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Brief Report
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ABSTRACT

The type 1 diabetes incidence was analyzed in 0- to 14-year-old children in North Rhine-Westphalia, Germany, from 1996 to 2022. The data revealed an overall
increasing trend, with variations by age and sex. The incidence increased in boys across age groups but peaked in girls in the 5-9-year age group.

1. Introduction

The diagnosis of type 1 diabetes (T1D) in children represents a
considerable burden for affected children, their families, and the
healthcare system. Children with T1D require specialized pediatric
diabetes treatment and continuous medical care. Reliable estimates of
the incidence of T1D are essential for health service planning, and tar-
geted strategies that can reduce the future morbidity and mortality
associated with diabetes onset in childhood [1]. A recent systematic
review and meta-analysis revealed a worrying upward trend in the
incidence of T1D among children younger than 15 years in most Euro-
pean countries. For Germany, the incidence was estimated to increase
from 16.2 cases (95 % confidence interval [95 % CI] 13.9; 18.6) per
100,000 person-years (PYs) in the period 1994-2003 to 25.3 cases (22.4;
28.2) per 100,000 PYs in the period 2013-2022. This estimate was based
on several reports, but not a single study has focused on the incidence of
T1D in 0-14-year-old children over the last three decades including the
period of the coronavirus disease 2019 (COVID-19) pandemic [2].

The aim of this study was to investigate the incidence of T1D in North
Rhine-Westphalia (NRW), Germany’s most populous federal state with
18 million inhabitants, by using the longest available data series and to
analyze age group-specific trends by sex.

2. Materials and methods

For this study, registry data on physician-diagnosed T1D in children
younger than 15 years were used; these data have been collected in NRW
since 1996. The registry is based on data from the hospital-based
German Paediatric Surveillance Unit [3], annual inquiries among
medical practices, and the Diabetes Prospective Follow-up Register [4],
as described in detail elsewhere [5]. Children younger than 15 years at
the time of diagnosis who permanently resided in NRW between
January 1, 1996, and December 31, 2022, were eligible for inclusion.
The type of diabetes was determined by the treating physicians in
accordance with international diagnostic criteria [6].

The annual completeness of coverage was estimated with a captur-
e-recapture method, and the number of cases corrected for the degree of
underreporting was estimated with common formulas [7]. The rates of
incident T1D are expressed as the number of cases per 100,000 PYs.

Incidence rates with 95 % CIs were estimated by assuming a Poisson
distribution of cases and directly age- and sex-standardized. We present
incidence rates with correction for underreporting, log-linear incidence
trends as annual percentage changes (APCs) with 95 % CIs estimated
from negative binomial regressions [8], segmented log-linear trends
identified from joinpoint analysis as described previously [5], and fitted
curves estimated with flexible B-splines [9] that allowed us to modulate
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even short-term fluctuations.
The data were analyzed with SAS® software, version 9.4 (SAS
Institute Inc., Cary, NC, USA).

3. Results

From 1996 to 2022, 18,394 children with incident T1D were recor-
ded, resulting in 18,694 cases after adjustment for underreporting. The
mean completeness of coverage was 98.7 % (range 91.7 %; 99.7 %). The
overall T1D incidence was 26.1 cases per 100,000 PYs, slightly higher in
boys than in girls and lowest in children aged 0-4 years (Table 1, year-
specific data in Supplementary Table S1 and Supplementary Table S2).
According to the joinpoint analysis, there was an overall steady increase
in incidence from 1996 to 2012, followed by a phase with approximately
stable incidence until 2019, a steep increase at the beginning of the
COVID-19 pandemic, and finally a decline in 2022, resulting in an
overall APC of 3.0 % (Fig. S1, sex-specific data in Supplementary
Fig. S2).

Fig. 1 shows that the incidence rates increased in boys across age
groups. For boys aged 10-14 years, the fitted B-spline (Fig. 1) and log-
linear trends (Supplementary Fig. S3) were greater and largely parallel
to those of boys aged 5-9 years across the entire observation period.
Among 10-14-year-old girls, the log-linear trend was below that for 5-9-
year-old girls, except for the first years within the period (Supplemen-
tary Fig. S3). The fitted B-spline curve indicated more pronounced
fluctuations in the incidence in 10-14-year-old girls than in younger
girls (Fig. 1). According to the joinpoint analysis, there were two join-
points with three segmented trends for most subgroups defined by sex

Table 1
Pediatric type 1 diabetes incidence by sex and age group in NRW, Germany,
from 1 January 1996 to 31 December 2022.

Cohort, Number Person- Crude Standardized Annual

years of cases years incidence incidence per percent
per 100,000 change
100,000 person-years (95 %
person- (95 % CI) CI)
years (95
% CI)

All

0-4 3,997 22,484,756  17.8(17.2; 17.8(17.2; 2.7 (2.1;
18.3) 18.3) 3.2)

5-9 7,015 23,661,524  29.6 (29.0;  29.7 (29.0; 3.4 (2.9;
30.3) 30.3) 3.9)

10-14 7,682 24,837,826 30.9 (30.2; 30.9 (30.2; 2.9 (2.4;
31.6) 31.5) 3.4)

0-14 18,694 70,984,106  26.3(26.0;  26.1 (25.7; 3.0 (2.7;
26.7) 26.5) 3.3)

Boys

0-4 2,140 11,542,192  18.5(17.8; — 2.8 (2.0;
19.3) 3.6)

59 3,577 12,145,434 29.5 (28.5; - 3.5(2.8;
30.4) 4.2)

10-14 4,296 12,752,605  33.7 (32.7; - 3.3 (2.6;
34.7) 4.0)

0-14 10,013 36,440,231 27.5 (26.9; 27.2 (26.7; 3.2 (2.8;
28.0) 27.8) 3.6)

Girls

0-4 1,857 10,942,564 17.0 (16.2; - 2.5(1.8;
17.8) 3.2)

5-9 3,438 11,516,090 29.9 (28.9; — 3.2 (2.6;
30.9) 3.9)

10-14 3,386 12,085,221  28.0 (27.1; - 2.5 (1.9;
29.0) 3.1

0-14 8,681 34,543,875  25.1(24.6;  24.9 (24.4; 2.8 (2.3;
25.7) 25.5) 3.2)

The case numbers were corrected for the degree of underreporting [7]. The
direct method of standardization was applied, using a standard population that
included equal numbers in each subgroup defined by age and/or sex. The pop-
ulation data by sex and age for each year were obtained from the German
Federal Statistical Office [20].
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and age (Supplementary Fig. S4).
4. Summary

We showed that the general increasing trend in the incidence of
pediatric T1D varies by sex and age. Our observation that the incidence
increased with age in boys but was highest in girls in the 5-9-year age
group is consistent with other studies [10-12], but there are also con-
tradictory findings [13,14]. We are not aware of any reports from other
countries that reported age-specific B-spline curves differentiated by
sex. The overall incidence of T1D in children is higher in NRW than
those in several other Western countries [11-16] but lower than that in
Finland [10]. The overall T1D incidence reported for Germany in a
recent meta-analysis was lower than the rates calculated in the present
evaluation for the period 2013-2022 [2].

The evaluations were based on high-quality data from a population-
based incidence registry, with correction for underreporting. However,
the findings are limited because the incidence registry does not contain
any information to estimate the generalizability to the whole of Ger-
many and to explain the observed fluctuations. The different changes in
the T1D incidence curves by age group among girls and boys may reflect
concurrent changes in yet unidentified risk factors such as environ-
mental influences and lifestyle changes [17], and puberty may also have
a modifying effect [18]. The temporarily particularly high incidence
from 2020 to 2022 may be related to the coronavirus disease 2019
pandemic, which is suspected to have accelerated the transition from
presymptomatic autoimmunity to clinically manifest T1D in predisposed
individuals [19]. Unfortunately, the data from the diabetes registry are
not suitable for analyzing whether and, if so, which effects of the
pandemic (e.g., virus infection, unfavorable dietary habits and lack of
exercise during lockdown) were causal. In conclusion, there are as yet
unexplained differences between the individual age groups of girls and
boys with respect to fluctuations in the long-term T1D incidence curves.
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Fig. 1. Annual incidence rates and B-spline trends of T1D in NRW, Germany, by sex for different age groups, estimated on the basis of case numbers corrected for the

degree of underreporting.
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