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Potential metabolic and inflammatory pathways between COVID-19
and new-onset diabetes

The pandemic of coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
is rapidly evolving worldwide and is now face-to-face with another
major pandemic —— diabetes mellitus. Both these pandemics are
having enormous negative health, economic, and social conse-
quences throughout the world. Emerging data consistently show
that diabetes mellitus is associated with increased morbidity and
mortality in COVID-19 patients [1,2], recently confirmed in a very
large epidemiological study of the UK General Practice population
[3]. On the other hand, there have been reports of deterioration of
glycemic control, including episodes of ketosis, ketoacidosis, or
hyperosmolar hyperglycaemic state in type 2 diabetes patients
with COVID-19, requiring exceptionally high doses of insulin
[1,4]. Further, recent reports show an increase in new-onset type
1 diabetes, possibly linked to COVID-19, firstly in a US-based
population [5] and subsequently, in a cohort of children living in
North West London [6]. These clinical observations provide new
evidence for new-onset diabetes in COVID-19 patients.

As a result, there is a pressing need to characterize not only the
clinical but also the pathophysiological phenotype of COVID-19-
related diabetes. Here, we discuss potential pathways whereby
COVID-19 might increase the risk of developing diabetes. This
includes, but not limited to, injury to the pancreatic b cells, an
exaggerated proinflammatory cytokine response, activation of the
renin-angiotensin system (RAS), and changes in health behaviours
during this pandemic (Fig. 1). None of these possibilities is
exclusive on its own, and as we discuss below, several of these
factors may combine to play a role for either the development or
progression of type 1 or 2 diabetes or, in fact, result in a new form of
diabetes.

SARS-CoV-2 uses angiotensin-converting enzyme 2 (ACE2) as
its receptor to gain entry into human cells [7]. ACE2 is expressed
widely in metabolic organs and tissues, including the pancreatic b
cells, as reported more than 15 years ago [8]. A recent organoid
study showed that pancreatic b cells are permissive to SARS-CoV-2
[9], and an autopsy study on three deceased COVID-19 patients in
China found degeneration of some islet cells in the pancreas
[10]. SARS-CoV-2 could further damage the b cells by triggering a
plethora of proinflammatory cytokines (e.g., Interleukin-6) and
acute phase reactants (e.g., C-reactive protein) [11], or by
enhancing autoimmunity in genetically predisposed individuals.

deficiency occurs at least in part as a result of autoimmune
processes, in type 2 diabetes, insulin deficiency can be the
predominant abnormality as recently described by several groups
[12,13] or can develop as a result of glucotoxicity to b cells after a
period of hyperglycaemia induced by insulin resistance [14].

Proinflammatory pathways leading to chronic low-grade
inflammation in sites such as adipose tissue are considered to
play increasingly important roles in the pathogenesis and
progression of type 2 diabetes [15]. The inflammatory molecules
activated by SARS-CoV-2 infection could impair insulin signalling
as has been reported for numerous cytokines such as tumour
necrosis factor-a [16], albeit not yet proven in the COVID-19
context. Indeed, this could, in turn, inhibit insulin-stimulated
glycogen synthesis and glucose uptake in the skeletal muscle and
liver, as well as lipogenesis in the adipose tissue, thereby
conferring hyperglycaemia and insulin resistance [16].

ACE2 is a key enzyme in the RAS, where it catalyzes the
conversion of angiotensin II, the classical effector molecule of this
pathway and a powerful vasoconstrictor, to the vasodilator,
angiotensin 1–7. After endocytosis, SARS-CoV-2 downregulates
ACE2 expression [7], resulting in unopposed deleterious actions of
angiotensin II (primarily through the AT1 receptor subtype). These
effects include reduction in blood flow to tissues, impairment of
insulin signalling, and an increase in oxidative stress. Consequent-
ly, insulin secretion decreases, and lipolysis, glycogenolysis, and
gluconeogenesis increase in the liver and skeletal muscle, leading
to insulin resistance [16,17]. It remains uncertain as to the
pathophysiological relevance of the effects of angiotensin II on
glucose homeostasis with only modest beneficial effects on
reducing susceptibility to diabetes with drugs that interrupt the
RAS such as ACE inhibitors and angiotensin II receptor blockers
[16,17].

The COVID-19 pandemic has disrupted the ongoing prevention
and control efforts for non-communicable diseases (NCDs) at the
individual, community, and health system level in many countries.
A recent survey by the World Health Organization among
155 countries shows that more than half (53%) have stopped
their preventive and treatment services for NCDs either partially or
completely [18]. Stay-at-home orders, self-isolation, and social
distancing measures are crucial to flatten the curve of this disease.
However, these measures are having negative impacts, including
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This destruction of b cells by SARS-CoV-2 presumably via ACE2 is
relevant to both type 1 and type 2 diabetes where insulin
deficiency plays a key role. Whereas in type 1 diabetes, insulin
https://doi.org/10.1016/j.diabet.2020.10.002
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reduced physical activity, unhealthy eating, and weight gain
[19]. These changes in lifestyle have numerous pathophysiological
effects, including promoting insulin resistance via a range of well-
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escribed mechanisms (e.g., triggering inflammatory pathways),
hich would presumably increase the risk of new-onset diabetes

n high-risk individuals.
It is crucial to establish a full understanding of the impact of

OVID-19 on the risk of developing diabetes in order to inform
linical care because countries that are currently severely affected
y COVID-19 have a large number of at-risk people for diabetes,

ncluding the USA, UK, India, and Brazil [20]. The global registry of
atients with COVID-19-related diabetes (covidiab.e-dendrite.
om) should help in leading to a better understanding of the
atural course of the onset of COVID-related diabetes and assist in
roviding clues as to which underlying mechanisms should be

urther elucidated [21]. There is still much that we need to learn
bout COVID-19, and there may yet be other mechanisms that
ome into play to explain the association between COVID-19 and
ew-onset diabetes. We now have the situation of arguably the
wo major pandemics of the 21st Century colliding!
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