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OBJECTIVE

To analyze whether the coronavirus disease 2019 (COVID-19) pandemic increased
the number of cases or impacted seasonality of new-onset type 1 diabetes (T1D)
in large pediatric diabetes centers globally.

RESEARCH DESIGN AND METHODS

We analyzed data on 17,280 cases of T1D diagnosed during 2018–2021 from
92 worldwide centers participating in the SWEET registry using hierarchic linear
regression models.

RESULTS

The average number of new-onset T1D cases per center adjusted for the total
number of patients treated at the center per year and stratified by age-groups in-
creased from 11.2 (95% CI 10.1–12.2) in 2018 to 21.7 (20.6–22.8) in 2021 for the
youngest age-group, <6 years; from 13.1 (12.2–14.0) in 2018 to 26.7 (25.7–27.7)
in 2021 for children ages 6 to <12 years; and from 12.2 (11.5–12.9) to 24.7
(24.0–25.5) for adolescents ages 12–18 years (all P < 0.001). These increases re-
mained within the expected increase with the 95% CI of the regression line. How-
ever, in Europe and North America following the lockdown early in 2020, the
typical seasonality of more cases during winter season was delayed, with a peak
during the summer and autumn months.While the seasonal pattern in Europe re-
turned to prepandemic times in 2021, this was not the case in North America.
Compared with 2018–2019 (HbA1c 7.7%), higher average HbA1c levels (2020,
8.1%; 2021, 8.6%; P < 0.001) were present within the first year of T1D during the
pandemic.

CONCLUSIONS

The slope of the rise in pediatric new-onset T1D in SWEET centers remained un-
changed during the COVID-19 pandemic, but a change in the seasonality at onset
became apparent.

Postmortem coronavirus disease 2019 (COVID-19) whole-body studies identified
the human islet cells as a target of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection (1,2). Controversy remains as to whether this may cause
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acceleration of an underlying and po-
tentially pathogenic feature associated
with traditional diabetes pathogenesis
(i.e., type 1 [T1D] or type 2 [T2D] diabe-
tes) or a novel disease mechanism for
diabetes involving either acute b-cell
destruction or impairment of insulin
secretion (3) when the individual has
reached a stage of critically decreased
insulin secretory capacity (i.e., the transi-
tion from stage 2 to stage 3 T1D). Diabe-
tes be a risk factor for a severe form of
COVID-19 disease, but infections in gen-
eral could also trigger diabetes manifes-
tation. If SARS-CoV-2 infection leads to
insulin resistance or impaired insulin se-
cretion, this could explain the frequently
described enormous insulin requirement
in many patients with a severe course of
infection (4). Since T1D is also associated
with viral infections (5), this could ac-
count for the higher T1D incidence
during winter months (6). Thirty children
in hospitals across North West London
were diagnosed with new-onset T1D
during the peak of the first wave of
the COVID-19 pandemic in 2020, dou-
ble the average number of cases seen
in previous years during this period (7).
The working group of the Diabetes Pro-
spective Follow-up registry (Diabetes-
Patienten-Verlaufsdokumentation [DPV])
evaluated the initial pediatric manifesta-
tion data between March 13 and May 13
of each year for diagnosis between 2011
and 2020, corresponding to the lockdown
in Germany in 2020 (8). However, an ex-
tended analysis studying the expected
T1D incidence from 1 January 2020 to
30 June 2021 based on data from 2011
to 2019 showed an increase in the T1D
incidence following the peak of the pan-
demic by �3 months (9). Moreover, the
Centers for Disease Control and Preven-
tion in the U.S. recently published results
from two large databases showing that
the risk of developing diabetes, without

being distinction between T1D and T2D,
increased by 31% or 116% in children
<18 years within 30 days after being in-
fected with SARS-CoV-2 (10).

The worldwide SWEET (Better control
in Pediatric and Adolescent diabeteS:
Working to crEate CEnTers of Reference)
registry was initiated in 2008 to improve
outcomes in pediatric diabetes (11). As
of March 2022, the SWEET registry in-
cludes 94,676 participants and 1,093,175
visits from 126 diabetes centers world-
wide. Data are collected biannually. Al-
though this center-based registry does not
allow calculation of population-based inci-
dence rates, comparison of data uploaded
prior to and following the start of the
COVID-19 pandemic allows investigation of
changes in the number of new cases and
the severity at onset of T1D in children in
a large number of participating centers.

RESEARCH DESIGN AND METHODS

This analysis was based on data from the
international, prospective, multicenter
diabetes SWEET registry. SWEET (clinical
trial reg. no. NCT04427189, ClinicalTrials.
gov) was approved by the ethics com-
mittee of Hannover Medical School and
is associated with the Diabetes Centre
for Children and Adolescents, Children’s
Hospital Auf Der Bult, which coordinates
the SWEET collaboration. Each center
must meet specific entry criteria showing
diabetes expertise and compliance with
the International Society for Pediatric and
Adolescent Diabetes (ISPAD) clinical prac-
tice guidelines. The local institutional
review boards of the participating cen-
ters approved the pseudonymized data
collection.

The SWEET database combines data
from distinct sources. Data are collected
locally through clinical databases, elec-
tronic health record systems, and the
standardized SWEET DPV documentation
software (https://sweet.zibmt.uni-ulm.de/

software.php) or centers download data
from existing longitudinal registries. Twice
yearly, data are transmitted to the central
database hosted by the Institute of Epide-
miology and Medical Biometry, ZIBMT.
The prospectively collected data are
then combined into a common data-
base. Inconsistent, improbable, or miss-
ing data are reported back to the centers
for correction. For meeting General Data
Protection Regulation (GDPR), data are
then aggregated into an anonymized,
cumulative database used for clinical
research, scientific analysis, and nation-
wide benchmarking.

Criteria for inclusion in this analysis
were centers providing data from individ-
uals with new-onset T1D in 2018–2021
aged between 6 months and #18 years.
The number of incident cases was ad-
justed for the total number of patients
treated at the center. Additionally, we
stratified the analyses by age-groups (<6,
6 to <12, and 12 to#18 years). For anal-
ysis of the effect of seasonality, the
monthly rates of new cases were calcu-
lated for each complete year, both in the
total cohort as well as separately for the
two regions of the northern hemisphere.

Glycemic control, assessed as the first
value measured within 2 weeks of onset
and the average of all values during the
first year after onset, was assessed with
HbA1c measured locally in each center.
For adjustment for differences between
laboratories, the multiple of the mean
method was used to standardize local
HbA1c mathematically. BMI was chosen
as a measure of severity at onset (weight
loss) and metabolic compensation during
the initial year of treatment. BMI was ex-
pressed as SD score (SDS) values cal-
culated with use of the international
pediatric reference data from the World
Health Organization (WHO) (https://www.
who.int/childgrowth/standards/bmi_for_
age/en/) to adjust for age and sex.
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Hospital Dona Estefânia, Lisbon, Portugal
17Nova Medical School, Universidade Nova de
Lisboa, Lisbon, Portugal

Corresponding author: Thomas Danne, danne@
hka.de

Received 9 February 2022 and accepted 19 August
2022

Clinical trial reg. no. NCT04427189, clinicaltrials.gov

This article contains supplementary material online
at https://doi.org/10.2337/figshare.20736541.

*A list of contributing centers of the SWEET Study
Group can be found in the supplementary material
online.

This article is part of a special article collection
available at diabetesjournals.org/journals/
collection/52/Diabetes-and-COVID-19.

© 2022 by the American Diabetes Association.
Readers may use this article as long as the
work is properly cited, the use is educational
and not for profit, and the work is not altered.
More information is available at https://www.
diabetesjournals.org/journals/pages/license.

diabetesjournals.org/care Reschke and Associates 2595

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/45/11/2594/691829/dc220278.pdf by U

niversita di Verona user on 28 January 2025

http://ClinicalTrials.gov
http://ClinicalTrials.gov
https://sweet.zibmt.uni-ulm.de/software.php
https://sweet.zibmt.uni-ulm.de/software.php
https://www.who.int/childgrowth/standards/bmi_for_age/en/
https://www.who.int/childgrowth/standards/bmi_for_age/en/
https://www.who.int/childgrowth/standards/bmi_for_age/en/
mailto:danne@hka.de
mailto:danne@hka.de
https://clinicaltrials.gov/ct2/show/NCT04427189
https://www.clinicaltrials.gov
https://doi.org/10.2337/figshare.20736541
https://doi.org/10.2337/figshare.20736541
https://diabetesjournals.org/journals/collection/52/Diabetes-and-COVID-19
https://diabetesjournals.org/journals/collection/52/Diabetes-and-COVID-19
https://www.diabetesjournals.org/journals/pages/license
https://www.diabetesjournals.org/journals/pages/license
https://diabetesjournals.org/care


Statistical Analysis
Descriptive data are presented as me-
dian with quartiles or percentages. The
Wilcoxon test was used to compare con-
tinuous variables, and the x2 test was
used for binary variables. Linear repeated-
measurement models with an autoregres-
sive covariance structure considering that
closer measurements in time are more
highly correlated than measurements fur-
ther apart were used to study the num-
ber of new-onset T1D cases per year.
Models were adjusted for the total num-
ber of patients treated at the center per
year with stratification by age-groups. Re-
sults are presented as adjusted means
together with 95% CIs. In addition, new-
onset cases were modeled by month to
study seasonality per year. Month of dia-
betes onset was included as second-
degree B-splines, and an interaction
between month of onset and year was
added to the linear regression model.
A two-sided P value <0.05 was defined
as statistically significant. P values were
corrected for multiple testing with the
false discovery rate method. All analyses
were performed with SAS 9.4 (SAS Insti-
tute, Cary, NC).

RESULTS

Overall, 92 centers from 47 countries
submitted data to the study. In 2021, a
total of 2,100 new cases were reported
from 52 centers in Europe, 536 from
21 centers in Asia/Middle East/Africa,
211 from 6 centers in Australia/New
Zealand, 746 from 8 centers in North
America/Canada, and 114 from 5 centers
in South and Middle America. As center
size differed considerably, with Canadian
and U.S. centers being the larger, the lin-
ear regression model was adjusted for
total number of patients, confirming the
significant increase in the overall yearly
rate of T1D year by year in all age-groups
(Fig. 1) (linear regression model, adjusted
P < 0.001).

The average number of new-onset
T1D cases per center increased from
11.2 (95% CI 10.1–12.2) in 2018 to 21.7
(20.6–22.8) in 2021 in the youngest age-
group, <6 years (P < 0.001) (Fig. 1).
Moreover, we observed an increase in
new-onset cases from 13.1 (12.2–14.0)
in 2018 to 26.7 (25.7–27.7) in 2021 in

Figure 1—Linear regression model of new T1D onset cases presented as adjusted means with 95%
CIs of children ages<6 years (top panel), 6–12 years (middle panel), and>12 years, bottom panel).
Linear or logistic regression models were used with adjustment for number of patients treated at
the center per year.
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children ages 6 to <12 years and from
12.2 (11.5–12.9) to 24.7 (24.0–25.5) in
adolescents ages 12–18 years (all P <

0.001).
A change in seasonality is seen in a

linear regression model for new-onset
T1D (center mean) in association with year
and month of diabetes onset (Fig. 2). The
effect of seasonality is mainly driven by
the centers in the Northern hemisphere
(Fig. 3), where a drop in new cases be-
tween March 2020 and May 2020, which
corresponded to the first lockdown, was
followed by an increase in cases later that
year. While this shift returned to the pre-
pandemic pattern in Europe in 2021, similar
patterns were observed in North America
in 2020 and 2021. Seasonality was less ap-
parent in the other areas (data not shown).
In looking at the BMI SDS and HbA1c

at onset of diabetes, no differences were
apparent between different years. As ex-
pected, there were regional differences in
clinical parameters at onset and in the
first year of diabetes, which remained un-
changed (Table 1). Of note, a slight but
significantly higher HbA1c at onset was re-
ported from European and African/Asian
centers, while all centers except those in
Australia/New Zealand reported higher
average HbA1c levels within the first year
of diabetes.

CONCLUSIONS

Results of the analysis of new-onset
cases during the first 18 months of the

COVID-19 pandemic in a large number
of pediatric diabetes centers worldwide
do not support the hypothesis that
SARS-CoV-2 has acute effects on the de-
velopment of T1D (6), but the analysis
revealed evidence of a changing sea-
sonal pattern in the Northern hemi-
sphere. Indeed, the numbers of children
with newly diagnosed T1D increased sig-
nificantly in the participating centers
around the world in all age-groups over
the past 4 years with an unchanged
slope, in line with reports of increas-
ing worldwide incidence (12,13).

This is in contrast to reporting from a
second analysis of population-based data
from Germany of an increase in the
observed versus expected incidence of
T1D in children and adolescents during
the COVID-19 pandemic (8). The increase
of cases remained linear in 2020 in all
age groups, and no further increase was
seen in 2021, as in the recent German
(12), Finnish (14) and U.S. data (15). Of
note, in line with the German data, we
found a shift in the seasonality driven
by centers in the Northern hemisphere,
where more cases are usually seen in
cold months (4). While the seasonal pat-
tern in Europe returned to prepandemic
times in 2021, the seasonal shift with
more cases in the summer months was
still visible in the North American data,
in line with temporal differences of
COVID-19 disease burden between Eu-
rope and North America during the
second wave (16). Thus, these findings

demonstrate the importance of moni-
toring the course of the pandemic in the
longer term and caution with regard to
early observations of local increases in
the number of T1D manifestations,
which may only reflect a seasonal shift
(5,13,17,18). Another aspect that will have
to be taken into account in the future
is the potential influence of vaccinations
in school and adolescent pediatric
populations.

Three potential pathophysiological path-
ways have been discussed as to how
SARS-CoV-2 could be associated with
T1D onset: first, directly causing T1D by
damaging b-cells; secondly, as accelera-
tor of an already ongoing autoimmune
process; or lastly, as final step of stage 2
diabetes, when a viral disease with fe-
ver precipitates the clinical presentation.
COVID-19–associated hygiene measures
(19) and social distancing may have addi-
tionally reduced viral infections during
the lockdown in the winter/spring season,
decreasing the impact of viral triggers for
T1D onset in those potentially suscepti-
ble. Although it is believed that psycho-
logical stress may also accelerate T1D
onset (20) and increased psychological
strain during the pandemic is experienced
by many children (21), this appears not to
have a short-term effect on T1D incidence.

Before the emergence of COVID-19,
the influences of a pandemic influenza
infection on clinically reported and inci-
dent T1D had been studied. While there
was no clear association with manifest
disease, a twofold excess of incident di-
abetes was found in the subgroup with
laboratory-confirmed pandemic influenza
A (H1N1) (22). In this regard, the case
description of the occurrence of insulin-
dependent diabetes in a diabetes anti-
body–negative 19-year-old male 5–7 weeks
after COVID-19 infection triggered dis-
cussions (23). Moreover, results of a
population-based screening program for
pandemic monitoring in capillary blood
from 15,771 children aged 1–18 years
living in Bavaria, Germany, showed a
sixfold higher SARS-CoV-2 antibody prev-
alence in April 2020 compared with the
authority-reported cases (156 per 100,000
children) (24). However, from January
to October 2020, the prevalence of
SARS-CoV-2 antibodies was not differ-
ent in children and adults with and
without T1D in Colorado (25). Also, in
another study investigators found no
evidence that the COVID-19 pandemic

Figure 2—Seasonality of new cases in 92 centers of the worldwide SWEET project. Smoothed
plot of the number of new T1D onset cases by month and year with second-degree B-splines.
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leads to a significantly increased number
of new cases of autoantibody-negative
T1D in children, adolescents, and young

adults, also arguing against an increase of
nonautoimmune T1D potentially related
to subclinical SARS-CoV-2 infection (26).

Our center-based observations are in
agreement with more systematic country-
wide analyses from Italy (27), Canada (28),

Figure 3—Seasonality of new cases in the centers from the Northern hemisphere: 52 European centers (top panel) and 8 centers from U.S./Canada
(bottom panel). Smoothed plot of the number of new T1D onset cases by month and year with second-degree B-splines.
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Table 1—Clinical characteristics of new-onset pediatric T1D patients ages #18 years documented in 2018–2021 in the total
cohort and regional distribution

2018 2019 2020 2021 P*

Total cohort (92 centers)
N 4,671 4,419 4,483 3,707
Male sex 52.4 53.8 52.8 55.2 0.060
Age (years) 11.3 (8.0, 14.2) 10.8 (7.2, 13.8) 10.6 (7.0, 13.5) 10.1 (6.5, 13.2) <0.001
HbA1c at diagnosis (mmol/mol) 95.7 (76.8, 119.1) 96.1 (75.6, 120.2) 99.0 (79.2, 120.9) 98.0 (78.0, 121.4) 0.070
HbA1c at diagnosis (%) 10.9 (9.2, 13.1) 11.0 (9.1, 13.1) 11.3 (9.5, 13.2) 11.2 (9.5, 13.2) 0.003
HbA1c (mmol/mol) 60.1 (51.6, 72.1) 60.4 (51.5, 73.7) 64.9 (53.8, 81.7) 70.0 (55.4, 93.5) <0.001
HbA1c (%) 7.7 (6.9, 8.8) 7.7 (6.9, 8.9) 8.1 (7.1, 9.6) 8.6 (7.2, 10.7) <0.001
BMI SDS at diagnosis 0.1 (�0.8, 1.0) 0.1 (�0.9, 1.0) 0.0 (�1.0, 1.0) 0.1 (�0.9, 1.0) 0.090
BMI SDS 0.5 (�0.2, 1.2) 0.4 (�0.4, 1.2) 0.4 (�0.5, 1.2) 0.3 (�0.6, 1.2) <0.001

Europe (52 centers): Austria, Belgium, Bulgaria, Croatia,
Czech Republic, Denmark, U.K., France, Germany,
Greece, Hungary, Ireland, Italy, Latvia, Lithuania,
Luxembourg, the Netherlands, Poland, Portugal,
Romania, Serbia, Slovenia, Spain, Sweden

N 2,623 2,579 2,709 2,100
Male sex 53.8 55.5 54.3 55.4 0.546
Age (years) 11.0 (7.7, 14.0) 10.7 (7.0, 13.7) 10.3 (6.8, 13.3) 10.0 (6.1, 13.1) <0.001
HbA1c at diagnosis (mmol/mol) 94.6 (76.1, 114.9) 93.5 (73.9, 115.9) 97.9 (78.3, 118.1) 97.9 (79.1, 117.8) <0.001
HbA1c at diagnosis (%) 10.8 (9.1, 12.7) 10.7 (8.9, 12.8) 11.1 (9.3, 13.0) 11.1 (9.4, 12.9) <0.001
HbA1c (mmol/mol) 56.3 (49.2, 65.9) 56.9 (49.1, 67.6) 62.6 (51.9, 78.7) 68.0 (54.3, 91.4) <0.001
HbA1c (%) 7.3 (6.6, 8.2) 7.4 (6.6, 8.3) 7.9 (6.9, 9.4) 8.4 (7.1, 10.5) <0.001
BMI SDS at diagnosis 0.1 (�0.8, 1.0) 0.0 (�1,0, 0.9) �0.1 (�1.0, 0.9) 0.1 (�0.9, 1.0) 0.081
BMI SDS 0.5 (�0.2, 1.2) 0.4 (�0.3, 1.1) 0.4 (�0.5, 1.1) 0.3 (�0.5, 1.2) <0.001

Asia/Middle East/Africa (21 centers): Bangladesh,
Cameroon, Egypt, India, Iran, Israel, Korea, Kuwait,
Mali, Mauritius, Nepal, Tanzania, Thailand, Turkey

N 738 629 541 536
Male sex 45.9 45.5 47.3 52.1
Age (years) 11.4 (7.8, 14.4) 10.9 (7.4, 14.0) 10.8 (7.2, 13.5) 10.3 (6.9, 13.7) 0.002
HbA1c at diagnosis (mmol/mol) 95.1 (72.7, 118.6) 104.4 (86.9, 126.2) 110.6 (85.2, 131.0) 103.4 (86.9, 123.1) 0.002
HbA1c at diagnosis (%) 10.9 (8.8, 13.0) 11.7 (10.1, 13.7) 12.3 (10.0, 14.1) 11.6 (10.1, 13.4) 0.002
HbA1c (mmol/mol) 77.1 (58.5, 104.4) 79.2 (62.8, 105.8) 84.7 (64.5, 108.2) 86.9 (67.0, 113.4) 0.009
HbA1c (%) 8.8 (7.6, 10.8) 9.1 (7.7, 11.2) 9.3 (7.9, 11.5) 10.1 (8.2, 11.9) <0.001
BMI SDS at diagnosis �0.4 (�1.4, 0.7) �0.2 (�1.5, 0.7) �0.5 (�1.5, 0.6) �0.7 (�1.8, 0.7) 0.188
BMI SDS �0.1 (�1.0, 0.9) �0.2 (�1.2, 0.8) �0.1 (�1.2, 0.8) �0.4 (�1.5, 0.7) 0.003

Australia/New Zealand (6 centers)

N 266 284 261 211
Male sex 51.5 51.1 53.6 54.5 0.921
Age (years) 12.0 (8.1, 14.3) 10.3 (7.1, 13.8) 10.6 (6.2, 13.3) 10.1 (6.5, 12.8) 0.001
HbA1c at diagnosis (mmol/mol) 77.0 (67.0, 94.6) 77.0 (65.9, 98.9) 71.5 (60.4, 89.1) 76.5 (62.7, 84.1) 0.538
HbA1c at diagnosis (%) 9.2 (8.3, 10.8) 9.2 (8.2, 11.2) 8.7 (7.7, 10.3) 9.2 (7.9, 9.9) 0.538
HbA1c (mmol/mol) 61.0 (54.3, 69.2) 60.4 (52.7, 69.4) 60.4 (52.4, 68.3) 59.2 (51.3, 69.2) 0.691
HbA1c (%) 7.7 (7.1, 8.5) 7.7 (7.0, 8.5) 7.7 (6.9, 8.4) 7.6 (6.8, 8.5) 0.691
BMI SDS at diagnosis 0.5 (�0.1, 1.3) 0.6 (�0.1, 1.3) 0.6 (�0.1, 1.4) 0.6 (�0.1, 1.5) 0.921
BMI SDS 0.7 (�0.1, 1.5) 0.9 (0.1, 1.6) 0.7 (0.1, 1.5) 0.7 (�0.1, 1.6) 0.921

U.S./Canada (8 centers)

N 963 854 867 746
Male sex 54.8 56.2 52.0 57.4 0.269
Age (years) 11.9 (8.8, 14.6) 11.4 (7.8, 14.4) 11.4 (7.9, 14.4) 10.5 (7.3, 13.8) <0.001
HbA1c at diagnosis (mmol/mol) 104.9 (83.5, 134.2) 103.0 (79.0, 131.7) 106.0 (83.5, 134.0) 105.3 (79.0, 129.4) 0.411
HbA1c at diagnosis (%) 11.8 (9.8, 14.4) 11.6 (9.4, 14.2) 11.9 (9.8, 14.4) 11.8 (9.4, 14.0) 0.411
HbA1c (mmol/mol) 64.4 (55.2, 75.2) 64.2 (54.7, 76.8) 67.0 (55.4, 82.3) 69.6 (55.4, 92.1) <0.001
HbA1c (%) 8.0 (7.2, 9.0) 8.0 (7.2, 9.2) 8.3 (7.2, 9.7) 8.5 (7.2, 10.6) <0.001
BMI SDS at diagnosis 0.2 (�0.6, 1.1) 0.2 (�0.7, 1.2) 0.3 (�0.7, 1.4) 0.2 (�0.7, 1.2) 0.529
BMI SDS 0.7 (�0.1, 1.4) 0.6 (�0.1, 1.4) 0.7 (�0.1, 1.4) 0.5 (�0.3, 1.4) 0.038

South/Central America (5 centers): Chile,
Costa Rica, Ecuador, Haiti, Mexico

N 81 73 105 114
Male sex 39.5 46.6 46.6 53.5 0.431

Continued on p. 2600
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Finland (13), Germany (7), and Israel (29)
demonstrating a delay in the diagnosis re-
lated to the lockdown. Thus, the tempo-
rary rise of cases during 2020 appears to
be a result of the disruption of access to
care during COVID-19 rather than an effect
of (subclinical) viral infection. This is sup-
ported by higher HbA1c at onset in some
regions and overall poorer diabetes control
in newly diagnosed patients during the
first year in many centers participating in
the present analysis. This is in contrast to
children with established T1D who were
able to maintain glycemic control in most
SWEET centers (30).

The reported effect of COVID-19 in
an increase in cases in the Centers for
Disease Control and Prevention cohort
may be driven by new-onset T2D, as di-
abetes types could not be reliably differ-
entiated in this study (8) and was not
captured in our analysis. In a pediatric
tertiary care center in Washington, DC,
the incidence of T1D increased modestly
(15%), while incident cases of T2D in-
creased 182% during the first year of the
pandemic (31). Furthermore, neither study
had results from serological testing or PCR
results available. Thus far, no studies have
shown direct correlation of current or prior
SARS-CoV-2 infection in children with sub-
sequent development of T1D.

Our study has limitations: SWEET par-
ticipants are primarily at larger centers
with multidisciplinary care (9) and data
cannot be considered representative of
the incidence of a country or region.
However, we found no evidence of no-
table regional differences except for
glycemic control and seasonality. The
observed seasonal effect might be due
to a delay in diagnosis and not to a real
delay in disease onset, as already de-
scribed elsewhere (19–21). Diabetic keto-
acidosis rates at onset were not available
in several of these centers, and severity

at onset had to be assessed according to
HbA1c alone. Another limitation is the
lack of SARS-CoV-2 serology in our co-
hort. It is noteworthy that the overall
number of total new cases decreased
both in the European and North Ameri-
can centers in 2021 despite overall in-
creasing numbers. This may be caused
by a delay of referral or delay of data en-
try in the centers during the pandemic.
Nevertheless, this is an unprecedented
analysis of individual clinical data in a
large number of new-onset T1D patients
on a global scale for 2 years before and
2 years during the pandemic.

Within the limitations of an observa-
tional study the results are in line with
the ongoing increase of pediatric T1D
worldwide (10). Although the rate of
T1D is increasing, the lack of a trend in
recent years is predicated on the as-
sumption that the prior trend would
have continued. If there would have
been flattening, as has been suggested
from the Finnish data (32), the increase
would be attributable to COVID-19. The
increasing number of T1D cases in 2020
and 2021 follows the increasing trend
observed in 2018 and 2019 without sig-
nificant up- or downward deviation, in-
dicating no short-term influence of the
COVID-19 pandemic or SARS-CoV-2 in-
fections leading to changes in the fre-
quency of new-onset T1D in children.
Thus, strong direct virus-related effects
seem very unlikely. In any case, for fu-
ture analysis the disruption of the sea-
sonal pattern through direct or indirect
influences of the pandemic needs to be
taken into account in looking at inci-
dence trends in childhood T1D.

Acknowledgments. The authors thank the
following for their support of this work:

Katharina Fink for data management as well as
Andreas Hungele and Ramona Ranz for DPV
software (all Ulm University), Katharina Klee
and Tanja von Loh (Children’s Hospital Auf Der
Bult), and Reinhard Holl (Ulm University) for
their invaluable support. Finally, the authors
thank all participating centers of the SWEET
network, especially the collaboration centers in
this investigation (see Supplementary Material).
Funding. SWEET is a registered nonprofit char-
ity in Hannover, Germany. It is financed through
membership fees of the participating centers
(based on income of country of residence
according to the World Bank) and corporate
members.
Duality of Interest. The authors acknowledge
with gratitude the support from the following
SWEET e.V. corporate members, in alphabetical
order: Abbott, Boehringer Ingelheim, DexCom,
Insulet, Eli Lilly & Co., Medtronic Europe, and
Sanofi. F.R. has received speakers honoraria
from Kyowa Kirin. V.H. received travel sup-
port from Di-Care Zrt. D.M. received travel
support from Novo Nordisk. R.S. has consulted
for Abbott and Sanofi. M.P. has received speak-
ers honoraria and research support from or has
consulted for Novo Nordisk, Eli Lilly, Sanofi,
Pfizer, Insulet, OPKO Health, DexCom, DreaMed
Diabetes, NG Solutions, Domp�e, Lumos, Gwave,
Sanofi, Medtronic, Novo Nordisk, Eli Lilly, Pfizer,
Insulet, Sanofi, AstraZeneca, and QuLab Medi-
cal and is a shareholder of DreaMed Diabetes
and NG Solutions. C.L. reports grants and
speakers honoraria from Abbott, Ipsen, and
Sanofi. T.D. has received speakers honoraria
and research support from or has consulted
for Abbott, AstraZeneca, Boehringer Ingelheim,
DexCom, Lilly, Medtronic, Novo Nordisk, Roche,
Sanofi, and Ypsomed and is a shareholder of
DreaMed Diabetes. No other potential con-
flicts of interest relevant to this article were
reported.
Author Contributions. All authors contrib-
uted to the study concept and design. F.R.,
S.L., V.H., and T.D. supervised the study. S.L.
analyzed data. All authors participated in data
interpretation. F.R., S.L., V.H., C.L., and T.D.
drafted the first version of the manuscript.
The final manuscript was reviewed and ap-
proved by all. T.D. is the guarantor of this work
and, as such, had full access to all the data in
the study and takes responsibility for the integ-
rity of the data and the accuracy of the data
analysis.

Table 1—Continued

2018 2019 2020 2021 P*

Age (years) 10.6 (7.8, 12.8) 10.2 (7.3, 11.5) 10.4 (6.3, 12.0) 8.8 (5.9, 11.7) 0.217
HbA1c at diagnosis (mmol/mol) 109.0 (88.5, 126.1) 102.9 (86.9, 113.5) 109.0 (95.7, 122.2) 111.2 (95.7, 125.5) 0.052
HbA1c at diagnosis (%) 12.1 (10.2, 13.7) 11.6 (10.1, 12.5) 12.1 (10.9, 13.3) 12.3 (10.9, 13.6) 0.052
HbA1c (mmol/mol) 61.5 (54.3, 75.9) 69.2 (57.6, 83.6) 81.8 (66.7, 91.3) 92.4 (78.7, 113.9) <0.001
HbA1c (%) 7.8 (7.1, 9.1) 8.5 (7.4, 9.8) 9.6 (8.3, 10.5) 10.6 (9.4, 12.6) <0.001
BMI SDS at diagnosis 0.3 (�0.6, 1.5) �0.1 (�0.8, 0.9) 0.1 (�1.2, 1.4) 0.3 (�0.8, 1.8) 0.619
BMI SDS 0.5 (�0.2, 1.3) 0.3 (�0.3, 1.0) 0.4 (�0.4, 1.4) 0.5 (�0.5, 1.8) 0.801

Data are median (quartile 1, quartile 3) or percentages unless otherwise indicated. HbA1c at diagnosis refers to the first value measured
within 2 weeks of diabetes onset, and HbA1c refers to the average of all values during the first year after diabetes onset. *Kruskal-Wallis test
for continuous variables and x2 test for binary variables, with adjustment for multiple comparisons with false discovery rate.
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