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M I N I - R E V I E W

Metabolic Syndrome and COVID 19: Endocrine-
Immune-Vascular Interactions Shapes Clinical Course

Rashika Bansal, Sriram Gubbi, and Ranganath Muniyappa

Clinical Endocrine Section, Diabetes, Endocrinology, and Obesity Branch, National Institute of Diabetes 
and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD

The ongoing coronavirus disease 2019 (COVID-19) pandemic is caused by the novel coronavirus, 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Individuals with metabolic 
syndrome are at increased risk for poor disease outcomes and mortality from COVID-19. The 
pathophysiologic mechanisms for these observations have not been fully elucidated. A critical 
interaction between SARS-CoV-2 and the angiotensin-converting enzyme 2 (ACE2) facilitates 
viral entry into the host cell. ACE2 is expressed in pancreatic islets, vascular endothelium, and 
adipose tissue, and the SARS-CoV-2 -ACE2 interaction in these tissues, along with other factors, 
governs the spectrum and the severity of clinical manifestations among COVID-19 patients with 
metabolic syndrome. Moreover, the pro-inflammatory milieu observed in patients with metabolic 
syndrome may contribute toward COVID-19-mediated host immune dysregulation, including 
suboptimal immune responses, hyperinflammation, microvascular dysfunction, and thrombosis. 
This review describes the spectrum of clinical features, the likely pathophysiologic mechanisms, 
and potential implications for the management of metabolic syndrome in COVID-19 patients. 
(Endocrinology 161: 1–15, 2020)
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The coronavirus disease 2019 (COVID-19) pandemic 
resulting from the global spread of severe acute re-

spiratory syndrome coronavirus 2 (SARS-CoV-2) has 
unleashed an unparalleled economic and health crisis. 
Lacking effective pharmacological treatments or a vac-
cine, community mitigation strategies have been adopted 
across the world to reduce the spread and burden of 
COVID-19. Human SARS-CoV-2 infection leads to a 
spectrum of manifestations that include the asymptom-
atic carrier status, acute respiratory disease (ARD), and 
pneumonia. In general, in most immunocompetent indi-
viduals, COVID-19 is mild or asymptomatic. However, 
a proportion of symptomatic individuals require hos-
pitalization, a risk that increases with age. Overall in-
fection fatality rate is around 1.4% but is many-fold 
higher in older individuals (1). Metabolic syndrome is a 
constellation of cardiovascular risk factors that include 

abdominal obesity, elevated blood pressure, dysglycemia, 
atherogenic dyslipidemia, pro-thrombotic state, and pro-
inflammatory state (2). Clinically, metabolic syndrome 
is defined as the presence of 3 or more of the following 
factors: increased waist circumference (population and 
country-specific cutoff), hypertriglyceridemia (>150 mg/
dL or on treatment for hypertriglyceridemia), elevated 
blood pressure (systolic ≥ 130 and/or diastolic ≥ 85 mm 
Hg or with a history of hypertension on treatment), re-
duced high-density lipoprotein cholesterol (<40  mg/
dL in males; <50 mg/dL in females), and dysglycemia 
(≥100  mg/dL or on treatment for hyperglycemia) (2). 

Abbreviations: ACE1, angiotensin-converting enzyme 1; ACE2, angiotensin-
converting enzyme 2; ACEI, angiotensin-converting enzyme inhibitor; AngII, 
angiotensin II; ARB, AngII blocker; ARD, acute respiratory disease; ARDS, acute 
respiratory disease syndrome; AT1R, AngII type 1 receptor; AT2R, AngII type 2 
receptor; BMI, body mass index; CI, confidence interval; COVID-19, coronavirus 
disease 2019; CRP, C-reactive protein; DKA, diabetic ketoacidosis; DM, diabetes 
mellitus; GLP-1, glucagon-like peptide-1; HR, hazard ratio; IFN, interferon; LDH, 
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virus; NET, neutrophil extracellular trap; PAI-1, plasminogen activator inhibitor-1; 
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type 2 diabetes mellitus; TF, tissue factor; TLR, Toll-like receptor; TMPRSS2, trans-
membrane serine protease 2
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Components of metabolic syndrome such as hyper-
tension, type 2 diabetes mellitus (T2DM), and obesity 
are highly prevalent and significantly increase the risk 
of hospitalization and mortality in COVID-19 patients 
(3). To explicate the mechanisms that mediate this ac-
centuated risk, the global scientific community has re-
sponded vigorously and rapidly with the publication 
of numerous studies in peer-reviewed journals and 
preprint servers. In this mini-review, we first examine 
the prevalence and relationships between metabolic 
syndrome and COVID-19. Next, we delineate the inter-
actions between endocrine, immune, and vascular sys-
tems that underlie the pathogenesis and clinical course 
of COVID-19. Finally, we briefly discuss current thera-
peutic approaches in treating metabolic syndrome in the 
context of COVID-19, ongoing and prospective clinical 
trials, and the need for multidisciplinary collaboration 
to address the pandemic.

Risk Associations Between Metabolic 
Syndrome and COVID-19

Diabetes and COVID-19
Metabolic syndrome is emerging as a significant risk 

factor for worse outcomes in people with COVID-19 
(3–14). T2DM is a significant factor for severe COVID-
19 and its complications. Current data suggest that 
patients with T2DM are not at an increased risk for 
developing COVID-19. However, many studies have 
shown worse outcomes in patients with preexisting 
diabetes. In a meta-analysis among a total of 44  672 
patients with SARS-CoV-2 infection in China, COVID-
19 patients with T2DM had 4.4 times the risk of death 
compared with nondiabetic patients (unadjusted relative 
risk [RR] = 4.43; 95% confidence interval [CI], 3.49-
5.61) (9). In a retrospective longitudinal, multicentered 
study from a cohort of 7337 confirmed COVID-19 cases 
in Hubei Province, China, the fatality rate was higher 
in patients with T2DM relative to nondiabetic individ-
uals (7.8% vs 2.7%). Indeed, 28-day all-cause mortality 
was higher in COVID-19 patients with T2DM (hazard 
ratio [HR]: 1.70 [95% CI, 1.29-2.24]) (10). Likewise, 
patients with T2DM were more likely to develop com-
plications such as acute respiratory distress syndrome 
(ARDS), acute kidney injury, and septic shock. It ap-
pears that hyperglycemia modulates this risk. The risk 
of death (1.1% vs 11.0%) was lower in the subgroup 
with blood glucose (<7.5 [5.2-7.5] mmol/L) compared 
with poorly controlled blood glucose group (>7.6 [7.6-
14.3] mmol/L) (10). In one of the largest studies to 
date, health data from 17.4 million adults in the United 
Kingdom were analyzed for risk factors associated 

with death from COVID-19 (14). After adjustment for 
other covariates, uncontrolled diabetes mellitus (DM) 
was an independent risk for death (HR, 2.36; 95% CI, 
2.18-2.56). In a cohort of 5700 COVID-19 patients 
in New York City, nonsurvivors with DM were more 
likely to have received invasive mechanical ventilation 
or intensive care unit care compared with those who 
did not have diabetes (3). Similarly, in a multicenter ob-
servational study in people with diabetes hospitalized 
for COVID-19 (n = 1317) in France, body mass index 
(BMI) was independently associated with the need for 
mechanical ventilation and/or death (15). These studies 
suggest that DM increases the risk of death and compli-
cations in COVID-19 and glycemic control is associated 
with lower fatality and complication rates.

Obesity and COVID-19
Higher COVID-19 complications in obese individuals 

is a significant concern because of the high prevalence of 
obesity (~42%) in the United States (16). Although an-
thropometric data for understanding the role of obesity 
in COVID-19 patients are scarce and not reported in 
earlier studies from China and Italy, recent studies 
suggest that increased BMI is linked with poor prog-
nosis. Cai et al analyzed data from COVID-19 patients 
(n = 383) in Shenzhen. They concluded that obese and 
overweight patients showed 2.4-fold greater and 86% 
higher odds, respectively, for developing severe pneu-
monia compared with normal-weight patients (17). 
Another study (n = 124) in France reported that obesity 
(BMI > 35 kg/m2) independently increased the risk for 
invasive ventilation (odds ratio  =  7.4; 95% CI,  1.6-
33.1) (12). Furthermore, a study of COVID-19 patients 
(n = 4103) in New York City showed that severe obesity 
(BMI > 40 kg/m2) was a strong independent risk factor 
for predicting hospitalization (odds ratio  =  6.2; 95% 
CI,  4.2-9.3) (18). In a prospective observational co-
hort study using survey data from hospitalized patients 
(n = 16 749), obesity increased fatality risk (adjusted for 
age and gender) (HR = 1.37; 95% CI, 1.16-1.63) (13). 
Similarly, in a large study from the United Kingdom, 
obesity was an independent risk factor for death with a 
strong BMI gradient (HR = 1.27 in BMI 30-34.9 kg/m2; 
1.56 in BMI 35-39.9 kg/m2; and 2.27 in BMI > 40 kg/
m2) (14). These studies suggest that obesity is a signifi-
cant risk factor for severe COVID-19 and death.

Hypertension and COVID-19
Earlier studies have established that systemic hyper-

tension is a risk factor for worse outcomes in patients 
with pneumonia and ARDS (19,20). It is plausible that 
the coexistence of hypertension in COVID-19 could 
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enhance the risk of unfavorable outcomes. An early 
study from China did not find any association between 
hypertension and COVID-19 (21). However, in a pooled 
analysis of studies in China, Lippi et al found that hyper-
tension was associated with a ~2.5-fold increased risk of 
severe COVID-19 and mortality (22). Nevertheless, all 
the studies reported so far do not account for poten-
tial confounding factors such as age and other cardio-
vascular diseases in the estimation of any causal role 
of hypertension. Also, in more diverse populations as 
in the United States and United Kingdom, hypertension 
is frequently present in COVID-19 (3,14). In a large 
study from the United Kingdom, accounting for age 
and sex, hypertension increases the risk of in-hospital 
death (HR = 1.22; 95% CI, 1.15-1.30). However, after 
adjusting for other confounders, the presence of hyper-
tension increased the risk slightly (HR  =  1.07; 95% 
CI,  1.00-1.15) (14). Although the magnitude of the 
risk varies among the studies, it appears that hyperten-
sion contributes to severity and death associated with 
COVID-19.

Age (>60 years; RR = ~2-8 times), male sex (RR = ~2), 
and components of the metabolic syndrome each in-
dependently increase the risk of death (RR = 1.5-2.5). 
Thus, a 62-year-old white male with a BMI of 32 kg/
m2 and T2DM has ~15-fold higher risk when compared 
with a 50-year-old white male with no comorbidities. 
Compared with whites, blacks and Asians have a higher 
risk for death (~1.7 fold) because of COVID-19 (14). 
The data are clear that metabolic syndrome accentuates 
the risk of COVID-19 complications, including death. 
However, the pathophysiological mechanisms that 
underlie this increased risk are unclear and are a topic 
of investigation.

Pathophysiology of COVID-19

Clinical Course and Manifestations
The clinical manifestations of COVID-19 vary and 

include the asymptomatic carrier status, mild respira-
tory illness, pneumonia, and ARDS and multiorgan 
failure (5,23). The most commonly reported age group 
for COVID-19 patients is 45 to 60  years, with an 
average median age of 47 years; the mean incubation 
period is ~5 days; and 98% of those who develop symp-
toms will do so within 12 days (5,21,23-26). The preva-
lence of asymptomatic cases varies (20%-86% of all 
infections) and is a significant contributor to the rapid 
spread (6,27-30). The virus is contagious and spreads 
through contact and airborne transmission (31). There 
is substantial transmission even among asymptomatic 
carriers (29,32). In addition to a laboratory-confirmed 

SARS-CoV-2 infection, patients with ARD manifest with 
fever, fatigue, respiratory (cough, dyspnea) or gastro-
intestinal (loss of taste, nausea, diarrhea, vomiting) 
symptoms, and no significant abnormalities on chest im-
aging (7,23,33). Patients with pneumonia have respira-
tory symptoms and positive findings on chest imaging. 
Severe pneumonia can present as ARDS leading to se-
vere hypoxia, respiratory failure, multiorgan failure, 
shock, and death (7,23,34). Myocarditis, ischemic 
myocardial infarction, cardiac arrhythmias, and acute 
neurological stroke are part of COVID-19 (35,36). The 
clinical course and severity of COVID-19 depend on the 
viral load, timing, and magnitude of the host response 
to virus, age and sex of the individual, and presence of 
underlying co-morbidities (Fig. 1).

Pathology and Laboratory Abnormalities in 
COVID-19

Most patients with COVID-19 have mild symptoms 
that do not require hospitalization. Lymphopenia, ele-
vated lactate dehydrogenase (LDH), neutrophilia, in-
creased C-reactive protein (CRP), mild increases in 
liver enzymes (alanine aminotransferase and aspartate 
aminotransferase), higher levels of D-dimer, ferritin, 
and pro-calcitonin are often observed in these patients. 
Persistent lymphopenia and elevated D-dimers, CRP, lac-
tate, and pro-calcitonin are known predictors for severe 
COVID-19 (37). Radiologically, bilateral multilobar 
ground-glass opacifications are typically seen in the per-
iphery of lower lobes of the lung (34). On histopath-
ology, diffuse alveolar damage, hyaline membranes, 
interstitial edema, activated pneumocytes, infiltration of 
mononuclear inflammatory infiltrates, capillary conges-
tion, microvascular thromboemboli, thrombi in small 
pulmonary arteries, and endothelialitis were frequently 
present (38–40). Interstitial edema, thickening of mem-
branes, and microvascular and venous thrombi may 
contribute to impairment in oxygen diffusion and ven-
tilation/perfusion mismatching that leads to profound 
and rapid worsening of hypoxemia observed in these 
patients.

Cell Entry Mechanisms of SARS-CoV-2
Efficiency of SARS-CoV-2 entry into host cells is 

a significant factor that influences the pathogenesis 
of COVID-19. Coronaviruses are enveloped, single-
stranded, positive-sense, RNA viruses belonging to 
the family Coronaviridae, which can infect both hu-
mans and mammals (41). SARS-CoV-2, SARS-CoV, 
and Middle East respiratory syndrome coronavirus 
(MERS-CoV) belong to the genus of β coronaviruses 
(42). Cell entry is initiated by virus binding to a cell 
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surface receptor, followed by entry into endosomes 
and finally fusion of viral and lysosomal membranes 
delivering RNA cargo to the cytosol. A  viral surface 
spike protein (S) is critical for cell entry. This S glyco-
protein has 2 subunits: the S1 subunit responsible for 
binding to the host cell receptor through the receptor-
binding domain (RBD) and S2 subunit that facilitates 
the fusion of the viral and cellular membranes after it 
is cleaved from S1 by proteases (43,44) (Fig. 2). SARS-
CoV-2 virus attaches to the host cell membrane-bound 
angiotensin-converting enzyme 2 (ACE2) that is ex-
pressed in many cells, including the respiratory epithe-
lial cells (type II alveolar epithelial cells), myocardium, 
Leydig cells and cells in seminiferous ducts in the testes, 
vascular endothelial cells, proximal renal tubular cells, 
gastrointestinal epithelial cells, urothelial cells lining 
the bladder, alveolar monocytes, macrophages, and in 
both exocrine pancreas and pancreatic islets (42,45-47). 
Once the S protein engages ACE2 on the cell membrane, 
the target cell proteases, transmembrane serine protease 
2 (TMPRSS2), and the pH-dependent cysteine protease 
cathepsin L in the lysosomes cleave the S-protein for cell 
entry. A feature unique to the SARS-CoV-2 virus is that 
the S glycoprotein harbors a furin cleavage site between 
the S1 and S2 subunits (48). Furin may preactivate S 
protein and facilitate CoV-2 entry into cells that have 
a low expression of cellular proteases (e.g., TMPRSS2) 

(49). Thus, interference in the binding of spike-RBD to 
ACE2 (e.g., by neutralizing antibodies) or factors that 
modulate ACE2, TMPRSS2, and furin activity/expres-
sion are likely to affect viral infectivity.

Innate and Adaptive Immune Responses to 
SARS-CoV-2 Infection

Once the virus enters the cells, innate immune 
cells recognize the invasion of the virus by pathogen-
associated molecular patterns (50). Single-stranded 
RNA bind to pattern recognition receptors (PRRs) and 
double-stranded RNA bind to endosomal Toll-like re-
ceptors ([TLRs], such as TLR3 and TLR7) and cytosolic 
retinoic acid-inducible gene-I-like receptors (50). These 
receptors subsequently stimulate signaling pathways 
that lead to the activation and nuclear translocation 
of transcription factors, nuclear factor-κB and inter-
feron regulator factors (Figs 2 and 3). These pathways 
lead to the secretion of type I  interferons (IFNs) and 
pro-inflammatory cytokines/chemokines. Type I  IFNs 
produced by macrophages, pneumocytes, and den-
dritic cells stimulate IFN-stimulated genes that inhibit 
viral entry and replication and enhance viral clearance 
(51–53). SARS-CoV-2-induced IFN-stimulated genes in-
clude IFN-induced transmembrane family proteins and 
lymphocyte antigen 6 complex locus E, both known to 
inhibit viral cell entry (54,55). In addition, macrophages, 

Figure 1. Clinical course and innate immunity in coronavirus disease 2019 (COVID-19). Time course of clinical presentation and course, type 
I interferon (IFN) response (green), and inflammatory monocyte/macrophage recruitment and cytokine production (red). Timely and robust type 
I IFN response and regulated inflammatory monocyte/macrophage and cytokine levels limits viral replication in patients with mild/moderate COVID-
19. High viral load with delayed and suboptimal type I IFN response, exaggerated inflammatory monocyte/macrophage recruitment, and cytokine 
storm is characteristic of severe COVID-19. Neutrophilia, lymphopenia, elevated lactate dehydrogenase, and high C-reactive protein levels predict 
severe COVID-19. Created with BioRender.com.
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monocytes, and neutrophils release cytokines such as pro-
inflammatory TNF-α, and IL-1, IL-6, and chemokines, 
CXC-chemokine ligands (CXCL10, CXCL2, CXCL8, 
CXCL9, and CXCL16), and CC-chemokine ligands 
(CCL2, CCL2, CCL8) (56). These chemokines recruit 
T or natural killer cells (CXCL9 and CXCL16), mono-
cytes/macrophages (CCL8 and CCL2), and neutrophils 
(CXCL8) (56,57) (Fig.  3). These cytokines play a sig-
nificant role in SARS-CoV-2 driven hyperinflammation 
in the cytokine storm syndrome leading to multiorgan 
failure. Although not completely elucidated, the SARS-
CoV-2 virus uses multiple mechanisms to evade immune 
mechanisms including conformational changes in the S 
protein and inhibition of PRR signaling, leading to at-
tenuation in type I IFN response (49,58).

Innate immune response prime cells of the adaptive 
immune network. PRR activation in antigen-presenting 
cells present virus-derived peptides to naive CD4+ T 
cells and activate them (59). Activated CD4+ T cells 
help B-cell antibody production and also undergo dif-
ferentiation to effector T helper cells that release various 
cytokines such as IFN-γ, IL-4, and IL-17 (59). Activated 
CD8+ T cells cause apoptosis of viral-infected cells (59). 
Lymphopenia is a characteristic finding in moderate 

and severe COVID-19, specifically lower CD4+ and 
CD8+ T-cell count when compared with patients with 
mild disease (61–67). The mechanisms for lymphopenia 
are not known, but elevated levels of IL-6 and TNF-α 
may cause T-cell apoptosis (65,68). Interestingly, SARS-
CoV-2 reactive CD4+ T cells were present in 40% to 
60% of unexposed individuals, suggesting cross-reactive 
T-cell recognition to common circulating CoV (69). The 
SARS-Co-V-2 virus elicits a robust B-cell response with 
seroconversion occurring 7 to 14  days postinfection, 
including neutralizing antibodies against the RBD se-
quence of the spike protein required for cellular entry 
of the viruses (70). Indeed RBD-specific IgG+ memory 
has been demonstrated in recovered COVID-19 patients 
(71).

Determinants of inter-individual variability of clin-
ical manifestations following SARS-CoV-2 infection 
are not known. However, the temporal kinetics of 
type I  IFN response and the presence or absence of 
hyperinflammation appear to underlie the pathogenesis 
of severe COVID-19, as observed in SARS (51,52,68,72-
74). A  timely and robust type I  IFN response, regu-
lated inflammation, appropriate T-cell response, and a 
vigorous B-cell response may contribute to inhibition 

Figure 2. Cellular entry of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and initial innate immune mechanisms. The initial step 
in cellular entry of the virus is the binding of SARS-CoV-2 spike protein to cell surface angiotensin-converting enzyme 2 (ACE2). Cellular proteases 
such as TMPRSS2 and furin are involved in priming of the S protein, which involves cleavage at the S1/S2 domains. This allows the fusion of 
the virus to the cell surface. Once inside the cell, SARS-CoV-2 viral sensing involves activation of the Toll-like receptor (TLR7) to stimulate the 
production of type I interferons. There is also activation of inflammatory monocytes/macrophages and the production of cytokines/chemokines. 
Angiotensin-converting enzyme (ACE) catalyzes the conversion of angiotensin I to the octapeptide, angiotensin II (AngII), whereas ACE2 converts 
Ang II to angiotensin1-7. Ang II, through the activation of Ang II type 1a receptors, induces vasoconstriction and proliferation, but angiotensin1-7 
stimulates vasodilatation and suppresses cell growth. GLP-1 agonist, glucagon-like peptide-1; TMPRSS2, transmembrane protease, serine 2; TZD, 
thiazolidinedione. Created with BioRender.com.
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of viral replication in asymptomatic individuals or 
with mild COVID-19 (Fig.  1). However, delayed type 
I IFN response and high viral replication may shift the 
balance to hyperinflammation and impaired T-cell re-
sponse (Figs  1 and 3) (51,52,68,72-76). Indeed, low 
lymphocyte count and elevated levels of CRP and LDH 
are significant predictors of severe COVID-19 (77,78).

SARS-CoV-2, Hyperinflammation, and 
Microvascular Endothelium

Elevated D-dimers, degradation products of fibrin, 
and presence of extensive microvascular thrombi in 
COVID-19 suggest a hypercoagulable state with ex-
cess formation of fibrin, reduced fibrinolysis, endothe-
lial dysfunction, and increased vascular permeability 
(37–40). During an infection, the interaction among 
endothelium, platelets, innate immune cells, and coagu-
lation factors leads to a thrombotic state in a process 
termed “immune-thrombosis” (Fig.  3) (79). PRR acti-
vation pathway and IL-6 stimulate monocytes tissue 
factor (TF) expression. TF activates the extrinsic coagu-
lation pathway. Neutrophil extracellular traps (NETs), 

composed of cell-free DNA, histones, and enzymes 
such as myeloperoxidase and neutrophil elastases are 
released by neutrophils and play an important role in 
innate immunity (80). NETs recruit platelets by binding 
to von Willebrand factor and activate factor XII and TF 
to trigger the contact (intrinsic) and extrinsic coagula-
tion pathways, respectively (80). NET levels were ele-
vated in COVID-19 patients and positively related to 
CRP, LDH, and neutrophil counts (81). Interestingly, 
sera from individuals with COVID-19 triggered NET 
release from control neutrophils in vitro (81). Levels 
of von Willebrand factor, fibrinogen, and factor VIII 
were elevated in COVID-19 (82). The contact and ex-
trinsic pathways converge to activate thrombin, which 
subsequently converts fibrinogen to fibrin. Fibrinolysis 
is regulated by the balance of tissue plasminogen ac-
tivator and plasminogen activator inhibitor-1 (PAI-1) 
activity. Elevated PAI-1 levels favor a hypofibrinolytic 
state and increased fibrin formation. SARS-CoV-2 
interaction with ACE2 expressed in the endothelium 
could potentially lead to endothelial dysfunction and a 
hypercoagulable state.

Figure 3. Immune and endothelial interactions in COVID-19. SARS-CoV-2 infection of cells stimulates type I IFN response and recruitment of 
inflammatory monocyte and macrophages. Activated monocytes/macrophages release cytokines/chemokines such as IL-6, TNF-α, IL-8, CCL-2, CCL-
4, and CCL-14 leading to hyperinflammation. Infection of endothelial cells and activation by inflammatory cells and cytokines trigger coagulation 
pathways, stimulates platelet aggregation, induces microvascular dysfunction, and generates microthrombi formation. CCL2, chemokine (C-C 
motif) ligand 2; CCL4, chemokine ligand 4; CCL14, chemokine ligand 14; IFN-γ, interferon-gamma; IL, interleukin; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2; TNF-α, tumor necrosis factor-alpha. Created with BioRender.com.

Copyedited by: OUP

D
ow

nloaded from
 https://academ

ic.oup.com
/endo/article/161/10/bqaa112/5865309 by U

rm
ia U

niversity of M
edical Sciences (Azarbyjan G

harbi) user on 04 O
ctober 2020

http://BioRender.com


doi: 10.1210/endocr/bqaa112 https://academic.oup.com/endo  7

Angiotensin II, Angiotensin-Converting Enzyme, 
and SARS-CoV-2

ACE catalyzes the conversion of the prohormone, 
angiotensin I to the octapeptide, angiotensin II (AngII), 
whereas ACE2 converts AngII to angiotensin1–7. AngII, 
through the activation of AngII type 1a receptors, in-
duces vasoconstriction and proliferation, but angio-
tensin 1-7 vasodilates and suppresses cell growth. In 
patients with ARDS, an increased ratio of pulmonary 
ACE/ACE2 leads to ambient increases in AngII (83). 
Indeed, once bound to ACE2, SARS-CoV downregulates 
cellular expression of ACE2, which favors increased 
AngII action and acute lung injury (84). Whether SARS-
CoV-2 causes down-regulation of pulmonary ACE2 is 
unknown. However, blocking ACE or AngII receptors 
can be hypothesized to provide benefit in the setting of 
COVID-19. In a retrospective, multicenter study that 
included 1128 adult patients with hypertension diag-
nosed with COVID-19, use of ACE inhibitors (ACEIs)/
AngII blockers (ARBs) was associated with lower all-
cause mortality (ACEI/ARB group vs the non-ACEI/
ARB group; adjusted HR = 0.42; 95% CI = 0.19-0.92) 
(85). However, in 2 large studies of COVID-19 patients, 
ACEI or ARB use did not affect the risk of contracting 
SARS-CoV-2 or COVID-19 complications, including 
death (86,87). Prospective randomized controlled trials 
(RCTs) are needed to address the role of ACEI/ARBs in 
COVID-19.

Possible Mechanisms Underlying 
Increased Risk of COVID-19 
Complications in Metabolic Syndrome

Age, sex (male), hypertension, obesity, and T2DM inde-
pendently increase the risk of complications and death 
from COVID-19. The mechanisms that underlie this in-
creased risk are unknown. Results from ongoing studies 
will provide us with more clarity in the future. However, 
based on currently available evidence and from prior 
studies in rodents and clinical manifestations in SARS 
and MERS, we propose possible mechanisms that ac-
centuate the risk.

Sex Hormones, SARS-CoV-2, and COVID-19
Men are more prone to contract the SARS-CoV-2 

virus and at higher risk for severe complications and 
mortality (3–14). Similarly, men had a higher mortality 
rate in the SARS epidemic because of SARS-CoV-1 in 
2003 (88). This sexual dimorphism can be ascribed to 
differences in sex-steroid hormones and the number 
of X chromosome-linked genes modulating immunity 
(89,90). Levels of TLR7, a gene encoded on the X 

chromosome is higher in females than males. TLR-
dependent type I  IFN responses are robust in women 
when compared with men (90). Indeed, male mice were 
susceptible to death and manifested severe lung path-
ology compared with female mice (91). Inflammatory 
monocytes/macrophages were higher in male mice. 
However, ovariectomy or administration of estrogen 
receptor antagonists to SARS-CoV-1-infected mice re-
duced survival compared with control female mice (91). 
Estrogen is known to reduce viral replication and in-
hibit monocyte/macrophage recruitment (Fig.  2) (91). 
Tamoxifen, an estrogen receptor agonist, inhibits SARS-
CoV-2 in vitro (92). In contrast, gonadectomized mice 
or administration of antiandrogen, flutamide does not 
alter the higher mortality in male mice with SARS-CoV-1 
infection (91). Expression of ACE2 located on the X 
chromosome and TMPRSS2, an androgen-responsive 
gene appears to be similar in both sexes (92). Estrogen 
reduces viral load, enhances type I IFN response, and in-
hibits recruitment and activation of monocytes/macro-
phages. Thus, it appears that the protective effect of 
estrogenic milieu may explain the sex bias in survival 
in COVID-19.

Diabetes Mellitus and COVID-19
Multiple mechanisms may play a role in the increased 

susceptibility of complications in diabetic COVID-19 
patients. Increased cellular binding and infection of 
SARS-CoV-2 is possible due to the enhanced expres-
sion of ACE2 in the lung, kidney, heart, and pancreas, 
as observed in rodent models of DM (93,95). Insulin 
administration decreases ACE2 protein expression 
in the lungs of diabetic mice (95). Liraglutide, a 
glucagon-like peptide-1 (GLP-1) agonist, restores re-
duced mRNA expression in the lungs of diabetic rats 
(96). Rosiglitazone, a thiazolidinedione, upregulates 
vascular ACE2 protein expression in hypertensive rats 
(97). Similarly, atorvastatin and fluvastatin increases 
cardiac ACE2 protein expression in rats (98,99). 
Circulating levels of furin, a cellular protease involved 
in facilitating viral entry by cleaving the S1 and S2 
domain of the spike protein, are elevated in patients 
with DM (100). Furin preactivates the spike protein 
and allows SARS-CoV-2 to infect target cells with low 
expression of TMPRSS2 and/or lysosomal cathepsins 
(49). DM inhibits neutrophil chemotaxis, phagocyt-
osis, and intracellular killing of microbes. Delay in the 
activation of Th1 cell-mediated immunity and a late 
hyper-inflammatory response is frequently observed 
in people with diabetes (101). Kulcsar et  al exam-
ined the effects of DM in a humanized mouse model 
of MERS-CoV infection on a high-fat diet (102). 
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Following MERS-CoV infection, the disease was more 
severe and prolonged in diabetic male mice and was 
characterized by alterations in CD4+ T cell counts 
and abnormal cytokine responses. These findings are 
consistent with the immune and cytokine changes 
observed in COVID-19 characterized by lower per-
ipheral counts of CD4+ and CD8+ T cells, a higher 
proportion of pro-inflammatory Th17 CD4+ T cells, 
as well as elevated cytokine levels (7,8,72,74,103-
105). Consequently, patients with DM may likely 
have blunted antiviral IFN responses, and delayed 
activation of Th1 may contribute to the heightened 
inflammatory response. Microvascular endothelial 
dysfunction is a frequent manifestation in patients 
with metabolic syndrome (106). Hypofibrinolysis, 
elevated PAI-1 and complement levels, and increased 
platelet aggregation favors microthrombi formation 
(107,108). Furthermore, NETs in patients with es-
tablished T2DM were higher compared with healthy 
individuals (109,110). These findings suggest that 
dysregulated immune response and microvascular 
dysfunction in T2DM may contribute to the poor out-
comes in COVID-19.

Obesity and COVID-19
Various hypotheses have been proposed to contribute 

to the unfavorable prognosis in obese COVID-19 pa-
tients. Obese individuals have low-grade inflammatory 
state altering innate and adaptive immunity. Obese pa-
tients have a higher concentration of circulating pro-
inflammatory cytokines like TNF-α, MCP-1, and IL-6, 
mainly produced by visceral and subcutaneous adipose 
tissue leading to a dysregulated pro-inflammatory re-
sponse (111). Further, alterations in the metabolic 
profile of T cells in obesity may also impair the adap-
tive immune response (112). Patients with obesity often 
have compromised respiratory function characterized 
by decreased lung volumes, decreased diaphragmatic 
strength, increased airway resistance, and impaired gas 
exchange (113). Adipose tissue is known to be a res-
ervoir for influenza A and the duration of viral shed-
ding is protracted in obese individuals (114,115). ACE2 
expression in adipose tissue is higher than that in the 
lung tissue and this shared viral tropism for both tis-
sues may favor prolonged SARS-CoV-2 shedding in 
obese individuals (116). It is known that thrombosis is 
enhanced in obesity and given the increased frequency 
of pro-thrombotic events in severe COVID-19, it can be 
one of the mediators of higher morbidity. Last, micro-
vascular endothelial dysfunction is present across dif-
ferent vascular beds (106), and is likely exacerbated by 
SARS-CoV-2 infection.

Hypertension and COVID-19
Systemic hypertension is associated with the acti-

vation of the renin-angiotensin-aldosterone system 
(RAAS). The vascular effects of AngII are mediated by 
the activation of the AngII type 1 receptor (AT1R) and 
type 2 (AT2R) receptor. AT1R mediates the vasocon-
strictive, hypertensive, proliferative, and inflammatory 
actions of AngII, whereas AT2R activation counteracts 
these effects. Relative proportions of AT1R and AT2R 
in the endothelium determines the ultimate vascular 
effects of AngII (117). The balance in ACE/ACE2 ac-
tivity in the lungs determines the effects of AngII (118). 
Estradiol decreases, whereas testosterone increases ACE 
activity in the lung (119). ACE, AngII, and aldosterone 
are known to modulate innate immunity (120–123). 
Activation of RAAS favors a pro-inflammatory and 
procoagulant state that may predispose to SARS-CoV-
2-induced multiorgan failure. The precise role of RAAS 
in COVID-19 is a subject of intense investigation.

Management of Metabolic Syndrome 
in COVID-19

Cardiometabolic syndrome is a risk factor for worse 
outcomes in COVID-19. Epidemiologic data from 
over 72 000 patients in mainland China demonstrated 
that the overall case fatality rate from COVID-19 was 
2.3%, but the case fatality rate was higher with cardio-
vascular disease (10.5%), diabetes (7.3%), and hyper-
tension (6%) (124). Per the reports from the National 
Health Commission of China, among the patients who 
died from COVID-19, those without any history of car-
diac disease developed significant myocardial damage, 
underscoring the importance of cardio-protection in 
COVID-19 (125). Moreover, long-term sequelae of 
dysregulated metabolism have been identified in pa-
tients 12  years after infection with the 2003 to 2004 
SARS-CoV-1 (126). A  summary of treatment consid-
erations in patients with cardiometabolic syndrome is 
summarized in Fig. 4.

Patients with T2DM and without other comorbidities 
who contract COVID-19 are at a higher risk for se-
vere pneumonia, uncontrolled inflammatory response, 
and hypercoagulability (127). In addition, experiences 
of physicians from around the globe have identified 
that insulin requirements are disproportionately high 
among patients with severe COVID-19, suggestive of 
increased insulin resistance, when compared with non-
COVID-19 critical illnesses (128,129). Therefore, early 
and optimal management of hyperglycemia is cru-
cial among patients with DM (130). Although robust 
data on DM management in COVID-19 is currently 

Copyedited by: OUP

D
ow

nloaded from
 https://academ

ic.oup.com
/endo/article/161/10/bqaa112/5865309 by U

rm
ia U

niversity of M
edical Sciences (Azarbyjan G

harbi) user on 04 O
ctober 2020



doi: 10.1210/endocr/bqaa112 https://academic.oup.com/endo  9

lacking, an approach toward managing hyperglycemia 
in COVID-19 patients with DM can be pursued using 
tailored therapeutic strategies guided by the established 
guidelines, and individualizing treatment based on the 
type of DM, presence of risk factors and comorbidities, 
and the setting of the treatment: outpatient versus in-
patient (128,131–134).

The primary objective of outpatient management 
of COVID-19 patients with DM is to ensure optimal 
glycemic control and prevention of hospitalization. 
COVID-19 has already disrupted routine outpatient 
DM care, and because of the socioeconomic afflictions 
that come along with the pandemic, optimal dietary 
habits and physical activity will likely be hampered and 
will continue to take a hit for months after the pan-
demic resolves (135). Apart from encouragement on fol-
lowing the World Health Organization, the Centers for 
Disease Control and Prevention, the national, and the 
state government guidelines on handwashing and social 
distancing, maximal utilization of telemedicine services 
should be promoted to support self-containment (128). 
In China, several online resources, including e-books 
and educational videos were used to cater to the dia-
betic population to minimize transmission of infection 
during the COVID-19 outbreak (134). The decision 
to continue or stop an oral antidiabetic agent requires 
thoughtful judgment by weighing in the patient’s general 
condition and the risk for progression to severe respira-
tory disease (136). Metformin carries the risk of acute 
kidney injury and lactic acidosis. However, metformin 

has demonstrated anti-inflammatory effects in a pre-
clinical study, and in patients with T2DM, metformin 
reduces circulating inflammation biomarkers (137). 
Sodium-glucose cotransporter-2 (SGLT-2) inhibitors 
could also have to propensity to increase the risk for de-
hydration and euglycemic diabetic ketoacidosis (DKA). 
Patients on metformin or SGLT-2 inhibitors must be 
closely monitored and must be encouraged to main-
tain adequate fluid intake. Patients previously not on 
SGLT-2 inhibitors should not be started on this treat-
ment during their COVID-19 illness (128). GLP-1 agon-
ists have been previously shown to reduce the levels of 
systemic inflammation markers among individuals with 
T2DM and obesity (137). GLP-1 agonists could be con-
tinued if they are well-tolerated by the patients. Because 
of the risk of nausea and dehydration, patients who do 
not tolerate these medications should be closely moni-
tored (128), and GLP-1 agonist naïve patients should 
not be started on this therapy. Emphasis must be placed 
on maintaining adequate hydration and regular intake 
of meals (128). DPP-4 inhibitors can be safely con-
tinued if the patient has been tolerating the medication 
well (128,138). Sulfonylureas can be continued during 
COVID-19 illness, but the patients need to be cautioned 
about the risk of hypoglycemia in case of reduced ap-
petite and reduced oral intake. Patients who administer 
insulin at home must be encouraged to continue with 
insulin therapy, and adjust the dose based on the blood 
glucose levels (128). Frequent self-monitoring of blood 
glucose (every 4 hours) should be advised, and patients 

Figure 4. Management of metabolic syndrome in coronavirus disease 2019 (COVID-19).
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on continuous glucose monitoring should continue to 
keep a close track of their glycemic control (128,135). 
Patients with DM should be advised to check for urinary 
ketones if they notice worsening of glycemic control 
during the illness (139). Patients with newly diagnosed 
DM can also be successfully managed through telemedi-
cine by adequate education on insulin injection use and 
provision of continuous glucose monitoring supplies, 
preferably free of cost when feasible, to avoid the bar-
riers between patients and insurance companies (140). 
Another substantial at-risk population includes health 
care professionals (141). Health care workers with DM 
should preferably be given an option to defer deploy-
ment to COVID-19 centers and wards, and access to 
adequate amounts of high-quality personal protective 
equipment should be ensured (128).

Inpatient management of hyperglycemia in COVID-
19 patients with DM is critical, and several studies have 
consistently shown worse outcomes among hospital-
ized patients with DM and COVID-19 (127,142,143). 
Conversely, optimal glycemic control during hospital-
ization is associated with improved outcomes (10,130). 
In a large-sample retrospective cohort study from 
China, COVID-19 patients with well-controlled blood 
glucose levels (≤10 mmol/L or ≤180 mg/dL) were found 
to have lower levels of IL-6, CRP, and LDH. They had 
higher lymphocyte counts and lower neutrophil counts 
when compared with patients with poorly controlled 
blood glucose levels (≥10  mmol/L or ≥180  mg/dL) 
(10). The HR for all-cause mortality was significantly 
lower in the well-controlled glycemia group when com-
pared with the poorly controlled group (0.13; 95% 
CI, 0.04-0.44; P <  .001)] even after adjusting for age, 
sex, COVID-19 severity, comorbidities, and site effect 
(10). Furthermore, the well-controlled glycemia group 
exhibited lower frequencies of occurrence of ARDS, 
septic shock, disseminated intravascular coagulation, 
acute cardiac dysfunction, and acute kidney injury. 
These findings highlight the importance of achieving 
optimal glycemic control among patients hospitalized 
for COVID-19. Oral antidiabetic agents should be dis-
continued, and insulin should be used to achieve gly-
cemic control in an inpatient setting (129,136,139,144). 
Severely ill DM patients with COVID-19 admitted to 
monitored units could develop high degrees of insulin 
resistance and are preferably managed using insulin in-
fusion (128,145). Monitoring for hypoglycemia is cru-
cial, especially among patients with ARDS who may 
need to be prone for ventilation, which may interrupt 
feeding (135). Patients with T2DM and obesity with 
underlying fatty liver disease may be at a higher pro-
pensity to experience a cytokine storm, and close moni-
toring of hepatic transaminases, ferritin, prothrombin 

time, fibrinogen, erythrocyte sedimentation rate, CRP, 
IL-6, and D-dimer is recommended in these patients 
(128,146–148). Precipitation of DKA by COVID-19 is 
being increasingly recognized, not only in patients with 
preexisting DM, but also in previously healthy individ-
uals (149,150). Treatment of DKA must be promptly 
initiated with frequent monitoring of blood glucose and 
anion gap. Intravenous hydration, correction of elec-
trolyte abnormalities (hypokalemia, hypomagnesemia, 
hypophosphatemia), and insulin administration must 
be undertaken as per institutional DKA-management 
protocols and established guidelines (133). Because of 
the high prevalence of thromboembolic complications 
associated with COVID-19, pharmacologic prophylaxis 
should be instituted in all patients in the absence of 
contraindications (151). Following discharge from the 
hospital, close telehealth follow-up should be provided 
to ensure continued optimization of glycemic control.

An observational study from New York found no sig-
nificant increase in risk for COVID-19 among patients 
taking 5 major classes of antihypertensives (thiazides, 
calcium channel blockers, ACEIs, ARBs, and beta-
blockers) (86). A position statement from the European 
Society of Cardiology and the Heart Failure Society of 
America, the American College of Cardiology, and the 
American Heart Association recommended the con-
tinuation of ACEIs/ARBs in patients with COVID-19 
(152). Similarly, statins have been shown to upregulate 
ACE2 levels in rat models (98). However, because of the 
long-term cardiovascular benefits, in vitro evidence of 
suppression of IL-6-induced CRP expression by statins, 
and the emerging epidemiologic data on lower odds of 
mortality from COVID-19 among statin users, therapy 
with statins can be continued during COVID-19 illness 
(128,153).

Ongoing Clinical Trials

As of April 27, 2020, a search for the term “COVID-
19” on Clinicaltrials.gov yielded a total of 945 
studies, with 27 completed studies and 417 actively 
recruiting studies. The potential effects of DPP-4 in-
hibitors on diabetes are going to be evaluated in a 
phase 3 (using sitagliptin; ClinicalTrials.gov Identifier: 
NCT04365517) and a phase 4 (using linagliptin; 
ClinicalTrials.gov Identifier: NCT04341935) RCT. 
The aldose reductase inhibitor, AT-001, is being 
studied in a phase 2 single-center open-label clinical 
trial to evaluate its effects on cardiometabolic profile 
in hospitalized COVID-19 patients (ClinicalTrials.
gov Identifier: NCT04365699). The renin-angiotensin 
system (RAS) is one of the key pathways that need 
further investigation among COVID-19 patients, 
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especially given the conflicting opinions on the use of 
ACEIs/ARBs (128). An RCT based in Denmark plans 
on evaluating the effects of ACEI/ARB therapy on 
RAS, interferon, and T-cell signatures (ClinicalTrials.
gov Identifier: NCT04351581). Similarly, the effects 
of RAS-modifying medications in COVID-19 are 
being investigated in several other clinical trials and 
observational studies (ClinicalTrials.gov Identifiers: 
NCT04364984, NCT04331574, NCT04330300). 
Other studies are investigating the effects of COVID-19 
on complications of cardiometabolic syndrome, such 
as acute coronary syndrome, myocarditis, and venous 
thromboembolism (ClinicalTrials.gov Identifier: 
NCT04335162). To investigate the anti-inflamma-
tory effects of statins, a phase 2 RCT is evaluating a 
combination of the Janus kinase inhibitor, ruxolitinib 
and simvastatin, in the prevention and treatment of 
respiratory failure in COVID-19 (ClinicalTrials.gov 
Identifier: NCT04348695).

Future Research and Directions

As clinical and preclinical data continue to amass rap-
idly, more insights into the biology of SARS-CoV-2 and 
the pathophysiology of COVID-19 are being unveiled. 
However, several questions remain unanswered. From 
the broader questions of why cardiometabolic syndrome 
places an individual at a higher risk for severe COVID-
19, to more specific issues such as pathophysiology of 
development of extreme forms of insulin resistance, pre-
cipitation of DKA, increased risk for myocardial injury, 
severe inflammatory response and hypercoagulability, 
and alterations in the immune system constitute 
topics for future research. Furthermore, data on ethnic 
and geographic variations in susceptibility to SARS-
CoV-2 infection may shed light on mechanisms that 
link dysregulated metabolism and clinical severity of 
COVID-19. Finally, ongoing studies aimed at exploring 
genetic determinants of risk and severity of COVID-19 
will offer additional insights (154).
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