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Highlights

● The incidence of COVID-19 in newly diagnosed pediatric patients with type 1 
diabetes was the same as that in healthy children.

● The incidence of diabetic ketoacidosis in newly diagnosed pediatric patients with 
type 1 diabetes was high during the pandemic period (63.2%).

● We found no association between COVID-19 and new-onset pediatric type 1 diabetes 
mellitus.

Abstract.	 The novel coronavirus disease (COVID-19) has emerged as a global pandemic. This was a prospective, 
case-control study conducted in Izmir, Turkey. The aim of this study was to assess the relationship between COVID-19 
and new-onset T1DM. We included pediatric patients (aged 6 mo–18 yr) with new-onset type-1 diabetes mellitus 
(T1DM) diagnosed during the COVID-19 pandemic, between April 2020 and January 2021. Polymerase chain reaction 
was used to diagnose COVID-19 after hospital admission. An enzyme-linked immunoassay for IgM and IgG against 
SARS-CoV-2 was performed after the diagnosis was confirmed. In the control group, the blood antibody test was 
conducted as close as possible to the time of the T1DM patient referral. A total of 118 participants were included in 
the study, comprising 57 (48%) patients with new-onset T1DM and 61 (52%) healthy controls. Of the 57 patients, 36 
(63.2%) presented with DKA, 17 (29.7%) with diabetic ketosis, and four (7%) incidentally. The SARS-CoV-2 antibody 
test was positive in five (8.7%) patients with T1DM and six (10%) controls. The rate of positivity did not differ between 
the two groups (p = 0.901). It was not possible to demonstrate a clear association between SARS-CoV-2 infection and 
new-onset T1DM. Whether SARS-CoV-2 increases susceptibility to diabetes by triggering islet cell autoimmunity 
and affects the timing of overt diabetes in patients with existing autoimmunity should be studied in large cohorts.
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Introduction

Type 1 diabetes mellitus (T1DM) is an autoimmune 
condition in which β-cells are destroyed by autoreactive 
CD4+ and CD8+ T cells. There is an associated genetic 
predisposition to T1DM, with more than 50 candidate 
genes involved (1), although other factors are thought 
to be involved in its pathogenesis. The relationship 
between viral infections and T1DM is complex. Well-
established seasonal variation in new-onset T1DM has 
led to the suggestion of viral infections playing a role 
in its etiology (2, 3). Destruction of > 90% of β-cells by 
direct viral-mediated damage leads to non-autoimmune 
diabetes; limited lysis releases islet cell antigens, which 
in conjunction with enhanced immune response results 
in autoimmunity (1).

Strong evidence of the relationship between 
coronaviruses and diabetes is based on the 2003 SARS 
epidemic. In severe acute respiratory syndrome (SARS), 
hyperglycemia is an independent predictor of morbidity 
and mortality in both diabetic and non-diabetic patients 
(4). Hyperglycemia was found in patients with mild 
respiratory symptoms, strengthening the hypothesis 
of acute damage to β-cells due to viral replication in the 
pancreas (5). During the 2012 Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV) epidemic, the 
prevalence of T1DM increased by approximately 50% 
(6). Coronavirus infection may have caused an increase 
in T1DM manifestations by affecting immune regulation, 
causing direct damage to pancreatic β-cells, or both (7).

With the emergence of the novel coronavirus 
disease (COVID-19) as a global pandemic requiring 
unprecedented countermeasures, studies on its effects on 
diabetes have begun (5). Pre-existing diabetes mellitus 
is a risk factor for developing severe COVID-19 and 
related complications. Indeed, there have been reports 
of COVID-19-induced severe metabolic decompensation 
of pre-existing or new-onset diabetes, such as diabetic 
ketoacidosis (DKA) or a hyperglycemic, hyperosmolar 
state (HHS); COVID-19 may also induce new-onset 
T1DM (8).

The aim of this study was to assess the relationship 
between SARS-CoV-2 and new-onset T1DM.

Materials and Methods

This was a prospective, case-control study conducted 
at two tertiary hospitals in Izmir, Turkey. Pediatric 
patients (aged 6 mo–18 yr) with new-onset T1DM, 
diagnosed during the COVID-19 pandemic, between 
April 2020 and January 2021, were included. Antibodies 
against glutamic acid decarboxylase (GAD-65) and 
insulin autoantibodies (IAA) were measured. Written 
informed consent was obtained from the families, and 
verbal or written consent was obtained from the children. 
Within 24 h of hospital admission, polymerase chain 
reaction (PCR) was conducted on a nasopharyngeal swab 
sample to diagnose COVID-19. The sensitivity of the 
PCR test for laboratory-confirmed inpatient cases was 

87.8%, and specificity was 88.9% (9). None of the patients 
had any COVID-19-related complaints or history 
of COVID-19. All patients were unvaccinated since 
there was no vaccine in the country during the study 
period. An enzyme linked immuno-assay microELISA 
(Abbott Laboratories Inc.) test for IgM and IgG against 
SARS-CoV-2 was performed within one month of TIDM 
diagnosis to determine whether patients with newly 
diagnosed T1DM had asymptomatic antecedent SARS-
CoV-2 infection. This test cannot discriminate between 
IgM or IgG titers, but it has a high sensitivity (96%) and 
high specificity (100%) (10). Height, weight, and BMI 
were measured and converted to Z-scores using standard 
references for Turkish children (11). The control group 
consisted of healthy children who were regularly followed 
up at the pediatric clinics of the same hospitals, similar 
populations. The control children were matched for age 
and sex with patients with newly diagnosed T1DM. In 
the controls, the blood antibody test was performed 
as close as possible to the time of the T1DM patients’ 
referral as the rates of infection changed during the 
course of the study period. In controls, the same enzyme 
immuno-assay microELISA (Abbott Laboratories Inc.) 
test for IgM and IgG against SARS-CoV-2 was performed; 
controls did not undergo PCR testing.

In the patient group, DKA and T1DM were 
diagnosed according to the International Society of 
Pediatric and Adolescent Diabetes/International 
Diabetes Federation guidelines (12). Regular follow-up 
was performed and medical care administered by the 
same pediatric endocrinology team, and all data were 
recorded in the patient records.

Statistical analysis

All analyses were performed using SPSS version 
21.0 (IBM Inc., Chicago, IL, USA). Categorical data are 
described using observed frequency and percentage, and 
continuous variables are summarized using mean and 
standard deviation (SD). In cases of nonparametric 
distribution of data, median and interquartile range 
are used. Patient and control data were compared using 
the chi-square test. Statistical significance was set at 
a p-value < 0.05.

Informed consent

Informed consent was obtained from the parents of 
the children in the study and control groups, and verbal 
or written consent was obtained from the children.

Ethics committee approval was obtained from Ege 
University (confirmation number 21-4T-54).

Results

Between April 2020 and January 2021, during 
the midst of the COVID-19 pandemic, a total of 106 
patients had newly diagnosed T1DM in the participating 
centers. When the clinical characteristics at presentation 
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were examined, DKA was detected in 62 (58.5%) and 
diabetic ketosis in 36 (34%); eight (7.5%) patients were 
incidentally diagnosed. Of the 106 patients; 57 (53.8%) 
agreed to participate in the study.

A total of 118 participants were included in the 
study, comprising 57 (48%) patients with new-onset 
T1DM and 61 (52%) healthy controls. COVID-19 PCR 
was performed after the patients were admitted to the 
hospital. The mean ages of the patients with T1DM 
and controls were 10.33 ± 4.5 yr and 10.35 ± 4.8 yr, 
respectively (p = 0.843). In the T1DM group, 32 (56%) 
of participants were male, and 25 (44%) were female; 
in the control group, 30 (49%) were male, and 31 (51%) 
were female (p = 0.441). The demographic features of 
the patients are presented in Table 1. Of the 57 patients 
with T1DM, 36 (63.2%) presented with DKA, 17 (29.7%) 
with diabetic ketosis, and four (7%) incidentally. All PCR 
tests were negative at the time of diagnosis in the T1DM 
group. The SARS-CoV-2 antibody test was positive in five 
(8.7%) patients with T1DM and six (10%) controls. Since 
patients denied experiencing COVID-19 symptoms, it 
was thought that this positivity was related to previous 
asymptomatic infection. The rate of positivity did not 
differ between the two groups (p = 0.901). Four (80%) 
of five SARS-CoV-2 antibody-positive patients were 
treated for DKA, three (60%) of whom had severe DKA. 
The median age was 12.57 (0.86–13.55) yr, and median 
glycated hemoglobin A1c level was 9.7%.

Discussion

The role of viral infections in the pathogenesis of 
T1DM has long been suspected, as being reported in 
studies (13). In theory, any association with T1DM may 
be due to the nonspecific immunological mechanisms 
associated with infections. Respiratory infections in 
early life and T1DM have been linked, and the number 
of respiratory infection episodes within a nine-month 

period has been associated with the subsequent onset 
of islet autoimmunity within the following three months 
(14, 15).

Although the effects of the current COVID-19 
pandemic on T1DM are not fully elucidated, previous 
sero-epidemiologic investigations have shown an 
association between SARS-CoV-2 and T1DM (16, 17). 
New-onset hyperglycemia is being increasingly described 
with COVID-19 in children without a history of diabetes 
(18). While infection-induced inflammation, cytokine 
activation, and resultant insulin resistance could lead 
to stress hyperglycemia, it is unclear to what extent islet 
cells are destroyed by SARS-CoV-2, leading to reduced 
insulin production and secretion.

SARS-CoV-2 can act as an infectious trigger that 
may precipitate DKA in patients with new-onset T1DM. 
Lawrence et al. reported a significant increase in the 
frequency of children and adolescents presenting with 
severe DKA at the onset of T1DM during the COVID-19 
pandemic and attributed it to the difficulty of reaching 
hospitals and healthcare professionals (19). Ebekozien 
et al. reported 33 COVID-19-positive patients with 
T1DM, and the most prevalent adverse outcome was 
DKA (45.5%); however, only six cases were new-onset 
T1DM (20). Usworth et al. reported on the association 
between SARS-CoV-2 and new-onset T1DM from March 
23 to June 4, 2020 (8). In this study, of 30 children, five 
were either SARS-CoV-2 PCR positive or SARS-CoV-2 
serum IgG antibody positive. Twenty-one patients 
(70%) presented with DKA. Unsworth et al., thus, 
concluded that there was an apparent increase in the 
incidence of new-onset T1DM in children during the 
COVID-19 pandemic, compared to the incidence reported 
in previous reports. In our study, 36 (63.2%) patients 
presented with DKA. This value is higher than that seen 
in a previous report from the same city in Turkey that 
assessed ketosis (n = 58, 41.7%) and DKA (n = 57, 41%) 
at presentation in patients with newly diagnosed T1DM 

Table 1.	 Demographic, clinical, and laboratory characteristics of 
patients with new-onset type 1 diabetes

Patient characteristic Number / Total n: 57

Type of presentation 36 (63.2%) DKA
17 (29.7%) diabetic ketosis
4 (7%) incidental

Length of hospitalization (day) 11.1 ± 4.6
Weight SDS –0.05 ± 1.46
Height SDS 0.55 ± 1.11
BMI SDS –0.47 ± 1.69
Mean HbA1c (%) 11.42 ± 2.35
Median C-peptide (ng/mL) 0.26 (0.1–2.9)
GAD-65 37 (65%)
IAA 25 (43%)
Both IAA and GAD-65 15 (26%)

DKA, diabetic ketoacidosis; SDS, standard deviation score; BMI, body 
mass index; GAD-65, antibodies against glutamic acid decarboxylase; 
IAA, insulin autoantibodies.
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(21). We hypothesized that the high rate of DKA in the 
current cohort was due to a delay in diagnosis; it was not 
possible to attribute this to SARS-CoV-2 infection per se 
since the rate of seropositive patients was similar in both 
groups. Diagnosis could be delayed due to respiratory 
symptoms mimicking the respiratory distress caused by 
COVID-19; difficulties with and parental reluctance to 
access healthcare services; and redirection of healthcare 
resources to combat COVID-19, with less resources 
available for normal, albeit emergency, services.

Infection control measures, such as self-isolation, 
social distancing, and lockdown, may reduce the 
incidence of infections other than SARS-CoV-2, which 
are known triggers of diabetes. Thus, we would expect 
a decrease in the incidence of diabetes; although, if 
we found a constant or increased incidence, we may 
hypothesize that SARS-CoV-2 triggers diabetes. It is not 
possible to comment on the reason for the increase in the 
frequency of new-onset T1DM seen in our study as we 
did not compare it with the incidence in previous years.

Psychological stress is known to be a risk factor for 
ill health that potentially increases the risk of T1DM. 
Social distancing during the pandemic could be perceived 
as a stressful situation for children and adolescents who 
could not attend kindergarten or school and could not 
pursue normal social interactions, such as team sports 
or meeting friends. Perceived stress caused by feelings 
of isolation may have increased the risk of T1DM, and 
we think this must be considered when evaluating 
T1DM incidence. To understand whether SARS-CoV-2 
is able to trigger an immune reaction against β-cells, it 
would be necessary to evaluate how many patients with 

COVID-19 developed T1DM or at least developed specific 
islet antibodies with long-term follow-up.

We reported on 57 pediatric patients diagnosed with 
T1DM and 61 healthy controls between April 2020 and 
December 2020. The incidence of COVID-19 immunity 
was similar between groups. SARS-CoV-2 infection 
did not seem to cause T1DM; however, our study did 
not include information about autoantibodies before 
T1DM diagnosis. Although autoimmunity develops 
within three months of infection, the development of 
overt diabetes may occur after months, and long-term 
observational studies are required to show a causative 
association. Hence, the present study was unable to 
conclude whether SARS-CoV-2 infections induced or 
accelerated autoimmunity.

Conclusion

It was not possible to demonstrate a clear association 
between SARS-CoV-2 infection and new-onset T1DM. 
Whether COVID-19 increases susceptibility to diabetes, 
triggers islet cell autoimmunity, and affects the time of 
overt diabetes in patients with existing autoimmunity 
should be studied in large cohorts in the long term.

Limitations: We did not perform PCR testing in 
the control group; as a result, we could not exclude active 
SARS-CoV-2 infection in the control group.

Conflict of Interests: None of the authors have 
any potential conflicts of interest associated with this 
research.
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