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ABSTRACT

We set out to examine in an observational study characteristics of type 1 diabetes at the time of diagnosis among paediatric
patients carrying the protective HLA class II DQBI1*06:02 allele. We compared characteristics of type 1 diabetes among 5530
Finnish children aged 0-14years diagnosed between 2003 and 2018. Seventy-five children with type 1 diabetes carried the
DQBI*06:02 allele. The carriers of DQBI*06:02 allele were compared to all children with type 1 diabetes without this allele and
those with a high-risk genotype. We also analysed, how does the genotype of a high-risk haplotype paired with DQB1*06:02 affect
the phenotype of patients with newly diagnosed type 1 diabetes. Carriers of the DQBI1*06:02 allele were diagnosed at an older age
than those with any other HLA class IT genotype (p=0.003) or the high-risk genotype (p <0.001). After adjusting the results for
age and sex, no significant differences in clinical markers were observed. Glutamic acid decarboxylase autoantibody (GADA)
levels were higher among carriers of DQBI1*06:02 when compared to those with other genotypes (p=0.033). Having a high-risk
haplotype paired with DQBI*06:02-positive haplotype was associated with higher levels of islet antigen 2 autoantibodies (IA-2A)
(p<0.001) and somewhat shorter duration of symptoms (p=0.043). The association between the protective DQBI*06:02 allele
and an older age at diagnosis as well as higher levels of GADA at diagnosis of type 1 diabetes was confirmed. The effects of the
DQBI*06:02-positive haplotype seem to dominate when paired with a high-risk haplotype.

1 | Introduction predisposition to T1D based on their genetics. For progression
to overt disease later in life, an external environmental fac-
Type 1 diabetes (T1D) is an autoimmune disease the inci- tor is needed as a trigger. The genetic background of T1D is

dence rate of which varies greatly depending on the popula- well established, with the HLA class II DR/DQ region being
tion studied. Finland has the highest incidence in the world the most notable element accounting for approximately half
[1]. The current conception is that individuals carry a variable of the genetic risk [2, 3]. In addition, more than 70 single
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nucleotide polymorphisms have been reported to be associ-
ated with susceptibility to T1D [4]. Certain haplotypes, such as
DRBI1*04:01/02/04/05-DQA1*03-DQBI1*03:02 and DRB1*03:01-
DQAI*05-DQBI*02, have been shown to inflict high risk for
T1D, whereas some haplotypes offer protection from the dis-
ease. DRBI*15-DQAI1*01-DQBI*06:02 (DR15-DQ602) is the
major protective haplotype in European-derived populations
acting dominantly also when paired with a high-risk haplo-
type [5, 6]. Indeed, up to 90% of patients with T1D carry one
of the risk haplotypes and less than 20% develop overt disease
with neutral or protective HLA class II genotypes. Conversely,
DQBI*06:02 has been reported to be carried by less than 1% of
patients with T1D, while its prevalence in the general popula-
tion is approximately 15% [5, 7, 8]. Although DQBI1*06:02 does
not provide complete protection from T1D, it is associated
with decreased frequencies of diabetes-associated autoanti-
bodies. Moreover, protective effects have also been detected
after seroconversion to positivity for one or more of these au-
toantibodies, leading to less likely progression from the predi-
abetic phase to overt disease [9-11].

Several studies have shown that patients with higher-risk
HLA genotypes present with T1D earlier in life, whereas the
frequency of protective haplotypes is higher among patients
diagnosed at an older age [12-14]. We also recently reported
heterogeneity in relation to clinical and humoral markers at
diagnosis of T1D depending on the HLA class II genotype
[15, 16].

Here, we set out to analyse whether carrying the protective
DQBI*06:02 allele would be associated with distinct charac-
teristics of T1D at the time of clinical diagnosis. We compared
children with T1D carrying this allele to those with any other
genotype and those with a high-risk genotype. Furthermore,
we assessed whether there were any differences in the charac-
teristics of T1D and whether patients carrying the protective
haplotype also carried a haplotype conferring high disease sus-
ceptibility or not. We analysed clinical, demographic, metabolic
and humoral characteristics. We hypothesized that children
with T1D carrying the protective haplotype would be diag-
nosed at an older age and would have a less aggressive disease
manifestation.

2 | Study Design and Methods
2.1 | Study Population

Our data are derived from the Finnish Pediatric Diabetes
Register (FDPR), which is a national register established in
2002. The register has a wide coverage, accounting for more
than 90% of all new paediatric patients diagnosed with T1D [17].
Inclusion criteria for participants in the current study were (i)
age under 15years, (ii) diagnosed with T1D between 2003 and
2018, (iii) samples available for autoantibody analysis and taken
within 31 days of diagnosis, (iv) no suspicion of monogenic T1D
(i.e., age under lyear, a protective HLA genotype and no pos-
itive autoantibodies), (v) informed parental consent to their
children's participation and (vi) HLA data available. Children
aged 10years or older were also asked for informed consent. T1D
was diagnosed in 7894 children under 15years of age within the

observed time frame. Information on HLA class II genotypes
was available for 77.1% of the children with T1D and based on
the inclusion criteria the final number of children with T1D was
5530. The Ethics Committee of the Hospital District of Helsinki
and Uusimaa has approved the study protocol (identification
number 457/E7/2001).

The children with T1D were divided into groups depending on
their HLA class II genotype. Children with T1D carrying the
protective DQB1#06:02 allele (N=75) were compared to chil-
dren with T1D with any other genotype (N =5455) and those
with a high-risk genotype (N =1182) according to the risk clas-
sification presented by Ilonen et al. in 2016 [6]. In addition, we
divided children with T1D carrying the DQBI*06:02 allele into
those with a risk-associated haplotype pair (N=51) and those
without such a haplotype (N=24). The risk-conferring sus-
ceptibility haplotypes were DRB1*04:01/02/04/05-DQA1*03-
DQBI*03:02 (DR4-DQ8) and DRBI*03:01-DQAI1*05-DQBI1*02
(DR3-DQ2).

2.2 | Clinical and Demographic Markers

Demographic factors analysed were age at diagnosis, sex and
family history. We had information on T1D diagnoses among
first-degree relatives. If there were multiple affected siblings
in the same family, only the sibling who was diagnosed first
was included as an index child. We assessed several clinical
and metabolic markers of T1D at the time of diagnosis: blood
pH and haemoglobin Alc (HbAlc) as well as glucose and f3-
hydroxybutyrate from plasma. Blood pH levels were measured
in 97% of children with T1D, and according to the pH levels,
we compared the frequencies of ketoacidosis (pH < 7.30) and
severe ketoacidosis (pH < 7.10). The registration of the HbAlc
levels started in 2013, which explains why only 28% of the chil-
dren with T1D had available data. Body mass index standard
deviation scores (BMI SDS) were calculated based on the chil-
dren's heights and weights at the time of diagnosis using the
World Health Organization AnhtroPlus software [18]. Duration
of symptoms was assessed with a questionnaire completed by
the children's parents.

2.3 | Disease-Associated Autoantibodies and HLA
Genotyping

We analysed the frequencies of positivity and levels of five
diabetes-associated autoantibodies including islet cell anti-
bodies (ICAs), insulin autoantibodies (IAAs), glutamic acid
decarboxylase autoantibodies (GADAs), islet antigen 2 au-
toantibodies (IA-2As) and zinc transporter 8 autoantibodies
(ZnT8As). The biochemical autoantibodies (ICA excluded)
were measured with specific radiobinding assays as previ-
ously described [19], while ICA was analysed with indirect
immunofluorescence on pancreata from human group 0 do-
nors [20]. The cut-off limits for positivity for each autoanti-
body were as follows: 1.57 relative units (RU) for IAA, 0.77
RU for IA-2A, 5.36 RU for GADA and 0.50 RU for ZnT8A.
For ICA, the cut-off limit was 2.5 Juvenile Diabetes Research
Foundation (JDRF) units. The sensitivities and specificities
of the radiobinding assays during 2003-2018 were 42%—-66%
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and 92%-99% for TIAA, 62%-72% and 93%-100% for IA-2A,
64%-90% and 90%-99% for GADA, 62%-70% and 99%-100%
for ZnT8A. According to a previous report [21], it is possible to
estimate the initially seroconverted autoantibody based on the
autoantibody profile at the time of diagnosis. GADA appear-
ing alone or combined with other biochemical autoantibodies
other than TAA can be categorized in the “GADA-first” group
and vice versa for IJAA. When comparing autoantibody titres,
only those with positive levels were included.

The HLA genotyping was performed with PCR-based
lanthanide-labelled hybridization followed by time-resolved flu-
orometry detection. The methods have been described in detail
previously [22].

2.4 | Statistical Analysis

We used R software (version 4.2.2) for all statistical analyses.
Categorical variables were reported as frequencies and propor-
tions, skewed continuous variables as median and range and
normally distributed variables as mean and standard deviation
(SD). Cross tabulation and Pearson's y? test, with continuity cor-
rection when appropriate, were used to compare frequencies
between different groups. Normally distributed variables were
compared with Student's t-test while nonparametric variables
were analysed with the Mann-Whitney U test. We adjusted the
results for age and sex as we saw significant differences in the
age at diagnosis between the examined groups and previous
studies show that the characteristics of T1D vary between sexes
[23]. The adjustments were performed with generalized/ordinal
logistic regression for categorical variables and quantile regres-
sion (quantreg package in R) for continuous variables. Because
of the lower sample sizes in the analyses of Tables 2 and 3, we
implemented the bootstrapping method in some of the analyses
with quantile regression to obtain p values. The adjusted anal-
yses were corrected for multiple testing using the Benjamini-
Hochberg procedure. A p value < 0.05 was considered to indicate
statistical significance.

3 | Results
3.1 | Demographics

Of all the children with T1D 75 (1.36%) carried the protective
DQBI*06:02 allele, the majority were male in all groups stud-
ied, but we observed no significant differences in the sex dis-
tribution (Tables 1-3). Children with T1D carrying DQBI*06:02
were diagnosed at an older age than the children with T1D car-
rying other HLA class II genotypes (9.48years vs. 8.07years;
p=0.003). Children carrying a high-risk genotype were diag-
nosed even younger, that is, on an average at the age of 7.70years
(p<0.001). No significant differences in the age at diagnosis
could be detected when comparing children with T1D carrying
the DQBI1*06:02 allele with or without a risk-associated haplo-
type (Table 3). No significant differences in the frequencies of
affected family members were observed, although carriers of
the DQBI1%06:02 positive haplotype had no affected fathers when
compared to 5.5% among children with T1D carrying other gen-
otypes (p=0.068, adjusted p=0.96).

3.2 | Clinical and Metabolic Characteristics

In the initial analyses, the carriers of DQBI*06:02 allele had
higher glucose levels compared to carriers of the high-risk
genotype (median 24.95mmol/L vs. 23.60mmol/L, p=0.050).
Similarly, HbAlc levels were higher among carriers of the
protective haplotype when compared to carriers of other gen-
otypes (106.00 mmol/mol; 11.85% vs. 91.26 mmol/mol, 10.50%,
p=0.014) and those with a high-risk genotype (87.98 mmol/mol,
10.20%, p=0.004). However, adjusting the results for age and
sex removed any significance indicating that the differences ob-
served in clinical and metabolic characteristics were due to age
and sex variations (Tables 1 and 2). There were no significant
differences in levels of pH or f-hydroxybutyrate at the time of
diagnosis. Accordingly, no differences in the frequencies of ke-
toacidosis or severe ketoacidosis were observed.

Pairing a high-risk haplotype to a DQBI*06:02-positive haplo-
type did not affect metabolic markers at the time of diagnosis,
although children with T1D carrying that haplotype combina-
tion had a somewhat shorter duration of symptoms (adjusted
p=0.043, FDR corrected p value 0.54) (Table 3).

3.3 | Beta-Cell Autoimmunity

No significant differences in the frequencies of autoantibody
positivity were observed in our analyses. However, GADA levels
were significantly higher among carriers of DQBI*06:02 com-
pared to carriers of other HLA class II genotypes (53.79 RU vs.
35.58 RU, p=0.24, adjusted p =0.033). Vice versa, in the initial
analyses, patients with other genotypes (7.07 RU vs. 4.67 RU,
p=0.038, adjusted p=0.91) or the high-risk genotype (7.92 RU
vs. 4.67 RU, p=0.012, adjusted p =0.68) had higher levels of IAA
than carriers of DQBI*06:02 (Tables 1 and 2).

The carriers of DQBI1*06:02 had more often GADA as the first
appearing autoantibody compared to carriers of other HLA
class II genotypes (32.0% vs. 26.9%, p=0.39, adjusted p=0.95)
and those with a high-risk genotype (32.0% vs. 25.2%, p=0.24,
adjusted p=0.88). These differences remained, however, non-
significant (Tables 1 and 2).

When looking at children with T1D carrying DQBI*06:02 with
or without a high-risk haplotype, no significant differences in
autoantibody frequencies were detected. However, the com-
parison of these groups revealed higher levels of IA-2A (114.22
RU vs. 25.29 RU, p=0.005, adjusted p<0.001, FDR corrected p
value =0.001) among children with T1D with a high-risk haplo-
type combination (Table 3).

4 | Discussion

In this cross-sectional survey based on a nationwide register, we
found some differences in the characteristics of T1D depending
on whether the affected patient carried the protective HLA-
DQBI*06:02 allele or not. Based on previous reports we expected
that children with T1D with DQBI*06:02 would be diagnosed
at an older age when compared to those with other HLA class
IT genotypes or the high-risk genotype. Indeed, we observed
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TABLE1 | Comparison of demographic, metabolic and immunological markers at diagnosis between children with T1D carrying a DQBI1*06:02-
positive protective HLA class II haplotype and all other participants.

DQB1*06:02-
Variable N positive (N=75) Other (N =5455) P Adjusted p
Sex, male, N (%) 5042 42 (56.0) 3085 (56.6) 1
Age at diagnosis, years, mean +SD 5530 9.48+3.98 8.07+3.87 0.003
Family history of type 1 diabetes 5530
Father with type 1 diabetes, % 0.0 5.5 0.068 0.96
Mother with type 1 diabetes, % 5.3 3.0 0.41 0.19
Sibling with type 1 diabetes, % 6.7 6.3 1.00 0.77
Family member with type 1 diabetes, % 10.7 13.9 0.53 0.56
BMI SDS, z-score mean, £SD 5291 —0.34+£1.49 —-0.22+1.37 0.48 0.60
pH, median (range) 5351 7.38 (6.96-7.49) 7.38 (6.69-7.57) 0.38 0.91
Ketoacidosis, % 5351 21.6 18.7 0.63 0.79
Severe ketoacidosis, % 5351 2.7 5.0 0.53 0.28
B-hydroxybutyrate, mmol/L, median 4884 1.43 (0-15.10) 1.77 (0-52.00) 0.79 0.44
(range)
Plasma glucose, mmol/L, median 5397 24.95 (6.00-72.10) 23.90 (3.20-95.60) 0.14 0.33
(range)
HbA1c, mmol/mol, median (range) 1523 106.00 (75.00-153.00) 91.26 0.014 0.78
(30.00-189.00)
HbAIc, %, median (range) 1523 11.85 (9.01-16.15) 10.50 (4.89-19.44)  0.014 0.79
Duration of symptoms 5068 0.38 0.98
No symptoms, % 0 1.5
<1week, % 17.6 22.2
1-2weeks, % 35.1 32.0
2-3weeks, % 6.8 11.0
3-4weeks, % 20.3 14.0
> 4weeks, % 20.3 19.2
Frequency of autoantibodies
TA A positivity, % 5530 56.0 55.1 0.97 0.15
TA-2A positivity, % 5530 76.0 74.6 0.89 0.82
GADA positivity, % 5530 76.0 66.1 0.093 0.11
ZnT8A positivity, % 5528 72.0 69.4 0.71 0.79
ICA positivity, % 5528 92.2 91.3 0.97 0.62
Autoantibody levels
IAA, RU, median (range) 3048 4.67 (1.71-116.58) 7.07 (1.57-7809.00)  0.038 0.91
IA-2A, RU, median (range) 4126 94.28 (1.06-266.52) 105.24 0.12 0.27
(0.78-553.32)
GADA, RU, median (range) 3662 53.79 (6.01-206.03) 35.58 0.24 0.033
(5.36-24849.00)
(Continues)
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TABLE1 | (Continued)

DQB1*06:02-
Variable N positive (N=75) Other (N =5455) 4] Adjusted p
ZnT8A, RU, median (range) 3829 13.70 (0.54-141.44) 11.83 0.97 0.87
(0.51-1201.90)
ICA, JDRF, median (range) 5026 65.00 (6.00-1025.00) 32.00 1.00 0.92
(2.00-5120.00)
Initial autoantibody 5530
GADA 32.0 26.9 0.39 0.95
TIAA 12.0 15.9 0.45 0.76
Sum of autoantibodies, ICA excluded 5530 0.79 0.55
0, % 2.7 3.5
1, % 8.0 12.2
2,% 25.3 25.4
3,% 34.7 33.7
4, % 29.3 25.2

Note: Correction for multiple testing was carried out using the Benjamini-Hochberg procedure. All false discovery rate (FDR)-corrected p values in Table 1
were>0.05. The bolded values are significant (p < 0.05).
Abbreviations: BMI SDS, body mass index standard deviation scores; HbAlc, haemoglobin Alc; IA-2A, islet antigen 2 autoantibodies; IAA, insulin autoantibodies;
ICA, islet cell antibodies; GADA, glutamic acid decarboxylase autoantibodies; JDRF, Juvenile Diabetes Research Foundation units; RU, relative units; SD, standard

deviation; ZnT8A, zinc transporter 8 autoantibodies.

TABLE 2 | Comparison of demographic, metabolic and immunological markers at diagnosis between children with T1D carrying a DQBI1*06:02-
positive protective HLA class II haplotype and patients carrying high-risk HLA class II genotype.

DQB1*06:02- High-risk genotype
Variable N positive (N=75) (N=1182) P Adjusted p
Sex, male, N (%) 1257 42 (56.0) 663 (56.1)
Age at diagnosis, years, mean + SD 1257 9.48+3.98 7.70+3.96 <0.001
Family history of type 1 diabetes 1257
Father with type 1 diabetes, % 0.0 5.1 0.085 0.98
Mother with type 1 diabetes, % 5.3 3.0 0.45 0.19
Sibling with type 1 diabetes, % 6.7 8.3 0.78 0.70
Family member with type 1 10.7 15.4 0.35 0.35
diabetes, %
BMI SDS, z-score mean, +£SD 1203 —0.34+1.49 —-0.19+1.31 0.41 0.91
pH, median (range) 1208 7.38 (6.96-7.49) 7.38 (6.79-7.54) 0.18 0.71
Ketoacidosis, % 1208 21.6 16.2 0.29 0.29
Severe ketoacidosis, % 1208 2.7 39 0.84 0.53
B-Hydroxybutyrate, mmol/L, 1088 1.43 (0-15.10) 1.60 (0-18.00) 0.72 0.71
median (range)
Plasma glucose, mmol/L, median 1223 24.95 (6.00-72.10) 23.60 (3.60-81.00) 0.050 0.10
(range)
HbA1c, mmol/mol, median (range) 360 106.00 (75.00-153.00) 87.98 (36.00-165.00) 0.004 0.60
HbAIc, %, median (range) 360 11.85(9.01-16.15) 10.20 (5.44-17.25) 0.004 0.61
Duration of symptoms 1151 0.37 0.99
(Continues)
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TABLE 2 | (Continued)

DQB1*06:02- High-risk genotype

Variable N positive (N=75) (N=1182) P Adjusted p

No symptoms, % 0 1.9

<1lweek, % 17.6 24.4

1-2weeks, % 35.1 31.6

2-3weeks, % 6.8 9.8

3-4weeks, % 20.3 14.9

> 4weeks, % 20.3 17.4

Frequency of autoantibodies
TA A positivity, % 1257 56.0 61.3 0.43 0.45
IA-2A positivity, % 1257 76.0 74.0 0.81 0.74
GADA positivity, % 1257 76.0 69.9 0.32 0.46
ZnT8A positivity, % 1254 72.0 64.2 0.21 0.79
ICA positivity, % 1257 92.0 90.1 0.74 0.43

Autoantibody levels
IAA, RU, median (range) 767 4.67 (1.71-116.58) 7.92 (1.57-309.25) 0.012 0.68
IA-2A, RU, median (range) 932 94.28 (1.06-266.52) 99.09 (0.80-254.05) 0.43 0.36
GADA, RU, median (range) 883 53.79 (6.01-206.03) 4214 (5.52-10241.86) 0.91 0.99
ZnT8A, RU, median (range) 811 13.70 (0.54-141.44) 9.47 (0.51-1201.90) 0.46 0.42
ICA, JDRF, median (range) 1134 65.00 (6.00-1025.00) 49.00 (3.00-5120.00) 0.23 0.066
Initial autoantibody 1257
GADA 32.0 25.2 0.24 0.88
TAA 12.0 16.7 0.37 0.83
Sum of autoantibodies, ICA 1257 0.88 0.62
excluded
0, % 2.7 3.2
1, % 8.0 11.8
2,% 25.3 25.0
3, % 34.7 32.2
4, % 29.34 27.7

Note: Correction for multiple testing was carried out using the Benjamini-Hochberg procedure. All false discovery rate (FDR)-corrected p values in Table 2

were>0.05. The bolded values are significant (p < 0.05).

Abbreviations: BMI SDS, body mass index standard deviation scores; HbAlc, haemoglobin Alc; IA-2A, islet antigen 2 autoantibodies; IAA, insulin autoantibodies;
ICA, islet cell antibodies; GADA, glutamic acid decarboxylase autoantibodies; JDRF, Juvenile Diabetes Research Foundation units; RU, relative units; SD, standard

deviation; ZnT8A, zinc transporter 8 autoantibodies.

that the higher the risk conferred by the HLA genotype, the
younger the age at diagnosis was. Male sex was more frequent
in all groups independently of the HLA genotype. This is in line
with previous studies which have shown a positive association
between male sex and the T1D incidence in countries with high
incidence of T1D [24].

In relation to clinical and metabolic markers, we initially ob-
served significant differences in plasma glucose concentrations
and HbAlc levels at the time of diagnosis. Contrary to our

expectations, the median plasma glucose was higher among
carriers of the DQBI*06:02 allele when compared to those
with a high-risk genotype. Similarly, children with T1D with
DQBI*06:02-positive haplotype had higher HbAlc values when
compared to patients with other or high-risk HLA genotypes.
However, adjusting for age and sex rendered these findings sta-
tistically insignificant. These effects of age and sex especially
on HbAIc are in line with previous studies. Extensive registry-
based studies both in Sweden and Finland have shown that girls
have higher HbAc levels at the time of diagnosis [25-27].
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TABLE3 | Comparison of demographic, metabolic and immunological markers at diagnosis between children with T1D carrying the DQBI*06:02-

positive protective haplotype + a high-risk haplotype.

DQB1*06:02-
positive
without high-
DQB1*06:02-positive + high- risk haplotype
Variable N risk haplotype (N=51) (N=24) P Adjusted p
Sex, male, N (%) 75 29 (56.9) 13 (54.2) 1.00
Age at diagnosis, years, mean + SD 75 9.60+3.91 9.22+4.21 0.71
Family history of type 1 diabetes 75
Father with type 1 diabetes, % 0 0 — —
Mother with type 1 diabetes, % 5.9 4.2 1.0 0.73
Sibling with type 1 diabetes, % 7.8 4.2 0.92 0.55
Family member with type 1 11.8 8.3 0.96 0.62
diabetes, %
BMI SDS, z-score mean, £ SD 73 —0.45+£1.45 —-0.11+£1.57 0.37 0.55
pH, median (range) 74 7.36 (7.12-7.49) 7.39 (6.96-7.43) 0.36 0.079
Ketoacidosis, % 74 25.5 13.0 0.37 0.26
Severe ketoacidosis, % 74 0.0 8.7 0.17 1.00
B-Hydroxybutyrate, mmol/L, 66 1.58 (0-15.10) 1.10 (0.09-7.62) 0.32 0.64
median (range)
Plasma glucose, mmol/L, median 74 25.20(15.80-72.10) 24.70 0.83 0.49
(range) (6.00-54.30)
HbA1c, mmol/mol, median (range) 25 97.50 (82.00-153.00) 107.00 0.81 0.87
(75.00-152.00)
HbAIc, %, median (range) 25 11.07 (9.65-16.15) 11.94 0.81 0.87
(9.01-16.06)
Duration of symptoms 74 0.19 0.043
No symptoms, % 0.0 0.0
<1lweek, % 24.0 4.2
1-2weeks, % 36.0 33.3
2-3weeks, % 4.0 12.5
3-4weeks, % 18.0 25.0
>4weeks, % 18.0 25.0
Frequency of autoantibodies
TAA positivity, % 75 54.9 58.3 0.98 0.83
IA-2A positivity, % 75 78.4 70.8 0.67 0.48
GADA positivity, % 75 78.4 70.8 0.67 0.53
ZnT8A positivity, % 75 76.5 62.5 0.33 0.24
ICA positivity, % 75 92.2 91.7 1.00 0.94
Autoantibody levels
TIAA, RU, median (range) 31 4.34 (1.72-67.58) 6.10 0.50 0.90
(1.71-116.58)
(Continues)
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TABLE 3 | (Continued)

DQB1*06:02-
positive
without high-
DQB1*06:02-positive + high- risk haplotype
Variable N risk haplotype (N=51) (N=24) P Adjusted p
IA-2A, RU, median (range) 57 114.22 (2.25-266.52) 25.29 0.005 <0.001
(1.06-147.58)
GADA, RU, median (range) 57 51.03 (6.01-206-03) 54.87 0.41 0.78
(17.31-194.10)
ZnT8A, RU, median (range) 54 9.84(0.55-141.44) 25.06 0.81 0.36
(0.54-88.43)
ICA, JDRF, median (range) 69 96.00 (6.00-1025.00) 47.00 0.028 0.15
(7.00-512.00)
Initial autoantibody
GADA 75 35.3 25.0 0.53 0.40
TIAA 65 11.8 12.5 1.00 0.86
Sum of autoantibodies, ICA 75 0.086 1.00
excluded
0, % 0.0 8.3
1, % 5.9 12.5
2,% 31.4 12.5
3,% 31.4 41.7
4, % 31.4 25.0

Note: Correction for multiple testing was carried out using the Benjamini-Hochberg procedure. All false discovery rate (FDR)-corrected p values in Table 3 were > 0.05
except for the comparison of the IA-2A titres (p=0.001). The bolded values are significant (p < 0.05).

Abbreviations: BMI SDS, body mass index standard deviation scores; HbAlc, haemoglobin Alc; IA-2A, islet antigen 2 autoantibodies; IAA, insulin autoantibodies;
ICA, islet cell antibodies; GADA, glutamic acid decarboxylase autoantibodies; JDRF, Juvenile Diabetes Research Foundation units; RU, relative units; SD, standard

deviation; ZnT8A, zinc transporter 8 autoantibodies.

The disease process leading to clinical T1D may take years. It
has been estimated that the clinical manifestation of the disease
occurs when only 10%-30% of the insulin-producing beta cells
are left functioning [28]. Age at diagnosis could be a more com-
prehensive marker of the aggressivity of the autoimmune process
than metabolic markers that are affected more by what happens
in the end-stage of the disease process. The metabolic markers
might more likely be affected by social factors and the availability
of healthcare than the velocity of the disease process at the verge
of diagnosis. Thus, carrying protective haplotypes could indirectly
affect manifestation of T1D at the time of diagnosis by delaying the
disease presentation. Indeed, Pugliese et al. [11] have previously
argued how adjusting for age would misleadingly diminish the
impact of carrying the DQBI1*06:02 allele as older age at the time of
diagnosis is a likely outcome of its protective properties.

There were no significant differences in the frequency of auto-
antibody positivity, but we observed differences in GADA titres
depending on the HLA class II genotype. Children with T1D
with the protective genotype had significantly higher GADA ti-
tres than those with other genotypes. This may be related to the
increased frequency of the DRB1*04:04-DQA1*03-DQB1*0302
haplotype as the second haplotype in DQB1*06:02 positive
children with T1D [29]. In a previous study, we have shown
that autoantibodies against the GAD M-epitope and C-epitope

were more common among those T1D children carrying the
DRB1*04:04 allele than among those negative for this allele
[30]. Preferential binding to certain islet peptide epitopes by the
DR404 but not the DR401 molecule to be presented to effector T
cells could be hypothesized as a mechanism behind our obser-
vation of the increased DRB1*04:04 allele frequency and higher
GADA titres found in DQB1*0602-positive children with T1D.

Before adjusting the results, we could also see higher levels of ITAA
among carriers of other HLA genotypes or of the high-risk geno-
type. Recently, our understanding of T1D has shifted towards the
notion of disease heterogeneity and different endotypes of type 1
diabetes, which could be classified in two main endotypes. The
first one is associated with faster disease progression rate and is
characterized by IAA as the first autoantibody to emerge in the
preclinical phase peaking as early as around the age of 1-2years.
The second endotype is associated with initial seroconversion of
GADA with a lower peak 2-3years later in life [31]. We observed
that GADA was the more frequent and IAA the more infrequent
initial autoantibody among carriers of the DQBI*06:02 allele but
no significant differences could be detected. It must be noted that
significant reverse seroconversions before the diagnosis of T1D
have been observed for IAA, with the probability of this phenom-
enon increasing with the duration of the prediabetic period [31].
As children with T1D in our study are up to 14-year-old, inverse
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TAA seroconversions may affect the analysis of IAA frequencies
and levels.

To compare patients carrying DQBI*06:02 to those carrying
other HLA class II genotypes, we also performed within-
group analyses in the protective group. As mentioned in the
introduction, DQBI*06:02 has been shown to offer dominant
protection from T1D even when paired with a haplotype con-
ferring strong disease susceptibility. Here, we set out to assess
whether there might be any differences in the presentation
of T1D depending on whether the haplotype paired with the
DQBI*06:02-positive one conferred high risk or not. We ob-
served a longer duration of symptoms among patients without
a risk-associated haplotype, but no other significant effects on
clinical, demographic or metabolic factors at diagnosis could
be seen. Neither did we observe any differences in the fre-
quencies of autoantibodies. However, we detected markedly
higher concentrations of IA-2A among children with T1D
carrying a risk-associated haplotype. The high titre of IA-2A
is fitting since carrying a genotype including the DRBI*04-
DQBI#03:02 haplotype has previously been associated with
the highest levels of IA-2A [32]. IA-2A has been suggested to
be a more specific marker of beta-cell autoimmunity because
of its association with the high-risk haplotype, low serum C-
peptide levels at diagnosis and higher need for exogenous in-
sulin during the first years of overt disease [32]. However, no
clinical indication of a more advanced or aggressive disease
was detected here.

4.1 | Strengths and Limitations

A major strength of our study is the large sample size since our
study is based on a national register with a coverage of more than
90% in the country with the highest incidence of T1D globally. As
far as we are aware, the current DQBI*06:02 cohort is the larg-
est one analysed so far. When considering limitations, the cross-
sectional design prevents us from observing the progression of
the disease process before the time of diagnosis. Information on
the characteristics preceding the diagnosis of T1D would reflect
the aggressiveness of the disease more in detail. As expected the
number of patients carrying DQBI1*06:02 allele is rather low, in-
creasing the likelihood of type two errors when comparing char-
acteristics of T1D within the group. We do not have information
on non-HLA susceptibility genes for T1D which might explain
some findings or the lack thereof. Finally, the Finnish population
is very homogenous which should be taken into account when
generalizing these results.

5 | Conclusions

Our findings are in line with previous reports regarding the
association between HLA class IT genotypes and age at diag-
nosis: the association is evident as carriers of DQB1¥06:02 are
diagnosed at the oldest age and carriers of high-risk genotypes
at the youngest one. Differences in the clinical manifestation
seem to be explained primarily by other factors than the HLA
class 2 genotype. Our results support previous reports regarding
the dominant effects of the DQBI*06:02-positive haplotype as

pairing the protective haplotype with a high-risk haplotype had
only minor effects on the characteristics of T1D.
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