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ABSTRACT: The aim of the TEDDY study is to identify infectious agents,
dietary factors, or other environmental agents, including psychosocial
factors, which may either trigger islet autoimmunity, type 1 diabetes
mellitus (T1DM), or both. The study has two end points: (a) appearance
of islet autoantibodies and (b) clinical diagnosis of T1DM. Six clinical
centers screen newborns for high-risk HLA genotypes. As of December
2005 a total of 54,470 newborns have been screened. High-risk HLA geno-
types among 53,560 general population (GP) infants were 2576 (4.8%)
and among 910 newborns with a first-degree relative (FDR) were 194
(21%). A total of 1061 children have been enrolled. The initial enroll-
ment results demonstrate the feasibility of this complex and demanding
a prospective study.
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INTRODUCTION

The incidence of type 1 diabetes mellitus (T1DM), one of the most com-
mon and serious chronic diseases in children is increasing worldwide.1,2 While
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the incidence is highest in Scandinavia (30–50/100,000), intermediate in the
United States (15–25/100,000 in 1998), and somewhat lower in Central and
Eastern Europe (5–15/100,000), it is unclear to what extent these geographic
differences may reflect variation in genetic susceptibility, in prevalence of
causal environmental factors, or both; although major advances have been
made in the identification of genetic factors that confer susceptibility or re-
sistance to T1DM.3,4 The dissection of the etiology of T1DM is further com-
plicated by epidemiological observations that approximately 85–90% of new
onset patients have no first degree relative (FDR) with T1DM despite a strong
familiar clustering of patients.5 Genetic variability in the HLA region explains
∼50% of the familiar clustering6 but other genes identified so far provide more
modest contributions to risk.3,4 Additional factors are important, because only
1 out of 15 people in the general population (GP) with the highest risk HLA
genotypes develops T1DM.

The mechanisms by which environmental factors may trigger either islet
autoimmunity, T1DM, or both in susceptible subjects are not understood. The
aim of the present multicenter study is to examine from birth high-risk GP
children and FDR and systematically screen them for candidate environmental
and genetic factors. Identification of such factors will lead to a better under-
standing of disease pathogenesis and result in new strategies to prevent, delay,
or reverse T1DM.

SUBJECTS AND METHODS

Subjects

A cohort of children with elevated genetic risk for T1DM is established by
screening newborns from the GP and from families with FDR diagnosed with
T1DM. A total of six clinical centers from Seattle, WA, Denver, CO, Augusta,
GE, Munich, Germany, Turku, Finland, and Malmö, Sweden participate.

HLA Typing and Genetic Risk

Genetically susceptible children are identified through newborn HLA-
DR/DQ screening. Genotype screening is performed using either a dried blood
spot (DBS) punch or a small volume whole blood lysate (WBL) specimen. A
screening blood sample is obtained either at birth as a cord blood sample or
using heel stick capillary sample up to the age of 3 months. This exception is
made to maximize the number of newborn relatives participating in this study.
After polymerase chain reaction (PCR) amplification of exon 2 of the HLA
Class II gene (DRB1, DQA1 or DQB1), alleles will be identified either by
direct sequencing, oligonucleotide probe hybridization, or other genotyping
techniques (TABLE 1).
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TABLE 1. HLA genotypes used to enroll newborns in the TEDDY study

TEDDY genotype

DR4- DQA1∗0301-DQB1∗0302@ / DR3- DQA1∗0501-DQB1∗0201
DR4- DQA1∗0301-DQB1∗0302 / DR4- DQA1∗0301-DQB1∗0302

DR4- DQA1∗0301-DQB1∗0302@ / DR8- DQA1∗0401-DQB1∗0402
DR3-DQA1∗0501-DQB1∗0201 / DR3-DQA1∗0501-DQB1∗0201

DR4- DQA1∗0301-DQB1∗0302@ / DR4- DQA1∗0301-DQB1∗0201

DR4- DQA1∗0301-DQB1∗0302@ / DR1#- DQA1∗0101-DQB1∗0501

DR4- DQA1∗0301-DQB1∗0302@ /DR13-DQA1∗0102-DQB1∗0604
DR4- DQA1∗0301-DQB1∗0302 / DR4- DQA1∗0301-DQB1∗0304

DR4- DQA1∗0301-DQB1∗0302@ / DR9- DQA1∗0301-DQB1∗0303
DR3- DQA1∗0501-DQB1∗0201 / DR9- DQA1∗0301-DQB1∗0303

Genotypes a–d are eligible from the GP and genotypes a–j for FDR.
@Acceptable alleles in this haplotype include both DQB1∗0302 and ∗0304.
#In this DQB1∗0501 haplotype, DR10 must be excluded. Only DR1 is eligible.

Follow-Up Schedule for Children with Increased Genetic Risk

Children with increased genetic risk are followed for environmental expo-
sures and diet with a clinic visit every 3 months for the first 4 years of life
and then biannually until age the 15 years. Stool samples are collected to as-
sess viral exposures at monthly intervals for the first 4 years of life and then
biannually until the age 15. In addition, dietary, infectious, and psychosocial
assessments are completed at each visit to the clinic.

RESULTS

The TEDDY study was initiated September 1, 2004 with the aim to screen
220,800 newborn children over a total of 4 years. After an initial start-up phase
all six clinical centers have been recruiting newborns for about 1 year. As of
December 2005 the data show that a total of 54,470 (98% of expected) new-
borns have been screened. High-risk HLA genotypes among 53,560 GP infants
were 2576 (4.8%) and among 910 FDR newborns were 194 (21%). The HLA
distribution of these children demonstrate that the 97% of the 2528 eligible
children typed so far represents the high-risk genotypes a, b, c, and d (TABLE 2).
A total of 1061 children have been enrolled at the end of December 2005. The
first group of children has been followed for 1 year and the prospective analy-
sis has continued successfully with only a few families leaving the study. One
TEDDY infant has developed T1DM at 8 months of age.

DISCUSSION

The present report represents about 1-year experience in screening new-
born children to be enrolled in the TEDDY study. The target to screen 55,200
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TABLE 2. HLA genotypes among eligible and enrolled newborns in the TEDDY study

TEDDY genotype Eligible n % Enrolled n %

a 977 38.4 403 41.8
b 503 19.7 186 19.2
c 444 17.4 157 16.2
d 555 21.8 188 19.5
e 2 0.1 2 0.2
f 40 1.6 18 1.8
g 7 0.3 3 0.3
h 3 0.1 3 0.3
i 4 0.2 2 0.2
j 8 0.3 2 0.2
Total 2,543 964

newborn children per year to reach 220,800 children over a 4-year period was
reached. Consistent with the observations that only 10–15% of newly diag-
nosed T1DM children have an FDR with the disease,5 it is noted that 910
(1.7%) of 54,470 screened newborns belong to this group. This frequency is
far from a true reflection of the prevalence rate of T1DM in participating GPs
but rather reflects our planned effort to screen children born in families with a
father, mother, or sibling with T1DM. The rationale for a focus on FDR is the
well-known risk for a child to develop T1DM if the father, mother, or a sibling
(in this order) is affected as compared to the GP. The average increase is three-
to eightfold which means that a higher proportion of newborns in the FDR
group will not only reach the first end point of islet autoantibody positivity but
also the second end point of T1DM during 15 years of follow up.

The HLA genotypes selected as TEDDY inclusion criteria (TABLE 1) repre-
sent both genotypes that confer the highest risk in population-based studies7,8

as well as in family studies.8,9 The a, b, c, and d TEDDY genotypes are also
the genotypes that predominate subjects with T1DM regardless of whether
they represent the GP or FDR. It is noted that the two most critical haplotype
for T1DM risk is the DR4-DQA1∗0301-B1∗0302 and the DR3-DQA1∗0501-
B1∗0201 haplotypes. In particular, the DR4-DQA1∗0301-B1∗0302 haplotype
predominates and is present in 8 out of 10 of the TEDDY genotypes. Only
the “d” and “j” haplotypes are non-DR4-DQA1∗0301-B1∗0302 and after
1 year of screening 20% of eligible children were DR3-DQA1∗0501-B1∗0201
homozygous. This group will serve as an important immunogenetics refer-
ence group with respect to trigger exposures and the development of islet
autoantibodies.

The TEDDY study will provide an important opportunity to improve our
understanding of the events leading to T1DM by studying from birth high-risk
GP children and FDR and by systematic screening of candidate environmental
and genetic factors. In addition, samples collected by TEDDY will create a
valuable resource for investigators proposing innovative hypotheses concern-
ing candidate environmental and genetic factors.
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The long-term goal of the TEDDY study is the identification of infectious
agents, dietary factors, or other environmental agents, including psychosocial
factors, which trigger beta cell autoimmunity, T1DM, or both, in genetically
susceptible individuals or which protect against the disease. Identification of
such factors will lead to a better understanding of disease pathogenesis and
result in new strategies to prevent, delay, or reverse T1DM.
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HAGOPIAN et al.: THE TEDDY STUDY 325

Suvi M. Virtanen, M.D., Ph.D.,∗§2 Carina Kronberg-Kippilä,§2 Maija
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