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Review Paper
Glycemic Fluctuations of Children and Adolescence Type 1 
Diabetes Mellitus and the Impressive Aspects of SARS-CoV-2 
Since the Onset of Pandemic Lockdown: A Review Paper

Background: The COVID-19 pandemic limited the daily activities of children and adolescents 
with type 1 diabetes mellitus, and several factors are impacting ongoing care. The role of 
pandemics on glycemic control is unknown. We plan to assess the glycemic status and the 
factors that influence it during the pandemic.

Objectives: Our goal was to examine the impact of COVID-19 quarantine on the glycemic control 
of children and adolescents with type 1 diabetes mellitus.

Methods: Databases including PubMed, Scopus, Web of Science, and Science Direct, with English-
type articles extracted from December 31, 2019, to March 3, 2022, were searched. The article 
review was based on factors influencing glycemic control in type 1 diabetes mellitus cases younger 
than 18 years of age during the pandemic period such as psychological factors, telemedicine 
role, lifestyle changes, various diabetes technology (cost, availability…), caregivers’ role, and 
socioeconomic factors.

Results: We scanned 573 articles as an initial search for titles/abstracts and full-text reviews, 
and 54 articles remained after title/abstract screening for full-text assessment among which 14 
articles (cohort studies) were included. Most studies reported glycemic improvement based on 
blood glucose metrics while some studies reported stable glycemic control. Although the pre-
pandemic glucose profile is important, factors such as telemedicine, diabetes technology, and 
lifestyle play a more tangible role in improving glycemic control during the pandemic. 

Conclusions: Overall, the studies did not contain strong evidence that glycemic control worsened 
in children and adolescents with type 1 diabetes mellitus during the pandemic. Although the 
assessment was conducted over a short period, long-term multicenter studies would be useful 
for a more precise assessment of the mentioned potential factors.
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Introduction

n 2019, the COVID-19 pandemic led to a quar-
antine that restricted the daily lives of pa-
tients, especially type 1 diabetes (T1DM) [1]. 
Indeed, the role that the pandemic has played 
is related to patient adherence to treatment 
caused by changes in daily routines [2, 3]. CO-

VID-19-induced lifestyle changes, including dietary hab-
its, physical activity, sleep disturbances, mental health 
issues, and screen time, are associated with poor glyce-
mic control [4, 5].

In addition to the factors that have worsened glycemic 
control during the pandemic, some factors have a role in 
improved glycemic control. Spending most of their daily 
activities with their parents has caused their treatment 
regimen and eating habits to be more monitored than 
usual [6]. The use of televisit has also made it easier for 
patients to access medical services. Furthermore, dia-
betes technologies such as insulin pumps and glucose 
control sensors have made patient findings continuous-
ly available in medical centers [7-9]. 

It is also important to determine the long-term effect 
of potential factors on glycemic status to better assess 
their role during a pandemic [1]. This article argued the 
glycemic status in children and adolescents with known 
T1DM during the pandemic and compare it with the 
pandemic period, and the interaction between these 
factors and glycemic control during the pandemic.

Methods

We conducted a review study to examine factors in-
fluencing glycemic control in T1DM cases younger 
than 18 years of age during the pandemic period. We 
searched databases including Pubmed, Scopus, Web of 
Science, and Science Direct from December 31, 2019, to 
March 3, 2022. Keywords used to search the databases 
included type 1 diabetes mellitus, COVID-19, pediatric, 
and glycemic, with English-language articles, entered in 
our study. Preliminary screening of selected articles was 
based on title/abstract adjusted for inclusion criteria, 
factors influencing glycemic control in children and ado-
lescents with known T1DM during the pandemic.

Inclusion criteria

The inclusion criteria were children and adolescents 
(age <18 years old) with definite T1DM diagnosis >6 
months and studies by design including cohorts, case-

control, observational cohorts, mini-reviews, meta-
analyses, and systematic reviews.

Exclusion criteria

Articles did not meet our study design criteria (e.g. 
observational non-cohort studies, narrative reviews, 
case studies [case reports and case series], books, cross-
sectional studies, randomized controlled trials (RCTs), 
editorials, news, and posters), and animal studies. Pa-
tients whose age range did not meet the age limits of 
the study and studies that did not segregate patients 
by age and type of diabetes during the pandemic were 
also excluded. Figure 1 shows the process of extracting 
contained items.

The initial screening of selected articles based on title / 
abstract consistent with our inclusion criteria was done. 
Based on the searched database, 573 articles were ex-
tracted, of which 376 articles remained after removing 
duplicates (197 articles). Fifty-four articles were select-
ed for full-text review by assessing the findings of the 
entered articles encompassed type 1 diabetes mellitus, 
COVID-19, pediatric, and glycemic findings of known 
cases of T1DM younger than 18 years of age. Five of 
these articles were not available in full text. From the 
remaining articles, 14 original articles (cohort studies) 
remained according to our study entry criteria.

A full-text analysis of the articles was performed on the 
variables mentioned during the pandemic compared to 
the known pre-pandemic cases. In addition, reviewed 
studies that did not meet inclusion criteria related to 
study design were excluded. Article scanning to identify 
included articles was performed by two independent 
researchers to avoid missing articles. The selection of 
included elements is described in Figure 1.

A full-text analysis of the articles was then performed 
concerning psychology, lifestyle, diabetes technology, 
caregiver role, and socioeconomic factors affecting glyce-
mic control. Variables extracted from the included articles 
were author name, study year, study type, study popula-
tion, sample size, underlying factors, the main outcome, 
and pre-pandemic and post-pandemic data values. The 
results of the search process are shown in Table 1.

Results

A total of 14 articles were included in the study. All 
studies focused on patients who had been diagnosed 
with T1DM for more than 6 months and younger than 
18 years. Factors investigated in these patients included 

I
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Figure 1   Flowchart of included articles 
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Figure 1. Flowchart of included articles

psychological factors, the role of telemedicine, lifestyle 
changes, different diabetes technologies (cost, availabil-
ity, etc.), caregiver experience, and socioeconomic fac-
tors (including BMI, cost, and availability etc. 

Studies indicating proper glycemic control

Cusinato et al. represented an improvement in glyce-
mic control during the pandemic over the pre-pandemic 
period. They found significant reductions in the per-
centage of time in hyperglycemia (P<0.001), time in hy-
poglycemia (moderate and severe form) (P=0.002 and 

Table 1. Eligible criteria 

Criteria Include Exclude

Population Children and adolescence (age <18 y) with definite 
T1DM diagnosis >6 months

Adult (age ≥18 y) population
Studies in which age groups are not segregated between children 

and adults
Studies that do not specify the type of diabetes

Studies combining T1DM with other types of diabetes
Studies that differentiated between types of diabetes but did not 

differentiate outcomes.
Studies in which T1DM patients complicated with other co-

morbidities affecting glycemic control

Intervention and 
comparators

Psychological factors
Telemedicine role
Lifestyle changes

Various diabetes technology (cost, availability…)
Caregivers’ role

Socioeconomic factors (including body mass index 
(BMI), cost, and availability…)

If causes other than the pandemic period and COVID-19 influence 
have affected the interventions listed in the included criteria.

Outcomes Glycemic control None

Study type

Cohort
Case-control

Observational-cohort
Mini review

Meta-analyses
Systematic review

Observational-non-cohort
Narrative review

Case studies (case series & case report)
Book

Cross-sectional
Randomized controlled trial (RCT)

Editorial, news, poster
Animal studies

Abbreviations: T1DM: Type 1 diabetes mellitus; BMI: Body mass index; RCT: Randomized controlled trial. 
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P=0.001, respectively), GMI (P=0.001) and a significant 
increase in TIR (P<0.001) [10]. Lazzeroni et al. conducted 
a retrospective study to investigate the impact of tele-
medicine and lifestyle on glycemic control in children 
with T1DM during the quarantine. Mean HbA1c levels 
ameliorated significantly, 64.4±15.61 mmol/mol be-
fore the quarantine and 60.7±11.54 mmol/mol after it 
(P=0.002) [11]. In a study, Cognigni et al. assessed HbA1c 
levels in patients <18 years of age during and pre-pan-
demic. HbA1c altered from 60 mmol/L pre-pandemic to 
57 mmol/L during the pandemic (P=0.04) [12]. Tornese 

et al. designed a study application of the Hybrid closed-
loop (HCL) system described three times to compare 
blood glucose metrics in children; pre-pandemic (first), 
early pandemic (second), and during lockdown (third), 
also the effect of PA on glycemic control during these 
periods. TIR percent augmented at time 3 compared 
to time 2 (P=0.039). They also indicated a decrease in 
TBR at time 3 compared to time 2 and time 1 (P=0.044 
and P=0.041, respectively) [5]. A summary of values is 
shown in Table 2.

Table 2. Summary of selected articles findings

Au
th

or Type of 
Study

Population

Sa
m

pl
e 

Si
ze

Po
te

nti
al

 
fa

ct
or

(s
)

Main Results
Pre-

pandemic 
Value

Pandemic 
Value 

Sig.

Cu
sin

at
o 

et
 a

l. 
20

21
 [1

0]

A 
sin

gl
e-

ce
nt

er
 co

ho
rt

Adolescents (52 
female, 65 male) 11

7

Ps
yc

ho
lo

gi
ca

l 

Significant improvement of TIR 
(70–180 mg/dL) percentage 59% 49% <0.001

Significant improvement of time in 
hyperglycemia - - <0.001

Significant improvement of GMI 7.6% 7% 0.001

Significant reduction of time 
in moderate and severe 

hypoglycemia
- -

0.002 and 
0.001, 

respectively

Significant reduction of TBR (<70 
mg/dL) - - 0.002

Significant improvement of time 
above range (>180 mg/dL) - - <0.001

Significant lower TIR for cases 
experiencing anxiety - - 0.028

Significant lower TIR for cases 
experiencing depression - - 0.012

Br
en

er
 e

t a
l. 

20
20

 [6
]

An
 o

bs
er

va
tio

na
l m

ul
ti-

ce
nt

er
 co

ho
rt

Aged ≤18 years (54 
male, 48 female)

(aged <10, 
children, n=41 and 

aged ≥10 years, 
adolescents, n=61)

10
2

So
cio

de
m

og
ra

ph
ic 

fe
at

ur
es

 

No significant improvement in 
glucose level (mg/dL) in children 161.2 161.2 0.965

No significant improvement 
in glucose SD (mg/dL) level in 

children
65.6 63.1 0.076

No significant improvement in TIR 
percentage in children 61.5% 61.4% 0.944

Significant improvement in CV 40.5% 39.1% 0.041

No significant alteration of glucose 
(mg/dL) level among adolescents 165 161.7 0.116

Significant alteration of Glucose SD 
(mg/dL) among adolescents 62.4 54.4 <0.001

Significant alteration of TIR 
(>250 mg/dL) percentage among 

adolescents
11.7% 9.7% 0.009

Significant alteration of CV among 
adolescents 37.7% 35.9% 0.009

Significant lower glucose SD levels 
among adolescents than children

62.4 mg/dL 
compared to 

65.6mg/dl

54.4mg/dl 
compared to 
63.1(mg/dl)

0.034

Significant lower CV percentage 
among adolescents than children

37.7% 
compared to 

40.5%

35.9% 
compared to 

39.1%
0.005
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Au
th

or Type of 
Study

Population

Sa
m

pl
e 

Si
ze

Po
te

nti
al

 
fa

ct
or

(s
)

Main Results
Pre-

pandemic 
Value

Pandemic 
Value 

Sig.

La
zz

er
on

i e
t a

l. 
20

21
 [1

1]

A 
re

al
-li

fe
 o

bs
er

va
tio

na
l c

oh
or

t

Pediatric and 
young

Adult (78 male, 61 
female)

13
9

Te
le

m
ed

ici
ne

 a
nd

 li
fe

st
yl

e 

Significant improvement of mean 
hba1c mmol/mol) level of post-
lockdown than pre-lockdown

64.44±15.61 60.66±11.54 0.002

No significant increase in insulin 
doses (IU/kg/day) during the 
pandemic than pre-pandemic

0.743±0.198 0.759±0.215 0.19

No significant alteration of mean 
BMI, or z-score level during the 
pandemic than pre-pandemic

0.30±0.97 0.35±1.05 0.55

Significant reduction in mean PA 
hours/week during the pandemic 

than pre-pandemic
3.91±3.56 2.13±3.33 <0.001

No significant difference among 
variation of hba1c level and daily 
insulin injection between SBGM 

vs FGM/CGM methods in the pre- 
and post-lockdown

Mean±SD: 
-5.21±18.06 

and 
-3.56±13.21, 
respectively.

0.70

No significant alteration of hba1c 
level variation (between MDI and 

CSII therapy) in pre and post-
lockdown

The mean 
reduction of 
-4.91±15.64 

mmol/mol and 
--1.17±8.19 
mmol/mol, 
respectively.

0.07

No significant alteration of mean 
hba1c level and daily insulin 

injection regarding diet and PA 
variation during a pandemic

- - NS

Co
gn

ig
ni

 e
t a

l. 
20

21
 [1

2]

Co
ho

rt Children and
adolescents (25 
female, 25 male)

50

Ph
ys

ica
l a

cti
vi

ty
, t

el
em

ed
ici

ne
, 

lif
es

ty
le

, d
ia

be
te

s t
ec

hn
ol

og
y Significant improvement of hba1c 

level after lockdown than pre-
lockdown

7.6% 7.4% 0.04

Independent correlation between 
CSII and CGM/FGM methods, 

physical activity, and telemedicine 
with hba1c improvement

- - -

No significant alteration between 
the BMI of post-lockdown and 

pre-lockdown 

0.27 SDS 
(−0.27–1.18)

0.35 SDS 
(−0.23–1.29) 0.81

To
rn

es
e 

et
 a

l. 
20

20
 [5

]

Co
ho

rt Adolescents (8 
male, 5 female) 13

In
-h

om
e 

PA
, t

el
em

ed
ici

ne

Significant increase of TIR (70–180 
mg/dL) percent in time 3 than 

time 2a
66% 72% <0.05

Significant reduction of TBR (<70 
mg/dL) percent in time 3 than 

time 1 and time 2a
2% 1% <0.05

No significant alteration in TDD (U/
day) of insulin 57 54 >0.05

Significant improvement of TIR 
between times 2 and 3 with 

regular PA a
- - 0.043

Significant improvement of TIR 
among patients with regular and 

non-regular PA at time 3a
- - 0.005

Zamanfar D, et al. Glycemic Fluctuation of Pediatric With Type 1 Diabetes Mellitus During COVID-19 Lockdown- A Review. J Pediatr Rev. 2023; 11(2):135-152



140

April 2023, Volume 11, Issue 2, Number 31

Au
th

or Type of 
Study

Population

Sa
m

pl
e 

Si
ze

Po
te

nti
al

 
fa

ct
or

(s
)

Main Results
Pre-

pandemic 
Value

Pandemic 
Value 

Sig.

Di
 D

al
m

az
i e

t a
l. 

20
20

 [1
3]

Co
ho

rt

(30 children (≤12 
y),

24 teenagers 
(13–17 y), and 76 

adults (≥18 y))

13
0

Di
ab

et
es

 te
ch

no
lo

gy
 (C

GM
 sy

st
em

 in
clu

di
ng

 C
GM

 w
ith

 se
ns

or
s, 

De
xc

om
 o

r 
fre

es
ty

le
 li

br
ec

gm
, M

DI
)

Significant reduction of glucose SD 
in children during the pandemic 

than pre-pandemic
67.4mg/dL 64.3 mg/dL 0.029

No significant improvement in 
CV percent in children during the 

pandemic than pre-pandemic
37.4% 36.8% 0.069

No significant increase in TIR 
percent in children during the 
pandemic than pre-pandemic

53.3% 53.8% 0.055

No significant increase of TBR 
(54–69 mg/dL) percent in children 

during the pandemic to pre-
pandemic

1.2% 1.3% 0.072

Significant reduction of TBR (<54 
mg/dL) percent in children during 
the pandemic than pre-pandemic

0.4% 0.3% 0.029

No significant increase of TAR 
(>250 mg/dL) percent in children 
during the pandemic than pre-

pandemic

14.5% 14.6% 0.74

Significant alteration of LBG index 
in children during the pandemic 

than pre-pandemic
0.5(0.3-0.9) 0.5(0.2-0.6) 0.033

No significant improvement in any 
CGM metrics of teenagers - - NS

Pr
ed

ie
ri 

et
 a

l. 
20

20
 [1

4]

An
 o

bs
er

va
tio

na
l c

oh
or

t

Children and 
adolescents (31 

male and 31 
female)

62

Te
le

m
ed

ici
ne

Significant increase of mean TIR 
(70-180 mg/dL) during lockdown 

than pre-lockdown
60.0±13.1% 62.1±13.7% 0.008

Significant reduction of TBR (<54 
mg/dL) during lockdown than pre-

lockdown
0.50±0.63% 0.34±0.53% 0.002

Significant reduction of TBR (<70 
mg/dL) during lockdown than pre-

lockdown
2.63±2.37 2.13±2.41 0.001

Significant reduction of TAR (>180 
mg/dL) during lockdown than pre-

lockdown
37.8±13.9 35.7±14.4 0.048

Significant reduction of TAR (>250 
mg/dL) during lockdown than pre-

lockdown
11.4±7.77 9.74±7.00 <0.001

Significant reduction of glucose 
SD (mg/dL) during lockdown than 

pre-lockdown
60.8±11.8% 57.6±10.8% <0.0001

Significant reduction of PA (hour/
week) during the pandemic than 

pre-pandemic 
3.27±2.82 0.24±0.59 <0.0001

No significant reduction of GMI 
during lockdown than pre-

lockdown
7.45±0.74% 7.35±0.72% 0.069

No significant increase in TDD (IU/
kg/day) injection during lockdown 

compared to pre-lockdown
0.72±0.22 0.74±0.19 0.186

No presence of a significant 
relationship between alteration 
in exercise time and any type of 

glucose metrics

Median Δ=-2.00 
h/week NS
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Au
th

or Type of 
Study

Population

Sa
m

pl
e 

Si
ze

Po
te

nti
al

 
fa

ct
or

(s
)

Main Results
Pre-

pandemic 
Value

Pandemic 
Value 

Sig.

M
in

ut
o 

et
 a

l. 
20

21
 [1

5]

An
 o

bs
er

va
tio

na
l c

oh
or

t Children and 
young patients 

age : 
Group 1: ≥6<10 y

Group 2: ≥10<14 y
Group 3: ≥14<18 
y, Group 4: ≥18, 

which included 7, 
42, 58, 95 patients, 

respectively

20
2

Te
le

m
ed

ici
ne

 a
nd

 P
A

Significant reduction of PA hours/
week during lockdown than pre-

lockdown
4.36±0.94 0.14±0.38 0.02

Significant reduction of CV among 
group 2 during lockdown than 

pre-lockdown
37.55±6.02% 34.13±5.68% ≤0.0001

Significant reduction of mean 
glucose SD (mg/dL) among group 

2 during lockdown than pre-
lockdown

65±14.01 58.43±11.74 ≤0.0001

 Significant improvement of 
TAR(>250 mg/dL) among the 

group 2 during lockdown than 
pre-lockdown

16.36±12.86% 12.74±9.99% 0.01

Significant reduction of TBR among 
group 2 during lockdown than 

pre-lockdown
3.34±3.36% 2.20±2.51% 0.002

Significant reduction of TBR <54 
mg/dL among the group 2 during 

lockdown than pre-lockdown
0.80±1.17% 0.49±0.94% 0.03

Significant alteration of glucose 
SD (mg/dL) among group 3 during 

lockdown than pre-lockdown
67.33±15.52 63.40±15.08 0.002

Significant alteration of hba1c 
among the group during lockdown 

than pre-lockdown 3
7.95±1.09% 7.76±1.31% 0.03

 Significant alteration of TIR among 
group 3 during lockdown than 

pre-lockdown
51.96±16.73% 56.71±19.42% 0.005

 Significant alteration of TAR 
among group 3 during lockdown 

than pre-lockdown
45.38±18.01% 40.84±20.75% 0.02

Significant alteration of TAR (>250 
mg/dL) among group 3 during 
lockdown than pre-lockdown

18.63±12.13% 16.22±15.09% 0.004

M
ia

no
w

sk
a 

et
 a

l. 
20

21
 [1

7]

Co
ho

rt 21 children and 55 
teens (30 girls and 

46 boys)

76

Ps
yc

ho
lo

gi
ca

l f
ac

to
rs

 (d
ia

be
te

s-
re

la
te

d 
di

st
re

ss
) a

nd
 

(c
ar

eg
iv

er
s’ 

ro
le

).

Significant reduction of PAID score, 
consequence reduction of DD in 
girls compared to boys (among 

teens) during the pandemic

-
Median 

difference; (-7(-
17 to -2.5))

0.028

No significant changes in PAID 
score, subsequently DD in children 

during the pandemic
--

Median 
difference; -3(-

14 to 7)
0.131

No significant alteration of PAID 
score, subsequently DD in teens’ 

parents and children’s parents

Median 
difference; 
3(-9 to 10) 

and  -5(-9 to 1), 
respectively

0.376 and 
0.227, 

respectively.

No significant correlation between 
PAID score with CGM use - - NS
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Au
th

or Type of 
Study

Population

Sa
m

pl
e 

Si
ze

Po
te

nti
al

 
fa

ct
or

(s
)

Main Results
Pre-

pandemic 
Value

Pandemic 
Value 

Sig.

Nw
os

u 
et

 a
l. 

20
21

 [1
6]

An
 o

bs
er

va
tio

na
l c

oh
or

t

Pediatric (57 male 
and 53 female) 11

0

Di
ab

et
es

 te
ch

no
lo

gy
 (C

GM
 sy

st
em

)

No significant alteration of hba1c 
level between the pre and post-

pandemic periods
0.18±1.2% 0.13

Significant improvement in mean 
glucose level during the pandemic 

than pre-pandemic

204.05±31.2 
mg/dL

195.95±33.0 
mg/dL 0.0497

Significant increase in sensor 
usage % during the pandemic than 

pre-pandemic
79.79±23.6 88.68±15.4 0.014

Significant improvement of point-
of-care hba1c during the pandemic 

than pre-pandemic
8.24±1.1% 7.90±1.1% 0.0012

 Significant improvement of 
CGM-estimated hba1c during the 

pandemic than pre-pandemic
8.06±0.8% 7.92±0.7% 0.018

No significant alteration of CGM 
estimated A1c for insulin pump 
usage among CGM users during 

the pandemic than pre-pandemic

7.83±0.6% 7.63±0.6% 0.48

Significant improvement of CGM 
estimated A1c for female sex 
among CGM users during the 
pandemic than pre-pandemic

8.07±0.7% 7.89±0.7% 0.035

No significant alteration of TDI 
(unit/kg/day) injection during the 

pandemic than pre-pandemic
0.88±0.3 0.94±0.3 0.48

No significant alteration of hba1c 
among non-CGM users during the 

pandemic than pre-pandemic
9.48±1.9% 9.43±1.6%, 0.86

Significant increase in TDI injection 
among non-CGM users during the 

pandemic than pre-pandemic
-- -- <0.0001
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Significant alteration of TIR 
(39–100 mmol/L) before, during, 

and post lockdown

74.28±12.13 
%

75.35±12.66 
mmol/L% 

during 
lockdown and 
73.60±12.83 

mmol/L% post-
lockdown

0.081

No significant alteration in mean 
glucose level before, during, and 

post lockdown

7.74±1.19 
mmol/L

7.85±1.14 
mmol/L during 
lockdown and 

7.70±1.20 post-
lockdown

0.368

No significant alteration of 
estimated hba1c before, during, 

and post lockdown
6.47±0.75%

6.54±0.72% 
during and post 

lockdown 
0.368

Significant improvement in time 
<39 % before, during, and post-

lockdown
3.70 %

2.91 % during 
lockdown and 

4.95 % post 
lockdown

0.004
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Children and 
teenagers (23 male 

and 20 female)

43
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Significant improvement in time 
<3 mmol/L (%) before, during and 

post lockdown (%)
0.59 %

0.38 mmol/L 
(%) during 
lockdown 

and 0.82 post 
lockdown

0.008

No significant improvement in 
the LBG index before, during, and 

post-lockdown
1.15

1.03 during 
lockdown 

and 1.40 post 
lockdown

0.020

Significant improvement in 
hypoglycemic events before, 
during, and post lockdown

1.50

0.50 during 
lockdown 

and 1.27 post 
lockdown

0.020

No significant alteration in time 
>139 mmol/L (%) of hyperglycemia 
before, during, and post-lockdown

2.95

1.58 during 
lockdown 

and 1.80 post 
lockdown

0.862

No significant alteration in time 
>100 mmol/L of hyperglycemia (%) 
before, during, and post lockdown

18.68

15.39 during 
lockdown and 

15.84 post 
lockdown

0.404

No significant alteration in high 
blood glucose index before, 
during, and post lockdown

41.54

41.20 during 
lockdown and 

40.74 post 
lockdown 

0.298

Significant increase in diabetes 
management during the lockdown - - <0.001

Significant increase in snack 
frequency during the lockdown - - 0.018

Significant increase in sleep 
duration during the lockdown - - 0.024

Significant reduction of PA time 
during the lockdown - - 0.004

No significant alteration in anxiety 
and stress during the lockdown - - NS

No significant alteration of insulin 
injection during the lockdown - - NS
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Significant improvement of TIR 
during the lockdown than pre-

lockdown
62.7±13% 66.6±12.9% <0.001

Significant improvement of TAR 
during the lockdown than pre-

lockdown
33.5±13.4% 29.6±13.3% <0.001

Significant improvement of CV 
during the lockdown than pre-

lockdown
36.9±6.2% 36±5.8% 0.003

Significant improvement of GMI 
during the lockdown than pre-

lockdown
7.1±0.6% 7±0.6% <0.001

Significant improvement of TIR 
among patients aged 5-9 years 
during the lockdown than pre-

lockdown

59.7±13.4% 64.3±13.3% <0.001

Significant improvement of TAR 
among patients aged 5-9 years 
during the lockdown than pre-

lockdown

35.9±14.4% 31.4±14.9% <0.001

Significant improvement of GMI 
among patients aged 5-9 years 
during the lockdown than pre-

lockdown

7.2±0.6% 6.9±0.6% 0.008

Significant improvement of TIR 
among patients aged 10-14 years 

during the lockdown than pre-
lockdown

63.5±11.2% 66.7±11% 0.004

Significant improvement of TAR 
among patients aged 10-14 years 

during the lockdown than pre-
lockdown

33.1±11.8% 29.6±11% 0.003

Significant improvement of GMI 
among patients aged 10-14 years 

during the lockdown than pre-
lockdown

7.2±0.6% 7.1±0.6% 0.016

Significant improvement of TIR 
among patients aged 15-18 years 

during the lockdown than pre-
lockdown

64.9±15.2% 69.4±15.4% 0.001

Significant improvement of TAR 
among patients aged 15-18 years 

during the lockdown than pre-
lockdown

31.1±14.9% 27.5±15.2% 0.007

Significant improvement of CV 
among patients aged 15-18 years 

during the lockdown than pre-
lockdown

35.5±8.3% 34.8±7.2% 0.041

Significant improvement of TIR 
among the MDI group during the 

lockdown than pre-lockdown
58±15.6% 63.7±15.1% 0.004

Significant improvement of TAR 
among the MDI group during the 

lockdown than pre-lockdown
39.2±17% 33±16.8% 0.004
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Significant improvement of GMI 
among MDI group during the 
lockdown than pre-lockdown

7.3±0.7% 7±0.7% 0.024

Significant improvement of TIR 
among the CSII group during the 

lockdown than pre-lockdown
63.2±10.9% 65.9±10.3% 0.002

Significant improvement of TAR 
among the CSII group during the 

lockdown than pre-lockdown
32.5±12.2% 29.6±11.2% 0.002

Significant improvement of GMI 
among CSII group during the 
lockdown than pre-lockdown

7.1±0.7% 7±0.6% 0.003

Significant improvement of TIR 
among the HCL group during the 

lockdown than pre-lockdown
64.6±12.6% 68.5±13.2% <0.001

Significant improvement of TAR 
among the HCL group during the 

lockdown than pre-lockdown
31.5±11.8% 28.1±2.8% 0.001

Significant improvement of CV 
among the HCL group during the 

lockdown than pre-lockdown
36.9±7.5% 35.4±6.6% 0.005
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0]
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rt Children (10 male, 
18 female) 28
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No significant alteration of hba1c 
level % after 3- and 6-month 

remote consultations
7.5%

7.7% and 
7.6%, 

respectively 

0.43 and 
0.42, 

Significant improvement of TIR 
after 3- and 6-month remote 

consultations
46.9%

57.5% and 
56.3%, 

respectively

0.001 
and 0.02, 

Significant improvement of time 
in hyperglycemia after 3- and 

6-month remote consultations 
48%

37.9% 
and 40%, 

respectively

0.004 
and 0.02, 

No significant alteration of time 
in hypoglycemia after 3- and 

6-month remote consultations
5.1%

4.7% and 
3.7%, 

respectively

0.21 and 
0.08, 

Significant improvement in 
psychosocial health after 6 months 

of remote consultations
72.5 78 0.04
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Dalmazi et al. used the CGM method to study the im-
pacts of the pandemic on the glycemic index in children, 
adolescents, and adults. In children aged ≤12 years of 
age, LBGI, glucose SD, and TBR (<54 mg/dL) decreased 
significantly after the pandemic [13]. In another study, 
Predieri et al. using televisits noted that Italian T1DM 
children experienced better glycemic profiles during the 
pandemic. TIR, TAR, and TBR values ​​improved signifi-
cantly from 60.5% to 63.5%, 37.3% to 34.1%, and 1.85% 
to 1.45%, respectively (P=0.008, 0.048, and 0.001, re-
spectively) [14]. Minuto et al. investigated the role of 
quarantine and PA on glycemic control in children. They 
divided the children into 4 groups: 6≤ age <10, 10≤ age 
<14, 14≤ age <18 y and age ≥18 y. Outcomes in patients 
6≤ age <10 y did not show a significant change during 

quarantine compared to pre-quaran tine. In the age 
group of 10≤ age <14 y, glycemic metrics including CV, 
glucose SD, TAR (>250 mg/dL), TBR, and TBR (<54 mg/
dL) indicated significant improvement during the pan-
demic period (P≤0.0001, P≤0.000 1, P=0.01, P=0.002, 
and P=0.03, respectively). In the age group of 14≤ age 
<18 y; glycemic metrics includ ing glucose SD, HbA1c, 
TIR, TAR, TAR (>250 mg/dL) sig nificantly improved 
(P=0.002, P=0.03, P=0.005, P=0 .02, and P=0.004, re-
spectively) [15]. 

The hypoglycemia index in Wu et al. study encompassed 
time <3.9 mmol/L (P=0.004), time <3 mmol/L (P=0.008), 
LGBI (P=0.020), and hypoglycemia events (P=0.020) were 
ameliorated during pandemic [18]. Lombardo et al. used 
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, P

A

Significant reduction of mean 
glucose during the lockdown

168±61 mg/
dL 165±58 mg/dL <0.05

Significant reduction of TAR during 
the lockdown 37.8±14% 35.2±15% 0.004

Significant reduction of CV during 
the lockdown 36±5% 35±5% 0.003

Significant reduction of PA hours 
during the lockdown 6.1±3.3 hour 2.7±3.1 hour <0.001

Significant increase in daily insulin 
injection during lockdown

0.79±0.25 UI/
kg/day

0.87±0.31 UI/
kg/day 0.004

Significant increase of TIR during 
lockdown 59.7±13% 62.5±14% 0.001

Significant increase in CGM use 
during lockdown 87±17% 92±10% 0.006

No significant alteration of TBR 
during the lockdown 2.5±2.3% 2.3±2.5% 0.177

No significant alteration of GMI 
during the lockdown 7.5±0.9% 7.4±0.8% 0.05

No significant alteration of TIR, 
TBR, TAR, CV, or daily insulin 

injection after remote consultation
- - NS

Abbreviations: TIR: Time in range; GMI: Glucose management indicator; TBR: Time below range; TAR: Time above range; SD: Standard 
deviation; CV: Coefficient of variation; BMI: Body mass index; PA: Physical activity; SBGM: Self-monitoring of blood glucose; FGM: Flash 
glucose monitoring, CGM: Continuous glucose monitoring; SDS: Standard deviation score; MDI: Multiple daily injections; CSII: Continuous 
subcutaneous insulin infusion; TDD, total daily dose; LBG, low blood glucose; TDI, total daily insulin; PAID: Problems areas in diabetes; DD: 
Diabetes-related distress; HCL: Hybrid closed-loop.
aTime 3: During the lockdown, Time 2: Early pandemic (during restrictions), Time 1: Before the pandemic.
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CGM metrics to evaluate the glycemic control of children 
during the pandemic. They reported that the pandemic val-
ues of TIR (P<0.001), TAR (P<0.001), CV (P=0.003), and GMI 
(P<0.001) augmented compared to pre-pandemic, but no 
significant changes in TBR have been reported [19]. A study 
by Braune et al. investigated the effect of distance coun-
seling on glycemic control in children. The amount of TIR 
changed after 3 months (P=0.001) and 6 months (P=0.02) 
visits. Time in hyperglycemia at 3 months (P=0.004) and 
6 months (P=0.02) were reduced (P=0.02) [20]. Tinti et al 
studied the glucose metrics of children with T1DM dur-
ing the pandemic. They pointed to augmentation of TIR 
(P=0.001), TAR (P=0.004), CV (P=0.003), and mean glucose 
(P<0.05) indexes but there were no significant changes in 
TBR and GMI values [21].

Studies indicating stable glycemic control

According to the CGM metrics, pediatric T1DM demon-
strated fairly stable glycemic control in a study published 
by Avivit Brener et al. Metrics such as glucose, glucose SD, 
CV, and TIR (from devices such as Dexcom G4, Medtronic 
Enlite Sensor, Dexcom G5, or FGM) showed significant 
changes during the quarantine compared to the pre-
quarantine. They stated that the mean delta TIR was sig-
nificant for poor (delta-TIR <-3%), stable (−3% ≤ delta-TIR 
≤3%), and improved TIR (delta-TIR >3%) (values; -8.2±3.7, 
0.3±1.9 and 8.7±4.9, respectively, P<0.001). However, the 
delta TIR during the pandemic period has not altered sig-
nificantly [6]. Nwosu et al. investigated glycemic control in 
pediatrics during a pandemic. Their glucose control did not 
change significantly (P=0.13) [16]. Mianowska et al. stud-
ied the psychological factors and burdens associated with 
diabetes-related distress (DD) during a pandemic period in 
children and teens with T1DM. They assessed problem ar-
eas in diabetes (PAID) score in patients and their parents to 
compare DD before and after the pandemic. There was not 
a significant relationship between HbA1c and PAID score 
between the two periods in children (P=0.109), their par-
ents, teens, and their parents [17]. 

The results of Wu et al. study provided evidence in 
support of modest variability in glycemic control in chil-
dren by assessing CGM metrics. TIR, mean glucose, esti-
mated HbA1c, time in hyperglycemia, glucose variability 
including CV, SD, mean amplitude of glucose excursion 
[22], mean of daily differences (MODD), and prolonged 
hypoglycemia did not alter significantly during the pan-
demic [18]. By reviewing remote consultation and CGM 
metrics, Braune et al. pointed out that time in hypogly-
cemia and HbA1c levels both after 3 and 6 months did 
not change significantly [20]. 

Studies indicating glycemic control and psychological 
factors

Cusinato et al. studied the role of psychological factors 
such as anxiety and depression on glycemic control in 
T1DM during the pandemic. They claimed that these 
factors worsen glycemic control through significant 
reductions in TIR, depression (−0.22±0.09, P=0.012), 
and anxiety (−0.20±0.09, P=0.028 ) [10]. On the other 
hand, Mianowska et al. discussed that no significant 
relationship exists between the difficulties of the pan-
demic and PAID score in children, their parents, teens, 
and their parents. Although there was no significant 
correlation between pre-pandemic concerns and PAID 
scores among children, teens, and their parents, there 
was a significant correlation only in children’s parents 
(P=0.021) [17]. In another report designed by Wu et 
al., psychological factors such as anxiety and stress in 
children did not alter significantly during the pandemic 
compared to the pre-pandemic period [18]. The psycho-
social health score in Braune et al. study significantly up-
graded after 6 months of remote consultation (P=0.04), 
but the physical health score did not reflect significant 
changes after 6 months [20].

Studies indicating glycemic control and lifestyle changes

According to a study by Lazzeroni et al., no significant 
increase in PA hour/week was observed in 15% of in-
dividuals who repeated telemedicine usage during the 
pandemic. A significant reduction in PA hour/week was 
also reported (P<0.001). Mean BMI z-score findings also 
indicated a non-significant decrease in scores during 
the pandemic. In general, they reported no significant 
changes in HbA1c level and daily insulin injections re-
lated to PA and dietary factors [11]. Cognigni et al. indi-
cated that BMI scores ​​in children with T1DM increased 
during the pandemic, but it was not significant. Howev-
er, a significant relationship was observed between BMI 
and meal frequency (P=0.01). They found no significant 
correlations between BMI, PA, increased meal frequen-
cy, and pre-pandemic HbA1c levels [12]. Tornese et al. 
noted having or not having a routine PA at time 3 caused 
a significant change in TIR percentage (P=0.005). More-
over, children with routine PA had a marked difference 
in TIR between time 2 and time 3, in which the TIR of 
time 3 increased more than time 2 [5].

Predieri et al. presented PA hours decreased during 
the pandemic (P<0. 0001); but, the number of insulin 
injections did not alter significantly. Also, there was no 
discernible relationship between PA hours and CGM 
metrics. PA hours during the pandemic were reduced in 
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children in both puberty and pre-puberty groups (both 
P<0.05) [14]. In a study by Minuto et al. all 3 age groups 
such as 6≤ age <10 y, 10≤ age <14 , and 1≤ age <18 y 
showed changes in PA before and after the pandemic 
(P ​were 0.02, ≤0.0001, ≤0.0001, respectively). Children 
with PA ≥3 hours per week compared with those with-
out PA had significant improvement in glycemic metrics 
including glucose SD, HbA1c, TIR, TAR, TAR (>250 mg/
dL),  and mean glucose (P=0.02, 0.002, 0.0001, 0.001, 
0.002 and, 0.002, respectively) [15]. 

In a study by Mianowska et al., no significant relation-
ship was observed between PAID score and BMI z-score 
in children, their parents, teens, and their parents [17]. 
By i nvestigating the lifestyle of the patients in the Wu 
et a l. study, sleep time (P=0.024), frequency of snacks 
(P=0.018), and time spent on diabetes management in-
crea sed during the pandemic (P<0.001). They claimed 
that  PA time decreased during the pandemic (P=0.004) 
[18]. In another study, Tinti et al. presented a reduction of 
PA hours in children during the pandemic (P<0.001) [21].

Studies indicating glycemic control and different diabe-
tes technology (cost and availability)

Aiming to compare glucose monitoring devices’ effica-
cy during the pandemic; Lazzeroni et al. did not find any 
significant variation between CGM or FGM and SMBG 
by e valuating daily insulin injections and HbA1c lev-
els. Also, in patients treated with insulin injections, in-
creased HbA1c levels were observed in patients under-
going MDI or insulin pump therapy compared to those 
trea ted with SAP (P=0.035). MDI treatment was also 
shown to be more effective than CSII in reducing HbA1c 
level which was not significant [11]. A significant asso-
ciation between diabetes technology including CSII and 
FGM / CGM methods with HbA1c improvement was not 
concluded, according to Cognigni et al. study [12]. In a 
study by Predieri et al. between MDI and CSII treatment 
groups, TAR (>250 mg/dL, P<0.001) was decreased in 
the MDI group, and CV (P<0.001) and TBR (<70 mg/dL, 
P<0.0001) were reduced in the CSII group [14]. 

In another study designed by Nwosu et al. HbA1c level of 
patients with or without insulin pump users was not sig-
nificantly reduced. In this regard, there was a correlation 
between improved HbA1c and CGM usage (P=0.019). Their 
results reflected metrics of point-of-care A1C (P=0.0012), 
CGM-estimated A1C (P=0.0076), mean glucose (P=0.022), 
and sensor usage (P=0.012) was enhanced. Daily insulin 
injections in CGM users did not change significantly. Con-
versely, in the patients not using CGM, HbA1c level did not 
reduce significantly after the pandemic, but daily insulin 

injections showed a significant increase (P<0.0001) [16]. 
Mianowska et al. presented that there was not a significant 
correlation between the type of glucose monitoring includ-
ing CGM or SMBG and PAID score variations in children, 
their parents, teens, and their parents. The relationship 
between PAID score and the sort of insulin therapy (MDI or 
CSII) of children, their parents, teens, and their parents was 
also not significant [17]. 

Wu et al. found no significant difference in insulin 
injection in children during the pandemic. Patient use 
of outpatient clinics decreased significantly (P=0.002), 
whereas the use of online medical services increased 
(P=0.011) [18]. Correlation between type of insulin 
treatment and CGM metric by Lombardo et al study; 
TIR and TAR augmented during the pandemic in the 
MDI group (P of both=0.004) but TBR, CV, and GMI did 
not alter significantly. TIR (P=0.002), TAR (P=0.002), and 
GMI (P=0.003) values ameliorated in the CSII group; but 
changes were not significant for TBR and CV metrics. In 
the HCL group, patients experienced an improvement in 
TIR (P<0.001), TAR (P=0.001), and CV (P=0.005) during 
the pandemic, while TBR and GMI did not alter signifi-
cantly [19]. Despite, the increase in CGM use in children 
with T1DM during the pandemic period (P=0.006), in-
sulin injection was raised according to Tinti et al. study 
(P=0.004) [21]. 

Studies indicating glycemic control and socioeconomic 
factors (including age and sociodemographic, cost, in-
sulin availability, etc.)

In a study designed by Cusinato et al., the interaction 
between psychological factors and glycemic control dur-
ing a pandemic was analyzed. They argued that there 
was no correlation between demographic features such 
as age, gender, and TIR alteration [10]. By measuring 
CGM metrics from children during COVID-19 pandemic, 
Avivit Brener et al. found a relationship between age 
and lower socioeconomic condition according to del-
ta-TIR and delta-mean glucose (F=4.416, P=0.019 and 
F=4.459, P=0.018), respectively. A higher CV value was 
also reported for cases <10 years compared to ≥10 years 
(P=0.005). They showed a correlation between TIR and 
patients’ age, with cases with improved TIR being older 
than those with poor or stable TIR (P=0.028) [6]. Accord-
ing to Lazzeroni et al. there was no significant difference 
in HbA1c values ​​between men and women [11]. Similar 
to previous studi e s, the relationship between HbA1c 
improvement with age and sex of patients in Cognigni 
et al. study was not significant [12]. 
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Evaluating CGM metrics in children with T1DM during 
the pandemic, Predieri et al. argued that there was no 
correlation between gender differences and glycemic 
control. They also reported an increase in TIR (70-180 
mg/dL, P=0.003) ,  and TAR (>180 mg/dL, P=0.024) in 
pre-pubertal children, whereas reduced TBR (<70 mg/
dL, P=0.003) in  the pubertal group [14]. According to 
Nwosu et al., changes in HbA1c levels in children be-
tween males and  females during and pre-pandemic 
were not significant. The change in CGM-estimated A1c 
was significant in females (P=0.03), unlike in males [16].

A comparison of PAID scores between males and females 
by Mianowska et al. was not significant for children dur-
ing and pre-pandemic, their parents, and teens’ parents, 
but not for teens (P=0.028). By ascertaining the interaction 
between age and PAID score they found no significant re-
lationship between changes in PAID score and age of chil-
dren, teens, and their parents, but this relationship was 
significant for children’s parents (P=0.032) [17]. Lombardo 
et al. demonstrated that TIR (P<0.001), TAR (P<0.001), and 
GMI (P=0.008) improved in children aged 5-9 years, where-
as TBR and CV did not change significantly. A significant 
increase was also found in TIR (P=0.004), TAR (P=0.003), 
and GMI valu es in children aged 10-14 years (P=0.016), 
whereas changes were not significant in TBR and CV. For 
children aged 15-18 years, TIR (P=0.001) and TAR values 
ameliorated (P=0.007), but changes in TBR, CV, and GMI 
metrics were not significant [19]. 

Discussion

In general, the interaction between glycemic control and 
pandemics in children with T1DM depends on lifestyle (in-
cluding diet, physical activity, personal hygiene, etc.), family 
financial and emotional support, demographic findings, dia-
betes technology, and mental state [10]. This article reviewed 
studies focusing on the potential impact of the COVID-19 
pandemic on glycemic control in children and adolescents 
with T1DM under 18 years of age. These potential factors 
generally include factors such as psychology telemedicine, 
lifestyle, diabetes technology, caregiver role, and socioeco-
nomic factors. Although some studies reported stable glyce-
mic control during the pandemic, most studies represented 
good glycemic control according to glucose profiles and CGM 
metrics. The pandemic inadvertently led to a healthier qual-
ity of life, greater use of diabetes technologies, and more ac-
curate monitoring of diabetes care telemedicine displayed a 
special role in their glycemic improvement.

Although age was not clearly associated with glycemic 
control in T1DM during the pandemic period, glucose 
variability was observed between different age groups. 

Considerably, patients in the age range of toddlers are 
under family support; patients in a range of adolescents 
have better self-care while patients between these two 
groups have variable glycemic control due to their func-
tion and nutritional status. Executive behavior is a key 
factor during the pandemic period, patients in this age 
group would be expected to experience greater glucose 
excursions and poorer glycemic than other groups [6]. 
A meaningful reduction in PAID score was observed in 
teens during the pandemic, with the female sex expe-
riencing a further decrease. However, children did not 
experience meaningful alteration of DD. They argued 
that pandemic-related stress did not interfere with their 
disease management owing to the caregivers’ role [17]. 

The pandemic has created limitations in patients and 
their care, especially in the evaluation of glycemic con-
trol [6]. Adolescents are expected to experience better 
metabolic control than younger people due to their 
adaptability to pandemic conditions and their favor-
able relationship with telemedicine [11]. CGM users 
reported their insulin dose was adjusted by their care-
givers despite changes in lifestyle and PA during the 
pandemic [21]. Also, the different situation of patients 
such as method availability and diabetes technology is 
important because it reduces the stress associated with 
diabetes management by improving glucose metrics 
[23]. Considerably, misinterpretation of glycemic con-
trol analyses should be taken into account due to the 
short duration of the pandemic. For example, to assess 
the role of CGM during a pandemic, efficacy should be 
studied over time among CGM and non-CGM users [6].

COVID-19 is a risk factor for mental health and has 
been demonstrated to increase problems for children 
during the pandemic. Restrictions caused by the pan-
demic induced various psychological changes such as 
depression, anger, sleep disturbances, and anxiety. 
[24]. Socioeconomic status directly impacts the role of 
caregivers and has a two-way relationship with patient 
health status. Therefore, healthcare systems should 
consider programs to manage these conditions [25]. As 
a result, psychological problems have a role in the pa-
tient’s health status and the caregiver’s role. Therefore, 
to clarify the role of these factors in influencing glyce-
mic control, it is better to investigate these factors in the 
long run [10].

Consuming high-calorie diets, reducing daily activities, 
increasing screen time, and decreasing PA time are the 
factors disrupting proper metabolic profiles [25, 26]. An 
important point is to maintain PA and adequate nutri-
tion, the proper implementation of which requires pa-
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tient attention which is as important as insulin therapy 
and the supportive role of caregivers [26, 27]. During a 
pandemic, patients should share their condition with 
their medical team. A strict diet and PA under the strict 
supervision of a medical team have a significant impact 
on metabolic control. An important thing is dietary hab-
its and PA should not be self-reported and having accu-
rate criteria is a suitable solution.

Conclusion

Overall, children and adolescents experienced ade-
quate glycemic control during the pandemic period, in 
which telemedicine played an important role. Manage-
ment of lifestyle, PA, diabetes technology, psychosocial 
health, and socioeconomic status are also potential fac-
tors for improving glycemic control. 

Study Limitations

Large age-specific studies over longer periods are 
needed to more accurately determine the glycemic 
status of patients and the impact of the pandemic. 
Further studies considering the pre-, during-, and 
post-pandemic periods will also help to better assess 
the effects of quarantine on glycemic control in these 
patients. Also, evaluation of the outcomes of self-re-
ported data such as PA and eating habits should be 
analyzed more cautiously.
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