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A B S T R A C T   

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 COVID- 
19 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 age- 
specific COVID-19 incidences and the type 1 diabetes incidence and the 
rate ratios of observed to predicted incidence, respectively. 

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]. 

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 

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. 

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 pre- 
pandemic 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. 

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 
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incidence series (supplementary Figure S1) or any relevant cross- 
correlations 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 

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 

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). 
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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, 

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.)   
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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. 

5.4. Strengths and limitations 

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. 

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. 
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