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ABSTRACT

Background: The abrupt implementation of COVID-19 lockdown had impacted the
management of diabetes mellitus. Limited access to health facilities and alterations in
daily lifestyle put metabolic control among patients at risk. Thus, we observed the
differences in metabolic control parameters in diabetic patients before and during the
lockdown.

Methods: We performed searches from five databases. Meta-analyses were done using
random or fixed-effect approaches with glycemic control parameters (HbAlc, RBG,
FBG, TIR, TAR, TBR) as primary outcomes. Mean difference (MD), Confidence Interval
(CI), and p-value were calculated. Lipid profile presented as secondary outcome.

Results: 21 studies with 3992 diabetic patients were included in the study. Meta-analysis
presented an increase on HbAlc of T1D and T2D patients [MD=+0.06% (95%CI -0.10—
0.23), I’=77%, p=0.45], TBR of T1D patients [MD=-0.05% (95%CI -0.38-0.28), I*=0%,
p=0.77], FBG of T2D patients [MD=+3,47 mg/dL (95%CI 1.22-5.73), 1>=0%, p=0.002],
and lipid profile on qualitative analysis. However, TIR, TAR, and RBG of T1D patients
were improved [MD=+3.52% (95%CI 0.29-6.74), 1>’=76%, p=0.03; MD=-3.36% (95%ClI
-6.48—-0.25), 1’=75%, p=0.03; MD=-0.91 mg/dL (95%CI -4.52-6.34), °=88%, p=0.74].

Conclusion: Lockdown enforcement did not worsen the glycemic control parameter in
diabetic patients. Particular parameters inclined to improve during the lockdown.

Keywords

COVID-19 lockdown, Diabetes mellitus, Meta-analysis, Metabolic control, Systematic
review.

© 2021 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202106.0342.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2021 d0i:10.20944/preprints202106.0342.v1

INTRODUCTION

Since COVID-19 first emerged in China, the transmission of the virus has continued worldwide
despite the intense preventive efforts as the lockdown that has been carried out by various
countries worldwide [1]. Lockdown is defined as a restrictive policy to force people to stay at
home or postpone unnecessary travel due to the spread of a dangerous disease [2]. Lockdown
is considered the last in five steps of public health actions: prevention, protection, restriction,
controlling, and lockdown. The policy applied as the transmission of COVID-19 went south
with a rapid increase in morbidities and mortalities in several countries [3]. A study in India
stated that lockdown is a practical decision to control COVID-19 transmission and provides
time for the government and hospitals to develop proper management. Lockdown is vital in the
track and trace strategy of this pandemic. In healthcare services, precautions include
modification of medical appointments into virtual consultations. Thus, the rush of patients
could be avoided and the exposures to COVID-19 could be minimized in non-emergency
situations [4].

Lockdown had given rise to significant changes in daily life, including a decrease in
physical activity and increases in sedentary lifestyle and dietary changes. Short supply and
limited access to fresh and healthy food had led to increased preserved and fastfood
consumption. Psychological and emotional states were also affected, triggering dysfunctional
eating behavior and appetite dysregulation in particular individuals [5—8].

During the lockdown, vulnerable populations such as patients with chronic diseases
tend to encounter restrictions in healthcare access, including routine medical engagements and
procuring medications [9]. Indirect communications and virtual consultations tend to provide
substandard care for the patients. As healthcare facilities had to deal with limited human and
supply resources, reminders and daily routine assistance had also been diminished. Such
difficulties would be troublesome in chronic disease management such as diabetes mellitus.
Routine monitoring of metabolic control parameters, including glycemic and lipid control, was
significantly affected [10,11].

Poor clinical outcomes had been reported among COVID-19 patients with comorbid
conditions. Prior studies stated that diabetes is one of the independent predictors of intensive
care requirement, ventilation, or even death in COVID-19 patients. An uncontrolled lipid
profile could also increase cardiovascular risks in diabetic patients [12,13]. Therefore, diabetes
should be a concern amidst the pandemic, notably during the lockdown period, to prevent an
increase in vulnerability to COVID-19 as well as the morbidity and mortality of the disease
[14-16].

Through this systematic review and meta-analysis, we ought to determine the impact
of COVID-19 lockdown on metabolic control, including glycemic control and lipid control
among diabetic patients. Observation in metabolic parameter alterations before and during the
lockdown could be a reference in advancing the care and management of diabetic patients
during these situations.

MATERIALS AND METHODS

This study was performed in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 reporting guideline [17]. The study protocol has
been registered in the PROSPERO database (CRD42021252321) [18].

Search strategy

A comprehensive electronic-based literature search was conducted in PubMed, ScienceDirect,
Cochrane Library, JSTOR, and DOAJ databases from April 19-26, 2021, for studies published
in English. Medical Subject Heading (MeSH) terms was used combined with the Boolean
operator (AND/OR) with the following keywords: (COVID) AND ((pandemic) OR
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(lockdown) OR (quarantine)) AND (diabetes mellitus [MeSH Terms]) AND ((glycemic
control) OR (glucose level) OR (lipid profile)). The authors also performed manual searches
to retrieve potentially relevant articles from the reference list of retrieved articles.

Study selection

Title and abstract screening were done on each article, following duplication removal using the
Mendeley reference manager. Two authors (IAW and NRP) independently conducted the
screening based on the following eligibility criteria: observational studies (cross-sectional,
case-control, or cohort), published between 2020 and 2021, including patients of any age with
type 1 (T1D) or type 2 diabetes (T2D), reported the glycemic control parameters and/or lipid
profile as primary or secondary outcomes, and assessed comparison of metabolic control
among diabetic patients during and before lockdown. We excluded studies with the following
criteria: experimental studies, non-English articles, included other types of diabetes, involved
patients with SARS CoV-2 comorbid infection, and not reported the glycemic control and/or
lipid profile during the lockdown. The searching, selecting, and screening process was recorded
and documented in the PRISMA flow diagram (Figure 1).

Data extraction

Three independent authors (IAW, NRP, and NFS) used a standardized form to extract the data.
Any discrepancies were resolved by discussion among authors until reaching a consensus. The
following data were extracted: first author name, year of publication, the country setting, study
design, sample size, study period, age, and types of diabetes. Glycemic control parameters
(HbAIc or estimated Alc (eAlc), random blood glucose (RBQG), fasting blood glucose (FBG),
time-in-range (TIR), time-above-range (TAR), and time-below-range (TBR), lipid control
parameters (total cholesterol (TC), low-density lipoprotein (LDL), high-density lipopreotein
(HDL), and triglyceride (TG), measurement methods, and comparison of metabolic control
before and during COVID-19 lockdown were also extracted.

Quality assessment

Quality assessment was performed independently by two authors (IAW and NFS). Any
discrepancies were resolved by discussion among authors until reaching a consensus. The
quality assessment of included studies was performed with the Effective Public Health Practice
Project (EPHPP) tool, consisting of six components: (i) selection bias, (ii) study design, (iii)
confounders, (iv) blinding, (v) data collection method, and (vi) withdrawals and dropouts. Each
component rated as 1 (strong), 2 (moderate), or 3 (weak). Based on the weak rating counts, the
global rating of each study was assigned as strong, moderate, or weak quality articles [19].

Operational definitions

TIR, TAR, and TBR defined as the percentage of time in a day a person spends the blood
glucose levels respectively in a target range (70-180mg/dL [3.9—10.0 mmol/L]), above range
(>180mg/dL), and below range (<70mg/dL) [20].

Data synthesis and analysis

The primary outcomes of this study were the difference in glycemic control parameters before
and during the lockdown: HbAlc, RBG, and FBG; along with other glycemic control
parameters obtained from the continuous glucose monitoring (CGM) or flash glucose
monitoring (FGM) device: TIR, TAR, and TBR. Secondary outcomes were the difference in
lipid control parameters during and before the lockdown: TC, LDL, HDL, and TG. The mean
and standard deviation of the glycemic control parameters and lipid profile data from each
study were extracted. Any outcomes presented as a median and interquartile range (IQR) were
not included in the meta-analysis. The comparison of glycemic control parameters and lipid
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profile during and before the lockdown were analyzed as continuous variables using the mean
difference (MD) and summarized with their corresponding 95%CI. The overall effect (Z test)
was considered significant if the p-value was <0.05. Heterogeneity was assessed using the Q
statistic and I? test. The I test presents the variability percentage of the analysis due to clinical
or methodological heterogeneity rather than sampling error. The random-effects model was
used when the 12 was >50% or the P-value was <0.1; otherwise, the fixed-effects model was
preferred. Potential publication bias was observed visually using Begg’s funnel plots. If such
bias was evident, the trim-and-fill method was performed to generate a pooled estimate that
accounted for the unpublished findings. We preplanned to perform subgroup analyses for all
outcomes based on the study design. Sensitivity analyses were also performed based on the
quality of the studies. All statistical analyses were performed using Review Manager version
5.4 (The Cochrane Collaboration).

RESULTS

The search strategy yielded 166 articles from primary databases and manual searching after
removing four duplications using Mendeley reference manager. Once titles and abstracts were
screened, 45 articles were selected for full-text evaluation. Of those, 21 studies with 3992
participants met the eligibility criteria and were included in this study (Figure 1). Quality
assessment resulted in twelve "strong" quality articles, eight "moderate" quality articles, and
one "weak" quality article based on EPHPP tool (see Supplementary Material). Funnel plot
asymmetry was obtained in HbAlc, RBG, TIR, and TAR outcomes (Figure 3).

All studies included were observational studies, consisting of thirteen cohort studies,
five case-control studies, and three cross-sectional studies. Most studies were conducted in
Italy, with others being conducted in Spain, France, Greece, Netherlands, Israel, Saudi Arabia,
Turkey, and India. The characteristics of the included studies are presented in Table 1.

According to the 21 studies' findings, seven studies reported negative impacts and
deterioration in glycemic control during the lockdown, while others reported no significant
differences. However, some studies showed significant improvements in glycemic control
among diabetic patients during the lockdown. Due to insufficient outcome data, only seventeen
studies were included in the meta-analysis. The lipid control parameters were analyzed as
secondary outcomes and presented as descriptive analysis since only two available studies
reported the outcome.
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Figure 1 PRISMA flow diagram of study selection process [18]
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Table 1. Characteristics of the included study

. Ages .
A“gl(?l:n(:iear) :z:ldi; Sasril;le)le Study Period Dlabe:es Mean = SD / Outcomes Me::ls;ll'le(:;ent as(s)e:::ltznt Findings
y £ P Median (IQR)
Lockdown affected RBG and BMI
to lack of physical activi
Al-agha et al. (2021) . dué 0 fack of physica’ a¢ i,
- . Cross-sectional 150 Apr —Jun 2020 T1D 12.45£4.62 RBG, HbAlc SMBG Strong increased consumption of
Saudi Arabia [30]
carbohydrates and fast food, and
worsening mood.
154 pre-
Alageel et al. (2021) Retrospective lockdown Lockdown increased the frequency
1 Mar — 30 2020 T1D 8+£0.2 HbA1 MB t . . .
Saudi Arabia [21] cohort 106 ar Jun o bAle SMBG Strong of DKA in pediatric T1D patients.
lockdown
Pre-lockdown: . L
R 2020 . . 21 Feb — 6 Mar 2020 RBG, eAlc, .Glycem;cdcontrol vs{as mgnlijlca;t.lfl
t al. t t t
ragona et al. (2020) etrospective 63 Lockdown: TID 440+ 12.0 TIR, TAR, FGM, CGM Strong Hproved cue fo afl increase in Gatly
Italy [22] cohort routine activities and a decrease in
Early 11 — 25 Mar; TBR
. work-related stress.
Mid 11 —25 Apr 2020
Pre-lockdown: RBG. eAlc Lockdown significantly deteriorated
i 20 Jan — 3 Feb 2020 ’ ’ i i
Barchetta et al. (2020) Retrospective 50 TID 407+ 135 TIR, TAR, FGM, CGM Moderate glycemlc cggtro} of TlD patlents..
Italy [32] cohort Lockdown: TBR Work instability impaired glycemic
28 Mar — 11 Apr 2020 variability.
Lockdown caused short-term
Biancalana et al. (2020) Prospective HbAlc, FBG, worsening in glycemic control and
— 4+ 10.
Italy [23] cohort 14 9 Mar =4 May 2020 12D 694103 TC,LDL, TG SMBG Strong lipid profile in 1/4 of well-controlled

T2D patients. Pre-lockdown



https://doi.org/10.20944/preprints202106.0342.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2021

d0i:10.20944/preprints202106.0342.v1

triglyceride level is the sole
predictor of lockdown glycemic
control.

Pre-lockdown:
1 week before
outbreak SARS-CoV-

Short-term glycemic control was
improved in T1D patients with good
control who remained at home

Bonora et al. (2020) Retrospective 2 in Italy RBG, TIR, during lockdown due to a slowdown
20 T1D 369+ 134 FGM M ts IR . o
Italy [33] cohort ? TAR, TBR G oderate or decrease in daily routine activities
Lockdown: despite limited activities and
15t week of lockdown psychological stress. Long term
effects require further investigation.
Pre-lockdown: Glycemic control during lockdown
23 Feb — 7 Mar 2020 is relatively stable i iatric T1D
Brener et al. (2020) Retrospective cb — 7 Mar RBG, TIR, s re .a ively stable 1? pediatric
102 T1D 109+39 CGM Strong patients. Interventions should be
Israel [34] cohort Lockdown: TAR, TBR . .
focused on young patients in low
25 Mar — 7 Apr 2020 . . .
socioeconomic populations.
Pre-lockdown:
3 weeks to 10 Mar Glycemic control during lockdown
Christoforidis et al. (2020) 2020 RBG, TIR, in pediatric T1D patients could be
-control 34 T1D 1137 +4.45 HCL syst M t . L .
Greece [35] Case-contro Lockdown: 7 TAR, TBR CL system oderate stabilized using insulin pumps with
3 weeks after 11 Mar blood glucose monitoring sensors.
2020
Pre-lockdown: RBG. eAlc No disruptive effect on glycemic
tovad-Bellas et al. (2020 1 — 14 Mar 2020 ’ ’ trol during lock t
Cotovad-Bellas etal. (2020) ¢ conirol 44 TID 370+ 18.0 TIR, TAR, FGM, CGM Moderate control during lockdown due to
Spain [26] Lockdown: TBR increased time for exercise and
6 —19 Apr 2020 home-made cooking.
Pre-lockdown: Children: Glycemic control in T1D patients
20 Feb — 10 Mar 2020 8.8 (7.7-10.6) did not worsen in adults during
Adolescent: RBG. eAlc lockdown period and both children
Di Dalmazi et al. (2020 P ti ’ ’ It i t-lock
i Dalmazi et al. ( ) rospective 130 TID 15.6 (14.2 - TIR, TAR, CGM Moderate and e}du s during post-lockdown
Italy [40] cohort Lockdown: 16.8) TBR period due to the use of CGM,
11 — 30 Mar 2020 physical activity, and stress
Adult: reduction. No changes observed in
45 (29-58.1)

the adolescents.
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Pre-lockdown:

Glycemic control in T1D patients

Dover et al. (2020) Prospective 11— 18 Mar 2020 RBG, eAlc, did not worsen during lockdown.
Y o peCtv 572 T1D 39 (31-50) TIR, TAR, FGM Weak Socioeconomic declines could
United Kingdom [44] cohort Lockdown: ; : ;
TBR increase the risk of poor glycemic
14 — 21 May 2020
control.
Prolongation of lockdown worsened
Karatas et al. (2021) HbAlc, FBG, glycerglc control.and 1ncrea§ed
Case-control 85 Mar 2019 — Oct 2020 T2D 54.81 £10.53 LDL, HDL, SMBG Strong triglyceride levels in T2D patients,
Turkey [27] . . .
TG which was not associated with
weight gain.
Glycemic control was impaired
during the 3-week lockdown period
Kh indal (2020 P ti The first 3 ks of to lifestyle chi
e.lre and Jindal ( ) rospective 143 e first 3 weeks o 2D 54684922 FBG, PPBG SMBG Strong due .o ifestyle ¢ anges, .
India [37] cohort lockdown psychological stress, and difficulties
in access to treatments and health
care facilities.
Pre-lockdown:
23 Feb — 8 Mar 2020
. Lockdown: RBG, eAlc, Glycemic control during lockdown
L t al. (2020 Ret t
It;’fgéz]a (2020) ¢ rc"osé’::t e 30 Early 9 — 23 Mar TID 31.5 (25-42) TIR, TAR, HCL system Moderate significantly improved in adult T1D
Y 2020; TBR patients using HCL.
End 20 Apr — 3 May
2020
Pre-lockdown: REG. cAl Glycemic control was improved
23 Feb — 7 Mar 2020 P OAG i i ies i
Mes.a et al. (2020) Case-control 92 T1D 428 +13.9 TIR, TAR, CGM Strong without h.ypoglyc.emlc tendencies in
Spain [28] Lockdown: TBR T1D patients during lockdown due
1 — 14 Apr 2020 to strict daily routines at home.
Parise et al. (2021) Prospective RBG, eAlc, (teleasiit:tl:rzzgi(\)’;rlzlilerlsrl:liintain
’ P 166 10 Mar — 3 June 2020 T1D 40.0 + 14.0 TIR, TAR, CGM Strong . . P .
Italy [24] cohort TBR and improve glycemic control in
T1D patients during lockdown.
Glycemic control was improved
Potier et al. (2021) Cross-sectional 1378 23 - 28 Apr 2020 TID 45.6+13.6 RBG FGM Strong during lockdown due to improved

France [36]

diet, increased physical activity, and
increased FGM scans.
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Pre-lockdown:

Increased stress and anxiety, weight

24 Feb — 8 Mar 2020 Tib S0.1+149 ain, and reduced physical activi
— ul \%
Ruissen et al. (2021) Prospective HbAlc, TIR, g‘ ’ Py t}.,’
435 FGM, CGM Strong did not worsen short-term glycemic
Netherlands [25] cohort Lockdown: TAR, TBR . .
T2D 62.5+11.6 control in T1D and T2D patients
24 Apr — 7 May 2020 .
with good control.
Pre-lockdown: Glycemic control in adolescent T1D
. 10 — 23 Feb 2020 RBG, eAlc, patients during lockdown did not
T t al. (2020 Retr t 142(11.4 - . .
ornese et al. ( ) etrospective 13 T1D ( TIR, TAR, HCL system Moderate worsen and tend to improve in
France [41] cohort Lockdown: 15.5) . L. .
TBR patients who maintained physical
9 — 22 Mar 2020 ..
activity.
Glycemic control of T1D patients
t al. (2020 . ing lock , mainl
Verma et al. (2020) Cross-sectional 52 25Mar—31 May 2020  TID 11.9 RBG, HbAlc SMBG Moderate worsened during lockdown, mainly
India [31] due to the unavailability of
insulin/glucostrips.
Pre-lockdown: RBG. eAlc Glycemic control in T1D patients
ifals et al. (2020 23 Feb — 7 Mar 2020 ’ > intai inge locki
Vlng s etal. ( ) Case-control 59 T1D 46.18 +£13.02 TIR, TAR, HCL system Strong w.a s maintained durn.lg o¢ d0\fvn
Spain [29] Lockdown: TBR without hypoglycemic tendencies

1—14 Apr 2021

due to strict daily routine at home.

Abbreviations: T1D (type 1 diabetes); T2D (type 2 diabetes); CGM (continuous glucose monitoring); FGM (flash glucose monitoring); HCL (hybrid closed
loop); SMBG (self-monitoring blood glucose); RBG (random blood glucose); PPBG (postprandial blood glucose); FBG (fasting blood glucose); eAlc (estimated
Alc); TIR (time in range); TAR (time above range); TBR (time below range); TC (total cholesterol); LDL (low-density lipoprotein); HDL (high-density

lipoprotein); TG (triglyceride)
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Primary outcomes

Glycated Hemoglobin Alc (HbAlc)

A total of eleven studies [21-31] with 1357 pre-lockdown and 1325 lockdown total
participants, consisting of T1D and T2D patients, reported the mean level of HbAlc and
estimated A 1c which obtained either from CGM or FGM (Figure 2). A pooled estimate showed
that lockdown did not significantly give rise to changes in HbAlc parameter (MD=0.06%
[95%CI -0.10 to 0.23], 1>=77%, random-effects). All HbAlc sub-group analysis presented no
significant differences on HbAlc between pre- and during lockdown on cohort studies (MD=-
0.01% [95%CI -0.17 to 0.14], I>=65%, random-effects), case-control (MD=0.00% [95%CI -
0.32 to 0.32], I>=75%, random-effects), and cross-sectional study (MD=0.56% [95%CI -0.67
to 1.78], 1>=95%, random-effects).

Random Blood Glucose (RBG)

Twelve studies [22,24,26,28-36] on T1D patients reported mean difference of RBG with a total
of 2162 pre-lockdown and 2210 lockdown participants (Figure 2). Pooled estimate showed no
significant differences in RBG level between pre- and during lockdown period (MD=0.91
mg/dL [95%CI -4.52 to 6.34], >=88%, random-effects). RBG sub-group analysis presented no
significant differences on cohort studies (MD=-0.71 mg/dL [95%CI -7.64 to 6.22], [>=0.64%,
random-effects) [9,22,30-32], case-control studies (MD=-2.47 mg/dL [95%CI -8.91 to 3.98],
12=75%, random-effects) [24,26,27,33], and cross-sectional studies (MD=23.61 mg/dL (95%C]I
-15.32 to 62.54, 1’=93%, random-effects) [28,29,34].

Fasting Blood Glucose (FBG)

Mean FBG level was reported in 2 cohort studies [23,37] on T2D patients with a total of 257
participants on each arm (Figure 2). Meta-analysis showed a significant deterioration in FBG
control from pre- to lockdown period (MD=3.47mg/dL [95%CI 1.22 to 5.73], I>=0%, fixed-
effect).

Time In Range (TIR)

Data of mean level of TIR was reported in 8 studies [22,24,26,28,29,33-35] among T1D
patients with a total of 580 participants on each arm (Figure 2). A significant improvement of
TIR from pre- to during lockdown period was indicated (MD=3.52% (95%CI 0.29 to 6.74,
1>=76%, random-effects). However, pooled estimates of subgroup analysis did not show
significant improvement in TIR during lockdown on both cohort studies (MD=4.61% [95%CI
-0.55 t0 9.78], I’=87%, random-effects) and case-control studies (MD=2.24% [95%CI -0.43 to
4.90], 1>=0%, fixed-effect).

Time Above Range (TAR)

Data of mean level of TAR was reported in 8 studies [22,24,26,28,29,33-35] among T1D
patients with a total of 580 participants on each arm (Figure 2). The pooled effect showed that
TAR was significantly improved from pre- to lockdown period (MD=-3.36% [95%CI -6.48 to
-0.25], I’=75%, random-effects). The result remained similar when this study was omitted.
However, when subgroup analysis was performed, the pooled effects were failed to reach
statistical significant on both cohort (MD=-4.44% [95%CI -9.83 to 0.94], 1°=86%, random-
effects) and case-control studies (MD=-2.20% [95%CI -4.66 to 0.27], 1>=0%, fixed-effect).

10


https://doi.org/10.20944/preprints202106.0342.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2021

b)

d0i:10.20944/preprints202106.0342.v1

Testfor overall effect Z=3.02 (P =0.002)

Lockdown Prelockdown

Lockdown Prelockdown Mean Difference Mean Difference d) Lockdown Prelockdown Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 cohort study 4.1.1 cohort study
Alageel etal, 2021 12 16 65 1157 18 97 57%  0.43[0.10,0.96 6 Aragona et al., 2020 61 15 63 58 15 63 11.9%  3.00[2.24,824] —
Aragona etal., 2020 71 07 83 72 07 63 104% -0.10[-0.34,014) —T Bonora et al,, 2020 652 42 20 544 42 20 156% 10.80(8.20,13.40) ——
Biancalana et al., 2020 68 08 114 66 07 114 110%  0.20[0.01,041) —— Brener etal,, 2020 6182 1569 102 609 1426 102 136%  092[3.19,503) —_—t
Parise etal,, 2021 71 06 166 7.2 07 166 122% -0.10[0.24,0.04 — Parise etal, 2021 65 16 166 62 18 166 142%  3.00[-0.66, 6.66) T—
Ruissen etal., 2021 752 11 435 768 12 435 120% -0.16[-0.31,-0.01) — Subtotal (95% CI) 351 351 553%  4.61[-0.55,9.78] g
Subtotal (95% ClI) 843 875 51.2% -0.01[-0.17,0.14] L 2 Heterogeneity: Tau®= 23.68; Chi*= 22.68, df= 3 (P < 0.0001); F=87%
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Figure 2 Meta-analyses of a) HbAlc, b) RBG, c) FBG, d) TIR, ¢) TAR, and f) TBR.
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Time Below Range (TBR)
Data of mean level of TBR was reported in 8 studies [22,24,26,28,29,33-35] among T1D patients with a
total of 580 participants on each arm (Figure 2). TBR was not significantly affected during the lockdown
period (MD=-0.05% [95%CI -0.38 to 0.28], 1>=0%, fixed-effect). Sub-group analysis was performed and
insignificant changes in TBR were presented on both cohort studies (MD=-0.11% [95%CI -0.52 to 0.29],
1>=0%, fixed-effect) and case-control studies (MD=0.08% [95%CI -0.49 to 0.64], fixed-effect).
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Heterogeneity of variance was found in HbAlc, RBG, TIR, and TAR analysis, thus sensitivity analysis
was done to identify the source of heterogeneity using the leave-one-out method on moderate-quality
studies. Bonora et al. [33] was found to be the source of heterogeneity in both TAR and TIR. Neither the
direction of effect nor the statistical significance was changed when this study was excluded from each
outcome. Sensitivity analysis on each sub-group analysis of HbAlc and RBG was unable to provide
significant results.

Secondary Outcomes

Lipid Control

Meta-analysis on lipid profile was unable to be performed due to limited data available. An Italian cohort
study [23] with 114 Caucasian T2D patients reported significant improvements in total cholesterol and
LDL levels during the lockdown (p<0.05) with a slight increase in triglycerides (p>0.05), despite
consistent doses and types of medication administered before and during the lockdown. On the contrary,
a Turkish case-control study [27] with 85 T2D patients reported a significant increase in triglyceride level
(p<0.05) and numeric increases in LDL and HDL (p>0.05), along with a significant increase in body
weight. Multinomial logistic regression in Biancalana et al. study [23] and multivariate analysis in Karatas
et al. study [27] also revealed disparate outcomes, where one study reported pre-lockdown triglyceride as
a predictor of glycemic control during the lockdown period and the other reported that diabetic duration
is the independent predictor of both glycemic control (HbA1c) and lipid profile (TG) [OR 1.2, 95%CI 1.1
— 1.8, p=0.032]. Karatas et al. [27] reported that increases in body weight, blood glucose, HbAlc, and
plasma lipids simultaneously serve as triggers in the expanded risk of cardiovascular diseases.

DISCUSSION

The results of this systematic review and meta-analysis indicated a significant association between
lockdown and changes in FBG, TIR, and TAR among diabetic patients, although insignificant results were
also found on the analysis of TBR, HbAlc, and RBG.

The lockdown and quarantine policy, which has been implemented in many countries, deeply
impacted everyone’s daily life. Changes in diet, sleep, and physical activity, along with psychological
stress, identified as the leading cause of short-term worsening in glycemic control. Increased food craving
and emotional eating of unhealthy sugary snacks or energy foods, stress-eating, snacking after dinner,
reduced dietary limitations, along with sleep disturbance, and reduced physical activity was thought to
expand the risk of weight gain during lockdown [38]. However, the hypothesis regarding dysfunctional
eating habits related to boredom during the lockdown, which is associated with increased hyperglycemia,
was only found in the first few days of the lockdown [6,7,39].

In this review, patients' ability to use glucose monitoring devices properly showed a decent
socioeconomic and educational background, which reflected their care for their condition; thus, sufficient
glycemic control was expected, both before and during the lockdown. The use of CGM or FGM devices
and the application of sensor-augmented insulin pumps (SAP) in diabetic management also independently
permit substantial impacts on glycemic control [40].

Lockdown had reckoned to have positive impacts, primarily in patients who previously had good
glycemic control. Home confinement indirectly improves glycemic control with sufficient time to focus
on the management of diabetes mellitus. Changes in work-related routine had allowed patients to
constantly check glucose status, quickly respond to alarms and notifications of the device, and regularly
calibrate the monitoring device. With the abundance of leisure, supported by financial considerations and
limited access to outside dining, home-based food consumption, healthier diet selection, and alcohol
access limitation were profoundly promoted, thus leading to a more precise carbohydrate calculation,
organized mealtime, and in-time administration of insulin. Hypothetically, these changes minimize the
hypoglycemia and hyperglycemia occurrence pronounced by improved glycemic variability, particularly
in patients who stopped working during the lockdown [26,28,29,33,36,39—41].

Previous studies further reported that the TIR value improved by continuous and structured
medical assistance through telemedicine and regular glycemic data reports by patients and caregivers. The
aforementioned allowed doctors to swiftly respond to any changes in glycemic variability by adjusting
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daily insulin doses according to the uploaded data, particularly in patients who use HCL or the insulin
pump system. Thus, the hypoglycemic and hyperglycemic state and the overall glycemic variability could
be improved [24,39,41].

Stability in glycemic variability also reflects a good adaptation of patients and caregivers against
extreme changes in daily routines and their willingness to maintain glycemic control despite the disruption
in almost all aspects of life due to pandemic and lockdown [34]. Improvements on disruptive habits,
including the inadequacy of physical exercise, could also be possible regarding the spare time [24,26].
Further increases were reported in patients who retained their routine physical activity at home before and
during the lockdown [41]. Physical activity was believed to reduce stress and anxieties regarding
pandemics and improve the quality and duration of sleep. A good sleep could result in a more contained
behavior leading to stability and improvement in glycemic control [22]. Association between perceived
stress scale (PSS) scores and incidence of severe hypoglycemia (TBR<54 mg/dL) also strengthen the
urgency of stress reduction [32].

In concordance with glycemic variability analysis, studies on the adult T1D population presented
favorable blood glucose and HbA 1¢ values during the lockdown period [22,24-26,28,29,31]. The findings
also suggested a reduced dawn phenomenon near the end of the lockdown, which indicates a better
glycemic control towards the end of the confinement [22].

However, changes in HbA 1c and estimated A 1c—or glucose management indicator (GMI) which
approximated based on average blood glucose measured using CGM values—among T1D and T2D
patients were found insignificant [42]. One study found that pediatric patients of T1D presented a higher
HbAlc value during the lockdown. The increase is suspected to be correlated with increased BMI,
decreased physical activity, and increased screen time [21]. Al-Agha et al. [30] found a decrease in
HbA 1c. Nonetheless, it was not followed by improvements in RBG and other related factors, including
BMI, diet, and sedentary habits. Difficulty in acquiring insulin, stress, and mood deterioration was also
reported [30]. Thus, both studies assumed a regression of a previously healthy lifestyle at diabetic patients
had occurred during the lockdown period.

In addition, HbAlc analysis of T2D patients showed a similar increase as the pediatric T1D
population [23,25,27], although the increase was statistically insignificant since it requires a longer time
to evaluate any changes in the HbA 1c; some of the studies were carried out in less than 12 weeks [25,27].
Factors directly correlated to the decline were increased triglyceride, carbohydrate-rich diet, body weight,
perceived stress, and decreased physical activity [23,25,27]. Other indirect factors introduced include
limited access to insulin and glucose strips, lower socioeconomic status, and limitation of mobility and
income [30,31,34].

Increased number of home glucose-monitoring seemed to be the plausible objective of the HbAlc
improvement. More frequent glucose monitoring would lead to a consistent in-time insulin administration
required for an excellent glycemic index [44]. Therefore, regardless of the deterioration in other factors,
regular insulin therapy and constant glucose monitoring seemed to impact HbA lc significantly.

Several studies indeed implied contradictory results, possibly due to the different demographics
of the patients. Financial and work instability in low socioeconomic populations was reported to lead to
the inability of patients to provide a good diet and escalation of perceived stress due to fears and anxieties
regarding the adequacy of food, which exacerbated the worsening of glycemic control. The economic
crisis during the pandemic due to increasing rates of unemployment and financial insecurity had also
compromised people in lower socioeconomic positions, particularly in younger patients. Home
confinement, work from home regulation, and closure of public places such as parks and sports centers
gave rise to a drastic decline in physical activity. As a result, it may limit patient access to medical
treatment, decline the number of clinical visits, and increase the circumstance of substandard care, hence
further impacting glycemic control [6,7,32,34,40,44]. Christoforidis et al. [35] also reported alterations in
meal timing to a looser routine with frequent late-night eating and a significantly increased percentage of
the late first meal of the day around 10.00 a.m. Furthermore, increased basal insulin dose was also reported
due to an increasingly sedentary lifestyle, although the total daily insulin dose was not increased, as the
bolus insulin dose was reduced [35].
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Lastly, we found that most lipid control parameters among T2D patients were generally under
control and not affected by lockdown. Interestingly, the elevation of mean triglyceride level was reported
in both the Turkish case-control study and Italian cohort study, while only the latter showed significance
[23,27]. Since none of the participants reduced or changed the course of treatment during the lockdown,
the alteration of lipid profile in diabetic patients was merely associated with changes in eating habits,
regular physical activity, and controlled dietary approaches [45]. A survey in Spain of T2D patients
showed that during the pandemic, the behavior of craving snacks and sugary foods and decreased physical
activity tended to increase and exacerbated by the lockdown policies [11]. Additionally, poor socio-
economic conditions amidst pandemic changed dietary patterns and created tendencies that promoted
obesity, including the surge of more accessible and affordable fast foods. Limited mobility and decreased
physical activity can increase daily sitting time from 5 to 8 hours per day, leading to reduced calorie
expenditure [46].

A previous observational study explained that a high-carbohydrate diet tends to increase fasting
triglyceride levels and is associated with higher mortality rates [47]. Triglycerides are closely related to
non-esterified fatty acids and could have hazardous effects on glucose homeostasis due to the lipotoxicity
mechanism; even serum triglycerides independently could represent a risk factor for cardiovascular and
kidney diseases [48,49].

Limitation

We included retrospective and prospective studies in this review due to limited studies available since any
controlled studies were barely possible to conduct amid the lockdown period. Diversities in duration and
technical approach of lockdown implementation between countries worldwide had resulted in the
heterogeneity of methods and results in this review, which along with the brief study period, had given
rise to limitations in data availability. Thus, particular outcomes could not be thoroughly analyzed. Further
study with an extended period, larger population, and observation of the after-lockdown findings could
advance the significance of reviews on similar topics. Analysis of lipid profile should be further deepened
in a more focused setting. To the best of our knowledge, until the manuscript publication submission, this
is the first systematic review observing the comparison of glycemic control parameters and lipid profile
of diabetic patients before and during COVID-19 lockdown. The inclusion of both T1D and T2D patients
with various types of study designs including cohort, case-control, and cross-sectional studies from
various countries worldwide supported the superiority of this review.

CONCLUSION

Lockdown enforcement was not proven to worsen the glycemic control parameter in diabetic patients.
However, the results of this study could be considered as references in advancing the care and
management of diabetic patients, particularly during confinements (i.e., quarantine, lockdown) since poor
control of the parameters may promote the progression of diabetic complications and increase
vulnerability during the COVID-19 pandemic. Besides, the finding of this study reveal a good potential
of telemedicine for patient control and provide a scientific basis for its development. Furthermore, this
study provided evidence that sudden short-term changes in lifestyle might affect glycemic control.
Therefore, a healthy lifestyle and proper diabetes management should remain enforced in patients with
diabetes besides pharmacological care.
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