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Abstract

Background: To explore type 1 diabetes incidence patterns during the pandemic
years 2020 and 2021 in Czechia, to compare them to the trends from the previous
decade, and to test its association with indicators of containment measures and of
pandemic severity (school closing and the all-cause excess mortality).

Methods: The Czech Childhood Diabetes Register is a population-based incidence
register recording patients age 0-14.99 years at diabetes onset. Type 1 diabetes
incidence in the pandemic period (April 2020-end of observation Dec 2021) was
compared by Poisson regression models to the incidence patterns over the past
decade 2010-2019.

Results: During the pandemic years 2020-2021, 956 children 0-14.99 years old mani-
fested with type 1 diabetes in Czechia. The observed incidence (27.2/100,000/year)
was significantly higher than what was expected from the trends over 2010-2019
(incidence rate ratio, IRR = 1.16, 95%Cl 1.06-1.28, p = 0.0022). The incidence had a
trough during the first lockdown (March-May 2020), then it rose above expected
values with no usual summer decrease. The assessed pandemic indicators (school
closing and all-cause excess mortality) were not associated with the incidence levels.
Conclusions: The COVID-19 pandemic was associated with a notable upward inflec-
tion of the type 1 diabetes incidence curve; the early months of the first lockdown
were however hallmarked by a significant dip in new diabetes diagnoses. Long-term
observation will show whether the increased incidence originated only from acceler-
ating an advanced preclinical Stage 2 to overt diabetes, or whether the pandemic

triggered new cases of islet autoimmunity.
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INTRODUCTION

Type 1 diabetes (T1D) is an autoimmune disease having several
stages.! An exposure to infections, in particular to viruses, is known to
trigger islet autoimmunity,>® as well as to accelerate the transition
from the pre-clinical Stage 2 to overt diabetes (e.g., Reference 4).

The global pandemic of coronavirus disease (COVID-19) caused
by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
has severely impacted countries of Central and Eastern Europe. In
Czechia the total excess deaths 2020-2021 was twice higher than
the global mean (244.8 vs. 120.3/100,000).° The pandemic, and con-
tainment measures thereof, are capable of affecting the dynamics of
pediatric T1D incidence in both directions. Diabetes onset may have
been deferred by school closing and restriction of contacts that led
to a generally decreased transmission of infectious agents among
children population (e.g., Reference 6), and thus may have alleviated
the burden on the residual beta cell mass. An increase in incidence
may be expected after re-opening of schools due to a catch-up in the
infection exposure. Moreover, the SARS-CoV-2 virus is itself capable
of infecting pancreatic endocrine tissue,” being a plausible candidate
for a trigger or accelerator of islet autoimmunity.

Little is known on the T1D incidence trends during the COVID-19
pandemic. Several studies suggested that more cases than expected
manifested during the first pandemic year, but these mostly lacked
exactly defined catchment area and denominator data. Only few for-
mally explored trends originating from long-term run population based
registers.®? Recently, studies have been published that utilized big
collections of electronic health records or medical claims, reporting
conflicting results.*0-12

We therefore explored the data of Czech Childhood Diabetes
Register, examining data ascertained over 2020-2021 when Czechia
was very severely hit by several consecutive waves of COVID-19, and
compared them to trends from the previous decade, also searching for
patterns explainable by the dynamics of the pandemic, or by pandemic

contingency measures.

2 | METHODS
The Czech Childhood Diabetes Register is a large population-based reg-
ister operating since 1989. Its methods of ascertainment have been

1314 and are in accord with protocols of the EURO-

reported elsewhere,
DIAB initiative to whom the register regularly contributes.'® Briefly, it
collects incident cases with pediatric diabetes (aged 0-14.99 years),
and verifies the completeness using capture-recapture method. The
estimated combined completeness over the pre-pandemic decade
2010-2019 was 94.4% [95% Cl 93.7%-95.1%]. Anonymous patient
records include the date of birth, gender, month of onset, reporting
center and physician, type of diabetes (type 1 diabetes, type 2 diabetes,
other specified type), and status of capturing by primary register and/or
the secondary source. Background population sizes on 31st December
are taken from the official reports of the Czech Statistics Bureau. The

protocols of the register were approved by the Ethical Committee of
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FIGURE 1 Incidence of type 1 diabetes in Czechia before and

during the COVID-19 pandemic 2020-2021. (A) By gender and
(B) By age category

the Motol University Hospital and data processing registered by the
Bureau for Personal Data Protection.

At the time of writing, the secondary source has not been collated
for 2021, and likewise the general population data report of 2021 has
not been published by the Czech Statistical Bureau. The population
size was thus taken from the last year's report, shifted by 1 year to
respect the proper age banding, and the youngest year extrapolated
from the series of last 5 years.

To inspect the relations between T1D incidence and putative pre-
dictors among the containment measures among children population or
COVID-19 pandemic severity, we utilized (a) the School Closing indica-
tor from the open-access global database of pandemic policies, the
Oxford COVID-19 Government Response Tracker (OXCGRT),* (b) the
excess all-cause mortality from data of the World Mortality Dataset.”

Poisson regression modeling was used for statistical analysis; terms
included year as a continuous variable, binary term indicating pandemic
period (from April 2020 until the end of observation in December
2021), gender, age bands at diabetes onset (0-4, 5-9, 10-14 com-
pleted years), and the two-way interaction of the latter two variables
(Model 1). Indicators of pandemic containment (School Closing index,

as factor) and of the overall pandemic severity (excess mortality,
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continuous term) were tested in separate models (Model 2 and Model
3, respectively). In order to make predictions, we added a factor for
months into Model 1 (obtaining Model 4). For testing the changes in
monthly incidence distribution in the pandemic, we then changed the
pandemic term to a factor with three levels (“before pandemic,” “year
2020,” and “year 2021”) along with two-way interaction with the
months (Model 5).

3 | RESULTS

During the pandemic years 2020-2021, 956 patients aged 0-14 years
manifested with T1D, resulting in an incidence of 27.2/100,000/year
in 2020 and 28.4 in 2021. The incidence was higher in the pandemic

period than what would correspond to a log-linear trend from the pre-
ceding decade (2010-2019 and first 3 months of 2020, Model 1),
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FIGURE 2 The pandemic waves and type 1 diabetes incidence.
(A) Observed type 1 diabetes incidence by month in the pandemic
years 2020-2021 (green) versus prediction based on the pre-
pandemic years 2010-2019 (black, from a model that contained year
as a continuous variable, gender, age bands at diabetes onset as 0-4,
5-9, 10-14 completed years, two-way interaction of the latter two
variables, and also a factor for calendar month) and (B) Indicators of
pandemic severity (excess overall mortality, dark gray line) and
pandemic containment (School Closing index, pink bars)

with the incidence rate ratio (IRR) being 1.16, 95%Cl 1.06-1.28,
p = 0.0022. In the decade preceding the pandemic, the incidence did
not rise, but rather fluctuated with a 4-years periodicity similar to what
has been previously described in other European registers'°—the 2019
would have been at a peak. The long-term incidence trends are shown
in Figure 1.

The monthly T1D incidence for 2020-2021 is plotted in Figure 2A,
compared to a reference level derived from the pre-pandemic 2010-
2019 decade (testing month-pandemic year two-way interaction in
Model 5, p = 0.0285). The incidence values are shown along with the
School Closing index (which indicates restrictions to school attendance)
and the excess mortality data objectifying the pandemic severity
(Figure 2B). Here, a clear trough in incidence (March-May 2020) coin-
cides with the introduction of a very strict lockdown, including schools
closure, during the first COVID-19 wave in Czechia (March and May
being significantly lower than the baseline, P difference 0.076, 0.135,
and 0.038 respectively for the 3 months). This was immediately
followed by a rise in incidence, effectively leveling the decrease in
incidence otherwise observable over the summer months.

Shortly after the return of children to schools before summer vaca-
tion, T1D incidence increased again, and thereafter the incidence kept
increased and fluctuated without the usual summer decrease. Modeling
of incidence by the School Closing (Model 2, p = 0.2699) indicator and
excess mortality as proxy for pandemic severity (Model 3, p = 0.9854)
showed no proof of their association with T1D incidence.

Diabetes types other than T1D were and remained rare in the
Czech register: in the 2010-2019 decade, 0.87% of the incident cases
were of type 2 diabetes, 2.7% had genetically confirmed monogenic
diabetes, and 2.1% other types of diabetes. No significant changes
were noted between pre-pandemic years 2018-2019 and the pan-
demic period 2021-2022: 1.1% versus 1.9% for type 2 diabetes
(b = 0.19); 2.4% versus 2.1% for genetically confirmed monogenic dia-
betes (p = 0.64); and 0.37% versus 0.40% of other diabetes (p = 1.0).

4 | DISCUSSION

The 2020-2021 pandemic of COVID-19 was associated with an
unexpected significant upward inflection in the overall pediatric T1D
incidence trend, following to a notable decrease in incidence lasting
several months during the first lockdown in spring 2020.

The dynamics of incidence started with a sudden dip in incidence
during the first lockdown in spring 2020 (Figure 2). Similar temporary
decrease in incidence was noted also in Lombardy,” and may be indic-
ative of decreased physical activity in children, lower exposure to
infections, or delayed diagnoses of already existing cases. In contrast
to Lombardy, the first wave in Czechia was very mild as documented
by the lack of appreciable excess mortality (Figure 2B). Interestingly,
no such dip in incidence was detected in data from neighboring
Germany® where this wave of infections was likewise mild. The cause
for this difference remains speculative, as there was a very complex
interplay between the virus, containment measures, and adherence to
these measures.
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Thereafter, the incidence kept steadily higher than what could be
expected from 2010 to 2019 trends. This elevation was almost con-
tinuous for 19 months of observation (Figure 2A). Long-term observa-
tion will show whether the excess cases are only accelerations from
Stage 2 (islet autoimmunity with dysglycaemia) to Stage 3 (overt type
1 diabetes), or whether new cases of islet autoimmunity may have
been triggered - either by the long and massive exposure to SARS-
CoV-2 Czechia experienced, or by other viruses sweeping through the
children population upon their return to schools. An association of
common respiratory (presumably viral) infections with triggering islet
autoimmunity has been already convincingly documented.?

The causative roles of COVID-19 and of the pandemic contain-
ment measures are impossible to dissect and our formal testing of the
two most plausible indicators did not yield explanations for the T1D
incidence fluctuations during the pandemic. Kamrath et al.8 cautiously
suggests that the incidence of T1D followed the peak incidence of
COVID-19 by approximately 3 months, we however do not think this
could be interpreted as causation; moreover, neither Kamrath et al®
nor we have individual COVID-19 data. Studies using electronic
medical records and medical claims might bring more insight - of the
published works, some’®'? put not all*! observed a link between
COVID-19 and an increase in pediatric diabetes incidence.

It has been speculated that the worsened clinical presentation at
diagnosis might create false impression of an increasing T1D inci-
dence.'® Our population-based data along with data from neighboring

819 indicate that a true rise in T1D incidence may occur in

Germany
parallel with worsening of the clinical state at presentation (manu-
script of an international study on diabetic ketoacidosis is under
review). It is presently unclear whether certain age categories are
preferentially hit by the increase—in aforementioned German data the
youngest children seem to show especially pronounced increase,
whereas in Czechia older children had more pronounced rise.

The strengths of this study is the analysis of two complete pan-
demic years in a population with a very high burden of COVID-19,
and a very long period of schools closure. The Czech register provides
population-based data and long series were available to assess base-
line trend in T1D incidence. Importance of assessment of long-term
regular cyclical trends lies in that they might otherwise be mistaken
for COVID-19 related effect if only last pre-pandemic years had been
used as reference.

Weaknesses include: (a) A minor correction in 2021 incidence
rates (max. ~ 1/100 of estimates) may be needed when 2021
general population data become available from the statistical
bureau. Such a correction will not affect the patterns of distribu-
tion of cases among the months. (b) The design, similarly to so far
published register studies, did not involve systematic investigating
of serostatus to SARS-CoV-2. (c) We could not calculate the
completeness of the ascertainment for 2021 as secondary register
data had not been collated - completeness however remained sta-
ble at ~93%-94% throughout 2017-2020.

In conclusion, we document a clear rise in T1D incidence during
the pandemic years 2020-2021 in a large population-based pediatric
diabetes register. An initial temporary decrease in T1D incidence

during the first lockdown was later followed by elevated rates with
fluctuations not conforming to usual seasonal patterns. Close observa-
tion of trends in the following years may help disentangle whether
this increase was at least partly caused by triggering new cases of islet

autoimmunity.
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