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Abstract

Aims COVID-19 has and still is sweeping away the national health systems worldwide. In this review, we sought to determine
the evidence base proofs on the antidiabetic treatment capable to reduce the risk of COVID-19-related mortality.

Methods We have performed a systematic search of published articles using PubMed, and EMBASE from March 2020 to
March 31st, 2021. We excluded editorials, commentary, letters to the editor, reviews, and studies that did not have mortality
as an outcome. For metformin and insulin only, we performed a meta-analysis using Cochrane RevMan 5.2.

Results Among antidiabetic drugs, metformin was the only drug associated with a reduced risk of mortality. Conversely,
insulin appears associated with an increased risk. The other classes of drugs were neutral.

Conclusions The totality of articles reports retrospective data strongly affected by “channeling bias” so that most of the exist-
ing results on each class of drugs are driven by the phenotype of patients likely to receive that specific drug by prescription.

Keywords SARS-CoV-2 - COVID-19 - Diabetes mellitus - Type 2 - Metformin - Diabetes treatment

Introduction

A novel coronavirus was identified at the end of 2019: this
virus is a positive-stranded RNA virus, which causes a
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). It can also generate a systemic disease defined as
COVID-19 [1]. Diabetes mellitus (DM) plays an essential
role in determining disease severity, particularly in patients
with a previously unknown condition [2]. The tight control
of blood glucose levels might be crucial to prevent severe
courses of COVID-19: we found statistically significant cor-
relations between glucose levels at admission in hospital
and severity of disease progression [3]. Besides diabetes,
obesity is an essential determinant of the severe course of
the disease: obesity shifts severe COVID-19 severity to a
younger age, i.e., young obese subjects are more likely to be
admitted to intensive care units [4]. Central to the severity
of the disease is whether hyperglycemia/diabetes modulates
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the antibody response to the virus, an issue still a matter of
discussion. Some studies reported normal plasma immuno-
globulin levels in the presence of diabetes, while in other
studies, reduced levels of IgG and IgM have been reported
[5, 6]. Unfortunately, the humoral response’s complexity
against SARS-CoV-2 in patients with hyperglycemia has
not yet been entirely unveiled. Coagulation and aggregations
defects’ background existence further contributes to cardio-
vascular morbidity and long-term sequelae from COVID-19
infection [7]. Notably, patients with more severe illnesses,
such as those with diabetes, might experience long-term
damage. The lasting effects of COVID-19 are now called
“long COVID,” a distinct syndrome, probably determined
by a dysfunctional immune-inflammatory response, affecting
even people who were never hospitalized for COVID-19 [8].

Some reports have described late sequelae involving car-
diovascular, pulmonary, and neurological manifestations.
There is limited information about the disease’s underly-
ing pathophysiology and its fallout on long-term prognosis,
particularly in patients with diabetes and obesity, either with
or without complications. In light of these reasons, diabetes
imposes a tremendous additional burden to the COVID-19
pandemic, before, during, and after the infection [9].

To complicate this scenario further, COVID-19 may
cause diabetes by inducing hyper-inflammation, directly
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infecting pancreatic endocrine cells, leading to impaired
insulin secretion [10].

A patient with diabetes must face several challenges when
infected by SARS-CoV-2: the lack of exercise, which leads
to an increase in body weight, mental stress, the lack of
vitamin D, and above all, the need to keep adequate gly-
cemic control [11]. All these variables pertain to patients
who have stable glucose control and can self-manage the
disease. Instead, a remarkable proportion of patients are old,
with comorbidities and long-term complications: those who
need to refer more frequently to healthcare facilities because
of inability to use virtual visit technologies [12]. Several
therapeutic approaches have been proposed for patients with
type 2 diabetes in this complicated context, but very few are
supported by robust evidence. This narrative review’s scope
highlights the proof we have so far to manage diabetes in the
context of the COVID-19 pandemic.

Metformin

Metformin, the first-line treatment for patients with type 2
diabetes, possesses several vital effects on the immune sys-
tem, the most important being the reduced expression of
anti-inflammatory cytokines, the stimulation of antigen-spe-
cific T cell responses, the reduction of infiltration of mono-
cytes or macrophages into diseased tissues, the reduction of
number and inhibition of the function of neutrophils [13].
Therefore, metformin could be considered a drug of choice
for the treatment of diabetes in patients affected by COVID-
19 [14]. Furthermore, metformin decreases the concentra-
tion of neutrophil extracellular traps (NETs), a neutrophil
cell death program, increased in patients with type 2 diabe-
tes, instrumental to anti-microbial defenses, and involved in
tissue damage [15] even during COVID-19 [16, 17].
Lukito and colleagues showed in a meta-analysis includ-
ing nine studies with 10,233 subjects, that metformin is
associated with lower mortality both in non-adjusted (OR
0.45 [0.25, 0.81], p=0.008) and adjusted model (OR 0.64
[0.43, 0.97], p=0.035) [18]. To estimate potential “chan-
neling bias,” we performed a meta-analysis of studies with
and without propensity score matching in which the role
of metformin on COVID-19 mortality was assessed. As for
all the other antidiabetic drugs, the data on the effect of
metformin treatment on COVID-19 severity and mortal-
ity (Table 1) available from the literature are retrospective,
frequently obtained in a small number of patients without
adequate propensity score matching or robust assessment
of residual bias. This is important since metformin could be
a potential marker of shorter diabetes duration or absence
of comorbidities such as chronic kidney disease, an inde-
pendent predictor of mortality in patients with COVID-19.

@ Springer

Also, not using metformin as the first line, or as concomitant
treatment in more advanced lines of therapy may be a proxy
of inappropriate diabetes care delivery, which would per se
drive bad outcomes.

To verify whether inadequate sensitivity analysis may
account for a disproportion in the association between met-
formin and COVID-19 mortality, we screened the English
literature for studies reporting SARS-CoV-2 infection and/
or COVID-19-related mortality in metformin users. The
search string “metformin AND COVID-19” was run in
PubMed, Scopus, and Cochrane Library: the meta-analysis
was performed, including all observational studies report-
ing mortality in patients with diabetes and COVID-19 and
then splitting the analysis between studies with and without
propensity score matching. All estimates were thus reported
as risk ratios and 95% confidence interval (CI). The random-
effect model was used to obtain pooled RR. Heterogeneity
was assessed using the I? test. Review Manager version 5.3
was used to perform the meta-analysis. Five studies were
included in the analysis.

Despite a significantly lower heterogeneity between stud-
ies in which sensitivity analysis was performed, there is a
comparable reduction in mortality risk in those treated with
metformin with an overall risk reduction of 25% (Figs. 1 and
2). In their recent work, Khunti and colleagues, after an
appropriate propensity score matching, show that the use of
metformin was associated with a 23% decrease in the haz-
ard ratio for COVID-19-related death [19]. The main con-
cern during metformin treatment, especially in those with
reduced kidney function and septic conditions, is lactic aci-
dosis development. Cheng and coworkers showed that more
individuals (n=20; 2.95%) in the metformin group devel-
oped acidosis than the non-metformin group (n=12;1.77%;
p=XYZ) [20]. As expected, patients with acidosis in the
metformin group took higher doses of the drug, had a worse
kidney function, and a more severe COVID-19 disease than
those who did not develop acidosis. Although metformin
therapy before hospitalization does not appear to worsen the
outcome of hospitalization, in patients with the long-COVID
syndrome, a decreased renal function could be observed.
Therefore, in patients with diabetes and persistent COVID-
19 disease, glomerular filtration rate should be monitored to
titrate metformin properly and withdraw it promptly below
30 ml/min/1.73 m* [21].

Sulphonylureas

The COVID-19 pandemic has hit the under-developed
countries where the sulphonylureas (SUs) are the most
prescribed drugs for diabetes. SUs acts mostly by stimulat-
ing glucose-independent insulin secretion by the beta cells
where they close the potassium-ATP dependent channels
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thus favoring calcium influx and the release of the hormone.
There is remarkably little information on the effect of SUs on
COVID-19 severity and related mortality. However, there is
no reason to believe, besides their ability to decrease plasma
glucose, that they could potentially interfere with the host
response to the virus. Singh Tomar and coworkers have iden-
tified a potential role of gliclazide in blocking the E protein
an ion channel which could favor virus entry into cells [22].
A study in Korea reported neutrality for COVI-19 mortality
(OR 0.84; 95% CI, 0.23-3.09) in SUs users vs. non-users
[23]. A similar result was reported by Izzi-Engbeaya for
deaths within 30 days (OR 0.66; 95% CI, 0.30-1.52) in uni-
variate analysis [24] and by Silverii and colleagues [25]. The
Coronavirus SARS-CoV-2 and Diabetes Outcomes (CORO-
NADO) study also found a neutral effect of SUs/glinides
on mortality (OR 0.83; 95% CI, 0.67-1.03) within 28 days
[26]. In a nationwide observational cohort study done with

p=0.02

Favours No Metformin

data from the National Diabetes Audit for people with type 2
diabetes, Khunti and colleagues have reported that the use of
SUs marginally but significantly reduced COVID-19 mortal-
ity whereas this was not observed for glinides [19]. Notwith-
standing their possible neutrality on mortality, SUs should
be used with extreme caution in patients with diabetes given
their ability to provoke hypoglycemia. This is further aggra-
vated in those with either impaired renal function or poor
caloric intake. They should be withdrawn in the presence of
severe/critical for of the disease.

Pioglitazone

Several review and hypotheses papers on antidiabetic
treatment during COVID-19 infection endorse the use of
the peroxisome proliferator-activated receptor-y agonists

Fig.2 Risk for mortality for S
ubgrou .
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pioglitazone as an ideal drug. The reason for this benefit
is based on the potential anti-inflammatory activity of this
drug. Pioglitazone reduces the cellular adhesion molecules,
modulates the lymphocyte T helper, suppresses the nuclear
factor-kB and the inflammatory response, and the conse-
quent expression of the pro-inflammatory cytokines [27].
Several studies have also shown that pioglitazone possesses
the ability to decrease viral infectivity, at least in the context
of viral hepatitis C [28]. The only research demonstrating
the role of thiazolidinediones in the context of COVID-19
disease is from Khunti and colleagues who showed substan-
tial neutrality in terms of mortality [19]. There are either no
prospective or retrospective observational studies or rand-
omized controlled studies showing the benefit of pioglita-
zone treatment on COVID-19 disease severity or mortality.
Nonetheless, there is no reason to discontinue the drug in
patients with either asymptomatic or moderate disease in
patients with type 2 diabetes.

Dipeptidyl peptidase 4 inhibitors (DPP-4i)

Fifty percent of glucagon-like peptide-1 (GLP-1) is degraded
in roughly 1 min by the dipeptidyl peptidase 4 (DPP-4) or
CD26, a 110 kDa peptidase, a transmembrane glycoprotein
almost ubiquitously expressed in the surface of many cells
including epithelial and endothelial cells and immune cells.
DPP-4 also exists as a soluble form in the circulation, where
it retains its enzymatic activity [29]. DPP-4 promotes T cell
activation and proliferation, modulates other immune cells’
function, and stimulates pro-inflammatory cytokines. There-
fore, DPP4 is potentially involved in the regulation of both
innate and acquired immunity [30]. Human DPP-4 has been
identified as a functional receptor for the spike glycopro-
tein of the Middle East Respiratory Syndrome coronavirus
(MERS- CoV), which is phylogenetically correlated SARS-
CoV-2 [31]. Thus, DPP4 inhibition might interfere with the
entering of the virus into host cells.

However, there is no evidence that DPP4 is also a recep-
tor for SARS-CoV-2. However, DPP-4 inhibition may
antagonize SARS-CoV-2 virulence by reducing the cytokine
storm and lung inflammation[32]. DPP4-i are widely used
to treat type 2 diabetes: their purported role of inhibitors of
viral entry into the cell has pushed several investigators to
repurpose their use to treat COVID-19 infection, as shown
in Table 1.

Our research found no significant difference in the rate of
intensive care unit (ICU) admission or death between DPP-
4i users and non-users [33, 42]. Furthermore, we observed
that the rate of DPP-4i use was also similar in patients with
diabetes mellitus hospitalized with COVID-19 pneumonia
and with pneumonia of other etiology. At variance, in a case
series involving 387 patients with COVID-19 admitted to

hospital in Lombardy (Northern Italy), it has been shown
that treatment with DPP-4i was associated with a lower
mortality rate independently from confounders (adjusted
HR 0.13; 95% CI 0.02-0.92)[36]. DPP-4i users needed non-
invasive mechanical ventilation less frequently, suggesting
less severe pneumonia. A less extreme course of the disease
has been reported by Sang Youl Rhee and colleagues, who
showed that DPP-4 users have a 54% less risk to have a
severe clinical course than no-users[34]. It should be noted
that this result was based on 11 patients only, who were
treated with DPP4i. In another multicenter, case—control, ret-
rospective, observational study conducted in Northern Italy
hospitals, the use of sitagliptin was associated with reduced
mortality (18% vs. 37%, p <0.001) after multiple adjust-
ments[35]. Notably, most of the studies were performed in
a relatively small number of patients; therefore, the results
were exposed to considerable bias. The CORONADO study,
a nationwide multicenter observational study conducted
in France, included 1317 patients hospitalized for SARS-
CoV-2 with a history of DM or newly diagnosed DM, 21.6%
of the participants were on DPP4i [43]. This study showed
no association between a severe course of COVID-19 and a
treatment with DPP4i before admission (OR 1.01; 95% CI
0.75-1.34). Other studies with a smaller number of patients
confirmed these results. In a meta-analysis of 7 studies, we
found an unbiased estimate of the risk ratio of COVID-
19-related mortality among users of DPP4i (0.81; 95% CI
0.57-1.15) [42]. At variance, in their study, Khunti and col-
leagues have found that treatment with DPP-4i was associ-
ated with a small 1.07 (1.01-1.13) but significant increase
in mortality [19]. The DPP-4i are preferentially prescribed
to older and frail patients: thus, their findings would also
confirm this class of drug a “channeling bias.”

Therefore, in the absence of prospective studies, the ret-
rospective research available so far provides inconclusive
results and conflicting evidence to consider DPP4i protect-
ing against COVID-19.

Glucagon-like peptide 1 receptor agonists
(GLP-1RA)

GLP-1RA can affect immune response and inflamma-
tion: these compounds increase the number and activity
of invariant natural killer T (iNKT) cells, a T cell popula-
tion that exerts an essential role in recognizing both foreign
and self lipid antigens [44]. GLP-1 secretion increases in
response to cytokine surge [45] and bacterial debris [46].
GLP-1 acts locally to modulate intestinal inflammatory
responses through the canonical GLP-1 receptor expressed
on intestinal intraepithelial lymphocytes in the small and
large bowel[47]. GLP-1RA possesses an anti-inflammatory
activity in the human umbilical endothelial cells (HUVEC),

@ Springer
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where decrease intracellular ROS production by inhibiting
the induction of gp91(phox) and p22(phox), a subunit of
NADPH oxidase, by TNF-a [48]. In light of these experi-
mental premises, GLP-1RA could be considered an ideal
drug to counteract the pro-inflammatory cytokine response
after severe COVID-19 infection. Five retrospective studies
are available on the effect of GLP-1RA on COVID-19-re-
lated mortality [19, 25, 26, 39, 49]. None of these show
that the use of GLP-1 before SARS-CoV-2 infection could
potentially interfere with the disease’s course. However,
since this class of drugs not only to normalize HbAlc but
also to decrease inflammation and restrain the pro-inflam-
matory response, it would be interesting to assess their role
in prospective studies.

Sodium-glucose cotransporter 2 inhibitors
(SGLT2i)

SGLT2i rapidly inhibits renal glucose reabsorption by
30-50%, reducing blood glucose, body weight, and blood
pressure. Cardiovascular outcome trials, both in patients
with and without diabetes, have provided evidence that
SGLT2i treatment is associated with remarkably positive
cardiovascular outcomes [50]. Interestingly, both experimen-
tal and human data indicate that SGLT2i blunts inflamma-
tion with a specific protective effect exerted in the kidney
and the liver [51]: these drugs may reverse molecular pro-
cesses related to inflammation by decreasing interleukin-1,
interleukin-6, and tumor necrosis factor 1 receptor. SGLT2i
modify macrophage polarization from proinflammatory
MI to anti-inflammatory M2 [52]. The available studies on
SGLT2i and COVID-19-related mortality report conflicting
results. Sainsbury and colleagues did not assess mortality
but reported neutrality in terms of susceptibility to SARS-
CVoV-2 infection [53]. Silverii in a small group of patients
reported neutrality toward COVID-19 mortality [25], while
Khunti and colleagues showed that treatment with SGLT2i
was associated with 18% reduction in mortality, despite
a significantly higher HbAlc in those on this treatment
[19]. SGLT2i increase urinary glucose and Na+ excretion,
urine volume, and solute-free water reabsorption (TcH20):
therefore, their potential to induce dehydration and increase
ketogenesis, abstain from their use during severe COVID-
19 infection. Vitale and colleagues have reported a cluster
of euglycemic DKA cases in patients with type 2 diabe-
tes mellitus using SGLT2is who developed SARS-CoV-2
infection [54]. In the light of these findings, their use is
probably restricted to patients with either asymptomatic or
mild clinical course of COVID-19. Those who are already
on SGLT2i should receive an adequate amount of liquids
matching the urinary loss induced by these drugs to a. avoid
dehydration b. avoid over-hydration, especially in patients

@ Springer

with heart failure (HF). In HF patients is essential to titrate
loop diuretics since SGLT2i could potentiate their effect.
Finally, patients with COVID-19 infection should be warned
to ingest at least 50% of total calories as carbohydrates to
avoid DKA.

Insulin

Insulin treatment is required when patients with diabetes
(including newly-detected) and COVID-19 have either a
severe or critical clinical course of the disease. This approach
is dictated by the fact that insulin is a physiological hormone
with no adverse effects other than hypoglycemia; it can be
easily titrated when given intravenously to maintain a tar-
get plasma glucose level. For non-critically ill patients, the
American association of clinical endocrinologists and the
American college of endocrinology guidelines recommend
target glucose concentrations between 140 and 180 mg/dl for
most general medicine and surgery patients[55]. In contrast,
in more critical patients, up to 200 mg/dL might be accept-
able. Insulin decreases plasma glucose and possesses a cru-
cial anabolic activity by stimulating protein synthesis, with
a consequent positive effect on muscle density and growth.
It is well-known that insulin can also inhibit intracellular
triglyceride (TG) lipolysis and prevent diabetic ketoacido-
sis. It also limits the lipotoxic effects of free fatty acids:
germane to this insulin, by decreasing lipolysis, restrains
ceramides’ formation, which can aggravate the pro-inflam-
matory response [56]. Moreover, insulin can suppress the
transcription of Toll-like receptors (TLRs) on circulating
mononuclear cells and the expression of IL-1p and TNF
released in response to infections [57]. In severe inflamma-
tory conditions such as in COVID-19 disease, the poten-
tially beneficial effects of intensive insulin therapy might
be related to the hormone’s anti-inflammatory effect beyond
the antidiabetic effect. Hyperinsulinemia also antagonized
the clotting system by increasing the serum levels of plas-
minogen activator-inhibitor-1 (PAI-1): this is important in
the light of the pro-coagulant state of the patients infected
by SARS-CoV-2 [58]. Since insulin is the antidiabetic agent
of choice in patients with hyperglycemia and critical condi-
tions, it is also a marker of disease severity.

For this reason, insulin treatment is frequently associ-
ated with increased mortality in observational, non-rand-
omized studies. To verify whether insulin is independently
associated with increased COVID-19-related mortality we
screened the English literature for studies reporting SARS-
CoV-2 infection and/or COVID-19-related mortality in insu-
lin users. As for metformin, the search string: “insulin AND
COVID-19” were run in PubMed, Scopus, and Cochrane
Library. The meta-analysis was performed, including all
observational studies reporting mortality in patients with
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Fig.3 Risk for mortality for Study OR (95% CI) % weight
insulin users and other glucose-
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diabetes and COVID-19. All estimates were thus reported
as risk ratios and 95% confidence interval (CI). The random-
effect model was used to obtain pooled RR. Heterogeneity
was assessed using the I test. Review Manager version 5.3
was used to perform the meta-analysis. Five studies were
included in the analysis. As shown in Fig. 3, it can be seen
that insulin treatment is associated with a more than twofold
risk of mortality. However, as it can be seen, there is sub-
stantial heterogeneity among studies with an I? of 86%, say-
ing that 86% of the variability in treatment effect estimates
is due to fundamental study differences and only 14% due
to chance. None of the studies have performed a sensitivity
analysis, so there are reasons to believe that prior insulin
treatment can identify the severity of the patients’ clinical
conditions, and hence more prone to COVID-19 mortality.
Even more problematic is that insufficient information is
available on the role of in-hospital insulin treatment between
those with and without prior insulin treatment. More robust
data are necessary to rule out the potential anti-inflammatory
effect of insulin independently of the patient’s clinical condi-
tions and previous treatment.

Favours No Insulin

Conclusions

So: where do we start from? We reaffirm that we should
start from the evidence. Overall COVID-19 infection has
posed a tremendous burden to subjects with diabetes, espe-
cially for those with comorbidities and the elderly. This pan-
demic has also revolutionized the approach to our diabetic
patients: telemedicine has facilitated the management of
diabetes, although this approach needs a more widespread
broadband internet and the capability to understand the use
of not-easy-to-use programs [59]. Regarding the several dia-
betes treatment approaches, metformin appears the only one
that stands for its ability to decrease death risk in those with
the severe form of the disease. Yet, all available studies are
retrospective, most of them are corrupted by either the lack
of propensity score matching and “channeling bias” so that
most of the existing results on each class of drugs are driven
by the phenotype of patients likely to receive that specific
drug by prescription. Another critical problem is the long-
COVID [8], which can have unpredictable organ damage
and outcomes, especially in patients with diabetes (Fig. 4).
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Asymptomatic/Mild

Severe/Critical

* Metformin: protective
(lactic acidosis)

* DPP-4i: neutral

* SGLT2i: neutral (DKA)

* GLP-1RA: neutral

* Insulin (Mypoglycemia)

* SU: hypoglycemia

* Care Home: DPP-
&/ Insulin

* Type 1 diabetes: Insulin

Fig.4 Treatment approaches to patients with diabetes and COVID-19

Author contributions BMB, GPF, and AA involved in study design.
BMB and AA participated in data collection and analysis. AA, BMB,
and GPF involved in manuscript writing. GPF and AA revised the
manuscript.

Funding Open access funding provided by Universita degli Studi di
Padova within the CRUI-CARE Agreement. None.

Declarations

Conflict of interest BMB received lecture or advisory board fees
from Astra Zeneca, Boehringer Ingelheim, Eli Lilly, Mundipharma,
Novartis, Novo Nordisk, and Sanofi. AA received research grants, lec-
ture or advisory board fees from: Merck Sharp & Dome, AstraZeneca,
Novartis, Boehringer-Ingelheim, Sanofi, Mediolanum, Janssen, Novo
Nordisk, Lilly, Servier, and Takeda. GPF received grants, honoraria or
lecture fees from Abbott, Astrazeneca, Boehringer, Lilly, Novo Nord-
isk, Sanofi.

Human and animal rights Not applicable.

Informed consent Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

* Insulin: Basal-plus
* Insulin: Basal bolus
* Insulin: intravenously

* Respiratory symptoms: if
low saturation avoid
metformin

* Ventricular dysfunction:
SGLT2i preferred

* Fatigue: insulin preferred
for anabolism

* Renal impairment: if eGFR
reduced avoid SU. GLP-
1RA preferred

References

10.

11.

Gandhi RT, Lynch JB, Del Rio C (2020) Mild or Moderate Covid-
19. N Engl J Med 383(18):1757-1766. https://doi.org/10.1056/
NEJMcp2009249

Erener S (2020) Diabetes, infection risk, and COVID-19. Mol
Metab 39:101044. https://doi.org/10.1016/j.molmet.2020.101044
Fadini GP, Morieri ML, Boscari F et al (2020) Newly-diagnosed
diabetes and admission hyperglycemia predict COVID-19 severity
by aggravating respiratory deterioration. Diabetes Res Clin Pract
168:108374. https://doi.org/10.1016/j.diabres.2020.108374
Kass DA, Duggal P, Cingolani O (2020) Obesity could shift severe
COVID-19 disease to younger ages. Lancet 395(10236):1544—
1545. https://doi.org/10.1016/S0140-6736(20)31024-2
Lampasona V, Secchi M, Scavini M et al (2020) Antibody
response to multiple antigens of SARS-CoV-2 in patients with dia-
betes: an observational cohort study. Diabetologia 63(12):2548—
2558. https://doi.org/10.1007/s00125-020-05284-4

Pal R, Sachdeva N, Mukherjee S et al (2021) Impaired anti-SARS-
CoV-2 antibody response in non-severe COVID-19 patients with
diabetes mellitus: A preliminary report. Diabetes Metab Syndr
15(1):193-196. https://doi.org/10.1016/j.dsx.2020.12.035
Al-Samkari H, Karp Leaf RS, Dzik WH et al (2020) COVID-
19, and coagulation: bleeding and thrombotic manifestations of
SARS-CoV-2 infection. Blood 136(4):489-500. https://doi.org/
10.1182/blood.2020006520

Sudre CH, Murray B, Varsavsky T et al (2021) Attributes and
predictors of long COVID. Nat Med. https://doi.org/10.1038/
s41591-021-01292-y

Bornstein SR, Rubino F, Khunti K et al (2020) Practical rec-
ommendations for the management of diabetes in patients with
COVID-19. Lancet Diabetes Endocrinol 8(6):546-550. https://
doi.org/10.1016/S2213-8587(20)30152-2

Accili D (2021) Can COVID-19 cause diabetes? Nat Metab
3(2):123-125. https://doi.org/10.1038/s42255-020-00339-7
Gupta R, Ghosh A, Singh AK, Misra A (2020) Clinical considera-
tions for patients with diabetes in times of COVID-19 epidemic.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMcp2009249
https://doi.org/10.1056/NEJMcp2009249
https://doi.org/10.1016/j.molmet.2020.101044
https://doi.org/10.1016/j.diabres.2020.108374
https://doi.org/10.1016/S0140-6736(20)31024-2
https://doi.org/10.1007/s00125-020-05284-4
https://doi.org/10.1016/j.dsx.2020.12.035
https://doi.org/10.1182/blood.2020006520
https://doi.org/10.1182/blood.2020006520
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1016/S2213-8587(20)30152-2
https://doi.org/10.1016/S2213-8587(20)30152-2
https://doi.org/10.1038/s42255-020-00339-7

Acta Diabetologica (2021) 58:1441-1450

1449

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Diabetes Metab Syndr 14(3):211-212. https://doi.org/10.1016/j.
dsx.2020.03.002

Bonora BM, Morieri ML, Avogaro A, Fadini GP (2021) The
toll of lockdown against COVID-19 on diabetes outpatient care:
analysis from an outbreak area in Northeast Italy. Diabetes Care
44(1):e18-e21. https://doi.org/10.2337/dc20-1872

Marcucci F, Romeo E, Caserta CA, Rumio C, Lefoulon F (2020)
Context-dependent pharmacological effects of metformin on the
immune system. Trends Pharmacol Sci 41(3):162-171. https://
doi.org/10.1016/j.tips.2020.01.003

Chen X, Guo H, Qiu L, Zhang C, Deng Q, Leng Q (2020) Immu-
nomodulatory and antiviral activity of metformin and its poten-
tial implications in treating coronavirus disease 2019 and lung
injury. Front Immunol 11:2056. https://doi.org/10.3389/fimmu.
2020.02056

Fadini GP, Menegazzo L, Rigato M et al (2016) NETosis
delays diabetic wound healing in mice and humans. Diabetes
65(4):1061-1071. https://doi.org/10.2337/db15-0863

Borges L, Pithon-Curi TC, Curi R, Hatanaka E (2020) COVID-19
and neutrophils: the relationship between hyperinflammation and
neutrophil extracellular traps. Mediators Inflamm 2020:8829674.
https://doi.org/10.1155/2020/8829674

. Skendros P, Mitsios A, Chrysanthopoulou A et al (2020) Com-

plement and tissue factor-enriched neutrophil extracellular traps
are key drivers in COVID-19 immunothrombosis. J Clin Invest
130(11):6151-6157. https://doi.org/10.1172/JC1141374

Lukito AA, Pranata R, Henrina J, Lim MA, Lawrensia S, Suastika
K (2020) The effect of metformin consumption on mortality in
hospitalized COVID-19 patients: a systematic review and meta-
analysis. Diabetes Metab Syndr 14(6):2177-2183. https://doi.org/
10.1016/j.dsx.2020.11.006

Kamlesh Khunti PK, Zaccardi F, Bakhai C, Barron E, Holman N,
Kar P, Meace C, Sattar N, Stephen Sharp NJW, Weaver A, Woch
E, Young B, Valabhj J (2021) Prescription of glucose-lowering
therapies and risk of COVID-19 mortality in people with type 2
diabetes: a nationwide observational study in England. Lancet
Diabetes and Endocrinology 9(5):293-303

Cheng X, Liu YM, Li H et al (2020) Metformin is associated
with higher incidence of acidosis, but not mortality, in individu-
als with COVID-19 and pre-existing type 2 diabetes. Cell Metab
32(4):537-547. https://doi.org/10.1016/j.cmet.2020.08.013
Huang C, Huang L, Wang Y et al (2021) 6-month consequences
of COVID-19 in patients discharged from hospital: a cohort study.
Lancet 397(10270):220-232. https://doi.org/10.1016/S0140-
6736(20)32656-8

Singh Tomar PP, Arkin IT (2020) SARS-CoV-2 E protein is a
potential ion channel that can be inhibited by Gliclazide and
Memantine. Biochem Biophys Res Commun 530(1):10-14.
https://doi.org/10.1016/j.bbrc.2020.05.206

Kim MK, Jeon JH, Kim SW et al (2020) The clinical characteris-
tics and outcomes of patients with moderate-to-severe coronavirus
disease 2019 infection and diabetes in Daegu. South Korea Dia-
betes Metab J 44(4):602-613. https://doi.org/10.4093/dmj.2020.
0146

1zzi-Engbeaya C, Distaso W, Amin A et al (2021) Adverse out-
comes in COVID-19 and diabetes: a retrospective cohort study
from three London teaching hospitals. BMJ Open Diabetes Res
Care. https://doi.org/10.1136/bmjdrc-2020-001858

Silverii GA, Monami M, Cernigliaro A et al (2021) Are diabetes
and its medications risk factors for the development of COVID-
19? Data from a population-based study in Sicily. Nutr Metab
Cardiovasc Dis 31(2):396-398. https://doi.org/10.1016/j.numecd.
2020.09.028

Wargny M, Potier L, Gourdy P et al (2021) Predictors of hos-
pital discharge and mortality in patients with diabetes and

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

COVID-19: updated results from the nationwide CORONADO
study. Diabetologia 64(4):778-794. https://doi.org/10.1007/
s00125-020-05351-w

Erdmann E, Wilcox R (2010) Pioglitazone and mechanisms of CV
protection. QJIM 103(4):213-228. https://doi.org/10.1093/qjmed/
hcp168

Chojkier M, Elkhayat H, Sabry D, Donohue M, Buck M (2012)
Pioglitazone decreases hepatitis C viral load in overweight, treat-
ment naive, genotype 4 infected-patients: a pilot study. PLoS ONE
7(3):e31516. https://doi.org/10.1371/journal.pone.0031516
Avogaro A, Fadini GP (2018) The pleiotropic cardiovascular
effects of dipeptidyl peptidase-4 inhibitors. Br J Clin Pharmacol
84(8):1686-1695. https://doi.org/10.1111/bep.13611

Yazbeck R, Jaenisch SE, Abbott CA (2021) Dipeptidyl peptidase 4
inhibitors: applications in innate immunity? Biochem Pharmacol.
https://doi.org/10.1016/j.bcp.2021.114517

Li Y, Zhang Z, Yang L et al (2020) The MERS-CoV Receptor
DPP4 as a Candidate Binding Target of the SARS-CoV-2 Spike.
Science 23(6):101160. https://doi.org/10.1016/j.is¢i.2020.101160
Kawasaki T, Chen W, Htwe YM, Tatsumi K, Dudek SM (2018)
DPP4 inhibition by sitagliptin attenuates LPS-induced lung injury
in mice. Am J Physiol Lung Cell Mol Physiol 315(5):L.834-1.845.
https://doi.org/10.1152/ajplung.00031.2018

Fadini GP, Morieri ML, Longato E et al (2020) Exposure to
dipeptidyl-peptidase-4 inhibitors and COVID-19 among people
with type 2 diabetes: a case-control study. Diabetes Obes Metab
22(10):1946-1950. https://doi.org/10.1111/dom.14097

Rhee SY, Lee J, Nam H, Kyoung DS, Shin DW, Kim DJ (2021)
Effects of a DPP-4 inhibitor and RAS blockade on clinical out-
comes of patients with diabetes and COVID-19. Diabetes Metab
J. https://doi.org/10.4093/dm;j.2020.0206

Solerte SB, D’Addio F, Trevisan R et al (2020) Sitagliptin treat-
ment at the time of hospitalization was associated with reduced
mortality in patients with type 2 diabetes and COVID-19: a mul-
ticenter, case-control, retrospective. Observ Study Diabetes Care
43(12):2999-3006. https://doi.org/10.2337/dc20-1521

Mirani M, Favacchio G, Carrone F et al (2020) Impact of comor-
bidities and glycemia at admission and dipeptidyl peptidase 4
inhibitors in patients with type 2 diabetes with COVID-19: a case
series from an academic hospital in lombardy. Italy Diabetes Care
43(12):3042-3049. https://doi.org/10.2337/dc20-1340
Perez-Belmonte LM, Torres-Pena JD, Lopez-Carmona MD et al
(2020) Mortality and other adverse outcomes in patients with type
2 diabetes mellitus admitted for COVID-19 in association with
glucose-lowering drugs: a nationwide cohort study. BMC Med
18(1):359. https://doi.org/10.1186/s12916-020-01832-2

Zhou JH, Wu B, Wang WX et al (2020) No significant association
between dipeptidyl peptidase-4 inhibitors and adverse outcomes
of COVID-19. World J Clin Cases 8(22):5576-5588. https://doi.
org/10.12998/wjcc.v8.i122.5576

Israelsen SB, Pottegard A, Sandholdt H, Madsbad S, Thomsen
RW, Benfield T (2021) Comparable COVID-19 outcomes with
current use of GLP-1 receptor agonists, DPP-4 inhibitors or
SGLT-2 inhibitors among patients with diabetes who tested posi-
tive for SARS-CoV-2. Diabetes Obes Metab. https://doi.org/10.
1111/dom.14329

Roussel R, Darmon P, Pichelin M et al (2021) Use of dipeptidyl
peptidase-4 inhibitors and prognosis of COVID-19 in hospitalized
patients with type 2 diabetes: A propensity score analysis from
the CORONADO study. Diabetes Obes Metab. https://doi.org/10.
1111/dom.14324

Noh Y, Oh IS, Jeong HE, Filion KB, Yu OHY, Shin JY (2021)
Association between DPP-4 inhibitors and COVID-19-related
outcomes among patients with type 2 diabetes. Diabetes Care
44(4):e64—e66. https://doi.org/10.2337/dc20-1824

@ Springer


https://doi.org/10.1016/j.dsx.2020.03.002
https://doi.org/10.1016/j.dsx.2020.03.002
https://doi.org/10.2337/dc20-1872
https://doi.org/10.1016/j.tips.2020.01.003
https://doi.org/10.1016/j.tips.2020.01.003
https://doi.org/10.3389/fimmu.2020.02056
https://doi.org/10.3389/fimmu.2020.02056
https://doi.org/10.2337/db15-0863
https://doi.org/10.1155/2020/8829674
https://doi.org/10.1172/JCI141374
https://doi.org/10.1016/j.dsx.2020.11.006
https://doi.org/10.1016/j.dsx.2020.11.006
https://doi.org/10.1016/j.cmet.2020.08.013
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1016/j.bbrc.2020.05.206
https://doi.org/10.4093/dmj.2020.0146
https://doi.org/10.4093/dmj.2020.0146
https://doi.org/10.1136/bmjdrc-2020-001858
https://doi.org/10.1016/j.numecd.2020.09.028
https://doi.org/10.1016/j.numecd.2020.09.028
https://doi.org/10.1007/s00125-020-05351-w
https://doi.org/10.1007/s00125-020-05351-w
https://doi.org/10.1093/qjmed/hcp168
https://doi.org/10.1093/qjmed/hcp168
https://doi.org/10.1371/journal.pone.0031516
https://doi.org/10.1111/bcp.13611
https://doi.org/10.1016/j.bcp.2021.114517
https://doi.org/10.1016/j.isci.2020.101160
https://doi.org/10.1152/ajplung.00031.2018
https://doi.org/10.1111/dom.14097
https://doi.org/10.4093/dmj.2020.0206
https://doi.org/10.2337/dc20-1521
https://doi.org/10.2337/dc20-1340
https://doi.org/10.1186/s12916-020-01832-2
https://doi.org/10.12998/wjcc.v8.i22.5576
https://doi.org/10.12998/wjcc.v8.i22.5576
https://doi.org/10.1111/dom.14329
https://doi.org/10.1111/dom.14329
https://doi.org/10.1111/dom.14324
https://doi.org/10.1111/dom.14324
https://doi.org/10.2337/dc20-1824

1450

Acta Diabetologica (2021) 58:1441-1450

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Bonora BM, Avogaro A, Fadini GP (2021) Disentangling conflict-
ing evidence on DPP-4 inhibitors and outcomes of COVID-19:
narrative review and meta-analysis. J Endocrinol Invest. https://
doi.org/10.1007/s40618-021-01515-6

Cariou B, Hadjadj S, Wargny M et al (2020) Phenotypic charac-
teristics and prognosis of inpatients with COVID-19 and diabetes:
the CORONADO study. Diabetologia 63(8):1500-1515. https://
doi.org/10.1007/s00125-020-05180-x

He L, Wong CK, Cheung KK et al (2013) Anti-inflammatory
effects of exendin-4, a glucagon-like peptide-1 analog, on human
peripheral lymphocytes in patients with type 2 diabetes. J Diabetes
Investig 4(4):382-392. https://doi.org/10.1111/jdi.12063
Ellingsgaard H, Hauselmann I, Schuler B et al (2011) Inter-
leukin-6 enhances insulin secretion by increasing glucagon-
like peptide-1 secretion from L cells and alpha cells. Nat Med
17(11):1481-1489. https://doi.org/10.1038/nm.2513

Lebrun LJ, Lenaerts K, Kiers D et al (2017) Enteroendocrine L
cells sense LPS after gut barrier injury to enhance GLP-1 secre-
tion. Cell Rep 21(5):1160-1168. https://doi.org/10.1016/j.celrep.
2017.10.008

Yusta B, Baggio LL, Koehler J et al (2015) GLP-1R agonists
modulate enteric immune responses through the intestinal intraep-
ithelial lymphocyte GLP-1R. Diabetes 64(7):2537-2549. https://
doi.org/10.2337/db14-1577

Shiraki A, Oyama J, Komoda H et al (2012) The glucagon-like
peptide 1 analog liraglutide reduces TNF-alpha-induced oxida-
tive stress and inflammation in endothelial cells. Atherosclerosis
221(2):375-382. https://doi.org/10.1016/j.atherosclerosis.2011.
12.039

Bramante CT, Ingraham NE, Murray TA et al (2021) Metformin
and risk of mortality in patients hospitalised with COVID-19: a
retrospective cohort analysis. Lancet Healthy Longev 2(1):e34—
e41. https://doi.org/10.1016/S2666-7568(20)30033-7

Vallon V, Verma S (2021) Effects of SGLT2 inhibitors on kid-
ney and cardiovascular function. Annu Rev Physiol 83:503-528.
https://doi.org/10.1146/annurev-physiol-031620-095920

Garvey WT, Van Gaal L, Leiter LA et al (2018) Effects of cana-
gliflozin versus glimepiride on adipokines and inflammatory bio-
markers in type 2 diabetes. Metabolism 85:32-37. https://doi.org/
10.1016/j.metabol.2018.02.002

@ Springer

52.

53.

54.

55.

56.

57.

58.

59.

XuL, Ota T (2018) Emerging roles of SGLT?2 inhibitors in obesity
and insulin resistance: Focus on fat browning and macrophage
polarization. Adipocyte 7(2):121-128. https://doi.org/10.1080/
21623945.2017.1413516

Sainsbury C, Wang J, Gokhale K et al (2021) Sodium-glucose
co-transporter-2 inhibitors and susceptibility to COVID-19: A
population-based retrospective cohort study. Diabetes Obes Metab
23(1):263-269. https://doi.org/10.1111/dom.14203

Vitale RJ, Valtis YK, McDonnell ME, Palermo NE, Fisher NDL
(2021) Euglycemic diabetic ketoacidosis with COVID-19 infec-
tion in patients with type 2 diabetes taking SGLT2 inhibitors.
AACE Clin Case Rep 7(1):10-13. https://doi.org/10.1016/j.aace.
2020.11.019

Handelsman Y, Bloomgarden ZT, Grunberger G et al (2015)
American association of clinical endocrinologists and american
college of endocrinology - clinical practice guidelines for develop-
ing a diabetes mellitus comprehensive care plan - 2015. Endocr
Pract 21(Suppl 1):1-87. https://doi.org/10.4158/EP15672.GL
Wu H, Ballantyne CM (2020) Metabolic inflammation and insulin
resistance in obesity. Circ Res 126(11):1549-1564. https://doi.org/
10.1161/CIRCRESAHA.119.315896

Lee BC (1842) Lee J (2014) Cellular and molecular players in adi-
pose tissue inflammation in the development of obesity-induced
insulin resistance. Biochim Biophys Acta 3:446—462. https://doi.
org/10.1016/j.bbadis.2013.05.017

Yudkin JS (1999) Abnormalities of coagulation and fibrinolysis in
insulin resistance. Evidence for a common antecedent? Diabetes
Care 22(Suppl 3):C25-30

Krishnaswami A, Beavers C, Dorsch MP et al (2020) Gerotechnol-
ogy for older adults with cardiovascular diseases: JACC state-of-
the-art review. ] Am Coll Cardiol 76(22):2650-2670. https://doi.
org/10.1016/j.jacc.2020.09.606

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s40618-021-01515-6
https://doi.org/10.1007/s40618-021-01515-6
https://doi.org/10.1007/s00125-020-05180-x
https://doi.org/10.1007/s00125-020-05180-x
https://doi.org/10.1111/jdi.12063
https://doi.org/10.1038/nm.2513
https://doi.org/10.1016/j.celrep.2017.10.008
https://doi.org/10.1016/j.celrep.2017.10.008
https://doi.org/10.2337/db14-1577
https://doi.org/10.2337/db14-1577
https://doi.org/10.1016/j.atherosclerosis.2011.12.039
https://doi.org/10.1016/j.atherosclerosis.2011.12.039
https://doi.org/10.1016/S2666-7568(20)30033-7
https://doi.org/10.1146/annurev-physiol-031620-095920
https://doi.org/10.1016/j.metabol.2018.02.002
https://doi.org/10.1016/j.metabol.2018.02.002
https://doi.org/10.1080/21623945.2017.1413516
https://doi.org/10.1080/21623945.2017.1413516
https://doi.org/10.1111/dom.14203
https://doi.org/10.1016/j.aace.2020.11.019
https://doi.org/10.1016/j.aace.2020.11.019
https://doi.org/10.4158/EP15672.GL
https://doi.org/10.1161/CIRCRESAHA.119.315896
https://doi.org/10.1161/CIRCRESAHA.119.315896
https://doi.org/10.1016/j.bbadis.2013.05.017
https://doi.org/10.1016/j.bbadis.2013.05.017
https://doi.org/10.1016/j.jacc.2020.09.606
https://doi.org/10.1016/j.jacc.2020.09.606

	Managing diabetes in diabetic patients with COVID: where do we start from?
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Metformin
	Sulphonylureas
	Pioglitazone
	Dipeptidyl peptidase 4 inhibitors (DPP-4i)
	Glucagon-like peptide 1 receptor agonists (GLP-1RA)
	Sodium-glucose cotransporter 2 inhibitors (SGLT2i)
	Insulin
	Conclusions
	References




