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Aims: The purpose of the study was to evaluate the impact of the lockdown established
by the Italian government to limit the spread of Coronavirus disease (COVID-19) on
glycemic control in a large sample of patients with type 1 diabetes (T1D) based on age,
type of insulin therapy, number of telemedicine visits and physical activity.

Material and Methods: We retrospectively evaluated glycemic control in young T1D
patients using the DexcomG6® system before the Italian lockdown (February 10–23, 2020
—Time 0) and during lockdown (April 17–30, 2020—Time 1). Data on age, type of insulin
therapy, number of telemedicine visits and physical activity of 202 patients with T1D and a
median age of 18.2 years (range: 6–39) were collected.

Results: Data showed a significant improvement of TIR from 54.58% at T0 to 59.09% at
T1 (p ≤0.0001). Glycemic control improved significantly in patients ≥14 years old, showing
the best outcome in the “university students and young adults” group (55.40% at T0 and
61.37% at T1, p ≤0.001). All patients reduced physical activity during lockdown; in the 56
patients of “intense physical activity” group both at T0 and T1 TIR increased from ±56.91
to 64.11% (p ≤0.0001).

Conclusions: Overall, the lockdown led to an unexpected improvement in glycemic
control of young patients with T1D. A healthier and stressless lifestyle changes in
association with the maintenance of physical activity resulted in a significant age-
proportional improvement in glycemic control.
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INTRODUCTION

At the beginning of 2020, Coronavirus rapidly spread in many
areas of the world, causing great public health concerns
(1, 2). Coronavirus disease (COVID-19), if associated to
diabetes mellitus, is characterized by higher mortality in adult
patients (3–6). However, some reports suggest that in T1D
patients younger than 25 years, the infection shows less severe
and fairly similar clinical characteristics to healthy children and
young people of the same age, who rarely require hospitalization
(7–11). The contagiousness, clinical characteristics and mortality
of infections due to the new COVID variants are not yet fully
understood and may be different from those reported in the
studies mentioned. To reduce the spread of Coronavirus, some
governments have established restrictive policies. In particular,
the Italian Government has ordered the first emergency
measures starting from February 23, 2020 (suspension of
school, sports activities and meetings) and a national
quarantine starting from March 9, 2020 (movement restricted
except for necessity). These restrictions may have negatively
impacted glycemic control in T1D patients by reducing
physical exercise and encouraging a sedentary lifestyle (12).
Furthermore, during the lockdown period, all scheduled
outpatient and hospital activities were suspended except for
emergencies and telemedicine became the only and powerful
tool to assess glycemic control (13).

Continuous glucose monitoring (CGM) is widely recognized
as an extremely useful tool to monitor and improve glycemic
control in T1D patients. It is well established that parameters
indicating a good metabolic control are no longer limited to
the concept of HbA1c alone, but they are extended also to
”time in range” (TIR = 70–180 mg/dl), ”time below range”
(TBR <70 mg/dl), and ”time above range” (TAR >180 mg/dl)
(14–18).

Despite the concerns of diabetologists, some studies
unexpectedly showed that glycemic control in T1D patients
remained stable or improved during the lockdown period (19–
34). However, these studies included both small and over-
selected samples of patients, with different treatment schedules
or adult patients. In contrast, one study in which non-CGM users
were included showed worsening of glycemic control in children
with type 1 diabetes (33).

The aim of our study was to evaluate the glycemic control in a
large sample of young T1D patients during the lockdown period
with particular attention to the role of age, type of insulin
therapy, number of telemedicine visits and physical activity.
MATERIAL AND METHODS

Study Design and Study Population
This retrospective observational cohort study included young
T1D patients followed at the G. Gaslini Hospital, Regional
Diabetes Center (IRCCS Istituto Giannina Gaslini, University
of Genova, Italy), aged 6–39 years old, who were using the
Dexcom G6® CGM system with a percentage of use> 70%.
Patients with T1D diagnosed after February 10, 2019 and
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patients with psychiatric disorders, pregnancy and in chronic
therapy with drugs that interfere with glycemic control (such as
corticosteroids or chemotherapy) were excluded.

Because of the retrospective nature of the study the ethic
approval and informed consent already signed by parents and/or
patients at the disease onset and renewed yearly, in which they
agree on the use of clinical data for research purposes, were used.
In addition, all parents and patients provided a specific informed
consent for the collection of data.

The study was conducted in accordance with the Declaration
of Helsinki and International Conference on Harmonization
Good Clinical Practice.

Study Outcomes
The primary outcome was to compare the percentage of TIR
(70–180 mg/dl), TAR (>180 mg/dl), and TBR (<70 mg/dl) in the
period immediately preceding the lockdown (Italian DPCM of
March 9, 2020) and during the lockdown period in young T1D
patients using the Dexcom G6® CGM system for glucose
monitoring. The secondary endpoints were to evaluate changes
in glycemic control in relation to age, type of insulin therapy
(multiple daily injection—MDI or continuous subcutaneous
insulin infusion—CSII), number of telemedicine visits and
physical activity.

Data Collection
We gathered data on glycemic control from the Dexcom Clarity
software® reports of observation in the frame time of 2 weeks.
We decided to compare data of the 14 days before the lockdown
(February 10–23, 2020—Time 0) and data of 14 days during the
lockdown period (April 17–30, 2020—Time 1).

We identified 202 patients (53% male) who fulfilled the study
eligibility criteria. The following data were collected for each
patient: demographic data (age and gender), age at clinical
onset of T1D, type of insulin therapy (MDI or CSII), number of
telemedicine visits in the period from Time 0 (T0) to Time 1 (T1).
In addition, we collected information on physical activity before
and after lockdown (T0 and T1). We defined “none physical
activity” as the total lack of physical activity, ”regular physical
activity” as exercise time of less than 3 h per week and “intense
physical activity” as exercise time of at least 3 h per week.

For the stratified data analysis, we divided patients into age
groups according to the Italian career school path: “primary
school children” (≥6 yrs; <10 yrs), “first grade secondary school
children” (≥10 yrs; <14 yrs), “second grade secondary school
students” (≥14 yrs; <18 yrs), and “university students and young
adults” (≥18 yrs).

Statistical Methods
Data are described as mean and standard deviation (SD)
or median and IQR for continuous variables, and as absolute
and relative frequencies for categorical variables. The normal
distribution of the variables was assessed using the Kolmogorov–
Smirnov test. Non-parametric analysis (Mann–Whitney U-test,
Kruskal–Wallis test, Wilcoxon test) for continuous variables and
the Chi square or Fisher’s exact test for categorical variables were
used to measure differences between groups. Multivariate
July 2021 | Volume 12 | Article 690222
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analysis was performed to analyze the association between
glycemic control (glycated hemoglobin and TIR) and exercise
subgroup, age, number of telemedicine visits, gender and type of
insulin therapy before and during the lockdown. P values ≤0.05
were considered statistically significant, and all P values were
based on two tailed tests. Statistical analysis was performed using
SPSS for Windows (SPSS Inc., Chicago, Illinois USA).
RESULTS

The median age of the 202 participants at observation was 17
years (range: 6–39 yrs) with a mean of 18.30 ± 6.43 yrs; median
age at T1D onset was 8 years (range: 1–20 yrs) with a mean of
8.10 ± 4.18 yrs; median duration of disease was 9 years (range:
1–31 yrs) with a mean of 10.20 ± 6.72 yrs. Among the 202
patients included, 168 (83.2%) used CSII and 34 (16.8%) used
MDI; 112 patients (55.4%) made a single telemedicine visit, 48
(23.8%) did not perform any visit and 42 (20.8%) made two or
more telemedicine visits during the lockdown period. The
population studied was divided into the following age groups:
7 (3.5%) ”primary school children”, 42 (20.8%) ”first grade
secondary school children”, 58 (28.7%) ”second grade
secondary school students” and 95 (47.0%) ”university students
and young adults” (Table 1). No patient contracted COVID
infection during the study period.

Exercise time was collected at T0 for 194/202 patients, of
whom 38 (19.6%) did not engage in physical activity, 27 (13.9%)
Frontiers in Endocrinology | www.frontiersin.org 3
engaged in regular physical activity (<3 h per week) and 129
(66.5%) engaged in intense physical activity (≥3 h per week).

The mean percentage of TIR increased from 54.58 ± 16.7 %
at T0 to 59.09 ± 17.7% at T1 (p ≤0.0001), which corresponded
to +4.5 percentage points; this mean difference amounted to 1.1 h
per day spent in TIR (Table 2). The difference in the percentage of
TAR (>180 mg/dl) was −4.0 percentage points (42.48 ± 17.78% at
T0 vs 38.50 ± 18.45% at T1, p ≤0.0001), a difference that
amounted to 1.0 h per day. The difference in the percentage of
TAR >250 mg/dl was −3.5 percentage points (16.25 ± 12.31% at
T0 vs 12.81 ± 11.59% at T1, p ≤0.0001), a difference that
amounted to 48 min per day. The difference in the percentage
of TBR (<70 mg/dl) was −0.4 percentage points (2.83 ± 2.91% at
T0, 2.38 ± 3.06% at T1, p ≤0.002), a difference that amounted to
6 min per day. The difference in the percentage of TBR <54 mg/dl
was −0.1 percentage points (0.59 ± 0.92% at T0, 0.48 ± 1.06% at
T1, p ≤0.0001).

Data also showed a significant decrease of mean glycemic
values (176.16 ± 29.87 mg/dl at T0 and 170.18 ± 30.14 mg/dl at
T1, p ≤0.0001) and estimated HbA1c (7.76%—61 mmol/mol at
T0 and 7.56%—59 mmol/mol at T1, p ≤0.0001) (Table 2).

Multivariate analysis was performed to determine the
prognostic factors affecting glycemic control (glycated
hemoglobin and TIR). Age, exercise subgroup, number of
telemedicine visits, gender and type of insulin therapy before
and during the lockdown were not significant.

Regarding the different age groups analyzed, glycemic control
improved, although not statistically significant, in “primary
school children” group (TIR 58.33 ± 21.14% at T0 and 61.49 ±
19.76% at T1) and remained almost stable in the “first grade
secondary school children” group (TIR 55.74 ± 16.30% at T0 and
56.84 ± 16.91% at T1). On the other hand, glycemic control
significantly improved in the “second grade secondary school
students” group (51.96 ± 16.73% at T0 and 56.71 ± 19.42% at T1,
p ≤0.005) and even more in the “university students and young
adults” group (55.40 ± 16.53% at T0 and 61.37 ± 16.62% at T1, p
≤0.001) (Table 3). A statistically significant reduction in the
weekly sports hours was observed in all groups: in ”primary
school children” group (4.36 ± 0.94 h at T0 and 0.14 ± 0.38 h at
T1, p = 0.02), in “first grade secondary school children” group
(6.01 ± 4.06 h at T0 and 1.82 ± 2.32 h at T1, p ≤0.0001), in
“second grade secondary school students” group (5.14 ± 4.20 h at
T0 and 2.72 ± 3.40 h at T1, p ≤0.0001and in “university students
and young adults” group (3.74 ± 4.33 h at T0 and 2.7 ± 3.49 h at
T1, p <0.03) (Figure 1).

All patients, regardless of age group, reduced the weekly
hours of physical activity during the lockdown and changed
their sports habits; 86.8% of patients who did not exercise at T0
continued to be sedentary, 29.6% of patients who were engaged
in regular physical activity became sedentary and 40.7% started
exercising intense physical activity. In addition, 27.9% of patients
who did intense physical activity became sedentary, 28.7%
reduced their weekly sports hours and 43.4% maintained their
habits. At T1, stratifying by age groups, there was an important
reduction in physical activity in the “first and second grade
secondary school students” groups (10 to 18 years old), and a
TABLE 1 | Demographic data, type of insulin therapy and weekly exercise time
at T0.

(n = 202)

Age at evaluation yrs, mean ± SD 18.30 ± 6.43
median (range) 17 (6–39)

Age at T1D onset yrs, mean ± SD 8.10 ± 4.18
median (range) 8 (1–20)

N (%)
Gender
Female N (%) 95 (47)
Male N (%) 107 (53)

Type of insulin therapy
CSII N (%) 168 (83.2)
MDI N (%) 34 (16.8)

Telemedicine visit
None N (%) 48 (23.8)
Single visit N (%) 112 (55.4)
2 or more visits N (%) 42 (20.8)

School grade
Primary school N (%) 7 (3.5)
First grade secondary school N (%) 42 (20.8)
Second grade secondary school N (%) 58 (28.7)
University students/young adults N (%) 95 (47.0)

Physical activity, exercise time
No physical activity N (%) 38 (19.6)
Physical activity <3 h per week N (%) 27 (13.9)
Intense physical activity ≥3 h wks N (%) 129 (66.5)
CSII, continuous subcutaneous insulin infusion; MDI, multiple daily injection.
July 2021 | Volume 12 | Article 690222
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slighter reduction in the “university students and young adults”
group (>18 years old). Only one child out of seven in the
“primary school children” group maintained physical activity
(Table 4).

The pre-lockdown (T0) differences in glycemic control in
relation to exercise were not statistically significant, although TIR
was proportionally higher in relation to the weekly hours of
physical activity: TIR 51.56 ± 16.74% in the “none activity”
group, 55.51 ± 14.41% in the “regular physical activity” group
and 55.63 ± 17.18% in the “intense physical activity” group; the
same difference in glycemic control is observed during the
lockdown: TIR 54.12 ± 17.01% in the “none activity” group,
59.69 ± 19.30% in the “regular physical activity” group and 63.98
Frontiers in Endocrinology | www.frontiersin.org 4
± 16.29% in the “intense physical activity” group. Furthermore,
there is a statistically significant difference in glycemic control
between the “no activity” group (n 77—TIR 54.12 ± 17.0 %), and
the “intense physical activity” group (n 71—TIR 63.98 ± 16.3 %)
at T1 (p value 0.0001) (Table 5).

We analyzed the data relating to the 129 patients belonging to
the “intense physical activity” group at T0; we observed that the
56 subjects included in the “intense physical activity” group both
at T0 and at T1 showed a statistically significant improvement in
glycemic control in the lockdown period compared to the “none
activity” group (54.76 ± 16.04% vs 64.11 ± 16.29%, p = 0.006)
(Table 6). Moreover, the mean percentage of TIR increased from
56.91 ± 17.13% at T0 to 64.11 ± 16.29% at T1 (p ≤0.0001).
TABLE 3 | Secondary outcome: Glycemic control in relation to age groups at T0 and T1.

Age ≥6 y <10 y (N = 7) Age ≥10 y <14 y (N = 42) Age ≥14 y <18 y (N = 58) Age ≥18 y (N = 95)

T0 T1 p-value T0 T1 p-value T0 T1 p-value T0 T1 p-value
Mean ±

SD
Median
(IQR)

Mean ±
SD

Median
(IQR)

Mean ±
SD

Median
(IQR)

Mean ±
SD

Median
(IQR)

Mean ±
SD

Median
(IQR)

Mean ±
SD

Median
(IQR)

Mean ±
SD

Median
(IQR)

Mean ±
SD

Median
(IQR)

Coefficient of
variation (%)

36.99 ±
9.19

34.07 ±
5.25

0.24 37.55 ±
6.02

34.13 ±
5.68

≤0.0001 36.92 ±
5.24

36.13 ±
5.34

0.31 35.82 ±
5.66

34.27 ±
6.02

0.001

SD (mg/dL) 61.14 ±
15.91

55.29 ±
13.34

0.07 65 ± 14.01 58.43 ±
11.74

≤0.0001 67.33 ±
15.52

63.40 ±
15.08

0.002 62.28 ±
13.27

57.16 ±
13.43

≤0.0001

HbA1c (%) 7.54 ± 1.08 7.33 ± 1.12 0.15 7.66 ± 1.01 7.62 ± 0.96 0.53 7.95 ± 1.09 7.76 ± 1.31 0.03 7.71 ± 1.02 7.42 ± 0.89 ≤0.0001
TIR (%) 58.33 ±

21.14
61.49 ±
19.76

0.50 55.74 ±
16.30

56.84 ±
16.91

0.28 51.96 ±
16.73

56.71 ±
19.42

0.005 55.40 ±
16.53

61.37 ±
16.62

≤0.0001

TAR (%) 39.21 ±
22.25

35.27 ±
20.99

0.13 40.31 ±
16.77

40.96 ±
17.78

0.97 45.38 ±
18.01

40.84 ±
20.75

0.02 41.92 ±
17.79

36.22 ±
16.98

≤0.0001

TAR >250 mg/
dl (%)

12.07 ±
11.14

9.56 ±
11.15

0.50 16.36 ±
12.86

12.74 ±
9.99

0.01 18.63 ±
12.13

16.22 ±
15.09

0.004 15.06 ±
12.18

11.01 ±
9.30

≤0.0001

11.65
(16.40)

10.70
(11.85)

120 (21.60) 12.30
(16.70)

8.50
(15.70)

TBR (%) 2.49 ± 3.09 3.24 ± 3.25 0.12 3.34 ± 3.36 2.20 ± 2.51 0.002 2.60 ± 2.41 2.32 ± 2.14 0.39 2.77 ± 3.0 2.42 ± 3.70 0.04
2.50 (3.70) 1.40 (2.70) 1.80 (3.00) 1.60 (3.00) 1.80 (3.60) 1.30 (2.30)

TBR <54 mg/
dl (%)

0.79 ± 1.60 0.87 ± 1.32 0.35 0.80 ± 1.17 0.49 ± 0.94 0.03 0.52 ± 0.79 0.40 ± 0.50 0.58 0.53 ± 0.79 0.49 ± 1.32 0.06
0.20 (0.20) 0.40 (0.60) 0.40 (0.80) 0.20 (0.70) 0.20 (0.50) 0.20 (0.60) 0.20 (0.50) 0.10 (0.40)

Mean glucose
(mg/dl)

169.7 ±
30.87

163 ±
31.34

0.09 173.43 ±
29

172 ±
27.43

0.43 181.6 ±
31.41

175.9 ±
37.64

0.02 174.6 ±
29.23

166.4 ±
25.54

≤0.0001

Sport (hours/
week)

4.36 ± 0.94 0.14 ± 0.38 0.02 6.01 ± 4.06 1.82 ± 2.32 ≤0.0001 5.14 ± 4.20 2.72 ± 3.40 ≤0.0001 3.74 ± 4.33 2.77 ± 3.49 0.03
0.00 (0.00) 5.00 (3.75) 1.00 (2.00) 4.00 (4.00) 2.00 (4.00) 3.00 (5.40) 2.00 (4.00)
July
 2021 | Volum
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SD, standard deviation; TIR, time in range (70–180 mg/dl); TAR, time above range (>180 mg/dl); TAR >250, time above range (>250 mg/dl); TBR, time below range (<70 mg/dl); TBR <54,
time below range (<54 mg/dl). bold = statistically significant values.
TABLE 2 | Primary outcome: Glycemic control at T0 and T1.

T0 (N = 202) T1 (N = 202) p-value

Coefficient of variation (%) 36.53 ± 5.76 34.76 ± 5.76 ≤0.0001
SD (mg/dl) 64.26 ± 14.26 59.15 ± 13.78 ≤0.0001
HbA1c (%) 7.76 ± 1.04 7.56 ± 1.05 ≤0.0001
TIR (%) 54.58 ± 16.67 59.09 ± 17.65 ≤0.0001
TAR (%) 42.48 ± 17.78 38.50 ± 18.45 ≤0.0001
TAR >250 mg/dl (%) 16.25 ± 12.31 12.81 ± 11.59 ≤0.0001
TBR (%) 2.83 ± 2.91 2.38 ± 3.06 ≤0.002
TBR <54 mg/dl (%) 0.59 ± 0.92 0.48 ± 1.06 ≤0.01
Mean glucose value (mg/dl) 176.16 ± 29.87 170.18 ± 30.14 ≤0.0001
Sport (hours/week) 4.64 ± 4.24 2.46 ± 3.22 ≤0.0001
SD, standard deviation; TIR, time in range (70–180 mg/dl); TAR, time above range (>180 mg/dl); TAR >250, time above range (>250 mg/dl); TBR, time below range (<70 mg/dl); TBR <54,
time below range (<54 mg/dl).
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DISCUSSION

In our study we analyzed the data of 202 young T1D patients in the
period before and during the lockdown. All CGM parameters of
glycemic control improved significantly during the lockdown
period (TIR, TAR, TBR, median blood glucose and estimated
HbA1c), despite the significant reduction in hours of physical
activity. This improvement could be due to changes in daily
rhythms caused by the closure of schools, universities, sport
trainings and extra-school activities, and most likely both from
greater parental controls and ease of diabetes management
(waiting times between insulin administration and the start of
meal, accurate carbohydrate count) (35, 36). Therefore, the
negative effect due to the reduction in weekly sports activity was
completely offset and overcome by the positive ”lockdown effect”,
an effect in fact opposite to what was initially predicted by
clinicians, but in line with the data available in the literature.
Studies in the adult population showed improvement in glycemic
control (19–28) unlike those on the pediatric and adolescent
population which showed discordant data. Tornese et al. (29)
showed glycemic improvement in a small and selected sample of
patients (13 subjects, hybrid closed loop—HCL users). Brener et al.
(30) showed a relatively stable glycemic control in pediatric
patients with T1D and an association between a lower
socioeconomic cluster and TIR in younger patients.
Cristophoridis et al. (31) demonstrated that TIR did not differ
Frontiers in Endocrinology | www.frontiersin.org 5
significantly before and during the lockdown period; this study was
conducted on a larger number of selected patients (34 subjects,
predictive low glucose suspend—PLGS users). Di Dalmazi et al.
(32) showed the improvement in CGM metrics in children and
adults during lockdown, whereas TIR remained unchanged in
teenagers. A study conducted in India by Verma et al. (33) showed
a worsening in the glycemic trend of pediatric patients; only SMBG
data monitoring were analyzed in this study and glycemic control
deteriorated mainly due to unavailability of inuslin/glucostrips
during the lockdown period. Another study conducted in India by
Shah et al. (34) showed a stable glycemic control in children during
lockdown, highlighting importance of stronger family support
system leading to more steady daily routine. Therefore, we
decided to collect data from a large population of children,
adolescents and young adults, not overly selected for the type of
therapy, and to stratify the data analysis by age groups, to clarify
the effect of age on glycemic control during the lockdown.

The data show a reduction in physical activity across the
study population. In Italy, the restrictions imposed by the
government have greatly reduced the possibilities of
participating in sports outside. Gyms, swimming pools, sports
fields and playgrounds have been closed. In addition, the
sports clubs have suspended activities and training. The only
sports allowed were in-home activity or running alone in the
neighborhood. There were no major changes in climatic
conditions between T0 and T1 (+4°C in mean temperature,
TABLE 4 | Study population divided by age and by sport group at T0 and T1 (N = 194).

T0 T1

No sport (N = 38) Sport <3 h (N = 27) Sport ≥3 h (N = 129) No sport (N = 77) Sport <3 h (N = 46) Sport ≥3 h (N = 71)

N (%) N (%) N (%) N (%) N (%) N (%)

Age ≥6 y <10y (N = 7) 0 0 7 (100) 6 (85.7) 1 (14.3) 0
Age ≥10 y <14 y (N = 40) 2 (5) 4 (10) 34 (85) 14 (35) 18 (45) 8 (20)
Age ≥14 y <18 y (N = 57) 8 (14) 8 14) 41 (72) 23 (40.4) 10 (17.5) 24 (42.1)
Age ≥18 y (N = 90) 28 (31.1) 15 (16.7) 47 (52.2) 34 (37.8) 17 (18.9) 39 (43.3)
July 2021 | Volume
FIGURE 1 | Changes in weekly sports hours for each age at T0 (before the lockdown) and at T1 (lockdown period). Only one children of seven in “primary school
children” group maintained physical activity (Table 4).
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and +3 rainy days between T0 and T1). The stratified analysis of
data by age group raises some interesting considerations. In the
group of “primary school children” a reduction in sports activity
was observed during the lockdown. Despite the small number of
Frontiers in Endocrinology | www.frontiersin.org 6
patients in this group and the unclear reasons for such reduction,
it is reasonable to believe that it was not possible for the parents
to have their children carry out the physical activity that was
regularly scheduled in sports center and the children did not
TABLE 5 | Secondary outcome: Glycemic control in relation to physical activity at T0 and T1 (N = 194).

T0 T1

No sport
(N = 38)

Sport <3
h (N =
27)

Sport ≥3
h (N =
129)

p-value No
sport vs

Sport <3 h

p-value No
sport vs

Sport ≥3 h

p-
valueSport
<3 h vs

Sport ≥3 h

No sport
(N = 77)

Sport <3
h (N =
46)

Sport ≥3
h (N =
71)

p-value No
sport vs

Sport <3 h

p-value No
sport vs

Sport ≥3 h

p-value
Sport <3 h
vs Sport ≥3

h

Mean ±
SD

median
(IQR)

Mean ±
SD

median
(IQR)

Mean ±
SD

median
(IQR)

Mean ±
SD

median
(IQR)

Mean ±
SD

median
(IQR)

Mean ±
SD

median
(IQR)

Coefficient
of variation
(%)

36.47 ±
5.88

34.48 ±
5.99

36.92 ±
5.73

0.17 0.68 0.04 35.39 ±
5.47

33.06 ±
5.91

35.09 ±
6.04

0.02 0.58 0.09

SD (mg/dl) 66.71 ±
15.53

61.07 ±
15.04

63.96 ±
13.97

0.19 0.40 0.28 63.04 ±
14.18

55.72 ±
12.94

57.14 ±
13.47

0.01 0.02 0.78

HbA1c (%) 8.02 ±
1.13

7.77 ±
0.87

7.67 ±
1.05

0.56 0.15 0.49 7.85 ±
1.11

7.53 ±
1.12

7.28 ±
0.89

0.11 0.002 0.26

TIR (%) 51.56 ±
16.74

55.51 ±
14.41

55.63 ±
17.18

0.42 0.25 0.86 54.12 ±
17.01

59.69 ±
19.30

63.98 ±
16.29

0.07 0.0001 0.28

TAR (%) 49.90 ±
18.13

42.83 ±
15.38

41.07 ±
18.23

0.63 0.21 0.56 44.57 ±
18.04

38.32 ±
20.42

33.24 ±
16.52

0.09 0.001 0.19

TAR >250
mg/dl (%)

18.94 ±
14.45

13.97 ±
10.04

15.78 ±
12.19

0.25 0.30 0.64 16.07 ±
13.09

12.16 ±
12.16

9.94 ±
8.91

0.05 0.002 0.63

15.25
(22.60)

11.40
(16.10)

12.30
(17.80)

13.50
(18.50)

8.55
(17.30)

8.70
(10.60)

TBR (%) 2.71 ±
3.13

1.53 ±
2.14

3.11 ±
2.96

0.07 0.25 0.001 2.32 ±
2.64

2.0 ±
2.24

2.66 ±
3.95

0.53 0.70 0.29

2.05
(3.70)

0.70
(1.30)

2.10
(3.50)

1.30
(2.80)

1.20
(3.10)

1.60
(2.80)

TBR <54
mg/dl (%)

0.41 ±
0.59

0.41 ±
1.01

0.67 ±
0.98

0.06 0.29 0.003 0.51 ±
0.96

0.29 ±
0.41

0.58 ±
1.44

0.23 0.62 0.48

0.20
(0.40)

0.10
(0.30)

0.30
(0.70)

0.20
(0.50)

0.10
(0.40)

0.10
(0.50)

Mean
glucose
(mg/dl)

183.47 ±
33.66

176.19 ±
24.79

173.59 ±
30.18

0.50 0.15 0.51 178.45 ±
31.89

169.3 ±
32

162.3 ±
25.45

0.11 0.002 0.30
July 2021 | V
olume 12 | A
SD, standard deviation; TIR, time in range* (70–180 mg/dl); TAR, time above range (>180 mg/dl); TAR >250, time above range (>250mg/dl); TBR, time below range (<70 mg/dl); TBR <54,
time below range (<54 mg/dl). bold = statistically significant values.
TABLE 6 | Analysis of the data at T1 of the 129 patients belonging to the “intense physical activity” group at T0.

T1(N = 129)

No sport
(N = 36)

Sport <3 h
(N = 37)

Sport ≥3 h
(N = 56)

p-value
no sport vs <3 h

p-value
no sport vs ≥3 h

p-value sport
<3 h vs ≥3 h

Mean ± SD Mean ± SD Mean ± SD

Coefficient of variation (%) 36.13 ± 5.42 33.42 ± 4.96 35.52 ± 6.38 0.02 0.52 0.06
SD (mg/dl) 63.64 ± 14.04 56.84 ± 11.90 57.55 ± 13.83 0.05 0.07 0.96
HbA1c (%) 7.77 ± 1 7.59 ± 1.2 7.25 ± 0.88 0.36 0.01 0.17
TIR 54.76 ± 16.04 58.17 ± 20.46 64.11 ± 16.28 0.29 0.006 0.16
TAR 42.84 ± 17.29 39.66 ± 21.79 32.72 ± 16.35 0.35 0.006 0.12
TAR >250 (mg/dl) 15.31 ± 11.24 13.42 ± 12.78 9.80 ± 8.76 0.25 0.01 0.31
TBR 2.41 ± 2.79 2.18 ± 2.27 3.02 ± 4.31 0.66 0.43 0.24
TBR <54(mg/dl) 0.57 ± 1.11 0.32 ± 0.44 0.68 ± 1.59 0.42 0.86 0.50
Mean glucose (mg/dl) 176.30 ± 28.71 171 ± 34.33 161.4 ± 25.21 0.34 0.01 0.19
bold = statistically significant values.
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participate consistently in online workouts. Furthermore,
younger patients are already normally under strict control of
adults and the chances of not respecting the behaviors for the
correct management of diabetes are rare even outside lockdown
conditions; this could explain the less beneficial “lockdown
effect” on glycemic control in this age group than in the others.

The data show that glycemic improvement increases
proportionally to the age of the patients. Daily stress has a
negative impact on glycemic control and is greater in puberty,
adolescence and adulthood (36) and although quarantine was a
stressful psychological condition, it seems that the young patients
have reacted with high levels of resilience to this situation (37). In
addition, teenagers and young adults are less controlled by parents,
may not follow adequate behaviors for the correct management of
therapies and have a much worse dietary lifestyle (dinners out of
home, aperitifs, snacks) than children. It is also interesting to point
out that during the lockdown the Italian families rediscovered the
pleasure of cooking simpler and healthier products at home (during
the lockdown in the Italian supermarkets the stocks of yeast and
flour ran out); therefore, the consumption of ready-made, processed
foods and fast-foods has decreased and the whole population seems
to have followed a healthier Mediterranean diet (38).

The study shows some interesting aspects on the role of
physical activity on glycemic control during the lockdown. The
beneficial effects of sport in young T1D patients are widely known
(12), although this is not reflected in the data of this study. The
sub-analysis of 129 patients included in “intense physical activity”
group at T0 (≥3 h per week) showed the effect of changing sport
habits during the lockdown: patients who stopped exercising at
T1 did not improve their glycemic control, while those who
continued to do physical activity improved TIR in proportion to
the weekly sports hours practiced. The sub-analysis of 56 patients
included in “intense physical activity” group both at T0 and at T1
shows a significant improvement in glycemic control during the
lockdown (+7.2% points of TIR). Therefore, the beneficial
”lockdown effect” appears to be completely lost in patients who
have adopted a sedentary lifestyle during the lockdown, while it is
extremely enhanced in patients who have continued to exercise.

The role of technology in diabetes management is well known
in our Regional Pediatric Diabetes Center and more than the 75%
of our patients were already CGM users before the lockdown. In
contrary to what was hypothesized in some other studies with a
much smaller number of patients, the role of telemedicine does
not seem relevant in obtaining better glycemic control during
lockdown in T1D young patients (39–42). Our experience shows
that the use of CGM and telemedicine has certainly played an
important role for diabetes teams in maintaining contact with
their patients and in continuing to support them in managing the
disease, despite the fact that the number of visits does not
correlate with better glycemic control. Our data allow us to
conclude that glycemic improvement is not due to the
increased support of the diabetes staff; in fact, the patients who
required more telemedicine visits were those characterized by a
worse metabolic control and who therefore needed more support.

Several studies have shown the role of socio-economic status
in glycemic control during lockdown, highlighting the
Frontiers in Endocrinology | www.frontiersin.org 7
correlation of socio-economic deprivation and reduction of
time in range in adults and the correlation between age, socio-
economic status and glycemic control in children with T1D (30).
In this study we did not collect data on the socio-economic status
of patients and their families. Our clinical experience has shown
greater difficulty in maintaining good glycemic control during
lockdown in patients with lower socioeconomic status. In this
complicated period, the role of technology in managing diabetes
has become very important and this has prompted our center to
develop technological tools more accessible to all families. To
optimize the use of CGM and guarantee everyone access to the
television service, we recently launched, in collaboration with our
patient associations, a project to distribute smartphones to
families who did not have the possibilities to acquire them.

It is well known that prolonged lockdown periods resulted in
weight gain in children and adults. This issue was also evaluated
in T1D patients during lockdown periods. Several studies showed
weight gain during the lockdown. However, the weight gain did
not change the glycemic control in the patients (43). We decided
not to collect the data relating to the weight of the patients
because the method of data collection (telemedicine, referenced
data) did not seem sufficiently reliable for a statistical analysis.

The limitations of this study are the single-center nature and the
very small sample size of “primary school children” group.
However, this study is the first report that analyzed data from a
large heterogeneous and not over-selected population of pediatric
and young T1D patients, with a focus on the role of many factors to
consider in the management of diabetes. We believe that our data
and considerations may be useful to health care professionals caring
for children and adolescents during the COVID-19 pandemics. The
study clearly shows the aspects on which specialists should work
more with patients in the unfortunate case we there will be a second
lockdown: cooking at home, following a healthier and more
balanced diet and not interrupting scheduled physical activity,
and being ready for a physical activity tailored to the patient’s
age and personal needs. Moreover, why not think about how to
work better on these aspects independently of the lockdown?

In conclusion, this study showed that the lockdown led to an
overall improvement in glycemic control of young T1D patients.
The healthier lifestyle and the potential reduction of stress
contributed to the completely unexpected “lockdown effect”,
which resulted in a significant improvement in glycemic
control and diabetes management.
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