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R E S U M O

impacto da covid-19 na diabetes Mellitus inaugural num 
centro de diabetologia Pediátrica Portuguesa
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SARS-CoV-2. Introdução: O nosso objetivo foi caracterizar os casos de diabetes mellitus tipo 1 (T1D) inaugurais 

na população pediátrica referenciada a um centro de diabetes pediátrica durante o primeiro ano da 
pandemia por COVID-19, comparando-os com os anos anteriores.
Métodos: Estudo retrospectivo incluindo doentes com menos de 18 anos com T1D inaugural, de 
12 de Março de 2020 a 11 de Março de 2021. Foi definido um grupo de controlo a partir de dados 
de doentes com menos de 18 anos com T1D inaugural referenciados ao mesmo hospital nos 3 anos 
anteriores (de Março de 2017 a Março de 2020). Os dados foram analisados utilizando SPSS. Foi 
utilizado um valor p de 0,05 como limiar de significância.

Introduction: Our aim was to characterize new-onset type 1 diabetes mellitus (T1D) cases in a 
pediatric population referred to a large pediatric diabetic center throughout the first year of the 
COVID-19 pandemic, comparing it to previous years.
Methods: Retrospective study including patients under 18 years with new-onset T1D, from March 
12th 2020 to March 11th 2021. A control group was defined using data on patients under 18 years 
with new-onset T1D referred to the same hospital in the 3 previous years (from March 2017 to March 
2020). Data was analyzed using SPSS. A p value of 0.05 was used as threshold of significance.
Results: Between March 12th 2020 and March 12th 2021, 44 patients were diagnosed with new-onset 
T1D. The control group included 96 patients, resulting in an incidence of 32 cases/year (37.5% rise). 
January 2021 was the month with the higher number of diagnosis, corresponding to the peak of novel 
SARS-CoV-2 infections. During the pandemic, new-onset T1D cases in children under 2 years-old 
doubled, when comparing to mean incidence in previous years. Median delay to diagnosis was not 
significantly different from previous years. Diabetic ketoacidosis (DKA) at presentation was present 
in 50% of cases that were diagnosed after lockdown, increasing substantially from previous years 
(38.5%). DKA’s severity was also significantly higher (40.9%, p=0.04), as were Intensive Care Unit 
admission (13.6%, p=0.04). 
Conclusion: Despite the existance of molecular pathways that could lead to islet cell injury, the role 
of the new coronavirus in the pathogenesis of DKA and T1D onset is still unclear. Disease severity 
could also be related to a higher proportion of younger children.
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introduction

December 2019 marked the unsuspicious beginning of a 
global pandemic caused by the novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2).1 Since then, SARS-CoV-2 
associated disease (COVID-19) has caused a profound shift in 
countless aspects of society. One of these aspects was healthcare 
access, both emergent and routine,2 giving way to concerns that 
delayed referral to healthcare could promote increased severity of 
non-COVID-19 related diseases.3,4 Simultaneously, SARS-CoV-2 
has been increasingly recognized as a potent inflammatory trig-
ger, prompting immune deregulation through mechanisms such 
as molecular mimicry and “cytokine storms,” the most striking 
pediatric example being the multisystem inflammatory syndrome 
in children (MIS-C).5,6 

Previous publications have highlighted a seeming rise in type 
1 diabetes mellitus (T1D) diagnosis, as well as increased severity 
for new-onset T1D.7 Higher risk for diabetic ketoacidosis (DKA) 
in patients with known T1D has also been reported.8 Both delayed 
access to healthcare and SARS-CoV-2 immunogenicity have been 
enlisted as possible explanations for these findings.9,10 

We aimed to further contribute to this discussion, by charac-
terizing new-onset T1D cases in a pediatric population referred 
to a large pediatric diabetic center throughout the first year of the 
COVID-19 pandemic, comparing it to previous years, namely in 
demographic characteristics, clinical and biochemical presenta-
tion, as well as DKA’s incidence and severity. 

Methods

A retrospective study performed in a Pediatric Endocrinology 
Unit of a level III hospital was performed, including children and ad-
olescents under 18 years with new-onset T1D, from March 12th 2020 
(time of the first lockdown imposition in Portugal) to March 11th 2021 
(12 months duration). For the control group, clinical, epidemiological 
and laboratorial data on children and adolescents under 18 years with 
new-onset T1D referred to the same hospital in the 3 previous years 
(from March 2017 to March 2020) was collected. 

T1D was established based on the usual diagnostic criteria.11 
Patients with incomplete information regarding presentation sta-
tus were excluded from the study. 

Data was collected from electronical clinical files and includ-
ed: age at presentation; gender; co-morbidities; family history of 
T1D, type 2 diabetes mellitus (T2D), or other autoimmune dis-
ease; symptoms and their duration; blood glucose, ketonemia, pH, 
bicarbonate and HbA1C at presentation; SARS-CoV-2 protein 
chain reaction (PCR) status; type of hospitalization (ward/Paedi-
atric Intensive Care Unit, PICU).

Clinical presentation of T1D was categorized as: hyperglyce-
mia, hyperglycemia with ketonemia (≥0.6 mmol/L), and DKA. 
DKA was classified as: mild (pH <7.3 and/or bicarbonate <15 
mmol/L), moderate (pH <7.2 and/or bicarbonate <10 mmol/L), 
and severe (pH <7.1 and/or bicarbonate <5 mmol/L). 

Data was analyzed using SPSS, 21th version software (SPSS, 
Chicago, IL) for Mac. Continuous data were compared by use of 
paired and unpaired Student t test whenever applicable. Independ-
ent proportions were compared by use of the 2-tailed Fisher exact 
test. A p value of 0.05 was used as the threshold of significance. Re-
sults are presented as median (min., max.) unless stated otherwise.

Results
incidence

Our study included 140 patients with new-onset T1D, 44 of 
which diagnosed between March 12th 2020 and March 12th 2021. 
The control group was composed of 96 patients who were diag-
nosed between March 12th 2017 and March 11th 2020, resulting 
in an incidence of 32 cases/year. This reflected a 37.5% rise in 
new-onset T1D cases. 

While in previous years, a mean incidence of 2.7 cases/month 
was observed, during the pandemic period, the monthly incidence 
of new T1D cases exceeded this figure in most months, with a mean 
of 3.6 new cases/month. In the group of patients diagnosed dur-
ing the COVID-19 pandemic, the number of T1D diagnosis stead-
ily increased until September, with January 2021 being the month 
with the higher number of diagnosis (8 cases), doubling the mean 
monthly incidence that year. January 2021 also corresponds to the 
peak of novel SARS-CoV-2 infections in the country. The annual 
distribution of T1D cases can be appreciated in Fig. 1, whereas the 
incidence of new SARS-CoV-2 cases can be found in Fig. 2. 

Resultados: Entre 12 de Março de 2020 e 12 de Março de 2021, foram diagnosticados 44 doentes 
com T1D. O grupo de controlo incluiu 96 pacientes, com incidência de 32 casos/ano (aumento de 
37,5%). Janeiro de 2021 foi o mês com o maior número de diagnósticos, correspondendo ao pico das 
novas infecções por SARS-CoV-2. Durante a pandemia, os casos de T1D em crianças com menos de 
2 anos duplicaram quando comparados com a incidência média nos anos anteriores. O atraso médio 
no diagnóstico não foi significativamente diferente dos anos anteriores. A cetoacidose (CAD) como 
forma de apresentação ocorreu em 50% dos casos diagnosticados após o decretar de confinamento, 
aumentando substancialmente em relação aos anos anteriores (38,5%). A gravidade da CAD foi 
também significativamente maior (40,9%, p=0,04), tal como a admissão na Unidade de Cuidados 
Intensivos (13,6%, p=0,04). 
Conclusão: Apesar da existência de mecanismos moleculares comuns que poderiam conduzir a 
lesão do tecido pancreático, o papel entre o papel do novo coronavírus na patogénese da T1D inau-
gural é ainda incerto. A maior gravidade da CAD poderá também estar relacionado com uma maior 
proporção de casos em crianças mais novas.

Figure 1. Annual distribution of new-onset T1D cases between 2020 and 2021.



99Caetano FB / Rev Port Endocrinol Diabetes Metab. 2022;17(3-4)

demographic characteristics

Patients diagnosed during the pandemic had a median age of 
9 years (+/- 4.2, min. 0.5, max. 15.8 years), whilst patients in the 
control group had a median age of 10.7 years (+/- 4.5, min. 0.9, 
max. 17.9 years). This difference did not reach statistical signifi-
cancy. Overall, the incidence of new-onset T1D increased both in 
the group of patients aged less than 10 years (22 cases vs 15.7/year 
in the control group) and of those aged 10 years or more (22 cases 
vs 16.7/year in the control group). Peak incidence was observed 
in the group of patients aged 10 to 14 years in both groups (43.2% 
vs 41.7% in the control group). From March 2020 on, new-onset 
T1D cases in children under 2 years-old doubled (2 cases), when 
comparing to mean incidence in previous years (1 case/year).

Gender distribution was similar in the two groups, with a 
slight male predominance of cases (52.3% vs 53.1% in the control 
group) (Table 1).

Family history of autoimmune diseases was present in 50% of 
the cases in the control group, while being slightly less prevalent 
(43.2%) in the cases diagnosed during the pandemic. T1D familial 
history was present in 27.3% of cases during the pandemic and in 
15.6% in the previous years. 

clinical characteristics

The duration of symptoms was of 2 to 4 weeks, identical before 
and after lockdown imposition (29.2% and 31.7% respectively). 
However, the number of patients presenting with symptoms for less 
than a week was much higher in the pandemic group compared to 
the control group (20.5% vs 9.4%, not statistically significant). 

There were no statistically significant differences between 

presenting symptoms before and after the pandemic. Polydipsia 
was the most frequent symptom (88.5% and 84.1% respectively), 
followed by polyuria (82.3% and 75% respectively) and weight 
loss (72.9% and 61.4% respectively). 

DKA at presentation was present in the majority (50%) of cas-
es that were diagnosed after lockdown, increasing substantially 
from previous years (38.5%) (Fig. 3). DKA’s severity also aug-
mented in a statistically significant manner (40.9% of DKA cases 
vs 18.9% in previous years, p=0.04). 

PICU admissions were also significatively higher: 13.6% sub-
jects required admission to the PICU during the pandemic, com-
pared to just 4.2% in prior years (p=0.04) (Fig. 4). 

biochemical characteristics 

Mean A1C hemoglobin was of 11.2% (+/- 3.2%) during the 
pandemic, slightly lower than in previous years (11.4% +/- 2.9%), 
although this finding was not statistically significative. 

covid-19 infection

Since the beginning of the pandemic period, all patients were 
tested for SARS-CoV-2 via a PCR test, as this was routine for 
patients admitted to our center’s infirmaries. Only 2 patients had a 
positive PCR test for SARS-CoV-2: an 8-year boy who presented 
with mild DKA, and a 13-year old adolescent, presenting with 
moderate DKA. 

Serologies for SARS-CoV-2 were not performed regularly on 

Figure 2. Incidence of SARS CoV-2 infections in Portugal (Data from Center for 
Systems Science and Engineering at Johns Hopkins University)

Figure 3. Proportion of DKA and non-DKA presentation in patients during the 
pandemic, comparing to the control group.

Figure 4. Severity and PICU admissions comparison between T1D cases diag-
nosed during the pandemic, compared to the control group.

Table 1. Demographic characteristic of both groups
covid  
group

control  
group Significance

no. 44 96 -
gender, no. (%)
Female 21 (47.7) 45 (46.9) NS
Male 23 (53.2) 51 (53.1) NS
age group, no. (%)
< 2 2 (4.5) 3 (3.1) NS
 ≥ 2-5 5 (11.4) 19 (16.7) NS
≥ 5-10 15 (34.1) 25 (27.1) NS
≥ 10-15 19 (43.2) 40 (42.7) NS
≥ 15 3 (6.8) 10 (10.4) NS
NS: non significant.
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the patients diagnosed initially, as the technology was not available.

discussion

A higher number of pediatric new-onset T1D cases was ob-
served during the first year of COVID-19 in our center compared 
to previous years. The cases’ severity was also significantly high-
er, with a substantial rate of PICU admissions. Various factors 
could have contributed to this finding. The hypothesis that delayed 
access to healthcare facilities, as it was seen with other patholo-
gies3,4 could have taken a part in exponentiating DKA severity 
was not sustained by our data, as the average delay to diagnosis 
was not significantly different from previous years. Nevertheless, 
and albeit not statistically significant, a higher number of patients 
presented to the emergency room with short-lasting symptoms, a 
finding that remains unexplained. 

A possible role of viral infections in T1D onset has been pos-
tulated for over 40 years.12-14 Rotavirus and enterovirus have fre-
quently been proposed as likely culprits, although not exclusively 
– in 2009, during the aftermath of the SARS-CoV-1 pandemic, 
it was suggested that coronavirus used angiotensin converting 
enzyme 2 (ACE2), as the cellular entry point in pancreatic islet 
cells.15-17 A similar pathway was proposed for SARS-CoV-2 after 
the publication of several case series where a high prevalence of 
hyperglycemia was observed in adult patients that could not be 
fully explained by corticoid therapy and the viral infection itself; 
this fact imposed an extra risk for adverse outcomes.18-20 In ad-
dition to ACE2 receptors, interleukin-6 has also been thought to 
play a role in cytokine-mediated pancreatic damage, since it is 
one of the main molecules involved in both Th1 autoimmune is-
let cell destruction seen in T1D and COVID-19-related cytokine 
storms.21-23 The finding that the months when more T1D cases 
were diagnosed paralleled the period when more SARS-CoV-2 
infections were diagnosed in Portugal, creating somewhat over-
lapping graphs (Figs. 1 and 2, respectively), could further support 
this hypothesis. 

The higher overall severity of DKA could also be partially ex-
plained by the higher number of cases in children under 5 years 
old, which has been identified as a risk factor by recent studies.24-26 
In another recently published study, we have observed a higher 
incidence of DKA in younger ages.27 Previous studies have addi-
tionally shown increasing trends for new-onset T1D cases in this 
age group.28,29 Reasons for this include a lower index of suspicion 
and possibly a more aggressive inflammatory islet cell destruc-
tion, in line with recent findings that a specific type 1 endotype 
may exist in this age group.30,31

The variation trends of new onset T1D cases have been studied 
for multiple decades, with reported peak incidence cyclicity of 4 
to 6 years.32 No clear rationale has been stablished, although viral 
epidemics have been previously implicated in season variations 
of T1D incidence.33 The possibility that we are heading towards 
a new high-incidence period, and the contribution of present-day 
viral pandemics to such pattern variability, namely COVID-19, 
can only be guessed at the present time. 

limitations

We find that the small cohort of this study was the main limita-
tion, constraining its power. A multicentric approach would help 
minoring this aspect. Serological SARS-CoV-2 tests were not per-
formed routinely during the first months of the pandemic, which 
could have supported the link between infection and T1D onset, 

even though causality would always be hard to stablish with a 
retrospective study. 

conclusion

Upon the emergence of the SARS-CoV-2 pandemic, we found 
a higher number of T1D cases, as well as more frequent and more 
severe DKA. Longer delay to diagnosis did not seem to signifi-
cantly contribute to this finding. Despite the existance of molecu-
lar pathways that could lead to islet cell injury, the role of the new 
coronavirus in the pathogenesis of DKA and T1D onset is still 
unclear. Disease severity could also be related to a higher pro-
portion of younger children. Broader studies are lacking for more 
definitive conclusions to be drawn. 

contributorship statement / declaração de contribuição:

FBC, AL, CR, SB and AMG collected the data. 
FBC analyzed the data and wrote the manuscript.
CD, ALF, JG, RP, LL and CL revised and approved the final man-
uscript.

Responsabilidades Éticas

Conflitos de Interesse: Os autores declaram a inexistência de 
conflitos de interesse na realização do presente trabalho.
Fontes de Financiamento: Não existiram fontes externas de fi-
nanciamento para a realização deste artigo.
Confidencialidade dos Dados: Os autores declaram ter seguido 
os protocolos da sua instituição acerca da publicação dos dados 
de doentes. 
Proteção  de  Pessoas  e  animais:  Os  autores  declaram  que  
os  procedimentos  seguidos  estavam  de  acordo  com  os  regula-
mentos  estabelecidos pelos responsáveis da Comissão de Investi-
gação Clínica e Ética e de acordo com a Declaração de Helsínquia 
revista em 2013 e da Associação Médica Mundial.
Proveniência e Revisão por Pares: Não comissionado; revisão 
externa por pares.

ethical disclosures 

Conflicts of Interest: The authors have no conflicts of interest to 
declare.
Financing support: This work has not received any contribution, 
grant or scholarship
Confidentiality of Data: The authors declare that they have fol-
lowed the protocols of their work center on the publication of data 
from patients.
Protection of Human and animal subjects: The authors de-
clare that the procedures followed were in accordance with the 
regulations of the relevant clinical research ethics committee and 
with those of the Code of Ethics of the World Medical Association 
(Declaration of Helsinki as revised in 2013).
Provenance and Peer Review: Not commissioned; externally 
peer reviewed. 

References / Referências

1. Carvalho T, Krammer F, Iwasaki A. The first 12 months of COVID-19: a 
timeline of immunological insights. Immunology. 2021;21:245-56. doi: 
10.1038/s41577-021-00522-1.



101Caetano FB / Rev Port Endocrinol Diabetes Metab. 2022;17(3-4)

2. Czeisler MÉ, Marynak K, Clarke KE, Salah Z, Shakya I, Thierry JM, et 
al. Delay or Avoidance of Medical Care Because of COVID-19-Related 
Concerns - United States, June 2020. MMWR Morb Mortal Wkly Rep. 
2020;69:1250-7. doi: 10.15585/mmwr.mm6936a4. 

3. Jeffery M, D’Onofrio G, Paek H, Platts-Mills TF, Soares WE 3rd, 
Hoppe JA, et al. Trends in Emergency Department Visits and Hospital 
Admissions in Health Care Systems in 5 States in the First Months of the 
COVID-19 Pandemic in the US. JAMA Intern Med. 2020;180:1328-33.  
doi: 10.1001/jamainternmed.2020.3288.

4. Almeida A, Santo T, Mello M, Cedro AV, Lopes NL, Ribeiro AP, et al. 
Repercussions of the COVID-19 Pandemic on the Care Practices of a 
Tertiary Hospital. Arq Bras Cardiol. 2020;115:862-70.  doi: 10.36660/
abc.20200436.

5. Consiglio CR, Cotugno N, Sardh F, Pou C, Amodio D, Rodriguez L, 
et al. The Immunology of Multisystem Inflammatory Syndrome in 
Children with COVID-19. Cell. 2020;183:968-981.e7. doi: 10.1016/j.
cell.2020.09.016. 

6. Gupta M, Weaver DF. COVID-19 as a trigger of brain autoimmunity. ACS 
Chem Neurosci. 2021;12:2558-61. doi: 10.1021/acschemneuro.1c00403. 

7. Unsworth R, Wallace S, Oliver NS, Yeung S, Kshirsagar A, Naidu H, et al. 
New-Onset Type 1 Diabetes in Children During COVID-19: Multicenter 
Regional Findings in the U.K. Diabetes Care. 2020;43:e170-1. doi: 
10.2337/dc20-1551.

8. Li J, Wang X, Chen J, Zuo X, Zhang H, Deng A. COVID-19 infection may 
cause ketosis and ketoacidosis. Diabetes Obes Metab. 2020;22:1935-41. 
doi: 10.1111/dom.14057.

9. Nat Metab. 2021;3:123-25. doi: 10.1038/s42255-020-00339-7.
10. International Society for Pediatric and Adolescent Diabetes (ISPAD). 

Summary of recommendations regarding COVID-19 in children with 
diabetes: Keep Calm and Mind your Diabetes Care and Public Health 
Advice. Pediatr Diabetes. 2020;21:413-4. doi: 10.1111/pedi.13013.

11. Mayer-Davis EJ, Kahkoska AR, Jefferies C, Dabelea D, Balde N, Gong 
CX, et al. ISPAD Clinical Practice Consensus Guidelines 2018: Definition, 
epidemiology, and classification of diabetes in children and adolescents. 
Pediatr Diabetes. 2018;19 Suppl 27:7-19. doi: 10.1111/pedi.12773. 

12. Yoon J, Austin M, Ondera T, Notkins AL. Virus-induced diabetes mellitus – 
isolation of a virus from the pancreas of a child with diabetic ketoacidosis.  
N Engl J Med. 1979;300:1173-9. doi: 10.1056/NEJM197905243002102. 

13. Yoon J, Jun H. The role of viruses in Type I diabetes: two distinct cellular 
and molecular pathogenic mechanisms of virus-induced diabetes in 
animals. Diabetologia. 2001;41:271-85.

14. Olstone M. Virus infection triggers insulin- dependent diabetes mellitus 
in a transgenic model: role of anti-self (virus) immune response. Cell. 
1995;7:319-31.

15. Clements G, Galbraith D, Taylor K. Coxsackie B virus infection and onset 
of childhood diabetes. Lancet.1995;346:221-3. 

16. Harrison LC, Perrett KP, Jachno K, Nolan TM, Honeyman MC. Does 
rotavirus turn on type 1 diabetes? PLoS Pathog. 2019;15:e1007965. doi: 
10.1371/journal.ppat.1007965.

17. Yang J, Lin S, Ji X,  Guo LM. Binding of SARS coronavirus to its receptor 
damages islets and causes acute diabetes. Acta Diabetol. 2010;47:193–9. 
doi: 10.1007/s00592-009-0109-4.

18. Ebekozien O, Noor N, Gallagher M,  Alonso GT. Type 1 Diabetes and 
COVID-19: Preliminary Findings From a Multicenter Surveillance Study 
in the U.S. Diabetes Care. 2020;43: e83-5. doi: 10.2337/dc20-1088.

19. Ilias I, Zabuliene L. Hyperglycemia and the novel Covid-19 
infection: Possible pathophysiologic mechanisms. Med Hypotheses. 
2020;139:109699. doi: 10.1016/j.mehy.2020.109699.

20. Caballero A, Ceriello A, Misra A, et al. Hyperglycemia and COVID-19: 
What was known and what is really new?  Diabetes Res Clin Pract. 
2020;167:108383. doi: 10.1016/j.diabres.2020.108383. 

21. Sathish T, Tapp R, Cooper M. Potential metabolic and inflammatory 
pathways between COVID-19 and new-onset diabetes. Diabetes Metab. 
2021;47 :101204. doi: 10.1016/j.diabet.2020.10.002.

22. Gentile S, Strollo F, Mambro A,  Ceriello A. COVID-19, ketoacidosis 
and new-onset diabetes: Are there possible cause and effect relationships 
among them? Diabetes Obes Metab. 2020;22:2507–8. doi: 10.1111/
dom.14170.

23. Buggs-Saxton C. Care of pediatric patients with diabetes during the 
coronavirus disease 2019 (COVID-19) pandemic. Pediatr Clin N Am. 
2021;68:1093-101. doi: 10.1016/j.pcl.2021.05.014.

24. B factors. A twenty- year experience in a tertiary Belgian centre. Pediatr 
Diabetes. 2019;20:584-93

25. Szypowska A, Dżygało K, Wysocka-Mincewicz M, Mazur A, Lisowicz 
L, Ben-Skowronek I, et al. High incidence of diabetic ketoacidosis at 
diagnosis of type 1 diabetes among Polish children aged 10-12 and under 
5 years of age: A multicenter study. Pediatr Diabetes. 2017;18:722-8. doi: 
10.1111/pedi.12446.

26. Chobot A, Polanska J, Brandt A, Deja G, Glowinska-Olszewska B, Pilecki 
O, et al. Updated 24-year trend of Type 1 diabetes incidence in children 
in Poland reveals a sinusoidal pattern and sustained increase. Diabetic 
Medecine. 2017;34:1252-8. doi: 10.1111/dme.13345.

27. Branco Caetano F, Lança A, Rodrigues C, Garcia AM, Bota S, Diamantino 
C, et al. Stable rates of diabetic ketoacidosis at the initial episode of 
type 1 diabetes mellitus are associated with a shift towards younger 
age at diagnosis: 8 years’ experience of a large Portuguese centre. Int J 
Community Med Public Health. 2022;96):2402-.7

28. Samuelsson U, Stenhammar L. Clinical characteristics at onset of Type 1 
diabetes in children diagnosed between 1977 and 2001 in the south-east 
region of Sweden. Diabetes Res Clin Pract. 2005;68:49–55.

29. Geyikli İ, Keskin M, Kör Y, Akan M. increased resistin serum 
concentrations in patients with type 1 diabetes mellitus. J Clin Res Pediatr 
Endocrinol. 2013;5:189–93. doi: 10.4274/Jcrpe.1072.

30. Leete P, Willcox A, Krogvold L, Dahl-Jørgensen K, Foulis AK, 
Richardson SJ, et al. Differential Insulitic Profiles Determine the Extent 
of β-Cell Destruction and the Age at Onset of Type 1 Diabetes. Diabetes. 
2016;65:1362-9. doi: 10.2337/db15-1615.

31. Battaglia M, Ahmed S, Anderson M, Atkinson MA, Becker D, Bingley 
PJ,  et al. Introducing the Endotype Concept to Address the Challenge of 
Disease Heterogeneity in Type 1 Diabetes. Diabetes Care. 2020;43:5-12. 
doi: 10.2337/dc19-0880.

32. Patterson C, Harjutsalo V, Rosenbauer J, Neu A, Cinek O, Skrivarhaug 
T,  et al. Trends and cyclical variation in the incidence of childhood type 
1 diabetes in 26 European centres in the 25 year period 1989–2013: a 
multicentre prospective registration study.  Diabetologia. 2019;62:408-17. 
doi: 10.1007/s00125-018-4763-3.

33. Ruiz PL, Tapia G, Bakken IJ, Håberg SE, Hungnes O, Gulseth HL, et al. 
Pandemic influenza and subsequent risk of type 1 diabetes: a nationwide 
cohort study. Diabetologia. 2018;61:1996-2004. doi: 10.1007/s00125-
018-4662-7.


