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Background: COVID-19 pandemic caused families to stay home and cancel everyday activities. Hospital admis-
sions decreased, affecting changes in diagnoses and management of chronic disease in children.
Aims: We analyzed how the first lockdown influenced clinical presentation and manifestation of children with
diabetes mellitus (DM) in a German University Hospital.
Methods:DuringMarch 15th and October 11th 2020, data on general patient information, clinical symptoms and
on lab results related to diabetic ketoacidosis (DKA)were analyzed in children (0–18 years) who presentedwith
new onset of DM or poor metabolic control of known DM. All data including frequency and severity of DKAwere
compared to data from patients who presented in 2019.
Results: Data from 125 participants with DMwere evaluated (2020: n= 52; 2019: n= 73). In 2020, twelve pa-
tients (23.1%) were diagnosed with new onset DM, two of them with type2 diabetes, and 66.7% presented with
DKA including both patients T2DM. In 2019, 24.5% of patients had new onset DM, and 50% of them presented
with DKA.
In 2020, patients with new onset DM were younger, presented with more severe symptoms of DKA and had to
stay longer in hospital compared to 2019. In 2020, six children (50%)with newonset DMwere<6 years, whereas
in 2019 most children with new onset DMwere adolescents (n = 7, 38.9%).
Conclusion: COVID-19 lockdown aggravated complications of diabetes onset and therapymanagement, including
severity and frequency of DKA. It underlines the need of health education for early DKA diagnosis to early identify
children at risk.

© 2021 Published by Elsevier Inc.
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1. Introduction

The COVID-19 pandemic has caused a nationwide lockdown in
Germany, starting March 15th 2020, which initially ended in May
2020 but still showed ongoing effects on the everyday life of children,
especially on those with chronic illnesses such as diabetes mellitus.
Schools and kindergartens were closed, fun activities cancelled and
the focus of society and health care system laid on copingwith the pan-
demic. In November 2020, the government decided for a second lock-
down that is not yet concluded.

Besides influence on family life and psychological health, hospital
admissions also decreased [1]. Diabetic ketoacidosis as complication of
delayed diagnosis was present in more children with onset type 1 dia-
betes during lockdown from March to May 2020 than in 2018 and
2019 [2]. The SARS-CoV-2-virus using ACE-2-receptor for cell
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penetration may also cause diabetic ketoacidosis directly [3]. Other
groups have reported cases of children with COVID-19 where the dis-
ease might have precipitated the type 1 diabetes mellitus diagnoses
[4,5]. Yet the overall incidence of T1DM in 2020 during lockdown in
spring increased in the same manner as between 2011 and 2019 with-
out showing short-term effects of the COVID-19 pandemic [6]. Even
though children with diabetes seem – to our current understanding-
not to be at higher risk for severe COVID-19 illness in contrast to adults
with diabetes, a connection between the impacts of the pandemic and
diabetes in children has been observed [7].

The aim of this study was to analyze how far lockdown, starting in
March, and the remaining lifestyle changes influenced clinical presenta-
tion and manifestation of children with diabetes mellitus. Did children
and adolescents with newly or already diagnosed diabetes mellitus
type 1 and type 2 suffer more frequently from diabetic ketoacidosis
than the year before? Lockdown may have caused more severe cases
and the need of longer treatment/longer hospitalization than in 2019.
We thus aimed to analyze the clinical presentation and severity of
DKA in children with newly diagnosed or known diabetes during the
first lockdown in 2020, and we retrospectively compared all data with
the same period in 2019.
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2. Methods

2.1. Study population

This study evaluated data from children and adolescents who
were admitted to our hospital during the first lockdown of the
COVID-19-pandemic from March 15th to October 2020, with new
onset DM or known DM and poor metabolic control. All data were
compared to data of diabetic patients within the same time period
in 2019. All consecutively enrolled children, who were newly diag-
nosed or already diagnosed dealing with metabolic decompensation
and who were treated at the University Hospital in Halle (Saale),
Germany during these months, were included. We collected data
from electronic medical records on general patient information, on
overall clinical condition and on laboratory parameters related to di-
abetic ketoacidosis and blood-glucosemanagement. In detail we sur-
veyed age at admission, manifestation age, gender, BMI-percentile,
BMI-SDS, current therapeutic method (CSII = continuous subcuta-
neous insulin infusion or ICT = intensified conventional therapy),
days spent in hospital, symptoms at hospital admittance, blood-
glucose at admittance, pH-level, base excess (=BE, mmol/l) bicar-
bonate in serum (mmol/l) and HbA1c (mmol/mol and %). Parameters
were classified in different categories. For age, the children were divided
in preschool (<6 years), primary school (6–11 years) and adolescents
(12–18 years). The BMI-score was calculated as previously described,
based on Germany reverence percentiles, and was evaluated with BMI-
percentile counting percentile >90 ≤ 97 as overweight, percentile >97 ≤
99.5 as obese and >99.5 as extremely obese [8]. As definition for diabetic
ketoacidosis we used a pH-level < 7.3 and/or bicarbonate level < 15
mmol/l and categorized the severity in mild (pH-level < 7.3 and
bicarbonate < 15 mmol/l), moderate (pH-level < 7.2 and bicarbonate <
10 mmol/l) and severe (pH-level < 7.1 and bicarbonate < 5 mmol/l)
[9]. The evaluated symptoms included polyuria, polydipsia, stomach
pain, fatigue and weight loss. Duration of symptoms was divided in
“days”, “one week”, “few weeks” and “months”. Besides interpreting
these values for the overall group of children, we separated them into
newly (onset) and already diagnosed cases.
Table 1
Descriptive statistics of study population in 2020 and 2019: absolute numbers or mean values

Overall New ons

2020 2019 2020

n 52 73 12 (23.1
Sex Male 21 (40.4%) 36 (49.3%) 6 (50%)

Female 31 (59.6%) 37 (50.7%) 6 (50%)
Age <6 years 16 (30.8%) 13 (17.8%) 6 (50%)

6–11
years

11 (21.2%) 19 (26%) 3 (25%)

12–18 25 (48%) 41 (56,2%) 3 (25%)
Duration of
symptoms

Days 6 (50%) 8 (40%) 2 (28.6%
1 week 2 (16.7%) 4 (20%) 2 (28.6%
Few
weeks

2 (16.7%) 6 (30%) 2 (28.6%

Few
months

2 (16.7%) 2 (10%) 1 (14.3%

Variables
Age (years) 9.48 (8.12–10.84) 10.64 (9.61–11.67) 7.50 (4.3
Age at manifestation (years) 6.4 (5.2–7.6) 7.13 (6.02–8.23) 7.50 (4.3
BMI-SDS 0.68 (0.23–1.13) 0.62 (0.27–0.97) 0.19 (−1
Blood-glucose at admittance
(mmol/l)

16.69 (14.46–18.92) 17.80 (15.51–20.09) 22.27 (1

pH-level 7.2702
(7.2074–7.3330)

7.3074
(7.2571–7.3578)

7.1668
(7.0394–

Base excess (mmol/l) −8,01
(−11,56–(−4,47))

−6,23
(−8,82–(−3,64))

−15,08
(−22,62

HbA1c (mmol/mol) 88.98 (82.34–95.61) 93.82
(83.47–104.16)

98.73 (8

HbA1c (%) 10.27 (9.68–10.86) 10.9 (10.25–11.55) 11.18 (9
Days in hospital 10.13 (8.62–11.65) 9.86 (8.71–11.02) 17.33 (1

2

The study protocol was approved by the Ethics Committee of the
Medical Faculty of University Halle/S.

2.2. Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics. We
created descriptive statistics for categorial values regarding frequencies
and metric values regarding mean value with 95%-confidence interval.
Mean values were compared by means of t-test for independent sam-
ples and illustrated on forest plot-diagrams to underline the relevance
of the differences between groups in 2019 and 2020. A two-sided p-
value < 0.05 was considered as statistically significant. We calculated
the binary logistic regression for presentation with or without DKA re-
gardless of age, gender and BMI, and equally pointed out the effect via
95%-confidence interval (p-value < 0.05 statistically significant). Fre-
quency of DKA and its clinical classificationwas compared using Fisher's
exact test with two-sided p-value andMann-Whitney-U test with exact
p-value, considering p < 0.05 as statistically significant.

3. Results

3.1. Study population with regard to gender and age distribution

Data from a total of 125 consecutively enrolled children and adoles-
cents were included in the analyses (2020: 52; 2019: 73). In 2020,
twelve children (23.1%) had new onset DM, two of them were diag-
nosed for Type2 DM (T2DM). In 2019, eighteen children (24.65%) had
new onset DM, all of them with type1 DM. Descriptive statistics of the
entire study population is presented in Table 1.

In 2020, more girls were admitted to hospital due to diabetes
diagnosis (new onset or already known disease) compared to 2019.
However, in 2019 gender was nearly evenly distributed whereas in
2020, twenty-five (62.5%) of the patients with DMwere females.

Comparing the age, children with new onset DM were 1.74 years
younger in 2020 compared to 2019. In both years, the most
frequently admitted age group of the entire study population were
adolescents with twenty-five patients (48%) in 2020 and forty-one
(95%-CI), respectively, as well as percentages are given.

et DM Already diagnosed

2019 2020 2019

%) 18 (24.65%) 40 (76.9%) 55 (75.34%)
11 (61.1%) 15 (37.5%) 25 (46.3%)
7 (38.9%) 25 (62.5%) 29 (53.7%)
5 (27.8%) 10 (25%) 8 (14.8%)
6 (33.3%) 8 (20%) 12 (22.2%)

7 (38.9%) 22 (55%) 34 (63%)
) 3 (23.1%) 4 (80%) 5 (71.4%)
) 4 (30.8%) 0 0
) 4 (30.8%) 0 2 (28.6%)

) 2 (15.4%) 1 (20%) 0

8–10.62) 9.24 (6.77–11.7) 10.07 (8.55–11.6) 11.11 (9.95–12.27)
8–10.62) 9.24 (6.77–11.7) 6.08 (4.75–7.4) 6.58 (5.36–7.81)
.08–1.45) −0.38 (−1.07–0.31) 0.83 (0.35–1.30) 0.95 (0.57–1.33)
7.94–26.60) 24.89 (20.29–29.51) 15.02 (12.58–17.46) 15.39 (13.01–17.77)

7.2941)
7.2661
(7.1619–7.3704)

7.3241
(7.2590–7.3893)

7.3344
(7.2822–7.3867)

–(−7,55))
−6,46
(−10,89–(−2,04))

−4,75
(−8,25–(−1,25))

−6,06
(−9,47–(−2,64))

5.67–111.79) 100.66
(89.65–111.66)

82.82 (76.28–89.35) 86.98
(68.71–105.24)

.98–12.38) 11.45 (10.55–12.35) 9.72 (9.15–10.28) 10.51 (9.53–11.49)
5.06–19.61) 14.56 (13.32–15.79) 7.98 (6.75–9.20) 8.41 (7.15–9.66)
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patients (56.2%) in 2019.With regard to already diagnosed cases, ad-
olescents were more frequently admitted to hospital in both years
due to poor metabolic control compared to younger age groups, con-
stituting twenty-two of patients (55%) in 2020 and thirty-four (63%)
in 2019 (Fig. 1a). In 2020, ten (25%) of these patients were under the
age of 6 years whereas in 2019, only eight patients (14.8%) were pre-
school children (Fig. 1a). In 2020, 50% of the patients with new onset
DM (6 children) were under the age of 6 years. Between 6–11 years
and 12–18 years, each group contributed three (25%) of the newly
diagnosed patients in 2020. In 2019, five (27.8%) patients with new
onset DM were under the age of 6 years, and most patients were ad-
olescents (7 patients, 38.9%; Fig. 1b; Table 1).

3.2. Study population with regard to weight status and type of diabetes
diagnosis

In both years, the majority of the patients were of normal weight (33
patients, 63.5% in 2020 and 50 patients, 68.5% in 2019). In 2020 and fol-
lowing lockdown, extreme obesity occurred more often than in 2019.
Three of the 12 children with new onset DM (25%) had a BMI > 99.5 per-
centile. Two of them were newly diagnosed with T2DM: Both patients
were boys, 13 and16years old,with abodyweight of 104kg (99.8percen-
tile; BMI-SDS 2.88) and 115.5 kg (99.9 percentile; BMI-SDS 3.04), respec-
tively. Bothpatients initially presentedwith severeDKA:pH-level 6.91 and
7.07; base excess −29.4 mmol/l and − 21.7 mmol/l; bicarbonate 2.5
mmol/l and 6.8 mmol/l, respectively. HbA1c-levels at admission were
129.1 mmol/mol (14%) and 93.8 mmol/mol (10.7%), respectively. Both
had severe symptoms of polyuria and polydipsia, the younger boy since
a few days and the older one, who also was increasingly somnolent at ad-
mittance, since a few weeks.

In 2020, four (10%) of the patients with already known DM had se-
vere obesity, three of them were previously diagnosed with T2DM. In
2019, five patients (6.8%) had presented with severe obesity, however,
none of them in the group of new onset DM. However, four of these
five patients were diagnosed with T2DM already in 2019.

3.3. Frequency and severity of diabetic ketoacidosis at admission

Regarding the frequency and severity of DKA,more patientswere di-
agnosedwithDKA in 2020 compared to 2019: In 2020,fifteen (28.8%) of
all diabetic patients were admitted with DKA, eight (53.3%) of them
with severe DKA, compared to fifteen (20.5%) of patients with DKA in
2019 and among them only six patients (40%) with severe DKA
(Fig. 2a). Comparing the patients with new onset DM, even a higher dif-
ference was noticeable: In 2020, eight children (66.7%) with new onset
DM presentedwith DKA, and five of them (62.5%)with severe DKA. The
base excess at admission to hospital was on average significantly lower
in 2020 (−15.08mmol/l) compared to 2019 (−6.46mmol/l; p=0.03).
In 2019, nine children (50%) with new onset DM were admitted with
DKA, four (44.4%) of them with severe DKA (Fig. 2a). In 2020, two pa-
tients (40%) with new onset DM and severe DKA were under the age
of 6 years, whereas in 2019 only one child (25%) was younger than 6
years (Fig. 2b). In addition, children that had already previously been di-
agnosed with DM had to be treated for DKA more frequently during
lockdown in 2020 compared to 2019. With regard to all patients with
known DM in 2020, seven children (17.4%) were admitted with DKA,
three (13%) of them with severe DKA. During the same period of time
in 2019, only six children (10.9%) presented with DKA, and only two
of them (7%) with severe DKA.

3.4. Symptoms of diabetes manifestation and duration of hospitalization

Common symptoms of diabetes manifestation were present in 73%
of the children during lockdown in 2020 while in 2019, only 68.4% of
the children presented with typical symptoms. More detailed, in both
years, polydipsia was the most frequent symptom with 23.1% in 2020
3

and 19.2% in 2019. Most patients reported that they had dealt with
these symptoms for a few days (2020: 50%; 2019: 40% of children).

It was of special interest, if children with new onset DM who were
not yet familiar with typical symptoms of DKA, waited longer until
they reported their complaints to a physician. In both years, most pa-
tients went to see a doctor after oneweek or a fewweeks of symptoms.
In 2020, 28% of the children with new onset DM and common symp-
toms indicated a duration of days; the same number of children re-
ported a duration of one week or a few weeks, respectively. Only
14.3% of children indicated that they had observed a duration of clinical
symptoms for several months. In 2019, 23% of children with new onset
DM showed symptoms for a duration of days, 30.8% for one week, the
same percentage for a few weeks and 15.4% for a duration of months
(Table 1).

To evaluate the duration of hospitalization, we compared days spent
in hospital. This analysis showed more hospital days during lockdown
than in 2019. On average, the children spent 10.13 days in hospital in
2020 compared to 9.86 days on average in 2019. Considering only pa-
tients with newly diagnosed DM, children were treated almost three
days longer in 2020 than in 2019.

3.5. HbA1c levels and applied therapy as well as therapy compliance

To evaluate the blood-glucose management, the mean HbA1c and
blood glucose levels of all patients with diabetes diagnoses were com-
pared: both measures showed no differences between 2019 and 2020.
Concerning therapy compliance, the HbA1c levels of the patients with
already known DMwere of special interest. These patients showed sur-
prisingly lower HbA1c levels in 2020 compared to 2019.

In comparison of the applied therapy in patientswith already known
diabetes, the distribution of therapy methods showed differences be-
tween both years: In 2020, 42% of all admitted patients with known
DM were treated with CSII therapy whereas 58,3% had ICT. In 2019,
56% of the cases used CSII therapy compared to 44% using ICT.

t-Test for independent variables provided no significant differ-
ences for all data included between 2020 and 2019 except for the av-
erage difference of base excess as measure for severity of DKA at time
of admission, with lower values in the group of the newly diagnosed
cases. By using the 95%-CI lower bound and upper bound, the above-
mentioned difference trends could be visualized, however. For the
overall group, lower pH-levels were a marker for severity of DKA
during lockdown. In the group of the newly diagnosed patients, the
trend for younger age, lower pH-levels, significantly lower base ex-
cess can be seen for the patients admitted in 2020 compared to
2019. The variable “days spent in hospital” shows a significant
trend for longer hospital stays for patients with new onset DM in
2020. Consistent to the differences mentioned above in the group
of patients with already known disease, there is a trend for younger
age during lockdown (Fig. 3).

Binary logistic regression calculated a 1.65 times higher odds-ratio
(95%-CI: 0.58–4.74) for being admitted with a DKA in 2020 compared
to 2019 adjusted for age, gender and BMI. Regardless of the observed
differences in frequency and severity of DKA between 2020 and 2019,
Fisher's exact test and Mann-Whitney-U test could not underline
these results with statistical significance (p-values shown in Table 2).

4. Discussion

Children and adolescents with new onset or known DM who were
admitted to our hospital during the first lockdown of the Corona Pan-
demic in 2020were analyzedwith regard to clinical presentation, sever-
ity of DKA and therapy compliance and were compared to a group of
children with DM who presented during the same time in 2019.

One of ourmain findings is that the general incidence and severity of
DKA was higher in 2020 compared to 2019, independent of the fact
whether children presented with new onset DM or were admitted to



Fig. 1. a: Distribution of age groups in patients with knownDMwho had to be hospitalized in 2020 compared to 2019. b: Distribution of age groups in patients with new onset DM in 2020
compared to 2019.
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hospital with known DM and poor metabolic control. However, and
consistent with previous studies [2,7] more cases of (severe) DKA
were related to patients with new onset DM compared to children
with already known diabetes. In addition, our study showed that the
number of already diagnosed patients in need for therapy adjustment
and who presented with DKA, especially severe DKA, increased in
2020 compared to 2019. However, when interpreting these results it
has to be mentioned that, although odds ratio was 1.65 times higher
for being admitted with a DKA in 2020 compared to 2019 adjusted for
age, gender and BMI, the observed differences in frequency and severity
of DKA between 2020 and 2019 did not reach statistical significance,
which may be attributable to the small sample size.
4

The information available on the symptoms and duration of symp-
toms did not point out if parents or children waited longer until they
came to the emergency department. In 2020, less children were treated
with DM in hospital, and a greater severity of DKA was found in 2020,
whichmay be explained by a lower tendency for seeking formedical ad-
vice during the COVID-19 related lockdown,which in turnmay have led
to lower admission rate to hospital in 2020. Fear of exposure to SARS-
CoV-2, the commitment to not overload the health system or unavail-
ability of professional help may have influenced the delayed diagnosis
and furthermore the severity of DKA [10]. As far as a delayed diagnosis
is concerned, factors such as a younger age < 6 years and migration
background seem to be major risk factors for severity of DKA, which

Image of Fig. 1


Fig. 2. a: Frequency and severity of DKA: patients with new onset DM in 2020 compared to 2019. b: Severe DKA in patients with new onset DM: Distribution of age groups in 2020
compared to 2019.
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underlines the need to support awareness of the typical symptoms. In
the “Stuttgart Diabetes Awareness Campaign” the incidence of DKA de-
creased significantly by informing and encouraging parents to see a
physician if their child shows polydipsia, polyuria, weight loss and
lack of energy [11]. More specifically, patients with new onset DM
were younger in this study compared to the year before.

The influence of lockdown on handling health care might have been
stronger for smaller children. Lack of preschool teachers who notice
symptoms and missed diagnosis because of unspecific symptoms as
5

stomach pain could haveworsened the clinical presentation [12]. This un-
derlines the necessity of parents to be informed about the common symp-
toms. The U1-J1 examinations that are regularly performed within
Germany, might be a good time slot for health education, and the
model may be transferred to other countries. In addition, the German
Working Group of Pediatric Diabetology (AGPD) of the German Diabetes
Association has initiated a campaign to early detect and diagnose type 1
diabetes in children: Pediatricians shall explain the early “cardinal” symp-
toms of newonset of DM toparents at routine checkups andwill handout

Image of Fig. 2


Fig. 3. Average difference and 95%-CI in 2020 compared to 2019 (ND = new onset DM; AD = already diagnosed DM; base excess in mmol/l; HbA1c in %; age = age at admittance to
hospital).
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a flyer to parents with important information [13]. This projectmay serve
as a model, too, to be adapted from other Associations such as the ISPAD.

In the group of already diagnosed cases, adolescents in particular
were facing problems with DKA. It is necessary, especially in times of
lockdown, to support compliance and understanding of the disease. Ad-
olescents might have had less physical activity, less structure in daily
life and more psychological stress. This could cause less motivation
and sensibility to be aware of and react on blood-glucose changes. In
this age group the supervision of parents for disease management de-
creases. Staying at home due to COVID-19 lockdown may have sup-
ported the desire in adolescents to act independently in diabetes
therapy. Even though no higher HbA1c levels were found in this study
or other studies on continuous glucose measurement have shown no
changes of TIR (time in range) during lockdown [14], ways to prevent
DKA in adolescents have to be developed. The ISPAD (International So-
ciety for Pediatric and Adolescent Diabetes) underlines insulin omission
as the cause of DKA. Children with pump therapy, who fail to take extra
insulin when necessary or renounce insulin therapy e.g. to lose weight,
need psychological support and further education. ISPAD suggestsmea-
surement of blood BOHB (β-Hydroxybutyrate) in case of emergency in
children with pump therapy to identify ketosis faster [9]. The pediatric
department in Wisconsin developed further steps to reduce complica-
tions for DKA through diagnosing DKA faster. POC tests (point of
care), order panels, provider guidelines, and nursing guidelines reduced
the time to determine DKA from 86 to 30 minutes [15]. Investing in
structured education and guidelines for primary health care staff is an
important step, particularly in times of COVID-19, to prevent complica-
tions in DKA diagnosis and therapy. In addition, it is important to know
risk factors and to identify children at risk. In our studymore adolescent
girls were admitted to hospital in 2020 as well as in 2019. Besides
female gender and adolescent age, risk factors for DKA can be
Table 2
p-Values Fisher's exact test and Mann-Whitney-U test for frequency and severity of DKA
(mild, moderate, severe).

Fisher's exact test
(DKA yes/no)
Two-sided exact p-value

Mann-Whitney-U test
(DKA clinical classification)
Exact p-value

Overall 0,488 0,4
New onset DM 0,465 0,346
Already diagnosed 0,747 0,570

6

socioeconomic disadvantage, high HbA1c levels i.e. therapy
incompliance, previous DKA, and psychiatric comorbidities (e.g. eating
disorders and depression) [16].

As an intervention in times of COVID-19, one could introduce pa-
tients to telemedicine and check in with them on a more regular basis
without asking them to come to the hospital [17]. This could help ado-
lescents to stay motivated. Furthermore, pediatricians might recognize
adolescents, especially girls, struggling with their therapy and potential
eating disorders.

In 2020, two cases of newly diagnosed Type 2 diabetes were treated
in our hospital, and both patients presented with severe ketoacidosis
and in poor clinical condition. Less physical activity, disordered eating
and more screen time during lockdownmay have worsened insulin re-
sistance and caused diabetes manifestation [17]. The development of
creative ways to use screen time for example to promote physical activ-
ity has to be supported [18].

Our results are in line with a recently published study from a Cana-
dian group, who have also analyzed DKA in children with T1DM during
the COVID-19 pandemic: The authors did not find a difference in the
amount newly diagnosed patients with DM1 between 2019 and 2020.
However, they have also and in concordance with our results seen a
higher frequency of DKA at DM1 onset in 2020 compared to 2019
(68.2% vs 45.6%; p < 0.001). In addition, the incidence of severe DKA
was also higher (27.1% in 2020 vs 13.2% in 2019; p = 0.01) [19].

Although themajority of childrenwith new onset DM are diagnosed
as T1DM, there is increasing evidence that although T2DM is more fre-
quently seen in the pediatric population: A recent study that has inves-
tigated 835 children with newly diagnosed DM, and 84% of these
patients were diagnosed as T1D, 5.7% as T2D, 5.3% as clinical MODY
and 5% as being cases of other types of diabetes. More interestingly
and in line with our results, fourteen of these patients (29.2%) with
T2D presented with ketosis and two of them (4.2%) had DKA at initial
diagnosis. The authors could clearly show that a significant increase in
the frequency of T2D is to be found in recent years and that a quite in-
creasing number of patients present with clinical symptoms of DKA at
diagnosis [20].

Regarding therapy management in the group of patients with
known DM, lower HbA1c and blood-glucose levels were found in
2020 compared to 2019. Chowdhury and Goswami have published a re-
view based on PubMed search from December 2019 to May 2020 and
found either no changes in blood-glucose management or better

Image of Fig. 3
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measures during lockdown. They suggest that parents could have had a
positive influence on insulin therapy. Other explanations could bemore
regular meals at home and less stress in school during lockdown [21].

In 2020, more childrenwith ICT compared to CSII needed treatment.
It is known that pump therapy reduces the rate of hypoglycemia and
ketoacidosis [22]. Also, the use of CGM-systems decreases complications
in diabetes therapy [23]. Lockdownmayhave aggravated the difficulties
in autonomous ICT therapy and blood-glucose measurements. Children
and adolescents at risk for complications could benefit from pump ther-
apy and should be adjusted for CSII.

The strengths of this study is that we have analyzed a well-defined
and characterized cohort of patients who presented during the
COVID-19 Pandemic Lockdown in 2020 to a Pediatric University Hospi-
tal and have compared them to identical data of patients from 2019.
New information is provided on two cases with new-onset Type2 Dia-
betes, and both patients presented with severe DKA, which is very
rare in the pediatric population.

Limitations of this work include the small sample size, exclusive use
of electronic medical records without asking parents and children on
their handling with lockdown and lack of information on the socioeco-
nomic status and migration background of the cases.

5. Conclusions

In conclusion, the results of our study show that the Lockdown dur-
ing the COVID19-pandemic has led tomore severe DKA in patients with
newly diagnosed or already knownDM, and that patients were younger
at first presentation compared to a year before and had to stay longer in
hospital.We thus confirm and extendpreviousfindings by showing that
different age groups are differently affected and that there are also dif-
ferences between genders. In addition, we show for the first time that
two adolescent patients who presented with severe DKA and in bad
clinical condition during the 2020 Pandemic were diagnosed with
Type 2 DM. Thus, although themost frequent cause of newly diagnosed
DM is type 1 diabetes in childhood, there is a clear trend towards an in-
crease in the frequency of type 2 diabetes, and some of these patients
present with severe DKA.

In summary, COVID-19 lockdown aggravated common complica-
tions of diabetes onset and therapy management, including severity
and frequency of DKA and newmanifestation of DM2. Health education
for early DKA diagnosis to early identify children at risk is urgently
needed and should be routinely implemented in pediatric routine visits,
especially in times of lockdown.
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