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Abstract: Purpose: The aim of this study was to analyze the prevalence of diabetic ketoacidosis
(DKA) in children with newly disclosed type 1 diabetes (T1D) during the COVID-19 pandemic in
2020 compared to 2019. Methods: A retrospective analysis of the history database of all hospitalized
children in our department. The International Society for Pediatric and Adolescent Diabetes (ISPAD)
guidelines were used for the diagnosis of DKA. Results: The database of children with newly
disclosed T1D included 196 patients (89 girls and 107 boys) from 2019, and 223 patients (113 girls
and 110 boys) from 2020 (a total of 419 patients—202 girls and 217 boys) aged 0 to 18 years. A
significantly higher percentage of DKA was observed in 2020 compared to the previous year (47.53%
vs. 35.2% [p = 0.005]). The percentage of severe DKA increased in 2020 compared to 2019 (18.39% vs.
14.07% [p = 0.118]). Compared to 2019, the average HbA1c level was higher in 2020 (12.57 ± 2.75% vs.
11.95 ± 2.89% [p < 0.025]), and the average pH level (7.26 vs. 7.31 [p = 0.002], and average HCO3
level (16.40 vs. 18.66 [p = 0.001]) were lower, respectively. Conclusions: During the COVID-19
(2020) pandemic, the incidence of DKA increased in Polish children with newly diagnosed T1D.
The conclusions from the analysis of the functioning of health systems during the pandemic should
be used in the future to prevent, in similar periods, an increase in severe complications of delayed
diagnosis of T1D.

Keywords: children; COVID-19; type 1 diabetes; diabetic ketoacidosis

1. Introduction

One of the coronaviruses—SARS-CoV-2 (severe acute respiratory syndrome coron-
avirus 2) spread rapidly around the world, causing a worldwide pandemic of COVID-19
(coronavirus disease 2019), which was confirmed by the World Health Organization (WHO)
on 11 March 2020. Nevertheless, children and adolescents, having a milder, often asymp-
tomatic course of COVID-19, also have a lower risk of hospitalization than adults [1–3].
However, it has been reported that in some children, the course of COVID-19 may be severe,
including cases of multi-organ failure [3–5].

Simultaneously, according to the estimates of the International Diabetes Federation
(IDF), over 1.1 million children and adolescents worldwide have Type 1 Diabetes (T1D) [6].
However, some studies indicate that both children and adolescents with diabetes are not
more susceptible to SARS-CoV-2 infection than their non-diabetic peers [7–9].

To reduce the number of cases, many countries, including Poland, implemented
numerous restrictions, aimed at limiting SARS-CoV-2 transmission by restraining interper-
sonal contacts. As a result of those limitations and the fear of being infected in a hospital,
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access to healthcare professionals in medical facilities was reduced [9,10]. Additionally,
many guardians delayed seeking emergency help for their children, due to the reduction of
service for non-COVID-19 patients [8].

One of the acute and life-threatening complications of diabetes is diabetic ketoacidosis
(DKA). DKA is caused by a deficiency of circulating insulin and an increased concentration
of counter-regulatory hormones, such as catecholamines or cortisol [11,12]. Progressive
metabolic disorders in the course of DKA require urgent medical intervention. DKA may
often be the result of previously undiagnosed T1D. In Poland, the prevalence of DKA in
children with recent T1D disclosure was estimated at 22–36% [13–15], and in our region
of Upper Silesia, this value fluctuates in the range of 23–33% [16,17]. In recent years in
Europe, this value was at the level of 33–44% [18–22].

The COVID-19 pandemic dynamically changed the picture of medical care around the
world, as well as the diagnosis of T1D in Polish children.

The aim of this study was to analyze the prevalence of DKA in children with newly
disclosed T1D during the COVID-19 pandemic in 2020 compared to 2019.

2. Materials and Methods

A retrospective analysis of the medical history database of all hospitalized children in
the Department of Children’s Diabetology and Pediatrics of the Upper Silesian Child Health
Centre in Katowice, Department of Children’s Diabetology of the Medical University of
Silesia in Katowice, Poland with a new diagnosis of T1D was carried out in the periods of 1
January to 31 December 2020 and 1 January to 31 December 2019.

The Department of Children’s Diabetology of the Medical University of Silesia in
Katowice is the largest regional diabetes center for children and adolescents in Poland. It
also has an international SWEET (an international network for pediatric diabetes center)
reference certificate [23]. All children with newly diagnosed diabetes in the region of Upper
Silesia are hospitalized in the local unit. Upper Silesia is the region of Poland with the
highest level of urbanization (76.5% of the population lives in cities), population density
(364 people/km2), and which covers 11.7% of the Polish population [24].

Selected parameters were assessed from the database: age, sex, blood glucose value
on admission, level of glycated hemoglobin (HbA1c), pH of venous blood, and bicarbonate
concentration.

The results of swabs for the presence of SARS-CoV-2 infection were not included in
the analysis due to heterogeneous sampling in patients in 2020.

The International Society for Pediatric and Adolescent Diabetes (ISPAD) guidelines
from 2018 were used as biochemical criteria for the diagnosis of DKA, that is, hyperglycemia
(blood glucose concentration >200 mg/dL [11 mmol/L]; venous blood pH < 7.3 or serum
bicarbonate concentration <15 mmol/L; ketonaemia (ß-hydroxybutyrate concentration in
blood ≥3 mmol/L); and ketonuria [12]. Venous blood pH < 7.1 or bicarbonate <5 mmol/L
were used to define severe ketoacidosis [12].

Children who had pre-diabetes or diagnosed diabetes other than T1D (not confirmed
by the presence of at least one antibody out of three which were tested against: GAD
(Glutamic Acid Decarboxylase), IA2 (Islet Antigen 2), ZnT8 (Zinc-Transporter 8)), as well as
those whose medical history contained too little information (a total of seven people from
2019–2020) were excluded from the analysis. Ultimately, the database included 196 patients
(89 girls and 107 boys) from 2019 and 223 patients (113 girls and 110 boys) from 2020 (a
total of 419 patients—202 girls and 217 boys) aged 0 to 18 years.

The work was approved by the Bioethical Committee of the Medical University of
Silesia PCN/0022/KB1/81/21.

Statistical calculations were performed using the Statistica 13.3 program. For the total
statistical summary, the level of significance was p < 0.05. In the search for answers to the
research questions, the analysis of differences with Student’s t-tests and the results of the
chi-square test of independence were used.
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3. Results

Characteristics of children with newly diagnosed T1D in 2019 and 2020 are presented
in Tables 1 and 2. The overall number of hospitalized children, gender, and mean age
of diagnosis did not differ significantly. On the other hand, among children with newly
diagnosed T1D, a significantly higher percentage of DKA was observed in 2020 compared
to the previous year (47.53% vs. 35.2% [p = 0.005]). Although the percentage of severe DKA
increased in 2020 compared to 2019, it was not statistically significant (18.39% vs. 14.07%
[p = 0.118]).

Table 1. Characteristics of children and the prevalence of diabetic ketoacidosis in 2019 and 2020 with
an independence assessment by a chi-square test.

Variable
Year 2019 Year 2020

p
N % N %

Number of girls 89 45.41 113 50.67 0.091
Number of boys 107 54.59 110 49.33 0.840

Total number of children 196 100 223 100 0.187

Number of girls with DKA 31 15.82 49 21.97 0.248
Number of boys with DKA 38 19.39 57 25.56 0.016

Total number of children with DKA 69 35.20 106 47.53 0.005

Number of girls with severe DKA 13 6.63 12 5.38 0.721
Number of boys with severe DKA 15 7.65 29 13.00 0.108

Total number of children with severe DKA 28 14.07 41 18.39 0.118

Annotation. The percentages values represent the percentage of observations in the entire group of a given year.
N—number of observations, p—significance level, bolded values p < 0.05.

Table 2. Analysis of differences using Student’s t-test for data of independent measurements from
2019 and 2020 for selected indicators in children.

Testing Variable
Year 2019 Year 2020

p
N M SD N M SD

Age of onset 196 9.51 4.32 222 9.15 4.08 0.372
HBA1c 189 11.95 2.89 221 12.57 2.75 0.025

pH 180 7.31 0.14 222 7.26 0.17 0.002
HCO3 175 18.66 6.39 203 16.40 6.48 0.001

Annotation. N—number of observations, M—mean, SD—standard deviation, p—significance level, bolded
p < 0.05.

The average HbA1c level in patients with newly diagnosed T1D was significantly
higher in 2020 than in 2019 (12.57 ± 2.75% vs. 11.95 ± 2.89% [p < 0.025]). In 2020, compared
to the 2019 data, a significant decrease in the average pH level (7.26 vs. 7.31 [p = 0.002]) and
HCO3 (16.40 vs. 18.66 [p = 0.001]) was also observed. The above results of the analyses are
illustrated in Figures 1 and 2.
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Figure 1. Number of DKA and severe DKA in children in 2019 and 2020. *—p < 0.05.
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Figure 2. Mean values and standard deviation of the parameters of children at the time of clinical
diagnosis of T1D: age, HbA1c, pH, HCO3 in 2019 and 2020. *—p < 0.05.

A comparative analysis specifying the number of patients with newly diagnosed T1D
with DKA in individual months showed a significant increase in the percentage of DKA in
children in October 2020 compared to the same month of the previous year (25% vs. 59%
[p = 0.012]). The following months with a high increase in the percentage of patients with
DKA in 2020 compared to 2019 are: April (27.2% vs. 66.7%) and November (20% vs. 64.7%).
It should be noted that the periods with the greatest increase in the number of patients with
DKA occur after the periods of strict restrictions in Poland (lockdown), that is, March and
October. In order to visualize the occurrence of DKA and severe DKA in particular periods,
the results are presented in Figure 3.
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Figure 3. The number of DKA and severe DKA in children in 2019 and 2020 by month.

4. Discussion

This study is an attempt to assess the impact of the COVID-19 pandemic on the
incidence of DKA in Polish children with newly diagnosed T1D. The Department of
Children’s Diabetology in Katowice, being the largest regional pediatric diabetes center in
Poland, with extensive, long-term experience and good cooperation in the region, represents
Poland well. DKA is an acute, life-threatening condition that, if left untreated, leads to:
severe water-electrolyte imbalance, hypovolemic shock, acute kidney failure, pulmonary
edema, acute respiratory distress syndrome (ARDS), or cerebral edema [12,25,26]. The
mortality rate in DKA oscillates between 0.15–0.3%, with the most common cause of death
in 60–90% of brain edema [26–28]. One of the major risk factors for developing DKA is
the delayed diagnosis of T1D [12]. In previous years in our region of Upper Silesia, DKA
incidence was estimated at approximately 23–33% [16,17].

On 14 March 2020, the first total lockdown was introduced in Poland in order to
reduce the spread of the SARS-CoV-2 virus. The reduced access to health care services, and
delay in obtaining medical help by caregivers had a direct impact on the state of medical
care. In March 2020, the number of new diagnoses of T1D at the Department of Children’s
Diabetology of the Medical University of Silesia in Katowice was only 8, which most likely
resulted in the fact that in the following month (April), the percentage of DKA increased to
a dangerously high level compared to the previous year (an increase by 39.5 percentage
points), and it was the highest in the year. DKA was present in almost 67% of children with
newly diagnosed T1D. Year on year, the number of patients with DKA in relation to the
total number of patients in a given year increased by almost 12.5 p.p. The number of cases
of severe DKA also increased, although it did not reach statistical significance.

A similar increase in the number of DKA in children occurred in 2020 worldwide. For
example, during the COVID-19 pandemic in Germany, there was a marked increase in
the incidence of DKA in children with newly diagnosed T1D [29]. In the analyzed period,
the frequency of DKA was 44.7% and was significantly higher compared to the previous
two years (in 2019 it was 24.5%, while in 2018—24.1%). The incidence of severe DKA was
also significantly higher than in the previous years, where in 2020, it was 19.4%; in 2019,
13.95%; and in 2018, 12.3% [29]. One of the retrospective cross-sectional studies conducted
in Israel, which included 11 pediatric emergency departments, indicated that in the first
few months of the pandemic (1 March to 31 May 2020), the number of DKA in children with
newly disclosed and previously confirmed T1D increased compared to the same period in
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2019 [30]. However, it should be emphasized that these data cover only three months of
both 2019 and 2020, which undoubtedly makes it difficult to draw conclusions about later
periods of the pandemic. The United Kingdom was another country where the prevalence
of DKA in children during the first wave of COVID-19 was compared [31]. The patients
included in the study were children under 18 years of age who were treated in one of
the four compared hospitals in London. Admittedly, the data from this study included a
total of only 47 children with newly diagnosed T1D—30 children before the pandemic and
17 children during the onset of the pandemic (23 March to 30 June 2020), but the number
of DKA was significantly higher during the first wave of the pandemic in comparison to
the period before it. Researchers at the Romanian reference center for children with T1D
compared two groups of children newly diagnosed with T1D. The first group of children
were diagnosed between March 2020 and February 2021, while the second were diagnosed
between 2003 and 2019 [32]. As in most of the publications cited so far, the incidence of
DKA in the Romanian study increased from 39.42% (in the pre-pandemic group) to 65.99%
(in the pandemic group).

It is worth noting that some Polish researchers had similar observations and tendencies
to ours. One study indicates that when comparing the periods March–May 2020 and the
same period of the previous year, the incidence of DKA was higher by 12%, but the result
was not statistically significant [33]. On the other hand, the incidence rate of T1D in one
of the centers in southwest Poland in a few months of the COVID-19 pandemic (first four
months of 2020) was comparable to previous years, while their clinical condition at the time
of diagnosis was worse than in previous years. However, the analysis of a short period
must be emphasized, and this may be why the results are different from ours [34].

A dangerous upward trend has also been observed in Australia, where the incidence
of severe DKA increased from 5% (pre-pandemic) to 45% (pandemic) [35], while the overall
incidence of DKA during the pandemic increased from 26% to 73%. However, a factor that
should be taken into account when assessing data from Australia is the long distance that
patients have to cover in order to reach medical centers in this country [35]. Moreover, the
number of pediatric patients in these centers in the compared periods—from 1 March to
31 May—were small and amounted to, for example, 11 patients in 2020 or 9 patients in 2019.
Therefore, such large differences in the prevalence of DKA on recognition may have resulted
from a relatively small number of patients. In Saudi Arabia, a multicentre retrospective
analysis found that the prevalence of DKA in children (2019 vs. 2020) increased by 10 p.p.
from 73% to 83%, and the amount of heavy DKA increased from 13.3% to 26% [36]. It
should be noted that the study was conducted in Saudi Arabia and concerned younger
children, aged 1–14. The Canadian authors observed an increase in the incidence of DKA
in patients under 18 years of age from 45.6% (2019) to 68.2% (2020) and, similarly to other
countries, an increase in the rate of severe DKA cases was observed when comparing the
same periods from 13.2% in 2019 to 27.1% in 2020 [37].

One study from Sweden, where a complete lockdown was not introduced, indicates
that the percentage of children with HbA1c > 70 mmol/mol (>8.6%) did not increase in
the first 7 months of 2020 [38]. Such findings may be the result of the policy applied
in Sweden, which only recommended the isolation of people from the population most
at risk of developing COVID-19. Similarly, in one study conducted in the USA (central
Pennsylvania), the prevalence of DKA in the period before and during the pandemic
was similar and amounted to 47% and 48%, respectively [39]. Perhaps such findings are
the result of the variability of the population structure or the relatively small number of
children (42 patients) from the pandemic group (1 March–14 September 2020). All studies
discussed considered children with newly diagnosed T1D.

The average level of HbA1c in our study was higher in 2020 compared to 2019 in
a statistically significant manner. The same observations were also seen in many other
countries [31,32,35,36]. Venous blood pH was, in most of the cited publications, a criterion
for the diagnosis of DKA. During the pandemic, this rate was significantly lower than in
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the pre-COVID-19 periods. Although this decrease was not statistically significant in every
case, the trend towards lower pH during the pandemic was noticeable [30–32,35].

In the cited studies, it is mainly postulated that the fear of going to the hospital during
the pandemic and the difficult access to medical services due to the limited activity of some
facilities were the main reason for the increase in cases of delayed diagnosis of T1D. In
Poland, for the same reasons, the period of strict restrictions caused by the coronavirus
pandemic presumably contributed to the increase in the frequency of DKA from 35% in
2019 to 47.5% in 2020 and severe DKA from 14.3% to 17%. A statement from the Public
Opinion Research Center study from July 2020 on medical care during a pandemic indicated
that almost every seventh respondent (15%) had problems with making an appointment
or obtaining the necessary medical advice due to the pandemic, and 37% of respondents
declared that for the same reason, their treatment was cancelled or postponed [40]. Our
results reveal the fact that even a very well-developed network of health care units (example
of Upper Silesia, Poland) during the COVID-19 pandemic did not prevent a significant
deterioration of diagnostic diabetes care.

Nonetheless, there are some limitations of our study. One of them is that we compared
the entire years 2019 and 2020 with each other, but we therefore analyzed each month
separately to detect any differences. Moreover, it was not possible to present the analysis
in individual age groups due to their small size, which could have resulted in drawing
unsupported conclusions.

5. Conclusions

During the COVID-19 (2020) pandemic, the incidence of DKA increased in Polish
children with newly diagnosed T1D.

The conclusions from the analysis of the functioning of health systems during the
pandemic should be used in the future to prevent, in similar periods, an increase in severe
complications of delayed diagnosis of T1D. Additionally, further education of society
(including caregivers of children) about the symptoms of hyperglycemia is necessary in
order to be able to effectively prevent the development of DKA in the future.
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16. Olak-Białoń, B.; Deja, G.; Jarosz-Chobot, P.; Buczkowska, E.O. The occurrence and analysis of chosen risk factors of DKA among
children with new onset of DMT1. Pediatr. Endocrinol. Diabetes Metab. 2007, 13, 85–90.
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33. Dżygało, K.; Nowaczyk, J.; Szwilling, A.; Kowalska, A. Increased Frequency of Severe Diabetic Ketoacidosis at Type 1 Diabetes
Onset among Children during COVID-19 Pandemic Lockdown: An Observational Cohort Study. pedm 2020, 26, 167–175.
[CrossRef]
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