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ABSTRACT

In the early pandemic, it was brought to attention that individuals with Diabetes Mellitus (DM) are prone to a
more severe form of Coronavirus Disease 2019 (COVID-19). With this in mind, healthcare professionals need to be
vigilant about their patients’ medical history in these challenging times as this could change the course of treatment
and follow-ups for someone with COVID-19 and DM. Moreover, this is of utmost importance as the coronavirus is
deemed to thrive in the elevated blood glucose environment. Though there is little known about the best medications
Jfor glycemic control in COVID-19, however, there are multiple other factors that can be beneficial in exploring
for management in DM patients who are infected with Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) and some of these factors are as follow adequate glycemic control, medication dosages adjustment, diet,
physical guidelines, thromboembolism prophylaxis, and empirical treatments for the possible co-infections. We
conducted a literature review of publicly available information to summarize knowledge about the correlation
between Diabetes Mellitus and the COVID-19 infections. The main objective of this manuscript is to provide a
brief overview of the potential pathophysiologic correlation of DM and COVID-19, optimal management and

prevention.
Keywords as Coronavirus Disease 2019 (COVID-19). At the molecular level,
COVID-19, Coronavirus, Diabetes Mellitus, Glycemic Control, they have a complex gene expression [1].
SARS-CoV-2.
Recently emerged SARS-CoV-2 has been the causative agent of
Introduction the third large-scale pandemic within the past two decades. It was

Coronavirus is a large, enveloped, single-stranded RNA virus that
gained importance in the early 2010s, both in the medical and in
the veterinary field, because of the acute respiratory syndrome
(SARS) and the Middle East respiratory syndrome (MERS), which
were caused by newly emerged coronaviruses at the time. In 2019,

discovered in December 2019 in Wuhan City, Hubei province in
China, when patients started to present with symptoms of fever,
dry cough, dyspnea, and bilateral lung infiltrates on imaging. The
World Health Organization (WHO) named the disecase COVID-19

anew coronavirus was identified as the cause of a disease outbreak
that originated in Wuhan, China which has now come to be known

by February 2020 [2] and no later than March 11, 2020, WHO
declared the COVID-19 outbreak a pandemic [3].
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Until this day, the complete clinical manifestation of the disease
remains unclear as symptoms may vary from mild to severe,
with some cases resulting in death. Mild symptoms present with
complete recovery after 1 week, while severe cases can progress
to respiratory failure due to alveolar damage from the virus,
which may even lead to death. Deadly cases are reported to occur
primarily in middle-aged and elderly patients with pre-existing
comorbidities (tumour surgery, cirrhosis, hypertension, coronary
heart disease, diabetes and Parkinson’s disease) [4].

Studies have shown that underlying Cardiovascular Disease
(CVD) and Diabetes Mellitus (DM) are common health conditions
among those patients who need ICU admission [5,6]. Besides,
some evidence suggests an association between ACE2 and glucose
regulation. For instance, ACE2-knockout mice were discovered
to be more susceptible to high-fat-diet-induced pancreatic p-cell
dysfunction than wild-type mice. Indeed, infection with SARS-
CoV-2 can cause hyperglycemia even in people without a baseline
DM. With all of these findings considered, plus the localization
of ACE2 expression in the endocrine pancreas, it can be deduced
that coronavirus might have a role in islet cell damage, potentially
leading to hyperglycemia. Nonetheless, hyperglycemia was
reported to be persistent for three years after recovery from SARS,
which might indicate long-term damage to islet cells. All of the
above proposes that the ACE2 might represent a key role in the
association between COVID-19 and Diabetes Mellitus [7].

This article aims to provide a complete review, summarize and
clarify previous studies that correlate Diabetes Mellitus with
COVID-19. This article also aims to provide an overview of DM
management in COVID-19. It is unique and of great importance in
present-day, because of the magnitude of the COVID-19 pandemic
and the high prevalence of DM worldwide.

Diabetes and susceptibility to COVID-19

Diabetes is a chronic medical condition characterized by glucose
intolerance and insulin insensitivity or reduced insulin production.
Coronavirus binds to the epithelial cells of lungs, intestine, kidney
and blood vessels via an enzyme called Angiotensin Converting
Enzyme-2 (ACE2). This ACE-2 enzyme is a key factor in linking
Diabetes Mellitus (DM) and Coronavirus Disease-19 (COVID-19).
Patients with DM taking Pioglitazone, ACEI or ARB are vulnerable
to COVID due to increased expression of ACE-2 by these drugs.
Coronavirus uses ACE-2 as an intermediate to bind epithelial cells
of the body’s various organ systems [10]. Patients with diabetes
have a compromised immune system making it harder to fight the
virus and leading to a longer recovery period. Moreover, the virus
may thrive in an environment of elevated blood glucose [10].

Various epidemiological studies have shown that DM is more
frequent in patients with severe COVID-19. One retrospective
study showed that patients with DM had more severe pneumonia,
a higher concentration of Lactate dehydrogenase (LDH), Alanine
transaminase  (ALT), Gamma-glutamyltransferase  (GGT)
and fewer lymphocytes with a higher neutrophil count. One

prospective cohort study conducted in New York City showed
that the prevalence of DM was higher in individuals admitted to
hospital than those not admitted. Many other studies like meta-
analysis have been conducted concluding higher mortality in
patients with DM [11].

Also, hyperglycemia at hospital admission was the best predictor
of worst chest radiographic imaging results. This is because ACE2
receptors are highly expressed in pancreatic tissue and beta cells in
particular. Thus, an acute loss of insulin secretory capacity along
with stress condition and cytokine deterioration results in the
development of Diabetic Ketoacidosis (DKA) and Hyperosmolar
Hyperglycemic State (HHS). HHS additionally increases the risk
of thrombosis that already characterizes severe COVID-19 [12,13].

It has been found that patients infected with the COVID-19 virus
have high chances of developing acute DM, due to SARS-CoV-2
tropism for beta cells leading to acute impairment of insulin
secretion or destruction of beta cells [14]. New-onset DM is
characterized by FBS>7 MMOL/L and HbA1C>48 MMOL/MOL,
carrying a greater risk of mortality than those with hyperglycaemia
or DM [12].

Patients with DM infected with COVID-19 have worsening
metabolic control due to beta-cell damage and cytokine storm,
having: inflammation, coagulation, DKA/HHS, older age,
HTN/CVD, renal disease, obesity are at higher chances of poor
outcome [12, 15]. Furthermore, viral infection can also increase
inflammation or internal swelling in people with DM, and that
inflammation can contribute to more severe complications [16].

Type 1, Type 2 Diabetes Mellitus (DM) and COVID-19!

The increasing prevalence of DM is a concerning comorbid
factor in many diseases including in SARS-CoV-2. The patients
with Diabetes are susceptible to getting more severe forms of
COVID-19 infection, have increased mortality and increased
Hospital stay versus non-DM patients diagnosed with COVID-19
[17, 19, 20]. A whole population study conducted in England by
Barron et al. (2020) showed that during the 72 days period during
which the study was conducted, a total of 23,698 in-hospital
COVID-19-related deaths occurred. One third occurred in patients
having diabetes: 7434 (31.4%) in patients with Type 2 Diabetes
(T2DM), 364 (1.5%) in those with Type 1 Diabetes Mellitus
(TIDM), and 69 (0.3%) in people with other types of diabetes.
Unadjusted mortality rates per 100 000 people over the 72-day
period were 27 (95% CI 27-28) for those without diabetes, 138
(124-153) for those with TIDM, and 260 (254-265) for those with
type 2 diabetes. Adjusted for age, sex, deprivation, ethnicity, and
geographical region, compared with people without diabetes, the
odds ratios (ORs) for in-hospital COVID-19-related death were
3.51 (95% CI 3.16-3.90) in people with TIDM and 2.03 (1.97-
2.09) in people with type 2 diabetes. These effects were attenuated
to ORs of 2.86 (2.58-3.18) for TIDM and 1.80 (1.75-1.86) for
T2DM when also adjusted for previous hospital admissions with
coronary heart disease, cerebrovascular disease, or heart failure [18].
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Glycemic control also plays a major role in the prognosis of
COVID-19 infection and mortality. Previously, it has been
observed that uncontrolled Diabetes (glycated Hb [HbAlc] >9%)
has been associated with an increased risk of pneumonia-related
hospitalization in bacterial infection [17]. Also, in SARS-CoV-19
infection with DM studies has shown to increase the risk of severe
pneumonia, the release of tissue injury-related enzymes, excessive
uncontrolled inflammatory responses and hypercoagulable state in
association with dysregulation of glucose metabolism [13]. Well-
controlled blood glucose (upper limit < 10 mmol/L) patient has
a better prognosis of COVID-19 infection compared with poorly
controlled blood glucose (Upper limit > 10 mmol/L), a study
conducted in China by Zhu et al. (2020) indicates that patients
from the well-controlled blood glucose group had significantly
lower incidences of lymphopenia, lower rates of leukocytosis and
neutrophilia, elevated CRP and procalcitonin, the same pattern
was observed for aspartate transaminase and D-dimer. Also,
the in-hospital death rate was significantly lower in the well-
controlled group relative to the poorly controlled group [21].
Another study conducted in the United States with hospitalized
COVID-19 patients where patients with Diabetes defined as Alc
>6.5% and uncontrolled hyperglycemia was defined as >2 blood
glucose (BGs) > 180 mg/dL within any 24-hour period. A total
of 451 patients with diabetes and/or uncontrolled hyperglycemia
spent 37.8% of patient days having a mean blood glucose > 180
mg/dL. Among 570 patients who died or were discharged, the

mortality rate was 28.8% in 184 diabetes and/or uncontrolled
hyperglycemia patients versus 6.2% of 386 patients without
diabetes or hyperglycemia (P <.001). Among the 184 patients with
diabetes and/or hyperglycemia who died or were discharged, 40 of
96 uncontrolled hyperglycemia patients (41.7%) died compared
with 13 of 88 patients with diabetes (14.8%, P <.001). Among 493
discharged survivors, the median length of stay (LOS) was longer
in 184 patients with diabetes and/or uncontrolled hyperglycemia
versus 386 patients without diabetes or hyperglycemia (5.7 vs 4.3
days, P <.001) [19].

It has been speculated that COVID-19 infection is associated with
a new onset of TIDM. In theory, virus-induced B-cell damage is
due to either direct lytic effects of viral replication and/or host
inflammatory response mediated damage by autoreactive CD+
T cells. This will lead to an autoimmune response. Immuno-
pathogenesis of beta-cell destruction and T1DM is displayed in
figure 1. The first evidence of viral-induced cases of fulminant
T1DM reported almost in Japan and predominantly in adults,
preceded by minor URIs or GI infections, HHV6, Coxsackie B3,
B4, HSV, Mumps, Influenza B, Parainfluenza and Hepatitis A. The
fulminant T1DM is characterized by acute onset of hyperglycemic
ketoacidosis, very short duration of symptoms, absent of islet-
related autoantibodies, extremely low C-peptide levels, elevated
serum pancreatic enzyme levels and HbAlc less than 8.5 during
the 1 examination [22].

1) Molecular Mimicry

2) Bystander damage of beta cells
3) Chronic infection of beta cells

Epitope release & Spread to local
lymph nodes

4) Bystander activation
of CD8+ T cells

=’

Auto-reactive CD8+ T cells

Figure 1: Immuno-pathogenesis of beta-cell destruction and type 1 diabetes.
Note: Reprinted from Boddu, S. K., Aurangabadkar, G., & Kuchay, M. S. (2020). New onset diabetes, type 1 diabetes and COVID-19. Diabetes &

metabolic syndrome, 14(6), 2211-2217.
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Previous studies on SARS CoV-1 shows that the virus binds with
the ACE2 receptor which converts Angiotensin II to Angiotensin |
to IV was found to be a functional receptor for virus entry. ACE2
immunostaining was found in the lung, kidney, heart, and islets
of the pancreas [23,24]. Therefore the interaction between SARS
CoV-1 and more recent CoV-2 with the RAAS system through
ACE2 enzyme, which counters RAAS activation and has potential
involvement of the SARS virus infection [25]. In a recent study by
Wang et al. on 52 patients with COVID-19 pneumonia, 17 % of
patients experienced pancreatic injury (abnormality in amylase or
lipase). However, the patients did not experience any symptoms
of severe pancreatitis. Further, the study shows that the ACE2
receptor is also highly expressed in pancreatic islet cells, therefore
theoretically SARS-CoV-2 infection can cause islet damage
resulting in acute diabetes. Of the nine patients in the study with
pancreatic injury, six had abnormal blood glucose levels [14].

Pancreatic islet injury directly entry of SARS-CoV-2 into
pancreatic islet cells or downregulation of ACE2 after viral entry
can lead to unopposed angiotensin II, which may impede insulin
secretion. Which can be present as Diabetic ketoacidosis (DKA)
in patients with type 1, type 2 or even as a new onset of diabetes.
Usually, DKA is a complication of Type | diabetes but it can
also present in a patient with type 2 in physiologically stressful
condition like trauma, surgery or infection as in COVID-19 can
trigger severe DKA which can further increase in complication and
mortality among these patients [22,26,27]. A further note on the
treatment of DK A can be complicated by excess RAAS activation
with the interaction between COVID-19 and ACE2 enzyme.
The rise in Angiotensin II level increases pulmonary vascular
permeability and as part of treatment excess fluid resuscitation can
further damage lung parenchyma. Also, with RAAS activation,
there is a rise in aldosterone level which can potentiate the risk
of hypokalemia, these factors should be considered while treating
patients with covid-19 and diabetes [22].

In this pandemic time treatment of Diabetes poses great challenges
as many of the states were in lockdown, fear in patients of getting
infected while visiting primary care can hamper management of
diabetes [8]. Further due to the unpredictability of the disease
as well as social immobility there is an increased rise in stress,
fear, increase in high sugar diet, decrease in exercise which can
complicate the glycemic control [28]. Diabetics are considered
as high risk with COVID-19 pandemic and to prevent getting
COVID-19 in these individuals routine clinical visits should be
reduced [29] and telemedicine should be considered for routine
management of Diabetes an important approach to improve
access, efficacy, efficiency, and cost-effectiveness of medical care
for people with diabetes [30].

DM and COVID — Management

Diabetic patients require a continuous and present care chain
in their lives to guarantee them adequate glycemic control,
medication adjustment, nutritional and physical guidelines, and
access to prescribed drugs. However, in the face of pandemics,

confinement drives risk for unhealthy diets, diminishing physical
activity, mental health issues, and delayed care-seeking due to fear
of contracting COVID-19 [31].

Hyperglycemia is commonly seen in hospitalized patients,
especially in inflammatory conditions, including viral infections.
Critical illnesses, vasopressors, enteral feeding, steroids,
inflammatory cytokines are classically associated with insulin
resistance and suppressed insulin secretion from beta cells [32].
It is known that patients with hyperglycemia, whether diabetic or
not, have a higher risk of developing severe COVID, ARDS, acute
heart or kidney injury, septic shock and DIC [21].

Currently, there is little evidence in patients infected with SARS
CoV-2to assist in choosing the best glycemic target. A retrospective
study in patients with type 2 DM from Hubei Province, China,
observed a decrease in mortality in those patients with controlled
blood glucose (between 70-180mg / dL, mean blood glucose 115
mg / dL, 7.3% HbA1c) compared with those whose blood glucose
exceeds 180 mg / dL. (HR 0.13, 95% CI 0.04-0.44, p < 0.001,
following adjustment for age, gender, severity of COVID-19
comorbidities, and site effect) [21].

Treatment of empirical infections

Several entitiesrecommendin favouroftheempiricaluseofinfluenza
therapy for hospitalized patients with suspected or confirmed
COVID-19 in places where the influenza virus is circulating. On
the other hand, empirical treatment for bacterial pneumonia for
patients with COVID is not routinely recommended, unless there
is clinical or laboratory evidence that points to a bacterial infection
(new feverish peak after temperature stabilization, new image
consolidation), since bacterial superinfections do not appear to be
common in COVID [33]. Prophylaxis for thromboembolism in
hospitalized patients with COVID19 [34] is recommended which
is further described later in the paper.

NSAIDs

There is little data on the risks of using NSAIDs in patients with
COVID-19. Acetaminophen should be used as an antipyretic
agent initially, and if it is necessary to use NSAIDs, this should
be done with the lowest possible dose, which is in line with the
general approach to fever reduction in adults [35]. For patients
who are already using NSAIDs chronically for other conditions,
as in diabetics undergoing prophylaxis with ASA, or in other
patients with chronic inflammatory diseases, there is no evidence
to discontinue the medication, as long as there are no new reasons
to stop them (kidney injury, gastrointestinal bleeding, etc.) [36].

ACEi/ARBs

Patients using ACEi or ARBs should continue treatment with these
medications if there are no new reasons for discontinuation (such
as acute kidney injury or hypotension). As many diabetics use
these drugs for various reasons, it is important to emphasize that
evidence increasingly shows that there is no association between
the use of these drugs and more severe disease [37].
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Statins

It is recommended to continue the use of statins in patients
hospitalized with COVID-19 who were already using them. A large
proportion of patients in ICUs with COVID-19 have underlying
cardiovascular disease, diabetes mellitus, and it is known that acute
cardiac injury is a common complication of COVID-19, justifying
the maintenance of the medication. Despite the theoretical fear of
hepatotoxicity by statins, particularly since the virus commonly
increases transaminase, most evidence indicates that this is an
unusual side effect of the drug 9 [38].

Corticosteroids

As exposed in the RECOVERY study, the use of dexamethasone at
a dose of 6 mg daily for 10 days or until discharge, is recommended
for patients using oxygen, being able to reduce mortality, mainly in
critically ill patients [39].

The use of glucocorticoids should be done with attention to the
possible adverse effects, such as hyperglycemia, an increased
risk of infections (bacterial, fungal and Strongyloides infections),
hyperglycaemic hyperosmolar, and, mainly in diabetic patients, life-
threatening diabetic ketoacidosis. Knowing that dexamethasone/
glucocorticoids can complicate glycemic control, it is reasonable
to individualize the choice of use of these drugs in diabetic patients
[40]. For a safer choice, look at this data about glucocorticoids use
in COVID-19 patients from the RECOVERY study:

- Patients on invasive mechanical ventilation or extracorporeal
membrane oxygenation (ECMO) at baseline — 36 per cent relative
reduction (29.3 versus 41.4 per cent, RR 0.64, 95% CI 0.51- 0.81)
- Patients on noninvasive oxygen therapy (including noninvasive
ventilation) at baseline — 18 per cent relative reduction (23.3 versus
26.2 per cent, RR 0.82, 95% CI 0.72-0.94).

- Benefit not seen among patients who did not require either oxygen
or ventilatory support; there was a non-statistically significant
trend towards higher mortality (17.8 versus 14 per cent, RR 1.19,
95% C1 0.91-1.55).

Remdesivir

The use of Remdesivir in hospitalized patients with severe
COVID-19 is recommended since its ability to reduce hospital
stay has already been observed. Priority should be given to its use
for patients requiring low-flow supplemental oxygen, because it
may also reduce mortality in this population [41].

The pharmacokinetics of Remdesivir in patients with renal injury
is uncertain, and it is prepared in a cyclodextrin vehicle that may
be toxic; So, Remdesivir should not be recommended in cases with
a low estimated glomerular filtration rate (eGFR) [42], which is
often seen in diabetic patients due to kidney complications from
the disease.

According to the SOLIDARITY study, which evaluated the benefit
of 4 treatment options for COVID-19, the use of Remdesivir had
little or no clinical benefit [43]. In another study - ACTT-1 - a
multinational, randomized, placebo-controlled trial of Remdesivir

revealed the reduced time to recovery was only statistically
significant among patients who were on low-flow oxygen at
baseline ACTT-1 [44].

Glycemic control-related drugs

Insulin

Insulin’s ability to improve infection in both clinical and nonclinical
studies is also well known [45]. With the current evidence, there is
no reason to believe that insulin should not be our first treatment
option for glycemic control in patients with COVID.

DPP4- inhibitors

Some concerns about the interactions between DPP-IV inhibitors
and the immune system have been raised. Studies have already
shown a higher incidence of nasopharyngitis and upper respiratory
tract infections associated with the intake of DPP-IV inhibitors.
However, according to new reports, the likelihood of a significant
effect of DPP-IV inhibitor use on altering the course of a SARS-
CoV-2 infection is low. Given its clinical safety, DPP-IV inhibitors,
together with insulin, remain the recommended glycemic control
drugs for use in patients hospitalized with COVID-19 [7].

GLP-1 receptor agonists

The GLP-1 receptor agonists have a broad anti-inflammatory action
in patients with DM2 and obesity, reducing markers of systemic
inflammation, pulmonary inflammation in humans and preserving
lung function in experimental studies [46]. Although GLP-1R
agonists safely reduce blood glucose in intubated patients, there are
no studies that recommend its use in patients with COVID-19 [47].

SGLT?2 inhibitors

SARS-COV-2 infections are associated with anorexia, dehydration
and rapid clinical deterioration, which can lead patients
using SGLT2 inhibitors to volume depletion and euglycemic
ketoacidosis. Thus, studies already recommend reassessing the
need or discontinuing these agents in unstable patients, either on
an outpatient basis or in hospitalized patients [48].

Sulfonylureas
Sulfonylureas increase the risk of hypoglycemia and should be
avoided in hospitalized patients with severe medical illness [47].

Metformin

It is known that metformin has immunomodulatory effects,
with some reports studying antibody titres in a small number
of individuals suggesting that immune responses to influenza
vaccination are modestly impaired; however, it is not possible to
know its clinical significance against the coronavirus [49].

Metformin should be used with caution in unstable hospitalized
patients and should be discontinued in people with concomitant
sepsis or severe impairment of hepatic and renal function [50].

Preventive Care in Diabetics with COVID-19
As preventive measures for diabetic patients, a healthy balanced
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diet with a good amount of protein, fibre and low saturated fat and
regularity to maintain good glycemic control. Consider home-based
exercise. With regular follow up on telephonic talk, patients can be
educated on the importance of regular anti-diabetic medication and
foot care. The patient should also be educated on seeking medical
care in emergencies like vomiting, drowsiness, shortness of breath,
chest pain, weakness of limbs, altered sensorium etc [8].

Prophylaxis for thromboembolism

Several entities recommend in favour of prophylactic use of drugs
against thromboembolism in patients hospitalized with COVID-19.
This recommendation should be kept for diabetic patients since
DM?2 also increases the risk of thromboembolic [34].

Conclusion

The pancreas is one of the many organs affected by COVID-19.
And this manuscript serves as a brief overview of the potential
pathophysiologic correlation of DM and COVID-19, optimal
management and prevention. As it has been reported, patients with
COVID-19 infection are prone to developing acute-new-onset-
DM. This is because of SARS-CoV-2 tropism for beta cells leading
to acute impairment of insulin secretion or destruction of beta cells.
Furthermore, DM patients infected with COVID-19 tend to have
more severe outcomes as they have worsening metabolic control
due to beta-cell damage and cytokine storm. As the next wave of
COVID-19 cases, there may be more concerns in Diabetic patients.
Glycemic control medications like Insulin, DPP4-inhibitors,
GLP1 receptor agonists, SGLT2 inhibitors, Sulfonylureas, and
Metformin are ideal, however, Insulin with DPP-4 inhibitors is
suggested to be used in hospitalized COVID-19 patients with DM.
GLP-1 receptor agonists safely reduce blood glucose in intubated
patients, there are no studies that recommend its use in patients
with COVID-19. Studies recommend reassessing the need or
discontinuation of SGLT2 inhibitors in unstable patients, either on
an outpatient basis or in hospitalized patients. Sulfonylureas are
not to be used in hospitalized patients as it has shown to increase
the risk of hypoglycemia. Metformin’s clinical significance
against coronavirus remains unknown, however, Metformin
should be used with caution in unstable hospitalized patients. Also,
Metformin should be discontinued in people with concomitant
sepsis or severe impairment of hepatic and renal function. Regular
telephonic follow-up with regular home-based exercises, balanced
diet, education about alarming symptoms should be all taken
care of in Diabetic patients for early care. Moreover, because
DM and COVID-19 both increase the risk of thromboembolism,
prophylaxis for the same should be considered in these patients.
Given the correlation and close association of COVID-19 and
Diabetes Mellitus (DM), the clinicians may need to be more
vigilant of their patients’ ongoing DM management, empirical
management of the infections and prophylaxis/preventive care in
Diabetics, especially in conjunction with COVID-19.
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