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Abstract

Aims Spain has been one of the worst affected countries by the COVID-19 pandemic. A very strict lockdown at home was
imposed with a tough restriction of mobility. We aimed to evaluate the impact of this exceptional scenario on glucose profile
of patients with type 1 diabetes (T1D) prone to hypoglycaemia using sensor-augmented pump (SAP).

Methods Patients with T1D prone to hypoglycaemia using SAP (640G Medtronic-Minimed®) for at least 6 months under
the funding of a National Health Service were included in an observational, retrospective study. Data were collected in two
periods: pre-lockdown (PL), February 23rd—March 7th and within lockdown (WL), April 1st to 14th 2020. The primary
outcome was the difference in the proportion of time in target glucose range of 70-180 mg/dL (TIR). Additional glucometric
data and total daily insulin were also analysed.

Results Fifty-nine patients were included: 33 women, age 46.17 + 13.0 years and disease duration of 30.2 + 12.0 years. TIR
70-180 mg/dL (67.6+11.8 vs. 69.8 +12.0%), time > 180 (28.1 £13.6 vs. 25.5+13.1%), time > 250 (6.9+6.1 vs. 5.1 +4.8)
and estimated HbA | (6.94 +0.8 vs. 6.75 +0.7%) significantly improved (PL vs. WL, respectively, p <0.05). Time in hypo-
glycaemia, coefficient of variation, sensor usage and total daily insulin dose remained unchanged.

Conclusions Lockdown conditions imposed by the COVID-19 pandemic may be managed successfully in terms of glycaemia
control by population with DT1 prone to hypoglycaemia using SAP. The strict daily routine at home could probably explain
the improvement in the time in glycemic target without increasing the time hypoglycaemia.
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Introduction

To respond to public health crisis caused by the global coro-
navirus disease 2019 (COVID-19) pandemic, Spain’s Inte-
rior Ministry imposed a highly strict lockdown across the
Managed By Antonio Secchi. country in 14th March 2020, the so-called “state of alert”
period [1]. This imposed drastic measures to fight the Severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
forced people to be at home modifying their daily routines
D4l Clara Vifials becoming them very unchanging but really challenging for

vinals @clinic.cat people with chronic diseases [2].

Appropriately managing of glucose control in type 1 dia-
betes (T1D) is markedly influenced by lifestyle conditions
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monitoring carbohydrate intake [3]. However, other param-
eters that have to be considered include exposure to stress-
ful life events at work and at home, sleep duration, specific
unhealthy behaviours, among others [4, 5].

The use of continuous glucose monitoring (CGM) asso-
ciated with insulin pump therapy, the so-called sensor-aug-
mented pump (SAP) therapy, has shown a reduction in non-
severe and severe hypoglycaemia in people with T1D prone
to this adverse event [6-9]. These findings lend support to
the broad adoption and national health system reimburse-
ment of this technology in the management of this high-risk
population.

We wanted to take advantage of the exceptional living
conditions imposed by the strict lockdown due to COVID-
19 pandemic crisis in Spain to evaluate the management of
glucose profile by patients with T1D prone to hypoglycae-
mia using SAP, a critically vulnerable population with T1D.

Materials and methods

We performed an observational, retrospective study that
involved reviewing the electronic medical records and
databases of individuals with T1D followed at the Diabe-
tes Unit, Endocrinology and Nutrition Department at Hos-
pital Clinic of Barcelona. In the current analysis, patients
with T1D using SAP therapy with the 640G Medtronic-
Minimed system (Medtronic-Minimed, Northridge, CA,
USA) linked to a glucometer (Contour Next 2.4®, Ascensia
Diebetes Care, Parsippany, NJ, USA) and a glucose sen-
sor (Enlite®, Medtronic-Minimed, Northridge, CA, USA)
for at least 6 months were included. We used anonymized
CareLink-Pro® (Medtronic-Minimed, Northridge, CA, USA)
data collected between two different periods: pre-COVID-19
lockdown (PL), from February 23rd to March 7th 2020 and
within the COVID-19 lockdown (WL), from April 1st to
April 14th 2020. The specific indication for starting SAP
therapy under the funding of the Catalan National Health
Service was recurrent severe and disabling hypoglycaemic
episodes or hypoglycaemia unawareness despite the use of
continuous subcutaneous insulin infusion (CSII).

Demographic and clinical data were recorded from com-
puterized clinical records. Data from 14 consecutive days
within the periods mentioned above were collected from
uploads from each patient including CGM data using Care-
Link Pro® software (.csv files selecting specifically the two
periods). Only downloads were included in the study if there
was >70% of CGM data in both periods.

The primary outcome of the study was defined as the
difference between periods in the proportion of time spent
in the target glucose range of 70—180 mg/dL. In addition to
this, data regarding the mean and coefficient of variation
(<and > 36%) of sensor-measured glucose concentrations
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over both periods, % time with glucose concentrations in
hypoglycaemia (<70 mg/dL; <54 mg/dL) and hypergly-
caemia (> 180 mg/dL;>250 mg/dL), estimated HbA,_
(eHbA ), mean sensor glucose and standard deviation of
sensor glucose were also obtained. Information regarding
SAP settings and usage was obtained from downloads: total
insulin dose per day, total basal insulin and bolus insulin
per day, number of bolus per day, predictive low glucose
suspend (PLGS) target, sensor use, time suspension on low
per day, time suspension before low per day, total insulin
suspensions per day and number of low, high alarms per day
and total carbohydrate consumption per day were recorded.
The study have been reviewed by the local ethics commit-
tee (HCB/2020/0601) and have therefore been performed
in accordance with the ethical standards laid down in an
appropriate version of the 1964 Declaration of Helsinki. All
subjects gave informed consent.

Statistical analysis

We planned a study of a continuous response variable from
pairs of study subjects. The power calculation was done
for the primary outcome if the true difference in the mean
response of matched pairs is 2.50, with a standard deviation
of 6.50, we will need to study 56 pairs of subjects to be able
to reject the null hypothesis that this response difference is
zero with probability (power) 0.80. The Type I error proba-
bility associated with this test of this null hypothesis is 0.05.

The results are presented as mean + SD or proportions.
Comparisons between continuous variables were performed
using a paired Student’s ¢ test. Comparisons between cate-
gorical variables were performed using a McNemar’s test. A
P-value <0.05 was considered statistically significant. Data
analysis was carried out with SPSS software, version 25.0
(IBM SPSS Statistics, Armonk, NY).

Results

Fifty-nine patients were included: 33 women, full population
characteristics are described in Table 1. Regarding nephrop-
athy 3 had microalbuminuria, 2 macroalbuminuria, none of
them were on dialysis. None of the patients included were
pregnant, 2 were on pre-pregnancy care. All of them were
treated with SAP therapy.

Regarding glucometric results, during the lockdown
patients achieved more time in range (70-180 mg/dL), less
time in hyperglycaemia (> 180 mg/dL and > 250 mg/dL), a
better eHbA |, without increasing time spent in hypoglycae-
mia (<70 mg/dL and < 54 mg/dL). There was no difference
in sensor use between both periods (Table 2).

The proportion of patients achieving consensus state-
ment targets [10] in relation to sensor glucose values in
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Table 1 Basal characteristics

N=59

Gender (male/female) 26/33 (44.1/55.9)

Age (years) 46.18 + 13.02
Evolution T1D (years) 30.24 + 11.98
Ethnicity Caucasian 59 (100)
Diabetic Complications 34 (57.6)
Retinopathy 33 (55.9)
Nephropathy 5(8.6)
Cardiovascular disease 3(.1)

Data expressed as number (percentage) or mean + standard deviation
T1D type 1 diabetes

both periods was analysed (Table 3). Although there was
a tendency to an improvement in glucose exposure com-
parisons favouring the lockdown period, all of these differ-
ences were not statistically significant, with the exception
of eHbA . <7% (48.2% vs. 58.9%, during PL and WL,
respectively, p=0.03).

In the lockdown period, a 19.6% (n=11) of the subjects
achieved an improvement > 0.4% in eHbA . and a 33.3%
(n=19) shown an improvement > 5% in time in range
(between 70 and 180 mg/dl). These differences could be
considered clinically relevant.

Regarding SAP usage and settings information, there
was no difference in total daily insulin dose (41.34 +17.34
vs. 40.83 + 19.47 IU/day), total basal insulin per day, total
bolus insulin per day, number of bolus per day, total car-
bohydrate consumption (13.83 +6.79 vs. 12.82 +6.33
exchanges-10 g each/day), predictive low glucose sus-
pends (PLGS) targets, time suspensions on low per day,
time suspensions before low per day and total insulin sus-
pensions, comparing PL and WL periods. During the WL,
there was a decrease in the number of high alarms per day
(4.59+3.17 vs. 3.87 +£2.75; p<0.001).

Table 3 Proportion of patients achieving consensus statements in
relation to sensor glucose values during the pre-lockdown and within
the lockdown period

Pre-lockdown Within-lockdown p

<1% of time <54 mg/dl 37 (64.9) 36 (63.2) 1.0
<4% of time <70 mg/dl 32 (56.1) 32(56.1) 1.0
>70% of time 70-180 mg/ 26 (45.6) 29 (50.9) 0.549
dl
<25% of time > 180 mg/dl 24 (42.1) 27 (47.4) 0.453
<5% of time >250 mg/dl 28 (49.1) 33 (57.9) 0.227
<7% eHbA,, 27 (48.2) 33 (58.9) 0.031
<36% of CV 33 (57.9) 31 (54.4) 0.804

Data expressed as number (percentage)
eHDbA ;. estimated HbA ., CV coefficient of variation

Through both periods of time, there were not clinically
significant acute hypo or hyperglycaemic complications and
none of the patients needed hospitalization.

Discussion

The use of SAP allows patients with T1D prone to hypogly-
caemia to effectively and safely manage glucose control even
throughout the exceptional living conditions imposed by the
lockdown due to COVID-19 crisis. Lockdown period was
associated with some improvement in glucometric param-
eters especially those associated with glucose exposure with-
out increasing the risk of hypoglycaemia.

The COVID-19 pandemic has been a challenge for world-
wide population, but fortunately, it has rushed the need for
telemedicine and virtual diabetes clinic to complement
standard outpatient care, this being especially suitable in
patients with T1D using advanced treatments including
CGM and SAP[11, 12].

Due of the rapid spread of COVID-19 worldwide public
authorities had to impose extraordinary policies like lock-
downs to reduce the risk of infection to the population. The

Table 2 Comparison of
glycemic control during the

Pre-lockdown

Within-lockdown Mean difference response  p

pre-lockdown and within the Mean sensor glucose (mg/dl) 1532342236  147.84 + 19.54  —5.39 + 10.45 <0.001

lockdown period Estimated HbA,, (%) 6.94+0.78 6.75 +0.71 —0.19 + 0.35 <0.001
Time < 54 mg/dl (%) 121+ 1.39 144 + 1.97 0.023 + 1.24 0.174
Time <70 mg/dl (%) 434 +332 4.67 +3.88 0.11 + 158 0.305
Time 70-180 mg/dl (%) 67.58 + 11.77  69.78 + 12.07 2.20 + 6.77 0.017
Time > 180 mg/dl (%) 28.08 + 13.59  25.54 + 13.13 —0.77 +£4.86 0.007
Time > 250 mg/dl (%) 6.89 + 6.12 5.13 £4.75 —1.76 + 3.68 0.001
Coefficient of variation (%) 35.71 +3.26 35.35 +4.56 —0.36 +3.82 0.479
Sensor use (%) 84.83 +9.70 85.02 + 10.76 0.13 +9.00 0.874

Data expressed as mean =+ standard deviation or number (percentage)
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effect of lockdown in glycemic control in people with T1D
was totally unknown; however, it has been recently assessed
in a population with T1D using CGM and hybrid closed-
loop systems (HCL). Bonora et al. [13] described 33 indi-
viduals with T1D using CGM who improved TIR from 54.4
to 65.2% during the lockdown in those who stayed at home,
with no changes in those who kept working. Tornese et al.
[14] reported 13 adolescents treated with an HCL system
and good glycemic control at baseline (TIR 68%), in which
glycemic control improved (+3%) especially in those who
continued physical activity during the lockdown. Recently,
Beato [15] has described the effects of the lockdown in a
Spanish population, showing no deleterious effect of the
lockdown in a cohort of patients with T1D treated with
multiple insulin injections and CGM. Recently, it has been
claimed that the improvement in glucose control observed
during lockdown in a T1D population treated with CSII or
multiple daily injections could be due to more stable rhythm
of life and regular mealtimes [16, 17].

The use of SAP has been significantly associated with a
reduction in the frequency of non-severe and severe hypo-
glycaemic events in hypoglycaemia-prone adults compared
to the use of CSII without CGM [6]. We evaluated the
impact of lockdown in a different and particularly vulner-
able population. We included people with T1D prone to
recurrent severe hypoglycaemia. In comparison with the
population included in previous manuscripts [13—17], the
percentage of time < 54 mg/dL in our population is almost
double before lockdown. Despite this, the percentage of
TIR during the lockdown and the improvement observed
in glucose exposure in our study was much higher without
any significant increase in hypoglycaemia. Close to 60% of
our patients reached < 4% of time <70 mg/dL, 50% had sen-
sor glucose values within>70% of TIR and almost 60% of
them had an eHbA . <7%. Thus, regular and homogeneous
daily life conditions and activity in a safe home environment
imposed by strict lockdown may contribute to facilitate glu-
cose management also in a high-risk population with T1D.
This includes increased consumption of homemade food
facilitating carbohydrate counting and the administration of
boluses at time, decreased workloads and increased time to
cope with diabetes.

Recently, we have published [18] the impact of COVID-
19 lockdown in a T1D population prone to hypoglycaemia
using standalone CGM. We have found that this high-risk
population managed successfully in terms of glycemic
control. In this occasion, we include a different subpopu-
lation of patients, all of them treated with SAP therapy.
The effectiveness to achieve glycemic targets may be dif-
ferent using SAP therapy compared to standalone CGM. In
fact, this can be easily recognized in the results of glucose
targets in both studies. In this context, the success of both
therapies during lockdown warrants a specific analysis.

@ Springer

Actually, we had the opportunity to analyse SAP usage
and settings information to explain the differences between
the two periods of time (PL vs. WL), unfortunately, no
significant differences were seen in any of the available
parameters.

Our results contrast with the estimation of the effects of
lockdown due to COVID-19 in glycemic control published
by Ghosal et al. [19]. In that study, the authors estimated
a worsening of glycemic control related to the duration of
lockdown, as well as, an increase in the diabetic complica-
tion rates.

The greatest differences in glycemic control were seen
in time above 180 mg/dl and 250 mg/dl rather than TIR.
This is in line with a recent publication [20] suggesting
that time above 180 mg/dl could be a better index of over-
all quality of glucose control than is TIR.

There are limitations in our study. First of all, it is a
retrospective, observational real-world study and due to
this nature only an association between SAP data obtained
in both periods of time, and no causation, can be inferred
from our results. The glucose profile information was
obtained from two short periods of time, so we cannot
know if the positive results could be extended in time. It
has to be considered that we included a highly selected
T1D population using an advanced therapy. As such, their
engagement in the management of their disease is likely
to be different to other T1D patients, and this limit the
extrapolation of the results. Although we analysed SAP in
this study, variations in daily physical activity and meal
composition which may influence glucose control were not
investigated. Finally, the caucasian population included in
our study belongs to a single reference Diabetes Unit in
Spain with a high expertise in the management of SAP,
thus the findings could not be considered representative
for other populations treated in different clinics and coun-
tries. On the other hand, our study has some strength.
The exceptional, almost experimental, living conditions
imposed by the very strict lockdown measures imposed
in Spain gave to us the opportunity to test the effects of
restrictive and homogenous lifestyle conditions staying
at home on glycemic profile of patients with T1D. We
could also evaluate the effectiveness of SAP technology
with advanced features in a particular group of high-risk
patients in such conditions. Finally, because we pre-
planned the sample size of subjects in our study, we feel
confident with the difference found in TIR between both
periods of time. A 2.2% increase in TIR (30 min per day)
and a 0.2% decrease in eHbA1_, if maintained, could be
considered clinically relevant. Finally, because we pre-
planned the sample size of subjects in our study, we feel
confident with the difference we found in TIR between
both periods of time.
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Conclusion

In summary, very restrictive lockdown conditions imposed
by the COVID-19 pandemic may be managed successfully
in terms of glycemic control by population with T1D prone
to hypoglycaemia using advanced SAP. The strict daily
routine at home could probably explain the improvement
in the time in glycemic target without increasing the time
hypoglycaemia.
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