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Aims/hypothesis: The aim of this study was to analyze the incidence of type 1 diabetes in children and adolescents
(<20 years of age) during the COVID-19 pandemic (3/2020 to 12/2021) in Germany.
Methods: The present study was based on the IQVIA longitudinal prescription database (LRx), All persons (age ≤
20 years) with new insulin prescriptions from 2016 to 2021 (index date) were selected and stratified by age
group. Weekly (age-specific) data were used to forecast the prescription incidence for the pandemic period based
on pre-pandemic data and to explore the relationship between weekly reported age-specific COVID-19 incidences
and type 1 diabetes incidence and rate ratios of observed vs. predicted diabetes incidence respectively.
Results: During the pre-pandemic period, there was a stable higher insulin prescription incidence during the
winter period and a lower insulin prescription incidence during summer. During the pandemic period, there was
less seasonal variation in incidence related to the finding that the observed incidence during summer in 2002 and
2021 was 44 % and 65 %, higher, respectively, than the expected incidence based on pre-pandemic year. We did
not find any cross-correlations between the COVID-19 incidence and the type 1 diabetes incidence for any age
group. Likewise, there were no cross-correlations between the COVID-19 incidence and the incidence rate ratios
of observed incidences to predicted incidences.
Conclusions/interpretation: During the COVID-19 pandemic, there was less seasonal variation in the incidence of
type 1 diabetes (defined by new insulin prescriptions), with higher observed than expected incidences during
summer. We found no evidence that the increase in type 1 diabetes incidence during the COVID-19 pandemic
relates to direct effects of COVID-19 pandemic.

1. Introduction
Currently, there are >32,000 children and adolescents living with
type 1 diabetes in Germany, with the incidence of the disease rising by
3–4 % per year [1]. Viral infections seem to play a role in the patho
genesis of type 1 diabetes; in particular, it is suspected that respiratory
viral infections contracted within the first 6 months of life may initiate

beta cell autoimmunity [2,3]. The data currently available on type 1
diabetes incidence rates during COVID-19 are inconclusive. One German
study comparing observed rates from March to May 2020 (first COVID19 wave) with predicted rates for that period based on data from 2011 to
2019 showed no difference in type 1 diabetes incidence in children and
adolescents [4]. Another study in Germany found a significantly
increased incidence of type 1 diabetes in children during the COVID-19
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pandemic [6] from January 1, 2020 to June 30, 2021 when compared to
predicted incidence derived from pre-pandemic data [5]. One multi
center study in the UK also showed an increase in type 1 diabetes di
agnoses in children who had contracted SARS-CoV-2 prior to diabetes
onset. To date, however, there is no clear evidence indicating that the
SARS-CoV-2 virus directly induces type 1 diabetes [6,7]. Social
distancing and other measures during the COVID-19 pandemic have
kept children away from school, day care, and peer groups, and there
fore led to a profound decrease in diagnoses of common infectious dis
eases (influenza, croup, bronchiolitis) [8], but it is unclear whether they
have also had an impact on type 1 diabetes incidence. Furthermore,
psychological stress has been linked to the pathogenesis of type 1 dia
betes and its onset, but it is unclear if social distancing, school closures,
and isolation, which have negatively impacted the mental health and
well-being of children and adolescents, are also stressors which may
play a key role in type 1 diabetes onset in these groups [9,10]. The aims
of this study were (1) to analyze the incidence of type 1 diabetes in
children and adolescents during the COVID-19 pandemic (3/2020 to 12/
2021) in Germany and compare it to the expected incidence in the same
period and (2) to explore the relationship between weekly reported agespecific COVID-19 incidences and the type 1 diabetes incidence and the
rate ratios of observed to predicted incidence, respectively.

generated to present the incidence trends in the pre-pandemic and
pandemic periods as well as the COVID-19 incidence.
In order to investigate deviations of the observed insulin prescription
incidence during the pandemic period from the predicted one, we first
used time series models (autoregressive moving average (ARMA)
models) to estimate predicted incidences. Second, Poisson regression
models were used to compare the observed and predicted prescription
incidences and to estimate respective incidence rate ratios (IRR). All
time series analyses were performed for the full sample as well as
separately for the four age groups.
Cross-correlation analyses were used to explore the relationship
between COVID-19 incidence and type 1 diabetes incidences and inci
dence rate ratios at different time lags following the approach used in
Wei [15].
All analyses were carried out using SAS version 9.4 (SAS Institute,
Cary, USA), and we used the ARIMA procedure for all-time series
analyses.
3. Results
3.1. Baseline characteristics of study patients
In total, some 23,785 children and adolescents were documented in
the LRx database as having received an initial insulin therapy in
2016–2021. Of these, 3,712 were aged < 5 years, 6,493 were 5–<10
years, 8,675 were 10–<15 years, and 3,712 were 15–<20 years.

2. Methods
2.1. Database
The present analysis was based on the IQVIA longitudinal prescrip
tion database (LRx). This database comprises approximately 80 % of all
prescriptions reimbursed by statutory health insurance funds in Ger
many. Data is available at patient level, including information on the age
and sex of patients. All patient information is fully anonymized in
accordance with data privacy laws. Each available prescription includes
full product information (e.g., brand, substance, package size, and
product form) and dates dispensed. The database does not contain di
agnoses or laboratory tests. This database has been used in previous
studies on insulin therapy [11,12].
All children and adolescents (age < 20 years) with new insulin
prescriptions between January 1, 2016 and December 31, 2021 (index
date) were included in this study. Incident insulin therapy was defined
as the first insulin therapy based on the absence of insulin prescriptions
for at least 365 days before the index date (starting January 1, 2015).
First insulin prescription was used as a surrogate measure for new-onset
type 1 diabetes. The primary outcome of the study is the weekly inci
dence of type 1 diabetes in children and adolescents from the 10th
calendar week in 2020 (March 2 to March 8, 2020) to the last calendar
week in 2021 (December 27, 2021 to January 2, 2022) (pandemic
period) compared to the period from the 1st calendar week in 2016
(January 4 to January 10, 2016) to the 9th calendar week in 2020
(February 24 to March 1, 2020) (pre-pandemic time). The incidence of
insulin therapy initiation was also stratified by age group (<5 years;
5–<10 years; 10–<15 years; 15–<20 years) and analyzed with respect to
these groups. Age-specific weekly COVID-19 incidences were obtained
from the Robert Koch Institute [13]. Population data were obtained
from the Federal Statistical Office of Germany [14].

4. Time trends for type 1 diabetes and COVID-19 incidence
Fig. 1 shows time trends for type 1 diabetes incidence over the
observation period. During the pre-pandemic period, there was a higher
incidence during the winter period and a lower incidence during sum
mer. This seasonality remained stable throughout the entire prepandemic period. During the pandemic period, there was less seasonal
variation in the incidence.
4.1. Comparison of observed and predicted type 1 diabetes incidences
during the pandemic period
Observed and predicted type 1 diabetes incidences were compared
during the pandemic period, as shown in Fig. 2 (left column). In summer
periods, observed incidences largely fell into the upper range of the 95 %
prediction band. Similar patterns were observed in all age groups,
indicating higher incidences than expected in the summer periods. In
line with prior findings, corresponding incidence rate ratios of observed
versus predicted type 1 diabetes incidences were largely higher during
the summer periods, with the exception of the age group 0–4 years, also
indicating that incidence rate ratios were higher than expected in the
summer periods (Fig. 2, right column).
During the summer period (June to August) of 2020 and 2021, 990
and 1036 new-onset type 1 diabetes cases were observed compared to
689 and 629 predicted cases derived from the ARMA model, respec
tively. The observed incidences (per 100,000 person years) in summer
2020 and 2021 of 25.9 (95 % CI 24.1–27.8) and 27.1 (95 % CI
25.3–29.1) were significantly higher than the predicted incidences of
18.0 (95 % CI 16.5–19.6) and 16.5 (95 % CI 15.0–18.0). The respective
IRRs for 2020 and 2021 were 1.44 (95 % CI 1.30–1.58) and 1.65
(1.49–1.82), respectively.

2.2. Statistical analyses
In order to estimate the weekly type 1 diabetes incidence (per
100,000 person-years [PY]), the number of new cases with first insulin
prescription in the respective week was related to the respective number
of person-years at risk. The incidence for the total group (<20 years) was
standardized in accordance with the direct method using equal
weightings for all age groups.
Descriptive plots of weekly incidences including smooth curves
resulting from locally estimated scatterplot smoothing (LOESS) were

4.2. Cross-correlation between type 1 diabetes incidence or incidence rate
ratios and COVID-19 incidence
The weekly time series of COVID-19 incidence clearly showed partial
autocorrelation at time lags of one and two weeks for each age group.
After applying the Wei approach with the optimal ARMA (2,0) model,
there were no signs of autocorrelations in the residual COVID-19
2
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incidence series (supplementary Figure S1) or any relevant crosscorrelations between COVID-19 incidence and type 1 diabetes inci
dence or incidence rate ratios for all time lags under investigation
(Fig. 3).
5. Discussion
5.1. Main findings
This study showed an increase in observed versus predicted type 1
diabetes incidence in children and adolescents in the summer periods
during the COVID-19 pandemic. The most prominent effects were seen
in the age groups 5–<10 years and 10–<15 years. Time series analyses
found no cross-correlation between COVID-19 and type 1 diabetes
incidence or rate ratios of observed versus predicted type 1 diabetes
incidence, suggesting that the increased type 1 diabetes incidence is the
result of indirect rather than direct viral effects.
5.2. Comparison with other studies
Our findings are in line with those of previous studies. One study
from Germany (DPV registry) showed an increase of 15 %
(01.2020–06.2021), 13 % (01.2020–12.2020) and 18 %
(01.2021–06.2021) in the observed versus expected incidence of type 1
diabetes in children and adolescents during the COVID-19 pandemic,
respectively. The peak incidence of type 1 diabetes followed the peak
SARS-CoV-2 incidence at about 3 months with the most prominent in
creases in new cases occurring in June and in July 2020. However, this
study did not have access to information about SARS CoV-2 antibody
status [7]. Another study from Finland registered 84 children with
newly-diagnosed type 1 diabetes between April 1 to October 31, 2020,
while an average of just 58 new cases per year was documented between
2016 and 2019, representing an increase of 45 % [16]. All children
included in this study tested negative for SARS CoV-2 antibodies [16]. In
a UK-based multicenter study, the number of children with new-onset
type 1 diabetes observed between March 23 to June 4, 2020 was
compared to the expected diabetes incidence based on data from 2015 to
2019 [17]. During the pandemic period, 30 children with newly diag
nosed type 1 diabetes were registered while just 15–18 cases were
predicted [17], showing an increase of 80 % in the onset of type 1
diabetes. In this study, SARS-CoV-2 infection was only detected in 5
cases. By contrast, a web-based cross-sectional survey in Italy found 160
children (<15 years of age) newly diagnosed with type 1 diabetes be
tween February 20 and April 14, 2020, whereas 208 patients were
diagnosed during the same period in 2019, resulting in a decrease of 23
% in type 1 diabetes incidence [18]. Conversely, an Australian study
detected no change in type 1 diabetes incidence from March to May
2020 compared to the same period between 2015 and 2019 (11 cases
versus 9 cases) [19]. Clearly then, the data currently available on type 1
diabetes incidence during the COVID-19 pandemic are inconsistent. One
reason for this could be the different study methods, sample sizes (range:
11 to 256 patients), and observation times (2 months vs > 7 months)
used.
Indirect and direct effects of SARS-CoV-2 may help to elucidate our
findings.
5.3. Interpretation of findings

Fig. 1. Observed type 1 diabetes and COVID-19 incidences in the pre-pandemic
and pandemic periods by age group. (A: 0–<20 years, B: 0–<5 years, C: 5–<10
years, D: 10–<15 years, E: 15–< 20 years, vertical line at 01/03/2020 separates
the pre-pandemic (1st calendar week (January 4 to January 10) in 2016 to 9th
calendar week (February 24 to March 1, 2020) and pandemic period (10th
calendar week in 2020 (March 2 to March 8, 2020) to last calendar week
(December 27, 2021 to January 2, 2022) in 2021, LOESS curves result from
locally estimated scatterplot smoothing).

It is likely that indirect effects of COVID-19 on type 1 diabetes
incidence play a key role in this regard. The preventive measures
implemented in order to curb the spread of COVID-19 included social
distancing and the closure of childcare facilities, schools, and sporting
clubs. This led to reduced contact with peers and other children and
adolescents, which may have caused increased psychological stress
[20–23]. Several studies suggest that stress or psychological stress may
be associated with a higher risk of developing beta cell autoimmunity
3
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Fig. 2. Observed and predicted type 1 diabetes
incidence (left column) and incidence rate ratios
of observed vs. predicted incidence (right col
umn) during the pandemic period by age group
(A: 0–<20 years, B: 0–<5 years, C: 5–<10 years,
D: 10–<15 years, E: 15–< 20 years, red bars
indicate significant rate ratios (lower 95 % con
fidence limit > 1); predicted incidences were
estimated from an optimal ARMA model fitted to
weekly incidence data of the pre-pandemic
period (1st calendar week (January 4 to
January 10) in 2016 to 9th calendar week
(February 24 to March 1); Optimal ARMA
models were ARMA(0,0), ARMA(2,0), ARMA
(3,0), ARMA(0,0), ARMA(0,0), for age groups
0–<20, 0–<5, 5–<10, 10–<15, and 15–<20
years, respectively). (For interpretation of the
references to colour in this figure legend, the
reader is referred to the web version of this
article.)

and type 1 diabetes [24,25,26]. Increased stress as a result of the
pandemic itself (fear of infection) and social isolation has also been
reported in children and adolescents, leading to disturbed mental
health, well-being, and a higher occurrence of psychiatric disorders
(depression, anxiety) [27]. It is reasonable to assume that these

“stressors” could increase the risk of developing type 1 diabetes, espe
cially in those who are predisposed or in a pre-diabetic stage of auto
immunity. On the other hand, contact restrictions imposed during the
lockdowns led to a decrease in common pediatric viral infections (res
piratory infections, gastrointestinal infections) [28,29] which,
4
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Fig. 3. Cross-correlation between type 1 diabetes incidence (left column) and incidence rate ratio for observed vs. predicted (right column) incidence with COVID-19
incidence at different time lags. (In accordance with the Wei approach, time series of Covid-19 incidence, type 1 diabetes incidence and rate ratios were pre-whitened
using an optimal ARMA (2,0) model).
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according to the viral hypothesis [30,31] might have reduced the risk of
developing type 1 diabetes [32]. It is noteworthy that an increase in type
1 diabetes incidence during lockdown was observed in our study. This
could be explained by the “microbiome hypothesis”: the “different”
environmental factors during the pandemic may have influenced the
balance of “good” and “bad” organisms/bacteria in the gut, which has
been shown to be linked to a higher type 1 diabetes incidence, especially
in young children [33,34].
Direct effects of SARS CoV-2 on beta cells could be another patho
mechanism that explains the higher incidence of type 1 diabetes iden
tified during the pandemic period in our study [35–42]. To date,
however, there is no conclusive evidence of a causal relationship be
tween viral infections and autoimmune diabetes [28]. There is also no
evidence that the COVID-19 pandemic led to a significantly increased
number of new autoantibody negative type 1 diabetes cases in children,
adolescents, and young adults [43]. Our study does not contain any data
about previous SARS-CoV-2 infection or SARS-CoV-2 antibodies in the
study population, nor do we have any data about type 1 diabetes au
toantibodies. We therefore cannot explore any association between
SARS-CoV-2 infection and type 1 diabetes incidence and autoimmunity
versus non-autoimmune effects. However, in time series analyses, no
correlations between national data on COVID-19 incidence and type 1
diabetes incidence were found, suggesting that indirect rather than
direct effects of SARS-CoV-2 were at work.
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5.4. Strengths and limitations

Appendix A. Supplementary material

The main strengths of our study are the longer observation period
during the COVID-19 pandemic until December 2021 and the nationally
representative data on insulin prescriptions as well as the extensive
coverage (80 %) of the database used. Nevertheless, the present study is
also subject to several limitations, which should be mentioned here.
First, the LRx prescription database does not contain information about
diagnoses and lab values. As a result, type 1 diabetes was defined based
on insulin prescriptions and age (<20 years). This approach may have
introduced some selection bias into our analyses. However, a possible
selection bias is likely to be comparable (non-differential) over time,
thus the results of the time series analysis can be assumed to be valid.
Second, we cannot entirely exclude that some new prescriptions may
reflect patients moving to Germany during the pandemic, but number of
such cases is likely to be low and will not seriously affect the results.
Third, some new prescriptions may relate to patients with type 2 dia
betes. During the pandemic, a COVID-19 infection and a more sedentary
and unhealthy lifestyle as a result of containment measures may have
increased insulin resistance in some young people with type 2 diabetes
[44–47] who subsequently may have progressed to needing insulin
therapy. However, due to the low prevalence type 2 diabetes in
adolescent [48] new insulin prescriptions in adolescent type 2 diabetes
patients most likely occurred only in a few number of cases and are very
unlikely to have affected the findings seriously.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.diabres.2022.110146.
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[2] Lönnrot M, Lynch KF, Elding Larsson H et al. TEDDY Study Group. Respiratory
infections are temporally associated with initiation of type 1 diabetes
autoimmunity: the TEDDY study. Diabetologia 2017. 60(10):1931-1940. doi:
10.1007/s00125-017-4365-5. Epub 2017 Aug 2. Erratum in: Diabetologia. 2018
Jan;61(1):254. PMID: 28770319; PMCID: PMC5697762.
[3] Beyerlein A, Wehweck F, Ziegler AG, Pflueger M. Respiratory infections in early life
and the development of islet autoimmunity in children at increased type 1 diabetes
risk: evidence from the BABYDIET study [published correction appears in JAMA
Pediatr 2017;171:94]. JAMA Pediatr 2013;167:800–7.
[4] Tittel SR, Rosenbauer J, Kamrath C, et al.. DPV Initiative. Did the COVID-19
Lockdown Affect the Incidence of Pediatric Type 1 Diabetes in Germany? Diabetes
Care 2020.;43(11):e172-e173. doi: 10.2337/dc20-1633. Epub 2020 Aug 21. PMID:
32826282; PMCID: PMC7576433.
[5] Kamrath C, Rosenbauer J, Eckert AJ, et al. Incidence of Type 1 Diabetes in Children
and Adolescents During the COVID-19 Pandemic in Germany: Results From the
DPV Registry. Diabetes Care 2022;dc210969 . doi. Epub ahead of print. PMID:
35043145.
[6] Boddu SK, Aurangabadkar G, Kuchay MS..New onset diabetes, type 1 diabetes and
COVID-19. Diabetes Metab Syndr. 2020 ;14(6):2211-2217. doi: 10.1016/j.
dsx.2020.11.012. Epub 2020 Nov 17. PMID: 33395782; PMCID: PMC7669477.
[7] Barrett CE, Koyama AK, Alvarez P, et al. Risk for Newly Diagnosed Diabetes >30
Days After SARS-CoV-2 Infection Among Persons Aged <18 Years - United States,
March 1, 2020-June 28, 2021. MMWR Morb Mortal Wkly Rep 2022 Jan 14;71(2):
59–65. https://doi.org/10.15585/mmwr.mm7102e2. PMID: 35025851; PMCID:
PMC8757617.
[8] Hatoun J, Correa ET, Donahue SMA, Vernacchio L..Social Distancing for COVID-19
and Diagnoses of Other Infectious Diseases in Children. Pediatrics. 2020Oct;146
(4):e2020006460. doi: 10.1542/peds.2020-006460. Epub 2020 Sep 2. PMID:
32879032.
[9] Nygren M, Carstensen J, Koch F, Ludvigsson J, Frostell A. Experience of a serious
life event increases the risk for childhood type 1diabetes: the ABIS populationbased prospective cohort study. Diabetologia 2015;58:1188–97.
[10] Meherali S, Punjani N, Louie-Poon S, et al. Mental Health of Children and
Adolescents Amidst COVID-19 and Past Pandemics: A Rapid Systematic Review. Int
J Environ Res Public Health 2021;18(7):3432. https://doi.org/10.3390/
ijerph18073432. PMID: 33810225; PMCID: PMC8038056.
[11] Jacob L, Yakkali B, Parekh M, Kostev K. No effects of the COVID-19 pandemic on
the prescription of insulin in Germany. Prim Care Diabetes 2022;S1751–9918(22):
00083–93. https://doi.org/10.1016/j.pcd.2022.04.007.

6. Conclusions
In conclusion, during the COVID-19 pandemic, there was less sea
sonal variation in the incidence of type 1 diabetes (defined by new in
sulin prescriptions), with higher observed than expected incidences
during summer. No cross-correlations between COVID-19 and type 1
diabetes incidence were found in any of the age groups observed. Our
results suggest that indirect (pandemic measures associated with isola
tion, school closures, fear of infection, induced stress) rather than direct
effects are causative with respect to the increase in type 1 diabetes
diagnoses.
Funding
None.
6

L. van den Boom et al.

Diabetes Research and Clinical Practice 193 (2022) 110146
[32] Bach JF. Revisiting the hygiene hypothesis in the context of autoimmunity. Front
Immunol 2021;11:615192.
[33] Finlay BB, Amato KR, Azad M et al. The hygiene hypothesis, the COVID pandemic,
and consequences for the human microbiome. Proc Natl Acad Sci U S A 2021. ;118
(6):e2010217118. doi: 10.1073/pnas.2010217118. Erratum in: Proc Natl Acad Sci
U S A. 2021 Mar 16;118(11): PMID: 33472859; PMCID: PMC8017729.
[34] Traversi D, Rabbone I, Scaioli G, et al. Risk factors for type 1 diabetes, including
environmental, behavioural and gut microbial factors: a casecontrol study. Sci Re
2020;10:17566.
[35] Hollstein T, Schulte DM, Schulz J, et al. Autoantibody-negative insulin-dependent
diabetes mellitus after SARS-CoV-2 infection: a case report. Nat Metab 2020;2:
1021–4.
[36] Benton DJ, Wrobel AG, Xu P, et al. Receptor binding and priming of the spike
protein of SARS-CoV-2 for membrane fusion. Nature 2020;588:327–30.
[37] Müller JA, Groß R, Conzelmann C, et al. SARS-CoV-2 infects and replicates in cells
of the human endocrine and exocrine pancreas. Nat Metab 2021;3:149–65.
[38] Bornstein SR, Rubino F, Khunti K, et al. Practical recommendations for the
management of diabetes in patients with COVID-19. Lancet Diabetes Endocrinol
2020;8:546–50.
[39] DiMeglio LA. COVID-19 and Type 1 Diabetes: Addressing Concerns and
Maintaining Control. Diabetes Care 2021;44:1–5.
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