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Background: Abrupt implementation of lockdowns during the coronavirus disease 2019 (COVID-19) pandemic affected the
management of diabetes mellitus in patients worldwide. Limited access to health facilities and lifestyle changes potentially affected
metabolic parameters in patients at risk. We conducted a meta-analysis to determine any differences in the control of metabolic
parameters in patients with diabetes, before and during lockdown.

Methods: We performed searches of five databases. Meta-analyses were carried out using random- or fixed-effect approaches to
glycaemic control parameters as the primary outcome: glycosylated hemoglobin (HbA 1c), random blood glucose (RBG), fasting
blood glucose (FBG), time-in-range (TIR), time-above-range (TAR), time-below-range (TBR). Mean difference (MD), confi-
dence interval (CI), and P value were calculated. Lipid profile was a secondary outcome and is presented as a descriptive analysis.
Results: Twenty-one studies enrolling a total of 3,992 patients with type 1 or type 2 diabetes mellitus (TIDM or T2DM) were in-
cluded in the study. Patients with TIDM showed a significant improvement of TIR and TAR (MD=3.52% [95% CI, 0.29 to 6.74],
=76%, P=0.03; MD=-3.36% [95% CI, —6.48 to -0.25], ’=75%, P=0.03), while FBG among patients with T2DM significantly
worsened (MD=3.47 mg/dL [95% CI, 1.22 to 5.73], P=0%, P<0.01). No significant difference was found in HbA1lc, RBG, and
TBR. Use of continuous glucose monitoring in TIDM facilitated good glycaemic control. Significant deterioration of lipid param-
eters during lockdown, particularly triglyceride, was observed.

Conclusion: Implementation of lockdowns during the COVID-19 pandemic did not worsen glycaemic control in patients with
diabetes. Other metabolic parameters improved during lockdown, though lipid parameters, particularly triglyceride, worsened.
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INTRODUCTION

Ever since coronavirus disease 2019 (COVID-19) first emerged
in China, lockdowns have been implemented in numerous
countries as an attempt to reduce the spread of disease [1].
Lockdowns resulted in significant changes to daily life, from
decreased physical activity, dietary changes, alterations in psy-
chological and emotional states, and appetite dysregulation in

individuals [2-4]. During lockdown, vulnerable populations,
such as patients with diabetes mellitus, encountered restric-
tions in healthcare access that resulted in substandard care for
patients [4]. Moreover, routine monitoring of metabolic con-
trol parameters, including glycaemic and lipid control, de-
creased significantly, resulting in an overall worsening of the
assessment of patients with diabetes [4,5].

In an attempt to tackle the limitations on face-to-face meet-
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ings, several solutions using advanced technology were pro-
posed as monitoring alternatives for maintaining good glycae-
mic control [6]. Before the COVID-19 pandemic, technologi-
cal solutions for continuous glucose monitoring (CGM) and
telemedicine were used to a limited extent [7]. CGM usage was
associated with improved clinical outcomes of overall care
[7,8]. With social restrictions due to COVID-19, CGM is a
critical tool for remote glucose monitoring in patients with dia-
betes. Therefore, the benefits of CGM in monitoring diabetes
during the COVID-19 pandemic needs to be further evaluated.

With this systematic review and meta-analysis, we aim to (1)
provide an overview of the correlation between lockdowns and
metabolic control and (2) evaluate the association between
current medical practices during the lockdown and proper
glycaemic control in patients with diabetes.

METHODS

This study was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 reporting guideline [9]. The study protocol
has been registered in the international prospective register of
systematic reviews database (PROSPERO) (CRD42021252321).

Search strategy

A comprehensive electronic-based literature search was con-
ducted in PubMed, ScienceDirect, Cochrane Library, Journal
Storage (JSTOR), and Directory of Open Access Journals
(DOAJ) databases from 19 to 26 April 2021, for studies pub-
lished in English. Medical Subject Heading (MeSH) terms
were used in combination with the Boolean operator (AND/
OR) and the following keywords: (COVID) AND [(pandemic)
OR (lockdown) OR (quarantine)] AND (diabetes mellitus
[MeSH Terms]) AND [(glycaemic control) OR (glucose level)
OR (lipid profile)]. The authors also performed manual
searches to retrieve potentially relevant articles from the refer-
ence list of retrieved articles.

Study selection

Title and abstract screening were carried out on each article,
after removing duplicates using the Mendeley reference man-
ager. Two authors (I.A.W. and N.R.P) independently conduct-
ed the screening based on the following eligibility criteria: ob-
servational studies (cross-sectional, case-control, or cohort),
published between 2020 and 2021, including patients of any

https://e-dmj.org  Diabetes Metab J 2022;46:260-272

dmj

age with type 1 or type 2 diabetes mellitus (T1DM or T2DM),
that reported glycaemic control parameters and/or lipid profile
as primary or secondary outcomes, and assessed comparisons
of metabolic control among diabetic patients during and before
lockdown. We excluded studies with the following criteria: ex-
perimental studies, non-English language articles, studies that
included other types of diabetes or involved patients with se-
vere acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
comorbid infections, and those studies that did not reported
the glycaemic control and/or lipid profile during lockdown.
The search, selection, and screening processes were recorded
and are documented in the PRISMA flow diagram (Fig. 1).

Data extraction

Three independent authors (L.A.W.,, N.R.P, and N.ES.) used a
standardised form to extract the data. Any discrepancies were
resolved by discussion among the authors until a consensus
was reached. 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. Glycae-
mic control parameters (glycosylated hemoglobin [HbA1lc] or
estimated Alc [eAlc], random blood glucose [RBG], fasting
blood glucose [FBG], time-in-range [TIR], time-above-range
[TAR], and time-below-range [TBR]), lipid control parameters
(total cholesterol, low-density lipoprotein cholesterol [LDL-C],
high-density lipoprotein cholesterol [HDL-C], and triglycer-
ide), measurement methods, and comparison of metabolic
control before and during COVID-19 lockdowns were also ex-
tracted. HbA1c data obtained from laboratory assessment, and
eAlc, data from CGM, are defined as HbAlc.

Quality assessment

Quality assessment was performed independently by two au-
thors (LA.W. and N.ES.). Any discrepancies were resolved by
discussion among authors until a consensus was reached.
Quality assessment of the studies included in the meta-analysis
was performed with the Effective Public Health Practice Proj-
ect (EPHPP) tool, consisting of six components: (1) selection
bias, (2) study design, (3) confounders, (4) blinding, (5) data
collection method, and (6) withdrawals and dropouts. Each
component was rated as 1 (strong), 2 (moderate), or 3 (weak).
Based on the number of components with a weak rating, the
global rating of the quality of each study was assigned as either
strong, moderate, or weak [10].
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of study selection process

[9].

Operational definitions

TIR, TAR, and TBR are defined as the percentage of time per day
an individual spent at various blood glucose levels, respectively,
in the target range (70 to 180 mg/dL [3.9 to 10.0 mmol/L]),
above range (>180 mg/dL), and below range (<70 mg/dL) [11].

Data synthesis and analysis

The primary outcomes of this study were the differences identi-
fied in the following glycaemic control parameters, before and
during lockdown: HbAlc, RBG, and FBG; along with other
glycaemic control parameters obtained from CGM or flash
glucose monitoring (FGM) device: TIR, TAR, and TBR. Sec-
ondary outcomes were the differences in lipid control parame-
ters during and before the lockdown of the following: total
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cholesterol, LDL-C, HDL-C, and triglyceride. The mean and
standard deviation of the glycaemic control parameters and
lipid profile data from each study were extracted. Any out-
comes presented as a median and interquartile range were not
included in the meta-analysis. The comparison of glycaemic
control parameters and lipid profile during and before the
lockdown were analysed as continuous variables using the
mean difference (MD) and summarised with their correspond-
ing 95% confidence interval (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 I* was >50% or the P
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value was <0.10; otherwise, the fixed-effect model was pre-
ferred. Potential publication bias was observed visually using
Begg’s funnel plots. We pre-planned to perform subgroup anal-
yses for all outcomes based on the study design. Sensitivity
analyses were also performed based on the quality of the stud-
ies. All statistical analyses were performed using Review Man-
ager version 5.4 (The Cochrane Collaboration, London, UK).

RESULTS

The search strategy yielded 166 articles from primary databas-
es and manual searching after removing four duplications us-
ing Mendeley reference manager. After titles and abstracts were
screened, 45 articles were selected for full-text evaluation. Of
those, 21 studies with a total of 3,992 participants met the eligi-
bility criteria and were included in this study (Fig. 1). Quality
assessment resulted in 12 “strong” quality articles, eight “mod-
erate” quality articles, and one “weak” quality article based on
the EPHPP tool (Supplementary Table 1). Funnel plot asym-
metry was obtained in HbAlc, RBG, TIR, and TAR outcomes
(Supplementary Figs. 1-4) but not in FBG and TBR (Supple-
mentary Figs. 5and 6).

All studies included were observational studies and consist-
ed of 13 cohort studies, five case-control studies, and three
cross-sectional studies. Most studies were conducted in Italy,
with others conducted in Spain, France, Greece, the Nether-
lands, Israel, Saudi Arabia, Turkey, and India. The characteris-
tics of the included studies are presented in Table 1.

According to the findings in these 21 studies, seven studies
reported negative impacts and a deterioration in glycaemic
control during lockdown, while others reported no significant
differences. However, some studies showed significant im-
provements in glycaemic control among patients with diabetes
during lockdown. Due to insufficient outcome data, only 17
studies were included in the meta-analysis. The lipid control
parameters were analysed as secondary outcomes and are pre-
sented as descriptive analyses since only two available studies
reported this outcome.

Primary outcomes

HbAIc

Eleven studies [12-22] with a total of 1,357 pre-lockdown and
1,325 lockdown participants, comprised of patients with either
T1DM or T2DM, reported mean levels of HbAlc and eAlc
which was obtained either from CGM or FGM (Supplementa-
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ry Fig. 7). A pooled estimate showed that lockdown did not
significantly result in changes to HbAlc (MD=0.06% [95% CI,
-0.10 to 0.23], I’=77%, random-effects). All HbAlc subgroup
analyses in cohort studies. found no significant differences of
HbA1c between pre-lockdown and lockdown (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-ef-
fects), and cross-sectional studies (MD=0.56% [95% CI, —-0.67
to 1.78], I*=95%, random-effects).

Random blood glucose

Twelve studies [13,15,17,19-27] in patients with T1DM report-
ed MDs of RBG with a total of 2,162 pre-lockdown and 2,210
lockdown participants (Supplementary Fig. 8). Pooled esti-
mates showed no significant differences in RBG level between
pre-lockdown and during lockdown periods (MD=0.91 mg/dL
[95% CI, -4.52 to 6.34], I*=88%, random-effects). RBG sub-
group analysis showed no significant differences in cohort
studies (MD=-0.71 mg/dL [95% CI, -7.64 to 6.22], I*=0.64%,
random-effects), case-control studies (MD=-2.47 mg/dL
[95% CI, -8.91 to 3.98], I*=75%, random-effects), and cross-
sectional studies (MD=23.61 mg/dL [95% CI, -15.32 to 62.54],
I*=93%, random-effects).

Fasting blood glucose

Mean FBG level was reported in two cohort studies [14,28] of
patients with T2DM with a total of 257 participants in each
arm (Fig. 2). Meta-analysis showed a significant deterioration
in FBG control from pre-lockdown to the lockdown period
(MD=3.47 mg/dL [95% CI, 1.22 to 5.73], I?*=0%, fixed-effect).

Time-in-range

Data on the mean level of TIR was reported in eight studies
[13,15,17,19,20,24-26] among patients with T1DM, with a to-
tal of 580 participants in each arm (Fig. 3). A significant im-
provement of TIR from pre-lockdown to during the lockdown
period was observed (MD=3.52% [95% CI, 0.29 to 6.74],
I’=76%, random-effects). However, pooled estimates of sub-
group analysis did not show significant improvement in TIR
during lockdown in both cohort studies (MD =4.61% [95% CI,
-0.55 t0 9.78], I*=87%, random-effects) and case-control stud-
ies (MD=2.24% [95% CI, —0.43 to 4.90], I*=0%, fixed-effect).

Time-above-range
Data on the mean level of TAR was reported in eight studies
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Fig. 2. Forest plots of meta-analysis for fasting blood glucose. SD, standard deviation; IV, inverse variance; CI, confidence interval.
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Fig. 3. Forest plots of meta-analysis for time-in-range. SD, standard deviation; IV, inverse variance; CI, confidence interval.

[13,15,17,19,20,24-26] among patients with T1DM, with a to-
tal of 580 participants in each arm (Fig. 4). The pooled effect
showed that TAR significantly improved from the pre-lock-
down to the lockdown period (MD=-3.36% [95% CI, -6.48 to
-0.25], I’=75%, random-effects). However, when subgroup
analysis was performed, the pooled effects failed to reach sta-
tistical significance in both cohorts (MD=-4.44% [95% CI,
-9.83 to 0.94], I*=86%, random-effects) and case-control stud-
ies (MD=-2.20% [95% CI, —4.66 to 0.27], I*=0%, fixed-effect).

Time-below-range

Data on the mean level of TBR was reported in eight studies
[13,15,17,19,20,24-26] among patients with T1DM, with a to-
tal of 580 participants in each arm (Supplementary Fig. 9).
TBR was not significantly affected during the lockdown period
(MD=-0.05% [95% CI, —0.38 to 0.28], I*=0%, fixed-effect).
Subgroup analysis was performed and insignificant changes in
TBR were found in both cohort studies (MD=-0.11% [95%
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CI, -0.52 to 0.29], I’=0%, fixed-effect) and case-control stud-
ies (MD=0.08% [95% CI, —-0.49 to 0.64], fixed-effect).

Sensitivity analysis

Heterogeneity of variance was found in HbAlc, RBG, TIR,
and TAR analysis; therefore, a sensitivity analysis was carried
out to identify the source of heterogeneity using the leave-one-
out method on moderate-quality studies. Bonora et al. [24]
was found to be the source of heterogeneity in both TAR and
TIR. Neither the direction of effect nor the statistical signifi-
cance was changed when this study was excluded from each
outcome. Sensitivity analysis on each subgroup analysis of
HbAlcand RBG was unable to provide significant results.

Secondary outcomes

Lipid control

Meta-analysis on lipid profiles could not be performed due to
the limited data available. An Italian cohort study [14] of 114
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Fig. 4. Forest plots of meta-analysis for time-above-range. SD, standard deviation; IV, inverse variance; CI, confidence interval.

Caucasian patients with T2DM reported significant improve-
ments in total cholesterol and LDL-C levels during the lock-
down (P<0.05), despite consistent doses and types of medica-
tion administered before and during lockdown. In contrast, a
Turkish case-control study [18] of 85 patients with T2DM re-
ported a significant increase in triglyceride and body weight
(P<0.05). Multinomial logistic regression in Biancalana et al.
[14], and multivariate analysis in the Karatas et al. [18] study
also revealed disparate outcomes, where one study reported
pre-lockdown triglyceride as a predictor of glycaemic control
during the lockdown period, and the other reported that dura-
tion of diabetes was the independent predictor of both glycae-
mic control (HbA1c) and lipid profile (triglyceride) (odds ra-
tio, 1.2;95% CI, 1.1 to 1.8; P=0.032). Karatas et al. [18] report-
ed that increases in body weight, blood glucose, HbAlc, and
plasma lipids simultaneously served as factors in the increased
risk of cardiovascular diseases.

DISCUSSION

We obtained a total of 21 observational studies with 3,992 par-
ticipants. The pooled estimates of TIR and TAR among pa-
tients with T1DM showed improvements during lockdown,
while FBG among patients with T2DM deteriorated. Total
cholesterol and LDL-C were improved [14], but triglyceride
worsened [18]. The majority of the studies reported that diet,
physical activity, and stress management played a primary role
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in affecting the control of metabolic parameters. However,
other factors were found to have an equal effect on worsening
control. Social factors including emotional instability, socio-
economic vulnerability, uncertainty in employment status, and
difficulty in accessing healthcare and medication aggravated
the deterioration of metabolic parameters. In contrast, all ar-
rangements of telemedicine, whether in the form of tele-assis-
tance or use of automated glucose monitoring systems were
found to improve the control of diabetic parameters [6-8,29].
Excessive consumption of high carbohydrate foods, includ-
ing several types of fruit and vegetables, is a well-known cause
of increased triglyceride and blood glucose levels in patients
with diabetes [30]. A reduction in physical activity during lock-
down may have further contributed to an increase in triglycer-
ide and blood glucose [31]. Refractory glucose fluctuations,
shown by unchanged TBR in patients with TIDM and worsen-
ing FBG in patients with T2DM, despite improvements in other
parameters, could indeed be heightened by several risk factors
such as gender, younger age, higher body mass index, higher
HbAlc, and current treatment strategies; in particular, triple
combination or insulin therapy [32]. Nevertheless, poor dietary
practices and physical inactivity were still the main contributors
to adverse outcomes in the control of diabetes. Despite the
downsides, we found that glycaemic parameters were still well-
controlled, possibly due to the use of appropriate insulin treat-
ments and medications which maintain normal blood glucose
levels and prevent hyperglycaemia. Therefore, HbAlc did not
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deteriorate overall, and TIR and TAR were even found to show
improvement. In addition to dietary factors, physical activity,
and stress management, adherence to medication was essential
in maintaining satisfactory glycaemic control during lockdown.

We observed that individuals who lacked exercise and ne-
glected healthy habits during lockdown were at higher risk of
having poor glycaemic control [2,3]. Socioeconomic issues and
psychological burden during lockdown had also worsened gly-
caemic control parameters. This deterioration was evident
even among patients with TIDM who previously had appro-
priate metabolic control [23,33]. These factors led to changes
in diet, sleep, and physical activity [2,3,34,35].

Precisely how daily habit changes affected metabolic control
were conflicting, however. For example, Ruissen et al. [16] re-
ported an increase in stress, weight gain, and a reduction in ex-
ercise, but this study showed improvements in glycaemic con-
trol, in contrast to other studies [21,23,28]. Indeed, the popula-
tion in this study [16] was previously well-controlled and re-
ceived insulin treatments during lockdown. Meanwhile, an-
other study reported that some patients with previously well-
controlled diabetes had worsened parameters in lockdown
[14]. Based on these findings, it is possible to infer that other
factors, including adherence to medications or insulin treat-
ment, might also have played a pivotal role in the maintenance
of metabolic control [36]. In addition, adequate control of dia-
betes among patients with gestational diabetes was found to be
unfavourable during the COVID-19 pandemic lockdown,
even when follow-up via telemedicine was facilitated [37].
Without ignoring confounders, the net effect on metabolic
control seems to be the result of all factors combined, rather
than the effect of a single factor. It seems apparent that ade-
quate diabetic control requires active participation and care
from patients themselves.

Most of the studies we included [13,15-17,19,20,23,25,26,35,
38,39] used either standalone CGM or CGM with an automat-
ed insulin delivery system such as hybrid closed loop for pa-
tients monitoring during lockdown. Use of CGM and an auto-
mated insulin delivery system as an artificial pancreas that
maintains basal insulin levels have recently increased for the
management of patients with TIDM [7,8]. Features on some
versions of CGM enable the automatic scanning of blood glu-
cose levels and are equipped with an active alarm in real time
CGM, while other versions require patients to actively scan
blood glucose, as in intermittently scanning CGM [40,41].
CGM can be very helpful in remotely managing diabetes and
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improving quality of life [42]. In addition to the psychosocial
benefits, CGM use for patients with diabetes can improve poor
diabetic control, as demonstrated by improvements in HbAlc,
TAR, TIR, and TBR [43], and reductions in hypoglycaemia
risk [43,44]. The use of auto-mode CGM is associated with im-
proved glycaemic variability (GV) [35].

Improving GV in patients with diabetes is considered crucial
in reducing adverse outcomes. Several studies have shown that
poor GV is associated with oxidative stress, which could induce
endothelial dysfunction, atherosclerosis, and other cardiovas-
cular complications. Glycaemic fluctuations have been shown
to promote inflammatory cytokine release, monocyte adhesion
to endothelial cells, endothelial cells apoptosis, and epigenetic
changes in endothelial and mononuclear cells. These altera-
tions could foster the downregulation of superoxide dismutase,
detoxification genes, and free radical scavengers [45]. The most
disadvantageous outcome of poor GV is that it has cytotoxic
effects on the pancreas, which significantly reduces glucose-
mediated insulin secretion, B-cells’ apoptosis, and mitochon-
drial alterations. Thus, poor GV promotes the vicious cycle of
poor glycaemic control and diabetic complications [46].

We noted that most of the worsening events in diabetic pa-
rameter control were reported from non-European countries,
particularly countries in the Middle East, where cultural influ-
ences were highly correlated. According to 2019 Global Bur-
den of Diseases (GBD) data, individuals living in Middle East-
ern countries have one of the highest daily mean energy in-
takes and the lowest level of physical activity worldwide [47].
We propose that both of these factors, in conjunction with
changes in habits during lockdown, led to a substantial wors-
ening in metabolic control in patient with diabetes who reside
in the Middle East.

Regarding lipid profile findings, a previous observational
study observed that a high carbohydrate diet increases fasting
triglycerides and is associated with higher mortality rates [30].
Triglycerides are closely related to non-esterified fatty acids
and could have hazardous effects on glucose homeostasis due
to lipotoxicity [48]. Serum triglycerides could also indepen-
dently represent a risk factor for cardiovascular and kidney
diseases [49].

In summary, the implementation of lockdowns to limit the
spread of COVID-19 resulted in lifestyle modifications for
many people worldwide. A sedentary lifestyle, unhealthy di-
etary intake, and poor stress management could be a factor in
the poor management of diabetes. However, the application of
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CGM for some people had a positive effect on diabetic manage-
ment, such as improving medication adherence. Despite many
factors that can directly influence metabolic control parame-
ters, these parameters tended to improve during COVID-19
lockdowns.

As a meta-analysis, this study has some limitations. We in-
cluded retrospective and prospective studies in this review due
to the limited number of studies available. In particular, con-
trolled studies were difficult to conduct during the lockdown
period. Diversities in the duration and technical implementa-
tion of lockdowns between countries worldwide resulted in a
heterogeneity of methods and results in this review, which
along with the brief study period, had given rise to limitations
in data availability. Thus, some outcomes could not be thor-
oughly analysed. Further study over an extended time period,
larger population, and observation of post-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 submission
of this manuscript, this is the first study that compares glycae-
mic control parameters and lipid profiles of patients with dia-
betes before and during COVID-19 lockdown. The inclusion
of patients with either T1DM or T2DM and with various types
of study designs, including cohort, case-control, and cross-sec-
tional studies from various countries worldwide supports the
robust findings in this review.

In conclusion, COVID-19 lockdowns did not have a nega-
tive effect on metabolic parameters in patients with diabetes,
especially in those individuals who were able to maintain
healthy daily habits. A nutritionally balanced diet, regular
physical activity, and proper stress management, alongside the
use of GCM as a remote diabetic monitoring strategy are rec-
ommended for good control of metabolic parameters in pa-
tients with diabetes who were unable to access in-person con-
sultations with physicians during lockdown.
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