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Introduction

The spread of severe acute respiratory syndrome corona-
virus-2 (SARS-CoV-2) has reached pandemic dimensions 
worldwide [1]. To prevent the outbreak of the coronavirus 
disease (COVID-19), the lockdown was imposed in Italy on 
March 9, 2020, changing the daily routine of children and 
adolescents with type 1 diabetes (T1D).

The COVID-19 lockdown, with its effects on lifestyle 
changes, could have adversely affected long-term glycemic 
control [2]. On the other hand, subjects with T1D could 
have a more regular time schedule for insulin administra-
tion, higher control on glycemic values by their parents/car-
egivers. Therefore, COVID-19 lockdown could be a unique 
model to investigate how acute changes in lifestyle could 
have affected long-term glycemic control.

To the best of our knowledge, there are few data pub-
lished on how lockdown could have influenced glucose 
control in pediatric patients with T1D. [3, 4] The aim of 
this study was to evaluate the impact of almost 3 months of 
COVID-19 lockdown on glycemic control in youths with 
T1D, analyzing metabolic variables and data from glucose 
sensors after the COVID-19 lockdown in comparison with 
the pre-lockdown period.

Material and methods

This study included 233 children and adolescents with T1D 
aged 2–18 years enrolled at the Regional Center for Pediat-
ric Diabetes of Verona (Italy). Inclusion criteria were: T1D 
duration > 12 months; insulin therapy [multiple daily insulin 
injections (MDI) or continuous subcutaneous insulin infu-
sion (CSII)]. Exclusion criteria were: diagnosis of eating dis-
orders or other chronic diseases (i.e., thyroiditis, celiac dis-
ease). All the enrolled patients were under the same insulin 
regimen and using the same tool for measuring glucose lev-
els [self-monitoring blood glucose (SMBG), intermittently 
scanned (isCGM, Abbott FreeStyle Libre® Glucose Moni-
toring System), or real-time Continuous Glucose Monitoring 
(rtCGM, Dexcom G6® CGM System)] before and after the 
COVID-19 lockdown. The study protocol was approved by 
the Institutional Ethics Committee of Verona Hospital, and 
all participants and their parents provided written informed 
consent.

Data were recorded two times: at the outpatient visit 
before and after the COVID-19 lockdown (T0, January–Feb-
ruary 2020; T1, May–June 2020). Physical characteristics 
(height, weight, BMI, systolic and diastolic blood pres-
sure), biochemical parameters (HbA1c), clinical data [dia-
betes duration, MDI or CSII, daily insulin doses and type 
of CGM used (isCGM or rtCGM)] were collected from the 
clinical chart. BMI values were standardized (BMI-SDS) 
using age and sex-specific median, standard deviation (SD) 
and power of the Box-Cox transformation based on WHO 
growth references. Two-week glucose sensor data were 
derived from AGP analysis, and several glucose metrics 
were analyzed: percentage of time below 54 mg/dL, below 
70 mg/dL (%TBR), between 70 and 180 mg/dL (%TIR), 
above 180 mg/dL (%TAR), mean glucose, SD of the mean, 
coefficient of variation (%CV) and glucose management 
indicator (GMI). All continuous variables were normally 
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distributed and are reported as means ± SD; normal dis-
tribution was assessed by Shapiro–Wilk test. Categori-
cal variables were presented as percentages. Differences 
between subjects before and after COVID-19 lockdown (T0 
vs. T1) were assessed by paired Student’s t test for continu-
ous variables for the total sample and according to gender. 
The association between the improvement in glucose con-
trol (T1–T0, ΔHbA1c and Δ%TIR) and variables before 
the lockdown (T0) was quantified by multiple regression 
analysis. Moreover, a binary logistic regression analysis 
was performed using HbA1c or %TIR as dependent vari-
able (0 = not improved; 1 = improved) and gender, age, dura-
tion of T1D, type of treatment (MDI or CSI), use or not of 
CGM and BMI-SDS at T0 as independent ones. Data were 
analyzed using SPSS version 20.0 software (SPSS, Chicago, 
IL; USA). A p value < 0.05 was considered to be statistically 
significant.

Results

Of the entire enrolled population, 38.6% were on CSII 
therapy, 15.0% on SMBG, 42.1% using isCGM and 42.9% 
rtCGM. Anthropometric characteristics, insulin therapy and 
glycemic control variables are presented in Table 1. No dif-
ferences were found between T0 and T1 in body fat character-
istics (BMI-SDS) and insulin therapy (total, basal, prandial, 
and per-kg insulin dose) in the entire population. However, a 
statistically significant difference (p < 0.05) between T0 and 
T1 was observed in BMI (20.9 ± 3.7 kg/m2 vs. 21.5 ± 4.6 kg/
m2), BMI-SDS (0.58 ± 0.84 vs. 0.68 ± 0.91) and basal insulin 
dose (21.1 ± 9.3 IU/day vs. 22.3 ± 10.2 IU/day) in females 
but not in males.

Analyzing isCGM and rtCGM data, no signifi-
cant differences between T0 and T1 in % of time spent 

Table 1   Characteristics of the entire study population and according to gender before lockdown (T0) and after lockdown (T1)

Data are presented as mean and standard deviation in brackets, unless otherwise specified. Differences between subjects before and after 
COVID-19 lockdown (T0 vs. T1) were assessed by paired Student’s t test for continuous variables for the total sample and according to gender. A 
p value < 0.05 was considered to be statistically significant

Males (n = 131, 55, 7%) Females (n = 102, 44, 3%) Total (n = 233)

Before lock-
down (T0)

After lock-
down (T1)

p Before lock-
down (T0)

After lock-
down (T1)

p Before lock-
down (T0)

After lock-
down (T1)

p

Age (y) 14.3 (4.3) 14.6 (4.3)  < 0.001 13.5 (4.5) 13.8 (4.5)  < 0.001 13.9 (4.4) 14.3 (4.4)  < 0.001
T1D duration 

(y)
6.9 (4.6) 7.2 (4.6)  < 0.001 6.9 (4.1) 7.2 (4.1)  < 0.001 6.9 (4.4) 7.2 (4.4)  < 0.001

Height (cm) 159.2 (20.2) 160.5 (19.6)  < 0.001 151.1 (19.7) 151.6 (19.4) 0.395 155.7 (20.4) 156.6 (20.0)  < 0.001
Weight (kg) 55.6 (20.2) 56.5 (20.0)  < 0.001 49.6 (17.1) 51.0 (17.0)  < 0.001 53.0 (19.1) 54.1 (19.0)  < 0.001
BMI 21.0 (3.8) 21.1 (3.8) 0.373 20.9 (3.7) 21.5 (4.6)  < 0.05 20.9 (3.8) 21.3 (4.2)  < 0.05
BMI-SDS 0.56 (0.89) 0.52 (0.92) 0.292 0.58 (0.84) 0.68 (0.91)  < 0.05 0.57 (0.87) 0.59 (0.92) 0.438
SBP (mmHg) 107.2 (11.1) 112.9 (12.0)  < 0.001 106.3 (10.4) 108.7 (11.4)  < 0.05 106.8 (10.8) 111.1 (11.9)  < 0.001
DBP (mmHg) 67.6 (7.7) 71.3 (8.0)  < 0.001 68.5 (8.3) 69.2 (9.4) 0.402 68.0 (7.9) 70.4 (8.6)  < 0.001
Total insulin 

(IU/d)
46.3 (23.6) 46.8 (21.4) 0.519 42.2 (19.8) 42.9 (17.8) 0.462 44.5 (22.1) 45.1 (20.0) 0.330

Basal insulin 
(IU/d)

21.7 (12.0) 21.8 (10.9) 0.742 21.1 (9.3) 22.3 (10.2)  < 0.05 21.4 (10.9) 22.0 (10.6) 0.087

Prandial insu-
lin (IU/d)

24.4 (14.5) 25.1 (13.3) 0.327 21.1 (12.7) 21.2 (11.7) 0.911 23.0 (13.8) 23.4 (12.7) 0.421

Total insulin 
(IU/Kg/d)

0.80 (0.25) 0.81 (0.21) 0.497 0.84 (0.25) 0.84 (0.24) 0.785 0.82 (0.25) 0.83 (0.23) 0.507

HbA1c (%) 7.78 (0.89) 7.40 (0.80)  < 0.001 7.88 (0.78) 7.49 (0.86)  < 0.001 7.82 (0.84) 7.44 (0.83)  < 0.001
GMI (%) 7.61 (0.85) 7.39 (0.73)  < 0.001 7.58 (0.61) 7.35 (0.66)  < 0.001 7.60 (0.75) 7.37 (0.70)  < 0.001
Time < 54 mg/

dl (%)
0.89 (1.37) 0.99 (1.90) 0.556 1.05 (1.87) 0.92 (1.58) 0.443 0.96 (1.60) 0.96 (1.76) 1.000

TBR (%) 2.95 (2.12) 2.95 (2.61) 1.000 2.77 (2.90) 2.89 (2.54) 0.677 2.87 (2.49) 2.92 (2.57) 0.766
TIR (%) 53.3 (16.7) 57.8 (15.9)  < 0.001 51.7 (13.1) 58.2 (14.1)  < 0.001 52.6 (15.2) 58.0 (15.1)  < 0.001
TAR (%) 42.7 (17.9) 38.2 (16.7)  < 0.001 44.3 (13.9) 37.7 (14.6)  < 0.001 43.4 (16.2) 38.0 (15.8)  < 0.001
Mean glucose 

(mg/dl)
179.0 (35.3) 169.8 (30.2)  < 0.001 178.1 (25.3) 168.2 (26.5)  < 0.001 178.6 (31.2) 169.1 (28.6)  < 0.001

SD of mean 69.2 (18.0) 64.6 (16.4)  < 0.001 66.4 (14.0) 62.4 (14.4)  < 0.001 68.0 (16.4) 63.6 (15.6)  < 0.001
CV (%) 38.5 (5.3) 37.9 (6.0) 0.212 37.3 (6.3) 37.0 (6.2) 0.637 38.0 (5.8) 37.5 (6.1) 0.209
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below 54 mg/dl, %TBR and %CV were found. A sta-
tistically significant improvement in glycemic con-
trol has been observed after lockdown (T0 vs. T1): a 
lower HbA1c (7.82 ± 0.84 vs. 7.44 ± 0.83, p < 0.001), 
GMI (7.60 ± 0.75 vs. 7.37 ± 0.70, p < 0.001), %TAR 
(43.4 ± 16.2 vs. 38.0 ± 15.8, p < 0.001), mean glucose 
(mg/dl) (178.6 ± 31.2 vs. 169.1 ± 28.6, p < 0.001), SD 
of the mean (68.0 ± 16.4 vs. 63.6 ± 15.6, p < 0.001) and 
a higher %TIR (52.6 ± 15.2 vs. 58.0 ± 15.1, p < 0.001) 
(Fig.  1). Similar results were observed in males and 
females analyzed separately.

Independently from gender, age, duration of T1D, 
type of treatment (MDI or CSII), use or not of CGM and 
BMI-SDS at T0, the multiple regression analysis showed 
inverse correlations between the improvement in glucose 
control (ΔHbA1c and Δ%TIR) and the HbA1c and the 
%TIR measured before lockdown (R2 = 0.123, p < 0.001; 
R2 = 0.130, p < 0.001, respectively) and the binary logis-
tic regression analysis has confirmed these observations 
[HbA1c, OR:1.50 (95% CI: 1.04–2.17; p < 0.05); %TIR, 
OR: 0.97 (95%CI: 0.95–0.99; p < 0.05)].

Discussion

The lockdown due to the SARS-CoV-2 outbreak in Italy 
has been a massive challenge for the entire population. For 
children and adolescents with T1D, the forced change in 
lifestyle with reduction of physical activity but with more 
regularity in management of insulin therapy and more care-
ful control on glycemic values by the patients and parents/
caregivers was associated with a better long-term glycemic 
control with a lower level of measured HbA1c and better 
glycemic metrics from data of isCGM and rtCGM (improved 
%TIR, reduced GMI, %TAR, mean glucose, SD).

Few data have been published on how COVID-19 lock-
down has affected glycemic control in patients with T1D. 
In pediatric patients, the glycemic control in school and 
preschool children and in adolescents has been reported 
improved or at least not worsen but has been observed only 
before and during COVID-19 lockdown [3, 4].

Our data show that the glycemic improvement (ΔHbA1c 
and Δ%TIR) has been observed in the whole population 
independently from gender, age, duration of T1D, BMI-
SDS, type of treatment (MDI or CSII), the use or not of 
isCGM/rtCGM and that this improvement was inversely 
correlated with HbA1c and %TIR values measured just 

Fig. 1   Effect of COVID-19 lockdown on glycemic control in children 
and adolescents. The figure shows statistically significant reduction in 
HbA1c (A), % of TAR (C), mean glucose (D), SD of the mean (E) 

and glucose management indicator (GMI) (F) and a statistically sig-
nificant improvement in % of TIR (B) after almost three months of 
COVID-19 lockdown in Italy
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before the lockdown. Remarkably, the reduction in mean 
glucose, %TAR and the increase in %TIR was not associ-
ated with increased time in hypoglycemia (% time < 54 mg/
dl and %TBR) and with no significant increment in insulin 
dose. In sub-analysis according to gender, females showed 
a higher risk of weight gain with significantly higher BMI 
and BMI-SDS after three months of lockdown. The reasons 
of this result are unknown. In particular, we have no data 
on physical activity or nutritional habits that, likely, could 
contribute to explain the significant weight gain of females.

It could be hypothesized that, be forced at home due to 
the COVID-19 lockdown, has given to children and adoles-
cents with T1D and to their parents/caregivers the oppor-
tunity to better take care of glucose control, maintaining 
a more regular and suitable schedule. Besides, the aware-
ness that T1D could have worsened the outcomes of SARS-
CoV-2 may have improved patients’ compliance with dia-
betes management [5].

In conclusion, we observed that glycemic control 
improved in children and adolescents with T1D after almost 
three months of COVID-19 lockdown. This observation sug-
gests that modification of the lifestyle with slowing down 
routine activities and paying more attention to insulin ther-
apy and glucose levels could have beneficial effects on T1D 
control.
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