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Incidence and Risk Factors
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Summary

Background: Diabetic ketoacidosis (DKA) is a potentially life-threatening metabolic disorder that can occur with manifestation of type 1 diabetes
mellitus (T1D). The aim of this study was to analyze the incidence of DKA at the time of the diagnosis of T1D in childhood and adolescence, the risk

factors, and regional approaches to reduce the incidence of ketoacidosis.

Methods: We investigated the proportion of patients under 18 years of age with DKA (defined as pH <7.3, severe DKA pH <7.1) at the manifestation of
T1D in Germany in the period 2000-2019, based on data from the German-Austrian registry of diabetes (Diabetes-Patienten-Verlaufsdokumentation,
DPV). The influence of the following factors was evaluated: year of manifestation, age, sex, family history of migration (MiH), and distance from the
hospital. Moreover, data from the region with and the region without a pilot screening project from 2015 onwards were compared.

Results: Of the 41 189 patients with manifestation of T1D, 19.8% presented with DKA (n = 8154, slight increase [p <0.001] over the study period) and
6.1% (n = 2513) had severe DKA. Children under 6 years of age had DKA more often than adolescents (12-17 years) (21.7% versus 18.6%, OR 1.22
{95% Cl: [1.14; 1.30]}). Girls had a higher rate of DKA than boys (20.5% versus 19.2%, OR 1.10 [1.03; 1.14]), and patients with MiH were more likely

to have DKA than those without MiH (21.4% versus 18.2%, OR 1.40 [1.32; 1.48]). In the region with a pilot screening project, the DKA rate stayed the
same, at 20.6%, while in the control region the rate was 22.7% with a decreasing tendency.

Conclusion: The frequency of DKA at the time of diagnosis of T1D did not decrease between 2000 and 2019 and increased towards the end of the
observation period. Children with MiH, children under 6, and girls were at a higher risk of DKA.
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n Germany, an estimated 32 000 children and adoles-

cents under 20 years and under have insulin-dependent

type 1 diabetes mellitus (T1D) (1, 2), that is one child
in 500. Each year, over 3000 children and adolescents
aged under 15 years—about 23 in 100 000—are newly
diagnosed with T1D (2, 3). This number of newly diag-
nosed T1D cases is increasing at a rate of 3% to 4% per
year (2, 3). If the disease is not diagnosed at the time the
first signs and symptoms of diabetes (polyuria, polydip-
sia, fatigue, weight loss) manifest, there is a risk that the
young patient develops diabetic ketoacidosis (DKA) (4)
which may lead to cerebral edema (5, 6) and, in rare
cases, to death (7, 8). Mid- and long-term risks include an
unfavorable course of the disease with a shortened period
of remission and poor metabolic control (9, 10) as well as
permanent intellectual and cognitive impairments (11).
Consequently, early diagnosis of a manifestation of dia-
betes is crucial to prevent the development of DKA.
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Proportion (%) of patients with diabetic ketoacidosis (pH<7.3, blue line) and severe ketoaci-
dosis (pH<7.1, red line) at manifestation of type 1 diabetes mellitus in the period 2000-2019
(a) in Germany (small numbers: number of documented manifestations in each year), (b) in
Bavaria and (c) Baden-Wuerttemberg. Linear trend with 95% confidence interval; n.s., non-
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Given the continuous rise in the incidence of T1D over
the past years, increased awareness of the disease would
be expected, leading to early diagnosis. This assumption
is supported by the fact that DKA rates are lower in coun-
tries with a high incidence of diabetes compared to coun-
tries with a low incidence (12). Thus, awareness
campaigns and screening programs (13) could help diag-
nose T1D at an early stage and thus prevent the develop-
ment of DKA.

Research questions

What is the proportion of children and adolescents
presenting with ketoacidosis at the manifestation of
T1D? Has this proportion decreased over the last two
decades? What are the risk factors, if any, predisposing
to ketoacidosis at manifestation of T1D? Is there evi-
dence that the incidence of DKA is reduced by a dia-
betes screening program? Our study aimed to address
these questions.

Methods

Patient data

Since 1995, the German—Austrian registry of diabetes
(Diabetes-Patienten-Verlaufsdokumentation, DPV) has
continuously been collecting data of children with dia-
betes in Germany, Austria, Switzerland, and Luxem-
bourg (14). Data of a large proportion of children with
diabetes are now being collected in Germany: cur-
rently, more than 25 000 patients (with an estimated
overall prevalence of 32 000).

This study analyzed DPV registry data documented
by 202 healthcare providers in Germany that treated
children newly diagnosed with T1D between 2000
and 2019. Of a total of 41,331 datasets, 41,189 were
included in the analysis; 142 (0.34%) datasets were
excluded because the reporting institutions did not
provide information about the pH value at the time of
manifestation.

For the diagnosis of DKA at the time of first diag-
nosis of diabetes mellitus, pH values (venous/capil-
lary) below 7.3 or bicarbonate levels <15 mmol/L
were required. Severe DKA was defined as pH values
below 7.1 (2).

Potential risk factors
In order to identify potential risk factors for the devel-
opment of DKA, the following data were collected:
® Year of manifestation
® Age at the time of first diagnosis
o Sex
® Family history of migration (MiH) (patient or at
least one parent not born in Germany)
® Distance from the hospital providing initial treat-
ment (linear distance, calculated based on the post-
codes of the patient’s place of residence and the
hospital)

Regional approaches

Additional individual analyses were performed for the
states of Bavaria and Baden-Wuerttemberg, because
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an antibody screening study focusing on small
children aged 2 to 5 years (Frlda study [15]) has been
underway in Bavaria since 2015 and an awareness
program was conducted in parts of Baden-
Wauerttemberg between 2015 and 2017 [16]).

The Ethics Committee of the University of Ulm
and the data protection supervisors of the partici-
pating institutions approved the analysis of anony-
mized data from the DPV registry.

Statistical analysis

All data analyses were performed using the statistical
software package SAS, version 9.4 (TSIMS, SAS Insti-
tute Inc., Cary, NC, USA). Changes in the proportion of
DKA over the years of treatment were depicted linearly
in the figures to visualize the time trend. The effects of
potential risk factors were assessed using logistic
regression analysis with the following fixed effects:
year of manifestation (linear), sex, age group (three cat-
egories), and family history of migration (estimator:
maximum likelihood). The frequency of DKA is
reported in percent and the results of group compari-
sons are quoted as odds ratios with 95% confidence
intervals. Given the large number of cases, a p-value of
<0.01 was considered statistically significant.

Results

Diabetes manifestation with ketoacidosis in Germany:

incidence and trend over time

In the period from 2000 to 2019, the proportion of
DKA at manifestation of T1D in childhood and adoles-
cence was 19.8% in Germany. Up to 2016, this propor-
tion remained essentially unchanged; from 2017
onwards, an increase was noted (Figure la). Across
Germany, 6.1% of the newly diagnosed patients pres-
ented with severe DKA. This proportion has recently
increased slightly, but statistically significantly (Figure
1a). Eight patients were documented as deceased.

The year 2010 was an exception in that the inci-
dence rates of ketoacidosis were lower than in the
years before and after, both nationwide and in the sep-
arately analyzed German states.

Associations with potential risk factors

The patient’s age at the time of manifestation of dia-
betes had a significant effect on the rate of DKA:
Children aged under six years were at a significantly
increased risk of developing DKA compared to older
children and adolescents (7able). Girls had a slightly
higher rate of DKA at the time of diabetes manifes-
tation (7able) compared to boys.

Patients with a family history of migration were
significantly more frequently affected by DKA at
manifestation compared to children without MiH
(Table, Figure 2). During the period from 2000 to
2019, the proportion of patients with MiH increased
from 11.9% to 26.2%; the overall rate was 20.7%.
The increasing proportion of patients with MiH is not
responsible for the slight increase in DKA incidence
in Germany: Overall, the DK A rate was slightly lower
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TABLE

tation of type 1 diabetes mellitus

Age, sex, family history of migration: Factors associated with an increased
risk of ketoacidosis (pH<7.3) and severe ketoacidosis (pH<7.1) at manifes-

MEDICINE

0.91[0.88; 0.97]

Family history of migration

no MiH
n =35 668

18.2 %

with MiH
n=28521
21.4%

pH<7.3 1.40 [1.32; 1.48]

<6yrs 6-11yrs 12-17 yrs | Odds ratio (95% Cl)<6
n=9277 | n=16688 | n=11835 | yrsvs.12-17 yrs
6-11 yrs vs. 12-17 yrs
pH<7.3 217 % 17.9% 18.6 % 1.22[1.14,1.30]
0.96 [0.91; 1.02]
pH<7.1 6.9 % 54 % 52 % 1.37[1.23; 1.52]
1.03[0.93; 1.14]

Odds ratio (95% Cl)

0dds ratio (95% CI)

yrs., years of age; Cl, confidence interval; MiH, family history of migration; pH, pH value

in patients without MiH, but also showed a slight
upward trend towards the end of the observation peri-
od (Figure 2).

The (linear) distance to the hospital providing the
initial treatment was 19.6 km for patients with DKA
and 20.2 km for patients without DKA (mean:
20.0 km). No association between the distance from
the hospital and the risk of developing ketoacidosis
was found.

Special assessment of two German federal states

In Bavaria (antibody-screening project, n = 4726), the
overall frequency of DKA between 2000 and 2019 was
20.6%; no relevant change was found during the obser-
vation period (p=0.32; Figure 1b). In Baden-
Wauerttemberg (awareness program for a limited period;
n=4944), the overall frequency was 22.7%, with a
slightly decreasing trend (p = 0.012; Figure Ic). The
incidence of severe DKA was 6.8% in Bayern and in
Baden-Wuerttemberg; no statistically relevant change
was noted.

Discussion

The incidence of diabetic ketoacidosis in international
comparison

In our analysis, the DKA rate at manifestation of T1D
in children and adolescents under 18 years of age was
with almost 20% similar to the rate of 21.1% in a sur-
vey covering the period 1995-2007 (17). Consequently,
the rates in Germany are higher than the 16% to 19%
found in Sweden (5, 18). This could be explained by
the higher incidence and thus higher awareness of the
disease in Scandinavia (19), but also by structured care
as well as prevention and screening activities (20).
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Data from a comparable patient population in
Colorado (USA) show a proportion of patients with
DKA of more than 50% (21). Recent Italian data indi-
cate DKA rates as high as nearly 50% (22). The
highest rate of almost 80% was found in Saudi-Arabia
(23).

In respect to the few deaths documented for Ger-
many in the DPV registry, we cannot completely rule
out under-reporting.

Development over the years

Contrary to our expectations, the proportion of DKA at
manifestation of diabetes has not decreased, but
remained constant across Germany for years and has
even increased recently.

Age and sex as risk factors

In our study, both young children and girls were found
to be at an increased risk of developing DKA at mani-
festation of diabetes. It is conceivable that the autoim-
mune reaction underlying the development of T1D
progresses more rapidly in affected young children
compared to older children and adolescents (24).

Yound children are at a greater risk of developing
DKA due to their smaller bodies and because inter-
preting their clinical signs and symptoms is more
challenging.

In a large Finish study population, girls were found
to present with greater weight loss, longer diagnosis
latency and higher HbAlc levels (24). In Germany,
the slight female preponderance was already noted in
earlier studies (17, 18), but, despite being statistically
significant, this finding should not be over-
interpreted: A US study found no effect of gender on
the risk of developing DKA (21). All in all, the avail-
able evidence on sex as a risk factor is inconclusive
(18, 19).

Distance from the hospital

The distance from the hospital providing the initial
treatment is not associated with the development of
DKA. One should, however, note that the average lin-
ear distance is small anyway. Thus, the concern that
long transfer times to far-away hospitals could increase
the incidence of DKA can be dismissed. In Germany
(and Austria), apparently, children with DKA are not
presented and treated in a hospital with greater exper-
tise in pediatric diabetology, which may be further
away, but in the nearest (children’s) hospital (25). In
Colorado (USA), a rural address is significantly associ-
ated with the occurrence of DKA, in contrast to urban
residential addresses, regardless of the distance from
the hospital providing the initial treatment (21).

Family history of migration as a risk factor

Our data analysis revealed an association between MiH
and the occurrence of DKA at manifestation of dia-
betes. The hypothesis that an increasing proportion of
patients with MiH concealed a decrease in the propor-
tion of diabetes manifestations with DKA among Ger-
man patients was rejected.

We can only speculate about the factors underlying
the higher incidence of DKA in children and adoles-
cents with MiH: initial symptoms may only be
noticed with delay, the language barrier may interfere
with taking a detailed medical history, patients may
be referred later to medical examination, or patients
may find it more difficult to access medical care (26).

As we know from other diseases (e.g. obesity),
health risks of children are linked to the socioeco-
nomic status of their families (27, 28). Families with
MiH are frequently disadvantaged in this respect. Not
surprisingly, children and adolescents with diabetes
manifestation and MiH appear to be at a greater
health risk.

Significance of health literacy for prevention

Early diagnosis of new cases of diabetes is crucial to
prevent serious complications (29). Characteristic
symptoms are frequently classed as “abnormal behav-
ior* and not perceived as being related to a disease (30).
Knowledge of initial symptoms is likely to differ in the
various groups of the population, similar to health liter-
acy in general which is influenced by age, level of
education, literacy, migration background, and socio-
economic status (31). Unfortunately, socioeconomic
status data could not be used in this study as they were
only incompletely recorded in the registry.

Regional differences, awareness campaigns, screen-
ing studies

The trends in the individual German states appear to
differ. As examples, the data of Baden-Wiirttemberg
and Bavaria were analyzed. While the proportion of
DKA slightly declined in Baden-Wuerttemberg, no
change was noted in Bavaria during the observation
period (Figure 1). The proportion of severe DKA was
stable at 6.8% in the two states. The background behind
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such regional differences cannot be elucidated on the
basis of the observational data available to us. Here,
activities of regional quality circles and patient support
groups, continuing medical education events and
awareness campaigns, such as the one in Stuttgart (16),
may play a role.

In Italy, too, increased awareness resulted in a tem-
porary success (32), but showed no lasting effect (22).
In Australia (33), a two-year awareness campaign
achieved a reduction in the rate of DKA from 38% to
14%. In Austria, an intensified awareness campaign
did not result in a clear reduction in the rate of DKA
(34).

Screening programs, such as those currently
offered in Germany in the states of Bavaria, Lower
Saxony and Saxony, are undertaken with the hope of
lowering the rates of DKA. These programs include
genetic testing at birth or during the first months post-
partum (35, 37), as well as screening for B cell
antibodies as part of the public health screening
examinations of children (15, 36, 38).

The Frlda study in Bavaria is an example of this
(38). Since 2015, more than 90 000 young children
have been included in this study. Of the participants
identified as at-risk children, 62 were diagnosed with
overt T1D between 2015 and 2019. Of these, only two
(3%) showed signs and symptoms of DKA at mani-
festation of T1D (38). However, no impact on the
incidence of DKA in Bavaria has (yet) been noticed.
It is conceivable that the number of children included
is still too small (38) and the observation period is too
short to assess their effectiveness at the population
level.

The validity of the data collected
The increase in absolute numbers (Figure 1) of children
and adolescents with diabetes manifestation in the peri-
od from 2000 to 2019 is reflective of both the increase
in the incidence of T1D and the more comprehensive
data collection by the DPV database. Since about 80%
of the pediatric TID patients (aged 0-20 years) are
documented in the DPV registry, our analyses can be
considered representative of this patient population.
The results of the DPV data analyses with respect
to the rates of DKA at manifestation show variation
from year to year. This variation is most pronounced
in the year 2010. The anomaly may have been trig-
gered by the 2009 flu season, which led to a change in
infection pattern in 2010. (39). A possible explanation
would be that T1D can be started by an autoimmune
reaction and the clinical manifestation of the disecase
is frequently triggered by an infection, but the
influenza wave may have left a state of heightened
immunity. A similar association was observed in 1996 (17).

Conclusions

The rate of diabetes manifestation with ketoacidosis in
children and adolescents in Germany which was mostly
stable between 2000 and 2019 but showed an increase
towards the end of the observation period, is not in line
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with what is expected of a modern health care system.
The reasons for the lack of improvement remain
unclear. It is of concern that an already achieved level
of quality—that is a rather early diagnosis of diabetes
in children and adolescents—cannot be further
improved, and perhaps not even maintained.

Although patients with MiH are at significantly
higher risk of developing ketoacidosis at the manifes-
tation of diabetes, this does not explain the lack of a
decline in the incidence rates of DKA. Thus, phy-
sicians/pediatricians as well as caregivers and teach-
ers, should pay special attention to children with MiH
feeling unwell to ensure serious illnesses are not
missed.

Various approaches are available to achieve an ear-
lier diagnosis of type 1 diabetes, i.e. prior to the
development of DKA:

® Open-ended awareness campaigns to improve the

knowledge about initial symptoms of diabetes
manifestation both among healthcare professionals
and in the general population

® Identification of at-risk individuals with a family

history of T1D or an increased genetic risk. How-
ever, only some of the individuals who will
become T1D patients later in life can be identified
using this approach.

® Population-based screening for TI1D-associated

autoantibodies

® Special attention to early signs of T1D in patients

at an increased risk for T1D (e.g. family history of
T1D, autoimmune diseases such as celiac disease).

Conceivably, the manifestation of diabetes with
DKA is not solely the consequence of a delayed
response to initial symptoms, but, at least in some
cases, indication of a special course of the disease
with particularly rapid destruction of beta cells, as the
higher incidence and often rapid development in
young children suggests. As early as 2013, the exis-
tence of particularly aggressive disease courses
among young children was suspected based on epi-
demiological evidence (34). Despite this, DKA does
not appear to be an inevitable, fateful event, as evi-
denced by the low rates in Sweden.

In any case, knowledge of the initial signs and
symptoms patients present with at manifestation of
diabetes is essential in both the general population
and the medical community at large as it may help to
reduce the incidence of severe ketoacidosis in
children and adolescents.
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