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Abstract

Introduction: Diabetic ketoacidosis (DKA) is an important
complication of type 1 diabetes mellitus (T1DM) which is
worsened when the diagnosis of TIDM is delayed. The aim of
this study was to evaluate the presentation patterns, severity,
autoantibody status, and seasonal variability of newly diag-
nosed T1DM patients during the pandemic period of 2 years
compared to those in the pre-pandemic period. Methods: In
this single tertiary center retrospective cohort study, newly
diagnosed T1DM patients were grouped as pre-pandemic
and pandemic period. Age, gender, the month of diagnosis,
hemoglobin A1lc, venous blood gas parameters, duration of
symptoms, glutamic-acid-decarboxylase-antibody (anti-GAD),
islet-cell antibody (ICA), and insulin autoantibody levels were
recorded. The data obtained were compared between the
groups. Results: Number of patients presenting with DKA was
significantly higher during the pandemic period (92 [65.7%]
vs. 62 [40.8%] patients, p < 0.001). In terms of clinical severity
of DKA, pH, and HCO3 levels were lower during the pandemic

period (p < 0.001), while the number of patients presenting
with severe DKA was significantly higher during the pan-
demic period (41 [44.6%] vs. 17 [27.4%] patients, p = 0.031).
ICA positivity was significantly higher in patients admitted
during the pandemic period (47 [36.4%] vs. 21 patients
[16.9%], p < 0.001), especially in the second year of the
pandemic (p < 0.001). Anti-GAD-ICA co-positivity was sig-
nificantly higher in patients admitted during the pandemic
period and also in second year of the pandemic (p < 0.001).
Conclusion: DKA rates increased in newly diagnosed T1DM
cases during the pandemic. Despite the relaxation of bans,
the second year of the pandemic also saw increased rates of
DKA and severe DKA compared to the pre-pandemic period.
The significantly increased ICA positivity in the pandemic may
support the effects of COVID-19 on autoimmune T1DM.

© 2024 S. Karger AG, Basel

Introduction

The SARS-coronavirus-2 pandemic (COVID-19) has
caused severe morbidity and mortality worldwide. On
March 11, 2020, the World Health Organization declared
a global pandemic, aiming to take measures to prevent the
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spread of the virus and ease the burden on the health
system [1]. Delays in the diagnosis and treatment of non-
COVID-19-related diseases such as cancer and cardio-
vascular diseases and difficulties in the follow-up of
chronic diseases have emerged [2, 3].

When the diagnosis of type 1 diabetes mellitus
(T1DM) is delayed, it can be complicated by diabetic
ketoacidosis (DKA) [4]. DKA is a life-threatening
condition, and even a single episode of ketoacidosis
may affect brain development and cause low cognitive
scores [5]. Since DKA is an important complication of
T1DM, many studies have been conducted since the first
months of the pandemic to investigate the DKA rates of
patients with TIDM during the pandemic. Many of
them have reported an increased admission rate with
DKA [6-8]. In the following years, studies reporting
high rates of DKA continued. In parallel, the effect of
COVID-19 on the incidence of TIDM remains an in-
triguing research topic. It is noteworthy that different
results were reported in studies evaluating T1IDM in-
cidence during the COVID-19 period. In addition to
studies showing that the incidence has increased, studies
showing that it has decreased have also been reported
[9-11]. In studies reporting an increase in incidence, it
has been argued that direct infection of pancreatic beta
cells with the COVID-19 virus may increase the inci-
dence of T1DM, while the decrease in incidence has been
associated with decreased viral infections and less
triggering of autoimmunity with the closure of schools
and restriction of socialization [9]. Viruses can trigger
autoimmunity and accelerate the progression from
preclinical diabetes to clinically overt diabetes [12]. The
diagnosis of TIDM may also show a seasonal distri-
bution due to seasonal viral infections and subsequently
induced autoimmunity. The aim of this study was to
evaluate the presentation patterns, severity, T1IDM au-
toantibody status, and seasonal variability of newly
diagnosed TIDM patients during the pandemic period
of 2 years compared to those in the pre-pandemic period
and also T1DM cases admitted in the second year of the
pandemic, when bans were largely lifted, were compared
with those admitted in the first year.

Materials and Methods

After obtaining Local Ethics Committee approval (June 2022/
389), the medical records of 422 patients who were treated in
Pediatric Endocrinology unit of our tertiary health center between
March 2018 and March 2022 were evaluated. In diagnosis of
T1DM, the International Society for Pediatric and Adolescents
Diabetes 2018 criteria were used [13]. Considering the possibility
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of neonatal DM, 3 patients who were younger than 6 months at the
time of presentation, 6 patients diagnosed with MODY and DM
associated with cystic fibrosis, metabolic disease, and steroid use,
26 patients diagnosed with type 2 DM with hyperglycemia ac-
companied by elevated insulin and c-peptide levels and insulin
resistance findings such as acanthosis nigricans and started on
insulin, 18-month-old patient with stress hyperglycemia after
which insulin treatment was discontinued, and 94 patients with
previously known T1DM presenting with DKA were excluded.
Patients whose autoantibodies were found to be negative or who
had not been tested for T1DM autoantibodies were also considered
to have T1DM if they were clinically compatible, considering their
presentation characteristics. In total, 292 (130 excluded) patients
with newly diagnosed T1DM were included in the study.

Age at diagnosis and gender for demographic features, the
month of diagnosis to assess seasonality, hemoglobin Alc level,
venous blood gas (pH, bicarbonate [HCO3]) parameters to assess
severity, time from onset of diabetes symptoms (polyuria and
polydipsia) to presentation to assess delayed admission, glutamic-
acid-decarboxylase-antibodies (anti-GAD), islet-cell antibodies
(ICA), and insulin autoantibodies (IAA) levels in order to assess
autoimmunity were recorded.

DKA was defined as a blood glucose level >200 mg/dL,
pH <7.3 and/or HCO3 <15, and ketone positivity in urine. DKA
patients were classified as mild (7.2 < pH < 7.3), moderate (7.1 <
pH < 7.2), and severe (pH < 7.1 and/or HCO3 < 5) according to
blood pH values. Patients were grouped as pre-pandemic (March
2018-March 2020) and pandemic period (March 2020-March
2022). Patients admitted during the pandemic period were also
regrouped as first and second-year pandemic applicants. The data
obtained were compared between the groups.

Statistical Analysis

The obtained data were evaluated using the IBM-SPSS (Version
20.0). All descriptive data of the study were analyzed by number,
percentage, mean, median, standard deviation, and interquartile
ranges. x> tests were used to compare categorical data, and the
Kruskall-Wallis test was used to compare continuous data. The
seasonal variation was evaluated with the runs test. p < 0.05 was
accepted for statistical significance.

Results

A total of 292 patients, 159 males (54.4%) and 133
females (45.6%), were included in the study. The median
age at presentation was 10.4 years (IQR: 7.4-13.3). It was
observed that 152 (52%) and 140 (48%) patients were
diagnosed with TIDM before and during the pandemic,
respectively. When the presentations of the patients at the
time of diagnosis were evaluated, the number of patients
presenting with DKA was significantly higher during the
pandemic period (92 [65.7%] vs. 62 [40.8%] patients, p <
0.001). In terms of clinical severity of DKA, pH, and HCO3
levels were lower during the pandemic period (p < 0.001),
while the number of patients presenting with severe DKA
was significantly higher during the pandemic period
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Table 1. Characteristics of newly
diagnosed T1DM patients according
to the time of diagnosis

Pre-pandemic Pandemic p value
(n =152) (n = 140)

Sex 0.089
Male, n (%) 90 (59.2) 69 (49.3)
Female, n (%) 62 (40.8) 71 (50.7)

Age at diagnosis, years 0.263
Median (IQR 25-75) 10.51 (8.06-13.38) 10.04 (6.74-12.97)

Age category, n (%) 0.356
6 month-5 years 24 (15.8) 31 (22.1)
6 years—11 years 70 (46.1) 61 (43.6)
12 years-18 years 58 (38.2) 48 (34.3)

pH <0.001
Median (IQR 25-75) 7.35 (7.21-7.39) 7.24 (7.08-7.34)

HCO3 <0.001
Median (IQR 25-75) 19.55 (11.6-22.75) 11.35 (7.7-19.05)

DKA at presentation (according to pH) <0.001
DKA 62 (40.8) 92 (65.7)
No DKA 90 (59.2) 48 (34.3)

Severity of DKA 0.031
Severe DKA 17 (27.4) 41 (44.6)
Mild-moderate DKA 45 (72.6) 51 (55.4)

HbA1C 0.596
Median (IQR 25-75) 12.1 (10.8-14.2) 12.4 (10.95-14.15)

Duration of symptoms (month) 0.014
Median (IQR 25-75) 0.5 (0.25-1) 0.78 (0.3-2)

Month at diagnosis 0.356
Autumn 37 (24.3) 32 (22.9)
Winter 41 (27.0) 34 (24.3)
Spring 40 (26.3) 30 (21.4)
Summer 34 (22.4) 44 (31.4)

Anti-GAD 0.980
Negative 37 (29.6) 38 (29.5)
Positive 88 (70.4) 91 (70.5)

ICA <0.001
Negative 103 (83.1) 82 (63.6)
Positive 21 (16.9) 47 (36.4)

I1AA 0.343
Negative 4 (100) 4 (80)
Positive 0 (0.0) 1 (20)

Anti-GAD and ICA 0.003
Negative 133 (87.5) 103 (73.6)
Positive 19 (12.5) 37 (26.4)

HbA1C, hemoglobin Alc.

(41 [44.6%] vs. 17 [27.4%)] patients, p = 0.031). ICA

positivity among autoimmune markers was significantly
higher in patients admitted during the pandemic period
(47 [36.4%] vs. 21 patients [16.9%], p < 0.001) (Table 1).

Children with Newly Diagnosed Type 1
Diabetes in Pandemics

Pandemic-era admissions (n = 140) were grouped as
first (n = 79) and second-year (n = 61) admissions and
compared with pre-pandemic admissions. Compared to
the pre-pandemic period, the increase in the number of
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Table 2. Characteristics of newly diagnosed T1DM patients according to the time of diagnosis

Pandemic  Pandemic p (pandemic Pre- p1 (pre- p2 (pre- p a (among
1st year 2nd year 1st year vs.  pandemic  pandemic vs. pandemic vs. all groups)
2nd year) pandemic pandemic
1st year) 2nd year)
Sex
Male, n (%) 39 (494) 30 (49.2) 0.983 90 (59.2) 0.153 0.182 0.235
Female, n (%) 40 (50.6) 31 (50.8) 62 (40.8)
Age at diagnosis, years
Median (IQR 25-75) 9.8 103 0.977 10.5 0.422 0.619 0.528
(6.6-12.9) (6.8-13.4) (8.1-13.4)
Age category, n (%)
6 month-5 years 18 (22.8) 13 (21.3) 0.977 24 (15.8) 0.422 0.619 0.733
6 years—11 years 34 (43.0) 27 (44.3) 70 (46.1)
12 years-18 years 27 (34.2) 21 (34.4) 58 (38.2)
pH
Median (IQR 25-75) 7.2 (7.1-7.3) 7.2 (7-7.3) 1,000 7.4 (7.2-7.4) <0.001 <0.001 <0.001
HCO3
Median (IQR 25-75) 11.3 12.7 1,000 19.6 <0.001 <0.001 <0.001
(8.3-19) (6.5-20) (11.6-22.8)
DKA at presentation
DKA, n (%) 53 (67.1) 39 (63.9) 0.697 62 (40.8) <0.001 0.002 <0.001
No DKA, n (%) 26 (32.9) 22 (36.1) 90 (59.2)
Severity of DKA, n (%)
Severe DKA 21 (39.6) 20 (51.3) 0.266 17 (27.4) 0.165 0.015 0.051
Mild-moderate DKA 32 (60.4) 19 (48.7) 45 (72.6)
HbA1C
Median (IQR 25-75) 12.8 12.1 - 12.1 - - 0.375
(11.5-14.2) (10.4-14.1) (10.8-14.2)
Duration of symptoms, months
Median (IQR 25-75) 0.5 (0.3-1) 1 (0.5-2) 0.453 0.5 (0.3-1) 0.709 0.013 0.017
Season at diagnosis, n (%)
Autumn 19 (24.1) 13 (21.3) 0.220 37 (24.3) 0.101 0.830 0.280
Winter 20 (25.3) 14 (23) 41 (27.0)
Spring 12 (15.2) 18 (29.5) 40 (26.3)
Summer 28 (35.4) 16 (26.2) 34 (22.4)
Anti-GAD, n (%)
Negative 20 (28.6) 18 (30.5) 0.771 37 (29.6) 0.880 0.854 0.971
Positive 50 (71.4) 41 (69.5) 88 (70.4)
ICA, n (%)
Negative 54 (77.1) 28 (47.5) <0.001 103 (83.1) 0.313 <0.001 <0.001
Positive 16 (22.9) 31 (52.5) 21 (16.9)
IAA, n (%)
Negative 0 (0.0) 4 (80) - 4 (100) - 0.343 -
Positive 0 (0.0) 1 (20) 0 (0.0)
Anti-GAD and ICA, n (%)
Negative 65 (82.3) 38 (62.3) 0.008 133 (87.5) 0.282 <0.001 <0.001
Positive 14 (17.7) 23 (37.7) 19 (12.5)

p, pandemic first year versus pandemic second year; p1, pre-pandemic versus pandemic first year; p2, pre-pandemic versus
pandemic second year; p a, comparison among all the groups.
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Fig. 1. Distribution graph of patients diagnosed with T1DM according to months (p: 0.667) and seasons (p: 0.280)

between groups.

patients admitted with DKA was significant in both
groups (p < 0.001), but the difference between admissions
in the first and second year of the pandemic was not
reflected in statistical significance (p = 0.697). When all
groups were compared, the number of patients admitted
with severe DKA was similar. Compared to the pre-
pandemic period, the admission rates in the first year
of the pandemic did not reach statistical significance (21
[39.6%] vs. 17 [27.4%], p = 0.165), while the admission
rates in the second year were significantly higher (20
[51.3%] vs. 17 [27.4%], p = 0.015). There was no dif-
ference in severe DKA between first and second year of
the pandemic. When evaluated in terms of the season of
T1DM diagnosis, no significant difference was observed
between the groups (p = 0.280). When autoantibody
status was compared, ICA was significantly different

Children with Newly Diagnosed Type 1
Diabetes in Pandemics

between the groups (p < 0.001), this difference was more
pronounced, especially in the second year of the pan-
demic, and Anti-GAD and IAA levels were similar. Anti-
GAD-ICA co-positivity was significantly higher in second
year of the pandemic (p < 0.001), also according to the
first year of the pandemic (p = 0.008) (Table 2).

In the evaluation of the months in which TIDM was
diagnosed before and after the pandemic, no significant
relationship was observed between the groups (Fig. 1)
(p = 0.434). In the seasonal evaluation, it was observed
that TIDM was diagnosed more frequently during the
pandemic, especially in the summer months (Fig. 1) (p =
0.356). When the relationship between the total number
of COVID-19 cases in the country [14] and new T1DM
diagnoses was evaluated, it was noticed that the number
of patients diagnosed with T1DM was higher in the
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Fig. 2. Graphic representation of the monthly number of newly diagnosed T1DM patients according to the
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summer period when the number of COVID-19 cases
decreased. The rates of newly diagnosed T1DM were
lower in the winter period when the number of COVID-
19 cases was higher (Fig. 2).

Discussion

During the pandemic, while emergency room visits
decreased, an increasing number of admissions to
hospitals due to DKA have been reported from different
parts of the world [6, 7, 15-19]. The impact of the
pandemic on the incidence and seasonal variability of
T1DM continues to be investigated with different re-
sults from many regions [9, 10, 20-27]. In our study, in
which the effect of the pandemic process on the di-
agnosis and presentation of TIDM was evaluated, it
was observed that they presented with a more severe
clinical picture during the pandemic. In the second year
of the pandemic, DKA and severe DKA continued to
occur, even though bans were relaxed, hospital services
returned to the old routine and fears of COVID-19 were
relatively reduced. In our study, diabetes autoantibody
positivity was higher in the 2nd year. COVID-19 may
have autoimmunologically affected the development
of TIDM.
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The sensitivity of patients or their families to evaluate
the symptoms, recognize their seriousness, and apply to
the emergency department was affected by both curfews
and the instinct of families to protect themselves and their
children during the pandemic period. Later recognition of
symptoms leads patients to present with a more severe
clinical picture to the hospital. We observed that patients
with newly diagnosed T1IDM presented with a higher rate
and more severe DKA during the pandemic period
compared to the pre-pandemic period. In a meta-analysis
published by Alfayez et al. [28], similar to the findings in
our study, they reported that the rate of presentation of
newly diagnosed T1DM patients with DKA increased
during the pandemic period, but there was no significant
difference in the time until hospital admission. In the same
article, it was emphasized that the reason for the increased
rates of DKA might not only be a late presentation but that
the awareness of families about diabetes symptoms may be
variable [28]. In our study, the fact that the duration of
symptoms was significantly longer in the pandemic sup-
ports that DKA is associated with late admission to the
hospital. The rate of severe DKA was higher in the second
year of the pandemic compared to the pre-pandemic
period is consistent with symptom duration was signifi-
cantly longer in the second year of the pandemic. In the
multicenter study by Ponmani et al, it was argued that
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delayed presentation alone was not explanatory in the
development of DKA, as symptom durations were similar.
In the study by Boboc et al., c-peptide levels were sig-
nificantly lower in those who presented with DKA in the
second year of the pandemic compared to those without
DKA [27, 29]. In different studies independent of the
pandemic, it has been emphasized that low insulin reserve
is a factor in the development of DKA [30]. In our study,
the high rates of DKA despite the relaxation of bans in the
second year of the pandemic can be interpreted as low
sensitivity of families to diabetes symptoms, or it can be
considered as the prolonged effect of restrictions during
the pandemic period.

The fact that newly diagnosed T1DM is generally de-
tected at a higher rate in winter months compared to
summer months is explained by increased viral infections
in winter months [20, 31]. In studies conducted in Italy
and the USA in the first months of the pandemic, it was
reported that the number of newly diagnosed T1DM
decreased, which may be explained by a decrease in the
frequency of other viral infections due to restrictions
during the pandemic period [9, 11]. Wolf et al. [11] re-
ported a decrease in new diagnoses of TIDM in the first
months of the pandemic, but more TIDM was diagnosed
in the summer months. Similarly, Leiva-Gea et al. [23] and
Kamrath et al. [22] reported an increase in T1IDM cases in
the summer months of the pandemic period, unlike the
pre-pandemic period. In a large study conducted in
Germany covering 2 years of pandemic and 8 years prior to
the pandemic, new cases of TIDM were concentrated in
the winter months before the pandemic, while they were
concentrated in the summer season with the increasing
incidence during the pandemic period [32]. Although our
findings did not reach statistical significance, they support
that more new T1DM diagnoses were made in the summer
months compared to the pre-pandemic period. The rel-
atively lower number of patients may have been insuffi-
cient to show the seasonal trend, and the population
mobility in the summer months (especially in august) due
to agricultural labor activities around our center may be
effective in the seasonal trend relationship.

The TEDDY study [33] has shown that autoimmunity
is triggered by respiratory infections, including corona-
virus, especially in winter. The Centers for Disease
Control and Prevention (CDC) [34] reports that a new
diagnosis of DM after COVID-19 infection under the age
of 18 is more likely than other acute respiratory infec-
tions. The demonstration of virus receptors on pancreatic
beta cells in COVID-19 cell culture, animal, and organoid
models has led to the hypothesis that COVID-19 may
trigger the formation of TIDM by direct action [35-38].

Children with Newly Diagnosed Type 1
Diabetes in Pandemics

However, another study has shown that these receptors
are not present in pancreatic beta cells, and it has been
evaluated that COVID-19 is unlikely to infect beta cells
through direct receptors [39]. Ata et al. [40] evaluated
COVID-19 antibodies in patients diagnosed with TIDM
and reported no significant difference with the control
group. McKeigue et al. [24] reported an increase in the
incidence of T1IDM and, contrary to what the CDC stated,
there were less than 30 days between COVID-19 and the
diagnosis of T1IDM. The CDC study emphasized that the
COVID-19 test, which is found to be positive when
patients present to the hospital in relation to diabetes
symptoms, may have been incorrectly associated with
T1DM. Kayhan et al. [41] in a study conducted on adult
patients who were found to be COVID-19 positive, they
showed that autoantibody positivity persisted after
3 months in all patients who were initially found to be
anti-GAD positive and in 50% of patients who were found
to be ICA positive. Wang et al. found an increased rate of
autoantibodies against immunomodulatory proteins in
COVID-19 patients [42]. Boboc et al. also found that
protein tyrosine phosphatase 2 antibodies (IA-2A) were
significantly positive in newly diagnosed T1DM children
with positive COVID-19 antibodies, and the combined
positivity of three antibodies (anti-GAD+ICA+IA-2A)
was significantly increased. In a study conducted in
Africa, IA-2A and anti-GAD were found to be signifi-
cantly positive during the pandemic period [25, 29].
Baechle et al. found an increase in the incidence of an-
tibody positive TIDM in parallel with the increased in-
cidence of TIDM in the pandemic. In the same study, it
was found that there was no increase in the incidence of
antibody negative T1DM, which would be expected to
increase if direct beta-cell damage was responsible for the
pathogenesis of the increase in T1DM incidence [32]. In
their in vitro study, Heide et al. [43] pointed out that the
pancreatic beta cell can be infected by COVID-19 but that
many factors must coexist for this to occur and that
pancreatic microvascular damage through microvascular
thrombosis may increase the incidence of TIDM in
predisposed individuals. COVID-19 infection may also
cause autoimmune beta-cell damage by causing epige-
netic changes [44]. All these studies support that COVID-
19 can trigger autoimmunity against pancreatic beta cells.
Similar to these studies, in our study, ICA was found to be
significantly more positive in the pediatric population
compared to the pre-pandemic period. When the first
and second years of the pandemic were evaluated sep-
arately, it was observed that ICA positivity increased
significantly in the second year compared to the pre-
pandemic and first year. Considering that the majority of
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the population was infected with COVID-19 in the
second year of the pandemic, with the decrease in the
bans and the first year behind, the fact that ICA positivity
was found to be significantly higher in the second year of
the pandemic suggested that COVID-19 may be effective
in the development of T1IDM by autoimmunity.

It has been reported that TIDM may be triggered by
psychological stressors and may present with symptoms
[45, 46]. Multiple antibody positivity increases the risk of
developing TIDM compared to single antibody positivity
[47]. In studies conducted in our country, GAD was found
to be significantly positive during the pandemic period [18,
48]. In Finland, which has the highest incidence of TIDM,
anti-GAD was found to be significantly positive during the
pandemic period. Again, multiple antibody positivity were
found to be significant, but since the positivity rate of
COVID-19 antibody and the incidence increase rate were
not compatible, it was emphasized that the indirect effects
of COVID-19 may play a role in the increase in incidence
[26]. While multiple antibody positivity is associated with
a higher risk of developing overt T1DM, the duration of
progression to overt TIDM in antibody-positive indi-
viduals varies. Anti-GAD positivity has been associated
with slow progression [49, 50]. Combined positivity of
anti-GAD-ICA and ICA in our cohort is significantly
higher in pandemic period. In addition, ICA and anti-
GAD-ICA positivity in the second year of the pandemic
was significantly higher compared to the pre-pandemic
period and the first year of the pandemic. Considering that
the majority of the population was infected with COVID-
19 in the second year of the pandemic, the autoimmune
effect of COVID-19 may have been more pronounced in
the second year of the pandemic. There is an asymp-
tomatic latent period until autoimmune T1DM becomes
clinically evident. The more pronounced ICA and anti-
GAD-ICA positivity in the second year of the pandemic
may also be related to the acceleration of the autoimmune
asymptomatic phase by COVID-19.

The fact that it was a single-center retrospective study can
be considered as a limitation of our study; our center accepts
patients from a wide geography due to the low number of
pediatric endocrinology clinics in its region. For this reason,
it would be useful to consider that even though it is a single-
center study, it can evaluate a wide geography which is
hinterland of middle black sea region. According to the 2022
data of the Turkish Statistical Institute, the population in this
region is 4,189,443. Our limitations also include the fact that
other T1DM autoantibodies (Zinc transporter 8 antibody
[ZnT8], IAA and protein tyrosine phosphatase 2 antibody
[IA-2A]) were not routinely studied in our center and data
about IAA status is unknown in almost all patients. The
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patients’ COVID-19 infection history and antibody levels
were not known.

In conclusion, in this study, we found that DKA rates
increased in newly diagnosed T1DM cases during the
pandemic period. Despite the relaxation of bans, the second
year of the pandemic also saw increased rates of DKA and
severe DKA compared to the pre-pandemic period. As the
incidence of T1DM has increased over the years, further
studies will clarify whether COVID-19 contributes to this
increase through direct beta-cell infection or by triggering
autoimmunity or whether it causes a temporary increase in
incidence by accelerating the clinical manifestation of
T1DM, as in other viral infections. It would be appropriate
to increase awareness of the first clinical symptoms of
T1DM to prevent presentations with severe DKA.

Statement of Ethics

This study protocol was reviewed and approved by the Ethics
Committee of Ondokuz Mayis University, Faculty of Medicine
(June 2022/389). The study was conducted in accordance with the
Helsinki Declaration. Our retrospective chart review study was
approved by the Clinical Research Ethics Committee of Ondokuz
Mayis University with the decision number OMU KAEK 2022/
287. Informed consent was waived by the Ondokuz Mayis Uni-
versity Faculty of Medicine Clinical Research Ethics Committee.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

The authors received no financial support for this research.

Author Contributions

Elif Izci Giillii, Leyla Akin, and Murat Aydin contributed to the
study conception and design. Material preparation and data
collection were performed by Elif Izci Giillii. Statistical analysis was
performed by Mehmet Enes Gokler. The first draft of the man-
uscript was written by Elif Izci Giillii and all authors commented
on previous versions of the manuscript and critically reviewed the
manuscript. All authors read and approved the final manuscript.

Data Availability Statement

All data generated or analyzed during this study are included in
this article. Further inquiries can be directed to the corresponding
author.

fzci Giilli/ Akin/Gékler/Aydin

20z Iudy 0z uo 3senb Aq ypd-zze8E£5000/6 162 L21/22E8ES000/6G L "0 1/10p/pd-8joie/Wue/Wwoo 1obiey//:dRy wouy papeojumoq


https://doi.org/10.1159/000538322

10

11

References

WHO Director-General’s opening remarks at
the media briefing on COVID-19. 2020.
Ball S, Banerjee A, Berry C, Boyle JR, Bray B,
Bradlow W, et al. Monitoring indirect impact
of COVID-19 pandemic on services for
cardiovascular diseases in the UK. Heart.
2020;106(24):1890-7. doi: 10.1136/heartjnl-
2020-317870.

Richards M, Anderson M, Carter P, Ebert BL,
Mossialos E. The impact of the COVID-19
pandemic on cancer care. Nat Cancer. 2020;
1(6):565-7. doi: 10.1038/s43018-020-0074-y.
Cherubini V, Grimsmann JM, Akesson K,
Birkebaek NH, Cinek O, Dovc K, et al.
Temporal trends in diabetic ketoacidosis at
diagnosis of paediatric type 1 diabetes be-
tween 2006 and 2016: results from 13
countries in three continents. Diabetologia.
2020;63(8):1530-41. doi: 10.1007/s00125-
020-05152-1.

Aye T, Mazaika PK, Mauras N, Marzelli MJ,
Shen H, Hershey T, et al. Impact of early
diabetic ketoacidosis on the developing brain.
Diabetes Care. 2019;42(3):443-9. doi: 10.
2337/dc18-1405.

Kamrath C, Monkemoller K, Biester T,
Rohrer TR, Warncke K, Hammersen J, et al.
Ketoacidosis in children and adolescents with
newly diagnosed type 1 diabetes during the
COVID-19 pandemic in Germany. JAMA.
2020;324(8):801-4. doi: 10.1001/jama.2020.
13445.

Al-Abdulrazzaq D, Alkandari A, Alhusaini F,
Alenazi N, Gujral UP, Narayan KMV, et al.
Higher rates of diabetic ketoacidosis and
admission to the paediatric intensive care
unit among newly diagnosed children with
type 1 diabetes in Kuwait during the COVID-
19 pandemic. Diabetes Metab Res Rev. 2022;
38(3):e3506. doi: 10.1002/dmrr.3506.

Salmi H, Heinonen S, Hastbacka J, Laaperi M,
Rautiainen P, Miettinen PJ, et al. New-onset
type 1 diabetes in Finnish children during the
COVID-19 pandemic. Arch Dis Child. 2022;
107(2):180-5. doi:  10.1136/archdischild-
2020-321220.

Rabbone I, Schiaffini R, Cherubini V, Maffeis
C, Scaramuzza A; Diabetes Study Group of
the Italian Society for Pediatric Endocrinol-
ogy and Diabetes. Diabetes study group of the
italian society for pediatric E, et al. has covid-
19 delayed the diagnosis and worsened the
presentation of type 1 diabetes in children?
Diabetes Care. 2020;43(11):2870-2. doi: 10.
2337/dc20-1321.

Boboc AA, Novac CN, Ilie MT, Iesanu MI,
Galos F, Balgradean M, et al. The impact of
SARS-CoV-2 pandemic on the new cases of
T1DM in children. A single-centre cohort
study. J Pers Med. 2021(6):11.

Wolf RM, Noor N, Izquierdo R, Jett D, Re-
wers A, Majidi S, et al. Increase in newly
diagnosed type 1 diabetes in youth during the
COVID-19 pandemic in the United States: a

Children with Newly Diagnosed Type 1
Diabetes in Pandemics

12

13

14
15

16

17

18

19

20

21

22

multi-center analysis. Pediatr Diabetes. 2022;
23(4):433-8. doi: 10.1111/pedi.13328.
Nurminen N, Oikarinen S, Hyoty H. Virus
infections as potential targets of preventive
treatments for type 1 diabetes. Rev Diabet
Stud. 2012 Winter;9(4):260-71. doi: 10.1900/
RDS.2012.9.260.

Wolfsdorf JI, Glaser N, Agus M, Fritsch M,
Hanas R, Rewers A, et al. ISPAD clinical
practice consensus guidelines 2018: diabetic
ketoacidosis and the hyperglycemic hyper-

osmolar state. Pediatr Diabetes. 2018;
19(Suppl  27):155-77. doi: 10.1111/pedi.
12701.

Worldometers. COVID-19 pandemic. 2022.
Chanchlani N, Buchanan F, Gill PJ. Ad-
dressing the indirect effects of COVID-19 on
the health of children and young people.
CMA]. 2020;192(32):E921-E927. doi: 10.
1503/cmaj.201008.

Isba R, Edge R, Jenner R, Broughton E,
Francis N, Butler J. Where have all the
children gone? Decreases in paediatric
emergency department attendances at the
start of the COVID-19 pandemic of 2020.
Arch Dis Child. 2020;105(7):704. doi: 10.
1136/archdischild-2020-319385.

Danne T, Lanzinger S, de Bock M, Rhodes
ET, Alonso GT, Barat P, et al. A worldwide
perspective on COVID-19 and diabetes
management in 22,820 children from the
SWEET project: diabetic ketoacidosis rates
increase and glycemic control is maintained.
Diabetes Technol Ther. 2021;23(9):632-41.
doi: 10.1089/dia.2021.0110.

Dilek SO, Gurbuz F, Turan I, Celiloglu C,
Yuksel B. Changes in the presentation of
newly diagnosed type 1 diabetes in children
during the COVID-19 pandemic in a tertiary
center in Southern Turkey. ] Pediatr Endo-
crinol Metab. 2021;34(10):1303-9. doi: 10.
1515/jpem-2021-0287.

Mameli C, Scaramuzza A, Macedoni M,
Marano G, Frontino G, Luconi E, et al. Type 1
diabetes onset in Lombardy region, Italy,
during the COVID-19 pandemic: the double-
wave occurrence. EClinicalMedicine. 2021;
39:101067. doi: 10.1016/j.eclinm.2021.
101067.

Kostopoulou E, Papachatzi E, Skiadopoulos
S, Rojas Gil AP, Dimitriou G, Spiliotis BE,
et al. Seasonal variation and epidemiological
parameters in children from Greece with type
1 diabetes mellitus (T1DM). Pediatr Res.
2021;89(3):574-8. doi: 10.1038/s41390-020-
0899-1.

Jafari K, Koves I, Rutman L, Brown JC. Impact
of the COVID-19 pandemic on the severity of
diabetic ketoacidosis presentations in a tertiary
pediatric emergency department. Pediatr Qual
Saf. 2022 Mar-Apr;7(2):502. doi: 10.1097/
Pq9.0000000000000502.

Kamrath C, Rosenbauer J, Eckert AJ, Siedler
K, Bartelt H, Klose D, et al. Incidence of type

23

24

25

26

27

28

29

30

31

1 diabetes in children and adolescents during
the COVID-19 pandemic in Germany: results
from the DPV registry. Diabetes Care. 2022;
45(8):1762-71. doi: 10.2337/dc21-0969.
Leiva-Gea I, Fernandez CA, Cardona-Hernandez
R, Lozano MF, Bahillo-Curieses P, Arroyo-Diez ],
et al. Increased presentation of diabetic ketoaci-
dosis and changes in age and month of type 1
diabetes at onset during the COVID-19 pan-
demic in Spain. J Clin Med. 2022(15):11.
McKeigue PM, McGurnaghan S, Blackbourn L,
Bath LE, McAllister DA, Caparrotta TM, et al.
Relation of incident type 1 diabetes to recent
COVID-19 infection: cohort study using e-health
record linkage in scotland. Diabetes Care. 2023;
46(5):921-8. doi: 10.2337/dc22-0385.

Gorchane A, Ach T, Sahli J, Abdelkrim AB,
Mallouli M, Bellazreg F, et al. Uncovering the
alarming rise of diabetic ketoacidosis during
COVID-19 pandemic: a pioneer African study
and review of literature. Front Endocrinol. 2023;
14:1234256. doi: 10.3389/fendo.2023.1234256.
Knip M, Parviainen A, Turtinen M, But A,
Harkonen T, Hepojoki J, et al. SARS-CoV-2
and type 1 diabetes in children in Finland: an
observational study. Lancet Diabetes Endo-
crinol.  2023;11(4):251-60. doi: 10.1016/
$2213-8587(23)00041-4.

Ponmani C, Nijman RG, Roland D, Barrett M,
Hulse T, Whittle V, et al. Children presenting
with diabetes and diabetic ketoacidosis to
Emergency Departments during the COVID-19
pandemic in the UK and Ireland: an interna-
tional retrospective observational study. Arch
Dis Child. 2023;108(10):799-807. doi: 10.1136/
archdischild-2022-325280.

Alfayez Osamah M, Aldmasi Kholood S,
Alruwais Nada H, Bin Awad Nouf M, Al
Yami Majed S, Almohammed Omar A, et al.
Incidence of Diabetic Ketoacidosis Among
Pediatrics With Type 1 Diabetes Prior to and
During COVID-19 Pandemic: A Meta-
Analysis of Observational Studies. Front
Endocrinol (Lausanne). 2022;13:856958. doi:
10.3389/fendo.2022.856958.

Boboc AA, Novac CN, Marin AG, Iesanu MI,
Platica C, Buzescu T, et al. SARS-CoV-2
positive serology and islet autoantibodies in
newly diagnosed pediatric cases of type 1
diabetes mellitus: a single-center cohort
study. Int ] Mol Sci. 2023(10):24.

Ehrmann D, Kulzer B, Roos T, Haak T, Al-
Khatib M, Hermanns N. Risk factors and
prevention strategies for diabetic ketoacidosis in
people with established type 1 diabetes. Lancet
Diabetes Endocrinol. 2020;8(5):436-46. doi: 10.
1016/52213-8587(20)30042-5.

Szypowska A, Ramotowska A, Wysocka-
Mincewicz M, Mazur A, Lisowicz L, Ben-
Skowronek I, et al. Seasonal variation in
month of diagnosis of polish children with
type 1 diabetes — a multicenter study. Exp
Clin Endocrinol Diabetes. 2019;127(5):
331-5. doi: 10.1055/s-0043-125321.

Ann Nutr Metab

DOI: 10.1159/000538322

20z Iudy 0z uo 3senb Aq ypd-zze8E£5000/6 162 L21/22E8ES000/6G L "0 1/10p/pd-8joie/Wue/Wwoo 1obiey//:dRy wouy papeojumoq


https://doi.org/10.1136/heartjnl-2020-317870
https://doi.org/10.1136/heartjnl-2020-317870
https://doi.org/10.1038/s43018-020-0074-y
https://doi.org/10.1007/s00125-020-05152-1
https://doi.org/10.1007/s00125-020-05152-1
https://doi.org/10.2337/dc18-1405
https://doi.org/10.2337/dc18-1405
https://doi.org/10.1001/jama.2020.13445
https://doi.org/10.1001/jama.2020.13445
https://doi.org/10.1002/dmrr.3506
https://doi.org/10.1136/archdischild-2020-321220
https://doi.org/10.1136/archdischild-2020-321220
https://doi.org/10.2337/dc20-1321
https://doi.org/10.2337/dc20-1321
https://doi.org/10.1111/pedi.13328
https://doi.org/10.1900/RDS.2012.9.260
https://doi.org/10.1900/RDS.2012.9.260
https://doi.org/10.1111/pedi.12701
https://doi.org/10.1111/pedi.12701
https://doi.org/10.1503/cmaj.201008
https://doi.org/10.1503/cmaj.201008
https://doi.org/10.1136/archdischild-2020-319385
https://doi.org/10.1136/archdischild-2020-319385
https://doi.org/10.1089/dia.2021.0110
https://doi.org/10.1515/jpem-2021-0287
https://doi.org/10.1515/jpem-2021-0287
https://doi.org/10.1016/j.eclinm.2021.101067
https://doi.org/10.1016/j.eclinm.2021.101067
https://doi.org/10.1038/s41390-020-0899-1
https://doi.org/10.1038/s41390-020-0899-1
https://doi.org/10.1097/pq9.0000000000000502
https://doi.org/10.1097/pq9.0000000000000502
https://doi.org/10.2337/dc21-0969
https://doi.org/10.2337/dc22-0385
https://doi.org/10.3389/fendo.2023.1234256
https://doi.org/10.1016/S2213-8587(23)00041-4
https://doi.org/10.1016/S2213-8587(23)00041-4
https://doi.org/10.1136/archdischild-2022-325280
https://doi.org/10.1136/archdischild-2022-325280
https://doi.org/10.3389/fendo.2022.856958
https://doi.org/10.1016/S2213-8587(20)30042-5
https://doi.org/10.1016/S2213-8587(20)30042-5
https://doi.org/10.1055/s-0043-125321
https://doi.org/10.1159/000538322

32

33

34

35

36

37

Baechle C, Eckert A, Kamrath C, Neu A,
Manuwald U, Thiele-Schmitz S, et al. Inci-
dence and presentation of new-onset type 1
diabetes in children and adolescents from
Germany during the COVID-19 pandemic
2020 and 2021: current data from the DPV
Registry. Diabetes Res Clin Pract. 2023;197:
110559. doi: 10.1016/j.diabres.2023.110559.
Lonnrot M, Lynch KF, Elding Larsson H,
Lernmark A, Rewers MJ, Torn C, et al. Re-
spiratory infections are temporally associated
with initiation of type 1 diabetes autoim-
munity: the TEDDY study. Diabetologia.
2017;60(10):1931-40. doi: 10.1007/s00125-
017-4365-5.

Barrett CE, Koyama AK, Alvarez P, Chow W,
Lundeen EA, Perrine CG, et al. Risk for newly
diagnosed diabetes >30 Days after SARS-
CoV-2 infection among persons
aged <18 Years — United States, March 1,
2020-june 28, 2021. MMWR Morb Mortal
WKkly Rep. 2022;71(2):59-65. doi: 10.15585/
mmwr.mm7102e2.

Hasan NM, Kendrick MA, Druckenbrod NR,
Huelsmeyer MK, Warner TF, MacDonald
M]J. Genetic association of the neuropilin-1
gene with type 1 diabetes in children:
neuropilin-1 expression in pancreatic islets.
Diabetes Res Clin Pract. 2010;87(3):29-32.
doi: 10.1016/j.diabres.2009.12.016.

Shi TT, Yang FY, Liu C, Cao X, Lu J, Zhang
XL, et al. Angiotensin-converting enzyme 2
regulates mitochondrial function in pancre-
atic B-cells. Biochem Biophys Res Commun.
2018;495(1):860-6. doi: 10.1016/j.bbrc.2017.
11.055.

Cantuti-Castelvetri L, Ojha R, Pedro LD,
Djannatian M, Franz J, Kuivanen S, et al.
Neuropilin-1 facilitates SARS-CoV-2 cell
entry and infectivity. Science. 2020;

38

39

40

41

42

43

44

370(6518):856-60.
abd2985.

Yang L, Han Y, Nilsson—Payant BE, Gupta V,
Wang P, Duan X, et al. A human pluripotent
stem cell-based platform to study SARS-
CoV-2 tropism and model virus infection
in human cells and organoids. Cell Stem Cell.
2020;27(1):125-36.€7. doi: 10.1016/j.stem.
2020.06.015.

Coate KC, Cha ], Shrestha S, Wang W,
Goncalves LM, Almaca J, et al. SARS-CoV-2
cell entry factors ACE2 and TMPRSS2 are
expressed in the microvasculature and ducts
of human pancreas but are not enriched in 8
cells. Cell Metab. 2020;32(6):1028-40.e4. doi:
10.1016/j.cmet.2020.11.006.

Ata A, Jalilova A, Kirkgoz T, Isiklar H, Demir
G, Altinok YA, et al. Does COVID-19 pre-
dispose patients to type 1 diabetes mellitus?
Clin Pediatr Endocrinol. 2022;31(1):33-7.
doi: 10.1297/cpe.2021-0050.

Kayhan S, Hepsen S, Kalkisim HK, Sendur
IN, Altay FA, Yalcindag A. The evaluation of
pancreas [-cell autoantibodies in non-
diabetic COVID-19 patients. Arch Endo-
crinol Metab. 2022;66(4):459-65. doi: 10.
20945/2359-3997000000498.

Wang EY, Mao T, Klein J, Dai Y, Huck JD,
Jaycox JR, et al. Diverse functional autoan-
tibodies in patients with COVID-19. Nature.
2021;595(7866):283-8. doi: 10.1038/s41586-
021-03631-y.

van der Heide V, Jangra S, Cohen P, Rath-
nasinghe R, Aslam S, Aydillo T, et al. Limited
extent and consequences of pancreatic SARS-
CoV-2 infection. Cell Rep. 2022;38(11):
110508. doi: 10.1016/j.celrep.2022.110508.
Kee J, Thudium S, Renner DM, Glastad K,
Palozola K, Zhang Z, et al. SARS-CoV-2
disrupts host epigenetic regulation via his-

doi:  10.1126/science.

10

Ann Nutr Metab

DOI: 10.1159/000538322

45

46

47

48

49

50

tone mimicry. Nature. 2022;610(7931):
381-8. doi: 10.1038/541586-022-05282-z.
Sipetic S, Vlajinac H, Marinkovi J, Kocev N,
Milan B, Ratkov I, et al. Stressful life events
and psychological dysfunctions before the
onset of type 1 diabetes mellitus. J Pediatr
Endocrinol Metab. 2007;20(4):527-34. doi:
10.1515/jpem.2007.20.4.527.

Nygren M, Carstensen J, Koch F, Ludvigsson
], Frostell A. Experience of a serious life event
increases the risk for childhood type 1 dia-
betes: the ABIS population-based prospective
cohort study. Diabetologia. 2015;58(6):
1188-97. doi: 10.1007/s00125-015-3555-2.
Kulmala P, Savola K, Reijonen H, Veijola R,
Vahasalo P, Karjalainen J, et al. Genetic
markers, humoral autoimmunity, and pre-
diction of type 1 diabetes in siblings of af-
fected children. Childhood Diabetes in Fin-
land Study Group. Diabetes. 2000;49(1):
48-58. doi: 10.2337/diabetes.49.1.48.

Kaya G, Cimbek EA, Yesilbas O, Bostan YE,
Karaguzel G. A long-term comparison of
presenting Characteristics of children with
newly diagnosed type 1 diabetes before and
during the COVID-19 pandemic. J Clin Res
Pediatr Endocrinol. 2022;14(3):267-74. doi:
10.4274/jcrpe.galenos.2022.2021-10-2.

Knip M, Korhonen S, Kulmala P, Veijola R,
Reunanen A, Raitakari OT, et al. Prediction
of type 1 diabetes in the general population.
Diabetes Care. 2010;33(6):1206-12. doi: 10.
2337/dc09-1040.

Jacobsen LM, Bocchino L, Evans-Molina C,
DiMeglio L, Goland R, Wilson DM, et al. The
risk of progression to type 1 diabetes is highly
variable in individuals with multiple auto-
antibodies following screening. Diabetologia.
2020;63(3):588-96. doi: 10.1007/s00125-019-
05047-w.

fzci Giilli/ Akin/Gékler/Aydin

20z Iudy 0z uo 3senb Aq ypd-zze8E£5000/6 162 L21/22E8ES000/6G L "0 1/10p/pd-8joie/Wue/Wwoo 1obiey//:dRy wouy papeojumoq


https://doi.org/10.1016/j.diabres.2023.110559
https://doi.org/10.1007/s00125-017-4365-5
https://doi.org/10.1007/s00125-017-4365-5
https://doi.org/10.15585/mmwr.mm7102e2
https://doi.org/10.15585/mmwr.mm7102e2
https://doi.org/10.1016/j.diabres.2009.12.016
https://doi.org/10.1016/j.bbrc.2017.11.055
https://doi.org/10.1016/j.bbrc.2017.11.055
https://doi.org/10.1126/science.abd2985
https://doi.org/10.1126/science.abd2985
https://doi.org/10.1016/j.stem.2020.06.015
https://doi.org/10.1016/j.stem.2020.06.015
https://doi.org/10.1016/j.cmet.2020.11.006
https://doi.org/10.1297/cpe.2021-0050
https://doi.org/10.20945/2359-3997000000498
https://doi.org/10.20945/2359-3997000000498
https://doi.org/10.1038/s41586-021-03631-y
https://doi.org/10.1038/s41586-021-03631-y
https://doi.org/10.1016/j.celrep.2022.110508
https://doi.org/10.1038/s41586-022-05282-z
https://doi.org/10.1515/jpem.2007.20.4.527
https://doi.org/10.1007/s00125-015-3555-2
https://doi.org/10.2337/diabetes.49.1.48
https://doi.org/10.4274/jcrpe.galenos.2022.2021-10-2
https://doi.org/10.2337/dc09-1040
https://doi.org/10.2337/dc09-1040
https://doi.org/10.1007/s00125-019-05047-w
https://doi.org/10.1007/s00125-019-05047-w
https://doi.org/10.1159/000538322

	Increased Severity of Presentation Signs in Children with Newly Diagnosed Type 1 Diabetes during the COVID-19 Pandemic: A T ...
	Introduction
	Materials and Methods
	Statistical Analysis

	Results
	Discussion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


