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Abstract

Aimslhypothesis. Islet autoantibodies precede the
clinical onset of Type I (insulin-dependent) diabetes
mellitus. The cumulative development of such auto-
antibodies in infants followed from birth and in par-
ticular infants with high-risk HLA genotypes is poor-
ly defined, but such information is essential to design
trials to prevent islet autoimmunity.

Methods. HLA genotypes were determined in off-
spring of parents with Type I diabetes who were fol-
lowed from birth for at least 2 years (median follow-
up: 3.1 years) and who were characterised for the ex-
pression of insulin, GADG65, IA-2 and islet cell auto-
antibodies at birth, 9 months, 2 and 5 years of age.
Results. The HLA genotypes DRBI*03/04(DQB1
*57non-Asp) and DRBI*04/04(DQB1*57non-Asp)
were presentin 7.1 % and 5.0 % of offspring of parents
with Type I diabetes. The frequency of both genotypes
wasincreased in offspring who developed islet autoan-
tibodies within the first 2 years of life (27.3 % vs 5.5 %,

odds ratio 6.3 [p = 0.002] and 22.7 % vs 4.2 %, odds ra-
tio 6.6 [p = 0.003]) and half of all offspring who devel-
oped antibodies had these genotypes. Other geno-
types were not associated with an increase in risk. By
life-table analysis, the cumulative risk of developing
islet autoantibodies by the age of 2 years was 20 %
(95% CI 9.4,30.6) for offspring carrying either the
DRBI1*03/04(DQB1 *57non-Asp) or the DRBI*04/
04(DQB1*57non-Asp) genotype compared with
2.7% (95 % CI 1.2,4.2) for offspring without these ge-
notypes (p < 0.0001).

Conclusion/interpretation. These data show that early
appearance of islet autoantibodies is remarkably fre-
quent for DR3/4 heterozygous and DR4/4 homozy-
gous offspring and indicate that primary prevention
could be considered once available in an offspring co-
hort selected for these genotypes. [Diabetologia
(1999) 42: 671-677]
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Type 1 (insulin-dependent) diabetes mellitus is pre-
ceded by a long period without any symptoms during
which autoimmune responses are activated and islet
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autoantibodies can be detected in the circulation
[1-4]. Two collaborative studies in Europe and Amer-
ica are currently testing intervention therapies using
nicotinamide (ENDIT) or insulin (DPT-1) to prevent
or delay the onset of Type I diabetes. Both studies
treat relatives of patients with Type I diabetes when
autoantibodies are consistently raised and in the case
of parenteral insulin [5] beta-cell function is already
impaired. More recently, new encouraging strategies
of peptide vaccination have been proposed aimed at
intervening early in life to prevent the initiation of islet
autoimmunity [6, 7]. Such trials of primary interven-
tion could eventually be designed when populations
at risk for the development of islet autoimmunity can
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be genetically defined and risk estimates of the fre-
quency of islet autoantibodies in infancy are available.

We have shown previously that persistent autoan-
tibodies often appear by the age of 2 years in off-
spring of parents with Type I diabetes [8, 9]. Recent
genome-wide mapping has confirmed that HLA class
IT genes confer the greatest genetic risk for Type I di-
abetes [10-12]. In Caucasians Type 1 diabetes is
strongly associated with HLA DR3 and DR4 alleles,
and diabetes risk is particularly high for people with
DR3/4 and DR4/4 genotypes which contain DQB1
alleles carrying non-Asp at residue 57 [13]. Taking
advantage of the German BABYDIAB study where
we prospectively followed such offspring from birth,
we here analysed the frequency of HLA genotypes
and their associated risk for early expression of islet
autoantibodies in infancy in order to design primary
prevention trials in susceptible people.

Subjects and methods

Subjects. Since 1989 we have conducted a prospective German
multicentre study of infants followed from birth. The “BABY-
DIAB?” study of children from mothers or fathers with Type I
diabetes investigates the temporal development of the re-
sponses of insulin autoantibodies (IAA), glutamic acid decar-
boxylase autoantibodies (GADA), the antibodies to the pro-
tein tyrosine phosphatase IA-2 (IA2A), and islet cell autoanti-
bodies (ICA) at birth (cord blood) and at 9 months, 2, 5 and
8 years of age in all children [8, 9]. At 2 years of age, EDTA
blood is requested from parents and the index child for HLA
typing. Of 1429 children recruited at birth, 674 have reached
the age of 2 years. Of these, 628 have participated in the 2-
year follow-up visit (442 offspring had a mother with Type 1
diabetes, 171 offspring were offspring of a father with Type I
diabetes, and for 15 offspring both parents were diabetic; me-
dian follow-up time from birth = median age: 3.3 years, range
1.5-8.7 years). There were 46 families (6.8 %) who refused to
participate at the 2-year visit or were lost to follow-up because
they had moved to an unknown address. We obtained EDTA
blood samples for HLA typing from 477 (76 %) of 628 off-
spring (334 of a mother, 130 of a father and 13 of both parents
with Type I diabetes, median follow-up time from birth = me-
dian age: 3.1 years, range 1.3-8.5 years). The major reason for
not obtaining EDTA samples from 151 offspring was that the
families did not always bring collection tubes which had been
sent to each of them from our centre and EDTA tubes were
not routinely available in the surgery of each family’s general
practioner. For those with islet autoantibodies samples for
HLA typing could be obtained in subsequent visits. For ethical
reasons, we could not ask families with antibody negative chil-
dren for extra visits between 2 and 5 years of age to complete
HLA typing but for offspring who reached 5 years of age miss-
ing EDTA samples were obtained at the 5-year follow-up visit.
There were no differences in baseline characteristics (age, sex,
relation to proband, diabetes duration and age of the parent)
and clinical features (weight, height) between offspring who
were HLA typed and those where no EDTA blood was avail-
able for HLA typing (z test).

HLA typing. We determined HLA class II alleles, HLA-
DRBI1, HLA-DQA1 and HLA-DQBI, using PCR-amplified
DNA and non-radioactive oligonucleotide probes (sequence-

specific oligonucleotide typing SSO). The HLA laboratory
was not aware of antibody results prior to typing. Genomic
DNA was isolated from fresh peripheral blood cells (EDTA-
blood) by the salting-out procedure described in the 11th
workshop report [14]. After isolation, the DNA was resus-
pended in TE-buffer (1 mmol/l TRIS-HCl; 0.1 mmol/l
EDTA, pH 8.0), adjusted to a final concentration of 250 ug/
ml and stored at —20°C until used. Genomic DNA (1 pg)
was amplified by PCR in a 100 ul reaction volume using 25
pmol of primers [14], 20 nmol dNTP’s, 2.5 units Taq Poly-
merase and buffer (10 mmol/l TRIS-HCI pH 8.3, 50 mmol/l
KCl, 1.5 mmol/l MgCl,, 0.001% gelatin). After a denatur-
ation step at 94°C for 10 min, the samples were subjected to
33 cycles of PCR amplification in a Perkin Elmer Cetus
9600 thermocycler (Perkin Elmer Roché Molecular Systems,
NJ, USA) (DRBlgeneric: 94°C 1 min, 53°C 1 min, 72°C
1 min; DQA1: 94°C 1 min, 52°C 1 min, 72°C 1 min; DQBI1:
94°C 45 s, 53°C 45 s, 72°C 45 s). Amplified DNA products
were verified by agarose gel electrophoresis (1.2%). For the
dot blot hybridization the amplified DNA (2 ul) was spotted
onto nylon membranes (Boehringer Mannheim, Mannheim,
Germany) and hybridized with 15 DRB generic, 17 DQA
and 20 DQB specific oligonucleotides, respectively [14]. The
hybridized oligonucleotides 3’ end labelled with digoxige-
nin-11-2’,3 ’-dideoxyuridine-5 ’-triphosphate (Dig-11-ddUTP,
Boehringer Mannheim) were detected using anti-dioxigenin-
AP Fab fragments (Boehringer Mannheim) and made visible
with the chemiluminescent substrate CSPD (Boehringer
Mannheim) [15, 16]. The HLA-DRB1, HLA-DQA1 and
HLA-DQBI alleles were named according to the nomencla-
ture of 1996 [17]. The alleles DQAI*03011 and *0302 were
indistinguishable by SSO and were therefore referred to as
DQAT*03. Also the alleles DQBI*0201 and *0202 were in-
distinguishable and were referred to as DQBI*02.

Classification of HLA genotypes. For analysis, offspring were
grouped according to diabetes associated and non-associated
HLA genotypes. Offspring with DR3 or DR4 were grouped
as DR3/3, DR3/4, DR3/X and DR4/X where X is a non-DR3
and non-DR4 containing haplotype. In relevant cases, parents
of offspring were also typed to confirm that their offspring
were homozygotes for DR3/3 or DR4/4. Offspring who were
DRBI*03/04 heterozygous with DQBI alleles containing a
non-Asp at residue 57 (*0302, *0304, *0305, or *0307) were
sub-grouped to DR3/4(DQB1*57non-Asp); DR3/4 heterozy-
gous offspring with a DQBI1*0301, *0303, or *0306 allele were
grouped to DR3/4(DQB1%57Asp). Similarly, DRB1*04/04 ho-
mozygous offspring with both DQBI alleles containing a non-
Asp at residue 57 (*0302, *0304, *0305, or *0307) were grouped
to DR4/4(DQB1#57non-Asp). We grouped DR4/4 offspring
with one or two DQBI allele containing Asp at residue 57 to
DR4/4(DQB1*57Asp). Children with DR2 and at least one
DQBI*0602 allele were grouped into “DRBI*02/
Y(DQBI#*0602)”, including 19 children who had DR2/
4(DOBI1*0602/*5Tnon-Asp) and 24 who had DR2/
3(DQBI1*0602/*0201).

Autoantibody determination. Autoantibodies to insulin (IAA),
glutamic acid decarboxylase (GADA), the protein tyrosine
phosphatase IA-2 (IA2A) and islet cells (ICA) were analysed
as described previously [9]. The upper limit of normal was de-
fined by the 99th centile of antibody levels in non-diabetic con-
trol children (IAA 50 nU/ml, GADA 13 units, IA2A 5 units,
ICA 5 JDF-units; [9]). Antibody assays were entered into the
Antibody Proficiency Programme. The IAA assay achieved a
specificity of 100 % and a sensitivity of 100 % (4th workshop),
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Table 1. Frequency of HLA genotypes in BABYDIAB offspring

HLA genotype total cohort offspring from mothers offspring from fathers both parents
with Type I diabetes with Type I diabetes with Type I
diabetes
n % n % n % n
DR 3/3 17 3.6 11 33 4 3.1 2
DR 3/4 (DQB1*57non-Asp) 34 7.1 21 6.3 11 8.5 2
DR 3/4 (DQB1*57Asp) 11 23 9 2.7 2 1.5
DR 3/X 82 17.2 62 18.6 15 11.5 5
DR 4/4 (DQB1*57non-Asp) 24 5.0 18 54 5 3.8 1
DR 4/4 (DQB1*57Asp) 11 23 9 2.7 2 1.5
DR 4/X 153 32.0 104 31.1 46 354 3
DR 2/Y (DQB1*#0602) 67 14.0 42 12.6 25 19.2
DR X/X 78 16.4 58 17.4 20 15.4
total typed 471 334 130 13
the GADA assay 100% and 94 % (3rd workshop), the IA2A Results

assay 100% and 100% (1st workshop) and the ICA assay
100 % and 67 % (9th workshop), respectively.

Classification of autoantibody status of offspring. In all 628 off-
spring sera were obtained for the determination of islet autoan-
tibodies at birth, 9 months and 2 years of age. We classified 23
offspring as ‘autoantibody positive’, defined as having at least
one raised autoantibody specificity in at least two follow-up
samples including the most recent serum sample. Typing for
HLA was carried out in 22 of these. Of the 23 offspring with per-
sistent autoantibodies 10 have progressed to diabetes. There
were 592 offspring who had no raised autoantibodies in both
their 9 month and 2 years sample and were classified as ‘autoan-
tibody negative’. A further five had raised autoantibodies in
one sample, but were negative in the most recent blood sample
and were also included in the antibody negative group. In 448
of those 597 offspring HLA typing was available. In a further 8
offspring one or more autoantibodies were detected but no fol-
low-up sample for confirmation of results was available at that
time. These cases were neither included into the group of anti-
body ‘positive’ nor antibody ‘negative’ offspring and thus ex-
cluded from the analysis of the frequency of HLA genotypes
and the life table calculation. None of these offspring has devel-
oped Type I diabetes to date and seven were HLA-typed and
three carried the DR3/4(DQB1*57non-Asp) genotype.

Statistical analysis. Fisher’s exact test was used to analyse dif-
ferences between offspring from mothers and fathers with
Type I diabetes and between offspring with and without islet
autoantibodies. Kaplan-Meier life-table analysis was used to
determine the cumulative development of the first antibody
event. Follow-up started at birth and ended when antibodies
were first detected or the day of the most recent blood sample.
In children from mothers with diabetes, antibodies detected
before age 0.5 years were excluded because of potential inter-
ference from antibodies acquired transplacentally, and in chil-
dren from fathers with diabetes, IAA detected at birth were
excluded because of potential artefact in JAA measurement
in cord blood [9]. Antibody events were experienced at birth
and at intervals between 0.5 and 1.5 years (9-month visit), 1.5
and 2.5 years (2-year visit) and 4.5 and 5.5 years (5-year visit).
For all statistical methods the Statistical Package for Social
Sciences (SPSS, Chicago, Ill., USA) was used.

HLA genotype frequency in offspring of parents with
Type I diabetes. Of 477 HLA typed offspring 34
(71%) had the genotype DRBI*03/04(DQB1
*5Tnon-Asp) and 24 (5.0%) had DRBI*04/
04(DQB1*57non-Asp) (Table 1). No significant dif-
ference in the frequency of HLA genotypes was seen
between offspring from affected mothers or fathers.

HLA genotype and antibody development. By the age
of 2 years 23 (3.7 %) offspring developed islet auto-
antibodies (Table 2). Of these 15 were offspring
from a mother with Type I diabetes, 6 from a father
with Type I diabetes and for 2 children both parents
were diabetic. The median age when the first anti-
body appeared was 1.5 years (range 0.6-2.4 years).
Two offspring had IAA only, 4 offspring had 2 anti-
bodies, 3 had 3 antibodies, and 14 had all four anti-
body specificities. Of the 22 who were HLA typed, 8
(36 %) had genotypes with DR3 and 17 (77 %) geno-
types with DR4(DQB1*#57non-Asp); 6 had the DR3/
4(DQB1*57non-Asp) and 5 the DR4/4(DQB1
*57non-Asp) genotype.

Table 3 compares the frequency of HLA DRB1/
DQBI1 genotypes in offspring with and without islet
autoantibodies. We found HLA DRBI*03 haplotypes
in a similar frequency in offspring with (18 %) and
without (15%) islet antibodies. The frequency of
HLA DRBI*04(DQB1*57non-Asp) haplotype was
higher in offspring with islet antibodies (50% vs
25% in offspring without antibodies p < 0.01). Only
genotypes with HLA DRBI*04(DQB1*57non-Asp)
were more prevalent in offspring with islet antibodies.
The frequency of the DRBI*03/04(DQB1 *57non-
Asp) genotype was 27.3 % in offspring who had islet
autoantibodies by 2 years of age compared with
5.5% in offspring without these autoantibodies (odds
ratio 6.3 [95 % CI2.3,17.5], p = 0.002). The frequency
of DRBI*04/04(DQB1*57non-Asp) was 22.7% in
offspring with islet autoantibodies and 4.2 % in off-
spring without antibodies (odds ratio 6.6, p = 0.003).
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Table 2. BABYDIAB children with detectable islet autoantibodies
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family proband HLA DRB1 HLA DQA1 HLA DQB1 age atfirst total antibodies age at age at
number antibody last sample diabetes
(years) (years) onset (years)
2223 (5*) mother 03,04 0,503 02, 0302 2.1 IAA, GADA,IA2A,ICA 4.6
4005 mother 03, 0401 0501, 03 02, 0302 0.8 IAA, GADA, IA2A,ICA 33
1649 (4)  mother 03,0401 0501, 03 02, 0302 0.9 IAA, GADA,IA2A,ICA 6.0
1724 father 03, 0401 0501, 03 02, 0302 1.1 IAA, GADA,IA2A,ICA 5.6
2277 (10)  father 03, 0401 0501, 03 02, 0302 1.7 IAA, GADA, IA2A,ICA 1.8
6354 mother 03, 0401 0501, 03 02, 0302 2.1 IAA, GADA, IA2A 2.8
1088 (1)  mother  0401,0401 03,03 0302, 0302 2.1 IAA, GADA, IA2A,ICA 8.5
3941 mother 04,04 03,03 0302, 0302 2.0 IAA, GADA, IA2A,ICA 3.8
4412 mother  0402,0405 03,03 0302, 0302 1.7 IAA 3.4
4215 both 04, 04 03,03 0304, 0302 2.1 IAA, GADA, IA2A 3.8
4050 mother  0404,0408 03,03 0302, 0304 0.9 IAA, GADA, IA2A,ICA 32
2905 mother 04,08 03, 0401 0302, 0402 2.4 IAA, GADA, IA2A 3.6
3929 father 04,11 03, 0501 0302, 0301 2.1 IAA, GADA,IA2A,ICA 42
4849 mother 0401, 09 03,03 0302, 0303 0.8 IAA, GADA, IA2A,ICA 1.3
3462 mother  0401,1601 03,0102 0302, 0502 2.1 IAA 5.1
4204 father 0404, 01 03,0101 0304, 0501 22 IAA, GADA,IA2A,ICA 3.0
5006 mother 04,01 03,0101 0302, 0501 0.8 IAA, GADA 22
4262 (9)  both 03,01 0501, 0101 02, 0502 0.6 IAA, GADA, IA2A,ICA 22
1068 mother 03,01 0501, 0101 0201, 0501 0.9 IAA, GADA 5.4
1872 (3)  mother 01,01 0101, 0101 0501, 0501 2.0 IAA,ICA 49
1628 father 11,12 0501, 0102 0301, 0502 2.0 IAA, GADA, IA2A,ICA 32
1032 (2)  mother 11,02 0501, 0102 0301, 0502 0.8 TIAA, GADA, IA2A,ICA 7.1
4161 (11)  father missing missing missing 0.9 IAA,ICA 24
® number in paranthesis corresponds to case number given in Table I of reference 9
Table 3. Frequency of HLA genotypes in BABYDIAB offspring with and without detectable islet autoantibodies
HLA genotype antibody negative antibody positive odds ratio to develop autoantibodies p value
by 2 years of age by 2 years of age by 2 years of age
n(%) n (%)
DR 3/3 16 (3.6) 0 0.6 (95% CI 0.04-10.3) 0.5
DR 3/4 (DQB1*57non-Asp) 25(5.5%) 6(27.3%) 6.3 (95% CI12.3-17.5) 0.002
DR 3/4 (DQB1*57Asp) 11 (2.4%) 0 0.8 (95% CI 0.05-14.0) 0.6
DR 3/X 80 (17.9%) 2(9.1%) 0.5 (95% C10.1-2.2) 0.4
DR 4/4 (DQB1*57non-Asp) 19 (42%) 5(22.7%) 6.6 (95% CI12.2-19.8) 0.003
DR 4/4 (DQB1*57Asp)? 10 (2.2%) 0 0.9 (95% CI0.05-15.9) 0.6
DR 4/X® 145 (32.4%) 6(273%) 0.8 (95% CI0.3-2.1) 0.8
DR 2/Y (DQB1*0602)° 67 (15.0%) 0 0.1 (95% CI0.006-1.7) 0.03
DR X/X 75 (16.7%) 3(13.6) 0.8 (95% C10.2-2.8) 0.8
total typed 448 22

2 all had also one DQB1*57non-Asp allele,

% including 134 antibody negative and all 6 antibody positive with one DR 4 (DQB1*57non-Asp) haplotype,

¢including 19 with one DR 4 (DQB1*57non-Asp) haplotype

Together, 11 (50%) offspring with islet autoanti-
bodies had either the DR3/4(DQB1*57non-Asp) or
DR4/4(DQB1*57non-Asp) genotype compared with
44 (9.8 %) offspring without islet antibodies (odds ra-
10 9.2 [95 % CI 3.8-22.4], p < 0.0001). No other geno-
types, including DR3/3, DR3/4(DQB1*57Asp), DR3/
X, and DR4/X were associated with an increased anti-
body frequency. Genotypes containing DR2(DQBI1
*0602)were absent in offspring with islet autoanti-
bodies (0% vs 15%, p = 0.03).

There were ten offspring with islet autoantibodies
who developed Type I diabetes. All had multiple islet
autoantibodies and two had the DR3/4(DQB1

*57non-Asp) and two the DR4/4(DQB1*57non-
Asp) genotype. Autoantibody levels of ITAA,
GADA, and IA2A from birth until diabetes onset of
these four offspring (numbers 4005, 2277, 1088,
3941) are shown in Fig. 1.

Cumulative risk for autoantibody development with
respect to HLA genotype. By life-table analysis, the
cumulative risk of developing a first islet autoantibody
event by 2 years of age was 20.0 % (95 % CI 9.4, 30.6)
for offspring with either DR3/4(DQB1*57non-Asp)
heterozygous or DR4/4(DQB1*57non-Asp) homozy-
gous genotypes compared with 2.7% (95% CI 1.2,
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Fig.1.A-D Autoantibody levels of IAA (—), GADA (---),
and TA2A (- - ) from birth in the four offspring with DR3/4
or DR4/4 genotypes who developed Type I diabetes (A no
4005, B no 3941, C no 2277, D no 1088, see also Table 2). Dia-
betes onset date is marked with an arrow. Horizontal lines indi-
cate the upper limit of normal for IAA and IA2A (—) and for
GADA (----)
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Fig.2. Kaplan-Meier life-table analysis: cumulative risk of islet
autoantibody development in offspring from parents with Type
I diabetes depending on the presence (—) or absence (- —-) of
a DR3/4(DQB1*57non-Asp) or DR4/4(DQB1*57non-Asp)
genotype (p < 0.0001). 95 % confidence intervals are given. § in-
dicates a non-Asp containing DQBI1 allele

4.2) for offspring without these genotypes (p < 0.0001,
Fig.2).
Discussion

In this study we analysed the association of HLA
class II genotypes and the development of islet auto-

7 8 9

antibodies in early life in offspring of parents with
Type 1 diabetes. Offspring carrying the high risk
DR3/4(DQB1*57non-Asp) or DR4/4(DQB1*57non-
Asp) genotypes had a sevenfold risk of developing is-
let autoantibodies by age 2 years. Of all offspring,
12.1% had these genotypes and their cumulative
risk of expressing raised autoantibody by the age of
two years was 20 % compared with 2.7 % in offspring
without these genotypes. Other genotypes were not
associated with an increase in risk. Of 22 offspring
with islet autoantibodies, 11 (50%) had either the
DR3/4 or DR4/4 genotype and 4 have already pro-
gressed to diabetes.

The DR3/4 genotype has been shown previously to
be associated with a more rapid progression to diabe-
tes in islet autoantibody positive siblings of patients
with Type I diabetes [18]. Moreover, in the DAISY
study, 62.5 % of DR3/4 positive children with islet au-
toantibodies were diabetic before the age of 5 years
[19]. Our data now indicate that not only the rate of
progression could be accelerated in DR3/4 positive
people with beta-cell autoimmunity but also the risk
of developing this autoimmunity is remarkably en-
hanced in early life. Ascertainment with respect to
HLA typing in this study was 76 % with a minor bias
towards the antibody positive offspring and, there-
fore, the calculated 20% islet autoantibody risk in
offspring with high-risk HLA genotypes is possibly
higher than the true risk. Based upon the 9.7 % prev-
alence of these genotypes in the HLA-typed autoan-
tibody negative offspring, the true risk is estimated
to be 16 % which is still considerably higher than au-
toantibody risk in offspring without the high-risk
HLA genotypes. The risk of the development of islet
autoimmunity in offspring appears to be more strong-
ly associated with the presence of DR4 and diabetes
susceptible DQA1/DQB1 non-Asp alleles since first-
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ly, risk was not increased for offspring with DR3 in
the absence of DR4, secondly, risk was increased for
offspring with DR4/4(DQB1*57non-Asp) and third-
ly, no offspring with DR3/4(DQB1*57Asp) or DR4/
4(DQB1*57Asp) have developed antibodies. These
observations also support the notion that
DR4(DQB1*57non-Asp) is the HLA haplotype
most strongly associated with Type 1 diabetes in
childhood.

The observation that 20% of DR3/
4(DQB1*57non-Asp) and DR4/4(DQB1*57non-
Asp) offspring of parents with Type I diabetes devel-
op autoantibodies by two years of age may facilitate
the design of intervention trials. The use of persistent
antibody appearance rather than diabetes onset as
the major outcome variable to determine efficacy of
prevention strategies would considerably reduce trial
length. This seems a feasible strategy for primary in-
tervention trials since we have shown that the defini-
tion of antibody positivity used in this study is highly
associated with subsequent progression to disease. It
is likely that any primary intervention protocol for
Type I diabetes should be started shortly after birth
since islet autoantibodies can already be detected at
9 months of age. A major disadvantage of primary
prevention trials is that without efficient genetic se-
lection, the large majority of subjects enrolled will
never develop disease and, as a consequence, the
sample size required is enormous. Selection for risk
on a genetic basis will both reduce trial size and con-
centrate on subjects with an increased risk of devel-
oping disease.

Based on the results of this study, it is possible to
design a trial for the prevention of the appearance of
diabetes-associated islet autoantibodies. In a cohort
with a 20 % risk of developing islet antibodies, a trial
aimed at detecting a 50 % reduction in antibody de-
velopment with a power of 80 %, an alpha (p) of 0.05
and a 10 % drop-out rate would require 220 subjects
in each arm. Selection of offspring with the DR3/
4(DQB1*57non-Asp) genotype would include 7.1 %
of all offspring of parents with Type I diabetes, in-
cluding 27 % of those who develop persistent islet au-
toantibodies by 2 years of age. If a treatment and a
placebo arm were used and a refusal to participate
of 20 % assumed, a total of 7437 offspring of parents
with Type I diabetes would need to be typed for
HLA DR3 and 04 and subsequently DQB1*57non-
Asp alleles. If offspring with DR4/4(DQB1*57non-
Asp) genotypes were also included, the number of
offspring requiring HLA typing would be reduced to
4364 and half of those who develop persistent islet
autoantibodies by 2 years of age would participate.
The HLA typing for DR4/4(DQB1*57non-Asp) is,
however, less straightforward since generic typing
for non-DR4 alleles must be carried out to exclude
the DR4/X genotypes and parents may also require
typing for DR4 to confirm they are DR4/4 homozy-

gotes in relevant cases. A disadvantage of selection
on a genetic basis is that potentially 50 % of children
developing islet autoantibodies and diabetes do not
express these high-risk genotypes (Table 2) and it
cannot be assumed that any given therapy will be ef-
fective for all genotypes. It is our experience from
the BABYDIAB study that as cord blood samples
can be used for HLA typing and are relatively easy
to collect typing at this time is preferable and avoids
taking blood from the child which is painful or the
use of mouth swabs. It should also be considered
that recruitment of over 4000 offspring of parents
with Type I diabetes is a major undertaking requiring
multicentric or multi-national participation. Inter-
vention therapies should, therefore, have a strong ra-
tionale and adequate validation prior to use in such
trials. ‘Vaccination’ trials with insulin or insulin pep-
tides shortly after birth has been shown in animal
models to successfully prevent disease [6, 7]. Similar
‘vaccination’ trials in humans must await further ba-
sic and clinical research but DR3/4 heterozygous or
DRA4/4 homozygous relatives or both as shown in our
study represent a very high-risk cohort for develop-
ment of autoantibodies by the age of 2 years.

Preliminary data from the diabetes autoimmunity
study in the young (DAISY) and Diabetes Prediction
and Prevention (DIPP) study suggest, that the results
obtained for offspring of parents with Type I diabetes
cannot be extrapolated and extended to the general
population. In DAISY, no difference was found in
the distribution of islet autoantibodies at 9 and
15 months of age among infants with and without
Type I diabetes susceptibility genotypes who did not
have a parent with diabetes [20]. In the DIPP study,
antibody frequency was increased in offspring of the
general population selected for Type I diabetes-relat-
ed HLA-DQBI1 alleles but was considerably lower
than the risk in our offspring [21]. Other genes could
be relevant and their inclusion could be considered
in the general population but longer follow-up and
higher ascertainment of infants in these studies are
needed to allow such conclusions. Therefore, with
current knowledge, primary intervention trials aim-
ing to prevent autoimmunity with invasive therapies
should be limited to selected groups within children
who have a family history of Type I diabetes.
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