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There has been little data published related to glucose control in adolescents and young adults with type
1 diabetes (T1D) during lockdown, but rarely focusing on telemedicine’s role. During this unpreceded
period, glucose control and self-monitoring improved in our young patients, with better results associated
with telemedicine.
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1. Introduction

A few reports focused on the impact of lockdown (resulting
from the COVID-19 pandemic) on adolescents and young people
with type 1 diabetes (T1D) [1]. We aimed to measure glucose
control changes through the first French lockdown, focusing on
telemedicine’s role.

2. Methods

All patients from 13 to 25 years old were included according
to the following criteria: T1D diagnosed for more than one-year,

* Corresponding author at: Department of Diabetes and Endocrinology, Sud-
Francilien Hospital, Paris-Saclay University, Corbeil-Essonnes, France.
E-mail address: coralie.amadou@u-psud.fr (C. Amadou).

https://doi.org/10.1016/j.pcd.2021.06.013

continuous glucose monitoring (CGM) connected to a LibreView
account.

The primary outcome was the evolution of time-in-range (TIR):
70-180 mg/dL. Secondary outcomes were the evolution of glucose
management indicator (GMI), time-below-range TBR (<70 mg/dL),
and self-monitoring (sensor usage).

As the lockdown imposed by the French government occurred
from March 17 to May 10, 2020, each outcome was assessed 4
times: the month before, the first month, the second month, and
one month after lockdown ended.

Data were collected for patients from Sud-Francilien hospital
and Kremlin-Bicétre hospital (France) from the cloud-based plat-
form, LibreView [2].

Data related to patients’ characteristics, treatment and
telemedicine visits were collected from the medical record and
confirmed with telephone-administered questionnaire.

1751-9918/© 2021 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Evolution of (a) glucose sensor usage (TIR), (b) time-in-range, (c) glucose management indicator (GMI), and (d) time-below-range (TBR) over the 4-month observation.
Baseline: month before lockdown; 1st month: first month of lockdown; 2nd month: second month of lockdown; after lockdown: first month after lockdown ended.
HP: health professional.Means of outcomes evolution are graphically represented with smoothing curves using local regression (LOESS).

Potential confounding factors were studied: age, gender, type
of insulin delivery (multiple daily injections, MDI; insulin pump),
contacts with health professionals (physician or nurse).

Descriptive statistics include means with standard deviations,
numbers of patients and percentages. TIR evolution was ana-
lyzed with a linear mixed-effects regression model. Analyses of
secondary outcomes paralleled the primary analysis. All models
included adjustment for age, gender, type of insulin therapy, num-
ber of contacts with health professionals, and individuals (random
effect). Effect of the number of contacts with health professionals
during lockdown was assessed by including an interaction term in
the models. Finally, a sensitive analysis was performed excluding
all patients with a sensor usage of less than 70% at all times.

Analyses were performed with R studio version 3.5.0 [3].

All procedures were approved by a local ethics committee (Clin-
icalTrials.gov identifier: NCT04669912).

3. Results

Seventy-seven patients with T1D were included. Mean age: 20.4
(2.8) years; mean duration of diabetes: 10.2 (5.4) years; 45% men;
61.0% were treated with an insulin pump. During the two months of
lockdown, 25 (32.5%) patients had no health professional contact,
28(36.4%) had 1-2 contacts and 21 (27.3%) had 3 or more contacts.
This information could not be confirmed for 3 (3.9%) patients (no
phone answer).

Evolution of primary and secondary outcomes are illustrated in
Fig. 1. At baseline (the month before lockdown), the mean percent-
age of TIR was 41.0% (15.8). The mean TIR significantly raised and
was 41%, 46%, 47%, and 47% for the 4 consecutive months of obser-
vation (p <0.001). At baseline, the mean GMI, TBR (<70 mg/dL), and
percentage of sensor usage were respectively and 8.2% (1.1), 5.2%
(4.5), and 57.8% (28.2).

Patients with 3 or more health professional contacts during lock-
down had significantly lower TIR and higher GMI at baseline than
patients with no healthcare professional contact.

The mean GMI significantly decreased (p < 0.001) and was 8.2%,
7.8%,7.7%, and 7.7%; the mean percentage of TBR slightly increased

(NS) and was 5.2%, 5%, 5.6%, and 5.5%; and the mean sensor usage
significantly increased (p < 0.001) and was 58%, 66%, 67%, and 68%.
Glucose coefficient of variation (CV) and time-above-range (>250
mg/dL) both decreased, from 43 (before lockdown) to 41 (after
lockdown), and 53.8% to 48%, respectively.

Only the magnitude of GMI decrease and TBR increase were
associated with the number of telemedicine visits (Pinteraction
respectively 0.004 and 0.002). No severe adverse event occurred
(severe hypoglycemia or ketoacidosis requiring a medical inter-
vention). Finally, the sensitive analysis excluding 16 patients with
a percentage of sensor usage <70% at all times confirmed TIR
improvement (rising from a mean of 43-50%, p < 0.001).

4. Discussion and conclusion

These findings support a significant improvement of glucose
control and self-monitoring in a population of adolescents and
young adults with T1D over the lockdown period in France. More-
over, results showed a greater improvement for patients with poor
glycemic control at baseline. Patients with the lowest TIR and the
highest GMI at baseline were those most actively supported by the
healthcare professionals who were able to adapt to this unprece-
dented situation.

In contrast to Dalmazi etal. [ 1], the population we selected had a
low glycemic control and sensor-usage at baseline, which probably
explains the difference in results.

Spending lockdown at home probably led to a more regular
lifestyle and more ambitious glycemic control goals. Also, due to
limited outings and more family time, we assume a more balanced
diet with a significant decrease in “junk food” consumption like
it was shown by Ruiz-Roso et al. [4]. Finally, the significant raise
in sensor usage probably reflects awareness improvement as sen-
sor usage has been demonstrated to be positively associated with
glycemic control [5,6].

The main limitation of this observational study is the population
selection only included patients using a CGM related to Libreview.
Moreover, we did not exclude patients with a low sensor usage
because this would have led to a much smaller and higher selected
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sample as it has been shown that the level of self-monitoring does
not meet guidelines in this young population [7]. However, the sen-
sitive analysis is consistent with the results of the primary analysis.

Our results highlight the potential benefit of telemedicine in
these young patients. In a randomized study, Ruiz de Adana
et al. found out similar efficacy and safety outcomes compar-
ing telemedicine to face-to-face visits [8]. Adolescents and young
adults are a specific population, with a poor adherence to face-
to-face visits (regularly missed). Remote visits, at the request of
patients, may be the solution. Therefore, a similar randomized
study comparing face-to-face and telemedicine visits in this specific
population would be of great interest.
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