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Background:  The  epidemiology  of  COVID-19  and  its association  with  cardiometabolic  disorders  is poorly
understood.  This  is  a narrative  review  that  investigates  the  effects  of  COVID-19  infection  on  insulin
resistance  in  patients  with  diabetes.
Methods:  An  online  search  of  all published  literature  was  done  via  PubMed  and  Google  Scholar  using  the
MeSH  terms  “COVID-19,”  “SARS-CoV-2,”  “coronavirus,”  “insulin  resistance,”  and  “diabetes.”  Only  articles
that were  directly  applicable  to insulin  resistance  in COVID-19  and  diabetes  was  reviewed.
Results:  Current  data  shows  an increased  risk  of  mortality  in  patients  with  diabetes  and  COVID-19
Diabetes mellitus
Insulin resistance
SARS-COV-2
Cardiometabolic disorders

compared to  those  without  diabetes.  COVID-19  triggers  insulin  resistance  in  patients,  causing  chronic
metabolic  disorders  that  were non-existent  prior  to infection.
Conclusion:  Patients  with  diabetes  are  more  susceptible  to COVID-19  infection  than  those  without  dia-
betes.  ACE2  expression  decreases  with  infection,  exaggerating  Ang  II activity with  subsequent  insulin
resistance  development,  an  exaggerated  immune  response  and  severe  SARS-COV-2  infection.

© 2021  Primary  Care Diabetes  Europe.  Published  by  Elsevier  Ltd.  All rights  reserved.
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1. Introduction

In December 2019, the World Health Organization (WHO) was
notified of several rare cases of coronavirus related pneumonia

is a colossal public health and economic challenge, since it has
to-date resulted in more than 117 million infections and over 2.6
million deaths [2]. High infection and mortality rates highlight the
interplay of poor healthcare, poverty, geographical disparity, eco-
in Wuhan, China. Since then the novel severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) has devastated the world
with an emergence of the COVID-19 pandemic [1]. This pandemic
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omic and social risk factors [3]. The COVID-19 infected patient
emains the main source of infection, exacerbated by close contact
nd transmission occurring via droplets/aerosol dissemination [4].
hilst viral RNA has been identified on plastic, airborne specimens

emonstrate negligible concentrations of RNA [5]. An estimated

4% of all transmission occurs prior to the onset of symptoms [6],
espite the standard incubation period of approximately 3–9 days
4].

erved.
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Four key demographic factors affect COVID-19 epidemiology,
viz.,  advanced age (median age of death—75 yrs); gender (male
sex), immunocompromisation and underlying co-morbidities such
as cardiovascular disorders, diabetes mellitus, chronic respiratory
disease and hypertension [7–9]. Organ failure, cancer, obesity, ele-
vation in white blood cell count, high LDH and glucose also correlate
with a greater risk of morbidity and mortality [10,11]. The mortal-
ity prediction score (Sequential Organ Failure Assessment: SOFA),
which is centered on a dysfunctional grade of six organ systems,
is higher in COVID-19 patients at hospital admittance combined
with advanced age and hypercoagulation activity [9,12,13]. Hyper-
coagulatory activity (d-dimer levels >1 �g/mL) strongly correlates
with higher hospital deaths [9,12,13].

Acute respiratory distress syndrome (ARDS) characterized by
accumulation of infiltrated leukocytes is the cause of mortality in
COVID-19 patients [14,15]. Acute respiratory distress syndrome
causes a cytokine storm, where an extreme inflammatory response
persists potentially causing acute lung injury [16]. To-date dia-
betes has been shown to influence the severity and mortality of
COVID-19 patients [9,17,18]. This is corroborated by several meta-
analyses that demonstrates increased disease severity/mortality
in diabetic patients that are comorbid with COVID-19 infection
[19–22]. Patients with a history of diabetes, hypertension, insulin
resistance (IR), and respiratory disorders experience a deterioration
of immune function with consequential endothelial and ventila-
tion disruption [8,23]. Furthermore, hypercoagulation predisposes
COVID-19 patients to a greater risk of thrombosis, ischemia and
myocardial injury [14]. In light of the high predisposition of diabetic
and insulin resistance COVID-19 patients to death, the primary
focus of this review is to evaluate the duality of insulin resistance
comorbid with COVID-19.

2. Insulin resistance and diabetes mellitus

Insulin resistance (IR) is due to a reduced tissue sensitivity to
insulin and refers to the inability of the pancreas to secrete suffi-
cient insulin for blood glucose regulation [24]. Insulin is a hormone
secreted by the islets of Langerhans in the pancreas; it stimu-
lates glucose transport to muscle, adipose tissue and the liver [25].
Failure of glucose regulation leads to diabetes and cardiovascular
diseases [26]. Approximately 46.5% of the world’s adult population
is affected by IR, with the highest prevalence reported in Lebanon,
Asia (44.6%), the second highest occurring in Thailand (39.1%) and
the lowest in European (15.5%) countries [24]. Data on the preva-
lence of IR in Africa is limited, however, a South African study
reported a decrease in IR from 24.8% in 2009 to 16.9% in 2016 [25].

Diabetes mellitus (DM) occurs when blood glucose levels are
high due to a failure/inadequate regulation by insulin [27]. The two
most common types of diabetes are type 1 and type 2 [28].

• Type 1 diabetes (T1DM) occurs when the pancreas is unable
to synthesize insulin, due to a genetic mutation in the genes
responsible for pancreatic beta-cell activation or due to an
autoimmune-mediated beta-cell destruction [29,30]. This may
coincide with either endothelial dysfunction, a modification
in lipid metabolism and/or hyperglycaemia-mediated oxidative
stress and cell death [30,31].

• Type 2 diabetes (T2DM) is described as glucose intolerance
emanating from a dysregulation of carbohydrate and lipid
metabolism [27]. This disorder is commonly associated with
genetic or lifestyle/environmental factors which affect the phys-

iological function of beta-cells and insulin sensitivity [27]. The
commonest incidence of T2DM occurs in obese individuals, since
adipose tissue releases leptin, resistin, adiponectin and tumour
necrosis factor (TNF-�),  all of which disrupts glucose metabolism
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by decreasing insulin sensitivity [32]. Tumour necrosis factor also
down-regulates the expression of GLUT4, which is necessary for
glucose translocation [33]. A decrease in insulin sensitivity leads
to insulin resistance, a characteristic of T2DM whereas a defi-
ciency in insulin secretion and function results in an exaggerated
blood glucose level [27].

Exocrine and endocrine pancreatic expression of angiotensin-
onverting enzyme 2 (ACE2) is likely to be associated with an
xaggerated manifestation of diabetes in subsets of severely ill
ARS-CoV-2 infected patients [34]. The SARS-CoV-2 confers pan-
reatic islet injury and acute diabetes onset by binding to the ACE2
eceptor [35], mirroring similar signal transduction pathways as
ARS-CoV-1 [36]. The prevalence of T1DM cases increases amongst
ARS-CoV-2 infected individuals who are genetically predisposed
o diabetes [37], as highlighted by a 1.5% rate in a sample of hospital-
zed COVID-19 English patients compared to non infected patients
38]. Notably, SARS-CoV-2 also exacerbates diabetic ketoacidosis
DKA), thereby creating a proinflammatory milieu where IL-6, IL-
eta and TNF levels are increased [39]. It is plausible that the
roinflammatory milieus created by COVID-19 and T1DM coex-

st and exacerbates severity. However, individuals diagnosed with
1DM were less vulnerable to SARS-CoV-2 infections since the use
f telemedicine combined with the disconnection/slowdown from
outine activities (work, school, exercise dietary habits) had a pos-
tive effect on glucose regulation [34].

In contrast, the prevalence of T2DM in SARS-CoV-2 infected
atients is based on patient age, gender and disease severity [34].
or example, a prevalence rate of 15% was noted in a hospitalized
ample of Chinese children and adults infected with SARS-CoV-2
40], whereas a 8.2% rate was highlighted in a hospitalised SARS-
oV-2 infected Chinese sample of 1590 participants (mean age 48.9
rs), with much higher rates (34.6% vs. 14.3%) amongst those with
evere illness i.e. admitted in intensive care units and in need of
espiratory support [41].

. Impact of COVID-19 on the
enin-angiotensin-aldosterone-system and diabetes
ellitus

The pathophysiology of COVID-19 in diabetic patients remains
nconclusive; however, contentious debate remains focused on the
nteraction between the virion, the hyperinflammatory milieu, the
enin-angiotensin aldosterone system (RAAS), as well as the hyper-
oagulation loop [42]. In the RAAS pathway, the protease renin
leaves angiotensinogen to produce angiotensin I (AngI), which is
ubsequently cleaved by angiotensin-converting enzyme (ACE) to
enerate angiotensin II (AngII) [14].

Angiotensin II signalling occurs via AngII receptor type 1 (AT1R)
nd receptor type 2 (AT2R). The activation of AT1R exerts pro-
nflammatory, proliferative, profibrotic and vasoconstrictive effects
ia the activation of NF-k�, NADH/NADPH oxidase and toll-like
eceptor 4 (Fig. 1) [14]. A homologue of ACE called ACE2, cleaves Ang
I and generates Ang (1–7), thereby exerting an anti-inflammatory
ffect by binding to and activating G protein-coupled Mas  receptor
43]. Notably, SARS-CoV-2 enters host cells via the ACE-II receptor
here it rapidly undergoes replication, amplication and dissemi-
ation (Fig. 1) [14,44]. The ACE2/Ang (1–7)/Mas receptor pathway
ntagonises the biological effects of the ACE/AngII/ATR1 pathway,
hereby exerting its anti-flammatory and antifibrotic effect.

Viral binding to ACE2 receptors downregulate their expres-

ion on the alveolar epithelial cells and results in elevated Ang II
xpression [45], which perpetuates activation of the host adap-
ative immune response [42]. The consequence is an amplified
nflammatory response via secretion of interleukin-1 �eta, (IL-
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Fig. 1. The role of the Renin Angiotensin Aldosterone System (RAAS) pathway in
COVID-19, Insulin resistance and diabetes infection.
Adapted from Huang et al., 2020. This diagram illustrates the RAAS pathway, high-
lighting the cleavage of angiotensinogen by renin to produce angiotensin I (AngI)
and Ang II via angiotensin-converting enzyme (ACE). AngII receptors type 1 (AT1R)
and type 2 (AT2R), initiates the biological functions of AngII. ACE2 (homologue of
ACE) cleaves Ang II and generates Ang (1–7) which exerts its function via the Mas
receptor. The SARS CoV-2 binds to ACE2 receptor and decreases its expression and
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subsequently increases AngII resulting in multi-systemic inflammatory responses

1�), interleukin-4 (IL-4), and interleukin 10 (IL-10), and monocyte
chemoattractant protein-1 (MCP-1), interferon gamma  (IFN�), and
infrapatellar fat pad (IFP-10) [20], which is central to the ARDS
of SARS-COV-2 infection outcome [46]. This cytokine storm trig-
gers a hyperinflammatory and hypercoagulatory response, which
disrupts endothelial cell integrity, thereby upsetting the alveolar-
capillary barrier causing severe hypoxemia [47]. Also, in COVID-19
patients decreased ACE2 levels influence RAAS signalling [48].

Angiotensin II interaction with AT1 receptors up-regulate
expression of the anti-angiogenic factor, sFlt-1 levels during
hypoxia [49]. This lowers endothelial nitric oxide synthase phos-
phorylation, augmenting oxidative stress [50]. Moreover, patients
with severe COVID 19 have high plasma levels of sFlt-1, indica-
tive of an anti-angiogenic favored microenvironment that is already
stressed by the ARDS, thus this may  lead to organ failure [51]. The
impact of SARS-COV-2 on the expression of ACE2 levels in diabetic
patients is currently unknown, but ACE2 receptor expression has
been confirmed in the islet cells of the pancreas [52]. Animal stud-
ies have shown that diabetes mellitus causes a remarkable increase
of ACE2 expression in pancreatic cells, lungs and other tissues [53].
The increased ACE2 expression may  increase the risk of COVID-19
infection in individuals with diabetes mellitus. A high degree of
hyperglycaemia is noted in individuals with SARS-COV-1 infection,
as this virus dysregulates effective functioning of the islet cells, with
consequential IR, hyperglycaemia and new-onset diabetes mellitus
[36].

Notwithstanding that, ACE2 functions as a viral dock for entry
into cells where it acts as an anti-inflammatory enzyme [54]. Ther-
apeutic interventions with focus on stimulating the RAAS pathway
has potential to enhance cardiovascular function and lower the
severity of COVID-19. The association of the renin-angiotensin-
system with diabetes mellitus has been established, and both T1DM
and T2DM patients are treated with ACE inhibitors (ACEIs) and Ang
II type-I receptor blockers (ARBs) [55]. In diabetics, ACEIs and ARBs
up-regulate ACE2 levels and potentially elevate the risk and sever-
ity of COVID-19 infection [56]. Both ACEIs and ARBs are likely to
decrease hyperinflammation and viral reproduction whereas sol-
uble ACE2 has potential to boost Ang-(1–9) and Ang-(1–7) levels
via acting as a decoy for circulating viral particles [54]. Others con-
tend that diabetics receiving ARBs/ACEIs also express higher ACE2

levels, and are protected from COVID-19 infection compared to
untreated diabetics [57,58]. Thus, it is unclear if the use of ACEIs
elevates ACE2 receptors in the lung or whether diabetic patients
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ot on ARBs/ACEIs are protected from a predisposition to COVID-19
nfection [19].

The COVID-19 infection comorbid with diabetes mellitus, hyper-
ension and cardiovascular diseases are prone to a more aggressive
iagnosis/prognosis in contrast to either condition by itself [19,20].
atients with T2DM are predisposed to an amplified inflamma-
ory response prior to COVID-19 exposure and infection because
f their advanced age and other cardiovascular related anomalies
46,59]. Inflammation and oxidative stress are also key regulators
n the manifestation of diabetes mellitus, especially in individ-
als with increased body mass index [60]. Inflammation and
xidative stress impair insulin activity with consequent insulin
esistance, a direct cause of hyperglycemia and secondary dia-
etes mellitus [60]. Increased inflammation also aggrevates the
athology COVID-19, leading to more critical and fatal outcomes
57]. Notably, interleukin-6 (IL-6) levels are higher in patients with
OVID-19 infection comorbid with diabetes mellitus in contrast to
on-diabetic and diabetic patients without COVID-19 [57]. Higher
ortality rates and lengthier hospital stays are noted in COVID-19

nfected diabetics with uncontrolled hyperglycaemia in contrast to
on-diabetic patients [61]. Nonetheless, a 41.7% mortality rate was
oted in COVID-19 infected patients with uncontrolled hypergly-
aemia versus 14.8% in controlled diabetes mellitus [61].

During the first wave of the pandemic in Hong Kong, the first
hree deaths due to COVID-19 were associated with diabetes mel-
itus [62]. In another group of 52 ICU admitted COVID-19 positive
atients, 32 died of which 22% were diabetic [20]. A meta-analysis
tudy of 76,993 Chinese patients, revealed an association between
ncreased mortality rates with complications such as hyperten-
ion (16.37%), cardiovascular disease (12.11%), history of smoking
7.63%), and diabetes mellitus (7.87%) [63]. Furthermore, of 1099
atients infected with COVID-19, 132 had severe pathological fea-
ures of COVID-19, 16. 2% were diabetic, and 5.7% were non-diabetic
64], corroborating a definite correlation between increased mor-
idity and mortality in diabetic patients comorbid with COVID-19

nfection.

. Insulin resistance and increased COVID-19 infection
usceptibility

There is a paucity of data regarding the association between
R and COVID-19. However, it is hypothesized that viral bind-
ng to ACE2 increases Ang II implicating it as the main culprit in
he synergy of IR and cardiovascular disease [65,66]. In a healthy

icroenviroment, ACE2 regulates blood pressure by converting
ng II into Ang (1–7), thus decreasing IR, oxidative stress, and

ncreasing the activity of GLUT4 [67]. However, during COVID-
9 infection, ACE2 expression is decreased and this results in an
xaggerated activity of Ang II with subsequent IR, oxidative stress,
nflammation, hypertension and cardiac dysfunction [66]. Inter-
stingly, obese and diabetic individuals demonstrate increased
nflammation, which induces IR and vice versa [66]. Since COVID-
9 infections are characterised by an exaggerated inflammatory
esponse, its coexistence with obesity and diabetes can lead to
yperinflammation and severe/fatal outcomes due to the preex-

sting inflammation [68]. Increased IR leads to increased pacreatic
xpression of ACE2 receptors, creating more afinity for the spike
rotein to bind thereby predisposing those with IR to increased
ulnerability COVID-19 infections [53]. Furthermore, patients with
reexisting IR have other comorbidities including hypertension,
yperglycemia and diabetes mellitus, which lead to severe patho-
Fig. 2). COVID-19 as a respiratory disease, also causes infiltrates in
he lungs amongst diabetic and obese indivuals thereby increasing
heir vulnerability to lung injury due to IR [68]. Thus, IR in diabetes
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Fig. 2. The Insulin signalling pathway and Insulin resistance in COVID-19 and Diabetes infection.
Adapted from Jung & Choi (2014), Finucane and Davenport (2020), Rajpal et al. (2020) and Santos et al. (2021). Insulin binds to the insulin receptor (IR) to produce the
activated insulin receptor substrate (IRS1). This leads activates phosphatidylinositol-3 kinase (PI3K), which binds to its receptor phosphatidylinositol-4,5-biphosphate (PIP2)
to  form a second messenger, phosphatidylinositol-3, 4, 5-triphosphate (PIP3). This activates Protein kinase B (AKT/PBK) which binds to the membrane, and is phosporylated
by  protein kinase-1(PDK1). Protein kinase B is essential for glucose transport activation, glycogenesis and lipogenesis. A dysregulation of the insulin signalling pathway due to
viral  infection disrupts the function of AKT/PKB and may  lead to commodities such as hyperglycemia, dyslipidemia, Type 2 diabetes, obesity, chronic cardiovascular disease,
and  hypertension. The binding of the spike protein of SARS-CoV-2 in patients with commobidities and advanced age results in a hyperactive immune response and increases
the  severity of the virus after infection. Insulin resistance together with the hyperinflammation exacerbates the onset of all commodities and increase the pancreatic ACE2

 for SA

o
t

6

h
s
i
s
t
e
a
t
t
m
t
m
p
m
o

7

d
a
C
t
d
d

expression. Increased pancreatic ACE2 expression creates a higher binding affinity
aggressive pathology of COVID-19 infection.

mellitus causes chronic inflammation and hyperinsulinemia and
consequent lung dysfuntion [69].

5. Reccommendations: clinical management for the
primary care physician

Diabetes mellitus together with hypertension, obesity, lung dis-
ease, kidney disease, and chronic heart disease has been associated
with more severe pathology of SARS-CoV-2. Older individuals with
type 2 diabetes mellitus are more susceptible to infections such as
influenza, and pneumonia, since chronically raised blood glucose
levels supress the immune system resulting in increased bacterial
and viral invasion. Moreover, an infection induces a stress response
which can further increase blood glucose levels and exacerbate the
infection. Notably, patients become particularly resistant to insulin
during the course of the COVID-19 infection, since SARS-CoV-2
virus is believed to cause direct damage to the insulin secreting
pancreatic beta-cells. Hence, some patients may  require insulin for
the first time while others may  need their insulin doses increased
significantly. Vigilant monitoring of blood glucose levels is essential
during the disease process to mitigate COVID-19.

Severe inflammation characteristic of COVID-19 causes tissue
damage throughout the human body, which is likely to increase
blood clotting and blood vessel damage, conditions that are already
compromised by chronic hypertension and diabetes. Most patients
with diabetes who develop COVID-19 demonstrate mild symp-
toms, hence it is important to review their chronic prescriptions
and “sick day management” since some diabetic medications may
increase the risk of dehydration and acidosis. Such medication
maybe temporarily halted. Patients on insulin will have to increase
their doses particulary during episodes of fever, hence hydration
levels require monitoring as well. Telehealth communication is also

essential for diabetic patients with COVID-19 to ensure ongoing
contact with their primary care physician. Other recommendations
include being up-to-date with seasonal flu vaccines and pneumo-
coccal vaccines, in addition to the general public health measures

t
i
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s
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RS-CoV-2. This predisposes patients with diabetes mellitus to suffer from a more

f social/physical distancing, face masksing and good hygiene prac-
ices.

. Conclusion

This review demonstrates that patients with diabetes mellitus
ave a high susceptibility to COVID-19 disease advancement and
evere outcomes. Also, during COVID-19 infection, ACE2 expression
s decreased and this results in an exaggerated activity of Ang II with
ubsequent IR development. Insulin resistance is the main factor
hat initiates the activation of an inflammatory response that pre-
mpts cytokine storms. This affect the alveolar epithelium causing
cute respiratory distress symptoms. Essentially, glycaemic con-
rol is imperative during this pandemic for prognosis to improve,
hus preventative approaches are vital to reduce morbidity and

ortality. It is possible that insulin resistance may  be a key facili-
ator between diabetes mellitus and COVID-19 infection. However,

ore studies are required to confirm this, as insulin resistance may
otentially be used as predictor for both COVID-19 and diabetes
ellitus. In addition, the expression of ACE2, and its role in the

ccurrence of IR needs further investigation.

. Summary

The epidemiology of COVID-19 and its association with car-
iometabolic disorders is poorly understood. Current data shows
n increased risk of mortality in patients with diabetes mellitus and
OVID-19 compared to those without diabetes mellitus. COVID-19
riggers insulin resistance in patients, causing chronic metabolic
isorders that were non-existent prior to infection. Patients with
iabetes mellitus are more susceptible to COVID-19 infection than

hose without diabetes mellitus. ACE2 expression decreases with
nfection, exaggerating Ang II activity with subsequent insulin
esistance development, an exaggerated immune response and
evere SARS-COV-2 infection.
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J. Egido, J. Tuñón, et al., Cardiovascular damage in COVID-19: therapeutic
approaches targeting the renin-angiotensin-aldosterone system, Int. J. Mol. Sci.
21  (18) (2020) 6471.

55] C.M. Ferrario, J. Jessup, M.C. Chappell, D.B. Averill, K.B. Brosnihan, E.A. Tallant,
et  al., Effect of angiotensin-converting enzyme inhibition and angiotensin II
receptor blockers on cardiac angiotensin-converting enzyme 2, Circulation 111
(20) (2005) 2605–2610.

56] L. Fang, G. Karakiulakis, M.  Roth, Are patients with hypertension and diabetes
mellitus at increased risk for COVID-19 infection? Lancet Respir. Med. 8 (4)
(2020) e21.

57] C. Zhang, Z. Wu,  J.-W. Li, H. Zhao, G.-Q. Wang, The cytokine release syn-
drome (CRS) of severe COVID-19 and Interleukin-6 receptor (IL-6R) antagonist
Tocilizumab may  be the key to reduce the mortality, Int. J. Antimicrob. Agents
(2020), 105954.

58] M.  Vaduganathan, O. Vardeny, T. Michel, J.J. McMurray, M.A. Pfeffer, S.D.
Solomon, Renin–angiotensin–aldosterone system inhibitors in patients with
Covid-19, N. Engl. J. Med. 382 (17) (2020) 1653–1659.
59] D. Saiepour, J. Sehlin, P.-A. Oldenborg, Hyperglycemia-induced protein kinase
C  activation inhibits phagocytosis of c3b-and immunoglobulin g–opsonized
yeast particles in normal human neutrophils, Exp. Diabesity Res. 4 (2003).

60] A. Vikram, D.N. Tripathi, A. Kumar, S. Singh, Oxidative Stress and Inflammation
in  Diabetic Complications, Hindawi, 2014.

634
Primary Care Diabetes 15 (2021) 629–634

61] B. Bode, V. Garrett, J. Messler, R. McFarland, J. Crowe, R. Booth, et al., Glycemic
characteristics and clinical outcomes of COVID-19 patients hospitalized in the
United States, J. Diabetes Sci. Technol. (2020), 1932296820924469.

62] G.C.-Y. Lui, T.C.-F. Yip, V.W.-S. Wong, V.C.-Y. Chow, T.H.-Y. Ho, T.C.-M. Li, et al.,
Significantly lower case-fatality ratio of coronavirus disease 2019 (COVID -19)
than severe acute respiratory syndrome (SARS) in Hong Kong—a territory-wide
cohort study, Clin. Infect. Dis. (2020) 1–10.

63] A. Emami, F. Javanmardi, N. Pirbonyeh, A. Akbari, Prevalence of underlying
diseases in hospitalized patients with COVID-19: a systematic review and
meta-analysis, Arch. Acad. Emerg. Med. 8 (1) (2020).

64] W.-j. Guan, Z.-y. Ni, Y. Hu, W.-h. Liang, C.-q. Ou, J.-x He, et al., Clinical charac-
teristics of coronavirus disease 2019 in China, N. Engl. J. Med. 382 (18) (2020)
1708–1720.

65] P.C. Underwood, G.K. Adler, The renin angiotensin aldosterone system and
insulin resistance in humans, Curr. Hypertens. Rep. 15 (1) (2013) 59–70.

66] F.M. Finucane, C. Davenport, Coronavirus and obesity: could insulin resistance
mediate the severity of Covid-19 infection? Front. Public Health 8 (2020).

67] M.  Takeda, K. Yamamoto, Y. Takemura, H. Takeshita, K. Hongyo, T. Kawai, et al.,
Loss  of ACE2 exaggerates high-calorie diet–induced insulin resistance by reduc-
tion of GLUT4 in mice, Diabetes 62 (1) (2013) 223–233.

68] A. Santos, D.O. Magro, R. Evangelista-Poderoso, M.J.A. Saad, Diabetes, obesity,
and  insulin resistance in COVID-19: molecular interrelationship and therapeu-
et  al., Increased airway reactivity and hyperinsulinemia in obese mice are linked
by  ERK signaling in brain stem cholinergic neurons, Cell Rep. 11 (6) (2015)
934–943.

http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0260
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0265
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0270
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0275
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0280
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0285
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0290
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0295
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0300
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0305
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0310
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0315
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0320
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0325
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0330
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0335
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0340
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345
http://refhub.elsevier.com/S1751-9918(21)00048-6/sbref0345

