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ABSTRACT

Objective: This study aimed to evaluate presentations of new-onset type 1 diabetes mellitus in 
a pediatric cohort during the coronavirus disease 2019 pandemic.

Materials and Methods: This study was designed as a single-center, descriptive, cross-sectional 
retrospective study. The patients diagnosed with new-onset type 1 diabetes mellitus between 
April 1, 2020, and April 1, 2021, were included in the study. The rate of severe acute respiratory 
syndrome coronavirus 2 polymerase chain reactivity-positivity was investigated. The pandemic 
period was compared with the same period of the pre-pandemic 2 years in terms of number of 
new-onset type 1 diabetes mellitus patients, rate of presentation with diabetic ketoacidosis, and 
degree of diabetic ketoacidosis severity.

Results: In total, 56 patients were diagnosed with type 1 diabetes mellitus during the pandemic 
and 2 (3.57%) of them tested positive for severe acute respiratory syndrome coronavirus 2 poly-
merase chain reaction. The number of new-onset type 1 diabetes mellitus patients was 39 in 
2019 and 39 in 2018. The rate of presentation with diabetic ketoacidosis was similar in the pan-
demic period compared to the pre-pandemic periods (53.5% in 2020 vs. 56.4% in 2019 and 
53.8% in 2018; P = .94). The proportion of severe diabetic ketoacidosis was also similar in all 
years, respectively (43.3% in 2020 vs. 45.4% in 2019 and 47.6% in 2018; P = .95).

Conclusion: We reported only 2 cases that tested positive for severe acute respiratory syndrome 
coronavirus 2among the new-onset type 1 diabetes mellitus patients during the pandemic. 
Although we found an increase in the number of new-onset type 1 diabetes mellitus cases by 
comparing with prepandemic period, rates of diabetic ketoacidosis and severe diabetic keto-
acidosis were similar. There was no finding to suggest that severe acute respiratory syndrome 
coronavirus 2taking a part in type 1 diabetes mellitus pathogenesis. Since the development of 
type 1 diabetes mellitus is a long process, prospective studies are needed to investigate the 
long-term effects of severe acute respiratory syndrome coronavirus 2.
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INTRODUCTION

Type 1 diabetes mellitus (T1D) is a common childhood disease that occurs as a result of auto-
immune damage to islet (β) cells of the pancreas and is characterized by insulin deficiency 
and hyperglycemia. The most common symptoms of T1D include polyuria, polydipsia, weight 
loss, weakness, and fatigue.1 The incidence of T1D varies in different countries, different 
geographical regions of the country, and different ethnic groups. Environmental, genetic, 
and socioeconomic factors play an important role in the occurrence of this difference.2 Viral 
infections may cause either direct cytolytic effect and gradual β cell destruction or initiate 
immune reactions.1 Congenital Rubella syndrome is a known condition associated with the 
development of diabetes.3 Therewithal, Coxsackievirus B1 infection is associated with the 
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What is already known 
on this topic?
• Viral infections take a part in 

type 1 diabetes mellitus (T1D) 
development, causing either 
direct cytolytic effect and 
gradual beta cell destruction or 
initiate immune reactions.

• The severe acute respira-
tory syndrome coronavirus 2 
(SARS-CoV-2) causes acute 
respiratory distress, but the 
relation with other systems is 
not fully understood.

What this study adds on 
this topic?
• The rates of diabetic ketoaci-

dosis (DKA) and severe DKA 
were similar in coronavirus dis-
ease 2019 pandemic and pre-
pandemic periods.

• There was no finding suggest-
ing that SARS-CoV-2 have a 
role in T1D pathogenesis.
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development of both islet autoimmunity and T1D.4 The role of 
other viruses mentioned such as cytomegalovirus, mumps, 
influenza, rotavirus, and H1N1 is not fully understood in the 
development of T1D.1

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is an enveloped RNA viruses from the betacoronavirus 
family.5 The first coronavirus disease 2019 (COVID-19) case 
was identified in Wuhan in China in December 2019, and then, 
cases began to be seen in many countries. Mortality and mor-
bidity were increased, and the World Health Organisation 
(WHO) declared COVID-19 as a pandemic in March 2020 which 
is the same month the first case was seen in Turkey. During 
COVID-19 pandemic, an increase in the number of children with 
newly diagnosed T1D has been reported.6-8 According to sev-
eral reports from regions heavily impacted by the pandemic 
suggest that there is a relationship between diabetic ketoaci-
dosis (DKA) severity and COVID-19 infection.6-10 Because data 
on the association between new-onset T1D and COVID-19 are 
limited especially in children, it is unclear whether there is a 
true increase in the T1D incidence or rather an exacerbation of 
the disease presentation. 

This study aimed to evaluate a Turkey’s center’s experience of 
presentations of new-onset T1D in a pediatric cohort during the 
COVID-19 pandemic period (April 2020 to April 2021) compared 
to pre-pandemic presentations in the same periods of the pre-
vious 2 years. 

MATERIALS AND METHODS

Study Design and Data Collection
This study was designed as a single-center, descriptive, 
cross-sectional retrospective study. The patients diagnosed 
with new-onset T1D in Akdeniz University Faculty of Medicine 
Hospital Pediatric Endocrinology Clinic between April 1, 2020, 
and April 1, 2021, were included in this study. During this 1-year 
period, there were pandemic restrictions in our country. Our 
hospital served as a reference hospital in the Mediterranean 
Region, and patients from different provinces were applied 
to our hospital which continued to admit patients during the 
pandemic. The demographic, clinical, and laboratory char-
acteristics of the patients were retrieved retrospectively from 
the database records of our hospital. The study period (April 
1, 2020, to April 1, 2021) compared to the same periods of the 2 
years pre-pandemic. The patients were evaluated in 3 groups 
as group 1 (pandemic period), group 2 (April 1, 2020, to April 1, 
2019 period), and group 3 (April 1, 2019, to April 1, 2018 period). 
The number of new-onset T1D patients, the rate of presentation 
with DKA, and the degree of DKA severity were investigated in 
all groups and compared with each other.

Definitions and Diagnostic Procedures
In total, 56 patients younger than 18 years were included in the 
study, who are diagnosed with new-onset T1D in our hospital 
during the COVID-19 pandemic. The diagnosis of patients with 
T1D according to the International Society for Pediatric and 
Adolescent Diabetes (ISPAD) 2018 guideline11 was determined. 
The blood glucose concentration on admission, c-peptide, gly-
cosylated hemoglobin A1c (HBA1c), initial venous blood gas pH 
and bicarbonate, T1D-associated autoantibody status [pres-
ence of at least 1 positive result of antibodies to glutamic acid 

decarboxylase (anti-GAD), islet cell antibodies, and insulin 
antibodies] were recorded. Whether the patient had DKA on 
admission was determined. Diabetic ketoacidosis was defined 
as blood glucose concentration > 200 mg/dL, venous pH < 
7.3 or bicarbonate < 15 mmol/L, and presence of ketonemia 
or ketonuria on presentation. Severity of DKA is classified as 
mild DKA (pH 7.20-7.30 or bicarbonate: 10-15 mmol/L), mod-
erate DKA (pH 7.20-7.10 or bicarbonate: 5-10 mmol/L), and 
severe DKA (pH <7.10 or bicarbonate: <5 mmol/L) according 
to ISPAD 2018 guideline.11 The results of SARS-CoV-2 real-time 
polymerase chain reaction (PCR) test which were taken within 
the first 24 hours of hospitalization from nasopharyngeal swab 
samples were recorded through the digital database. Age in 
diagnosis, gender, body weight, weight standard deviation 
score (SDS), height, height SDS, body mass index (BMI), and 
BMI SDS of the patients were also recorded. Family history was 
investigated in terms of T1D. The symptoms of polyuria, poly-
dipsia, loss of appetite, abdominal pain, nocturia, weight loss, 
dyspnea, fever, nausea, vomiting, and lethargy were exam-
ined, and the time elapsed from the onset of symptoms was 
recorded. 

Ethics
Ethics committee permission was obtained from Ethics com-
mittee of Akdeniz University (Approval date: August 6, 2021, 
Number: 70904504/502), and the study was managed in 
accordance with the Helsinki Criteria. As it was a retrospective 
study, no further ethical approval was taken from the patients.

Statistical Analysis
The Statistical Package for Social Sciences version 23.0 soft-
ware (IBM Corp.; Armonk, NY, USA) program was used for sta-
tistical analysis. Categorical measurements were summarized 
as numbers and percentages, and continuous measurements 
were given as median [interquartile range (IQR)] or mean ± 
SD. Pearson chi-square and Fisher’s exact tests were used 
to compare the categorical variables. The Shapiro–Wilk test 
was used to determine whether the parameters in the study 
showed normal distribution or not. In the comparison of con-
tinuous measurements between groups, distributions were 
controlled, and the Mann–Whitney U test was used for param-
eters that did not show normal distribution. A P value of <.006 
obtained in the Mann–Whitney U test was considered signifi-
cant (Bonferroni correction). A P value of <.05 was considered 
statistically significant.

RESULTS

Results of Pandemic Period
In total, 56 children presented with new-onset T1D during the 
pandemic period. The mean age at the time of diagnosis was 
9.44 ± 4.09 (2.27-17.9) years, and 26 (48.2%) of them were 
female and 29 (51.8%) were male. A familial history of T1D was 
present in 2 (3.57%) patients. The median duration of symptoms 
was 10 (23.2) days. The median body weight SDS was 0 (1.52), 
the median height SDS was 0.30 (0.96), and the median BMI 
SDS was −0.34 (2.08). At the initial presentation, laboratory 
findings were found to be as follows: mean blood glucose con-
centration: 402.6 ± 154.2 mg/dL, mean HbA1c: 13.1 ± 2.3, mean 
pH: 7.21 ± 0.19, and median bicarbonate: 13.3 (15.5) mmol/L 
(Table 1). The most frequent complaint during the pandemic 
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period was polyuria (92.9%). Other complaints were loss of 
appetite, abdominal pain, nocturia, weight loss, dyspnea, 
fever, vomiting, nausea, and lethargy (Table 2). Thirty (53.5%) 
patients presented with DKA. Of the patients with DKA, 9/30 
(30%) had mild DKA, while 8/30 (26.7%) had moderate DKA, 
and 13/30 (43.3%) had severe DKA.

Comparison of Pandemic and Pre-Pandemic Period
The number of patients who were diagnosed with new-onset 
T1DM was 39 in group 2 and group 3 in the prepandemic 
period, while it was 56 during the pandemic period. There was 
an increase in the number of new-onset T1D. The DKA rate was 
found as 53.5% (30/56), 56.4% (22/39), 53.8% (21/39) in groups 
1, 2, and 3, and there was no significant difference in pandemic 
and pre-pandemic period (P = .94). Severe DKA rate was also 
similar with the results of 43.3% (13/30), 45.4% (10/22), 47.6% 
(10/21) in groups 1, 2, and 3 (P = .95) (Table 3).

Characteristics of Cases with COVID-19 Infection
In total, 2 (2/56, 3%) patients were tested positive for SARS-
CoV-2 PCR. First patient was a 9.6-year-old female. She was 
admitted to our emergency department with complaints of 
fever episodes, dyspnea, abdominal pain, and vomiting for 

3 days while she already had polyuria, polydipsia, nocturia, 
and weight loss for 1 month. On physical examination, she had 
Kussmaul respiration pattern and respiratory sounds were nor-
mal. Laboratory testing revealed severe DKA with blood gas 
pH 6.9 and bicarbonate 1.6 mmol/L, blood glucose 431 mg/
dL, a reduced serum C-peptide level of 0.18 ng/mL (normal 
range, 1.1-5 ng/mL), and HbA1c 14.8%, as well as positive urinary 
ketones and glucosuria. The liver and renal function tests and 
hemoglobin concentration were normal. Anti-GAD was found 
to be positive as 12.04 IU/mL (0-10). The patient was diagnosed 
with T1D. She required treatment in the pediatric intensive care 
unit (PICU) for 2 days for recompensating DKA and was admin-
istered intravenous insulin therapy according to the ISPAD 
guidelines.11 On day 3, she was transferred to COVID-19 pan-
demic clinic and subcutaneous insulin therapy was initiated. 
No special treatment was given for COVID-19. She recovered 
without complications and was cdischarged from the hospi-
tal on day 7. Video-telemedicine was mostly used for insulin-
dependent diabetes mellitus management. 

Second patient was 1711/12-year-old girl who was referred from 
an external center to the pediatric emergency department 
of our hospital with complaints of fever, respiratory distress, 
and vomiting for 4 days. She also had complaints of polydip-
sia, polyuria, and weight loss for 2 months. It was learned that 
the SARS-CoV-2 PCR test, which was performed in an exter-
nal center, was found to be positive in the whole family 5 days 
ago and they were quarantined at home. She had 22-year-
old sister who had been followed up with T1D for 14 years. 
On physical examination, her consciousness was lethargic, 
and there was deterioration in general condition. She had no 
fever. Laboratory work-up was notable for severe DKA with 
blood gas pH 6.74 and bicarbonate 2.8 mmol/L, blood glucose 
540 mg/dL, a reduced serum C-peptide level of 0.20 ng/mL 
(normal range, 1.1-5 ng/mL), HbA1c 16.8%, creatinine 1.26 mg/dL 
(0.5-1.1), and BUN 15 mg/dL (9-23). The urinary ketone and glu-
cose were positive. Anti-GAD was found to be positive as more 
than 120 IU/mL (0-10), and she was diagnosed with T1D. She 
tested positive for SARS-CoV-2 PCR and was isolated in PICU. 
Intravenous insulin, fluid therapy, favipiravir, ceftriaxone, low 
molecular weight heparin, and acetylsalicylic acid treatments 
were initiated. Infiltration was detected in the chest radiog-
raphy of the patient who developed fever on the second day 

Table 1. The Clinical and Laboratory Characteristics of New-
Onset Type 1 Diabetes Mellitus Patients Diagnosed During 
COVID-19 Pandemic
Age (years) 9.44 ± 4.09
Sex (M, %) 29 (51.8)
Weight SDS −0.13 ± 1.1
Height SDS 0.45 ± 1.07
BMI SDS −0.58 ± 1.46
Family history of T1D (%) 6 (10.7)
Duration of symptoms (day) 10 (23.2)
Plasma glucose (mg/dL) 402.6 ± 154.2
C-peptide (ng/mL) 0.37 (0.46)
HbA1c (mmol/mol, %) 13.1 ± 2.3
pH 7.21 ± 0.19
Bicarbonate (mmol/L) 13.0 ± 7.75 
COVID-19 PCR positivity (%) 2 (3.57)
Data are given as mean ± SD or median (IQR). 
IQR, interquartile range; M, Male; SDS, standard deviation score; T1D, type 1 
diabetes mellitus; HBA1c, glycosylated hemoglobin A1C, PCR, polymerase chain 
reaction.

Table 2. Presenting Complaints of New-Onset Type 1 Diabetes 
Mellitus Patients Diagnosed During COVID-19 Pandemic
Complaint (n/%)
Polyuria 52 (92.9)
Polydipsia 50 (89.3)
Weight loss 28 (50)
Nocturia 26 (46.4)
Abdominal pain 23 (41.1)
Absence of appetite 22 (39.3)
Dyspnea 13 (23.2)
Fever 10 (17.9)
Nausea or vomiting 9 (16.1)
Lethargy 3 (5.4)
Data are given as n (%). 

Table 3. The Number of New-Onset Type 1 Diabetes Mellitus 
Patients and Rate of Diabetic Ketoasidosis by Years

Group 1
(April 2020 

to April 
2021)

Group 2
(April 2019 

to April 
2020)

Group 3
(April 2018 

to April 
2019

P

Number, n 56 39 39
 DKA (n/%) 30 (53.5) 22 (56.4) 21 (53.8) .94a

 Mild 9 (30.0) 6 (27.3) 6 (28.5) .99a

 Moderate 8 (26.7) 6 (27.3) 5 (23.9) .94 a

 Severe 13 (43.3) 10 (45.4) 10 (47.6) .95 a

 pH 7.26 (0.19) 7.21 (0.31) 7.24 (0.29) .97b

 Bicarbonate 
(mmol/L)

13.3 (15.5) 9.3 (11.9) 10.2 (13.1) .33b

aKruskal–Wallis test; bChi-square test. Data are given as median ± IQR. DKA, 
diabetic ketoacidosis; IQR, interquartile range.
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of hospitalization. Acute phase reactants were increased and 
lymphopenia developed. Ejection fraction was measured as 
60% on echocardiography and acute renal failure developed. 
Since the presence of persistent fever, 2-system involvement, 
and lymphopenia, the case was considered as multisystemic 
inflammatory syndrome in children according to WHO diag-
nostic criteria.12 Intravenous immunoglobulin, steroid, plasma-
pheresis, and anakinra treatments were administered. On the 
sixth day of admission, ketoacidosis was improved, and sub-
cutaneous insulin treatment was initiated. The COVID-19 treat-
ment and insulin-dependent diabetes managing education 
were completed, and the patient was discharged in a good 
condition.

DISCUSSION

The COVID-19 pandemic has caused a health crisis and death 
worldwide. The lockdown period, changes in health priorities, 
and problems in accessing routine health services during the 
pandemic provided the patients with chronic diseases being at 
higher risk, and studies have started to examine the relation-
ship between chronic diseases and COVID-19. The relationship 
of T1D, which is an important chronic disease of childhood, with 
COVID-19 was also wondered. First study evaluating the asso-
ciation between T1D and COVID-19 in the young population 
(mean age, 20.9 years) was reported by a study in the United 
States, and the COVID-19 positivity was reported as 10% in 
new-onset T1D patients.13 When they also evaluated the cases 
both newly and previously diagnosed with T1D together, they 
also reported that the most prevalent adverse outcome within 
COVID-19-positive patients was DKA (45.5%). The rate of DKA 
during the pandemic was not compared with previous years 
in this study. After that, the first study evaluating only pediat-
ric cases was published in England, and Unsworth et al6 have 
reported that there was an increase in the number of new-onset 
T1D patients during the pandemic period when compared with 
5 years prepandemic and the rate of DKA was 70% among 
these patients. In their study, 5 of 30 new-onset T1D cases 
were COVID-19-positive and 4 of them had DKA on admis-
sion. In our study, there were only 2 COVID-19-positive patients 
among 56 new-onset T1D cases. Both patients presented with 
severe DKA and needed treatment in PICU similar to the cases 
of Unsworth's study. In contrast, a study from Italy reported 
that there was a 26% reduction in new-onset T1D cases dur-
ing pandemic when compared with previous year.10 The rate 
of DKA was constant in pandemic and prepandemic periods 
similar to our results, but the rate of severe DKA was increased 
(36.1%-44.3%). In this study, although the low rate of COVID-19 
PCR positivity (1/160) among the newly diagnosed T1D cases 
is consistent with our study, this rate is not fully reliable since 
COVID-19 PCR test was not taken from cases who did not show 
obvious COVID-19 symptoms. They discussed that lower expo-
sure to seasonal viruses, such as enteroviruses, adenoviruses, 
and influenza viruses which are known precipitating factors for 
T1D with the quarantine, results in decrease in the number of 
new-onset T1D cases. Additionally, as reported in the study of 
Scaramussa et al.14 significantly reduced pediatric emergency 
department access during the pandemic, most likely due to the 
fear of infection, might have been the reason for increased pro-
portion of severe DKA. In a study from Finland where the inci-
dence of COVID-19 is relatively low, it was reported that there 

was an increase in the number of new-onset T1D and the rate 
of severe DKA.9 They similarly discussed the avoidance of hos-
pitals due to the fear of contamination as a reason rather than 
the direct diabetogenic effect of SARS-COV-2 since there was 
no COVID-19-positive case in their study group. An increase in 
both the rates of DKA and severe DKA during the pandemic 
was also reported in Germany and Turkey.7,8 Kamrath et al8 
underlined that the rate of DKA increased simultaneously with 
the first wave of the increasing number of COVID-19 cases but 
paradoxically continue to increase after the first wave. This 
might be an example of the fact that the fear of contamina-
tion has had a persistent effect on the population and delayed 
admission to the hospital on time. In another study conducted 
out of 216 German pediatric diabetes centers, it was reported 
that the T1D incidence in 2020 remained within the predicted 
range.15 It follows already an increasing trend observed 
between 2011 and 2019 without up- or downward deviation, 
indicating no short-term influence of the COVID-19 pandemic. 
Thus, they speculated that strong direct diabetogenic effects of 
COVID-19 seem very unlikely.15 We also observed an increase in 
the number of new-onset T1D patients compared to previous 2 
years. Regardless of the pandemic, increasing T1D incidence 
worldwide might be the reason for this situation. In a system-
atic review published in 2020 from 1202 located articles, the 
results showed that both incidence and prevalence of T1D are 
already increasing in the world (incidence: 15 per 100 000 peo-
ple, prevalence: 9.5%).16 Additionally, the increasing number of 
new-onset T1D cases might have been caused by the fact that 
some centers in our region were turned into COVID-19 refer-
ence hospitals and more non-covid patients were directed to 
our hospital such as new-onset T1D patients. 

Acar et al17 reported that severe ketoacidosis has been reported 
to be 10%, over a period of 5 years in Turkey. Severe DKA rate 
was 23.2% (13/56) in all new-onset T1D cases in our study. 
Although it was higher compared to this study, it was similar 
with previous years in our hospital and also with another study 
from Turkey in pandemic period (20.2%, 15/74).7 When we mea-
sured the rate of severe DKA among the cases presented with 
DKA (43.3%), it was similar to the results of the study from Italy 
(44.3%).10

Although the high HbA1c level in our patients indicates that dia-
betes is not in recent, some studies have reported very high 
levels of HbA1c in patients with DKA, regardless of the dura-
tion of diabetes.18,19 But additionally, the duration of symptoms 
in COVID-19-positive cases was also long (1 and 2 months) in 
our study. It was thought that COVID-19 positivity at the time of 
diagnosis with T1D did not have a direct diabetogenic effect, 
but there is always a possibility that COVID-19 infection has 
accelerated the prediabetic process. Hollstein et al20 have 
reported a patient diagnosed with new-onset T1D approxi-
mately 1.5 months after COVID-19 infection. In this situation, 
long-term studies in which COVID-19 antibodies are inves-
tigated in newly diagnosed T1D cases are important in terms 
of revealing the effects of previous COVID-19 infection on the 
prediabetic process.

In vitro studies have shown that SARS-CoV-2 entry into human 
host cells requires binding to the cell surface receptor angio-
tensin-converting enzyme 2 (ACE2), as well as proteolytic 
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cleavage of the viral spike protein by transmembrane ser-
ine protease 2 (TMPRSS2).21 Previous studies reported that 
ACE2 receptors are also strongly expressed in pancreatic 
cells of mice and humans.21,22 Yang et al23 reported in 2010 that 
SARS-CoV-1 virus may have entered pancreatic β cells via 
the ACE2 receptor leading to β cell damage and new-onset 
diabetes. Based on these knowledge, some studies, which 
found higher rates of new-onset T1D during the pandemic, 
suggested the hypothesis that SARS-CoV-2 may also cause 
β-cell destruction and T1D by entering pancreatic β cells via 
ACE2 and TMPRSS2.6,20 But recently, Coate et al24 examined 
the expression of SARS-CoV-2 entry proteins in the human 
pancreas and reported that ACE2 expression in the micro-
vasculature, including islet pericytes, whereas both ACE2 and 
TMPRSS2 are expressed in some ducts. Conversely, neither 
protein was detected in β cells in vivo. These findings disprove 
the hypothesis of direct cytotoxic effect of SARS-Cov-2 on β 
cells via ACE2 and TMPRSS2.

Limitations
Since it was a retrospective study, we could only conduct the 
data of the SARS-CoV-2 PCR test results of the patients. The 
major limitation was that no antibody test was performed on 
the patients. Therefore, we could not catch the cases who pre-
viously had COVID-19 infection. Additionally, we only evaluated 
data obtained from a single center, our findings could not rep-
resent the general situation of Turkey. 

CONCLUSION

We reported only 2 cases with COVID-19 infection among the 
56 new-onset T1D patients during the COVID-19 pandemic. 
Although we found an increase in the number of new-onset 
T1D cases compairing with prepandemic period, rates of DKA 
and severe DKA were similar. With these results, there was 
no finding to suggest that SARS-CoV-2 taking a part in T1D 
pathogenesis. Since the development of T1D is a long process, 
prospective studies are needed to investigate the long-term 
effects of SARS-CoV-2.
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