to childhood
TID is triggered in the perinatal period by virus infections in
genetically susceptible individuals.

References:

1. Laron Z, et al. Isr Med Assoc J 2005; 7:381-384.

2. Hummel M, et al. Diabetes Care 2001; 24:2001.
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Nonalcoholic fatty liver in obese prepubertal children:

relation to insulin-resistance
R. Capanna, E. D'Adamo, S. Fimiani, L. Marcovecchio, A. Mohn &
F. Chiarelli
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Nonalcoholic fatty liver disease (NAFLD) represents an emerging
clinical concern in the obese paediatric population. While in adults
a clear casual association with insulin resistance (IR) has been
documented few data are available in the prepubertal age. The aim
of this study was to determine whether IR might play a role in the
development of NAFLD in this age group. We performed hepatic
ultrasound with a convex 5 MHz probe in 66 prepubertal children
(36M/30F, mean age of 8.56 + 2.18 years) with severe obesity
(BMI 27.9 + 2.83). Oral glucose test (1.75 g of glucose/kg of body
weight) was performed and the following IR-indexes were calcu-
lated: basal insulin, fasting glycemia/fasting insulin (G/I), home-
ostatic model assessment (HOMA-IR) and whole body insulin
sensitivity index (WBISI). Furthermore lipid profile and hepatic
function (ALT; AST; gamma GT) were performed in all subjects.
According to the presence of NAFLD the patients were divided
into two groups (group (i): NAFLD positive and group (2):
NAFLD negative). Data were analysed by Mann—Whitney test and
by analysis of variance for repeated measurement. (p < 0.05). In
36 subjects (22M, 14F) NAFLD was detected, where significantly
increased levels of ALT (48.50 + 28.38 vs. 42.62 + 23.43,
p = 0.04) were documented. Group 1 presented significantly
increased levels of basal insulin (17.89 + 13.75 vs. 15.9 + 14.84,
p = 0.007) and HOMA-IR (4.09 + 3.41 wvs. 3.33 £ 2.74,
p = 0.009), while G/I (7.18 £ 5.31 vs. 8.61 £ 5.59, p = 0.004),
and WBISI (3.92 £ 2.12 vs. 5.20 = 3.09, p = 0.001) were signi-
ficantly reduced. Furthermore, analysis of variance revealed higher
insulin levels during OGTT when compared to nonNAFLD
subjects (p = 0.004) while no difference was detected in blood
glucose excursion (p = 0.05). These data demonstrate that already
in prepubertal children with severe obesity, hyperinsulinemia/IR
seems to play a pivotal role in the development of NAFLD.
Children with IR should undergo ultrasound examination in order
to not underestimate the presence of this condition.
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Polycystic ovary morphology (PCOM) and syndrome
(PCOS) in women with type 1 diabetes mellitus (DM1)
is associated with intensive insulin treatment

E. Codner', N. Soto?, P. Lopez? L. Trejo’, A. Avila%, F. C. Eyzaguirre',
G. liiiguez' & F Cassorla’

Vinstitute of Maternal and Child Research, School of Medicine,
University of Chile, Santiago, Chile, 2Hospil‘al San Borja-Arriaran,
Santiago, Chile

Introduction: Recently the criteria for the diagnosis of PCOS have
been modified.

Aim: The purpose of this study was to determine the frequency of
PCOS and PCOM in women with DM1 and evaluate its potential
association with intensive insulin treatment.

Methods: We evaluated the presence of PCOS and PCOM using
the new Rotterdam criteria. All the postpuberal women with DM 1
(n = 42, age: 23.4 + 1.1 year) attending our hospital were invited
to participate and compared to healthy women (n:38, age:
26.3+1.2 yr) with regular menses and without a history of
hyperandrogenism.

Results: Hirsutism was present in 28.6% and 0% of DM1 and C,
respectively (p < 0.001). Biochemical hyperandrogenism was
present in 23.8% and 7.9% of DMI1 and C, respectively. DM1
women had higher levels of testosterone, androstenedione, larger
ovarian volume, and follicle number by ovary and higher
prevalence of PCOM and PCOS than C (Table). The proportion
of women using intensive insulin treatment was higher in women
with  PCOM/PCOS (p < 0.05). Intensive treatment was a
significant factor related to presence of PCOM/PCOS in DMI
women (p < 0.05)

DM1 C

Intensive insulin treatment (%) 24 (57.1)

Testosterone (ng/dl) 61.5 + 36.0 495 + 20°
Androstenedione (ng/ml) 18 +0.1 14+ 002
Ovarian volume (ml) 93+06 71047
Follicle number (n) 100 + 0.8 6.9 + 057
PCO morphology (%) 23(54.8) 5(13.2)°
PCOS (%) 17(40.5) 1(2.6)°

2p < 0.0001, ®p < 0.001, °p < 0.0001

Conclusions: A high frequency of hyperandrogenism, PCOM and
PCOS is observed in DM, which appears to be associated with
intensive insulin treatment. (FONDECYT grant 1050452)
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Introduction: Obese adolescents are at risk of developing
nonalcoholic fatty liver disease (NAFLD) and type 2 diabetes.
Aims: Measure non-invasively the intra-hepatic fat (IHF) content
of obese adolescents, to ascertain whether is associated with
abnormal whole body energy homeostasis and insulin resistance.
Methodology: IHF content, energy homeostasis, insulin sensitivity
and body composition were measured using localized hepatic
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"H-MRS, indirect calorimetry, a 3-h OGTT-derived surrogate
index (WBISI), and DXA respectively, in 54 obese adolescents
(24F/30M, age: 13 + 2 years, BMI >99" percentile for their age
and sex).

Results: NAFLD (defined as IHF content >5% wet weight) was
found in 16 individuals (30%) in association with higher
alanineaminotransferase (p < 0.006), HbAlc (p = 0.021) and
lower HDL-chol (p < 0.05). Individuals with NAFLD had
higher fasting plasma glucose (89 = 8 wvs. 83 = 9 mg/dl;
p = 0.01) and a mild impairment of WBISI (2.7 £ 1. vs.
34 £ 1.3; p = 0.05) in comparison with those with normal IHF
content; parameters of insulin secretion (@ and @;)) were
unaffected. In spite of a higher resting energy expenditure (REE;
p = 0.043), their reliance on fat oxidation in the fasting state was
lower (respiratory quotient 0.83 £ 0.08 vs. 0.77 £ 0.05;
p < 0.01) and their ability to switch to carbohydrate oxidation
during the oral glucose challenge was impaired (p < 0.05) in
comparison with those with normal IHF content.

Conclusions: NAFLD is common in childhood obesity and is
associated with ina