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ABSTRACT

Aims: On the 10th of March, Greece imposed the closure of schools and universities and a
full lockdown a few days later in order to counter the spread of the coronavirus outbreak.
Our aim was to monitor the effect of the coronavirus lockdown in diabetes management in
children with Type 1 Diabetes Mellitus (T1DM) wearing insulin pump equipped with contin-
uous glucose monitoring system.

Methods: In 34 children with TIDM on Medtronic 640G insulin pump equipped with the
Enlite Sensor uploaded CarelLink data were categorized in 2 three-week periods before
and after the 10th of March.

Keywords.: Results: Mean time in range (TIR) did not significantly differ between the two periods. How-
TyPe 1 diabetes ever, a significantly higher Coefficient of Variation (CV) indicating an increased glucose
Children variability in the pre-lockdown period was observed (39.52% versus 37.40%, p = 0.011). Blood
Lockdow.n glucose readings were significantly fewer during the lockdown period (7.91 versus 7.41,
Coronavllrus p = 0.001). No significant difference was recorded regarding the total daily dose of insulin
Quarantine and the reported carbohydrates consumed. However, the meal schedule has changed dra-
matically as the percentage of breakfast consumed before 10.00 a.m. has fallen from 80.67%
to 41.46% (p < 0.001) during the lockdown. Correspondingly, the percentage of dinner con-
sumption before 10.00 p.m. significantly fell during the lockdown period (60.22% versus
53.78%, p = 0.019).

Conclusions: Glycemic control during the coronavirus lockdown can be adequately achieved
and be comparable to the pre-lockdown period in children with type 1 diabetes mellitus

wearing insulin pump equipped with sensor.
© 2020 Elsevier B.V. All rights reserved.
1. Introduction severe Illness that was subsequently named SARS-CoV-2 [1].
The coronavirus disease 19 (COVID-19) is characterized by
At the dawn of 2020, central China faced the outbreak of a severe acute respiratory syndrome and has a high mortality

highly transmittable, novel strain of the coronavirus, causing rate especially among the elderly and people with serious
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underlying medical conditions irrespectively of age [2]. By the
11th of March and as more than 110 countries have reported
numerous cases of COVID-19, WHO declared this outbreak as
a pandemic [3]. As of the 13th of March, Europe was the active
center of the pandemic and shortly after, all European coun-
tries began reporting confirmed cases and deaths. One after
the other, most European countries have implemented vari-
ous degrees of lockdowns to counter the spread of the coron-
avirus outbreak [4].

Greece imposed the closure of all educational institutions
on the 10th of March after only 89 confirmed cases of COVID-
19 and a full lockdown two weeks later, much earlier than
many of its European neighbors. So far, these quick reflexes
have been effective as the number of COVID-19 cases and
deaths have been one of the lowest in Europe, nonetheless,
there is a long way ahead.

The lockdown and the subsequent social distancing prac-
tices, which, in some cases, meant complete isolation, has
caused a major change in people’s daily living routines.
Emerging evidence supports that people have become less
physically active and frequently consume a nutritionally
unbalanced diet [5]. People with chronic health conditions
might have limited access to the healthcare system and
even to health supplies and equipment. For children and
adolescents with type 1 diabetes mellitus (T1DM) all these
factors may lead to impaired glycemic control as physical
activity, healthy eating and even a steady daily routine con-
tribute substantially in a more effective diabetes manage-
ment [6,7].

The aim of this study was to monitor the effect of the coro-
navirus lockdown in glycemic variability, insulin require-
ments and eating portions and habits in children with
T1DM wearing insulin pump equipped with continuous glu-
cose monitoring system. Thus, a direct comparison of all
these parameters was conducted between a three-weeks per-
iod during the lockdown and an equal time period prior to the
lockdown.

2. Materials and methods

We invited children with type 1 diabetes, followed in our pedi-
atric diabetes outpatient clinic and wearing a Medtronic Mini-
Med 640G Insulin pump accompanied with Enlite™ Sensor
and Guardian™ 2 Link transmitter to upload their data on
the CareLink System one month since the initiation of the
coronavirus lockdown. The study was performed in accor-
dance with the Helsinski Declaration of 1975 and was
approved by the Scientific and Administrative Council of Hip-
pokration General Hospital of Thessaloniki. Children and
their caregivers were informed for the nature and the purpose
of the study and a verbal consent was obtained for every par-
ticipant. Exclusion criteria included: i) Recent diagnosis of
T1DM (less than 6 months), ii) chronic or acute medical con-
dition or medication that would be likely to interfere with glu-
cose metabolism for 2 weeks prior and 2 weeks after the study
period, iii) less than 3 months experience with the pump and
the sensor iv) sensor duration for the study period of less than
75%, v) incomplete or missing data, or inability to upload data
using the CareLink system and v) unwillingness to participate

in the study. Fig. 1 shows a flow chart of the study population
selection.

CareLink data that were uploaded by the patients and their
caregivers were analyzed as categorized into 2 periods: i) lock-
down period (3 weeks period starting from the 11th of March
2020) and ii) period prior to the lockdown (3 weeks period end-
ing on the 10th of March 2020). Demographic data regarding
date of birth, date of T1IDM diagnosis and date of Medtronic
640G pump first use were extracted from patients’ medical
files. Additionally, anthropometric parameters including
weight and height and pubertal status were extracted from
the records of patient’s last visit to the Clinic, and their BMI
was calculated as the ratio weight/height® (kg/m?, Quetelet
index). For every anthropometric parameter, Z-scores were
calculated according to CDC standards|8|. Recent HbAlc val-
ues were also recorded for every patient.

For statistical analysis and graphical demonstration
Microsoft Excel® for Mac version 16.16.8 and IBM corp. SPSS
Statistics® version 24.0.0.0 were used. Results are presented
as means + Standard Deviation (SD) or means + Standard
Error (SE). The Shapiro-Wilk test was used for assessing the
normality of the studied parameters. Comparison of the
means was performed with Student’s T-test for paired sam-
ples and Wilcoxon Signed Ranks Test for parameters with
normal and skewed distribution respectively. In parameters
with normal distribution linear correlations were calculated
with the Pearson’s correlation coefficient, whereas Spear-
man’s correlation coefficient was employed for non-
parametric variables. A P value of 0.05 or less was considered
statistically significant.

3. Results

Thirty-four children (16 boys, 47,06%) with T1DM were finally
enrolled in the statistical analysis. Their decimal mean age at
the time of the study was 11.37 + 4.45 years, ranging from 2.52
to 18.59 years. Mean age at the time of the diagnosis of TIDM
was 6.23 + 3.43 years. Mean time using insulin pump was 2.
66 + 2.06 years. Descriptive demographic and anthropometric
characteristics of the studied population are presented in
Table 1.

Following data stratification in the two studied periods, a
few significant differences arose. Mean glucose values
obtained with sensor did not differ between the two studied
periods (168.76 + 21.87 mg/dl before lockdown versus 170.26

+ 22.79 during lockdown, p = 0.466). Blood glucose readings
were significantly fewer during the lockdown period (7.91 + 3.
45 mg/dl versus 7.41 + 3.27 mg/dl, p = 0.001) and glucose levels
obtained by blood measurements had a significantly higher
Coefficient of Variation (CV) in the pre-lockdown period (39.
52 +5.67% versus 37.40 + 5.97%, p = 0.011). However, lockdown
period did not significantly affect glycemic control as mean
time in range (TIR) did not differ significantly between the
two periods (60.71 + 13.23% versus 60.50 + 14.75%, p = 0.872).

With regards to insulin requirements, no significant differ-
ence was recorded regarding the total daily dose of insulin in
the two periods (36.24 + 25.17 U versus 35.80 = 23.32 U,
p = 0.739). There was a trend of a higher percentage of basal
rates during the lockdown period (35.82 + 8.20% versus 37.21
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Approx. 250 children
with T1DM followed in
our outpatient clinic

y

57 on Medtronic 640G
with Enlite Sensor

2 newly diagnosed
(< 6 months)

3 new (< 3 months)
on pump/sensor

12 inadequate
sensor duration

2 inability in
uploading data

4 did not respond
timely

y

34 children enrolled in
the analysis

Fig. 1 - Flow chart of the study population selection including patient recruitment, exclusion criteria and non-responders.

+ 8.63%, p = 0.074) but again without reaching statistically
significance. Similarly, no difference was recorded regarding
the reported carbohydrates during the lockdown period and
the preceding 3-weeks period (195.29 + 106.90 versus 198.06 +
109.13, p = 0.966). However, the meal schedule has changed
dramatically during the lockdown period. Thus, the percent-
age of breakfast consumption before 10.00 a.m. has
drastically fallen from 80.67 + 16.11% before the lockdown
to 41.46 + 34.61% (p < 0.001). Correspondingly, the percentage

Table 1 - Descriptive demographic and anthropometric data
of the studied population (results are expressed as

mean + Standard Deviation).

Parameter Value

n 34

Boys (n, %) 16 (47.06)

Age (years) 11.37 + 4.45
Age at Diagnosis (years) 6.23 + 3.71
Disease duration (years) 5.14 + 3.43
TIME IN PUMP (years) 2.66 = 2.06
Age at Pump Start (years) 8.71 = 4.35
Disease duration at Pump Start (years) 2.48 +2.91
Height (cm) 141.59 + 24.43
Height Z-score —0.13 £ 0.80
Weight (Kg) 41.934 + 18.87
Weight Z-score 0.34 + 0.86
BMI (Kg/m?) 19.64 + 3.52
BMI Z-score 0.54 + 0.86
Hbalc (%) 7.43 + 0.83

of dinner consumption before 10.00 p.m. has significantly
fallen during the lockdown period (60.22 + 26.39% versus
53.78 + 28.97%, p = 0.019). Comparisons of the means between
the studied periods are presented in Table 2, whereas Fig. 2
illustrates the significant changes in meal timing.

4, Discussion

Our data showed that glycemic control during the coronavirus
lockdown period can be adequately achieved and be compa-
rable to the pre-lockdown period in children with type 1 dia-
betes mellitus wearing insulin pump equipped with sensor.
Our results are in accordance with those reported in 2 emerg-
ing studies showing no difference in glycemic control during
coronavirus lockdown period in both adults [9] and adoles-
cents [10] with T1DM on hybrid closed loop system. Interest-
ingly, Bonora et al have just shown improved metabolic
control in adult patients with T1DM that have stopped work-
ing, in contrast, no difference in glycemic control was
reported in those that continue to work during the lockdown
period [11].

Although the reported amount of carbohydrates con-
sumed did not differ significantly between the two periods
in our data, meal timing has drastically moved to a looser rou-
tine with frequent late-night eating and a significantly
increased percentage of consuming the first meal of the day
later that 10.00 a.m. In a large, recent study on adult popula-
tion with T1DM, skipping breakfast was associated with lower
odds of reaching good glycemic control and higher mean
blood glucose values [12]. However, in our study, we could
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Table 2 — Parameters of glycemic control, insulin requirements and carbohydrates consumption during the three studied

(results are expressed as mean + Standard Error).

Parameter Before Lockdown P
Blood Glucose Mean glucose (mg/dl) 181.41 + 5.02 184.47 + 5.15 0.397
Standard Deviation (mg/dl) 71.26 + 2.22 68.79 + 2.51 0.199
Coefficient of Variation (%) 39.52 + 0.97 37.40 = 1.02 0.011
Readings (n) 7.91 + 0.59 7.41 + 0.56 0.001
% Readings in TIR (70-180) (%) 52.48 + 2.63 50.71 + 2.81 0.430
% Readings > 180 mg/dl (%) 44.93 + 2.81 47.09 + 2.96 0.340
% Readings < 70 mg/dl (%) 2.59 + 0.42 2.21 + 0.56 0.079
Sensor Mean glucose (mg/dl) 168.76 + 3.75 170.26 + 3.91 0.466
Standard Deviation (mg/dl) 60.12 + 1.69 60.24 + 1.99 0.948
Coefficient of Variation (%) 35.57 + 0.54 35.46 + 1.07 0.083
Duration (hours/week) 149.38 + 3.09 147.03 + 3.89 0.510
Time in Range (70-180 mg/dl) (%) 60.71 + 2.27 60.50 + 2.53 0.812
Time > 180 mg/dl (%) 37.56 + 2.40 38.06 + 2.63 0.709
Time < 70 mg/dl (%) 1.74 + 0.26 1.644 + 0.26 0.206
Insulin Total Daily Dose-TDD (Units) 36.24 + 4.32 35.80 + 4.00 0.739
Standard Deviation (Units) 5.43 + 0.90 5.31+0.71 0.775
Basal TTD (%) 35.82 + 1.41 37.21 + 1.48 0.074
TTD/Weight (Units/Kg) 0.82 + 0.04 0.82 + 0.04 0.745
Bolus TTD/Weight (Units/Kg) 0.53 + 0.04 0.52 + 0.03 0.275
Carbs Mean Daily Carbs (gr) 195.29 + 18.33 198.06 + 18.72 0.966
Standard Deviation (gr) 55.29 + 6.89 55.09 + 5.87 0.726
Breakfast before 10 a.m. (%) 80.67 + 2.76 41.46 +5.93 <0.001
Dinner before 10 p.m. (%) 60.22 + 4.53 53.78 + 4.97 0.019
Carbs/TDD (gr/Units) 6.72 + 0.60 6.67 + 0.58 0.270
Carbs/Bolus TDD (gr/Units) 10.74 + 1.01 10.78 + 0.97 0.858
Carbs/Kg (gr/Kg) 5.14 + 0.39 5.20 + 0.39 0.780
Carbs/BMI (gr/Kg/my) 9.91 £ 0.75 10.04 + 0.279 0.740

TIR: Time In Range, TTD: Total Daily Dose, BMI: Body Mass Index.

100

80

60

40

20

Percentages of Meal Timing

|— P<0.001=—

80.67 %

41.46 %

|—P=0.019

60.22 %

Breakfast before 10.00 a.m. Dinner before 22.00 p.m.

Before lockdown M Lockdown

Fig. 2 - The percentage of breakfast consumed before 10.00 a.m. has drastically fallen from 80.67% before the lockdown to
41.46%, p < 0.001 and the percentage of dinner consumed before 22.00 p.m. has significantly fallen during the lockdown
period (60.22% versus 53.78%, p = 0.019).

not declare our population as “breakfast skippers” or “late-
awakers”, as the information regarding the actual wake up
time is not available through the report obtained from the

Carelink system. In the previous study, higher number of
reported meals during the day was also associated with a
higher variability in blood glucose measurements; neverthe-
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less, with a better overall glycemic control [12]. Better glyce-
mic control was also associated with higher number of eating
occasions in two studies performed in adolescents with T1IDM
[7,13], whereas skipping meals was associated with higher
odds of suboptimal HbAlc in a study of 655 children with
T1DM [14]. Of particular interest, skipping breakfast has been
associated with increased postprandial glycemic response
after lunch in a recent, experimental study of healthy young
individuals [15].

Regarding physical activity, in a recent study assessing the
health and wellbeing of normal Chinese adults living and
working after one month of restrictions to contain the
COVID-19 outbreak results showed that for those who exer-
cise regularly and over 2.5 h per day, life satisfaction was neg-
atively associated with the level of restrictive measures [5]. On
the other hand, individuals who exercise less than half an
hour a day, life satisfaction was significantly positively associ-
ated with the level of restrictive measures in more severely
affected locations, reflecting a better justification or rational-
ization of their inactive lifestyles [5]. In patients with T1DM,
regular physical activity associates with several positive phys-
ical health effects including improvement of cardiovascular
function and blood lipid profile as well as enhancement in
psychological well-being [16]. However, these beneficial
effects on health-related outcomes do not perfectly coordi-
nate with improvements in glycemic control something
which is mainly attributed to increased glucose variability
during exercise [17]. In accordance to that, our results showed
a statistically decreased Coefficient of Variation (CV) of mean
blood glucose values, an indirect and inverse indicator of glu-
cose variability, during the lockdown period. On the other
hand, in the recent study by Tornese et al, 8 adolescents with
T1DM that continued their physical activity during the lock-
down period showed improved glycemic control compared
to 5 adolescents who discontinued their regular physical
activity [10]. Additionally, in our study, the percentage of basal
insulin requirements was increased during the lockdown per-
iod indicating increased sedentary behavior, however, with no
increase in the total daily insulin dose indicating a compen-
satory bolus reduction as a result of reduced carbohydrates
consumption.

Finally, our data showed that there was a significant reduc-
tion in blood glucose readings during the lockdown period. As
expected, the number of blood glucose readings was inversely
correlated to age (r = —0.400, p = 0.019, data are not shown),
and also the difference in blood glucose readings performed
during the lockdown and the period before the lockdown
was inversely correlated to the frequency of testing prior to
lockdown period with a correlation that was approaching sig-
nificance (r = —0.326, p = 0.060, data are not shown). Could this
reduction in using glucose strips reflect an endogenous stres-
sor associated with fear of running out of medical supplies?
Shortages in basic and medical supplies have been consid-
ered a major stressor during quarantine and continues to be
associated with anxiety and anger even 4-6 months after
release [18]. In order to be prepared and provide effective
pharmaceutical care for the general population and patients
with chronic diseases during the coronavirus outbreak, Chi-
nese pharmacists have recently published recommendations
and guidelines [19].

One of the study’s main limitation derives from the subjec-
tive nature of information provided in the CareLink system,
especially in the reported carbohydrates consumed and the
absence of reporting physical activity and sleep patterns.
Additionally, our study population includes only patients
wearing insulin pump and sensor, representing a group of
patients and caregivers familiar with technology and usually
aiming at achieving the best possible glycemic control; thus,
generalization of our results to all patients with T1DM should
be avoided. Furthermore, as this is a single-center study, read-
ers should be cautious not to expand our conclusions in dif-
ferent populations and clinical scenarios. Also, the nature of
traditional control study does not allow the adjustment of
some potential confounders such as accompanying policies
related to the outcomes. On the other hand, our study’s statis-
tical strength stems from the paired comparison of each
patient serving as a control to themselves. Thus, we manage
to show that during the coronavirus lockdown period, chil-
dren with type 1 diabetes on insulin pump with continuous
glucose monitoring and an automated insulin suspension
system can achieve adequate glycemic control regardless of
decreased physical activity, and possibly a nutritionally
imbalanced diet and unpredictable meal schedules. Despite
all these limitations, our patients and caregivers proved that
they are well-trained and experienced in dealing with any
possible unpredictabilities that might come in their way and
maintain a good glycemic control.
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