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Background/Objective: To minimize the wide spread of coronavirus disease (COVID-19)
pandemic, Italy was placed in an almost complete lockdown state that forced people to “stay
at home”. Aim of this study was to evaluate the effects of lockdown on glycemic control in
children and adolescents with type 1 diabetes (T1D) followed through telemedicine.

Subjects/Methods: This observational study involved patients with T1D using the real-time
continuous glucosemonitoring (CGM) DexcomG6®. Ambulatory glucose profile data from the
3-months before schools closure (November 26, 2019–February 23, 2020; T0) and from the
3-months of consecutive lockdown (February 24–May 18, 2020; T1) were compared.

Results: Sixty-two children and adolescents (11.1 ± 4.37 years, 50% males) with T1D
(median time disease 3.67 years) were enrolled in the study. Insulin total daily dose was
unchanged, while time spent on physical activities was decreased (p<0.0001). Despite the
lack of statistical significance, median value of the glucose management indicator
decreased from 7.4% to 7.25%. Glucose standard deviation (p<0.0001) and coefficient
of variation (p=0.001) improved across the study. Median time in range increased from
60.5% to 63.5% (p=0.008), time above range decreased from 37.3% to 34.1% (p=0.048),
and time below range decreased from 1.85% to 1.45% (p=0.001).

Conclusions: Overall, in our children and adolescents with T1D glycemic control
improved during lockdown. Despite patients were confined to their homes and limited
to exercise, our data suggest that the use of real-time CGM, the continuous parental
management, and the telemedicine can display beneficial effects on T1D care.

Keywords: COVID-19, telemedicine—utilization, continuous glucose monitoring system, glycemic control, type 1
diabetes, children and adolescents
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INTRODUCTION

On January 9, 2019, the Chinese Center for Disease Control and
Prevention reported the new strain of coronavirus, severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), as the
causative agent of the coronavirus disease-2019 (COVID-19)
that from China spread worldwide in few months (1). TheWorld
Health Organization (WHO) on March 11, 2020 declared
COVID-19 a pandemic health emergency (2). At time of this
paper submission, 21.516.760 cases of COVID-19 have been
confirmed all over the world, including 766.663 deaths, as
reported by the WHO (3). Italy was the first EU country to be
affected by the COVID-19 outbreak and the first autochthonous
case was confirmed on February 21, 2020 in Codogno (Lodi,
Lombardia). To date, 253.915 total cases of COVID-19 with
35.396 (13.9%) deaths have been confirmed in Italy (4) and in
our Region (Emilia-Romagna), one of the most affected by
COVID-19, the latest data update reported 29.575 cases,
including 4.286 deaths. One thousand and nine (3.4%) of
confirmed cases were in young people (≤19 years old) and
among these no death was recorded (5).

In order to reduce the spread of COVID-19, the Italian
Government firstly imposed the closure of all school levels and
organized sport activities in 5 Regions in Northern Italy
(including Emilia-Romagna) from February 23, 2020 (6). The
almost full lockdown began on March 10, 2020 when movement
restrictions, self-isolation, and social distancing were imposed all
over the country (7). Due to the gradual reduction of new
COVID-19 cases, from 18 May to 3 June, 2020 the lockdown
was gradually stopped (8). These lockdown policies disrupted
and overloaded the organization of our National Health System
(NHS). Routine healthcare activities were deferred, so outpatient
services were closed, including those for patients with chronic
diseases. The widespread use of technology in type 1 diabetes
(T1D) care allowed the diabetes team a remote monitoring of
many patients through cloud platforms. Telemedicine was
demonstrated to be an effective tool for diabetes care because it
allows healthcare professionals to keep in touch with T1D
patients (9, 10). According to our regional authorizations,
during lockdown we changed our clinical practices and routine
interactions with patients, switching the face-to-face encounters
to scheduled video or phone visits, as other diabetes centers
already reported (11, 12). Through the telemedicine we
monitored and supported patients at home to avoid possible
repercussions on disease management.
Abbreviations: AGP, ambulatory glucose profile; BMI, body mass index; CGM,
continuous glucose monitoring; COVID-19, coronavirus disease; CSII, continuous
subcutaneous insulin infusion; CV, coefficient of variation; DKA, diabetic
ketoacidosis; GMI, glucose management indicator; MDI, multiple daily
injections; NHS, National Health System; SARS-CoV-2, severe acute respiratory
syndrome coronavirus-2; SD, standard deviation; SDS, standard deviation score;
T1D, type 1 diabetes; TAR, time above range (both >180 and >250 mg/dl); TAR180,
time above range >180 mg/dl; TAR250, time above range >250 mg/dl; TBR, time
below range (both <54 and <70 mg/dl); TBR54, time below range <54 mg/dl;
TBR70, time below range <70 mg/dl; TDD, total daily dose; TIR70-180, time in range
70–180 mg/dl; WHO, World Health Organization.
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During the lockdown for COVID-19 outbreak, children and
adolescents experienced difficulties to comply with the long
period. The availability of technology allowed them to continue
school learning and to ensure social networks by minimizing
negative emotions related to the social isolation (13). However,
due to the suspension of outside structured physical and leisure
activities, housebound children and adolescents with T1D
needed to change their disease care, so concerns about possible
harmful effects on glycemic control were arisen (14). To the best
of our knowledge, studies on how the change in daily activities
and lifestyles during lockdown has affected glycemic control in
subjects with T1D are few and have small samples or short
observation times (15–19).

Theaimof this studywas to investigate the effects ofdaily routine
changes, due to the COVID-19 lockdown, on glycemic control in a
cohort of children and adolescents with T1D using the real-time
continuous glucose monitoring (CGM). This system allowed us to
download detailed data from the generated Ambulatory Glucose
Profile (AGP) report. The primary outcome was to compare AGP
data between the 3-months pre-lockdown and the 3-months of
“stay at home” period. Secondary end points were changes of the
insulin requirement and the time spent on physical activity during
the two periods. The number of acute diabetes-related events was
also recorded.
MATERIALS AND METHODS

Patients and Study Design
This is a real-life, retrospective, and longitudinal observational
study. Subjects were enrolled among children and adolescents
with T1D followed at the Pediatric Diabetes Clinic of the
University of Modena and Reggio Emilia that belongs to
the public NHS and is the only provincial referral Center
for the diabetes care of patients aged ≤18 years. We offer a
multidisciplinary approach according to International guidelines
(20, 21) which costs are totally borne by the NHS. All recruited
patients were on insulin therapy following the standard medical
protocol (22, 23), together with recommendations for self-
monitoring of glucose (23–25), and healthy lifestyle (26, 27).
Inclusion criteria were: age ≥1 year at recruitment, school
attendance (from kindergarten to high school), T1D diagnosed
(28) in our Clinic, regular 3-months clinical follow up
attendance, regular self-monitoring of glucose with real-time
CGM system Dexcom G6® (Dexcom Inc., San Diego, California,
US), sensor data shared with our Clinic to allow the digital
remote monitoring, sensor use ≥70% over the most recent
14 days before both February 24 and May 18, and no transition
frommultiple daily injections (MDI) to continuous subcutaneous
insulin infusion (CSII) or vice versa during study periods.
Exclusion criteria were: other types of diabetes, T1D onset and
diagnosis in another Center, other types of sensor, patients using
Dexcom G6® receiver instead of mobile phones, and documented
chronic complications.

This study was started on February 24, 2020 when schools
have been closed; all variables were collected in two different
observation times (T) and were compared. We evaluated
December 2020 | Volume 11 | Article 595735
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retrospectively the 3-months from November 26, 2019 to
February 23, 2020 (T0) and longitudinally the 85 days of
lockdown (T1: from February 24 to the end of the lockdown
on May 18, 2020) (Figure 1). All data were recorded in the local
pediatric diabetes registry (MyStar Connect data management
software platform) and were anonymously recorded in a
database using an alphanumeric and progressive identification
code. During period T1 the healthcare staff provided diabetic,
dietetic, psychological, and nursing assistance to all patients
through telemedicine.

Our multidisciplinary team fulfill the educational training to
all T1D patients and their caregivers at disease onset. The every
3-months follow-up includes the outpatient visit with the
diabetologist and the nurse, while interviews with the dietician
and the psychologist are carried out every 6 and 12 months,
respectively, unless specific patients’ problems are identified.
Considering the outstanding health crisis that we were
experiencing due to the COVID-19 pandemic, all health
professionals of the diabetes team had at least once
telemedicine visit with all patients during period T1.
Specifically, we stressed the importance to follow a balanced
nutritional program (45%–55% of energy from carbohydrates,
25%–30% from fat, and 15%–20% from protein), to substitute
high-glycemic index carbohydrate with low-glycemic index ones,
to increase dietary fiber intakes, and to eat healthy snacks (27).
Indications on how to reduce the daily energy and nutrient
intakes were provided to patients who significantly reduced their
time of weekly planned and structured physical activities during
the lockdown, but growth, development, and good health
characteristics were also considered in the dietetic approach for
each child and teenager. Finally, patients that were educated in
carbo-counting procedures, mainly CSII users, were helped to
change insulin/carbohydrate ratio and insulin sensitivity factor,
if necessary.

Ethics Statement
This study was included in the existing observational study
approved by the Ethics Committee of the University of
Modena and Reggio Emilia (EC protocol number 330/16).
Parental written informed consent, patient assent/consent, and
Frontiers in Endocrinology | www.frontiersin.org 3
online informed consent to be remotely connected to the
diabetes clinic were obtained before starting the data collection.

Anthropometry
Anthropometric measurements (height and weight) were
collected retrospectively from data recorded during the last
outpatient visit only in period T0. Measurements were
performed according to the Anthropometric Standardization
Reference Manual (29). Body mass index (BMI) was calculated
from weight and height (kg/m2) and standardized to standard
deviation (SD) score (BMI z-score) according to age and gender
using appropriate Italian (30) and WHO growth charts (31).
Pubertal status was assessed using the Tanner maturity
scale (32).

Glycemic Control
Patients’ sensor data were shared with our clinic and were
downloaded from the commercially available web-based cloud
platform (Dexcom Clarity®). We extracted data on glycemic
control from the generated AGP report including: time below
range (TBR; TBR<70 <70 mg/dl; TBR<54 <54 mg/dl), time in
range (TIR70-180 70–180 mg/dl), time above range (TAR;
TAR>180 >180 mg/dl; TAR>250 >250 mg/dl); coefficient of
variation (%CV), glucose management indicator (GMI);
average glucose with SD, and sensor usage. Data were
interpreted according to the International Consensus (33, 34).

Data on the time of weekly planned and structured physical
activities (exercise, including the regularly one performed at
home, i.e. jogging/running, bicycling/treadmill, aerobic play,
dance, gymnastics, etc.) were also collected during outpatient
visit at T0 and during the telemedicine visit at T1.

Insulin Therapy
Insulin delivery method was categorized as MDI (≥4 injection
time-points/day) or CSII (22, 23). Data on insulin doses were
reported as units (IU) per kg per day. Insulin CSII data were
uploaded online to the website Diasend® platform, while insulin
doses in MDI patients were obtained from the reading of the
glycemic diary filled in by patients/parents or were extracted
from the online Dexcom Clarity® platforms.
FIGURE 1 | Timeline of study.
December 2020 | Volume 11 | Article 595735
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During telemedicine visit at T1, we underlined the
importance to deliver insulin dose at the right time before
meals to improve post-prandial glycemia (22, 27).

Acute Diabetes-Related Complications
Severe hypoglycemic and diabetic ketoacidosis (DKA) events
during both the T0 and the T1 period were also collected. Severe
hypoglycemia was defined as an event associated with severe
cognitive impairment requiring assistance to administer
glucagon or take other corrective actions (35). DKA was
defined according to clinical signs associated to biochemical
criteria (36).

Statistical Analysis
Data were checked for normal distribution using the Kolmogorov-
Smirnov test. Continuous data are reported as mean ± SD, and
median, while categorical as absolute frequencies and percent
values. The Wilcoxon matched pairs test was used for
longitudinal comparison of variables recorded before and after
the lockdown, the Mann-Whitney’s U-test for between-group
analysis, and the Pearson c2 for categorical variables when
appropriate. Spearman correlation was used to identify the
relationship between changes in physical activity with changes
in glycemic control metrics during lockdown frame.

Statistical analysis was performed using the STATISTICA™

software (StatSoft Inc., Tulsa, OK, USA). For each test, statistical
significance was considered for p <0.05.
RESULTS

Sixty-two children and adolescents with T1D (11.1 ± 4.37 years)
were enrolled in the study. Half of the participants were males,
pre-pubertal status was recorded in 54.8%, and the T1D duration
Frontiers in Endocrinology | www.frontiersin.org 4
was 4.89 ± 4.23 years. The median height was 0.14 SDS and the
median BMI z-score was 0.05 SDS. Twenty-nine out of 62
subjects (46.8%) were CSII users (Table 1). Specifically, 13 out
of 29 were using the t:slim X2™ pump with basal-IQ predictive
low-glucose-suspend system (Tandem Diabetes Care, San Diego,
CA, US). The other pumps were non-automated insulin delivery
systems including 10 Accu-Chek Insight® pumps (Roche
Diagnostics GmbH, Mannheim, Germany) and 6 Omnipod®

patch pumps (Insulet Corporation, Acton, MA, US). Aspart
insulin was used in all durable devices, while lispro was used
in patch pumps. All the other patients were on MDI with a daily
dose of long-acting analogue (glargine or degludec), regular insulin
twice a day before breakfast and lunch, and a daily short-acting
analogue (lispro) before dinner. No patient was hospitalized
because of COVID-19 nor was quarantined for close contact with
SARS-CoV-2 infected people. Moreover, severe hypoglycemic and
DKA events were never reported during the study.

All patients and/or their caregivers were managed using
telemedicine during lockdown. Video calls were performed
47.0 ± 21.6 days after the beginning of lockdown (median 48.5
days); 21 out of 62 patients had the scheduled video call by the
end of March and they were contacted by the diabetologist with a
second call in early May.

Detailed glycemic control and therapeutic data are reported
in Table 1 and Figure 2 depicts the metrics from the generated
AGP report. We found that the mean values of TIR70-180

significantly increased from T0 to T1 (60.0 ± 13.1 vs. 62.1 ±
13.7%, respectively; p = 0.008; Figure 2A). It was unchanged in
9.7% (n = 6) of patients, while an improvement >1% was found
in 64.5% (n = 40) and a deterioration >1% in 25.8% (n = 16). The
%CV was also improved from T0 to T1 (36.3 ± 5.31 vs. 34.9 ±
4.90%, respectively; p = 0.001; Figure 2B), resulting unchanged
in 17.7% (n = 11) of patients, improved by >1% in 59.7% (n =
37), and deteriorated by >1% in 22.6% (n = 14). Across the study,
TABLE 1 | Clinic, therapy, and glycemic control parameters in children and adolescents with T1D.

Variable/Observation period T0 T1 p

Gender (Males/Females) (%) 31/31 (50/50) 31/31 (50/50) –

Age (years) 11.1 ± 4.37 (10.9) 11.4 ± 4.37 (11.2) <0.0001
T1D time disease (years) 4.89 ± 4.23 (3.67) 5.19 ± 4.22 (3.97) <0.0001
Puberty (NO/YES) (%) 34/28 (54.8/45.2) 34/28 (54.8/45.2) –

Insulin delivery method (MDI/CSII) (%) 33/29 (53.2/46.8) 33/29 (53.2/46.8) –

Meal-Time insulin (IU/kg/day) 0.40 ± 0.14 (0.38) 0.40 ± 0.13 (0.38) 0.546
Basal insulin (IU/kg/day) 0.32 ± 0.13 (0.33) 0.34 ± 0.13 (0.34) 0.027
TDD insulin (IU/kg/day) 0.72 ± 0.22 (0.73) 0.74 ± 0.19 (0.77) 0.186
Physical Activity (h/week) 3.27 ± 2.82 (2.00) 0.24 ± 0.59 (0.00) <0.0001
GMI (%); (mmol/mol) 7.45 ± 0.74 (7.40); 57.9 ± 8.13 (57.4) 7.35 ± 0.72 (7.25); 56.9 ± 7.89 (55.7) 0.069; 0.071
GMI ≤7.0% (YES/NO) (%) 22/40 (35.5/64.5) 21/41 (33.9/66.1) c2 = 34.9; p <0.0001
Average glucose (mg/dl) 167.4 ± 21.6 (166.0) 164.6 ± 21.1 (162.0) 0.058
SD glucose (mg/dl) 60.8 ± 11.8 (61.5) 57.6 ± 10.8 (58.0) <0.0001
%CV (%) 36.3 ± 5.31 (36.1) 34.9 ± 4.90 (34.0) 0.001
TBR<70 (%); TBR<54 (%) 2.63 ± 2.37 (1.85); 0.50 ± 0.63 (0.30) 2.13 ± 2.41 (1.45); 0.34 ± 0.53 (0.20) 0.001; 0.002
TIR70-180 (%) 60.0 ± 13.1 (60.5) 62.1 ± 13.7 (63.5) 0.008
TAR>180 (%); TAR>250 (%) 37.8 ± 13.9 (37.3); 11.4 ± 7.77 (10.0) 35.7 ± 14.4 (34.1); 9.74 ± 7.00 (8.95) 0.048; <0.001
Sensor usage (%) 92.0 ± 11.3 (96.5) 91.8 ± 12.1 (96.5) 0.755
December 2020 | Volum
Continuous data are reported as mean ± SD (median) ; categorical as absolute frequencies (percent values).
CSII, continuous subcutaneous insulin infusion; CV, coefficient of variation; GMI, glucose management indicator; MDI, multiple daily injections; SD, standard deviation; T1D, type 1
diabetes; TAR, time above range; TBR, time below range; TDD, total daily dose; TIR, time in range.
e 11 | Article 595735

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Predieri et al. COVID-19 and T1D Glycemic Control
from T0 to T1, we found a significant decrease in TBR<54 (0.50 ±
0.63 vs. 0.34 ± 0.53%, respectively; p = 0.002; Figure 2C), TBR<70

(2.63 ± 2.37 vs. 2.13 ± 2.41%, respectively; p = 0.001; Figure 2D),
TAR>180 (37.8 ± 13.9 vs. 35.7 ± 14.4%, respectively; p = 0.048;
Figure 2E), and TAR>250 (11.4 ± 7.77 vs. 9.74 ± 7.00%,
respectively; p <0.001; Figure 2F) values. The average glucose
was unchanged, while the median SD of sensor readings
decreased from 61.5 mg/dl to 58.0 mg/dl (p <0.0001).

Despite the lack of statistical significance, GMI median values
slightly decreased from period T0 to T1 (7.40 vs. 7.25%,
respectively; p = 0.069). We found that four out of 22 patients
with GMI ≤7.0% at T0 were worsened at T1 and three out of 40
Frontiers in Endocrinology | www.frontiersin.org 5
patients having GMI >7.0% at T0 improved in period T1 (c2 =
34.9; p <0.0001). All patients stopped outside structured physical
activities during T1 period, but they tried to maintain the same
regular exercise they already did when were at home during T0.
So, we found that time spent on exercise was significantly lower
at T1 compared to T0 (0.24 ± 0.59 vs. 3.27 ± 2.82 h/week,
respectively; p <0.0001), but the insulin total daily dose (TDD)
did not significantly change longitudinally.

Sensor usage <70% was found in four out 62 patients at T0
and in five subjects during T1 period, so the CGM usage did not
significantly change and the sensor was worn for a median time
of 96.5% in both periods.
A B

D

E F

C

FIGURE 2 | Glycemic control data generated from the AGP report 3-months before and after lockdown due to COVID-19 outbreak (T0 vs. T1). Box plot with the
percentage of TIR70-180 (A; p = 0.008), CV (B; p = 0.001), TBR<54 (C; p = 0.002), TBR<70 (D; p = 0.001), TAR>180 (E; p = 0.048), and TAR>250 (F; p < 0.001).
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Lastly, we did not find significant correlation between the
change of the time spent on physical activities (median D = -2.00
h/week) and changes of each glycemic control metric.

All data were also analyzed according to gender (Table S1),
pubertal status (Table S2), and insulin delivery methods
(Table S3).

No gender-specific significant differences were observed in
glycemic control metrics during both periods’ study (Table S1).

Glycemic control data were comparable between pre-pubertal
and pubertal patients at period T0, while at the end of the lockdown
it was worse in pubertal patients than in pre-pubertal ones, as
demonstrated by lower median values of TIR70-180 (53.9 vs. 65.7%,
respectively; p = 0.025) and higher median values of TAR>180 (43.7
vs. 32.0%, respectively; p = 0.015), GMI (7.75 vs. 7.20%,
respectively; p = 0.011), and average glucose (175.6 vs. 159.5 mg/
dl, respectively; p = 0.013) (Table S2). Conversely, median values of
TBR<70 (1.10 vs. 2.00%, respectively; p = 0.002) and %CV (33.2 vs.
35.1%, respectively, p = 0.047) were lower. Analyzing pre-pubertal
and pubertal groups separately, in both groups we demonstrated
that, from period T0 to period T1, the %CV, the SD of sensor
readings, and the time spent on exercise were significantly
decreased (p <0.05). An increase of TIR70-180 values (from 62.7 ±
12.3 to 65.6 ± 11.4%; p = 0.003) as well as a decrease of TAR>180

(from 34.1 ± 12.9 to 31.5 ± 12.1%, p = 0.024) were found only in the
pre-pubertal group, while TBR<70 values were decreased only in the
pubertal group (from 1.99 ± 2.18 to 1.24 ± 1.12%; p = 0.003). All the
other AGP metrics did not significantly change (Table S2).

Lastly, glycemic metrics at the end of lockdown were not
different between patients who were on the MDI and those who
were on the CSII (Table S3). The intra-group analysis allowed us
to identify that in both groups the time spent on exercise and the
SD of sensor readings were significantly decreased (p <0.05) from
period T0 to period T1. The %CV (from 37.4 ± 4.88 to 35.0 ±
3.40%; p <0.001) and the TBR<70 (from 3.11 ± 2.5 to 1.98 ±
1.48%; p <0.0001) values were decreased only in CSII group,
while the TAR>250 decreased only in MDI group (from 11.5 ±
8.36 to 9.31 ± 6.78%; p <0.001).
DISCUSSION

To the best of our knowledge, this real-life observational study is the
first one evaluating the impact of the entire lockdown period due to
the COVID-19 pandemic on glycemic control in children and
adolescents with T1D which were using the real-time CGM system
Dexcom G6® and were followed through telemedicine. We found a
significant improvement of the glycemic control, as suggested by
the increase of TIR70-180 values and the reduction of both TBR and
TAR values. The glucose variability decreased and remained below
the established target of 36% (34), while the median GMI value we
reported at the end of the lockdown frame (7.25%) was comparable
to that recorded in the 3-months before (7.40%). These findings are
amazing considering that children and adolescents with T1D did
not change insulin TDD and had significantly lesser opportunities
to perform physical activities. Despite patients had no access to
outpatient visits because of housebound, they interacted with the
Frontiers in Endocrinology | www.frontiersin.org 6
multidisciplinary diabetes team through telemedicine and the real-
time CGM system together with the remote control access allowed
us to report a large number data on glycemic control.

Measures issued by governments were necessary to avoid
COVID-19 spread, but there were concerns that the prolonged
school closure, the housebound, the limited possibility to exercise,
and the psychologic stress imposed by social distancing could have
had negative consequences on glycemic control in patients with
T1D (37, 38). The main goal of the T1D therapy is to reach a good
glycemic control (25, 39), in order to prevent short- and long-term
complications (40). The beneficial effect of physical activity on
glycosylated hemoglobin (HbA1c) has been extensively investigated
and a meta-analysis showed an overall effect on HbA1c of -0.85%
(14). Data we found in our children and adolescents disagree with
that obtained in adults with T1D in which it was reported a decrease
in exercise and a worst in glucose values (15, 41). Again, glycemic
control in adolescents with T1D using hybrid closed loop system
did not worsen during the restrictions due to COVID-19 pandemic
and further improved in those who continued physical activity
during the first 2-week of quarantine, confirming the importance of
maintaining a regular physical activity also at home (19).

An encouraging aspect that emerges from our patients during the
lockdown frame is that they were able to prevent the worsening of
glycemic control without the necessity to increase insulin TDD
regardless of gender, pubertal status, and insulin delivery method
although they were much more sedentary. However, during
telemedicine visit, we stressed the importance to keep a balanced
nutritional program according to the new time spent on exercise and
we helped patients to change their insulin/carbohydrate ratio and
insulin sensitivity factor. Our observations are reassuring and suggest
that a slowing down of routine activities can have favorable effects on
the glycemic control. We can hypothesize that this improvement,
mainly in young children, could result from the opportunity of a
more regular lifestyle, including scheduled mealtimes without higher
food intake and more frequent snacking, and more time to
concentrate on T1D care by parents who were forced to “stay
home” and by children who were stopped to attend the
school. Moreover, the well-known difficulties to appropriately
modulate carbohydrate intakes and insulin doses in relation to
exercise must to be taken into consideration. Again, elevation of
blood glucose level predicted worse outcomes in hospitalized
patients with COVID-19 (42), so the knowledge that diabetes
worsens the outcomes of COVID-19 (43–45) may have improved
patients’ awareness and compliance to diabetes management.

We showed a better glycemic control in pre-pubertal patients,
compared to those who were in pubertal development status, as
well as the significant increase of the TIR70-180 and the significant
decrease of the TAR from T0 to T1 were found only in the pre-
pubertal group. Moreover, in our patients the median %CV
decreased from 36% to 34% and this improvement was found in
both subgroups. Young people with T1D spend many hours at
school, so trained school-staff is important to provide a safe
environment and it plays a key role in reducing glycemic
variability, mainly in younger children (46, 47). Our data
during the pre-lockdown school period demonstrate a
relatively good glycemic control (median GMI 7.4%, TIR
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60.5%, and %CV 36.1%) and allow us to confirm that the real-
time CGM systems associated with the remote control access
improved the treatment and management of T1D during school
hours. In Italy, the widespread use of CGM and flash glucose
monitoring among people with T1D allowed these patients to be
remotely connected to the clinic through the cloud, but the use of
these technologies in children and adolescents have also bridged the
gap between school and family care capacities. Recently, it was
demonstrated that parents of kindergarten and school children
reported the usefulness and the effectiveness of remote monitoring
and CGM to control glucose excursions (48). The COVID-19
pandemic has forced children and parents to spend many hours
together at home, bringing back diabetes care to parents. Our
observational real-life study confirms the positive effect of
parental care in T1D young children, regardless of the use of new
technologies as previously demonstrated (18, 49).We can speculate
that similar results were not achieved in adolescents because the
managementof thedisease in thesepatients remained in their hands
even during confinement. However, in our adolescents the
lockdown frame had no pejorative effect on glycemic control.
Adolescence is a well-known, high-risk time period for all youths
who experience rebellion and lawlessness. Despite the continuous
advancements in diabetes care, the achievement of a good glycemic
control represents a complex task for patients with T1D, especially
for adolescents (50, 51).We can speculate that childrenweremainly
affected by the quarantine as they are still in need for reassurance
and parental care, and appear uncertain in the management of the
disease because of poor autonomy, while adolescents were not
affected by the quarantine period in their approach to the disease.

The real-world data highlighted that patients using CSII have
a better short- and long‐term glycemic control relative to
matched MDI ones (52). However, we found that glycemic
metrics at the end of the lockdown were not different between
patients who were on MDI and those who were on CSII. Despite
the TIR70-180 was unchanged from period T0 to period T1 in
both groups, TBR and %CV values were significantly decreased
in CSII users, while the TAR>250 improved in MDI group. The
decrease in TBR we found in CSII group can be explained by the
fact that 16 out of 29 children were using non-automated insulin
delivery systems and by the greater parental T1D management in
these patients. Our 3-months effects of lockdown on glycemic
control are similar to those evaluated in the study from Greece
including children with T1D wearing CSII equipped with CGM.
In this study data of 3-weeks before and after lockdown were
compared and no significant difference in insulin TDD and TIR
values was demonstrated. The %CV values significantly
decreased, but they were reported to be above 36% (53).
During the first 2-weeks lockdown period, as compared to the
2-weeks previous, higher TIR values and lower TAR values were
demonstrated in Italian pre-school and school T1D children
using CGM and semi-automated insulin delivery systems, while
TBR was unchanged. However, in this study results were
probably due to a significant increase in insulin boluses (18).

Despite difficulties, both video and phone calls allowed us to
conduct virtual visits with patients and their caregivers and in
our experience, telemedicine was used safely and effectively, as
Frontiers in Endocrinology | www.frontiersin.org 7
previously reported (9, 10). Evidences supporting the use of
telemedicine for glycemic control in patients with T1D are still
lacking (54), while its emerging importance was reported for the
management of other chronic disorders. In patients with type 2
diabetes in a rural community, telemedicine was found to be a
useful tool to share educational and treatment approaches with
the diabetes team, also improving HbA1c values (55).
Telemedicine tools were also demonstrated to be adaptable for
direct consultation inotherhealthcare environments (56, 57) and in
access-poor populations (58). Through telemedicine, we
maintained social distancing, minimized the risk of SARS-CoV-2
transmission, and suggested to patients the strategies to pursue
the better glycemic control.We reinforced the importance of non-
omission of insulin, healthy eating, continuing physical activity at
home, and remaining hydrate to prevent acute complications and
to avoid visit to the Emergency Department. None of our patients
were hospitalized because of COVID-19 nor were quarantined
for close contact with SARS-CoV-2 infected people. To date,
few data on European pediatric COVID-19 have been published,
but specific management strategies were recommended (59).
Children and adolescents seem to be less often affected and to
experience a milder form of illness compared to adults (60–63).
However, uncertainties on treatment options in the pediatric age
are still present. COVID-19 recommendations for children with
T1D were also reported (64), but children with T1D have not
shown different disease pattern or susceptibility to SARS-CoV-2
infection compared to healthy peers (65). As published in a recent
survey, the majority of worldwide diabetes centers did not have
COVID-19 in children with T1D and few cases with mild or
moderate disease course were reported (12).

Finally, in our study glycemic metrics were improved without
anyoutpatientvisits and severehypoglycemic andDKAeventswere
never reported during the two periods. They were probably
prevented by the shared glucose data through Dexcom Clarity®

and the use of telemedicine.
The main strength of our study is the assessment of outcomes

during the entire lockdown period. Moreover, we decided strict
inclusion criteria and recruited in the study only patients using
one specific real-time CGM to avoid the discrepancies in CGM-
derived GMI values between different sensor types (66) and the
false CGM reading due to acetaminophen interference (67), if
administered for any reason.

The study has some limitations: first, it is a single-center study;
secondly, diet characteristics were not fully analyzed. We
acknowledge that detailed information to interpret the drivers of
glucose control during lockdown, such as consumption of snacks,
were not available and should be investigated in future studies.
Moreover, our data refer to children and adolescents with T1D
having a relatively good glycemic control and showing frequent
sensor use prior the inclusion in the study, so results may not be
generalizable to patients with poorer control or not using real-time
CGM. On the other hand, the COVID-19 pandemic has
highlighted disparities between those who do and do not have
access to technology (68).

In conclusion, despite the limitations of lockdown due to the
COVID-19 pandemic and the significant decrease of time spent on
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physical activity, we report an improvement of glycemic control
and no increase in acute complications events in children and
adolescents with T1D using real-time CGM during the 3-months
lockdown. These results seem to be very encouraging and highlight
the importance of a more stable rhythm of life and a more constant
parental diabetes care in young children regardless from gender,
pubertal status, and method of insulin administration. Finally, our
study emphasizes the usefulness of telemedicine in situations of
forced isolation. We live in a world where the web access is now a
necessity and the advancement of continuously connected devices
allows the easy flow of data from patient to physician, for those
using such devices, during a health crisis period. In our study we
used instruments that are already adopted in many other Diabetes
Centers. Therefore, we believe that our results offer a reproducible
model useful for the future clinical practice during other pandemic
events and for further researches, not only in the diabetic field but
probably also in other chronic diseases.
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