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Abstract

Aims/Hypothesis. To examine the prevalence of sub-
clinical islet autoimmunity in children from two coun-
tries with a twofold to threefold difference in inci-
dence of childhood Type I (insulin-dependent) diabe-
tes mellitus.

Methods. Sera were collected from 2860 English and
3053 Lithuanian non-diabetic schoolchildren accord-
ing to the same protocol. Occult diabetes was exclud-
ed by blood glucose measurement. Antibodies to
GAD and the protein tyrosine phosphatase IA-2
were measured with standardised radiobinding assays
in a single laboratory. Islet cell antibodies and insulin
autoantibodies were additionally measured in all
samples with GAD and/or IA-2 antibody levels
above the 97.5' centile of the English schoolchildren.
Results. Of Lithuanian schoolchildren 2.7% had
GAD antibodies above the 97.5" centile of the En-

glish schoolchildren but only 0.2 % had antibodies to
IA-2 above this threshold (p < 0.001). Islet cell and/
or insulin autoantibodies above the 97.5" centile
were found in 22 Lithuanian and 16 English school-
children and the overall prevalence of two or more
antibodies on or above the 97.5" centile was similar
[0.7% (0.5-1.1) vs 0.6 % (0.4-1.0)] in the two cohorts.
Conclusion/interpretation. The prevalence of multi-
ple antibody markers was similar in the cohorts from
the two populations, despite the two to three-fold dif-
ference in incidence of diabetes. The unexpectedly
high prevalence of subclinical islet autoimmunity
suggests that the incidence of diabetes in Lithuania
is likely to increase in the near future. [Diabetologia
(2001) 44: 16-21]

Keywords Type 1 diabetes, islet autoantibodies,
GAD antibodies, IA-2 antibodies, insulin autoanti-
bodies, schoolchildren.

There are wide geographical variations in the inci-
dence of childhood Type I (insulin-dependent) diabe-
tes mellitus across Europe with, for example, a ten-
fold difference between Macedonia and Finland [1].
The onset of Type I diabetes is preceded by a lengthy
prodromal period characterized by the appearance of
circulating islet autoantibodies [2] and family studies
have shown that progression to diabetes is closely
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linked to the appearance of autoantibodies directed
against multiple islet antigens [3, 4]. A close correla-
tion between the future incidence of diabetes in a
population and the prevalence of islet autoantibodies
in the childhood population might therefore be ex-
pected. The prevalence of autoantibodies in children
could also prove useful as an epidemiological tool to
investigate exposure to possible environmental deter-
minants of diabetes.

A number of studies have examined the preva-
lence of islet cell antibodies (ICA) in healthy school-
children and suggest a broad correlation between dis-
ease frequency and reported levels of ICA [5-7]. Al-
though attempts have been made to compare studies
[8], these comparisons are of limited validity due to
lack of standardization of the ICA assay. For exam-
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Fig.1. A GAD antibody levels in samples from the 81 of 3053
Lithuanian and 70 of 2860 English schoolchildren with anti-
body levels > 97.5" centile of the English schoolchildren (dot-
ted line). B TA-2 antibody levels in samples from the 7 of 3053
Lithuanian and 70 of 2860 English schoolchildren with anti-
body levels > 97.5" centile of the English schoolchildren (dot-
ted line)

ple, small differences in assay sensitivity could drasti-
cally alter the number of subjects classed as “posi-
tive”. Autoantibodies to the islet antigens glutamic
acid decarboxylase (GAD) and the protein tyrosine
phosphatase IA-2 (IA-2) offer an attractive alterna-
tive to ICA because they have similar disease sensi-
tivity when used in combination [9, 10] and can be
measured using well-standardized radiobinding as-
says.

For this reason, we compared the prevalence of
subclinical islet autoimmunity in two cohorts of chil-
dren from populations with differing incidences of
Type I diabetes by measuring the levels of autoanti-
bodies to GAD and IA-2 measured in the same labo-
ratory over a 3-year period. One group of children
came from Lithuania, with a mean incidence of 7.1
in 100000 a year between 1983 and 1992 [11-14]. Re-
sults from this cohort were compared with those in
schoolchildren from the Oxford region of the UK,
where a population-based register of childhood dia-
betes has been running since 1985 [15] showing an an-
nual incidence of diabetes in children aged 0-14 years

of 17.1 in 100000 between 1985 and 1992. The inci-
dence of childhood diabetes therefore differs by a
factor of 2-3 in the two regions. We present the find-
ings from this comparative survey and an analysis of
the difficulties that must be surmounted before au-
toantibody prevalence can be accurately compared
in groups from different populations.

Subjects and methods

Antibodies to GAD and IA-2 were measured in sera collected
under non-fasting conditions during 1994 to 1998 from 3053
non-diabetic schoolchildren living in the Kaunas region of
Lithuania. The median age of the children was 11.7 years,
range 5.5-15years and 1449 were boys. All samples were
stored at —20°C until analysis. These were compared with the
results in samples collected and stored according to the same
protocol from 2860 non-diabetic schoolchildren (median age
11.4 years, range 9.0-13.8 years and 1488 boys) resident in the
Oxford region of the United Kingdom [16]. Samples found to
have levels of either antibody above the 97.5'" centile of the
English schoolchildren were also tested for islet cell antibodies
and insulin autoantibodies (IAA). Blood glucose concentra-
tions were tested in the Lithuanian children by a glucose oxi-
dase/peroxidase method using a reflectance meter (Reflolux
SF, Boehringer-Mannheim, Germany) and plasma glucose
was measured in the English children by the hexokinase/glu-
cose-6-dehydrogenase method using an autoanalyser (CPA
biochemical analyser, Coulter FElectronics, Hialeah, FI,
USA). No children were found to have diabetes, i.e. none had
blood glucose concentrations of 10.0 mmol/l or more.

GAD and IA-2 antibodies. Antibodies to in vitro translated
[*S]-GADg;s and [*S]-PTP-IA-2,. were measured by immu-
noassay as described previously [16]. Immune complexes
were isolated on Protein A Sepharose (Pharmacia, Biotech
AB, Uppsala, Sweden). After washing, bound counts per min
were expressed as arbitrary units derived from a standard
curve constructed using a positive serum with an arbitrary val-
ue of 100 units tested in each assay undiluted and diluted 1/2,
1/4, 1/8, 1/16, 1/32, 1/64 and 1/128. Values above 100 units
were beyond the steepest gradient of the standard curve and
were reported as above 100 units. The same preparations of
plasmid DNA were used for synthesising the [**S]-GADgs and
[?S]-PTP-IA-2, labels throughout the study. The GAD anti-
body assay achieved 91 % sensitivity with 99 % specificity and
the IA-2 antibody assay 74.4 % sensitivity with 99 % specificity
in the First Immunology of Diabetes Society (IDS) Combined
Antibody Workshop [17].

Islet cell antibodies. Islet cell antibodies were measured in un-
diluted sera by indirect immunofluorescence as described pre-
viously [18]. End-point titres of test samples were converted
to Juvenile Diabetes Foundation (JDF) units by comparison
with a standard curve of log, JDF units compared with log, of
end-point titre of the standard sera. The threshold of detection
was 4 JDF units. The assay achieved 81 % sensitivity with 86 %
specificity in the First IDS Combined Antibody Workshop
[17].

Insulin autoantibodies. Antibodies to *’I-labelled insulin were
measured as described previously, using a format similar to
that used to measure GAD and IA-2 antibodies [19]. Immune
complexes were isolated with Protein A Sepharose (Pharma-
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Table 1. The prevalence of antibodies above the 97.5" centile in English and Lithuanian schoolchildren

Antibody combination

English schoolchildren

(n = 2860)

Lithuanian schoolchildren

(n =3053)

GAD antibodies

TA-2 antibodies

GAD and/or IA-2 antibodies

GAD and IA-2 antibodies

GAD and/or IA-2 antibodies plus ICA
GAD and/or IA-2 antibodies plus IAA

70 [2.4% (1.9-3.1)]
70 [2.4% (1.9-3.1)]

0.2% (0.1-0.6)]
03% (0.2-0.7)]
0.4% (0.2-0.7)]

81 [2.7% (2.1-33)]
0.2% (0.1-0.5)]
88[2.9% (2.3-3.6)]
0.6% (0.4-1.0)]
0.3% (0.1-0.6)]

7
10
1
17

Two or more markers

Of

Of
133 [4.7% (3.9-5.5)]

[

[

L[

[

0.6% (0.4-1.0)] 2

[
7]
8
0[0% (0-02%)]
17
8[
2

0.7% (0.5-1.1)]

Data are given as n [% (95 % confidence interval)]

cia). Bound counts for each sample were calculated after sub-
traction of background counts and results were expressed in ar-
bitrary units derived from a standard curve constructed from
nine doubling dilutions of serum from a patient with long-
standing Type I diabetes in normal human serum, spanning
the range 0.39 units to 100 units. Sera with insulin binding
above 0.4 units were tested in a competition assay in which fur-
ther duplicate wells of each sample were incubated with label
in the presence of excess unlabelled insulin (Humulin, Lilly,
Basingstoke, UK). Specific bound counts were calculated for
each sample by subtracting the counts of the tubes with excess
unlabelled insulin from those with label alone and converted
into arbitrary units as described above, including an additional
standard at 0.2 units. The inter-assay coefficient of variation of
the screening assay was 17 % at 0.5 units and 13 % at 1.4 units
and of the competition assay was 31 % at 0.6 units and 16 % at
1.4 units. The assay achieved 58 % sensitivity with 99 % speci-
ficity on the samples included in the First IDS Combined Anti-
body Workshop [17].

Quality control. Quality control (QC) schemes for the IA-2,
GAD and insulin autoantibody assays were in operation
throughout the period during which the samples were analy-
sed. For each marker, four sera with different levels of antibod-
ies (negative, low, medium and high) were included on every
plate. The sera were obtained from patients with Type I diabe-
tes, ICA positive first-degree relatives of patients with Type I
diabetes and healthy volunteers. The same sera were used as
quality control samples for the GAD antibody assay through-
out the measurement of samples from both the Oxford and
Lithuanian cohorts. Over the time during which samples from
the two cohorts were assayed for IA-2 antibodies, a single se-
rum sample was used as a low quality control and samples
from different bleeds from the same subject were used as nega-
tive, medium and high quality control sera. Results for each
plate were accepted if the control values were within two stan-
dard deviations of the established mean. When necessary, new
standard or control sera, which were obtained from the same
subjects, were tested in parallel with the old batch at least ten
times, to derive new values.

Statistical analysis. Antibody prevalences were expressed in re-
lation to the centiles derived from the Oxford schoolchild co-
hort. Proportions were compared using chi-squared testing
and distributions of autoantibody levels in the quality control
sera were compared using the non-parametric Mann-Whitney
U test. When necessary, significance levels were corrected
(Peory) for the number of comparisons. The 95 % confidence in-
tervals were obtained using the exact probabilities of the Bino-
mial distribution (Geigy Scientific tables). Statistical signifi-
cance was defined as p less than 0.05.

Results

The 97.5% centile for IA-2 and GAD antibodies in the
Oxford schoolchildren corresponded to 0.94 units
and 1.6 units, respectively. These thresholds gave sen-
sitivities of 75 and 81 % in 256 children with newly di-
agnosed Type I diabetes [16]. The distribution of
combinations of antibody levels above these thresh-
olds in English and Lithuanian schoolchildren is giv-
en in Table 1.

The prevalence of GAD antibodies above the
97.5™ centile was similar in the Lithuanian and En-
glish schoolchildren [2.7% (2.1-3.3) vs 24%
(1.9-3.1), p.orr = NS] but the prevalence of IA-2 anti-
bodies was much lower in the Lithuanian schoolchil-
dren [0.2% (0.1-0.5) vs 2.4 % (1.9-3.1), p.,,, < 0.001].
Samples from seven Oxford schoolchildren [0.24 %
(0.1-0.6)] but no Lithuanian schoolchildren [0%
(0-0.2)] had both IA-2 and GAD antibody levels
above the 97.5" centile.

The 97.5™ centile for ICA and IAA corresponded
to 5 JDF units and 0.2 units respectively. Of the Ox-
ford schoolchildren ten [0.35% (0.2-0.7)] had IA-2
or GAD antibodies with ICA above the 97.5" centile
and eleven [0.38 % (0.2-0.7)] had IA-2 or GAD anti-
bodies with IAA above the 97.5'" centile. Of the Lith-
uanian schoolchildren 17 [0.56 % (0.4-1.0)] with ei-
ther IA-2 or GAD antibodies also had ICA and eight
[0.26% (0.1-0.6)] with GAD antibodies also had
IAA above the 97.5" centile. Overall, 17 Oxford
schoolchildren [0.59% (0.4-1.0)] and 22 Lithuanian
schoolchildren [0.72% (0.5-1.1)] had more than one
antibody above the 97.5™ centile (p,,,, = NS).

The results for the GAD and IA-2 autoantibody
quality control material during the periods when the
samples from the two schoolchild cohorts were as-
sayed are shown in Table 2. The low and mid level
GAD antibody control sera show small but signifi-
cant increases between the two periods. The low [A-
2 antibody control serum, which was also common
to both periods of measurement, did not show a sta-
tistically significant change in level during the study.
Results of negative and high QC are not shown be-
cause they fell outside the range of the standard
curve.



D.Mardiulionyté et al.: Autoantibodies in Lithuanian and English schoolchildren 19

Table 2. Results for GAD and IA-2 antibody quality control samples during periods when the English and Lithuanian schoolchild

samples were assayed

Antibody level Samples tested Number of assays Mean level CV (%)
(units)

GAD antibody QC

Low QC 1 English 74 15 } 20

Low QC 1 Lithuanian 84 17 p <0.001 17

Mid QC1 English 86 16 ~0.03 14

Mid QC 1 Lithuanian 73 17 p=2 11

IA-2 antibody QC

Low QC1 English 48 1.1 } 05 14

Low QC1 Lithuanian 77 1.1 p=0 20

Mid QC1 English 106 8 15

Mid QC 22 Lithuanian 82 33 18

QC sera for each level were obtained from a single subject but the mid QC samples used in the IA-2 assays (QC 1 and QC2?) were

collected on different dates three years apart

Discussion

Epidemiological analyses of possible environmental
factors, for example by case control studies, use clini-
cal diagnosis of diabetes as their end point. One limi-
tation of this approach is that it will not detect non-di-
abetic children within the study cohort who have de-
veloped subclinical anti-islet autoimmunity and are
at high risk of diabetes. These children who will be-
come diabetic in future could however be identified
with reasonable confidence by testing for multiple
circulating islet autoantibodies [16, 20-21] because
detection of two or more antibodies is associated
with a high risk of progression to diabetes, whereas
subjects with a single islet autoantibody seem to be
at low risk even after 20 years [22]. Studies into the
environmental causes of Type I diabetes should
therefore ideally be supplemented by autoantibody
estimation within the background population [23].
Because there are major differences in the frequency
of childhood diabetes across Europe [1], comparison
of the distribution of humoral islet autoimmunity in
cohorts from different populations is a logical step to-
wards validating this approach.

We set out to do a stringent comparison of islet an-
tibody prevalences between two cohorts from Euro-
pean populations with a widely different incidence
of Type I diabetes (17.1 vs 7.1 cases in 100000 a
year) over the same time period. Samples were col-
lected from schoolchildren recruited using the identi-
cal protocol, overt diabetes was excluded by blood
glucose estimation and antibody levels were mea-
sured in well-standardised assays done in a single lab-
oratory. The two-step screening procedure used for
this study has been shown to achieve high sensitivity
and specificity for Type I diabetes in cohorts from
several populations [16, 20-21].

We found that the prevalence of GAD antibodies
was similar in the Lithuanian and English schoolchil-
dren (2.7 vs 2.4 %) but that the prevalence of IA-2 an-
tibodies was much lower in the Lithuanian cohort
(0.2 vs 2.4% ). This difference could be due to genetic

differences between the background populations be-
cause IA-2 antibodies are associated with HLA
DR4 haplotypes in newly diagnosed patients and
their relatives [24-26]. The frequency of HLA haplo-
types in Lithuania is not known. The tenfold differ-
ence between our two cohorts in the prevalence of
IA-2 antibodies should however be examined critical-
ly in the light of the possibility that, despite our pre-
cautions, assay variation might be responsible. The
real point at issue is how to distinguish reliably be-
tween true difference and assay variation in this and
future studies.

The major difference in distribution of IA-2 anti-
bodies in the two cohorts occurred around the thresh-
old of positivity and the prevalence of high levels of
antibodies was more comparable in the two groups.
Precise measurement of low autoantibody levels is a
generic difficulty for all laboratories, and is amplified
when testing low risk groups. This is because results
of even the best test will include a proportion of ‘spu-
rious’ signals amongst the ‘true’ signals and the pro-
portion of false signals increases as the overall risk
of disease in the group falls. Some of these ‘spurious’
results will relate to assay precision in the broadest
sense, including the variability of the assay, as well as
potential problems occurring in sample handling, la-
belling etc. Others will be related to factors in the
sample such as high levels of IgG or other autoanti-
bodies interfering with the assay [27]. In our study
similar results were obtained for the low quality con-
trol samples during the measurement of samples
from both cohorts. This implies that no assay drift
occurred. Therefore any assay-related differences
which might have contributed to the differing results
in the two cohorts would have been due to variations
in the frequency of random errors between the test-
ing periods, which were not detectable with our qual-
ity control procedures.

How can this uncertainty be reduced in future
studies? Ideally, antibodies in both populations
should have been assayed concurrently, then errors
would have contributed evenly to the background



20 D.Marciulionyté et al.: Autoantibodies in Lithuanian and English schoolchildren

prevalence in both cohorts. Circumstances often dic-
tate measurement at different times, however, and
we must therefore rely on quality control schemes to
identify changes in assay performance. Quality con-
trol of assays used for screening low risk groups has
proved particularly difficult [28-29] and, although
our scheme was designed to cover the whole range
of interest, it was biased towards avoiding ‘false nega-
tive’ results to ensure maximum sensitivity. The ma-
jority of spurious results related to assay precision
would be eliminated simply by repeating the test.
For example, of 70 English schoolchildren only
30 had IA-2 antibody levels above the threshold of
positivity confirmed on re-testing but 7 of 7 Lithua-
nian children had IA-2 antibodies above the thresh-
old in both initial and repeat assays. There remained
however, a significant difference in the prevalence of
IA-2 antibodies in the two cohorts [1.0% (95% CI
0.7-1.6%) vs 0.2% (95% CI 0.1-0.5), peorr < 0.001].
Increased specificity could also be achieved by re-
testing of samples collected at multiple time-points
from the same subject. A further technical improve-
ment would be to include ‘external’ blinded quality
control sera in the screening process, a procedure we
would advocate for similar studies in the future.

The problems intrinsic to measurement of a single
antibody on a single occasion, and near the threshold
of detection, are largely eliminated by using a second
disease-associated test, e.g. another islet autoanti-
body. This is a reliable way to identify “true posi-
tives” and partly accounts for the power of prediction
based on combinations of antibody markers in family
members [3-4] and the general population [16,
20-21]. We can therefore feel confident, on the basis
of multiple antibody positivity, that the prevalence
of children at high risk of progression to diabetes is
similar in the two population samples.

A carefully planned comparison of the prevalence
of autoantibody levels in a cohort of English and one
of Lithuanian schoolchildren found a similar preva-
lence of multiple antibodies — indicative of a high
risk of progression — despite a lower incidence of
Type I diabetes in Lithuania. If confirmed, these re-
sults suggest that a rapid increase in the incidence of
Type I diabetes in Lithuania is to be expected, consis-
tent with the rapid rise in incidence reported from
Central and Eastern Europe [30].
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