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Abstract

Objective: Subtypes in type 1 diabetes pathogenesis have been implicated based on the Key Words
first-appearing autoantibody (primary autoantibody). We set out to describe the glucose
metabolism in preclinical diabetes in relation to the primary autoantibody in children with
HLA-conferred disease susceptibility.

Design and methods: Dysglycemic markers are defined as a 10% increase in HbA1cin a 3-12
months interval or HbATc >5.9% (41 mmol/mol) in two consecutive samples, impaired
fasting glucose or impaired glucose tolerance, or a random plasma glucose value >7.8
mmol/L. A primary autoantibody could be detected in 295 children who later developed at
least 1 additional biochemical autoantibody. These children were divided into three groups:
insulin autoantibody (IAA) multiple (n =143), GAD antibody (GADA) multiple (n =126) and
islet antigen 2 antibody (IA-2A) multiple (n =26). Another 229 children seroconverted to
positivity only for a single biochemical autoantibody and were grouped as IAA only (n =87),
GADA only (n =114) and IA-2A only (n = 28).

Results: No consistent differences were observed in selected autoantibody groups during
the preclinical period. At diagnosis, children with IAA only showed the highest HbA1c (P <
0.001 between groups) and the highest random plasma glucose (P = 0.005 between groups).
Children with 1A-2A only progressed to type 1 diabetes as frequently as those with IA-2A
multiple (46% vs 54%, P = 0.297) whereas those with IAA only or GADA only progressed less
often than children with IAA multiple or GADA multiple (22% vs 62% (P < 0.001) and 7% vs
43% (P < 0.001)), respectively.

Conclusions: The phenotype of preclinical diabetes defined by the primary autoantibody is not
associated with any discernible differences in glucose metabolism before the clinical disease
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Introduction the Western world (1). The incidence is highest in Finland,

in 2006 as high as 64.3 per 100,000 children under the
Type 1 diabetes is one of the most common chronic diseases ~ age of 15 years (2). The presentation of type 1 diabetes
inchildhood. Theincidencerate hasbeenrising throughout  is usually acute with the presence of typical symptoms.

https://ec.bioscientifica.com © 2022 The authors This work is licensed under a Creative Commons
https://doi.org/10.1530/EC-21-0632 Published by Bioscientifica Ltd @ @ @ Attribution-NonCommercial 4.0 International License.
Downloaded from Bioscientifica.com at 10/04/2022 08:52:32AM

via University of Turku and University of Turku



http://orcid.org/0000-0001-9544-6475
mailto:olli.helminen@oulu.fi
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0632
https://ec.bioscientifica.com

' Endocrine

W CONNECTIONS

Diabetic ketoacidosis is present in approximately 20-30%
of newly diagnosed patients but significantly less in
children followed in prospective studies (3). The risk of type
1 diabetes can be estimated based on the HLA genotype (4)
and a series of single nucleotide polymorphisms outside
the HLA region (5). The presence of >2 islet autoantibodies
is a strong predictive factor with a risk of 70% for clinical
diabetes over the subsequent 10 years (6). Abnormalities
in the glucose metabolism appear approximately 2 years
before the clinical presentation (7). Metabolic parameters
assessed based on HbAlc (8), oral glucose tolerance test
(OGTT) (9), random plasma glucose (9), C-peptide (10)
and intravenous glucose tolerance test (11) can predict the
timing of the diagnosis. For secondary prevention studies,
the ability to predict the time and risk of the disease may
facilitate the design of shorter and lessexpensive trials by
using glucose markers as inclusion criteria (7).

Despite a series of intervention studies aimed at
slowing down or preventing type 1 diabetes, long-term
positive effects have not been achieved (12). A possible
explanation for the lack of success is heterogeneity in the
disease process (13). The islet autoantibodies have been
shown to correlate with the time from seroconversion to
clinical disease and also with the age at diagnosis. Insulin
autoantibodies (IAA) are typically present at a younger
age than GAD antibodies (GADA) (14), and children with
islet antigen 2 antibodies (IA-2A) as their first-emerging
autoantibody are characterized by rapid progression to
overt disease (15). IAA and IA-2A are associated with the
HLA DR4-DQ8 haplotype, whereas GADA positivity is
linked to the HLA DR3-DQ2 haplotype (16, 17, 18, 19, 20).

In the current study, we set out to examine the
association between the first-emerging, that is, the
primary autoantibody (IAA, GADA or IA-2A) with
metabolic parameters based on HbAlc, OGTT and random
plasma glucose in order to recognize differences in glucose
metabolism between subtypes of type 1 diabetes defined by
the primary autoantibody.

Materials and methods
Study design

The Type 1 Diabetes Prediction and Prevention (DIPP) study
is a Finnish birth cohort study in which children with HLA-
conferred susceptibility to type 1 diabetes are observed
from birth. The recruitment started in November 1994 and
still continues in three university hospitals (Oulu, Tampere
and Turku). Screening for genetic risk is performed from
cord blood. Families with an infant carrying eligible HLA

genotypes associated with an increased risk of type 1 diabetes
were invited for prospective follow-up at 3-12-month
intervals until the age of 15 years or development of clinical
disease. Islet autoantibodies were analyzed at each visit. If
a child seroconverted to positivity for islet cell antibodies
(ICA) and at least one biochemical autoantibody (IAA,
GADA and/or [A-2A), then the monitoring of HbAlc, OGTT
and random plasma glucose was started. HbAlc and random
plasma glucose were analyzed at every 3-month visit, and
OGTT was performed once a year. The diagnosis of type 1
diabetes was based on typical symptoms and high plasma
glucose or two diabetic OGTT tests in asymptomatic subjects
as the World Health Organization (WHO) recommends
(21). The study population included in the current report
comprises 524 children with a detectable first-appearing
autoantibody (IAA, GADA orIA-2A) and is summarized in Fig.
1. Children presenting with >2 biochemical autoantibodies
during the whole follow-up and children with only one
biochemical autoantibody have been analyzed separately.
Children who developed >2 biochemical autoantibodies
during follow-up are referred to as IAA multiple, GADA
multiple and IA-2A multiple. Subjects with only a single
biochemical autoantibody during follow-up are referred to
as IAA only, GADA only and IA-2A only. Data collected by
August 31, 2014, was included in this analysis, updated from
previously reported (8, 9). The DIPP study has been approved
by the Ethics Committees in the participating universities
and hospital districts (Turku University Ethics Committee,
10/1994 §228). All families taking part in the study have
provided written informed consent.

Immunological screening

Participants who seroconverted to positivity for any of
the diabetes-associated islet autoantibodies, that is, ICA,
IAA, GADA or IA-2A, were rescheduled for follow-up visits
at 3-month intervals. ICA has been analyzed in the DIPP
study, but these antibodies were not considered in the
current study. Seroconversion was defined as the time
when the first biochemical autoantibody was detected
for the first time and multiple (when two or more) (>2)
autoantibodies were detected for the first time. A positive
result required a positive autoantibody also in the
subsequent sample (persistent positivity). Autoantibody
analyses were performed as described previously (14). The
positive cut-off limits have been reported previously (9).
In the Diabetes Autoantibody Standardization workshop
in 20085, the following sensitivities and specificities were
recorded: IAA 58% and 96%, GADA 82% and 96% and to
IA-2A 72% and 100%, respectively.
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follow-up and those with only one biochemical
autoantibody have been analyzed separately.
Data collected by August 31, 2014, was included
in this analysis.

Genetic screening

HLA-conferred susceptibility to type 1 diabetes was analyzed
using cord blood as described earlier (22). According to
various HLA DRB1-DQA1-DQB1 haplotype combinations,
six risk groups were identified: high, moderately increased,
slightly increased, neutral, slightly decreased and strongly
decreased (22). For the current study, risk groups of neutral,
slightly decreased risk and strongly decreased risk were
combined due to low number of children, and the analyses
were performed with four risk groups.

HbA1c assays

In the Oulu University Hospital, an immunoassay-based
method was applied throughout the study. In the Tampere

University Hospital, fast protein liquid chromatography
(FPLC) was used until June 9, 1999, when the local
laboratory changed to an immunoassay-based method.
In the Turku University Hospital, the FPLC method was
used until August 5, 1996. Thereafter, a method based on
high performance liquid chromatography (HPLC) was
applied, and this method was eventually changed to an
immunoassay-based method on September 1, 2013. Assays
and devices have been described in detail previously (8).

Oral glucose tolerance tests and glucose assays

The oral glucose tolerance test (1.75 g/kg body weight, up
to a maximum of 75 g) was performed with a standard
protocol after overnight fasting. Samples were taken in
the fasting state and at 120 min. In the Oulu University
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Hospital, capillary samples were used, whereas in Tampere
and Turku, tests were based on venous samples. In the
Oulu University Hospital, a glucose dehydrogenase-based
method was used until May 2000, and thereafter, a glucose
oxidase method was used. In Tampere and Turku, the
hexokinase method was applied during the whole study.

Random plasma glucose assays

Venous plasma samples were obtained in all study sites.
In Oulu, the dehydrogenase method was used until May
2000, whereafter, the enzymatic glucose hexokinase
method was utilized for the analysis of glucose. In Tampere,
the hexokinase-based method was used until September
2006, and thereafter, a glucose dehydrogenase method was
applied. In Turku, the glucose dehydrogenase method was
used during the whole follow-up.

Definition of dysglycemia

The definitions of dysglycemia used in the current study
have been described eatlier (8, 9). We previously proposed
predictive HbAlc values based on a 10% rise in HbAlc
levels during an interval of 3-12 month or HbAlc >5.9%
(41 mmol/mol) in two consecutive samples. An increase
of 10% from the baseline value has been suggested also in
other studies (23). In the OGTT, the cut-offs recommended
by WHO for aberrant values have been applied and
categorized as normal, impaired fasting glucose (IFG),
impaired glucose tolerance (IGT) and diabetic. For random
plasma glucose, a cut-off of >7.8 mmol/L was used, the
value being the same as for IGT on OGTTs.

Statistical analyses

A total of six different parameters of glucose metabolism
were analyzed: (1) a 10% increase in HbAlc during a 3-12-
month interval, (2) two consecutive HbAlc values >5.9%
(41 mmol/mol), (3) IFG, (4) IGT, (5) both IFG and IGT and
(6) random plasma glucose value >7.8 mmol/L.

The chi-square test was applied to investigate the
observed proportions and tested glucose parameters
between primary autoantibody groups. The variance
analysis (ANOVA) with Tukey’s HSD test was used to analyze
differences in age at seroconversion, age at >2 biochemical
autoantibodies, time from seroconversion to dysglycemia
and time from dysglycemia to diagnosis (in progressors
only) between the groups (IAA multiple, GADA multiple,
IA-2A multiple, IAA only, GADA only and [A-2A only) and
separately between progressors and non-progressors.

The linear mixed model (LMM) with random intercept
and first-order autoregressive (AR1) covariance structure
for repeated measurements was used to analyze HbAlc,
0 min and 120 min glucose levels in OGTT and random
plasma glucose concentrations over time between the
autoantibody groups and separately between progressors
and non-progressors. The random intercepts and repeated
measurements were nested within subjects and subjects
within the hospital. The group-by-time interaction was
included in the model to test differences between group
means at each time point. Sex, age at sampling and HLA
risk were included in the LMM model as fixed variables.
For time-to-event analyses, Kaplan-Meier survival curves
were used and statistical significance was tested with
the log-rank method. All analyses were performed using
IBM SPSS Statistic 24.0.0.1 for Windows and StatsDirect
statistical software version 3.0.181. Figures were drawn
using OriginPro 2015.

Results

Between November 1994 and August 2014 altogether,
18,772 infants with increased genetic risk were enrolled for
regular follow-up in the DIPP study. During the follow-up,
728 children developed at least one persistent biochemical
islet autoantibody. A total of 204 children seroconverted to
positivity for at least two autoantibodies and accordingly
the first-appearing autoantibody could not be defined.
Therefore, these children were excluded from further
analyzes. The first-appearing autoantibody (IAA, GADA or
IA-2A) could be detected in 524 individuals, out of whom
295 (56%) developed at least 1 additional biochemical
autoantibody (IAA multiple, GADA multiple or IA-2A
multiple) during the follow-up and 157 (53%) of these
children developed type 1 diabetes. A total of 229 children
with a detectable first-appearing autoantibody developed
no additional biochemical autoantibodies (IAA only,
GADA only or 1A-2A only), and among these, 40 (17%)
developed type 1 diabetes. Children in the IAA multiple
and GADA multiple groups developed type 1 diabetes
with substantially higher frequency than those with IAA
only (62% vs 22%, P < 0.001) and GADA only (43% vs 7%,
P < 0.001). In the IA-2A multiple and IA-2A only groups,
progression rate was similar during the follow-up (54%
vs 46%, P = 0.297), see Fig. 1. The proportions of HLA-risk
genotypes in each study group are presented in Table 1.

A total of 4598 HbAlc samples were taken (3110 in
children with >2 biochemical autoantibodies and 1565
in children with a single biochemical autoantibody),
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OGTTs were performed 1248 times (983 and 265) and
random plasma glucose samples were taken 3881 times
(2374 and 1507).

HbA1c, OGTT and random plasma glucose

Measured metabolic parameters (HbAlc, OGTT data
and random plasma glucose) were compared between
the different primary autoantibody groups during the
follow-up. In the groups of progressors, mean adjusted
HbA1c values varied from 4.7% (28 mmol/mol) to 8.2%
(66 mmol/mol) increasing toward diagnosis (Fig. 2A). No
consistent significant differences were observed between
the autoantibody groups during the preclinical period.
At the time of diagnosis, IAA only showed slightly higher
adjusted HbA1c values (mean 8.2% (66 mmol/mol (95%
CI 7.6-8.8% (60-73 mmol/mol)) compared to most other
groups: IAA multiple (mean 7.1% (54 mmol/mol (95%
CI 6.7-7.5% (50-59 mmol/mol)), GADA multiple (mean
7.0% (53 mmol/mol (95% CI 6.6-7.4% (49-57 mmol/
mol)), IA-2A multiple (mean 7.3% (56 mmol/mol (95%
CI 6.6-8.0% (49-64 mmol/mol)), GADA only (mean 7.8%
(62 mmol/mol (95% CI 6.8-8.8% (51-73 mmol/mol)) and
IA-2A only (mean 6.7% (50 mmol/mol (95% CI 6.0-7.4%
(42-57 mmol/mol)). In non-progressors, no consistent
differences were observed (Fig. 2B). HbAlc values at the
last visit showed minimal variation between primary
autoantibody groups, with mean values between 5.2 and
5.4% (33-36 mmol/mol). Neither among the progressors
(Fig. 3A) nor among the non-progressors (Fig. 3B) we
observed any significant differences between the three
primary autoantibody groups in fasting plasma glucose
concentrations in OGTTs during the preclinical period
or at the time of diagnosis. Fasting plasma glucose values
during the follow-up varied from 4.0 to 5.4 mmol/L in
progressors and 4.1 to 5.4 mmol/L in the non-progressor
groups. The 2-h glucose values varied from 3.4 mmol/L
to 10.8 mmol/L in the progressor groups, increasing
toward diagnosis (Fig. 3A). Still, no statistically significant
differences between the primary autoantibody groups
could be observed at any of the time points during the
preclinical period or at the time of diagnosis. At diagnosis,
the mean plasma glucose values were as follows: TAA
multiple (mean 10.8 mmol/L (95% CI 9.4-12.2)), GADA
multiple (mean 10.0 mmol/L (95% CI 8.5-11.5)), 1A-2A
multiple (mean 9.3 mmol/L (95% CI 6.9-11.6)), IAA
only (mean 11.0 mmol/L (95% CI 8.1-14.0)), GADA only
(mean 9.2 mmol/L (95% CI 6.0-12.3)), IA-2A only (mean
11.6 mmol/L (95% CI 9.1-14.1)). In non-progressors, no
differences were seen (Fig. 3B).

There was higher variation in the random plasma
glucose values between the autoantibody groups than
that seen in HbA1c values. In progressors, random plasma
glucose varied from 4.4 mmol/L to 13.2 mmol/L, also
increasing toward diagnosis (Fig. 4A). Again no consistent
differences could be observed between the autoantibody
groups during the preclinical period. At the time of
diagnosis, mean random plasma glucose was highest in
the group with IAA only (mean 13.2 mmol/L (95% CI 9.9-
16.6)) when compared to other groups: IAA multiple (mean
9.1 mmol/L (95% CI 6.7-11.6)), GADA multiple (mean 9.8
mmol/L (95% CI 7.3-12.3)), IA-2A multiple (mean 8.2
mmol/L (95% CI 4.7-11.7)), GADA only (mean 9.2 mmol/]
(95% CI 4.2-14.2)), IA-2A only (mean 9.5 mmol/L (95%
CI 5.5-13.4)). In non-progressors, no differences were
observed (Fig. 4B).

Time from seroconversion to dysglycemia and
type 1 diabetes

The overall rate and overlap of different dysglycemia
markers are presented in Supplementary Table 1 (see
section on supplementary materials given at the end of this
article). Detection of dysglycemia (a 10% rise in HbAlc,
>5.9% (41 mmol/mol) in two consecutive samples, IFG,
IGT or random plasma glucose >7.8 mmol/L) was common
especially in children in the multiple autoantibody
groups who progressed to type 1 diabetes, varying from
73 to 79% (Table 1). In progressors who developed only a
single autoantibody, dysglycemia was observed in 13-54%
of children. In the non-progressors, the occurrence
of dysglycemia varied from 33 to 54% (Table 1). The
previously identified more specific marker of HbAlc >5.9%
(41 mmol/mol) in two consecutive samples was identified
in up to 50% in the progressor groups but only up to 13%
in the non-progressor groups (Table 1).

We calculated the time from the detection of the
primary islet autoantibody to the development of the
first-appearing dysglycemic marker and the time from
dysglycemia to diagnosis of type 1 diabetes, as summarized
in Table 1. No significant differences in the time from
seroconversion to any of the markers were observed among
the analyzed groups (Table 1) in either progressors or non-
progressors. In Kaplan-Meier survival curves presenting
time from seroconversion to various dysglycemia criteria,
childrenwithIA-2Aasthefirst-appearingisletautoantibody
showed a trend for faster progression than IAA and GADA
groups (Supplementary Figs 1 and 2). In progressors,
children with IA-2A as the primary autoantibody showed
the shortest time from seroconversion to any dysglycemia
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Table 1 Characteristics of children with detectable first-appearing islet autoantibodies from the Type 1 Diabetes Prediction and
Prevention (DIPP) study. The groups of children who developed >2 biochemical autoantibodies during follow-up are referred to as
IAA multiple, GADA multiple and IA-2A multiple. The groups of children with only a single biochemical autoantibody during
follow-up are referred to as IAA only, GADA only, IA-2A only. Data collected by August 31, 2014, was included in this analysis.

IAA GADA 1A-2A P between GADA 1A-2A P between
multiple* multiple? multiple? groups 1AA only® only® only® groups
Progressors N=289 N=>54 N=14 N=19 N=8 N=13
Gender, boys, n (%) 57 (64) 26 (48) 10 (71) 0.107 12 (63) 3(38) 9(69) 0.328
HLA risk, n (%) 0.667 0.117
Neutral or decreased 1(1) 1(1) 0(0) 0(0) 0(0) 0(0)
Low 15(17) 8(15) 1(7) 4(21) 1(13) 0(0)
Moderate 45 (51) 29 (54) 11 (79) 7 (39) 6 (75) 10(77)
High 28 (31) 19 (35) 2(14) 8(42) 1(13) 3(23)
Mean number of HbA1c tests 7.5 8.6 6.9 2.7 2.9 5.8
Mean number of OGTTs 3.2 3.6 2.4 1.0 1.1 2.9
Mean number of random plasma 6.1 8.0 7.7 4.0 6.5 4.1
glucose tests
Two consecutive HbA1c values >5.9% 26 (29) 18 (33) 7 (50) 0.549 4(21) 0(0) 5(38) 0.230
(41 mmol/mol), n (%)
Any dysglycemiac, n (%) 63 (71) 40 (74) 11(79) 0.796 7 (37) 1(13) 7 (54) 0.164
Time from seroconversion to multiple 0.6 (0.5) 1.1(1.2)  1.2(1.1) 0.001 NA NA NA
autoantibodies, mean (s.n.)
Time from seroconversion to 3.1(2.5) 3729 22(1.6) 0.189 24(1.9) 1.4(NA) 1.4(0.8) 0.480
detection of any dysglycemia® mean
(s.D.)
Time from multiple autoantibodies 23123) 2224 1.0(1.3) 0.186 NA NA NA
to detection of any dysglycemia,
mean (s.n.)
Time from detection of dysglycemia 1.8(2.7) 2224 1.70.8) 0.728 2.2(1.5) 3.9(NA) 1.7(2.1) 0.543
to type 1 diabetes, mean (s.p.)
Time from seroconversion to type 1 4.2 (3.1) 4.8(3.0) 4.1(2.4) 0.485 2.3(2.5) 3.6(3.8) 2.9(2.3) 0.510
diabetes, mean (s.n.)
Age (years) at type 1 diabetes 59(3.5) 9.1(4.1) 7.6(4.1) <0.001 46(3.7) 9.43.7) 7.4(3.3) 0.008
diagnosis, mean (s.p.)
Non-progressors N=54 N=72 N=12 N=68 N=106 N=15
Gender, boys, n (%) 37 (66) 39 (52) 8 (69) 0.240 35 (54) 67 (61) 11(71) 0.164
HLA riskd, n (%) 0.091 0.374
Neutral or decreased 0(0) 1(1) 0(1) 6(9) 11 (10) 0(0)
Low 8(15) 15(21) 2(17) 19 (28) 24 (23) 3(20)
Moderate 40 (74) 34 (47) 8(67) 35(51) 49 (46) 10 (67)
High 6(11) 22 (31) 2(17) 8(12) 22 (21) 1(7)
Mean number of HbA1c tests 11.8 15.3 11.8 7.3 7.8 6.4
Mean number of OGTTs 2.7 3.9 3.0 0.7 1.2 1.7
Mean number of random plasma 9.0 9.7 9.1 7.2 7.1 5.3
glucose tests
Two consecutive HbA1c values >5.9% 7 (13) 6 (8) 1(8) 0.565 5(7) 9 (8) 0(0) 0.453
(41 mmol/mol), n (%)
Any dysglycemia®©, n (%) 29 (54) 33 (46) 4(33) 0.392 27 (40) 37 (35) 6 (40) 0.790
Time from seroconversion to multiple 1.4 (2.0) 1.8(2.2) 1.1(0.9) 0.479 NA NA NA
autoantibodies, mean (s.n.)
Time from seroconversion to 4.4 (3.5) 3.3(23) 5.4(4.2) 0.309 3.6(3.1) 45(34) 22(1.0 0.204
detection of any dysglycemia® mean
(s.n.)
Time from multiple autoantibodies 2.3(2.5) 1.2(1.9) 3.6(4.4) 0.052 NA NA NA
to detection of any dysglycemia,
mean (s.n.)
Age (years) at last visit, mean (s.n.) 8.1(4.5) 12.4(4.3) 8.2(5.3) <0.001 9.2(4.4) 11.3(4.3) 9.0(5.2) 0.008

aThe first observed autoantibody was IAA, GADA or IA-2A with no other autoantibodies in the same sample followed by at least one more biochemical
autoantibody; PThe first observed autoantibody was IAA, GADA or IA-2A with no other autoantibodies in the same sample. No other biochemical
autoantibodies were detected during follow-up; ‘Dysglycemia was defined as 10% rise in HbA1c during 3-12 months, two consecutive HbA1c values >5.9% (41
mmol/mol), IFG, IGT or random plasma glucose >7.8 mmol/L; 9One non-progressor child in IA-2A only group had a rare HLA genotype not possible to define.
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(P=0.008) and from seroconversion to IFG or IGT
(P=0.006), Supplementary Fig. 2.

Discussion

The prediction of type 1 diabetes has improved
significantly during the past years along with
increasing knowledge of islet autoantibodies and
glucose metabolism. However, interventions aimed at
slowing down or preventing type 1 diabetes have proven
ineffective in most cases, possibly due to heterogeneity
in the disease process. In the current study, we set out
to characterize the glucose metabolism with HbAlc,
OGTT and random plasma glucose in groups with IAA,
GADA or IA-2A as the primary islet autoantibody. We
confirm the previous finding that young age at disease
presentation is associated with IAA as the primary islet
autoantibody. We also found that IA-2A predisposes to
a high risk of progression to type 1 diabetes even when
being the only detectable autoantibody. No differences
in glucose metabolism during the preclinical stage of
type 1 diabetes could be observed between the three
groups with different first-appearing biochemical islet
autoantibodies, whether or not developing additional
autoantibodies, indicating similar pathogenesis from
the appearance of the first autoantibody to overt disease.
Occurrence of dysglycemia was common in children

A o
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—e— GADA, N=41
84 ——1A-2A, N=13

Mean of HbA1c measurements, %

52/27/111 70/4113

71211 9/412 11/10/2 1811312 2118/5 34/21/6
8/5/2 8/712 15112 20174 280224 4212908 50/20/9
T

T T T T T T T T T T T T T T
7 6 5 4 3 2 A 0

Years before diagnosis or last visit

Figure 2

later progressing to type 1 diabetes, with the highest
specificity observed with HbAlc >5.9% (41 mmol/mol)
in two consecutive samples as reported before (8, 9, 24).

Our cohort of 295 children with multiple biochemical
autoantibodies and 229 children with only one
biochemical autoantibody, where the first-appearing
autoantibody can be defined, is unique worldwide. Due
to the design of the DIPP study, including follow-up since
birth and screening for islet autoantibodies, we were able
to identify the initiation of the autoimmunity process and
divide children into groups of IAA, GADA or IA-2A as the
first-emerging islet autoantibody. Previously one analysis
based on the DIPP study has been performed according to
the first-appearing islet autoantibody status, suggesting
a shorter time from seroconversion to clinical disease in
children seroconverting first to IA-2A (15). In our study,
we report a high progression rate (46%) also in children
with TA-2A as a single biochemical islet autoantibody.
The high number of autoantibody-positive children in
the DIPP study among whom HbA1lc, OGTT and random
glucose were repeatedly measured during long follow-up
allowed us to reliably describe the glucose metabolism in
preclinical type 1 diabetes according to the first-appearing
autoantibody specificities.

Heterogeneity in the pathogenic process triggering
the start of autoimmunity and leading to progression to
clinical disease has been implicated previously (13). A
series of intervention trials with various approaches have
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Adjusted mean HbA1c during the follow-up in children with different primary autoantibodies who progressed to type 1 diabetes (A) or remained
disease-free (B). Children developing at least one additional autoantibody and children who remained positive for a single autoantibody only have been
combined. The last point is the diagnosis of type 1 diabetes (A) or the last visit (B) (IAA, squares; GADA, dots; IA-2A, triangles). Whiskers show 95% Cls of

the adjusted mean.
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Adjusted mean plasma glucose in OGTT (fasting and 2-h plasma glucose) during the follow-up in children with different primary autoantibodies who
progressed to type 1 diabetes (A) or remained disease-free (B). Children developing at least one additional autoantibody and children who remained
positive for a single autoantibody only have been combined. The last point is the diagnosis of type 1 diabetes (A) or the last visit (B) (IAA, squares; GADA,

dots; IA-2A, triangles). Whiskers show 95% Cls of the adjusted mean.

been performed before the appearance of autoantibodies
(primary prevention), after the detection of autoantibodies
(secondary prevention) and after the diagnosis of clinical
disease (tertiary prevention) with little or no success (12).
In histological studies of pancreases from patients with
disease presentation under 15 years of age and samples
obtained less than 1 year after diagnosis, the proportion of
inflammation in islets, that is, insulitis was 68% compared
to 39% in older patients suggesting a more aggressive
disease process in younger individuals (25). Different
proportions of circulating lymphocyte subpopulations, for
example, CD8 T cells, have as well been observed (26). In
some patients, inflammation is also present in the exocrine
pancreas (27), referring to the possibility of an infectious
agent being involved (28).

An association between specific pathomechanisms
and the primary islet autoantibody has been implicated.

The T-cell response to proinsulin epitopes restricted to HLA
DQ2/DQ8 heterozygous individuals suggests one specific
route for the initiation of the autoimmune process (16).
It has also been shown that IAA as the first autoantibody
is associated with the DR4-DQ8 haplotype and GADA
with the DR3-DQ2 haplotype (15, 29, 30). In the current
study, we set out to analyze whether the first-emerging islet
autoantibody correlates with glucose metabolism and the
rate of disease progression. However, we could not observe
any associations between the primary islet autoantibody
and absolute values of glucose metabolism, numbers
of dysglycemic markers or time from seroconversion to
detected dysglycemia or overt type 1 diabetes during the
preclinical period. This indicates that the pathogenic
process leading to glucose intolerance is rather similar
in children presenting with different primary islet
autoantibodies. The only differences were observed at
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the time of diagnosis when the children with IAA only
tended to have higher values than the other participants.
Children with IAA as the first-appearing autoantibody
were younger at disease onset which might explain the
observed difference.

The size of the study population is after all a limitation
of our work. Even with a large number of children with
>2 biochemical autoantibodies (n=295) and children
with only one biochemical autoantibody (n=229), the
size of the IA-2A groups wase small (n=26 and n=28,
respectively). With this sample size, the LMM analysis of
the studied parameters provides relatively reliable results,
but for the comparison of dysglycemic markers within
each primary autoantibody group, the size represents
a limitation. Our study population came from three
clinical centers and was compiled over a time period of 20
years, with some changes in the analytical methods over
time, which may introduce some additional variability.
However, these potential confounding factors affect all
groups to the same extent. The methods applied and the
study centers were taken into account in the statistical
analyses. This process has been explained in detail in our
previous reports in which the criteria for dysglycemia
were established (8, 9). Autoantibodies to zinc transporter
8 (ZnT8A) were not included in the current analysis,
which could to some extent affect the true primary islet
autoantibody status. However, ZnT8A usually develops
at a rather late stage of preclinical type 1 diabetes and
therefore the effect should be small (31).

It should be accepted that in the evolution of type
1 diabetes, as in other autoimmune diseases, multiple
immune pathways are involved. It seems that any
treatment aimed at changing the disease course needs
to be performed with agents affecting several pathways.

Primary autoantibodies

can be a sign of specific

phenotypes, although according to our current study,
glucose metabolism in preclinical diabetes seems quite
similar in all primary islet autoantibody groups. More
studies are needed for a better understanding of underlying
pathomechanisms in type 1 diabetes in order to find
effective individualized prevention.

In conclusion, the first-appearing islet autoantibody
does not affect the development of dysglycemia assessed
by HbAlc, OGTT and random plasma glucose values
during preclinical type 1 diabetes. However, IA-2A seems
to predispose to a high risk of progression to clinical type
1 diabetes even as a single biochemical islet autoantibody.
According to our study, children positive for IA-2A should
be monitored and treated in a manner similar to that
applied for children with >2 islet autoantibodies.
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