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Abstract
A significantly high percentage of hospitalized COVID-19 patients with diabetes mellitus (DM) had severe conditions and 
were admitted to ICU. In this review, we have delineated the plausible molecular mechanisms that could explain why there 
are increased clinical complications in patients with DM that become critically ill when infected with SARS-CoV2. RNA 
viruses have been classically implicated in manifestation of new onset diabetes. SARS-CoV2 infection through cytokine 
storm leads to elevated levels of pro-inflammatory cytokines creating an imbalance in the functioning of T helper cells affect-
ing multiple organs. Inflammation and Th1/Th2 cell imbalance along with Th17 have been associated with DM, which can 
exacerbate SARS-CoV2 infection severity. ACE-2-Ang-(1–7)-Mas axis positively modulates β-cell and cardiac tissue func-
tion and survival. However, ACE-2 receptors dock SARS-CoV2, which internalize and deplete ACE-2 and activate Renin-
angiotensin system (RAS) pathway. This induces inflammation promoting insulin resistance that has positive effect on RAS 
pathway, causes β-cell dysfunction, promotes inflammation and increases the risk of cardiovascular complications. Further, 
hyperglycemic state could upregulate ACE-2 receptors for viral infection thereby increasing the severity of the diabetic 
condition. SARS-CoV2 infection in diabetic patients with heart conditions are linked to worse outcomes. SARS-CoV2 can 
directly affect cardiac tissue or inflammatory response during diabetic condition and worsen the underlying heart conditions.
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Abbreviations
ACE  Angiotensin converting enzyme
ADAM-17/TACE  ADAM metallopeptidase domain-17/

Tumor necrosis factor-α-converting 
enzyme

AMPK  Adenosine monophosphate-activated 
protein kinase

Ang  Angiotensin
AP2  Adaptor protein complex-2
ARB  Angiotensin receptor blocker
ARDS  Acute respiratory distress syndrome
COVID-19  Coronavirus disease 2019
eNOS  Endothelial nitric oxide
FIPV  Feline infectious peritonitis (corona) 

virus
FGF  Fibroblast growth factor
GCSF  Granulocyte colony-stimulating factor
GMCSF  Granulocyte-macrophage colony-

stimulating factor
HbA1C  Glycated haemoglobin
HERO  Health care worker prophylaxis 

against COVID-19
HNF  Hepatocyte nuclear factor
ICU  Intensive care unit
IFN  Interferon
IL  Interleukin
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IP  Interferon gamma-induced protein
JAK  Janus kinases
MAS  Macrophage activation syndrome
Mas  MAS proto-oncogene
MCP  Monocyte chemoattractant protein
MERS-CoV  Middle eastern respiratory syndrome 

coronavirus
MHC  Major histocompatibility complex
MIP  Macrophage inflammatory protein
mTOR  Mammalian target of rapamycin
NAD(P)H  Nicotinamide adenine dinucleotide 

(phosphate)—reduced form
NO  Nitric oxide
NOD  Non-obese diabetic
PDGF  Platelet derived growth factor
RAS  Renin-angiotensin system
RECOVERY  Randomized evaluation of COVID-19 

therapy
SARS-CoV  Severe acute respiratory syndrome 

coronavirus
T regs  T regulatory cells
Th   T helper cells
TMPRSS2  Transmembrane protease, serine-2
TNF  Tumor necrosis factor
VEGF  Vascular endothelial growth factor

Background

Prevalence of diabetes and cardiovascular 
complications in COVID‑19

Diabetes mellitus (DM) is a collection of metabolic disor-
ders characterized by hyperglycaemia resulting from defects 
in insulin secretion, action or both, owing to disturbance 
in carbohydrate, fat and protein metabolism. Long standing 
poorly controlled DM results in complication of eyes, kid-
neys, nerves, blood vessels and heart [1]. Current statistics 
by the international diabetes federation atlas 2019 project 
that nearly 463 million or 9.3% of adults worldwide have 
diabetes, which may ascend to 700 million or one in every 
ten adults by 2045 [2].

The outbreak of SARS-CoV-2, COVID-19 has seen suc-
cessive epicenters that initiated from China to Europe to 
North America and followed by its progession to develop-
ing countries like Brazil and India. The pandemic started in 
China and in a comprehensive report of 138 patients hospi-
talized in the Wuhan district, a trend was observed where 
22.2% and 25% of all patients requiring admission to inten-
sive care units (ICU) were having diabetes and cardiovas-
cular disease, respectively [3]. Similar data from Shanghai 
China reported 19.2% cases with critical pneumonia had 
diabetes and 30.8% had heart conditions [4]. In more recent 

reports; first originating from Wuhan, Hubei, China, 24.9% 
of cases with severe COVID-19 symptoms were diabetic 
out of 193 critical patients and 27.1% of these patients with 
SARS-CoV2 infection had cardiovascular disease, which 
was significantly higher than non-diabetic patients [5]. A 
second report from Taizhau, Zhejiang, China reported 16.3% 
diabetic patients among the severely ill COVID-19 patients, 
where 60.5% patients presented chest tightness as one of 
their symptoms [6]. The major epicenter of this outbreak in 
the European Union was at Italy. In one of the early reports 
in February from Pavia, Italy, 15.9% and 25% COVID-19 
positive cases were patients with diabetes and heart disease, 
respectively [7]. Another report coming from the Lombardi 
region in Italy suggested that out of 1591 COVID-19 posi-
tive cases with critical symptoms requiring ICU admission, 
17% were diabetic patients and 21% patients had cardiovas-
cular disease [8]. Among all the fatalities in Italy a random 
number of 355 cases were screened for their comorbidities, 
and 126 (35.5%) were observed to have diabetes and 30% 
had ischemic heart disease [9]. The most alarming epicenter 
originated at USA where a recent report based from the city 
of New York, of 5700 COVID-19 positive patients who 
were hospitalized, 1808, i.e. 33.8% patients were found to 
have diabetes and approximately 56.6% patients were hav-
ing hypertension and 18% with other heart diseases [10]. A 
hospitalization surveillance network for the month of March 
2020 in the USA found a total of 28.3% diabetic patients 
and 27.8% with cardiovascular disease in their cohort of 
hospitalized COVID-19 positive cases [11] (Tables 1 and 
2). Similar reports have been emerging from many other 
affected regions throughout the globe. 

Immune imbalance and inflammation 
are direct effectors of deteriorating β‑cell 
survival and cardiovascular conditions 
in diabetes

Viral infections as an environmental factor causing 
diabetes

Viral infections are categorized as one of the main envi-
ronmental factors in developing type 1 DM. There have 
been many RNA viruses that are reported to be associated 
with the development of type 1 DM in humans. Coxsackie 
A/B viruses, Rubella viruses, Retrovirus and Rota viruses 
are among the reported viruses [12]. Previous studies have 
demonstrated that viral infections in β-cells cause prolonged 
presence of viral proteins within these cells. Also, β-cells 
have decreased defensive capacity against viral infections 
when compared to other neighboring endocrine cells. When 
these viral protein antigens mixed with β-cell specific anti-
gens are presented to the host immune system, the generated 
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immune response starts acting on the β-cells, thereby devel-
oping autoimmunity [13]. Further, the fact that viral proteins 
tend to persist longer in human β-cells suggests their lower 
clearance rate of viral particles [14]. Type 1 DM and auto-
immunity emerging due to viral infections has been linked 
with genetic predisposition where function and regulation of 
genes involved in antiviral response, host immunity, β-cell 
structure and function affect the onset of the disease. The 
genetic variations favor virus induced type 1 DM when 
genes involved in viral particle recognition, viral particle 
clearance, antiviral response and its downstream signaling 
have distinct DNA variants [15].

Immune imbalance and inflammation from viral infection 
is directly related to severity and new onset in diabetic 
patients

The β-cells infected by viruses lead to a cytotoxic immune 
response by presenting β-cell specific antigens to lymph 
nodes upon their death. This epitope spreading can induce 
an autoimmune response towards β-cells in the infected host 
[16]. In diabetic animal models, it has been confirmed that 
viral infections attract natural killer cells and T cells that 
produce inflammatory cytokines like interferon-γ, TNF-α 

and IL-1β leading to the destruction of β-cells [17]. Fur-
ther, if viral antigens have homology to β-cell epitopes it 
can accelerate the incidence of type 1 DM caused due to 
molecular mimicry [18]. Another mechanism that augments 
to β-cell death via the host immune system is bystander acti-
vation, where viral infections in the surrounding tissues pro-
duce inflammatory cytokines from their cell death. These 
cytokines would activate T cells specific to β-cells within 
pancreas or lymph nodes resulting in β-cell death [15, 19].

How SARS-CoV2 affects type 1 diabetic patients is yet 
to be confirmed. The presence of ACE-2 receptors on islet 
β-cells makes these cells a direct target for SARS-CoV2 
spike protein binding, subsequent infection and ensuing 
deleterious effects. The cellular death due to viral infec-
tions causes inflammatory response. This altered cytokine/
chemokine profile around various tissue systems affects their 
characteristics and normal function, which is reflected in 
the clinical characteristics reported so far [5]. More impor-
tantly the fact that SARS-CoV leads to β-cell dysfunction 
causing acute diabetes [20], along with the above discussed 
case report of young patient developing new onset diabetes 
after SARS-CoV2 infection is sufficient to acknowledge the 
connection between SARS-CoV2 in diabetic disease patho-
genesis and patient severity.

Table 1  Prevalence of diabetes mellitus as a comorbidity in Covid-19 positive cases globally

NR not reported
*Parameters of diabetic patients with Covid-19
# Parameters of patients in ICU with sever Covid-19 symptoms
**Cardiovascular disease with diabetes
$ Patients presenting chest tightness

Report [3] [4] [5]* [6]# [7] [8] [9] [10] [11]
Region Wuhan, China Hubei, China Wuhan, China Taizhou, 

Zhejiang, 
China

Pavia, North 
Italy

Lombardy. 
Italy

Italy New York, 
USA

USA (14 
states)

Total number 
of patients

138 333 193 145 44 1591 355 5700 178

Age (median 
years)

56 50 64 47.5 > 65 63 79.5 63 NR

Diabetic (%) 
within total 
sample

10.1 7.5 24.8 6.9 15.9 17 35.5 33.8 28.3

Diabetic 
(%) within 
ICU/severe 
condition

22.2 19.2 34.78 16.3 14.2 NR NR NR NR

Cardiovascu-
lar disease 
within ICU/
severe con-
dition (%)

16.7 30.8 27.1** 60.5$ 35.29 21 35.5 Hypertension 
56.6

Coronary 
artery dis-
ease 11.1

Congestive 
heart failure 
6.9

27.8
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SARS‑CoV2 infection causes T cell imbalance 
and inflammation which is associated to increase 
disease severity in diabetic condition

COVID‑19 and cytokine storm

Earlier studies have relayed elevated levels of pro-inflam-
matory cytokines in patients infected with SARS-CoV and 
MERS-CoV. Similarly, with respect to SARS-CoV2, 41 
COVID-19 confirmed cases were hospitalized, of which 20% 
had diabetes. The patients who were admitted had higher 
plasma concentration of cytokines and growth factors such 
as TNF-α, PDGF, MCP-1, MIP-1A, MIP-1B, IP-10, IFN-γ, 
basic FGF, GCSF, GMCSF, VEGF, IL-1β, IL-1RA, IL-7, 
IL-8, IL-9 and IL-10 than non-infected patients. Further, 
the plasma levels of following cytokines were higher in 
the patients admitted to intensive care units (ICU): TNF-α, 
MCP-1, MIP-1A, IL-2, IL-7, IL-10, GCSF and IP-10 [21]. 
There is a marked difference in the cytokine profile between 
the COVID-19 infected patients in ICU compared to non-
ICU COVID-19 confirmed cases, which strongly indicates 
the connection between the cytokine storm and disease 

severity. Further, this cytokine storm would inevitably lead 
to multi-organ dysfunction due to hyper-inflammation, 
which in fact is observed in most of the critical COVID-19 
cases globally [22].

SARS‑CoV2 infection causes T cell imbalance

SARS-CoV2 infections have caused severe clinical condi-
tions in many patients. In one such report, 286 COVID-19 
patients out of 452 positive cases developed severe disease 
[23]. In these severe patients lymphocytopenia was observed 
based on immune cell phenotyping. It was observed that not 
only  CD4+ T cell population decreased in these patients but 
also the ratio of naïve to memory  CD4+ T cells increased. 
These reports also confirmed decrease in the number of T 
regulatory (T regs) cell populations including induced T 
regs that restrain allergic response and naïve T regs which 
regulate autoimmunity. These alterations in the levels of 
immune cells caused an imbalance in functioning of the 
immune system. The reduced T reg population may fur-
ther aid in enhancing the inflammatory damage. This along 
with increased neutrophil to lymphocyte ratio and higher 

Table 2  Clinical biochemical parameters of positive Covid-19 cases globally

NA Not reported
*Parameters of Diabetic Patients with Covid-19
# Parameters of Patients in ICU with sever Covid-19 symptoms

Report [3] [4] [5]* [6]# [7] [10]

WBC 
count, ×  109/L 
(ICU)

Normal range 
3.5–9.5

6.6 (3.6–9.8) 
(median)

18.6% ≤ nor-
mal range & 
0.3% ≥ normal 
range

7.99 (5.90 to 
13.04)

6 (4.44, 7.40) 50% leukopenia 
(white blood cell 
count < 5000 
cells/mm3)

7.0 (5.2–9.5)

Neutrophil 
count, × 109/L

1.8–6.3

4.6 (2.6–7.9) 2.1% ≤ nor-
mal range & 
0.4% ≥ normal 
range

7.25 (4.33 to 
11.81)

4.5 (2.7, 5.6) NR 5.3 (3.7–7.7)

Lymphocyte 
count, × 109/L

1.1–3.2

0.8 (0.5–0.9) 10.8% ≤ nor-
mal range & 
0.8% ≥ normal 
range

0.54 (0.42 to 0.93) 0.9 (0.6, 1.1) 88.63% Lym-
phopenia 
(lymphocyte 
count < 1500 
cells/mm3)

0.88 (0.6–1.2)
Lympho-

cyte, < 1000 × 109/L
3387 (60%)

Monocyte 
count, × 109/L

0.1–0.6

0.4 (0.3–0.5) NR NR 0.4 (0.3, 0.5) NR NR

Platelet 
count, × 109/L

125–350

142 (119–202) NR 161.0 (126.5 to 
232.5)

192 (142, 259) 43.18% Thrombo-
cytopenia (plate-
lets < 150,000/
mm3)

NR

D-dimer, mg/L
0–0.5

0.414 (0.191–
1.324)

NR 2.6 (1.0 to 2.1) 0.32 (0.21, 0.49) NR 0.438 (0.262–0.872)

C reactive protein NR 42.9% ≥ normal 
range

NR 4.7 mg/mL
(1, 26.78)

18.18%
CRP elevated 

(CRP > 10 mg/
dL)

13.0 (6.4–26.9)
mg/dL
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levels of pro-inflammatory cytokines are related to hyper-
inflammation and infection, which is consistent with cases 
of critical patients in other COVID-19 reports [3, 23]. In 
SARS-CoV2 COVID-19 infected patients it is noticed that 
inflammatory cytokines like IFN-γ and MCP-1 activate 
Th1 cells, which triggered specific immunity. However, on 
the other hand, these patients also express IL-4 and IL-10 
which are secreted by Th2 cells, responsible for suppressing 
inflammatory responses [24]. Further, Th17 cells would get 
activated due to various cytokines such as IL1-β and TNF-α 
present within the cytokine storm. Th17 themselves release 
IL-17, IL-21, IL-22 and GCSF. IL-17 is a pro-inflammatory 
cytokine which is broadly associated with autoimmunity and 
inflammatory diseases whereas GCSF promotes develop-
ment of granulocytes and recruit neutrophils [25]. Another 
aspect of immune response relevant with COVID-19, SARS-
CoV2 viral infection is macrophage activation syndrome 
(MAS), which is characterized by the presence of elevated 
levels of IL-6, IL-1β, IFN-γ and TNF-α along with ferritin. 
This is highly associated with lung hyper-inflammation and 
ultimately development of acute respiratory distress syn-
drome (ARDS) [26].

T cell imbalance and inflammation is also a characteristic 
clinical feature in both type 1 and 2 diabetes mellitus

T cell imbalance and inflammation in type 1 diabetes mel‑
litus The Th1/Th2 cells imbalance is greatly associated 
with diabetic condition. Th1 cells stimulated by IFN-γ and 
IL-12 are essential in activation of macrophages and patho-
gen clearance; whereas Th2 cells get stimulated by IL-4, 
which regulate immune response towards allergies. Pre-
viously, in a rodent study it was reported that type 1 DM, 
which is an autoimmune disorder, observed an increase in 
stimulated Th1 cells in response to increased level of IFN-γ. 
IFN-γ level is also elevated in viral induced type 1 DM and 
is also observed in severe cases with COVID-19. However, 
in response to SARS-CoV2 infections there is no change in 
IL-4 levels resulting in an imbalance between Th1/Th2 cells. 
This disturbance in the balance results in increased inflam-
mation and MAS. Further, IFN-γ is implicated in upregulat-
ing MHC class 1 and II expressions and homing of Th1 cells 
towards pancreatic endocrine cells in non-obese diabetic 
(NOD) mice, thereby implicating itself in the progression of 
type 1 DM [21, 27]. Th17 cells that produce IL-17 have been 
previously confirmed to be present in abundance in type 1 
diabetic human pancreas [28]. Further, elevated levels of 
IL-6 and IL-1β as mentioned above in COVID-19 severe 
cases, can promote Th17 development which along with 
pro-inflammatory cytokines plausibly lead to islet inflam-
mation causing β-cell death [29]. T cells that can express 
both IFN-γ and IL-17 are called Th1/17 cells and have also 
been identified in type 1 diabetic patients [30]. This immune 

system imbalance may lead to β-cell dysfunction resulting 
in new onset diabetes in SARS-CoV2 infections.

T cell imbalance and  inflammatory cytokines linking type 
2 diabetes mellitus The elevated levels of IL-17 have also 
been detected in patients with type 2 diabetes, which have 
been linked to inflammation in adipose tissue. IL-17 regu-
lates expression of TNF-α and NF-kB, which can lead to 
elevated pro-inflammatory cytokines expression causing 
chronic inflammatory responses at systemic level. This 
plays an essential role in development of insulin resistance 
in type 2 diabetic patients [31]. White adipose tissue is com-
promised for its secretory cytokine profile which involves 
several pro-inflammatory cytokines [32]. Further an imbal-
ance in the immune system leading to changes in the mac-
rophage phenotype has been observed with a shift from 
anti-inflammatory M2 type to pro-inflammatory M1-type 
[33]. There has been a direct molecular link that has previ-
ously proven the role of inflammatory cytokines in inducing 
insulin resistance in the peripheral tissue [34]. COVID-19, 
SARS-CoV2 viral infection induced cytokine storm along 
with the systemic immune cell and cytokine imbalance in 
diabetic patients would make their clinical state more aggra-
vated and severe as identified in previous clinical reports 
and case studies. An insight into SARS-CoV2 infection 
and inflammation mediated severity in diabetes will be dis-
cussed in later sections.

Immune cell imbalance leading to inflammation 
in diabetic state causes cardiomyopathy

Patients with DM develop abnormality in myocardial struc-
ture and function, mainly in ventricles, leading to heart fail-
ure, even in absence of hypertension or any coronary artery 
or valve disease. Increase in glycemic and insulin index 
along with cardiac insulin resistance in diabetic patients lead 
to elevated levels of inflammation and oxidative stress in the 
cardiac tissue, which result in cardiac cell death and dis-
assembly. All these factors cumulate towards hypertrophy, 
fibrosis and stiffness of the cardiac tissue leading towards 
dysfunction and heart failure. The initial phase of diabetic 
cardiomyopathy is characterized by development of cardiac 
diastolic dysfunction due to inflammation, oxidative stress 
and activation of RAAS pathway induced by glucotoxicity, 
cardiac insulin resistance and, metabolic and  Ca2+ signaling 
dysregulation. The later phase includes progression towards 
clinical heart failure by worsening of diastolic dysfunction 
through LV hypertrophy and cardiac tissue disassembly 
directly affecting heart function.

Diabetic pathophysiology induces perturbations in the 
innate immune system thereby stimulating the pro-inflam-
matory cytokines which aid in the development and progres-
sion of cardiac myopathy [35]. Increased ROS, AGEs and 
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activation of RAS pathway (discussed in the later section) in 
diabetic condition within the cardiac tissue can upregulate 
expression of transcription factors likes NF-KB, which can 
further regulate expression of pro-inflammatory cytokines 
and cell death. Activation of NF-KB in murine diabetic 
models has previously shown to increase ROS mediated 
endothelial and myocardial cell dysfunction and death in 
cardiac tissue. Further, due to increased ROS, macrophages 
accumulated within the cardiac tissue undergo pro-inflam-
matory M1 polarization, which further aids in promoting tis-
sue inflammation by pro-inflammatory cytokines and growth 
factors that further stimulate fibrosis. Further, impaired 
macrophage function with respect to its phagocytosis and 
chemotactic activity has been previously observed in dia-
betic patients [36].

In diabetes, glucotoxicity and oxidative stress activate 
immune cells to create inflammatory niche in cardiac tis-
sue. Presence of activated leucocytes with high production 
of ROS has been observed post MI in diabetic coronary 
microcirculation. Neutrophils in diabetic condition secrete 
pro-inflammatory cytokines, and form neutrophil extracel-
lular traps which contribute towards sustained inflammatory 
response and prevent wound healing. CAD onset has been 
previously observed to be associated with increase in Th1, 
Th17 and Th22 lymphocytic subsets. Th1 and Th17 cells and 
their associated cytokines were upregulated, whereas Th2 
population was suppressed in diabetic patients manifesting 
CAD. Further, a decline in Treg population that helps in 
inflammatory homeostasis and prevention of chronic inflam-
mation is observed to have declined in diabetic patients asso-
ciated with heart failures. Hence, in summary metabolic per-
turbations in diabetic condition leads to a systemic immune 
imbalance which results in activation of pro-inflammatory 
mechanisms resulting in cardiac inflammation thereby caus-
ing myocardial stiffness, disassembly, dysfunction and cell 
death. All of which gradually leads to heart failure in the 
chronic diabetic inflammatory state.

COVID‑19, ACE‑2 receptors and their relation 
with diabetes and cardiovascular disorders

ACE‑2 molecular machinery

Classically renin-angiotensin system (RAS) entails the con-
version of liver angiotensinogen to angiotensin-I (Ang-I) by 
renin in the kidney. Ang-I is further converted to angioten-
sin-II (Ang-II) by angiotensin-converting enzyme (ACE). 
Ang-II promotes electrolyte reabsorption from kidney and 
regulates vasoconstriction [37]. Ang-II can also  induce 
ROS production by activating NAD(P)H oxidase [38]. In 
terms of promoting inflammation, Ang-II and RAS signal-
ing stimulate the production of various pro-inflammatory 

cytokines and chemoattractant like MCP-1. It also triggers 
an increase in vascular permeability by elevating VEGF 
secretion to increase infiltrating immune cells [39]. ACE-2 
is monocarboxy-peptidase, zinc metalloprotease enzyme 
with a 42% homology with ACE. The membrane bound 
ACE-2 is cleaved at its ectodomain by ADAM-17 to gener-
ate its soluble form. ACE-2 converts Ang-II to Ang-(1–7). 
Ang-(1–7) binds to Mas receptor, which activates the release 
of bradykinin, nitric oxide, prostaglandin and inhibits the 
release of norepinephrine, which results in vasodilation [40, 
41]. The earlier reports confirm that ACE-2 presents itself 
as a receptor for SARS-CoV and several recent reports on 
COVID-19 pandemic now suggest that ACE-2 is the recep-
tor for SARS-CoV-2 COVID-19 as well [42, 43] (Fig. 1).

Mechanism of ACE‑2 receptor in diabetic 
complications

The RAS system has been reported to be in a hyperactive 
state in the diabetic condition [40]. The inhibition of RAS 
has shown amelioration in diabetic condition by increasing 
insulin sensitivity and glucose uptake in both adipose and 
muscle tissue. In liver and pancreas, it has been reported to 
prevent fibrosis and oxidative damage along with increase in 
insulin release from the pancreas. ACE-2 counter the RAS 
pathway and abates the progression of several pathological 
processes in various tissues in the diabetic condition [40]. 
In diabetic condition, elevated levels of ACE were observed 
in serum, heart, lung, and liver, while ACE-2 was signifi-
cantly increased in serum, liver and pancreas [44]. Further, 
diabetic nephropathy follows deletion of ACE-2 gene in type 

Fig. 1  SARS-CoV2 Covid-19 structure and docking with ACE-2 
receptor. ACE and ACE-2 receptors are transmembrane proteins. 
ACE converts Ang-I to Ang-II, which is  further cleaved into Ang-
(1–7) by ACE-2. The SARS-COV-2 Covid-19 viral RNA codes for 
4 vital structural proteins viz. transmembrane Spike glycoprotein (S), 
membrane (M), envelope (E) and Nucleocapsid protein (N)
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1 diabetic mice [45]. Also, Mas knockout mice develop insu-
lin resistance and faulty glucose uptake thereby associating 
the ACE-2/Ang-(1–7)/Mas axis with type 2 DM [46]. Ang-
(1–7) in skeletal muscles could enhance insulin sensitivity 
and insulin dependent glucose uptake thereby ameliorating 
insulin resistance [47].

Renin‑angiotensin system in diabetes induces 
cardiovascular disorders

RAS has a profound effect on the development of cardio-
vascular complications in diabetic state. Hyperglycemia 
induced increase in Ang-II levels has been previously 
observed in cardiac tissue. Ang-II has an adverse effect on 
insulin receptor and downstream insulin signaling, thereby 
aiding the insulin resistance condition in the cardiac tissue 
[48]. Further, Ang-II via AT-1 receptor induced a signaling 
cascade involving JAK-STAT pathway, MAP kinase path-
way and inositol phosphate recruiting NF-AT3 to promote 
proliferation of cardiac fibroblasts. Ang-II via AT-1 also 
activates p53 which triggers apoptosis in these cells caus-
ing cardiac fibrosis [49]. In response to oxidative stress and 
inflammatory conditions in the diabetic condition, NF-KB 
is activated in the cardiac tissue which further regulates and 
enhances the pro-inflammatory mediated tissue damage. It 
is reported that Ang-II induces the expression of NF-KB 
through TLR-4/JNK signaling in the cardiac tissue, which 
further leads to endothelial dysfunction, vascular remod-
eling and stiffness [50]. Patients with diabetic condition are 
often treated with ACE inhibitors and Ang-II type 1 receptor 
blockers (ARBs) along with other antidiabetics like thiazo-
lidinedoines which all upregulate the expression of ACE-2. 
Similarly, patients with hypertension are also treated with 
ACE inhibitors and ARBs. This condition is uniquely poised 
for developing a more severe and alarming SARS-CoV2 
infection among such patients [51].

ACE‑2 and beta cell survival in diabetic patients

The islets of Langerhans makes up the endocrine part 
(1–2%) of the whole pancreas, and 70–90% of islet is com-
prised of insulin producing β-cells. The acinar cells along 
with endothelial cells which make up the microvascular part 
that supply blood, together makes up 98% of the exocrine 
pancreatic tissue [52]. The β-cells are known to have low 
levels of antioxidant enzymes when compared to other types 
of cells present in the endocrine pancreas, which makes 
them specifically vulnerable to oxidative stress leading to 
cell death [53]. The ACE-2 receptors are expressed in the 
exocrine (acinar) and endocrine (islets) system of the pan-
creas [54]. It is reported that ACE-2 knockout mice demon-
strate decreased capacity of insulin secretion in response to 
glucose [55]. Further, ACE-2 gene therapy in 8-week db/

db mice improved blood glucose, increased islet function, 
β-cell proliferation and survival. However, it only improved 
glucose homeostasis with no effect on β-cells when mice 
were given gene therapy after 16 weeks [56]. It was reported 
that disruption in glycemic homeostasis with pancreatic 
β-cell dysfunction is caused due to decreased ACE-2 lev-
els. Therefore, lowered ACE-2 levels would elevate serum 
Ang-II which would increase β-cell Ang-II receptors and 
augment the RAS pathway, thereby increasing oxidative 
stress in β-cells. However, ACE-2 gene therapy amelio-
rated the above condition thereby affecting β-cell survival. 
In this study, the restoration of ACE-2 enzyme expression 
and activity was associated with decreased β-cell oxidative 
stress, increased glucose stimulated insulin secretion (GSIS) 
and improved overall β-cell function [57]. In a recent study, 
deficiency of ACE-2 caused negative impact on β-cell mass 
and proliferation in mice [58]. It was observed that ACE-2-
Ang (1–7)-mas axis decreases pro-inflammatory cytokine 
levels including interleukin-6 (IL-6) and interleukin-8 (IL-8) 
and increases anti-inflammatory cytokines including inter-
leukin-10 (IL-10) levels. This was associated with increased 
expression of P13K/AKT pathway and eNOS in the exocrine 
pancreas as well as improvement in pancreatic function [59]. 
In another study, it was concluded that ACE-2-Ang-(1–7)-
mas axis inhibits pancreatitis by downregulating pro-inflam-
matory cytokines such as IL-6, IL-8 and TNF-α and abating 
p38MAPK/NF-KB pathway [60]. The above axis activates 
the Akt/NOS/NO pathway in endothelial cells, which is 
essential for pancreatic homeostasis, thereby improving 
β-cell survival and function [61]. However, presence of 
ACE-2 on β-cells and other tissues would make these tis-
sue systems more susceptible and impacted during a SARS-
CoV-2 infection (Fig. 2).

COVID‑19, ACE receptors and their relation 
to severity of cardiovascular condition 
in diabetes patients

SARS‑CoV2 structure proteins and ACE‑2 receptor

The SARS-CoV-2 COVID-19 viral RNA codes for 4 vital 
structural proteins viz. transmembrane spike glycoprotein 
(S), membrane (M), envelope (E) and nucleocapsid protein 
(N) (Fig. 1). The S protein is a homotrimer which allows 
the virus to anchor to the host cellular surface and fuse 
with its membrane. It has two domains, S1 which has a 
receptor binding domain (RBD) and S2 which assists the 
viral and membrane fusion. Further, a cellular serine pro-
tease, i.e. TMPRSS2 is required for priming and cleaving 
the S protein at S2ʹ site of S1/S2, followed by S2 mediated 
viral fusion [62]. As described in the above sections, in 
diabetic condition there is elevation in the expression of 
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ACE-2 receptor at a multi organ level, which would pos-
sibly lead to an increase in the cellular tropism involved 
with SARS-CoV-2. Further, ACE-2 counters the RAAS 
pathway as discussed earlier in cardiovascular disorders. 
The internalization of ACE-2-virus complex decreases the 
ACE-2 receptors on the cell surface along with inhibi-
tion of ACE-2 by unknown viral particles [63], thereby 

rendering the ACE-2/Ang-(1–7)/mas axis ineffective mak-
ing the cardiovascular and diabetic condition under the 
influence of SARS-CoV-2 COVID-19 more severe (Fig. 1).

Role of ADAM‑17 in relation to COVID‑19, diabetes 
and its cardiovascular complications

TNF-α converting enzyme (TACE) known as ADAM-17 is 
a Zn metalloprotease of the adamalysin subfamily. It acti-
vates TNF-α, which is responsible for chronic inflammation. 
ADAM-17 is known to activate other cytokines and recep-
tors. ACE-2 being one such receptor is cleaved by ADAM-17 
leading to enhanced activation of RAS pathways that leads 
to oxidative stress and subsequent inflammation. RAS acti-
vation involves phosphorylation of ADAM-17 that catalyzes 
the shedding of ACE-2 from the cell membrane thereby 
creating a positive feedback loop. Increase in ADAM-17 
expression has been reported in cardiac tissue under the 
influence of ectopic Ang-II [64], which is followed by sig-
nificant reduction in membrane bound myocardial ACE2 and 
rise in plasma ACE2 levels. Wang et al., have previously 
shown that silencing of ADAM-17 prevented progression 
of cardiac hypertrophy and fibrosis in presence of Ang-II 
[65]. During COVID-19, SARS-CoV2 viral infection, viral 
binding to ACE-2 receptors decreases the overall receptor 
expression that leads to abatement of ACE-2 mediated pro-
tective response and activation of ADAM-17 by activation 
of RAS pathway. In diabetic condition it was observed that 
ADAM-17, that causes shedding of ACE-2 does not deplete 
it from the surface of islets within pancreas, which during 
COVID-19, SARS-CoV2 viral infection serves as docks 
for the viral entry followed by inflammatory responses as 
described above [66]. In previous studies with SARS-CoV, 
it has been observed that viral entry was severely hampered 
on downregulating the expression of ADAM-17. Hence, it 
is possible that for the SARS-CoV-2 infection, inhibition of 
ADAM-17 may play a vital role in restricting viral entry and 
retaining ACE-2 function [43].

Impaired β‑cell and cardiac function due to glycated 
hemoglobin  (HbA1C) levels in SARS‑CoV2 infections

Clinical description of COVID-19 patients throughout the 
world has shown higher than normal levels of glycated 
hemoglobin. Interestingly, an inverse relationship between 
glycated hemoglobin levels and β-cell function has been 
well established. Increase in  HbA1C levels correspond to a 
significant decrease in insulin sensitivity and β-cell func-
tion as shown in Mexican American subjects [67]. There-
after, in more than 10,000 subjects, a direct correlation was 
established between increase in insulin resistance and loss of 
β-cell function with an increase in  HbA1C levels independ-
ent of gender, age, or body mass index [68]. This has been 

Fig. 2  Pathogenesis of Covid-19 in heart and β-cells through 
ACE-2 receptor in diabetic patients. ACE receptor converts Ang-I 
to Ang-II, which has detrimental effects through the RAS pathway, 
thereby increasing systemic oxidative stress and apoptosis leading to 
decrease in proliferation and insulin secretion by β-cells along with 
an increase in the risk of cardiovascular complications. Whereas, 
ACE-2 receptor has protective effect on β-cells by converting the 
Ang-II to Ang-(1–7) which through Mas receptor stimulates vaso-
dilatory, anti-inflammatory and anti-fibrotic signaling and decreases 
oxidative stress, provides antiviral defences, increases β-cell prolif-
eration and insulin secretion. However, Covid-19 infection reduces 
ACE-2 receptors on the cell surface by directly binding ACE-2 and 
its  endocytosis, which releases suppression of RAS and in turn fur-
ther reduces ACE-2 expression. Further, the cytokine storm caused 
due to the hyper-inflammation of the Covid-19 infection release the 
pro-inflammatory cytokines that activate ADAM-17 and cleave the 
ACE-2 receptors from the membrane surface. The cytokine storm 
along with the immune cell imbalance not only adversely affects the 
cardiac tissue and β-cells but it will cause organ dysfunction at sys-
temic level
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further validated in non-diabetic off springs of type 2 dia-
betic individuals where in response to elevated  HbA1C lev-
els acute loss of insulin sensitivity followed with decreased 
β-cell function was observed [69]. Previous clinical studies 
have shown a direct link between reduction in  HbA1C levels 
corresponding to a reduction in heart failure risk. It was seen 
that a 1% reduction in  HbA1C reduces 16% risk of manifest-
ing heart failures [70]. Another study established that gly-
cated hemoglobin levels above 6% have a direct implication 
with an increased risk of developing cardiovascular compli-
cations [71]. Further, with respect to COVID-19 pandemic, 
elevated levels of  HbA1C has been clinically associated 
with inflammation, thrombosis and death rate suggesting 
that patient severity was directly associated with elevated 
 HbA1C levels [72]. Hence, an existing robust correlation can 
be drawn between the disease pathogenesis and its severity 
presented for heart diseases in diabetic or hyperglycemic 
patients suffering from SARS-CoV2 infections.

SARS‑CoV2, imbalance in ACE‑2/RAS signaling, 
insulin sensitivity and hyperglycemia leads to β‑cell 
and cardiac tissue dysfunction—a vicious circle

The relationship between diabetes and SARS-CoV2 infec-
tion appears to be bi-directionally correlated. It seems that 
the infected state becomes more severe in patients with pre-
existing diabetes whereas there is also a possibility of new 
onset diabetes post SARS-CoV2 infection [73]. The cause 
for either is unclear. However, pathogenic load causing 
systemic inflammation has been directly linked to insulin 
resistance and development of type 2 DM [74]. Triglyceride-
glucose (TyG) index (marker for insulin resistance) is associ-
ated with metabolic disorder was observed to be accompa-
nied with critical patients infected with SARS-CoV2 [75]. 
ACE-2/Ang-(1–7)/mas pathway is rendered inactive due to 
internalization of ACE-2 receptors by SARS-CoV2, which 
activates the Ang-II mediated RAS pathway. Further, pro-
gression of SARS-CoV2 triggers RAS pathway to stimulate 
oxidative stress and inflammation [43]. Moreover, Ang-II 
has been strongly implicated in promoting insulin resist-
ance by desensitizing the insulin signaling pathway in the 
peripheral tissue [76]. RAS further aids in the development 
of insulin resistance in response to pro-inflammatory stimu-
lation [76]. Insulin resistance can increase free fatty acids 
in circulation from adipocytes which trigger a cascade of 
events to decrease overall HDL and increase LDL which are 
both risk factors for cardiovascular diseases [77]. Activation 
of RAS pathway also triggers elevation in blood pressure 
along with vasoconstriction and cardiac contractility [78]. 
Hyperglycemia in SARS-CoV2 infected patients has been 
directly correlated as an independent risk factor associated 
with increased severity and mortality [79–81]. Classically 
it is well understood that systemic hyperglycemic condition 

leads to glucotoxicity, β-cell dysfunction and diabetic car-
diomyopathy [82, 83]. It is observed that hyperglycemia 
upregulates expression of angiotensinogen, ACE and Ang-
II [84]. Alternatively, ACE-2 receptors in diabetic condi-
tion were upregulated in serum, liver and pancreas in NOD 
mice [44]. ACE-2 receptor deletion in NOD mice severely 
affected glucose homeostasis and decreased β-cell func-
tion [85]. β-cell dysfunction and their dedifferentiation was 
observed in a high fat mice model in response to ACE-2 
knockout, which gets ameliorated by stimulation of ACE-2/
Ang-(1–7)/mas signaling [86]. Susceptibility of β-cells to 
SARS infection have been previously reported which led to 
β-cell death followed by acute diabetes [20]. All this indi-
cates that high glucose could lead to an increase in ACE-2 
expression in the insulin producing β-cells which then may 
get adversely affected by the SARS-CoV2. To validate this 
claim, a recent study has shown that with increased inflam-
matory stress condition, the expression of ACE-2 receptors 
on β-cells in human pancreas is preferentially and signifi-
cantly upregulated making these cells more susceptible and 
targeted during SRAS-CoV2 infection [87]. Further, we also 
know that SARS-CoV2 viral spike proteins bind to ACE-2 
receptors and both the virus and the receptors are heavily 
glycosylated [88, 89]. This glycosylation not only facili-
tates viral selectivity and entry into the cells but also acts 
as a shield against antibody recognition [90]. It is possible 
that systemic high glucose may lead to higher glycosylation 
rates of these molecules thereby worsening the SARS-CoV2 
infection state [91]. These evidences indicate that there is a 
vicious cycle at play where SARS-CoV2 targets the ACE-2 
receptors on peripheral tissues increasing insulin resistance 
and hyperglycemia, which would in turn affect β-cell burn 
out along with increasing hypertension and increased risk of 
cardiovascular complications. β-cells by themselves express-
ing ACE-2 would fall prey to the virus. Further, hypergly-
cemic condition would increase viral infection in peripheral 
tissue and β-cells along with activation of RAS pathway 
would facilitate more adverse patient condition. This would 
explain the increased deteriorating patient heart condition 
in existing diabetic patients contracting SARS-CoV2 in 
COVID-19 patients (Fig. 3).

SARS‑CoV‑2 hypercoagulability in relation 
to diabetic cardiomyopathy

There is an alarming rate of mortality in diabetic patients 
due to blood clotting and 2/3rd of these patients succumb to 
MI [92]. Endothelial dysfunction is a characteristic feature 
in diabetic cardiomyopathy which aids in manifestation of 
thrombotic events. Since endothelial von Willebrand factor 
(vWF) expression is increased during exposure to angioten-
sin II-induced oxidative stress [93], it is conceivable that 
platelets are highly activated in diabetic condition which 
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allows increased platelet aggregation and coagulation prod-
ucts. Diabetic patients with insulin resistance, even compli-
cated by cardiovascular diseases, also show elevated levels 
of clotting factors like fibrinogen, factor VII & vWF [94] 
and reduced anticoagulating mechanisms like the fibrino-
lytic system due to abnormal clotting and elevated levels of 
PAI-1 [77]. Further, an emerging opinion among COVID-19 
related research and clinical community is the presence of 
elevated d-dimer levels in COVID-19 patients connecting 
to venous thromboembolism and presence of pulmonary 
emboli in many of the COVID-19 patients [95] (Table 2). 
This is supported by the fact that activation of coagulation 
during infection leads to an intense inflammatory response 
causing multi organ failure. Thrombin creates clots by 
converting fibrinogen to fibrin and could promote inflam-
matory response through proteinase-activated receptors 
(PARs) especially PAR-1. The inhibitors that can suppress 
this response could be tested and developed as a new thera-
peutic line for the COVID-19 patients [96].

Influence of other comorbidities on SARS‑CoV2 
infected patients

Disease severity in COVID-19 patients is not just a function 
of their diabetic state but other comorbidities also have sig-
nificant influence on patient condition. Hypertension, obesity, 
cardiovascular and renal disorders are some of the underly-
ing conditions that can influence both severity and survival 
of COVID-19 patients. Mortality during COVID-19 has been 
directly linked to underlined disease where more number of 
underlying diseases increased the mortality rate from 0.8% 
with no disease, to 48.5% with 3 or more underlying disorders 
[9]. Obesity has also been associated with a sixfold increase 

in disease severity among the SARS-CoV2 affected individu-
als [97]. An increased prevalence of obesity was observed in 
critically ill COVID-19 patients admitted to ICU [98]. Further, 
since both diabetes and obesity are characterized with altered 
cytokine profiles leading to chronic systemic inflammation, 
they may cause a synergistic effect on enhancing disease 
severity in COVID-19 patients [99]. In a retrospective study 
from the Lombardy region in Italy, mortality rate was found 
to be significantly higher in patients with hypertension that 
were admitted to ICU, where fewer patients with hypertension 
were discharged from ICU [8]. 69.4% mortality was observed 
accompanied with hypertension and 40.5% with diabetes in a 
report presenting clinical outcomes from New York City [10]. 
Similarly, mortality rate of 53.8% was observed in non-survi-
vors having both hypertension and diabetes together. 28.2% 
non-survivors had cardiovascular disorders with diabetic 
condition [5]. Cardiovascular and metabolic disorders have 
been observed to accompany increased severity in COVID-19 
patients [100]. Proteinurea was observed in 43.9% of COVID-
19 patients when hospitalized and 5.1% with acute kidney 
injury. A high prevalence of elevated serum creatinine, blood 
urea nitrogen and below normal estimated glomerular filtra-
tion rate was observed [101]. Also, acute kidney injury was 
observed among 80.3% non-survivors with diabetic condition 
[5]. Hence, presence of other comorbidities along with diabe-
tes can be correlated to an increased severity and mortality rate 
among COVID-19 patients.

Fig. 3  SARS-CoV2, imbal-
ance in ACE-2/RAS signaling, 
insulin sensitivity and hyper-
glycemia leading to cardiac and 
β-cell dysfunction—a vicious 
circle. A cycle at play where 
SARS-CoV2 targets the ACE-2 
receptors on peripheral tissues 
increasing insulin resistance and 
hyperglycemia, which would in 
turn affect β-cell burn out and 
increases the risk of cardiovas-
cular complications. Cardiac 
tissue and β-cells by themselves 
expressing ACE-2 would 
fall prey to the virus. Further 
hyperglycemia can upregulate 
the ACE-2 receptor expression 
there by increasing the systemic 
vulnerability towards SARS-
CoV2 attack
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In conclusion, there is a high risk 
of developing and worsening cardiovascular 
complications in diabetic patients 
with SARS‑CoV2 infection

In conclusion, we believe that COVID-19, SARS-CoV2 
viral infection causes a multi organ distress disease by cre-
ating an imbalance between the host cellular and cytokine 
immune system resulting in a hyper-inflammatory cytokine 
storm affecting systemic homoeostasis. COVID-19, SARS-
CoV2 viral infections in diabetic patients who already have 
compromised and imbalance immunity lead to further dete-
rioration of their overall condition making it more severe. 
Further, β-cells are classically susceptible to oxidative stress 
experience an increase in inflammation and ACE-2 recep-
tor depletion during COVID-19, SARS-CoV2 viral infec-
tions, which possibly negatively impacts β-cell function and 
survival, thereby increasing severity of the disease. Disease 
severity in COVID-19 patients is not just a function of their 
diabetic state but other comorbidities also have significant 
influence on patient condition. Mortality during COVID-19 
has been directly linked to underlying disorders where the 
mortality rate increases from 0.8% with no disease to 48.5% 
with 3 or more underlying disorders [9]. Cardiovascular dis-
ease is one of the underlying conditions that can influence 
both severity and outcome of older COVID-19 patients [102, 
103]. In the previous sections we have discussed prevalence 
of diabetes in COVID-19 patients; however, the risk of heart 
failure has also been observed similarly [104]. Sars-CoV2 
can directly affect cardiac tissue leading to inflammatory 
stress response and cardiac dysfunction [105]. However, 
cardiovascular and metabolic disorders have been observed 
to accompany increased severity in COVID-19 patients and 
there is multi-fold increase in cardiovascular disease in dia-
betic SARS-CoV2 infected patients [100] (Fig. 4). Severity 
of diabetic patients with SARS-CoV2 infection could lead 
to pulmonary embolism due to increased D-dimer levels 

leading to hypercoagulation, causing hypoxia and heart fail-
ure [106]. Further, we have previously discussed the role of 
hyperglycemia in increasing the expression of ACE-2 recep-
tors on cell surface, which would than enhance the suscep-
tibility of cardiac cells to SARS-CoV2 onslaught. SARS-
CoV2 binding to ACE-2 activates RAS pathway which in 
turn triggers oxidative stress and inflammatory pathways 
leading to hypertension, myocardial arrhythmia and injury 
in cardiac tissue [107].
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