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Abstract

The COVID-19 pandemic caused by Severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) has
become a global public health emergency. Diabetes Mellitus (DM), in turn, is a slowly evolving pandemic.
Due to the crossing of these two pandemics, it is important to discuss the impact of COVID-19 on this
population. We describe the aspects involved in SARS-Cov-2 infection in diabetic patients. We present the
pathophysiology, interference of diabetes medications, prognosis of diabetic patients with COVID-19 and the
management of these patients. The endocrine associations between diabetes mellitus and COVID-19
demonstrate an important relationship in their pathophysiology. DM is one of the risk factors for the
development of unfavorable results.

Abbreviations: ACE-2:Angiotensin-Converting Enzyme 2; ARDS: Acute Respiratory Distress Syndrome;
ARB: Angiotensin Receptor Blockers; COVID-19: Coronavirus Disease 2019; DM: Diabetes Mellitus;
DPP4: Dipeptidyl peptidase 4; GCSF: Granulocyte Colony Stimulating Factor; GLP-1: Glucagon-Like
Peptide-1 agonist; ICUs: Intensive Care Units;, IDPP4: Inhibitors of dipeptidyl peptidase 4; IFN y:
Interferon- y, IL-1p: Interleucina-1B; IL- 4: Interleucina-4; IL-6: Interleucina- 6; IL- 8: Interleucina-8; IL-
10: Interleucina-10; IP-10: Protein 10 Induced by Gamma Interferon (IP-10) MCP-1: Monocyte
Chemoprotein protein 1; MERS: Middle East respiratory syndrome; MIP-1A: Macrophage Inflammatory
Protein-1A (MIP-1A); NLRP3:Nucleotide-binding oligomerization domain, the 3-pirin domain NK: Natural
Killer Cells (NK);  SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; SGLT-2: Sodium
Glucose-2 Cotransporter (SGLT-2); TNF- a: Tumor Necrosis Factor- a (TNF-a)
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1. BACKGROUND

The COVID-19 pandemic caused by Severe
acute respiratory syndrome coronavirus 2
(SARS-Cov-2) has become a global public
health emergency. Most patients develop mild to
moderate flu syndrome, however other patients,
especially those with comorbidities, may
develop severe pneumonia requiring mechanical
ventilation and presenting a high risk of
mortality. In addition, the pandemic represents a
challenge for the continuity of care and the
prevention of risks related to pre-existing
chronic diseases. Diabetes, on the other hand, is
a slowly evolving pandemic, being one of the
main causes of death in the world in 2019.
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Currently, it is estimated that 425 million people
live with the disease [1]. With the crossing of
these two pandemics, it is important to discuss
the impact of COVID-19 on this population.

We describe the aspects involved in SARS-Cov-
2 infection in diabetic patients. We investigated
the pathophysiology, interference of diabetes
medications, prognosis of diabetic patients with
COVID-19 and the management of these
patients.

2. METHODOLOGY

This is a bibliographic search conducted in
August 2020. The literature review was carried
out in the Virtual Health Library (VHL),
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SCIELO and PubMed database. The research
used keywords: “COVID-19”, “SARS-CoV-2”
and “diabetes mellitus”. The filters were: year of
publication, type of article and text availability.
Inclusion Criteria: papers published from 2020
onwards, case reports, meta-analyzes, literature
review, controlled and randomized testing,
clinical trials, systematic review, editorials,
technical notes, expert opinion, texts available
in full, and adaptation to study theme. Exclusion
criteria; articles that are not complete
electronically and are not available in
Portuguese, English or Spanish.

77 articles were selected from 148 obtained.
There are 55 literature reviews, 13 systematic
reviews and Meta-analyzes, 8 case reports, 4
editorials, 2 retrospective cohort studies, 2
original articles, 2 technical notes and 1 expert
opinion.

2.1. Pathophysiology

Of the selected articles, 2 report that the
pathophysiology of SARS-COV-2 infection is
not yet fully understood, requiring further
studies for such clarification. In view of this, 13
articles already point out that the Angiotensin-
Converting Enzyme 2 (ACE2) is a gateway for
the virus in the host cell, and 11 of these suggest
that the diabetic patient has an increase in the
expression of this enzyme in lung tissues.

Among the factors related to diabetes, 13
articles report an increase in inflammatory
mediators and coagulation factors, and 11
articles explain the immune deficiency present
in these patients. In addition, 7 articles state that
hyperglycemia and insulin resistance are
exacerbated during COVID-19. Thus, the
endocrine associations between diabetes and
COVID-19  demonstrate  an important
relationship in the pathophysiology between
both.

Contagion by SARS-COV-2 occurs mainly
through respiratory drains that are expelled from
an infected individual or through direct and
indirect contact of the mucous membranes with
objects infested with the virus [2]. After
contagion, the virus seeks host cells through
ACE-2, found mainly in the cardiovascular
system, kidneys, lungs and brain [3]. Some
factors mediate this entry, such as the serine
transmembrane  protease 2  (TMPRSS2)
responsible for activating the spike (S) protein
that is released by cleavage by the furin
protease, enabling endosomal cell invasion [4].
Studies suggest that the expression of both
ACE-2 and furin is increased in diabetic
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patients, possibly related to the glycosylation of
the enzyme induced Dby uncontrolled
hyperglycemia. Therefore, diabetic patients are
likely to be infected and have a clinical course
of the disease. However, there is no consensus
on the relationship between diabetes and
contagion [5].

The clinical course of COVID-19 goes through
3 stages: stage | involves early viral infection
with constitutional symptoms, stage Il involves
Acute Respiratory Distress Syndrome (ARDS)
and hypoxia, which result from direct viral
cytotoxicity of the lung due to inflammatory
activation, and stage Ill, which is a state severe
with organ dysfunction and cytokine storm with
immune dysfunction[2]. The disease progresses
severely as soon as it moves to stage Il and the
following. Thus, the association between
diabetes and the worsening of COVID-19
should be analyzed in accordance with the
factors prevalent in these states.

Diabetes in its pathophysiology has a chronic
low-intensity pro-inflammatory fator[6]. Studies
infer the presence of increased cytokines, such
as interleukin-6 (IL-6) and interleukin-8 (IL-8),
C-reactive protein and ferritin in diabetic
patients compared to the group without diabetes
[7]. In addition, increased oxidative stress[6]
and late hyperinflammatory reaction are regular
findings of hyperglycemia. Thus, it is concluded
that there is an inability in the physiological
control of inflammatory mediators in these
patients [8].

In addition to the factors inherent in diabetes,
SARS-CoV-2 leads to another increase in the
release of pro-inflammatory cytokines and
chemokines, including IL-1 B, IL-4 and IL-10
interleukins, monocyte chemoprotein protein 1
(MCP- 1), interferon- y (IFN y), protein 10
induced by gamma interferon (IP-10),
granulocyte colony stimulating factor (GCSF),
macrophage inflammatory protein-1A (MIP-1A)
and tumor necrosis factor- a (TNF-a), inducing
the picture for a potential “cytokine storm”.
Thus, if the two diseases are accompanied by an
increase in inflammatory mediators and
physiological control is already inefficient, the
inflammatory response will be exacerbated,
causing the patient to worsen clinically [9].

Another important factor is that diabetes has a
high prevalence in the elderly, obese or with
cardiovascular problems, such as an increased
risk of cardiac arrhythmias [10], which in itself
could help explain the relationship with
worsening of COVID-19 [11]. In this sense, the
vascular system is affected with endothelial
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dysfunction and increased platelet aggregation,
inducing a hypercoagulable prothrombotic
condition [12] and some markers such as
fibrinogen and D-dimer can be found in patients
diabetics [4]. The diabetic's lung is greatly
affected by this wvascular factor with
hyperglycemia and oxidative stress, causing
micro and macroangiopathy, and autonomic
neuropathy, causing a functional loss in this
organ. Thus, the hypercoagulatory state that is
already part of the pathophysiology of COVID-
19, is prone to an increase in its involvement,
especially when associated with diabetic
patients, causing severe damage to the body and
contributing to unfavorable outcomes [12].

Hyperglycemia is affected by SARS-COV-2.
The virus causes negative regulation of ACE-2
in the pancreas[13] and higher levels of
hyperglycemic hormones, such as
glucocorticoids and catecholamines[14], causing
decreased insulin secretion, increased resistance
to insulin insulin and, consequently, secondary
elevation of blood glucose. However, there is a
possibility of direct damage to the pancreatic
cells by the virus, with the presence of elevated
levels of pancreatic amylase and lipase, and
increased serum levels of fetuin A, a
glycoprotein related to loss of sensitivity to
insulin. Such factors corroborate for greater care
with glycemic control and diabetes screening
with the diagnosis of COVID-19, since the
disease is silent and can be present after the
worsening of the SARS-COV-2 infection, which
impairs the prognosis [5].

The various mechanisms of the pathophysiology
of diabetes also affect the immune system.
Hyperglycemia has an immunosuppressive
effect [15], impairing cell  immunity,
phagocytosis and chemotaxis [6], which will
result in impaired dendritic cell function, with
less interferon production -a, malocyte
malfunction, defects in complement action,
reduced activation of natural killer cells (NK)
and impaired innate immunity [16]. In
contribution, SARS-COV-2 can attack
lymphocytes, specifically T lymphocytes, which
leads to lymphocytopenia [17]. Another
reported finding was the increase in neutrophils
in relation to lymphocytes and
thrombocytopenia. Therefore, both humoral and
cellular immunity are more prominent in the
course of COVID-19 in diabetic patients, a fact
that reveals a difficulty in controlling the
infection and suggests the relationship with the
higher prevalence of worsening in these patients
[18].
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2.2. COVID-19 and Diabetes Medications

Regarding the relationship between the
medications routinely used for the treatment of
diabetes mellitus and SARS-Cov-2 infection, 19
articles among those selected discussed the
topic. Seven studies claim that oral antidiabetic
agents such as pioglitazone (thiazolidinediones),
liraglutide (glucagon-like peptide-1 agonist -
GLP-1), angiotensin-converting enzyme (ACE)
inhibitors and angiotensin receptor blockers
(BRA) can increase the risk of COVID-19
infection and more serious and fatal lung
injuries.

On the other hand, two studies claim that there
is still no evidence that the use of ACE or ARB
enzyme inhibitors can affect the activity of the
virus, nor the development of severe COVID-19
or greater risk of death.

Three studies indicate that metformin has
beneficial effects in patients with diabetes with
COVID-19. Suggesting that the wuse of
metformin may be associated with a reduction in
mortality.

Four studies claim that dipeptidyl peptidase 4
(DPP41) inhibitors attenuated the severity of
Covid-19. Two articles  suggest that
glibenclamide (sulfonylureas) can relieve lung
injury. On insulin, its action provides a good
essential glycemic control in cases of infection.
Antidiabetic agents, such as thiazolidinediones,
GLP-1 agonists, ACE inhibitors, BRAs,
increase the expression of ACE-2 [19]. Since
SARS-CoV-2 uses ACE-2 as a receptor for
entry into the host's pneumocytes, therefore,
increased expression of ACE-2 would facilitate
the entry and subsequent proliferation of the
coronavirus. Since the virus uses the enzyme to
enter the host tissue, ACE-2 has reduced
expression and is unable to protect against lung
injury [19].

However, despite the recognition of ECA-2 as
the SARS CoV-2 receptor, and the role of ACE-
2 in lung injury; there are conflicting results
with the use of ACEI and ARB in these patients
[20]. Other studies have shown that human
recombinant soluble ACE-2 significantly blocks
SARS-CoV-2 infections, providing a
justification that soluble ACE-2 can not only
protect against lung injury, but also block the
entry of SARS-CoV- 2 in the target cells[13].

Metformin may be useful in reducing oxidative
stress and lung injury[13]. The results of
observational studies show a reduction in
mortality rates in patients treated with
metformin while exposed to COVID-19[21].
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Inhibitors of dipeptidyl peptidase 4 (IDPP4)
attenuated lung injury and may have some
antiinflammatory and antiproliferative effects on
human lung microvascular endothelial cells
cultured in vitro [13]. There is some data on the
use of IDPP4 in previous viral epidemics. DPP4
is the main receptor for coronavirus of the
Middle East respiratory syndrome (MERS),
responsible for its entry into the cell. Therefore,
the possibility of DPP4 facilitating the entry of
SARS CoV-2 into the cell cannot be ruled out
[20]. In this context, the role of DPP4 inhibition
in the COVID-19 disease process needs to be
explored [22].

Glibenclamide (sulfonylurea) can relieve acute
lung injury by inhibiting the family of receptors
similar to the nucleotide-binding
oligomerization domain, the 3-pirin domain
(NLRP3) of the inflammasome signaling
pathway. In addition, glibenclamide disrupts
pro-inflammatory cytokines and reactive oxygen
species and suppresses the migration of
inflammatory cells. However, the use of
sulfonylureas in the hospital environment is
discouraged due to the potential risk of
hypoglycemia [13].

Insulin reduces the expression of ACE-2. In
addition, the early administration of insulin in
acute diseases is associated with better results
and lower mortality rates, since hyperglycemia
is commonly observed during acute and critical
illnesses. Insulin inhibits the synthesis of pro-
inflammatory factors, including TNFa and IL-6,
and attenuates the oxidative stress observed in
acute lung injury [19, 13].

2.3. COVID-19 and Diabetes Management

Of the 77 articles selected, 50 showed that the
rigorous and effective control of DM is essentil
for the adequate management of diabetic
patients with COVID-19, especially with regard
to plasma glucose levels. In this sense, 16
articles indicate the use of insulin as the therapy
of choice for the control of hyperglycemia in
non-critical hospitalized patients. In addition,
there is evidence that it is safe to continue with
the usual antidiabetic drugs in most patients
with mild infection, good general condition and
normal oral intake.

However, some medications such as sodium
glucose-2 cotransporter inhibitors (SGLT-2) and
metformin should be discontinued in dehydrated
patients with severe forms of COVID-19. In
addition, the use of sulphonylureas and
glycnides should be discontinued due to the risk
of hypoglycemia.
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Although ACE-2 is suggested as an entry
recipient of SARS-Cov 2 into the cell, the
Brazilian Society of Diabetes and other
international  institutions recommend the
maintenance of ACE or ARB medications to
diabetic patients with COVID-19.

According to Pal and Bhadada (2020), the lack
of control of the glycemic levels of the diabetic
patient with COVID-19 compromises the innate
immune response and promotes the generation
of pro-inflammatory cytokines, establishing a
vicious cycle [23]. Thus, the rigorous and
effective management of DM in patients with
COVID-19 is fundamental. In this sense, it is
worth highlighting the role of insulin in the
treatment of hyperglycemia in hospitalized
patients, since it can prevent the rapid spread of
inflammatory cytokine storms and lung injury in
patients affected by the new coronavirus [24,
25]. Added to this, according to Nakhleh and
Shehadeh (2020), insulin can restore ACE-2 and
ADAM17 expression and RAS balance, as well
as early administration to reduce the risk of
developing diabetic ketoacidosis or
hyperosmolar hyperglycemic states [13]. It is
important to emphasize that SHANG et al.
(2020) demonstrated that diabetic patients who
need insulin present a higher risk of progression
of the disease and worse prognosis after
infection of SARS-Cov-2 [26].

Selvin and Juraschek (2020, p. 1692) propose
routine care for diabetes patients, such as
plasma and/or capillary blood glucose
monitoring tests, routine tests recommended for
DM complications, such as measuring urinary
ketones, and glycated hemoglobin (Hbalc) tests
[27]. In this context, Ceriello et al. (2020)
recommend that the target blood glucose levels
should be between 140-180 mg / dL for most
patients [28].

There is evidence that it is safe to continue with
the usual antidiabetic drugs in most patients
with mild infection, good general condition and
normal oral intake [12, 24, 11, 50]. Among
these medications, there are LPG-1 analogues,
which act in glycemic control and weight
loss/maintenance, but diabetic patients with
COVID-19 should be monitored due to
dehydration, which can lead to the severity of
the disease [30]. DPP-4 inhibitors, on the other
hand, are generally quite tolerated and can be
maintained. In addition, the study by Bassendine
et al. (2020) pointed out that pro-inflammatory
factors considerably increase the expression of
DPP-4 in immune cells, parallel to this [22],
Gupta, Hussain & Misra (2020), suggest the
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possibility of DPP-4 to facilitate the entry of
SARS-Cov-2 in the cell. Thus, the maintenance
of DPP-4 inhibitors is relevant [24].

However, sodium glucose-2 cotransporter
inhibitors (SGLT-2) should be disrupted by the
risk of causing dehydration and diabetic
ketoacidosis during the treatment of diabetic
patients affected by the new coronavirus. In
addition, metformin is recommended to be
discontinued because of the risk of dehydration
in patients with vomiting, low oral intake,
concomitant sepsis, and severe impairment of
liver and kidney function [8, 11, 31]. However,
Scheen (2020) concluded that the use of
metformin in the treatment of diabetic patients
with COVID-19 may be associated with a
reduction in mortality [21]. On the other hand,
Nakhleh and Shehadeh (2020), cite that the use
of sulfonylureas and glinidas should be
discouraged in the hospital environment due to
the potential risk of hypoglycemia [13].

ACE-2 appears to be the primary receptor for
the entry of SARS Cov 2 into various epithelial
tissues [32, 33]. Pititto and Ferreira point out
that the angiotensin-converting enzyme 2 (ACE-
2) is increased in patients with DM 1 and 2 and
that some medications may increase the
expression of the ACE2 gene, such as ACE
inhibitors (lecas), angiotensin receptor blockers
2 (ARB)Thiazolidinediones and ibuprofen [34].
However, Filardi & Morano (2020) concluded
that the maintenance of ACE or ARB
medications are not associated with increased
risk of infection, severity or mortality due to
COVID-19 [35]. The Brazilian Society of
Diabetes, as well as other international
institutions, do not recommend the suspension
of these drugs due to SARS-Cov-2 infection
[36]. In addition, Yang et al. (2020) recommend
a healthy diet and physical activities to improve
immunity [37].

2.4. Diabetics Infected with SARS-COV-2:
Prognosis

50 of the researched articles mention that
diabetic status is indicative of a worse
prognosis, with chances of complications. Thus,
statistically, diabetic patients are more likely to
require admission to Intensive Care Units
(ICUs), in addition to presenting worse
morbidity and mortality results when affected
by pulmonary infections. However, it is not
entirely clear, among the authors, the
mechanism by which the hyperglycemic state
contributes to the probability of a more negative
outcome for COVID-19. It is also noteworthy
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that other chronic diseases, such as systemic
arterial hypertension and chronic lung diseases,
are scored as co-participants of the worst
prognosis. Furthermore, it is not yet determined
whether the prognosis for progression to severe
forms of COVID is the same among all types of
DM.

Regarding the prognosis of COVID-19, since
the beginning of the pandemic, it is known that
diabetes melitus (DM) is one of the high risk
factors for the development of unfavorable
results [38]. Besides that, Papadokostaki,
Tentolouris and Liberopoulos (2020) clarify that
in diabetic patients with overlapping obesity, the
use of mechanical ventilation is required, in a
greater number of times [12].

Thus, it is suggested that the exacerbation of the
inflammatory state, which occurs in diabetic
patients, contributes to the concomitant SARS-
COV-2 infection being associated with an
increased risk of complications, such as
pulmonary infections. However, the mechanism
by which the hyperglycemic state aggravates the
condition of patients infected with the novel
coronavirus is not yet fully understood [39,6].

In this context, Scott, Jenkins and Fulcher
(2020) cite that, in a meta-analysis of 6 studies,
which evaluated 1527 people, it was possible to
notice that diabetic patients infected with
SARS-COV-2 complicate in 11.7% of cases
[40]. Nevertheless, in non-diabetic patients with
COVID-19, the observed complication rate is
much lower, being around 4%. Moreover, the
Ministry of Health emphasizes that most cases
of death occur in patients with some pre-existing
comorbidity, such as: hypertension, diabetes,
cardiovascular disease, cerebrovascular disease,
chronic lung disease, cancer and others [41].

In addition, Yang et al 2020 compared the
mortality of COVID-19 between diabetics and
non-diabetics, and affirm that among diabetics,
those with DM-2 have an increased incidence of
morbidity, when compared to those with DM-1
and those with special forms of DM [38]. Pal
and Bhadada (2020) mention, however, that no
clear distinction was made between type 1
diabetes mellitus and type 2 diabetes mellitus,
and it is likely that both types of DM are
predictors of poor prognosis regarding COVID-
19 [23].

Parallel to this, it should be noted that not all
authors considered diabetes as a risk factor for
the development of severe Covid-19. Thus,
against what most of the analyzed articles
concluded, for Baradaram et al, authors of the
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systematic review entitled ‘“Prevalence of
Comorbidities in COVID-19 Patients: A
Systematic Review and Meta-Analysis”, which
aimed to assess the prevalence of comorbidities
in patients with confirmed COVID-19, only
hypertension is responsible for the increase in
mortality.

In this sense, according to this article, the risk of
complications is primarily associated with age.
Therefore, since people of older age usually
have some associated disease, comorbidities end
up being seen in the epidemiology of the new
coronavirus. Therefore, with the exception of
hypertension, the existence of chronic diseases
would not be a prerequisite for the development
of the severe form of COVID. It should be
noted, however, that the study by Baradaram et
al (2020) was limited to the investigation of 33
articles, in China and Taiwan, only on April 7,
2020 [42].

Further, another important aspect to be
mentioned is that DM and COVID-19 interact
mutually. Therefore, not only does DM cause
worsening of those infected with SARS-COV-2:
infection by COVID-19 is also capable of
causing complications to the diabetic state.
Thus, it is noted that infection with the novel
coronavirus makes glycemic control in diabetic
individuals more difficult than other critical
conditions are capable of generating [23].

Accordingly, good glycemic control helps to
reduce the risk of complications in patients
infected with SARS-COV-2, since the
hyperglycemic state can contribute to the
increase in virulence of certain pathogens. Thus,
it is mandatory that patients are monitored with
frequent blood glucose monitoring, aiming at a
glycemic target between 100 - 180 mg / dI [10].

Besides, Gosh, Gupta and Misra (2020) mention
telemedicine as an important ally in the health
care of diabetic patients, during the pandemic,
since it allows the monitoring of diabetic
patients to be followed up, without having to
leave the house [43].

3. CONCLUSIONS

The endocrine associations between diabetes
mellitus and COVID-19 demonstrate an
important relationship in their pathophysiology.
DM is one of the risk factors for the
development of unfavorable results. In addition,
it is important to note that in cases of SARS-
Cov-2 infection, hypoglycemic medications
should not be discontinued without clinical
indication, and good glycemic control in these
patients is essential.
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