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ABSTRACT

The novel coronavirus (severe acute respiratory
syndrome coronavirus 2 [SARS-CoV-2]) outbreak
originating in December 2019 has resulted in a
worldwide pandemic affecting millions across
almost 200 countries. People with diabetes
appear to develop more severe forms of the dis-
ease and to require intensive care unit support
and/or mechanical ventilation more frequently
than those with other underlying medical con-
ditions. The mortality rate among people with
diabetes is also significantly higher than that
among people without diabetes. A diagnosis of
diabetes is often an indicator of poor underlying
metabolic health, and frequently people with
diabetes have multiple risk factors for severe
coronavirus disease 2019 (COVID-19), including
cardiovascular and renal disease. In this review,
we discuss the potential biological mechanisms
by which SARS-CoV-2 may interact with disease
processes implicated in diabetes and discuss how
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treatments commonly used for people with dia-
betes may affect COVID-19 severity and pro-
gression. There is currently a lack of evidence
from human studies, and further trials in this
area will prove useful to further expand our
understanding of this rapidly developing disease
process to improve outcomes for this high-risk
group of patients.
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Key Summary Points

A complex interaction of risk factors exist
which are associated with both diabetes
and increased mortality from coronavirus
disease 2019 (COVID-19).

Several underlying biological pathways
exist which may explain the increased risk
of mortality in people with diabetes from
COVID-19.

Medications used for people with diabetes
appear to interact with some of the
mechanisms associated with increased
mortality, and further investigation is
required to determine the clinical impact
of these drugs.
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BACKGROUND

Coronaviruses have been implicated as a cause
of respiratory and gastrointestinal infections
since the isolation of the severe acute respira-
tory syndrome coronavirus (SARS-CoV-1) in
Guangdong, China in 2002 [1] and Middle East
respiratory syndrome coronavirus (MERS-CoV)
in Saudi Arabia in 2012 [2]. Coronaviruses are
enveloped, positive single-stranded RNA viruses
which originated in bats. Indeed, both SARS-
CoV-1 and MERS-CoV were transmitted initially
to humans from market civets and dromedary
camels, respectively [3]. In humans, SARS-CoV-
1 infects ciliated bronchial epithelial cells and
type II pneumocytes using angiotensin-con-
verting enzyme 2 (ACE2) as a receptor, and
MERS-CoV utilises the dipeptidyl peptidase-4
(DPP-4) receptor to infect both wunciliated
bronchial epithelial cells and type II pneumo-
cytes [3].

More recently, a novel coronavirus, subse-
quently named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), was isolated
in Wuhan, China in December 2019 which
causes the disease termed coronavirus disease
2019 (COVID-19) [4]. Subsequently, a world-
wide pandemic has resulted, with over 5.5 mil-
lion people infected and almost 350,000 deaths
in 188 countries at the time of writing [5].
Notably, SARS-CoV-2 also appears to infect cil-
iated bronchial epithelial cells and type II
pneumocytes predominantly via the ACE2
receptor and is structurally similar to the SARS-
CoV-1 [6]. Akin to previous coronavirus out-
breaks, SARS-CoV-2 likely originated from the
bat, and the outbreak was initiated from ani-
mal-to-human transmission in markets in
which wild animals were sold [4, 7].

Whilst the prevalence of diabetes in people
infected with SARS-CoV-2 is relatively low
compared to the population prevalence of dia-
betes in Chinese and Italian cohorts [8, 9],
people with diabetes appear to develop more
severe forms of the disease. Data from the UK
suggest that a diagnosis of diabetes is a major
risk factor for hospital admission in people with
COVID-19, as 19% of 16,749 patients hospi-
talised with COVID-19 between February and
April 2020 had underlying diabetes [10] (see

Table 1). Indeed, one-third of all people dying
from COVID-19 in the UK had an underlying
diagnosis of diabetes. Regrettably, the odds of
in-hospital death in people with type 1 and type
2 diabetes (T2D) was 2.86 and 1.81 compared to
people without diabetes, after adjusting for
confounding variables [11]. Moreover, at the
time of writing, an underlying diagnosis of
diabetes is the commonest underlying health
condition amongst those who have died of
COVID-19 in the UK [12].

Table 1 Risk of death from coronavirus disease 2019 in
the UK presented by age and underlying co-morbidity

Variable Prevalence in hospitalised Hazard

patients (%) [ = 16,749] ratio

Age (years) Median: 72 <50
50-69:
4.02
70-70:
9.59
80+:
13.59
Female sex at  39.8 0.80
birth
Diabetes 19 -
Chronic 29 1.31
cardiac
disease
Chronic renal 15 1.25
disease
Obesity - 1.37
Chronic 19 1.19
pulmonary
disease
Dementia - 1.39
Malignancy - 1.19

This table presents the hazard ratio for risk of death from
coronavirus disease 2019 (COVID-19) associated with
varying age, sex at birth and various medical comorbidities
that have been associated with increased mortality in
people with COVID-19. Data in table are adapted from
Docherty et al. [10]
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Fig. 1 The complex relationship between diabetes and
coronavirus disease 2019 (COVID-19) mortality may be
confounded by the association between diabetes and other
risk factors for increased mortality in persons with

People with diabetes infected with SARS-
CoV-2 in China and Italy have also required
greater use of (intensive care unit [ICU]) support
and/or mechanical ventilation and have had a
higher mortality rate than people without dia-
betes [13]. Indeed, studies from both the USA
and China report that diabetes is an indepen-
dent predictor of death in people with COVID-
19 and that mortality is up to 50% higher in this
patient population than in people without dia-
betes [14]. Moreover, a recently published anal-
ysis of people with diabetes hospitalised for
COVID-19 in France found that 29.0% of people
attained a primary outcome measure of
mechanical ventilation and/or death within
7 days of hospitalisation with COVID-19. Inter-
estingly, the authors of this study reported that
high body mass index was independently asso-
ciated with the primary outcome [15]. In fact,
around 40% of people hospitalised with COVID-
19 in the USA had underlying diabetes or
hyperglycaemia, with a more than fourfold
greater mortality than those who did not [16].
Therefore, it would appear that diabetes may act
as a marker for poor metabolic health that in
turn increases the risk of severe disease in those
infected with SARS-CoV-2, as several other high-
risk medical conditions are associated with dia-
betes, including hypertension, obesity, ischae-
mic heart disease and chronic renal disease.

There is undoubtedly an increased mortality
in people with diabetes and COVID-19, possibly
due to the association of conditions with poor
outcomes in COVID-19, such as hypertension,

Diabetes

COVID-19, including obesity, hypertension, increasing
age, pro-inflammatory state, chronic respiratory disease,
ethnicity and vitamin D deficiency. COPD Chronic

obstructive pulmonary disease

ischaemic heart disease and obesity [17], which
are commonly observed in people with diabetes
(see Fig. 1). Therefore, the mortality association
may be confounded by this relationship. How-
ever, considerable biology links poor outcomes
and higher mortality in people with diabetes
and COVID-19. In this review we discuss the
likely biological interactions between diabetes
and COVID-19 and the potential impact of
diabetes medications on COVID-19 severity and
health outcomes.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

DIABETES AND SARS-COV-2:
BIOLOGICAL INTERACTIONS

Diabetes is associated with poorer health out-
comes as a result of its multi-system involve-
ment and  association with  multiple
cardiovascular, renal and other comorbidities,
making it a leading cause of death worldwide
[18]. Diabetes results in an inflammatory con-
dition in which hyperglycaemia triggers the
generation of pro-inflammatory cytokines
resulting in oxidative stress and thereby tissue
inflammation. Moreover, diabetes is associated
with a relative immunodeficiency as a result of
impaired macrophage and neutrophil function,
reduced lymphocyte proliferation and comple-
ment activation dysfunction [19]. As a result of
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this pro-inflammatory and immunodeficient
state, higher morbidity and mortality has pre-
viously been associated with several bacterial
and viral infections in people with diabetes
[18, 20]. Predictably, uncontrolled glycaemia
was previously associated with worse outcomes
in people with diabetes during both the SARS-
CoV-1 [21] and MERS-CoV [22] disease out-
breaks. However, there remains debate on
whether hyperglycaemia acts to exacerbate the
infection or is simply a consequence of the
stress response that results from coronavirus
infection.

Owing to the high prevalence of people with
diabetes and COVID-19 requiring hospitalisa-
tion and/or ICU support, there must be more
specific mechanisms which affect people with
diabetes infected with SARS-CoV-2 [14]. Given
our understanding of the mechanism of SARS-
CoV-1 and MERS-CoV, we review the potential
role of ACE2 and DPP-4 receptors in the
pathogenesis of SARS-CoV-2 in people with
diabetes.

ACE2 RECEPTORS

The ACE2 receptor is widely expressed within
the epithelial cells of the respiratory tract,
tubular epithelial cells of the renal tract,
mucosal cells of the gastrointestinal tract, arte-
rial and venous endothelial cells, cardiac myo-
cytes and the pancreatic p-cells [17, 23]. Within
the respiratory system, ACE2 converts angio-
tensin II to angiotensin I and, therefore, inhi-
bition of ACEZ2 leads to elevated concentrations
of angiotensin II, thereby generating a pro-in-
flammatory response and stimulating aldos-
terone secretion. Collectively, these actions
enhance local vascular permeability and renal
fluid retention, thus engendering respiratory
distress [24]. SARS-CoV-2 enters the host cell
utilising the envelope spike glycoprotein on its
surface to bind the ACE2 enzyme which in turn
modulates the enzyme’s activity, potentiating
cell damage and respiratory failure [25]. Con-
sequently, hypokalaemia has been noted as a
feature of people who are critically ill from
COVID-19 and is believed to be a result of renal
potassium wasting from excess aldosterone

secretion. Moreover, early normalisation of
serum potassium is a predictor of an improved
prognosis in people who are critically unwell
with COVID-19 [26]. Interestingly, one recent
study concluded that SARS-CoV-2 may cause
acute kidney injury via the ACE2 receptor, as
the virus was detected within human glomeru-
lar cells at autopsy [27].

In people with diabetes, hyperglycaemia in
the earlier stages of COVID-19 may worsen
disease outcomes as hyperglycaemia induces
the glycosylation of the ACE2 receptor, pro-
moting cellular linkage to the SARS-CoV-2 virus
and therefore promoting infection of the host
cell and causing a higher disease severity [28].
Moreover, early correction of hyperglycaemia
can reverse this process and may improve dis-
ease outcomes, leading many authors to argue a
case for tight glycaemic control as a priority in
the care for people with diabetes who have
COVID-19 [17, 29-31]. In addition to enhanced
ACE2 receptor glycosylation, upregulation of
ACE2 receptor expression may enhance the
ability of SARS-CoV-2 to enter and infect the
host cell. As a result, there are safety concerns
surrounding the use of many medications
which are commonly used in people with dia-
betes, including ACE inhibitors, angiotensin-
receptor blockers, ibuprofen and thiazolidine-
diones, all of which appear to increase the
expression of ACE2 [17]. Nevertheless, little
evidence currently supports their discontinua-
tion in routine practice, and current guidance
supports continuation of these medications
[17, 32]. However, further study into the possi-
bly harmful effect of such frequently utilised
medications in people with diabetes and car-
diovascular disease is warranted [33].

Genetic analyses of the ACE2 gene provide
further explanation for the poorer health out-
comes seen in people with COVID-19 and dia-
betes. The ACE2 enzyme is expressed by the
ACE2 gene on the X chromosome [34]. Inter-
estingly, expression of ACE2 has been linked
with the development of T2D, and the expres-
sion of the single nucleotide polymorphism
G8790A on the ACEZ2 gene also increases the
risk of developing T2D [35, 36]. Theoretically,
an increased expression of ACE2 or specific
ACE2 polymorphisms may result in greater

A\ Adis



Diabetes Ther (2020) 11:1915-1924

1919

disease severity by increased binding potential
with the SARS-CoV-2 virus. One study observed
that Asian men had greater expression of ACE2
than their White or African American counter-
parts [37], implying that this may explain some
of the population differences observed in
COVID-19 severity. Additionally, Cao and col-
leagues observed that East Asian populations
had higher ACE2 receptor tissue expression,
which again may explain differences in suscep-
tibility or response to SARS-CoV-2 [38]. How-
ever, further investigation into this potential
risk factor is warranted [33] and may lead to
further therapeutic targets.

Further interest in the role of ACE2 in people
with diabetes comes from studies identifying
this receptor in pancreatic B-cells [39]. Recent
observations of greater incidence rates of dia-
betic ketoacidosis have been reported in people
with or without an underlying diagnosis of
diabetes and are associated with a high mor-
tality rate [40]. Diabetic ketoacidosis in this
setting likely results from the destruction of
pancreatic B-cells following SARS-CoV-2 entry
into the cell via the ACE2 receptor. Indeed,
people with insulin-treated diabetes and
COVID-19 appear to have greater insulin resis-
tance and require significantly higher insulin
doses [14]. This may simply reflect the severity
of infection inducing a considerable cate-
cholamine response which generates greater
insulin resistance or it is a direct mechanism in
which SARS-CoV-2 further impairs B-cell func-
tion. The latter argument is supported by a
previous study conducted during the SARS-
CoV-1 outbreak which observed that approxi-
mately 50% of non-diabetic patients with SARS-
CoV-1 infection developed diabetes as an
inpatient, although only 5% of participants had
diabetes at follow-up 3 years later. The authors
reason that as SARS-CoV-1 binds to the ACE2
receptor in the pancreatic pB-cells, the resulting
damage to the islet cells impairs insulin release
[39]. It is this relative hypoinsulinaemia that is
thought to be the cause of the higher incidence
of hyperglycaemia and diabetic ketoacidosis in
these patients [40]. As a result, many argue that
tighter blood glucose control is essential and
will improve health outcomes in people with
diabetes [17, 29-31].

DPP-4 RECEPTORS

The interest in DPP-4 receptors started with the
finding that the MERS-CoV virus targeted this
receptor to enter and subsequently infect a host
cell [14] and that antibodies directed against
DPP-4 inhibit the infection of host cells by the
MERS-CoV virus [41]. Of course, the DPP-4
enzyme plays a critical role in glucose metabo-
lism by degrading incretin hormones, such as
glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide, resulting
in reduced insulin secretion [42]. However,
DPP-4 (also known as cluster of differentiation-
26 [CD26]) plays an additional immunomodu-
latory role by activating T cells and maintaining
lymphocyte function [43]. Recent studies have
observed that the DPP-4/CD26 molecule also
interacts with the S1 domain of the SARS-CoV-2
viral spike glycoprotein [44], in addition to the
initially reported interaction with the ACE2
receptor [6]. Moreover, there are structural
similarities between SARS-CoV-2 and the MERS-
CoV and SARS-CoV-1 viruses [4, 44]. However,
results are mixed, and other studies do not
support an interaction between SARS-CoV-2
and cells expressing DPP-4, but only to cells
expressing ACE2 [45]. Nevertheless, there
remains a potential role for DPP-4 inhibitors in
the treatment of people with COVID-19, lead-
ing some to call for further studies to explore
this potential therapeutic avenue [46, 47].

DIABETES PHARMACOTHERAPY
AND SARS-COV-2: THERAPEUTIC
INTERACTIONS

OF SODIUM-GLUCOSE
COTRANSPORTER-2 INHIBITORS

Drugs within this class of medication inhibit
the sodium-glucose cotransporter-2 (SGLT-2)
protein in the proximal convoluted tubule,
thereby preventing the reuptake of both sodium
and glucose to promote their urinary excretion
[48]. Use of these medications is associated with
significant improvements in glycaemic control,
body weight and reduced progression of renal
disease [49, 50]. Since their introduction in
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2013, their prescribing usage has increased
dramatically, and they are amongst the most
commonly used drugs for treating T2D [51].

There is strong rationale for the use of SGLT-
2 inhibitors as a potential treatment for people
with COVID-19. Firstly, the use of these medi-
cations promotes diuresis and natriuresis, which
improves heart failure outcomes [52, 53].
Additionally, their use appears to selectively
reduce interstitial fluid volume without signifi-
cantly affecting the intravascular fluid volume
[54]. Collectively, these actions may improve
COVID-19 health outcomes because, as dis-
cussed above, COVID-19 locally increases vas-
cular permeability within the lung, thereby
increasing interstitial fluid volume and conse-
quently inducing respiratory distress [24]. Sec-
ondly, the use of SGLT-2 inhibitors is associated
with a shift in myocardial and renal metabolism
from carbohydrate and/or lipids to Kketones
which are more energy-efficient and may
improve both myocardial and renal function
[55]. Thirdly, SGLT-2 inhibitors are also
believed to exert an anti-inflammatory effect by
reducing serum leptin, tumour necrosis factor-
alpha (TNF-ao) and interleukin 6 (IL-6) levels but
increasing serum adiponectin level [56]. Given
the pro-inflammatory state associated with
diabetes [19], reducing such inflammatory
markers may result in improved morbidity and
mortality associated with COVID-19. Indeed,
the use of SGLT-2 inhibitors appears to be
associated with favourable cardiovascular and
general health outcomes, making them an
attractive therapeutic option in people with
diabetes and COVID-19.

As a result, studies to establish whether these
drugs improve COVID-19 outcomes in people
with or without diabetes would be important.
The DARE-19 trial is a phase III randomised,
double-blind and placebo-controlled trial which
aims to establish whether dapagliflozin 10 mg
reduces disease progression, complications and/
or all-cause mortality in people with COVID-19
[S7]. Interestingly, not all of the study partici-
pants will have a diagnosis of diabetes, but there
is a requirement of a diagnosis of either hyper-
tension, T2D, atherosclerotic cardiovascular
disease, heart failure or chronic renal disease to
participate [57]. We are unaware of other

clinical trials investigating the use of these
medications at the time of writing.

However, there are some major concerns
surrounding the use of SGLT-2 inhibitors in
people with diabetes and COVID-19. Such
concerns are due to the increased risk of dia-
betic ketoacidosis associated with the use of
SGLT-2 inhibitors as a result of increased uri-
nary glucose excretion, with reversal of the
insulin:glucagon ratio which then precipitates
ketosis [58]. Given the increased risk of
ketoacidosis in people with COVID-19 discussed
above, there is therefore potential for harm
associated with the use of SGLT-2 inhibitors,
and the current recommendation is to withhold
these drugs during illness, in keeping with sick
day rules [14, 59]. Moreover, SGLT-2 inhibitors
promote renal ACE2 activity, and thus there is
potential that the use of these medications may
promote SARS-CoV-2 infectivity [60]. However,
there are no trials to date which demonstrate
this, and further data are required. We await the
outcome of the DARE-19 trial with anticipation
to further investigate the benefits and potential
risks associated with the use of dapagliflozin.

INCRETIN-BASED THERAPIES

DPP-4 Inhibitors

As discussed above, there is considerable inter-
est in the DPP-4 receptor as a therapeutic target
in people with COVID-19 as a result of its
potential interaction with this receptor to infect
a host cell [44]. Whilst there is no currently
available clinical data to support this, some
studies are underway to examine the impact of
DPP-4 inhibition on COVID-19 outcomes in
people with diabetes. The aim of an observa-
tional, retrospective case—control study in Italy
is to compare clinical and biochemical out-
comes in people with diabetes treated with the
DPP-4 inhibitor sitagliptin to people with dia-
betes not treated with sitagliptin [61]. The
objective of a randomised, open-label trial is to
compare measures of glycaemic control,
inflammation and chest x-ray findings between
insulin-treated patients with T2D with or with-
out the DPP-4 inhibitor linagliptin [62]. At the
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time of writing, no further clinical trials on
DPP-4 inhibitors were found.

GLP-1 Analogues

Glucagon-like peptide-1 is an endogenous pep-
tide secreted by the distal small bowel in
response to glucose ingestion to stimulate
insulin release from the B-cells of the pancreas
and is subsequently degraded by the DPP-4
enzyme. GLP-1 analogues act directly to stimu-
late pancreatic insulin secretion and are associ-
ated with improved glycaemic control, body
weight and reduced progression of renal disease
[49, 50].

GLP-1 analogues may interact with the
COVID-19 disease process through two key
processes; upregulation of ACE2 receptors and
anti-inflammatory effects. In rats, use of the
GLP-1 analogue liraglutide was associated with
upregulation of ACE2 receptors in the car-
diopulmonary system [63] and the liver [64].
Secondly, the use of GLP-1 analogues is known
to improve metabolic health generally at least
partly through reducing endovascular inflam-
mation [65]. Indeed, one pre-clinical trial found
that use of liraglutide in rats was associated with
reduced inflammatory measures, including
macrophage infiltration, and reduced TNF-o
and IL-6 levels [66]. However, there is a paucity
of evidence from human studies in this area
[60], and we are not aware of any ongoing trials
examining the potential impact of these medi-
cations of COVID-19 outcomes at the time of
writing this review.

CONCLUSIONS

COVID-19 is a worldwide pandemic which has
resulted in an extraordinary number of infec-
tions and deaths worldwide. People with dia-
betes are particularly vulnerable to develop
more severe forms of the disease, possibly due to
a clustering of risk factors, such as hyperten-
sion, ischaemic heart disease and chronic renal
disease. Common pathways appear to exist that
may explain the susceptibility of this patient
population to COVID-19, and some medica-
tions commonly used for people with diabetes

may interact with these pathways. However,
little is known to date on whether these inter-
actions lead to clinical harm or benefit or
indeed whether they have any impact at all,
although a recent analysis of people with dia-
betes hospitalised in France with COVID-19
demonstrated no association with the need for
mechanical ventilation or death within 7 days
with glucose-lowering therapies such as met-
formin and insulin [15]. Safe trials exploring
such medications are welcomed, and we hope
these will shed light on this rapidly evolving
area in a time of great uncertainty whilst we
continue to rapidly learn more about this novel
disease.
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