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BACKGROUND: Diabetic ketoacidosis (DKA) is a potentially life-threatening complication of type 1 diabetes mellitus (T1DM) that
has increased during the COVID-19 pandemic. This study will not only shed light on such life-threatening complications but also be
a step to increase the awareness of healthcare providers about such complications in the upcoming pandemic waves and increased
dependence on telemedicine. Thus, we aimed to further investigate the increase of DKA in pediatrics.

METHODS: PubMed, Web of Science, and Scopus were broadly searched for studies assessing the incidence of DKA in pediatrics
during the COVID-19 pandemic.

RESULTS: Our study included 24 papers with a total of 124,597 children with diabetes. A statistically significant increase occurred in
the risk of DKA among newly diagnosed T1DM patients during the pandemic (RR 1.41; 95% Cl 1.19, 1.67; p < 0.01; I*> = 86%),
especially in the severe form of DKA (RR 1.66: 95% Cl 1.3, 2.11) when compared to before.

CONCLUSION: DKA in newly diagnosed children with TIDM has increased during the pandemic and presented with a severe form.

This may reflect that COVID-19 may have contributed not only to the development but also the severity of DKA.

Pediatric Research (2023) 93:1149-1160; https://doi.org/10.1038/s41390-022-02241-2

IMPACT:

® Diabetic ketoacidosis (DKA) is a life-threatening complication of type 1 diabetes mellitus (T1DM) that has increased during the

COVID-19 pandemic.

® Our study included 25 papers with a total of 124,597 children with diabetes. A statistically significant increase occurred in the
risk of DKA among newly diagnosed T1DM patients during the pandemic.
® Our findings reflect that COVID-19 may have an altered presentation in TIDM and can be related to DKA severity.

INTRODUCTION

Announced by the World Health Organization in January 2020 as a
global health emergency and in March 2020 as a pandemic,
coronavirus disease 2019 (COVID-19) is a severe respiratory illness.'?
COVID-19 is highly infective, presenting with a range of symptoms;
however, up to 80% of symptomatic COVID-19 infections feature
only flu-like symptoms with no complications;* advanced complica-
tions such as renal or circulatory failure have been reported with
severe cases or with other comorbidities or risk factors including old
age, hypertension, cardiovascular diseases, or diabetes, especially
type 1 diabetes mellitus (T1DM).*

One of the most common chronic illnesses in children,
increasing over recent decades, TIDM is a metabolic disease
characterized by a deficit in the production of insulin with
various effects on the body’s metabolism. The rapid and early
diagnosis of T1DM is crucial to prevent its progression to
diabetic ketoacidosis (DKA).> The frequency of DKA differs

widely by region, ranging from 15% in Europe to 70% in North
America.® DKA is the main life-threatening acute complication
associated with the onset of TIDM.” Furthermore, it is an entirely
preventable condition, yet it is a leading cause of T1DM
morbidity and increased hospitalization and length of stay
because it is frequently mismanaged.” However, DKA mortality
rates have significantly declined in the past 20 years to below
1%.2 In 2018, The National Diabetes Inpatient Audits recently
found no significant reduction in the number of hospitalized
people developing DKA, attributed to under-treatment and
incorrect timing of insulin administration which have worsened
since 2011 (4% in 2017)°

Several studies reported an increase of new T1DM cases in
children among COVID-19 patients.”'® Not only has the frequency
of TIDM increased but also the frequency of DKA, which has been
reported with high percentages in several studies.'’™"® However,
other studies have not reported any increase in the rates of DKA.'*
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Table 1. The search strategy.
Databases Restrictions Term Items found
PubMed Restricted to title and ("diabetic ketoacidosis" OR "Diabetic Acidosis" OR "Diabetic Ketoacidosis" OR 56
Scopus abstract "Diabetic Acidosis" OR "Diabetic Ketosis" OR "Diabetic Ketoses") AND("COVID 19" OR 45
. . . "COVID-19" OR "2019-nCoV" OR "2019 nCoV" OR "Coronavirus Disease-19" OR
Web of Science Restricted to topic "Coronavirus Disease 19" OR "2019 Novel Coronavirus Disease" OR "2019 Novel 50
Coronavirus" OR "COVID19" OR "Coronavirus Disease 2019" OR "SARS Coronavirus 2"
OR "SARS-CoV-2" OR "SARS CoV 2") AND (Children OR child* OR teen* OR preteen
OR Adolescent OR baby OR infant OR kid OR youth OR toddler OR neonate)
Total 151
Identification of studies via databases and registers
o
S Records identified from*: o
= Databases (n = 151) Reco_rds removed before screening:
o PubMed (n = 56) | 3| Duplicate records removed (n = 64)
£ WOS (n = 50)
= Scopus (n = 45)
—
\ 4
—
Records screened > Records excluded**
(n=287) (n=49)
\ 4
Reports sought for retrieval »| Reports not retrieved
o (n=238) | (n=0)
k=
[
o
7 v
R‘_*p.°':t_s assessed for »| Reports excluded (14):
eligibility (n = 38) Not diabetic (n = 4)
Not Covid (n=5)
Review (n = 2)
Case report (n=3)
—
\4
§ Studies included in review
% (n=24)
= Reports of included studies
(n=24)
Fig. 1 PRISMA flowchart. The PRISMA flow diagram for the systematic review detailing the database searches, the number of Records

screened, and the full texts retrieved.

Proving an increase in DKA during the COVID-19 pandemic will
not only shed light on such life-threatening complications but also
be a step to overcome the fear of approaching healthcare settings,
increase awareness about such complications during the upcom-
ing waves, and our increased dependence on telemedicine.'*™'®
Thus, our meta-analysis and systematic review aimed to further
investigate the relationship between COVID-19 and pediatric DKA
to fill the knowledge gap, settle the controversy between different
studies,'®'*'92% and answer the question of whether DKA has
increased in the COVID-19 pandemic.

METHODS

Ethical approval

All protocols of our study followed the regulations of the research
ethics committee of Assiut University.

SPRINGER NATURE

This study was performed according to Preferred Reporting
Items for Systematic Reviews and Meta-Analysis guidelines.?’

Search strategy

We conducted our search of the following databases: PubMed, WOS,
and Scopus, using broad terms and keywords for the concepts of
DKA and COVID in children up to October 20, 2021. The full details
of the systematic search as illustrated in Table 1. We imported
initial search records into an excel sheet. After duplicates removal,
three authors (A.E, HHE-L, and M.A) screened all included
studies according to our eligibility criteria by title and abstract.
Any relevant studies and conflict studies were shifted to full-
text screening. Conflicts in full-text reviewing were resolved in a
discussion. An additional manual search was performed by screen-
ing references of the included articles, literature reviews, and
PubMed-related articles.

Pediatric Research (2023) 93:1149-1160
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Eligibility criteria

Our eligibility criteria are (a) studies that assessed the development
of DKA in children with diabetes during the COVID-19 pandemic, (b)
published in international peer-reviewed journals indexed in
Scopus, WOS, PubMed and (c) no limits to language. We excluded
animal studies, reviews, case reports, and commentary.

coviD

tests used for
diagnosis
(X-ray, PCR,
antigen
testing (-))
PCR and
antibody

PCR and
antibody

- Data extraction

= M.A. and HH.E-L. independently extracted data about baseline
characteristics from the included studies using a standardized
Excel sheet; first author name, year of publication, study design,
country, sample size, characteristics of participants (sex and age),
type of diabetes, new-onset or already diagnosed DM, aim and
results. The same authors independently extracted data for the
quantitative analysis; the number of DKA incidence in children
with diabetes, degree of DKA (mild, moderate, and severe),
months of measurement, type, and the onset of diabetes.

Type of DM (%)
Type
]
0
0
0
0
NR
0
0

Type |
456
(100)
503
(100)
959
(100)
532
(100)
(100)
20
(100

NR
NR
25

New-
onset
456
(100)
503
(100)
959
(100)
532
(100)
NR
NR
25
(100)
20
(100)

Data analysis

The Meta package of R software version 4.1.0** was used to
analyze the pooled risk ratio with a 95% confidence interval. The
random-effect model was employed in our meta-analyses. The I
and yx* tests were used to evaluate heterogeneity. A p value less
than 0.05 was considered significant. The data extracted are
categorical and presented as a percentage.

Our first analysis is calculating the risk ratio of DKA in
prepandemic and post-pandemic stratified by the onset of
diabetes (new-onset, pre-existing or mixed of both), and our
second meta-analysis is comparing the degree of DKA (severe,
moderate, or mild) in prepandemic and post-pandemic stratified
by the onset of diabetes. The criteria used for grading the severity
of DKA were according to the International Society for Pediatric
and Adolescent Diabetes:®

Type of diabetes

(%)
Pre-
existing

HbA1C + SD
NR

NR

NR

NR

NR

NR

124
(11.0-14.0)2
12.8
(11.8-14.0)2

Number
456

503

959

532

208

160

25

20

(mean = SD)
(6.2—1 1.4)°

10.0
(8.1-12.3)2

Age

9.7 (5.8-
13.2)°
9.1 (5.5-
12.6)°
9.9 (5.8-
12.9)°
NR

NR

9.5

Mild: venous pH <7.3 or serum bicarbonate <15 mmol/L.
Moderate: pH <7.2, serum bicarbonate <10 mmol/L.
Severe: pH <7.1, serum bicarbonate <5 mmol/L.

Female
202
(44.3)
240
(47.7)
442
(46.09)
205
(38.5)
NR
NR
10
(40.00)
(45.00)
°

We also conducted leave-one-out meta-analyses on each subset
of the studies by leaving one study out at each analysis and
constructed the Funnel plots to evaluate the publication bias.

Gender, n (%)
Male
254
(55.7)
263
(52.3)
517
(53.91)
327
(61.5)
NR

NR

15
(60.00)
(55.00)

RESULTS

Search results

Our search strategy resulted in a total of 151 studies. After the title
and abstract screening and removing the duplicates, 113 articles
were eliminated, and 38 full-text articles were evaluated for eligibility.
Following the full-text screening, 24 papers''™'*122023-41 met our
criteria. Finally, 17 studies were included in our meta-analysis, and 7
were included only in our systematic review as they did not provide
sufficient data to be included in the meta-analysis, so we included
them as qualitative analysis (Fig. 1).

Prepandemic
Prepandemic
Prepandemic

Prepandemic
total

Prepandemic
2019

Subgroup
2018

Pandemic
Pandemic
Pandemic

Prospective
Retrospective
cohort

Study design
Prospective
cohort

cohort

Summary of included studies

The studies included 124,597 children with diabetes with a mean
age of 8.8 years. Of these, 15 were retrospective cohort studies, 2
were multicenter observational studies, and 7 were multicenter
cross-sectional studies. The studies included in our meta-analysis
were 12 conducted in Europe (Poland, Turkey, the UK, Germany,
and Romania), 3 in Asia (Saudi Arabia and China), and 2 in North
America (the USA and Canada). The baseline characteristics are
illustrated in Tables 2 and 3.

Total
number
1491
368

5

Country
Germany
Finland

Italy

continued

Meta-analysis
Our first analysis included 17 studies with 34,321 patients in the
prepandemic group and 27,213 patients in the control or

Monkemoller,
®Median and IQR.
r Median and range.

Author, year
2021

Table 3.
Rabbone,
2020
Salmi, 2021
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Study

Onset = new-onset DM

A. Elgenidy et al.

Post-pandemic Pre-pandemic

Events Total Events Total

McGlacken-Byrne, 2021 13 17 9
Bogale , 2021 20 42 172
Jacop, 2021 46 86 31
KirstenMénkemoller, 2021 238 532 233
Boboc, 2021 97 147 123
Alageel, 2021 23 41 15
Lawrence, 2021 8 11 1
Dilek, 2021 68 74 27
Robbone, 2020 61 160 86
Josephine ho, 2021 73 107 52
Dzygalo, 2020 18 34 29
Mamelia, 2021 91 201 184
Seon lee, 2021 6 10 4
Salmi, 2021 20 20 25
Random effects model 1482
Heterogeneity: /2 = 86%, 1> = 0.0708, p < 0.01

Onset = pre-existing DM

Danne, 2021 134 12157 134
Danne, 2021 94 13386 145
Alageel, 2021 65 65 97
Jacop 2021 38 64 31
Random effects model 25672
Heterogeneity: /% = 83%, 12 = 0.0841, p < 0.01

Onset = Mixed( new and pre-exsting DM)

Han, 2021 7 7 12
Loh, 2021 15 52 15
Random effects model 59
Heterogeneity: /2 = 2%, 1 = 0.0009, p = 0.31

Random effects model 27213

Heterogeneity: /2 = 89%, 12 = 0.0765, p < 0.01
Test for subgroup differences: Xg =5.65,df =2 (p=0.06)

Risk ratio RR 95%-Cl Weight

30 i—+—— 255 [1.39;4.68] 3.0%
370 —=+ 1.02 [0.73;1.43] 5.0%
80 —— 1.38 [0.98;1.94] 4.9%
959 B 1.84 [1.59;2.13] 6.4%
312 = 1.67 [1.40;2.00] 6.2%
57 —+—— 213 [1.28;356] 3.6%
42 i——— 278 [1.49;5.18] 2.9%
46 T 157 [1.22;2.01] 5.6%
208 =& 0.92 [0.71;1.19]  56%
114 = 1.50 [1.18;1.90] 5.7%
52 —— 0.95 [0.64;1.41] 4.4%
502 —— 1.24 [1.02;1.49] 6.1%
10 —++—— 150 [0.60;3.74] 1.8%
25 1.00 [0.92;1.09] 6.7%
2807 < 1.41 [1.19;1.67] 68.1%
16735 — 1.38 [1.08;1.75] 5.7%
14523 — i 0.70 [0.54;0.91] 5.6%
97 1.00 [0.97;1.03] 6.8%
74 J: 1.42 [1.01;1.98] 4.9%
31429 ; 1.07 [0.79;1.46] 23.1%
12 - 1.00 [0.80;1.25] 5.9%
73 t 1.40 [0.75;2.61] 3.0%
85 1.04 [0.84;1.29] 8.8%
34321 : | | <& | | I1.30 [1.13;1.50] 100.0%

01 02 05 1 2 56

RR in DKA pre and post-pandemic

Fig. 2 Forest for DKA. Forest plot summarizing the risk ratio of DKA in pre-pandemic and post-pandemic stratified by the onset of diabetes
(new-onset, pre-existing or mixed of both). SD standard deviation, Cl confidence interval.

pandemic group. We performed three subgroup analyses for the
incidence of DKA in newly diagnosed T1DM patients during the
pandemic, pre-existing TIDM patients before the pandemic, and
mixed between new and pre-existing TIDM patients. Our first
subgroup analysis investigated the incidental risk of DKA in newly
diagnosed T1DM patients during the pandemic, which showed a
significantly increased risk (RR 1.41; 95% Cl 1.19, 1.67; p<0.01;
> = 86%). There was no significant increase in the risk of DKA
during the pandemic among pre-existing TIDM patients and
mixed patients (RR 1.07; 95% C1 0.79, 1.46 and RR 1.04; 95% Cl 0.84,
1.29, respectively; Fig. 2).

The second analysis of 15 studies included 5006 patients in the
prepandemic group and 2417 in the pandemic group, with a
cumulative significant RR of DKA of 1.44 (95% ClI 1.25, 1.66;
p <0.01; > =38%). This showed an increased risk of DKA during
the pandemic, consistent with our first analysis. Furthermore,
three subgroup analyses were performed for the severity (severe,
moderate, and mild) of DKA in newly diagnosed T1DM patients
during the pandemic. The first subgroup analysis included 3038
patients in the prepandemic group and 1566 in the pandemic
group, investigating the risk of developing severe DKA. The
analysis showed a significant increase in severe DKA during
the pandemic (RR 1.66: 95% Cl 1.3, 2.11) when compared to the
prepandemic time. Our second and third subgroup analyses
investigated the risk of moderate and mild DKA. They showed a
statistically insignificant increase in the risk of developing both
moderate and mild DKA during the pandemic time (RR 1.27; 95%
Cl1 0.95, 1.7 and RR 1.18; 95% Cl 0.91, 1.52), respectively. Moreover,
severe DKA was analyzed in TIDM patients diagnosed prepan-
demic to show an increased risk of severity during the pandemic

Pediatric Research (2023) 93:1149-1160

(RR 1.36; Cl 95% 0.83, 2.22; p=0.4), but it was statistically
insignificant. Likewise, the severity of DKA in mixed new and
prepandemic T1DM-diagnosed patients also showed an increase
in risk during the pandemic (RR 1.87; 95% Cl 0.69, 5.07; Fig. 3).

Visual inspection of the funnel plots of our meta-analyses
revealed some asymmetrical distribution of the studies, as shown
in Fig. 4.

Sensitivity analysis
A leave-one-out analysis revealed that no single study affected the
overall effect in either analysis (Figs. 5 and 6).

Qualitative assessment

Kamrath et al.?* performed a multicenter cohort study on new-
onset DKA in patients diagnosed with TIDM and COVID-19.
Among 3238 patients with diabetes, DKA developed in 1094, with
a significant relationship between the development of DKA and
COVID-19 patients with diabetes in the first half of the year 2020;
the relationship was insignificant in the second half.

Ramgopal et al.?” performed a cross-sectional study to identify
changes in the presentations of pediatric emergencies during the
pandemic compared to the last 20 years. Among the study
population, 5985 (31%) DKA patients presented to the emergency
room during the pandemic compared to 51,708 (18%) prepan-
demic, which emphasized that emergency utilization was low
during the pandemic for most diagnoses, but with a noticeable
increase in DKA presentations.

Kucharska et al®® performed a cross-sectional study that
included 1961 patients to determine whether COVID-19 lockdown
was associated with an increasing incidence rate of T1IDM in
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Post-pandemic Pre-pandemic

Study Events Total

Degree = Severe (new-onset DM)

McGlacken-Byrne, 2021 8 17
Bogale, 2021 13 42 1
Jacop, 2021 16 86
KirstenMdnkemoller, 2021 108 532 1
Boboc, 2021 41 147
Alageel, 2021 7 41
Lawerence, 2021 5 11
Dilek, 2021 15 74
Robbone, 2020 27 160
Josephine ho, 2021 29 107
Dzygalo, 2020 11 34
Mamelia, 2021 39 201
Seon lee, 2021 1 10
Salmi, 2021 13 84
Salmi, 2021 15 20
Random effects model 1566
Heterogeneity: /2 = 59%, 12 = 0.1126, p < 0.01

Degree = severe (pre-existing DM)

Jacop, 2021 10 64
Alageel, 2021 16 65
Random effects model 129
Heterogeneity: /2 = 0%, 1° = 0, p = 0.40

Degree = Severe mixed ( new and pre-exsting DM)

Loh, 2021 8 52
Degree = Moderate (new-onset DM)

McGlacken-Byrne, 2021 4 17
Bogale, 2021 13 42 1
Boboc, 2021 24 147
Lawerence, 2021 3 11
Dilek, 2021 16 74
Dzygalo, 2020 6 34
Seon lee, 2021 2 10
Random effects model 335
Heterogeneity: /2 = 0%, 12 = 0.0047, p = 0.62

Degree = Mild (new-onset DM)

McGlacken-Byrne, 2021 1 17
Bogale, 2021 6 42
Boboc, 2021 32 147
Lawerence, 2021 3 11
Dilek, 2021 37 74
Dzygalo, 2020 1 34
Seon lee, 2021 3 10
Random effects model 335
Heterogeneity: /2 = 20%, 12 = < 0.0001, p = 0.28

Random effects model 2417

Heterogeneity: /2 = 38%, 12 = 0.0439, p = 0.02
Test for subgroup differences: xi =4.35,df =4 (p=0.36)

Events Total

3
23
14
26
33

4

2

4
31
15

6
62

0
20
19

23

@
NN oo o

Risk ratio RR 95%-Cl Weight

30 —= 4.71[1.44;15.41] 1.3%
370 —&— 0.93 [0.58;1.50] 5.2%
80 —_— 1.06 [0.56;2.04] 3.4%
959 - 1.47 [1.16;1.87] 9.0%
312 i 2.64 [1.74;3.99] 6.0%
57 > 2.43 [0.76;7.77] 1.3%
42 —= 9,55 [2.13;42.76] 0.8%
46 > 2.33 [0.82;6.59] 1.6%
208 1.13 [0.71;1.82] 5.2%
114 ——=— 2.06 [1.17;3.62] 4.2%
52 ——+—= 2.80 [1.14;6.87] 2.1%
502 T 1.57 [1.09;2.26] 6.7%
10 > 3.00 [0.14;65.55] 0.2%
231 1.79 [0.93;3.43] 3.4%
25 —=a 0.99 [0.71;1.38] 7.2%
3038 < 1.66 [1.30;2.11] 57.7%
74 1.93 [0.74;5.01] 1.9%
97 1.19 [0.67;2.13] 4.0%
171 —_— 1.36 [0.83;2.22] 5.9%
73 1.87 [0.69;5.07] 1.7%
30 > 3.53 [0.72;17.30] 0.8%
370 —a— 0.93 [0.58; 1.50] 5.2%
312 T 1.41 [0.88;2.28] 5.1%
42 1.27 [0.41;3.92] 1.4%
46 1.99 [078;5.06] 2.0%
52 1.31 [0.48;3.57] 1.7%
10 1.00 [0.17;5.77] 0.6%
862 e 1.27 [0.95; 1.70] 16.8%
30 = 0.44 [0.05;3.64] 0.4%
370 —_— 1.08 [0.49;2.37] 2.6%
312 1.26 [0.85;1.86] 6.3%
42 1.27 [0.41; 3.92] 1.4%
46 TE— 1.28 [0.83;1.96] 5.8%
52 « : 0.10 [0.01;0.69] 0.5%
10 1.50 [0.32;7.14] 0.8%
862 = 1.18 [0.91; 1.52] 17.8%
5006 | : < : . 1.44 [1.25; 1.66] 100.0%

0.1 0.2 05 1 2 56

RR in DKA pre and post-
pandemic subgrouped by degree

Fig. 3 Forest for degree. Forest plot summarizing the risk ratio of DKA in pre-pandemic and post-pandemic stratified by the degree of DKA
(severe, moderate, or mild). SD standard deviation, Cl confidence interval.

children. Out of 1961 patients, new-onset DKA was observed in
36.6% during the pandemic compared to 31.75% prepandemic.

Elbarbary et al.>° performed a multicenter cross-sectional
study on 86 patients with diabetes under 18 years of age to
determine whether management practice changed during the
COVID-19 pandemic. Of the 86 patients, 44 developed DKA, and
15% reported a higher incidence of DKA during the pandemic.
Most centers did not have COVID-19-positive patients with
diabetes, and those who did showed a mild or moderate disease
course.

Fisler et al.”> performed a retrospective cohort study to indicate
the main causes of pediatric intensive care unit (PICU) admission
during the pandemic. Of five patients with diabetes, two had DKA
and were referred to the PICU, making DKA one of the main
indications for PICU admission.

L26

SPRINGER NATURE

Alonso et al.>° performed a survey that included 266 patients

with diabetes aged under 19 years to describe the outcomes of
COVID-19 in children with TIDM and which factors increased the
risk of disease. Out of 266 patients, 44 had DKA, making it one of
the most common adverse events for hospitalization.

Sherif et al.>® performed a retrospective observational study
including 36 patients with TIDM to determine the characteristics
of pediatric patients with TIDM during the pandemic and the
prevalence of new-onset TIDM and DKA. Of the 36 with T1IDM, 29
developed DKA, proving that the pandemic increased the
prevalence and severity of DKA in patients with diabetes.

Quality assessment

For cohort studies, judged by following the National Occupational
Standards (NOS) guidelines, all studies were of good quality.

Pediatric Research (2023) 93:1149-1160
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Fig. 4 Funnel plots. Funnel plots showing publication bias in
studies included in the analysis calculating the risk ratio of DKA in
pre-pandemic and post-pandemic stratified by the onset of
diabetes, and for the studies included in the analysis calculating
the risk ratio of DKA in pre-pandemic and post-pandemic stratified
by the degree of DKA.

Study Risk ratio RR 95%-ClI
McGlacken-Byrne, 2021 1.27 [1.11; 1.46]
Bogale , 2021 — 1.32 [1.14;1.53]
Jacop, 2021 _— 1.30 [1.12; 1.51]
KirstenMénkemdller, 2021 — 1.26 [1.10; 1.46]
Boboc, 2021 — . 1.28 [1.10; 1.48]
Alageel, 2021 — 1.27 [1.11;1.47]
Lawrence, 2021 — 1.27 [1.10; 1.45]
Dilek, 2021 — 1.29 [1.11; 1.49]
Robbone, 2020 — 1.33 [1.15; 1.53]
Josephine ho, 2021 — s 1.29 [1.11;1.50]
Dzygalo, 2020 —— 1.32 [1.14; 1.53]
Mamelia, 2021 _ 1.31 [1.12;1.52]
Seon lee, 2021 _ 1.30 [1.12; 1.50]
Salmi, 2021 — = 1.32 [1.14; 1.54]
Danne, 2021 e 1.30 [1.12;1.51]
Danne, 2021 — 1.34 [1.17;1.53]
Alageel, 2021 — 1.32 [1.14; 1.54]
Jacop 2021 —— 1.30 [1.12; 1.50]
Han, 2021 —8— 1.32 [1.14;1.53]
Loh, 2021 — 1.30 [1.12; 1.50]
Random effects model —_— 1.30[1.13; 1.50]
1 2

Leave-one-out for DKA

Fig. 5 Leave for DKA. Leave-one-out meta-analysis of studies
calculating the risk ratio of DKA in pre-pandemic and post-
pandemic stratified by the onset of diabetes, Cl confidence interval.

However, the study of Elbarbary®® was of poor quality, primarily
due to lacking comparability of cohorts based on the design.
Based on the NOS scoring system, two studies, Danne®® and Loh,*
were of good quality, given scores of eight each. Two more
studies, Kucharska®®> and Lawrence,® did not adjust the selection
of cases as well as their comparability. Hence, they were of fair
quality, scoring six each (Tables 4 and 5).

DISCUSSION

Auto-immune diseases such as TIDM can be caused by several
environmental factors, such as viral, genetic, or immunological
agents. Because COVID-19 covers both the viral causative agent
and the immunological factor (exhausting the immune system),
several studies have reported an increase in the bidirectional
relationship between COVID-19 and diabetes.®*?
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Study Risk ratio RR 95%-Cl

McGlacken-Byrne, 2021 1.41 [1.23; 1.63]

Bogale, 2021 } 1.47 [1.27;1.70]
Jacop, 2021 — = 1.46 [1.26; 1.69]
KirstenMénkemoller, 2021 — 1.44 [1.23; 1.68]
Boboc, 2021 — s 1.36 [1.21;1.52]
Alageel, 2021 —s 1.43 [1.24; 1.65]
Lawerence, 2021 — == 1.41 [1.23;1.62]
Dilek, 2021 — 1.43 [1.24; 1.65]

Robbone, 2020
Josephine ho, 2021
Dzygalo, 2020

1.46 [1.26; 1.69]
1.41 [1.22; 1.63]
1.42 [1.23;1.63]

Mamelia, 2021 — 1.43 [1.23; 1.67]
Seon lee, 2021 —_— 1.44 [1.24; 1.66]
Salmi, 2021 — 1.43 [1.23; 1.65]
Salmi, 2021 —_— 1.48 [1.28;1.70]
Jacop, 2021 e E— 1.43 [1.24; 1.65]
Alageel, 2021 — = 1.45 [1.25; 1.68]
Loh, 2021 — 1.43 [1.24; 1.65]
McGlacken-Byrne, 2021 B — 1.43 [1.24; 1.65]
Bogale, 2021 —_— 1.47 [1.27;1.70]
Boboc, 2021 — 1.44 [1.24;1.68]
Lawerence, 2021 — 1.44 [1.25;1.67]
Dilek, 2021 —_— 1.43 [1.24;1.65]

Dzygalo, 2020
Seon lee, 2021
McGlacken-Byrne, 2021

1.44 [1.25;1.67]
1.44 [1.25;1.66]
1.45 [1.25;1.67]

Bogale, 2021 — = 1.45 [1.25; 1.68]
Boboc, 2021 — = 1.45 [1.25; 1.69]
Lawerence, 2021 —_— 1.44 [1.25;1.67]
Dilek, 2021 — 1.45 [1.25; 1.69]

Dzygalo, 2020
Seon lee, 2021

1.46 [1.26; 1.68]
1.44 [1.25; 1.66]

Random effects model

1.44 [1.25; 1.66]

1
1 2

Leave-one-out for DKA Degree

Fig. 6 Leave for the degree. Leave-one-out meta-analysis of studies
calculating the risk ratio of DKA in pre-pandemic and post-
pandemic stratified by the degree of DKA, CI confidence interval.

Our systematic review and meta-analyses include 24 studies of
124,597 children with diabetes that revealed that the incidental
risk of DKA significantly increased during the pandemic in newly
diagnosed T1DM patients, but with an insignificant increase in
pre-existing TIDM pediatric patients. Furthermore, subgroup
analyses of the DKA degree revealed a statistically significant risk
of the severe form of DKA during the pandemic, and the mild and
the moderate forms insignificantly increased, which reflects the
impact of COVID-19 on other chronic diseases and its burden on
healthcare systems.

As of January 5, 2022, COVID-19 has infected more than 290
million cases, with more than five million deaths.**** Having a
chronic disease worsens the prognosis of COVID-19 infection and
increases the mortality rate.*> With an increase in 2019 of 20
million cases per year,***” diabetes affected more than 537 million
cases in 2020. Patients are expected to increase by 2030 to more
than 643 million.*® The pre-existing pandemic of diabetes has
been superimposed with the COVID-19 pandemic, resulting in a
significantly vulnerable and huge COVID-19 patient population
with diabetes, which is consistent with our data, which has proven
to increase the risk of TIDM during pandemic time compared to
prepandemic time. Diabetes-related immunodeficiency can pre-
dispose to COVID-19 infection, and cytokine storms caused by
COVID-19 can further stimulate the immune response toward the
pancreas cells, promoting the process of developing diabetes,
especially type 1.484°

Several studies revealed that patients with diabetes, when
compared to non-diabetics, had more inflammatory cells and a
higher risk of mortality due to COVID-19, ICU admission, and the
need for mechanical ventilation.>® The angiotensin-converting
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Table 4. NOS quality assessment.

Study ID Newcastle-Ottawa Scale
Selection Comparability Outcome Overall
score
(out
of 9)
Representativeness Selection Ascertainment Demonstration Comparability Assessment Was follow-up Adequacy of
of the exposed of the of exposure that outcome of cohorts on of outcome long enough follow-up of
cohort (score: %) non- (score: %) of interest was the basis of (score: %) for outcomes cohorts
exposed not present at the design or to occur (maximum: %)
cohort the start of the analysis (maximum: %)
(score: %) study (score: %) (score: % %)
Danne, * * * = ** * * * 8
2021
Kucharska, * * * = = * * * 6
2021
Lawrence, * * * = = * * * 6
2021
Loh, 2021 * * * = * k * * * 8

Table 5. NIH quality assessment.

Title N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 N13 N14 Total
Alageel, 2021 2 < @ * - * * / * _ * _ * _ 9
Boboc, 2021 * * * * _ _ * / * _ * _ % _ 8
Bogale, 2021 S - * * - - 3 / * _ % _ * _ 7
Danne, 2021 * * @ B = = * / * - * _ * _ 8
Dilek, 2021 * * * * _ _ * / * _ * _ % _ 8
Dzygalo, 2020 o @ @ * - - * / * _ * _ * _ 8
Han, 2021 * i e 3 = = * / * - * _ * * 9
Ho, 2021 * * * * - * * / * _ * _ * _ 9
Jacob, 2021 * * * * — - * / * _ * _ % _ 8
Jama, 2020 2 * * * - _ * / * _ * _ * _ 8
Kamrath, 2021 * * * * _ _ * / * _ * _ % _ 8
Lee, 2021 < * * * - _ * / * _ * _ * _ 8
Mameli, 2021 @ * * * - - * / * _ * _ * % 9
McGlacken-Byrne, 2021 @ @ * * - _ * / * _ * _ % * 9
Rabbone, 2020 @ @ * * - - - / * _ * _ % _ 7
Ramgopal, 2021 S < @ * = = * / e _ _ _ * _ 7
Salmi, 2021 * * * * — - * / * _ * _ % _ 8
Alonso, 2021 * * * * - - * / * _ * _ % _ 8
Elbarbary, 2020 - * * - _ _ _ / _ _ _ _ % _ 3
Fisler, 2020 * * * * _ _ _ / * _ _ _ % _ 6
Sherif, 2021 * * * * - _ / / / _ * _ % _ 6

* =Yes; - = No; / = Not applicable.

1. Was the research paper question or goal stated clearly?

2. Was the study population specified clearly and defined?

3. Was the percentage of participation of eligible people at least 50%?

4. Were all the participants chosen from populations alike (including the same time period)? Were inclusion and exclusion criteria for being in the study stated
and applied to all participants uniformly?

5. Was a sample size justification, power description, or variance and effect estimates given?

6. For the analyses in this paper, were the exposure(s) of interest measured before the outcome(s) were measured?

7. Was the timeframe enough so that one could reasonably expect to see an association between exposure and outcome if it was present?

8. For exposures that can be variable in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of
exposure, or exposure measured as a continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and applied uniformly to all study subjects?

10. Was the exposure(s) assessed many times (more than 1 time) over the timeline of the study?

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and applied uniformly to all study subjects?

12. Were the outcome assessors blinded to the exposure status of subjects?

13. Was the loss to follow-up after baseline 20% or lower?

14. Were key potential confounding variables measured and modified statistically for their effect on the relationship between exposure(s) and outcome(s)?
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enzyme-1 receptor of severe acute respiratory syndrome corona-
virus (SARS-CoV) has been expressed in humans on the pancreatic
beta cells and pancreatic microvasculature,”’ and SARS-CoV has
been proposed to replicate inside the pancreatic cells, precipitat-
ing TIDM and DKA.>%°3

Including hyperosmolar hyperglycemia syndrome and the
overlapping syndrome of hyperosmolar ketoacidosis, DKA is the
most common hyperglycemic crisis.>* DKA happens in the
setting of decreased glucose breakdown in cases of a relative or
absolute deficiency of insulin, so the body metabolism shifts to
lipolysis, producing excess ketone bodies,** a state of severe
metabolic acidosis. Reported DKA cases have been increasing
during the pandemic, and several reasons have been proposed
but need further research to determine the definitive patho-
physiology. In a cohort study of 658 patients, Li et al.>> reported
that COVID-19 infection not only induced DKA in patients with
diabetes but also induced ketoacidosis in healthy COVID-19-
infected patients. They also found a positive correlation between
ketoacidosis and length of hospital stay, which is consistent with
our data of increasing the risk of both DKA as the frequency of
cases and the severity of DKA during the pandemic. This
increase in pediatric DKA can be explained by the parents’ fear
to access primary healthcare settings during the COVID-19
pandemic; thus, this delay contributes to increasing the DKA
incidence in children."""®

Limitations

The substantial heterogeneity reported in some subgroups is the
main limitation. However, this challenge was overcome by using
the DerSimonian and Laird random-effects model. This is based on
an inverse variance approach, where the studies are weighted
according to their level of heterogeneity by conducting leave-one-
out meta-analyses. It showed that no study significantly affected
the overall estimate or heterogeneity, which was minimized by
conducting subgroup analyses. The heterogeneity present may be
due to different populations, methods of diagnosis, and variants of
COVID-19 that affected pediatric patients. Another limitation was
the presence of some asymmetry in the funnel plots, which can be
explained by the authors’ underreporting of studies without a
proven hypothesis.

CONCLUSION

DKA in newly diagnosed T1DM children has increased during the
pandemic and presented with a severe form. This may reflect that
COVID-19 may have contributed not only to the development but
also the severity of DKA. We introduce these insights to healthcare
providers to educate patients about the importance of timely
attendance to the emergency department for non-COVID
symptoms.

DATA AVAILABILITY
The data supporting this study’s findings are available from the corresponding author
upon reasonable request.
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