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Abstract

Introduction: On March 11, 2020 the WHO announced a coronavirus disease 2019 (COVID-19) pandemic. Lockdown restrictions,
compromised access to medical care and fear of potential exposure to SARS-CoV-2 have forced patients with non-COVID-19 ill-
nesses such as type 1 diabetes (T1D) to stay home. This situation can lead to delay in T1D diagnosis and insulin treatment resulting in
rapid progression to diabetic ketoacidosis (DKA) and therefore increased risk of complications and death.

Aim of the study: The aim of this study was to evaluate the frequency and severity of DKA at the onset of T1D in children diagnosed
in our department during COVID-19 pandemic lockdown from March 2020 till May 2020 in comparison to corresponding period
of the previous year.

Material and methods: We collected data of children with newly diagnosed T1D. DKA was defined according to ISPAD guidelines.
Results: The study cohort comprised 34 children in group 2020 and 52 ingroup 2019 with an average age 9.90 4.9 vs. 9.59+4.7 years
with mean HbA, 12.9 £2.4 vs. 11.5 £2.2%, respectively. The incidence of DKA was higher by 12% in group 2020 vs. 2019 (52.94%
vs 40.38%; p = 0.276). Regarding the DKA severity (2020 vs. 2019) 32.35% vs. 11.54% were severe (p = 0.026), 17.65 vs. 13%
were moderate (p = 0.759), and 2.94 vs. 15.38% were mild (p = 0.081). None of the analyzed patients were COVID-19 positive.
Conclusions: During the COVID-19 pandemic lockdown changes in society and health care system, the DKA rate has increased by
12 percentage points with more severe cases noted in children with newly diagnosed T1D. Regular education of the whole society
about the symptoms of diabetes could contribute to faster diagnosis of T1D and reduction of DKA prevalence.
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Streszczenie

Wprowadzenie: Ogfoszona przez WHO w marcu 2020 r. pandemia choroby koronawirusowej 2019 (COVID-19) wptyneta na wiele
aspektow naszego zycia. Aktualna sytuacja epidemiologiczna moze mie¢ dodatkowy wptyw na pogtebienie probleméw z rozpo-
znawaniem cukrzycy typu 1 (T1D) i opéZnienie rozpoczecia leczenia, a w konsekwencji zwiekszenia ryzyka rozwoju cukrzycowej
kwasicy ketonowej (DKA).

Cel pracy: Ocena i poréwnanie ciezkosci i czestosci wystepowania DKA w okresie od marca do maja 2019 r. oraz w czasie epidemii
COVID-19 od marca do maja 2020 r. w grupie dzieci z nowo rozpoznana cukrzyca.

Materiat i metody: Dokonano analizy przypadkéw nowo rozpoznanej T1D u dzieci hospitalizowanych na naszym oddziale w ana-
logicznych okresach. Ciezko$¢ DKA byfa okreslona w oparciu o definicje ISPAD.

Wyniki: Analiza objeto tacznie 86 dzieci: 34 w grupie z 2020 r. i 52 w grupie z 2019 r. odpowiednio w $rednim wieku 9,90 £4,9 vs
9,59 *£4,7 lat ze Srednig HbA, _odpowiednio 12,9 £2,4 vs 11,5 £2,2%.

W badanym okresie 2020 r. czestos¢ DKA byta o 12 punktéw procentowych wieksza w poréwnaniu z poprzednim rokiem (52,94%
vs 40,38%; p = 0,276).

Przy przyjeciu (2020 vs 2019) 32,35% vs 11,54% przypadkéw spetniato kryteria ciezkiej DKA (p = 0,026), 17,65 vs 13% umiarko-
wanej (p = 0,759) i 2,94 vs 15,38% tagodnej (p = 0,081).

U zadnego z analizowanych pacjentéw nie rozpoznano COVID-19.
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Whioski: Zwiazana z pandemia COVID-19 zmiana w funkcjonowaniu spofeczenstwa i opieki zdrowotnej wptyneta na wzrost cze-
stosci DKA w przebiegu nowo rozpoznanej cukrzycy typu 1 u dzieci o 12 punktéw procentowych wraz ze zwiekszeniem odsetka
ciezkich przypadkéw. Regularna edukacja catego spofeczenstwa o objawach cukrzycy mogtaby wptyna¢ na szybsze rozpoznawanie

choroby i redukcje czestosci DKA.
Stowa kluczowe:

dzieci, cukrzyca typu 1, cukrzycowa kwasica ketonowa, COVID-19.

Introduction

Coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was
first reported in December 2019 in Wuhan City, China [1]. Onthe
11" of March 2020 the WHO announced a COVID-19 pandemic
known as coronavirus pandemic [1]. It has affected many as-
pects of our lives. Most of the countries has initiated a range of
public health care interventions and government regulations to
mitigate the transmission of SARS-CoV-2. On the 4" of March,
Poland reported the first laboratory-confirmed COVID-19 case
[2]. On March 13, a state of epidemic emergency and on March
20, a state of epidemic was announced in Poland, which re-
sulted in social distancing and has strong impact on reorgani-
zation of public health system with the obligation to keep social
distancing and the recommendation to stay at home [3]. Ac-
cording to the recommendations, telephone contact became
preferred form of medical consultation [4]. Traditional personal
visits were possible only if absolutely necessary. Direct con-
tact with physician has become significantly limited. Moreover,
according to the recommendations, patients with mild symp-
toms suggesting common cold were advised to stay home [4].
Eventually, to reduce the impact of the COVID-19 outbreak on
healthcare systems, redistribution of healthcare resources to
the COVID-19 response was implemented [5]. All these factors
have resulted in unintentional disregard of non-COVID-19 care
for other diseases such as type 1 diabetes (T1D).

The signs and symptoms of T1D in children usually develop
quickly. The presence of diabetic ketoacidosis (DKA) is pre-
dominantly a consequence of delayed diagnosis and initiation
of insulin therapy [6]. Our previous clinical experience shows
that common symptoms of diabetes such as weight loss, fa-
tigue, polyuria, nycturia, Kussmaul breathing, vomiting and
other symptoms may be misdiagnosed with for i.e. pharyngitis,
flu or another common virus, pneumonia, eating disorders food
poisoning or urinary tract infection. These may result in delayed
T1D diagnosis and, in turn, rapid progression to diabetic keto-
acidosis (DKA) and therefore increased risk of complications
and death. According to literature, between 14.7 and 79.8% of
subjects with newly diagnosed T1D present in DKA, which has
a 0.15-0.35% mortality at onset [7]. Recent studies suggest
that DKA at diagnosis has been associated with less residual
cell function and poorer prognosis of long-term glycemic con-
trol, independent of other factors [8-11]. We hypothesized that
the current epidemiological situation could worsen the already
existing difficulties in T1D diagnosis in children and lead to fur-
ther delay in insulin treatment. However, to date, there is limited
evidence supporting our hypothesis.
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The aim of this study was to evaluate the frequency and
severity of DKA at the onset of T1D in children admitted to our
center during COVID-19 pandemic lockdown from March 2020
till May 2020 in comparison to corresponding period of the pre-
vious year.

Material and methods

This cohort study was performed among all children aged
0 to 18 years with newly diagnosed T1D in our department. The
data from two periods: between March to May 2020 and cor-
responding period in year 2019 were compared. Data were col-
lected from paper or electronic documentation, retrospectively.

Diabetes diagnosis was based upon WHO criteria. Diabe-
tes onset was defined as date of T1D diagnosis. We excluded
children with prediabetes, non-T1D or diabetes diagnosed and
treated at other medical care site. Data were manually reviewed
and extracted from medical files (laboratory results and clinical
documentation) of each patient and included age, sex, weight,
height, BMI z-score at diabetes onset, date of diabetes onset,
patient’s pathway to diagnosis, family history of T1D in first- and/
or second-degree relatives and information about symptoms re-
ported during the days preceding the overt T1D diagnosis and
their duration. Children were analyzed also with regard to the
timing of presentation (whether or not there was a delay in initial
diagnosis) and referral patterns. A “delay in diagnosis” was de-
fined as a patient with newly diagnosed T1D who have a limited
medical contact or was not sent for immediate further evaluation
within 24 hours. Primary care referral was confirmed by analyz-
ing of the clinical records or referral letter, if available. Primary
care included both general practice and night medical assis-
tance. Self-presentation was defined as visit to secondary care
at a hospital emergency department without a referral. Health
care professional contact (HCPc) was defined as any contact
with physician in the previous 4 weeks not leading to T1D di-
agnosis. Health care professional contact was established by
review of the clinical notes and records. Clinical symptoms and
signs observed in this study included polydipsia, polyuria, nyc-
turia, weight loss and weakness (all observed at nominal scale:
Yes/No). We collected also levels of initial: capillary pH, HCO,-,
blood glucose, osmolality, B-hydroksybutyrate (3HB), sodium,
HDbA, . 3HB serum levels were tested on a fingerstick blood
specimen by a hand-held device (Optium Xido, Abbott). The
levels of 3HB hereinafter was referred as ketones. As initial lab-
oratory data for sodium, serum osmolality and blood ketones
were not routinely available for children not presented with DKA,
these outcomes were analyzed only in DKA subgroups.
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Our primary outcome was DKA at the time of a diabetes di-
agnosis. The secondary outcome was the severity of DKA (mild,
moderate, severe) classified according to ISPAD guidelines [6].
Mild DKA was defined as pH < 7.30 or bicarbonate < 15 mmol/l,
moderate as pH < 7.20 or bicarbonate < 10 mmol/l and severe
DKA as pH < 7.10 or bicarbonate < 5 mmol/l. According to the
obtained results, children were divided into two subgroups: non
DKA and DKA group.

To minimize the risk of bias, we based on hospital documen-
tation and laboratory findings coming from our hospital. Created
data tables were double-checked with original documentation
by other, independent person. On the newly diagnosed patient
admission the detailed history, measurements, along with rou-
tine set of laboratory tests are taken. Therefore, we can assume
that high quality, comparable and reliable data were collected.

Statistical analysis was performed using GraphPad Prism
6.00 (GraphPad Software, La Jolla California USA). Descriptive
statistics [mean and standard deviation (SD) for continuous
(quantitative) variables and frequencies (%) and numbers (n)
for categorical variables] were calculated. The assumption that
the data were sampled from a population following Gaussian
distributions was tested using Shapiro-Wilk normality test. If the
data were normally distributed a two-tailed unpaired T-test was
used to compare continuous variables between groups. A non-
parametric Mann-Whitney U-Test was performed to compare
results between groups for not-normally distributed data. Fish-
er exact test or Chi-square tests of association were applied to
assess if any differences exist between each categorical factor
and each binary outcome. Results are presented as mean val-
ues with standard deviations (SD). P-values less than 0.05 were
considered as significant.

Results

Total of 550 patients were examined for eligibility. Out of
142 patients hospitalized in March-May 2020 and 408 patients
in March-May 2019, 356 were excluded due to not meeting
diabetes onset criterium and 108 were not T1D. Finally, we in-
cluded 34 children (35.3% girls) in group 2020 and 52 children
(50% girls) in group 2019. No differences in terms of age, sex
and BMI z-score between 2019 and 2020 groups were found.
Detailed characteristics of included patients is shown in Table |.
None of the patients or their caregivers were diagnosed with
COVID-19. The most common symptoms at presentation were
polyuria and polydipsia, which were seen in more than 90%
of patients. Loss of weight was significantly more prominent
in group 2020 (p = 0.0006). In about 17% patients weight loss
was unclear and difficult to estimate. Capillary blood test for
3HB were not routinely performed therefore the data were not
available for 13 (38.2%) cases in 2020 and 29 (55.7%) cases in
2019. In particular, 3HB was analyzed neither in patients pre-
sented with mild or non-DKA symptoms, nor with severe DKA
treated initially in the ICU Unit. Results are shown in Table I.

We observed an increased DKA incidence of more than
12 percentage points in group 2020 in comparison to group

2019. Overall, 52.94% vs. 40.38% of the patients in group 2020
and 2019 presented with DKA at T1D diagnosis, although the
difference was not remarkably significant (o = 0.276). There
was a strong tendency towards statistically significant differ-
ence in initial pH values (p = 0.054).

We found significant differences between groups in terms
of DKA severity. There was 11/34 (32.35%) severe DKA cas-
es noted in group 2020 and 6/52 (11.54%) in group 2019
(p = 0.0262). In group 2020 17.65% (6/34) and in group 2019 —
13.46% (7/52) of children had moderate DKA (p = 0.759). In
group 2020 2.94% (1/34) and in group 2019 — 15.38% (8/52)
of children had mild DKA (p = 0.081). Results are shown in
Figure 1. Significantly more severe DKA cases were observed
in group 2020. In DKA 2020 vs. 2019 subgroups, 61.1% vs.
28.6% were severe, 33.3 vs. 33.3% were moderate, and 5.6 vs.
38.1% were mild. The number of new T1D cases per month did
not vary between groups, except in March (5 cases in group
2020 and 23 cases in group 2019; Table Il). Type 1 diabetes
occurred in 6 (17.65%) first- or second-degree relatives of the
study participants in group 2020 and in 7 (13.46%) in group
2019 (p = 0.759).

We noted a significantly higher proportion (21/32, 65.6%) of
patients who self-presented to the hospital in year 2020 in com-
parison to year 2019 (6/52, 11.5%), p < 0.0001. The majority of
children in group 2019 presenting with T1D onset were referred
from primary care (88.5%) and were in DKA in 19/46 cases
(41.3%). In group 2020, 21 of 34 (61.67%) patients and their
caregivers originally came directly to hospital emergency unit
on their own initiative (self-presented). Among analyzed pa-
tients, 10 (29.41%) in group 2020 and 17 (32.69%) in group
2019 had at least one previous HCPc, with no differences be-
tween groups.

Discussion

To our knowledge, this is the first study to evaluate and
compare the frequency and severity of DKA at the onset of
T1D in children diagnosed during COVID-19 pandemic lock-
down in comparison to previous year. The major findings of this
study were a high prevalence of children presenting with DKA
at diagnosis along with initially upward trend in DKA severity at
diagnosis of type 1 diabetes during COVID-19 pandemic lock-
down. Undoubtedly, the 3-month rate and severity of DKA at
T1D onset in our center during COVID-19 pandemic lockdown
was unacceptably high (52.94%) and current epidemiological
situation worsen the already existing problem resulting in clini-
cally important increase in DKA rate by 12% and statistically
significant increase in proportion of severe and moderate DKA
cases. Paradoxically, the rise in DKA at T1D onset may not
be only driven by COVID-19 lockdown. In the light of existing
reports on DKA rate, our results from selected period in year
2019, before COVID-19 crisis, are also alarmingly high (40.38%)
and, what should be emphasized, the difference between
analyzed periods were not statistically significant. An increas-
ing prevalence of T1D has been noted in Polish children [13].
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Table I. Demographic, clinical and biochemical characteristics of analyzed patients

Parameter Group 2020 Group 2019 p value
Number of patients (n) 34 52

Sex (F/M) 12/22 26/26 0.192
Age at diagnosis (years) 9.90 4.9 (0.8-17.8) 9.59 +4.7 (1.4-17.3) 0.822
HbA,_ (%) 12.9 +2.4% (6.8-17.6) 115 +2.2% (7.6-15.7) 0.011*
BMI z-score -0.36 +=1.5 (from —2.29 to 3.30) -0.31 £1.5 (from -3.14 t0 4.28) 0.680
Insulin requirement (u/kg/d) 0.75 0.3 (0.2-1.3) 0.57 £0.3 (0.2-1.4) 0.021*
Vitamin D, (ng/ml) 22.00 =9.94 (4.2-56.3) 20.36 +£9.94 (7.1-62) 0.276
Family history (n) 6 (17.65%) 7 (13.46%) 0.759
Referral/self-presented (n) 13/21 46/6 < 0.000*
Previous HCP contact (HCPc) (n) 10 (29.4%) 17 (32.7%) 0.815
Diagnosis delay > 24 h (n) 1 (32.4%) 14 (26.9%) 0.632
Duration of symptoms (weeks) 3.09 =£2.6 (0.5-12) 3.69 £3.43 (0-12) 0.631
Polyuria 3 (97.1%) 47 (90.4%)

Polydipsia 4 (100%) 48 (92.3%)

Nycturia or bedwetting 5 (44.1%) 22 (42.3%)

Weakness 4 (41.2%) 25 (48.1%)

Weight loss 30 (88.2%) 37 (71.2%)

Weight loss (kg) 5.11 4.0 (0-14) 2.12 +£2.28 (0-9) 0.001*
Glucose level (mg/dl) 463.56 +159.2 (237-839) 428.7 +152.7 (213-757) 0.315
pH 7.20 =0.18 (6.81-7.43) 7.28 £0.14 (6.84-7.49) 0.054
Bicarbonate (mmol/l) 13.57 +9.21 (2.0-29.2) 17.00 +7.67 (3.7-28.4) 0.074
Blood Ketones (mmol/l) 4.88 =1.52 (0.9-6.9) 5.17 =2.52 (0.0-7.5) 0.039*
Missing ketones data 13/34 (38.2%) 23/52 (55.8%)

DKA at presentation (n) 18 (52.94%) 29 (40.38%) 0.276
Only severe DKA (n) 1 (32.35%) 6 (11.53%) 0.026*
Both moderate or severe DKA 17 (50%) 13 (25%) 0.022*
Osmolality (mOsm/kg H,0) 305 =19.4 (289-363) 284 +12.8 (282-332) 0.063
Na (mmol/l) 139 =7.1 (127-160) 136 =5.6 (129-151) 0.134
Corrected Na (mmol/l) 145 =8.4 (136-171) 142 =8.4 (135-158) 0.060

Blood ketones — B-hydroksybutyrate; data reported as mean +SD
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A group 2020 B group 2019
m 47.06% no DKA

O 2.94% mild DKA
0O 17.65% moderate DKA
@ 32.35% severe DKA

m 59.62% no DKA

O 15.38% mild DKA

O 13.46% moderate DKA
@ 11.54% severe DKA

total = 34 total = 52

Figure 1. Proportion of patients in terms of DKA severity in group 2020 (A) and in group 2019 (B)

Table Il. Overall (3-month) and monthly prevalence and severity of DKA in both groups

Overall Monthly
All 2020 All 2019 March 2020  March 2019  April 2020  April 2019 May 2020 May 2019

Total number 34 52 5 23 15 15 14 14

of patients (F/M)  12/22 26/26 2/3 12/11 5/10 9/6 5/9 5/9

All DKA 18 21 3 12 10 5 5 4
(52.94%)  (40.38%)  (60.0%) (52.2%) (66.7%) (33.3%) (85.7%) (28.6%)

No DKA 16 31 2 1 5 10 9 10
(47.06%)  (59.62%)  (40.0%) (47.8%) (83.3%) (66.7%) (64.3%) (71.4%)
p =0.276 p = 1.000 p = 0.1431 p =1.000

Mild DKA 1 8 0 5 1 3 0 0
(2.94%) (15.38%)  (0.0%) (21.7%) (6.7%) (20.0%) (0.0%) (0.0%)
p = 0.081 p = 0.550 p = 0.597 p = 1.000

Moderate DKA 6 7 0 4 4 0 2 3
(17.65%)  (13.46%)  (0.0%) (17.4%) (26.7%) (0.0%) (14.3%) (21.4%)
p =0.759 p = 0.568 p = 0.996 p = 1.000

Severe DKA 11 6 3 3 5 2 3 1
(82.35%)  (11.54%)  (60.0%) (13.0%) (33.3%) (13.3%) (21.4%) (7.1%)
p = 0.026* p =0.050 p = 0.340 p = 0.596

F —female; M — male
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In previous years, DKA 12-month prevalence in our center was
noticeably lower, and varied from 25 to 28%, without differenc-
es between the periods from 2006 to 2007 and from 2013 to
2014 [6], similar to the DKA prevalence among children in the
area of eastern and central Poland (which cover around 35%
of the Polish population) [14]. In another regions of Poland, the
incidence of DKA at diagnosis of T1D was about 22-26%, al-
though did not exceed 36% [15-17]. Therefore, based on these
findings, we may conclude that in comparison to recent years,
DKA incidence in our center during 3 months of pandemic state
has roughly doubled. Only few studies in pediatric population
report on DKA prevalence of more than 50% [18, 19]. World
widely, the prevalence of DKA at T1D onset widely varies by
country and region and in overall is estimated to be 29.2%
(95% CI: 28.82, 29.56) [20, 21]. Our findings showed an up-
ward trend in the severity of DKA. Comparing the proportion
of DKA severity in year 2019 with our previous report, a shift
between mild and moderate DKA is noticeable, in favor of mod-
erate cases. The frequency of severe DKA remained constant
at a level of approximately 28-30% of all DKA cases [13]. This
is consistent with previous observations from other Polish cen-
ters, with severe DKA rate at the level between 24% (Greater
Poland) [16], and 31.4% (Lesser Poland) [15]. Global statistics
on severe DKA incidence vary between 22 to 37% [22-25]. One
fourth of healthcare professionals reported delays in diagno-
sis and an increased rate of DKA in large global survey during
COVID-19 pandemic [12]. What should be emphasize, through-
out the COVID-19 pandemic lockdown, severe DKA rate at T1D
onset dramatically raised and exceeded 60% of all DKA cases.
Overall, children with newly diagnosed T1D were more likely
to present with moderate or severe DKA. This is an alarming
result, due to reports of the impact of severe and moderate
DKA at T1D onset, on worse cognitive score and altered brain
growth [26]. The question arises whether the observed further
increase in the severity of DKA results exclusively from public
health system lockdown during a pandemic. In terms of clini-
cal parameters describing DKA, regardless of strong tendency,
no significant difference for pH values between 2019 and 2020
was found, although power of the study, calculated post hoc for
this outcome, appeared to be only 59.2%. Similarly, the results
for 3HB are burdened with a large proportion of missing data,
hence their interpretation in the context of the severity of ketosis
is not possible.Although, we did not perform any analysis to
evaluate factors influencing frequency and severity of DKA as it
was not the aim of this research, there are a few possible factors
contributing to observed persistence of high DKA prevalence.
Even though, T1D is one of the most common chronic disease
in children, reducing the rate of DKA at T1D onset is still chal-
lenging and neglect of typical symptoms resulting in misdiag-
nosis may play a key role in delay of insulin treatment, thereby
increasing the risk of DKA three times [27-29]. As many chil-
dren presenting with DKA have had a contact with a health care
professional before diagnosis [29], we may have expected the
overall DKA rate to increase due to limited medical access and
greater delay in diagnosis during COVID-19 pandemic but it
was not the case. In literature findings on duration of symptoms
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and DKA are inconsistent. Study by Neu et al. showed that chil-
dren with DKA had a shorter duration of symptoms than those
without DKA [30]. These findings would support the presump-
tion of DKA development rather as a result of a particularly
aggressive disease rather than missed or delayed diagnosis.
In contrast, Usher-Smith et al. report similar mean duration of
symptoms in children presenting with or without DKA [28]. On
the other hand, we even noticed not significantly shorter dura-
tion of symptoms in group 2020. Several studies indicate that
DKA is associated with higher levels of HbA, . Our group 2020
had significantly higher HbA,_ levels at diagnosis.

Both primary care physicians and parents play a crucial role
in the prevention of DKA [31]. Moreover, we observed that in
group 2020 significantly more patients self-presented with T1D
symptoms directly to the hospital bypassing the diagnostic
step in primary care. We expected the sudden and significant
decrease in HCPc during COVID-19 pandemic. Surprisingly,
we did not find difference in previous HCPc in last month be-
fore diagnosis between groups. We found that about one-third
of children had a previous contact with a health care profes-
sional. Despite the comparable number of HCPc, only one-third
of patients with T1D onset in 2020 were referred from primary
care. In contrast to 2020, the majority of children in 2019 were
referred from primary care. However, we did not collect data
on type of HCPc (personal or digital contact). Based on our ex-
perience, we can only assume that vast majority of HCPc were
digital in analyzed period of 2020. Medical digital consultations
were uncommon up to nowadays. COVID-19 crisis acceler-
ated so-called Health Care’s Digital Revolution. Doubtless, the
quality of medical contacts worsens with digital contact as the
new form of medical consultation. HCP could only base on the
selective information provided by parent by telephone contact
and misinterpret it as their attention could be directed predomi-
nantly towards SARS-CoV-2 infection symptoms.

A positive family history of diabetes is one of the protective
factors associated with a reduced risk of DKA [28, 32]. In con-
trary, first-degree relative with T1D did not affect DKA occurrence
in study by Niechciat et al. [16]. Our research did not reveal
a significant difference in family history between groups, there-
fore we did not perform sub analysis on the its correlation with
incidence or severity of DKA. We noticed that nearly the same
number of patients had first- or second-degree relative with T1D.

It is well known that the risk of DKA increases significantly
when diabetes is not diagnosed promptly and increased T1D
awareness and higher parental education as a protective fac-
tor in preventing DKA was highlighted in previous publications
[28]. The high incidence of severe and moderate DKA at T1D
initial presentation during COVID-19 crisis may be escalated
due to parents’ unawareness of classic symptoms of hyper-
glycemia, which gained importance in the view of lockdown re-
strictions. We did not have details on type of previous HCPc in
our group, although it can be assumed that despite the fact that
there was no significant difference in overall number of medi-
cal contacts between both analyzed groups, those medical
consultation performed in year 2020 were of different quality as
they were probably predominantly digital contacts.
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Our data support the need for improvement of awareness
regarding the symptoms of T1D and its prevalence in children
among both medical professionals’ and general public and/
or for screening programs for T1D. Literature suggests that
increased awareness of T1D results in earlier diagnosis and
treatment, can lead to DKA rate decrease [8, 33-35]. However,
awareness publicity campaigns directed to type 1 diabetes
have not shown consistent results [24, 33, 34, 36-39].

Partially, high DKA rate can be explained by the increase in
the proportion of the youngest children, who statistically more
often develop DKA during T1D onset [21, 22, 35]. It is reported
that young children present with a shorter duration of symp-
toms and more rapid T1D progression. However, in our center
percentage of patients under 5 years of age with T1D onset in
last two years did not differ (data not shown).

The main strength of our study is that we collected a rep-
resentative number of patients over designated period. We
based on patients’ documentation created exclusively in our
department, according to our preestablished standards. Labo-
ratory tests were performed in our hospital laboratory only. Data
on DKA presence and severity were available for all analyzed
cases. Selection criteria was clearly defined. We also have ana-
lyzed the total number of included patients, without exclusions
therefore we do not expect the selection bias in the analysis.

Nonetheless, there are limitations to this study, predomi-
nantly methodological issues related to study observational
design. As a retrospective nature of our study, it is prone to
missing data and limited by completeness of medical records
and accuracy of patients’ medical history report given by par-
ents or caregivers. When interpreting the study results, it should
be borne in mind that data concerning medical history such as
diagnosis delay, previous HCPc, type of HCPc, family history
or mode of presentation may not be complete. Parents could
unintentionally forget to report some important information.
Therefore, it is likely that data form medical history may be in-
complete. Likewise, the test of 3HB, is not routinely performed,
therefore we were unable to collect enough data for analysis.
Our study was also limited to one diabetic tertiary center. Our
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