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Abstract

Objective: To analyze the time trends of nationwide diabetes incidence <15 years of
age from 1989 until 2017 in Austria.

Methods: The Austrian Diabetes Incidence Study Group registers all newly diagnosed
patients with diabetes mellitus <15 years of age in a prospective population-based
study. The diabetes type was classified on the basis of clinical and laboratory findings
according to American Diabetes Association criteria. Time trends were estimated by
Joinpoint analysis.

Results: 1311 patients were diagnosed with type 1 diabetes (T1D) between 1989
and 1999 and 4624 patients with any type of diabetes (1999-2017). T1D accounted
for the majority of cases (94.2%), 1.8% were classified as type 2 (T2D) and 4.0% as
other specific types of diabetes (1999-2017). In the total cohort (age O to <15 years),
a constant increase until 2012 (annual percent change [APC] 4.5, 95% confidence
interval [Cl]: 3.94, 5.06) was observed, followed by a leveling off with a
corresponding drop (APC 0.28, 95%Cl: —3.94, 4.69). This observation was mainly
driven by the dynamic in the youngest age group (0-4 years) with a steep increase
until 2007 (APC 7.1, 95%Cl: 5.05, 9.19) and a decrease from 2007 to 2017 (APC
—0.86, 95%Cl: 4.41, 2.82). No significant increase of T2D <15 years was detected.
Over the observed time period (APC = 3.7, 95%Cl: —0.30, 7.78).

Conclusions: The incidence of T1D is declining in young children aged O to 4 years,
but is still rising in children 5 to 14 years in Austria. Incidence of T2D did not increase
significantly and other specific types of diabetes occur twice as often compared
to T2D.
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1 | INTRODUCTION

According to the latest report from 2019, the International Diabetes
Federation (IDF) estimates that around 98 200 children <15 years of
age develop type 1 diabetes (T1D) each year worldwide.® The etiology
of T1D is multifactorial; however, the specific roles for genetic sus-
ceptibility, environmental factors, the immune system, and p-cells in
the pathogenic processes underlying T1D remain unclear.

Most diabetes registries are focusing on T1D cases only and data
for T2D or other specific types of diabetes are often lacking in this
age group <15 years.*?

The variation of T1D incidence between different regions of the
world? is also well known, with Finland and Sweden showing the
highest incidence worldwide®>* The latest publication from the
EURODIAB-group reported a 3.4% (95%Cl: 2.8%, 3.9%) per annum
increase in the T1D incidence rate across all 22 European countries
for the time period 1989 to 2013.2 There is no uniform global inci-
dence trend in childhood T1D. Some regions for example Shanghai in
China, a previously low incidence area reported a rapid increase of
14.2% (95%Cl: 13.9, 14.6) annual incidence rate (1997-2011) among
children under 15 years of age.” Other regions described a non-
significant annual increase, like British Columbia, Canada 1.3% (95%
Cl: 0.0, 2.5) for the period of 2002 to 2013 and Australia 0.4% (95%
Cl: 0.1, 0.9) for the period 2000 to 2011.%” In recent years, the North-
ern European countries (Norway, Sweden, and Finland) reported a
leveling off of the previously observed steep increase of incidence for
similar time periods.®4&?

Recently two scientific reports from Australia and the USA hypothe-
sized the introduction of a rotavirus vaccination as possible explanation
for the observed decrease in diabetes incidence rate.'>** In previous pub-
lications, enterovirus-infections and rotavirus-infections have been dis-
cussed as one potential cause for the B-cell-destruction,'? the reduction
of rotavirus infections due to rotavirus vaccination may be an influencing
factor, however, so far the literature remains controversial.13-1¢

Incidence trends for diabetes mellitus type 2 (T2D) in children
have documented a steep increase in some regions like Middle East-
ern Arab Countries, Japan or the U.S.,Y”"2° but this T2D-epidemic has
not been observed in Europe so far.'??12® The range of T2D-
incidence in youth has been summarized in a review article from
2013, ranging from zero cases in the Netherlands to 5300 per
100 000 in Pima Indians in the USA.*?

The Austrian diabetes incidence study group has previously
reported a significant annual increase of 5.7% per year for T1D child-
hood incidence for the time period 1999 to 2007, but for T2D cases
no significant increase could be found.??

This most recent dataset provides an update of the Austrian
national prospective incidence trends for the years 1989 to 2017,
providing a nation-wide follow up information on T1D but also includ-
ing data on T2D and other specific types of diabetes in youth
<15 years. Additionally, we investigated the potential effect of the
introduction of a rotavirus vaccination in our country, since rotavirus
vaccination has been described to be associated with T1D incidence

in recent publications.*%**

2 | METHODS

The Austrian Diabetes Incidence Study Group has been collecting
data of all newly diagnosed diabetes onsets from O to <15 years of
age since 1989, which are prospectively registered by a network of all
pediatric hospitals, covering the whole country of Austria. Following
data were collected: age, sex, date of diagnosis, clinical symptoms,
height, weight, laboratory data at onset (glucose, pH, HCO3, ketones,
HbA1c, and diabetes-specific antibodies), and family history of diabe-
tes. The Incidence Study Groups performs biannual for data
collection.

The completeness of case ascertainment was >93%, with a uni-
form completeness of ascertainment over time (1999-2007: >93%,
2008-2013:97%).2%2 We use the capture-recapture method rec-
ommended by the WHO DiaMond Project,24 as described earlier?>2¢,
and is also used in the EURODIAB-study.?

Diabetes was classified by physicians on the basis of clinical and
laboratory findings according to the American Diabetes Association
(ADA) criteria relevant for the time periods.?”?® From 1989 to 1998
only cases with T1D were registered, from 1999 onward information
on T2D and other specific types of diabetes were collected in the
same network using the ADA diagnostic criteria: a marked elevation
of the blood glucose level confirms the diagnosis of diabetes, includ-
ing a random plasma glucose concentration = 200 mg/dL (11.1 mmol/
L) or fasting plasma glucose 2126 mg/dL (7.0 mmol/L) in the presence
of classical symptoms or an HbAlc of 26.5 rel% (47.5 mmol/mol).
T1D was classified in cases with an additional presence of autoimmu-
nity and/or ketones or diabetic ketoacidosis.

The classification of T2D was based on clinical and laboratory
findings defined by the following inclusion criteria: Overweight at
diagnosis (defined as body mass index >90th percentile); plus any
two of the following risk factors: (a) Family history of type 2 diabetes
in first- or second-degree relative. (b) race/ethnicity. (c) Signs of
insulin resistance or conditions associated with insulin resistance
(acanthosis nigricans, hypertension, dyslipidemia, polycystic ovary
birth weight). and
(d) Maternal history of diabetes or gestational diabetes mellitus dur-

syndrome, or small for-gestational-age
ing the child's gestation.?®

All cases, initially classified by the reporting clinician as T2D,
unclear (unclassifiable) type or other specific types of diabetes (eg,
MODY [Maturity Onset Diabetes of the Young], CFRD [Cystic fibro-
sis related Diabetes]) were re-evaluated. Physicians were asked for
re-evaluation according to ADA classification criteria, clinical
follow-up and long term course, treatment modalities, additional
results (eg, genetics), and ethnical background, as it has been done

in the previous Austrian
21,22,26

Diabetes Incidence Study Group
publications.

The Austrian incidence data for study periods 1979 to 2005 and
1999 to 2007 have been published before.??2¢ This current report
provides a follow-up of the prospective population-based Austrian
Diabetes incidence data <15 years from the study period 2008 to
2017 and these data are presented in comparison to the previously
published incidence data from 1989 to 2007.%
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We retrieved data on number of rotavirus vaccinations on a
national level from the Federal Ministry of Labour, Social Affairs,
Health, and Consumer Protection in order to investigate a possible
association of T1D incidence with rotavirus vaccination introduced
in our country in 2007. Since July 2007, rotavirus vaccinations
have been subsidized in Austria for all children aged 7 weeks up to
6 months of life. Data of vaccination coverage on an individual
level are not available in Austria. Vaccination coverage percentage
was assessed with the rotavirus sales figures from the 2007 to
2017 assuming a complete course of vaccination per child (two
doses for Rotarix and three doses for RotaTeq) and the numbers
of children eligible for vaccination according to their age.?’

2.1 | Statistical analysis
Time trends of age-standardized rates as well as annual percent change
and P values were estimated by Joinpoint analysis.>° Maximum number
of joinpoints was set to 2 Denominator values for calculating rates (ie,
number of boys and girls ages O to <15 years) were obtained from the
National Population Registry (Statistics Austria).?’ Slopes of trends
modeled by Joinpoint analysis are described by annual percent change
(APC) and 95% confidence intervals. Subgroup analyses was performed
according to sex and age group (0-4, 5-9, and 10-14 years truncated) in
patients with T1D as well as for yearly age-groups between 1 and
5 years of age. 95% confidence intervals were calculated for propor-
tions as well. Figures and all other calculations were done in SAS ver-
sion 9.4.3! Rates are given per 100 000 person years (PY).

Vaccination coverage percentage was calculated by the sum of
the number of vaccinations divided by two or three depending on the
type of vaccination and then by the number of newborns in the

corresponding year. The significance level was set to 5%.

TABLE 1

comparing T1D and T2D)
1999-2017 TiD
n 4356
% 94.2

% Females (95%Cl) 46.1(44.7,47.3)

Age at diagnosis [y, mean (95%Cl]) 8.5(8.3, 8.6)

T1D age (years) Lower endpoint Upper endpoint APC Lower Cl

0-4 1989 2007 7.1* 51
2007 2017 -0.9 -44

5-9 1989 2017 4.1* 3.5

10-14 1989 2017 3.8* 33

0-14 1989 2012 4.5* 3.9
2012 2017 0.3 -39

T2D 0-14 1999 2017 3.7 -0.30

3 | RESULTS

3.1 | Basic characteristics

During the study period, 1989 to 2017 a total of 5935 new cases
with diabetes mellitus <15 years of age were diagnosed. Basic char-
acteristics of 4624 cases collected for the period 1999 to 2017 (all
types of diabetes) are provided in Table 1. The majority of 4356
(94.2%) patients were classified as T1D, 83 patients (1.8%) as T2D,
and 185 patients (4.0%) as other specific types of diabetes (MODY,
CFRD, and other rare forms). T2D cases were significantly older
and predominantly female compared to T1D cases and other spe-
cific types of diabetes. The background population of children
<15 years of age in Austria was 1.338.323 in 1989 and 1.263.740
in 2017.

3.2 | TiD incidence trends

For the total cohort (age O to <15 years), a significant constant
increase until the year 2012 (APC 4.5, 95%Cl: 3.9, 5.1) was observed,
followed by a leveling off with a corresponding drop of APC (APC 0.3,
95%Cl: 3.9, 4.7). This observation was mainly driven by the dynamic
of the youngest age group (0-4 years) with a steep increase until 2007
(APC 7.1, 95%CI: 5.1, 9.2) and a decreased rate from 2007 to 2017
(APC —0.9, 95%Cl: —4.4, 2.8). Observed age adjusted rates are shown
in Supplementary Table S1, annual percentage changes (APC's) in
Table 2 and the incidence trends of T1D from 1989 to 2017 in differ-
ent age groups are presented in Figure 1. Since July 2007, rotavirus
vaccination has been subsidized in Austria for all children from week
7 up to 6 months of life (<7 months). Over the time the vaccination

coverage percentage showed a steep increase, peaking in 2010, but

Basic characteristics of the study population classified as type 1 (T1D), type 2 (T2D), and other specific types of diabetes (*P < .05

T2D Other specific types of diabetes
83 185
1.8 4.0
60.3 (49.5, 71.2)* 50.3(42.8,57.7)
12.7 (12.3, 13.1)* 9.5(8.9,10.1)
Upper CI  Pvalue Ir:::gl-ef (iPC'sin:srz:le:ngZ?rtmagg;S%c|
9.2 001 and P value by age groups, sex, and type
2.8 .629 of diabetes (*P < .05)
4.7 .001
4.2 .001
5.1 .001
4.7 .895
7.8 .068

Note: Number and time of joinpoints in time trends were selected by Joinpoint regression modeling.
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FIGURE 1 T1D incidence trends in different age groups (0-4, 5-
9,10-14 years, total cohort) for the time period from 1989 t02017
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FIGURE 2 Age standardized incidence rate of T1D (age groups:1-
<2,2-<3,3-<4,4-<5 years) and rotavirus vaccinationcoverage
percentage

remained >75% afterwards (Figure 2). Joinpoint analysis for yearly
subgroups of age shows that the younger the children the earlier the
stagnation and drop of time trend occurs. Confidence intervals for
time point of joinpoints are wide because of small sample size within
1-year age groups so that time point of joinpoint is estimated with lit-
tle precision. We omitted the age group below 1 year, because the

numbers are very small.

3.3 | Sex-specific T1D incidence trends

The sex-specific T1D incidence trends increased monotonically over
the observed period with a male predominance (Supplementary
Table S1 and Table 2), P =.001 for both sexes.
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FIGURE 3 Age-standardized incidence rate of T1D and T2D from
1999 to 2017

3.4 | T2D Incidence trends

Since 1999 the Austrian Diabetes Incidence Study Group additionally
collects the non-T1D-cases for the same age group O to <15 years.
The incidence rate of T2D remained very low (range
0.07-0.74/100.000 PY; Supplementary Table S1). A slight but not sig-
nificant increase (APC = 3.7, 95% Cl: —0.3, 7.8) was observed over a

period of 19 years (Figure 3 and Table 2).

4 | DISCUSSION

The results of this nation-wide population-based report on diabetes
incidence trends for the time period 1989 to 2017 have to be taken
into context with other recent reports about childhood diabetes inci-
dence trends.

In accordance with other registries>”*®32 the Austrian T1D inci-
dence has increased significantly over a long time period.??2¢ In this
current report diabetes incidence rates showed a constant, significant
annually increase of 4.5% in all age groups until 2007. From 2007
onwards for the first time a decrease could be observed driven in the
youngest age group (0-4years). This dynamic consecutively
influenced the incidence of the total cohort resulting in a plateau at
high level.

Whereas the US,*%18 Canada,” France®® as well as other coun-

tries like Croatia,>* Poland,®> and Kuwait3®

reported an increase in
incidence for similar recent time periods, a plateau, respectively, a
leveling off has been seen in Ireland,®” Finland,® and Sweden® as well
as Japan.2°

In concordance to our observation a decrease in incidence in the
youngest age group (0-4 years) was seen in the US from 2002 to
20098 and in Croatia for girls only from 2004 to 2012.3

A coherent explanation for the observed decrease is missing so

far. The pathogenesis of T1D remains still unclear, although a role for
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rota- and enterovirus infections has been postulated.?® Therefore, a
vaccination against rotavirus might be of protective value. Two recent
publications from Australia and the USA hypothesized that rotavirus
vaccination could play a role in prevention of diabetes.'®* Both stud-
ies reported a decrease in diabetes incidence after the introduction of
a rotavirus vaccination and drew the conclusion, that rotavirus vacci-
nation might decrease diabetes incidence in childhood. Rogers et al.!!
were able to investigate their cohort on an individual level, while Per-

rett et al.°

reported data on a aggregated national level.

In contrast, two recent Finnish studies as well as a nationwide,
population-based cohort study in Finnish children up to the age of
6 years did not find an effect of Rotavirus vaccination on Diabetes
risk.t®

Furthermore, there was no difference in T1D incidence in Finish
children between rotavirus vaccination or placebo group in the Rota-
virus Efficacy and Safety Trial.}® Also, criticism concerning the
Australian data was raised, stating that ecologic fallacy cannot be
excluded, statistical methods applied may not be appropriate®> and
that the abrupt, rather than gradual decrease in incidence at the time
of rotavirus vaccine implementation suggests the presence of a time-
varying confounder.'* The differences reported in the studies from
the US, Australia, and Finland are questioning whether geographic
variation of genetic background and environmental risk factors might
modify the potentially positive effect of rotavirus vaccination on T1D
incidence.*®

The reasons behind the leveling off in Austrian incidence trends
remains unclear and cannot be answered without additional individual
information on rotavirus vaccination status. However, the observed
change in incidence trend shows a timely coincidence with the intro-
duction of nation-wide rotavirus vaccination and contributes to the
ongoing controversial discussion about the causal effect of rotavirus
vaccination.

Rapid growth and obesity are other early life factors being impli-
cated in the possible etiology of T1D. The prevalence of overweight
and obesity was 15%, respectively, 4% in Austrian children between
3 and 6 years in 2003.3 More recent or longitudinal data on percent-
age of overweight and obesity in young Austrian children are lacking.
However, data for Central European children 2 to 13 years
(1999-2016) provide evidence that the epidemic of overweight/obe-
sity shows a plateau.*°

In the current study the incidence of T2D (range
0.07-0.74/100000 PY) remained stable on a low level from 1999 to
2017. Similarly, other European countries have reported also low
rates of T2D. Recent studies found prevalence rates of 0.6 in Dan-
ish children** and 1.2 in Irish children below 16 years of age*? and
2.4 in South Germany.*® In line with our study, prevalence rates
remained unchanged in Denmark between 2002 and 2014 and
South-Germany between 2004/2005 and 2016.4244 In the UK, the
incidence was 0.72/100000 PY (2015-2016) with a significant
increase in the subgroup of girls and of children with South-Asian
ethnicity only.*®

546

In contrast to Europe, data from the U Canada,*’and Japan48

report higher incidence and prevalence rates of T2D with incidences

between 5.2 and 12.5/100000 PY and an annual increase rate
between 3.7% and7.2%. The incidence of T2D in Tokyo, Japan
increased in the period between 1975 and 2015, interestingly a
decrease could be observed in the most recent years.*®

The differences between the central European countries and the
Northern American and Asian countries seem to be mainly explained
by the lower percentage of people with high risk ethnic background in
central European countries.

The incidence of other specific types of diabetes is twice as high
as T2D in Austria (4% vs 1,8%). In recent years, the knowledge and
assessment of genetic tests for other specific types of diabetes have
been improved, for example, the genetic screening for MODY or neo-
natal diabetes has been implemented. Therefor distinguishing
between different types of diabetes became easier.

Our prevalence data for T2D and MODY are comparable with
data sets in neighboring regions like South-Germany.** Since life
expectancy in patients with cystic fibrosis has improved dramatically
with newer treatment methods. More patients have been diagnosed
with either CFRD or post-transplant diabetes as they get older. This
leads to an increase of patients classified as other specific types of
diabetes.

5 | CONCLUSION

This Austrian population-based study shows a strong rise in the diabe-
tes incidence trends observed over nearly 30 years from 1989 to
2017. The previously reported constant increase for T1D has clearly
leveled off due to a constant incidence rate in the youngest age group
<5 years since 2007. The reasons behind this leveling off remain
unclear. However, the introduction of a nation-wide rotavirus vaccina-
tion shows a timely coincidence suggesting the vaccination might play
a role in the observed decrease of T1D incidence. The T2D incidence
remains low whereas other specific types of diabetes were diagnosed

twice as often, compared to T2D.
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