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Summary

In first-degree relatives of type 1 diabetic patients, we investigated whether
diabetes risk assessment solely based on insulinoma antigen 2 (IA-2) and
zinc transporter 8 (ZnT8) antibody status (IA-2A, respectively, ZnT8A) is as
effective as screening for three or four autoantibodies [antibodies against
insulin (IAA), glutamate decarboxylase 65 kDa (GAD) glutamate decarboxy-
lase autoantibodies (GADA) and IA-2A with or without ZnT8A] in identify-
ing children, adolescents and adults who progress rapidly to diabetes (within
5 years). Antibodies were determined by radiobinding assays during
follow-up of 6444 siblings and offspring aged 0–39 years at inclusion and
recruited consecutively by the Belgian Diabetes Registry. We identified 394
persistently IAA+, GADA+, IA-2A+ and/or ZnT8A+ relatives (6·1%). After a
median follow-up time of 52 months, 132 relatives developed type 1 diabetes.
In each age category tested (0–9, 10–19 and 20–39 years) progression to dia-
betes was significantly quicker in the presence of IA-2A and/or ZnT8A than
in their joint absence (P < 0·001). Progression rate was age-independent in
IA-2A+ and/or ZnT8A+ relatives but decreased with age if only GADA and/or
IAA were present (P = 0·008). In the age group mainly considered for
immune interventions until now (10–39 years), screening for IA-2A and
ZnT8A alone identified 78% of the rapid progressors (versus 75% if positive
for � 2 antibodies among IAA, GADA, IA-2A and ZnT8A or versus 62%
without testing for ZnT8A). Screening for IA-2A and ZnT8A alone allows
identification of the majority of rapidly progressing prediabetic siblings and
offspring regardless of age and is more cost-effective to select participants for
intervention trials than conventional screening.
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Introduction

Immune intervention trials using anti-T or anti-B lym-
phocyte antibodies, co-stimulatory blockade or an antigen-
specific vaccine have reported efficacy in transiently
preserving residual beta cell function in recent-onset type

1 diabetes [1–5]. The best results were obtained in sub-
groups of participants with a higher functional beta
cell mass at diagnosis, short duration of clinically overt
diabetes or younger age [1–7], thereby providing a strong
argument to plan future interventions at a preclinical stage
[8].
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Because immune-modulating strategies carry the risk for
acute or long-term side effects [1–5], it is important that
their testing in non-diabetic subjects is restricted to those
with a high risk of developing diabetes in the short term
[9]. Also, from a practical standpoint, enrolling individuals
with a homogeneously high risk should allow conclusions
to be reached more rapidly as to the efficacy of the tested
intervention [8]. Considering the number of subjects
needed per trial [10–12], screening for islet autoantibodies
would need to be performed in thousands of first-degree
relatives of type 1 diabetic patients, or in a 10–20 times
larger group without family history of diabetes [13–15].
Individuals with a high antibody-inferred diabetes risk
could then be stratified further according to risk using
standardized tests that assess residual beta cell function
[8,16,17]. To avoid many high-risk individuals progressing
to diabetes before the actual start of an intervention study,
potential participants should be identified within a rela-
tively short interval.

At least five different types of molecularly defined
diabetes-associated antibodies have been used to stratify
diabetes risk [18–21]. However, their frequency – and
hence that of multiple antibody positivity – tends to
decline with age at diagnosis, except for antibodies against
glutamate decarboxylase (GADA) [22–24]. Moreover, the
overall progression rate to diabetes decreases with increas-
ing age at first antibody positivity [25,26]. Because
immune intervention trials are expected to be launched
first in adults before extending inclusions to adolescents
and children [27], antibody screening for secondary pre-
vention trials will be conducted in a first phase in this
older age category and antibody-inferred risk should be
age-independent. Time constraints and cost-efficiency
reasons raise the need to select a limited number of anti-
body markers.

Antibodies against insulinoma antigen 2 (IA-2A) and
zinc transporter 8 (ZnT8A) have been shown to appear
later, in general, during the subclinical disease process and
to herald more rapid progression to hyperglycaemia than
antibodies against insulin (IAA) or GADA [21,26]. The
present paper investigates whether diabetes risk assessment
based solely on testing for IA-2A and ZnT8A is equally
effective in identifying the majority of rapid progressors to
diabetes among children, adolescents and adults with a
type 1 diabetic sibling or parent, and could thus represent a
cost-effective age-independent strategy for enrolment of
participants in secondary prevention trials based on immu-
nointervention.

Materials and methods

Participants

Between March 1989 and August 2011, the Belgian Diabetes
Registry (BDR) recruited consecutively siblings or offspring

(under age 40 years at entry) of type 1 diabetic probands
according to previously defined criteria [28]. The probands
are considered representative of the Belgian population
of type 1 diabetic patients [22]. After obtaining written
informed consent from each relative or their parents, a
short questionnaire with demographic, familial and per-
sonal information was completed at each visit and blood
samples were taken at entry and yearly thereafter. Only rela-
tives with two or more contacts during follow-up (number
of individuals = 6444), the last being at diagnosis in the case
of progression to diabetes, were included into this study.
This allowed unambiguous ascertainment of the clinical
status of relatives at this last time-point. Diabetes was diag-
nosed according to the American Diabetes Association
criteria [29].

The study was conducted in accordance with the
guidelines in the Declaration of Helsinki, as revised in
2008 (http://www.wma.net/en/30publications/10policies/
b3/index.html, accessed 17 April 2012), and approved by
the ethics committees of the BDR and the participating uni-
versity hospitals. Random blood samples were collected
for sera and buffy coats, and aliquots were stored at -80°C
until analysed for diabetes-associated autoantibodies and
HLA-DQ genotype, respectively, as described previously
[21]. Relatives were not prescreened for islet cell cytoplas-
mic antibodies (ICA), nor were ICA results analysed in the
present study. Antibody positivity was defined as persistent
if their next sample after baseline was also positive for at
least one antibody type. During follow-up, development of
diabetes was ascertained through repeated contacts with
Belgian endocrinologists and paediatricians, self-reporting
through yearly questionnaires and a link with the BDR
patient database, where newly diagnosed patients under 40
years of age are registered. Follow-up ended at the time
of the last blood sampling or, in the case of progression to
diabetes, at clinical onset. Body mass index (BMI) was
expressed as a standard deviation score (BMI-SDS) by com-
parison with an age- and sex-matched cohort [30].

Analytical methods

IAA, GADA, IA-2A and ZnT8A were determined by liquid-
phase radiobinding assays [21] and HLA-DQ polymor-
phisms by allele-specific oligonucleotide genotyping [31], as
described previously. Antibody levels were expressed as the
percentage binding of added tracer [10 000 counts per
minute (cpm)/tube] [21]. cDNAs for the preparation of
radio-ligands by in-vitro transcription–translation were
kind gifts from Å. Lernmark (when at University of Wash-
ington, Seattle, WA, USA) for full-length 65 kDa glutamate
decarboxylase, M. Christie (King’s College School of Medi-
cine and Dentistry, London, UK) for the intracellular
portion of insulinoma-associated protein 2 (IA-2) and J. C.
Hutton (Barbara Davis Center for Childhood Diabetes,
Aurora, CO, USA) for the dimeric hybrid ZnT8 construct
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generated by fusion of CR and CW (zinc transporter-8
carboxy-terminal constructs carrying, respectively, Arg325
and Trp325) (CRCW). In the 2009 Diabetes Autoantibody
Standardisation Program (DASP) Workshop diagnostic sen-
sitivity and specificity were, respectively, 74 and 97% for
GADA, 40 and 98% for IAA, 66 and 99% for IA-2A and 68
and 100% for ZnT8A (CRCW). Cut-off values for positive
antibodies were determined as the 99th percentile of anti-
body levels in 761 non-diabetic controls, and amounted to
� 0·6% tracer binding for IAA, � 2·6% for GADA and
� 0·44% for IA-2A. As ZnT8A levels tended to decrease
slightly with age in control subjects, cut-off values were cal-
culated separately for the age groups 0–14 years (� 1·28%)
and 15–39 years (� 1·02%) for ZnT8A [24]. Between-day
coefficients of variation determined for serum pools within
the normal range and within the moderately elevated range
were, respectively, 35% (0·3% tracer binding) and 12%
(6·9% tracer binding) for IAA, 12% (2·1% tracer binding)
and 10% (7·1% tracer binding) for GADA, 18% (0·3%
tracer binding) and 9% (2·3% tracer binding) for IA-2A
and 21% (0·7% tracer binding) and 6% (3·9% tracer
binding) for ZnT8A. Proinsulin (PI), C-peptide (CP) and
the PI/CP ratio were determined as before [32].

Statistical analysis

Statistical differences between groups were assessed by c2

test, with Yates’ correction or Fisher’s exact test for categori-
cal variables and Mann–Whitney U-test for continuous
data. Kaplan–Meier analysis was used to estimate diabetes-
free survival. The survival curves were compared using the
log-rank test. Follow-up started at the time of the first
antibody-positive sample and ended at the last contact with
the relative or at clinical onset, whichever came first. Two-
tailed statistical tests were performed by SPSS for Windows
version 20·0 (IBM SPSS Statistics, Chicago, IL, USA).
GraphPad Prism version 5·00 for Windows (San Diego, CA,
USA) was used for the figures.

Results

Overall progression to diabetes

We followed 6444 offspring or siblings of a type 1 diabetic
patient and identified 394 who were persistently IAA+,
GADA+, IA-2A+ and/or ZnT8A+. The degree of overlap
between the four antibody types at baseline is shown in
Fig. S1. At the time of first antibody positivity the majority
(n = 249 or 63%) were IA-2A– and ZnT8A– (positive only
for IAA and/or GADA); the others (n = 145 or 37%) pre-
sented IA-2A and/or ZnT8A with or without the other
two antibodies. After a median (interquartile range; IQR)
follow-up time of 63 (31–110) months, 34% of the
antibody-positive relatives (n = 132) had developed diabetes
[onset after 52 (25–84) months follow-up]. Most (n = 81,

61%) originated from the smaller subgroup with IA-2A+

and/or ZnT8A+, which consequently had a much higher risk
of diabetes (81 of 145, 56% progression) than the larger
IA-2A– and ZnT8A– subgroup (51 of 249, 21%; P < 0·001).
Similar results were obtained when the analysis was con-
ducted on antibody-positive relatives who developed diabe-
tes within a 5-year follow-up period: 55 of the 74 rapid
progressors (74%) were IA-2A+ and/or ZnT8A+ and the
fraction of IA-2A+ and/or ZnT8A+ relatives who progressed
within this short period was again significantly higher (55
of 145, 38%) than that of GADA+ and/or IAA+ relatives at
first antibody positivity (19 of 249, 8%; P < 0·001). The
general characteristics of IA-2A+ and/or ZnT8A+ relatives
compared to those negative for both antibodies are shown
in Table 1. Overall, relatives positive for IA-2A and/or
ZnT8A had a higher PI/CP ratio (P = 0·001) and a shorter
follow-up time (P < 0·001), as expected from their higher
fraction of rapid progressors. They carried the HLA-DQ8
risk haplotype (P < 0·001) more often, but not the highest-
risk HLA-DQ2/DQ8 genotype P = 0·233). They tended to be
less frequently positive for HLA-DQ2 (P = 0·076) and
neutral or protective genotypes (P = 0·005). As could be
expected, they had a much lower frequency of solitary anti-
body positivity at baseline (P < 0·001) (Table 1).

Progression to diabetes according to age and
antibody type

In children aged 0–9 years, in adolescents aged 10–19 years
and in adults aged 20–39 years progression to diabetes was
significantly more rapid in the presence of IA-2A and/or
ZnT8A at baseline than in their joint absence (Fig. 1a–c;
P < 0·001). The risk conferred by IA-2A+ and by ZnT8A+

was not additive (Fig. 1d; P > 0·05), but screening for
ZnT8A in addition to IA-2A increased the number of high-
risk individuals identified from 116 to 145 and the number
of prediabetic relatives from 64 to 78 (Fig. 1d). When tested
for four antibodies, relatives with solitary positivity for
IA-2A or ZnT8A were rarely observed and progressed
overall less rapidly to diabetes than IA-2A+ or ZnT8A+ indi-
viduals presenting with at least one other antibody (Fig. S2;
P = 0·044 both for IA-2A+ and for ZnT8A+ relatives). In the
latter group, the progression rate was, overall, not affected
by the number of additional antibodies present (n = 1, 2 or
3; P = 0·831 for IA-2A+ relatives, P = 0·556 for ZnT8A+ rela-
tives in Fig. S2). Hence, additional determination of other
diabetes antibodies (IAA and GADA) is indicated only if
IA-2A+ or ZnT8A+ are detected during initial screening for
the latter two antibodies. As IA-2A and ZnT8A tend to
cluster together [21], this is only a small fraction (18 of
145, 12%) of the relatives positive for either of the two
antibodies.

The progression rate to diabetes decreased with increas-
ing age at first antibody positivity only if IAA and/or GADA
were present at baseline (Fig. 1e; P = 0·008), or in the case of
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positivity for more than one of four antibodies (Fig. 1g;
P = 0·001), but was age-independent in the case of IA-2A+

and/or ZnT8A+ (Fig. 1f; P > 0·05) or in the case of positivity
for more than two to three or two to four antibodies
(Fig. 1h,i; P > 0·05). Although IA-2A and ZnT8A titres
tended to increase with the number of antibodies present
(not shown), progression to diabetes according to tertiles of
antibody levels was not significantly different for both anti-
bodies (P > 0·05; Fig. S3). In line with previous findings
[33], our data show that relatives carrying the HLA-DQ2/
DQ8 high-risk genotype progressed significantly faster than
those at lower genetic risk both in the IA-2A+ and/or
ZnT8A+ group (P < 0·001) and in antibody positive relatives
lacking these two antibodies (P = 0·003, not shown).
However, after stratifying the IA-2A+ and/or ZnT8A+ groups
according to age at first antibody positivity, significance was
reached only after age 10 (P = 0·038 and P = 0·003, respec-
tively, between 10–19 and 20–39 years), despite the lower
numbers of individuals in these age groups.

Table 2 confirms that the 5-year progression rate to dia-
betes and the sensitivity of screening for prediabetes
remained age-independent in the case of IA-2A+ and/or
ZnT8A+ at baseline, while they tended to decrease with age
in the absence of both antibodies. Exclusion of relatives
with protective HLA-DQ genotypes [26] or with a diabetic
mother decreased the number of high-risk groups to be fol-
lowed overall by about 20% and increased progression rates

by 10–20% at the expense of <10% loss in sensitivity
(Table 2). When the diagnostic performance of screening
for IA-2A and/or ZnT8A positivity was compared to that of
all other possible combinations for two types of antibodies
(e.g. IAA and/or ZnT8A, GADA and/or IA-2A, . . .), the
overall 5-year progression rate was highest for IA-2A+

and/or ZnT8A+, however, at the expense of a lower fraction
of prediabetic relatives identified (Table S1).

The fraction of IA-2A+ and/or ZnT8A+ relatives who pro-
gressed to diabetes within 5 years did not decrease with age
at first antibody positivity (Table 2). Above age 10 years,
screening for IA-2A and ZnT8A was at least as sensitive to
detect rapid progressors as screening for positivity for more
than two antibodies among IAA, GADA and IA-2A (with or
without ZnT8A). Furthermore, the smaller group of IA-2A+

and/or ZnT8A+ adolescents or adults tended to have a
10–20% higher progession rate than the subgroup with
more than two positive antibodies. Under age 10 years,
screening for four antibodies, with or without exclusion of
relatives with protective factors, detected up to 20% more
rapid progressors but at the expense of following up to 30%
more relatives. In addition, their overall progression rate
was slower (Table 2). Of the 36 prediabetic relatives identi-
fied on the basis of positivity for more than two of the four
antibodies tested, seven were IA-2A– and ZnT8A– at base-
line. Of these seven, only three were older than 8 years – the
usual lower age limit for inclusion in immunointervention

Table 1. General characteristics of the study population according to positivity for insulinoma antigen 2A (IA-2A) and/or zinc transporter 8 autoan-

tibodies (ZnT8A).

Characteristic

IA-2A+ and/or ZnT8A+ IA-2A- and ZnT8A-

P-value(n = 145) (n = 249)

Age, years* 11 (5–17) 13 (7–19) 0·046

Sex, male/female (ratio) 83/62 (1·3) 136/113 (1·2) 0·613

BMI, kg/m2* 17·9 (16·0–21·4) 19·2 (16·5–23·5) 0·019

BMI SDS* 0·05 (-0·75–0·85) 0·32 (-0·62–1·36) 0·075

PI/CP, ratio* 2·8 (1·7–2·4) 2·1 (1·5–3·2) 0·001

Glucose, mmol/l* 4·8 (4·3–5·3) 4·8 (4·4–5·2) 0·596

Follow-up time, months* 45 (24–81) 75 (38–125) < 0·001

Relationship with proband

Sibling, n (%) 84 (58) 133 (53) 0·385

Offspring M, n (%) 20 (14) 61 (24) 0·011

Offspring F, n (%) 41 (28) 55 (22) 0·168

HLA genotype

DQ2/DQ8, n (%) 41 (28) 57 (23) 0·233

Non-DQ2/DQ8, n (%) 70 (48) 71 (28) < 0·001

DQ2/non-DQ8, n (%) 23 (16) 77 (31) 0·001

Non-DQ2/non-DQ8, n (%) 11 (8) 44 (18) 0·005

HLA haplotype

DQ8, n (%) 111 (77) 128 (51) < 0·001

DQ2, n (%) 64 (44) 134 (54) 0·076

Antibody positivity

Solitary antibody+ (1 of 4) 18 (12) 201 (81) < 0·001

*Data are median (interquartile range); BMI: body mass index; SDS: standard deviation score; PI: proinsulin; CP: C-peptide; offspring M: off-

spring of a T1D father; offspring F: offspring of a T1D mother; threshold for significance P < 0·05/17 or P < 0·0029 (Bonferroni correction).
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[5] – and two of these three developed IA-2A and/or
ZnT8A at a later time-point before diagnosis. One predia-
betic child was recognized only by his positivity for IA-2A,
and not by positivity for more than two antibodies. Under

age 10 years, screening for ZnT8A and IA-2A remained
more sensitive in detecting rapid progessors than screening
for more than two or three positive antibodies among IAA,
GADA and IA-2A.

(a) 0–9 years (b) 10–19 years (c) 20–39 years 

(d) 0–39 years (e) IA-2A– and ZnT8A– (f) IA-2A+  and/or ZnT8A+

(g) ≥1/4 antibodies+ (h) ≥2/4 antibodies+ (i) ≥2/3 antibodies+
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Fig. 1. Diabetes-free survival of persistently antibody-positive relatives as a function of time after first antibody-positive sample. (a) Age group 0–9

years: insulinoma antigen 2A (IA-2A)– and zinc transporter 8 autoantibodies (ZnT8A)– relatives (n = 91 at time 0) versus IA-2A+ and/or ZnT8A+

relatives (n = 66 at time 0). (b) Age group 10–19 years: IA-2A– and ZnT8A– relatives (n = 97 at time 0) versus IA-2A+ and/or ZnT8A+ relatives (n = 49

at time 0). (c) Age group 20–39 years: IA-2A– and ZnT8A– relatives (n = 61 at time 0) versus IA-2A+ and/or ZnT8A+ relatives (n = 30 at time 0). (d)

Age group 0–39 years: IA-2A+ and ZnT8A+ relatives (n = 75 at time 0) versus IA-2A+ and ZnT8A– relatives (n = 41 at time 0) versus IA-2A– and/or

ZnT8A+ relatives (n = 29 at time 0). (e) IA-2A– and ZnT8A– relatives: 0–9 years versus 10–19 years versus 20–39 years. (f) IA-2A+ and/or ZnT8A+

relatives: 0–9 years versus 10–19 years versus 20–39 years. (g) Relatives positive for �1 antibody among insulin autoantibodies (IAA), glutamate

decarboxylase autoantibodies (GADA), IA-2A and ZnT8A: 0–9 years versus 10–19 years versus 20–39 years. (h) Relatives positive for �2 antibodies

among IAA, GADA, IA-2A and ZnT8A: 0–9 years versus 10–19 years versus 20–39 years. (i) Relatives positive for �2 antibodies among IAA, GADA

and IA-2A: 0–9 years versus 10–19 years versus 20–39 years. P-values by log-rank test. The fraction of relatives progressing to diabetes during

follow-up is indicated above each arm in the nine panels.
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Discussion

Regardless of age, screening for IA-2A and ZnT8A alone
identified the majority (74%) of siblings and offspring with
a family history of type 1 diabetes who developed diabetes
within 5 years, compatible with the knowledge that both
antibodies generally occur later during the preclinical
disease phase than GADA, and in particular IAA [26,34].
The screening sensitivity and overall progression rate of
IA-2A+ and/or ZnT8A+ relatives compared well with that of
various combinations of multiple positive antibodies, at
least for the age group older than 10 years at baseline. In
relatives aged 0–9 years, additional measurement of IAA
and GADA further improved screening sensitivity for rapid
progressors, in line with observations from the Diabetes
Autoimmunity Study in the Young (DAISY) on the impor-
tance of age at seroconversion and IAA levels in the predic-
tion of diabetes in young children [34]. However, to a large
extent this age group is – at least at present – not included
in immunointervention trials [1–4]. Therefore, screening
only for IA-2A and ZnT8A can be generalized as a cost-
effective strategy to identify potential participants in sec-
ondary immunomodulatory prevention trials with similar
antibody-inferred risk in children, adolescents and adults.
Omission of relatives with genetic [31] and/or maternal
[35] protective factors further improves screening efficiency
in all age groups.

The strengths of the present study include the registry-
based nature of the group of relatives, its wide age range,
including many adults, and the lack of preselection based
on ICA positivity. Although ICA have been measured in all
samples, they were not taken into account in this study as
they are not completely independent of GADA, IA-2A and
ZnT8A, which are all believed to contribute to ICA [23].
Moreover, solitary ICA+ is rare and associated with a low
risk of diabetes [36]. Our study population was selected
among relatives of type 1 diabetic patients who represent
only 10–15% of all newly diagnosed diabetic patients [37].
This is a limitation of our study. However, familial and
non-familial cases of type 1 diabetes were shown not to
differ in genetic, autoimmune and metabolic characteristics
[37]; neither were there differences in disease-specific sensi-
tivity of antibody markers between first-degree relatives
and the general population [38]. Therefore, it is likely that
our results in relatives can be extrapolated to the general
population.

Immune interventions before clinical onset of type 1 dia-
betes require identification of adults and children with a
high risk of diabetes in the short term [1–10]. For this type
of prevention trial, a high positive predictive value of the
marker combinations used – if necessary obtained at the
expense of the sensitivity of identifying all prospective dia-
betic patients – is key to minimize the numbers needed to
treat to reach conclusions within a few years [39,40]. The

Table 2. Five-year progression to type 1 diabetes according to age and antibody type.

Age group Antibody profile n

All relatives Relatives without protective factors*

Progression rate

% (95% CI)†

Fraction

T1D‡ % (n) n

Progression rate

% (95% CI)

Fraction T1D

% (n)

0–39 years � 1 antibody+ 394 22 (17–27) 100 (74) 259 29 (23–35) 100 (64)

IA-2A- and ZnT8A- 249 9 (5–13) 26 (19) 145 13 (6–19) 23 (15)

IA-2A+ and/or ZnT8A+ 145 44 (35–53) 74 (55) 114 49 (39–59) 77 (49)

� 2/4 antibodies+ 175 40 (32–47) 82 (61) 139 44 (35–53) 86 (55)

� 2/3 antibodies+§ 154 35 (27–43) 65 (48) 123 42 (32–51) 72 (46)

0–9 years � 1 antibody+ 157 29 (22–37) 100 (42) 106 36 (26–45) 100 (35)

IA-2A- and ZnT8A- 91 15 (7–22) 29 (12) 52 19 (8–30) 26 (9)

IA-2A+ and/or ZnT8A+ 66 49 (36–62) 71 (30) 54 51 (37–65) 74 (26)

� 2/4 antibodies+ 88 43 (32–54) 86 (36) 68 49 (37–61) 91 (32)

� 2/3 antibodies+ 77 38 (27–49) 67 (28) 61 45 (32–58) 77 (27)

10–19 years � 1 antibody+ 146 18 (11–25) 100 (21) 98 24 (15–34) 100 (19)

IA-2A- and ZnT8A- 97 8 (2–14) 29 (6) 60 11 (2–20) 26 (5)

IA-2A+ and/or ZnT8A+ 49 39 (23–54) 71 (15) 38 46 (28–64) 74 (14)

� 2/4 antibodies+ 53 36 (26–45) 71 (15) 43 41 (24–58) 74 (14)

� 2/3 antibodies+ 47 30 (15–45) 52 (11) 38 37 (19–55) 58 (11)

20–39 years � 1 antibody+ 91 15 (7–23) 100 (11) 55 23 (10–35) 100 (10)

IA-2A- and ZnT8A- 61 2 (0–7) 9 (1) 33 5 (0–14) 10 (1)

IA-2A+ and/or ZnT8A+ 30 40 (20–59) 91 (10) 22 47 (24–70) 90 (9)

� 2/4 antibodies+ 34 34 (16–52) 91 (10) 28 37 (17–57) 90 (9)

� 2/3 antibodies+ 30 36 (17–56) 82 (9) 24 40 (18–62) 80 (8)

*Exclusion of carriers of protective HLA-DQ genotypes [30] and offspring of diabetic mothers; †95% confidence interval (CI); ‡type 1 diabetes

(T1D); §screening for insulin autoantibodies (IAA), glutamate decarboxylase autoantibodies (GADA) and insulinoma antigen 2A (IA-2A). ZnT8A:

zinc transporter 8 autoantibodies.
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proposed screening strategy based on IA-2A and ZnT8A
testing identifies a group of relatives with an overall 5-year
diabetic risk that is higher than what can be achieved by
any other screening combination for two autoantibodies.
Moreover, the antibody-inferred risk by the proposed strat-
egy is age-independent, but this property is related to the
presence of more than two antibodies – which is frequently
the case when IA-2A or ZnT8A can be detected – rather
than to the type of circulating antibodies. Nevertheless, the
screening sensitivity of the proposed approach for rapid
progressors is equal or superior to detection of double anti-
body positivity through screening for three (at any age) or
four autoantibodies (in the age group 10–39 years). Our
data also indicate that the proposed antibody combination
is not a surrogate for HLA-inferred risk or high antibody
levels. Rather, these risk factors could complement each
other in prediction models [13,19,33,34].

The proposed strategy allows reduction of the numbers
of antibody-positive relatives who should undergo stand-
ardized beta cell function tests evaluating insulin or
C-peptide release after acute or prolonged nutrient stimula-
tion before their final enrolment in secondary prevention
trials [2,6–8,16,17]. Indeed, decreased first- and/or second-
phase C-peptide release (less than percentile 10 of healthy
controls) during hyperglycaemic clamp identified the sub-
group of IA-2A+ relatives with rapid progression to diabetes
within 2 years [8]. As the second-phase C-peptide release of
prediabetic relatives [median (IQR): 58% (44–73) of con-
trols] was still higher than that of recent-onset patients
(22% [15–29] of controls) [8,27], these relatives are likely
candidates for participation in immune interventions
[2,27].

Finally, a triple chimeric protein has been produced con-
taining the intracellular domains of IA-2 (amino acids 605–
979) and of the two common polymorphysms of ZnT8
(amino acids 268–369 with arginine or tryptophan at posi-
tion 325) [41]. With this chimeric protein antigen, IA-2–
ZnT8WR, a radiobinding assay was shown to detect
autoantibodies to IA-2A and both major forms of ZnT8A
with the same sensitivity and specificity as assays using the
individual proteins as antigen [36]. Using such an assay
would halve the cost and amount of serum needed for the
screening strategy we propose here.

In conclusion, screening for IA-2A and ZnT8A allows
efficient identification of relatives synchronized in the later
stages of subclinical islet autoimmunity and to facilitate the
identification of individuals with already compromised beta
cell function who are likely to benefit most from immune
interventions. Their enrolment may minimize the numbers
needed to treat to observe significant effects within a rea-
sonable period of 2–3 years, while avoiding the unnecessary
exposure of non-progressors to the risk of side effects. If the
lower age limit for participation in immune intervention
trials is to be lowered in the future, additional determina-
tion of IAA and GADA should be considered at under age

10 years. Less aggressive prevention strategies may require
other prediction models.
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Fig. S1. Overlap of positivity for the four autoantibody spe-
cificities tested at baseline. Prevalence data are expressed as
percentage of the total number of relatives (n = 394). Refer-
ence: Oliveros, J. C. (2007) VENNY. An interactive tool for
comparing lists with Venn diagrams. http://bioinfogp.cnb.
csic.es/tools/venny/index.html
Fig. S2. Diabetes-free survival of relatives positive for
insulinoma antigen 2A (IA-2A) (a) or zinc transporter 8
autoantibodies (ZnT8A) (b) according to the number of
other antibody specificities present (n = 0: purple, n = 1:
red, n = 2: blue, n = 3: green). The fraction of relatives pro-
gressing to diabetes during follow-up is indicated above
each arm in the two panels. *P-value for comparison
of IA-2A+ (a) or ZnT8A+ (b) relatives presenting one,
two or three additional antibody specificities (log-rank
test).**P-value for comparison of solitary IA-2A+ (panel a)
or ZnT8+ (panel b) relatives versus relatives positive for at
least one additional antibody (n = 1, n = 2 and n = 3) taken
together (log-rank test).
Fig. S3. Diabetes-free survival of relatives positive for
insulinoma antigen 2A (IA-2A) (a) and those positive for
zinc transporter 8 autoantibodies (ZnT8A) (b) according to
the titre of IA-2A and ZnT8A, respectively: tertile 1 (green),
tertile 2 (blue), tertile 3 (red). P-values by log-rank test.
The fraction of relatives progressing to diabetes during
follow-up is indicated above each arm in the two panels.
Table S1. Five-year progression to type 1 diabetes according
to antibody type in antibody-positive relatives (0–39 years).
Appendix S1. List of the current members of the Belgian
Diabetes Registry who participated in the recruitment of
relatives and the handling of samples.
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