
Abstract

Aims/hypothesis. Multiple islet autoantibody positivity
is currently believed to best predict progression to
Type I (insulin-dependent) diabetes mellitus. We com-
pared its predictive value with that of positivity for a
particular type of islet autoantibody, directed against
the IA-2 antigen.
Methods. Autoantibodies against islet cell cytoplasm
(ICA), insulin (IAA), GAD (GADA) and IA-2 (IA-2A)
were measured at initial sampling in 1724 non-diabet-
ic siblings (median age [range]:16 [0–39] years) of
Type I diabetic patients with a median follow-up of 
50 months.
Results. On initial sampling 11% of siblings were pos-
itive for one antibody type or more and 2.1% for three
of more types. During follow-up, 27 antibody-positive
siblings developed diabetes. Using survival analysis,
the risk for clinical onset within 5 years was 34% in
subjects positive for three or more types compared
with 13% in those with one type or more. Progression
to diabetes amounted to 12% within 5 years among

siblings positive for IAA, 20% for ICA, 19% for
GADA but 59% for IA-2A (p<0.001 vs absence of the
respective antibody). IA-2A were detected in 1.7% of
all siblings and in 56% of the prediabetic subjects on
first sampling. Initial positivity for two or three anti-
body markers was associated with a higher progres-
sion rate in IA-2A positive as compared to IA-2A
negative siblings (p=0.001). In absence of IA-2A 
initial positivity for another antibody (IAA, ICA or
GADA) conferred a low (<10% within 5 years) risk of
diabetes compared to subjects lacking this antibody.
Conclusions/interpretation. In siblings of Type I dia-
betic patients, IA-2A positivity is a more direct pre-
dictor of impending clinical onset than multiple anti-
body positivity per se. Assessment of IA-2A status 
allows us to select subjects with homogeneously high
risk of diabetes for participation in prevention trials.
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Clinical onset of Type I (insulin-dependent) diabetes
mellitus is often preceded by circulating autoantibod-
ies against islet cell cytoplasm (islet cell antibodies,
ICA) or specific islet cell antigens such as insulin (in-
sulin autoantibodies, IAA), the 65,000 Mr isoform of
glutamate decarboxylase (GAD antibodies, GADA)
or insulinoma-associated protein-2 protein tyrosine
phosphatase (IA-2 antibodies, IA-2A) [1, 2, 3, 4, 5].
Although the histopathological correlates of these cir-
culating markers are so far unknown, their detection
is widely used to identify subjects at increased risk of
developing diabetes, especially in family members of
known patients [1, 2, 3, 4, 5]. These subjects could be
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offered participation in clinical trials aiming at the
suppression of the beta-cell destruction process. Anti-
body-positive relatives can, however, differ consider-
ably in their individual progression rate towards clini-
cal onset [1, 2, 3, 4, 5]. Siblings of Type I diabetic pa-
tients have been reported to carry an overall higher
risk of diabetes than their offspring [6]. The risk for
developing diabetes is also higher when the individu-
al shows more than one of these antibodies; in fact,
multiple antibody positivity is considered as the
strongest predictor of impending hyperglycaemia [1,
4, 7, 8].

We noticed that the type of autoantibody could also
be important. Positivity for IA-2A seems to have a
higher predictive value for impending clinical onset
than other diabetes-associated autoantibodies [2]. The
interpretation of this finding is, however, complicated
by the fact that IA-2A positivity is often noted in pa-
tients with multiple autoantibodies [2]. Caution is also
needed when examining previous studies as subjects
were (partly) selected on the basis of ICA-positivity
[1, 7, 9], a state of prediabetes [1, 9], or young 
age [4]. Most studies did not distinguish subgroups 
according to the types of first degree relationship 

[1, 7, 8, 9, 10]. The present study compares the pre-
dictive power of diabetes-associated autoantibodies
(ICA, IA-2A, GADA, IAA), alone or in combination,
in a large group of unselected siblings of Type I dia-
betic patients, comprised of both children and adults.
The purpose is to define more homogeneous groups
with different risks for the disease. Such ability should
facilitate the design of prevention trials as it is expect-
ed to reduce the number of subjects needed to assess
intervention efficacy [11].

Subjects and methods

Subjects and data collection. Siblings (n=1724) of patients
with Type I (insulin-dependent) diabetes mellitus were consec-
utively recruited by the Belgian Diabetes Registry (BDR) ac-
cording to the following criteria: (i) under the age of 40 years
at inclusion; (ii) sibling of a Type I diabetic patient diagnosed
before the age of 35 years according to the criteria of the Na-
tional Diabetes Data Group [12] or between the age of 35 and
50 years according to the same criteria with in addition a BMI
of less than 28 kg/m2 and an initial insulin dose of more than
0.25 U kg–1 d–1. After informed consent, blood was sampled at
inclusion and during follow-up (as a rule yearly) and a short
questionnaire with demographic, familial and personal infor-

Table 1. Demographic and biological findings on first sampling in first degree relatives who developed Type I diabetes during 
follow-up

Sibling Age Sex Time to Antibody activity HLA DQA1*-DQB1* genotype
onset diagnosis
(years) (months) ICA (JDFu) GADA (%) IA-2A (%) IAA (%) Haplotype 1 Haplotype 2

1 4 F 25 0 (+) 0.2 (+) 0.1 0.3 (+) 0301-0302 0501-0201
2 4 F 9 0 8.5 <0.1 0.7 0100-0501/0604 0501-0201
3 6 F 9 400 1303.7 282.3 0.5 (+) 0100-0503/0602/0603 0301-0302
4 7 M 13 0 (+) 8.0 <0.1 0.9 0100-0501/0604 0501-0201
5 8 M 49 100 12.9 0.9 7.2 0301-0302 0501-0201
6 9 M 35 400 0.5 <0.1 0.4 0301-0302 0501-0201
7 9 M 4 0 25.2 0.5 0.8 0301-0302 0501-0201
8 10 F 12 0 3.4 1.77 0.4 0301-0302 0501-0201
9 11 F 4 12 240.4 <0.1 0.4 0501-0201 0501-0201

10 12 M 2 800 0.4 78.7 0.6 0301-0302 0501-0201
11 12 M 82 200 165.4 2.9 2.4 0301-0302 0401-0402
12 13 M 72 0 0.7 <0.1 (+) 0.3 0301-0302 0501-0201
13 13 M 18 50 226.3 0.6 1.3 0301-0302 0501-0201
14 13 F 6 200 508.9 32.2 0.3 0100-0501/0604 0301-0302
15 13 F 7 800 7.6 508.5 1.5 0301-0302 0301-0303
16 14 M 13 6 1.6 0.2 2.0 0301-0302 0501-0201
17 15 M 77 0 (+) 4.5 <0.1 (+) 1.6 0301-0302 0501-0201
18 15 F 7 200 46.6 445.7 0.4 0100-0501/0604 0301-0303
19 16 F 6 400 597.5 452.9 1.4 0301-0302 0501-0201
20 19 M 36 0(+) 2.1 89.6 0.2 0201-0201 0301-0302
21 19 M 25 400 1.9 72.2 0.5 (+) 0301-0302 0301-0302
22 20 M 32 0 (+) 1.0 <0.1 (+) 1.5 0201-0201 0301-0301
23 21 F 33 0 (+) 146.6 <0.1 (+) 0.3 (+) 0301-0302 0301-0302
24 24 M 51 0 11.9 0.2 (+) 0.5 0301-0302 0501-0201
25 26 M 3 100 1.5 657.7 1.0 0301-0302 0501-0201
26 27 F 14 100 2181.5 9.7 0.4 0301-0302 0501-0201
27 29 M 44 100 87.0 0.11 0.5 0301-0302 0501-0201

Bold indicates presence of risk haplotypes or antibody activity above cutoff as defined in Methods; (+) indicates seroconversion to
positivity before clinical diagnosis of diabetes
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mation was completed. The study was approved by the ethics
committees of the Belgian Diabetes Registry and of participat-
ing university hospitals.

Assays. ICA were assessed by indirect immunofluorescence
and endpoint titres expressed as Juvenile Diabetes Foundation
(JDF) units [13]. IA-2A, GADA and IAA were measured 
by liquid phase radiobinding assays and expressed as percent
tracer bound in haemolysis-free sera [13]. Cut-off values for
antibody positivity were calculated as the 99th percentile of
antibody activity obtained in 789 nondiabetic control subjects
after omission of outlying values, and amounted to more than
or equal to 12 JDF units for ICA, 0.6% for IAA, 2.6% for
GADA and 0.4% for IA-2A, respectively [13]. The autoanti-
body assays were tested repeatedly in successive Immunology

of Diabetes Workshops (IDW) and proficiency testing of the
University of Florida, Gainesville, Florida, USA and the Loui-
siana State University, New Orleans, Louisiana, USA. In the
latter program our four assays achieved 100% diagnostic sensi-
tivity, specificity, validity and consistency. Diagnostic sensitiv-
ity adjusted for 99% specificity amounted to 73% for ICA,
85% for GADA and 36% for IAA (1995 IDW program [14])
and to 58% for IA-2A (2001 Diabetes Antibody Standardisa-
tion Program [DASP], Centres of Disease Control, Atlanta,
Ga, USA). cDNAs for the preparation of radiolabelled GAD
and the intracellular domain of IA-2 were kindly donated by
Prof. Å. Lernmark (Univ. of Washington, Seattle, Wash., USA)
and Dr. M. Christie (King’s College School of Medicine and
Dentistry, London, UK), respectively. In antibody-positive sib-
lings (n=190) DNA-polymorphisms at the HLA-DQA1 and
DQB1 gene loci were examined as before [15].

Statistical analysis. Diabetes-free survival was investigated by
Kaplan-Meier analysis [16] and differences in progression to
diabetes between groups, based on the results of testing the ini-
tial sample, were assessed by means of the log-rank test [17].
Cox proportional hazards model, done by forward stepwise
method, was used to investigate the independent contributions

Fig. 1A–D. Diabetes-free survival in siblings (n=1724) strati-
fied according to positivity or negativity for IAA (A), ICA (B),
GADA (C) and IA-2A (D) at first sampling. In each panel the
5-year diabetes-free survival (95% confidence interval) is men-
tioned for each arm



to diabetes prediction of risk factors identified by univariate
analysis [18]. All statistical tests were carried out two-tailed by
the “SPSS for Windows 10.0” (SPSS, Chicago, Ill., USA). A 
p value of less than 0.05 was considered statistically significant.

Results

Characteristics of siblings. We followed 1724 siblings
(843 males, 881 females) with a median (range) age of
16 (0–39) years for a median (interquartile range) pe-
riod of 50 (40–83) months. Antibody prevalence was
4.3% for ICA, 5.6% for GADA, 1.7% for IA-2A and
5.6% for IAA. At first sampling 190 (11%) were posi-
tive for at least one type of antibody, 64 (3.7%) for at
least two types and 36 (2.1%) for at least three types.
After a median (range) follow-up time of 14 (2–82)
months, 27 siblings (16 males, 11 females) with a me-
dian (range) age of 13 (4–29) years developed diabe-
tes (Table 1). In this group of prediabetic siblings, 
antibody prevalence on first sampling was 56% for
ICA, 67% for GADA, 56% for IA-2A and 48% for
IAA; 93% carried at least one antibody type on initial
sampling, 70% at least two and 44% at least three
types (Table 1). The diagnostic sensitivity of the anti-
body markers increased during the preclinical phase
(Table 1). All but two siblings carried at least one of
the HLA-DQA1-DQB1 risk haplotypes (0301–0302 or
0501–0201).

Predictive value of different types of diabetes-autoanti-
bodies. The diabetes-free survival rate was assessed
according to the positivity or negativity for a particular
antibody at initial sampling (Fig. 1). In the case of
ICA, GADA and IAA, less than 25% of the initially
antibody-positive siblings (20, 19 and 12% respective-
ly) progressed to diabetes within 5 years (p<0.001 vs
siblings lacking the antibody under study). In initially
IA-2A positive siblings, however, the progression rate
within 5 years was considerably higher and approxi-
mated 60% versus less than 1% in case of IA-2A nega-
tivity (p<0.001).

Similar to previous reports [1, 4, 7, 8] the progres-
sion to clinical onset tended to increase with the num-
ber of antibodies detected at first sampling, reaching
13% within 5 years for n greater than or equal to one
(not shown), 23% for n=2, 25% for n=3, 60% for n=4
(Fig. 2A) and 34% for n greater than or equal to three
(not shown) (in all instances p<0.001 vs no antibod-
ies). However, there was no significant difference in
progression rate between subjects positive for two,
three or four antibody types (p>0.05). We next pooled
the data from subjects carrying two or three antibodies
who have similar progression rates (Fig. 2A) and
compared survival curves after stratification according
to IA-2A status (Fig. 2B). In the absence of IA-2A,
initial positivity for two or three other antibody mark-
ers did confer less than 15% risk of diabetes within
the next 5 years compared to approximately 50% in

K. Decochez et al.: IA-2 autoantibodies predict impending Type I diabetes in siblings of patients 1661

case of IA-2A positive siblings with no more than two
other antibodies detected on first sampling (p=0.001).
In case ICA results were omitted from the analysis,
progression to diabetes still increased with the number
of molecular antibodies (p<0.001), reaching 24% after
5 years for two antibodies and 56% for three anti-
bodies. When siblings with two molecular antibodies
were subdivided according to IA-2A status, there was
more progression in the presence (58%) than in the
absence of IA-2A (10%; p=0.001) (not shown).

Fig. 2A, B. Diabetes-free survival in siblings (n=1724) strati-
fied according to the number of antibodies (0, 1, 2, 3 or 4) at
the first sampling (A). Diabetes-free survival after pooling the
data from siblings with two or three antibodies (n=56) and
stratification according to positivity or negativity for IA-2A
(B). In each panel the 5-year diabetes-free survival (95% CI) is
mentioned for each arm
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Factors affecting progression to diabetes in case 
of IA-2A positivity. IA-2A positive siblings (n=30)
showed no statistical differences in progression rate
towards diabetes after stratification for age at first
sampling (0–9 years vs 10–39 years, p>0.05), the
number of other antibodies detected (n≤1 vs n≥2 anti-
bodies) or for IA-2A activity (subdivided into tertiles,
calculated on basis of the levels of the 30 IA-2A 
positive siblings) (Fig. 3A, B and C) or HLA DQ
risk status (DQA1*0501-DQB1*0201 [DQ2] positive
vs negative; DQA1*0301-DQB1*0302 [DQ8] positive
vs negative) (results not shown). A tendency towards

Fig. 3A–D. Diabetes-free survival in IA-2A positive siblings
(n=30) after stratification for age at first sampling (0–9 years
vs 10–39 years) (A), the number of other autoantibodies (≤1 vs
≥2) (B), IA-2A activities (tertiles) (C) and the positivity or
negativity for the HLA DQ2/DQ8 risk genotype (D). In each
panel the 5-year diabetes-free survival (95% CI) is mentioned
for each arm

more rapid progression was seen in carriers of 
the heterozygous high risk HLA DQA1*0501-
DQB1*0201/DQA1*0301-DQB1*0302 [DQ2/DQ8]
genotype (Fig. 3D; p=0.07).

Factors affecting progression to diabetes in absence
of IA-2A. Since IA-2A was not detected during the
preclinical phase in almost 30% of prediabetic sib-
lings, we analysed the predictive value of other anti-
body markers on first sampling in siblings who re-
mained IA-2A negative throughout follow-up. Pro-
gression to diabetes within 5 years occurred in 4% of
the siblings with initial IAA positivity, 5% with ICA
positivity and 7% with GADA positivity (p<0.001 vs
antibody negative siblings for each comparison). In
initially GADA positive but IA-2A negative siblings
progression to diabetes was not significantly more
rapid (p>0.05) according to age at first sampling (0–9
vs 10–39 years), the number of other antibodies de-
tected (0 vs ≥1), GADA activity (tertiles) or HLA-DQ
risk status.
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Cox Regression Analysis. Univariate analyses were
first carried out in which each of the potential early
antibody markers of diabetes was confirmed to be 
associated with progression to diabetes (Table 2). To
assess the independent contribution of these identified
biological predictors (IA-2A, IAA, ICA, GADA and
the number of antibodies detected), multivariate for-
ward stepwise Cox regression analysis was carried
out.

In a first multivariate model, investigating the rela-
tive importance of the number and the type of auto-
antibodies in the entire group of siblings (n=1724) 
neither IAA, ICA nor GADA were selected (Table 2).
IA-2A was selected as the most important predictive
factor conferring an almost 200-fold increased hazard
ratio of diabetes controlling for the other variables in
the model (p<0.001). In addition, the number of anti-
bodies (not counting IA-2A to exclude interference
with the first selected variable IA-2A) also contribut-
ed albeit with a much lower hazard ratio (Table 2;
p<0.001). The interaction between the number of anti-
bodies (without IA-2A) and positivity for IA-2A was
also significant (Table 2; p<0.001). Further analysis of
this interaction term indicated clearly that the number
of antibodies had no additional predictive effect what-
soever in IA-2A positive siblings (Table 2; p=0.84)
whereas the predictive effect in IA-2A negative sib-
lings was found to be highly significant (p<0.001).

In order to confirm the results obtained in univari-
ate analysis in the group of antibody positive siblings
(n=190), we investigated in model 2 the hazard ratio
for diabetes of the following parameters: IA-2A 

(selected as the most important prognostic factor in
model 1), HLA DQ2/DQ8 genotype, the number of
antibodies (without counting IA-2A), age and sex.
The latter three factors did not make a contribution in
this model (Table 2). However, here again IA-2A were
first selected in the model as most predictive factor
(p<0.001) followed by the presence of the HLA DQ
high risk genotype (p=0.01). Similar results were ob-
tained after omitting ICA results from the Cox regres-
sion analysis (both in antibody-positive siblings and in
all siblings) and considering only molecular autoanti-
bodies, as well as after using the Williams’ 
microassay for IAA [19] instead of our validated 
in-house modified Palmer assay [13] (not shown).

Discussion

Our longitudinal study in 1724 siblings of Type I dia-
betic patients has identified IA-2A positivity as the
most potent predictor of impending diabetes. Even if
detected only on one occasion, positivity for IA-2A
confers a 60% risk of progression to hyperglycaemia
within 5 years regardless of the antibody activity. The
shape of the survival curves suggests that new diabe-
tes cases could develop beyond this 5-year period.
Our study confirms that progression to diabetes in-
creases with the number of autoantibodies detected 
[1, 4, 7, 8], but in addition objectifies that IA-2A posi-
tivity is a better predictor than multiple antibody posi-
tivity, at least with respect to rapid progression to-
wards clinical onset. Both by stratifying multiple anti-

Table 2. Cox regression analysis

Variable Univariate analysis Multivariate analysis 
(Enter method) (Forward stepwise method)
p

p Hazard ratio for 
diabetes (95% CI)a

Model 1 (all siblings n=1724)
IA-2A <0.001 <0.001 199.8 (25.0–1596.7)
IAA <0.001 – –
ICA <0.001 – –
GADA <0.001 – –
Number of antibodies <0.001 – –
Number of antibodies without IA-2A <0.001 <0.001 4.1 (2.6–6.4)
Number of antibodies without IA-2A by IA-2A interaction: – <0.001 0.3 (0.1–0.6)
Number of antibodies without IA-2A in IA-2A positive siblings – 0.840 1.1 (0.6–2.0)
Number of antibodies without IA-2A in IA-2A negative siblings – <0.001 4.4 (2.5–7.8)

Model 2 (antibody positive siblings n=190)
IA-2A <0.001 <0.001 12.5 (5.4–29.0)
HLA DQ2/DQ8 genotype 0.001 0.010 2.8 (1.3–6.3)
Number of antibodies without IA-2A 0.003 – –
Age 0.163 – –
Sex 0.439 – –

a Data are hazard ratio (95% CI). Calculations were done with Cox regression models. Within each model, the hazard ratio for each
variable is adjusted to the other variables in that model



body-positive siblings according to the IA-2A status
and by Cox regression analysis we could show that it
is essentially the appearance of this particular type of
antibody – which is often associated with the occur-
rence of other antibodies – rather than multiple anti-
body-positivity per se that heralds impending diabe-
tes. The outcome of both Kaplan-Meier and Cox ana-
lyses remains unaffected when ICA results are omitted
or when IAA results are produced by a microassay
[19] instead of by an IAA assay with acid-charcoal
extraction [13]. Positivity for other antibodies is also
predictive – albeit to a much lower degree and only in
the absence of IA-2A.

How the appearance of IA-2A relates to underlying
histopathological changes is not known, but our re-
sults suggest that IA-2A production coincides with a
critical switch in disease progression. Given the fact
that the intracellular domain of IA-2 is not expressed
on the cell surface unless the cell is damaged it is re-
markable that immunoassays using this intracellular
domain as radioligand – as is the case in this assay –
have shown the best diagnostic sensitivity both in a
recent serum exchange programme [20] and in a study
comparing various recombinant IA-2 fragments [21].
Furthermore, IA-2 expression is upregulated by glu-
cose and this process was recently suggested to be
mediated via paracrine effects of insulin [22]. It is
thus conceivable that in a late prediabetic stage in-
creasing blood glucose concentrations and/or beta-cell
destruction could lead to higher local insulin dis-
charge and IA-2 expression in residual islet cells acti-
vated to meet metabolic demands.

In our group of IA-2A positive siblings the time to
clinical onset still ranged between 2 to 82 months. We
therefore looked for additional determinants of the
progression rate. No influence was seen for the num-
ber of antibodies detected in addition to IA-2A nor for
the IA-2A activities – the latter finding being at vari-
ance with a previous study in children [4]. Positivity
for the heterozygous high risk genotype HLA DQ2/
DQ8 tends to be associated with a more rapid progres-
sion in IA-2A siblings which is in agreement with ob-
servations in multiple antibody-positive Finnish sib-
lings of affected children [23]. When we repeated our
analysis after inclusion of 22 IA-2A positive subjects
identified among 2378 nonselected offspring of Type I
diabetic patients, the difference between DQ2/DQ8
positive and DQ2/DQ8 negative relatives became
clearly significant (p=0.006) (data not shown). This is
also compatible with the finding that in new-onset
Type I patients the prevalences of IA-2A and HLA-
DQ2/DQ8 decrease with age at diagnosis [2, 24] and
supports the contention that HLA class II polymor-
phisms determine the progression of the subclinical
disease process rather than its initiation [25]. After 
adjustment for IA-2A status, the age of the siblings
does not represent an independent determinant of pro-
gression to clinical disease phase, which is consistent

with observations in multiple antibody-positive rela-
tives [1].

Seroconversion to IA-2A-positivity seems, how-
ever, not to be a necessary condition to develop hyper-
glycaemia since we failed to detect this antibody spec-
ificity in almost 30% of prediabetic siblings. The sen-
sitivity of IA-2A-screening for diabetes was 56% at
first sampling and needs to be improved by repeated
sampling, increasing IA-2A assay performance and/or
identifying additional predictors of clinical onset in
persistently IA-2A negative subjects. In this subgroup
of siblings the initial positivity for IAA, GADA or
ICA seems to be associated with a moderate (<10%)
but significant progression to diabetes within 5 years
(p<0.001). In siblings under age 40, GADA seemed a
slightly more specific and sensitive marker of predia-
betes in the absence of IA-2A than IAA or ICA. In
very young subjects, IAA could be more informative
[26, 27, 28]. In GADA positive but IA-2A negative
siblings progression to diabetes was not influenced by
age at first sampling, the number of other antibodies
detected or HLA-DQ risk status, but larger numbers
might be required to further settle this issue. Using
Cox regression analysis the number of (molecular) 
antibodies was an important – albeit weak – predictor
of diabetes but only in the absence of IA-2A.

Our findings challenge the common belief that
multiple antibody positivity is the best predictor of
Type I diabetes. We believe that the discrepancy with
previous reports [1, 4, 7, 8, 9] derives from the unique
way we analysed our data. Indeed, the Kaplan-Meier
survival curves according to positivity or negativity
for one of the four antibodies tested and according to
the number of antibodies are very similar to the curves
observed by another study [4] in unselected Finnish
siblings, but unlike other authors we have stratified
subjects with the same number of antibodies accord-
ing to the type of antibodies detected. Our data are
compatible with the observation that IA-2A are often
the last to appear before clinical onset in relatives
[29]. Moreover, it has been shown earlier that antibod-
ies to 37,000 and 40,000 Mr tryptic fragments of islet
antigens, related to IA-2-like proteins [30], are found
in up to 80% of recent onset Type I patients and seem
closely associated with progression to diabetes in
ICA-positive identical twins [31], first degree rela-
tives [32], patients with endocrine autoimmunity [33]
or schoolchildren [34]. At variance with previous
studies we did not include other types of first or sec-
ond degree relatives [1, 7, 8, 9, 10] likely to differ in
terms of genetic risk for diabetes [6], nor did we pre-
select subjects on basis of ICA positivity [1, 7, 9] or a
state of prediabetes [1, 9]. The use of the intracellular
domain of IA-2 as radioligand instead of the sequence
derived from the ICA512bdc construct might provide
an additional explanation [1, 10].

Taken together our results indicate that IA-2A posi-
tive siblings represent a small (<2%) high risk group
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(60% risk of diabetes within 5 years); HLA-DQ geno-
typing could further increase the predictive power in
these subjects. IA-2A positivity thus identifies rela-
tives with a homogeneously high risk of diabetes and
its use as an inclusion criterion in prevention trials is
likely to reduce the number of antibody assays and the
sample sizes needed. The level of risk conferred by
IA-2A positivity is similar to that conferred by the
combination of ICA positivity and loss of first phase
insulin release during intravenous glucose tolerance
testing in the Diabetes Prevention Trial-1 [35]. Pre-
liminary results in IA-2A positive relatives indicate
that beta-cell function as measured during a hyper-
glycaemic clamp followed by a glucagon bolus falls
within the range observed for nondiabetic control sub-
jects except for the minority of IA-2A relatives who
develop glucose intolerance or diabetes within the
next 12 months (E. Vandemeulebroucke et al., unpub-
lished data). Compared to loss of first phase insulin
release in ICA positive relatives, IA-2A positivity 
provides, however, a more reproducible [13, 36] and
easily assessed inclusion criterion in prevention trials.
Since IA-2A might precede a major loss of beta-cell
function in at least part of the relatives its use as inclu-
sion criterion in replacement of ICA positivity plus
low first phase insulin release could offer better 
opportunities for beta-cell preservation in prevention
trials. Further studies should also attempt to increase
the sensitivity of IA-2A screening or to improve 
prediction of diabetes in IA-2A negative relatives.

Acknowledgements. The present work was supported by the
Belgian “Fonds voor Wetenschappelijk Onderzoek” (research
grants 7-0021-96, 3-0113-97 and G-0319-01, research fellow-
ship to KD and IT and post-doctoral fellowship to CM), the 
European Community (research fellowship to EV) and the 
research council of the Vrije Universiteit Brussel (research 
fellowship to IW and EV). The Belgian Diabetes Registry is
supported financially by the Belgian National Lottery, the 
Ministries of Public Health of the Flemish and French Commu-
nities of Belgium, Weightwatchers, Ortho Clinical Diagnostics,
Novo Nordisk, Lifescan, Roche Diagnostics and Bayer. The 
expert technical and scientific assistance of the co-workers of
the central unit of the Belgian Diabetes Registry (V. Baeten, 
V. Claessens, A. Demarré, P. De Pauw, L. De Pree, S. Exterbille,
P. Goubert, C. Groven, A. Ivens, D. Kesler, F. Lebleu, E. Quartier,
M. Rui, G. Schoonjans, H. Thomas) is gratefully acknowlegded.
We would also like to thank the different teams of co-workers
for their excellent assistance in organizing the fieldwork and in
collecting samples and questionnaires in Antwerp (J. Michiels,
J. Vertommen), in Brussels (N. Alaerts, M. Bodson, M. Briers,
T. De Mesmaeker and T. Ghysels), in Ghent (N. Christophe) and
Leuven (M. Carpentier, S. Heremans, C. Lauwers, H. Morobé).
The following members of the Belgian Diabetes Registry 
contributed to the recruitment of siblings for the present study:
P. Arnouts, J.-P. Baeyens, E. Balasse, D. Beckers, H. Becq, 
J. Beirinckx, W. Bettens, R. Bouillon, J. Bourguignon, 
H. Brusaard, M. Buysschaert, A. Cardon, A. Carlier, I. Claeys†,
L. Claeys, P. Cochez, M. Coeckelberghs, J.-L. Coolens, 
B. Corvilain, F. Coucke, W. Coucke, E. Couturier, R. Craen, 
J.-C. Daubresse, P. Decraene, I. De Feyter, C. Delvigne, 
R. Demaeseneer, G. De Proft, J. De Schepper, G. De Wasch, 

S. De Weer, L. Dooms, H. Dorchy, M. Du Caju, E. Duvivier, 
L. Emsens, C. Ernould, A. Eykens, F. Féry, K. Garmijn, 
C. Gillet, C. Guiot, A. Haemers, S. Haemers, C. Herbaut, 
R. Janssen, P. Jopart, G. Krzentowski, G. Lamberigts, M.-C. 
Lebrethon, P. Lefèbvre, M. Letiexhe, T.-T. Lim, K. Logghe, 
M. Maes, W. Maes, J. Mockel, J. Monballyu, G. Moorkens, 
E. Muls, W. Musch, D. Nicolajj, F. Nobels, F. Peiffer, M.-C. 
Pelckmans, H. Penninckx, O. Peters, L. Plat-Kuthowska, 
A. Purnode, D. Rocour-Brumioul, M.-P. Roggemans, R. Rooman,
R. Rubens, A. Scheen, J. Schutyser, O. Segers, G. Somers†, 
P. Taelman, L. Terriere, J. Teuwen, G. Thenaers, J. Tits, 
K. Van Acker, E. Van Aken, P. Van Crombrugge, L. Van de 
Mierop, P. Van den Bogaert, E. Vandenbussche, B. Van der
Auwera, H. Vanderstappen, C. Vandewalle, P. Van de Wouwer,
D. Van Doorn, L. Van Eygen, E. Van Fleteren, L. Van Gaal, 
S. Van Imschoot, S. Vanneste, D. Van Nimmen, C. Van Parijs, 
P. Van Rooy, R. Verbiest, C. Vercammen, E. Vercruyssen, 
A. Verhaegen, G. Verhaert, J. Vertommen, E. Weber, G. Wyffels.
†deceased

References

1. Verge CF, Gianani R, Kawasaki E et al. (1996) Prediction
of type 1 diabetes in first degree relatives using a combina-
tion of insulin, GAD and ICA.512 bdc/IA-2 autoantibodies.
Diabetes 45:926–933

2. Gorus FK, Goubert P, Semakula C et al. (1997) IA-2-auto-
antibodies complement GAD65-autoantibodies in new onset
IDDM patients and help predict impending diabetes in their
siblings. Diabetologia 40:95–99

3. Bingley PJ, Bonifacio E, Gale EAM (1993) Can we predict
insulin-dependent diabetes mellitus? Diabetes 42:213–
220

4. Kulmala P, Savola K, Petersen JS et al. (1997) Prediction
of insulin-dependent diabetes mellitus in siblings of chil-
dren with diabetes. J Clin Invest 101:327–336

5. Leslie RDG, Atkinson MA, Notkins AL (1999) Autoanti-
gens IA-2 and GAD in Type I (insulin-dependent) diabetes.
Diabetologia 42:3–14

6. Gale EAM, Gillespie KM (2001) Diabetes and gender. 
Diabetologia 44:3–15

7. Bingley PJ, Christie MR, Bonifacio E et al. (1994) 
Combined analysis of autoantibodies inproves prediction of
IDDM in islet-cell antibody positive relatives. Diabetes
43:1304–1310

8. Maclaren N, Lan M, Coutant R et al. (1999) Only multiple
autoantibodies to islet cells (ICA), insulin, GAD65, IA-2
and IA-2β predict immune-mediated (type 1) diabetes in
relatives. J Autoimmun 12:279–287

9. Bingley PJ, for the ICARUS group (1996) Interactions of
age, islet cell antibodies, insulin autoantibodies and first-
phase insulin response in predicting progression to IDDM
in relatives: the ICARUS dataset. Diabetes 45:1720–
1728

10. Yu L, Cuthbertson DD, Maclaren N et al. (2001) Expres-
sion of GAD65 and islet cell antibody (ICA 512) autoanti-
bodies among cytoplasmic ICA positive relatives is associ-
ated with eligibility for the Diabetes Prevention Trial –
Type 1. Diabetes 50:1735–1740

11. Mahon JL, Dupré J (1997) The limitations of clinical trials
for prevention of IDDM. Diabetes Care 20:1027–1033

12. National Diabetes Data Group (1979) Classification and 
diagnosis of diabetes mellitus and other categories of glu-
cose intolerance. Diabetes 28:1039–1057

K. Decochez et al.: IA-2 autoantibodies predict impending Type I diabetes in siblings of patients 1665



26. Yu L, Robles DT, Abiru N et al. (2000) Early expression of
antiinsulin autoantibodies of humans and the NOD mouse:
evidence for early determination of subsequent diabetes.
Proc Natl Acad Sci USA 97:1701–1706

27. Ziegler AG, Hummel M, Schenker M, Bonifacio E (1999)
Autoantibody appearance and risk for development of
childhood diabetes in offspring of parents with type 1 dia-
betes: the 2-year analysis of the German BABY-DIAB
Study. Diabetes 48:460–468

28. Kimpimäki T, Kupila A, Hämäläinen A-M et al. (2001)
The first signs of β-cell autoimmunity appear in infancy in
genetically susceptible children from the general popula-
tion: the Finnish type 1 diabetes prediction and prevention
study. J Clin Endocrinol Metab 86:4782–4788

29. Yu L, Rewers M, Gianani R et al. (1996) Antiislet autoanti-
bodies usually develop sequentially rather than simulta-
neously. J Clin Endocrinol Metab 81:4264–4267

30. Payton MA, Hawkes CJ, Christie MR (1995) Relationship
of the 37,000- and 40,000-Mr tryptic fragments of islet 
antigens in insulin-dependent diabetes to the protein tyro-
sine phosphatase-like molecule IA-2 (ICA512). J Clin 
Invest 96:1506–1511

31. Christie MR, Tun RYM, Lo SSS et al. (1992) Antibodies to
glutamic acid decarboxylase and tryptic fragments of islet
64kD antigen as distinct markers for the development of
insulin-dependent diabetes. Studies with identical twins.
Diabetes 41:782–787

32. Bingley PJ, Christie MR, Bonifacio E et al. (1994) Com-
bined analysis of autoantibodies improves prediction in 
islet cell antibody positive relatives. Diabetes 43:1291–
1296

33. Christie MR, Genovese S, Cassidy D et al. (1994) Anti-
bodies to islet 37 k antigen, but not to glutamate decarbox-
ylase, discriminate rapid progression to IDDM in endocrine
autoimmunity. Diabetes 43:1254–1259

34. Genovese S, Bingley PJ, Bonifacio E et al. (1994) Com-
bined analysis of IDDM-related autoantibodies in healthy
schoolchildren. Lancet 344:756

35. Diabetes Prevention Trial – Type 1 Diabetes Study Group
(2002) Effects of insulin in relatives of patients with type 1
diabetes mellitus. N Engl J Med 346:1685–1691

36. Smith CP, Tarn AC, Thomas JM et al. (1989) Between and
within subject variation of the first phase insulin response
to intravenous glucose. Diabetologia 31:123–125

1666 K. Decochez et al.: IA-2 autoantibodies predict impending Type I diabetes in siblings of patients

13. Decochez K, Tits J, Coolens J-L et al. (2000) High fre-
quency of persisting or increasing islet-specific autoanti-
body levels after diagnosis of insulin-requiring type 1 dia-
betes presenting before age 40 years. Diabetes Care
23:838–844

14. Verge CF, Stenger D, Bonifacio E et al. (1998) Combined
use of autoantibodies (IA-2 autoantibody, GAD autoanti-
body, insulin, autoantibody, cytoplasmic islet cell anti-
bodies) in type 1 diabetes. Diabetes 47:1857–1866

15. Van der Auwera B, Schuit F, Lyaruu I et al. (1995) Genetic
susceptibility for insulin-dependent diabetes mellitus in
Caucasians revisited: the importance of diabetes registries
in disclosing interactions between HLA DQ and insulin
gene-limited risk. J Clin Endocrinol Metab 80:2567–2573

16. Kaplan EL, Meier P (1958) Nonparametric estimation from
incomplete observations. J Am Stat Assoc 53:457–481

17. Mantel N (1988) Evaluation of survival data and two new
rank order statistics arising in its consideration. Cancer
Chemother Rep 50:163–170

18. Cox DR (1972) Regression models and life-tables. J R Stat
Soc [B] 34:187–220

19. Williams AJK, Bingley PJ, Bonifacio E, Palmer JP, Gale
EAM (1997) A novel micro-assay for insulin autoanti-
bodies. J Autoimmun 10:473–478

20. Bingley PJ, Bonifacio E, Mueller P et al. (2001) Diabetes
antibody standardisation programme: first assay proficiency
evaluation. Diabetologia 44 [Suppl 1]:A74 (Abstract)

21. Tiberti C, Yu L, Verrienti A et al. (2001) The IA-2 intracel-
lular fragment (a.a. 761–964) is the most sensitive marker
of IA-2 autoimmunity in Type I diabetes. Diabetologia 44
[Suppl 1]:A32 (Abstract)

22. Lobner K, Steinbrenner H, Roberts GA et al. (2001) 
The protein tyrosine phosphatase like molecule IA-2 as a
model for paracrine regulation by insulin. Diabetologia 44
[Suppl 1]:A30 (Abstract)

23. Kulmala P, Savola K, Reijonen H et al. (2000) Genetic
markers, humoral autoimmunity, and prediction of type 1
diabetes in siblings of affected children. Diabetes 49:48–58

24. Caillat-Zucman S, Garchon HJ, Timsit J et al. (1992) Age-
dependent HLA genetic heterogeneity of type 1 insulin-
dependent diabetes mellitus. J Clin Invest 90:2242–2250

25. Krolewski AS, Warram JH, Rand LI, Kahn CR (1987) 
Epidemiologic approach to the etiology of type 1 diabetes
mellitus and its complications. N Engl J Med 317:1390–1398


