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Abstract

The outbreak of severe acute respiratory infections is being one of the most serious risks to global health. In early December 2019, many 
pneumonia cases with unknown reason emerged in Wuhan, Hubei, China. Sequencing the samples from lower respiratory tract, scientists have 
revealed a novel coronavirus that was named 2019 novel coronavirus (SARS-CoV-2). The most common symptoms identified were: fever, dry 
cough and dyspnoea. Thus, doctors were concerned about the possibility that patients with cardiovascular disease, diabetes or other chronic 
diseases were more exposed to complications.

It is now well known that human pathogenic coronaviruses (severe acute respiratory syndrome coronavirus [SARS-CoV] and SARS-CoV-2) 
bind to their target cells through angiotensin-converting enzyme 2 (ACE2), which is expressed by the epithelial cells of the lung, intestine, kidney 
and blood vessels. The expression of ACE2 is mainly increased in patients with hypertension treated with ACE-inhibitors and in patients with 
diabetes. This could explain why these patients are more susceptible to the infection and its severe consequences, including death. Actually, 
current literature has shown a relation between metabolic comorbidities and a worse outcome for Covid-19 infection. The aim of this short 
report is to report the current knowledge on the relation between hyperglycaemia, diabetes and severity of SARS-CoV-2 infection. 
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Introduction

In December 2019, several cases of respiratory infections 
in humans were reported in Wuhan, China [1]. The recognized 
pathogen was a novel virus, named “2019 novel coronavirus 
(SARS-CoV-2)” and was first isolated on 7 January 2020. Since 
then, the virus has spread worldwide and has infected 1 914 916 
patients globally, causing 123 010 deaths as of 15 April 2020 [2]. 
The SARS-CoV-2 is an enveloped, single-stranded RNA virus that 
can be transmitted from human to human through respiratory 
droplets [3]. Moreover, since SARS-CoV-2 RNA has been detected 
in the stool of some patients, faecal-oral transmission could be 
possible [4]. The phylogenetic analysis revealed that COVID-19 
is potentially a zoonotic virus. According to the similarity of 
SARS-CoV-2 to bat SARS-CoV-like coronaviruses, it is likely that 
bats serve as reservoir hosts for its progenitor [3]. The most 
common symptoms at onset of COVID-19 disease are fever, cough 
and fatigue. Other symptoms include headache, haemoptysis, 
diarrhoea, dyspnoea. Older people and patients with pre-existing 
medical conditions such as high blood pressure, heart disease, 
lung disease, cancer and diabetes appear to develop serious 
illness more often than others [5].

Several investigations have demonstrated a higher 
susceptibility to some infectious diseases in patients with diabetes, 
probably because of a dysregulation of the immune system. In 
fact, diabetes is a multifactorial metabolic disease, characterized 
by insulin resistance, glucose intolerance and hyperglycaemia [6]. 
A recent study reported that the mortality rate of COVID-19 in 
patients with diabetes and without other comorbidities is about 
16% [7]. Hence, we review the current clinical evidence of the 
correlation between diabetes and COVID-19 infection.

Diabetes and Inflammation

Nowadays it is well known that chronic hyperglycaemia 
accelerates the formation of advanced glycation end products 
and increased levels of free fatty acids and stimulates the 
production of inflammatory mediators and reactive oxygen 
species (ROS) [8]. It is proposed that systemic immune activation 
and pro-inflammatory cytokines are central to the development 
of micro- and macro-vascular complications associated to 
chronic hyperglycaemia, particularly in obese patients with type 
2 diabetes [9]. In addition, the inflammation related to obesity is 
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characterized by an increased activation of innate and adaptive 
immunity cells in adipose tissue with an increased release of 
inflammatory factors and chemokines locally and systemically 
[10]. 

Several studies on SARS-CoV showed that a known history 
of diabetes and an ambient hyperglycaemia, before any steroid 
therapy, are independent predictors of morbidity and mortality, 
due to the consequent inflammation and the hypoxia of the 
tissues. In this way, hyperglycaemia might reflect the multisystem 
involvement and underline the high risk of death among 
diabetic patients developing SARS [11]. More importantly, the 
normalization of blood glucose levels with the suppression of 
ketosis are able to reduce mortality and morbidity especially in 
diabetic patients [12].

Therefore, diabetes seems to worsen the outcome of viral 
infections as already happened with the 2003 severe acute 
respiratory syndrome due to SARS-CoV or the H1N1 infection. 
This seems to be the case also for patients affected by COVID-19. 
In fact, people with diabetes have a low grade of chronic 
inflammation that could facilitate the progression of the typical 
‘cytokine storm’ that has been shown to be the cause of severe 
cases of COVID-19 infection [13]. Cytokine release syndrome 
is a systemic inflammatory response, which can be caused by 
infection, some drugs and other factors, characterized by a sharp 
increase in the level of a large number of pro-inflammatory 
cytokines [14]. A retrospective study in Wuhan has shown that 
among different markers of inflammation (C-reactive protein, 
fibrinogen, D-dimer), interleukin-6 (IL-6) seems to be the more 
represented in diabetic patients than in patients without diabetes 
[7].

The IL-6 has a pleiotropic activity on inflammation and 
immunity. Usually, it induces the synthesis of acute phase 
proteins whereas it inhibits the production of albumin. Moreover, 
IL-6 stimulates the acquired immune response and promotes 
the proliferation of several non-immune cells [15]. Therefore, 
the increased synthesis of IL-6 could play a relevant effect 
and lead to the ‘cytokine storm’ associated with the COVID-19 
infection. During this inflammatory storm, the D-dimer increases 
significantly. This iper-inflammation can also lead to an overall 
hypercoagulable state or even disseminated intravascular 
coagulation. The presence of higher level of D-dimer and fibrinogen 
and higher production of pro-inflammatory cytokines in patients 
with diabetes could indicate that they are also more inclined to 
present a hypercoagulable state than patients without diabetes. 
These data show that COVID-19 patients with diabetes are at 
higher risk of excessive uncontrolled inflammation responses and 
hypercoagulable state, which may contribute to poorer prognosis 
of COVID-19 [16].

The Role of ACE-2 Receptor

COVID-19, like others coronaviruses (SARS-CoV in 2003), 

uses a specific ACE2 receptor to invade cells, particularly type 
II pneumocytes. Many studies also confirm, through biophysical 
and structural analysis, that the 2019-nCoV S protein binds 
angiotensin-converting enzyme 2 (ACE2) with higher affinity 
than severe acute respiratory syndrome (SARS-CoV) [17,18]. It 
is well known that ACE-2 receptor can be found in lung, kidney, 
heart and also in the pancreatic islets. In some studies, it has been 
described that the severity of the disease and damage to several 
organs (lung, kidney, liver) is related to organ expression of ACE2. 
The localization of ACE2 in the endocrine part of the pancreas 
suggests that SARS-CoV enters islets using ACE2 as its receptor 
and may potentially cause acute hyperglycaemia and diabetes 
[19]. Therefore, it is possible to speculate that SARS-CoV2 could 
act in a similar way and worsen diabetes control in patients with 
diabetes or induce hyperglycaemia in non-diabetic patients.  

Preliminary reports showed that hyperglycaemia may be 
present in more than 50% of patients with the novel COVID-19 
infection [20]. Interestingly, previous studies on SARS-CoV  in 
2003, have demonstrated that hyperglycaemia is an independent 
predictor of death and sometimes diabetes have occurred during 
the course of SARS. Usually, hyperglycaemia has been transient 
[21]. These consequences could be explained by the fact that 
SARS-CoV and SARS-CoV2 can damage islets cells and reduce 
insulin production [22].

Conclusions

According to a retrospective study led to Wuhan, almost 20% 
of the patients affected by COVID-19 had diabetes as underlying 
disease with poorer prognosis [23]. Another study, of about 150 
patients (68 deaths and 82 recovered patients) in Wuhan, showed 
that the number of comorbidities is a significant predictor of 
mortality [24]. The most distinctive comorbidities of 32 non-
survivors from a group of 52 intensive care unit patients with 
novel coronavirus disease 2019 (COVID-19) were cerebrovascular 
diseases (22%) and diabetes (22%) [25].

A report of 72,314 cases of COVID-19 published by the 
Chinese Centre for Disease Control and Prevention showed 
increased mortality in people with diabetes (2.3%, overall and 
7.3%, patients with diabetes) [26].

These data are important to define that an impairment of 
glucose metabolism may significantly affect the prognosis of 
COVID-19. In fact, these patients show a higher mortality rate, 
which further support the hypothesis that diabetes is a risk factor 
for the prognosis of COVID-19. It is possible that there is a one 
to one relationship between COVID-19 infection and diabetes 
due on the one hand to the chronic inflammation typical of the 
diabetic patient and on the other hand to the direct invasion of 
pancreatic islets by the virus. Further studies are needed to better 
understand the pathophysiological mechanism underlying this 
process.
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