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ABSTRACT

Aims: Is the current screening for early-stage type 1 diabetes (T1D) associated with the rate of diabetic ketoacidosis (DKA) at T1D
manifestation at population level?

Materials and Methods: Children with T1D manifestation in 2015-2023 in Germany, aged 0.5 to <15 years from the multicenter
diabetes registry (DPV) were included and allocated to federal states (FSs) based on their residential postal code. The relative risk
(RR) with 95% confidence interval for DKA at manifestation of T1D by FS with vs. without screening, and demographic/context
factors was calculated using logistic regression models.

Results: 24,408 children (54.3% males) were included with median onset age of 8.8 (quartiles: 5.3; 11.8) years. The RR for DKA
was not significantly lower in FS with vs. without screening (RR: 0.96 [0.93-1.03], p =0.393) overall, but in the sub-group of
children with the highest probability of being screened (age 1.75-10.99 years, manifestation in Bavaria from 2020 to 2023, RR: 0.88
[0.80-0.97], p=0.012). The most important predictor for DKA was manifestation age <3 years (RR: 1.83, [1.66-2.03], p<0.001).

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
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Conclusions: Until 2023, current regional screening initiatives for early-stage T1D were not associated with lower frequency of
DKA at population level, but might be helpful in the future if the coverage can be markedly increased.

Summary

+ Until the end of 2023, the offer of a study participation for
early stages of type 1 diabetes (T1D) was not associated
with a decrease in diabetic ketoacidosis (DKA) propor-
tion at pediatric T1D manifestation at the population
level in Germany.

+ A reduced prevalence of DKA may be demonstrated in
the future with higher and more homogeneous participa-
tion throughout the federal states (FSs).

+ Children with T1D onset before 3 years of age are at the
highest risk for DKA at manifestation, but are difficult to
capture with screening.

+ Immigrant background and rural place of living are
potentially amenable predictors of DKA at manifestation.
No association with physician density was observed.

1 | Introduction

Diabetic ketoacidosis (DKA) is a common and severe complica-
tion at clinical manifestation of type 1 diabetes (T1D). In Ger-
many, about one in four children under the age of 18 years
suffered from DKA at T1D onset between 2011 and mid-2023.
Furthermore the incidence of pediatric T1ID with DKA was
increasing [1]. Other European countries report DKA propor-
tions at pediatric TID manifestation between 20% and 40% [2]
with even higher rates reported in the US [3]. The reasons for the
high proportion of DKA at pediatric T1D manifestation and
the recently reported increase in many countries even before
the COVID-19 pandemic are not fully understood. An important
cause is the delayed diagnosis of diabetes due to failure to recog-
nize or misdiagnosis of the typical symptoms of diabetes [4].

One attempt to lower the rate of DKA at T1D onset in children is
to screen for early stages of T1D in order to raise awareness in
children and their parents, and initiate insulin therapy early at
clinical manifestation of the disease. Italy was one of the first
European countries to implement a screening program for auto-
antibodies against T1D and celiac disease by law [5]. In Germany,
the Institute for Diabetes Research at Helmholtz Munich offers
an antibody-based screening study since 2015 (Frlda) for early
detection of T1D as part of the routine pediatric checkup or
during any visit. Between 2015 and 2021, children between the
ages of 2 and 6 were offered participation in the study and, from
2021, children between the ages of 2 and 10. The Frlda screening
study was initiated in Munich, Bavaria, and later expanded to the
whole federal state (FS) of Bavaria as well as to the FSs of Lower
Saxony (10/2016), Hamburg (06/2021), and Saxony (2021) [6-8].

It was reported that the DKA proportion among participants of
the Frlda initiative who developed stage 3 T1D was very low
(2.5%) compared to the above mentioned DKA rates [9]. How-
ever, the impact on the whole pediatric population is unclear. It
must also be taken into account that the number of pediatricians

who could participate in the Frlda study varies from region to
region. For example, the coverage of pediatricians (calculated as
number of pediatricians compared to the number of required
pediatricians) in Bavaria is 144% while in Lower Saxony it is
138% and in Hamburg it is the lowest in Germany with 120%.
Otherwise in Saxony, the coverage of pediatricians is higher with
190% [10].

Some FSs, such as Thuringia, were part of programs for early
detection of T1D based on genetic risk for T1D as part of the
newborn screening (Frederlk-study) [8] as a different approach.
In Stuttgart, the state capital of the FS of Baden-Wiirttemberg, an
awareness campaign to inform children and parents in schools
and other facilities and sensitize healthcare providers for diabetes
symptoms was implemented as another approach from 2015 to
2017 [11, 12]. This campaign was expanded from July 2021 to the
FS of Baden-Wiirttemberg and in a slightly different version to a
nationwide prevention campaign. However, the coverage rate of
such prevention campaigns, and therefore its effectiveness for
DKA prevention at the population level, is even more difficult
to capture.

The aim of this study was to use a nationwide diabetes registry to
provide evidence whether the current screening study Frlda for
early stages of T1D may be associated with the frequency of DKA
at T1D onset of the whole pediatric population in Germany.

2 | Materials and Methods

2.1 | Data Collection

This analysis was based on data from the prospective, multicen-
ter diabetes patient follow-up registry (DPV). Developed as a
standardized electronic health record at the Institute of Epidemi-
ology and Medical Biometry, Ulm University, Germany, the DPV
registry provides ongoing real-world data on diabetes treatment
and outcome from more than 500 centers in Germany, Austria,
Switzerland, and Luxembourg since 1995. The coverage rate for
children and adolescents with diabetes is estimated to be >90%
for Germany [13]. The DPV initiative and the analysis of pseu-
donymized data were approved by the Ethics Committee of Ulm
University (Approval Number: 314/21) as well as by local review
boards. The data are transmitted twice a year, checked for incon-
sistency or implausibility, and reported back to the respective
centers for correction, if necessary.

2.2 | Design and Participants

Children and adolescents documented in the DPV registry with
newly diagnosed T1D from 2015 to 2023 in Germany and with
age at onset <15 years were included (Figure 1). The Frlda-study
provides the opportunity for autoantibody screening for T1D as
part of routine pediatric checkups in selected regions (Bavaria,
Saxony, Lower Saxony, and Hamburg during our observation
period). Due to its voluntarily research-study design, the study
is not comprehensive. Thus, pediatricians play a major role for
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All individuals with any type of diabetes in DPV (03/2024)

N =690,528
_____________________________________________ :
A v
Type 1 diabetes Exclusion
N =170,227 N = 520,301
_____________________________________________ !
v +
Age at diabetes onset <15 years Exclusion
N =112,070 N = 58,157
_____________________________________________ :
Y v
Diagnosed in German centres and living in Germany Exclusion
N =102,564 N =9506
_____________________________________________ .
1
A h 4
Diagnosed between 2015 and 2023 Exclusion
N =29,972 N=72,592
_____________________________________________ .
1
A v
Documented onset period Exclusion
(£10 days around date of clinical diagnosis) N=5392
N = 24,580
_____________________________________________ :
1
A v
Data on urbanity index available Exclusion
Final cohort N=172
N = 24,408

FIGURE 1 | Flowchart of inclusion/exclusion criteria.

families to participation in the screening program. All of the
other 12 FSs of Germany were considered as FSs with no screen-
ing possibility. Individuals were allocated to a FS by the postal
code of their residence at time of manifestation. Since most of the
screened children to date are from Bavaria, for sensitivity analy-
sis, Bavaria was considered as the only FS with screening, there-
fore, excluding Hamburg, Lower Saxony, and Saxony from this
analysis.

2.3 | Data Management and Variable Definition

The diagnosis and classification of diabetes types was conducted
by the diabetologists at the participating centers according to the
clinical presentation of people with diabetes manifestation and lab
results, based on German guidelines, which are identical to guide-
lines of the International Society for Pediatric and Adolescent
Diabetes (ISPAD). DKA at manifestation was defined as pH-value

<7.3and/or bicarbonate level <15 mmol/L, measured within
10 days of the date of diagnosis (ISPAD guideline, valid until
2021) [14]. HbAlc values were standardized to the Diabetes Con-
trol and Complications Trial (DCCT) reference (ref.) range of
4.05%—6.05% (20.7-42.6 mmol/mol) using the multiple of the
mean transformation method to account for different laboratory
methods [15]. Anthropometric measurements were performed in
the local centers according to guidelines. The body-mass index
(BMI) is presented as standard deviation score (BMI-SDS) accord-
ing to German ref. data [16]. Immigrant background was defined
as the child or one of the parents being born outside of Germany.
Missing data on immigrant background were considered as a sep-
arate category in order to not exclude these individuals. The pro-
portion with a confirmed immigrant background among all
individuals and the proportion without information on immigrant
status are given in the descriptive analysis. Postal codes of the
residence at manifestation were used to assign the children to a
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degree of urbanization. Based on the population density of local
administrative units as provided by Eurostat, three degrees of
urbanization were defined: “urban areas” (at least 50% of the
population living in an urban center with >1500 inhabitants/
km?, and a minimum of 50,000 inhabitants collectively), “rural
areas” (at least 50% of the population living in areas with
<300 inhabitants/km?, and <5000 inhabitants collectively), and
“suburban areas” collecting anything in between [17]. The physi-
cian density at the FS level in Germany is measured as number of
inhabitants divided by the number of physicians based on data
from the federal statistical office (DESTATIS) and the German
medical association from the year 2022 [18]. The coverage of
pediatricians is also provided by DESTATIS and the German med-
ical association and is given as percentage of pediatricians per
calculated number of required pediatricians per FS [10].

2.4 | Statistical Analysis

The results of descriptive statistics are shown as median with
quartiles for continuous variables and as proportion for binary
variables. p-Values were calculated using the chi-squared test for
categorial variables and the Wilcoxon’s rank sum test for contin-
uous variables and adjusted for multiple comparisons according
to the Bonferroni-Holm [19] method. The raw proportion of
DKA at T1D onset by FS in Germany is shown in Figure 2.

To analyze associations between individual demographic and
postal code/FS level structural characteristics and the DKA pro-
portion (dependent variable), a logistic regression model was
implemented using sex, age at T1D onset (<3, 3 to <6, 6 to <9,
9 to <12, and 12 to <15 years), immigrant background, grouped
years of diagnosis (2015-2017, 2018—2019, 2020-2021, and 2022
—2023), urbanity index (urban, suburban, and rural areas), phy-
sician density, coverage of pediatric and adolescent physicians,
and FSs with or without screening for T1D as independent vari-
ables. Additionally, a term for an interaction between physician
density and coverage of pediatric and adolescent physicians was
included. Based on this model, the relative risk (RR) for DKA was
calculated for all predictors. For physician density the risk
was calculated for a decrease of ten inhabitants per physician
(higher physician density) and for the coverage of pediatric phy-
sicians the risk was calculated for an increase per 10% points
(higher coverage). Therefore, for all predictors, RRs <1 for DKA
indicate an advantageous association.

In a second step, the RR for DKA with regard to screening for
T1D was calculated stratified for the sub-categories of sex (ref. =
female), age at T1D onset (ref. = 3 to <6 years), immigrant back-
ground (ref. = no immigrant background), year of diagnosis (ref.
=2015-2017), and urbanity index (ref.=urban), each adjusted
for the other possible predictors.

These analyses were additionally conducted as sensitivity analy-
sis with Bavaria only as FS with screening, excluding the FS
Hamburg, Lower-Saxony, and Saxony from this analysis. In order
to provide more detailed evidence, we further investigated the
group with the highest probability of being screened according to
the Frlda-study. Hummel et al. [9] mention that, in Bavaria, until
March 2019 only children aged 1.75-5.99 years were screened,
after that, children between the ages of 1.75 and 10.99 years were
offered screening. Given a median time-lag of 22 months from

screening to stage 3 T1D, most children who have been screened
and developed T1D should be those within the onset-years
2020-2023 aged 1.75-10.99 years from Bavaria [9]. Therefore,
we compared those children with children of the same age and
manifestation in the same years from FS without screening, again
with exclusion of manifestations in Hamburg, Lower-Saxony,
and Saxony.

For all analyses a two-sided p-value of <0.05 was considered as
significant. All statistical analyses were performed using statisti-
cal analysis software (SAS, SAS Institute Inc., Cary, NC, USA)
Version 9.4.

3 | Results

24,408 children and adolescents fulfilled the inclusion criteria.
Median (with lower and upper quartile) age at T1D onset was 8.8
(5.3; 11.8) years, 54.3% were male, and 26.3% had an immigrant
background. At clinical manifestation, median BMI-SDS in the
whole groups was —0.28 (—1.12; 0.53) and HbAlc was 11.1% (9.7;
12.8) or 98 mmol/mol (82; 116), respectively. Table 1 shows basic
characteristics stratified by FS with and FS without screening
availability. Figure 2 displays the raw proportion with DKA at
T1D onset by FS from 2015 to 2023 in Germany. Most FSs
revealed a DKA proportion of about 30%, the lowest DKA pro-
portion was observed in Thuringia (24.1%), the highest propor-
tions were observed in Rhineland-Palatinate (33.3%) and in
Saxony-Anhalt (35.9%).

Among all predictors considered, early manifestation (below 3
years of age) revealed the highest RR (1.83, 95% CI [1.66-2.03],
p<0.001) for DKA, compared to the age group with the lowest rate
of DKA (3 to <6 years). The next higher RR for DKA at T1D onset
was observed for children and adolescents with manifestation
during the years 2020-2021 (1.54 [1.42-1.67], p<0.001) and
2022-2023 (1.49 [1.38-1.62], p<0.001). Furthermore, immigrant
background (1.28 [1.20-1.36], p<0.001) and living in rural areas
(1.09 [1.01-1.17], p=0.037) revealed higher RRs for DKA
(Figure 3). No significant association could be found regarding
availability of screening for early-stage T1D in the whole group
(RR: 0.96 [0.93-1.03], p = 0.393) (Figure 3).

Stratified for subgroups, no significant association between FS
with vs. without availability of screening could be found (Table 2).
The lowest RRs were observed in the onset-years 2015-2017 (RR:
0.91 [0.83-1.01], p =0.063), the onset-years 2022-2023 (RR: 0.93
[0.86-1.00], p =0.066), and in urban areas (RR: 0.93 [0.86-1.00],
p=0.053) (Table 2).

Sensitivity analysis with excluding Hamburg, Lower Saxony, and
Saxony from the analysis, leaving only Bavaria as FS with screen-
ing availability produced similar results. The RR for DKA in
Bavaria vs. FS without screening was 0.95 [0.87-1.04], p=
0.432. Again, no significant association regarding the RR for
DKA in Bavaria vs. FS without the offer of screening excluding
Hamburg, Lower Saxony, and Saxony could be detected in the
sub-group analysis. The lowest RRs were observed in children
aged 6 to <9 years (RR: 0.89 [0.77-1.03], p=0.117), in the onset-
years 2020-2021 (RR: 0.90 [0.81-1.00], p = 0.050), the onset-years
2022-2023 (RR: 0.91 [0.82-1.02], p=0.097), and in urban areas
(RR: 0.92 [0.82-1.02], p=0.125) (Table S1).
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FIGURE 2 |

However, there was a significant risk reduction in the population
with the highest possibility of being screened (children aged
1.75-10.99 years, with T1D onset in Bavaria from 2020 to 2023)
with an estimated RR for DKA of 0.88 [0.80-0.97], p=0.012
compared to children of the same age from FS without screening
offer. Again, excluding Hamburg, Lower Saxony, and Saxony
from the analysis. In contrast, in the same population of children
aged 1.75-10.99 years with T1D onset in Bavaria, but for the years
2015-2019 there was no significant difference in the proportion
with DKA compared to FS without screening offer (RR: 1.04
[0.91-1.19], p = 0.583).

Map of all federal states in Germany with unadjusted DKA proportion at pediatric T1D onset and with color scheme by tertiles.

4 | Discussion

In Germany, the frequency of DKA in children and adolescents
aged <15 years with a T1D onset between 2015 and 2023 was
highest in the youngest children (<3 years) and higher during the
COVID-19 pandemic, in children with immigrant background,
and in rural areas. Overall, no significant difference could be
found regarding sex and physician density. In addition, no clear
association between FSs that offer screening as part of a study for
early stages of T1D and the proportion of DKA at population level
could be found.
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TABLE 1 | Characteristics of the whole study cohort and stratified by federal state with/without availability of the Frlda screening study.

Screening® No screening”
Variable N All (N = 8068) (N =16,340) p-Value
Sex (% male) 24,408 54.3 55.4 53.8 0.080
Age at T1D onset (years) 24,408 8.8 (5.3;11.8) 8.7 (5.3; 11.8) 8.8 (5.4;11.8) 0.653
Immigrant background (%) 24,408 26.3 22.8 28.0 <0.001
Unknown immigrant status 24,408 9.4 7.6 10.3 <0.001
BMI-SDS 22,713 —0.3 (=1.1; 0.5) -0.3 (-1.2; 0.5) —-0.3 (-1.1; 0.5) 0.136
HbAlc 22,842 — — — —
% — 11.1 (9.7; 12.8) 11.1 (9.6; 12.9) 11.1 (9.7; 12.7) 0.653
mmol/mol — 98 (82; 116) 98 (81; 118) 98 (83; 116)
With DKA (%) 24,408 29.1 28.4 29.4 0.332

Note: HbAlc, glycated hemoglobin. Screening, federal state in Germany that implemented the Frlda screening program; no screening, federal state in
Germany that did not implement the Frlda screening study, regardless of other preventive or screening initiatives.

Abbreviations: BMI, body-mass index; DKA, diabetic ketoacidosis; T1D, type 1 diabetes.

“Bavaria, Hamburg, Lower Saxony, and Saxony.

PAll other federal states of Germany.
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FIGURE3 | Relative risk for DKA at pediatric T1D onset dependent on demographic and context factors. Reference groups: sex: female; age: 3 to <6
years; no immigrant background; years of manifestation: 2015-2017; urban area; and federal state without screening. For physician density the risk was
calculated for a decrease of ten inhabitants per physician and for the coverage of pediatric and adolescent physicians the risk was calculated for an
increase per 10% points. FS, federal state; Mani, manifestation.

Even though there is evidence that screening for early stages of  with a reduced proportion of DKA [12, 21], but according to a
T1D is associated with a lower risk for delayed diabetes diagnosis meta-analysis, only in one study the DKA proportion was lower
with all its acute and long-term complications in families partic- than 10% [22]. Nevertheless, the overall DKA rate at pediatric T1D
ipating in the Frlda study [9, 20], it is difficult to assess its impact in Germany onset is still around 30%.

he whole pediatri lation i .
on the whole pediatric population in Germany We could not show a significant association between children

Furthermore, other measures such as awareness campaigns in living in a FS where the Frlda screening study is provided and
Stuttgart and in other countries were also reported to be associated the frequency of DKA at T1D manifestation on the population
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TABLE 2 | Relative risks (RRs) for DKA at T1D onset for individuals from federal states with? vs. without screening® availability for early stages of

T1D in subgroups.

Subgroup N RR with 95% CI p-Value
Female 11,152 0.97 [0.91-1.03] 0.333
Male 13,256 0.96 [0.90-1.01] 0.122
Age at T1D onset: <3 years 2637 0.94 [0.86-1.04] 0.254
Age at T1D onset: 3 to <6 years 4496 0.96 [0.85-1.08] 0.481
Age at T1D onset: 6 to <9 years 5453 0.96 [0.87-1.06] 0.398
Age at T1D onset: 9 to <12 years 6237 0.99 [0.91-1.07] 0.768
Age at T1D onset: 12 to <15 years 5585 0.96 [0.88-1.04] 0.312
No immigrant background 15,704 0.98 [0.92-1.03] 0.356
With immigrant background 6409 0.95 [0.88-1.03] 0.190
Onset-years 2015-2017 7064 0.91 [0.83-1.01] 0.063
Onset-years 2018-2019 4995 1.01 [0.91-1.11] 0.875
Onset-years 2020-2021 6422 0.98 [0.91-1.05] 0.581
Onset-years 2022-2023 5927 0.93 [0.86-1.00] 0.066
Urban area 8510 0.93 [0.86-1.00] 0.053
Suburban area 8987 0.97 [0.90-1.05] 0.404
Rural area 6911 0.95 [0.88-1.03] 0.198

“Bavaria, Hamburg, Lower Saxony, and Saxony.
PAll other federal states of Germany.

level by now. This was also true for the sensitivity analysis with
Bavaria as only FS with screening availability, in the whole cohort,
and in sub-groups. However, we could find a significantly lower
RR for DKA in the specific sub-group with the highest probability
of being screened (children aged 1.75-10.99 years with T1D onset
in Bavaria from 2020 to 2023). This indicated that screening for
early stages of T1D can possibly reduce the DKA-rate, but to show
an effect among the whole population it needs to be significantly
expanded. This is also important taking recent results from other
screening initiatives into account such as the Italian pilot screen-
ing program. Cherubini et al. [23] found lower OR for DKA in
participating regions, especially severe DKA was markedly lower
(OR:0.51,95% CI: 0.39-0.67, p<0.001) than in regions not partic-
ipating in the screening program). However, the Italian group did
not find significant differences between 2023, the year with pre-
paratory measures for the screening project and 2024, when
screening was implemented. This suggests that the awareness of
the screening project itself may have led to a reduction in DKA at
T1D onset, even before the screening project had an impact. The
authors also mention the important role of pediatricians in imple-
menting the screening and also in raising awareness of the symp-
toms of early T1D among themselves and families. With regard to
the still regional study approach in Germany, the following should
be noted:

Since the local start of screening in Bavaria in February 2015 and
the expansion to Saxony, Lower Saxony, and Hamburg by 2021,
188,842 children aged 2-11 years have participated in the German
Frlda study [24]. Due to the slow development of screening num-
bers, a change in the DKA rate at clinical onset cannot be expected
for Germany at this time. Assuming 3200 manifestations of

clinical T1D in children and adolescents aged <18 years annually
in Germany with a rate of 30% (n =960) presenting with DKA at
diagnosis [2, 24, 25], a reduction of DKA rate to 27% (n=_864;
according to a 10% relative reduction) would be detectable with
apower of 84% at the population level. In order to achieve this 10%
relative reduction and on the basis of the reported DKA rate of
2.5% in this group [9, 24], approximately 350 annual cases with
newly diagnosed clinical T1D must occur in children with
detected early-stage T1D. Following the screening framework
and assumptions according to Bonifacio et al. [24], this figure
would be achieved after annual population screening in children
at ages 2 and 6 years (each approximately 800,000 children per
year) for 11 years with an approximate screening rate of 20%
(corresponding to a total of approximately 2.88 million children
screened).

Furthermore, it has to be considered that screening has so far
only been carried out on a voluntary basis and is accompanied by
high workload for the pediatricians which makes it difficult to
achieve a high coverage. Therefore, it cannot be ruled out that
there is a selection bias: participants in research studies are often
more educated, have higher income, live in geographic areas
with a higher socioeconomic status [26], and are more interested
in medical topics with different use of health care [27]. One
might argue that participants of the Frlda study, therefore,
have generally a lower pre-test probability of developing DKA
at T1D onset. However, only a capillary blood draw is necessary
in order to take part which can be done by the primary pediatri-
cian, so the inhibition threshold should be quite low. Further, it
could be shown that around 20% of Frlda participants are from
households with low-income and the proportion from urban
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(Frlda: 34%, DPV: 35%), suburban (Frlda: 38%, DPV: 37%), and
rural areas (Frlda: 28%, DPV: 28%) is similarly distributed in the
Frlda study and in the whole DPV cohort [28].

One issue for some families that needs to be addressed is the
psychological burden and the fear of knowing that the child
has autoantibodies and therefore is at risk of developing T1D
in the future without knowing the exact time point [29]. It can
take many years until the disease manifests, as less than half of
the children with detected stage 1 T1D manifest within 5 years
[30, 31]. However, there is also evidence that families who have
participated in a screening study show less psychological distress
[8] and better diabetes-related quality of life due to the supervi-
sion and support [32]. Although T1D is a chronic disease with no
cure, new immunomodulatory drugs, such as teplizumab, can
preserve beta-cells and delay T1D onset [33]. Teplizumab is cur-
rently approved by the US Food and Drug Administration (FDA)
[34] but not by the European Medicines Agency (EMA). In
November 2024, Teplizumab was included in the compassionate
use program of the German Paul-Ehrlich-Institut [35].

A small group (about 7% in Germany) of children develop T1D
without detectable autoantibodies at onset of symptoms [36]. For
these children an autoantibody-based screening might not be
effective. Otherwise, it has been shown that some patients
develop diabetes specific antibodies initially and lose them before
manifestation [37]. These children could still be picked up by a
screening study.

An important finding of our study is that infants under 3 years of
age have the highest risk of developing DKA with T1D onset,
while the average age of seroconversion to multiple islet auto-
antibodies is 2-3 years of age [38]. DKA proportion is lower in
those with a familial history of T1D [39], indicating that
increased awareness for T1D could reduce the risk for DKA at
manifestation. This might be especially important for very young
children whose clinical symptoms are often difficult to interpret.
The dilemma is that earlier screening for antibodies results in a
higher proportion of false-negative, and the later autoantibodies
are detected, the more young infants cannot be protected from
DKA despite screening. To overcome these difficulties, consecu-
tive screening at two different time points has been proposed and
is already being offered to children participating in the Frlda
study [24]. A combination of the Frederlk-study, which was
launched in Dresden in 2016 to determine genetic risk using a
polygenic risk score in newborns [40] and the Frlda study may be
a promising approach to sensitize families to T1D at an early
stage [41]. To achieve the greatest possible success, the studies
would have to be offered nationwide.

We considered several other structural and demographic aspects
that might interact with screening initiatives and in part are
known to be associated with DKA at T1D onset. Higher DKA
proportions among children with immigrant background have
been detected in previous reports from the German DPV-registry
[42]. Language barriers complicate medical information and edu-
cation. Furthermore, the DPV initiative and cohorts from other
countries found that DKA at T1D onset is associated with other
structural factors such as socioeconomic deprivation [43] or the
urbanity index [44]. Other structural aspects such as physician
density at a state level did not seem to have any effect on the DKA
proportion. We also considered the year of manifestation to

account for the known impact of the COVID-19 pandemic on
the DKA-rate at T1D onset [1, 2, 45].

5 | Strengths and Limitations

The strength of this study is the high number of documented
children with T1D in Germany with available data at clinical
onset. The major limitation is that no person-related information
on the participation in the screening study was available, and
screening did not start at the same time parallel in all four par-
ticipating FSs. However, the possibility and likelihood for chil-
dren being screened varies in terms of residence, age, year of
onset, and social status. Furthermore, there are other screening
initiatives in Germany, such as the Frederlk-study, in which
newborns are screened based on polygenetic risk score, but
most children screened did not yet develop diabetes and the
impact on the population based DKA rate is, therefore, question-
able. For this reason, we focused only on the Frlda initiative in
this study and conducted sensitivity analyses for Bavaria only.
Other approaches, such as the awareness campaign in Stuttgart
(Baden-Wiirttemberg), complicated the analysis since these other
measures to reduce the frequency of DKA at pediatric T1D onset
might interact with the screening initiatives.

6 | Conclusion

We could not find clear evidence that screening for T1D was
associated with lower DKA risk at the population level so far,
but in the sub-group of Bavarian children who had the highest
probability of being screened, the RR for DKA was significantly
lower compared to other FSs in Germany. Screening for early
stages of T1D can be a useful tool to prevent DKA at onset, but
it will need large efforts to achieve a high enough coverage in
order to significantly reduce the DKA rate at the population level.
It seems likely that this can only be reached by a standardized
German screening program which is routinely offered to every
family. Furthermore, an antibody-based screening alone will not
be sufficient to identify and protect very young children which
are particularly at risk for DKA at T1D onset and the impact of
screening on children with a long interval between screening and
onset of clinical disease needs to be investigated, as awareness
may decline. Supporting strategies are important to be imple-
mented besides screening initiatives and potential adverse psy-
chological effects of screening as well as cost efficiency and
medical resources for screening and follow-up of at-risk-children
need to be considered.
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