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Abstract

Aims: Diabetes is emerging as a risk factor for coronavirus disease (COVID)‐19
prognosis. However, contradictory findings have been reported regarding the

impact of glycaemic control on COVID‐19 outcome. The aim of this meta‐analysis
was to explore the impact of hospital pre‐admission or at‐admission values of

HbA1c on COVID‐19 mortality or worsening in patients with diabetes.

Materials and Methods: We searched PubMed, Embase and Scopus up to 30th

December 2020. Eligibility criteria for study selection were the following: (1)

enrolling patients with any form of diabetes mellitus and hospitalized for COVID‐19
and (2) reporting data regarding HbA1c values before infection or at hospital

admission in relation to COVID‐19 mortality or worsening. Descriptive statistics,

HbA1c values, odds ratios (ORs) and hazard ratios were extracted from seven

observational studies and generic inverse variance (random effects) of OR was used

to estimate the effect of HbA1c on COVID‐19 outcome.

Results: HbA1c was linearly associated with an increased COVID‐19 mortality or

worsening when considered as a continuous variable (OR 1.01 [1.01, 1.01];

p < 0.00001). Similarly, when analysing studies providing the number of events

according to the degree of glycaemic control among various strata, a significantly

increased risk was observed with poor glycaemic control (OR 1.15 [1.11, 1.19];

p < 0.00001), a result corroborated by sensitivity analysis.

Conclusions: Notwithstanding the large heterogeneity in study design and patients'

characteristics in the few available studies, data suggest that patients with diabetes

and poor glycaemic control before infection might have an increased risk of COVID‐
19 related mortality.
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1 | INTRODUCTION

Diabetes mellitus (DM) is emerging as a critical risk factor for coro-

navirus diseases (COVID)‐19 poor prognosis, with a recent meta‐
analysis reporting that COVID‐19 patients with pre‐existing DM

have a threefold increased risk of in‐hospital mortality.1,2 A number

of hypotheses has been proposed to explain the observed increased

risk among patients with DM, and multiple variables explored as in-

termediate risk factors.3,4 Among others, blood glucose levels are

emerging as a critical prognostic factor for COVID‐19 mortality in

both patients with and without DM.4–6 On the other hand, conflicting

data have been reported regarding hospital pre‐admission or at‐
admission assessment of glycaemic control in relation to COVID‐19
related mortality in patients with DM.7,8 The objective of this study

was to explore whether glycaemic control, as measured by HbA1c, is

a relevant prognostic factor for acute COVID‐19 mortality or wors-

ening of symptoms in patients with DM.

2 | MATERIALS AND METHODS

2.1 | Data source and study selection

We searched for studies through PubMed, Embase and Scopus up to

30th December 2020, collecting only articles in English. The strings

used for the PubMed search can be found in the Data S1. Twenty‐
four abstracts were identified. Two investigators (F.P. and P.d.C.)

independently reviewed the selected abstracts to determine the

eligibility of the studies for the meta‐analysis according to two in-

clusion criteria: (1) enrolling patients with any form of pre‐existing
DM and hospitalized for COVID‐19 (laboratory confirmed or clini-

cally assigned) and (2) reporting data regarding HbA1c values at

hospital admission or before infection in relation to COVID‐19
mortality or a composite outcome including mortality with any

follow‐up duration, including studies not having this outcome as the

primary endpoint. Exclusion criteria were the following: (1)‐ pop-

ulations composed of COVID‐19 patients without pre‐existing DM

and (2)‐ manuscripts not reporting HbA1c among the variables ana-

lysed. The primary outcome of our analysis was mortality or the

composite of mortality and disease worsening/progression, with no

restriction to the definition of worsening. No secondary outcome was

collected. The protocol was registered in OSF and it is accessible at

https://osf.io/8h9yn. The MOOSE checklist9 is available as Data S1.

2.2 | Data extraction and quality assessment

Two authors (F.P. and P.d.C.) used a standardized collection form to

extract summary estimates data of selected studies. Included infor-

mation were study design, sample size, primary outcome, sex, age,

diabetes duration, BMI, HbA1c, reported hazard ratios (HRs) or odds

ratios (ORs) for HbA1c, and the relative statistic approach, including

the adjustments applied. Data were checked for accuracy by two

additional investigators (A.C. and A.N.). F.P. and P.d.C. independently

used the Newcastle–Ottawa Scale (NOS) for non‐randomized cohort

studies10 to perform quality assessment of included manuscripts.

2.3 | Data synthesis and statistical analysis

We used the generic inverse variance method to estimate the effect

of HbA1c on COVID‐19 mortality starting from collected OR with

the relative confidence intervals (CI)s. As the statistical methods

were different in the collected studies, we separately analysed

studies analysing HbA1c measurements as a continuous variable and

studies instead providing risk estimates according to the degree of

glycaemic control, categorizing HbA1c as a dichotomous variable. For

those studies reporting HR for multiple HbA1c strata,8,11 we calcu-

lated the relative crude OR with 95% CIs by extracting the number of

events and the number of patients for two groups, split according to

an HbA1c value of either < or >7.5% (good vs. poor glycaemic con-

trol, respectively). This cut‐off was selected in order to use all the

collected studies and minimize the risk of bias since one study only

allowed this extraction,11 albeit current guidelines recommend an

HbA1c target of 7% for most patients with DM.12 Statistical het-

erogeneity between studies was evaluated by I2 statistic and the

significance for heterogeneity was set at I2 >50% or p < 0.1, using the

fixed effect model to estimate summary below this limit and the

random effects model above the same threshold. For the sensitivity

analysis, we performed an alternative calculation for studies

reporting HR for multiple HbA1c strata, using HR as OR (given the

short time of follow‐ups, i.e., COVID‐19 mortality or worsening is

observed in 7–30 days) and pooling them through the generic inverse

variance method (fixed effect) to obtain one OR value against the

reference group.8,13 All analyses were performed using review

manager 5.4 (Cochrane Collaboration).14

3 | RESULTS

3.1 | Study selection

Inclusion flow of studies is presented in Figure S1. Of the 26 ab-

stracts identified, 16 manuscripts reported only data regarding blood

glucose levels or range in relation to the observed outcome and not

HbA1c values,4,15–30 one study has only intubation as reported

outcome,31 another one included patients without DM in the group

with good glycaemic control,32 while the remaining one was focused

on the comparison between pre‐existing and new‐onset diabetes.33

3.2 | Study characteristics

The characteristics of the included seven manuscripts7,8,11,13,34–36

are presented in Table 1. They were all observational studies and

there was only one prospective cohort, the CORONADO study,
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which provided separate data for type 1 DM (T1DM) and DM overall

in two different manuscripts,13,34 while another large study provided

separate data for T1DM and T2DM in the same manuscript,8 thus

yielding an overall of eight study groups for the meta‐analysis. The
quality assessment of included studies is reported in Figure S2.

Overall, the analysis involved 4,985,063 patients, 298,850 with

T1DM and 1,533,579 with a non‐specified form of DM. As evidenced

in Table 1, there was a large heterogeneity in terms of study design,

patients' characteristics and the approach adopted to both report

descriptive statistics and calculate OR for the selected clinical vari-

ables. Thus, we analysed data treating HbA1c as a continuous vari-

able separated from those allowing to treat glycaemic control as a

dichotomous variable. For the same reasons, it was not possible to

calculate the mean values of the extracted variables. As two manu-

scripts might have enrolled the same populations8,13 albeit using

different databases, we considered these studies one at a time.

3.3 | Meta‐analysis

When considering HbA1c as a continuous variable, the results of the

meta‐analysis showed that higher HbA1c values were associated

with an increased COVID‐19 related mortality or worsening (OR

1.01 [1.01, 1.01]; p < 0.00001; Figure 1A). Restricting the outcome of

interest to mortality alone did not yield significant results (OR 1.01

[0.95, 1.08]; p = 0.73) (Figure 1B). There was a small statistical het-

erogeneity across studies in the first case (I2 = 39%; p = 0.18) and no

heterogeneity in the latter (I2 = 0%; p = 0.91; Figure 1).

When considering glycaemic control as a dichotomous variable, a

significantly increased risk for poor glycaemic control was observed

when considering either Holman8 (OR 1.07 [1.03, 1.12]; p = 0.0006;

I2 = 19%; p = 0.29; Figure 2A) or Open Safely13 (OR 1.08 [1.03, 1.12];

p < 0.00001; I2 = 57%; p = 0.13; Figure 2B). Then, we performed an

additional sensitivity analysis, by calculating OR for two studies8,13

with a different approach, which allowed to include additional mor-

tality data from the Coronado study,13 providing also OR according

to different HbA1c categories, and obtained similar results when

considering either Holman et al., (OR 1.15 [1.11, 1.19]; p < 0.00001;

I2 = 0%; p = 0.55; Figure 2C) or Open Safely (OR 1.12 [1.05, 1.20];

p < 0.0003; I2 = 6%; p = 0.35; Figure 2D).

Finally, when including only studies measuring HbA1c at hospital

admission, we did not obtain a significant result (Figure S3).

4 | DISCUSSION

COVID‐19 pandemic is affecting an ever‐increasing number of peo-

ple worldwide. Patients with DM are among those mostly suffering

the consequences of the infection, with an increased risk of mortality

compared to the general population.2 An ongoing effort is being

undertaken to explore the intermediate risk factors explaining the

higher mortality burden among DM patients with COVID‐19. While

blood glucose levels are emerging as associated with a poorT
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prognosis,5 the prognostic value of glycaemic control is uncertain. In

this meta‐analysis, we showed that HbA1c values measured prior to

or at‐hospital admission are linearly associated with an increased risk

of COVID‐19 mortality or worsening. In addition, comparing patients

with different degree of glycaemic control suggested that subjects

with a poor glycaemic control might have an increased risk of

COVID‐19 related mortality.

These findings must be interpreted with caution for a variety of

reasons. There was a large heterogeneity in study design, patients'

characteristics and reporting of descriptive statistics. As a result, we

had to recalculate OR from large studies8,11 by selecting a cut‐off for
HbA1c (7,5%) that allowed the inclusion of all studies. We are not

able to exclude the possibility that setting a lower cut‐off would have

yielded different results, but extracted data did not allow a different

analysis. In addition, the remaining study,35 reported data only

setting a cut‐off for glycaemic control at HbA1c < or >8%. However,
the sensitivity analysis, performed by calculating OR for these studies

with an alternative approach taking advantage of adjusted HR, pro-

vided similar results. On the other hand, the degree of glycaemic

control for the reference group was not homogenous even in this

case.8,13 Furthermore, the two larger studies, which clearly influ-

enced the results, derived both from English electronic health re-

cords.8,11 Albeit their relative source databases were different,8,11 it

cannot be excluded that some patients might have been included in

both studies. Thus, we pooled the relative results in separate sce-

narios to avoid duplication bias. Finally, the magnitude of the

observed effect is small if compared with other clinical variables such

as age, gender, BMI and the presence of multiple comorbidities such

as hypertension and vascular diseases, at least considering data

emerged so far.28,37,38 To this respect, it was not possible to use

adjusted OR for the presented scenarios since: (1)‐ some manuscripts

do not provide adjusted OR and (2)‐ the collected studies were not

coherent for the variables used to perform adjustments. This aspect

may have affected the results since patients with poor glycaemic

control are more commonly characterized by a higher burden of

vascular complications, which themselves can represent a risk factor

for COVID‐19 outcomes.23,39 In addition, the analyses did not take in

account the different classes of glucose‐lowering agents used before

infection, an aspect that is also emerging as a possible determinant of

COVID‐19 prognosis.23,28

An additional factor that might have influenced the results is the

length of follow‐up. Indeed, the only prospective study13,34 estab-

lished 7 days as the follow‐up period, while all the other studies

followed patients until outcome adjudication (the majority of them

retrospectively used electronic clinical records). Considering that

COVID‐19 patients might deteriorate also later in the course of the

disease,40 the Coronado study might have missed a not negligible

number of events, at least those related to overall mortality.

Given the small number of available manuscripts and the design

of most studies, another limitation of this meta‐analysis is that used
data from patients with both T1DM and T2DM. Beyond their sub-

stantially different etiopathogenesis, a number of additional alter-

ations often characterize T2DM, for example, obesity, older age,

hypertension and dyslipidaemia,41 which might explain why HbA1c

has only a small, albeit significant, linear association with COVID‐19
prognosis when performing multiple adjustments. As also suggested

by others,7 considering that HbA1c has been associated with a higher

basal state of low‐grade inflammation42 and a dysregulated immune

cell function,43,44 it is reasonable to expect a higher risk of compli-

cated prognosis in DM patients with a poor glycaemic control.

However, low‐grade inflammation and immune cell function in turn

depend on a plethora of variables, including all those mentioned

above.45,46 Thus, the effect of glycaemic control on these two phe-

nomena, clearly emerging as major determinants of COVID‐19

F I GUR E 1 (A) Forest plot showing the association between HbA1c as continuous variable and COVID‐19 worsening or mortality.

(B) Forest plot showing the association between HbA1c as continuous variable and COVID‐19 mortality which excluded two manuscripts not
providing data for mortality alone
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prognosis, might be overwhelmed by more relevant triggers of

inflammation and immune system dysfunction, for example, age, male

sex and obesity.47 This framework is also compatible with emerging

observations regarding: (1) the divergent COVID‐19 outcomes in

patients with high versus normal fasting blood glucose5; (2) the

diverse outcomes observed according to the different glucose‐
lowering therapies28,38 and (3) the possible higher risk of patients

with T2DM compared with T1DM.2,34 Indeed: (1) glucose spikes are

known to promote the secretion of soluble inflammatory mediators,

while inhibiting immune cell function44,48; (2) selected glucose‐
lowering drugs are accompanied by pleiotropic anti‐inflammatory

effects while others are not49,50 and (3) T2DM is known to be

accompanied by a large pro‐inflammatory/immune remodelling at

both the tissue and the systemic level,45 while T1DM generates from

a specific, localized autoimmune response. The hypothesis that mul-

tiple variables determine background inflammation and immune

function in patients with DM prior to COVID‐19 must be tested by

future studies. Finally, as elegantly shown in one of the included

manuscripts,8 the association between glycaemic control and

COVID‐19 prognosis might be U‐shaped, with patients with both low

and high HbA1c values being at higher risk of COVID‐19 related

death.

5 | CONCLUSIONS

The small number and the large heterogeneity of collected studies do

not allow a definitive conclusion regarding the role of glycaemic

control in determining COVID‐19 prognosis or mortality in patients

with DM. Available data suggest a linear relationship of HbA1c with

COVID‐19 prognosis and an increased COVID‐19 related mortality

in DM patients with poor glycaemic control before infection. While

F I GUR E 2 Forest plot showing the association between the degree of glycaemic control, categorized as a dichotomous variable, and
COVID‐19 mortality considering the manuscripts by either Holman et al. (A) or Open Safely (B). Sensitivity analysis performed by calculating

OR with a different approach considering either Holman et al. (C) or Open Safely (D). Data for mortality alone were extracted from the
Coronado study
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additional, prospective studies are needed to fully establish a cor-

relation between glycaemic control and COVID‐19 prognosis in

T1DM and T2DM, existing evidence suggests that it is worth testing

the hypothesis that the harmful effect of COVID‐19 in patients with

DM may be reduced also by improving long‐term glycaemic control.
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