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Background. The COVID-19 pandemic has an impact on the incidence of type 1 diabetes and frequency of diabetic ketoacidosis.
However, the exact relationships are unclear. It is also not known whether this is a short-term phenomenon or whether the effects
have long-term relevance. Furthermore, it is not known whether these changes during the pandemic are due to direct effects of
SARS-CoV-2 or to changes in the patient’s environment during the pandemic. Methods. We conducted an extensive literature
search on PubMed. For the estimation of relative risks of new-onset type 1 diabetes, we applied a Poisson regression model and for
the comparison of incidences and we included the logarithm of person-years. Furthermore, we performed a meta-analysis using
the logarithm of the relative risk for new-onset type 1 diabetes as effect size. Results. Pooling the relative risk estimates in
arandom-effects meta-analysis revealed that the type 1 diabetes incidence rate increased by 20% (relative risk 1.200 (95% CI 1.125,
1.281)), and that the risk of new-onset type 1 diabetes after a SARS-CoV-2 infection increased by 62% (relative risk 1.622 (95% CI
1.347, 1.953)) compared with the prepandemic period. Conclusion. There is considerable evidence that there is an increase in type
1 diabetes in children during the COVID-19 pandemic. Many studies suggesting a direct effect of SARS-CoV-2 have meth-
odological weaknesses. As no evidence of an increase in presymptomatic cases with isolated islet autoimmunity was found, this
could also suggest an accelerated transition from presymptomatic patients to clinically overt type 1 diabetes. Furthermore, there
was a marked exacerbation of the preexisting increase in the prevalence of diabetic ketoacidosis at diagnosis of type 1 diabetes
during the pandemic. Both the increased incidence of paediatric type 1 diabetes and the higher prevalence of diabetic ketoacidosis
at diagnosis led to a massive rise in the number of children with diabetic ketoacidosis during the pandemic.

1. Introduction

Genetic and environmental factors such as infections
are relevant for the development of type 1 diabetes
(T1D) [1-6]. Therefore, early after the occurrence of the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the virus leading to the coronavirus disease
2019 (COVID-19) pandemic, it has been suggested that
there might be an association with the incidence of T1D
(7, 8].

It has been argued that the angiotensin-converting en-
zyme 2 (ACE2) receptor and other coreceptors serve SARS-
CoV-2 viruses as cell entry ports and that these are also
expressed in insulin-producing fS-cells of the pancreas
[9-12]. Various mechanisms have been considered for the
potentially diabetogenic effect of SARS-CoV-2 infection.
Besides direct f§-cell damage or direct effects on immune
regulation with triggering or acceleration of an autoimmune
process, indirect effects of the pandemic have also been
discussed [13-16]. Measures to control the COVID-19
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pandemic led to a decrease in common paediatric viral
infections but also to increased psychological stress in
children and adolescents and, as a consequence, possibly to
an increased incidence of T1D [17-20]. However, the ob-
served change in the number of new cases of T1D in the
pandemic is very heterogeneous between studies.

2. Methods

2.1. Literature Search Strategy. Starting point of the search
for our narrative review was the recent meta-analysis by
Rahmati et al. on the impact of the COVID-19 pandemic on
the incidence and presentation at onset of paediatric T1D
comprising studies that compared new-onset T1D cases and
T1D incidence in a pandemic and a prepandemic period
[21]. We additionally searched PubMed for more recent
publication reporting respective data. Furthermore, we
searched for studies comparing the T1D risk in cohorts with
documented SARS-CoV-2 infection compared to cohorts
without documented SARS-CoV-2 infection or with other
respiratory infections. Search terms used included “type 1
diabetes,” “diabetes mellitus,” “diabetes onset,” “new-onset
cases,” “incident cases,” “incidence,” “diabetic ketoacidosis,”
“severe diabetic ketoacidosis,” “acidosis,” “COVID-19,”
“pandemic,” and “SARS-CoV-2 infection.” Finally, we
searched the reference list of all selected studies.

2.2. Eligibility Criteria and Extraction of Data. We included
studies that allowed to compare the frequency of T1D
(number of new-onset T1D cases or TID incidence) in
a pandemic with a prepandemic period or that compared the
risk of T1D in cohorts with documented SARS-CoV-2 in-
fection and cohorts without SARS-CoV-2 infection or other
respiratory infections whereby comparison cohorts included
contemporary pandemic cohorts and historical prepan-
demic cohorts.

From these studies, we extracted region of study, data
source (single-centre, multicentre, and electronic health
record database), age range comprised, the pandemic and
prepandemic period observed, and the respective numbers
of paediatric new-onset T1D cases as well as T1D (cumu-
lative) incidences, if reported. Furthermore, we extracted an
estimate of the T1D risk increase as relative risk (ratio of
incident cases, incidence rate ratio, or hazard ratio) with the
respective 95% confidence interval (CI), if reported, during
the pandemic period compared to prepandemic periods or
in cohorts with SARS-CoV-2 infection compared to cohorts
without SARS-CoV-2 infection.

From the meta-analysis by Rahmati et al. [21], we only
extracted pooled data for the comparison of incident cases in
the pandemic and the prepandemic period and included this
data in the meta-analysis. Individual data of the studies
underlying this pooled data were not extracted and not
considered.

With regard to the risk of diabetic ketoacidosis (DKA)
during the COVID-19 pandemic, there are already recent
meta-analyses by Alfayez et al. [22] and a systematic review
about DKA risk factors by Rugg-Gunn and colleagues [23].
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Therefore, we refrained from a new meta-analysis but in-
stead present additional existing evidence and new studies.

2.3. Statistical Methods. In case of differences between the
length of pandemic and prepandemic observation periods,
we estimated the expected number of T1D cases for the
pandemic period from the observed number of cases in the
prepandemic period accounting for the different length of
observation periods. Furthermore, if single figures were
missing (e.g., relative risk or expected number of pandemic
cases), we estimated these from the data reported (e.g.,
observed and expected pandemic cases/incidences or from
expected number of pandemic cases and a respective relative
risk estimate), as far as possible.

For the estimation of relative risks, we applied a Poisson
regression model with the number of cases as dependent
variable and a variable indicating observed and expected
data for the pandemic period as independent variable. In
case of comparison of incidences, the logarithm of person-
years was included as off-set.

We performed the meta-analysis using the logarithm of
the relative risk for T1D as effect size. Depending on the
design of individual studies, the relative risk corresponds to
the ratio of incident cases or the incidence rate in the
pandemic compared to the prepandemic period, or the
incidence rate ratio or hazard ratio comparing pandemic
cohorts with SARS-CoV-2 infection and pandemic/pre-
pandemic cohorts without SARS-CoV-2 infection/with
other respiratory infection. To pool the relative risk esti-
mates of included studies we applied the DerSimo-
nian-Laird random-effects model [24]. Results are presented
as relative risks with 95% CI in a forest plot.

All analysis were performed using SAS version 9.4 (2016;
SAS Institute Inc., Cary, North Carolina) or Stata version 17
(StataCorp. 2021. Stata: Release 17. Statistical Software.
College Station, TX: StataCorp LLC).

3. Increase in Cases with New-Onset Type 1
Diabetes in Children during the
COVID-19 Pandemic

A recent meta-analysis based on 24 studies found an 8.3%
(95% CI 2.8, 14.2; p = 0.003) increase in new cases in the
2020 pandemic year compared with 2019 [21]. However, the
changes in T1D incidence observed in the individual studies
during the COVID-19 pandemic were very heterogeneous,
ranging from a 43.3% decrease in new cases to a 100%
increase [7, 25].

Even in more recent studies [26-39], the observed
changes in the number of new cases between the pandemic
and the prepandemic period were very inconsistent, ranging
from a 50% decrease to a 267% increase (Table 1, Figure 1).
Three large multicentre studies found an increase between
10% and 33% [29, 33, 39].

All of these studies had the disadvantage that the long-
term trend in the number of new cases (with the exception of
[30]) and changes in the size of the background population
and thus in person-years under risk were not taken into
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sub A stud Observed Expected Relative risk Weight
oubgroup and study Cases  Incidence Cases Incidence (95% CI) P (%)
Studies on T1D incident cases
Rahmati 2022 2,965 2,706 * 0.003 41
Abdou 2022 213 58 <0.001 20
Alassaf 2022 54 83 . 0014 17
Chambers 2022 152 133 T o261 23
Cherubini 2022 1,169 1,023 - 0,001 35
Gottesman 2022 (a) 187 119 T 0.033 0
Kaya 2022 44 26 * - 0,001 10
Lee 2022 33,19 22_11 —Ia— <0.001 32
Leiva-Gea 2022 138 é - 0.056 0.4
Luciano 2022 40 30 “ hd 0.234 1.1
Mastromauro 2022 15 30 0.028 0.7
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Rusak 2022 0 die - y y
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Schiaffini 2022 1599 1277 A
Wolf 2022 . , ” -

Heterogeneity: T = 0.04, I = 87.18%, H? = 7.80
Test of 6, = 0: Q(14) = 109.17, p = 0.00
Test of 6 = 0: 7 = 3.84, p = 0.00
Studies on T1D incidence rate
Al-Abdulrazzaq 2021 324 40.2 303 376 —Jeo= 1.069 (0.914, 1.250) 0403 32
Cinek 2022 956 27.2 824 234 Jer 1.160 (1.060, 1.280) 0.002 38
Denina 2022 39 386 24 25 e 1.711 (1.180, 2.482) 0.005 15
Dilek 2021 74 112 16 69 N 1623 (11123, 2345) 0.010 15
Guo 2022 2,354 32,6 1,921 234 * l-}éé ((l).ggg, %-465) <006001 4-%
Hernandez-Herrero 2022 37 21 2% 204 . 1429(0.937.2.178) 057 L
— 0.931 (0715, 1212) 059 22
Ho 2021 107 9.9 114 106 - 3
1,150 (1.100, 1:200) <0.001 12
Kamrath 2022 5162 244 4489 212 S 1143 (0957, 1365) 0.141 30
Mameli 2021 256 160 231 140 mYeT 1,080 (1061, 1.099) <0.001 43
o 8
Pietropaolo 2022 21,925 301 20,308 27.9 1.202 (1.119, 1.290) <0.001 4.0
Pietrzak 2022 1,671 259 1,391 21.6 * 1.450 (1.130, 1.860) 0.004 23
Salmi 2022 84 56.0 58 38.7 . e 1.090 (0.910, 1.300) >0.05 3.0
Shulman 2022 TS a6 sew i B Ueo(lolo 1345 wose 12
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VindenBoom 2022 403 133 347 114 —eo— 1200 (1.125, 1.281)
Heterogeneity: T = 0.01, I’ = 90.40%, H* = 10.42 g
Test of 0, = 8 Q(14) = 145.90, p = 0.00
Test of §'= p=0.00
Studies on T1D risk after SARS-CoV-2 infection
Barret 2022 (HealthV) 1,120 399.0 853 3040 1ot 1.310 (1.200, 1.440) <0.05 38
Barret 2022 (IQVIA-a) 68 316.0 132 118.0 = *— 2660 8238 3 ;gg; 00 20
Barret 2022 (IQVIA-b) 68 3160 227 126.0 —o— . 640, 2. .05 .
il Bk : it B
Kei . 9.0 1,005 9.1 * - 0T 1 2
McKeigue 2022 (a) 31 2 X 0.860 (0.620, 1.210) 0.4 17
Kei 38 8.7 1,005 9.1 *¢— - o : :
McKeigue 2022 (b) B A4 0.867 (0.513, 1.466) 0.595 0.9
Pietropaolo 2022 (a) 26 23.6 30 27.2 @ i 1,616 (1.485, 1.758) <0.001 3.9
Qeadan 2022 (a) 19: 12589-(;1 55/36 ?;-(7) % 1.647 (1.029, 2.637) <0.001 1.1
Xie 2022 () z . B — 1273 (0:808.2005) 1101 12
Xie 2022 (b) 49 280 828 22,0 — 1,622 (1.347, 1.953)
Heterogeneity
Test of 6, =
Test of 6= 0/ =5.11, p = 0.00
Overall
Heterogeneity: T = 0.02, I* = 90.56%, H? = 10.59 299 (1.227,1.375)
Test of 8, = 6: Q(39) = 413.17, p = 0.00
Testof 6 = 0: z=8.97, p = 0.00 Observed < Expected Observed > Expected
Test of group differences: Qb(2) = 9.20, p = 0.01 . .
1 2 4

Random-effects DerSimonian-Laird model

Relative risk

FiGgure 1: Random-effects meta-analysis of the risk of type 1 diabetes in the pandemic vs. the prepandemic period or in pandemic cohorts
with COVID-19 vs. pandemic or prepandemic cohorts without COVID-19 or other respiratory infections. 7°: between-study variance, H*:
statistic of between-study heterogeneity (=1/(1-12)), Q, p: Cochran’s Q statistic for testing heterogeneity between studies and corresponding
p value, z, p: z-statistic for testing the hypothesis of a zero pooled effect and corresponding p value, and Qy, p: test statistic for testing between
group differences of the pooled effect and corresponding p value I*: statistic of between study heterogeneity.

account. Furthermore, SARS-CoV-2 infection was detected
in only a small proportion of new T1D cases in some studies,
suggesting that the increase in new T1D cases is probably not
directly attributable to SARS-CoV-2 infections.

3.1. Results of Meta-Analysis. Pooling of relative risk esti-
mates in a random-effects meta-analysis showed that the
number of cases with new-onset T1D in the pandemic period
increased by 28% (relative risk 1.278 (95% CI 1.127, 1.448))
compared to the prepandemic period (Figure 1).

4. Increase in the Incidence Rate of Type 1
Diabetes in Children during the
COVID-19 Pandemic

Studies on the incidence of T1D in childhood considering the
background risk population also showed very different trends
of the incidence rate of T1D during the COVID-19 pandemic
compared to previous years [16, 40-53]. Changes ranged from
a 7% decrease to a 71% increase. The ten largest studies re-
ported an increase in the incidence rate between 7% and 33%
during the COVID-19 pandemic (Table 2, Figure 1).

According to a German nationwide study, the observed
incidence rate in the pandemic period from January 2020 to
June 2021 was 15% (10, 20%) higher than expected based on
the long-term trend of previous years (24.4 vs. 21.2 per
100,000 person-years) [16]. Comparably, higher incidence
rates were seen in boys and girls. A higher incidence rate
increase of 23% (13, 33%) was observed in under 6-year-olds,
whereas a nonsignificant lower increase of 6% (-2, 13%) was
observed in 12 to 17-year-olds. Interestingly, incidence rates
were significantly higher than expected only in the two
periods from June to September 2020 and from March to
June 2021 (24.0 vs. 18.9 and 25.5 vs. 20.2 per 100,000 person-
years, respectively; increase of 27% each). Month-specific
analyses revealed significantly higher than expected in-
cidence rates in June and July 2020 (increase 43% and 48%,
respectively) and in March and June 2021 (incidence rate
increase 29-48%). Accordingly, an increased incidence rate
was observed about 3 months after the respective peaks of
the first three pandemic waves. A Finnish study also showed
a comparable time lag of the increase in incidence rate in the
COVID-19 pandemic [50]. Information on SARS-CoV-2
infection in the period before manifestation of T1D was not
available in the German study; so, the direct impact of SARS-
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COVID-19 pandemic:

More children with clinically overt autoimmune type 1 diabetes

Pediatric Diabetes

Not more children with presymptomatic islet autoimmunity (multiple islet antibodies)

‘ Children with isolated islet autoimmunity ‘

‘ Children with clinically overt type 1 diabetes
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FIGURE 2: Schematic overview of suggested increased progression from presymptomatic islet autoimmunity to clinically manifest type 1
diabetes during the COVID-19 pandemic. Individuals with black border: no islet autoimmunity. Individuals with red border without filling:
existing presymptomatic islet autoimmunity (also defined as stage 1 type 1 diabetes). Individuals with red filling: clinically overt type 1
diabetes (also defined as stage 3 type 1 diabetes). Please note that this is a simplified schematic representation. The frequencies of new cases of
type 1 diabetes (red individuals) shown are not synonymous with the actual changes observed but are only meant to illustrate this.

CoV-2 infection on the incidence rate of new cases could not
be investigated. Consistent with a previous analysis [54], the
proportion of autoantibody-negative T1D did not change in
the extended pandemic period from January 2020 to July
2021 compared with the previous two years [16].

The increase in the incidence of TID during the
COVID-19 pandemic was confirmed by another study from
Germany [52]. This study analysed the weekly incidence of
T1D in children and adolescents under 20years of age
during the COVID-19 pandemic from March 2020 to De-
cember 2021, based on new insulin prescriptions from 2016
to 2021 using the IQVIA longitudinal prescription database
(LRx). The observed incidence of T1D, defined by new in-
sulin prescriptions, was 25.9% (21.7, 30.3) higher than ex-
pected during the 96 weeks from March 2020 to December
2021. In addition, during the summer of 2020 and 2021, T1D
incidence was even 44% and 65% higher, respectively, than
expected. Furthermore, no cross-correlation between the
incidences of COVID-19 and T1D was found in this study,
and thus no evidence that the increase in T1D incidence
during the pandemic was related to direct effects of SARS-
CoV-2.

In Canada, increased incidence rates were found in
comparable months as in Germany. Using health insurance
data for the pandemic period from March 2020 to September
2021, a study in Ontario found a nonsignificant 9% (-9,
30%) higher incidence rate of T1D than expected [51]. At the
beginning of the pandemic, from March to May 2020, the
incidence rate was 15% to 32% lower than expected; in June
and July 2020, the incidence rate was 12% (not significant)
and 27%, respectively, and from February to July 2021, the
incidence rate was 33% to 50% (significant) higher than
expected. According to the authors, this progression could

be explained by a possible delay in diagnosis and subsequent
catch-up effects. Considering the usual period of only a few
weeks from first symptoms to diagnosis of T1D, this ex-
planation can certainly only apply to the increase in 2020.
One drawback of the study is that it did not distinguish
between type 1 and type 2 diabetes; but typically, 95% of
children and adolescents with diabetes in Ontario have T1D.

Very similar to the studies from Germany and Canada, the
observed incidence rate of T1D in children in Czechia in 2020
and 2021 was 27.2 per 100,000 person-years, 16% (6, 28%)
higher than trends in the prepandemic years 2010 to 2019 would
have suggested [41]. As shown in Ontario, the T1D incidence
rate had a trough during the first lockdown from March to May
2020 and then it rose above expected values forecasted from the
incidence rate time series between 2010 and 2019, a pattern that
continued almost for 19 months of observation.

4.1. Results of Meta-Analysis. Pooling of relative risk esti-
mates in a random-effects meta-analysis showed that the
T1D incidence rate in the pandemic period increased by 20%
(relative risk 1.200 (95% CI 1.125, 1.281)) compared to the
prepandemic period (Figure 1).

5. Risk for Type 1 Diabetes after COVID-19

An increased risk of developing T1D after COVID-19 cannot
be ruled out. Six recent studies investigated whether in-
dividuals with SARS-CoV-2 infection are at increased risk of
developing (type 1) diabetes using large health service data
sets (Table 3, Figure 1) [48, 55-59].

A study of IQVIA data in the USA found a 166% (98,
256%) higher incidence rate of diabetes (type 1, type 2, or
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other diabetes) in children and adolescents with docu-
mented SARS-CoV-2 infection at least 30 days before di-
abetes diagnosis [55]. The incidence rate more than 30 days
after COVID-19 was 116% (64, 186%) higher compared to
children and adolescents with documented acute respiratory
infections not due to COVID-19 before to the pandemic. The
analogous analysis of HealthVerity data found a 31% (20,
44%) higher incidence rate following COVID-19. Meth-
odological weaknesses are that the study did not distinguish
between type 1 and type 2 diabetes and that asymptomat-
ically SARS-CoV-2-infected children (which is quite fre-
quent) may have been misclassified as having no infection.
Infected and not infected persons were the two risk pop-
ulations in which diabetes cases were observed. If many
asymptomatically infected children were misclassified as not
infected, person-years under risk will decrease for infected
persons and increase for those not infected; i.e., incidence
rate will be overestimated for infected persons and under-
estimated for not infected persons. As a result, this could
have led to an overestimation of the risk of diabetes after
COVID-19 due to a high prevalence of children with
asymptomatic SARS-CoV-2 infections [60].

A further study using similar methodology from Scot-
land in a cohort of 1,849,411 people under 35 years of age
found a 162% (81, 278%) higher incidence rate of T1D in
children and young adults with confirmed COVID-19 in the
past 30 days [56]. In those aged 0-14 years, incidence rate of
T1D during 2020-2021 was 20% higher than the 7-year
average. Despite this significantly increased risk, the au-
thors suggested that SARS-CoV-2 infection itself was un-
likely to be the cause of this increase and therefore did not
assume a causal relationship between SARS-CoV-2 infection
and the occurrence of diabetes. Reasons given for the ab-
sence of such an association were an increased SARS-CoV-2
test rate at the time of clinical onset of diabetes, a possible
diabetes onset already before the positive SARS-CoV-2 test
result, and a lack of temporal congruence of TID and
COVID-19 incidence rates. The authors also suggested
several possible causes other than SARS-CoV-2 infections
for the higher T1D incidence rate during the pandemic
compared to the long-term mean, such as altered levels
respiratory virus or enteroviruses infections or changes in
other environmental factors during the pandemic that are
associated with altered T1D risk.

Using an analysis of 27,292,879 patients from the Cerner
Real-World-Data, Qeadan and colleagues found a significant
42% increase (38, 46%) in the risk of developing T1D within
two months of a SARS-CoV-2 infection compared with
people without COVID-19 [57]. There was an increased risk
in the paediatric age groups: 0-1 years odds ratio (OR) 6.8
(95% CI 2.8, 17.0), 2-5years (OR 2.2 [1.7, 2.9]), 6-12 years
(OR 2.0 [1.8, 2.3]), and 13-17years (OR 1.6 [1.4, 1.8]).
However, classification bias would be possible if patients
with TID or SARS-CoV-2 infection were not correctly
identified.

Using a web-based database of electronic health records
of more than 90 million patients, Kendall et al. reported that
new T1D diagnoses were more likely in paediatric patients
with previous COVID-19 than in patients with other

respiratory infections [58]. The study compared the risk of
new diagnosis of T1D in 285,628 children with SARS-CoV-2
infection between March 2020 and December 2021 with
285,628 matched children with respiratory infections not
due to SARS-CoV-2. At 6 months, 123 patients (0.043%) had
developed T1D after COVID-19 compared with 72 patients
(0.025%) after non-COVID-19 respiratory infections,
according to a hazard ratio of 1.83 (1.36, 2.44).

A further study surveyed the TriNetX COVID-19 re-
search network, a global federated electronic medical re-
cords network containing data of more than 80 million
patients from 60 healthcare organizations [48]. Patients with
a COVID-19 diagnosis were identified by positive SARS-
CoV-2 PCR tests or by ICD-10 diagnosis codes. Among
those up to 18years of age, the incidence of insulin-
dependent diabetes was statistically indistinguishable in
patients with previously diagnosed and confirmed
COVID-19 from the control population without COVID-19.

A cohort study using the US Department of Veterans
Affairs national databases involving 181,280 people with
COVID-19, 4,118,441 contemporary controls and 4,286,911
historical controls of all ages found that COVID-19 survi-
vors had an increased risk of diabetes beyond the first
30 days post infection [59].

5.1. Results of Meta-Analysis. The pooled relative risk esti-
mates from a random-effects meta-analysis showed that the
risk of new-onset T1D after COVID-19 increased by 62%
(relative risk 1.622 (95% CI 1.347, 1.953)) (Figure 1).

Polling the individual estimates from all studies in-
dependent of the study design showed a 30% increased risk
(relative risk 1.299 (95% CI 1.227, 1.375)) during the pan-
demic or after SARS-CoV-2 infection (Figure 1).

6. COVID-19 and Presymptomatic Type 1
Diabetes Autoimmunity

The association between infection with SARS-CoV-2 and the
development of a presymptomatic T1D autoimmunity (stage
1 of T1D) has recently been investigated in an analysis of
data from two large registries in Colorado, USA, and
Bavaria, Germany [61].

The data basis was the Autoimmunity Screening for Kids
(ASKs) study in Colorado (children and adolescents from 1
to 18years) and the Bavarian Frlda study from Germany
(children and adolescents from 1 to 10.9 years). Children
with antibodies against the receptor binding domain and
nucleocapsid proteins of SARS-CoV-2 were considered
COVID-19 positive. Indications of presymptomatic T1D
autoimmunity (stage 1) were a detection of islet cell auto-
antibodies, insulin autoantibodies, autoantibodies against
glutamate decarboxylase, tyrosine kinase IA-2, and against
zinc transporter-8. Data from 51,970 children and adoles-
cents could be analysed from 2020 to 2021. SARS-CoV-2
infection had been experienced by 1,524 children from the
Colorado registry (32.3%) and 2,862 children (6.1%) from
the Frlda registry. The prevalence of multiple (Colorado
0.46% vs. 0.44%, Bavaria 0.28% vs. 0.31%) or singular high-
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affinity islet autoantibodies (Colorado 0.76% vs. 0.47%,
Bavaria 0.14% vs. 0.11%) was not different between par-
ticipants with and without antibodies against SARS-CoV-2
(combined adjusted odds ratio: multiple autoantibodies 1.06
(0.59-1.08), p = 0.83; singular high-affinity islet autoanti-
bodies: 1.34 (95% CI 0.70-2.44), p = 0.36). Therefore, this
study found no association between an infection with SARS-
CoV-2 and the development of autoimmunity with regard to
T1D. As a limitation of the study, it must be taken into
account that the prevalence of islet cell or insulin autoan-
tibodies was very low, which limits the power of the study.
An important advantage of the study compared to many
other studies mentioned is that a SARS-CoV-2 infection was
defined by the detection of specific antibodies.

A study from Turin, Italy, investigated the infection status
with SARS-CoV-2 in 39 children with newly diagnosed T1D
between October 15, 2020, and April 15, 2021 [42]. 23% of these
children had antibodies directed toward SARS-CoV-2, and 12%
had a history of recent SARS-CoV-2 infection in themselves or
in their family. Compared to the general paediatric population,
the authors reported a 5.6-fold higher overall incidence rate of
COVID-19 in the children with newly diagnosed T1D. The
attributable risk for T1D of the pandemic cohort compared to
the previous year was 44%. However, in relation to earlier years,
the risk was smaller. The authors concluded that the imbalance
of SARS-CoV-2 infection between children with T1D and the
paediatric reference population may support a causal role for
SARS-CoV-2 in triggering the autoimmune response underlying
TID. A major limitation of this single-centre study is the low
number of participants and lack of seroprevalence data in the
reference population. Therefore, nasal swab molecular analysis
data were used as a reference in this study. In this context, it is
important to note that data from Bavaria, Germany, in 2021
showed a prevalence of antibodies to SARS-CoV-2 in preschool
and school children that was about three to four times higher
than the cumulative reported virus-positive PCR results [60].

In summary, there is an increase in T1D in children during
the COVID-19 pandemic. The increase in the incidence rate of
T1D concerns type la, i.e., with islet autoimmunity. However,
the dynamics are surprisingly fast for an autoimmune process,
with a latency period of only a few months. Whether this is
a direct effect of SARS-CoV-2 itself or an indirect effect due to
changes in the environment during the pandemic remains
unclear. Many studies that suggest a direct impact of SARS-
CoV-2 on the development of TID have methodological
weaknesses in in detecting SARS-CoV-2 infection or in de-
fining COVID-19 cases, as the high proportion of asymp-
tomatic children is not adequately taken into account. As no
evidence of an increase in presymptomatic cases with isolated
islet autoimmunity (also known as stage 1 of T1D) was found,
albeit with limited power, this could also suggest an accelerated
transition from presymptomatic patients with existing auto-
immunity (stage 1) to clinically overt T1D (stage 3) (Figure 2).

7. COVID-19 Pandemic and Risk of Diabetic
Ketoacidosis in New-Onset Type 1 Diabetes

Nationwide public health measures were rapidly imple-
mented in response to the COVID-19 pandemic to contain
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the spread of SARS-CoV-2. These measures included social
distancing, such as restricting social contacts, closing schools
and advising people to stay at home. The number of ad-
missions to health care facilities during the pandemic de-
creased significantly [62-64]. This has led to delays in
diagnosis and some diseases have been diagnosed at an
advanced stage [65-68]. For children with new-onset T1D,
this delay in diagnosis led to an 85% increase in the odds of
DKA during the first two months of the COVID-19 pan-
demic in Germany [69]. Ketoacidosis is an acute, life-
threatening complication of missed early diagnosis of
T1D [70-73]. The fact that the increased rate of DKA is
caused by delayed diagnosis is shown by the fact that HbAlc
levels at the time of diagnosis during the COVID-19 pan-
demic were higher than before [74]. An increase in the
frequency of DKA in children and adolescents with new-
onset T1D has been reported worldwide during the first
months of the COVID-19 pandemic [25, 31-37, 40, 75-89].

A meta-analysis including 18 studies analysed the risk of
DKA in patients with newly diagnosed T1D during the
COVID-19 pandemic [22]. The cumulative risk showed
a 44% (95% CI 26-65%) increased risk during the
COVID-19 pandemic compared to before. A recent sys-
tematic review of factors associated with increased risk of
DKA in paediatric patients with new-onset T1D, using
a random-effects model from pooled data, found that pre-
sentation during the COVID-19 pandemic was associated
with an odds ratio of 2.32 (95% CI 1.76, 3.06) for DKA [23].

A nationwide study in Germany investigated the rate of
DKA in children and adolescents newly diagnosed with T1D
on a month-by-month basis during the year 2020 [86].
Compared with the expected monthly ketoacidosis rates for
2020, the observed ketoacidosis rates in 2020 were signifi-
cantly higher from April to September and again in De-
cember, with mean increases in these months ranging from
47% to 96%.

An international study of 13 diabetes registries found an
increasing trend in DKA at diagnosis of T1D in children,
which accelerated well before the emergence of COVID-19
and was then exacerbated by the pandemic [88]. This
multicentre study found that the increased prevalence of
DKA during the COVID-19 pandemic was mainly related to
an increasing trend in DKA prevalence before the pandemic.
These results suggest that the COVID-19 pandemic and the
subsequent containment measures created ideal conditions
for the emergence of preexisting problems related to the
early diagnosis and care of children with new-onset T1D.

Furthermore, the increase in DKA during the
COVID-19 pandemic was not a short-term phenomenon
restricted to the initial lockdown. The adjusted observed
frequencies of DKA at diagnosis of TID were higher than
predicted in both pandemic years: in 2020, 39.4% (95% CI
34.0-45.6%) vs. 32.5% (27.8, 37.9%) and in 2021, 38.9%
(33.6-45.0%) vs 33.0% (28.3-38.5%). The adjusted absolute
percentage increases were 6.9% (5.4-8.4%) for 2020 and
5.8% (4.4-7.3%) for 2021. Moreover, this study found that
the prevalence of DKA was slightly associated with the
pandemic containment measures. The stringency index was
used to analyse the level of mitigation efforts. This index,
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scaled from 0 to 100, is an additive composite index that
includes nine indicators: school closures, workplace clo-
sures, cancellation of public events, restrictions on public
gatherings, closures of public transport, stay-at-home or-
ders, public information campaigns, restrictions on internal
movement, and controls on international travel [89]. Per
ten-unit increase in the stringency index, the study found an
estimated DKA risk ratio of 1.037 (95% 1.024-1.051) for
2020 and 1.028 (1.009-1.047) for 2021.

8. Conclusion

To date, there is no valid evidence that SARS-CoV-2 infections
cause autoantibody-negative diabetes by direct f8-cell damage or
autoantibody-positive T1D by triggering autoimmunity. In-
terventions to control the COVID-19 pandemic have led to
a decrease in common paediatric viral infections, possibly re-
duced biodiversity of exposures, and increased psychological
distress in children and adolescents. This may has subsequently
led to an increased incidence rate of T1D, especially in the
presence of pre-existing autoimmune prediabetes. Many studies
suggesting a direct effect of SARS-CoV-2 have methodological
weaknesses, because the high proportion of children asymp-
tomatically infected with SARS-CoV-2 were not adequately taken
into account. According to current knowledge; therefore, indirect
effects of the COVID-19 pandemic are more likely to be asso-
ciated with the observed increase in the incidence rate of T1D.

The development of the T1D incidence rate during the
COVID-19 pandemic and the possible associations between
SARS-CoV-2 infections and T1D risk should be investigated
in long-term studies, especially in light of the emergence of
new SARS-CoV-2 variants.

During the pandemic, there is a dramatic increase of the
prevalence of DKA in children with newly diagnosed T1D. The
massive increase in DKA cases is due to two multiplying factors
during the pandemic: the increase in the number of children
with new-onset T1D and the higher proportion of these
children who have DKA. Timely access to healthcare, raising
public and healthcare provider awareness of the symptoms of
T1D through education and screening campaigns, and ap-
propriate diabetes management during pandemics or in similar
situations are key to preventing similar clusters of diabetic
ketoacidosis in the future. Prevention campaigns have proven
useful in reducing the prevalence rate of ketoacidosis in newly
diagnosed children with T1D [90]. In addition, screening the
population at risk for T1D either for f§-cell-antibodies or ge-
netic risk, may identify children at risk and allow targeted
observation to identify clinically over diabetes early, thus re-
ducing the prevalence of DKA [91].
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