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1 | INTRODUCTION

Abstract

Background: There are several observations that the onset of coronavirus
19 (COVID-19) pandemic was associated with an increase in the incidence of dia-
betic ketoacidosis (DKA). However, due to heterogeneity in study designs and
country-specific healthcare policies, more national-level evidence is needed to pro-
vide generalizable conclusions.

Obijective: To compare the rate of DKA in Polish children diagnosed with type 1 dia-
betes (T1D) between the first year of COVID-19 pandemic (15 March 2020 to
15 March 2021) and the preceding year (15 March 2019 to 15 March 2020).
Methods: Reference centers in 13 regions (covering ~88% of Polish children) retro-
spectively reported all new-onset T1D cases in children from assessed periods,
including DKA status at admission, administered procedures and outcomes. Sec-
ondly, we collected regions' demographic characteristics and the daily-reported
number of COVID-19-related deaths in each region.

Results: We recorded 3062 cases of new-onset T1D (53.3% boys, mean age 9.5
+ 4.3 years old) of which 1347 (44%) had DKA. Comparing pre- and post-COVID-
19 period, we observed a significant increase in the rate of DKA (37.5%-49.4%,
p < .0001). The fraction of moderate (4+5.4%) and severe (+3.4%) DKA cases
increased significantly (p = .0089), and more episodes required assisted ventilation
(+2.1%, p = .0337). Two episodes of DKA during 2020/2021 period were fatal. By
region, change in DKA frequency correlated with initial COVID-19 death toll
(March/April 2020) (R = .6, p = .0287) and change in T1D incidence (R = .7,
p = .0080).

Conclusions: The clinical picture of new-onset children T1D in Poland deteriorated
over a 2-year period. The observed increase in the frequency of DKA and its sever-
ity were significantly associated with the overlapping timing of the COVID-19

epidemic.
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impeded diagnosis of many pediatric conditions and possibly aggra-

vated their outcomes. One of such “neglected” disorders might have

The pandemic of coronavirus disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
forced stricter sanitary regimes around the world. Around March
2020 many countries imposed severe restrictions on social communi-
cation, out-of-home activities, travel and working conditions, resulting
in national lockdowns. In Poland, official restrictions were introduced
on 15 March 2020. The pro-isolation policies were coupled with a
change in patients' behavior toward avoidance of medical facilities
and contact with doctors, as well as abrupt changes in health care
organization (reassignment of hospital wards for COVID-19 patients,
switch from face-to-face to online consultation). Consequently, access
to health care decreased. These negative changes were also observed
in pediatric care. In children, delayed contact with medical profes-

sional or consultation without a physical examination might have

been type 1 diabetes (T1D). Its initial symptoms might be difficult for
parents to recognize or properly communicate and could be over-
looked during teleconsultation if they are not the primary concern.
Delayed diagnosis of type 1 diabetes puts a child at risk of developing
diabetic ketoacidosis (DKA), which is an acute, life-threatening compli-
cation that requires urgent care. Moreover, DKA not only poses a
threat of complications and death® but also prolongs time of hospitali-
zation, decreases the chance of entering partial clinical remission and
is ultimately associated with impaired future metabolic control of T1D
and increased risk of its long-term complications.?>

Before COVID-19 pandemic, the rate of DKA among new-
onset T1D patients was already relatively high in Poland.®”? It is
therefore a concern that lockdown-related environment might

have further aggravated DKA incidence and possibly affected its
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course. Unfortunately, current reports on the association between
COVID-19 pandemic and DKA incidence change remain inconclu-
sive, with most studies focusing on the period of first wave (3-
4 months) or presenting perspective of single centers and few mul-
ticenter analyses.’® Moreover, there are important differences
between the reporting countries in terms of health care system
structure, as well as COVID-19 incidence and mortality. Therefore,
we decided to conduct a national, multicenter study to collect data
representative for Polish pediatric population and add to the col-

lective body of evidence in this area.

1.1 | Aim

The aim of this study was to compare the rates of DKA in new-onset
children with T1D in Poland during 1 year preceding the COVID-
19-related lockdown and 1 year following its introduction.

2 | METHODS

In Poland, diabetes care for children and adolescents is provided
within public health care and aggregated in specialized centers, mostly
medical university-affiliated ones. These units provide both outpatient
and inpatient care for children and adolescents with diabetes, and
treat all new-onset cases referred there directly or from other, non-
referral hospitals as quickly as possible.! %12

The study design was a retrospective chart review. As such, it
was the exempt from Bioethical Committee review. Nevertheless, we
followed the principles of the Declaration of Helsinki and protected
patients' confidentiality. All regional pediatric diabetes care centers
affiliated with medical universities received an invitation to participate
in this study. Each participating center received a uniform electronic
spreadsheet to be filled with data on each new-onset T1D case hospi-
talized in that unit.

The following data were collected from the medical records: age,
sex, place of residence (urban vs. rural), name of region, body height
and weight, family history of T1D in first-degree relatives (FDRs), lab-
oratory tests at diagnosis (blood glucose, pH, HCO3, ketonuria or
ketonemia, HbA1c) and assisted ventilation, treatment in intensive
care unit (ICU), administration of mannitol or 3% NaCl, thrombosis,
hospitalization duration, and outcomes (fatal or not).

T1D was diagnosed based on national guidelines®® consistent
with WHO, International Society for Pediatric and Adolescent Diabe-
tes (ISPAD) and American Diabetes Association. The presence and
severity of DKA was determined according to laboratory criteria by
ISPAD.™ In case those data were unavailable, DKA was ascertained
based on the provider's documentation.

We collected demographic data from Poland's Central Statistical
Office and government website for each region and downloaded pub-
licly available data on COVID-19 dynamics in Poland between
15 March 2020 and 15 March 2021, focusing on the number of
reported COVID-19-related deaths as the most reliable measure.

2.1 | Statistical analysis

To provide the most complete picture of new-onset T1D in Poland, all
reported cases were included in the analysis. In case of missing spe-
cific data (laboratory results, body weight, or height), the number of
patients available for each comparison was adjusted and shown.

All reported T1D cases were analyzed in two separate periods to
reflect the research question: from 15 March 2019 to 14 March 2020
(abbreviated as 2019/2020) and from 15 March 2020 to 15 March
2021 (abbreviated as 2020/2021). The former was intended to repre-
sent the pre-COVID-19 period and be a reference for 2020/2021,
which encompasses both first and second COVID-19 waves in
Poland.

For each period and region, the total number of reported new-
onset T1D cases was divided by the total number of children aged O-
18 years old to obtain T1D raw incidence. Importantly, T1D cases
were assigned to each region based on the place of residence and not
necessarily on the place of diagnosis. The rate of DKA in each region
was calculated as the number of DKA cases divided by total number
of new-onset T1D cases.

Body mass index (BMI) was calculated based on reported body
weight and height. All those characteristics were transformed into z-
scores and percentile values to comply with standard pediatric
reporting.'®

Quantitative group characteristics were presented as means and
SDs. Given the high number of reported cases and high prevalence of
normal distributions among variables, subsequent analyses were per-
formed using parametric approach.

The main objective of the study was the change of DKA frequency
in the analyzed population between 2019/2020 and 2020/2021
periods—these comparisons were performed using unpaired t tests.
Similarly, the socio-demographic characteristics of children admitted
with new-onset T1D in those period were compared in the same man-
ner. Given that this study focuses on pediatric population, separate
tests were performed in each of five age subgroups: 0-2 years old, 3-
6 years old, 7-10 years old, 11-14 years old, 15-18 years old For
these analyses, the alfa value for declaring statistical significance was
adjusted according to Bonferroni rule to 0.01 (0.05/5 within-subgroup
tests). The subgroups were also compared using analysis of variance
(ANOVA) (with Bonferroni post-hoc tests) for the entire analyzed time
(2019-2021)—global alfa significance for this test was upheld at 0.05.
Such design was chosen for simplicity of result presentation and dis-
cussion. Alternatively, we performed ANOVA analysis with age sub-
groups and period defined as main effects and including their
interaction—and obtained consistent results.

We also analyzed characteristics of children who did and did not
present with DKA at T1D diagnosis. The DKA-positive and negative
groups were compared for the entire assessed period (2019-2021), in
addition the 2019/2020 and 2020/2021 periods were compared
within each group—the alfa of these tests was adjusted to 0.017
respectively.

Nominal characteristics were presented as numbers and percent-

ages. They were compared between the groups using a chi square test
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TABLE 1  Group characteristics

Quantitative traits—Mean + SD

Characteristic Age group Units N 2019/2021 N 2019/2020 N 2020/2021 p value
HbA1c at T1D diagnosis 0-2 % 264 10.96 2.1+ 117 10.66 + 2.28 147 11.20+1.91 .0386
mmol/mol 96.3+229 93.0 £ 249 98.9 £ 29.9
3-6 % 632 1141 +218%P 275  11.09 207 357  11.65+223 .0012
mmol/mol 101.2 +23.8 97.7 £22.6 103.9 +24.3
7-10 % 920 12.3 +2.5*%2 424 12.12 + 2.60 496 1247 + 241 .0344
mmol/mol 111.1+27.3 109.0 + 28.4 112.8 +26.3
11-14 % 923 1267 +288"% 404 123z+31 519  12.97 +2.69 .0004
mmol/mol 115.0+ 31.5 110.9 + 334 118.2+29.5
15-18 % 295 12.3 £ 2.96%° 153 11.97 £ 3.19 142 12.65 + 2.65 .0479
mmol/mol 110.9 + 32.3 107.3 + 34.9 114.8 + 28.9
ANOVA p value <.0001
Hospitalization duration 0-2 Days 226 11.3 + 4.34* 1+ 98 11.00 + 3.99 128 11.58 + 4.59 .3186
3-6 Days 535 10.5 + 3.86 229 11.19 + 3.63 306 10.02 + 3.96 .0005
7-10 Days 791 10.3 £ 4.26° 366 10.14 + 3.44 425 10.5+ 4.9 2214
11-14 Days 814 10.2 £ 413" 355 104+ 4 459 9.98 +4.23 1213
15-18 Days 254 9.9 +3.76* 132 10.06 + 3.73 122 9.72 £ 3.79 4678
ANOVA p value .0010
BMI 0-2 kg/m? 228 15.3+2.11 107 15.28 + 2.09 121 15.37 £+ 2.14 N/A
3-6 kg/m? 609 15.1 £ 2.20 271 15.01 +2.13 338 15.17 £ 2.26 .2086
z-score —-0.6 +1.40 —0.69 +1.42 —-0.54 + 1.39
percentile 36.5+31.3 35.1+314 37.7+312
7-10 kg/m? 906 16.8 £ 3.82 428 16.67 + 4.06 478 16.95 + 3.60 4012
z-score -0.3+1.372 —-035+1.31 —-0.27 £1.43
percentile 43.2 + 33.45 41.64 + 33.24 44.6 + 33.6
11-14 kg/m? 909 18.3 £3.77 406 183+ 3.6 503 18.17 + 3.87 .0910
z-score —0.5 + 1.56° -0.38+1.3 -0.56 +1.73
percentile 40.4 + 32.86 41.6 +32.3 39.48 + 33.31
15-18 kg/m? 289 20.7 £ 4.66 151 21.10 £ 4.67 138  20.21 +4.62 0646
z-score —0.4 +1.58 —0.20 £ 1.63 -0.54£1.51
percentile 43.6 + 33.72 48.15 + 33.54 38.6 £ 33.3
ANOVA p value .0010
Quantitative traits—Numbers and %
Characteristic Age group N 2019/2021 N 2019/2020 N 2020/2021 p value
Gender—Man [N (%)] 0-2 266 143 (53.8%) 117 67 (57.3%) 149 76 (51%) .3096
3-6 633 319 (50.4%) 276 143 (51.8%) 357 176 (49.3%) .5308
7-10 929 457 (49.2%) 432 189 (43.8%) 497 268 (53.9%) .0020
11-14 934 536 (57.4%) 411 236 (57.4%) 523 300 (57.4%) .9854
15-18 299 176 (58.9%) 155 80 (51.6%) 144 96 (66.7%) .0082
Age groups—p value .0010
Urban residency [N (%)] 0-2 242 138 (57.0%) 112 64 (57.1%) 130 74 (56.9%) 9725
3-6 574 334 (58.2%) 267 153 (57.3%) 307 181 (59.0%) .6886
7-10 839 517 (61.6%) 414 255 (61.6%) 425 262 (61.4%) .9874
11-14 859 524 (61.0%) 395 253 (64.1%) 464 271 (58.4%) .0909
15-18 273 164 (60.1%) 152 88 (57.9%) 121 75 (62.8%) 4101
Age groups—p value 4859
DKA [N (%)] 0-2 266 185 (69.5%) 117 67 (57.3%) 149 118 (79.2%) .0001
3-6 633 242 (38.2%) 276 90 (32.6%) 357 152 (42.6%) .0105
7-10 930 420 (45.2%) 432 162 (37.5%) 498 258 (51.8%) <.0001
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TABLE 1 (Continued)

Quantitative traits—Numbers and %

Characteristic Age group N 2019/2021 N 2019/2020 N 2020/2021 p value
11-14 934 407 (43.6%) 411 151 (36.7%) 523 256 (48.9%) .0002
15-18 299 93 (31.1%) 155 51 (32.9%) 144 42 (29.2%) 4856

Age groups—p value <.0001

Note: Superscript symbols (*, T, ¥, 2 ) denote statistically significant differences between the groups in post-hoc Bonferroni test. N/A - statistical
comparison not performed. Bolded p-values are statistically-significant after applying correction for multiple comparisons.

in a similar design to the continuous ones—between the 2019/2020
and 2020/2021 periods in each age subgroup (0-2 years old, 3-
6 years old, 7-10 years old, 11-14 years old, 15-18 years old). In
some cases, odds ratio (OR) with 95% confidence interval was calcu-
lated to help estimate the effect size of an association.

We then assessed the T1D incidence and DKA rate dynamics in
more detail by pooling the numbers from all regions into 30-day
periods (starting 15 March 2019). On such data, we performed a Pet-
titt test, which is a series Mann-Whitney U test to determine the best
split point for a given variable (here: DKA rate) between two periods.

We also performed region-level (“ecological”) analyses. The
change in T1D incidence or region-specific DKA rate between the
periods was assessed using paired t test. Subsequently, we checked
whether the noted change in regions' DKA rate was associated with
their geographic or demographic characteristics—this was done using
Spearman's R correlation. Finally, we evaluated the association of
DKA rate's increase with COVID-19-related burden of each region. As
most indicators (e.g., number of cases, number of positive tests, frac-
tion of positive tests) are highly dependent on testing strategy at a
particular time, we chose COVID-19-related deaths (expressed as
number by 100,000 population) as the most unbiased measure of pan-
demic impact. Importantly, it does not only reflect the epidemiological
severity of COVID-19, but also the load put on health care system.
Given that the largest increase in DKA rate was noted in March 2020,
we assessed COVID-19-related deaths both for the entire 2020/2021
period and for the March-April 2020 period only.

3 | RESULTS

The study included 14 pediatric diabetes reference centers, representing
13 out of 16 Polish macroregions (voivodships) inhabited by ~6.5 M chil-
dren up to 18 years old (88.2% of Polish pediatric population).

Between 15 March 2019 and 15 March 2021, participating cen-
ters recorded 3062 cases of new-onset T1D (53.3% boys, mean age
at diagnosis 9.5 + 4.3 years old), 1347 (44%) of whom presented with
DKA (mean blood pH 7.15 + 0.14). Detailed characteristics of the
entire group, stratified by age and period, are presented in Tables 1
and S1. Notably, in 1.1% of DKA cases 7% of non-DKA cases pH
results were unavailable and the presence of acidosis was ascertained
based on documentation. Detailed flow-chart is included as a

Figure S1.

Among the recorded new-onset T1D cases, 1391 (45.4%) were
diagnosed in the 2019/2020 period and 1671 (54.6%) in the
2020/2021 period. Considering the pediatric population at risk, this
corresponds to an observed increase in T1D incidence from 21.55
cases/100000 person-years to 25.90 cases/100000 person-years in
children aged 0-18. The increase was consistent among the analyzed
regions and statistically significant (p = .0044, Figure 1). At the same
time, there were 521 DKA cases noted in 2019/2020 (37.5%) and
826 in 2020/2021 (49.4%). The increase was significant both at the
patient level (p <.0001) and at the observation region level (mean
increase across the regions +11.1 + 7.2%, p = .0001, Figure 1). At the
national level (considering all new-onset T1D cases diagnosed during
each month), the major increase was noted in February 2020, denot-
ing a shift in DKA incidence (minimum p value for before/after com-
parison with Mann-Whitney U/Pettitt test noted for February,
p = .00008, significant even after considering Bonferroni-adjusted
threshold of 0.0022, Figure 2). A month after, a nationwide lockdown
was introduced, during which the observed DKA incidence reached its
peak (60%). Data for subgroups based on patient's age and DKA
severity are included in Figure S2).

Among the reported DKA episodes, 15 (1.1%) could not be
graded for severity according to ISPAD criteria—the remaining ones
were graded as mild in 680 (51.1%) cases, moderate in 371 (27.9%)
and severe in 281 children (21.1%). Between the compared periods,
we noted a significant shift in DKA severity toward more severe epi-
sodes (p = .0089, Table 2), which was consistent across almost all age
groups (in 15-18 years old the incidence of moderate and severe
DKA remained similar or decreased slightly). In line with this observa-
tion, the frequency of ICU admissions among DKA cases increased,
albeit not significantly (13.6% vs. 17.4%, p = .0633), and significantly
more children required assisted ventilation (1.3% vs. 3.4%, p = .0037,
Table 2).

In 11 (0.8%) cases DKA was complicated by thrombosis, with sim-
ilar incidence in both analyzed periods. In two DKA cases the outcome
was fatal. Both deaths outcomes occurred after COVID-19 outbreak,
however, due to extremely low counts and zero deaths reported in
2019/2020 no statistical comparison between the periods was made.
Both deaths had place in non-referral hospitals prior to transfer to the
referral ones in the course of cerebral edema (More detailed case
reports in the Data S1).

The change in T1D incidence did not correlate with any of the

collected regions' characteristics (p > .05). Similarly, the change in
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FIGURE 1 Incidence of childhood type 1 diabetes (T1D) in Polish regions between 15 March 2019 and 15 March 2020 (A) and its change in
15 March 2020/15 March 2021 period relative to the preceding year (B). Exact numbers are provided for each region, with additional color-
coding below. Frequency of diabetic ketoacidosis (DKA) in new-onset childhood T1D in Polish regions between 15 March 2019 and 15 March
2020 (C) and its change in 15 March 2020/15 March 2021 period relative to the preceding year (D). Exact numbers are provided for each region,
with additional color-coding below. Number of COVID-19-related deaths in Polish regions between March and April of 2020 (15 March 2020 to
30 April 2020) (E) and its association with region-specific change in DKA frequency (F). By Spearman correlation coefficient, the association was
moderately strong, positive and significant (R = .6, p = .0287).
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FIGURE 2 Monthly type 1 diabetes (T1D) incidence (blue points
and line) and diabetic ketoacidosis (DKA) frequency in new-onset T1D
(purple squares and line) in 13 Polish regions between 15 March 2019
and 15 March 2021. Each point represents data aggregated from a
30-day period, encompassing halves of consecutive months. Years are
denoted in the upper side, as well as by gray tone. Black line denotes
the best statistical division point (based on Pettitt's test), for which
two resulting periods (here: 15 March 2019 to 15 February 2020 and
15 February 2020 to 15 March 2021) differ the most in terms of DKA
frequency. Red line denotes 15 March 2020, when national lockdown
was introduced at the beginning of COVID-19 first wave in Poland.
Yellow line marks the beginning of the second wave of pandemic

DKA rates observed between 2019/2020 and 2020/2021 was not
associated with regions' size (R = —.14, p = .6286), population
(R = .25, p = .3943) or children (R = .24, p = .4154), population den-
sity (R = .38, p = .1944), number of general practitioners and pediatric
specialists per 1000 children (R = —.46, p = .1173) and cumulative
COVID-19 death toll for 2020/2021 (R = —.18, p = .5533). However,
it showed a moderate-to-strong correlation with COVID-19 deaths
related to the pandemic outbreak (March/April 2020) (R = .6,
p =.0287, Figure 1), urbanization rate (R = .65, p = .0154) and change
in T1D incidence (R = .7, p = .0080).

Overall, children who developed DKA were younger than those who
did not (8.98 +4.28 vs. 9.91 +4.19, p <.0001), presented more pro-
nounced weight loss (body weight z-score: —0.36 + 1.5 vs. —0.1 + 1.37,
p <.0001; BMI z-score: —0.63 + 1.49 vs. —0.3 + 1.44, p <.0001) and
higher blood glucose levels at diagnosis (478 + 192 vs. 409 + 156 mg/d|,
p <.0001) as well as HbA1c [12.7% (116 mmol/mol) + 2.1% (23 mmol/
mol) vs. 11.6% (104 mmol/mol) + 2.9% (31 mmol/mol), p < .0001]. DKA
was also associated with a significantly longer hospitalization (10.96
+4.06 vs. 9.91 + 4.1 days, p < .0001). Details of those comparisons are
presented in Table S1. Importantly, children who had a FDRs with T1D
developed DKA at T1D diagnosis less often than those without positive
family history [OR = 0.33 (95%Cl: 0.24-0.45), p < .0001). The effect per-
sisted after adjustment for analysis period in a multivariable logistic
regression [OR = 0.32 (0.23-0.44), p <.0001), with the interaction
assessed as insignificant (p = .4063).

Unfortunately, data on COVID-19 infection status at admission
were severely lacking (PCR test results available for N = 854 children
in 2020/2021, 51.1% of analyzed sample). In this subgroup, 45 chil-
dren had a positive PCR test at T1D diagnosis, corresponding to 5.3%.
The proportion of COVID-19-positive children was higher among
those with DKA (N = 28, 6.4%) than those without (N = 17, 4.1%),

but the disproportion was not statistically significant (p = .1236).
COVID-19 status was also not associated with DKA severity in those
who developed DKA (p = .8399).

4 | DISCUSSION

We presented comprehensive nationwide data on T1D incidence and
DKA frequency in children new-onset T1D in Poland and assessed
their change during COVID-19-affected time.

We showed that the first year of COVID-19 pandemic in Poland
was associated with increased T1D incidence in children, more fre-
quent presence of DKA at onset and overall shift toward more serious
DKA stages, signifying a switch toward less favorable T1D course.
The most notable change occurred in the initial period around
February/March 2020 and was upheld during second wave in
October. Furthermore, we are among the first to report DKA-related
deaths during COVID-19 pandemic that were not observed in Poland
for more than a dozen previous years.

The overall shift toward more severe DKA stages that we observed
in most age groups (with the exception of 15-18 years old) are in line
with the majority of existing reports.’®*® Fortunately, the overall
observed increase (+-5.4% for moderate and +3.4% for severe DKA) was
not as pronounced as in some countries (e.g., 26.8%-42.3% increase for
Romania,’ 5%-45% in Australia®®). In our cohort, the highest risk for
severe DKA was observed in the youngest children (27.3%-29.9%),
while the greatest increase was observed in children aged 7-10 years
(17%-24.9%). The lack of statistical significance in most subgroup com-
parisons can be easily explained by the decrease in statistical power
resulting from the smaller group size (from ~1300 to 90-400 patients).

Our study did not show a statistically significant increase in ICU
admissions for DKA at T1D onset that was noted in other studies.?12
The reason for this might be between-country differences in guide-
lines and standard operating procedures concerning new-onset T1D.
In Poland, most DKA cases (even severe ones) are treated in dedi-
cated pediatric diabetology/endocrinology wards by experienced
teams, and ICU care is only requested when assisted ventilation or
pressors administration is needed. In some regions, the distance and
established cooperation between ICU and diabetologist team also play
important role. On the other hand, we detected a significant and over
two-fold increase in frequency of the use of assisted ventilation,
which is another proxy of DKA severity. Finally, we reported 2 deaths
that occurred in March-April 2020, increasing the estimated DKA
mortality up to 0.2%. Due to the fortunately low number of such
events, statistical comparisons were not performed, and any estimates
must be treated with caution. Nevertheless, we did not identify any
other reports of DKA-related death in developed countries in this
period, and similarly we had no data on such events for a more than a
dozen years in Poland. Heavily impaired by the Covid-19 outbreak
Polish health care system and faulty social behaviors (e.g., delayed
first contact with medical professional, failure to recognize diabetes
symptoms) may have played a role in these tragic cases and could be

targeted as a subject of a widespread educational campaign.
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DKA severity (Data available for N = 1332)

TABLE 2 Course of reported DKA

Group 2019/2020 2020/2021
All DKA cases Mild  288(55.4%) 392 (47.8%)
Moderate 125 (24.5%) 246 (29.9%)

Severe 98(19.2%) 183 (22.3%)

0-2 years old (N = 183) Mild 29 (43.9%) 39 (33.3%)
Moderate 19 (28.8%) 43 (36.8%)

Severe 18 (27.3%) 35 (29.9%)

3-6 years old (N = 239) Mild 56 (62.9%) 85 (56.7%)
Moderate 17 (19.1%) 39 (26.0%)

Severe 16 (18.0%) 26 (17.3%)

7-10 years old (N = 416) Mild 95(59.7%) 120 (46.7%)
Moderate 37 (23.3%) 73 (28.4%)

Severe 27 (17.0%) 64 (24.9%)

11-14 years old (N = 403) Mild 86(58.1%) 128 (50.2%)
Moderate 40 (27.0%) 79 (31.0%)

Severe 22 (14.9%) 48 (18.8%)

15-18 years old (N = 91) Mild 22 (44.9%) 20 (47.6%)
Moderate 12 (24.5%) 10 (23.8%)

Severe 15 (30.6%) 12 (28.6%)

DKA treatment and outcomes (Data available for N = 1347)

Procedure or outcome 2019/2020 2020/2021
ICU admission 71 (13.6%) 144 (17.4%)
Mannitol or 3% NaCl treatment 20 (3.8%) 40 (4.8%)
Required assisted ventilation 7 (1.3%) 28 (3.4%)
Complicated by thrombosis 5(1%) 6 (0.7%)
Fatal outcome 0 (0%) 2 (0.2%)

cases
Change p value
| -7.8%  .0089
1 +5.4%
1+43.4%
| —10.6%  .3381
1 +8%
1 4+2.6%
| —6.2% 4681
1 46.9%
| —0.7%
| —13% .0297
145.1%
147.9%
| =79% 2946
T +4.0%
143.9%
1+2.7%  .7558
| —0.7%
| —2.0%
Change p value
1 43.8% .0633
1 +1.0% .3844
T+421% 0337
1 —0.3% .6431
1 +0.2% NA

Note: Bold values denote a clinically unfavorable shift, for example, decrease in proportion of least severe
DKA cases (mild) or increase in more severe ones (moderate, severe); Italic values denote neutral or
positive changes—decreased frequency of moderate and severe DKAs and corresponding increase in

mild ones.

There was no significant shift in population characteristics of chil-
dren diagnosed with T1D between the 2019/2020 and 2020/2021
periods in terms of age structure, BMI and urban/rural background,
however we noted a slight increase in boys' representation in 7-10-
and 15-18-year-olds. This was likely related to a secular trend and of
little clinical importance.

In terms of T1D incidence, existing reports remain unclear.
Among studies summarizing the first 2-3 months of the pandemic,
some reported an increase in T1D incidence while others observed no
change.?® One study?* also observed a decrease, explained by delayed
contact with medical professionals for fear of infection and decreased
exposure to non-COVID-19 seasonal viral infections due to school
closing. Unfortunately, increasing observation time to second wave
(7-12 months) did not reduce uncertainty—in Canada?® there was no
in T1D

Romania'® and Finlan

incidence among children adolescents while
d22

increase
experienced upsurges similar to Poland.

Moreover, it should be considered that T1D incidence is heavily

influenced by different time-trends. For example, Poland has experi-
enced a fluctuating increase over the years,2® which might explain the
increase observed between 2019 and 2021 (although the observed
T1D incidence [~30/100000] was lower than predicted ~40/100000,
probably due to extrapolation error). Therefore, longer observations
and metanalyses might be needed to clearly discern COVID-19 effects
on T1D incidence.

We also showed that the presence of DKA was significantly asso-
ciated with younger age and was more frequent in children without
T1D among FDRs. These are well-known risk factors of DKA, and
they did not change between COVID-19 unaffected and affected
period. In addition, children with DKA presented with significantly
lower BMI, higher blood glucose level and higher HbA1c than those
without DKA, which reflects possible delay in T1D diagnosis. Impor-
tantly, HbAlc increased significantly during the 2020/2021 period
compared with the previous year (both in DKA-positive and negative

children), suggesting an overall deterioration of pediatric health care.
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Furthermore, the DKA frequency increase was higher in regions that
were more urbanized, experienced greater increase in T1D incidence
and more COVID-19-related deaths during the first months of
pandemic.

Overall, it is estimated that between 15% and 70% of children
present with DKA at T1D diagnosis. In Poland for the last years this
rate was between 25% and 36% and did not show a tendency to
increase. Therefore, the increase we observed in 2020/2021 could
be cautiously attributed to COVID-19 impact while still considering
the usual limitations of observational studies. Such hypothesis can be
further reinforced by the notable association between DKA frequency
increase and the initial death-toll of COVID-19 in each region. How-
ever, it is not clear to what extent our results can be generalized to
the international pediatric population.

The first reports covering 1st wave of COVID-19 pandemic were
highly variable and included no change in DKA frequency (ltaly) or
increasing tendencies—some of which did (Germany, Israel,
Saudi Arabia, United Kingdom¢~18232427) or did not reach statistical
significance (United States).?® Moreover, the noted increase was not
always upheld—for example, in the United States it encompassed only
first 6 weeks of COVID-19 pandemic.2®

The studies covering longer periods (first and second wave) are
largely consistent with our results, demonstrating an increase in DKA
frequency in new-onset T1D cases compared with corresponding pre-
pandemic period.t??2:2529

On the other hand, it is possible that DKA frequency can also be
affected by country-specific time trends. For example, the SEARCH
study®° noted a statistically significant 2% yearly increase in DKA fre-
quency at T1D onset in the United States (from 35.5% in 2010 to
40.6% in 2016). Furthermore, a study based on The German Diabetes
Prospective Follow-up Registry®! compared the monthly frequency of
DKA at T1D onset during COVID-19 pandemic to that estimated from
2000 to 2019 years). In this report, they demonstrated a significant
increase in two periods: April to September and December. Moreover,
the observed overload was positively correlated during the first wave
(first half of 2020) with region-specific weekly COVID-19 incidence
and mortality. This report is therefore in strong agreement with our
observations, where the year-to-year increase in DKA incidence was
correlated with SARS-Co-V-2-related deaths in March/April 2020.

Although the amount of evidence linking COVID-19 and DKA
rate is increasing, the question whether the association is causal (and
how direct) remains unanswered. First, negative impact of COVID-19
pandemic on access to health care and social behaviors may have
resulted in delayed contacts with medical professionals and increase
the risk of DKA. In our study DKA rate was strongly correlated with
the number of COVID-19-related deaths during March and April
2020. Similar observations were made also in a larger scale by Danne
et al.,’® who showed a marked increase in DKA rate in countries suf-
fering from the highest COVID-19-related mortality during first wave
of pandemic. Furthermore, in our study, both DKA-positive and nega-
tive children presented higher HbA1lc than the reference group from
previous 12 months. In the multicenter study in the United Kingdom

up to 20% of centers reported clear delays of T1D diagnosis within

the first 3 months of COVID-19 pandemic. It is also possible that
Sars-CoV-2 infection directly or indirectly initiates or aggravates auto-
immune beta cell destruction, resulting in more aggressive T1D course
and easier DKA development. According to molecular studies, pancre-
atic beta cells might be targets of SARS-CoV-2%23% and SARS-CoV-2
infection in pancreatic islets cultures has been shown to modulate
their morphology and response to glucose changes.®® In addition,
infection-related inflammation®® might lower insulin sensitivity and
aggravate insulin deficiency leading to an earlier DKA. Finally, COVID-
19-related isolation policy might have resulted in a decrease in physi-
cal activity promoting insulin resistance and accelerating the T1D
development. However, those hypotheses were definitely out of
scope for our study given its design.

In our study we also noted that having a FDRs with T1D was a
strong protective factor against developing DKA at T1D onset, which
was consistent both pre-COVID-19 and during 2020/2021. This was
in line with observation by Ho et al.,?> who noted a significant
increase in DKA rate among those without T1D in FDRs (75.2% in
2020 vs. 46.9% in 2019).

This study contributes important and clinically relevant data to the
rapidly growing field of research on COVID-19 interactions with T1D.
Thanks to several strengths of the design we hope to provide reliable,
reproducible and generalizable results. First, this was a multicenter study
including 14 reference pediatric diabetes care centers, which minimizes
the risk of center-specific bias. Second, we included centers providing
care for almost 90% of Polish children with T1D, which ensures that col-
lected data reliably reflect the underlying population. Moreover, in terms
of projecting our results to other groups, Polish people are ethnically
homogenous, and all enjoy the same level of access to public health care.
Therefore, we expect that our results might be most relatable for other
countries with similar population structure and health care policy. Finally,
this is one of currently emerging studies with a 12-month observation
window covering both first and second COVID-19 wave. This allowed us
to account for seasonal variability of T1D and show that in Poland DKA
change was abrupt rather than gradual.

On the other hand, this study has some limitations that might
limit wider applicability of our results. First, although we the study
included almost 90% of Polish pediatric population, three regions
were not included in the study. This was due to the fact that these
regions lack departments dedicated to pediatric diabetes care. As a
result, new T1D cases in these regions are disseminated among local
hospitals or are referred to neighboring regions (such cases were not
included in this analysis), which could be result in underreporting and
be a source of bias. Second, our observation covered only 2 years,
which prevented us from gaining insight into possible long-term ten-
dencies and region-specific dynamics. However, such data were not
collected due to resource limitation. In addition, our division of time
periods for assessment (15 March 2020) was based on the introduction
of national lockdown and might not be optimal. Given existing reports,
COVID-19 cases are likely to have occurred before that time and public
behaviors might have changed as well (e.g., starting to avoid contact with
medical facilities). This in fact might be visible in our data, as the initial

increase in DKA rate was noted about a month before the official
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restrictions. Moreover, not all patients had full data concerning key bio-
chemical features forcing us to rely on documentation reports. We also
were not able to collect complete data on SARS-CoV-2 infection status
during T1D onset, which limits analyses in this regard and introduces a
risk of bias. Some of our analyses were also limited in power. This was
the case for region-level analyses, as those were performed on ecological
(aggregated) data. Such an approach limits statistical power due to smaller
sample size (14 regions) and is susceptible to other sources of bias.>”
Therefore, the results associating DKA with COVID-19 burden should be
treated with caution until confirmed by a more in-depth analysis (using,
e.g., multi-level modeling). Finally, this was a retrospective study, which
prevented us from collecting more detailed data, such as what was the
time interval between the patient's first contact with health care
(e.g., consultation with GP) and T1D diagnosis and insulin administration.
We also acknowledge that unforeseen confounding factors may have
affected our results.

In conclusion, the first year of COVID-19 pandemic in Poland in a
direct comparison with a preceding year clearly shows an increase in
DKA rate among new cases of pediatric T1D cases and points at over-
all worsening of its course. While the increased incidence of T1D can-
not be easily linked with SARS-CoV-2 infection, the increased
frequency of DKA at diagnosis and a shift toward its more severe
stages seem to be directly or indirectly related to COVID-19 impact. It
is therefore important to promote the knowledge about the increased
odds of DKA at T1D diagnosis onset during COVID-19 pandemic both
among society and first-line clinicians. Finally, even during health care
system overload due to COVID-19 (or other events), children present-
ing signs and symptoms of new-onset T1D and/or DKA should have

prompt access to experienced diagnostic and therapeutic teams.
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