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Abstract

Aims: To assess changes in glucose metrics andassaciation with psychological distress
and lifestyle changes in patients with type 1 dieb€T1D) using flash glucose monitoring

(FGM) during lockdown following SARS-CoV-2 outbreak

Materials and methods: Single-center, observatjoaaibspective study enrolling T1D
patients who attended a remote visit on April 282the Endocrinology division of the
University Hospital Policlinico Consorziale, Baltaly. Lockdown-related changes in

physical activity level and dietary habits wer

eessed On a semi-quantitative basis. Changes
in general well-being were assessed by the Gehealth Questionnaire-12 items (GHQ-12)
with a binary scoring system. Glucose metrics vodtained from the Libreview platform for

the first two weeks of February 2020 (T0) and #st two weeks before the phone visit (T1).

Results: Out of 84 patients assessed for eligibdi8 had sufficient FGM data to be included
in the analysis. FGM data analysis revealed sicguifi reductions in coefficient of variation
(CV), number of hypoglycemic events and time betamnge (TBR), while no changes were
found in time in range (TIR), time above range (TJARean sensor glucose (MSG) and
glucose management indicator (GMI). Moreover, tiegdiency of sweets consumption was

inversely related to the occurrence of hypoglyceevients during lockdown.

Conclusions: Lockdown-related lifestyle changese@lunhealthy, may lead to reduction in

FGM-derived measures of hypoglycemia and glycerarcability in patients with T1D.

Keywords: COVID-19, FGM, hypoglycemia, lifestyle, lockdowtype 1 diabetes.
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I ntroduction

At the beginning of 2020, the world was challenggdhe fearsome outbreak of
SARS-CoV-2 infectiort. On March &, the Italian Government ordered a nationwide
lockdown to reduce the rate of contagion and prethencollapse of the national health care
systent: People were not allowed to leave their housesptxoe urgent necessity, and all
non-essential businesses were forced to closeamifiioyees being either put on furlough or
home workingf The Italian National Institute of Health offeredigance on how to preserve
general well-being through correct lifestite limit the potential increase of
guarantine-related unhealthy food consumption addation in physical activity. In
addition, both the lockdown measures and spre&R&S-CoV-2 pandemic exerted an
unfavorable psychological impact, as it was infefrem both Chineseand European
studies showing somewhat increased prevalencepoésigon, anxiety and post-traumatic
stress disorder (PTSD) in the general populatianthBfestyle and psychological issues
have been deemed essential to diabetes’ darerefore, in patients with diabetes, the
harmful combination of quarantine-associated urthgdlabits, increased mental stress and
suspension of non-urgent face-to-face visits dustial restrictions may potentially result

in deterioration of glucose control and diseaskreehagement.

Cloud-based platforms supporting diabetes datarghmom blood glucose meters and
interstitial glucose monitors give physicians arad®ato remotely follow their patients’
glucose profiles and provide therapeutic suggesfidtiash glucose monitoring (FGM)
provides users with on-demand interstitial gluceselings, glucose trend information, and
historical data to support effective diabetes sefiagemertt:*° Glucose readings are stored
every 15 minutes as long as a patient scans tls®isahleast once every 8 hours, and can be
accessed for retrospective analy$iRecently, quarantine-associated abnormalities in

glucose metrics have beeen retrospectively docliedentpatients with type 1 diabetes (T1D)
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wearing glucose sensars:*However, determinants of the observed modificatjon
including mental stress and changes in physicaligcand dietary patterns, have not been
investigated. In this study, we assessed lockd@lated changes in glucose control and
variability and their association with psycholodidestress and lifestyle changes in T1D
patients using the Freestyle Libre (Abbott Diab&tase Inc., Alameda, CA, USA) FGM

system.
Methods

This was a single-center, observational, retrospestudy, conducted at the Endocrinology
Division of the University Hospital Policlinico Cearziale, Bari, Italy. The study was
carried out in adherence with Good Clinical Pragti€H Harmonized Tripartite Guidelines
for Good Clinical Practice and Declaration of Heksj and was approved by the local
Institutional Ethics Committee (study no. 6375, @wed on May 12, 2020). All patients
attending our diabetes outpatient clinic who reedig prescription for FGM underwent a
remote visit on April 2020 were assessed for elliggtcriteria and enrolled in the study with
informed consent. Inclusion criteria were: both @sand females; agd 8 years; T1D for at
least 1 year; being on an intensive insulin regiifegtmer multiple daily injections, MDI, or
insulin-pump, CSII) for at least 6 months; using BreeStyle Libre (Abbott Diabetes Care
Inc.) FGM system for at least 3 months; havingrtgkicose data uploaded to the Libreview
platform (vww.libreview.con). Major exclusion criteria were: history of acatgocardial
infarction, stroke, percutaneous or surgical reuksization within the last 30 days; active
neoplasia or history of chemotherapy- and/or ramhiatreated neoplasia within the last 6
months; being pregnant in the last 3 months; ahgratoncomitant medical or psychological
condition which, in the judgment of the Investigatmnade the patient unsuitable for study

participation.
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For each individual patient the following inforn@tiwas collected during the phone visit
and confirmed in their clinical record: age, sastIrecorded BMI, education level,
occupational status and change in working habitsxguhe lockdown period, last HbAlc
value, lifestyle changes during the lockdown pe(gmecifically, change in physical activity
and/or dietary habits), changes in general welhgpeis assessed by the General Health
Questionnaire-12 items (GHQ-12). Changes in phyaidavity level and dietary habits were
assessed on a semi-quantitative basis (higher/lsarae frequency) with an ad hoc
guestionnaire (Supplementary Appendix). The GHQsIself-administered screening tool
for nonpsychotic mental disorders, in additiongpresenting a more general measure of
psychiatric well-being (Supplementary AppendiX)Vhen a binary scoring system (0-0-1-1)
is used to rate the responses, the GHQ-12 mayidattify minor psychiatric disorders
within a community or non-psychiatric clinical segs, such as primary care or general
medical outpatients, yielding final scores thaigafrom 0 to 12. The GHQ-12 was already
used to assess psychological distress after traumagnts or disease-related distress in
people with diabetes and it is a reliable and $eesiool to detect clinical changé&sin our
study, patients scorirg} were considered to be at risk for anxiety/depoass
(GHQ-positive)'’ Fourteen-day measures of glycemic control andabdity, including
24-hour mean sensor glucose (MSG), glucose managenakcator (GMI), coefficient of
variation (CV), time spent in the 70-180 mg/dl glae range (TIR), time spent in level 1
(<70-54 mg/dl) and level 2 (<54 mg/dl) hypoglycentime spent in level 1 (>180-250 mg/dl)
and level 2 (>250 mg/dl) hyperglycemia, and nundddow glucose (<70 mg/dl) events and
their duration, were obtained from the Libreviewtfdrm for the following periods: (i.) the
first two weeks of February 2020 (baseline or B@fore the first Italian COVID-19

patient was identified, and (ii.) the last two weddefore a scheduled phone visit (lockdown
period or T1). Sensor data sufficiency and daignsitequency were also obtained. The

primary and secondary endpoints were evaluatedtiamts with>70% FGM data in both the
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baseline and lockdown period. The primary endpwed change in the number of

hypoglycemic events during lockdown. As secondaigpeints, changes in the following
outcomes were evaluated: TIR, time spent abov&@E30 mg/dl glucose range (TAR),
time spent below the 70-180 mg/dl glucose rangeR)TBISG, GMI, CV, and number of

daily scans.

Statistical analysis

Normally distributed continuous variables are régmias mean + standard deviation,
non-normally distributed continuous variables asliawe [interquartile range] and
categorical variables are presented as count (pex@e). The D’Agostino & Pearson test
was used to assess for data normality. A two-tgkaced Student's t-test was performed for
normally distributed continuous variables, a Wilooxmatched-pairs signed rank test was
used for non-normally distributed continuous vaeaband a chi-square test was run to test
for differences in categorical variables in ordeevaluate differences from TO to T1. A
two-tailed unpaired Student’s t-test was perforfoechormally distributed variables and a
Mann Whitney test was performed for non-normallstdouted variables to investigate
differences between the subgroup of patients eapeing less hypoglycemic events during
lockdown compared to the subgroup of patients wasithincreased or unvaried number of
hypoglycemic events. A multiple linear regressiardel was used to investigate the effect of
patients’ characteristics and lifestyle changethenockdown-associated difference in
number of hypoglycemic events. The statistical gialwas performed using GraphPad
Prism software (version 8.4.2 for macOS, GraphRdthWare, La Jolla, CA, USA). A

two-sided p-value <0.05 was regarded as statiltisagnificant.

Results
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A total of 84 patients regulalry attending our aitpnts diabetes clinic and using FGM were
assessed for eligibility: 54 met the inclusionamic and were enrolled in the study; 3 patients
were excluded due to pregnancy, 1 patient was dgdlaue to chemotherapy within the
previous 6 months, 15 patients had T2D, 9 patigictsiot upload data to the Libreview
platform, and 2 patients were not using FGM attitme of the remote visit. Only 48 had
sufficient FGM data (>70%) to be included in theafianalysis. For most patients (87.5%)
the phone visit occurred between April 3 and Aplil There were no reported cases of
SARS-CoV-2 infection among enrolled patients, nosgitalizations for chetoacidosis or
severe hypoglycemia.

Clinical features of included patients are listed able 1. During lockdown, 37.5% of
patients reported small treatment modificationsictviaccounted for <10% of the total daily
insulin dose, and 22.9% had consultation with aelalogist.

As a result of lockdown restrictions, 23 patied{8.9%) had their working habits changed, of

which 15 (31.2%) were placed on furlough and 86§%§.switched to home working.

Mean GHQ-12 score was 4.5, with 50% of patientsntapy a score above thd cut-off
level, thus being at risk of mild psychologicaltdéss. Interestingly, the total GHQ-12 score
did not differ accordingly to changes in workingoha (p=0.77). Most patients (72.1%)
reported that they did not change the number olsresa day, though 39.6% and 35.4% of
patients increased the frequency of starchy foadssaveets consumption, respectively
(Table 2). As expected, 64.6% of patients weredéegmged in physical activity during the

lockdown period than in the pre-COVID baseline tifraane (Table 2).

FGM data sufficiency was high both at baseline @mahg lockdown (100% [95 — 100] and
100% [92 — 100], respectively). FGM data analysisealed a significant reduction in CV,
TBR and the number of hypoglycemic events, whilehange was found in TIR, MSG and

GMI (Table 3). Restricting the analysis only to B8i&patients who did not report a

This article is protected by copyright. All rights reserved.



consultation with their diabetologist led to thengaresults (Supplementary Appendix).
Morover, no differences in lockdown-related changdsGM-derived glucose metrics were

found between patients on MDI and on CSII, respegt{Supplementary Appendix).

At T1 compared to TO, the number of hypoglycemiseges decreased in 62.5%, increased
in 31.3%, and exhibited no variation in 6.2% of flagients. Those patients who experienced
a reduction in the number of hypoglycemic events ahowed larger increases in MSG,
GMI, TAR, as well as reductions in CV and TBR, wirempared to patients who displayed

increased or unvaried number of hypoglycemic ev@#6.05) (Table 4).

A multiple linear regression including age, gend&seline mean sensor glucose, change in
physical activity, change in dietary habits andndein working habits was performed
(Table 5). Increased frequency of sweets consumptas inversely related to the
occurrence of hypoglycemic events at T1 (p=0.008js model found no significant
association between change in the number of hypeglic events and change in working
habits; nonetheless, patients who experienceduwtied in the number of hypoglycemic
episodes after the lockdown became effective etddlbmodifications of their working

pattern more frequently as compared to those whmali (60% vs. 27.8%, p=0.04).
However, more evidence is required to confirm #ssociation due to the small number of

patients enrolled in this study.

Discussion

This was a single-center, observational, retrospestudy giving a snapshot view of
lockdown-related changes in measures of glycemmtraband variability and their
association with changes in daily life and genesall-being in a cohort of FGM users with

T1D from a tertiary referral center in Southernyita
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Since March 2020, the routine of most Italian pedms changed due to the adoption of
nationwide lockdown measures to contain the sppé&RARS-CoV-2 infection. Indeed,

both men and women were forced to interrupt them businesses and social practices, and
spent most of the time at home, with all fithegslitees closed and severe restrictions
regarding even outdoor physical activity. Also, do®verwhelming fear and anxiety about
health, food could appear as a suitable sourogief with possible increase in the number of
meals and excessive hypercaloric food int&Ke.patients with diabetes, the deleterious
combination of unhealthy lifestyle behaviors andyanited access to outpatient clinics led

to the expectation of deterioration of glycemic ttoh

In this study, we have observed a significant rédnof hypoglycemia (either expressed as
TBR or number of total events) and glycemic valtigbin the total cohort, in the absence of
modifications of TIR, MSG, GMI and TAR (Table 3)ypbglycemia represents a major
issue in treatment intensification and has a detnital impact on patients’ quality of life.
However, reduction of hypoglycemic events is nganmably associated with better glycemic
control. Indeed, in the subgroup of patients wéssl hypoglycemic events, significantly
augmented MSG, GMI and TAR were documented (Tapl&His finding leads to question
whether the improvement in hypoglycemic events fnighdue to a worse daily management
of diabetes. Also, the reduction of glycemic vaitigbis clinically relevant, as a growing
body of evidence suggests the association of iseckglycemic variability with the

development of macrovascular complications in diedig

Bonora et al. found no lockdown-related worsenih@-day FGM metrics in a cohort of 33
patients with T1D from the Padua district, with TdRd MSG being even improved in a
subgroup of 20 patients who had stopped workfrigvidence from the literature suggests
that a 14-day period with at least 70% of sensarvaeds confidence that the data are a

reliable indicator of usual glucose patterns, patérly for mean glucose, TIR, and
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hyperglycemia measurés? Since in our cohort sensor wear averaged 96%adhn &4-day
period, longer follow-up and greater time coverageld potentially explain the different

findings between the two studies.

In another study, Beato-Vibora found no deteriorabf glucose control following

lockdown in a cohort of 147 T1D subjects using CGMFGM, with reduction of estimated
HbAlc and time above 180 mg/dl and 250 mg/dI, iasesn TIR, no changes in time spent in
hypoglycemia, but in the absence of any informatinrguarantine-related lifestyle
changes?® Maddaloni et al. found no significant changes BRTand number of
hypoglycemic events during lockdown in the totdd@a, but reported a significant reduction
of TBR in the subgroup of patients at increasekl sfishypoglycemia at baseline, in the
absence of data concerning lifestyle modificatiang psychological distre$$In our cohort,
reduction of hypoglycemic events at T1 was assediatith reduced professional
engagement and higher intake of sweets. Indeeignpmexperiencing modifications of their
working patterns were more represented among tthispiaying reduction in the number of
hypoglycemic events compared to those who did @@ vs. 27.8%, p=0.04). Furthermore,
35.4% of patients reported they were eating morsessithan the pre-lockdown period
(Table 2), and a higher frequency of sweets intee independently associated with
reduction in hypoglycemic events (Table 5). It cblé hypothesized that more time at home
might have had detrimental effects on dietary Isaleifg. increased intake of sweets, thus
exerting a negative impact on glycemic controlpretventing hypoglycemia. In this regard,
a regional uniqueness of our population samplencae excluded. It should be noted,
however, that information on lifestyle modificatigrother than change in working habfts,
is not available for the cohorts of patients whglseemic control has been evaluated during
lockdown in other studie¥;**thus, differences in dietary habits, physicalvti

engagement, and psychological stress might at peasally explain these inconsistencies.
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With regard to psychological well-being, half oftieats reported a GHQ-12 score above
the>4 “caseness” cutoff. This prevalence is similaotizer cohorts of patients with chronic
diseases. Indeed, out of 158 Italian patients pitmary antibody deficiencies switched to
remote assistance during the COVID-19 pandemicGiHE-12 assessment showed that
42.3% were at risk of anxiety/depressftiowever, it should be noted that the GHQ-12
guestionnaire lacks specific questions regardiegrtipact of SARS-CoV-2 outbreak on
general health. Furthermore, the GHQ-12 score whasetated to hypoglycemia occurrence

in our analysis.

This study has some limitations. First of all, séergze is relatively small, and this could
have prevented the detection of differences in spent in the desired glucose range, as
noted in other similar studies. The small sampte siight also have not allowed the
adequate statistical power to investigate the imphieduced physical activity on
FGM-derived glucose metrics. Indeed, Tornese ateahonstrated that continuing regular
physical activity during lockdown, even if just imaks, was crucial to achieving a satisfying
TIR in T1D adolescents using hybrid closed Iddplso, changes in dietary habits and
physical activity were only assessed on a semidfatime basis with a self-administered,
non-validated questionnaire. However, in line wiita results in our cohort, the EPICO study,
conducted in a population of undergraduate Itadtalents, showed that lockdown was
associated with decreased physical activity in axiprately half of the sampfé.Moreover,
the exclusion of patients unable to upload dathed_ibreview platform, possibily because
less proficient in the use of technology, mightdadaft out individuals possibly at higher risk
of worse diabetes management and whose glycemiootaluring lockdown remains
unexplored due to the unfeasibility of in-persositéi. Finally, information on basal and
bolus insulin doses was not available at both pmiats, and change in daily insulin
requirements should be investigated in future siiddowever, only 37.5% of patients made

adjustements to their daily insulin regimen duriockdown (Table 1).
This article is protected by copyright. All rights reserved.



In summary, we found a reduction in FGM-derived sugas of hypoglycemia and glycemic
variability in patients with T1D, possibly as auktof lockdown-related prolonged exposure

to unhealthy lifestyle but independently of psyduital distress.
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Table 1. Characteristics of study population.

N 48

Age (yrs) 42.4 +15.9
BMI (kg/m? 23.5+0.6
Female 23 (47.9)
Education level

Elementary school degree 2(4.2)
Middle school degree 6 (12.5)
High school degree 25 (52.1)
University degree 15 (31.2)
HbA1c (%) 7.4+1.0
Insulin therapy

MDI 39 (81.5)
Csill 9 (18.7)
Working habits

Unchanged (retired/unemployed/regular work) 251p2.
Changed (on furlough/remote work) 23 (47.9)
Diabetologist consultation 11 (22.9)
Treatment modification 18 (37.5)

Data are expressed as mean + standard deviatemamunts (percentage).
MDI, multiple daily injections; CSlI, continuous lscutaneous insulin infusion.

Table 2. Dietary habits and physical activity during lockdown (T 1) compared to
baseline (TO).

Meals/day Starchy Sweets Whole Vegetables Physical
foods grains activity

Increased 11 (22.9) 19(39.6) 17(35.4) 7(14.6) 12(25.0) (18.7)
Unchanged 35 (72.1) 19(39.6) 23 (47.9) 24(70.8) 27(56.2) (1&6)
Reduced 2 (4.2) 10 (20.8)  8(16.6) 7(146) 9(18.7) 31.654

Data are expressed as counts (percentage).
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Table 3. Changes from baseline of FGM-derived glucose metrics during lockdown.

Baseline (TO) Lockdown (T1) Difference p
(T1-TO)

M SG (mg/dl) 157.6 + 23.7 159.9 + 26.9 2.3+15.0 0.29
GMI (%) 7.1+£0.6 7.1+£0.6 0.06 +£0.3 0.26
CV (%) 383+7.4 35.1+6.1 -3.1+5.2 0.0001
TIR (%) 60.8 +14.1 60.8+17.4 0.0+9.7 0.9
TAR (%) 32.8+14.6 34.6+17.9 1.79+9.8 0.21
TBR (%) 6.3+55 45+3.3 -1.8+4.5 0.008
Hypoglycemic 10.0 [5.0-17.0] 8.5[6.0-13.0] -2.0[-5-0] 0.0024
events (N)
Scans/day (N) 11.0 [8.8—15.0] 13.0[9.0-17.0] 1.0[-1.0-0] 2®.

Normally distributed data are expressed as medantlard deviation and non-normally
distributed data are expressed as median [interitpueange].

Differences between paired groups of normally thated data have been assessed with
Student's t-test, whereas differences betweendggnaips of non-normally distributed data
have been assessed with the Mann-Whitney test.

MSG, mean sensor glucose; GMI, glucose managemeicaior; CV, coefficient of
variation; TIR, time in range (70-180 mg/dl); TARnNe above target glucose range; TBR,
time below target glucose range.

In bold, statistically significant p-values.

Table 4. Changesin FGM-derived glucose metrics during lockdown compared to
baseline(T1-TO) in patientswith reduced vs. increased number of hypoglycemic events.

Patients with reduced Patients with

Changesin FGM hypoglycemic events increased/unvaried

metrics (T1-TO) (30) hypoglycemic events (18) p

M SG (mg/dl) 7.2+14.0 -5.9+13.0 0.002
GMI (%) 0.18+0.34 -0.14+0.3 0.001
CV ((%) -45+5.3 -0.84 +4.3 0.01
TIR (%) -0.83+£10.0 14+94 0.44
TAR (%) 43+95 -23+9.1 0.02
TBR (%) -2.0[-5.0 —-0.75] 0.5[0.0-2.3] <0.0001
Hypoglycemic events (N) -6.0 [-10.0 — -2.8] 3.0[1.0-4.0] <0.0001

Normally distributed data are expressed as medantlard deviation and non-normally
distributed data are expressed as median [intelitpuenge].

Change in hypoglycemic events during lockdown weseased as number of hypoglycemic
events during lockdown (T1) minus number of hypogliyic events at baseline (T0).
Differences between unpaired groups of normallyrithsted data have been assessed with
Student's t-test, whereas differences between egpbgroups of non-normally distributed
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data have been assessed with the Mann-Whitneyridstld, statistically significant
p-values.

MSG, mean sensor glucose; GMI, glucose managemeicaior; CV, coefficient of
variation; TIR, time in range (70-180 mg/dl); TARnNe above target glucose range; TBR,
time below target glucose range.

In bold, statistically significarp-values.

Table 5. Multiplelinear regression model, adjusted for age, gender and baseline mean
sensor glucose, predicting change from baseline (T1-TO) in the number of
hypoglycemic episodes during lockdown.

Predictor Estimated SE t Statistic p-value 95% ClI
regression
coefficient
Intercept -19.81 6.612.99 0.005 -33.15, -6.47
Less physical activity -1.98 1.911.03 0.31 -5.83, 1.88
More sweets -6.86 2.12.07 0.002 -11.15, -2.59
Change in working habits -1.22 0.00.72 0.47 -4.89, 2.32

Number of observations: 48, degrees of freedom 41
Multiple R: 0.5672, R-squared: 0.3217, AdjusteddRased: 0.2224
F-statistic: 3.241 on 6 and 41 DF, p-value: 0.01

SE, standard error; CI, confidence interval; MDuyltiple daily injections.
In bold, statistically significarp-values.
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