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resistance. This condition can induce oxidative stress, decrease immune system function, impair endothe-
lial function, induce apoptosis, and reduce antioxidant in the lungs. We provide a possible mechanism

Keywords: in severe COVID-19 patients and recommend treatment strategy to reduce mortality rate and prevent

Coronavirus adverse outcomes after intensive care unit (ICU).
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1. Introduction

Coronavirus disease 2019 (COVID-19) is a pandemic that has
affected more than 57,000,000 cases and caused about 1,700,000
deaths as of 29 December 2020 [1]. Studies also showed that the
rate of hospital admission among COVID-19 infected subjects is
very variable ranged from 3% to 100% of confirmed cases. Stud-
ies showed that COVID-19 hospitalization rate in United States
is above 15% [1]. Among those who are hospitalized, more than
one fourth requires intensive care unit (ICU) admission, represent-
ing about 5%-10% of the total infected cases [2]. For cases that
become critically ill, the mortality rate is approximately 7%-62%[2].
ICU admission rates vary across countries. For instance, in China,
ranged from 7 to 26%, in Italyranged from 5% to 12%, and in the
United States were 4.9%-11.5% of the total positive cases [3]. The
median duration of hospital stay among the COVID-19 patients
ranges from 16 to 23 days, and the median length of ICU stay is
7 to 17 days. Furthermore, the average time of mechanical venti-
lation is about 1-12 days [4]. Immobility from bed rest (especially
immobilization in the ICU) is related to various complications, such
as bone demineralization, weakness, impaired physical function,
neurocognitive problem, muscle atrophy, and metabolic changes.
Immobilization, when increased beyond a few hours, is recognized
to change vital aspects of metabolic pathways, and consequently
increase mortality rate [5]. Therefore, a better understanding of
prevention and treatment approaches is essential for minimiza-
tion of the fatality rate as well as a metabolic alteration in ICU
patients and survivors [6]. In this review, the possible mechanisms
of hyperglycemia involved in the severity of COVID-19 infection
and the efficacy of antidiabetic agents is investigated. Moreover, we
showed that short time bed rest (similar to quarantine) and airway
inflammation are a risk factor for development of hyperglycemia
and insulin resistance (IR). Hence, all patients need primary and
secondary care in hospital.

2. Possible adverse effect of bed rest in COVID-19 patients

In critical COVID-19 patients, bed rest is particularly com-
mon [7]. In some ICU survivors (due to various type of diseases),
poor physical function, reduced mobility, anxious or depressed
mood, cognitive defect, sexual dysfunction, fatigue, muscle atro-
phy, sleep disturbances, weakness, and metabolic alterations can
continue for years after discharge from hospital [5,8]. Pneumonia
is the main reason for admission to the ICU in COVID-19 sub-
jects. Interestingly, it has been reported that even many years after
pneumonia, there is a relationship between the disease, hyper-
glycemia, and elevated mortality risk [9,10]. Therefore, a better
understanding of the mechanism and outcome of bed restin COVID-
19 patients, especially with regard to prevalence and fatality rate,
is necessary. Also, a decrease in physical activity in ICU survives,
which affects many ICU patients, can induce hyperglycemia and IR
[11].

COVID-19, like severe acute respiratory syndrome-related coro-
navirus (SARS-CoV), enters the cells via angiotensin-converting
enzyme 2 (ACE2) receptor (Figs. 1 and 2). This protein is expressed
in bronchial epithelium, vascular endothelium, and alveolar cells.
Hence binding of 2019-novel coronavirus (2019-nCoV) to ACE2
would lead to pulmonary hemorrhage, pulmonary edema, and
acute lung injury [12]. In the lung, ACE2 cleaves Ang II to form Ang-
(1-7). When the activity of ACE2 suppressed, intact angiotensin Il
acts via the angiotensin I receptor to stimulate inflammatory mark-
ers and motivate aldosterone release; these effects not only lead to
hypokalaemia and hypertension, but will also raise vascular perme-
ability, elevating the risk of respiratory distress syndrome [12-14].
Furthermore, Ang-II impairs glucose tolerance and increases blood
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Fig.1. Schematic structure of COVID-19. The spike glycoprotein is essential for virus
entry into the cell.

Fig. 2. A three-dimensional (3D) structure of the novel coronavirus (COVID-19).

glucose, by inducing IR and reducing insulin secretion from the
pancreas [15].

On the other hand, ACE2 product, angiotensin 1-7, induces anti-
fibrotic and anti-inflammatory pathways that could be favorable
to the recovery of COVID-19 cases. Therefore, severe COVID-19
patients have an imbalance in these metabolic pathways, which
could be the subject in diabetes, high blood pressure, and IR states
[16]. Disturbance of these pathways directly links to diabetes. In the
pancreas, binding of the SARS-CoV to ACE2, injuries islet cells, and
decrease insulinsecretion [12]. The result of one study with a 3-year
follow-up showed that more than 50% of the cases became dia-
betic during hospitalization for the SARS-CoV disease. Of note, these
patients had no history of diabetes and steroid therapy. However,
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later three years of recovery from the SARS-CoV infection, about 5%
of cases remained diabetic [12]. It should be noted that, ACE2 has
a significant role in glucose homeostasis. Regarding the expression
of ACE2 in the pancreas, the coronavirus might enter these cells and
lead to acute beta-cell damage, causing severe hyperglycemia and
transient diabetes [12].

In the diabetic animal models, pharmacological inhibition of
ACE2, aggravate albuminuria and, is associated with kidney dam-
age [15]. Furthermore, in ACE2 knockout (KO) mice, higher fasting
blood glucose and impaired glucose tolerance as well as decreased
insulin secretion have been established, proposing a significant
role of ACE2 in the development of diabetes. ACE2 also attenuates
inflammation and fibrosis in the heart, lungs, liver, and pancreatic
islet B-cell. Furthermore, ACE2 reduces inflammation, oxidative
stress (0S), and fibrosis in the B-cell [15]. This finding proposes
that diabetic patients susceptible to a COVID-19 infection. Simi-
larly, diabetes motivates ACE expression in other organs such as
the heart, lungs, and liver, which clarifies why diabetes can increase
multi-organ dysfunction in coronavirus diseases [12]. Furthermore,
the chronic viral infection is a vital risk factor for the development
of diabetes, a disease with a high prevalence (9.3%, 463 million
people in 2019) is the seventh leading cause of death [17]. Also,
inactivity and hyperglycemia during hospitalization and/or ICU also
motivate IR and impair glucose homeostasis, even when energy bal-
ance is maintained [8]. Hyperglycemia and IR in the hospitalized
patients are often multifactorial, including change of glucose and
lipid metabolisms, the release of the stress hormones, induced OS,
and inflammation [18-21]. In the next section, we will discuss the
relationship of hyperglycemia with increased severity of COVID-19
infection.

3. Hyperglycemia and insulin resistance (IR) in ICU patients

Hyperglycemia is common in critically ill subjects, as a result
of stress-induced IR and enhanced glucose production. Increased
blood glucose is independently related to elevated ICU mortality.
Hence strict control of blood glucose levels is considered essential.
Among cases admitted to ICU, subjects with recently established
hyperglycemia had three times more fatality rate (31%) compared
with diabetic subjects (10%) or normoglycemia (11.3%). Of note,
the lowest fatality (9.6%), happened in cases with glucose concen-
tration ranged from 80 to 99 mg/dL and elevated progressively as
glucose levels augmented, reaching 42.5% among cases with glu-
cose concentration exceeding 300 mg/dL [22].

Various factors involved in the hyperglycemia and IR in bed
rest, including medications (vasopressors, lithium, exogenous cor-
tisol, and (3-blockers), activation of inflammatory pathways and
secretion of stress hormones. Furthermore, intravenous dextrose,
antibiotic solutions, dialysis solutions, and overfeeding also con-
tribute to hyperglycemia. Inadequate insulin release or volume
depletion could lead to hyperglycemia. Hospitalization (bed rest),
even in the absence of evident disease, by different mechanisms
induce IR, which in turn can aggravate the severity of disease (Fig. 3)
[18].

High blood glucose concentration and diabetes are accepted
as independent predictor of mortality and morbidity in SARS
and COVID-19 infected cases [19,23]. It has been shown that
one or more pre-existing medical disorders of insulin sensitiv-
ity (e.g., high body mass index or obesity) cause susceptibility
to stress hyperglycemia in critical illness and may lead to sub-
sequent development of diabetes [11]. Of note, hyperglycemia is
related to elevated morbidity and mortality in ICU patients [18],
and increased pneumonia risk in COVID-19 patients [19].

Hyperglycemia and IR are existent short period after pulmonary
diseases, and before the detection of ventilator-associated pneu-
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monia. The association between hyperglycemia and lung disease is
poorly recognized, but it is thought to be because of IR rather than
[B-cell dysfunction [18,24].

Airway glucose levels become increased if normal homeostasis
is disturbed by hyperglycemia or inflammation of the pulmonary
epithelium [19]. Hyperglycemia decreased the mobilization of
leukocytes and reduced phagocytic activity. Hyperglycemia also
impairs endothelial function, induce apoptosis, and reduce antioxi-
dantinthelungs. Increased pulmonary glucose levels are associated
with high lung pathogen growth (e.g., viral and bacterial) and
reduced intracellular bactericidal activity. Increased airway glucose
levels may also aggravate lung disease by inducing inflamma-
tion. Furthermore, acute hyperglycemia increases proteolysis and is
related to an augmented risk of cardiovascular disease, acute renal
failure, and death [18,19]. Severe hyperglycemia is associated with
adverse electrolyte and volume shifts [22]. It has been established
that even less than one-week bed rest may cause hyperglycemia
and IR [25,26]. Alibegovic et al. showed that 9-day bed rest induced
substantial IR in healthy young men with or without a recognized
predisposition to diabetes [27].

The IR is described by an augmented hepatic glucose produc-
tion, reduced glucose uptake by muscle, and elevated lipolysis. In
this condition, muscles, adipose, and liver don’t respond to insulin.
IR elevated the risk for hypertension, type 2 diabetes (T2D), and car-
diovascular disease (higher risk for severe illness from COVID-19)
[28]. Moreover, IR is related to a range of cardiovascular disease risk
factors, including hypertension, OS, dyslipidemia, inflammation,
and glucose intolerance [18].

Abdelhamid et al., in the meta-analysis study, determined the
diabetes risk in ICU patients (2923 patients). They showed that
stress-induced hyperglycemia during ICU admission is related to
elevated risk for incident diabetes [11]. The risk of diabetes in
ICU survivors with increased glucose levels is like the risk in
women with gestational diabetes over comparable observation
times. Moreover, ICU survivors often experience long-term physi-
cal problems, inactivity, impaired insulin action, and consequently
might have a unique capacity to profit from screening schedules to
identify prediabetes of diabetic cases [11]. Previous studies estab-
lished that the development of hyperglycemia during critical care
is not a normal or physiological situation [18]. Hyperglycemia has
been established as a strong proinflammatory mediator, and strict
glucose control less than 110 mg/dl with insulin has been reported
to show anti-inflammatory effects in the critically ill cases. Glucose
administration (75 g, orally) to healthy subjects raises inflamma-
tory markers and reactive oxygen species (ROS) production [29].
Hyperglycemia also induces nuclear factor kappa B (NF-kB) activa-
tion, exerts pro-thrombotic properties, and increases OS [29].

Bed rest experiments of different periods in healthy subjects
have confirmed reduced insulin sensitivity after a short period
(even after 3-5 days) of inactivity [26,30]. Hamburg et al. have
demonstrated that only 5 days of bed rest in healthy volunteers
leads to the development of IR, raises total cholesterol, triglyc-
eride, blood pressure, and reduces microvascular performance [31].
Longer (9-day) bed rest studies have also revealed reduced insulin
sensitivity and consequently IR in healthy subjects [27]. Moreover,
the development of IR has been associated with only 3 days of bed
rest [25].

It has been reported that 6-7 days of bed rest in healthy sub-
jects, significantly reduced glucose tolerance and glucose uptake
in muscle and associated with IR [25]. These results are consis-
tent with those reported by Bienso et al., who found decreased
muscle glucose transporter type 4 (GLUT-4), insulin-dependent
glucose transporter, and beta serine/threonine-protein kinase
(AKT2) expression after one-week bed rest in healthy subjects [32].
Hirose et al. [33] experiment has demonstrated that 1-week bed
rest decreases phosphorylation of insulin receptor substrate 1 (IRS-
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1) and phosphoinositide 3-kinase (PI3K), which induce skeletal
muscle IR. As mentioned above, the median duration of ICU stay
among COVID-19 patients is ranged from 7 to 17 days. Therefore,
COVID-19 patients have a high risk of hyperglycemia and IR that
aggravate the severity of the disease.

4. Stress hyperglycemia in COVID-19 patient

The COVID-19 patient experienced high stress, particularly
as this virus does not have a vaccine at present. Stress in the
patient is related to some critical disease by stimulation of the
hypothalamic-pituitary-adrenal (HPA) axis. The release of stress
hormones, including catecholamines, cortisol, growth hormone
(GH), and glucagon is known as the main components of the general

adaptation to critical illness. Blood concentration of these hor-
mones can elevate 2-5 folds during stress in humans. The acute
response to critical disease is usually accepted as a suitable and
adaptive response that happens in the first few days after illness.
Hyperglycemia induced by mild-to-moderate stress is protective
since it provides a source of energy for the brain and the immune
system in stress conditions. Nevertheless, many of the stress hor-
mone responses result in persistent hyperglycemia and IR, which
can be strongly deleterious in the long run [21]. Epinephrine, by
suppression of glucose uptake by skeletal muscle, can induce IR
[18]. Moreover, the secretion of stress hormones, can activate lipol-
ysis, increase free fatty acids (FFA) levels, and inhibit glucose uptake
by peripheral tissues [18]. Increased FFA levels decrease insulin
sensitivity and inhibit insulin signaling. Moreover, elevated FFA
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concentration can lead to mitochondrial dysfunction, increased
superoxide radical production, and reduced antioxidant enzyme
activity [28].

A meta-analysis study shows that stress hyperglycemia clas-
sifies patients at elevated risk of incident diabetes [11]. Previous
studies reported that stress-induced hyperglycemia of critical dis-
ease had been attributed to IR [18,21]. Also, these stress hormones
motivate gluconeogenesis and glycogenolysis in the liver, conse-
quently increase blood glucose levels. Catecholamines induce IR
by inhibiting tyrosine kinase activity, insulin binding, and glu-
cose uptake (inhibit GLUT-4). Cortisol induces gluconeogenesis and
impairs glucose uptake in skeletal muscle. GH inhibits the inhibit-
ing tyrosine kinase activity and decreases insulin receptors [29].
Bed rest studies indicate that muscle tyrosine kinase activity and
the expression of GLUT-4 are reduced in this condition [25]. All of
these changes can lead to IR, and subsequently, increased mortality
risk in ICU patients as well as increased diabetes risk in survivors.

5. Inflammation in COVID-19 patient

Systemic inflammation in ICU patients may be involved in
the development of IR. C-reactive protein (CRP) and inflamma-
tory cytokines are significantly elevated in COVID-19 patients [7].
Cytokine storm (significant increase of inflammatory cytokines) has
been associated with multi-organ failure in COVID-19 patients with
severe illness. Cytokines have a vital role in inflammation which,
in turn, can lead to IR [34]. Lung disease induces inflammation and
is associated with hyperglycemia. This hyperglycemia elevates the
risk of poor outcomes in ICU cases with lung damages. The severity
of inflammation throughout the pulmonary disease is associated
with diminished insulin action [18,22].

Cyphert et al. [24] showed that lung inflammation, even with-
out other comorbidities, induces IR, inflammation, and elevates
diabetes risk. In patients with lung disease, systemic inflamma-
tion, along with elevated liver tumor necrosis factor-o (TNF-at)
and interleukin 5 (IL-5), involved the elevated risk of diabetes [24].
Lung inflammation also impaired glucose uptake by the skeletal
muscle, and consequently lead to hyperglycemia [24]. On the other
hand, the combination of COVID-19 infection and diabetes signif-
icantly induce inflammation, subsequent increased fatality rate.
Furthermore, the inflammatory response cause reduced GLUT-4
translocation, indicating inhibition of glucose uptake. Increased
TNF-a in COVID-19 patients probably interferes with insulin sig-
naling cascade [34].

It has been found that contracting muscles during ICU, increased
IL-6 levels, suggesting that this cytokine’s release may be affected
by the critically ill. The expression of IL-6, NF-kB, TNF-«, and toll-
like receptor 4 (TLR4) are elevated during bed rest in different
organs. These inflammatory markers have been associated with
IR and diabetes [35]. Drummond et al. have shown that after one
week of bed rest, the expression of TLR, IL-6, NF-kB1, IL-1, and IL-15
mRNA was significantly enhanced in bed rest subjects as compared
with controls [30]. They found that inflammation reduces insulin
sensitivity in part through the TLR activation. TLR4 activation, in
turn, impairs insulin action by inducing proinflammatory factors
and OS as well as by stimulation of cytokine signaling pathways:
insulin-desensitizing markers. Upon TLR4 activation, NF-kB raises
IL-6, TNF-q, and IL-1f3 expression. The role of the NF-kB cascade in
the pathogenesis of IR is well established [35].

6. Mitochondrial dysfunction and oxidative stress (OS) in
COVID-19 patient

It has been shown that mitochondrial dysfunction contributes to
organ failure in the critical ill. Treatment of mitochondrial dysfunc-

Primary Care Diabetes 15 (2021) 409-416

tion in ICU cases may potentially improve the clinical outcome. In
some conditions such as severe disease, patient genotypes, or some
drug may reduced mitochondrial biogenesis and elevate suscepti-
bility to oxidative damage [20]. Hyperglycemia (e.g., in critically ill)
can leads to mitochondrial dysfunction, activating ROS production,
and increasing inflammatory factors [20]. Elevated inflammatory
markers and ROS is assumed to interfere with the insulin signaling
pathway, thus causing anabolic resistance [35].

A significant decrease in mitochondrial content and function
with a concomitant reduction in antioxidant enzymes was reported
after a short time of bed rest (less than one week) in ICU patients
[20,26]. Mitochondrial dysfunction, particularly the production of
mitochondrial free radicals, has been accepted as the main factor
in the development of IR [36].

Bed rest studies have revealed a reduction in mitochondrial vol-
ume density, function, and capacity [26]. It has been reported that
the development of IR is attributed to a decrease in the content
and function of mitochondria. Defective mitochondrial oxidative
phosphorylation may raise diabetes risk [36].

A study on bed rest by Alibegovic et al. [37] has revealed a
change in the expression of more than 4500 genes and downreg-
ulation of 34 pathways, mostly those involving factors related to
mitochondrial function, such as peroxisome proliferator-activated
receptor gamma coactivator 1-alpha (PGC1a), which controls mito-
chondrial oxidative phosphorylation. They have shown that the
expression of PGC1a and the oxidative phosphorylation (OXPHOS)
pathway is significantly reduced, indicating decreased oxidative
capacity during bed rest [37]. Brocca et al. study has demonstrated
a significant reduction in PGC-1a expression after 35 days of day
bed rest [38], contributing to the development of IR. PGC-1 is a
prominent bidirectional regulator of mitochondrial biogenesis and
insulin signaling and contributes to metabolic disorders, such as
IR and diabetes. IR subjects, compared with healthy subjects, have
fewer mitochondria in their tissues (e.g., muscle), probably owing
to reduced PGC-1a expression [39]. Reduced mitochondrial func-
tion (e.g., in muscle), which can occur as a primary defect, can slow
down fat oxidation; this change eventually elevates lipid metabo-
lites in muscle, and consequently causes IR [39].

There is evidence demonstrating that 5 days of strict bed rest in
healthy subjects was associated with the development of IR, dys-
lipidemia, hypertension, and lead to microvascular dysfunction in
healthy volunteers [31].

7. Control and treatment of hyperglycemia in COVID-19
patients

Currently, there are few options for the treatment or prevention
of ICU-acquired complications in COVID-19 patients. In addition to
current drugs, tight control of hyperglycemia using insulin ther-
apy may reduce physiological abnormalities in cases mechanically
ventilated for one week or more [8]. As mentioned above, hyper-
glycemia has been established that has a direct relationship with
inflammation, OS, pneumonia, and consequently, death. Therefore,
strict glucose control less than 110 mg/dl with insulin has been
reported to exert anti-inflammatory effects and reduced morbidity
and mortality among critically ill patients in the ICU [40].

One of the therapeutic options in ICU patients, including con-
trol of hyperglycemia and local manipulation of respiratory glucose
homeostasis, as well as inflammation, should be considered [19].
The American Diabetes Association has increased the treatment
threshold to levels of more than 180 mg/dL and target glucose con-
centration between 140 and 180 mg/dL for ICU patients [19,40].
It has been proposed that the early blood glucose concentration is
measured every one or two hours till the infusion speed has been
set. Later blood glucose should check every 4 h once the levels have
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been stabilized [41]. In critical patients, intravenous insulin infu-
sion is recommended. Strict insulin treatment reduces the risks
of pneumonia, multiple organ failure, inflammation, and reduces
mechanical ventilation and ICU dependence [19].

OS has been associated with the severity of the disease,
depletion of body antioxidants, systemic inflammation, and mito-
chondrial dysfunction. Therefore, the depletion of body antioxidant
elevated the fatality rate of ICU patients [42]. There is evidence
that administrations of vitamins A, C, and E in critically ill patients
decrease the incidence of organ injury and reduces the ICU length of
stay. These antioxidants reduce OS and inflammation in critical care
patients and markedly affected their clinical outcomes [42]. Recent
studies have documented that moderate to high doses of vitamin C
(orally, 6 g daily) may prevent respiratory tract infection in COVD-
19 patients [43]. The reduction of vitamin D and E levels in cattle
could increase the risk of coronavirus infection. The administration
of vitamin C can potentially reduce the incidence of pneumonia.
Vitamin C potentially alleviates severe pneumonia in the most
severely ill patients by inhibiting OS and inflammation [7]. Vita-
min D, due to its anti-viral, antimicrobial anti-inflammatory, and
antioxidant activities can reduce the severity and risk of pneumo-
nia in COVID-19 patients. Serum vitamin D levels tend to decrease
with age and severe disease (e.g., diabetes and hypertension),
which may be vital for COVID-19 infection since mortality rates
are significantly elevated with age and comorbidity disorders. This
vitamin showed potential anti-viral, anti-inflammatory, antimicro-
bial, and antioxidant effects. Therefore, it has been recommended
to prevent and treatment of COVID-19 infection [44]. Further-
more, this vitamin can positively influence hospital-acquired
infections. Recent studies suggested using vitamin D loading doses
of 200,000-300,000 IU in 50,000-IU capsules to reduce the risk
and severity of COVID-19 disease [44]. These findings propose
that appropriate supplementation of these vitamins may increase
ourresistance to COVID-19 infection. Antioxidant supplementation
is potentially recommended in COVID-19 patients with primary
underlying diseases, such as hypertension, diabetes, coronary heart
disease, and cancer [7,45-47].

Zinc is required for more than 300 enzymes in the body and par-
ticipates in immune system function. Zinc deficiency can increase
the risk of lower respiratory tract infections. It has been reported
that the combination of this ion plus low doses of pyrithione can
inhibit SARS-CoV replication [48]. Zinc nanoparticle, also due to
the antioxidant and anti-inflammatory effects [49], suggested for
the treatment of COVID-19 infection [50]. Hence, zinc supplements
may alleviate Covid-19 disease. Zinc also can inhibit the SARS-
coronavirus replication [48].

Early rehabilitation and mobilization of COVID-19 patients who
are critically ill may prevent improved strength, reduce OS and
inflammation and improve patient outcomes [8].

Glucagon-like peptide-1 (GLP-1) analogues and dipeptidyl
peptidase-4 (DPP4)inhibitors improve hyperglycemia through var-
ious mechanisms, including an enhancement of insulin release,
a glucose-dependent decrease of postprandial glucagon as well
as delayed gastric emptying. The use of DPP4 inhibitors alone
or in combination with insulin is a safe and effective approach
to control of blood glucose levels without elevating the risk of
hypoglycemia or excessive weight gain [51]. DPP4 inhibitors show
anti-inflammatory effects and do not potentiate ACE levels in
animal models, consequently they may be considered useful in dia-
betic patients with COVID-19 [52]. All COVID-19 diabetic patients
on GLP-1 analogues treatment should be carefully checked and
provided with adequate fluid intake and regular meals to avoid
the risk of dehydration [53]. Moreover, the prescription of the two
medicines with a single daily injection prevents unnecessary expo-
sure to COVID-19 subjects, minimizing the infection transmission
risk.
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Table 1
Antidiabetic agents in hospitalized patients with type 2 diabetes and COVID-19 [53].

Hospitalized moderate
disease

Hospitalized severe
disease (ICU patients)

Recommended / Insulin

/ DPP4 inhibitor

/ GLP-1 analogues
/ Metformin

J/ Thiazolidinedione

/ SGLT2 inhibitors

/ Insulin
/ DPP4 inhibitor

Not recommended / Thiazolidinedione
/ SGLT2 inhibitors

/ Sulfonylurea

Use with caution / Sulfonylurea / Metformin
/ a-Glucosidase inhibitors / a-Glucosidase
inhibitors

/ GLP-1 analogues

[DPP4: Dipeptidyl peptidase-4, SGLT2: Sodium glucose transporter 2, GLP-1:
Glucagon-like peptide-1].

Sodium glucose transporter (SGLT)-2 inhibitors increase ACE2
in renal and therefore, may show poor outcomes. Osmotic diuresis
and potentially dehydration as well as euglycemic diabetic ketoaci-
dosis (EDKA) are known as limiting factors to the use of these agents
[52]. Because of poor caloric intake in acute disease (e.g., COVID-
19 infection), the use of sulfonylureas may motivate hypoglycemia.
Thus, these agents are not ideal in controlling high blood glucose
levels in COVID-19, especially in ICU admissions [52].

Metformin can inhibit the coronavirus entry into the cell by dis-
ruption of binding capacity. Metformin also exerts antioxidant and
anti-inflammatory effects as well as modulates dysbiosis. Hence,
it can be used in subjects with diabetes who are hospitalised for
COVID-19, as long as they have not developed concomitant liver
and renal failure. Liver failure decreases lactate elimination, and
renal disease leads to metformin accumulation, elevating the risk
of lactic acidosis. Nevertheless, due to the risk of lactic acidosis, this
agent should be used with caution in critically ill patients [53].

Thiazolidinediones can lead to fluid retention, worsening heart
failure, and induces weight gain and edema, hence make these
agents unsuitable in subjects with both diabetes and COVID-19[52]
(Table 1).

8. Conclusion

Among COVID-19 patients who are hospitalized, more than one
fourth requires ICU admission, representing about 5%-10% of the
total infected cases. Subjects with a chronic viral infection, pneu-
monia, lung inflammation, and short time bed rest (e.g., due to
hospitalization) are at more risk of developing hyperglycemia and
IR. This condition can induce oxidative stress, decrease immune
system function, impair endothelial function, induce apoptosis,
and reduce antioxidant in the lungs. Hyperglycemia also reduces
intracellular bactericidal activity, increases inflammation, and is
associated with an elevated risk of lung disease, cardiovascular dis-
orders, kidney failure, and death. Furthermore, the developments of
IR and hyperglycemia have been reported in ICU survivors. In surgi-
cal cases, perioperative hyperglycemia elevates the postoperative
morbidity and mortality rate. Hyperglycemia in surgical patients
is related to the risk of atrial fibrillation, infection, cardiovascu-
lar disease, myocardial infarction, pericarditis, cerebral ischemia,
impaired wound healing, as well as respiratory and neurologic
complications. Careful management of hyperglycemia in COVID-19
severe patients (with or without operation) can reduce mortality
and morbidity risk.

The current manuscript has some limitations. Our study was
thatit only included articles published in English and scientific pub-
lished papers. Hence we did not any internal or external secondary
research. Moreover, we did not present all variables, including
advanced glycation end products (AGEs), hemoglobin Alc (HbA1c)
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levels, and hormones. We did not include gestational diabetes, so
these findings may not generalize to all diabetic subjects. Further
studies are needed to determine the possible mechanisms of hyper-
glycemia in pediatrics. Furthermore, there is no sufficient available
data at the moment that show any significant benefit or harm
effects of non-insulin anti-diabetic agents. The short and long-time
effects of these agents on COVID-19 subjects need further inves-
tigation. No comprehensive findings are currently available about
the anti-DPP4 vaccine. This vaccine may represent another poten-
tial approach for COVID-19 patients. Further preclinical studies are
needed to evaluate the effects of different types of vaccines in the
diabetic patients.
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