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Abstract
Aims/hypothesis Islet autoantibody-positive children prog-
ress to type 1 diabetes at variable rates. In our study, we
asked whether characteristic autoantibody and/or gene pro-
files could be defined for phenotypes showing extreme
progression.
Methods Autoantibodies to insulin (IAA), GAD (GADA),
insulinoma-associated antigen-2 (IA-2A) and zinc transport-
er 8 (ZnT8A) were measured in follow-up sera, and
genotyping for type 1 diabetes susceptibility genes (HLA-
DR/HLA-DQ, INS variable number of tandem repeats
[VNTR] and single nucleotide polymorphisms at PTPN22,
PTPN2, ERBB3, IL2, SH2B3, CTLA4, IFIH1, KIAA0350
[also known as CLEC16A], CD25, IL18RAP, IL10, COBL)
was performed on the DNA samples of children born to a
parent with type 1 diabetes and prospectively followed from
birth for up to 22 years.
Results Of the 1,650 children followed, 23 developed mul-
tiple autoantibodies and progressed to diabetes within
3 years (rapid progressors), while 24 children developed
multiple autoantibodies and remained non-diabetic for more

than 10 years from seroconversion (slow progressors). Rap-
id and slow progressors were similar with respect to HLA-
DR/HLA-DQ genotypes, development of IAA, GADA and
ZnT8A, and progression to multiple autoantibodies. In con-
trast, IA-2A development was considerably delayed in the
slow progressors. Furthermore, both groups were effectively
distinguished by the combined presence or absence of type 1
diabetes susceptibility alleles of non-HLA genes, most no-
tably IL2, CD25, INS VNTR, IL18RAP, IL10, IFIH1 and
PTPN22, and discrimination was improved among children
carrying high-risk HLA-DR/HLA-DQ genotypes.
Conclusions/interpretation Our data suggest that genotypes
of non-HLA type 1 diabetes susceptibility genes influence
the likelihood or rate of diabetes progression among chil-
dren with multiple islet autoantibodies.
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genes . Type 1 diabetes

Abbreviations
aa Amino acid
AIC Akaike’s information criterion
GADA Autoantibodies to GAD
IA-2A Autoantibodies to insulinoma-associated antigen-2
IAA Autoantibodies to insulin
IQR Interquartile range
SNP Single nucleotide polymorphism
VNTR Variable number of tandem repeats
ZnT8A Autoantibodies to zinc transporter 8

Introduction

Type 1 diabetes is preceded by a preclinical period of autoim-
munity directed against the pancreatic islet beta cells [1]. This
islet autoimmunity can develop early in life, and its initiation
is signalled by the seroconversion of autoantibodies to insulin
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(IAA), GAD (GADA), insulinoma-associated antigen-2
(IA-2A) and/or zinc transporter 8 (ZnT8A) [2]. Islet autoim-
munity and type 1 diabetes affect an increasing number of
people worldwide, the strongest increase in incidence being
seen in young children [3]. The rise in incidence is clearly
environmentally induced, and it is likely that environmental
factors not only contribute to the higher number of people
with autoimmune diabetes, but also interact with type 1 dia-
betes susceptibility genes to affect the rate of progression to
disease. The rate of progression from islet autoantibody sero-
conversion to type 1 diabetes varies considerably between
individuals, ranging from a few months to many years [4–6],
and recent data from Germany suggest that it has been accel-
erating over the last 20 years [7].

Earlier studies have shown that one key step in disease
pathogenesis and determination of the risk of progression is
spreading of the autoantibody response to multiple islet
autoantigens [8, 9], but multiple vs single islet autoantibody
positivity cannot completely explain the variation seen in
the rate of development of type 1 diabetes. We believe that it
is important to understand the mechanisms regulating the
progression from autoimmunity to clinical diabetes, and to
identify signatures and biomarkers that allow individuals to
be classified into rapid or slow progressor phenotypes. The
aim of our study was therefore to perform a detailed char-
acterisation and comparison of children who rapidly prog-
ress to diabetes within 3 years of islet autoantibody
seroconversion or have a long diabetes-free survival of at
least 10 years after seroconversion. We took advantage of
information on children with multiple autoantibodies from
the prospective BABYDIAB cohort study, in which we have
followed children with a family history of type 1 diabetes
from birth for over 20 years [10].

Methods

Study cohort, participants and samples The study was
performed on children from the BABYDIAB study, a lon-
gitudinal study examining the natural history of islet auto-
immunity and type 1 diabetes in 1,650 children born to a
mother or a father with type 1 diabetes [4]. Recruitment
began in July 1989 and ended in February 2001. All the
children were recruited from Germany. The cohort was not
population based, and 97% of families were white German.
Venous blood samples were obtained from the children at
study visits scheduled at 9 months and at 2, 5, 8, 11, 14, 17
and 20 years of age.

Islet autoantibodies (IAA, GADA, IA-2A and ZnT8A)
were measured in samples taken at all the scheduled visits. If
children had a positive autoantibody finding, their families
were asked to provide a sample for confirmation of autoan-
tibody status within 6 months and provide samples yearly.

Samples were no longer collected if a child developed diabe-
tes. Families were asked to report the occurrence of symptoms
of diabetes. In children with islet autoantibodies, a yearly
OGTT was performed. Onset of diabetes was defined
according to ADA criteria [11]. The cumulative dropout rate
in BABYDIAB was 2%, 8%, 17% and 23% by age 2, 5, 8 and
11 years, respectively. The median follow-up time from birth
to the last sample was 12.5 years (interquartile range [IQR]
6.5–15.5 years) and from birth to diabetes or last contact was
14.1 years (IQR 11.9–15.6 years).

The BABYDIAB study was approved by the ethical com-
mittee of Bavaria, Germany (Bayerische Landesärztekammer
No. 95357). All families gave written informed consent to
participate in the study. Investigations were carried out in
accordance with the principles of the Declaration of Helsinki,
as revised in 2000.

Islet autoantibody measurements IAA, GADA, IA-2A, and
ZnT8A were determined using radiobinding assays as pre-
viously described [2, 10]. Briefly, IAA was measured by
protein A/G radiobinding assays using [125I]-recombinant
human insulin labelled at tyrosine amino acid (aa)14.
GADA, IA-2A and ZnT8A were measured by protein A
radiobinding assays using [35S]-methionine-labelled in vitro
transcribed/translated recombinant human GAD65 (aa1–
aa585), the intracellular portion of insulinoma-associated
antigen-2 (aa605–aa979) and COOH-terminal (aa268–
aa369) constructs of the zinc transporter 8 R325 and
W325 variants, respectively. Samples were considered to
be ZnT8A positive if autoantibodies to at least one of the
zinc transporter 8 variants (ZnT8RA and/or ZnT8WA) were
found. The upper limit of normal for each assay was deter-
mined using Q–Q plots and corresponded to the 99th per-
centile of 836 control children. Children were considered
islet autoantibody positive when two consecutive serum
samples were positive.

Autoantibody assays were evaluated by the Diabetes
Antibody Standardization Program, and the performances
are shown as those of laboratory 121 in published reports
[12–14]. The assays had sensitivities and specificities of
86% and 93% (GADA) [12], 72% and 100% (IA-2A)
[12], 70% and 99% (IAA) [13], 68% and 100% (ZnT8RA)
[14] and 51% and 100% (ZnT8WA) [14] in proficiency
workshops. The interassay CVs for samples with a low
autoantibody titre were 18% (GADA), 16% (IA-2A), 11%
(IAA), 17% (ZnT8RA) and 16% (ZnT8WA), respectively.

Genotyping HLA class II alleles HLA-DRB1, HLA-DQA1
and HLA-DQB1 were determined using PCR-amplified
DNA and non-radioactive sequence-specific oligonucleo-
tide probes, and HLA-DR/HLA-DQ genotypes were
categorised according to risk of type 1 diabetes into high
risk, moderate risk, neutral and protective genotypes, as
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previously described [15] (see electronic supplementary
material [ESM] Table 1). INS variable number of tandem
repeats (VNTR) alleles were determined using HphI diges-
tion of PCR amplification products of the region of interest,
as previously described [15]. An additional 12 type 1 dia-
betes susceptibility gene single nucleotide polymorphisms
(SNPs) were selected for typing on the basis of the genes
that were reported to be susceptible in 2009 [16], the
strength of their OR and the SNP-typing that has success-
fully been established in Munich: PTPN22 rs6679677,
PTPN2 rs1893217, ERBB3 rs2292239, IL2 rs4505848,
SH2B3 rs3184504, CTLA4 rs3087243, IFIH1 rs2111485,
KIAA0350 (also known as CLEC16A) rs12935413, CD25
rs11594656, IL18RAP rs917997, IL10 rs3024505, and COBL
rs4948088. Genotyping of these SNPs was performed with
the MassARRAY system using iPLEX chemistry (Sequenom,
San Diego, CA, USA), as previously described [17]. To
control for reproducibility, 16% of samples were genotyped
in duplicate with a discordance rate <0.5%. All SNPs were
tested for deviation from Hardy–Weinberg equilibrium by
means of a χ2 or Fisher’s exact test.

Statistical analysis Prevalence was compared between
groups using Fisher’s exact test. The Mann–Whitney U test
was used to compare continuous variables between groups.
The cumulative frequency for each of IAA, GADA, IA-2A
and ZnT8A, and respectively for any of the four autoanti-
bodies, was calculated using life-table analysis. A child was
considered to have a positive autoantibody outcome if at
least two consecutive samples were found to be positive for
the autoantibody. Positive results that were likely to be due
to a placental transfer of maternal autoantibodies were ex-
cluded. The age at the first autoantibody-positive sample
was used as the time to event. Analysis considered censor-
ing for losses to follow-up. In order to calculate the risk of
progression to multiple autoantibodies, the time between the
age at first appearance of any of the four autoantibodies (the
seroconversion age) and the age at appearance of two or
more of IAA, GADA, IA-2A and/or ZnT8Awas used as the
time to event. The significance of the differences between
groups was determined using the logrank test.

Risk scores were generated for non-HLA genotypes as
previously described [17]. For each gene, a score of 2 was
given if the child was homozygous for the allele
predisposing to type 1 diabetes, 1 if the child was heterozy-
gous and 0 if the child was homozygous for the non-
susceptible allele. The sum of the scores was assigned as
the combined risk score for each child. Combined risk
scores were generated for permutations of multiple non-
HLA genes (n=2a−1, where a is the number of genes in
the analysis) as previously described [17] and compared
between groups using the Mann–Whitney U test and two-
sample permutation test [18].

In order to assess the difference in discriminatory
strength between alternative models derived from the com-
bined risk scores, we used Akaike’s information criterion
(AIC) [19]. The AIC is based on the negative base e log
likelihood (loge L) and the number of variables (k) of the
model, and is defined as: AIC=−2 loge L+2k. The lower the
AIC, the better the model. Log L was determined by logistic
regression analysis using the combined risk scores as the
continuous covariate, and rapid or slow progression as the
binary dependent covariate in each model. For all analyses,
two-tailed p values were used and considered significant at
p<0.05 or p<0.05/k in case of multiple comparisons
(Bonferroni’s correction). The statistical analyses were
performed using GraphPad Prism 3 (GraphPad Software,
San Diego, CA, USA), the Statistical Package for the Social
Sciences (SPSS 19.0; SPSS, Chicago, IL, USA), MATLAB
software (R2011a; MathWorks, Nattick, MA, USA) and
statistical software R 2.14.1 (http://cran.r-project.org/web/
packages/perm).

Results

Identification of rapid and slow progressors By April 2012,
a total of 156 children from the BABYDIAB cohort
(n=1,650) had developed IAA, GADA, IA-2A and/or ZnT8A
with positive results in at least two consecutive blood samples,
and had been followed from seroconversion for a median of
7.0 years (IQR 3.7–10.4 years). Eighty-one (52%) of the 156
children had developed two or more of the islet autoanti-
bodies, and 55 (35%) had developed diabetes (Fig. 1).

In order to investigate the extreme progression pheno-
types among the islet autoantibody-positive children, we
classified children as (1) rapid progressors if they developed
multiple autoantibodies and progressed to type 1 diabetes
within 3 years after seroconversion, and (2) slow
progressors if they developed multiple autoantibodies and
remained non-diabetic for at least 10 years after seroconver-
sion. Twenty-three children (15% of the islet autoantibody-
positive BABYDIAB children) met the criteria of rapid
progressors, and 24 children (15%) the criteria of slow
progressors (Fig. 1). Both groups seroconverted to autoan-
tibody positivity at a young age (median 2.0 years [IQR 0.9–
4.3] for rapid progressors vs 2.3 years [IQR 1.0–5.0] for
slow progressors) (ESM Fig. 1a). A further 23 children
developed type 1 diabetes after 3–10 years of follow-up
from seroconversion (Fig. 1). These were classified as in-
termediate progressors and used as a confirmatory group in
our study.

Characteristics of the autoantibody responses in rapid and
slow progressors There was a high degree of similarity in
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the islet autoantibody profiles of the rapid and slow
progressors. No significant differences were observed with
respect to the overall prevalence of IAA (91% in rapid vs
92% in slow progressors), GADA (87% vs 88%), IA-2A
(74% vs 63%) and ZnT8A (86% vs 83%), as well as in
terms of the maximal number of islet autoantibodies devel-
oped at any stage of follow-up (median 4 [IQR 3–4] vs 3
[IQR 3–4]). The rate of development of IAA, GADA and
ZnT8A (Fig. 2a–c) and the rate of progression from single to
multiple autoantibodies (ESM Fig. 1b) was also similar.
However, one striking difference in the autoantibody profiles
of the rapid and slow progressors was a considerably delayed
development of IA-2A in the slow progressors (p=0.002)
(Fig. 2d). Among IA-2A-positive children, 16 (94%) rapid
progressors developed IA-2A within 18 months of autoanti-
body seroconversion, in contrast to only five (33%) slow
progressors (p=0.0005).

Demographic and environmental factors Rapid and slow
progressors were similar with respect to sex distribution
(male, 57% vs 67%; p=0.6) and maternal type 1 diabetes
status (diabetic mother, 65% vs 46%; p=0.2). Of note, 11
(48%) of the 23 rapid progressors were delivered by Cae-
sarean section, compared with only four (17%) of the 24
slow progressors (p=0.03).

Genetic characteristics of rapid and slow progressors HLA-
DR/HLA-DQ risk categories were similarly distributed
among rapid and slow progressors. Eleven children from
each group carried high-risk HLA-DR/HLA-DQ genotypes.
We therefore asked whether non-HLA genotypes could aid
in discrimination between the two groups. Complete
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Fig. 2 Appearance of autoantibodies to biochemically defined target
antigens. The cumulative life-table risk is shown for the develop-
ment of (a) IAA, (b) GADA, (c) ZnT8A and (d) IA-2A among
children classified as rapid progressors (solid line) or slow progressors
(dotted line) in the BABYDIAB study. Slow progressors developed
IAA, GADA and ZnT8A at a similar age to rapid progressors, but
IA-2A at an older age (p=0.002). Numbers below the x-axis indicate
the number of children in each group who were negative for the
respective autoantibody and continued to be followed. **p<0.01
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years of follow-up from
seroconversion and progression
to type 1 diabetes (T1D).
Twenty-three children were
classified as rapid progressors
and 24 as slow progressors, and
these were selected for further
analysis
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successful typing for INS VNTR as well as SNPs of the 12
additional type 1 diabetes susceptibility genes was obtained
for all 24 slow progressors and 19 of the 23 rapid progressors
(i.e. DNA samples were not available for four children).

We first compared the prevalence of the allele predisposing
to type 1 diabetes for each of the 13 non-HLA genes and
revealed relatively minor differences between the two groups
(ESM Table 2). Rapid progressors more frequently carried the
predisposing allele of IL2 rs4505848 (42% vs 15% among
slow progressors; p=0.007) and IFIH1 rs2111485 (84% vs
65%; p=0.05) (ESM Table 2), and among children with high-
risk HLA-DR/HLA-DQ genotypes, the predisposing allele of
CD25 rs11594656 (95% vs 64%; p=0.02), IL10 rs3024505
(90% vs 55%; p=0.02) and IFIH1 rs2111485 (85% vs 50%;
p=0.02) (ESM Fig. 2). However, none of these differences
reached the level of significance after Bonferroni’s correction.

We then analysed the combination of all non-HLA geno-
types and generated combined risk scores for each child.
The distribution of these risk scores was slightly, but signif-
icantly, different between rapid progressors (median 16,
IQR 15–18) and slow progressors (median 15, IQR 14–16;
p=0.03) (ESM Fig. 3). In order to further improve discrim-
ination, we subsequently generated combined risk scores for
all possible permutations of 12 non-HLA genes considering
any number of genes in the permutation (n=212−1, resulting
in 4,095 gene combinations; level of significance after
Bonferroni’s correction, p<1.2×10−5), and compared the
risk scores of the two groups using Mann–Whitney U tests
(range of p values, 1.0 to 1.6×10−5). COBL rs4948088 was
not included in this analysis because all but two children
carried two risk alleles for this SNP (ESM Fig. 3). Twenty
(0.5%) of the 4,095 gene combinations yielded risk scores
that discriminated between rapid and slow progressors with
p<10−4 (ESM Fig. 4).

The AIC of these 20 models ranged from 43.3 to 36.5,
compared with an AIC of 54.3 for our initial model that
included all of the non-HLA genotypes, suggesting an over-
all improvement in discrimination between the rapid and
slow progressors (ESM Fig. 4). The top two models with the
lowest p values and lowest AIC (model 1, p=1.6×10−5, AIC
36.5; model 2, p=1.7×10−5, AIC 37.5) significantly dis-
criminated between the two groups in the two-sample per-
mutation test (p=3.8×10−6 and p=5.0×10−6, respectively).
These models were derived from risk scores that involved
seven non-HLA genotypes, namely IL2 rs4505848, CD25
rs11594656, INS VNTR, IL18RAP rs917997, IL10
rs3024505, IFIH1 rs2111485, and PTPN22 rs6679677.
Model 2 required the combination of all seven genotypes,
whereas model 1, which discriminated best between the
rapid and slow progressors (Fig. 3), did not include the
PTPN22 rs6679677 genotype. Both models discriminated
particularly well between children carrying high-risk HLA-
DR/HLA-DQ genotypes (ESM Fig. 5).

In order to confirm our findings, we applied the twomodels
to 21 children from the intermediate progressors group who
were successfully genotyped for the respective non-HLA
genes. Intermediate progressors had lower risk scores com-
pared with rapid progressors (model 1, p=0.001; model 2,
p=0.0004), and by trend higher risk scores compared with
slow progressors (Fig. 4), suggesting an inverse relationship
between the risk scores and the time of progression.

Discussion

Identifying the characteristic signatures of progression in
islet autoantibody-positive children may help to improve
our understanding of the pathophysiological mechanisms
underlying type 1 diabetes, so that effective prevention
strategies can be developed and the most appropriate partic-
ipants selected for clinical trials. We examined two groups
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of children who both developed an intense multiple islet
autoantibody response but showed extremely different pro-
gression phenotypes, namely rapid progressors, who
progressed to type 1 diabetes within 3 years of islet autoan-
tibody seroconversion, and slow progressors, who remained
diabetes-free for at least 10 years after seroconversion. We
showed that rapid progressors were distinguished from slow
progressors by a considerably faster development of IA-2A,
an almost threefold higher frequency of delivery by Caesar-
ean section, and an overall higher genetic load of alleles
predisposing to type 1 diabetes from among the non-HLA
susceptibility genes. Our study was made possible by the
long follow-up of children with a family history of first-
degree relatives with type 1 diabetes in the BABYDIAB
study [10], which enabled us to identify and study children
with a phenotype of extreme progression.

The limitations of our study include the relatively small
number of rapid and slow progressors, each comprising only
15% of the persistent islet autoantibody-positive children in
BABYDIAB, the restricted number of type 1 diabetes sus-
ceptibility genes that were typed and analysed in our study,
and the absence of a confirmatory cohort. We were also
unable to assess the metabolic risk scores that were recently
reported in autoantibody-positive participants of the Diabe-
tes Prevention Trial-Type 1 [20]. It will therefore be impor-
tant to test our findings in other cohorts, especially cohorts
that are not restricted to children with a family history of
type 1 diabetes.

An important finding was the high degree of similarity
between the rapid and slow progressors with respect to the
number and profile of islet autoantibodies, which are cur-
rently the best established markers for selecting participants
for secondary prevention trials [21]. It has long been
recognised that multiple autoantibody-positive individuals
have a high risk of type 1 diabetes [8, 9, 22], which can be
further stratified by antibody characteristics such as target
specificity [23, 24], titre [24, 25] or age at autoantibody
seroconversion [4]. In particular, IA-2A has been reported
as an immune marker associated with a very high risk of
diabetes [23, 24]. It is remarkable, therefore, that the only
difference between the autoantibody responses in the rapid
and slow progressors in our study was related to IA-2A.
Rapid progressors developed IA-2A very early in the auto-
immune process. The IA-2A frequency was similar in both
groups, but IA-2A positivity was seen significantly later
after initial autoantibody seroconversion in the slow
progressors. This is consistent with IA-2A becoming a
marker close to the onset of type 1 diabetes and heralding
a more aggressive stage in the pathogenesis of the disease.
Further antibody characteristics such as affinity and epitope
specificity have been investigated in the BABYDIAB study
[2, 26–28] and were highly consistent among multiple
autoantibody-positive children.

More pronounced differences were seen with respect to
the genetic background of the rapid and slow progressors.
Notably, HLA-DR/HLA-DQ genotypes could not distinguish
between rapid and slow progressors. In contrast, combina-
tions of genotypes of IL2, CD25, IL10, IFIH1, INS VNTR,
IL18RAP and PTPN22 were discriminative. Moreover, chil-
dren with rapid and slow progression who carried high-risk
HLA-DR/HLA-DQ genotypes could be discriminated by
non-HLA genotype combinations.

The observed genetic associations are particularly in-
triguing with respect to the pathogenetic mechanisms un-
derlying type 1 diabetes that have been proposed for causal
allelic variants of the non-HLA susceptibility genes [29, 30].
It has been hypothesised that subsets of genes are acting to
compromise pathways in type 1 diabetes that are related to
IL-2 production and signalling [31–33]. Interestingly, 75%
of the slow progressors in our study, in contrast to only 26%
of the rapid progressors, were homozygous for the non-
susceptible IL2 allele. In non-obese diabetic mice, homozy-
gosity of the type 1 diabetes resistance allele of Il2 (Idd3)
provides over 70% protection against diabetes [34]. Protective
Idd3 alleles translate into higher amounts of IL-2 production
by autoreactive T cells and an enhanced development and
function of T regulatory cells [32, 34, 35]. It is also notewor-
thy that, in human type 1 diabetes, the IL2 gene was recently
reported to be associated with the age of onset of diabetes [36].
Alleles of the CD25 gene predisposing to type 1 diabetes
lower the expression of the high-affinity alpha-chain (CD25)
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Fig. 4 (a, b) Risk scores of (a) model 1 and (b) model 2 are plotted for the
group of rapid progressors (RP), slow progressors (SP) and children who
developed type 1 diabetes after 3–10 years of follow-up from seroconver-
sion (intermediate progressors), respectively. Both models distinguished
between rapid and intermediate progressors (model 1, p=0.001; model 2,
p=0.0004). (c, d) Risk scores of (c) model 1 and (d) model 2 are plotted
for the same children as in (a) and (b) with respect to the time of
progression from islet autoantibody seroconversion. ***p<0.001
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of the IL-2 receptor on the surface of the T cells, which affects
IL-2 signalling and may result in an impaired function of the T
regulatory cells [31, 33].

In addition to IL2 and CD25, several other loci associated
with human type 1 diabetes encodemolecules that play a role in
the immune regulation of T cell-mediated adaptive immune
responses, or of inflammatory signals provided by the innate
immune system [30]. These include IL-10 [16, 37], IFIH1 [38,
39], IL18RAP [40] and PTPN22 [41], which were able to
stratify progression in our study. Although a number of type
1 diabetes-associated gene SNPs did not significantly add to the
discrimination between the rapid and slow progressors (i.e.
COBL rs4948088, KIAA0350 rs12935413, CTLA4
rs3087243, SH2B3 rs3184504, ERBB3 rs2292239 and PTPN2
rs1893217), it is understood that susceptibility to type 1 diabe-
tes, as well the progression rate from islet autoimmunity to
clinical type 1 diabetes, is modified by other genes (reviewed in
[29, 30]) that have not been typed in our study. For example,
we did not consider the effects of the HLA class I molecules,
HLA-A and HLA-B [42], which present peptides to cytotoxic
CD8+ T cells and are strongly expressed in the pancreatic
insulin-producing beta cells [43], or variants of the FUT2 gene
that link type 1 diabetes susceptibility and resistance to infec-
tion [44]. Furthermore, our study did not consider the role of
epigenetic changes, which may provide a molecular bridge
between genes and environment in type 1 diabetes [30, 45].

In conclusion, our data suggest that differences in pro-
gression to clinical diabetes in children with multiple islet
autoantibodies could largely be explained by the presence or
absence of distinct non-HLA susceptibility alleles. Our find-
ings may have consequences for future prevention studies
for type 1 diabetes, namely in terms of strategies to select
rapid progressors for and/or exclude slow progressors from
respective clinical trials.
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