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ABSTRACT

Introduction The COVID-19 pandemic forced the Italian
government to issue extremely restrictive measures on
daily activities since 11 March 2020 (‘lockdown’), which
may have influenced the metabolic control of type 1
diabetes mellitus (T1D). The aims of the study were to
investigate continuous glucose monitoring (CGM) metrics
in children and adults with T1D during lockdown and to
identify their potentially related factors.
Research design and methods We enrolled 130
consecutive patients with T1D (30 children (≤12 years),
24 teenagers (13–17 years), and 76 adults (≥18 years))
using either Dexcom or FreeStyle LibreCGM>70% during
the study period, without hybrid closed-loop insulin pump.
CGM metrics during the 20 days before and the 20 days
after lockdown were calculated. By telephonic contact, we
performed validated physical activity and perceived stress
questionnaires.
Results In children, significantly lower glucose SD
(SDglu) (p=0.029) and time below range (TBR)<54 mg/
dL (TBR2) (p=0.029) were detected after lockdown. CGM
metrics were comparable in teenagers before and during
lockdown. After lockdown, adults improved significantly
time in range (TIR) 70–180 mg/dL (p<0.001) and
remaining metrics, except percent coefficient of variation
and TBR2. In adults, considering the changes in SDglu and
TIR occurred before and during lockdown, we identified a
group with improved TIR and SDglu who performed more
physical activity, one with improved glucose variability
who was younger than the other patients, and one with
worsened glucose variability who showed higher perceived
stress than others.
Conclusion In patients with T1D during lockdown, CGM
metrics mostly improved in children and adults, whereas
it was unchanged in teenagers. In adults, age, physical
activity, and perceived stress may be relevant contributing
factors.

INTRODUCTION
After the first outbreak in China, Italy was
one of the first countries worldwide that
was significantly affected by the SARS-CoV-2
pandemic.1 2 The Italian government was
forced to apply strong measures to prevent the

Significance of this study
What is already known about this subject?
►► Time in range and SD of glucose measured by CGM

improved in adult patients with type 1 diabetes
during lockdown due to the COVID-19 pandemic.

What are the new findings?
►► Continuous glucose monitoring (CGM) parameters

during lockdown improved in children, whereas remained unchanged in teenagers.
►► Despite adults improved their CGM parameters
during lockdown, 25% worsened their glucose variability due to high perceived stress.

How might these results change the focus of
research or clinical practice?
►► This study highlights the different impact of a more

regular daily routine in children and teenagers with
type 1 diabetes. Moreover, the study provides a
stratification of adult patients, giving information of
categories of patients at risk of worsening their glucose variability during lockdown, and their associated factors. Those results indeed may be extremely
useful in identifying adult patients who deserve a
closer attention in the case of a new lockdown.

spread of the COVID-19 infection, by issuing
extremely restrictive measures on people’s
daily activities and movements across the
Country (hereby called ‘lockdown’). Indeed,
starting from 11 March 2020, non-essential
businesses were closed, and outdoors sports,
leisure activities, and travels between different
cities have been severely limited.3 Prior to
that date, during the third week of February
2020, schools and universities more cautiously
suspended their educational services.
In this scenario, adult patients affected
by type 1 diabetes mellitus (T1D) may be
considered a vulnerable population, since
hypertension and diabetes are known risk
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factors for severe COVID-19-
related pneumonia.4–7 As
the treatment mainstay of T1D is insulin administration,
either via multiple daily injections (MDIs) or continuous
subcutaneous insulin infusion devices, based on food
intake, glucose concentrations, and physical activity, the
fine-
tuned balance between daily activities and therapeutic actions can be endangered by changes to the daily
routine. Additionally, psychological stress may play a role
in the worsening of glucose levels in patients with T1D
contributing to the development of severe respiratory
disease in the case of COVID-19 infection.
Continuous glucose monitoring (CGM) devices have
improved the management of T1D by easing glucose
monitoring, enabling an easier remote sharing of glucose
data with healthcare providers, even in real time.8–12
Therefore, the use of CGM devices could be relevant for
the management of T1D during lockdown. A very recent
study published during the writing of this manuscript has
shown that glucose control improved after the lockdown
in middle-aged adults with T1D under CGM.13 Two additional more recent studies published while the article
was under review confirmed that adult patients did
not worsen14 or improve15 their glucose profile during
lockdown.
To date, no analysis of CGM data has been performed
in children during lockdown. Furthermore, no extensive
investigation has been performed to identify subgroups
of patients who may have a more difficult glucose control
during lockdown. The first aim of our study was to investigate the time in range (TIR) and the glucose variability
as measured by CGM in children and adults with T1D
during lockdown. The second aim was to identify the
factors potentially contributing to the glycemic control
under lockdown during the COVID-19 pandemic.

METHODS
Patients
We retrieved data from 188 consecutive patients wearing
CGM system in active follow-up for T1D at the endocrinology and diabetes prevention and care unit and at
the unit of pediatric diabetology of the S. Orsola Policlinic. Inclusion criteria were as follows: T1D with disease
duration>1 year, age≤70 years, use of Dexcom or FreeStyle Libre monitoring systems, CGM with a sensor use
of >70% during the time range between 17 February
2020 and 5 April 2020, MDI therapy or non-automated
insulin pump, and permission to access the CGM data
remotely. Exclusion criteria were pregnancy, gestational
diabetes, use of corticosteroid or drugs known to have a
relevant impact on glycemic control during the 6 months
before study period, use of hybrid closed loop insulin
pump. After applying inclusion and exclusion criteria,
we finally enrolled 130 patients, 30 children (≤12 years),
24 teenagers (13–17 years), and 76 adults (≥18 years). All
patients were living in the area surrounding Bologna and
were under the same constraint public rules.
2

Study design
We collected glucose data derived from CGM during the
20 days before the lockdown in Italy, from 20 February
2020 to 10 March 2020 (prelockdown) and 20 days
starting from that date, from 11 to 30 March 2020 (during
lockdown). Given that during the prelockdown period
the schools in Italy were already closed and school-age
patients had changed their routine activities already, we
also collected data derived from CGM during an additional antecedent period of 20 days, from 30 January
2020 to 19 February 2020, while schools were still open
(school period). In this specific time period, CGM data
derived from sensor use of >70% were available in 25/30
children, 20/24 teenagers, and 71/76 adults.
We included patients using either Dexcom G5 or G6
(Dexcom San Diego, California) or FreeStyle Libre
(Abbott Laboratories, Abbott Park, Illinois) systems. Raw
glucose data were downloaded from the CGM system-
specific web service in the form of a comma-separated
value spreadsheet for each patient. The CGM metrics
described further were then calculated for each patient
using a specifically designed application developed
using the SciPy ecosystem, running on top of the Python
V.3.7.6 programming language. We calculated mean and
median glucose, glucose management indicator, glucose
SD (SDglu), percent coefficient of variation (%CV),
TIR 70–180 mg/dL, time in hypoglycemia 54–69 mg/
dL (time below range (TBR)—TBR1) and <54 mg/dL
(TBR2), time in hyperglycemia 180–250 mg/dL (time
above range (TAR)—TAR1) and >250 mg/dL (TAR2),
and the risk indices High blood Glucose Index and Low
Blood Glucose Index (LBGI) according to previous
publications.16–21 In FreeStyle Libre users, we calculated
the number of scans per day. We also recorded the most
recent value of glycated hemoglobin (within 4 months
before study period), duration of diabetes, type of insulin
therapy, mean daily dose of insulin, and anthropometric
measures at the last medical visit. SD score for body mass
index was calculated in children according to a previous
publication.22 We also recorded the date of last consultation and whether medical advice was performed during
the lockdown period either in person visit or telephonic
contact.
Patients and parents (in the case of minors) were
contacted by phone within 2 weeks after the study period
to collect data on COVID-19 infection or intercurrent
communicable diseases and number of episodes of severe
hypoglycemia. In adult patients, we also investigated
whether they were working outside of the home during
lockdown or if they had undergone smart working at
home. Additionally, during the same telephonic contact,
we administered the International Physical Activity Questionnaire–Short Form (IPAQ-SF)23 to all patients and the
10-
Item Italian Perceived Stress Scale questionnaire24
(PSS) to adult patients. The IPAQ-SF, investigating physical activity, relies on nine items providing information
on the time spent walking, in high-intensity activities, in
BMJ Open Diab Res Care 2020;8:e001664. doi:10.1136/bmjdrc-2020-001664
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activities of moderate intensity, and in sedentary activity.
Data from the IPAQ-SF provide an estimate of the total
weekly physical activity by weighting the reported minutes
per week within each activity category by a metabolic
equivalent (MET) energy expenditure estimate assigned
to each category of activity, based on the 2000 compendium of physical activities (moderate-intensity activities
had between 3 and 6 METs and vigorous-intensity activities had >6 METs). The time spent sitting per week
was also estimated. The questionnaire Perceived Stress
Scale assesses the degree to which aspects of the life are
perceived as uncontrollable, unpredictable, and overloaded. Through investigating 10 items, the questionnaire evaluates thoughts and feelings of subjects referring
to stressful events that occurred in the month before the
detection.
Statistical analysis
Data are shown as median and interquartile range (IQR),
as recommended by the international consensus,18 if not
otherwise specified. Continuous variables were analyzed
by one-
way analysis of variance, and categorical variables were investigated by χ2 test. Significance values in
multiple comparisons have been adjusted by the Bonferroni correction for multiple tests as a post hoc analysis.
In the χ2 test performed in more than three groups, the
column proportion test was used to investigate pairwise
comparisons, after adjustment for Bonferroni correction as a post hoc analysis. Comparisons of paired data
(school period–prelockdown and prelockdown–during
lockdown) were performed by paired-
samples t-
test.
The unsupervised clustering analysis was performed
in adult patients to identify homogeneous groups of
subjects based on specific parameters. Such a technique uses an algorithm that starts with each patient
in a separate cluster and combines clusters until only
one is left. We performed unsupervised clustering by
using the following two parameters: percent difference
between prelockdown period and during lockdown of
TIR (ΔTIR) and SDglu (ΔSDglu), calculated as [(during
lockdown value×100)/prelockdown value]−100. For
unsupervised clustering, we used Ward’s method with
squared Euclidean distance as a measure of interval.
We finally selected three groups for subsequent analysis. We have chosen TIR as a parameter of adequacy of
glycemic control and SDglu as a measure of glycemic
variability. To perform unsupervised clustering, we did
not consider %CV among parameters of glycemic variability because it was not significantly different between
the time periods before and during lockdown neither
in the whole groups of patients nor in the three groups
divided by age-range (children, teenagers, and adults),
according to paired-
samples comparison. Therefore,
%CV would not have led to a clear separation of groups
following unsupervised clustering. Statistical analysis was
performed by SPSS V.26. P values of <0.05 were considered significant.
BMJ Open Diab Res Care 2020;8:e001664. doi:10.1136/bmjdrc-2020-001664

RESULTS
Anthropometric and biochemical characteristics are
shown in table 1.
The number of adult patients using FreeStyle Libre
was significantly higher than that of children and teenagers (p<0.001). A significantly higher proportion of
adult patients was under MDI therapy (p<0.001), with
significantly lower doses of insulin than remaining
groups (p<0.001). Glycated hemoglobin at last visit was
not significantly different among groups (p=0.080).
According to the physical activity questionnaire results,
moderate physical activity during lockdown was significantly lower in teenagers (p=0.001), even though the
global mean daily physical activity was not different
among groups. Among school-age patients, the mean
daily time spent sitting was significantly higher in teenagers than in children (p=0.005). None but one adult
patient had confirmed COVID-19 infection, which
resolved without specific treatment and did not require
hospital admission.
The comparison of CGM data before and after lockdown in the whole population showed that %CV, TBR1,
TBR2, and LBGI were comparable between the two time
derived metrics
periods, whereas all remaining CGM-
were significantly lower, except TIR, which was significantly higher, after lockdown (online supplemental table
1). The number of scans per day in FreeStyle Libre users
was similar between prelockdown (mean±SD 11.0±4.5)
and during lockdown (11.2±4.8) (p=0.658). The paired
analysis prelockdown–during lockdown performed by
age classes is shown in table 2.
In children, SDglu, TBR2, and LBGI were significantly
lower after lockdown, whereas no change in the remaining
CGM metrics was recorded, when compared with the
prelockdown period. Conversely, all CGM-derived metrics
were comparable between prelockdown and during
lockdown in teenagers. In adults, TIR was significantly
higher (p<0.001), and all remaining parameters were
significantly lower after lockdown, except for %CV and
TBR2, which were comparable between the time periods
considered. A slight worsening of TBR1 was also observed
(p=0.019). The mean insulin dose/kg body weight/
day was slightly higher during lockdown than before
lockdown (0.55±0.18 U/kg/day vs 0.56±0.18 U/kg/day,
p=0.015). Considering the recently published data from
the T1D exchange study,25 showing that glycemic control
of people aged 18–25 are worse than children and older
people (≥26 years of age), we performed a separate analysis of CGM metrics in patients aged 18.0–25.9 years old
(n=10). In this group of patients, prelockdown TIR was
significantly lower than TIR during lockdown (median
65.9%, IQR 44.7–76.1 vs median 68.9%, IQR 53.3–78.5;
p=0.027), whereas SDglu was significantly lower during
lockdown (prelockdown median 56.0%, IQR 48.6–73.6 vs
median during lockdown 49.8, IQR 46.0–71.2; p=0.005).
No significant differences could be detected in the
remaining CGM metrics.
3
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Table 1 Anthropometric and biochemical characteristics at baseline
Children
(≤12 years)

Teenagers
(13–17 years)

Adults
(≥18 years)

Number of patients

30

24

76

Age (years)

8.8 (7.7–10.6)

15.6 (14.2–16.8)

45.0 (29.0–58.1)

Female, n (%)

13 (43.3)

9 (37.5)

37 (48.7)

0.611

SDS-BMI or BMI*

−0.2 (−0.5 to 0.4)

21.3 (19.8–23.1)

24.7 (22.1–26.8)

n.a.

Diabetes duration (years)

4.2 (2.3–6.5)

<0.001

Complications

7.2 (5.1–9.5)

22.0 (14.3–30.8)†

 

 

 Any, n (%)‡

30 (100.0)

24 (100.0)

54 (71.1)

 Diabetic retinopathy, n (%)

0 (0.0)

0 (0.0)

12 (15.8)

P value
<0.001

0.016

 Diabetic neuropathy, n (%)

0 (0.0)

0 (0.0)

2 (2.6)

 Diabetic foot, n (%)

0 (0.0)

0 (0.0)

1 (1.3)

 >1 complication, n (%)

0 (0.0)

0 (0.0)

7 (9.2)

Dexcom/FreeStyle Libre users, n (%)§

28/2 (93.3/6.7)

22/2 (91.7/8.3)

35/41 (46.1/53.9)†

<0.001

Patients under multiple daily injection therapy, n (%)

12 (40.0)

11 (45.8)

63 (82.9)†

<0.001

Mean insulin dose (U/kg/day)

0.8 (0.6–0.8)

0.8 (0.7–1)

0.5 (0.4–0.6)

<0.001

Glycated hemoglobin, mmol/mol

57 (51–62)

51 (46–57)

56 (49–64)

During lockdown

0.080

 

 

Patients receiving medical advice by telephone, n (%)

6 (20.0)

2 (8.0)

8 (11.0)

0.330

Patients with severe hypoglycemia, n (%)

0 (0.0)

0 (0.0)

1 (1.3)

n.a.

IPAQ: total physical activity/day, METs

1440 (840–1920)

1018 (480–3056)

1680 (720–3180)

0.524

 IPAQ: high-intensity physical activity/day, METs

0 (0–320)

180 (0–2880)

440 (0–1560)

0.104

 IPAQ: moderate physical activity/day, METs

1440 (240–1680)

100 (0–390)†

480 (120–1080)

0.001

 IPAQ: walking/day, METs

0 (0–180)

75 (0–428)

350 (78–780)¶

0.001

IPAQ: mean sitting time/day, hours

4.0 (3.0–6.0)

7.3 (5.0–8.6)¶

5.5 (4–7.8)

0.005

PSS: perceived stress

n.a.

n.a.

14.5 (9.8–20)

n.a.

 

 

Patients employed in working activity
 No, n (%)

n.a.

n.a.

36 (47.4)

 Yes, n (%)

n.a.

n.a.

20 (26.3)

 Smart working at home, n (%)

n.a.

n.a.

20 (26.3)

n.a.

Data are expressed as median with IQR in parentheses. Continuous variables were analyzed by one-way analysis of variance, and categorical
variables were investigated by χ2 test. Pairwise comparisons were made after Bonferroni correction.
*In children, SDS-BMI was calculated instead of BMI, according to a previous publication.21
†P<0.05 vs other groups.
‡No diabetic retinopathy, no diabetic neuropathy, and no diabetic foot.
§The number of scans per day in FreeStyle Libre users was similar between prelockdown (mean±SD 11.0±4.5) and during lockdown (11.2±4.8)
(p=0.658).
¶P<0.05 vs children.
BMI, body mass index; IPAQ, International Physical Activity Questionnaire–Short Form; MET, metabolic equivalent; n.a., not assessed; PSS,
Perceived Stress Scale; SDS-BMI, SD score for body mass index.

The analysis of paired samples between the school-
open period and the prelockdown period did not show
significant differences between the two time periods for
all parameters, except TAR1, which was slightly increased
in children (25.5 (21.8–31.3) vs 28.1 (25.1–31.0);
p=0.047), and SDglu, which was lower in teenagers (62.6
(54.8–69.3) vs 59.1 (48.6–66.9), p=0.041) (online supplemental table 2). No difference was detected among CGM
metrics between the two time periods in adults.
The unsupervised clustering analysis performed in
adults to stratify patients according to their change in
TIR and SDglu as measure of glycemic variability before
and after lockdown led to identification of three groups:
4

a group with significantly higher ΔTIR and lower ΔSDglu
than other groups, named ‘improved TIR and variability’ (n=19, 25%), and two groups with comparable
ΔTIR values but different ΔSD, which was decreased in
one (named ‘improved variability’) (n=38, 50%) and
increased in the other (named ‘worsened variability’)
(n=19, 25%), respectively. As shown in table 3, patients
belonging to the group improved variability were significantly younger than the other groups (p=0.003) and had
lower levels of glycated hemoglobin prior to lockdown
than the improved TIR and variability group (p=0.031).
Global mean daily physical activity measured by IPAQ-SF
was significantly higher in the improved TIR and variability
BMJ Open Diab Res Care 2020;8:e001664. doi:10.1136/bmjdrc-2020-001664
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181 (161–206)

171 (153–196)

7.7 (7.2–8.3)

60 (55–67)

67.4 (58.6–74.8)

37.4 (33.4–40.4)

53.3 (39.8–62)

1.2 (0.7–2.7)

0.4 (0.0–0.8)

28.1 (25.1–31.0)

14.5 (9–26.3)

0.5 (0.3–0.9)

10.3 (7.5–15)

Mean glucose (mg/dL)

Median glucose (mg/dL)

GMI (%)

GMI (mmol/mol)

SD (SDglu)

Percent CV (%)

TIR (%)

TBR1 (%)

TBR2 (%)

TAR1 (%)

TAR2 (%)

Low Blood Glucose Index

High Blood Glucose Index

9.6 (7.4–13.7)

0.5 (0.2–0.6)

14.6 (7.2–22.5)

27.3 (24.3–32.9)

0.3 (0–0.4)

1.3 (0.5–1.8)

53.8 (43.4–62.7)

36.8 (33.1–39.6)

64.3 (55.5–75.2)

59 (55–65)

7.6 (7.2–8.1)

170 (154–190)

178 (162–199)

96.2 (89.3–98.2)

0.101

0.033

0.074

0.886

0.029

0.072

0.055

0.069

0.029

0.237

0.237

0.322

0.237

0.937

8.3 (5–10.1)

0.7 (0.2–1.3)

9.6 (4.3–15.2)

24.4 (17.5–34.4)

0.2 (0–0.7)

1.6 (0.6–4.9)

61 (50.8–72.4)

36.3 (32.4–41.6)

59.1 (48.6–66.9)

57 (50–60)

7.4 (6.7–7.6)

157 (135–172)

168 (141–180)

97 (93.4–98.5)

7.7 (4.2–10.3)

0.5 (0.3–1.4)

7.4 (2.9–16.7)

25.5 (16.4–32.4)

0.1 (0.1–0.7)

1.1 (0.4–4.2)

60.6 (54.9–73.6)

35.2 (32.2–39.5)

55.9 (47.6–66.8)

56 (49–59)

7.3 (6.6–7.6)

154 (133–169)

164 (139–178)

96.9 (91.4–98.6)

0.399

0.713

0.408

0.414

0.420

0.823

0.213

0.862

0.611

0.354

0.354

0.378

0.354

0.198

P value

8.3 (5.4–12.2)

0.8 (0.4–1.7)

11.1 (4.5–19)

26.5 (19.3–31.7)

0.4 (0.1–1.7)

2.5 (1.1–5.4)

57.7 (43.5–67.3)

36.6 (33.1–41.8)

63 (54–70.9)

56 (51–63)

7.3 (6.8–7.9)

159 (137–189)

164 (145–191)

95.1 (91–97.5)

Prelockdown

Adults (≥18 years)
(n=76)

7.2 (4.9–9.5)

0.8 (0.4–1.7)

7.8 (4.4–13)

25.1 (19–29.4)

0.5 (0.1–1.6)

3 (1.2–5.7)

61.3 (53.7–68.3)

36.3 (33.4–42.3)

59.6 (52.2–69.3)

55 (50–59)

7.2 (6.7–7.5)

154 (133–168)

160 (141–175)

95 (88.4–97.8)

During lockdown

0.002

0.047

0.007

0.001

0.419

0.019

<0.001

0.842

0.016

0.001

0.001

<0.001

0.001

0.279

P value

Data are expressed as median with IQR in parentheses. P values refer to paired samples t-tests performed for each parameter in the three groups of patients divided by age range. TIR: 70–180 mg/dL,
TBR1: 54–69 mg/dL, TBR2 <54 mg/dL, TAR1 180–250 mg/dL, TAR2 >250 mg/dL.
CV, coefficient of variation; GMI, glucose management indicator; SDglu, glucose SD; TAR, time above range; TBR, time below range; TIR, time in range.

96.5 (87.5–98.8)

Sensor use (%)

During lockdown

Prelockdown

P value

Prelockdown

During lockdown

Teenagers (13–17 years)
(n=24)

Children (≤12 years)
(n=30)

Table 2 Continuous glucose monitoring parameters before and after lockdown in Italy due to COVID-19 pandemic in children (≤12 years), teenagers (13–17 years), and
adults (≥18 years)
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Table 3 Comparison among the three groups of adults identified by unsupervised clustering according to the difference in
values of prelockdown and during lockdown of TIR (ΔTIR) and SD (ΔSDglu)
Improved TIR and
variability (n=19)

Improved
variability (n=38)

Worsened
variability (n=19)

P value

ΔTIR (%)

32.9 (18.5–39.0)*

3.6 (−1.5–7.6)

−5.0 (−8.8–4.0)

<0.001

ΔSDglu (%)

−13.0 (−20.9 to −10.9)

−5.1 (−9.8–-1.5)

11.6 (7.4–18.9)

<0.001†

TIR prelockdown (%)

44.6 (41.0–51.5)*

59.4 (50.5–69.2)

66.6 (42.7–73.2)

0.002

TIR during lockdown (%)

60.1 (56.6–64.7)

60.7 (53.0–72.5)

62.7 (41.9–69.6)

0.768

SD prelockdown

66.8 (64.7–75.3)

58.5 (52.1–71.5)

55.1 (47.2–63.8)‡

0.043

SD during lockdown

58.1 (56.3–62.7)

58.5 (48.8–68.4)

61.7 (54.6–76.1)

0.511

Median glucose prelockdown (mg/dL)

188 (171–192)*

156 (137–171)

148 (129–190)

0.016

Median glucose during lockdown (mg/dL)

159 (143–167)

150 (133–166)

146 (127–181)

0.914

Age (years)

56.8 (28.9–60.9)

35.3 (26.4–48.7)*

51.9 (42.5–58.5)

0.003

Female, n (%)

11 (57.9)

BMI (kg/m2)

25.8 (22.3–27.8)

Dexcom/FreeStyle Libre users, n (%)

11/8 (57.9/42.1)

Glycated hemoglobin (mmol/mol)

58 (53–71)

Diabetes duration (years)

21.4 (15.6–39.4)

Patients with severe hypoglycemia, n (%)

1 (5.3)

16 (42.1)

10 (52.6)

0.491

24.5 (22.4–26.8)

0.592

7/12 (36.8/63.2)

0.417

53 (46–60)‡

60 (55–66)

0.031

22 (8.8–29.6)

24.4 (14.4–34.5)

24.7 (21.6–26.2)
17/21 (44.7/55.3)

0 (0.0)
1590 (889–2895)

0 (0.0)

0.210
n.a.

IPAQ: total physical activity/day, METs

3158 (1440–5700)*

700 (420–870)

0.009

 IPAQ: high-intensity physical activity/day, METs

1520 (0–3780)

480 (0–1200)

0 (0–0)

0.053

 IPAQ: moderate physical activity/day, METs

810 (240–1680)

480 (60–840)

440 (15–900)

0.981

 IPAQ: walking/day, METs

360 (113–1260)

385 (98–810)

250 (28–563)

0.143

 IPAQ: mean sitting time/day (minutes)

360 (165–454)

308 (229–480)

345 (263–495)

0.744

PSS: perceived stress

16 (10–21)

11 (8–18)

18 (13–25)§

0.020

Patients working during lockdown

 

 No, n (%)

9 (47.4)

12 (40.0)

7 (36.8)

 

 Yes, n (%)

4 (21.1)

9 (30.0)

7 (36.8)

 Smart working, n (%)

6 (31.6)

9 (30.0)

5 (26.3)

0.881

Data are expressed as median with IQR in parentheses. Pairwise comparisons were made after Bonferroni adjustment.
*P<0.05 vs all other groups.
†P<0.05 for all pairwise comparisons.
‡P<0.05 vs ‘improved variability’ group.
§P<0.05 vs ‘improved TIR and variability’ group.
BMI, body mass index; IPAQ, International Physical Activity Questionnaire–Short Form; MET, metabolic equivalent; n.a., not assessed; PSS, Perceived Stress
Scale; SDglu, glucose SD; TIR, time in range.

group than the remaining two groups (p=0.009). Patients
with worsened variability had significantly higher values
at the PSS questionnaire than subjects belonging to the
group improved variability (p=0.020).
DISCUSSION
Our study shows that during COVID-19 pandemic children and adults with T1D have had specific lockdown-
induced effects on glucose levels, whereas teenagers with
T1D did not show significant changes in glucose-related
parameters, as measured by CGM. Additionally, we stratified adult patients according to their changes in TIR and
glucose variability and identified potential factors contributing to modifications of those parameters. Finally, we
were able to define a subgroup of adult patients who had
worsened their glucose variability during lockdown.
The COVID-19 pandemic has made increasingly clear
how people’s routine activities, lifestyle, and access to
6

clinical care may change in a rather fast and unpredictable way. The modifications imposed by the progressive
lockdown strategy performed in Italy led to several consequences on the daily life of patients with T1D. Indeed,
the first phase of lockdown, characterized by the suspension of the educational activities, and the second phase of
complete lockdown, during which only essential services
were running, have forced children and teenagers with
T1D to a severe reduction of physical activity, a change in
the time of meals and food choices.
By the analysis performed for the first time in children, we demonstrated that CGM metrics were mostly
unchanged between the time period antecedent to the
prelockdown, when the schools were still open, and the
prelockdown phase, when the schools have been closed,
except for a slight increase in TAR1. Additionally, we
detected a significant improvement of glucose variability,
as measured by SDglu, between prelockdown and during
BMJ Open Diab Res Care 2020;8:e001664. doi:10.1136/bmjdrc-2020-001664
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lockdown, mainly due to a reduction in TBR2. Those
changes, which seems to be a specific consequence of
lockdown, may reflect the relevant impact of the family
environment, in which the mealtime was more regularly
distributed during the day and the parents of patients
with T1D might have payed closer attention to the
management of T1D. However, it is difficult to establish
whether those changes would have resulted in clinical
benefits, considering that these patients were having
a low rate of hypoglycemia before lockdown and thus
further improvements would have been challenging.
In teenagers, CGM metrics were mostly comparable
between the time period antecedent to the prelockdown
(with schools opened) and the prelockdown (with school
closed), except for a slight reduction in glucose variability (lower SDglu). Interestingly, no further changes
were detected in the during the lockdown period. The
data in teenagers led us to speculate that T1D management may be relatively independent of the heavy changes
imposed by the lockdown. We can also propose that the
influence of the family environment for T1D control may
be less relevant in teenagers, differently from children,
due to the progressive detachment from the family characterizing that period of life due to the desire for independence and autonomy.
Adult patients with T1D showed a significant improvement in the majority of the CGM metrics during lockdown period when compared with the prelockdown.
Interestingly, no difference at all was detected between
the 20 days antecedent to the prelockdown (corresponding to the schools-open period) and the 20 days
immediately before lockdown, meaning that all changes
in T1D management were strictly related to lockdown.
Those data are in line with the results of a recent study,
published while our article was still under writing.13 The
study by Bonora et al investigated three time periods, 3
months before, 1 week before and 1 week after lockdown
in Italy in 33 patients with T1D, showing a beneficial effect
of lockdown on average glucose and SDglu, derived by
CGM (FreeStyle Libre device). Additionally, most of the
changes in CGM metrics were related to improvement
in TIR and reduction of hyperglycemia (measured as
TAR), whereas no difference in TBR was detected. The
authors concluded that beneficial effects on glucose
management in adults with T1D might be detected
early after lockdown.13 Even though this study has relevant differences with the present study, including the
number of subjects, the selection criteria of the patients,
the outpatient setting, and the design of the study, our
results perfectly fit, providing support to the hypothesis
that T1D management may improve in early and intermediate periods after lockdown. The separate analysis in
patients aged 18.0–25.9 years showed that young adult
patients in this age range had a slightly different behavior
in CGM metrics than older adults, supporting the differences highlighted in the T1D Exchange study.26 Additionally, our data are in line also with two more recent
studies performed in 55 and 207 adult patients with type
BMJ Open Diab Res Care 2020;8:e001664. doi:10.1136/bmjdrc-2020-001664

1 diabetes in Italy.14 15 Interestingly, the study by Capaldo
et al showed an increased TIR during lockdown, together
with a significant decrease of %CV due to lower TBR and
TAR, mostly in young adults (<35 years old), men, and
subjects using multiple daily insulin injections.15
Considering that the lockdown may have led to severely
different conditions in adults with T1D, depending
on working activities, physical activity, and potential
consequences related to perceived stress, we attempted
to further stratify adult patients according to their
glucose management by selecting TIR as measurement
of adequate glucose control and SDglu as a parameter
of glucose variability. Furthermore, we reached all our
patients by phone within 2 weeks after the study period to
draw important information on the concomitant conditions that may have influenced the management of T1D,
as data on physical activity and perceived stress with validated questionnaires. The clustering analysis allowed us
to identify a group of patients who improved TIR and
glucose variability (one-fourth of the patients) and two
groups of patients who did not show significant changes
in TIR but differed for SDglu, which was improved in
half of the patients and worsened in the remaining one-
fourth of the subjects. The analysis of those three groups
revealed a prevalent positive impact of higher levels of
physical activity in the first group, whereas young age
and lower glycated hemoglobin prelockdown were relevant characteristics of those with unchanged TIR and
improved glucose variability. Notably, a higher perceived
stress seemed to play a relevant role in the group of
patients whose glucose variability worsened, even in the
absence of changes in TIR between prelockdown and
during lockdown. We can speculate that the perceived
stress in this subgroup of patients might be related either
to the general situation due to lockdown or to the knowledge of the potential increased risk of worse prognosis
in case of COVID-19 infection. We proposed that the
administration of PSS may be a simple tool to assess their
related consequences due to lockpsychological stress-
down, which may be helpful to select patients with T1D
who may be at higher risk of having worsened glucose
variability. Finally, we could not demonstrate an effect of
working activity and type of employment, type of insulin
treatment, and type of CGM device on glucose management in adult patients.
The main limitation of our study was that we enrolled
a very well-selected cohort of patients with T1D, that is,
those under CGM monitoring and with sensor use of
>70% during the study period. This is particularly true
for the subgroup of teenagers whose mean glycated
hemoglobin levels are better than those reported in
the literature and consistent with those of motivated
patients.25 Therefore, those results may not be extended
to all patients with T1D, whose glucose changes during
lockdown should be addressed in targeted studies.
Additionally, we did not investigate the food choices
with structured interview, and we did not consider the
socioeconomic status of the patients, which may have a
7
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relevance in glucose control. Finally, it must be acknowledged that data derived from the Dexcom CGM system
are obtained automatically every 5 min, whereas those
derived from the FreeStyle Libre system are obtained
when the patient actively undergoes a scan. However, we
believe that those differences did not affect significantly
the results of the study after considering the number of
scans per day of our patients wearing FreeStyle Libre.
Nevertheless, both types of CGM are approved for insulin
dosing are widely used and facilitate the monitoring of
the TIR.18 Nonetheless, this is the first study providing
data on glucose control in a wide spectrum of patients
with T1D, ranging from children to adults. Moreover,
we presented for the first time an analysis of potential
lockdown-related factors that may have contributed to
the changes in glucose-related parameters.
CONCLUSION
Lockdown-
related effects on glucose management in
patients with T1D are rapid and age-
specific, being
improved in children and mostly unchanged in teenagers. During the lockdown, the family environment and
its pace of life would seem to be more attentive or more
dedicated in controlling the disease. In adult patients,
even though a significant improvement in most of the
CGM metrics was detected in the whole population,
one-fourth of the patients may show a worsened glucose
variability related to increased perceived stress. Our
data provide highly relevant information for selection of
patients with T1D that may be at higher risk of worsening
their glucose management during lockdown.
Correction notice This article has been corrected since it was published. A
column in table 3 was missing.
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