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Aim/Hypothesis

To compare the frequency of diabetic ketoacidosis (DKA) at diagnosis of type 1 diabetes in Italy during the COVID-19 pandemic in 2020 with the frequency of DKA during 2017-2019.



Methods

Forty-seven pediatric diabetes centers caring for >90% of young people with diabetes in Italy recruited 4,237 newly diagnosed children with type 1 diabetes between 2017 and 2020 in a longitudinal study. Four subperiods in 2020 were defined based on government-imposed containment measures for COVID-19, and the frequencies of DKA and severe DKA compared with the same periods in 2017-2019.



Results

Overall, the frequency of DKA increased from 35.7% (95%CI, 33.5-36.9) in 2017-2019 to 39.6% (95%CI, 36.7-42.4) in 2020 (p=0.008), while the frequency of severe DKA increased from 10.4% in 2017-2019 (95%CI, 9.4-11.5) to 14.2% in 2020 (95%CI, 12.3-16.4, p<0.001). DKA and severe DKA increased during the early pandemic period by 10.4% (p=0.004) and 8% (p=0.002), respectively, and the increase continued throughout 2020. Immigrant background increased and high household income decreased the probability of presenting with DKA (OR: 1.55; 95%CI, 1.24-1.94; p<0.001 and OR: 0.60; 95 CI, 0.41-0.88; p=0.010, respectively).



Conclusions/Interpretation

There was an increase in the frequency of DKA and severe DKA in children newly diagnosed with type 1 diabetes during the COVID-19 pandemic in 2020, with no apparent association with the severity of COVID-19 infection severity or containment measures. There has been a silent outbreak of DKA in children during the pandemic, and preventive action is required to prevent this phenomenon in the event of further generalized lockdowns or future outbreaks.
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Highlights

What is already known about this subject?

	The frequency of diabetic ketoacidosis (DKA) at onset of type 1 diabetes was of more than 40% in Italy between 2006 and 2016.

	Early reports suggested an increase of DKA frequency at diagnosis of type 1 diabetes in children.



What is the key question?

	Is the frequency of DKA at diagnosis of type 1 diabetes in Italy during the COVID-19 pandemic in 2020 higher than the frequency of DKA during 2017-2019?



What are the new findings?

	There was a worrying increase in DKA and severe DKA in children newly diagnosed with type 1 diabetes during the COVID-19 pandemic in 2020 compared with the previous three years.

	There has been no apparent association between the increase in DKA and the containment measures implemented by the Italian government to limit the spread of COVID-19.

	Immigrant background increased and high household income decreased the probability of presenting with DKA.



How might this impact on clinical practice in the foreseeable future?

	Strong preventive action is needed to limit this phenomenon in the event of further generalized lockdowns or future outbreaks. Health services should implement awareness campaigns and population screening for type 1 diabetes that have been shown to prevent DKA at diagnosis of type 1 diabetes.





Introduction

Italy witnessed a very high frequency of diabetic ketoacidosis (DKA) at onset of type 1 diabetes between 2006 and 2016 (1). However, thanks to awareness campaigns such as those promoted by the Italian Society of Pediatric Endocrinology and Diabetology (ISPED), these figures slowly but significant decreased and indeed became more evident between 2014 and 2016 (2). The COVID-19 pandemic has prompted rapid changes in the organization of healthcare systems and public behavior, and there were early reports of a large increase in the frequency of DKA at the time of diagnosis of type 1 diabetes during the pandemic (3–10); indeed, a German study reported that the observed versus predictive frequency of DKA was only higher in the early phase of the pandemic in 2020 (11).

In 2020, Italy suffered the highest total number of deaths since the Second World War, with a 15.6% excess in deaths in 2020 compared with the 2015-2019 period. Although there were fewer reported deaths in January and February 2020, March to December 2020 saw a 21% increase in mortality, with two peaks between March and April and October and December during the two waves of the pandemic (12).

With the aim of controlling the spread of the SARS-CoV-2 virus, the Italian government issued several legislative decrees to limit the movement of people and ensure physical distancing together with economic and social policies to support health and employment (13). Containment measures have alternated between extreme and partial based on the impact of COVID-19 on the population. Extreme measures included limiting individual travel, closing schools and restaurants, banning gatherings, banning interregional, national, and international travel, cancelling public events, and shutting down workplaces, while partial measures included nationally controlled individual driving permits, opening takeaway restaurants, authorized outdoor public events, and opening workplaces. It is currently unclear whether these COVID disease severity and containment measures are related to the frequency of DKA at diabetes diagnosis. Therefore, the purpose of this study was to investigate whether the frequency of DKA at diagnosis of type 1 diabetes changed during the COVID-19 pandemic and was associated with COVID-19 disease severity or the measures taken by government to curb its spread.



Research Design and Methods


Study Design and Data Sources

We analyzed data from the ISPED Network for DKA Study and Prevention (2). The Network was established in 2014 following observation of a very high frequency of DKA in Italy (14) with the aim of design studies to continuously analyze DKA frequency and discuss prevention measures. It includes all the Italian centers for childhood and adolescent diabetes, which prospectively record the data of all children at the time of diagnosis of type 1 diabetes according to a procedure agreed in 1997 (15). The Network has annual meetings with local collaborators to discuss and agree on methods and measures for the control and prevention of this harmful complication.

In Italy, pediatric diabetic centers care for 100% of children and adolescents under 15 years with diabetes, over 80% between the 15 and 18 years, and <10% over those aged over 18.

Locally collected pseudonymized longitudinal data are transmitted annually to the coordinating center in Ancona for quality control, plausibility checking, and analysis. Inconsistent data are reported back to participating centers for validation and/or correction. Since 2014, centers have transferred data on clinical, socio-economic, and immigration background to the Network, and since 2017 data on β-cell autoantibody test results from children and adolescents with newly diagnosed type 1 diabetes. Autoantibody measurements are used to confirm patient has type 1 diabetes.

Here we included children and adolescents aged <18 years from 47 diabetes centers in Italy newly diagnosed with type 1 diabetes between 1 January 2017 and 31 December 2020. The diagnosis was confirmed according to the presence of β-cell autoantibodies or the absence of MODY mutations and clinical criteria for the diagnosis of type 2 diabetes. DKA was defined as venous pH <7.3 or serum bicarbonate <15 mmol/L or a documented clinical diagnosis of DKA (yes/no) according to the treating physician. Severe DKA was defined as venous pH <7.1 or bicarbonate <5 mmol/L.

There were two epidemic waves of COVID-19 of different intensity in Italy in 2020: the first between March and April and the second between October and December. The containment measures were significantly changed between March and December 2020 based on the daily number of infections, number of hospital admissions, number of intensive care unit (ICU) admissions, number of deaths, and daily positivity rate. We therefore identified four periods in 2020 that differed in terms of containment measures but with clearly definable characteristics (Figure 1): (i) the pre-pandemic period included January and February and ended on March 9, when (ii) the second period started during which the number of daily deaths in the general population increased dramatically and the government imposed extreme measures to contain the pandemic; (ii) the third period ran from May 24 to October 7, during which government-imposed restrictions eased following a sharp reduction in the number of daily deaths; and (iv) the fourth period between October and December was characterized by a rapid increase in daily deaths and the resumption of extreme containment measures.




Figure 1 | Number of daily deaths from the COVID-19 pandemic in Italy in 2020, and monthly frequency of DKA and severe DKA based on government restriction periods in 2020 compared with the three-year period 2017-2019.



The frequencies of DKA and severe DKA observed in the four periods of 2020 were compared with the mean frequency observed in the same periods of the calendar year in 2017-2019. Data quality control was performed as previously described (14).



Variables

Demographic data included age at type 1 diabetes diagnosis (0.5-4; 5-9; 10-14; and 15-18 years), sex, immigration background (defined as the patient and/or one of the parents born outside Italy), and family history of diabetes (defined as at least one parent with type 1 diabetes). Socioeconomic variables included household income (<15.000, 15.000-25.999, 26.000-54.999, 55.000-75.000, >75.000 euros), number of family members, home ownership, and parents’ ages, occupations, and educational level. Clinical data included HbA1c (% and mmol/mol), presence of DKA and severe DKA, and presence of at least one β-cell autoantibody (islet cell antibody, anti-GAD, anti-IA2, IAA, or anti-ZnT8).



Statistical Analysis

Descriptive statistics were used to characterize children and adolescents at type 1 diabetes diagnosis based on year of disease onset (before COVID-19 pandemic, 2017-2019, and during pandemic in 2020). Household income and parents’ educational level were dichotomized into ≥26,000 euros (high household income) and high school diploma or degree (high educational level), respectively. Variables were summarized using absolute and percentage frequencies for the categorical variables and the means and standard deviations (SD) for the quantitative variables; comparisons between the 2017-19 and 2020 were made using the chi-squared test and Student’s t-test for independent samples for categorical and continuous variables, respectively.

Point estimates and 95% confidence intervals (95%CIs) for the frequency of DKA at diabetes onset before and during the COVID-19 pandemic were calculated in each of the four subperiods in 2020 (January-February, March-May, June-September, October-December) using the binomial distributions. Comparisons between the DKA frequencies were performed using the z-test for two proportions.

Logistic regression analysis was used to evaluate the frequency of DKA at diagnosis of type 1 diabetes according to 2020 subperiods compared with the frequency observed in the same months of the preceding three years 2017-2019. Gender, age group at diagnosis, geographical area of residence at diagnosis, family history of type 1 diabetes, immigration background, and the interaction between the four subperiods and years at diagnosis were included in the multiple logistic regression model as covariates.

A multiple logistic regression model was used to estimate the association between DKA frequency and patients’ socioeconomic characteristics in 2020. The final model was obtained using forward criteria and the likelihood ratio test.

Results are expressed as odds ratios (ORs) and 95%CIs. The Hosmer-Lemeshow test was used to assess the goodness of fit of data to the model. Significance was defined as a p-value <0.05 and confidence intervals were set at 95%. All analyses were performed with R-gnu version 4.0.5.




Results

Overall, 4237 new cases of type 1 diabetes were diagnosed between 2017 and 2020: 3068 in 2017-2019 and 1169 in 2020. There were no missing values in demographic and diagnosis of diabetes, while completeness of DKA data was 99%, HbA1c 96%, beta/cell autoantibody test 92%, family history of diabetes 80%, immigration background 73% and socioeconomic variables between 45 and 55%.

Supplemental Table S1 shows the characteristics of the new cases of type 1 diabetes according to period of diagnosis. There were no significant differences between the two periods in terms of geographical distribution, gender, age at diagnosis, immigration background, family history of type 1 diabetes, or negative β-cell autoantibody test result. However, frequencies of DKA and severe DKA were significantly higher in 2020 than in the preceding three-year period. Additionally, pH was significantly lower and HbA1c values at type 1 diabetes diagnosis were significantly higher in 2020 than in 2017-2019.

Table 1 reports estimates of the frequency of DKA, severe DKA, and β-cell autoantibody negativity before and during the COVID-19 pandemic based on the restrictions imposed in 2020. DKA was significantly more frequent during the first period of extreme and partial restrictions in 2020 (10% and 7%, respectively) compared with the same subperiods before the pandemic. The 4% greater frequency observed during the second period of extreme restrictions in 2020 was significantly different to the same period in 2017-2019. During all periods of extreme and partial restrictions, the frequency of severe DKA was significantly higher in 2020 than in 2017-2019. Of note, the frequencies of DKA and severe DKA were significantly lower in January-February 2020 compared with the same months in the previous three-year period. Figure 1 illustrates the number of daily deaths due to COVID-19 in Italy in 2020 and the monthly frequency of DKA and severe DKA in 2020 compared with in 2017-2019 based on the subperiods marking imposition of national restrictions in 2020.


Table 1 | Frequency of DKA, severe DKA, and negative b-cell antibody status (95%CI) before and during the COVID-19 pandemic by periods of restrictions.



Seventy-eight percent of participating centers were able to measure at least four out five b-cell autoantibodies, and all the other centers measured more than one b-cell autoantibody. The frequency of b-cell autoantibody negativity was similar in 2020 and 2017-2019, with a significantly higher value observed in June-September 2020 than in the previous period (Table 1).

Table 2 reports the multiple logistic regression analyzing the factors associated with the frequency of DKA and severe DKA. Females were at higher risk (>20%) of DKA at diagnosis of type 1 diabetes than males, and children in the younger age group were at higher risk of DKA and severe DKA than older children. The probability of presenting with DKA was lower in the north of Italy than in central Italy, children with at least one first degree relative with type 1 diabetes were at lower risk of DKA and severe DKA, while children in families with an immigrant background were at higher risk of DKA and severe DKA. The probability of DKA at diagnosis was 2.31-times greater in the first period of extreme restrictions in 2020 compared with the same months in 2017-2019. Children were at significantly higher risk of severe DKA during both the extreme and partial restriction periods in 2020 than in the same months before the COVID-19 pandemic.


Table 2 | Factors associated with DKA and severe DKA at type 1 diabetes diagnosis.



Table 3 shows associations between the frequency of DKA and factors significant according to logistic regression, i.e., subperiods of restrictions, age at diagnosis, family history of type 1 diabetes, and household income. Due to the missing values the association was analyzed only in 2020. The probability of DKA at diagnosis of type 1 diabetes in the partial and extreme restriction periods was over twice that seen in January and February of 2020. The highest age group at diagnosis, presence of a first degree relative with type 1 diabetes, and family income significantly reduced the probability of DKA at type 1 diabetes diagnosis.


Table 3 | Factors associated with DKA at type 1 diabetes diagnosis in 2020 during the COVID-19 pandemic.



Only 14 of 815 (1.7%) children at type 1 diabetes presentation reported a COVID-19 infection before diabetes, and none required hospitalization. 90% of children were tested by PCR for SARS-CoV-2 at diagnosis of diabetes, and 2.5% were positive. Additionally, in 3.4% of cases, at least one family member reported a COVID-19 infection confirmed before the child was diagnosed with diabetes.

There were two DKA-related deaths during 2017-2019, and none during 2020.



Discussion

This large national study identifies that there was a worrying increase in DKA and severe DKA in children newly diagnosed with type 1 diabetes during the COVID-19 pandemic in 2020 compared with the previous three years. However, there was no apparent association with COVID-19-related number of deaths or the containment measures imposed by the Italian government.


Description of the Increase in DKA in Italy and Comparisons With Other Countries

This observed increase is consistent with reports from other studies around the world (3–11). To date, except for the study conducted in Germany (11) and in the Lombardy Region of Italy (3), almost all other studies focused on part of 2020 (4–10), in particular the first wave of the pandemic. Furthermore, many were based on few incident cases of type 1 diabetes (4, 6, 7, 9), so consequently the increase in the frequency of DKA varied enormously.

The observed increase in DKA appears to be independent of the daily number of deaths from COVID-19, as the frequency of DKA remained high even in the third period of the year when the number of COVID-19-related deaths decreased and the frequency of severe DKA increased. Likewise, there was no direct relationship between DKA frequency and the government containment measures imposed by law. In particular, the easing of restrictions between June and September 2020 did not appear to directly reduce DKA frequency. It should be noted that, in line with the decreasing trend previously observed (2), in the first two months of 2020 the frequency of DKA was significantly lower than observed in the same months of the preceding three-year period. This might have been due to the awareness campaigns implemented in several areas of the country.



Possible Causes of Increased DKA and the Role of Socioeconomic Factors

The most compelling reason explaining the increased frequency of DKA is a delay in diabetes diagnosis, although the reasons for this are not fully understood. Parents’ fear of accessing hospital or health services in general due to the risk of contracting SARS-CoV-2 is likely to have been a major cause of delayed diagnosis. However, delays in performing diagnostic tests or restricted access to health services committed to treating COVID-19 patients may have also contributed.

Any delay in diagnosing life-threatening childhood diseases such as complicated diabetes with severe DKA must be seen as a wake-up call for national health systems. In a recent study (16), there was no evidence of a delay in the diagnosis or increased disease severity for childhood cancers or type 1 diabetes during the first wave of the COVID-19 pandemic in centers in the UK. Therefore, any delays in diagnosing diabetes are heterogeneous according to individual contexts and geography.

If the increased frequency of DKA was solely due to parental fear, it might be expected that months of containment measures, drastic reductions in COVID-19 mortality, reduced pressure on hospitals, and the COVID-19 vaccination rollout would reduce the frequency of DKA. We did not assess a metric of parental fear; however, in the last three months of 2020 and over seven months after the start of the COVID-19 pandemic, the frequency of DKA increased.

This study confirms that DKA and severe DKA at diagnosis of type 1 diabetes are more likely in children with an immigrant background. Analysis of the role of socioeconomic factors showed that people with high household incomes were at lower risk of DKA, suggesting that high socioeconomic status is protective even in times of emergency, such as during the pandemic. We hypothesize that people with higher incomes may favor private health services, assuming that the private system may be easier to access and less exposed to the risk of infection.



Link Between COVID-19 and Diabetes

There is currently no convincing evidence of a change in the incidence of type 1 diabetes during the COVID-19 pandemic. In theory, COVID-19 could act as an environmental trigger for diabetes in individuals with high genetic risk and pre-existing b-cell autoimmunity. It has also been reported that COVID-19 may have a direct cytotoxic effect on b-cells by binding to the angiotensin converting enzyme 2 (ACE2) receptor or by proteolytic cleavage of the viral spike protein by the serine transmembrane protease 2 (TMPRSS2) (17). However, recent evidence suggests that SARS-CoV-2 is unlikely to directly infect b-cells in vivo (18). The increased frequency of DKA cases without b-cell autoantibodies observed in the third period of 2020 requires further in-depth study. It has been hypothesized that the virus could directly damage b-cells without immune system activation. However, in our series, most cases with b-cell-negative autoantibodies had a COVID-19 negative swab at the time of diabetes onset, and COVID-19 autoantibodies were only tested in a small number of patients. A negative PCR test for SARS-CoV-2 does not exclude viral infection, and indeed computed tomography-positive cases of COVID-19 infection in patients with SARS-CoV-2 RNA-negative tests have been described (19). To better understand this result, more high-quality, long-term data need to be collected and analyzed.



Limitations and Strengths

This study is strengthened of by the participation of most pediatric diabetes centers in Italy, all of which have been involved for some time in the study and management of DKA in newly diagnosed type 1 diabetes. The study is, however, limited by not considering potential confounding factors such as the presence of COVID-19 infection in family members of children newly diagnosed with type 1 diabetes and measurement of parental fear. Furthermore, most centers were only able to measure up to four b-cell autoantibodies.




Summary

In summary, our results show that there was a silent epidemic of DKA in children in Italy during the pandemic in 2020. This phenomenon must be prevented in the event of any future generalized lockdowns or epidemics. Prevention information campaigns, which were proven to be effective in the pre-pandemic period in reducing this potentially life-threatening acute complication (20), could be a useful tool in the general population when health systems are stressed. Also, telemedicine should be considered when DKA is diagnosed locally and the transfer to specialized centers hindered by different factors. The continuous collection of high-quality, population-based data is essential for a better understanding of the association between COVID-19 and type 1 diabetes and to prevent DKA in children and adolescents.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Comitato Etico Regionale delle Marche. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin. Written informed consent was obtained from the individual(s), and minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



Author Contributions

VCh and RG conceptualized the study, coordinated and supervised data collection, and wrote the draft of the manuscript. RG designed the statistical analysis and analyzed the data. All authors collected data locally, contributed intellectually to the study, and critically reviewed and approved the final version of the manuscript. VCh 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.



Funding

This study was partially supported by The Italian Society of Pediatric Endocrinology and Diabetology.



Acknowledgments

The authors acknowledged all the families of children with diabetes who contributed data for this study, without whom the work could not be possible.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.878634/full#supplementary-material



Abbreviations

DKA, Diabetic Ketoacidosis; ISPED, Italian Society of Pediatric Endocrinology and Diabetology; ICU, Intensive Care Unit; SD, Standard Deviations; CIs, Confidence intervals; ACE2, Angiotensin Converting Enzyme 2; TMPRSS2, Serine Transmembrane Protease 2.



References

1. Cherubini, V, Grimsmann, JM, Åkesson, K, Birkebæk, NH, Cinek, O, Dovč, K, et al. Temporal Trends in Diabetic Ketoacidosis at Diagnosis of Paediatric Type 1 Diabetes Between 2006 and 2016: Results From 13 Countries in Three Continents. Diabetologia (2020) 63:1530–41. doi: 10.1007/s00125-020-05152-1

2. Gesuita, R, Maffeis, C, Bonfanti, R, Cardella, F, Citriniti, F, D’Annunzio, G, et al. Socioeconomic Inequalities Increase the Probability of Ketoacidosis at Diagnosis of Type 1 Diabetes: A 2014–2016 Nationwide Study of 2,679 Italian Children. Front Pediatr (2020) 8:575020. doi: 10.3389/fped.2020.575020

3. Rabbone, I, Schiaffini, R, Cherubini, V, Maffeis, C, and Scaramuzza, A. Has Covid-19 Delayed the Diagnosis and Worsened the Presentation of Type 1 Diabetes in Children? Diabetes Care (2020) 43:2870–2. doi: 10.2337/dc20-1321

4. Dżygało, K, Nowaczyk, J, Szwilling, A, and Kowalska, A. Increased Frequency of Severe Diabetic Ketoacidosis at Type 1 Diabetes Onset Among Children During COVID-19 Pandemic Lockdown: An Observational Cohort Study. Pediatr Endocrinology Diabetes Metab (2020) 26:167–75. doi: 10.5114/pedm.2020.101003

5. Ng, SM, Woodger, K, Regan, F, Soni, A, Wright, N, Agwu, JC, et al. Presentation of Newly Diagnosed Type 1 Diabetes in Children and Young People During COVID-19: A National UK Survey. BMJ Paediatrics Open (2020) 4(1):e000884. doi: 10.1136/bmjpo-2020-000884

6. Alaqeel, A, Aljuraibah, F, Alsuhaibani, M, Huneif, M, Alsaheel, A, Al Dubayee, M, et al. The Impact of COVID-19 Pandemic Lockdown on the Incidence of New-Onset Type 1 Diabetes and Ketoacidosis Among Saudi Children. Front Endocrinol (2021) 12:669302. doi: 10.3389/fendo.2021.669302

7. Salmi, H, Heinonen, S, Hästbacka, J, Lääperi, M, Rautiainen, P, Miettinen, PJ, et al. New-Onset Type 1 Diabetes in Finnish Children During the COVID-19 Pandemic. Arch Dis Childhood (2022) 107(2):180–5. doi: 10.1136/archdischild-2020-321220

8. Sellers, EAC, and Pacaud, D. Diabetic Ketoacidosis at Presentation of Type 1 Diabetes in Children in Canada During the COVID-19 Pandemic. Paediatrics Child Health (2021) 26:208–9. doi: 10.1093/pch/pxab017

9. Lawrence, C, Seckold, R, Smart, C, King, BR, Howley, P, Feltrin, R, et al. Increased Paediatric Presentations of Severe Diabetic Ketoacidosis in an Australian Tertiary Centre During the COVID-19 Pandemic. Diabetic Med (2021) 38(1):e14417. doi: 10.1111/dme.14417

10. Mameli, C, Scaramuzza, A, Macedoni, M, Marano, G, Frontino, G, Luconi, E, et al. Type 1 Diabetes Onset in Lombardy Region, Italy, During the COVID-19 Pandemic: The Double-Wave Occurrence. EClinicalMedicine (2021) 39. doi: 10.1016/j.eclinm.2021.10106

11. Kamrath, C, Rosenbauer, J, Eckert, AJ, Pappa, A, Reschke, F, Rohrer, TR, et al. Incidence of COVID-19 and Risk of Diabetic Ketoacidosis in New-Onset Type 1 Diabetes. Pediatrics (2021) 148. doi: 10.1542/peds.2021-050856

12. ISTAT - Istituto Nazionale di Statistica, and ISS - Istituto Superiore di Sanità. Impatto Dell’epidemia COVID-19 Sulla Mortalità Totale Della Popolazione Residente Anno 2020 (2021). Available at: https://www.iss.it/documents/20126/0/Report_ISS_Istat_2020_5_marzo+%281%29.pdf/18f52493-6076-9ec3-7eb2-b39efed8b22f?t=1614943075778.

13. Agenzia per la Coesione Territoriale. COVID-19: Raccolta Degli Atti Recanti Misure Urgenti in Materia di Contenimento e Gestione Dell’emergenza Epidemiologica (2021). Available at: https://www.agenziacoesione.gov.it/covid19-atti-emergenza-epidemiologica/.

14. Cherubini, V, Skrami, E, Ferrito, L, Zucchini, S, Scaramuzza, A, Bonfanti, R, et al. High Frequency of Diabetic Ketoacidosis at Diagnosis of Type 1 Diabetes in Italian Children: A Nationwide Longitudinal Study, 2004-2013. Sci Rep (2016) 6:38844. doi: 10.1038/srep38844

15. Carle, F, Gesuita, R, Bruno, G, Coppa, GV, Falorni, A, Lorini, R, et al. Diabetes Incidence in 0- to 14-Year Age-Group in Italy: A 10-Year Prospective Study. Diabetes Care (2004) 27. doi: 10.2337/diacare.27.12.2790

16. Williams, G, McLean, R, Liu, JF, Ritzmann, TA, Dandapani, M, Shanmugavadivel, D, et al. Multicentre Service Evaluation of Presentation of Newly Diagnosed Cancers and Type 1 Diabetes in Children in the UK During the COVID-19 Pandemic. BMJ Paediatrics Open (2021) 5(1):e001078. doi: 10.1136/bmjpo-2021-001078

17. Hoffmann, M, Kleine-Weber, H, Schroeder, S, Krüger, N, Herrler, T, Erichsen, S, et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell (2020) 181:271–280.e8. doi: 10.1016/j.cell.2020.02.052

18. Coate, KC, Cha, J, Shrestha, S, Wang, W, Gonçalves, LM, Almaça, J, et al. SARS-CoV-2 Cell Entry Factors ACE2 and TMPRSS2 Are Expressed in the Microvasculature and Ducts of Human Pancreas But Are Not Enriched in β Cells. Cell Metab (2020) 32:1028–1040.e4. doi: 10.1016/j.cmet.2020.11.006

19. Huang, L, Zhang, X, Zhang, L, Xu, J, Wei, Z, Xu, Y, et al. Swab and Sputum SARS-CoV-2 RNA-Negative, CT-Positive, Symptomatic Contacts of COVID-19 Cases: A Hypothesis-Generating Prospective Population-Based Cohort Study of Eight Clusters. Front Med (2021) 8:685544. doi: 10.3389/fmed.2021.685544

20. Cherubini, V, Marino, M, Carle, F, Zagaroli, L, Bowers, R, and Gesuita, R. Effectiveness of Ketoacidosis Prevention Campaigns at Diagnosis of Type 1 Diabetes in Children: A Systematic Review and Meta-Analysis. Diabetes Res Clin Pract (2021) 175. doi: 10.1016/j.diabres.2021.108838




Conflict of Interest: No author reported any conflict of interest as regards this study. The following conflicts of interest pointed out are referred to a period from January 2020 to the submission of this manuscript. VCh’s institution has received research grants from AstraZeneca, Novonordisk, Eli Lilly, Movi, Dompè, and Menarini, and VCh received honoraria from Eli Lilly, Tandem, and Insulet for participating on speakers’ bureaus and scientific advisory boards. CR, DT, IRa, BPr, BPi, SZ, ST, and AR has received support Eli Lilly. In addition, SZ’s institution has received support from Pfeizer, ST, BPi, and DT have received support from Abbott and Theras. MM and AR have received support from Menarini. BPr and PB received honoraria for participating on speakers’ bureaus and scientific advisory boards for Sandoz. Lastly, RS has received research grants by Sanofi and received honoraria for participating on speakers’ bureaus and scientific advisory boards for Movi.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Cherubini, Marino, Scaramuzza, Tiberi, Bobbio, Delvecchio, Piccinno, Ortolani, Innaurato, Felappi, Gallo, Ripoli, Ricciardi, Pascarella, Stamati, Citriniti, Arnaldi, Monti, Graziani, De Berardinis, Giannini, Chiarelli, Zampolli, De Marco, Bracciolini, Grosso, De Donno, Piccini, Toni, Coccioli, Cardinale, Bassi, Minuto, D’Annunzio, Maffeis, Marigliano, Zanfardino, Iafusco, Rollato, Piscopo, Curto, Lombardo, Bombaci, Sordelli, Mameli, Macedoni, Rigamonti, Bonfanti, Frontino, Predieri, Bruzzi, Mozzillo, Rosanio, Franzese, Piredda, Cardella, Iovane, Calcaterra, Berioli, Lasagni, Pampanini, Patera, Schiaffini, Rutigliano, Meloni, De Sanctis, Tinti, Trada, Guerraggio, Franceschi, Cauvin, Tornese, Franco, Musolino, Maltoni, Talarico, Iannilli, Lenzi, Matteoli, Pozzi, Moretti, Zucchini, Rabbone and Gesuita. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Silent Epidemic of Diabetic Ketoacidosis at Diagnosis of Type 1 Diabetes in Children and Adolescents in Italy During the COVID-19 Pandemic in 2020

      

        		

          Aim/Hypothesis

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions/Interpretation

        



        		

          Highlights

        



        		

          Introduction

        



        		

          Research Design and Methods

        

          		

            Study Design and Data Sources

          



          		

            Variables

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        



        		

          Discussion

        

          		

            Description of the Increase in DKA in Italy and Comparisons With Other Countries

          



          		

            Possible Causes of Increased DKA and the Role of Socioeconomic Factors

          



          		

            Link Between COVID-19 and Diabetes

          



          		

            Limitations and Strengths

          



        



        



        		

          Summary

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2022.878634_cover.jpg
’ frontiers | Frontiers in Endocrinology

The Silent Epidemic of Diabetic
Ketoacidosis at Diagnosis of Type 1
Diabetes in Children and Adolescents

in Italy During the COVID-19

Pandemic in 2020





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Intercept

2020 vs 2017-2019

Mar-May vs Jan-Feb

Jun-Sep vs Jan-Feb

Oct-Dec vs Jan-Feb

Fvs M

5-9 vs 0-4 y

10-14 vs 0-4 y

15-18 vs 0-4 y

North vs central

South vs central

Family history of type 1 diabetes
Immigration background (yes vs no)
Mar-May 2020 vs Mar-May 2017-2019
Jun-Sep 2020 vs Jun-Sep 2017-2019
Oct-Dec 2020 vs Oct-Dec 2017-2019

DKA model: Likelihood ratio test ¢ with 15 degrees of freedom=124.9, p < 0.001; Hosmer-Lemeshow test ¢ ? with 8 degrees of freedom=5.29,
Severe DKA: Likelihood ratio test ¢ 2 with 15 degrees of freedom=93.1, p < 0.001; Hosmer-Lemeshow test ¢ 2 with 8 degrees of freedom=

OR

0.97
0.89
1.18
1.07
0.74
1.21
0.55
0.72
0.64
0.69
0.95
0.40
1.65
2.31
1.68
1.54

DKA

95%Cl

0.71-1.32
0.67-1.18
0.86-1.48
0.82-1.39
0.49-1.11
1.03-1.41
0.44-0.68
0.58-0.89
0.45-0.90
0.56-0.84
0.77-1.18
0.31-0.51
1.24-1.94
1.34-4.01
1.00-2.84
0.93-2.57

p-value

0.855
0.154
0.423
0.385
0.617
0.019
<0.001
0.002
0.010
<0.001
0.635
<0.001
<0.001
0.003
0.052
0.097

OR

0.12
0.36
122
1.36
1.37
1.21
0.49
0.60
0.31
1.09
1.08
0.57
1.80
5.61
3.70
4.90

Severe DKA

95%Cl

0.08-0.20
0.12-0.86
0.77-1.95
0.87-2.15
0.89-2.15
0.95-1.53
0.36-0.66
0.45-0.81
0.16-0.56
0.80-1.49
0.77-1.53
0.37-0.85
1.32-2.44
2.02-18.4
1.35-120
1.84-15.57

p-value

<0.001
0.037
0.392
0.183
0.156
0.117
<0.001
<0.001
<0.001
0.604
0.642
0.008
<0.001
0.002
0.017
0.003





OEBPS/Images/table3.jpg
Intercept

Mar-May vs Jan-Feb

Jun-Sep vs Jan-Feb

Oct-Dec vs Jan-Feb

5-9 vs 0-4 y

10-14vs 0-4 y

15-18 vs 0-4 y

Family history of type 1 diabetes
Household income, high vs low

OR

0.56
2.65
243
228
0.68
0.92
0.39
0.40
0.60

DKA

95%Cl

0.29-1.05
1.43-5.04
1.33-4.56
1.26-4.22
0.39-1.18
0.53-1.58
0.15-0.97
0.21-0.73
0.41-0.88

p-value

0.076
0.002
0.005
0.007
0.165
0.753
0.049
0.004
0.010

DKA model: Likelihood Ratio test ¢ 2 with 8 degrees of freedom=31.8, p < 0.001;

Hosmer-Lemeshow test ¢ 2 with 8 degrees of freedom=8.75,

364.





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-13-878634-g001.jpg
|:] No Restrictions I:] Extreme Restrictions: from Mar 9 to May 23, and Oct 7 to Dec 31, 2020 |:| Partial Restrictions: from May 24 to Oct 6, 2020

——Daily Deaths —a—DKAin 2017-19 —=—DKAin 2020 ---g---Severe DKA in 2017-19 ---g---Severe DKA in 2020

DKA frequency (%)

100 1000
90 900
80 800
70 700
60 600
50 500
40 400
30 300
20 200
10 100

0 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months of the year

COVID-19 Daily Deaths (number)





OEBPS/Images/table1.jpg
DKA
Jan-Feb
Mar-May
Jun-Sep
Oct-Dec
Severe DKA
Jan-Feb
Mar-May
Jun-Sep
Oct-Dec
b-cell autoantibody negativity
Jan-Feb
Mar-May
Jun-Sep
Oct-Dec

DKA Cases

1071
216
235
291
329
319

62
76
78
103
358
74
87
84
108

2017-2019
% DKA (95%Cl)

35.7 (33.5-36.9)
34.8(31.1-38.8)
321 (28.8-35.7)
36.6 (33.2-40.0)
35.7 (32.6-38.9)
10.4 (9.4-11.5)
10 (7.8-12.7)
10.4 (8.3-12.9)
9.8 (7.9-12.1)
11.2 (9.3-134)
11,6 (10.4-12.7)
11.9 (9.5-14.8)
11.9 (9.7-14.5)
10.6 (8.5-12.9)
11.7 (9.8-14)

DKA Cases

460
57
104
152
147
166

45
52
62
137
15
23
55
44

2020

% DKA (95%Cl)

39.6 (36.7-42.4)
27.0 (21.3-33.6)
42.4 (36.2-48.9)
44.3 (39.0-49.8)
39.7 (34.7-44.9)
14.2 (12.3-16.4)
33(157.0)
18.4 (13.8-23.9)
15.2 (11.6-19.5)
16.8 (13.2-21)
11.7 (9.9-13.7)
74 (4.2-11.7)
9.4 (6.2-13.9)
16.0 (12.4-20.4)
11.9 (8.9-15.7)

p-value

0.008
0.045
0.004
0.017
0.199
<0.001
0.004
0.002
0.012
0.009
0.888
0.067
0.337
0.013
0.999





