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Abstract: Objective: To assess the impact of the COVID-19 pandemic and lockdown measures on
the presenting characteristics (age at diagnosis, severity, monthly distribution) of newly diagnosed
type 1 diabetes in Spanish children. Research Design and Methods: An ambispective observational
multicenter study was conducted in nine Spanish tertiary-level hospitals between January 2015 and
March 2021. Inclusion criteria: new cases of type 1 diabetes in children (0-14 years) recording age,
sex, date of diagnosis, presence of diabetic ketoacidosis (DKA) at onset, and severity of DKA. Data
were compared before and during the pandemic. Results: We registered 1444 new cases of type 1
diabetes in children: 1085 in the pre-pandemic period (2015-2019) and 359 during the pandemic
(2020-March 2021). There was a significant increase in the group aged <4 years in the pandemic
period (chi-squared = 10.986, df 2, p = 0.0041). In 2020-2021, cases of DKA increased significantly by
12% (95% CI: 7.2-20.4%), with a higher percentage of moderate and severe DKA, although this
increase was not significant. In 2020, there was a sharp decrease in the number of cases in March,
with a progressive increase from May through November, higher than in the same months of the
period 2015-2019, highlighting the increase in the number of cases in June, September, and
November. The first three months of 2021 showed a different trend to that observed both in the
years 2015-2019 and in 2020, with a marked increase in the number of cases. Conclusions: A change
in monthly distribution was described, with an increase in DKA at onset of type 1 diabetes. No
differences were found in severity, although there were differences in the age distribution, with an
increase in the number of cases in children under 4 years of age.
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1. Introduction

Epidemiological studies have an important role in type 1 diabetes, since they enable
estimation of the necessary resources for its management, as well as providing insight into
its etiology and risk factors.

The estimated incidence of type 1 diabetes in the Spanish population under 15 years
of age is 17.69 cases/100,000 inhabitants/year [1]. In Spain, incidence figures are lower in
autonomous communities located in the north of the country, and higher in the south and
center of the country, suggesting that the “north—south” gradient in the incidence of the
disease described in Europe does not apply [2].

On 31 January 2020, the first case of coronavirus disease 2019 (COVID-19) was
diagnosed in Spain [3]. From this time onwards, the incidence of the virus skyrocketed,
leading to the declaration of a state of alarm and home lockdown on 14 March 2020. An
association between COVID-19 and an increase in the number of hyperglycemia or
diabetes cases has been suggested based on findings from different observational studies
around the world. Numerous hypotheses have been proposed, although the mechanism
that links them is not clearly defined [4]. Angiotensin-converting enzyme receptor 2
(ACE2) is the binding site for SARS-CoV-1 and -2 and is strongly expressed in pancreatic
endocrine cells. Therefore, some studies postulate that the exposure to SARS-CoV-2
contributes to the observed increase of cases by precipitating or accelerating the onset of
type 1 diabetes [5,6]. Another suggested mechanism would be the direct action of COVID-
19 on pancreatic beta cells, by increasing proinflammatory cytokines and acute phase
reactants leading to inflammation and direct cell damage.

A number of studies examining the presentation of new cases of type 1 diabetes in
children and adolescents after the declaration of the pandemic, reported an increase in the
frequency severity of diabetes ketoacidosis (DKA) presentation [6—12]. On the other hand,
some studies have described an increase in the frequency of new case presentations [6,10—
16], while others reported no increase or even a decrease in the number of type 1 diabetes
[9,17].

The change in the frequency and severity in type 1 diabetes forms presentation after
the emergence of the pandemic, raises the hypothesis that variations in the circulation of
seasonal viruses, which could have been acting as triggers for onset or the delay in
diagnosis due to individuals postponing consultation because of the fear of infection, may
have contributed to this new scenario [9].

The aim of the present study was to assess the impact of the COVID-19 pandemic
and the resulting lockdown measures on the presenting characteristics of newly
diagnosed type 1 diabetes in Spanish children with respect to age at diagnosis, severity,
and monthly distribution.

2. Research Design and Methods

This was a multicenter, observational, ambispective study conducted in nine Spanish
tertiary-level hospitals between January 2015 and February 2021. We included all new
diagnoses of type 1 diabetes in the pediatric population (0-14 years) in each of the
participating centers. Age, sex, date of diagnosis, presence of DKA at onset, and severity
of DKA (blood pH, serum bicarbonate) were recorded. Data were collected in two periods
and compared before the pandemic (2015-2019) and during the pandemic (2020-2021).

The study was undertaken with the approval of the Ethics Committee of the Regional
Hospital of Malaga. The diagnostic criteria for type 1 diabetes were those established by
the American Diabetes Association [18]. The criteria used to define the severity of DKA
followed the recommendations of the International Society for Pediatric and Adolescent
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Diabetes (ISPAD) [19] as follows: mild if pH < 7.3 or bicarbonate < 15 mmol/L, moderate
if pH < 7.2 or bicarbonate < 10 mmol/L, and severe DKA if pH < 7.1 or bicarbonate < 5
mmol/L.

The statistical analysis was performed using R Commander Version 2.7-1 software
(Chapman & Hall, Boca Raton, FL, USA). To evaluate the differences between the different
study years, the chi-squared test was used, with p < 0.05 being considered statistically
significant. The resulting data are presented in tables and figures to illustrate the
distribution of the data.

3. Results

We collected data from 1444 new cases of type 1 diabetes in the pediatric age group
during the period 2015-2021: 1085 in the pre-pandemic period (2015-2019) and 359 during
the pandemic (2020-March 2021). Regarding the distribution of cases by age, an increase
in the group aged <4 years was evident in the pandemic period, with a chi-squared value
of 10.986 with 2 degrees of freedom and a p-value of 0.0041 (Table 1), indicating that the
age distribution of new cases was not the same in these periods. This significant difference
was at the expense of more cases (25%) in children under 4 years of age during the
pandemic rather than in the pre-pandemic period (19%). The opposite occurred in the
group aged 5-9 years, where there was a higher percentage in the first period (39%) rather
than in the second (30%). During the period 2015-2019, 589 boys (54%) and 494 girls (46%)
presented with type 1 diabetes; meanwhile, during 2020-2021, 205 boys (57%) and 154
girls (43%) did. No differences in gender distribution were found according to the period
when diabetes onset occurred (X-square 0.754, df 0.38).

Table 1. Distribution of new cases by period and by age group.

Age (Years)

Period <4 Years 5-9 Years >10 Years
2015-2019 204 (19%) 424 (39%) 456 (42%)
2020-2021 88 (25%) 108 (30%) 163(45%)

During 2020-2021, the number of DKA cases increased significantly by 12% (95% CI:
7.2t0 20.4%) (Figures 1 and 2). In this period, 48% of new-onset cases presented DKA (26%
mild, 38% moderate, and 36% severe), whereas during the 2015-2019 period, a lower
percentage of DKA was reported, 36% (33% mild, 32% moderate, and 34% severe). A
higher percentage of moderate and severe DKA cases were seen in this period, although
this increase was not significant (Figure 2).

DKA PRESENTATION AT DIABETES ONSET BEFORE AND AFTER COVID-19 PANDEMIC
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Figure 1. Percentage of DKA as a form of presentation during time periods 2015-2019 versus 2020—
2021. Episodes are expressed in number and percentage (%).
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Figure 2. Proportion of cases by DKA severity during periods 2015-2019 and 2020-2021. Each square
represents DKA severity cases. Squares filled with vertical black bars represent mild cases; Squares
with black dots represent moderate cases. Squares filled with horizontal black bars represent severe
cases.

The monthly distribution of new type 1 diabetes cases, as well as cases with DKA as
a form of presentation, are shown in Figure 3. From 2015 to 2019, a dip in the number of
cases from March through September was noted. In 2020, a sharp decrease in the number
of cases diagnosed in March was observed, with an ulterior progressive increase from
May through November, which was higher than in the same months of the period 2015-
2019, with a notable increase in the number of cases during the months of June, September,
and November. The first three months of 2021 showed a very different trend than the
observed during the period 20152019 and in 2020, respectively, with a marked increase
in the number of cases (Figure 3).
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Figure 3. Monthly distribution of newly diagnosed type 1 diabetes cases by periods. Black line
represents the cases by month for the period 2015-2019. Dotted line represents the cases by month
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during the year 2020. Dashed line represents the cases during the months of January, February, and
March 2021.

4. Discussion

The COVID-19 pandemic has had a major impact on our society, generating changes
that may have influenced the epidemiological situation of other diseases such as the onset
of type 1 diabetes. Our study describes an increase in cases of new-onset type 1 diabetes
with DKA presentation in children and adolescents under 14 years of age in the period
2020-2021, following the declaration of the COVID-19 pandemic by the WHO, compared
to previous years. No differences in severity were found over the entire 2020-2021 period.
This differs from observations made by other authors from Germany, Italy, Australia, and
Canada during the first months after the start of the pandemic [6-13] who described an
increase in moderate and severe forms of DKA. The fact that the first descriptions in this
regard refer to periods immediately after lockdown may have conditioned these findings
due to delayed use of health care during the beginning of the pandemic and the initial
restrictions. We can speculate that this finding may lay on the fact that many patients
delay or avoid visits to hospitals due to fear of getting infected with SARS-CoV-2. We can
also speculate with a higher awareness of diabetes onset symptoms among primary care
pediatricians from Spain that was quickly reinforced by the announcement of the
International Society for Pediatric and Adolescent Diabetes (ISPAD) statement on COVID-
19 and the increased risk of developing severe forms of DKA at onset [20] may have
influenced this fact.

We also found significant differences in the distribution by age group, with an
increase in 2020-2021 of children diagnosed under 4 years of age. A study carried out in
Germany showed a significant increase in both the incidence of type 1 diabetes and severe
forms of DKA, with these results being more striking in children under 6 years of age [7].
The latter leads us to consider that SARS-CoV-2 may potentially be acting as a trigger for
the autoimmune destruction which accelerates the process rather than inflicting direct
damage to the beta cell, as younger age groups tend to have a more rapid and intense beta
cell loss [21]. In addition, we can hypothesize that a modification in the presentation
pattern of other seasonal infective agents, such as syncytial respiratory virus of flu due to
the pandemic, may be altering the diabetes age at diagnosis.

A study conducted by the Italian Society of Pediatric Endocrinology and Diabetes
assessing the epidemiological change during the Italian lockdown (20 February to 14 April
2020), in comparison with the same period in 2019, observed a decrease in the incidence
of type 1 diabetes in the confinement period, with the overall incidence being similar in
both years [9]. A subsequent analysis, limited to the Lombardy region [13], which
included the presentation of new-onset cases during 2020, reported an increase in the
number of cases with respect to 2017 and 2018 but not 2019. An evaluation of the monthly
distribution in our data shows a different distribution in both 2020 and 2021, which does
not correspond to the monthly distribution of recent years in Spain. In the second quarter
of 2020, coinciding with the lockdown period in Spain, there was a striking decrease in
the number of cases in the months of March and April. These results are aligned with
those from Germany, Italy, and Finland [9,12,17]. In contrast, there was an increase from
May to November 2020. This rapid recovery of new-onset cases was both due to an
interruption of the plateau of cases that usually occur during the summer months and a
peak of the occurrence of new cases at the end of the year. This phenomenon has been also
described more recently by Kamrath et al. in the DPV registry [22].

For the first quarter of 2021, our data show an increase in the expected number of
cases in this period with respect to previous years. We cannot determine whether this
increase in the actual number of cases in the first quarter of 2021 is the result of an increase
in incidence or whether it is due to a change in monthly distribution as observed in
previous months. We can speculate that impact that different COVID waves and
associated protective measures may be having in terms of altering other seasonal
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infections such as flu, respiratory syncytial virus, rhinovirus, or coxsackie, would play a
role in these epidemiological abnormalities observed for new diabetes cases. It is still
unclear the involvement of COVID in the genesis or progression of type 1 diabetes. A
recent report by the. Centers for Disease Control and Prevention (CDC) of the US reported
that persons under 18 y with COVID-19 were more likely to receive a new diabetes
diagnosis >30 days after the infection than were those without COVID-19 and those with
pre-pandemic acute respiratory infections [23].

A limitation of our study is that we cannot provide incidence rates. The
representative sample limited to nine tertiary-level hospitals in Spain showed an increase
in DKA as a form of presentation, with a higher presentation in children under 4 years of
age and changes in the monthly distribution. In addition, our study collects cases only
under the age of 14 years old as the majority of pediatric diabetes centers in Spain take
care of patients up to this age group. This might be responsible for the differences
observed in the findings of other European countries such as Italy or Germany. Further
studies are needed to determine whether these epidemiological changes are directly
related to SARS-CoV-2, with the modification of hygiene measures, or other factors that
are not being considered at the present time.

In conclusion, a change in monthly distribution was noted, as well as an increase in
DKA at onset of type 1 diabetes without differences in DKA severity during the first year
after the pandemic commencement. Differences in age distribution were observed with
an increase in the number of cases in children under 4 years of age. The final causes of
these epidemiological changes remain unknown.

Author Contributions: ILL.-G. designed the study, collected data, participated in data
interpretation, and wrote the manuscript. R.C.-H. collected data, participated in data interpretation,
reviewed, and edited the manuscript. J.P.S. collected data, participated in data interpretation,
reviewed the manuscript, and contributed to the statistical analysis. C.A.F., M.F.L.,, P.B.-C,, J.A.-D.,
M.C.L, MM.-F,, S.CB., and AM.D. collected cases, participated in data interpretation, and
reviewed the manuscript. All coauthors approved the final version of the manuscript. I.L.-G. is the
guarantor of this work and, as such, had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of the data analysis. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Patient consent was waived due to the use of anonymized data from
local registries.

Acknowledgments: We are thankful for the following individuals for their support of this work:
Emilio Sanchez-Cantalejo, Julia Sanchez-Cantalejo, Maria Repice, and Ines Mulero Collantes.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Barreiro, S.C.; Rodriguez, M.R.; Lozano, G.B.; Siguero, J.L.; Pelegrin, B.G.; Val, M.R.; Dea, M.L. Epidemiologia de la diabetes
mellitus tipo 1 en menores de 15 afios en Espafa. An. Pediatr. 2014, 81, 189.e1-189.e12.
2. Novoa Medina, Y. Evolucién de la incidencia de la diabetes mellitus tipo 1 en edad pediatrica en Espafa. Endocrinol. Diabetes

Nutr. 2018, 65, 65-67.

3.  Spiteri, G.; Fielding, J.; Diercke, M.; Campese, C.; Enouf, V.; Gaymard, A.; Bella, A.; Sognamiglio, P.; Moros, M.].S.; Riutort,
A.N; et al. First cases of coronavirus disease 2019 (COVID-19) in the WHO European Region, 24 January to 21 February 2020.
Eurosurveillance 2020, 25, 2000178.

4. Khunti, K,; Del Prato, S.; Mathieu, C.; Kahn, S.E.; Gabbay, R.A.; Buse, ].B. COVID-19, Hyperglycemia, and New-Onset Diabetes.
Diabetes Care 2021, 44, 2645-2655.

5. Boddu, SK.; Aurangabadkar, G.; Kuchay, M.S. New onset diabetes, type 1 diabetes and COVID-19. Diabetes Metab. Syndr. Clin.
Res. Rev. 2020, 14, 2211-2217.

6.  Unsworth, R; Wallace, S.; Oliver, N.S.; Yeung, S.; Kshirsagar, A.; Naidu, H.; Kwong, RM.W.; Kumar, P.; Logan, KM. New-Onset
Type 1 Diabetes in Children during COVID-19: Multicenter Regional Findings in the UK. Diabetes Care 2020, 43, e170—171.

7.  Kamrath, C.; Monkemoller, K.; Biester, T.; Rohrer, T.R.; Warncke, K.; Hammersen, J.; Holl, RW. Ketoacidosis in Children and
Adolescents with Newly Diagnosed Type 1 Diabetes during the COVID-19 Pandemic in Germany. JAMA 2020, 324, 801.



J. Clin. Med. 2022, 11, 4338 7 of 7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Giiemes, M.; Storch-de-Gracia, P.; Enriquez, S.V.; Martin-Rivada, A.; Brabin, A.G.; Argente, J. Severity in pediatric type 1
diabetes mellitus debut during the COVID-19 pandemic. J. Pediatr. Endocrinol. Metab. 2020, 33, 1601-1603.

Rabbone, I.; Schiaffini, R.; Cherubini, V.; Maffeis, C.; Scaramuzza, A.; The Diabetes Study Group of the Italian Society for
Pediatric Endocrinology and Diabetes. Has COVID-19 Delayed the Diagnosis and Worsened the Presentation of Type 1 Diabetes
in Children? Diabetes Care 2020, 43, 2870-2872.

Lawrence, C.; Seckold, R.; Smart, C.; King, B.R.; Howley, P.; Feltrin, R.; Smith, T.A.; Roy, R.; Lopez, P. Increased paediatric
presentations of severe diabetic ketoacidosis in an Australian tertiary centre during the COVID-19 pandemic. Diabet. Med. 2021,
38, e14417.

Ho, J.; Rosolowsky, E.; Pacaud, D.; Huang, C.; Lemay, J.; Brockman, N.; Rath, M.; Doulla, M. Diabetic ketoacidosis at type 1
diabetes diagnosis in children during the COVID-19 pandemic. Pediatr. Diabetes 2021, 22, 552-557.

Salmi, H.; Heinonen, S.; Hastbacka, J.; Ladperi, M.; Rautiainen, P.; Miettinen, P.J.; Vapalahti, O.; Hepojoki, J.; Knip, M. New-
onset type 1 diabetes in Finnish children during the COVID-19 pandemic. Arch. Dis. Child. 2021, 107, 180-185.

Mameli, C.; Scaramuzza, A.; Macedoni, M.; Marano, G.; Frontino, G.; Luconi, E.; Pelliccia, C.; Felappi, B.; Guerraggio, L.P.; Spiri, D.; et
al. Type 1 diabetes onset in Lombardy region, Italy, during the COVID-19 pandemic: The double-wave occurrence. EClinicalMedicine
2021, 39, 101067.

Vlad, A; Serban, V.; Timar, R.; Sima, A.; Botea, V.; Albai, O.; Timar, B.; Vlad, M. Increased Incidence of Type 1 Diabetes during
the COVID-19 Pandemic in Romanian Children. Medicina 2021, 57, 973.

Gottesman, B.L.; Yu, J.; Tanaka, C.; Longhurst, C.A.; Kim, J.J. Incidence of New-Onset Type 1 Diabetes among US Children
during the COVID-19 Global Pandemic. JAMA Pediatr. 2022, 176, 414.

Kamrath, C.; Rosenbauer, J.; Eckert, A.]J.; Pappa, A.; Reschke, F.; Rohrer, T.R.; Monkeméller, K.; Wurm, M.; Hake, K.; Raile, K.;
et al. Incidence of COVID-19 and Risk of Diabetic Ketoacidosis in New-Onset Type 1 Diabetes. Pediatrics 2021, 148, €2021050856.
Tittel, SR.; Rosenbauer, ].; Kamrath, C.; Ziegler, ].; Reschke, F.; Hammersen, J.; Monkemoller, K.; Pappa, A.; Kapellen, T.; Holl, RW.
Did the COVID-19 Lockdown Affect the Incidence of Pediatric Type 1 Diabetes in Germany? Diabetes Care 2020, 43, e172—173.
American Diabetes Association Professional Practice Committee. 6. Glycemic Targets: Standards of Medical Care in Diabetes —2022.
Diabetes Care 2022, 45 (Suppl. S1), S83-596.

Wolfsdorf, J.I; Glaser, N.; Agus, M.; Fritsch, M.; Hanas, R.; Rewers, A.; Sperling, M.A.; Codner, E. ISPAD Clinical Practice
Consensus Guidelines 2018: Diabetic ketoacidosis and the hyperglycemic hyperosmolar state. Pediatr. Diabetes 2018, 19, 155-177.
ISPAD: Summary of Recommendations Regarding COVID-19 in Children with Diabetes. Available online:
https://www .ispad.org/page/COVID-19inchildrenwithdiabetesResources (accessed on 29 April 2020).

Leete, P.; Oram, R.A.; McDonald, T.J.; Shields, B.M.; Ziller, C.; Hattersley, A.T.; Richardson, S.J.; Morgan, N.G.; TIGI Study
Team. Studies of insulin and proinsulin in pancreas and serum support the existence of aetiopathological endotypes of type 1
diabetes associated with age at diagnosis. Diabetologia 2020, 63, 1258-1267.

Kamrath, C.; Rosenbauer, J.; Eckert, A.].; Siedler, K.; Bartelt, H.; Klose, D.; Sindichakis, M.; Herrlinger, S.; Lahn, V.; Holl, RW.
Incidence of Type 1 Diabetes in Children and Adolescents during the COVID-19 Pandemic in Germany: Results from the DPV
Registry. Diabetes Care 2022, Online ahead of print. https://doi.org/10.2337/dc21-0969

Barrett, C.E.; Koyama, A.K,; Alvarez, P.; Chow, W.; Lundeen, E.A ; Perrine, C.G.; Pavkov, M.E.; Rolka, D.B.; Wiltz, ].L.; Bull-
Otterson, L. Risk for Newly Diagnosed Diabetes >30 Days After SARS-CoV-2 Infection among Persons Aged <18 Years— United
States, 1 March 2020-28 June 2021. MMWR Morb. Mortal Wkly Rep. 2022, 71, 59-65.



