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Comparison of diabetic ketoacidosis presentations before, during and
after COVID-19 in pediatric patients in a hospital in Southern Brazil
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Diabetic Ketoacidosis. Introduction: The COVID-19 pandemic led to changes in hospital care, as well as demands for these services, impacting
Pediatrics. the management of diseases such as Type 1 Diabetes Mellitus (TIDM). Objective: (1) to evaluate the incidence of
COVID-19 diabetic ketoacidosis (DKA) in patients already diagnosed with TIDM at admission (group A) and in patients with
first-time decompensation (group B); (2) to compare the presentations of DKA in groups A and B according to: age
at diagnosis, severity of ketoacidosis, reason for decompensation, diagnostic delay, and relationship with SARS-
CoV-2. Methods: observational, cross-sectional, retrospective, and descriptive study, obtaining 110 medical records
of patients hospitalized with DKA between January 2019 and December 2023. Results: There were 16 cases in the
pre-pandemic period, 75 during the pandemic, and 19 in the post-pandemic period. The time between symptom
onset and diagnosis was 6.9 days in the post-pandemic period and 15.7 days during the pandemic. Conclusions: the
COVID-19 pandemic impacted the incidence of diabetic ketoacidosis, increasing significantly during this period, with
a predominance of group B, and a more discreet increase in the post-pandemic period, with a greater presence of
group A. The time to diagnosis was shorter in the post-pandemic period. Decompensation was due to the omission
of insulin doses. There were no significant changes in the mean age at diagnosis or severity of ketoacidosis cases,
and no direct association with COVID-19 was observed.
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The number of cases of Type 1 Diabetes Mellitus
(T1IDM) is increasing globally, and Brazil has been following
this growth. This is due to the increase in the number of new
cases diagnosed, as well as the increase in the survival rate
of these patients.!

During the COVID-19 pandemic, there were changes
in the dynamics of hospital care and patients’ demand for
these services, resulting from social distancing policies,
directly impacting the follow-up of various medical conditions,
including TIDM.?

Given the pandemic context, some studies around the
world were carried out correlating it with DKA presentations;
these showed data such as increased severity and incidence,>*
5678 decreases in age at diagnosis of TADM (at hospitalization
for diabetic ketoacidosis [DKA])® 1° and delay in diagnosis
associated with greater severity.!!

Considering the results of previous studies and being
aware that each location had its particularities, the present
work aims to evaluate how the COVID-19 pandemic impacted
the presence of DKA in a specific city in the South of Brazil.

The specific objectives of this work were (1) to evaluate
the incidence of DKA in patients already diagnosed with
T1DM at admission (group A) and in patients with first-time
decompensation (group B); (2) to compare the presentations of
DKA in groups A and B, in the pre-, during, and post-pandemic
periods, based on the following parameters: age at diagnosis,
severity of ketoacidosis, reason for decompensation, time
elapsed between the onset of symptoms and diagnosis (for
group B), and whether there was a relationship with SARS-
CoV-2 infection.

This is an observational study of a fundamental nature
with data collection, cross-sectional, retrospective, and
descriptive.

The sample included all patients with DKA between
January 1, 2019, and December 31, 2023, treated at a pediatric
hospital in Southern Brazil. These children were divided into
groups A and B for comparison purposes, with group A being
patients previously diagnosed with T1IDM at admission and
group B being those diagnosed with TIDM at admission due
to DKA. A research protocol collected data from electronic
medical records in the TASY system, provided by the faithful
guardian, excluding personal data that could identify the
patient.

The electronic DKA records were selected by searching
ICD (International Statistical Classification of Diseases and
Related Health Problems) E10, E100, E101, and E109. From
2020 onwards, data collection was also based on medical
opinion responses by a pediatric endocrinologist at that
institution.
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The data collected were: dates of birth and
hospitalization to calculate the decimal age; sex; age group;
approximate time between the onset of symptoms and
diagnosis (group B); the reason for DKA [new diagnosis (1),
decompensation due to infection (2), missed doses (of insulin)
(3), psychological stress (4), surgical stress (5), inadequate
nutrition (6), inadequate follow-up (7) or unknown (8)],
laboratory tests upon hospital admission (glycemia, pH,
bicarbonate, base excess and PCO2) and tests for COVID-19
(not performed, positive, negative).

To establish the diagnosis of DKA, we used the criteria
of the International Society of Pediatric and Adolescent
Diabetes?(ISPAD), which includes hyperglycemia (>11mmol/L
or 200mg/dL), venous pH <7.3 or serum bicarbonate
<18mmol/L and ketonemia or ketonuria. We also graded
severity, according to the ISPAD*criteria, as mild (venous pH
< 7.3 or serum bicarbonate <18 mmol/L), moderate (pH < 7.2
or serum bicarbonate <10 mmol/L), or severe (pH < 7.1 or
serum bicarbonate < 5 mmol/L).

The study was analyzed by comparing data from
the pre-, during, and post-pandemic periods to determine
whether there was a difference in CAD patterns. These
periods were defined based on World Health Organization
data, which considers March 11, 2020, and May 5, 2023, as
the beginning and end of the pandemic, respectively.’** Itis
worth highlighting, in this sense, that the pre-pandemic sample
represents a period of 1 year and two months (January 2019 to
the beginning of March 2020), the sample during the pandemic
covers a period of 3 years and two months (beginning of March
2020 to May 2023) and the post-pandemic period, lasting
eight months (May 2023 to December of the same year). For
analysis purposes, the periods were converted into decimal
years; thus, the pre-pandemic period corresponds to 1.2 years,
the pandemic period to 3.1 years, and the post-pandemic
period to 0.7 years. Therefore, comparing the number of DKA
cases in each period was also converted to the annual average
(number of cases/year).

The data obtained were recorded in Microsoft Excel®
spreadsheets and analyzed using descriptive statistics to
present the results with mean and standard deviation
calculation, median, and frequencies. The t-test and the chi-
square test for categorical variables were used to calculate
numerical variables.

The study was approved by the Ethics Committee on
September 5, 2023, with opinion number 6.283.461.

Data from 119 medical records were collected and
analyzed between 2019 and 2023, of which 110 had DKA
upon admission, and the other nine, despite having typical
DKA conditions when admitted, no longer met the ISPAD
laboratory parameters, being excluded from the analysis.
Of these 110, we obtained 16 in the pre-pandemic period



(an annual average of 13.3 cases), 75 during the pandemic
period (a yearly average of 24.1 cases), and 19 in the post-
pandemic period (an annual average of 27.1 cases). From the
point of view of the incidence of total DKA cases, an increase
of 81.20% in the number of yearly cases (13.3 to 24.1) was
evidenced during the pandemic years and the pre-pandemic
period. Moreover, from the pandemic to the post-pandemic
period, there was an increase in the incidence of total cases
by 12.25% (24.1 to 27.1).

To analyze the statistical relevance of variations in the
incidence of DKA between groups A and B, the sample from
the pre-pandemic period was excluded due to the number of
cases being equal in that period (eight in each group), which
would generate a chi-square test with bias. That said, we
first compared the difference between groups A and B in the
pandemic period (with group A having eight cases and group B
with 17 cases, on average, per year) and in the post-pandemic
period (group A with 12 instances and group B with seven
cases, on average, per year).

When we compare the difference in the number of
cases in a group in different periods, we see that in A, there

was a significant increase from the pandemic period to the
post-pandemic period (from seven to 12 cases, respectively).
Moreover, in group B, there was an increase from the pre-
pandemic to the pandemic period (from eight to 17 cases, on
average, per year, respectively) and, subsequently, a significant
reduction in cases in the post-pandemic period (from 17 to
seven cases, respectively), p<0.050 by the chi-square test.

Regardless of the period analyzed, the main reason for
decompensation in patients in group A was “missed doses”
(Table 1). Moreover, this factor was also more prevalent among
adolescents (chi-square, p<0.001).

The time elapsed between the onset of symptoms and
diagnosis remained constant between the pre-pandemic and
pandemic periods (14.6 and 15.7 days, respectively), with a
significant reduction in the post-pandemic period (6.9 days)
by “t” test (p<0.050). However, correlating the diagnostic time
with the severity of DKA cases, no correlation was observed
between the variables (Graph 1).

Regarding the age of patients in group B, no significant
difference was observed (t-test, p>0.050) between the periods,
with the average age varying from 7.4 to 8.4 years.

Table 1 - Triggering factors for hospitalization due to DKA in the periods before, during, and after the COVID-19 pandemic in a pediatric hospital

in Southern Brazil, 2023 (n= 110).

Pre-pandemic Pandemic Post-pandemic
CAD triggers
n (%) n (%) n (%)

New diagnosis 8 (50,00) 52 (69,33) 7 (33,33)
Infection 0(0,00) 1(1,33) 0(0,00)
Missed doses 5(31,25) 14 (18,67) 8 (44,44)
Psychological stress 0(0,00) 1(1,33) 0(0,00)
Surgical stress 0(0,00) 0(0,00) 0(0,00)
Inadequate nutrition 2 (12,50) 2(2,67) 0(0,00)
Inadequate follow-up 0(0,00) 1(1,33) 2(11,11)
Unknown 1(6,25) 4(5,33) 2(11,11)

N: sample number of patients.
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Graph 1 — Time (T.) to diagnosis of DM1 compared to laboratory criteria for DKA severity, before, during, and after
the COVID-19 pandemic, in a pediatric hospital in Southern Brazil, 2023.
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There was no significant difference in the severity of
DKA between the three periods analyzed (Graph 2).

Finally, among the patients studied, there were no
suspected respiratory infections or contact with individuals
possibly infected by SARS-CoV-2. Therefore, no tests were
requested to detect COVID-19.

In this work, we observed an increase in the incidence of
DKA (mainly during the pandemic period) and a decrease in the
time elapsed between the onset of symptoms and diagnosis
in the post-pandemic period. Regarding the reasons for DKA,
during the pandemic, cases of primary decompensation (group
B) predominated, and in the post-pandemic period, cases of
decompensation (group A). Regardless of the period evaluated,
missed doses were the leading cause of decompensation.

Throughout the pandemic, studies were carried out
worldwide to evaluate the dynamics of DKA cases in the
new scenario. The results obtained showed an impact on the
presentation of ketoacidosis, such as increased severity and
incidence, *%>57.8younger age at diagnosis of DM1%1° and
diagnostic delays linked to more significant.!

A survey in the USA showed an increase in the
severity of DKA in patients previously diagnosed with DM1
upon admission.? In Turkiye, there was an increase in the
frequency of hospitalization due to DKA in cases of primary
decompensation.®In Spain, two studies demonstrated a higher
frequency of new diagnoses of DM1 in younger children
compared to previous years.>

In Italy, there was a decrease in the number of patients
hospitalized for DKA. However, those admitted had more
severe conditions, attributing this to a possible diagnostic
delay. 1!
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In a multicenter study in the United Kingdom, although
some children hospitalized for DKA tested positive for
COVID-19, no clinical correlation was observed between the
two diseases. However, the possibility that DKA was triggered
by previous exposure to the virus cannot be excluded.®

It is also important to highlight a systematic review,
with meta-analysis, of cohort studies, carried out in the USA,
Norway, Scotland, and Denmark, in which a 42% higher risk
of developing DM1 was observed after SARS-CoV-2 infection,
only in the group of American patients aged between 0 and
11 years, when compared to non-infected patients.®

In the present study, unlike the studies above, no
statistically significant changes were observed in the average
age at diagnosis or greater severity of DKA episodes throughout
the periods analyzed.

Regarding the time elapsed between the onset of
symptoms and diagnosis, a decrease in values was evident in
the post-pandemic period; during this period, children were
taken to the health service earlier. Some hypotheses raised
about the possible factors involved were greater access to
information on the part of parents, greater awareness and
sensitivity to health issues (due to having recently gone
through a pandemic), and, perhaps one of the most critical
factors, the fact that the pandemic has already passed, making
parents feel more comfortable in resorting to health services
in the early stages of symptoms.

Although the time between the onset of symptoms and
the diagnosis of DM1 was shorter in the post-pandemic period,
there was no impact on the classification of DKA severity, even
though the pH and bicarbonate values were higher (Graph 1).

When analyzing Graph 1, the negative results show an
inversely proportional relationship, and the positive values
show a proportional relationship; it can be seen that, during
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Mild
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Graph 2 - Classification of laboratory parameters of diabetic ketoacidosis (DKA) severity before, during, and after
the COVID-19 pandemic in a pediatric hospital in Southern Brazil, 2023.
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the pandemic, there was an inverse relationship between
diagnostic delay and severity, which does not make sense from
the pathophysiological point of view. This inversion of proportion
is due to two patients who, according to information from their
parents, had had symptoms for 60 days; however, according to
their blood gas values, they were classified as mild DKA.

Regardless of the period analyzed, the main reason for
treatment decompensation and progression to DKA in group,
A patients, was the omission of insulin doses (Tablel). There
was no detail as to whether it was due to negligence, lack of
understanding about dose management, or difficulty accessing
the medication (especially during the pandemic). However,
there was no shortage of insulin at any time.

When comparing the factor “missed doses” and the age
group, we observed a higher frequency among adolescents,
to whom the responsibility for treatment is usually delegated,
even though this is often not feasible. Thus, we can infer that
the omission of insulin therapy is something more related to
the adolescent’s self-care, which may vary according to their
self-esteem, body weight (purposeful omission to lose weight),
and shame from peers since insulin needs to be used in school
environment.'” 1819 |n this way, the importance of raising family
and patient awareness regarding reasonable glycemic control
becomes clear, offering them adequate instruction, support,
and attention, directly impacting the adolescent’s process of
autonomy in self-care.?

About the incidence of total cases, an increase of
81.20% was observed during the pandemic period. In the
post-pandemic period, there was a more discreet increase in
total cases of 12.45%. However, it is essential to highlight that
the collection time for the last period was shorter than that
of the previous ones.

When comparing the incidence of DKA between
groups A and B, there was no difference in the pre-pandemic
period. During the pandemic, there was a 38% increase in DKA
hospitalizations due to primary decompensation (50% in 2019
vs 69% in 2020). This data is in line with the findings of other
studies, such as in Turkey (54.9% in 2019 vs. 63.5% in 2020)%,
Germany (24.5% in 2019 vs. 44.7% in 2020)¢ and Canada
(45.6% in 2019 vs 68.2% in 2020).% A possible explanation
found by these and other previous studies was that the cause
was linked to an increase in the time between the onset of
symptoms and the diagnosis.!!

This relationship makes sense when DM1 diagnoses are
mainly carried out on an outpatient basis (before there is an
acute complication); therefore, if there was a higher incidence
of DKA, it is possible that it was due to a delayed diagnosis.
However, in our service, even before the pandemic, most
children already had DKA leading to DM1; therefore, the “time
between the onset of symptoms and diagnosis” would not
impact the incidence, as these patients would invariably need
hospitalization. This fact was confirmed when we found no
significant difference between the periods analyzed regarding
the time elapsed for diagnosing DM1.

This tendency towards the presence of DKA in the
diagnosis of DM1 in our region is probably due to the
socioeconomic context. Brazil has CAD rates ranging from
42.3% to 58.8%%" 22, compared to 31.1% to 35.6%%* % in
developed countries. Socioeconomic factors include lower
family income, low education, lack of access to health care,
and poor health service quality.? 26

Another hypothesis, also based on previous studies,
would be that SARS-CoV-2 infection may have triggered some
of the primary decompensations of DM1.%> 16 28 |t js not yet
known for sure whether pancreatic damage is caused directly
due to the cytopathic effect of the virus, or indirectly, caused
by a high systemic inflammatory response in the severe form
of COVID-19.5

In the post-pandemic period, cases of decompensation
predominated, with 63.16% (group A), while the number of
primary decompensations decreased, with 36.84% (group B).
Considering that the biggest reason for decompensation is the
omission of doses and that the primary age group related to
this event is adolescents, it is possible to infer that there was
worse adherence to treatment, especially among this group.
However, the reasons for this event remain unknown.

Although some studies cite a possible association
between DKA and SARS-CoV-2 co-infection, our research could
not confirm these data. As they did not present respiratory
symptoms or close contact with people with COVID-19, the
patients were not subjected to tests to confirm the disease
upon admission to the hospital. This finding suggests that
there was no relationship between the variables, or, if there
was, it occurred in asymptomatic patients.®

It is essential to highlight that SARS-CoV-2 has become
aseasonal virus in our country. Therefore, a better assessment
of its correlation with the precipitation/decompensation of
DM1 is relevant, evaluating it as a possible risk factor.

As limitations of the present study, we can mention the
retrospective data collection, the non-mandatory inclusion
of the ketoacidosis ICD in the hospitalization document until
2019, the failure to carry out tests for COVID-19; the lack of
data regarding the history of possible contamination before
CAD with SARS-CoV-2, and the relatively short comparison
time in the pre-and post-pandemic periods, not excluding the
possibility that they represent a random variation.

In our study, we concluded that there were no
significant changes in the average age of new DM1 cases or the
severity of DKA cases between the periods evaluated. There
was an increase in the incidence of DKA during the pandemic
period, with a predominance of primary decompensation.
Post-pandemic, the incidence reduced, and decompensation
in previously diagnosed patients predominated, suggesting
a loss of treatment adherence. A significant difference
was observed in the time elapsed between the onset of
symptoms and the diagnosis of DM1, which was shorter in
the post-pandemic period, possibly associated with greater
comfort among families in seeking medical care. Among
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patients already undergoing treatment, the main reason for
decompensation and hospitalization due to DKA was the
omission of insulin doses, this factor being more frequent in
the group of adolescents. Regarding COVID-19 tests, as we
do not have any cases of DKA associated with SARS-CoV-2
infection documented, it is suggested that there was no
relationship between the variables.
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