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Abstract

Aim: To identify, appraise and synthesize the available evidence on the impact of the

coronavirus disease 2019 (COVID-19) pandemic and lockdown (LD) on glycaemic

control in people with diabetes.

Materials and Methods: We searched multiple databases up to 2 February 2021 for

studies reporting HbA1c, time in range (TIR), average or fasting glucose, severe

hypoglycaemia and diabetic ketoacidosis. Data were pooled using random effects

meta-analysis and are presented as mean difference (MD) with 95% confidence inter-

vals (CI). This review was preregistered on PROSPERO (CRD42020179319).

Results: We include 59 studies; 44 (n = 15 464) were included in quantitative syn-

theses and 15 were narratively synthesized. Pooled data were grouped by diabetes

type. Results from 28 studies (n = 5048 type 1 diabetes [T1D] and combined diabe-

tes participants) showed that TIR increased during LD compared with before LD

(MD 2.74%, 95% CI 1.80% to 3.69%). Data from 10 studies (n = 1294 T1D partici-

pants) showed that TIR increased after LD compared with before LD (MD 5.14%,

95% CI 3.12% to 7.16%). Pooled results from 12 studies (n = 4810 T1D and type

2 diabetes participants) resulted in average glucose decreasing after LD compared

with before LD (MD –6.86mg/dl, 95% CI –8.54 to –5.18). Results for other out-

comes, including HbA1c, were not statistically significantly different.

Conclusions: The COVID-19 pandemic was associated with small improvements

across multiple outcomes of glycaemic control, although there was insufficient evi-

dence to suggest that this led to changes in HbA1c. Most evidence came from people

with access to diabetes technologies in high-income countries; more research is

needed in less advantaged populations.
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1 | INTRODUCTION

On 11 March 2020, the World Health Organization declared the novel

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) out-

break a pandemic.1 Early into the first wave of the pandemic it

became apparent that certain patient demographics and co-

morbidities were associated with a higher risk of adverse outcomes

following initial infection, including in people living with diabetes.2,3

Compared with individuals without diabetes, the risk of fatal or critical

care unit-treated coronavirus disease 2019 (COVID-19) is significantly

higher in people with diabetes.4 Not only have individuals with diabe-

tes been disproportionately affected by the initial infection, but also

by the changes made to their diabetes care following restrictions

imposed during lockdowns (LDs), with usual, regular face-to-face

access to healthcare providers often severely disrupted.5

These disruptions may conceivably impact glycaemic control, but

to what extent the ‘lockdown effect’ has impacted the management

of diabetes and subsequent glucose control remains unclear. Key limi-

tations hamper the utility of existing systematic reviews in this area.

For example, one existing review reports that LD improved glycaemic

control; however, the review only included adults with well-controlled

type 1 diabetes who had access to continuous or flash glucose moni-

toring.6 This selection bias limits the generalizability of the findings, as

globally comparatively few people have access to these devices, and

individual studies have shown that socioeconomic deprivation could

increase the risk of decline in glycaemic control.7 Another review con-

cluded LD may have improved glycaemic control in those with type

1 diabetes but not in those with type 2 diabetes.8 However, this

review did not consider the impact of many key variables on these

estimates, including geographical location.

The impact of COVID-19 on glycaemic control has important

implications, both for targeting care to those whose control has been

most affected by the pandemic, and, where glycaemic control has

improved, for learning lessons to maintain these improvements as dis-

ruptions slow or if LD restrictions are imposed again. Therefore, to

facilitate evidence-informed policy and practice, in this review we set

out to identify, appraise and synthesize all the available relevant evi-

dence on the impact of the COVID-19 pandemic on glycaemic control

in people with diabetes, including people with any type of diabetes.

We further sought to synthesize evidence on the differential impact

of geographical location.

2 | MATERIALS AND METHODS

2.1 | Data sources and searches

This systematic review and meta-analysis was conducted in accordance

with Preferred Reporting Items for Systematic Reviews and Meta-Ana-

lyses (PRISMA) guidelines. A protocol was prospectively registered at

https://www.crd.york.ac.uk/prospero/ as CRD42020179319. The vol-

ume of literature returned following searches led us to specifically focus

on glycaemic control outcomes as related to COVID-19 in this paper

(other outcomes will be covered in separate pieces of work), hence fol-

lowing data extraction but prior to data analysis a more detailed analysis

plan was also prespecified and registered (https://osf.io/kd2wf). Data-

bases were searched up to 2 February 2021 and included Medline,

EMBASE, TRIP, Google Scholar and LitCOVID. Predetermined search

terms are provided in Table S1. No language or date of publication

restrictions were applied, and reference lists of eligible studies and rele-

vant reviews were also searched to identify additional relevant studies.

2.2 | Study selection

We included all empirical studies investigating the effect of the

COVID-19 pandemic on glycaemic control in people with diabetes.

Case reports and animal studies were excluded. Studies must have

reported at least one of the following glycaemic outcomes: HbA1c

(including estimated); time in range (TIR); average glucose; fasting glu-

cose; severe hypoglycaemia; or diabetic ketoacidosis (DKA). Exclusion

criteria included: unclear time frames; individuals with newly diag-

nosed diabetes (<12months); those without diabetes or where results

were not reported in a subgroup of people with diabetes; or not in the

context of COVID-19. Where it was not possible to extract means

and SDs for relevant outcomes, they were excluded from the meta-

analyses and narratively synthesized. When SE or 95% CI were the

only measures of variance reported they were converted according to

Cochrane guidelines.9

2.3 | Data extraction and quality assessment

Titles, abstracts and full-text articles were evaluated independently by

two reviewers to determine whether they met the eligibility criteria

using Covidence online software (Melbourne, Australia). Disagree-

ments were resolved by consensus or a third reviewer. Data extrac-

tion was performed by two independent reviewers and followed

Cochrane methods using a prespecified and piloted data extraction

form. Fields included: study dates; study type; funding source;

authors’ conflicts of interest; country; setting; COVID-19 context;

population characteristics; intervention details (where relevant); and

outcomes as specified above. The quality of included studies was

evaluated by the Newcastle-Ottawa Scale10; scores of 3 or less were

considered as having a high risk of bias, as previously reported.11

2.4 | Data synthesis and analysis

Random effects meta-analyses were performed using Review Man-

ager Software (version 5.3; RevMan, Cochrane Collaboration, Copen-

hagen, Denmark). Results are grouped by outcome and time period of

comparison, and subgrouped by diabetes type and geographical loca-

tion. All meta-analysable outcomes were continuous and effect size is

presented as weighted mean difference (95% CI). Heterogeneity

between studies was assessed using the I2 statistic, where 0%-40%
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suggested heterogeneity may be trivial, 30%-60% represents moder-

ate heterogeneity, 50%-90% represent substantial heterogeneity, and

75% and above represents considerable heterogeneity.9 Where possi-

ble, sensitivity analysis was performed excluding studies with a poten-

tial high risk of bias (Newcastle-Ottawa Scale ≤3). Where individual

studies analysed between-group differences, these are synthesized

narratively.

3 | RESULTS

In total, 7372 titles were identified through database searches, of

which 59 were included in this review; 44 (n = 15 464) were included

in the quantitative synthesis and 15 were narratively synthesized

(Figure 1). Of the 44 studies that we were able to meta-analyse, the

mean age of patients ranged from 7 to 63 years. All patients were

diagnosed with diabetes: type 1 diabetes (n = 33 studies), type 2 dia-

betes (n = 8 studies), a combination of various diabetes types (n = 2),

or diabetes type not specified (n = 1). Overall, we judged four studies

to be at a high risk of bias (Newcastle-Ottawa Scale ≤3) (Table S2).12–

15 Studies were conducted in Europe (n = 33) and Asia (n = 11). Spe-

cific countries included Italy (n = 15), India (n = 5), Spain (n = 6),

Greece (n = 3), Saudi Arabia (n = 2), Turkey (n = 2), the UK (n = 4)

and China, France, Israel, Jordan, Korea, the Netherlands and Slovenia

(one study each). Descriptive and raw data of studies included in the

quantitative synthesis are provided (Table S3).

3.1 | HbA1c

3.1.1 | Before versus during LD

Pooled results from 16 studies including 22 076 participants showed

that HbA1c before LD and during LD did not differ significantly over-

all (mean difference �0.10%, 95% CI �0.22% to 0.01%; P = .09)

(Figure S1). Overall, the degree of heterogeneity between studies was

substantial (I2 = 72%). This heterogeneity was not explained by diabe-

tes type (test for subgroup differences, P = .87; I2 = 0%) or geographi-

cal location (test for subgroup differences, P = .14, I2 = 55.0%).

Although not statistically significant, heterogeneity was reduced in

the subgroup of studies conducted in Europe with the pooled effect

estimate favouring HbA1c during LD (mean difference �0.17%, 95%

CI �0.24% to �0.10%; P < .001; I2 = 13%), but not in Asia (mean dif-

ference 0.08%, 95% CI �0.24% to 0.40%; P = .63; I2 = 82%).

F IGURE 1 Flowchart of trial selection
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Removing studies at high risk of bias (n = 3) did not change the statis-

tical interpretation of the test (mean difference �0.07%, 95% CI

�0.22% to 0.08%, I2 = 70%; P = .34). One study was a visible

outlier,16 and in a post hoc sensitivity analysis removing this study, I2

was reduced to 21%, moderating the statistical interpretation of the

results from non-significant to significant (mean difference �0.17%,

95% CI �0.25% to �0.09%; P <.001) (Figure S2). Verma et al.16

(n = 52) was the only study to report significant disruptions to diabe-

tes care in its participants: it found a statistically significant increase in

HbA1c during compared with before LD (mean difference 1.20%, 95%

CI 0.66% to 1.74%).

3.1.2 | Before versus after LD

Pooled results from nine studies including 2686 participants

showed that HbA1c before and after LD did not differ significantly

overall (mean difference �0.15%, 95% CI �0.32% to 0.03%;

P = .10); again, substantial heterogeneity between studies was

observed (I2 = 70%) (Figure S3). The test for subgroup differences

did not indicate a statistically significant subgroup effect for diabe-

tes type (test for subgroup differences, P = .08, I2 = 66.5%),

although the pooled effect estimate favoured HbA1c after LD in

type 1 diabetes (P = .01), but not type 2 diabetes (P = .95). How-

ever, there was substantial unexplained heterogeneity between the

trials within each of these subgroups (type 1 diabetes: I2 = 56%;

type 2 diabetes: I2 = 62%). The test for subgroup differences indi-

cated no statistically significant subgroup difference for geographi-

cal location (P = .49, I2 = 0%).

3.1.3 | Narrative analysis

Nine studies could not be included in the quantitative synthesis for

the following reasons: studies compared HbA1c values during LD with

the same time period(s) before LD (n = 4), absence of mean values

(n = 1), HbA1c assessed in response to an intervention (n = 2), only

range was reported as a measure of variance (n = 1), or diabetes type

was not specified (n = 1). These studies are narratively synthesized in

Table 1 or described below.

Data from a study including 161 and seven type 2 and type 1 dia-

betes patients, respectively, reported the number of patients for

whom HbA1c had improved (n = 51,) worsened (n = 57) or not chan-

ged (n = 60), but did not report mean values or statistical evalua-

tion.30 In a retrospective cohort study of pregnant women with

diabetes managed either during the COVID-19 pandemic or 1 year

earlier, no statistically significant differences in change in HbA1c were

observed.31 Two studies assessed the impact of telehealth during LD

on HbA1c, both of which reported significant improvements. People

with type 1 diabetes scheduled for an in-clinic visit during LD were

offered to participate in an alternative telehealth visit. Glucose man-

agement data were recorded 2weeks prior and 2weeks after the

telehealth visit in paediatrics and young adults and a significantT
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improvement in estimated HbA1c (glycaemic metabolic index) was

observed following the single telehealth visit.32 Over a period of

4 months, statistically significant improvements in HbA1c were also

observed among adults with type 2 diabetes who had uncontrolled

diabetes that attended a virtual clinic with frequent appointments

every 1-2 weeks during LD.33 In 307 type 2 diabetes patients, a

study that only reported range as a measure of variance found that

HbA1c was significantly higher and therefore worsened immediately

post-LD (before LD = mean [range] 7.85% [6.1%-13.0%], after

LD = 8.37% [6.0%-15.0%]),34 whereas in a study where diabetes

type was not specified (n = 1927 participants), HbA1c was found to

be significantly lower during LD (before LD: 8.2% ± 1.47% [66 ±

16.1 mmol/mol], during LD: 8.1% ± 1.59% [65 ± 17.4 mmol/mol];

P = .005).35

3.2 | Time in range

3.2.1 | Before versus during LD

Pooled results from 28 studies including 5048 type 1 diabetes and

combined diabetes patients showed that TIR statistically significantly

increased during LD when compared with before LD (mean difference

2.74%, 95% CI 1.80% to 3.69%; P <.001), with no heterogeneity

observed between studies (I2 = 0%) (Figure 2). The test for subgroup

differences indicated no statistically significant subgroup difference

for diabetes type (P = .60, I2 = 0%) or geographical location (P = .55,

I2 = 0%). Only one study was considered at high risk of bias and

removal of this study did not change the statistical interpretation of

the test (mean difference 2.72%, 95% CI 1.76% to 3.68%; P <.001).

F IGURE 2 Forest plot of effect sizes (means ± 95% confidence intervals) for studies evaluating time in range (TIR) before and during
lockdown (LD). T1D, type 1 diabetes; T2D, type 2 diabetes
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3.2.2 | Before versus after LD

Data from 10 studies, comprising 1294 type 1 diabetes participants,

resulted in TIR significantly increasing after LD compared with before

LD (mean difference 5.14%, 95% CI 3.12% to 7.16%; P < .001), with

moderate heterogeneity observed between studies (I2 = 37%)

(Figure 3). The test for subgroup differences suggests that there is a sta-

tistically significant subgroup effect for TIR based on geographical loca-

tion (P = .01). TIR was significantly higher after LD among studies

conducted in Europe (mean difference 6.35%, 95% CI 4.91% to 7.80%;

P < .001), but not in Asia (mean difference �0.68%, 95% CI �5.96% to

4.60%; P = .80). However, a far smaller number of trials and partici-

pants contributed data to the Asian subgroup (one study, 43 partici-

pants) than to the Europe subgroup (nine studies, 604 participants),

meaning that the analysis is unlikely to produce meaningful conclusions

based on geographical location. All studies were conducted in type

1 diabetes, and none were considered to be at a high risk of bias

(Newcastle-Ottawa Scale >3), therefore subgroup analysis by diabetes

type and removing studies at a high risk of bias was not applicable.

3.2.3 | Intervention studies

A randomized controlled trial investigated the effect of remote manage-

ment during LD on TIR in 160 patients (intervention group n = 80; control

group n = 80). Compared with the control group, TIR was significantly

higher in the remote management group (baseline: 43%±24.56%

vs. 3 months: 63%±48.74%; P< .001).36

3.3 | Average glucose

3.3.1 | Before versus during LD

Data from 27 studies, comprising 4546 type 1 diabetes participants,

showed that, compared with before LD, average glucose values

remained unchanged during LD (mean difference 0.09mg/dl, 95% CI

�3.42 to 3.61; P = .96), with moderate heterogeneity observed

between studies (I2 = 59%) (Figure S4). The test for subgroup differ-

ences indicated no statistically significant subgroup difference for

geographical location (P = .17, I2 = 46.3%), and subgroup by diabetes

type was not applicable, as all studies were conducted in type 1 diabe-

tes patients. Removing studies at a high risk of bias (n = 3) did not

change the statistical interpretation of the test (mean difference

�0.94%, 95% CI �3.94% to 2.05%; P = .54).

3.3.2 | Before versus after LD

Data from 12 studies, comprising 4810 type 1 diabetes and type 2 dia-

betes participants, resulted in average glucose statistically significantly

decreasing after LD compared with before LD (mean difference

�6.86mg/dl, 95% CI �8.54 to �5.18; P < .001), with no heterogene-

ity observed between studies (I2 = 0%) (Figure 4). The test for sub-

group differences indicated no statistically significant subgroup

difference for diabetes type (P = .28, I2 = 12.9%) or geographical loca-

tion (P = .18, I2 = 45.3%). No studies were judged to be at a high risk

of bias (all had Newcastle-Ottawa Scale >3), therefore removing stud-

ies at a high risk of bias was not applicable.

3.3.3 | Before versus after telemedicine/other

Only two studies, including 266 patients, were meta-analysed. Aver-

age glucose was lower following telemedicine, but the difference was

not statistically significant (mean difference �4.29mg/dl, 95% CI

�8.67 to 0.10; P = .06), with no heterogeneity observed between

studies (I2 = 0%).

Four studies not included in the quantitative synthesis reported a

subjective comparison with prepandemic for glucose control among

4538 patients (Table S4). The percentage of patients reporting a wors-

ening in glycaemic control varied considerably between studies,

F IGURE 3 Forest plot of effect sizes (means ± 95% confidence intervals) for studies evaluating time in range (TIR) before and after
lockdown (LD)
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ranging from 13.5% to 78.4%. Two of the four studies reported

improvements in glycaemic control; again, the percentage of patients

reporting improvements varied considerably, from 7.0% to 42.7%. Of

note, risk of bias was considered high in three of the four studies.

3.4 | Outcomes synthesized without meta-analysis

Because of the limited availability of data, fasting glucose, severe

hypoglycaemia and DKA were synthesized without meta-analysis (Table 1).

Please see the supporting information for within-study differences.

4 | DISCUSSION

This comprehensive systematic review and meta-analysis includes

59 studies, of which 44 and a total of 15 464 people with diabetes

were quantitatively synthesized. Overall, glycaemic control tended to

improve or remain unchanged during and following LD compared with

before LD. Quantitively, no pooled results indicated a worsening of

glycaemic control, although unexplained statistical heterogeneity

limits certainty in many of the outcomes.

Our observed improvements in glycaemic control during LD are

mostly consistent with previous research.6,8,37 One meta-analysis

reported a statistically significant decrease in HbA1c during LD; this

was not observed in our review.6 In addition to a greater number of

studies and patients included in the current review, this discrepancy

could be attributed to the previous review only including estimated

HbA1c and glucose management indicator, which may not as accu-

rately reflect laboratory-derived HbA1c values.38,39 Statistical

heterogeneity probably in part reflects the range of different contexts

in which these studies were conducted. Most notably, the removal of

Verma et al.16 moderated the statistical interpretation of our pooled

analysis of HbA1c before compared with during LD and decreased

the observed heterogeneity. This was the only study in which HbA1c

statistically significantly increased during LD, and the only study that

described disruptions to healthcare access. It was also one of the few

studies from a low-income setting. The authors report that 27% and

39% of the population assessed missed insulin administration and

blood glucose monitoring, respectively. This was attributed to either

non-availability of insulin/glucostrips during LD, financial issues, or

other unspecified reasons.16 Additionally, one patient who experi-

enced DKA did so because of managing their diabetes with homeo-

pathic medications only, and two of five coeliac patients did not have

access to gluten-free food.

In contrast to Verma et al., studies in other settings largely

showed no difference or an improvement in glycaemic control. The

latter is particularly interesting to note as it may point to targets for

future interventions. A multitude of reasons could contribute to the

improvements observed in glycaemic control among people with dia-

betes. First, it was widely publicized that having either type 1 diabetes

or type 2 diabetes was a major risk factor for becoming severely ill

from COVID-19,40 which in turn could have increased management

efforts among individuals in people with diabetes. Another possible

reason for improved glycaemic control could be attributed to more

predictable daily schedules, including mealtimes and sleeping habits.6

This is supported by a study we narratively synthesized that found

TIR and average glucose improved in those who stopped working dur-

ing LD, but not in those who continued to work.41 However, another

study reported that TIR statistically significantly decreased in

F IGURE 4 Forest plot of effect sizes (means ± 95% confidence intervals) for studies evaluating average glucose before and after
lockdown (LD)
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individuals with type 1 diabetes who stopped working during LD.17

Further research is needed to ascertain the reasons for improved

glycaemic control so people with diabetes can, in turn, continue to

benefit from lessons learnt during LD and apply them during any

potential future LDs. Currently, insufficient data exist to make mean-

ingful conclusions regarding the effects of LD on fasting glucose,

severe hypoglycaemia and DKA.

Although pooled data were grouped by diabetes type, there were

notably more data available for patients with type 1 diabetes com-

pared with those with type 2 diabetes. For example, average glucose

before and after LD had 11 and one studies available for type 1 diabe-

tes and type 2 diabetes, respectively. Additional type 2 diabetes data

are needed before meaningful comparisons can be made across types

of diabetes. Interpretations of between-group differences reported

within studies were limited because of few studies reporting subgroup

differences, and future researchers should consider this when

reporting outcomes. From the available data there was very little evi-

dence to support a mediating effect of gender, treatment therapy

(continuous subcutaneous insulin infusion vs. multiple daily injections)

or glucose monitoring systems on glycaemic control during LD. Only

one study subgrouped by socioeconomic status. Studies subgrouping

by age, baseline HbA1c and work status during LD are conflicting,

making it difficult to draw any meaningful conclusions based on the

available data. The only statistically significant subgroup effect

observed in this meta-analysis was for TIR based on geographical

location; however, only one study contributed to the Asia subgroup.

With the exception of Verma et al.,16 it is unlikely we have captured

data from individuals living in low- and middle-income countries with

already limited access to healthcare, and as such, those whose

healthcare was most affected by the pandemic are probably not

reflected in the data we synthesized.

5 | LIMITATIONS

With the available data, it is probable we have only been able to

capture data from people with diabetes who have advanced health sys-

tems, regular access to healthcare and who have the means to fund

technological devices. Subsequently we are unable to generalize our

findings to people with diabetes from low- and middle-income

countries, whom, when it comes to healthcare, have limited quality,

geographical accessibility, availability, financial accessibility and accept-

ability of services.42 We strongly recommend that future research

assesses the impact of COVID-19 on diabetes management in low- and

middle-income countries, and in groups with less healthcare coverage

and/or access to diabetes technologies in high-income countries, and

that it reports subgroup differences according to patient demographics.

The reliance on observational evidence within this review is also a con-

founding variable that may have increased heterogeneity and the risk

of within-study and across-study biases.43 The authors acknowledge

that additional studies have been published since their comprehensive

search in February 2021, although further works correspond with the

summarized findings.44–46

The LD measures and restrictions imposed by multiple

governments in the context of the COVID-19 pandemic differ from

country to country and thus could also be responsible for some of the

observed heterogeneity, as could issues with study reporting and risk

of bias. To limit the potential for bias, this review adhered to the PRI-

SMA guidelines, including prespecifying the protocol online. For the

first time we also narratively synthesized between-group differences

within studies considering demographics, baseline glycaemic control

and treatment technologies.

In summary, the COVID-19 pandemic improved multiple out-

comes of glycaemic control in people with diabetes and, in pooled

analyses, showed no detrimental effects on any of the glycaemic out-

comes assessed. Data predominantly come from a selected popula-

tion, with access to healthcare, and research is needed to assess the

impact of COVID-19 on people with diabetes living in low- and

middle-income countries and in people with diabetes with lower levels

of healthcare access and engagement.
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