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Abstract

Viral infections may increase the risk of developing type 1 diabetes (T1D), and recent
reports suggest that Coronavirus Disease 2019 (COVID-19) might have increased
the incidence of pediatric T1D and/or diabetic ketoacidosis (DKA). Therefore, this
meta-analysis aims to estimate the risk of global pediatric new-onset T1D, DKA,
and severe DKA before and after the COVID-19 pandemic. A systematic search of
MEDLINE/PubMed, CINAHL, Scopus, and EMBASE was conducted for articles
published up to March 2022. A random-effects meta-analysis was performed to
compare the relative risk of TID and DKA among pediatric patients with T1D
between the COVID-19 pre-pandemic and pandemic periods. We also compared
glucose and HbA1c values in children who were newly diagnosed with T1D before
and after the COVID-19 pandemic. The global incidence rate of T1D in the 2019
period was 19.73 per 100 000 children and 32.39 per 100 000 in the 2020 period.
Compared with pre-COVID-19 pandemic, the number of worldwide pediatric
new-onset T1D, DKA, and severe DKA during the first year of the COVID-19
pandemic increased by 9.5%, 25%, and 19.5%, respectively. Compared with
pre-COVID-19 pandemic levels, the median glucose, and HbAlc values in newly
diagnosed T1D children after the COVID-19 pandemic increased by 6.43% and
6.42%, respectively. The COVID-19 pandemic has significantly increased the risk of
global pediatric new-onset T1D, DKA, and severe DKA. Moreover, higher glucose
and HbA1c values in newly diagnosed T1D children after the COVID-19 pandemic

mandates targeted measures to raise public and physician awareness.
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1 | INTRODUCTION

Type 1 diabetes (T1D) is an autoimmune disorder with a permissive
genetic background that various environmental factors such as food
chemicals, viral infections, and so forth act as autoimmune stimuli and
eventually lead to the partial or complete destruction of pancreatic
b-cells as a result of insulin deficiency.! Numerous studies have
reported the involvement of various viruses such as enteroviruses,
Coxsackie B, Coxsackie A, Echo, cytomegalovirus, rotaviruses, retro-
viruses, and so forth in the pathogenesis of T1D.2™* The causative
agent of the current epidemic, coronavirus disease 2019 (COVID-19),
is a positive-sense single-stranded RNA virus that acts on various
organs in the body after entering human cells by binding to
the angiotensin-converting enzyme 2 (ACE2). ACE2 binds to the
membranes of various cells in the body, such as islets of Langerhans °

Numerous types of diabetes including new-onset diabetes and
metabolic complications such as diabetic ketoacidosis (DKA) and
hyperosmolarity have been observed in patients with COVID-19.°
DKA is one of the most common and life-threatening acute complica-
tions of T1D. Ketoacidosis is the first manifestation of T1D or occurs
when the need for insulin increases during illness or stress as well as
when insulin intake decreases.” Psychiatric disorders, stress, lower
socioeconomic status, and elevated glycosylated hemoglobin (HbA1C)
levels increase the risk of DKA.2 Infection is one of the most important
predisposing factors for DKA in diabetic patients. Insufficiency of insulin
injection also leads these patients to ketoacidosis.’ Diabetic ketoacidosis
and its associated cerebral edema are the leading cause of hospitalization
and mortality in diabetic children and adolescents and children under the
age of 5 years are at higher risk for developing DKA.X® Despite the
association between T1D and DKA with infection during COVID-19
epidemics, different findings have been reported. Gottesman et al.
reported an increase in the incidence of new-onset T1D among US
children during the COVID-19 pandemic.*! In contrast, Ho et al.'?
reported no change and Rabbone et al.*® reported a decrease in T1D
frequency. Despite different outcomes in the development of new-onset
T1D, these studies have shown a significant increase in DKA and severe
DKA in the diagnosis of diabetes in children and adolescents during the
COVID-19 pandemic.}*"** Alfayez el al. recently published a systematic
review and meta-analysis reported the risk of DKA and severe DKA
during the COVID-19 pandemic versus the prior-to-COVID-19 period
among pediatric patients with T1D and showed that risk of DKA and
severe DKA increased significantly during the pandemic.’® Although,
they did not perform any analysis on the number and rate of newly
diagnosed children with T1D and the levels of glucose and HbA1c before
and after the COVID-19 pandemic. Additionally, they did not identify all
relevant studies in their search strategy and five relevant reports *6-2°
were missed in their analyses. Moreover, they included a study by Danne
et al. which does not report the risk of DKA and severe DKA among
newly diagnosed patients.?! To date, several studies have reported
childhood T1D as a new beginning in the COVID-19 pandemic. Given
the dire consequences of childhood T1D, this study reviews and
summarizes studies on the prevalence of childhood T1D during
COVID-19.
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2 | METHODS

The present systematic review and meta-analysis were carried out in
accordance with methodological guidelines from the Cochrane
Handbook for Systematic Reviews.?? The findings of the present
study were reported in accordance with the PRISMA (Preferred
Reporting Items for Systematic Review and Meta-Analyses)

statement (Online Supporting Material 51). 23

2.1 | Search strategy

Relevant studies were systematically searched in electronic data-
bases including MEDLINE/PubMed, CINAHL, Scopus, and EMBASE
by two researchers (MA and MK) up to March 2022. The search
strategy was as follows: (“severe acute respiratory syndrome
coronavirus 2" or “novel coronavirus” or “COVID-19" or “2019-
nCoV” or “SARS-CoV-2") and (“type 1 diabetes mellitus” or “diabetes
mellitus” or “juvenile onset diabetes” or “insulin-dependent diabetes”
or “T1D" or “diabetic ketoacidosis” or “diabetic acidosis” or “acidosis”)
(Online Supporting Material S2). Further, to find any other eligible
articles, we searched all reference lists of included studies.
Additionally, language restriction was not considered.

2.2 | Eligibility criteria

The Eligibility criteria followed the PICOs question in the present
systematic review and meta-analysis.?* We included studies
that evaluated pediatrics' new-onset T1D during the COVID-19
pandemic in 2020 and during the same periods in 2019 which have
reported at least one of the following outcomes: the number of
children with new-onset T1D, the number of DKA among newly
diagnosed children with T1D, and the number of severe DKA
among newly diagnosed children with T1D. We also included
studies that evaluated the level of hyperglycemia and HbAlc at
T1D diagnosis before and after COVID-19 in newly identified
children. Moreover, abstracts with insufficient data and studies
with no reported sample size were excluded from the present

meta-analysis.

2.3 | Data extraction and quality assessment

First, all retrieved articles were screened by two investigators (M.A.
and M.K\) in multiple levels of title, abstract, and full-text, and final
studies that met the inclusion criteria were included. Second, the
following data were extracted from eligible studies, where available:
study design, country, age and gender, T1D diagnosis criteria, and
relative outcomes. The quality of included studies was assessed using
the Newcastle-Ottawa Scale (NOS).2° In all stages, discrepancies
were solved by consensus with a third investigator (Sh.M.) before
conducting a meta-analysis.
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2.4 | Statistical analyses

All meta-analyses were conducted using Comprehensive Meta-
Analysis Software, version v. 2.0 (CMA, Biostat), and p value less
than 0.05 was considered as significant. Dichotomous outcomes
were pooled and expressed as logit event rate (ER), risk ratio (RR), and
standard mean difference (SMD) with 95% confidence interval (CI).%°
The pooled analysis results were classified based on study types into
two categories, cohorts and cross-sectional and the pooled effect
sizes were estimated using the random-effect model.?” Moreover,
heterogeneity was calculated using Cochran's Q statistics and 12
Funnel plots with Egger weighted regression test were used for
assessing the potential for publication bias. Finally, the overall pooled
effect size of the respective outcomes was re-estimated by the one

study that removed methods to perform sensitivity analysis.?®

3 | RESULTS

3.1 | Study identification and characteristics

A total of 4344 potentially relevant articles were identified in our
literature search. Five hundred and eighty-nine studies remained
after removing duplicates. After screening titles and abstracts, 448

research articles were excluded. Of 41 obtained research articles,

another 15 articles were excluded. Finally, 26 qualified articles met
the eligibility criteria and were included in the meta-analysis
(Figure 1). The characteristics of the included studies for meta-
analysis are listed in Table 1. Data on newly diagnosed T1D among
children during the COVID-19 pandemic period in all included studies
were compared with those diagnosed during the same period in the
previous year. The COVID-19 year in all included studies was defined
as finding the first case of COVID-19 infected patient in the country.
Publication ranged from 2020 to 2022 in most European countries,
Saudi Arabia, Kuwait, Turkey, US, UK, Australia, Israel, Korea, and
Canada. Data regarding the number of children infected by
COVID-19 among all new-onset T1D were limited as 10 studies
did not report any information about the number of diagnosed

COVID-19 12,14,18,20,30,32,37,38,40,46 The

COVID-19-positive cases in 16 remaining studies was as follows:

patients. number of

one case in three studies,>*>*>*2 two cases in two studies,?*3¢ four

17,45 13,19,31,41 and no

cases in two studies, eight cases in four studies,
case in five studies.?®3#374344 The worldwide incidence rate of
diagnosis of T1D in the 2019 period was 19.73 per 100 000 children
(18 years and younger) and 32.39 per 100000 in the 2020 period.
Compare with pre-COVID-19 pandemic, the number of worldwide
pediatric new-onset T1D, DKA, and severe DKA during the first year
of COVID-19 pandemic increased by 9.5%, 25%, and 19.5%,
respectively. Compare with pre-COVID-19 pandemic, the median

glucose (423.5mg/dL vs. 397.9mg/dL) and HbAlc values

'
=)
8 Records identified through
3] database searching (n = 4344)
£
[}
=
— 4
Records after duplicates removed
'
(n=489)
en
=
g v
o Records screened R Records excluded
(n =489) " (n = 448)
—
'
_ Articles excluded (n = 15)
= Full-text articles No sufficient data (n = 2)
B0 assessed for eligibility >
m (n=41) Case reports/ case series (n = 5)
Reviews (n = 8)
'
A4
= Studies included in
."9) qualitative synthesis
T: (n=26)
—

FIGURE 1 PRISMA flow diagram of study
selection.



5115

-WILEY

MEDICAL VIROLOGY

JOURNAL OF

RAHMATI ET AL

(senunuo))

ST 14 WA 249A9S

89 LT wia
arL

1A 9% 195U0-M3N

€T €ct WA 249A35

(014 cLT wMa
arlL

[474 4N 195U0-MaN

114 €€ WA 249A35

€cT L6 wid
arL

LPT eTT 195U0-MON

€1 €T V) 249A38

o€ 144 wid
art

89 68 195U0-MaN

09 €€ WA 249A35

99T £TT wid
arL

vze £0g 195U0-MaN

L 14 WA 949A8S

g€ st wid
art

114 LS 19SUO-MaN

u‘ozoz U ‘610C dnoig

awo2nQ

T/1oww 6>
|9A3| a3euoqJedlg

T°L > [9A9] Hd

J/10Ww G>
|9A3| ajeuoqJedlg

T°L > [9A9] Hd

/10w g>
[9A9] d1EUOqIEDIg

T°L > [9A9] Hd

J/10Ww 6>
[9A3] 93euoquedlg

T°L > |9A9] Hd

T/1oww 6>
|9A3] @jeuoqgJedlg

T°L > [9A9] Hd

/10w g>
[9A9] d1EUOGIEDIG

T/ > [9A9] Hd

sisouselp \7)g 249A3S

T/10Ww 6T >
|9A3] ajeuoqJedlg

€'/ > [9AS] Hd

J/10WW ST >
|9A3] ajeuoqJedlg

€/ > [9A9| Hd

1/l0Ww GT >
[9A3] d1EUOqIEDIg

€'/ > [9A9] Hd

/10w G >
[9A9] 91eUOqUeDIg

€/ > [9A9| Hd

1/l0Ww GT >
[9A3] S1eUOgIedlg

€'/ > |9A9| Hd

J/l0Ww GT>
[9A3] 31eUOqIEDIg

€'/ > [9A9] Hd

sisougelp ¥)Q

avdsi

4N

avdsi

4N

avdsi

vav

e
sisouselp @T.L

120z pue
0Z0T 4O Y2JeN 03 YoIely

0coc ul
Jaquiandag 03 Asenuer

T20C pue 0zoT
J0 Adeniga 03 yole

0coc u!
Ae|n pue Asenige

120¢ pue 0coc
Jo Asenuga 03 Asenuga

0Z0z Ul aunf o3 yasely

Llwapued ayy Sunp
sporiad pazAjeuy

(6€) L 'L F0T
(61)2F  S¥YFT6

(¢L) L1 Z0FTL
(92) 85 N
(€ST) €0€ oA
(S8) ST 0786

(4) u 4apuan  (Jeak) asy

S3IPN3S PapN|dUl JO SOI3SIIDIOEIEYD [EISUSD)

Aaxpang

SN

ejuewoy

eljesysny

Jiemny|

elqedy Ipnes
Aiuno)

|euoi}oas
-ss01D

Joyod

JoyoH

Joyod

1i0yoD

1oyod

udisaq

£ 1C0C ‘1€ 19 R1Id

26120 '[e 32 2|esog

1T20T 'Ie 39 20q0g

911¢0C '€ 39 sepy

0e¥C0C

‘e 3= UmNNm.__D_uQ/.\._(

«z120T 'le 39 [93bely
Apmis

T 314avl



RAHMATI ET AL

MEDICAL VIROLOGY

JOURNAL OF

5116
—LWI LEY-

8 € W)Q 2ianss

eL s wia
arlt

LOT Y1l 395U0-MaN

z S V)Q 219898

z1 e1 wia
arl

LS €C J9SUO-MaN

T TT V) 24anss

se e wia
arl

(94 6 ]J9SUO-MaN

AN AN WHQ 219nss

€6 Ly wia
arl

L8 611 195U0-MaN

T 9 WA 2Iands

8 el wia
arl

vl £1T 195U0-MaN

T 9 WA 2Iands

81 6T wid
arl

ve s 395U0-MON

u‘0zoz U ‘610C dnoig

awo2n0

7/l0Ww 6>
|9A3| S3euoq.edlg

T'L > [9n3] Hd

J/loww g>
[9A3] 33eUOqIEdIg

T°L > [9A3] Hd

/10w g>
|9A9] 93euoquedlg

T'L > [9A39] Hd

AN

7/10Ww G >
|9A9| 23euOqUedlg

T°L > [9A9] Hd

/10w G>
|9A9] 23euUOqUedlg

T'L > [979] Hd

sisouselp ) 319A3S

/10w GT >
|9A3| S3euoq.edlg

€L > [oA9] Hd

7/10ww GT >
|9A3] 33eUOqIedIg

€L > 9A9] Hd

T/10Ww GT >
|9A9] 93euoquedlg

€L > [2A9] Hd

AN

/10Ww GT >
|9A9] 23euoquedlg

€L > [9A9] Hd

T1/l0Ww GT >
|9A9] 23euUOqUedlg

€L > [9A9] Hd

sisouselp )

sisouselp QT.L

ddDdd 020z ul 3sn3ny 03 YyoJe (T9) LOT

1¢0¢ pue 0z0C

avdsi Jo Atenuer oy Asenuer (1) LE

vav 020z u! Anf 03 Yoten (IN) €£
1¢0¢ pue

4N 020C 30 YaIeN 03 Yaie (4N) £8T

avdsl 020c u! aunr o3 YoJep (65) 9¥T

OHM 020z Ul AelN 03 Yoiey (cT) ve

eLIajd Llwapued ay3 Suunp  (4) u 4spusn

spouiad pazAjeuy

Hoyod z11¢0C '[E 39 OH

1oyod 1220 ‘e 39 OJaLIBH

HOYoD 4 TTOT ‘(e 19 samen

|euoi}das
-$S01D ,; ZTTOT '|E 39 UBWSS)309

Hoyoy  ;.ZcOc ‘Ie 39 Uewpjo

Hoyod 020 e 12 ofeBhzq
usisag Apms

(penupuod) T 374dVL



5117

-WILEY

MEDICAL VIROLOGY

JOURNAL OF

RAHMATI ET AL

(senunuo))

6¢ 144 WA 249A85

16 9 w3a
artt

952 1€ 195U0-MON

1 0 \WV)Q aJenss

9 14 w)a
art

ot 0T 19SU0-MaN

S T WA 249A3S

8 4 w3a
arlL

17 6 195U0-MaN

6 T V) 249838

vl 9 w3a
art

1C LT 19sU0-MaN

€0T oL WA 249A38

8€¢ €l wid
arL

zes £0S 395U0-MaN

91 1 VI 21aAss

9 113 wid
art

98 08 195U0-MaN

u‘ogoz U ‘610C dnoug

awod3In0

J/l0Ww G>
[9A3] S1EUOGIEDIg

T°L > [9A3] Hd

/10w g>
[9A3] 93eUOQIRDIY

1°/ > |oA3] Hd

J/joww 6>
|9A3] ajeuoqgJedlg

T°/ > [oA3] Hd

J/10ww G>
[9A9] d1EUOGIEDIG

T, > [9A9] Hd

4N

J/1oww G>
|9A3] ajeuoqJedlg

T°L > [9A9] Hd

SISOUSEIp /)@ 49A95

1/l0Ww GT >
[9A3] d1EUOGIEDI

€'/ > |9A9| Hd

1/10WW ST >
|9A3] 93euoqJedlg

€'/ > [9A9] Hd

T/10Ww GT >
[9A3] 31eUOgIedlg

€'/ > [2A9] Hd

1/l0Ww GT >
[9A9] @1EUOGIEDIG

€/ > [9A9| Hd

4N

T1/l0Ww GT >
|9A3] 91eUOqIedIg

€'/ > [9A9| Hd

sisouselp ¥yQ

avdsi

avdsi

avdsi

4N

4N

vav

eL=3ld
sisouselp QT.L

0z0c u!
Jaquiadag 0} youeln

120¢ pue 0Zoc
J0 Aseniga 03 Aenuga

020Z ul Aejn 03 Yduen

120C pue 0zoC
J0 AJenuga4 03 Yyouep

020T Ul Aejn 03 Ydue

020T Ul Ae|n 03 YdJe

Llwapued ay3 Suunp
spouiad pazAjeuy

(0T7) 95¢

(6) OT

(8) 1T

(c1) 12

(s02) zes

(4N) 98
(4) u “49pusn

cr¥68

S9FC1

60F¢8

LTFCT
(1eaA) a3y

Aley

£210)

elesysny

909219

Aueuwian

|oeds|

Anuno)

Hoyod 14 1C0C ‘| 39 l]pWeN
|euoi29s

-$s04) or$C0T 1€ 39 997

Hoyod . TZOT ‘[e 32 duaimen

ge120C

10yo) ‘e 32 nojnodo}so}

Hoyod »70C0C ‘€ 312 Yjelwey
|euoi}das

-Ss04) 1£1¢0C '€ 39 qoder

usisaqg Apnis

(penunuod) T 379VL



RAHMATI ET AL

MEDICAL VIROLOGY

JOURNAL OF

5118
—LWI LEY-

69 6C WA 249A35

%41 98 wia
artt

09¢ 9¢€cC 19SU0-MaN

€T S Wi 249A98

AN dN wid
artl

78 LS 19SU0-MaN

LT 1€ WA 249A38

19 98 wia
arl

0917 80¢ 19SUO-MaN

AN 4N WA 249A38

dN UN wid
arl

9 1€ 195U0-MIN

8 € WA 249A38

€l 6 w3a
arl

LT (015 19SU0-MaN

15 /T VI 21aAss

SOt 8 wid
arl

81 89T 19SU0-MaN

u‘ogoz U ‘610C dnoig

awodInQ

/10w g>
[9A3] 33euoquedlg

T°L > [9A9] Hd

AN

T/10Ww 6>
|9A3] d1eUOqIedIg

T, > [9A9] Hd

/10w g>
|9A3] 91eUOqIedIg

T/ > |9A9] Hd

J/10Ww 6>
|9A3| ajeuoqJedlg

T°L > [9A9] Hd

T/1oWww G >
|9A3] ajeuoqJedlg

T°L > [9A9] Hd

sisouselp @ 919195

1/l1owWw GT >
[9A3] 33euoquedlg

€'/ > [9A9| Hd

dN

/lowwi GT>
|9A3] ajeuoqJedlg

€/ > [9A9| Hd

T1/l0Ww GT >
|9A3] 91eUOqIedIg

€'/ > [9A9] Hd

1/10WW T >
|9A3] ajeuoqJedlg

€'/ > |9A9| Hd

J/1oww GT>
|9A3] ajeuoqJedlg

€'/ > |9A9| Hd

sisouselp ¥yQ

sisouselp QT.L

4N 020Z Ul AInr 03 ydJep

YN 0Z0T Ul 199010 0} |Hdy

avdsl 0zog ui |udy 03 Aleniga4
12¢0¢ pue

vav 0Z0T 40 Y21 03 |udy

avdsl 020z Ul aunr 03 yaue

120¢ pue
vav  0z0c 40 Yalen 03 yoiepn
Llwapued ay3 Suunp
spouad pazAjeuy

eL=3ld

(4N) 092 C0*86 epeue)

(6) 0 €c+01 puejui4

(dN) 09T ¥1-0 Aley
(97) 9% C0*86 sn
(841 g97F¢€0T AN

(T8) 28T EVF0T sn

(4) u ‘49puany  (deaA) a8y Anuno)

J0oyod

|euoi}das
-S504D)

|euoI}D9S
-SS04D)

1oyod

|euoi3oas
-SS04D)

1i0yoD

usisaqg

02120 ‘[e 32 SI3]|3S

y»CCOC '[€ 30 lW[es

¢1020C '[e 39 suoqgey

¢,CCOT ‘[ 33 1||21epojn

zv1¢0C
‘e 39 auJAg-uxIe|DIN

61 1C0C ‘I8 38 e
Apms

(penupuod) T 374VL



RAHMATI ET AL

(Continued)

TABLE 1

Outcome

Severe DKA diagnosis Group

T1D diagnosis

criteria

Analyzed periods

Gender, n (F) during the pandemic*

2020, n

2019, n

DKA diagnosis

Country Age (year)

Design

Study

New-onset 30

ISPAD pH level < 7.3 pH level < 7.1

12+ 6 30 (8) March to June in 2020

UK

Cohort

Unsworth et al. 2020*°

T1D

NR

NR

DKA

Bicarbonate level

Bicarbonate level

<5 mmol/L

<15 mmol/L

NR NR

Severe DKA

13.3**

11.4**

New-onset

NR

NR

NR

January to June in 2020

NR

Romania 0-14

Cross-

Vlad et al. 20214¢

T1D

sectional

NR

NR

DKA

NR NR

Severe DKA

Abbreviations: ADA, American Diabetes Association; COVID-19, coronavirus disease 2019; DCCP, Diabetes Canada Clinical Practice; ISPAD, International Society of Paediatric and Adolescent diabetes; NR,

Not reported; T1D, type 1 diabetes; WHO, World Health Organization.

*The COVID-19 pandemic period in all included studies was compared with those diagnosed during the same period in the previous year.

**This study only reported the rate of incidence.

oo - WiILEY— ¥
(1226 +1.9% vs. 11.52+2.3%) in newly diagnosed pediatric T1D
children after COVID-19 pandemic were increased by 6.43% and
6.42%, respectively. All included studies were of moderate or high
quality with NOS scores equal to or greater than 6 (Table 2). The
designs of the included studies were cohort (n=18) and cross-
sectional (n=8) and we performed a subgroup analysis based on
different study types.

3.2 | The worldwide impact of COVID-19
pandemic on the incidence of pediatric new-onset
type 1 diabetes

Twenty-four studies? 1416-2029-3133-45 inyolving 5671 new T1D
patients (2706 new T1D patients in 2019 and 2965 new T1D patients
in 2020) reported numbers of pediatric new-onset T1D before and after
the COVID-19 pandemic. Overall, the COVID-19 pandemic was
significantly associated with an increase in the number of worldwide
pediatric newly diagnosed T1D (logit ER = 0.080, 95% confidence interval
[Cl] 0.028-0.133, p=0.003; Figure 2A). Significant heterogeneity was
observed among the included studies (I? = 66%, p = 0.0001). According to
the study types, the pooled main effect of COVID-19 pandemic in the
number of worldwide pediatric newly diagnosed T1D in cohort and cross-
sectional studies were logit ER, 0.076 (95% Cl: 0.018-0.135; p = 0.010),
and logit ER, 0.097 (95% Cl: -0.026 to 0.221; p = 0.123), respectively.
Additionally, eight studies!?141830.33414446 ranorted incidence rate of
T1D before and after the COVID-19 pandemic. Overall pooled analysis
showed that COVID-19 pandemic was significantly associated with an
increase in incidence rate of diagnosis of T1D in children (overall: logit
ER=0.493, 95% Cl 0.289-0.697, p=0.001; cohorts: logit ER =0.494,
95% Cl 0.279-0.709, p = 0.0001; cross-sectionals: logit ER = 0.482, 95%
Cl -0.166 to 0.129, p = 0.145; Figure 2B).

3.3 | The worldwide impact of COVID-19
pandemic on the risk incidence of pediatric diabetic
ketoacidosis

Twenty-one studies!? 141618-20.29-42 i\ 6lving 2648 new T1D
patients with DKA and 979 new T1D patients with severe DKA
(DKA: 1177 new cases in 2019 and 1471 new cases in 2020; severe
DKA: 446 new cases in 2019 and 533 new cases in 2020) were
included. The random-effect model showed that COVID-19 pan-
demic was associated with an elevation in the risk incidence of
worldwide pediatric DKA and severe DKA compared with pre-
COVID-19 period (RR =0.064, 95% Cl 0.043- 0.084, p = 0.0001, and
RR, 0.049 (95% Cl: 0.029-0.066; p = 0.0001, respectively; Figure 3).
The values of 12 = 3% (p = 0.412) and I? = 14% (p = 0.26) indicated that
no significant heterogeneity exist in the included studies evaluating
DKA and severe DKA. The pooled main effects were comparable for
the different study designs: RR=0.068, 95% Cl. 0.045-0.091;
p=0.0001 (DKA in cohort studies)) RR=0.049, 95% CI:
0.028-0.070; p =0.0001 (severe DKA in cohort studies), RR =0.048,



RAHMATI ET AL

MEDICAL VIROLOGY

JOURNAL OF

5120
—LWI LEY-

L T T T T T T T ,;le 3 uewsapoo
8 T T 4 4 0 T 1 ec B39 4311d
lerol 1593 3WO3N0 3y}  P3J|0J3U0d dJe S103)0e) SulpunNoJuUO) ainsodxa jo ejep Ansias  azis sjdwes s|dwes ay3 jo Joyiny
|eansiels JO JUBWISSASSY 'sisAjeue 1o uSisap Apnis ay3 JUSWIUIELIDISY Jeuoijeu uo SsauaAljejuUasaIday Apnas
uo paseq ‘a|qesedwod aJe sdnoid paseq uonds|as |euon33s-s5019
3WO03N0 JuISHIP Ul s323[gns ay |

(g) awono (2) Ajiqeaedwo) (g) uonnd3les
L T T T 0 0 T T T T g, 139 yHomsun
9 T T T 0 0 T 0 T T oz |& 19 sI9||9S
8 T T T 0 T T T T T gy1B3° ll[3IEPON
8 T T T 0 T T 1 1 1 s1 1€ 1 e
8 T T T T 0 T T T T v 1€ 39 [PWen
L T T T 0 T T 1 0 T 4B 39 dduaImer

gl 3
9 T T T 0 T T 0 0 T nojnodo3soy|
L T T T T 0 T 0 T T 1839 Yiedwey
8 T T T T 0 T T T T z1 183 OoH
L T T T T 0 T T 0 T g1 |B 39 0JLIBH
9 T T T o 0 T T 0 T oell® 39 soAMeH
L T T T 0 0 T 1 1 T gle 3 uewpjoo
L T T )’ 0 T T T 0 PRESIIEE o=zl
L T T T 0 T T 0 T T 2¢ '8 39 3|E30g
L T T T 0 T T T 0 T ¢ 18 39 d0qog
S T T T 0 0 T 0 0 T o1’ |B 30 SRy
ocle

6 T T T T T T T T T bezzeinpqy-|v
8 T T T 0 T T T T T 6218 12 [93bely
le1o1 s}104od 4n220 0} Swo23no Jo a3e Joj 510328J HSi Apn3s Jo pels ainsodxa Jo ejep AnsiSal 310402 pasodxa Jo Joyny

Jo dn-mojjoj  SSWOIINO Joj JUBWISSOSSY 93e4 92U3PpIdUI J132qelp 10y 3yj je Juasaid jou sem JUSWUIRLIDISY |euoijeu SSaudAeIUISAIdaY
jo Adenbspy  ysnous Suoj jojusunsnipy  [0Ajuod Apn}s  3s3433ul JO BWOINO uo paseq HEITE TR

dn-mojjo} sepy ey uonesysuowaqg uoid9|es
(€) swoano () Aupqesedwod () uonds|3S

S3IpN31s papn|oul JO Juswssasse seiq J0J 9|eds emel}Q-9]3SedMaN 9y} Jo \CNEEJW ¢ 319v.l



RAHMATI ET AL

JOURNAL OF

_WILEY—2*2

(Continued)

TABLE 2

Outcome (3)

Comparability (2)

Selection (5)

The subjects in different outcome
groups are comparable, based on

the study design or analysis.

Cross-sectional

study

Selection based
on national

Statistical

test

Assessment of
the outcome

Ascertainment
of exposure

Representativeness
of the sample

Total

Confounding factors are controlled

registry data

Sample size

Author

Jacob et al.¥”

Lee et al.*°

1

McGlacken-Byrne

et al.*?

1

Rabbone et al.'®

Salmi et al.**

Vlad et al.*

MEDICAL VIROLOGY

95% Cl: —0.002 to 0.093; p =0.059 (DKA in cross-sectional studies),
and RR=0.049, 95% Cl: -0.009 to 0.106; p = 0.096 (severe DKA in

cross-sectional studies).

3.4 | The worldwide impact of COVID-19
pandemic on the risk of increased hyperglycemia and
HbA1c at T1D diagnosis

In total, six studies!?3%3439:40.43

included within this meta-analysis,
which reported blood glucose and HbA1c levels in children who were
newly diagnosed with T1D in 2019 and 2020. There were statistically
significant associations between COVID-19 pandemic with elevation
in blood glucose and HbA1c levels in pediatric newly diagnosed T1D
compared with pre-COVID-19 period (SMD=0.336, 95% CI
0.074-0.598, p=0.012, and SMD=0.173, 95% ClI 0.022-0.323,
p=0.024, respectively; Figure 4). The SMDs observed for blood
glucose in the cohort and cross-sectional studies were 0.169 (95% Cl:
0.017-0.322, p=0.030), and 0.286 (95% Cl: -0.595 to 1.688,
p = 0.524), respectively. Additionally, the SMDs observed for HbA1c
in the cohort and cross-sectional studies were 0.378 (95% ClI:
0.030-0.725, p=0.033), and 0.282 (95% CI: -0.117 to 0.681,
p =0.167), respectively.

3.5 | Sensitivity analysis and publication bias

The results of sensitivity analysis showed that the overall pooled
estimates of the respective outcomes in all analyses obtained closely
resembled preliminary associations. To further clarify the publication
bias for the included studies, funnel plots suggested no noticeable
bias in the studies of the present meta-analysis (Online Support-
ing Material S3). Further, Begg's correlation rank and Egger's
regression did not show significant publication bias (Table 3)

4 | DISCUSSION

In the present systematic review and meta-analysis, we performed a
pooled analysis to evaluate and compare the effects of the first year
of COVID-19 pandemic on the global incidence of T1D, DKA,
hyperglycemia, and mean HbA1c levels in children. Based on the
results of 26 eligible articles, the present meta-analysis shows that
the global new-onset of childhood T1D rate and number have
increased in 2020 compared with 2019. In addition, compared with
pre-pandemic COVID-19 period, significant increases were observed
in global DKA, severe DKA, blood glucose levels, and HbA1c levels in
children.

Long-term complications of childhood-onset T1D have been
considered as a main cause of death and cardiovascular-associated
disease.*” More importantly, even before the onset of diabetes-
related complications, young people with T1D are still at a higher risk
of mortality.*® A systematic review of 13 articles assessing structural
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Study name Subgroup within study Statistics for each study Logit event rate and 95% CI
Logit Standard Lower Upper
eventrate error Variance limit limit 2-Value p-Value
Al-Abdulrazzaq, 2021 Cohort 0.067 0.080 0.006 -0.090 0.224 0.839 0.402 L momnd
Alageel, 2021 Cohort -0.329 0.205 0.042 -0.731 0.072 -1608 0.108
Atlas, 2020 Cohort -0.428 0.169 0.028 -0.759 -0.097 -2537 0.011 ———
Boboc, 2021 Cohort 0.263 0.125 0.016 0.018 0.508 2.103 0.036
Dzygalo, 2020 Cohort -0.425 0.221 0.049 -0.857 0.007 -1.926 0.054
Goldman, 2022 Cohort 0.256 0.125  0.016 0011 0502 2045 0.041
Hawkes, 2021 Cohort -0.231 0.157 0.025 -0.539 0.076 -1.476 0.140
Herrero, 2020 Cohort 0.475 0.266 0071 -0.045 0996 1790 0.073
Ho, 2021 Cohort -0.083 0.135 0.018 -0.327 0.200 -0471 0.638 — e
Kamrath, 2020 Cohort 0.056 0.062 0.004 -0.066 0.178 0.901 0.367 e
Kostopoulou, 2021 Cohort 0.211 0.326 0.106 -0.428 0.851 0648 0.517
Lawrence, 2021 Cohort 0.201 0.449 0202 -0680 1.082 0446 0.655
Mameli, 2021 Cohort 0.103 0.091 0.008 -0.075 0.281 1.132 0.257 i
Marks, 2021 Cohort 0.141 0.109 0.012 -0.072 0.355 1.300 0.193 e ——
Modarelli, 2022 Cohort 0.395 0.232 0.054 -0.061 0.850 1698 0.089
Salmi, 2022 Cohort 0.388 0.172 0.029 0.051 0724 2260 0.024 —————
Sellers, 2021 Cohort 0.097 0.090 0.008 -0.079 0.273 1.077 0.281 e —
Unsworth, 2020 Cohort 0.693 0.316 0.100 0.073 1.313 2192 0.028
0076 0030 0001 0018 0.135 2582 0010 <3
Dilek, 2021 Cross-sectional 0.475 0.188 0035 0.107 0.843 2532 0.011
Gi 2022 Ci tional 0.452 0.117 0014 0222 0682 3.854 0.000 T
Jacob, 2021 Cross-sectional 0.182 0.151 0023 -0.114 0479 1204 0.228 =
Lee, 2022 Cross-sectional 0.000 0.447 0.200 -0.877 0.877 0.000 1.000
McGlacken-Byrne, 202 Cross-sectional -0.568 0.304 0.092 -1.163 0.027 -1.871 0.061
Rabbone, 2020 Cross-sectional -0.262 0.105  0.011 -0.468 -0.056 -2.495 0.013 s
0.097 0.063 0004 -0.026 0.221 1541 0.123 1 -
0.080 0.027 0001 0.028 0.133 2992 0.003 ’
-1.00 -0.50 0.00 0.50 1.00
Favours 2019  Favours 2020
(B)
Study name Subgroup within study Statistics for each study Logit event rate and 95% CI
Logit Standard Lower Upper
eventrate error Variance limit limit  Z-Value p-Value
Al-Abdulrazzaq, 2021 Cohort 0.067 0227  0.051 -0.378 0512 0295 0.768 = |
Herrero, 2020 Cohort 0.956 0.163 0.027 0.637 1.275 5871 0.000
Ho, 2021 Cohort -0.071 0442 0195 -0937 0794 -0.162 0.872
Kamrath et al. 2020 Cohort 0.053 0.296 0088 -0.528 0633 0.178 0.859
Mameli et al. 2021  Cohort 0.134 0366 0134 -0584 0851 0365 0715
Salmi, 2022 Cohort 1.174 0673 0453 -0.145 2493 1745 0.081
0494 0110 0012 0279 0709 4510 0.000 ’
Dilek, 2021 Cross-sectional 0.806 0.538 0.289 -0.248 1.861 1499 0.134 l F—
Viad, 2021 Cross-sectional 0.285 0.419 0.175 -0.535 1.106 0681 0.496 .
0.482 0.330 0.109 -0.166 1.129 1459 0.145 ey
0.493 0.104 0.011 0.289 0.697 4.740 0.000
-1.00 -0.50 0.00 0.50 1.00
Favours 2019  Favours 2020

FIGURE 2 Forest plot of the logit event rates of numbers (A) and incidence (B) of pediatric new-onset T1D before and after the COVID-19
pandemic. Cl, confidence interval; COVID-19, coronavirus disease-2019; T1D, type 1 diabetes

changes in the central nervous system in children and adolescents
with diabetes concluded that repeated episodes of acute hyper-
glycemia, for example, DKA, are associated with detrimental
structural changes in the brain.*’ Additionally, acute diabetic
complications including DKA and hyperglycemia were identified as
leading causes of death before the age of 30 in a cohort study of
7871 childhood-onset T1D in Norway.50 Moreover, the Brecon
cohort study of 3642 individuals in Wales showed that a near
threefold excess mortality before age 30 which persists in individuals
with young onset T1D occurred before age 15 vyears, and
ketoacidosis was the most common cause of death in these
patients.>? Further, a nationwide cohort study of 12 652 individuals
in the Swedish pediatric diabetes quality registry from 2006 to 2014
showed that higher mean HbA1c during childhood was associated
with higher diabetes-related premature mortality in young people

(<30 vyears of age).>?

Overall, these studies indicate that hyper-
glycemia, higher mean HbAlc, and DKA are associated with an
increased risk of mortality in individuals with young onset T1D before
the age of 30 years.

Given the accepted theory of the pathogenesis of T1D! and the
global increasing incidence of severe T1D, DKA, and severe DKA in
children during the recent pandemic, it can be hypothesized that
SARS-CoV-2 is probably a stimulus for the autoimmune system,
especially for pancreatic autoimmunity, and the initiation of T1D.
Therefore, this hypothesis can be a common cause between these
two diseases, and raising awareness about this issue is recom-
mended. Although, further research is needed to demonstrate this
hypothesis

T1D is a multifactorial disease and in addition to environmental
stimuli (food, stress, etc.), exposure to infectious agents such as



RAHMATI ET AL

PO\ (/1 5123

MEDICAL VIROLOGY
(A)
Study name Subgroup within study Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit Z-Value p-Value
Al-Abdulrazzaq, 2021 Cohort 1.102 1.010 1.201 2.194 0.028 —l—
Alageel, 2021 Cohort 1236 0.993 1.537 1.900 0.057 f———
Atlas, 2020 Cohort 1.039 0859 1.256 0.391 0.695 e ]
Boboc, 2021 Cohort 0.988 0.837 1.167 -0.138 0.890 e -
Dzygalo, 2020 Cohort 0.982 0.760 1.268 -0.140 0.888 —————
Goldman, 2022 Cohort 1.139 0991 1.308 1.838 0.066 Yr——
Hawkes, 2021 Cohort 1.089 0921 1.288 0.99% 0.319 ———
Herrero, 2020 Cohort 0.846 0631 1.134 -1.119 0.263
Ho, 2021 Cohort 1.155 0986 1.354 1.785 0.074 ——
Kamrath, 2020 Cohort 1.163 1.094 1.236 4.844 0.000 ~—
Kostopoulou, 2021 Cohort 1232 085 1.772 1.125 0.261
Lawrence, 2021 Cohort 1413 0880 2270 1430 0.153 =
Mameli, 2021 Cohort 1.058 0970 1.154 1.265 0.206 il—
Marks, 2021 Cohort 1.038 0915 1.178 0579 0.562 R
Sellers, 2021 Cohort 1.136 1.030 1.253 2553 0.011 e
1.108 1.073 1.145 6.223 0.000 @
Dilek, 2021 Cross-sectional 1209 0955 1.531 1577 0.115 ——
Gottesman, 2022 Cross-sectional 1.073 0.946 1.218 1.099 0.272 el
Jacob, 2021 Cross-sectional 1.106 0933 1.312 1.162 0.245 el —
Lee, 2022 Cross-sectional 1.143 0691 1.891 0519 0.603
McGlacken-Byrne, 202Cross-sectional 1.357 0950 1.940 1.678 0.093
Rabbone, 2020 Cross-sectional 0.977 0.876 1.090 -0.412 0.680
1.067 0989 1.150 1.677 0.093
1.102 1.069 1.135 6.380 0.000 [e
0.5 1 2
Favours 2019  Favours 2020
(B)
Study name Subgroup within study Statistics for each study Risk ratio and 95% ClI
Risk Lower Upper
ratio limit limit Z-Value p-Value
Al-Abdulrazzaq, 2021 Cohort 1.069 1.011 1.130 2.343 0.019 | ——
Alageel, 2021 Cohort 1.030 0.759 1.397 0.189 0.850
Atlas, 2020 Cohort 1.068 0.935 1.220 0.973 0.331 —_———
Boboc, 2021 Cohort 0.990 0.882 1.111 -0.173 0.863 —
Dzygalo, 2020 Cohort 1.187 0983 1432 1786 0.074 e
Goldman, 2022 Cohort 1.021 0962 1.084 0.687 0.492 ——
Hawkes, 2021 Cohort 1.028 0924 1.143 0504 0614 ————
Herrero, 2020 Cohort 0.866 0.718 1.044 -1.506 0.132 ———
Ho, 2021 Cohort 1.047 0988 1.110 1.559 0.119 i
Kamrath, 2020 Cohort 1.048 1.001 1.097 1.995 0.046 =
Kostopoulou, 2021 Cohort 1.349 1.041 1749 2261 0.024
Lawrence, 2021 Cohort 1309 0887 1933 135 0.175
Mameli, 2021 Cohort 1.044 0984 1.108 1413 0.158 i
Marks, 2021 Cohort 1.093 0999 1.197 1.936 0.053 —t—
Salmi, 2022 Cohort 1.062 0953 1.182 1.090 0.276 b Bl
Sellers, 2021 Cohort 1.127 1.051 1.208 3.352 0.001 ——
1.056 1.032 1.081 4.567 0.000 o
Dilek, 2021 Cross-sectional 1.106 0977 1.253 1597 0.110 L
Jacob, 2021 Cross-sectional 1.009 0.896 1.137 0.154 0.878 i o
Lee, 2022 Cross-sectional 1.091 0.850 1.400 0.683 0.495 —
McGlacken-Byrne, 202 Cross-sectional 1.337 1.001 1.786 1.964 0.050
Rabbone, 2020 Cross-sectional 1.017 0.942 1.098 0435 0.663
1.050 0988 1.117 1568 0.117
1.055 1.033 1.079 4.825 0.000 ‘
0.5 1 2

Favours 2019 Favours 2020

FIGURE 3 Forest plot of the risk of global pediatric DKA (A) and severe DKA (B) before and after the COVID-19 pandemic. Cl, confidence
interval; COVID-19, coronavirus disease-2019; DKA, diabetic ketoacidosis
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Study name Subgroup within study Statistics for each study Std diff in means and 95% ClI
Std diff Standard Lower Upper
inmeans error Variance limit limit 2-Value p-Value
Bogale, 2021  Cohort -0.084 0.162  0.026 -0.401 0.234 -0.518 0.605 ——p—
Dzygalo, 2020 Cohort 0.224 0.221 0.049 -0.209 0658 1.013 0.311
Lawrence, 2021 Cohort 0.756 0.465 0216 -0.155 1668 1626 0.104
Marks, 2021 Cohort 0.301 0.109 0.012 008 0515 2750 0.006 —_—l—
Modarelli, 2022 Cohort -0.11 0233 0054 -0.567 0.345 -0478 0632
0.169 0.078 0006 0.017 0322 2176 0.030 ESG =
Lee, 2022 Cross-sectional 0.286 0.450 0202 -0.595 1.168 0.637 0.524 .
0.286 0.450 0.202 -0.595 1.168 0.637 0.524 ———
0173 0077 0006 0022 0323 2253 0.024 <
-1.00 -0.50 0.00 0.50 1.00
Favours 2019  Favours 2020
Study name Subgroup within study Statistics for each study Std diff in means and 95% Cl
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Al-Abdulrazzaq, 2021 Cohort 0.227 0.080 0.006 0.069 0384 2825 0.005 ——
Alageel el al. 2021 Cohort 0.250 0.206 0.042 -0.153 0653 1.217 0.224
Boboc, 2021 Cohort 0.769 0.130 0.017 0515 1.023 5932 0.000 | =i
Bogale, 2021 Cohort 0.084 0.162 0.026 -0.234 0401 0517 0.605 ————
Dzygalo, 2020 Cohort 0.219 0.221 0.049 -0.214 0653 0991 0.322
Kostopoulou, 2021 Cohort 4118 0.574 0330 2993 5244 7.173 0.000 >
Lawrence, 2021 Cohort 0.068 0.450 0.202 -0.813 0949 0.152 0.879
Marks, 2021 Cohort -0.250 0.109 0.012 -0.464 -0.036 -2.290 0.022 ——
Modarelli, 2022 Cohort -0.250 0.233 0.054 -0.707 0207 -1.072 0.284
Salmi, 2022 Cohort 0.335 0.468 0.219 -0.582 1.252 0.716 0474
0.378 0177  0.031 0.030 0725 2131 0033 e
Dilek, 2021 Cross-sectional 0.183 0.188  0.035 -0.186 0.552 0972 0.331 =
G etal. 2022 C tional -0.054 0117 0014 -0.284 0.176 -0.464 0.643 +
Lee, 2022 Cross-sectional 0.398 0.452 0.204 -0.487 1.284 0882 0.378 =
McGlacken-Byme, 202 Cross-sectional 0.941 0.319 0.102 0317 1566 2954 0.003 D e
0.282 0.204 0.041 -0.117 0681 1.383 0.167
0.336 0.134 0.018 0.074 0598 2515 0.012
-1.00 -0.50 0.00 0.50 1.00
Favours 2019  Favours 2020

FIGURE 4 Forest plot of risk of pediatric hyperglycemia (A) and elevated HbA1c (B) before and after the COVID-19 pandemic.
Cl, confidence interval; COVID-19, coronavirus disease-2019; HbA1c, glycosylated hemoglobin

viruses in genetically predisposed

53,54

individuals can trigger the
disease. It has been shown that the RNA virus carrying
COVID-19 may damage pancreatic B-cells.>3°° Several hypotheses
have been proposed for the association between COVID-19 and the
higher incidence rate of T1D. Diabetes increases the risk of
infections, including viral infections, due to its innate immuno-
deficiency on neutrophil chemotaxis phagocytosis and cellular

immunity.>®

Inflammatory markers of COVID-19 enter the cell
through the binding of the COVID-19 spike protein using the
enzyme ACE2. The mechanism of this process is a decrease in the
expression of ACE2 induced by COVID-19, which eventually leads to
cell damage, inflammation, and respiratory failure. Pancreatic B-cells
are affected by the enzyme ACE2, and this direct link puts diabetics
at greater risk for COVID-19 and finally the infection can cause new
diabetes 57

It is essential that all nondiabetic patients (especially those at
high risk for metabolic disease) be evaluated for the possibility of
developing new-onset diabetes. Other factors such as unknown

biological factors, avoidance, limited access or delay in seeking
medical care, fear of seeing a doctor because of the risk of
infection, and failure to recognize DKA symptoms, and stress may
be involved in combating the COVID-19 pandemic. It is clearly
worrying that T1D and DKA remain undiagnosed during the limited
interaction of patients referred to healthcare centers. Another
interesting finding in the data collected in this study was the higher
HbA1c during the pandemic among the new T1D, which could be
due to delays and limitations in medical care etc. Owing to rising
T1D and DKA rates, public awareness of the symptoms of the
disease in the public, improvement of telemedicine technology due
to concerns about COVID-19 in hospitals and quarantine, warning
to take the milder symptoms of the onset of new diabetes seriously
is warranted

Results of the present meta-analysis must be interpreted in light
of its limitations. First, the present systematic review and meta-
analysis only covered the first wave of the COVID-19 pandemic and
future studies should evaluate the number of childhood new-onset
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TABLE 3 Results of the subgroup analysis based on study design
Effect Number of
Risk factors measures study Z-Value p-Value
New-onset T1D
Cohorts Event rate 18 2.582 0.010
Cross-sectionals  Event rate 6 1.541 0.123
Overall Event rate 24 2.992 0.003
T1D incidence rate
Cohorts Event rate 6 4.510 0.0001
Cross-sectionals  Event rate 2 1.459 0.145
Overall Event rate 8 4.740 0.0001
Risk of DKA
Cohorts Risk ratio 15 6.223 0.0001
Cross-sectionals  Risk ratio 6 1.677 0.093
Overall Risk ratio 21 6.380 0.0001
Risk of Severe DKA
Cohorts Risk ratio 16 4.567 0.0001
Cross-sectionals  Risk ratio 5 1.568 0.117
Overall Risk ratio 21 4.825 0.0001
Risk of higher
glucose
Cohorts SMD 5 2176 0.030
Cross-sectionals ~ SMD 1 0.637 0.524
Overall SMD 6 2.253 0.024
Risk of higher
HbA1lc
Cohorts SMD 10 2.131 0.033
Cross-sectionals ~ SMD 4 1.383 0.167
Overall SMD 14 2.515 0.012

MEDICAL VIROLOGY
Heterogeneity Begg's test Egger's test
Effect size (95% CI) I? p value  p-value p-value
0.076 (0.018-0.135) 56%  0.002 0.235 0414
0.097 (-0.026 83%  0.0001 0.425 0.468
to 0.221)
0.080 (0.028-0.133) 66%  0.0001 0.327 0.443
0.494 (0.279-0.709) 71%  0.004 0.286 0.198
0.482 (-0.166 0% 0.444 NA NA
to 0.129)
0.493 (0.289-0.697) 61%  0.012 0.211 0.108
1.108 (1.073-1.145) 0% 0.456 0.480 0.915
1.067 (0.989-1.150) 9% 0.356 0.132 0.112
1.102 (1.069-1.135) 3% 0414 0.216 0.437
1.056 (1.032-1.081) 14%  0.289 0.471 0.449
1.050 (0.988-1.117) 11% 0.342 0.052 0.117
1.055 (0.033-1.079) 9% 0.334 0.183 0.209
0.169 (0.017-0.322) 42%  0.136 1 0.970
0.282 (-0.595 0% 1 NA NA
to 1.188)
0.173 (0.022-0.323) 29%  0.216 0.573 0.945
0.378 (0.030-0.725) 89%  0.0001 0.531 0.350
0.282 (-0.117 67%  0.025 0.174 0.172
to 0.681)
0.336 (0.074-0.598) 86%  0.0001 0.139 0.182

Abbreviations: Cl, confidence interval; DKA, diabetic ketoacidosis; HbAlc, Glycosylated hemoglobin; SMD, standard mean difference; T1D, Type 1

diabetes.

T1D in 2021 and 2022. Second, data regarding the number of
children infected by COVID-19 among all new-onset T1D are limited
and this make it difficult to attribute such an increase in T1D, DKA,
and severe DKA to COVID-19 infection. Third, our findings should
be interpreted with caution since our meta-analysis did not capture
the unexpected confounders, time-varying exposure such as multi-
factorial environmental stimuli (i.e, food, stress, and outdoor
environmental factor), and different ethnic effect. Finally, the criteria
used for the T1D diagnosis varied between studies and should be
consistent in future studies

5 | CONCLUSION

The results of the present meta-analysis demonstrate a global
significant increase in the incidence of childhood new-onset T1D,
DKA, and severe DKA with elevated hyperglycemia and mean HbAlc
levels at T1D diagnosis in the first year of the COVID-19 pandemic
compared to pre-COVID-19 period. Due to this fact, physicians
should consider this issue in all nondiabetic children and monitor their
blood sugar and HbA1C when accepting them for proper and early
management. Based on these findings, continuous and repeated
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educational diabetes awareness should be delivered to physicians,
caregivers, and the public to improve health outcomes in the world
and change trends in childhood T1D and DKA
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