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The association between HLA genotypes and type 1 diabetes is well known. We set out to examine incidence rates
and ratios of type 1 diabetes depending on the risk afflicted by HLA genotype. Children with the high-risk ge-
notype have a 45-fold disease risk compared to peers with neutral or protective genotypes.

1. Introduction

Type 1 diabetes is the third most common autoimmune disease in
Finland where its incidence is highest in the world. The incidence rate of
type 1 diabetes grew for decades until peaking at 64.2/100 000 in 2005
after which the incidence rates have remained quite stable [1]. The
disease is associated by genetic predisposition, primarily by the HLA
class II genotype accounting for about 50% of the genetic disease sus-
ceptibility. DRB1*04:01/02/04/05-DQA1*03-DQB1+%03:02 (DR4-DQ8)
and DRB1*03:01-DQA1*05-DQB1*02 (DR3-DQ2) are the haplotypes
that inflict the strongest predisposition to type 1 diabetes. Because of
their synergistic effects, a genotype formed by these two haplotypes
confers the highest disease risk. Some haplotypes act neutrally and
others such as DRB1*15-DQA1*01-DQB1*06 (DR15-DQ6) confer pro-
tection from the disease [2]. The disease process may be triggered by an
environmental factor such as an enterovirus infection, decreased mi-
crobial exposure early in life and/or vitamin D deficiency [3]. The
dramatic rise in type 1 diabetes incidence after World War II emphasizes
the role of environmental elements. Indeed several studies show that
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high-risk HLA genotypes have become less frequent among subjects with
newly diagnosed type 1 diabetes over time when comparing recently
diagnosed patients to those presenting with type 1 diabetes 30 to 80
years ago [4,5]. As far as we are aware the rate of type 1 diabetes has not
previously been related to the HLA-conferred disease risk. Here we set
out to estimate the disease incidence in relation to different HLA class II
risk genotypes among Finnish children under the age of 15 years diag-
nosed over a period of 16 years.

2. Materials and methods

Data on the participants in this study was derived from the Finnish
Pediatric Diabetes Register (FPDR) initiated in 2002. The register covers
more than 90% of all newly diagnosed pediatric patients with type 1
diabetes. Our study comprised 7894 children under the age of 15 years
diagnosed with type 1 diabetes between 2003 and 2018. Annual popu-
lation sizes for each age group were derived from the civil registry. Data
on the HLA class II genotype was available for 6085 participants
(77.1%). Those lacking HLA genotype data were excluded from our
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Table 1
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Proportion of risk groups in the Finnish population and among patients with type 1 diabetes as well as sex- and age specific incidence rates (/100 000) of type 1 diabetes
during the time period 2003-2018 in Finnish children under the age of 15 years in relation to their HLA-conferred disease risk.

Protective/  Slightly increased Moderately increased Highrisk  Allrisk groups  Ratio, high risk/
Neutral risk risk protective
and neutral risk (95% CI)
Proportion in the ge-neral population, 76.90 13.64 7.42 2.04 0.026 (0.025-0.027)
%
Proportion among patients with T1D, %  18.13 22.93 36.93 22.02 1.21 (1.19-1.24)
Girls
0-4 5.99 50.17 172.62 436.49 72.8 (57.7-92.5)
5-9 10.42 76.06 221.28 462.32 44.3 (36.5-53.9)
10-14 8.29 69.00 176.80 324.60 39.2 (31.4-48.9)
0-14 8.25 65.23 190.24 406.77 37.66 49.3 (43.6-55.8)
Boys
0-4 7.25 62.41 178.01 423.43 58.4 (47.0-72.7)
5-9 13.02 82.12 265.98 565.18 43.4 (36.6-51.6)
10-14 14.59 86.38 248.14 530.57 36.4 (30.8-43.0)
0-14 11.68 77.16 231.25 507.21 47.01 43.4 (39.1-48.2)
All
0-4 6.63 56.42 175.38 429.81 64.8 (55.3-76.1)
59 11.75 79.16 244.12 514.88 43.8 (38.5-49.8)
10-14 11.51 77.87 213.22 429.74 37.3(32.7-42.7)
0-14 10.00 71.32 211.19 458.08 42.44 45.8 (42.3-49.6)

analysis. Ilonen et al. established in 2016 a HLA risk classification that
categorized patients into six risk groups (strong protection, slight pro-
tection, neutral, slightly increased risk, moderately increased risk, high
risk) based on the disease risk afflicted by each HLA class II genotype
(Supplementary tables 1 and 2) [6]. Because of the small sample sizes
among patients with protective and neutral genotypes, we combined
them into one group: “protective/neutral”. We then calculated incidence
rates per 100 000 for each HLA risk class among newly diagnosed T1D
patients during the time period from 2003 to 2018 taking into account
the size of each risk group in the entire population as previously re-
ported by Ilonen et al. and shown in Table 1 [6]. The data was assessed
in the total series as well as based on sex and three age groups (<5 years,
5-9 and 10-14 years). R studio was used to calculate confidence in-
tervals for incidence rate ratios.

The study protocol was approved by the Ethics Committee of the
Hospital District of Helsinki and Uusimaa.

3. Results

The overall incidence of type 1 diabetes among 0-14-year-old chil-
dren diagnosed between 2003 and 2018 was 42.4 per 100 000. It was
considerably higher among boys than girls (47.0 vs 37.7, ratio 1.25, 95%
CI 1.19-1.31). When the overall incidence is calculated taking into ac-
count the availability of HLA data (77.1%) and the coverage of the FPDR
(91.7%) [7] the rate turns out to be 59.5, which is close to the rate of
62.5 reported earlier for the time period 2006-2011 [1]. Incidence rates
were highest among the 5-9-year-olds and lowest in the youngest age
group with the exception of the high-risk group where the incidence
rates were virtually equal among the oldest participants when compared
to the youngest (429.7 vs 429.8) but considerably higher among 5-9-
year-olds (514.9). The differences between 5 and 9 and 10-14-year-old
participants were less conspicuous when looking at the incidence rates
in risk groups other than the high-risk one. The incidence rate in the
high-risk genotype was markedly lower (324.6) among girls in the oldest
age-group than in the middle age group (462.3).

There were notable differences in the incidence rates for each risk
genotype. The ratio between the rate in those carrying the high-risk
genotype and those with the protective/neutral genotypes was 45.8 in
the whole study population, being highest among girls under the age of
5 years (Table 1). The lowest ratio was seen among boys aged 10-14
years. Comparing incidences of other risk genotypes to the group with
protective or neutral genotypes the ratio was 7.1 in those with slightly
increased risk and 21.1 in those carrying moderately increased risk. The

corresponding ratios were highest in the youngest age-group; 8.5 and
26.5, respectively.

The incidence rates among boys were higher than among girls in
each risk group. However, incidence rate ratios when other risk groups
were compared to the protective/neutral risk group were higher among
girls. The incidence rate ratios for boys in each risk group were as fol-
lows: slightly increased risk 6.6, moderately increased risk 19.8 and high
risk 43.4. The corresponding ratios for girls were: 7.9, 23.1 and 49.3. As
among all the participants, the incidence rates were lowest among the
youngest female participants and highest among 5 to 9-year-old girls
with the exception of the high risk group where the oldest age group had
the lowest incidence rate. Incidence rates were lowest among the
youngest male patients in all of the risk groups. Between participants
carrying protective, neutral or slightly increased risk the incidence rates
were highest among the oldest male patients whereas genotypes
afflicting higher risk were most common among 5 to 9-year-olds.

4. Discussion

We set out to assess the magnitude of differences between incidence
rates among patients with type 1 diabetes carrying various HLA class II
risk genotypes. These differences were notable, the incidence of patients
carrying high risk genotypes was more than 45 times higher than in
those with protective or neutral genotypes (Table 1). The incidence ra-
tios, when higher risk groups were compared to protective/neutral,
were highest among the youngest age group emphasizing the impor-
tance of genetic predisposition among patients diagnosed early in life.
Also, the relative effects of HLA genotypes were larger among girls.

The current observations as well as earlier Finnish data [1] differ
from findings from the 1990'ies [8] considering incidences in different
age groups as we detected the highest incidence rates among 5 to 9-year-
olds. In addition, our results emphasize the effect of gender on the
incidence of T1D, the disease rate being higher among boys in every risk
group and the total incidence was 1.25 times higher (compared to 1.1
times during the time period 1990-1999) than among girls. Our results
verify the crucial impact of the HLA genotype on the individual risk of
type 1 diabetes.
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