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INTRODUCTION 
 

On March 11, 2020, the World Health Organization 

declared coronavirus disease 2019 (COVID-19) a 

pandemic, and the reality of the situation has finally 

caught up to the widespread reach of the disease. While 

coronavirus disease (COVID-19) is not the first global 

pandemic of the 21st century[1], it has generated 

unprecedented complexity, in addition to global concern 

and responses. COVID-19, caused by severe acute 

respiratory syndrome (SARS-CoV-2), is thought to have 

emerged from a zoonotic source. Pandemics in the past 

have emerged from natural transmission through 
animals, known as zoonotic transmission, and it often 

takes months or years to discover the host that the virus 

passed through as it adapted to infect humans. In some 

cases, as in Ebola, the original natural source has never 

been identified.[2] and spread rapidly in humans through 

respiratory droplets and contact.  

 

Covid comorbidities 

Comorbidity is the simultaneous presence of two or more 

diseases or medical conditions in a patient. Since the 

emergence and global transmission of the SARS-CoV-2 
virus, many studies have reported that several underlying 

medical conditions among adults, are cardiovascular 
disease, diabetes, renal, lung, neurological and hepatic 

diseases. These are the primary comorbidities, which 

have been reported to be associated with increased risk 

for severe illness from COVID-19. The risk factors of 

age, sex, and race/genetics had limited-to-moderate 

evidence. Patients with these comorbidities and risk 

factors have severe responses to the coronavirus 

infection.[3-5]  

 

The presentation of the disease is highly variable, 

ranging from asymptomatic carriers to critical COVID-
19. The availability of angiotensin-converting enzyme 2 

(ACE2) receptors may reportedly increase the 

susceptibility and/or disease progression of COVID-19. 

Comorbidities and risk factors have also been noted to 

increase COVID-19 susceptibility. Here, we hereby 

review the evidence pertaining to ACE2’s relationship to 

common comorbidities, risk factors, and therapies 

associated with the susceptibility and severity of 

COVID-19. 

 

Cardiovascular Diseases 

Heart disease is the leading cause of death in the United 
States, causing about 1 in 4 deaths. This brief report will 
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ABSTRACT 
 

Severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) caused over 3 million infections and over 

250,000 deaths worldwide 2 months after the World Health Organization declared the virus-induced disease a 

pandemic. Certain comorbidities and risk factors have shown increased susceptibility and disease severity. Earlier 

reports suggested that elderly patients with comorbidities, particularly diabetes, cardiovascular disease, renal 

insufficiency, obesity and hypertension, suffered greater mortality than younger patients. In addition to the 

comorbidities, there are certain risk factors (age, sex, race, ethnicity and genetics) which further deteriorate the 

condition of Covid-19 patients. Hence a review of literature on the impact of comorbidities and risk factors on 

Coronavirus 2 was of profound interest. An electronic search was conducted in Lit Covid, PubMed, Google 

Scholar, WHO, and Centers for Disease Control and Prevention databases. Search terms included COVID-19, 
SARS-CoV-2, comorbidities and risk factors. Manuscripts published were reviewed; relevant references were 

checked before making this report on the comorbidities and risk factors of Covid-19. 
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provide a focused overview of cardiovascular 

complications associated with COVID-19, including 

myocardial injury and myocarditis, acute myocardial 

infarction, heart failure, dysrhythmias, and venous 

thromboembolic events. The damage caused by SARS-

CoV-2 to the cardiovascular system cannot be 
disregarded. Several pathological and clinical factors 

such as hypoxemia, excessive proinflammatory 

cytokines, oxidative stress, and even the medicines used 

in treatment appear to be responsible for the 

cardiovascular complications in COVID-19 patients, and 

all these factors can act upon one another to deteriorate 

the tissue damage. It would help COVID-19 patients to 

be able to determine the mechanisms accounting for the 

untoward medical occurrence in the cardiovascular 

system to improve the prognosis, specifically for those 

patients with underlying cardiovascular disease. Huang 

et al found that about 12% of patients with COVID-19 
were diagnosed with acute myocardial injury.[3,6] In 

another longitudinal study of patients with confirmed 

COVID-19, cardiac injury occurred in 19.7%, and it has 

become an independent risk factor for in-hospital 

mortality.[4,7] A study of patients with severe COVID-19 

found that 58% had hypertension, 25% had heart disease, 

and 44% had arrhythmia.[5,8] Ruan et al identified clinical 

predictors of mild and serious patient outcomes based on 

an analysis of 150 patients from Wuhan, China. They 

noted that cardiovascular disease patients have an 

increased risk of death when they are infected with 
SARS-CoV-2 (P<0.001).[6,9] A summary of 44 672 

COVID-19 cases documented by the Chinese Center for 

Disease Control and Prevention demonstrated a case 

fatality rate of 10.5% with comorbid CVD, compared to 

a 2.4% overall case fatality rate.[7,10] 

 

Hypertension 

This is a remarkable risk factor for escalated morbidity 

and mortality from COVID-19[11], but whether 

hypertensive individuals are more susceptible to 

infection is not clear[12], Hypertension prevalence in 

COVID-19 patients seen in a meta-analysis denotes 
21.1% (13.0–27.2).[11] Furthermore, a ratio of the hazard 

rate (1.7–3.05) was reported for mortality in COVID-19 

patients with hypertension.
[13]

 SARS-CoV-2 

predisposition may be due to ACE2 polymorphisms in 

individuals with hypertension.[14] Experimental models 

have solidified ACE2 as a protector against 

hypertension.[15] A necropsy study of 20 patients 

diagnosed with hypertensive cardiomyopathy or 

nephropathy showed reduced local ACE2 expression.[16] 

However, human and animal models positively correlate 

the activity of ACE2 in plasma with increased systolic 
blood pressure.[17] Li et al.[18], determined higher serum 

ACE2 concentrations in hypertensive patients as 

compared to healthy subjects. Another study revealed 

that ACE2 activity was 1.5 times greater in 239 

hypertensive patients than in healthy volunteers.[17] No 

association between plasma ACE2 and hypertension was 

reported in other studies.
[19]

 It is not clear, whether 

SARS-CoV-2 utilizes plasma ACE2 as an active domain 

to replicate, but ACE2 shedding amplifies endothelial 

dysfunction and hyperinflammation, thus potentially 

increasing COVID-19 severity. Experimental studies and 

pathological reports clearly find a decrease in local tissue 

ACE2 activity, which may relate to progressive organ 

damage from hypertension. However, strong evidence 
suggests associations between hypertension and elevated 

plasma ACE2 and upregulation of ADAM17, which may 

increase COVID-19 severity in hypertensive patients.[20] 

 

Endocrinological Disorders 

Type II diabetes mellitus (T2D) and obesity (body mass 

index ≥ 30) patients are evidently at high risk of COVID-

19 susceptibility and severity[21,22], while evidence for 

risk in type I diabetes mellitus is limited.[21,22] Many 

blood sugar controlling organs are rich in ACE2.[23] 

Aside from diabetic nephropathy modulating ACE2 

expression as mentioned, pancreatic islet cells reportedly 
have elevated enzyme expression and have been 

postulated as a target for SARS-CoV-2 infection.[24] 

Thus, pancreatic viral toxicity potentially explains for 

new-onset diabetes or worsening metabolic control in 

patients with diabetes.[25]  

 

One study determined the pathogenesis of increased 

glucose to directly increase viral load, ACE2, and IL-1β 

expression in SARS-CoV-2-infected monocytes in a 

dose-dependent manner. Subsequent treatment with 

glycolysis inhibitors completely inhibited viral 
replication in infected monocytes and decreased ACE2 

and IL-1B expression.[26] While pathophysiology in 

increased risk of worse outcomes in diabetics is most 

likely multifactorial, obesity has strong associations to 

T2D and increased risk to COVID-19 susceptibility and 

severity.[21,26] Of 257 critically ill patients hospitalized in 

New York City, 36% were diabetic, 46% obese.[27] 

Pooled analysis from 75 studies found that obese 

individuals were more at risk for COVID-19,[28,29]. 

 

Pulmonary disease 

Gordon et al.[30] recently identified 26 of the 29 SARS-
CoV-2 proteins that bind to 332 human proteins and 

hijack the host translational machinery. Renin-

angiotensin system (RAS) activity is intrinsically high in 

the lungs. Histopathological reports acknowledge direct 

viral toxicity, resulting in atypical cells and detaching II 

pneumocytes, hyaline membrane formation, interstitial 

inflammatory response, and endothelial dysfunction.[31] 

A pathophysiology of 65 cases emphasized direct lung 

damage from viral organotropism during the first week 

but later transitioned to host inflammatory and 

hypercoagulable responses 10–28 days into the disease 
phase.[32] Reports show mainly bronchitis and 

pneumonitis in mild/moderate individuals and 

pneumonia, acute respiratory distress syndrome, and 

pulmonary embolism in severe/critical patients.[32] 

 

ACE2 elevation exists in acute and chronic lung disease 

to prevent lung injury. A study on the previous SARS-

CoV virus revealed it in autopsy specimens from severe 
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SARS patients with an elevated ACE2, SARS‐CoV S 

protein, RNA, and proinflammatory cytokines.[33] 

Chronic lung disease studies have pursued ACE2’s role 

in chronic obstructive pulmonary disease, emphysema, 

asthma, and other ailments. 

 

Neurological disease 

Ramani et al.[34] have revealed that SARS-CoV-2 readily 

targets cortical neuronal cells and induces tauopathies 

and neuronal cell death. 

 

The other study by Song et al.[35] models the SARS-CoV-

2 infection of neuronal cells in hiPSC-derived brain 3D 

organoids. These comorbidities thus lead to higher risk 

of disease development and higher mortality associated 

with COVID-19. It is largely assumed that other 

neurological manifestations will likely surface in the near 
future.  

 

Hepatic disorder 

At least 7 relatively large-scale case studies from China 

have reported the clinical features of patients with 

COVID-19.[36-38] These data indicate that 2–11% of 

patients with COVID-19 had pre-existing liver diseases. 

Recently, Grasselli et al.,[39] reported that, among the first 

1,591 patients admitted to intensive care units in 

Lombardy due to SARS-CoV-2 infection, 3% had a 

history of chronic liver disease. Patients with pre-
existing cirrhosis might be more susceptible to SARS-

CoV-2 infection because of their systemic 

immunocompromised status. Moreover, in these patients, 

the severity of COVID-19 and the rate of complications, 

potentially leading to increased liver-related mortality, 

might be more pronounced than in the general 

population.  

 

Gastrointestinal Diseases 

COVID-19 was originally considered a respiratory 

disease but increasing evidence identified the potentially 

serious systemic consequences involving major organs, 
including those of the digestive system.[40] This review 

brings together the salient information relating to the 

digestive system, published up to September 2020. At 

the time of acceptance (October 2020), more than 43 

million cases of COVID-19 have been reported 

worldwide with over 1 million deaths.[41] SARS-CoV-2 

is a single-stranded RNA virus, initially described as a 

serious acute respiratory virus of the coronavirus (SARS) 

family[42] and is similar to those viruses which caused the 

2002–2004 SARS epidemic, originating in China, and 

the 2012–2020 MERS outbreaks in the Middle East. 
COVID-19 is closely related to bat coronaviruses, 

suggesting COVID-19 has a similar zoonotic origin. The 

virus is highly contagious and spreads predominantly by 

respiratory droplets and aerosol while SARS-CoV-2 has 

been isolated from stool but fecal-oral spread has not 

been confirmed to date. 

 

 

 

Risk Factors 

Age 

In the early phase of the outbreak, COVID-19 appeared 

to occur in older people in most world regions.[43] A 

meta-analysis of 32 studies suggests that susceptibility in 

children/adolescents is half that of adults.[44] However, 
other data indicate that young adults and children are as 

susceptible to the disease as older adults.[45] In fact, 

significantly greater amounts of viral nucleic acid were 

detected in children (<5 yr; n = 46) than in adults (18–

65 yr; n = 48).[46] While the infection prevalence’s 

relation to age is unclear, increased risk for severe illness 

evidently increases with age, making elders a high-risk 

population.[47] The Centers for disease Control and 

Prevention reports that 8 of 10 COVID-19 deaths in the 

U.S. are over age 65.[48] While, in-patient mortality rates 

in New York City were higher in those older than 65 

versus those aged 18–65.[47] Moreover, in-patient 
mortality rates in New York City were higher in those 

older than 65 versus those aged 18–65.[47] 

 

Sex 

Despite similar sex distribution of individuals infected 

with SARS-CoV-2 (male 51%, female 49%), a sex 

difference is notable in COVID-19 fatality rates: males 

could be at higher risk than females for contracting 

severe COVID-19 (49). China’s Center for disease 

Control and Prevention confirmed increased case fatality 

rates in males compared with females (2.8% vs. 1.7%, 
respectively), revealing that 64% of deaths in China have 

been male.[50] Italy had similar trends: male mortality is 

apparently twice that of females in every age group. 

Italy’s Public Health Research Agency noted that 59.8% 

of SARS-CoV-2 cases and 70% of national deaths so far 

have been male.[51] New York City had increased 

hospitalized males more than females (60.3% vs. 39.7%, 

respectively; n = 5,700).[47] Moreover, Open safely, an 

analytics platform covering over 17 million records in 

England, revealed that males have over one-half the 

mortality risk of females, HR: 1.59(1.53–1.65).[52] 

Reduced SARS-CoV-2 infection in females could be 
attributed to their increased protection from viral 

infections by an additional X chromosome and varied 

sex hormones.
[53]

  

 

Race, Ethnicity, and Genetics 

Current epidemiological data strongly indicate variability 

of case-fatality rates from as high as 15.1% in U.K., 

14.2% in Italy, 3.3% in the U.S., and 2.1% in South 

Korea.[54] Furthermore, increasing evidence suggests that 

COVID-19 disproportionately affects some racial and 

ethnic minority groups.[55] The Open SAFELY extensive 
analytic platform indicated HR: 1.62–1.88 (adjusted for 

age and sex) for Black, South Asian, and mixed 

ethnicity, compared with white patients; and HR: 1.43–

1.48 after adjustment of all included factors.[52] 

Moreover, race/ethnicity data from the Morbidity and 

Mortality Weekly Report revealed that 33% of 

hospitalizations were for Blacks, two times the U.S. 

Black population. Conversely, 45% of those hospitalized 
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were white, less than half of the white population.[56] 

Likewise, the Johns Hopkins University and American 

Community Survey reported that infection and death 

rates were more than three times and six times higher, 

respectively, in Black counties than in white ones in the 

U.S.[57]  
 

Researchers have also hypothesized possible genetic 

predisposition to ACE2 polymorphisms linked to 

diabetes, stroke, and hypertension.[58] A meta-analysis 

(n = 11,051) provided strong evidence that ACE2 gene 

polymorphism G8790A had an increased risk factor for 

essential hypertension across different ethnic populations 

in female subjects and Han-Chinese male subjects.[59] 

Genetic predispositions associated with increased 

comorbidities may factor into higher prevalence of heart 

disease, hypertension, diabetes, and obesity in minority 

groups, leading to increased COVID-19 susceptibility 
and severity. Although current but limited studies 

indicate possible genetic variability in COVID-19 

contraction and/or severity, much is debated. Further 

research is needed to understand the molecular and 

pathophysiological mechanisms underlying the 

relationship among genetics, race/ethnic disparities, and 

COVID-19 infection and severity. 

 

CONCLUSION 
 

Corona patients are vulnerable to certain comorbidities, 

such as cardiovascular disease, hypertension, hepatic 
diseases, renal insufficiency, pulmonary diseases, 

neurological and hepatic disorders, in addition to risk 

factors, such as age, sex, race, ethnicity and Genetics. 

These comorbidities and risk factors often boost the risk 

of potentiating the already deteriorating condition of 

COVID-19. Thus, it essential to prevent and protect the 

condition of different comorbidities and take care of the 

risk factors in Covid-19 patients along with the treatment 

of Covid-19. 
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