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OBJECTIVE
The aim of this study was to investigate the incidence of type 1 diabetes in chil-
dren and adolescents during the coronavirus disease 2019 (COVID-19) pandemic 
in Germany compared with previous years.

RESEARCH DESIGN AND METHODS
Based on data from the multicenter German Diabetes Prospective Follow-up Reg-
istry, we analyzed the incidence of type 1 diabetes per 100,000 patient-years in 
children and adolescents from 1 January 2020 through 30 June 2021. Using Pois-
son regression models, expected incidences for 2020/21 were estimated based 
on the data from 2011 to 2019 and compared with observed incidences in 2020/ 
21 by estimating incidence rate ratios (IRRs) with 95% CIs.

RESULTS
From 1 January 2020 to 30 June 2021, 5,162 children and adolescents with new-
onset type 1 diabetes in Germany were registered. The observed incidence in 
2020/21 was significantly higher than the expected incidence (24.4 [95% CI 
23.6–25.2] vs. 21.2 [20.5–21.9]; IRR 1.15 [1.10–1.20]; P < 0.001). IRRs were signifi-
cantly elevated in June 2020 (IRR 1.43 [1.07–1.90]; P 5 0.003), July 2020 (IRR 
1.48 [1.12–1.96]; P < 0.001), March 2021 (IRR 1.29 [1.01–1.65]; P 5 0.028), and 
June 2021 (IRR 1.39 [1.04–1.85]; P 5 0.010).

CONCLUSIONS

A significant increase in the incidence of type 1 diabetes in children was observed 
during the COVID-19 pandemic, with a delay in the peak incidence of type 1 dia-
betes by ~3 months after the peak COVID-19 incidence and also after pandemic 
containment measures. The underlying causes are yet unknown. However, indi-
rect rather than direct effects of the pandemic are more likely to be the cause.

The rate of new cases of coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) increased remarkably dur-
ing March 2020 and peaked in early April 2020 in Germany (1,2). In response to 
the pandemic, nationwide health policy measures to achieve social distancing, such 
as restrictions on social contacts, school closures, and the general recommendation
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to stay at home to contain the spread
of SARS-CoV-2, were implemented. There-
after, the incidence of COVID-19 in Ger-
many stabilized at a lower level from
June 2020 to September 2020. In early
October 2020, however, COVID-19 cases
showed another sharp increase in a sec-
ond wave, with a peak in late December
2020, which was followed by a third
wave starting in March 2021 and lasting
until June 2021 (1,2).
Type 1 diabetes is a chronic autoim-

mune disease that is influenced by both
genetic and environmental factors (3).
The incidence of type 1 diabetes increased
by an average annual rate of 3–4% over
the past three decades (4). There is evi-
dence for a role of infections in the patho-
genesis of type 1 diabetes (5,6). Common
respiratory infections in early childhood
have been shown to be a risk factor for
the development of type 1 diabetes (7–9).
Infection with SARS-CoV-2 was suspected
to lead to the development of new-onset
diabetes in children (10). However, it is not
known whether COVID-19 is associated
with an increase in the incidence of type 1
diabetes (11,12). On the other hand,
efforts to control the COVID-19 pandemic,
such as social isolation, led to a marked
decrease in common infections in children
(13,14), and this could also affect the inci-
dence of type 1 diabetes. It is therefore
essential to clarify whether the incidence
of type 1 diabetes changed during this
pandemic. We have previously shown that
there was no increase in the incidence in
type 1 diabetes during the first wave of
the COVID-19 pandemic in Germany from
mid-March to mid-May 2020 (15).
The aim of this study was to extend

this analysis with longer follow-up. We
therefore investigated the frequency of
new-onset type 1 diabetes in children
and adolescents during the COVID-19
pandemic in 2020 and the first half of
2021 compared with the years 2011 to
2019 in Germany using a large popula-
tion-based clinical database.

RESEARCH DESIGN AND METHODS

Data Source and Study Population
This study used data from the DPV
(German Diabetes Prospective Follow-
up Registry; i.e., Diabetes-Patienten-
Verlaufsdokumentation) of children and
adolescents living in Germany and aged
between 6 months and <18 years at the
diagnosis of new-onset type 1 diabetes

from 1 January 2020 through 30 June
2021. The control group consisted of
22,987 children and adolescents with
new-onset type 1 diabetes in the same
age range diagnosed from 2011 to 2019
in Germany. The DPV has a nationwide
coverage of >90% of pediatric patients
with type 1 diabetes in Germany and
comprises 257 pediatric diabetes centers
in Germany (16). Twice a year, locally col-
lected longitudinal data are pseudony-
mized and transmitted for central
plausibility checks and analyses to Ulm
University, Ulm, Germany. Inconsistent
data are reported back to participating
centers for validation and/or correction.
Data are then completely anonymized
for analysis. Verbal or written informed
consent for participation in the DPV was
obtained from patients or their guardi-
ans. The ethics committee of Ulm Uni-
versity in Ulm, Germany, approved the
analysis of anonymized data from the
DPV. This study followed the STROBE
(Strengthening the Reporting of Observa-
tional Studies in Epidemiology) reporting
guideline for cohort studies.
The severity of the COVID-19 pan-

demic was measured as the weekly inci-
dence rates of new COVID-19 cases per
100,000 population. In accordance with
the international standards of the World
Health Organization, all laboratory con-
firmations of SARS-CoV-2, irrespective
of the presence or severity of clinical
symptoms, were considered as COVID-
19 cases. The incidence of confirmed
COVID-19 cases was derived from the
official statistics of the Robert Koch
Institute, Berlin, Germany (17); the pop-
ulation data were taken from the Ger-
man Federal Statistical Office (18).
The Stringency index, which is a com-

posite index containing nine indicators of
containment and closure policies, origi-
nated from the Oxford Covid-19 Govern-
ment Response Tracker (OxCGRT) (19).

Variables
Demographic data included year, month
(and additionally week for 2018 to
2020/21 data), and age at diabetes
onset, sex, and immigrant background
(patient or at least one parent born out-
side of Germany). Clinical data from dia-
betes onset included BMI (calculated as
weight in kilograms divided by height in
meters squared), HbA1c (% [mmol/
mol]), and presence of autoantibodies.

BMI values were transformed to SD
scores based on German reference val-
ues (KiGGS [German Health Interview and
Examination Survey for Children and Ado-
lescents]) by applying the Box-Cox trans-
formation method (20). In order to adjust
for different laboratory methods, local
HbA1c values were mathematically stan-
dardized to the DCCT (Diabetes Control
and Complications Trial) reference range
(4.05–6.05%) using the multiple of the
mean transformation method. Autoanti-
body measurements included autoanti-
bodies against islet cells, glutamic acid
decarboxylase, tyrosine phosphatase,
insulin, and zinc transporter 8. Positive
autoantibody status was defined as any
measure of these autoantibodies above
the upper limit of normal, according to
the reference values of the respective lab-
oratory of the treating center, at the diag-
nosis of diabetes.
We analyzed the incidence of type 1

diabetes for the whole period from 1
January 2020 to 30 June 2021, sepa-
rately for the year 2020 and the first
half of the year 2021, as well as for five
different periods related to the activity
of the COVID-19 pandemic: the prepan-
demic period, consisting of January and
February 2020; the first wave of the
pandemic, consisting of March to May
2020; a stable phase with a relatively
low rate of new infections from June to
September 2020; the second wave from
October 2020 to February 2021; and
the third wave from March 2021 the
end of June 2021 (1). Furthermore, we
examined the incidence of type 1 diabe-
tes by month from January 2020 to
June 2021.

Statistical Analysis
Medians and interquartile ranges (IQRs)
are provided for the description of con-
tinuous variables, and frequencies and
percentages are used for the descrip-
tion of categorical variables. For each
timeframe analyzed (total period from
January 2020 to June 2021, calendar
years, the first halves of calendar years,
COVID-19–related periods, or months),
we related the number of new cases to
the respective number of person-years
at risk to estimate the incidence per
100,000 person-years with 95% CIs.
For the analysis of the incidence by

calendar year, we applied a multivari-
able Poisson trend regression model
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(model 1) to incidence data from 2011
to 2019 that included year at diabetes
onset (as continuous term), age group
at diabetes onset (6 months to <6
years, 6 to <12 years, and 12 to <18
years), and sex as independent varia-
bles. Based on this trend model, we
estimated the expected incidence for
2011 to 2020/21, standardized for age
group and sex, with the sum of person-
years of each year between 2011 and
2020 as reference distribution.
We used a respective model with

year at diabetes onset included as a cat-
egorical independent term (model 2) to
estimate incidences for 2011 to 2019,
standardized for age group and sex,
using the same reference distribution of
person-years at risk. Furthermore, we
applied a multivariable Poisson regres-
sion model that included age group and
sex as independent variables (model 3)
to adjust the observed incidence in
2020/21 to the same reference distribu-
tions of the person-years at risk. Finally,
a Poisson regression model that included
a binary variable indicating observed and
predicted data as independent variables
(model 4) was used to compare the
observed with the expected incidence of
type 1 diabetes. The ratio between the
observed and expected incidence of type
1 diabetes was presented as adjusted
incidence rate ratio (IRR), with the corre-
sponding 95% CIs and two-sided P values
from the Wald test. CIs of observed and
expected incidences in strata were
adjusted for multiple inferences accord-
ing to the Bonferroni procedure. CIs for
estimated period/month-specific IRRs
were adjusted for multiple inferences
according to the Bonferroni procedure,
and corresponding P values were adj-
usted for multiple testing using the Bon-
ferroni-Holm method.
Furthermore, we analyzed the inci-

dence data stratified by age group and
sex, applying the same statistical approach
(with necessary adaptations).
To analyze incidence data by period

(January to February 2020, March to
May 2020, June to September 2020,
October 2020 to February 2021, and
March to June 2021) or month (January
2020 to June 2021), the Poisson regres-
sion models described before were
extended appropriately. For period-spe-
cific or month-specific analyses, models
1 and 2 were extended to include the
period or month of diabetes onset and

a term for an interaction of period or
month at diabetes onset by year at dia-
betes onset. Model 3 was extended to
include only period or month of diabe-
tes onset. Model 4 additionally included
a term for interaction of the binary vari-
able indicating observed and predicted
data and period or month.

Furthermore, rates of autoantibody
negativity in patients with newly diag-
nosed type 1 diabetes in 2020/21 were
compared with those in 2018 and 2019
via multivariable log-binomial regres-
sion, adjusted for age group, sex, and
immigrant background and additionally
for number of measured antibodies in
cases of autoantibody negativity. The
analysis of autoantibody negativity was
performed for the whole period from
January 2020 to June 2021 versus 2018/
2019, total calendar years, for the first
halves of the years, and stratified by peri-
ods based on the total onset cohorts.

Differences in frequencies of autoanti-
body negativity were presented as adj-
usted absolute percentage differences
with the corresponding 95% CIs.

A two-sided P value <0.05 was con-
sidered statistically significant. All analy-
ses were performed with SAS version
9.4 (SAS Institute, Inc., Cary, NC).

Data and Resource Availability
Access to the data is possible by
remote data processing upon request
and approval from the DPV board.

RESULTS

Study Cohort
In the period from 1 January 2020 to 30
June 2021, the DPV registered 5,162
children and adolescents (55.8% male)
with new-onset type 1 diabetes from
236 diabetes centers in Germany, 3,338
patients from 2020 and 1,824 patients
from the first half of 2021. The median
age of the cohort was 9.7 years (IQR
5.9–12.8). The median HbA1c level was
11.4% (IQR 9.9–13.1 [101.3 mmol/mol
(84.8–119.6)]).

Table 1 provides a descriptive over-
view of the 2020/21 study population
and a comparison with the 2018–2019
cohort. We compared the weekly num-
bers of cases of children and adoles-
cents with new-onset type 1 diabetes in
2020 and the first half of 2021 with
those of the 2 previous years. Figure 1
shows the weekly cumulative case

numbers for each year. An increase in
the case numbers in the years 2020 and
2021 compared with the years 2019
and 2018 is evident onward from calen-
dar week 20 in 2020 and week 11 in
2021, respectively.

Annual Change in Incidence of
Type 1 Diabetes From 2011 to 2019
From 2011 to 2019, the incidence of
type 1 diabetes increased by 2.4% per
year (95% CI 1.9–2.9; P < 0.001) (Fig.
2). This increase was higher in male
than in female participants (male, 2.7%
per year [95% CI 2.0–3.4]; P < 0.001
and female, 2.0% per year [95% CI
1.2–2.7]; P < 0.001). The increase in the
incidence of type 1 diabetes between
2011 and 2019 was most pronounced
among adolescents aged 12–17 years
(4.3% per year [95% CI, 3.4–5.2]; P <
0.001), lower in those aged 6–11 years
(1.7% per year [95% CI 0.9–2.5]; P <
0.001), and lowest in children aged <6
years (1.1% per year [95% CI 0.1 to 2.1];
P5 0.033).

Observed Compared With Expected
Incidence of Type 1 Diabetes in
2020/21
For the period from 1 January 2020
through 30 June 2021, the observed
incidence was 24.4 (95% CI 23.6–25.2).
This observed incidence was signifi-
cantly higher than the expected inci-
dence of 21.2 (95% CI 20.5–21.9); the
corresponding IRR was 1.15 (95% CI
1.10–1.20; P < 0.001) (Table 2). The IRR
was similar for both sexes (female, 1.14
[95% CI 1.07–1.21]; P < 0.001 and
male, 1.16 [95% CI 1.10–1.23]; P <
0.001) (Table 2).

The increase in the observed com-
pared with the expected incidence in
2020/21 was significant in the age
groups of children aged <6 years (IRR
1.23 [95% CI 1.13–1.33]; P < 0.001) and
6–11 years (IRR 1.18 [95% CI 1.11–1.26];
P < 0.001), while no significant increase
could be detected in adolescents aged
12–17 years (IRR 1.06 [95% CI 0.98–1.13];
P 5 0.13) (Table 2).

Separately for 2020 and for the first
half of 2021, the observed incidences
(23.7 [95% CI 22.8–24.6] and 25.8
[24.4–27.2], respectively) were each sig-
nificantly higher than the expected inci-
dences (20.9 [20.0–21.8] and 21.8
[20.5–23.1], respectively), with IRRs of
1.13 (1.08–1.19; P < 0.001) and 1.18
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(1.10–1.27; P < 0.001), respectively
(Fig. 2 and Table 2).

Observed Compared With Expected
Incidence of Type 1 Diabetes by
Different Pandemic-Related Periods
or Months in 2020/21
An analysis of the observed and expected
incidences of type 1 diabetes in the five
different periods related to the activity of
the COVID-19 pandemic revealed a signif-
icantly higher observed than expected
incidence in summer 2020 from June to
September 2020 (IRR 1.27 [95% CI 1.13–
1.43]; P < 0.001) and in spring 2021
from March to June 2021 (IRR 1.27
[1.13–1.42]; P < 0.001) (Fig. 3 and Supp-
lementary Fig. 1). Stratified by age group,
we found a significantly higher observed

than expected incidence from June to
September 2020 and from March to
June 2021 for the children aged <12
years, while for adolescents aged 12–17
years, the observed incidence was only
higher than the expected in the period
from June to September 2020 (Table 2).
Figure 4 shows the monthly IRRs with

the corresponding 95% CIs. Compared
with the expected monthly incidence,
the observed incidence was significantly
higher in June 2020 (IRR 1.43 [95% CI
1.07–1.90]; P 5 0.003), July 2020 (IRR
1.48 [1.12–1.96]; P < 0.001), March
2021 (IRR 1.29 [1.01–1.65]; P 5 0.028),
and June 2021 (IRR 1.39 [1.04–1.85];
P 5 0.010). Supplementary Table 1 pro-
vides the observed and expected inci-
dences by month from January 2020 to

June 2021 and the corresponding IRRs.
Compared with the 7-day incidence of
COVID-19 cases, COVID-19–related deaths,
and the Stringency index as a measure of
the pandemic containment measures pre-
sented in Supplementary Fig. 2, the inc-
rease in the incidence of type 1 diabetes
followed the peak incidences of the pan-
demic and the countermeasures taken to
control it by �3 months.

Autoantibody Negativity in 2020/21
Compared With 2018–2019
Data of autoantibody measurements
were available in 3,851 (74.6%) of 5,162
patients in 2020 and the first half of
2021 and in 4,205 (74.5%) of 5,643
patients in 2018 and 2019. For the
period from 1 January 2020 through 30
June 2021, the adjusted rates of auto-
antibody negativity did not differ from
2018 and 2019 (2020/21 vs. 2018/19,
6.1% [95% CI 5.3–7.0] vs. 6.4% [5.7–7.3];
absolute difference 2020/21 vs. 2018/19,
�0.3% [�1.1 to 0.6]; P 5 0.47). In addi-
tion, separately for the year 2020 and
for the first half of 2021, the adjusted
rates of autoantibody negativity did not
differ from 2018 and 2019 (difference
2020 vs. 2018/19, �0.5% [�1.5 to 0.5];
P 5 0.32 and difference first halves of
2021 vs. 2018/19, �0.2% [�1.5 to 1.2];
P 5 0.83).

Moreover, during both periods with an
increased incidence of type 1 diabetes,
there was also no significant difference
for the adjusted rate of autoantibody
negativity (absolute difference June to
September 2020 vs. June to September
2018/19, 0.7% [95% CI �1.0 to 2.4]; P 5
0.40 and absolute difference February to
June 2021 vs. February to June 2018/19,
�0.1% [�1.7 to 1.6]; P 5 0.95).

Table 1—Characteristics of patients with new-onset type 1 diabetes from 2020 and first half of 2021 and from 2018 and 2019

Variable
2020/21

(n = 5,162)
2018

(n = 2,740)
2019

(n = 2,903)

Median age at diabetes diagnosis (IQR), years 9.7 (5.9–12.8) 9.8 (6.0–13.1) 9.7 (5.9–12.9)

Male sex, % 55.8 55.0 54.9

Median HbA1c at diabetes diagnosis (IQR), % [mmol/mol] 11.4 (9.9–13.1)
[101.3 (84.8–119.6)]

11.0 (9.5–12.7)
[97.2 (80.7–115.6)]

11.2 (9.7–12.9)
[98.3 (82.7–117.4)]

Median BMI at diabetes diagnosis (IQR), SD score �0.25 (�1.10 to 0.56) �0.31 (�1.11 to 0.53) �0.24 (�1.10 to 0.59)

Immigrant background, % 26.0 25.8 27.3

For the demonstration of the demographic and clinical data, the cohort of 2020/21 was compared with children and adolescents aged
between 6 months and <18 years at the diagnosis of type 1 diabetes in the 2 previous years 2019 and 2018 in Germany.

Figure 1—Cumulative number of new cases of type 1 diabetes in children and adolescents in
Germany over the years 2018 (black), 2019 (blue), and 2020 (red) and the first half of 2021
(green).Week-specific information on the time of diabetes onset was missing for seven patients
in 2021, 12 patients in 2020, and nine patients in 2019 and 16 patients in 2018. These patients
were not included in the illustration.
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CONCLUSIONS

This population-based study found an
increase in the observed versus expected
incidence of type 1 diabetes in children
and adolescents during the COVID-19
pandemic. The peak incidence of type 1
diabetes followed the peak incidence of

COVID-19 and also the pandemic con-
tainment measures by �3 months.
Except for the increase in March 2021,
the increase in the incidence of type 1
diabetes was mainly due to the lack of a
seasonal decline during the summer
months.

Reports from diabetes registries in
Norway (21) and Austria (22) indicate
that the incidence of type 1 diabetes in
children aged <15 years stopped rising
from 2004 to 2012 and from 2012 to
2017, respectively, especially in young
children. In contrast, our study shows a
preserved increase in the incidence of
type 1 diabetes in childhood between
2011 and 2019. Consistent with the
studies from Norway and Austria men-
tioned above, the increase declined with
decreasing age at diabetes onset. In con-
trast to this trend in recent years, the
most pronounced increase of incidence
of type 1 diabetes during the COVID-19
pandemic was observed in this youngest
age group.
The results of this study are different

from those presented in a previous
short communication from our group,
demonstrating no increase in type 1 dia-
betes incidence during the first wave of
the COVID-19 pandemic (15). However,
this is not a contradiction. The previous
observation interval was limited to the
first 2 months of the pandemic and the
lockdown from mid-March to mid-May
(calendar week 20). As this extension of
the observation period shows, the inci-
dence increased just after the end of
the previous observation period. This
also demonstrates the importance of
monitoring the course of the pandemic
in the longer term.
Our study is consistent with the results

of a smaller study from Finland (23). In
this study, children with new-onset type 1
diabetes from 1 April to 31 October from
2016 to 2020 in the Helsinki University
Hospital were analyzed. During the pan-
demic period, 84 children with newly
diagnosed type 1 diabetes were regis-
tered, as compared with 53–62 children
each year in the prepandemic periods of
2016 to 2019. As in our study, the most
significant increase in the number of
cases occurred in the 2 summer months
of June and July 2020. Importantly, all 33
children diagnosed in 2020 who were
tested for SARS-CoV-2 antibodies were
negative. In contrast to this report and
our results, a study involving 13 pediatric
diabetes centers in Lombardy, Italy, found
no significant increase in the incidence of
type 1 diabetes in 2020 compared with
2019 (24). The reported new case num-
ber of 256 in 2020 was not significantly

Figure 2—Incidence of type 1 diabetes in children in the year 2020 (A) and the first half of 2020
and 2021 (B) compared with the years 2011 to 2019. Based on a multivariable Poisson trend
regression model on data from 2011 to 2019 that included year at diabetes onset (as continu-
ous term), age group at diabetes onset, and sex as independent variables, the expected inci-
dence (as rate per 100,000 person-years) for 2011 to 2020, as well for the first half of the years
2011 to 2021, standardized for age group and sex, with the sum of person-years of each year
between 2011 and 2020/21 as reference distribution, was estimated (dark blue line with corre-
sponding 95% CI ([ight blue area]). A multivariable Poisson regression model with year at diabe-
tes onset included as categorical independent term was used to estimate incidences for 2011
to 2019 standardized for age group and sex using the same reference distribution of person-
years at risk (red circles). Furthermore, a multivariable Poisson regression model that included
age group and sex as independent variables was applied to adjust the observed incidence in
2020 and the first half in 2021 to the same reference distributions of the person-years at risk
(red circles). The vertical bars indicate the corresponding 95% CIs of the estimated observed inci-
dences. The number of children registered in DPV with new-onset type 1 diabetes is presented for
every year from 2011 to 2020 (A) and for every first half of the years 2011 to 2021 (B).
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higher than the 231 cases in 2019, but
significantly higher than 216 and 202
new cases in 2018 and 2017, respectively.
However, the number of cases was to
small and the time trend analysis too
short to draw clear conclusions. Some
other studies with fewer patients showed
inconsistent results regarding a change in
the incidence of pediatric type 1 diabetes
during the pandemic (10,25–28). Supp-
lementary Table 2 gives an overview of
studies on incidence or number of cases

of pediatric new-onset type 1 diabetes
during the COVID-19 pandemic com-
pared with previous years.
A temporal association of the increased

incidence of type 1 diabetes following the
peak incidences of COVID-19 may be due
to direct effects resulting from infections
with SARS-CoV-2, but also to indirect
effects resulting from the consequence of
environmental changes caused by the
pandemic itself or by pandemic contain-
ment measures.

In the case of direct effects, cytotoxic
as well as immunologic effects could
cause b-cell impairment. SARS-CoV-2 was
suggested to cause diabetes through
direct cytotoxicity of b-cells without auto-
immunity (29). However, histopathologic
studies showed conflicting evidence of
whether SARS-CoV-2 directly affects pan-
creatic b-cells (30–33). In addition, this
study found no increase in the frequency
of autoantibody-negative type 1 diabetes
in children and adolescents during those

Table 2—Observed versus expected incidence of type 1 diabetes (per 100,000 person-years) during year 2020 and first half of
2021, as well as during both periods with increased observed incidence

Observed incidence
in 2020/21
(95% CI)

Expected incidence for
2020/21 based on data
from 2011–2019 (95% CI)

IRR for observed vs.
expected incidence

(95% CI) P

1 January 2020 to 30 June 2021*
All patients 24.4 (23.6–25.2) 21.2 (20.5–21.9) 1.15 (1.10–1.20) <0.001
Male patients 26.6 (25.5–27.8) 22.9 (21.9–24.0) 1.16 (1.10–1.23) <0.001
Female patients 21.9 (20.9–23.0) 19.2 (18.2–20.2) 1.14 (1.07–1.21) <0.001
Aged <6 years 18.6 (17.5–19.8) 15.1 (14.1–16.2) 1.23 (1.13–1.33) <0.001
Aged 6–11 years 32.7 (31.2–34.3) 27.7 (26.3–29.2) 1.18 (1.11–1.26) <0.001
Aged 12–17 years 23.5 (22.2–24.8) 22.2 (21.0–23.5) 1.06 (0.98–1.13) 0.13

Year 2020*

All patients 23.7 (22.8–24.6) 20.9 (20.0–21.8) 1.13 (1.08–1.19) <0.001
Male patients 25.7 (24.3–27.0) 22.6 (21.4–23.9) 1.13 (1.06–1.21) <0.001
Female patients 21.5 (20.3–22.8) 18.9 (17.7–20.1) 1.14 (1.06–1.23) <0.001
Aged <6 years 17.8 (16.5–19.2) 15.2 (14.0–16.5) 1.17 (1.06–1.30) 0.002
Aged 6–11 years 31.4 (29.6–33.4) 27.3 (25.6–29.1) 1.15 (1.07–1.24) <0.001
Aged 12–17 years 23.4 (21.8–25.1) 21.5 (20.1–23.2) 1.09 (1.00–1.19) 0.06

First half of year 2021*

All patients 25.8 (24.4–27.2) 21.8 (20.5–23.1) 1.18 (1.10–1.27) <0.001
Male patients 28.6 (26.6–30.6) 23.5 (21.7–25.4) 1.22 (1.11–1.33) <0.001
Female patients 22.8 (21.0–24.7) 19.8 (18.1–21.6) 1.15 (1.04–1.28) 0.008
Aged <6 years 20.2 (18.2–22.4) 15.0 (13.4–16.9) 1.34 (1.17–1.54) <0.001
Aged 6–11 years 35.4 (32.7–38.3) 28.4 (26.0–31.1) 1.24 (1.12–1.38) <0.001
Aged 12–17 years 23.6 (21.4–26.0) 23.6 (21.4–26.0) 1.00 (0.89–1.13) 0.96

Period with increased incidence
of type 1 diabetes in 2020 (June
2020 to September 2020)†

All patients 24.0 (22.0–26.1) 18.9 (17.2–20.8) 1.27 (1.13–1.43) <0.001
Male patients 25.4 (22.7–28.5) 20.6 (18.1–23.4) 1.23 (1.05–1.44) 0.002
Female patients 22.4 (19.8–25.4) 16.9 (14.7–19.6) 1.33 (1.11–1.58) <0.001
Aged <6 years 17.8 (15.1–21.0) 13.2 (10.8–16.0) 1.35 (1.07–1.71) 0.004
Aged 6–11 years 32.6 (28.7–37.1) 25.9 (22.4–29.8) 1.26 (1.06–1.50) 0.003
Aged 12–17 years 23.5 (20.2–27.3) 19.0 (16.1–22.5) 1.23 (1.00–1.51) 0.043

Period with increased incidence
of type 1 diabetes in 2021
(March 2021 to June 2021)†

All patients 25.5 (23.5–27.7) 20.2 (18.4–22.1) 1.27 (1.13–1.42) <0.001
Male patients 28.8 (25.9–32.1) 21.7 (19.2–24.6) 1.33 (1.14–1.55) <0.001
Female patients 22.1 (19.5–25.1) 18.4 (16.0–21.1) 1.20 (1.01–1.43) 0.023
Aged <6 years 20.6 (17.6–24.0) 14.1 (11.7–17.0) 1.46 (1.17–1.83) <0.001
Aged 6–11 years 34.0 (30.0–38.5) 26.2 (22.8–30.2) 1.30 (1.09–1.54) <0.001
Aged 12–17 years 23.4 (20.2–27.2) 21.6 (18.5–25.2) 1.09 (0.89–1.32) 1.00

Using Poisson regression models, expected incidences for 2020 were estimated based on the data from 2011 to 2019 and compared with
observed incidences in 2020 by estimating IRRs with 95% CIs and two-sided P values. Incidences are presented as rate per 100,000 person-
years with corresponding 95% CIs. Bold font indicates significance. *CIs of observed and expected incidences were adjusted for multiple infer-
ences using the Bonferroni method separately for each stratum. †CIs of observed and expected incidences and CIs of IRRs were adjusted for
multiple inferences using the Bonferroni method, and P values were adjusted for multiple testing using the Bonferroni-Holm method.
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periods, for which an increased observed
versus expected incidence of type 1 dia-
betes has been demonstrated. This is con-
sistent with a previous detailed analysis
of the first half of 2020 (34). Therefore,
the increase in the incidence of type 1
diabetes in children appears to be due to

immune-mediated type 1 diabetes. How-
ever, because autoimmunity and progres-
sive b-cell destruction typically begin long
before the clinical diagnosis of type 1 dia-
betes, we were surprised to see the inci-
dence of type 1 diabetes followed the
peak incidence of COVID-19 and also the

pandemic containment measures by only
�3 months.

Considering direct effects of COVID-
19, infection with SARS-CoV-2 could trig-
ger the development of new-onset type
1 diabetes in those with prediabetes
with islet autoimmunity. Although infec-
tion with SARS-CoV-2 is typically very
mild and often asymptomatic in chil-
dren, a rare complication is multisyste-
mic inflammatory syndrome (MIS-C) in
children with COVID-19 (35). This hyper-
inflammatory disorder presents 1–2
months after acute infection with SARS-
CoV-2 with high fever, organ dysfunc-
tion, markedly elevated inflammatory
markers, and formation of multiple
autoantibodies. The progress from pre-
diabetes to overt type 1 diabetes could
be due to the cytokine storm seen in
children after COVID-19, possibly as a
different course of MIS-C with a focus
on autoimmunity. However, immuno-
logic findings seen in children with MIS-
C and with new-onset type 1 diabetes
differ (36,37). Unfortunately, sufficient
data about the history of COVID-19
infections in children with new-onset
type 1 diabetes are currently not avail-
able in the DPV. As mentioned above,
no evidence of past SARS-CoV-2 infec-
tion was found in children with new-
onset type 1 diabetes in the Finnish
study (23). Furthermore, we found no
association between the COVID-19

Figure 3—IRRs of observed versus expected incidence of type 1 diabetes in children and adolescents from January 2020 to June 2021 by different
pandemic-related periods. Error bars indicate 95% CIs. For period-specific analyses, statistical models were extended to include the period of dia-
betes onset and a term for an interaction of period at diabetes onset by year at diabetes onset. A Poisson regression model that included a binary
variable indicating observed and predicted data and period as independent variables was used to compare the adjusted observed with the
adjusted expected incidence of type 1 diabetes. Confidence limits of IRRs and P values were adjusted for multiple testing using the Bonferroni and
Bonferroni-Holm methods, respectively.

Figure 4—IRRs of observed versus expected incidence of type 1 diabetes in children and adoles-
cents from January 2020 to June 2021 by month. IRRs estimated from trend models are presented
as blue line with the corresponding 95% CI as gray area. For month-specific analyses, statistical
models were extended to include the month of diabetes onset and a term for an interaction of
period at diabetes onset by year at diabetes onset. A Poisson regression model that included a
binary variable indicating observed and predicted data and month as independent variables was
used to compare the adjusted observed with the adjusted expected incidence of type 1 diabetes.
Confidence limits of IRRs and P values were adjusted for multiple testing using the Bonferroni and
Bonferroni-Holm methods, respectively. IRRs were significantly elevated in June 2020 (P = 0.003),
July 2020 (P< 0.001), March 2021 (P = 0.028), and June 2021 (P = 0.010).
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incidences reported by the authorities
and the increase in the observed over
the expected incidence of type 1 diabe-
tes in the following months. While num-
bers of COVID-19 cases were
significantly higher in the second wave
of the pandemic than in the first wave
(1,2), the incidence of type 1 diabetes
did not increase more after the second
than after the first wave of the COVID-
19 pandemic. Moreover, the seropreva-
lence for anti–SARS-CoV-2 antibodies in
children and adolescents in Germany
after the first wave of the pandemic
was quite low, between 0.6 and 1.1%
(38–40).
Considering indirect effects of COVID-

19, the impact on type 1 diabetes inci-
dence is not due to infection with SARS-
CoV-2, but rather a consequence of
environmental changes resulting from
the pandemic itself or pandemic con-
tainment measures. Attention has been
focused on the possibility that changes
in lifestyle are a major factor in the rise
of type 1 diabetes frequency (41).
Because of social isolation, there was a
drastic decrease in otherwise frequent
and typical pediatric infectious diseases
during the pandemic, such as viral respi-
ratory and gastrointestinal tract infec-
tions (13,14). Common infections in
early childhood have been shown to be
a risk factor for the development of type
1 diabetes in children (5–9). This associa-
tion would suggest a decrease in the
incidence of type 1 diabetes. However,
the opposite is the case; this study found
an increase in the incidence of new-onset
type 1 diabetes during the COVID-19 pan-
demic, despite the marked decrease in
common pediatric infections.
It is important to note that infections

could also protect against type 1 diabe-
tes. According to the hygiene hypothe-
sis, there is an inverse trend between
the occurrence of infectious diseases in
early life and the occurrence of autoim-
mune diseases (42). The biodiversity
hypothesis, an extension of the hygiene
hypothesis, states that decreased biodi-
versity in the external and internal
exposure increases the risk of immune-
mediated diseases (43). Therefore, the
influence of environmental exposure on
the risk of developing autoimmune dis-
eases is of utmost importance (44).
COVID-19 pandemic control efforts chan-
ged abruptly social contacts, the behav-
ior of families with children, and child

health care practices, which may have
resulted in a dramatic decrease in biodi-
versity in children, particularly in young
children (45,46). This change in total
environmental exposure, the exposome,
could be the link to the increased inci-
dence of type 1 diabetes in young chil-
dren seen in our study (47,48).
In addition, increased stress from the

pandemic itself or social isolation and
school closure has been reported in chil-
dren and adolescents, leading to poorer
mental health and a high prevalence of
anxiety and depressive symptoms (49–51).
Among the environmental variables that
play a role in the development of type 1
diabetes, psychological stress has been
linked to the onset of the disease, and a
wide range of studies point to the role of
psychological stressors in the pathogenesis
of type 1 diabetes (52–54).
A strength of our study is the popula-

tion-based data from German children
and adolescents. Furthermore, for com-
parisons with observed incidence, the
estimates of the expected incidence in
2020 were derived from appropriate
statistical methods, considering the
observed increase in the incidence of
type 1 diabetes over the past decade.
Limitations of our study include that the
multivariable Poisson regression model
included only some potential confound-
ers. Thus, residual confounding resulting
from patient-, area-, and population-level
confounders cannot be excluded. Poten-
tially confounding factors include socio-
economic status, history of COVID-19, or
family members with COVID-19. In addi-
tion, we can only speculate about under-
lying factors. The analysis relating
incidence of type 1 diabetes and occur-
rence of COVID-19 is an ecologic analysis
and thus prone to ecologic bias. How-
ever, an analysis of this association using
individual-level data could not be per-
formed, because the COVID-19 status of
the patients was only available for a
small proportion, and a suitable control
group of children and adolescents with-
out type 1 diabetes but known COVID-
19 status was not available.
Further research is needed to under-

stand the reasons for the increased inci-
dence of type 1 diabetes following the
waves of the pandemic and the role of
infection with SARS-CoV-2 and also the
measures taken to control the COVID-
19 pandemic with its consequences,
such as social isolation or psychological

stress. Additional longer-term studies on
the incidence of type 1 diabetes during
the pandemic are therefore essential.
In summary, this study found an inc-

rease in the incidence of type 1 diabetes
in children and adolescents in Germany
during the COVID-19 pandemic, with a
time lag of �3 months to the peak inci-
dences of COVID-19 but also to the
pandemic containment measures. The
possible causes of this association are
manifold and still unclear. However, our
results suggest that indirect rather than
direct effects of the pandemic are more
likely to be the cause.
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