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Abstract 
Covid-19, an ongoing pandemic, is an emerging ground with several published studies. In general, 

Covid-19 infections occurring in pre-existing comorbidities stand with the greatest risk of mortality. 
Importantly, Age is a significant unmodifiable factor that further worsens outcomes. This paper aims to 
propose a prediction score for the mortality risk of Covid-19 in certain chronic conditions. 

Introduction 
In December 2019, in Wuhan, China, Covid-19 infections emerged as unknown pneumonia [97]. 

The virus's ability to spread through air droplets and a higher infectivity rate soon unfolded it into a 
threatening pandemic. By February 1st 2021, according to the WHO, the confirmed cases stand at around 
one hundred million and has claimed more than two million lives [40]. The most common comorbidities 
that increase the adverse outcomes are hypertension, diabetes and obesity [69]. Despite that, elderly 
individuals face a high risk for severe Covid-19 infection since Age-related physiological and 
immunological changes worsen the outcome [60]. Moreover, Age is a crucial undeniable risk factor. 

This paper aims to review specific comorbidities and establish a sample scoring system for the 
mortality rate associated with Age and chronic conditions in Covid-19. 

Cardiovascular and hypertension in covid-19 patients 
Hypertension and cardiovascular diseases are among the leading comorbidities found in COVID-

19 patients. To give an illustration, a nationwide study in Wuhan, China, shows Hypertension and 
Cardiovascular conditions' prevalence as the first and third common diseases among individuals infected 
with Covid-19 [31]. Based on few studies, that localized ACE2 receptor [26,75], It is evident that a vast 
majority of expression appears in type II pneumocytes, cardiac myocytes, GI tract, and blood vessel cells, 
which potentially explains the predilection of COVID-19 in the lung and cardiovascular system. 

Furthermore, coexisting chronic conditions in infections are apparent to persuade worse 
outcomes. A study conducted in Wuhan [98] depicts the common concurrent comorbidities being 
hypertension (38.75%) and coronary artery disease (11.3%) in Covid-19. Despite that, the risk of mortality 
and adverse outcomes in concurrent diseases are still uncertain. Therefore, these vulnerable patient groups 
need targeted treatment and preventative strategies urgently. 

 
Cardiovascular Disease 
Cardiovascular diseases (CVD) are the number one leading cause of death globally. Nevertheless, 

little is known about the prognosis of CVD patients in Covid 19 infection. The study conducted on the 
association of CVD and non-CVD patient’s prognosis in COVID-19 [55], illustrates that cardiovascular 
conditions potentially lead to poor outcomes in COVID-19 infection.  

Mortality risk in CVD and the course of the disease can be predicted through biomarkers. 
Affirmatively, a study conducted in Italy [86], with 397 patients, demonstrates the elevation of biomarkers 
and its associated mortality. Moreover, the study based in China exemplifies that 12% of patients infected 
with Covid-19 experience myocardial injury [97]. Conclusively, COVID-19 infection causing elevation of 
cardiac markers such as troponin T and CK MB during cardiac manifestations might be justified.  

The cardiac manifestations of COVID-19 can potentially be explained by the below mechanisms: 
 
1. Myocardial damage through activation of inflammatory cytokine release 
SARS 2 (COVID-19) is proposed to enter through the ACE2 receptor and causes modification of 

signalling response. Therefore causes increased release of cytokines and disproportionate inflammatory 
activation [98,53] 
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2. Plaque rupture  
Viral infections causing inflammation and increased endothelial shear stress destabilizes plaques 

leading to worse complications such as acute myocardial infarction.  
3. Electrolyte imbalance  
Electrolyte imbalances are determined to be caused by two main reasons: 

- In general, severe inflammatory reactions are self-sufficient to cause electrolyte imbalance. 
- Arrhythmias due to hypokalemia through renin-angiotensin-aldosterone system interaction [17]. 

Notably, any of the above mechanisms can cause acute heart failure while dealing with COVID-
19 patients. However, COVID -19 is a new research topic with growing information and new concepts 
and not definitive findings. We have data from previous viral infections and proven research studies that 
might relate to our ongoing pandemic.  

Based on an analysis [97], 25 patients recovered from the SARS infection (2002 outbreak) after 12 
years were considered. The results indicated the association between lipid metabolism disruption and 
corticosteroid therapy. Hence, cardiovascular patients treated with high doses of methylprednisolone 
should potentially need consideration for further evaluation in their later life. Importantly, drug usage in 
COVID-19 infections should be a meticulous process. 

Side Effects of trial drugs used in treating COVID-19 
Hydroxychloroquine and chloroquine: Widely used antimalarial drugs such as 

hydroxychloroquine and chloroquine pose a risk of QT prolongation and Torsades de pointes [29,85]. 
Hydroxychloroquine could increase beta-blocker bioavailability and should be used cautiously.  

Antiviral drugs: Lopinavir/ritonavir used as a treatment can potentially cause QT prolongation and 
potentially cause arrhythmias [14]. Combination with other drugs with similar effects should be avoided.  

A combination of drugs such as azithromycin with hydroxychloroquine and or azithromycin with 
antiviral medication might be detrimental, since azithromycin causes QT prolongation as listed in source 
– FAERS (FDA Adverse Event Reporting System). 

The management plan for pre-existing cardiovascular patients during COVID-19 infection is 
under evaluation. Figure 1. Depicts the proposed treatment algorithm [19].  

 
Figure 1. COVID-19 treatment algorithm19.  

 
 
Abbreviations: CBC, complete blood count; CMP, complete metabolic profile; ESR, erythrocyte 
sedimentation rate; CRP, C reactive protein; LDH, lactate dehydrogenase; CT, computed tomography; 
EKG (also ECG), electrocardiograph; BNP, NTpBNP, N terminal pro brain natriuretic peptide; Echo, 
echocardiograph; VT, ventricular tachycardia; PCI, percutaneous coronary intervention; STEMI, ST-
elevation myocardial infarction; NSTEMI, non ST-elevation myocardial infarction; CTA; computed 
tomography angiography; ACS, acute coronary syndrome. 



JECM  2022/2 

 3 

Biomarkers such as Troponin T, N-terminal pro-B-type natriuretic peptide (NT-proBNP), and 
brain natriuretic peptide BNP can help diagnose cardiac complications. N-terminal proBNP elevation can 
help us determine cardiac wall stretching [73]. Elevated biomarkers do not always relate to cardiovascular 
complications but support the cardiovascular system's involvement and support the clinical diagnosis. 
Figure 2. Biomarkers in COVID-19 [57]. 

Moreover, Troponin T is mainly being considered as an essential biomarker since it indicates direct 
myocyte damage. 

Troponin T 
- Potentially could be used in intensive care units (ICU) to support clinical judgement [36]. 
- Elevation in cardiac events. TnT, based on a study [93], signifies the elevation in myocardial injury. 
- By contrast, Troponin might be an independent risk factor for mortality, as illustrated in a study, 

conducted at Mayo clinic [6]. 
 
Figure 2: Biomarkers in COVID-1921 

 
 

The mortality rate in cardiovascular 
With this in mind, a study [33] consisting of 187 individuals had a mortality of 43; among them, 

patients with comorbid CVD with elevated TnT had the highest mortality rate of 69.4% and elevated TnT 
but without CVD was 37.5%, indicating cardiac injury being the predominant cause of fatality. Pre-
existing cardiovascular conditions intuitively might weaken the body's reserve to fight the occurring 
disease. The data to predict the mortality rate and analyze the exact mechanism leading to adverse events 
such as myocardial infarction and myocarditis is far from definitive. Patients with cardiovascular 
conditions might need aggressive therapy and careful monitoring during the disease. 

Hypertension 
Hypertension, a medical condition that elevates blood pressure, significantly increases the risks of 

heart, brain, kidney, and other diseases. Neither uncontrolled blood pressure being a risk factor nor 
controlled individuals having reduced risk in Covid-19 are unclear. Nevertheless, hypertension is a pivotal 
chronic condition to research further. Recent studies on Angiotensin-converting enzyme inhibitor (ACE 
inhibitor) and Angiotensin receptor blocker (ARBs) drug usage in hypertensive patients are arguable. 

Renin-angiotensin-aldosterone system and ACE inhibitor/ARB's usage in Hypertension 
Studies propose SARS-CoV-2-S(COVID-19) has 80% similarity in spike protein as SARS 

COV1[38], and speculated to enter through ACE2 receptors [103] during the early phase. The anticipated 
outcome of severe COVID -19 infections through the usage of antihypertensive drugs are under 
investigation. ACE inhibitors and ARBs may potentially cause an upregulation of ACE 2 receptors [47]. 
Chronic usage might increase the viral entry and thus produce a severe infection. That said, these 
mechanisms are still theoretical from animal studies and not validated in humans. In view of above 
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findings, switching drugs in hypertension may result in effective reduction of viral entry in the near 
future. 

On the other hand, a pathway called ACE-2-Ang-(1–7)-Mas axis counteracts the inflammatory 
reaction and possibly reduces the detrimental effect [80]. This proposed mechanism is due to the long term 
administration of the above-said drugs as well. Nonetheless, A study based in Wuhan Central hospital, 
consisting of 1178 patients, has provided no association between usage of ARB/ACE inhibitors and severity 
in hypertensive patients [54].  

Theoretically, the discontinuation of ACE inhibitor /ARB's drugs might decrease the above said 
ACE 2 upregulations. But an aftereffect might scale down the preferred ACE-2-Ang-(1–7)-Mas and the 
resulting anti-inflammatory pathway. Above all, discontinuing life-saving drugs, i.e., ACE 
inhibitors/ARBs in a vast majority of comorbidities, could be harmful. In summation, whether ARB/ACE 
inhibitor's usage aids the patient through anti-inflammatory properties through ACE-2-Ang-(1–7)-Mas or 
promotes upregulation of the ACE 2 receptors causing a severe infection is uncertain. 

Moreover, RAAS activation causes vascular complications in many comorbid conditions such as 
hypertension and diabetes. Given that the most severe forms of COVID-19 infection have resulted in 
hypertensive patients, long standing RAAS activation potentially links to the pathogenesis of the COVID-
19 virus.  

Association of severity in Blood group 
The relation between ABO blood groups and Hypertension's severity observed in a study [77], 

signifies that AB blood group (Non-O blood group) vs O group individuals are likely to be associated 
with:1) Elevated Pro-thrombotic value, 2) Increased rate of death, 3) Increased risk of cardiac injury. 

As far as we know, hypertensive patients' deterioration rate is far more significant than other 
comorbidities, as illustrated in this research which contemplates using the Kaplan-Meier survival curve 
and insists on a mortality increase in Hypertension [22]. Moreover, several kinds of research indicate the 
harsh reality about Hypertension causing catastrophic outcomes. 

Plasma(ogen) 
The plasminogen is theorized one of the common risk factors to increase susceptibility in 

comorbid individuals [46]. The study illustrates the plasmin role, potentially causing enhanced virulence 
and infectivity.  

Repurposable drugs 
The primary objective currently should be to spotlight the management methods followed 

worldwide and to reduce mortality. Newer drug regimes through analysis are currently ongoing. 
Based on previous reports, testing alternative drugs such as carvedilol [82] and verapamil [46] are 

promising. Carvedilol is illustrated to reduce ACE up-regulation [74], and thus used as a potential drug in 
Covid-19. Previous studies have suggested that it could potentially reduce inflammation in myocarditis 
induced by viral infections. 

Drugs that are under investigation: 
1) Canakinumab [16] - a monoclonal antibody that targets IL-1β explicitly. Thus, it might be beneficial 

to decrease Th1 mediated cascade. 
2) Roflumilast [92] - PPE-4 inhibitor. Proven effective in COPD patients.  
3) Drugs targeting Spike protein.  

Diabetes and obesity 
The prevalence of Diabetes and Obesity in the world make these crucial comorbidities when 

approaching patient care in the COVID-19 pandemic. Knowing what burden these diseases bring and how 
they influence a patient’s prognosis and overall health can be enlightening. With enough serious research, 
structuring an integrated, unique prediction medium is not without benefits. Though they are often hand 
in hand, our review will include the individual factors of Diabetes and Obesity in light of a COVID-19 
positive victim. 

Diabetes 
Some might argue diabetes is a pandemic in and of itself in the world today. The past 

documentation of diabetic patients proves it has walked the earth with us for some time, though Diabetes 
Type 2 is more present now than ever.  Due to the many stricken by this pathology, numerous studies and 
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treatment regimes have already been implemented with great success. Despite this, there is no cure to this 
modern ailment. Now enter SARS CoV-2, the new pandemic on block, and we might have to view diabetes 
in a new light.  

COVID-19 goes with comorbidities like winter and the flu. Their combination in exacerbating a 
patient’s condition and causing mortality belies the true meaning of the word synergy. In a study 
identifying the main proponents of associated comorbidities with COVID-19 cases, diabetes revealed itself 
to be a front contender, though the authors do admit the lack of concrete data prevents them from figuring 
out to what extent [88]. Other researchers propose that both were an ‘unholy interaction of two 
pandemics’ because of their effect on one another [64]. Diabetes increases the chance of and worsens the 
prognosis of a SARS CoV-2 infection. Likewise, the reaction to and treatment for coronavirus rapidly 
deteriorates the glucose control of a diabetic [15].  

In order to understand how diabetes affects the prognosis and risk of morality in a COVID-19 
patient, the pathophysiology as well as the mechanisms of each must be considered. At the same time, 
past outbreaks of similar microbes may also be referenced for more calculated conclusions. 

In general, SARS CoV-2 enters the cell through surface S-glycoprotein attachment to host cell 
ACE-2. ACE-2 is expressed in many cells throughout the body, including type 1 and 2 alveolar epithelial 
cells in the respiratory system [81]. Cells expressing the same entry point include pancreas, intestinal 
epithelium, rental tubular epithelium, cardiac cells and vascular endothelium.  

Once entry has been achieved, inflammatory responses recruit T helper cells and other 
inflammatory cells. This causes a cytokine storm leading to multi-organ dysfunction and failure. Assuming 
the patient has no other conditions that can contribute or negate, this is the usual course of the infection. 

Now add in diabetes. So far, the research that is out there found that the increased risk and severity 
of SARS CoV-2 seen in diabetic patients can be attributed to: 
1. Increased ACE-2 Expression 

- One study identified increased expression of ACE-2 in renal, liver and pancreas [71]. 
- Diabetic patients expressing more ACE-2 might be predisposed to SARS CoV-2. 

2. Increased Furin 
- Though ACE-2 is the entry receptor for SARS-2 CoV-2, a pro-protein membrane-bound protease 

contributes to coronavirus entry into the cell. 
- Diabetics have been found to have more furin [24]. 

3. Impaired immune functionality  
- Past studies from the MERS-CoV show that diabetic mice experienced a delay in inflammation 

and immune response. 
- Likewise, decreased amounts of lymphocytes were seen in COVID-19 patients [51]. 

4. Increases in Interleukin-6 (IL-6)  
- IL-6 is found to be increased in COVID-19 infection as well as in non-COVID-19 patients 

diagnosed with diabetes.  
- Synergistic effect upon prognosis is a possible method of severity [58].  

5. SARS infection causing hyperglycemia 
- In a 2010 study, patients with SARS infection were seen to have hyperglycemia with no history 

of diabetes. 
- Further investigation revealed that SARS could bind to pancreatic islet cells, damage them and 

cause an acute diabetes [101]. 
6. Anti-diabetic drugs 

- Thiazolidinediones (TZD) was seen to increase the risk of pneumonia [29]. 
- Pioglitazone [102] and liraglutide [71] were found to increase ACE-2 expression. 
- DPP4 inhibitors have been associated with increased risk of upper respiratory infection, but more 

data is needed to correlate that risk with COVID-19 and diabetes outcomes [43]. 
- Similarly, in cases of diabetic nephropathy or macrovascular disease, ACE/ARBs, statins, calcium 

channel blockers and aspirin require more evidence before contraindications can be prescribed 
[81]  
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Though there is still more to be discovered, these factors influence the outlook of SARS CoV-2 
infection in diabetes. This is of course not including the various acute and chronic complications faced in 
diabetes, each of which could add exponential risk upon the patient depending on how well controlled 
their diabetes is found to be. Those with progressive, uncontrolled diabetes have higher incidences of 
HTN, cardiovascular disease and the like. At the same time, having only diabetes with COVID-19 by no 
means reduces from any potential risk of adverse events. In fact, a study found COVID-19 patients, 
without any other comorbidity other than diabetes, to be at increased risk of a myriad of critical 
complications [34] including:  

1. Severe pneumonia and ARDS 
2. Release of enzymes related to tissue injury 
3. Uncontrolled and excessive inflammation responses (due to increases of inflammatory-related 

biomarkers),  
4. Increased hypercoagulable state  
5. Dysregulation of glucose metabolism 
6. Greater need of tracheal intubation  
7. Associated death within 7 days 

Yes, these complications look dire and it is exactly why diabetes increases the death rate in 
COVID-19 patients [1]. Taking it further, what’s interesting is these mechanisms and complications are 
surprisingly similar to the findings of past viral infections. If we compare past data, this allows us to gather 
further insight into the true risk of diabetes amidst infectious pathologies:  

1. Diabetes and associated plasma glucose levels were an independent risk factors in 2002-2003 
outbreak of Severe Acute Respiratory Syndrome (SARS-CoV-1) [100]. 

2. ‘Diabetes increased likelihood of medical consultation and risk of death due to influenza’ 
according to researchers studying the Influenza A outbreak of 2009 [3]. 

3. Patients with underlying diabetes were associated with life-threatening severity and a 35% 
mortality in the sudden appearance of 2012’s Middle East respiratory syndrome coronavirus 
(MERS-CoV) [7]. 
As past studies of similar outbreaks (e.g., SARS [100]and H1N1[8]) show, glycemic control could 

be a predictor of a patient’s course and status in regards to COVID-19. This can prove to be arduous as 
blood glucose readings usually require a bedside manner differentiated from current regulations of 
lockdowns and social distancing. Those not critically ill may circumvent this obstacle with self-testing 
and telecommunication with their care provider, but not all have this luxury. The prospect increases if 
the patient is elderly, lives alone and suffering from physical, mental or emotional afflictions. What’s 
worse, the acute complications of diabetes (namely DKA and HHNS) are both precipitated by stress and 
improper insulin management. Inadvertent or forgetful management of medication concurrent with an 
exposure to coronavirus could be the perfect storm that deteriorates a diabetic patient’s health before word 
gets out. All and all, diabetic patients are facing an all too different face of the COVID-19 pandemic. 
Quantifying the risks and mortality for patients could arm medical providers with a realistic and sure 
approach to preserve the lives of those in their care. 

Obesity 
Obesity, or excess of adipose tissue due to imbalance of food intake and energy expenditure, is also 

a factor that can’t be ignored and is very similar to diabetes. What’s worse, both are seen in old and 
younger generations thanks to the rising tide of adolescent obesity [63]. The wide prevalence throughout 
the world has been partly attributed to the nutrient values of everyday diets, those high in saturated fats, 
sugars and refined carbohydrates [11]. These more available, yet unhealthy foods leave many at risk of the 
current COVID-19 pandemic situation. In fact, obesity was found in a New York study to be one of the 
leading clinical features amongst 4,103 patients being treated for COVI-19 [68]. Furthermore, a separate 
study conducted with 1,317 diabetic participants hospitalized for COIVD-19 in France associated the link 
of obesity with severe outcomes. Patients who required mechanical ventilation via tracheal intubation 
and/or experienced death within 7 days of admission were more positively associated with increased BMI 
rather than glucose control [15]. This leads us to believe that obesity, often analogous to diabetes, is in a 
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class all its own as seen in the high risk of mortality is associated with COVID-19 infection in patients 
with obesity [42].  

Charting out the mechanisms of increased risk in obesity and COVID includes: 
1.   Increase risk of other risk factors 

- Increased fat mass was causally related to hypertension, diabetes mellitus, coronary artery disease, 
stroke, atrial fibrillation, renal disease, and heart failure [78]. 

2.   Impaired immune response  
- Similar to diabetes, obese individuals have an altered immune function perhaps due to the 

metabolic and nutrient from insulin resistance and reduced beta-cell function [61]. 
- SARS CoV-19 causes a ‘cytokine storm’, further weakening the immune system [50]. 
- Fat depots have also been linked to disruption of immune cells, preventing interactions, survival 

and proliferation [84]. 
3.   Increase thrombotic complications and endothelium imbalance  

- Amongst COVID-19 infections, risk of disseminated intravascular coagulation and venous 
thrombosis have been associated [91]. 

4.   Decreased respiratory performance 
- Decreased lungs volumes (forced expiratory, forced vital capacity, etc) hamper the recovery period 

of obese individuals [78]  
- Furthermore, obesity decreases lung compliance and hinders normal diaphragm movement [20].  

5.   Increased inflammatory status 
- Like diabetes, interleukin-6 and C-reactive protein levels are increased. 
- This could be on account of adipose tissue being highly inflammatory, with increased expression 

of cytokines (eg, TNF-alpha, IL-1, adipokin) [87]. 
- Increased oxidative stress is also a contributing factor [12]. 

6.   Difficulty in receiving healthcare 
- Medical providers often aren’t able to properly perform examinations and treatments for obese 

patients, such as performing imaging and overall handling [24].  
7.   ACE-2 expression in adipose tissue 

- Adipose tissue is generally found to have more ACE-2; its accentuated presence in obesity allows 
further ease of of SARS CoV-2 infection [76].  

 

Smoking and Respiratory Comorbidities:  
As COVID-19 is a respiratory disease by itself, Smoking and COPD play a role in the prognosis of 

affected patients. Smoking cannot be called comorbidity but is the primary cause of an array of respiratory 
conditions, including COPD. So we have to look into smoking as a separate condition rather than a cause 
of several respiratory problems. Respiratory Failure is the primary cause of death in patients affected with 
SARS-CoV-2, patients with preexisting respiratory problems, such as COPD, have a higher risk of 
mortality. Our review will attempt to explain the effect of these conditions in a patient affected with 
COVID- 19.  

 
Smoking 
There are more than 1.2 billion smokers worldwide [95]. Though smoking is not a comorbidity, it 

is the primary cause of a variety of lung problems. So therein lies the novelty to explore this topic further.  
ACE 2 is the receptor used by SARS-CoV-2 to enter the host cell [38]. A study conducted by Leung et al. 
[52] revealed that there is a higher expression of protein ACE 2 in the small airway epithelia of smokers 
than in nonsmokers. They concluded that this might predispose smokers to an increased risk of COVID-
19 infection. But a review study conducted by Marco et al. [72] says that current smoking is not a risk 
factor for neither acquisition nor severity of COVID-19. Two other studies [32,56] support the conclusion 
of the study by Marco et al. [72]. Thus, it is safe to assume current smoking may not be a problem, but that 
does not mean smokers are not at risk.  

Since the primary cause of death in COVID-19 is respiratory failure, smoking is the most common 
cause of lung damage. An array of lung problems have their effect on the prognosis of COVID-19 infection. 
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Since the damage accumulates over a long period, it is almost certain that smokers who have smoked for 
a long time have an increased risk of progression if they get infected by SARS-CoV-2. A meta-analysis 
conducted by Patanavich R and Glantz A [66] supports this theory by concluding that "smoking is a risk 
factor for the progression of COVID-19, with smokers having higher odds of COVID progression than 
never smokers”. To conclude, we can say that current smoking does not increase the rate of mortality, but 
the damage of lungs and increased ACE 2 expression due to smoking puts patients at a higher risk of 
progression of COVID- 19 infection. Thus it becomes a high risk when the patient has a history of 
smoking. 

 
Respiratory Comorbidities 
COVID-19 is a respiratory infection, which causes a great deal of damage to the lungs. If a patient 

already has damaged lungs, it makes the prognosis of COVID-19 even worse. There are a lot of conditions 
that can damage the lungs. Two of them are COPD, and Asthma. In this review, we will look into these 
specific conditions as comorbidities. 

 
COPD 
SARS-CoV-2 is transmitted mainly by respiratory droplets. The virus uses ACE 2 protein in the 

respiratory epithelium as the entry point. A study [52] shows there is more ACE 2 gene expression in 
patients with COPD than patients without COPD. Cai et al. [13] found out that there is increased ACE 2 
gene expression in COPD patients to smokers. Another study by Smith et al. [83] concluded that ACE 2 
expression was higher in the whole lung tissue of COPD patients. From these studies, we can infer that 
their COPD patients have increased ACE 2 expression, which is a receptor used by SARS-CoV-2 to enter 
the host cell.  

All these studies focus on the relationship between SARS-CoV-2 and ACE 2 in COPD patients, 
but we should also consider that COPD patients are already predisposed to respiratory infections. This 
could be because of decreased type 1 interferon production [39] or immunosenescence because of 
increased exhausted T cells and reduced memory T cells [27,48]. When we put all this together, we can 
say the prognosis of COPD patients is worse than a previously healthy patient.   

There is a report of endothelial cell dysfunction in COPD patients, which results in increased 
apoptotic endothelial cells [49]. Increased permeability of airway microvasculature is also related to 
airflow limitations in COPD patients [62]. These show that COPD patients are susceptible to vascular 
injury. There is an increased amount of circulating coagulation factors in COPD patients [41]. This amount 
further increases during exacerbations [90]. COVID-19 infection will be the cause of exacerbation here. 
These studies show COPD patients are prone to coagulopathies. It also explains why there is an increased 
occurrence of Pulmonary embolism in COPD patients [2]. Considering all these studies, we can say that 
COPD patients are at higher risk of mortality. 

According to a few studies done in China and America [4,32,59], the prevalence of COVID-19 in 
COPD patients is around 2-3%. A meta-analysis of 11 case series [5, 32, 59, 67, 69,18, 89] by Andrew et 
al. [38] showed an 88% increase in the risk of ICU admission or death in COVID-19 patients with COPD. 
Moreover, it also showed a 45% higher chance of developing severe complications. We cannot take this 
data at face value because most patients in these studies with COPD were also of age greater than 60. Age 
is one of the non-modifiable risk factors and comorbidity for the prediction of the outcome in COVID-19 
infected patients. An Italian study [9] reported that patients with COPD were at a higher risk of severe 
respiratory failure. A Spanish study [89] observed a 70% increase in the risk of death among COVID-19 
infected patients with COPD. A cohort study by ISARIC (International Severe Acute Respiratory and 
Emerging Infection Consortium) [21] with a sample of over 20000 showed chronic pulmonary diseases are 
associated with increased risk of death. 

Thus with compiled information, we can say that COPD increases the risk of mortality in patients 
with COVID-19. It is also crucial to note that many of these comorbidities can appear together in a single 
patient. Though COPD may not increase the rate of mortality as much as hypertension or obesity, it plays 
a role significant enough to notice. 
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Asthma 
It is safe to say that COVID-19, unlike many other respiratory infections, did not affect patients 

with asthma to the same extent. A study by José et al. [44] with a sample size of over 70000 concluded that 
significantly fewer patients with asthma are affected by COVID-19 than other comorbidities. It also 
concluded that the use of Inhaled Corticosteroids (ICS) showed a safer profile, implying the protective 
effect of ICS against SARS-CoV-2 infection. ICS may prevent SARS-CoV-2 entry because it can 
downregulate ACE 2 [25,67]. In these studies, it is found that ACE 2 gene expression is lower in the sputum 
of COPD and Asthma patients using ICS. 

But a literature review by David et al. [35] concluded that there is no evidence of benefits or harms 
of ICS in COVID-19. An observational study from London [79] found increased mortality in COPD and 
Asthma patients using ICS. But a sensitivity analysis showed that the cause of mortality was simply due to 
the severity of the disease itself rather than ICS use. So the conclusion by David et al. [35] and José et al. 
[45] still stands correct. With this information, we can conclude that asthma will not play a significant 
role as comorbidity when predicting the mortality of COVID-19 infected patients. 

 
Prediction of mortality 
By understanding the interactions of the major comorbidities with COVID-19, we can appreciate 

how a predictive mortality score method would be beneficial to healthcare providers. Each patient 
presents a unique challenge and therefore requires a personalized approach. This, however, is difficult in 
a pandemic situation where clinicals and wards can be easily overwhelmed. By calculating the risk of 
mortality for patients with SARS-Covid infection, both triage and focused care can be acceptably achieved 
in any part of the world. 

Generating a predictive mortality method still calls for applicable and accurate data to the 
geographical locations of patients. What comorbidity afflicting one nation will not always align with 
another nation’s. A pertinent example can be seen in approaches by 2 different studies, one based in 
Wuhan, China2 and another in Mexico [10]. Each had different statistics in terms of mortality/recovery 
rate, coexisting disorders and other differential data. But they were able to formulate predictive 
information to assist future, similar cases. We believe what they achieved was not only innovative and 
admirable, but also reproducible for all areas of the world.  

As an example, we formed a similar approach using figures from West Bengal who diligently 
assemble and update their demographic data daily [95]. Due to lack of info we were unable to include 
Obesity and Smoking as fatal cofactors, though this doesn’t eliminate their significance to a patient’s 
prognosis.  Below we surmised this data into a bar graph about mortality based on age, which statistically 
is already known to be the greatest modifier, and comorbidities.  

 
 

 
 
Then we created a table for a predictive score report based on age range and applicable chronic 

disorders. A higher value proportionally infers that this patient is at a higher risk compared to others 
whose score is less.  
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Mortality Prediction Table (based on West Bengal data) 
Comorbidities Predictive Score 
Age >60 +2 
Age <60 -2 
HTN 4 
Diabetes  3 
Cardiac Disease 2 
COPD 1 

Mortality Predictive Score 
Low risk 0-3 
Medium Risk 4-6 
High Risk 7-9 
Very High Risk ≥10 

 
Conclusion 
COVID-19 is a pandemic we can’t ignore, especially when afflicting patients with compromising 

chronic illnesses. Cardiac Disease, HTN, Diabetes, Obesity, Respiratory Disease and Smoking are amongst 
the considerable coexisting conditions that threaten the prognosis of victims of SARS-CoV-2. We have 
included the pathways of how they interact with the virus and a solution of structuring a method of 
predicting mortality risk to give doctors a practical tool. This method was simulated from cited analyses 
conducted in Wuhan and Mexico respectively. 

Unlike the many studies we cited in our investigation, our goal was to create a unique, world-wide 
predictive score report for determining mortality and adverse events in COVID-19 patients with 
comorbidities. Our research draws upon their contributions, of which we give them full credit and 
accolades. This study was compiled in an attempt to present a simple and universal tool for medical 
providers to apply in their own idiosyncratic situation. We understand that our own predictions are 
indeed fallible, due to inability to collect on-the-ground statistics as well as observing this data through 
the lens of ignorance. Despite that, we hope this score sheet allows healthcare experts with the means to 
make verdicts regarding the health of those in their care.  

 

References: 
1. Abdi A, Jalilian M, Sarbarzeh PA, Vlaisavljevic Z. Diabetes and COVID-19: A systematic review on the 

current evidences. Diabetes Res ClinPract 2020; 166:108347.  
2. Aleva FE, Voets L, Simons SO, et al. Prevalence and localization of pulmonary embolism in unexplained 

acute exacerbations of COPD: a systematic review and meta-analysis. Chest 2017; 151: 544–54. 
3. Allard R, Leclerc P, Tremblay C, Tannenbaum TN. Diabetes and the severity of pandemic influenza A 

(H1N1) infection. Diabetes Care 2010;33(7):1491-93.  
4. Alqahtani JS, Oyelade T, Aldhahir AM, et al. Prevalence, severity and mortality associated with COPD and 

smoking in patients with COVID-19: a rapid systematic review and meta-analysis. PLoS One 2020; 
15:e0233147.  

5. Argenziano MG, Bruce SL, Slater CL, et al. Characterization and clinical course of 1000 patients with 
coronavirus disease 2019 in New York: retrospective case series. BMJ 2020;369:m1996.  

6. Babuin L, Vasile VC, Rio Perez JA, Alegria JR, Chai HS, Afessa B, Jaffe AS. Elevated cardiac troponin is an 
independent risk factor for short- and long-term mortality in medical intensive care unit patients. Crit Care 
Med 2008 Mar;36(3):759-65.  

7. Badawi A, Ryoo SG. Prevalence of comorbidities in the Middle East respiratory syndrome coronavirus 
(MERS-CoV): a systematic review and meta-analysis. Int J Infect Dis 2016;49:129-33.  

8. Badawi A, Ryoo SG. Prevalence of Diabetes in the 2009 Influenza A (H1N1) and the Middle East Respiratory 
Syndrome Coronavirus: A Systematic Review and Meta-Analysis. J Public Health Res. 2016;5(3):733.  

9. Bartoletti M GM, Scudeller L, Tedeschi S, et al. Predictors of severe respiratory failure in hospitalized 
patients with SARS-CoV-2 infection: development and validation of a prediction model (PREDI-CO study). 
ClinMicrobiol Infect 2020;  



JECM  2022/2 

 11 

10. Bello-Chavolla OY, Bahena-López JP, Antonio-Villa NE, et al. Predicting Mortality Due to SARS-CoV-2: A 
Mechanistic Score Relating Obesity and Diabetes to COVID-19 Outcomes in Mexico. J 
ClinEndocrinolMetab 2020;105(8): dgaa346.  

11. Butler MJ, Barrientos RM. The impact of nutrition on COVID-19 susceptibility and long-term 
consequences. Brain BehavImmun 2020; 87:53-54.  

12. Caci G, Albini A, Malerba M, Noonan DM, Pochetti P, Polosa R. COVID-19 and Obesity: Dangerous 
Liaisons. J Clin Med 2020;9(8):2511.  

13. Cai G, Bosse Y, Xiao F, et al. Tobacco smoking increases the lung gene expression of ACE2, the receptor of 
SARS-CoV-2. Am J RespirCrit Care Med 2020; 201: 1557−59. 

14. Cao B, Wang Y, Wen D, et al. A Trial of Lopinavir-Ritonavir in Adults Hospitalized with Severe Covid-19. 
N Engl J Med 2020;382(19):1787-99.  

15. Cariou B, Hadjadj S, Wargny M, et al. Phenotypic characteristics and prognosis of inpatients with COVID-
19 and diabetes: the CORONADO study [published correction appears in Diabetologia. 2020 Jul 2;]. 
Diabetologia 2020;63(8):1500-15.  

16. Chakraborty A, Tannenbaum S, Rordorf C, et al. Pharmacokinetic and pharmacodynamic properties of 
canakinumab, a human anti-interleukin-1β monoclonal antibody. ClinPharmacokin2012;51(6):e1-e18. 

17. Chen D, Li X, Song Q, et al. Assessment of Hypokalemia and Clinical Characteristics in Patients With 
Coronavirus Disease 2019 in Wenzhou, China. JAMA Netw Open 2020;3(6):e2011122.  

18. Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology, clinical course, and outcomes of critically ill 
adults with COVID-19 in New York City: a prospective cohort study. Lancet 2020; 395: 1763–70.  

19. Dhakal BP, Sweitzer NK, Indik JH, Acharya D, William P. SARS-CoV-2 Infection and Cardiovascular 
Disease: COVID-19 Heart. Heart Lung Circ 2020;29(7):973-87.  

20. Dietz W, Santos-Burgoa C. Obesity and its Implications for COVID-19 Mortality. Obesity (Silver Spring). 
2020;28(6):1005. 

21. Docherty AB, Harrison EM, Green CA, et al. Features of 20 133 UK patients in hospital with covid-19 using 
the ISARIC WHO Clinical Characterisation Protocol: prospective observational cohort study. BMJ 2020; 
369: m1985. 

22. Emami A, Javanmardi F, Akbari A, et al. Survival rate in hypertensive patients with COVID-19. 
ClinExpHypertens 2021;43(1):77-80. 

23. Fernandez C, Rysä J, Almgren P, et al. Plasma levels of the proproteinconvertasefurin and incidence of 
diabetes and mortality. J Intern Med 2018;284(4):377-87.  

24. Finer N, Garnett SP, Bruun JM. COVID-19 and obesity. ClinObes 2020;10(3):e12365.  
25. Finney LJ, Glanville N, Farne H, et al. Inhaled corticosteroids downregulate the SARS-CoV-2 receptor ACE2 

in COPD through suppression of type I interferon. bioRxiv 2020. 
26. Ge XY, Li JL, Yang XL, et al. Isolation and characterization of a bat SARS-like coronavirus that uses the 

ACE2 receptor. Nature. 2013;503(7477):535-538. 
27. Geerdink JX, Simons SO, Pike R, et al. Differences in systemic adaptive immunity contribute to the 'frequent 

exacerbator' COPD phenotype. Respir Res 2016; 17:140.  
28. Giudicessi JR, Noseworthy PA, Friedman PA, Ackerman MJ. Urgent Guidance for Navigating and 

Circumventing the QTc-Prolonging and Torsadogenic Potential of Possible Pharmacotherapies for 
Coronavirus Disease 19 (COVID-19). Mayo ClinProc 2020;95(6):1213-21.  

29. Gorricho J, Garjón J, Alonso A, et al. Use of oral antidiabetic agents and risk of community-acquired 
pneumonia: a nested case-control study. Br J ClinPharmacol 2017;83(9):2034-44.  

30. Grundy S, Plumb J, Lea S, et al. Down regulation of T cell receptor expression in COPD pulmonary CD8 
cells. PLoS One 2013; 8:e71629.  

31. Guan WJ, Liang WH, Zhao Y, et al. Comorbidity and its impact on 1590 patients with COVID-19 in China: 
a nationwide analysis. EurRespir J 2020;55(5):2000547. 

32. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med 
2020; 382:1708–20. 

33. Guo T, Fan Y, Chen M, et al. Cardiovascular Implications of Fatal Outcomes of Patients With Coronavirus 
Disease 2019 (COVID-19) [published correction appears in JAMA Cardiol. 2020 Jul 1;5(7):848]. JAMA 
Cardiol 2020;5(7):811-18.  



JECM  2022/2 

 12 

34. Guo W, Li M, Dong Y, et al. Diabetes is a risk factor for the progression and prognosis of COVID-19 
[published online ahead of print, 2020 Mar 31]. Diabetes Metab Res Rev 2020; e3319.  

35. Halpin DMG, Singh D, Hadfield RM. Inhaled corticosteroids and COVID-19: a systematic review and 
clinical perspective. EurRespir J 2020; 55:2001009.  

36. Heart Failure Biomarkers in COVID-19. American College of cardiology, expert analysis. 
Cardiology.https://www.acc.org/latest-in-cardiology/articles/2020/07/27/09/25/heart-failure-biomarkers-
in-covid-19 

37. Higham A, Mathioudakis A, Vestbo J, Singh D. COVID-19 and COPD: a narrative review of the basic science 
and clinical outcomes. European Respiratory Review. 2020;29(158):200199.  

38. Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 
and Is Blocked by a Clinically Proven Protease Inhibitor. Cell. 2020;181(2):271-280.e8.  

39. Hsu AC, Parsons K, Moheimani F, et al. Impaired antiviral stress granule and IFN-beta enhanceosome 
formation enhances susceptibility to influenza infection in chronic obstructive pulmonary disease 
epithelium. Am J Respir Cell MolBiol 2016; 55: 117–27. 

40. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 
China [published correction appears in Lancet. 2020 Jan 30;]. Lancet. 2020;395(10223):497-506.  

41. Husebo GR, Gabazza E, D'Alessandro C, et al. Coagulation markers in COPD. EurRespir J 2018; 52: Suppl. 
62, OA1937 

42. Hussain A, Mahawar K, Xia Z, Yang W, El-Hasani S. Obesity and mortality of COVID-19. Meta-analysis. 
Obes Res ClinPract 2020;14(4):295-300.  

43. Iacobellis G. COVID-19 and diabetes: Can DPP4 inhibition play a role? Diabetes Res ClinPract 2020; 
162:108125. 

44. Izquierdo J, Almonacid C, González Y et al. The Impact of COVID-19 on Patients with Asthma. EurResp J 
2020:2003142. 

45. Jayaseelan VP, Paramasivam A. Repurposing calcium channel blockers as antiviral drugs. J CellCommun 
Signal 2020;14(4):467-68.  

46. Ji HL, Zhao R, Matalon S, Matthay MA. Elevated Plasmin(ogen) as a Common Risk Factor for COVID-19 
Susceptibility. Physiol Rev 2020;100(3):1065-75.  

47. Kai H, Kai M. Interactions of coronaviruses with ACE2, angiotensin II, and RAS inhibitors-lessons from 
available evidence and insights into COVID-19. Hypertens Res 2020;43(7):648-54. 

48. Kalathil SG, Lugade AA, Pradhan V, et al. T-regulatory cells and programmed death 1+ T cells contribute 
to effector T-cell dysfunction in patients with chronic obstructive pulmonary disease. Am J RespirCrit Care 
Med 2014; 190:40–50.  

49. Kasahara Y, Tuder RM, Cool CD, et al. Endothelial cell death and decreased expression of vascular 
endothelial growth factor and vascular endothelial growth factor receptor 2 in emphysema. Am JRespCrit 
Care 2001;163: 737–44.  

50. Korakas E, Ikonomidis I, Kousathana F, et al. Obesity and COVID-19: immune and metabolic derangement 
as a possible link to adverse clinical outcomes. Am J PhysiolEndocrinolMetab 2020;319(1):E105-E109. 

51. Kulcsar KA, Coleman CM, Beck SE, Frieman MB. Comorbid diabetes results in immune dysregulation and 
enhanced disease severity following MERS-CoV infection. JCI Insight. 2019;4(20):e131774. 

52. Leung JM, Yang CX, Tam A, et al. ACE-2 expression in the small airway epithelia of smokers and COPD 
patients: implications for COVID-19. EurRespJ2020; 55:2000688.  

53. Li B, Yang J, Zhao F, et al. Prevalence and impact of cardiovascular metabolic diseases on COVID-19 in 
China. Clin Res Cardiol 2020;109(5):531-38.  

54. Li J, Wang X, Chen J, Zhang H, Deng A. Association of Renin-Angiotensin System Inhibitors With Severity 
or Risk of Death in Patients With Hypertension Hospitalized for Coronavirus Disease 2019 (COVID-19) 
Infection in Wuhan, China. JAMA Cardiol 2020;5(7):825–30.  

55. Li M, Dong Y, Wang H, et al. Cardiovascular disease potentially contributes to the progression and poor 
prognosis of COVID-19. NutrMetabCardiovasc Dis 2020;30(7):1061-67.  

56. Lippi G, Henry BM Active smoking is not associated with severity of coronavirus disease 2019 (COVID-19). 
Eur J Intern Med 2020; 75: 107–8.  

57. Liu PP, Blet A, Smyth D, Li H. The Science Underlying COVID-19: Implications for the Cardiovascular 
System. Circulation. 2020;142(1):68-78.  



JECM  2022/2 

 13 

58. Maddaloni E, Buzzetti R. Covid-19 and diabetes mellitus: unveiling the interaction of two pandemics 
[published online ahead of print, 2020 Mar 31]. Diabetes Metab Res Rev 2020; e33213321.  

59. Marcello RK, Dolle J, Grami S, et al. Characteristics and outcomes of COVID-19 patients in New York City's 
Public Hospital System. medRxiv 2020;  

60. Miller EJ, Linge HM. Age-Related Changes in Immunological and Physiological Responses Following 
Pulmonary Challenge. Int J MolSci 2017;18(6):1294.  

61. Milner JJ, Beck MA. The impact of obesity on the immune response to infection. Proc Nutr Soc 2012; 
71(2):298-306.  

62. Minakata Y, Nakanishi M, Hirano T, et al. Microvascularhyperpermeability in COPD airways. Thorax 2005; 
60: 882.  

63. Nogueira-de-Almeida CA, Del Ciampo LA, Ferraz IS, Del Ciampo IRL, Contini AA, Ued FDV. COVID-19 
and obesity in childhood and adolescence: a clinical review. J Pediatr (Rio J). 2020;96(5):546-58.  

64. Pal R, Bhadada SK. COVID-19 and diabetes mellitus: An unholy interaction of two pandemics. Diabetes 
MetabSyndr2020;14(4):513-17.  

65. Paranjpe I, Russak A, De Freitas JK, et al. Clinical characteristics of hospitalized Covid-19 patients in New 
York City. medRxiv 2020; preprint [https://doi.org/10.1101/2020.04.19.20062117]. 

66. Patanavanich R, Glantz SA. Smoking Is Associated With COVID-19 Progression: A Meta-analysis. Nicotine 
Tob Res 2020;22(9):1653-56.  

67. Peters MC, Sajuthi S, Deford P, et al. COVID-19 related genes in sputum cells in asthma: relationship to 
demographic features and corticosteroids. Am J RespirCrit Care Med 2020; 202: 83−90. 

68. Petrilli CM, Jones SA, Yang J, et al. Factors associated with hospital admission and critical illness among 
5279 people with coronavirus disease 2019 in New York City: prospective cohort study. BMJ 
2020;369:m1966.  

69. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting Characteristics, Comorbidities, and Outcomes 
Among 5700 Patients Hospitalized With COVID-19 in the New York City Area [published correction 
appears in JAMA. 2020 May 26;323(20):2098]. JAMA 2020;323(20):2052-59.  

70. Roca-Ho H, Riera M, Palau V, Pascual J, Soler MJ. Characterization of ACE and ACE2 Expression within 
Different Organs of the NOD Mouse. Int J MolSci 2017;18(3):563.  

71. Romaní-Pérez M, Outeiriño-Iglesias V, Moya CM, et al. Activation of the GLP-1 Receptor by Liraglutide 
Increases ACE2 Expression, Reversing Right Ventricle Hypertrophy, and Improving the Production of SP-
A and SP-B in the Lungs of Type 1 Diabetes Rats. Endocrinol 2015;156(10):3559-69.  

72. Rossato M, Russo L, Mazzocut S, Di Vincenzo A, Fioretto P, Vettor R. Current smoking is not associated 
with COVID-19. Eur Respir J 2020 Jun;55(6):2001290 

73. Saenger AK, Rodriguez-Fraga O, Ler R, et al. Specificity of B-Type Natriuretic Peptide Assays: Cross-
Reactivity with Different BNP, NT-proBNP, and proBNP Peptides. ClinChem 2017;63(1):351-58.  

74. Saijonmaa O, Nyman T, Fyhrquist F. Carvedilol inhibits basal and stimulated ACE production in human 
endothelial cells. J CardiovascPharmacol 2004;43(5):616-21.  

75. Salamanna F, Maglio M, Landini MP, Fini M. Body Localization of ACE-2: On the Trail of the Keyhole of 
SARS-CoV-2. Front Med (Lausanne). 2020; 7:594495.  

76. Sanchis-Gomar F, Lavie CJ, Mehra MR, Henry BM, Lippi G. Obesity and Outcomes in COVID-19: When 
an Epidemic and Pandemic Collide. Mayo ClinProc 2020;95(7):1445-53.  

77. Sardu C, Marfella R, Maggi P, et al. Implications of AB0 blood group in hypertensive patients with covid-
19. BMC CardiovascDisord 2020;20(1):373.  

78. Sattar N, McInnes IB, McMurray JJV. Obesity Is a Risk Factor for Severe COVID-19 Infection: Multiple 
Potential Mechanisms. Circulation. 2020;142(1):4-6.  

79. Schultze A, Walker AJ, MacKenna B, et al. Inhaled corticosteroid use and risk COVID-19 related death 
among 966,461 patients with COPD or asthma: an OpenSAFELY analysis. medRxiv 2020;  

80. Simões e Silva AC, Silveira KD, Ferreira AJ, Teixeira MM. ACE2, angiotensin-(1-7) and Mas receptor axis 
in inflammation and fibrosis. Br J Pharmacol 2013;169(3):477-92.  

81. Singh AK, Gupta R, Ghosh A, Misra A. Diabetes in COVID-19: Prevalence, pathophysiology, prognosis and 
practical considerations. Diabetes MetabSyndr 2020;14(4):303-10.  

82. Skayem C, Ayoub N. Carvedilol and COVID-19: A Potential Role in Reducing Infectivity and Infection 
Severity of SARS-CoV-2. Am J Med Sci 2020;360(3):300.  



JECM  2022/2 

 14 

83. Smith JC, Sausville EL, Girish V, et al. Cigarette smoke exposure and inflammatory signaling increase the 
expression of the SARS-CoV-2 receptor ACE2 in the respiratory tract. Dev Cell 2020; 53: 514−29. 

84. Solt CM, Hill JL, Vanderpool K, Foster MT. Obesity-induced immune dysfunction and immunosuppression: 
TEM observation of visceral and subcutaneous lymph node microarchitecture and immune cell interactions. 
HormMolBiolClinInvestig 2019;39(2):/j/hmbci.2019.39.issue-2/hmbci-2018-0083/hmbci-2018-0083.xml.  

85. Somer M, Kallio J, Pesonen U, Pyykkö K, Huupponen R, Scheinin M. Influence of hydroxychloroquine on 
the bioavailability of oral metoprolol. Br J ClinPharmacol 2000;49(6):549-54.  

86. Stefanini GG, Chiarito M, Ferrante G, et al. Early detection of elevated cardiac biomarkers to optimise risk 
stratification in patients with COVID-19. Heart 2020;106(19):1512-18.  

87. Stolarczyk E. Adipose tissue inflammation in obesity: a metabolic or immune response? Curr Opin 
Pharmacol 2017; 37:35-40.  

88. Tadic M, Cuspidi C, Sala C. COVID-19 and diabetes: Is there enough evidence? J ClinHypertens 
(Greenwich) 2020;22(6):943-48. 

89. Tanoira R P, Garcia F P, Romanyk J, et al. Prevalence and risk factors for mortality related to COVID-19 in 
a severely affected area of Madrid, Spain. medRxiv 2020;  

90. Vaidyula VR, Criner GJ, Grabianowski C, et al. Circulating tissue factor procoagulant activity is elevated in 
stable moderate to severe chronic obstructive pulmonary disease. Thromb Res 2009; 124: 259–61.  

91. Wang YD, Zhang SP, Wei QZ, et al. COVID-19 complicated with DIC: 2 cases report and literatures review. 
ZhonghuaXue Ye XueZaZhi. 2020;41(3):245-47.  

92. Wedzicha JA, Calverley PM, Rabe KF. Roflumilast: a review of its use in the treatment of COPD. Int J Chron 
Obstruct Pulmon Dis 2016; 11:81-90.  

93. Wei JF, Huang FY, Xiong TY, et al. Acute myocardial injury is common in patients with COVID-19 and 
impairs their prognosis. Heart. 2020;106(15):1154-1159.  

94. West Bengal data: 
https://www.wbhealth.gov.in/uploaded_files/corona/WB_DHFW_Bulletin_29th_JANUARY_REPORT_FI
NAL.pdf?fbclid=IwAR1zk9XAoWYY4wuK1AfCGIIZas4_dhC8b4uxv0uFwy01HPCHQ3AiffsiYws 

95. World Health Organization. Tobacco. Updated May 27, 2020. 
96. World Health Organization. Weekly operational update on COVID-19 - 1 February 

2021(https://www.who.int/publications/m/item/weekly-operational-update-on-covid-19---1-february-
2021). 

97. Wu Q, Zhou L, Sun X, et al. Altered Lipid Metabolism in Recovered SARS Patients Twelve Years after 
Infection. Sci Rep 2017;7(1):9110.  

98. Xie Y, You Q, Wu C, et al. Impact of Cardiovascular Disease on Clinical Characteristics and Outcomes of 
Coronavirus Disease 2019 (COVID-19). Circ J 2020;84(8):1277-83.  

99. Xiong TY, Redwood S, Prendergast B, Chen M. Coronaviruses and the cardiovascular system: acute and 
long-term implications. Eur Heart J 2020;41(19):1798-800.  

100. Yang JK, Feng Y, Yuan MY, et al. Plasma glucose levels and diabetes are independent predictors for 
mortality and morbidity in patients with SARS. Diabet Med 2006;23(6):623-28.  

101. Yang JK, Lin SS, Ji XJ, Guo LM. Binding of SARS coronavirus to its receptor damages islets and causes 
acute diabetes. ActaDiabetol. 2010;47(3):193-199. Zhang W, Xu YZ, Liu B, et al. Pioglitazone upregulates 
angiotensin converting enzyme 2 expression in insulin-sensitive tissues in rats with high-fat diet-induced 
nonalcoholic steatohepatitis. Sci World J 2014; 2014:603409.  

102. Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak associated with a new coronavirus of 
probable bat origin. Nature. 2020;579(7798):270-73.  

h 
 


