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disease. While we await such data, clinicians should advocate for 
careful consideration of all concomitant medications for those 
presenting with COVID-19 on a patient-by-patient basis. 

 

 

Pharmacotherapeutic agents for the management of COVID-19 patients with pre-existing 

cardiovascular disease   

Maryam Khana, Guntaj Kaur Singhb, Sakina Abrarc, Roshan Ganeshand, Kara Morgane,f, & Amer Harkyg  
a. School of Medicine, Dentistry and Biomedical Sciences, Queen’s University Belfast, Belfast, UK 
b. School of Medicine, University of Central Lancashire, Preston, UK 
c. Barts and the London School of Medicine and Dentistry, Queen Mary University of London, London, 
UK 
d. UCL Medical School, University College London, London, UK 
e. Department of Cardiology, Manchester Royal Infirmary, Manchester, UK 
f. Division of Pharmacy & Optometry, School of Health Sciences, Faculty of Biology, Medicine & 
Health, The University of Manchester, Manchester, UK 
g. Department of Cardiothoracic Surgery, Liverpool Heart and Chest, Liverpool, UK 
 

Corresponding Author: 

Amer Harky 

amer.harky@lhch.nhs.uk 

Department of Cardiothoracic Surgery, Liverpool Heart and Chest Hospital, Liverpool, UK 

 

Keywords: 

COVID-19; cardiovascular; coronavirus; disease 

 

Declarations: 

Maryam Khan, Guntaj Kaur Singh, Sakina Abrar, and Roshan Ganeshan have contributed equally to 

this article and should be considered joint first-authors. The authors have no relevant affiliations or 

financial involvement with any organization or entity with a financial interest in or financial conflict 

with the subject matter or materials discussed in the manuscript. This includes employment, 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

consultancies, honoraria, stock ownership or options, expert testimony, grants, or patents received 

or pending, or royalties. 

 

Funding: 

No funding obtained 

 

Article Highlights  

● SARS-CoV-2 infection is associated with a hyperinflammatory and prothrombotic state, 

with increases in fibrin, fibrin degradation products, fibrinogen, and D-dimers, as well as 

proinflammatory cytokines including IL-1, IL-6, and tumor necrosis factor-α.  

● Similar to other respiratory infections, those with established cardiovascular disease 

(CVD) or its risk factors are at a higher risk for developing severe SARS-CoV-2 infection, 

where disease onset can cause a further decline of cardiac pathologies as well as trigger 

acute-onset of new cardiac complications.  

● The causal relationship between RAS inhibitors and ACE2 in the context of SARS-CoV 

proves beneficial, especially as there is emerging evidence of Ang II being directly 

associated with pulmonary vascular permeability, and inflammation.  

● COVID-19 disease may be worsened due to the higher inflammatory burden, and the 

increased risk of thromboembolic events, as well as the changes in ACE2 levels seen in 

CVD patients.  

● ACE2 can significantly block early spread of SARS-CoV-2, but also inhibit the direct 

infection of SARS-CoV-2 on human blood vessel organoids and human kidney organoids.  

● Patients that are affected by acute or chronic coronary syndromes, including ST-

elevation/non-ST elevation myocardial infarctions, unstable angina, ischaemic heart 

disease, or any other relevant syndrome, are recommended to be on antiplatelet therapy 

to reduce their risk of further CVD events.  
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Key points in the article have been summarized within these highlights.  

Abstract:  

Introduction:  

The coronavirus disease 2019 (COVID-19) pandemic is the largest public health challenge of the 21st 

century. While COVID-19 primarily affects the respiratory system, manifesting as interstitial 

pneumonitis and severe acute respiratory distress syndrome (ARDS), it also has implications for the 

cardiovascular system. Moreover, those admitted to hospital with severe COVID-19 are more likely to 

have cardiovascular comorbidities such as hypertension and diabetes mellitus. The underlying 

pathophysiology of why COVID-19 onset can further decline cardiac pathologies as well as trigger 

acute-onset of new cardiac complications is not yet well understood.   

Areas covered:  

In this review, the authors have extensively reviewed literature that focused on the current 

understanding and approaches of managing patients who have underlying cardiovascular diseases and 

concomitant COVID-19 infection. The authors have explored the possible cardiovascular implications 

of the suggested COVID-19 therapeutic agents that are used to treat this lethal disease.   

Expert Opinion:  

Current evidence is evolving around the many trialed pharmacotherapeutic considerations for the 

management of coronavirus disease 2019 (COVID-19) in patients with cardiovascular disease. While 

we await such data, clinicians should advocate for careful consideration of all concomitant 

medications for those presenting with COVID-19 on a patient-by-patient basis.  

   

1. Introduction:  

  

The coronavirus disease 2019 (COVID-19) was declared a pandemic by the World Health Organisation 

on 11 March 2020, and as of February 2021, most of the world still remains affected [1]. The outbreak 

started in Wuhan, China, where the first official case was reported in December 2019 [2], after which 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

the disease spread globally, bringing unprecedented change in the public health sector and the 

delivery of healthcare. The virus was identified as genus betacoronavirus, making it the third 

coronavirus of the 21st century to result in a global health crisis, after severe acute respiratory 

syndrome (SARS) in 2002 [3], and Middle East respiratory syndrome (MERS) in 2012 [4]. The new 

coronavirus was named severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Currently, 

over 100 million people [1] are infected with the virus worldwide, making it more transmissible than 

previous coronaviruses [5]. The infection that it causes can range from asymptomatic, to life-

threatening disease [6], as is evident by the total number of global deaths surpassing 2.2 million [1]. 

At present, vaccination programmes in several countries are underway, but the world is still a long 

way off from eradicating the threat of SARS-CoV-2.   

  

  

While varying respiratory symptoms are the common clinical manifestations of disease, cardiovascular 

events, including myocarditis, arrhythmias, heart failure, and ischemic stroke have been reported in 

multiple studies [6,7]. Similar to other respiratory infections, those with established cardiovascular 

disease (CVD) or its risk factors are at a higher risk for developing severe COVID-19, where disease 

onset can cause a further decline of cardiac pathologies as well as trigger acute-onset of new cardiac 

complications [8]. A meta-analysis [9] of 159,698 COVID-19 patients showed a high prevalence of CVDs 

that were significantly associated with higher intensive care unit admission, mechanical ventilation, 

and mortality. Acute cardiac injury (52%) was the most prevalent CVD amongst COVID-19 patients, 

followed by hypertension (51%), arrhythmia (37%), heart failure (27%), coronary heart disease (23%), 

and other CVDs (23%). Amongst patients that are hospitalised with COVID-19, the CVD risk factors of 

hypertension and diabetes mellitus are the most prevalent comorbidities [7,10]. Similarly, in a cohort 

of 5,700 hospitalized COVID-19 patients, Richardson et al. [8] found that 56.6% had hypertension, 

41.7% were obese, and 33.8% suffered from diabetes.   
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2. COVID-19 and Cardiovascular disease:  

SARS-CoV-2 infection is caused by the binding of viral cell surface spike (S) protein to the human 

angiotensin-converting enzyme 2 (ACE2), which is highly expressed in the heart, kidney, lungs, and 

small intestine [5, 11]. ACE2 may be an important factor in counteracting the negative impact of the 

renin-angiotensin system (RAS), and its expression in the heart might be key to understanding the 

acute-onset of cardiac pathologies in severe COVID-19 [12]. It is also reported that soluble angiotensin 

II (Ang II), the peptide hormone substrate of ACE2, has a higher plasma concentration in COVID-19 

patients than in healthy controls, and is positively correlated with SARS-CoV-2 viral loads [13]. The 

wide range of CVDs mentioned above have been shown to interact with the renin-angiotensin system 

(RAS), and the way in which these pathologies and RAS inhibitors can alter ACE2 expression is 

discussed below. The de novo cardiovascular complications associated with COVID-19 may also be a 

result of a heightened inflammatory response, which is described as a cytokine storm. Excessive 

cytokine release has been correlated with worse disease outcomes in COVID-19, particularly in  acute 

myocardial injury[14]. Studies have suggested that targeted therapy to disrupt the signaling of 

cytokines such as interleukin-6 may reduce disease severity, as it was shown to be markedly elevated 

in COVID-19 patients [15,16]. Hypercoagulability is yet another mechanism attributed to severe 

disease and it has been noted in severely ill COVID-19 patients where it likely contributes to mortality. 

In a study of 1,026 COVID-19 patients, 40% of the patients were considered at high risk of venous 

thromboembolism [17]. Consideration of thromboprophylaxis in higher risk COVID-19 patients may 

therefore improve clinical outcomes.  

Patients with underlying CVD presented with a higher proportion of COVID-19 related cardiac injury, 

which consequently related to higher mortality rates [18]. As with many other diseases, CVD 

comorbidity significantly increases the risk of mortality and complications arise due to a diminished 

circulatory reserve to meet the excessive demands on the cardiovascular system [19]. Hence, it is of 

great importance to understand the relationship between CVD and COVID-19. As proposed, COVID-

19 disease may be worsened due to the higher inflammatory burden, and the increased risk of 
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thromboembolic events, as well as the changes in ACE2 levels seen in CVD patients. In terms of 

paediatric COVID-19 patients, those with CHD (cyanotic defects, depressed myocardial contractility, 

pulmonary hypertension, immunodeficiencies) are more likely to require ICU admission and artificial 

respiratory support [20]. Targeted therapies have been developed against some of the 

pathophysiological mechanisms found in adult patients and we will discuss evidence on the 

implications that these therapies have in clinical practice.  

3.   Targeting COVID-19 therapy:  

3.1. Cardiovascular Agents:   

3.1.1. ACEi  / ARBs / RAAS agents  

Research on SARS-CoV-2 has brought forward evidence that the ACE2 receptor on lung alveolar 

epithelial cells is a central point for the cell entry of SARS-CoV-2 [21]. Therefore, many have been 

reluctant to use renin angiotensin system (RAS) agents for CVD patients who contract the virus, in fear 

that it would increase the viral load through upregulation of the ACE2 receptors found mainly in the 

airway epithelial cells [22,23]. ACE2 is an endogenous counter-regulator of RAS as its role is  degrading 

Ang II to angiotensin 1-7; Ang II is a vasoconstrictor and is produced within RAS – the angiotensin 

converting enzyme (ACE) converts angiotensin I (Ang I) to Ang II [24]. SARS-CoV-2 infection  relies  on  

the  binding  of  its Spike  protein  to  ACE2 receptors in  the  host’s  cells. A recent study showed that 

S protein can directly damage vascular endothelial cells by downregulating ACE2, which results in  poor 

mitochondrial function but enhanced glycolysis, implying that endothelial damage outweighs virus 

infectivity [25]. (This suggests that a vaccine-induced antibody against S  protein  not  only  protects  

the  host cells from SARS-CoV-2 infection but also against endothelial harm caused by S protein [25].   

Although, the predicted upregulation of ACE2 due to RAS agents has not been a conclusive finding in 

many studies, including both rodent and human subjects [26,27]. However, one study found the ARB 

olmesartan to be associated with an increased renal expression and urinary secretion of ACE2 [25]. 

Another clinical study indicates that compared to other ARBs, olmesartan’s unique effects lie in 

reducing proteinuria and upregulating urinary ACE2, potentially yielding renal protection by several 
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cumulative effects [28]. Moreover, a recent study on COVID-19 patients has discovered infections of 

cells that lack the ACE2 receptor expression such as in immune cells, as well as a lack of infected cells 

where there is high ACE2 expression (e.g smooth muscle cells), thereby indicating additional 

mechanisms and receptors for SARS-CoV-2 cell entry [29].  Evidence suggesting tissue renin-

angiotensin system (tRAS) is involved in the course of numerous human disease development has 

grown in recent years [30]. Although the role of tRAS in the evolution of COVID-19 disease is unclear, 

multiple investigations have reported elevated ACE2 receptor levels in patients, which could be of 

substantial clinical significance in the future [31]. A review by Saveri et al proposes that changes in 

tissue and systemic RAS activity during infection and disease could be attributable to a 

counterregulatory rise in ACE2 gene expression due to the early ACE2 shedding, so while tissue RAS is 

the first target, there will be effects on the entire RAS system  [31,32].  

  

Although RAS inhibitors have not been associated with mortality or a severe onset of COVID-19, there 

are concerns that patient may face further adverse outcomes if they manage their underlying CVD by 

taking RAS inhibitors. However, the causal relationship between RAS inhibitors and ACE2 in the 

context of SARS-CoV proves beneficial (Figure 1), especially as there is emerging evidence of Ang II 

being directly associated with pulmonary vascular permeability, and inflammation [26]. Moreover, a 

clinical study noticed an increase of Ang II in hospitalised COVID-19 patients as compared to the 

healthy control group, which further credits the use of RAS inhibitors in this cohort of patients [33]. 

By limiting the availability of AngII (in the case of ACEIs) or limiting activation of MAPK pathways driven 

decline of AT1-R, ACEI/ARBs may provide a protective effect by suppressing ACE2-mediated viral 

uptake, resulting in less serious viral pathogenesis [34,35] . Many MAPK pathways are already 

overexpressed in CVD, and the steady progression of CVDs, may signal that elevated MAPK signaling 

cascades and SARS-CoV-2 pathogenesis lead to higher infection severity and consequences in 

individuals with pre-existing CVD [36] . While the specific mechanisms underlying the pathophysiology 

of SARS-CoV-2 infection are yet unknown, presented research might be interpreted to indicate that 
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RAAS and MAPK pathway imbalances are involved in the reported association between COVID-19 and 

CVD [35]. 

  

There is a range of evidence supporting metformin, a drug typically used to treat diabetes mellitus, 

playing a beneficial role in CVD treatment regardless of a patient’s diabetic status [36]. This may 

suggest potential for regrouping metformin in CVD treatment, however findings from prospective 

studies that examine the effect of metformin in CVD patients without diabetes mellitus are widely 

neutral [37-39]. Metformin is also associated with a reduced risk of mortality/morbidity from COVID-

19 infections, as it increases ACE2 expression and inhibits inflammatory response via activation of 

AMP-activated protein kinase [40-42]. This, combined with metformin’s potential benefit in treating 

CVD, might make the drug an effective resource for COVID-19 patients with underlying CVD. There is 

a need for randomised clinical trials to prove these speculations.  

As highlighted in Figure 1, the RAS agents’ upregulation of ACE2 can be beneficial in treating COVID-

19 patients. Monteil et al. [43] showed that ACE2 can significantly block early spread of SARS-CoV-2, 

but also inhibit the direct infection of SARS-CoV-2 on human blood vessel organoids and human kidney 

organoids. Moreover, there are several studies which indicate that ACEI/ARBs have a positive effect 

on patients with acute respiratory distress syndrome (ARDS), including pneumonia. Recent studies 

have demonstrated that ACEI/ARB treatment in COVID-19 patients is associated with a reduced 

mortality risk, with a meta-analysis demonstrating a reduction in all-cause mortality [44,45]. Zhang et 

al. [46] showed no significant difference in the outcome and length of hospital stay in hypertensive 

COVID-19 patients who continued to take RAS inhibitors compared to the control group [46]. Another 

study indicated that the peak viral load for patients taking ACEI/ARBs was significantly lower than the 

control group (p=0.03), even though the baseline viral load remained the same for both groups [38]. 

Conversely, Mancia et al. [47] noticed that a large proportion of COVID-19 patients who took ACEI/ARB 

faced adverse outcomes compared to patients with more moderate infections. There are several 

confounding factors in all these clinical studies that are difficult to control, especially as there is a very 
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high likelihood hypertensive patients with other CVD are more likely to be obese; a combination of 

these comorbidities increases the risk of an aggressive course of COVID-19 [48]. A large observational 

study showed reduced COVID-19 risk in hypertensive patients treated for a long time with ACEi or 

ARBs, compared to CCBs. ACEi and ARBs were presented with a lower risk of COVID-19 hospitalisation 

and death compared to CCBs (hazard ratios of 0.74 and 0.84, respectively), with ACEi having a greater 

decrease in risk than ARBs [49]. Though the observational aim of the study hinders from establishing 

firm conclusions regarding the association, it adds to the current information that ACEi or ARBs may 

have a protective role in hypertensive patients from COVID-19 disease [49].  

The majority of professional medical bodies recommend continuing patient medication for underlying 

CVD after being infected by SARS-CoV-2. It has been suggested that discontinuing medications when 

hospitalised may often result in clinical inertia, hence significantly increasing the risk of long-term 

complications [47,48,50].A systematic review has gathered growing research from multiple cohorts of 

patients that could not confirm negative effects of RAAS inhibitors in COVID-19 disease despite the 

concerns [51]. Discontinuation of ACEIs/ARBs in hospitalised hypertensive COVID-19 patients resulted 

in a prolonged hospital stay, particularly in patients with a moderate case of infection [52]. Although, 

it is recommended to continue CVD medication in patients who are infected by SARS-CoV-2, it is 

important to note that the effect of a drug can vary between individual patients, therefore daily review 

is a necessity to assess the optimization of using these medications based on the clinical course of the 

disease  [50, 53]. Where patients suffer severe adverse outcomes whilst using the medications, such 

as hyperkalaemia, it is imperative to re-consider the continuation of RAS inhibitors [52].  

  

3.1.2. Beta-blockers  

Beta-adrenergic receptor blockers are traditionally used for the management of myocardial 

infarctions, coronary artery disease, and stable/unstable angina [54]. However, there is emerging 

evidence that beta-blockers have beneficial effects in patients with respiratory illnesses [55]. As is the 

case with SARS-CoV-2, multiple recent studies and hypotheses-generating papers have indicated 
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various mechanisms via which beta-blockers can induce protective effects in COVID-19 patients [56, 

57]. Many studies suggest an association between COVID-19 infections with hyperinflammation, as 

well as an increased activation of the Th17 response [58,59]. Some indicate that non-selective beta-

blockers, such as propranolol, reduce inflammatory cytokine release and Th17 response, can therefore 

slow down the worsening of SARS-CoV-2 infection [60]. Severe infections result in hypoxia and 

hyperinflammation, activating the sympathetic nerve pathway where use of beta-blockers may 

possibly inhibit this response [60]. Moreover, beta2-adrenergic blockers reduce the RAS activities by 

downregulating renin release, which can decrease ACE2 receptor levels in alveolar epithelial cells, 

therefore reducing viral entry [61]. Additionally, propranolol negatively regulates cluster of 

differentiation 147 (CD147) - another spike protein recently found to be involved in SARS-CoV-2 entry 

into the host cell [62].  

There are some limitations to the role of beta-blockers; therefore it is necessary to weigh up their 

benefits and adverse effects carefully, especially as many heart failure patients have a negative 

response, leading to reactive air-ways disease and bradycardia from malfunctioning of conduction 

system [55]. Further investigations are needed on the protective properties and limitations of beta-

blockers on COVID-19 patients. There is also a need for clarity as to which sub-type of beta-blockers 

is the most effective for COVID-19 patients.  

Recent findings indicate that beta-adrenergic blockers may be more effective against septic shock in 

COVID-19 patients, as compared to norepinephrine, which is primarily used to treat septic shock 

[63,64]. There are rising concerns that the use of norepinephrine in septic shock may worsen the 

patient’s condition by increasing catecholamine levels, hence increasing ACE2 expression and easing 

SARS-CoV-2 cell entry [65,66].  However, the use of beta-blockers in septic patients may still present 

risks, as some findings report an exacerbated sepsis-stimulated response with use of beta-blocker 

propranolol [67].  
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3.1.3. Calcium channel blockers  

Calcium channel blockers (CCB) are typically prescribed to treat hypertension. CCBs act through the 

relaxation of vascular smooth muscle cells, which results in vasodilation and thereby reduces blood 

pressure. Hypertension is a comorbidity often seen in severe COVID-19 disease and is linked to poor 

clinical outcomes in elderly populations [7,8,10]. The research discussed suggests there may be some 

benefit from the use of dihydropyridine CCB in the prevention of severe COVID-19 disease. In-vitro 

studies looking into the effect of CCB on SARS-CoV-2 illustrated that dihydropyridines were effective 

in inhibiting post-entry viral replication [68]. Furthermore, this study looked into the effects of 

amlodipine besylate on 225 COVID-19 patients in Tongji Hospital in Hubei province, China, where 42% 

of these patients were found to have hypertension as their only comorbidity. The case fatality rate 

was 0% in the group receiving amlodipine besylate (n=19), compared to 19.5% in the non-amlodipine 

besylate treated group (n=77) [58]. Another study [69] explored the effect of FDA approved CCB drugs 

on SARS-CoV-2 in Vero E6 cells isolated from epithelial kidney cells and epithelial lung cells. In the 

epithelial lung cells, amlodipine and nifedipine were the most effective CCB at inhibiting SARS-CoV-2 

entry and replication [69]. Further evidence of the efficacy of CCBs in treating COVID-19 was found in 

a study [70] following 65 patients in Brooklyn, New York. In the group treated with a CCB (n= 24), 50% 

patients survived compared to 14.6% survival in the non-CCB group (n=41) (P<0.01; p=0.0036). The 

study found that amlodipine and nifedipine were associated with significantly better patient 

outcomes, including a lower risk of intubation and mechanical ventilation [70]. These findings are 

promising, and support the safety and efficacy of dihydropyridine use in hypertensive COVID-19 

patients. However, larger cohort studies and meta-analyses must be carried out to further explore 

whether CCBs may actually reduce the incidence of severe COVID-19, as some research has found 

negative implications of CCB use in COVID-19. 

  

One study [71] theorises that CCB use can lead to worsening respiratory failure in COVID-19 patients. 

Dihydropyridines have been associated with inhibition of hypoxic pulmonary vasoconstriction, and as 
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a consequence can cause severe hypoxaemia. The study retrospectively analysed data from 245 

hypertensive COVID-19 patients, and concluded that treatment with dihydropyridines may lead to a 

substantial increase in the risk of intubation and mortality compared to the non-dihydropyridines 

group [71].  A limitation of this study is the bias arising from unmeasured confounding variables that 

likely contribute to the mortality in these patients. A review [72] of 2,573 COVID-19 patients with 

hypertension found a marginal increase (4.4%, 95% CI0.5-8.2) of severe COVID-19 disease in patient 

groups using a CCB, however this increase was not considered of significance in the clinical setting 

[72]. The evidence on the use of CCB suggests that it is safe to continue usage in COVID-19 patients 

with a history of hypertension. However, if there are contraindications, such as severe hypotension 

and heart failure, these drugs should be avoided.  

 

3.1.4. Anti-arrhythmics 

Antiarrhythmic drugs (AADs) are predominantly categorised using the Vaughan-Williams classification 

[73], with four main classes as shown in Table 1. This classification is of no clinical significance, and 

instead separates the drugs based on their electrophysiological effect on myocardial cells. Some 

antiarrhythmics are known for causing cardiovascular toxicity, such as class Ia sodium channel blocker 

quinidine, which may induce prolongation of QT interval with an increased risk of progressing to a 

pleomorphic tachyarrhythmia Torsades-de-Pointes in 1 to 3% of patients [74]. However, quinidine is 

rarely used for arrhythmias and has been replaced with better therapeutics, mainly procainamide 

(class Ia) and amiodarone (class III) [75]. Procainamide is administered intravenously for conversion 

to sinus rhythm in atrial fibrillation (AF) patients, including Wolff-Parkinson-White Syndrome 

presenting with pre-excited AF, and those with wide-complex or ventricular tachycardia [76]. As it is 

partially metabolized by CYP2D6, its plasma concentration can be decreased by CYP2D6 inducers, such 

as tocilizumab and sarilumab [77]. Additionally, as quinidine and procainamide have IKr blocking 

effect, they cannot be used concomitantly with COVID-19 therapies, such as hydroxychloroquine 

(HCQ) and azithromycin (AZ), due to risk of potentiating QT prolongation [77]. Though, tocilizumab 
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and sarilumab have both been considered as potential therapies for COVID-19, which is discussed in 

later sections.  

Class III amiodarone is both a multi-channel blocker (including INa, IKr, calcium channel, acetylcholine-

dependent potassium channel, and α and β receptors), as well as the most common AAD used in AF 

[78]. It has the least proarrhythmic effect, and although it prolongs QT, it rarely causes Torsades-de-

Pointes (<0.5%) [79]. Amiodarone is used for AF and ventricular arrhythmia prophylaxis, and is the 

preferred drug for AF rate and rhythm control in critically ill COVID-19 patients, with significant 

congestive heart failure or borderline blood pressure; and it should be noted that surveillance for liver, 

lung, and thyroid toxicity is recommended [80]. Although little is known about the interactions 

between amiodarone and COVID-19 pharmacotherapy, there are reports of serious pulmonary 

toxicity attributed to amiodarone use [81]. Similar to class Ia agents, caution should be exercised in 

amiodarone use with QT prolongation suggested COVID treatments, such as lopinavir/ritonavir and/or 

HCQ/AZM [82]. 

3.1.5. Diuretics  

As many hospitalized COVID-19 patients are elderly, the use of diuretics to treat congestion in 

hypertension and heart failure is common amongst this cohort. Some clinicians have hypothesised 

[83] that the use of diuretics could lead to a worse prognosis following mechanical ventilation in 

COVID-19 patients with pre-existing hypertension. Heart-lung interactions play a major role in 

mechanical ventilation [74], and are exacerbated in hypovolemic patients [83]. COVID-19 patients that 

develop respiratory failure prior to ventilation are hypovolemic as a result of fever and compromised 

fluid intake secondary to respiratory distress [6,7,10]. The hypothesis suggests that these heart-lung 

interactions may be more pronounced in hypertensive patients on diuretics, therefore contributing to 

some of the fatal outcomes seen [83]. However, it is important to highlight this is only relevant in the 

context of mechanically ventilated patients, and lacks evidence to guide treatment.  
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Other studies focus on the interaction between current COVID-19 therapies and diuretics. In cases 

where COVID-19 is being treated using lopinavir/ritonavir [123, 124], loop diuretics can continue being 

administered as there is no evidence that suggests a direct interaction between these two drug classes 

[85]. The same applies to the administration of thiazides along with lopinavir/ritonavir. However, 

caution must be taken if indapamide is being administered alongside lopinavir/ritonavir, as it requires 

dose adjustment. 

 

Potassium and magnesium levels should be regularly monitored in patients being treated for COVID-

19 using chloroquine/hydroxychloroquine, as the electrolyte disturbances can further increase the 

risk of QT prolongation [85]. Vital signs, creatinine, and serum electrolytes of patients with COVID-19 

need to be monitored regularly, as they have an increased rate of acute kidney injury (AKI) and 

Torsades-de-Pointes [85].   

 

Kotfis et al. [86] showed potential therapeutic benefits of spironolactone use in COVID-19, where 

animal models administered with the mineralocorticoid receptor antagonist were protected against 

pulmonary fibrosis, a complication seen in COVID-19 [78,86]. However, the potassium-sparing effects 

of mineralocorticoid receptor antagonists (MRA) may cause fatal hyperkalemia in at-risk patients, 

hence caution is advised if used in COVID-19 infection where there is propensity for multi-system 

failure (i.e. AKI, HF) [87]. 

 

At present, there is still limited evidence on the use of diuretics in COVID-19 patients with 

cardiovascular complications; hence high-quality data is needed to determine the drug-drug 

interactions of diuretics with COVID-19 medications. 

 

3.1.6. Lipid-Lowering Therapies   

3.1.6.1. Statins   



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

Statins are the first-line treatment in the management of hypercholesterolemia and can help prevent 

the development of CVD. Evidence suggests that statins can improve endothelial function through the 

upregulation of nitric oxide synthase, as well as reduce inflammatory markers and decrease oxidative 

stress [88].   

Hence, their beneficial use in counteracting the associated hyperinflammatory states and endothelial 

dysfunction seen in severe COVID-19 disease has been widely hypothesised. As discussed earlier, ACE2 

mediates the entry of SARS-CoV-2 into the host cell. There is some concern with the use of statins in 

COVID-19, as they were shown to increase the expression of ACE2 in animal studies [89]. On the 

contrary, it is thought ACE2 can subside the hyperinflammatory reaction and tissue damage seen in 

severe forms of COVID-19 disease, protecting against lung injury [90]. Statins may also exert 

immunomodulatory effects, in particular on T-cell proliferation and differentiation. This has been 

demonstrated in studies where statin use was beneficial in reducing influenza mortality [91]. 

Moreover, overexpression of the myeloid differentiation primary response protein (MyD) 88 pathway 

is associated with overwhelming inflammation and poorer prognosis in previous coronaviruses, but 

has not been shown in SARS-Cov-2 as of yet. Statins stabilise MyD88 levels and therefore can protect 

against the inflammatory response seen in the pathway; thus, as a result, could be considered in the 

treatment of severe illness from COVID-19 [92]. 

 

Furthermore, a meta-analysis [93] of 8,990 COVID-19 patients provided support for the use of statins 

in COVID-19 disease. The study found that statins could reduce the severity of illness from COVID-19 

by 30% (pooled HR= 0.70; 95% CI0.53-0.94) [93]. The largest study of this meta-analysis showed that 

in 4,305 patients in the Hubei Province, China, the mortality rate in the patients was 5.2% and 9.4% in 

the matched statin and non-statin groups, respectively (with an adjusted hazard ratio of 0.58) [94].  

   

However, conflicting evidence from a meta-analysis of 3,449 patients concluded that there was no 

improvement in patient outcomes with statin use [95]. Similarly, in a nationwide cohort study in 
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Denmark of 4,842 patients with COVID-19, the standardised mortality risk at 30 days was 9.8% and 

9.5% in the statin and non-statin groups, respectively. There was no statistical difference between the 

two groups, suggesting no indication that statin use reduces mortality in COVID-19 [96]. Also, as statin 

use is linked to hepatotoxicity, it is recommended to hold treatment in COVID-19 patients that have 

developed severe rhabdomyolysis and/or liver injury, as indicated by increased liver enzymes [83, 97]. 

 

In conclusion, there is not enough clear evidence to suggest using statins as a treatment of severe 

COVID-19 disease, especially not in those with liver injury complications.  Although they are associated 

with improved prognosis in influenza [91] and pneumonia [92-94] caused by other coronaviruses, this 

does not necessarily indicate beneficial use in COVID-19.  We anticipate further data from cohort 

studies in 2021 that will shed more light on the efficacy of statins as an independent treatment. The 

current recommendations are to continue statin use in the management of CVD following COVID-19 

infection, unless contraindicated due to liver function. 

 

3.1.6.2. Ezetimibe and PCSK9 inhibitors  

Ezetimibe and PCSK9 inhibitors can also be commenced in the treatment of hyperlipidaemia, typically 

when there is an inadequate response to statin therapy, or if statins cannot be tolerated. Familial 

hypercholesterolemia (FH) is a genetic condition that can cause sustained elevations in low density 

lipoprotein cholesterol (LDL-C) from a young age. As a result, these patients are at high risk of CVD 

and can suffer deleterious effects from COVID-19 disease. FH patients with poorly controlled LDL-C 

levels can benefit greatly from lipid lowering therapies; these can be a fixed combination therapy of 

statins with ezetimibe or PCSK9 inhibitors [98]. 

  

Studies have shown that PCSK9 inhibitors are effective at controlling LDL-C levels, and when added to 

statin therapy, there is a further reduction of levels by 60% [99]. This highlights that lipid lowering 

therapies can greatly reduce the risk of CVD disease, and may provide favourable outcomes in FH 
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COVID-19 patients. It has also been hypothesised that PCSK9 inhibitors can exhibit anti-inflammatory 

effects through down-regulation of LDL receptors [99]. As discussed, reducing the hyperinflammatory 

state seen in COVID-19 disease can lower the disease burden. Gain-of-function mutations that cause 

upregulation of PCSK9 have been recognised in certain FH patients, and this is thought to suppress 

the patients’ antiviral response. For these reasons, PCSK9 inhibitors are thought to enhance the 

efficacy of type 1 interferons in the prevention of severe COVID-19 disease and a single initial dose 

administered in high risk patients may provide some benefit [100]. 

  

Ezetimibe and PCSK9 inhibitors do not appear to have many side effects, and there are no recognised 

drug interactions with current antiviral therapies [101]. However, there have been concerns over the 

use of combination therapies involving statins and ezetimibe, with a study in hypercholesterolemic 

patients showing there is an increased risk of upper respiratory tract infections while on this treatment 

regimen [102]. Further clinical studies can help address whether this particular combination therapy 

can exacerbate the severity of COVID-19 disease. PCSK9 inhibitors should be continued in the 

treatment of poorly controlled hyperlipidaemia. Additional data is required from COVID-19 patients 

receiving this treatment; this will help to better understand the relationship between PCSK9 inhibitors 

and interferons, and the role they may play in stopping the progression of severe COVID-19 illness. 

 

3.1.6.3. Lomitapide  

Lomitapide is a drug that has been developed for the treatment of FH. Lomitapide is metabolised 

through the enzyme CYP3A4 and the metabolites lead to the inhibition of microsomal triglyceride 

transfer protein (MTP). This reduces the secretion of very low-density lipoproteins (VLDL) and thereby 

can reduce LDL-C levels. This process was seen in a large cohort trial carried out by the Lomitapide 

Observational Worldwide Evaluation Registry (LOWER) where Lomitapide treatment achieved a 33% 

mean reduction in LDL-C levels [103]. Lomitapide can therefore provide some benefit in the control of 

hyperlipidaemia in COVID-19 patients. Lomitapide was also found to be an inhibitor of CYP3A4 and so 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

concomitant administration of a strong CYP3A4 inhibitor with Lomitapide is contraindicated [104]. The 

COVID-19 medications lopinavir and ritonavir can cause increased exposure to Lomitapide 

systemically and therefore treatment with Lomitapide should be stopped in patients on this treatment 

regime [105]. 

 

3.1.6.4. Fibrates  

Fibrates are PPAR-alpha agonists that can be used in the treatment of hyperlipidaemia. They were 

shown to reduce mortality in mice infected with influenza virus (91), hence, theorised to be able to 

reduce the inflammatory burden seen in COVID-19 disease. However, there is a lack of human studies 

displaying the effectiveness of fibrates in the treatment of viral pneumonias. It is recommended that 

fibrates are continued in COVID-19 patients unless not tolerated by patients or contraindicated with 

certain COVID-19 treatments. There are drug-drug interactions with fibrates and the Covid-19 

medications interferon-beta-1-alpha and tocilizumab, therefore fibrates should be stopped in COVID-

19 patients taking these therapies [105]. Fibrates should also be stopped if there is evidence of 

myopathy, AKI or transaminitis developing in the COVID-19 patient [106].  

   

3.1.6.5. Nicotinic acid (Niacin)  

Niacin are known to reduce the levels of LDL-C and increase HDL-C but there has not been any 

significant evidence to suggest it can reduce the risk of cardiovascular events [107]. It may exert anti-

inflammatory effects; this is seen in animal models where there was reduced lung damage from 

hyperinflammatory cascades [108]. However, it is unknown whether these findings would translate 

into human studies and there is limited data on the effectiveness of niacin in the treatment of COVID-

19 CVD patients. There are very little concerns over the safety of niacin use and it may be continued 

in COVID-19 patients. 

  

3.1.6.6. Omega-3-Fatty acids  
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There have been several large-scale studies investigating the impact of the omega-3-fatty acids: 

docosahexaenoic acid (DHA) eicosapentaenoic acid (EPA), on the prevention of cardiovascular events 

in high-risk CVD patients. A combination of both DHA and EPA was given to 3851 patients who had 

experienced an acute myocardial infarction in the OMEGA trial and no further reduction in sudden 

cardiac death was seen [109]. Another large-scale meta-analysis, REDUCE-IT, found that in CVD 

patients that were given icosapent ethyl (an ethyl ester of EPA), there was a significant reduction in 

the risk of cardiovascular events [110]. EPA has been found to exert anti-inflammatory effects through 

lowering concentrations of C-reactive protein (CRP) and by regulating the effects of pro-inflammatory 

cytokines (*5). EPA may consequently play a role in controlling the disease severity in COVID-19 

patients. Omega-3-fatty acids are thought to be safe to continue in COVID-19 patients. 

 

3.1.6.7. Other therapies  

At present, there is a lack of data that reports any significant outcomes in the use of bile acid 

sequestrants and nutraceuticals in CVD patients. Further studies are required to understand the 

potential role they may play in the treatment of CVD in COVID-19 patients.  

   

3.1.7. Anticoagulation and antiplatelets  

Many patients infected with SARS-CoV-2 have a severe proinflammatory state linked with 

characteristic coagulopathy and endotheliopathy [111], with the SARS-CoV-2 endothelial status made 

distinct by platelet activation, as well as increased levels of Von Willebrand factor and factor VIII 

[112,113] . Coagulopathy, due to blockage of blood vessels following thrombus formation, is seen in 

severe SARS-CoV-2 infections as a result of platelet hyperactivity and aggregation [111] . In this 

context, the protective antiplatelet aggregation role of resveratrol, a polyphenol, can be utilized in the 

management of SARS-CoV-2 infection, via its various mechanisms of action. One such mechanism 

involves nitric oxide (NO), a gasotransmitter, which prevents platelet aggregation [114]. Through 

increasing the activity and expression of endothelial nitric oxide synthase, an NO isoform that controls 
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the generation of NO in the endothelium, resveratrol seems to promote NO production, thereby 

inhibiting platelet hyperactivity and aggregation [115]. 

  

As discussed earlier, COVID-19 is associated with a hyperinflammatory and prothrombotic state, with 

increases in fibrin, fibrin degradation products, fibrinogen, and D-dimers [12,14-17], as well as 

proinflammatory cytokines including IL-1, IL-6, and tumor necrosis factor-α [111]; therefore, the 

administration of anticoagulation therapy in COVID-19 positive CVD patients must be carefully 

monitored. Additionally, as indications of drug treatment include prophylaxis against stroke and 

embolism [5,14,19], it is crucial for patients to be able to continue treatment safely if infected with 

SARS-CoV-2. 

  

Older oral anticoagulants, such as warfarin, have a propensity for various drug-drug interactions; 

hence newer direct oral anticoagulants (DOACs) are the preferred therapy [116]. Previous research 

[117,118] shows that patients on warfarin had a decreased international normalized ratio (INR) after 

commencement of treatment with lopinavir-ritonavir, the antivirals used in COVID-19. This resulted 

in a substantial dose adjustment of warfarin (from 5.5mg/d to 13mg/d) to maintain an INR between 2 

and 3. Although the interaction between the two is not well understood, it appears to be mediated 

through the alteration of warfarin’s CYP2C9 metabolism [119]. Therefore, close INR monitoring is 

recommended for any CVD patients receiving concomitant anticoagulation and COVID-19 antiviral 

therapies. 

Other interactions include the DOAC anticoagulant drugs apixaban and rivaroxaban, which should not 

be used alongside the antiviral lopinavir-ritonavir, as it inhibits CYP3A4 which in turn metabolizes 

apixaban and rivaroxaban, and can increase the risk of bleeding [116, 120]. An increased risk of 

bleeding is also present if dabigatran and edoxaban are used in combination with lopinavir/ritonavir, 

through P-glycoprotein inhibition by the antivirals [85]. 
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As hospitalized COVID-19 patients are at an increased risk of venous thromboembolism (VTE) 

[122,123], prophylactic anticoagulation with heparin or enoxaparin has been recommended as it 

reduces the risk of VTE. The European Society of Cardiology [97] proposed an anticoagulation 

algorithm for patients with high thrombotic risk - defined as those with dyspnea, oxygen 

saturation < 90%, respiratory rate > 24, elevated C reactive protein, rising D-dimer levels, and elevated 

fibrinogen levels; anticoagulation strategies should be considered. Heparin has been shown to bind 

COVID-19 spike proteins as well as down-regulate IL-6 [123], which is elevated in COVID-19 patients, 

making it a good choice for prophylactic anticoagulation. However, as there is an increased risk of 

bleeding associated with the use of these anticoagulants, doses need to be carefully monitored and 

adjusted according to the patient’s condition [111]. 

Patients that are affected by acute or chronic coronary syndromes, including ST-elevation/non-ST 

elevation myocardial infarctions, unstable angina, ischaemic heart disease, or any other relevant 

syndrome, will be on antiplatelet therapy to reduce their risk of further CVD events [124]. Certain anti-

platelets have interactions with antivirals commonly used in COVID-19. The anti-platelet drug, 

clopidogrel, can be used as a P2Y12 inhibitor in patients with coagulopathy, provided the patient is 

not being actively treated for COVID-19 [85]. While lopinavir/ritonavir is being administered, prasugrel 

is the recommended treatment provided the patient does not have a bleeding risk and is without 

coagulopathy [124].  Caution should be exercised if either clopidogrel, prasugrel, or ticagrelor are 

combined with ritonavir, as ritonavir leads to the decrease of antiplatelet activity of clopidogrel and 

prasugrel by preventing their bioactivation [125], and increases the risk of bleeding if used in 

combination with ticagrelor [116, 126] through the strong inhibition of the CYP3A4 pathway [85]. In 

cases where these anti-platelet drugs are combined with ritonavir, P2Y12 platelet function assays are 

recommended to ensure sufficient antiplatelet activity [116], following which the dosage of 

clopidogrel can be adjusted accordingly [85]. High-quality research is needed to determine whether 

there are significant drug-drug interactions with other COVID-19 medications such as remdesivir. 
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3.2. Non-Cardiovascular agents:  

3.2.1. Corticosteroids  

Following the COVID-19 pandemic, corticosteroids have been used as an anti-inflammatory treatment 

in order to curb lung inflammation in severe cases, with dosage depending on disease severity [104]. 

Recommendations on the use of corticosteroids for COVID-19 are largely based on data from the 

Randomised Evaluation of Covid-19 Therapy (RECOVERY) trial, which is a large, multicenter, 

randomized, open-label trial performed in the United Kingdom. The trial compared the use of 

dexamethasone on 2104 hospitalized COVID-19 patients with 4321 patients receiving usual care. They 

found that use of dexamethasone resulted in lower 28-day mortality among those who were receiving 

either invasive mechanical ventilation or oxygen alone at randomization but not among those 

receiving no respiratory support [128,136]. Other studies have reported a similar lower mortality rate 

when critically ill COVID-19 patients with respiratory complications are treated using corticosteroids 

[129-131], but there is limited literature on the effects of using corticosteroid therapy in COVID-19 

patients with cardiovascular disease. Also, prior to the RECOVERY data, there was conflicting evidence 

for the use of corticosteroids in previous coronavirus infections, where use in MERS and SARS was 

associated with delayed virus clearance [3,4].  

 

In cases where ischaemia is the primary condition, the use of corticosteroids to treat heart failure 

should be avoided as they could increase the risk of mechanical infarction difficulties [85]. If NSAIDs 

have been contraindicated in a patient with heart failure, corticosteroids at low doses can be used as 

an anti-inflammatory treatment when combined with colchicine [127]. For severe COVID-19 patients 

with pericarditis, 0.2-0.5 mg/kg/day of prednisone is administered for up to 1 month [132]. However, 

in cases of viral myocarditis, more research is required to establish whether myocardial inflammatory 

response can be lessened following the administration of corticosteroids. 
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A meta-analysis performed by Tufan et al. [133] mentions improvement following the administration 

of IV glucocorticoids and immunoglobulin therapy in some patients with acute fulminant myocarditis 

induced by COVID-19, as they could be effective in reducing inflammation caused by an amplified 

inflammatory response [134], which could prevent further myocardial injury.  

 

3.2.2. Anti-virals  

As the clinical manifestations of COVID-19 are caused by SAR-CoV-2 viral replication, an efficient 

approach to finding a treatment is to test existing antiviral drugs for their effectiveness against it. 

These drugs exert their effect by inhibiting viral entry via the ACE2 receptor [135], thereby reducing 

the viral replication in the earlier stages of the illness, and preventing the hyperinflammation state 

that categorises the later stages of disease, including critical illness. For this reason, several drugs [136] 

previously used in SARS and MERS were tested for their effect on SARS-CoV-2, but so far, only one is 

approved within the UK and USA - Remdesivir (GS-5734)[137]. 

Remdesivir is an adenosine analog that introduces itself into viral RNA, acting as an RNA polymerase 

inhibitor, thereby leading to premature chain termination and viral replication inhibition. It 

demonstrated successful in vitro activity against SARS-CoV-2 [138]. Moreover, in a rhesus macaque 

model of SARS-CoV-2 infection, the drug-treated animals had lower virus levels in the lungs and less 

lung damage in comparison to control animals [139]. A study by the US National Institutes of Health 

[140], with a cohort of 541 COVID-19 patients that received remdesivir, found they recovered faster 

on average compared to the placebo group; 10 days compared to 15 days. However, the Solidarity 

trial by WHO [141], including 2,750 patients, found that treatment with remdesivir did not reduce 

mortality amongst hospitalized COVID-19 patients. As remdesivir is a relatively new drug, its cardiac 

toxicity is somewhat unknown and as of yet, clinical drug-drug interaction studies have not been 

conducted. Current guidelines [142] state that the drug may cause an increase in prothrombin time 

and lists hypotension as a side-effect, therefore caution must be practiced in those patients on 

anticoagulant and hypertension medication.  
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Chloroquine phosphate, and its less toxic derivative hydroxychloroquine, have been used for many 

years in the treatment of malaria and chronic inflammatory diseases such as rheumatoid arthritis and 

systemic lupus erythematosus [143]. They have broad-spectrum antiviral activity, which is achieved 

through increasing lysosomal pH, therefore inhibiting viral endocytotic cell entry, along with changing 

the glycosylation process of ACE2 receptors, and thus, preventing viral fusion with host cells [144]. 

Many in vitro studies [138] demonstrated the effectiveness of HCQ in inhibiting SARS-CoV-2, and some 

early clinical trials backed this up. Chen et al. [145] conducted a randomized control trial with 62 

patients where they found 80.6% of those in the drug treatment group showed improvement in 

pneumonia, compared to only 54.8% of patients in the control group.  

 

However, HCQ has since fallen out of favour with regards to treatment of COVID-19, as it failed to 

produce any clinically relevant results. In the UK, the RECOVERY trial [167], an ongoing randomized 

control trial, administered HCQ to 1,561 COVID-19 patients with comorbidities of diabetes mellitus 

(27%), and heart disease (26%), the results showed that HCQ did not decrease mortality when 

compared to normal care. Additionally, it resulted in a longer hospital stay, and in patients not already 

on mechanical ventilation - HCQ treatment made them more likely to require intubation during 

hospitalization. A separate cohort study did not find any significant reduction in intensive care 

admission or in development of pneumonia [146]. The SOLIDARITY trial [141] conducted by WHO (954 

patients on HCQ with 25% with diabetes) also found no real clinical benefit with use of HCQ in COVID-

19. Moreover, HCQ use can have serious implications for cardiovascular patients [147,148], including 

fatal arrhythmias. Furthermore, the popular combination of administering HCQ with azithromycin for 

COVID-19 treatment raised questions of safety, as both drugs are known to prolong the QTc interval, 

thereby increasing the risk of Torsade-de-Pointes.  

 

3.2.3. Other Immunomodulators   

3.2.3.1. Interleukin-6 Inhibitors  
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As the pro-inflammatory cytokine IL-6 has been implicated to have a dose-dependent relationship 

with severity of SARS-CoV-2 infection [149], several clinical trials have explored the use of tocilizumab, 

an anti IL-6 receptor monoclonal antibody, as a therapy for severe COVID-19 disease [150-155]. 

Tocilizumab is currently an approved drug for use in rheumatoid arthritis, giant cell arteritis, and 

juvenile idiopathic arthritis [156,157].  It has been noted that patients with severe COVID-19 - in 

particular those within intensive care units - have increased plasma concentrations of inflammatory 

cytokines (TNF-α, IL-2, 6, 7 and 10, granulocyte-colony stimulating factor, monocyte chemoattractant 

protein 1, macrophage inflammatory protein 1 alpha, and interferon-γ-inducible protein 10) that are 

suggestive of a cytokine storm. Cytokine storm syndrome (CSS) is an umbrella term for several 

disorders of immune dysregulation, characterised by constitutional symptoms, an excessive systemic 

inflammatory response, and multi-organ failure if untreated [158]. It was hypothesized that IL-6 

receptor blockade could reduce the incidence of CSS, and hence the disease severity accredited to it. 

A meta-analysis of nine studies showed that tocilizumab treatment is associated with reduction of C-

reactive protein [155]. Another meta-analysis of 38 studies, including 13,412 COVID-19 patients, 

showed that tocilizumab treatment is associated with reduction of mortality rate from COVID-19 

[154]. However, Roche’s Phase III COVACTA trial [159] showed no improvement in clinical status, 

which was measured as the need for intensive care and/or ventilator use and the requirement for 

supplemental oxygen over a 4-week period, when compared to the placebo. There was no statistical 

difference found in mortality rates between tocilizumab and placebo groups (19.7% vs. 19.4%; 

difference of 0.3%; 95% CI, -7.6% to 8.2%; P = 0.94). Even so, a recent systematic review and meta-

analysis [158] of 24 studies (5 RCTs and 19 cohorts), which included the COVACTA trial in its analysis, 

found that tocilizumab reduces the risk of mechanical ventilation in hospitalized COVID-19 patients. 

Hence, the evidence for the benefit of tocilizumab in COVID-19 is conflicting, and as of yet no large-

scale RCTs have been carried out to ascertain its effectiveness in reducing disease severity.  

3.2.3.2. Janus Kinase Inhibitors  
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Baricitinib, an anti-inflammatory drug used in rheumatoid arthritis, is the latest drug to be investigated 

as a possible treatment for COVID-19. The drug is a selective inhibitor of Janus kinase (JAK) 1 and 2, 

which prevent phosphorylation of key proteins involved in the intracellular signaling pathway leading 

to activation of proinflammatory cytokines such as IL-6.  Additionally, baricitinib has a theoretical 

direct antiviral effect where it may block SARS-CoV-2 entry into lung cells [160,161].  

 

There is some clinical trial evidence that supports this theory; the Adaptive Covid-19 Treatment Trial 

(ACTT-2) [139], an RCT of 1,033 patients with moderate to severe COVID-19, tested baricitinib with 

remdesivir, against remdesivir with a placebo. The results showed that Baricitinib plus remdesivir was 

superior to remdesivir alone in reducing recovery time and accelerating improvement in clinical status 

among patients with COVID-19, notably among those receiving high-flow oxygen or non-invasive 

ventilation. Patients receiving high-flow oxygen or non-invasive ventilation at enrollment had a 

recovery time of 10 days with combination treatment, and 18 days with control (rate ratio for 

recovery, 1.51; 95% CI, 1.10 to 2.08). The 28-day mortality was 5.1% in the combination group, and 

7.8% in the control group (hazard ratio for death, 0.65; 95% CI, 0.39 to 1.09) [162].   

Although the survival rate was numerically better in the baricitinib treated group, the use of 

glucocorticoids was avoided in the trial, and it was not large enough to detect differences in mortality, 

hence further randomised evidence is needed to establish the value of baricitinib in current clinical 

practice. Thus, the RECOVERY group [163] have announced the addition of baricitinib to their trial, 

and anticipate at least 2,500 patients to be recruited. The RECOVERY trial aims to research the effect 

of baricitinib, in addition to corticosteroids (steroids), which are now standard of care for severe 

COVID-19 worldwide. 

  

3.2.4. Ivermectin (Anti-parasitic)  

Ivermectin is a cheaply available broad-spectrum anti-parasitic agent that is a topic of widespread 

contention. In humans, Ivermectin is currently prescribed in tablet form to treat certain roundworm 
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infections and the inflammatory skin condition rosacea. In 2020, Caly et al. [164] found that Ivermectin 

is an inhibitor of SARS-CoV-2 in-vitro and though the mechanism is unknown, it is hypothesised to 

work by disinhibiting the virus’s evasion tactics from the host immune cells and thus abrogate 

sufficient viral replication and allow the host to clear it. Another suggested mechanism is the 

suppression of the production of Interleukin-6 (IL-6) and Tumor Necrosis Factor alpha (TNFα), two 

major components of the detrimental cytokine storm induced by SARS-CoV-2 [165]. 

  

The results from Caly et al. [164], combined with other in silico and in vitro studies that suggested the 

same, led to a considerable amount of protocols in Latin America that recommended use of Ivermectin 

as a COVID-19 treatment. However, as these results were not peer shared, their dissemination caused 

confusion and the spread of misinformation online claiming it is a COVID-19 cure [166]. Many 

countries heavily contest the benefit of the drug and some have described its use as being politicised. 

Both the Food and Drug Administration (FDA) of the United States and European Medicines Agency 

(EMA) have advised against its use, stating insufficient evidence for any benefit [166]. It has been 

highlighted that the required concentration of 5µM to reach the anti-SARS-CoV-2 action of Ivermectin 

observed in vitro is fifty-fold higher than the current FDA-approved dosage (200 μg/kg) [165,166] 

.Hence, this may explain why it was not included in large-scale clinical trials such as the Solidarity trial 

[166]. It was included in a number of much smaller trials that have been summarised by Wehbe at al. 

[165] where they found that the clinical data lacks uniformity and the optimal antiviral dose has not 

been established. They have also highlighted that Ivermectin on its own did not result in significantly 

improved outcomes for COVID-19 patients and nor should it be particularly encouraged as a 

monotherapy. However, some success has been found in these smaller trials. A recently published 

study by Samaha et al. [167] found a single dose of ivermectin (150 μg/kg) in 50 patients resulted in 

fewer clinical symptoms, lower viral loads and reduced hospital admission, in comparison to the 50 

patients in the control group. Another meta-analysis [168] of 19 studies with 2768 patients showed 

that ivermectin was associated with reduced severity of COVID-19 (RR 0.43 [95% CI 0.23–0.81], p = 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

0.008), with reduction of mortality, higher negative RT-PCR test results rate, higer symptoms 

alleviation and shorter time to discharge. Although, it must be noted that the trials included in this 

meta-analysis have small treatment groups (31-400 patients) and most are open-label randomized 

control trials. Hence, there is conflicting information about this drug but it should not be ruled out as 

a potential treatment, as researchers have shown it does have some benefit, but currently lacks large-

scale clinical trials to support it. It will be interesting to note the ivermectin clinical trials in the 

upcoming year and how they pan out.  

 

 

  

3.3. Clinical Trials   

Currently, there are over 5,000 trials registered on Clinicaltrial.gov that are researching the 

therapeutic benefits of pre-existing drugs in the treatment of COVID-19. Some of the largest trials are 

highlighted in Table 2a and Table 2b, including the RECOVERY trial (ClinicalTrials.gov Identifier: 

NCT04381936), World Health Organization (WHO) COVID-19 Solidarity Trial for COVID-19 Treatments 

(ClinicalTrials.gov Identifier: NCT04647669), and the Randomised, Embedded, Multi-factorial Adaptive 

Platform Trial for Community-Acquired Pneumonia (REMAP-CAP) trial (ClinicalTrials.gov Identifier: 

NCT02735707). The early drugs of interest in 2020 were the anti-virals lopinavir/ritonavir, 

hydroxychloroquine, and remdesivir. However, data from the RECOVERY [169] and SOLIDARITY [141] 

trial showed that treatment with these drugs had little or no effect on hospitalized COVID-19 patients, 

as indicated by overall mortality, initiation of ventilation, and the duration of hospital stay. The newer 

drugs of interest are the ones discussed earlier: IL-6 inhibitors and JK-inhibitors, such as tocilizumab 

and baricitinib respectively. As of February 2021, tocilizumab showed promising results in the 

RECOVERY trial [169], as well as in the REMAP-CAP [171] trials. Both have reported better patient 

outcomes in terms of mortality (Table 2b).  
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As discussed in the anti-coagulation section, hospitalized COVID-19 patients are at an increased risk 

of life-threatening VTE [121]. It has been hypothesized that full-dose anticoagulation of these patients 

could have some therapeutic benefits in reducing overall clots and associated mortality. Therefore, an 

unprecedented collaboration between three clinical trial platforms has formed to carry out a multiple 

platform RCT to explore this. The three platforms include: REMAP-CAP trial, Antithrombotic Therapy 

to Ameliorate Complications of COVID-19 trial (ATTACC; ClinicalTrials.gov Identifier: NCT04372589), 

and Antithrombotics for Adults Hospitalized With COVID-19 (ACTIV IV-4a; ClinicalTrials.gov Identifier: 

NCT04505774). The multicentre RCT intervention [172] includes the administration of therapeutic low 

molecular weight heparin (LMWH) or unfractionated heparin (UFH) to hospitalized COVID-19 patients 

of varying disease severity, and comparing this to the usual pharmacologic VTE prophylaxis in the 

control group. Some preliminary results showed favourable outcomes, but as the data is not yet peer 

reviewed or published, it is too early to base clinical decisions on it. 

Another more recent method to identify therapeutic drug targets for clinical trials is via Mendelian 

randomization (MR) analyses, as done so by Gaziano et al. [173]. Through investigating more than 

1,000 potential targets using several of the largest currently available human genetic datasets, they 

provided evidence for drug targets of type I IFNs (IFNAR2) and ACE2 modulators (ACE2) as priority 

candidates for evaluation in randomized trials of early management in COVID-19. We are yet to see 

whether such analysis will prove beneficial in finding a treatment for COVID-19 but it does 

demonstrate a focused approach to choose drugs for future COVID-19 clinical trials.  

4.  Conclusion:  

Research is ever growing in understanding the correlation between cardiovascular diseases in patients 

with COVID-19, and the use of pharmacological interventions with these patients. Many recent studies 

indicate a slight benefit of using RAS inhibitors in COVID-19 patients, potentially due to the pulmonary 

vasodilation leading to increased lung protection. However, the mechanisms by which RAS inhibitors 

provide protection against the virus is not fully understood. Moreover, several classes of beta-blockers 

have been found to downregulate the impact of coronavirus via different mechanisms, and are thus 
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recommended to be continued, unless the patient experiences differentiative side effects. There is a 

need for larger studies to compare the outcomes between different categories of pharmaceutical 

interventions in patients with COVID-19 who have underlying cardiovascular diseases.    

5.  Expert opinion:  

Current evidence is evolving around the many trialed pharmacotherapeutic considerations for the 

management of coronavirus infection 2019 (COVID-19) in patients with cardiovascular diseases. The 

key findings of the preliminary research to date suggests consideration of RAS inhibitors as an adjuvant 

treatment to those patients who have tested positive for SARS-CoV-2 infection as a potential 

protectant due to increased pulmonary vasodilation. While some evidence suggests they may lead to 

worse patient outcomes and a more severe disease, hypothetically their effect of increasing the 

soluble form of ACE2 in the circulation could serve as a decoy receptor that binds to SARS-CoV-2 virus 

and  deactivate it within the peripheral circulation, thus helping clear the virus. As a result, current 

recommendations from specialist medical associations are consistent in advocating no changes in the 

treatment guidance with angiotensin converting enzyme inhibitors and angiotensin receptor 

antagonists for cardiac patients infected with SARS-CoV-2 virus.   

In addition, there is also promising evidence that some beta-blockers may also provide a beneficial 

effect to COVID-19 patients. Patients with COVID-19 can suffer from many clinical changes, including 

inflammation, due to the SARS-CoV-2 virus’ disruption to the body's immune system. Beta-2 receptor 

antagonists could potentially reduce this inflammation and help rebalance the immune system. 

Moving forward, the beta-2-adrenergic pathway may be further investigated as a possible target to 

reduce the inflammatory symptoms related to COVID-19. This is thought to be a potential area of 

interest due to the mechanism of action of beta blockers, which causes a temporary blockade of 

noradrenaline, diminishing the body’s innate ‘fight or flight’ response. This reduces the stress and 

therefore workload of the areas in which there are active receptors, such as the vasculature and heart.  

Both the hypotheses of using ACEi/ARBs and beta blockers require further study to fully understand 

the mechanisms of action in the pathophysiology of the SARS-CoV-2 virus.   
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Drug-induced cardiac myocyte death occurring during SARS-CoV-2 treatment is also a concern. In 

particular, the use of antiviral drugs should be closely examined. Many antiviral drugs can cause 

cardiac insufficiency, arrhythmia and other cardiovascular disorders. The risk of cardiac toxicity must 

be monitored when antivirals are used.  

A further area of research may include the effect of media reports from the beginning of the 

pandemic, which stated taking certain blood pressure drugs could modify levels of receptors on the 

surface of our body’s cells, thereby making it easier for someone to contract the SARS-CoV-2 virus. 

Interestingly, these antihypertensives include ACE inhibitors and ARBs. These reports were based on 

speculation, and there is no evidence to support them. Likewise, there was media speculation that 

suggested taking ibuprofen, an NSAID, could be associated with a greater risk of a more complex SARS-

CoV-2 viral infection. Once again, the evidence base was unfounded and no such association has been 

established between taking ibuprofen and contracting the SARS-CoV-2 virus, or the resulting 

development of more severe symptoms. In fact, more recently researchers have been trialling the 

potential advantageous anti-inflammatory effects of ibuprofen, which may bring about a benefit in 

treating those with the SARS-CoV-2 virus by reducing injury. At the time of publication, the evidence 

base for the use of this treatment is extremely limited.  

The potential implications of this research may ultimately allow for the better treatment and outcome 

of mortality of those patients who contract SARS-CoV-2 with underlying cardiovascular disease. The 

obvious weaknesses of the research are that we are still retrospectively and prospectively analysing 

the data of those affected by the SARS-CoV-2 virus pandemic, and conducting clinical trials based on 

the theoretical potential benefit these novel therapy options may bring to those affected by SARS-

CoV-2.  

The ultimate goal of any further research in this field must be to ensure the continued safety and 

efficacy of treatment of patients with cardiovascular disease with understanding of the potential 

implications this may have as and when members of this cohort become unwell with SARS-CoV-2 virus.  
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We are particularly intrigued by the potential beneficial roles that ACE inhibitors, ARBs, and beta 

blockers may have in the future treatment of the SARS-CoV-2 virus, due to the high percentage of 

cardiovascular patients receiving one or more of these drugs. Clinical trials exploring the alternative 

therapies that may be beneficial in treating the SARS-CoV-2 virus must now be performed. We 

envisage the research to develop further in the coming months, and for the resultant outcome to 

include evidence based trials focusing on ACEi, ARBS, beta blocking agents, and NSAIDs; medications 

which have been, and continue to be used for many years with a wealth of evidence base in their 

currently licensed indications.   

While we await further data to inform our practice, clinicians should advocate careful consideration 

of all concomitant medications and comorbidities for those presenting with SARS-CoV-2 on a patient-

by-patient basis.  

 

 

 

 

 

 

 

 

  
 
 
 
 
 
 
 
 
 
 
 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

 
 
 

References 

Papers of special note have been highlighted as either of interest (•) or of considerable interest (••) 
to readers. 

1. World Health Organisation [internet]. COVID-19 Weekly Epidemiological Update. 2020 [cited 

9 Feb 2021]. Available from: https://www.who.int/docs/default-

source/coronaviruse/situation-reports/20201012-weekly-epi-update-9.pdf 

2. World Health Organization [internet]. Who statement regarding cluster of pneumonia cases 

in Wuhan, China. Who.Int. 2020 [cited 9 Feb 2021]. Available from: 

https://www.who.int/china/news/detail/09-01-2020-who-statement-regarding-cluster-of-

pneumonia-cases-in-wuhan-china 

3. Chan JW, Ng CK, Chan YH, et al. Short term outcome and risk factors for adverse clinical 

outcomes in adults with severe acute respiratory syndrome (SARS). Thorax. 2003;58(8):686-

9. 

4. 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.  

5. Zheng YY, Ma YT, Zhang JY, et al. COVID-19 and the cardiovascular system. Nat Rev Cardiol. 

2020;17(5):259-260. 

* This article is one of the first to discuss the link between COVID-19 and cardiac injury. 

6. Clerkin KJ, Fried JA, Raikhelkar J, et al. COVID-19 and Cardiovascular Disease. Circulation. 

2020;141(20):1648-1655. 

7. Tadic M, Saeed S, Grassi G, Taddei S, Mancia G, Cuspidi C. Hypertension and COVID-19: 

Ongoing Controversies. Front Cardiovasc Med. 2021;8:639222. 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

8. 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. 

JAMA. 2020;323(20):2052-2059.  

** This is the first article to describe cardiovascular comorbidities relating to severe 
COVID-19. 
 

9. Hessami A, Shamshirian A, Heydari K, et al. Cardiovascular diseases burden in COVID-19: 

Systematic review and meta-analysis. Am J Emerg Med. 2020;S0735-6757(20)30908-6. 

* This is one of the largest meta-analyses outlining important characteristics of COVID-19 

patients. 

10. Yang J, Zheng Y, Gou X, et al. Prevalence of comorbidities and its effects in patients infected 

with SARS-CoV-2: a systematic review and meta-analysis. Int J Infect Dis. 2020;94:91-95.  

11. Turner AJ, Hiscox JA, Hooper NM. ACE2: from vasopeptidase to SARS virus receptor. Trends 

Pharmacol Sci. 2004;25(6):291-4. 

12. Shi X, Chen M, Zhang Y. The cardiovascular disorders and prognostic cardiac biomarkers in 

COVID-19. Mol Biol Rep. 2021;22:1–9. 

13. Liu Y, Yang Y, Zhang C, et al. Clinical and biochemical indexes from 2019-nCoV infected 

patients linked to viral loads and lung injury. Sci China Life Sci. 2020;63(3):364-374.  

14. Chang WT, Toh HS, Liao CT, et al. Cardiac Involvement of COVID-19: A Comprehensive 

Review. Am J Med Sci. 2021;361(1):14-22.  

15. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients with 

COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 2020;395(10229):1054-

1062.  

16. Liu B, Li M, Zhou Z, Guan X, et al. Can we use interleukin-6 (IL-6) blockade for coronavirus 

disease 2019 (COVID-19)-induced cytokine release syndrome (CRS)? J Autoimmun. 

2020;111:102452.  



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

17. Wang T, Chen R, Liu C, et al. Attention should be paid to venous thromboembolism 

prophylaxis in the management of COVID-19. Lancet Haematol. 2020;7(5):e362-e363.  

18. Guo T, Fan Y, Chen M, et al. Cardiovascular Implications of Fatal Outcomes of Patients With 

Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020;5(7):811-818.  

19. Roth GA, Mensah GA, Johnson CO, et al. Global Burden of Cardiovascular Diseases and Risk 

Factors, 1990-2019: Update From the GBD 2019 Study. J Am Coll Cardiol. 2020;76(25):2982-

3021 

20. Zareef RO, Younis NK, Bitar F, Eid AH, Arabi M. COVID-19 in Pediatric Patients: A Focus on CHD 

Patients. Front Cardiovasc Med. 2020 Nov 27;7:612460. 

21. Naveed H, Elshafeey A, Al-Ali D, et al. The Interplay Between the Immune System, the Renin-

Angiotensin-Aldosterone System (RAAS), and RAAS Inhibitors May Modulate the Outcome of 

COVID-19: A Systematic Review [published online ahead of print, 2021 Feb 26]. J Clin 

Pharmacol.  

22. Hikmet F, Méar L, Edvinsson Å, et al. The protein expression profile of ACE2 in human 

tissues. Mol Syst Biol. 2020;16(7):e9610.  

23. Gressens SB, Leftheriotis G, Dussaule JC, Flamant M, Levy BI, Vidal-Petiot E. Controversial 

Roles of the Renin Angiotensin System and Its Modulators During the COVID-19 Pandemic. 

Front Physiol. 2021;12:624052.  

24. Epelman S, Tang WH, Chen SY, et al. Detection of soluble angiotensin-converting enzyme 2 

in heart failure: insights into the endogenous counter-regulatory pathway of the renin-

angiotensin-aldosterone system. J Am Coll Cardiol. 2008;52(9):750-4. 

25. Lei Y, Zhang J, Schiavon CR, et al. SARS-CoV-2 Spike Protein Impairs Endothelial Function via 

Downregulation of ACE2. Preprint. bioRxiv. 2020;2020.12.04.409144. Published 2020 Dec 4. 

doi:10.1101/2020.12.04.409144 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

26. Imai Y, Kuba K, Rao S, et al. Angiotensin-converting enzyme 2 protects from severe acute 

lung failure. Nature. 2005;436(7047):112–116. 

27. Furuhashi M, Moniwa N, Mita T, et al. Urinary angiotensin-converting enzyme 2 in 

hypertensive patients may be increased by olmesartan, an angiotensin II receptor blocker. 

Am J Hypertens. 2015;28(1):15–21. 

28. Bourgonje AR, Abdulle AE, Timens W, et al. Angiotensin-converting enzyme 2 (ACE2), SARS-

CoV-2 and the pathophysiology of coronavirus disease 2019 (COVID-19). J Pathol. 

2020;251(3):228-248.  

29. Kuba K, Imai Y, Rao S, et al.  A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS 

coronavirus-induced lung injury. Nat Med. 2005;11(8):875-9.  

30. Nehme A, Zouein FA, Zayeri ZD, Zibara K. An Update on the Tissue Renin Angiotensin System 

and Its Role in Physiology and Pathology. J Cardiovasc Dev Dis. 2019;6(2):14. Published 2019 

Mar 29. doi:10.3390/jcdd6020014 

31. Nagy B Jr, Fejes Z, Szentkereszty Z, et al. A dramatic rise in serum ACE2 activity in a critically ill 

COVID-19 patient. Int J Infect Dis. 2021;103:412-414. doi:10.1016/j.ijid.2020.11.184 

32. Saravi B, Li Z, Lang CN, et al. The Tissue Renin-Angiotensin System and Its Role in the 

Pathogenesis of Major Human Diseases: Quo Vadis?. Cells. 2021;10(3):650. Published 2021 

Mar 15. doi:10.3390/cells10030650 

33. Lopes RD, Macedo AV,Barros PG, et al. Effect of Discontinuing vs Continuing Angiotensin-

Converting Enzyme Inhibitors and Angiotensin II Receptor Blockers on Days Alive and Out of 

the Hospital in Patients Admitted With COVID-19: A Randomized Clinical Trial. JAMA. 

2021;325(3):254-264.  



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

34. Patel VB, Clarke N, Wang Z, et al. Angiotensin II induced proteolytic cleavage of myocardial 

ACE2 is mediated by TACE/ADAM-17: a positive feedback mechanism in the RAS. J Mol Cell 

Cardiol. 2014;66:167-176. doi:10.1016/j.yjmcc.2013.11.017 

35. Wehbe Z, Hammoud S, Soudani N, Zaraket H, El-Yazbi A, Eid AH. Molecular Insights Into SARS 

COV-2 Interaction With Cardiovascular Disease: Role of RAAS and MAPK Signaling. Front 

Pharmacol. 2020;11:836. Published 2020 Jun 3. 

36. Xu J, Sriramula S, Xia H, et al. Clinical Relevance and Role of Neuronal AT1 Receptors in 

ADAM17-Mediated ACE2 Shedding in Neurogenic Hypertension. Circ Res. 2017;121(1):43-55. 

doi:10.1161/CIRCRESAHA.116.310509 

37. Rena G, Lang CC. Repurposing Metformin for Cardiovascular Disease. Circulation. 2018 Jan 

30;137(5):422-424. 

38. Jadhav S, Ferrell W, Greer IA, Petrie JR, Cobbe SM, Sattar N. Effects of metformin on 

microvascular function and exercise tolerance in women with angina and normal coronary 

arteries: a randomized, double-blind, placebo-controlled study. J Am Coll Cardiol. 

2006;48(5):956-963. 

39. Cameron AR, Morrison VL, Levin D, et al. Anti-Inflammatory Effects of Metformin 

Irrespective of Diabetes Status. Circ Res. 2016;119(5):652-665. 

40. Hariyanto TI, Kurniawan A. Metformin use is associated with reduced mortality rate from 

coronavirus disease 2019 (COVID-19) infection. Obes Med. 2020;19:100290. 

41. Singh AK, Gupta R, Ghosh A, Misra A. Diabetes in COVID-19: Prevalence, pathophysiology, 

prognosis and practical considerations. Diabetes Metab Syndr. 2020;14(4):303-310. 

42. Ursini F, Ciaffi J, Landini MP, Meliconi R. COVID-19 and diabetes: Is metformin a friend or 

foe?. Diabetes Res Clin Pract. 2020;164:108167. 

43. Lopes RD, Macedo AVS, de Barros E Silva PGM, et al. Effect of Discontinuing vs Continuing 

Angiotensin-Converting Enzyme Inhibitors and Angiotensin II Receptor Blockers on Days 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

Alive and Out of the Hospital in Patients Admitted With COVID-19: A Randomized Clinical 

Trial. JAMA. 2021;325(3):254-264. 

44. Monteil V, Kwon H, Prado P, et al. Inhibition of SARS-CoV-2 Infections in Engineered Human 

Tissues Using Clinical-Grade Soluble Human ACE2. Cell. 2020;181(4). 

45. Khan A, Benthin C, Zeno B, et al. A pilot clinical trial of recombinant human angiotensin-

converting enzyme 2 in acute respiratory distress syndrome. Critical Care. 2017;21(1).  

46. Biswas M, Kali MSK. Association of angiotensin-converting enzyme inhibitors and 

angiotensin-receptor blockers with risk of mortality, severity or SARS-CoV-2 test positivity in 

COVID-19 patients: meta-analysis. Sci Rep. 2021;11(1):5012.  

47. Meng J, Xiao G, Zhang J, et al. Renin-angiotensin system inhibitors improve the clinical 

outcomes of COVID-19 patients with hypertension. Emerg Microbes Infect. 2020;9(1):757-

760. 

48. Hammoud SH, Wehbe Z, Abdelhady S, Kobeissy F, Eid AH, El-Yazbi AF. Dysregulation of 

Angiotensin Converting Enzyme 2 Expression and Function in Comorbid Disease Conditions 

Possibly Contributes to Coronavirus Infectious Disease 2019 Complication Severity. Mol 

Pharmacol. 2021;99(1):17-28. 

49. Semenzato L, Botton J, Drouin J, et al. Antihypertensive Drugs and COVID-19 Risk: A Cohort 

Study of 2 Million Hypertensive Patients. Hypertension. 2021;77(3):833-842. 

doi:10.1161/HYPERTENSIONAHA.120.16314 

50. Khera R, Clark C, Lu Y, et al. Association of Angiotensin-Converting Enzyme Inhibitors and 

Angiotensin Receptor Blockers with the Risk of Hospitalization and Death in Hypertensive 

Patients with Coronavirus Disease-19. Preprint. medRxiv. 2020;2020.05.17.20104943.  

51. Ferrari F, Martins VM, Fuchs FD, Stein R. Renin-Angiotensin-Aldosterone System Inhibitors in 

COVID-19: A Review. Clinics (Sao Paulo). 2021;76:e2342. Published 2021 Apr 9. 

doi:10.6061/clinics/2021/e2342 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

52. Simone G de. Position Statement of the ESC Council on Hypertension on ACE-Inhibitors and 

Angiotensin Receptor Blockers [Internet]. European Society of Cardiology. 2020 [cited 2021 

Feb 3]. Available from: https://www.escardio.org/Councils/Council-on-Hypertension-

(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-

ang 

53. Zhou J, Tse G, Lee S, et al. Interaction effects between angiotensin-converting enzyme 

inhibitors or angiotensin receptor blockers and steroid or antiviral therapies in COVID-19: A 

population-based study. J Med Virol. 2021;93(5):2635-2641. 

54. Fonarow GC, Abraham WT, Albert NM, et al. Influence of Beta-Blocker Continuation or 

Withdrawal on Outcomes in Patients Hospitalized With Heart Failure. J Am Coll Cardiol. 

2008; 52(3):190-9. 

55. Bristow MR. beta-adrenergic receptor blockade in chronic heart failure. Circulation. 

2000;101(5):558-69.  

56. Kjeldsen SE, Narkiewicz K, Burnier M, Oparil S. Potential protective effects of 

antihypertensive treatments during the Covid-19 pandemic: from inhibitors of the renin-

angiotensin system to beta-adrenergic receptor blockers. Blood Press. 2021;30(1):1-3. 

57. 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.  

58. Wu D, Yang XO. TH17 responses in cytokine storm of COVID-19: An emerging target of JAK2 

inhibitor Fedratinib. J Microbiol Immunol Infect. 2020;53(3):368-370. 

59. He F, Deng Y, Li W. Coronavirus disease 2019: What we know? J Med Virol. 2020;92(7):719-

725. 

60. Desiderio V, Botti G. Can Beta-2-Adrenergic Pathway Be a New Target to Combat SARS-CoV-

2 Hyperinflammatory Syndrome?-Lessons Learned From Cancer. Front Immunol. 

2020;11:588724.   



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

61. Sweeney RM, McAuley DF. Acute respiratory distress syndrome. Lancet. 

2016;388(10058):2416-2430.  

62. Vasanthakumar N. Beta-Adrenergic Blockers as a Potential Treatment for COVID-19 Patients. 

Bioessays. 2020;42(11):e2000094.  

63. Tan K, Harazim M, Tang B, Mclean A, Nalos M. Correction to: The association between 

premorbid beta blocker exposure and mortality in sepsis-a systematic review. 2020. Crit 

Care. 2020;24(1):3.  

64. Coppola S, Froio S, Chiumello D. β-blockers in critically ill patients: from physiology to clinical 

evidence. Crit Care. 2015;19(1):119. Published 2015 Mar 16. 

65. Stolk RF, van der Poll T, Angus DC, van der Hoeven JG, Pickkers P, Kox M. Potentially 

Inadvertent Immunomodulation: Norepinephrine Use in Sepsis. Am J Respir Crit Care Med. 

2016;194(5):550-558. 

66. Martin C, Medam S, Antonini F, et al. NOREPINEPHRINE: NOT TOO MUCH, TOO LONG. Shock. 

2015;44(4):305-309. 

67. Lang CH, Nystrom G, Frost RA. Beta-adrenergic blockade exacerbates sepsis-induced 

changes in tumor necrosis factor alpha and interleukin-6 in skeletal muscle and is associated 

with impaired translation initiation. J Trauma. 2008;64(2):477-486. 

68. Zhang LK, Sun Y, Zeng H, et al. Calcium channel blocker amlodipine besylate therapy is 

associated with reduced case fatality rate of COVID-19 patients with hypertension. Cell 

Discov. 2020;6(1):96.  

* This article includes in vivo and in vitro studies, this provides good evidence into the 
benefit of Dihydropyridine CCB use in hypertensive COVID-19 disease. 

69. Straus MR, Bidon M, Tang T, et al. FDA approved calcium channel blockers inhibit SARS-CoV-

2 infectivity in epithelial lung cells. bioRxiv. 2020;214577.  



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

70.  Solaimanzadeh I. Nifedipine and Amlodipine Are Associated With Improved Mortality and 

Decreased Risk for Intubation and Mechanical Ventilation in Elderly Patients Hospitalized for 

COVID-19. Cureus. 2020;12(5):e8069.  

71. Mendez SR, Frank RC, Stevenson EK, et al. Dihydropyridine Calcium Channel Blockers and 

the Risk of Severe COVID-19. Chest. 2021;S0012-3692(21)00245-2.  

72. Reynolds HR, Adhikari S, Pulgarin C, et al. Renin-Angiotensin-Aldosterone System Inhibitors 

and Risk of Covid-19. N Engl J Med. 2020;382(25):2441-2448. 

73. Frumin H, Kerin NZ, Rubenfire M. Classification of antiarrhythmic drugs. J Clin Pharmacol. 

1989;29(5):387-94. 

74. Roden DM, Thompson KA, Hoffman BF, et al. Clinical features and basic mechanisms of 

quinidine-induced arrhythmias. J Am Coll Cardiol. 1986;8(1 Suppl A):73A-78A.  

75. Manolis AS, Manolis AA, Manolis TA, et al. COVID-19 infection and cardiac arrhythmias. 

Trends Cardiovasc Med. 2020;30(8):451-460. 

76. Pritchard B, Thompson H. Procainamide. [Updated 2020 May 24]. In: StatPearls [Internet]. 

Treasure Island (FL): StatPearls Publishing; 2020. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK557788/ 

77. Rattanawong P, Shen W, El Masry H, et al. Guidance on Short-Term Management of Atrial 

Fibrillation in Coronavirus Disease 2019. J Am Heart Assoc. 2020;9(14):e017529. 

78. Zimetbaum P. Antiarrhythmic Drug Therapy for Atrial Fibrillation. Circulation. 

2012;125(2):381-389. 

79. Kaufman ES, Zimmermann PA, Wang T, et al. Atrial Fibrillation Follow-up Investigation of 

Rhythm Management investigators. Risk of proarrhythmic events in the Atrial Fibrillation 

Follow-up Investigation of Rhythm Management (AFFIRM) study: a multivariate analysis. J 

Am Coll Cardiol. 2004;44(6):1276-82. 

80. Lang JP. Brigham and Women's Hospital COVID-19 clinical guidelines. 2020 [cited 9 Feb 

2021]. Available from: https://covidprotocols.org. 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

81. Dusman RE, Stanton MS, Miles WM, et al. Clinical features of amiodarone-induced 

pulmonary toxicity. Circulation. 1990;82(1):51-9. 

82. Sanchis-Gomar F, Lavie CJ, Morin DP, et al. Amiodarone in the COVID-19 Era: Treatment for 

Symptomatic Patients Only, or Drug to Prevent Infection? Am J Cardiovasc Drugs. 

2020;20(5):413-418. 

83. Tsolaki V, Zakynthinos GE, Mantzarlis K, Makris D. Increased mortality among hypertensive 

COVID-19 patients: Pay a closer look on diuretics in mechanically ventilated patients. Heart 

Lung. 2020;49(6):894-895. 

84. Michard F. Changes in arterial pressure during mechanical ventilation. Anesthesiology. 

2005;103(2):419-28. 

85. Talasaz AH, Kakavand H, Tassell BV, et al. Cardiovascular Complications of COVID-19: 

Pharmacotherapy Perspective. Cardiovasc Drugs Ther. 2020;1-11.  

86. Kotfis K, Lechowicz K, Drożdżal S, et al. COVID-19—The Potential Beneficial Therapeutic 

Effects of Spironolactone during SARS-CoV-2 Infection. Pharmaceuticals. 2021; 14(1):71.  

87.  Sica DA. Mineralocorticoid Receptor Antagonists for Treatment of Hypertension and Heart 

Failure. Methodist Debakey Cardiovasc J. 2015;11(4):235-239.  

88. Kidde J, Gorabi AM, Jamialahmadi T, et al. COVID-19 Is an Endothelial Disease: Implications 

of Nitric Oxide. Adv Exp Med Biol. 2021;1321:109-113. 

89. Li YH, Wang QX, Zhou JW, et al. Effects of rosuvastatin on expression of angiotensin-

converting enzyme 2 after vascular balloon injury in rats. J Geriatr Cardiol. 2013;10(2):151-8.  

90. Subir R, Jagat J M, Kalyan K G. Pros and cons for use of statins in people with coronavirus 

disease-19 (COVID-19). Diabetes Metab Syndr. 2020;14(5):1225-1229.  

91. Fedson DS. Treating influenza with statins and other immunomodulatory agents. Antiviral 

Res. 2013;99(3):417-35.  

92. Castiglione V, Chiriacò M, Emdin M, et al. Statin therapy in COVID-19 infection. Eur Heart J 

Cardiovasc Pharmacother. 2020;6(4):258-259.  



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

93. Kow CS, Hasan SS. Meta-analysis of Effect of Statins in Patients with COVID-19. Am J Cardiol. 

2020;134:153-155.  

** A large scale study, that provides good evidence on the efficacy of statins in reducing 
COVID-19 disease severity. 

94. Zhang XJ, Qin JJ, Cheng X, et al. In-Hospital Use of Statins Is Associated with a Reduced Risk 

of Mortality among Individuals with COVID-19. Cell Metab. 2020;32(2):176-187.e4.  

95. Hariyanto TI, Kurniawan A. Statin therapy did not improve the in-hospital outcome of 

coronavirus disease 2019 (COVID-19) infection. Diabetes Metab Syndr. 2020;14(6):1613-

1615.  

96. Butt JH, Gerds TA, Schou M, Kragholm K, et al. Association between statin use and outcomes 

in patients with coronavirus disease 2019 (COVID-19): a nationwide cohort study. BMJ Open. 

2020;10(12):e044421.  

97. The European Society for Cardiology. ESC Guidance for the Diagnosis and Management of CV 

Disease during the COVID-19 Pandemic. Available from: 

https://www.escardio.org/Education/COVID-19-and-Cardiology/ESCCOVID-19-Guidance. 

(Last update: 10 June 2020)  

* Provides relevant and evidence-based guidelines for the management of cardiovascular 
diseases in COVID-19 patients  

98. Banach M, Penson PE, Fras Z, et al. Brief recommendations on the management of adult 

patients with familial hypercholesterolemia during the COVID-19 pandemic. Pharmacol Res. 

2020;158:104891. 

99. Vuorio A, Raal F, Kaste M, et al. Familial hypercholesterolaemia and COVID-19: A two-hit 

scenario for endothelial dysfunction amenable to treatment. Atherosclerosis. 2021;320:53-

60. 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

100. Vuorio A, Kovanen PT. PCSK9 inhibitors for COVID-19: an opportunity to enhance the 

antiviral action of interferon in patients with hypercholesterolaemia. J Intern Med. 2020; 

10.1111/joim.13210. 

101. Iqbal Z, Ho JH, Adam S, et al. Managing hyperlipidaemia in patients with COVID-19 

and during its pandemic: An expert panel position statement from HEART UK. 

Atherosclerosis. 2020;313:126-136. 

102. Strony J, Hoffman R, Hanson M, et al. Tolerability and effects on lipids of ezetimibe 

coadministered with pravastatin or simvastatin for twelve months: results from two open-

label extension studies in hypercholesterolemic patients. Clinical Therapeutics. 

2008;30(12):2280-97. 

103. Underberg JA, Cannon CP, Larrey D, et al. Long-term safety and efficacy of lomitapide 

in patients with homozygous familial hypercholesterolemia: Five-year data from the 

Lomitapide Observational Worldwide Evaluation Registry (LOWER). J Clin Lipidol. 

2020;14(6):807-817. 

104. Goulooze SC, Cohen AF, Rissmann R. Lomitapide. Br J Clin Pharmacol. 2015;80(2):179-

81. 

105. Iqbal Z, Ho JH, Adam S, et al. Managing hyperlipidaemia in patients with COVID-19 

and during its pandemic: An expert panel position statement from HEART UK. Atherosclerosis. 

2020;313:126-136. 

106. Davidson MH, Armani A, McKenney JM, et al. Safety considerations with fibrate 

therapy. Am J Cardiol. 2007;99(6A):3C-18C. 

107. Toth PP, Shah PK, Lepor NE. Targeting hypertriglyceridemia to mitigate cardiovascular 

risk: A review. Am J Prev Cardiol. 2020;3:100086. 

108. Kwon WY, Suh GJ, Kim KS, et al. Niacin attenuates lung inflammation and improves 

survival during sepsis by downregulating the nuclear factor-κB pathway. Crit Care Med. 

2011;39(2):328-34. 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

109. Rauch B, Schiele R, Schneider S, et al. OMEGA, a randomized, placebo-controlled trial 

to test the effect of highly purified omega-3 fatty acids on top of modern guideline-adjusted 

therapy after myocardial infarction. Circulation. 2010;122(21):2152-9. 

110. Bhatt DL, Steg PG, Miller M, et al. Cardiovascular Risk Reduction with Icosapent Ethyl 

for Hypertriglyceridemia. N Engl J Med. 2019;380(1):11-22. 

111. Giordo R, Zinellu A, Eid AH, Pintus G. Therapeutic potential of Resveratrol in COVID-

19-associated hemostatic disorders. Molecules. 2021;26(4):856. 

112. Iba T, Connors JM, Levy JH. The coagulopathy, endotheliopathy, and vasculitis of 

COVID-19. Inflamm Res. 2020;69(12):1181-1189. 

113. Kim JE, Yoo HJ, Gu JY, Kim HK. Histones induce the procoagulant phenotype of 

endothelial cells through tissue factor up-regulation and thrombomodulin down-regulation. 

PLoS ONE. 2016;11(6):e0156763. 

114. Gustavo R, Stefania M, Paolo G. Nitric oxide and its antithrombotic action in the 

cardiovascular system. Cardiovasc Hematol Disord Drug Targets. 2005; 5(1):65-74. 

115. Xia N, Förstermann U, Li H. Resveratrol and endothelial nitric oxide. Molecules. 

2014;19(10):16102-16121. 

116. Dixon DL, Van Tassell BW, Vecchié A, et al. Cardiovascular Considerations in Treating 

Patients with Coronavirus Disease 2019 (COVID-19). J Cardiovasc Pharmacol. 

2020;75(5):359-367.  

117.  Hughes CA, Freitas A, Miedzinski LJ. Interaction between lopinavir/ritonavir and 

warfarin. CMAJ. 2007;177(4):357-9.  

118. Fulco PP, Zingone MM, Higginson RT. Possible antiretroviral therapy-warfarin drug 

interaction. Pharmacotherapy. 2008;28(7):945-9. 

119. Liedtke MD, Rathbun RC. Warfarin-antiretroviral interactions. Ann Pharmacother. 

2009;43(2):322-8. 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

120. Wiggins BS, Dixon DL, Neyens RR, et al. Select Drug-Drug Interactions with Direct 

Oral Anticoagulants: JACC Review Topic of the Week. J Am Coll Cardiol. 2020. 

24;75(11):1341-1350.  

121. Lodigiani C, Iapichino G, Carenzo L, et al. Humanitas COVID-19 Task Force. Venous 

and arterial thromboembolic complications in COVID-19 patients admitted to an academic 

hospital in Milan, Italy. Thromb Res. 2020 Jul;191:9–14. 

122. Atallah B, Mallah SI, AlMahmeed W. Anticoagulation in COVID-19. Eur Heart J 

Cardiovasc Pharmacother. 2020;6(4):260-261.  

123. Mummery RS, Rider CC. Characterization of the heparin-binding properties of IL-6. J 

Immunol. 2000;165(10):5671-9. 

124. Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and Thrombotic or 

Thromboembolic Disease: Implications for Prevention, Antithrombotic Therapy, and Follow-

Up: JACC State-of-the-Art Review. J Am Coll Cardiol. 2020 16;75(23):2950-2973.  

125. Wang ZY, Chen M, Zhu LL, et al. Pharmacokinetic drug interactions with clopidogrel: 

updated review and risk management in combination therapy. Ther Clin Risk Manag. 2015. 

19;11:449-67 

126. Egan G, Hughes CA, Ackman ML. Drug interactions between antiplatelet or novel 

oral anticoagulant medications and antiretroviral medications. Ann Pharmacother. 2014 

Jun;48(6):734-40 

127. Imazio M, Brucato A, Lazaros G, et al. Anti-inflammatory therapies for pericardial 

diseases in the COVID-19 pandemic: safety and potentiality. Journal of Cardiovascular 

Medicine. 2020;21(9):625-629.  

128. The RECOVERY Collaborative Group. Dexamethasone in Hospitalized Patients with 

Covid-19. N Engl J Med 2021; 384:693-704. 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

129. The WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group. 

Association Between Administration of Systemic Corticosteroids and Mortality Among 

Critically Ill Patients With COVID-19: A Meta-analysis. JAMA. 2020;324(13):1330–1341.  

* This meta-analysis provides evidence that there is an association between reduced 
mortality and corticosteroid treatment in critically ill patients with COVID-19. 

130. Angus DC, Derde L, Al-Beidh F, et al. Effect of Hydrocortisone on Mortality and 

Organ Support in Patients with Severe COVID-19: The REMAP-CAP COVID-19 Corticosteroid 

Domain Randomized Clinical Trial. JAMA. 2020 Oct 6;324(13):1317-1329.  

131. Alhazzani W, Møller MH, Arabi YM, et al. Surviving Sepsis Campaign: guidelines on 

the management of critically ill adults with Coronavirus Disease in 2019 (COVID-19). 

Intensive Care Med. 2020;46(5):1-34.  

** Guidelines issued by the Surviving Sepsis Campaign COVID-19 panel to support 
healthcare workers caring for critically-ill ICU patients with COVID-19. 

132. Imazio M, Adler Y. Treatment with aspirin, NSAID, corticosteroids, and colchicine in 

acute and recurrent pericarditis. Heart Fail Rev. 2013:18;355–360.  

133. Tufan Ç, İlker HM, Vedat Ç, et al. COVID-19 and acute myocarditis: current literature 

review and diagnostic challenges. Rev. Assoc. Med. Bras. 2020;66(Suppl 2):48-54.  

134. Inciardi RM, Lupi L, Zaccone G, et al. Cardiac Involvement in a Patient with 

Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020;5(7):819–824. 

135. Sanders JM, Monogue ML, Jodlowski TZ, et al. Pharmacologic Treatments for 

Coronavirus Disease 2019 (COVID-19): A Review. JAMA. 2020;323(18):1824–1836.  

136. Kaddoura M, AlIbrahim M, Hijazi G, et al. COVID-19 Therapeutic Options Under 

Investigation. Front Pharmacol. 2020;11:1196. Published 2020 

Adoi:10.3389/fphar.2020.01196 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

137. Vincent MJ, Bergeron E, Benjannet S, Erickson BR, Rollin PE, Ksiazek TG, Seidah NG, 

Nichol ST. Chloroquine is a potent inhibitor of SARS coronavirus infection and spread. Virol J. 

2005;2:69. 

138. Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, Shi Z, Hu Z, Zhong W, Xiao G. 

Remdesivir and chloroquine effectively inhibit the recently emerged novel coronavirus 

(2019-nCoV) in vitro. Cell Res. 2020;30(3):269-271. 

139. Williamson BN, Feldmann F, Schwarz B, et al. Clinical benefit of remdesivir in rhesus 

macaques infected with SARS-CoV-2. Nature. 2020;585(7824):273-276. 

140. Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the Treatment of Covid-19 - 

Final Report. N Engl J Med. 2020;383(19):1813-1826. 

141. WHO Solidarity Trial Consortium. Repurposed Antiviral Drugs for Covid-19 - Interim 

WHO Solidarity Trial Results. N Engl J Med. 2021;384(6):497-511. 

* This article is from one of the largest clinical trials that concluded the lack of usefulness 
of hydroxychloroquine, lopinavir, and interferon in COVID-19. 
 

142. COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) 

Treatment Guidelines. National Institutes of Health. 2020 [cited 7 Feb 2021]. Available from: 

https://www.covid19treatmentguidelines.nih.gov/. 

* This is the most up to date resource for COVID-19 therapy research. 

143. Yadav AK, Wen S, Xu X, et al.Antiviral treatment in COVID-19: which is the most 

promising?-a narrative review. Ann Palliat Med. 2021;10(1):707-720.  

144. Yan Y, Zou Z, Sun Y, et al. Anti-malaria drug chloroquine is highly effective in treating 

avian influenza A H5N1 virus infection in an animal model. Cell Res. 2013;23(2):300-2 

145. Chen Z, Chen Z, Hu J, et al. Efficacy of hydroxychloroquine in patients with COVID-

19: Results of a randomized clinical trial. MedRxiv. 2020 [cited 7 Feb 2021].  



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

146. Magagnoli J, Narendran S, Pereira F, et al.Outcomes of hydroxychloroquine usage in 

United States veterans hospitalized with Covid-19. MedRxiv. medRxiv. 2020 

147. Yu WL, Toh HS, Liao CT, Chang WT. A Double-Edged Sword-Cardiovascular Concerns 

of Potential Anti-COVID-19 Drugs. Cardiovasc Drugs Ther. 2021 Apr;35(2):205-214. doi: 

10.1007/s10557-020-07024-7. Epub 2020 Jun 17. PMID: 32557011; PMCID: PMC7297930. 

148. Mercuro NJ, Yen CF, Shim DJ, et al. Risk of QT Interval Prolongation Associated With 

Use of Hydroxychloroquine With or Without Concomitant Azithromycin Among Hospitalized 

Patients Testing Positive for Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 

2020;5(9):1036–1041. 

149. ilczynski SA, Wenceslau CF, McCarthy CG, Webb RC. A Cytokine/Bradykinin Storm 

Comparison: What Is the Relationship Between Hypertension and COVID-19? Am J 

Hypertens. 2021 Apr 20;34(4):304-306. doi: 10.1093/ajh/hpaa217. PMID: 33877321; PMCID: 

PMC8083217. 

150. Salama C, Han J, Yau L, et al. Tocilizumab in Patients Hospitalized with Covid-19 

Pneumonia. N Engl J Med. 2021;384(1):20-30. 

151. Stone JH, Frigault MJ, Serling-Boyd NJ, et al. Efficacy of Tocilizumab in Patients 

Hospitalized with Covid-19. N Engl J Med. 2020;383(24):2333-2344. 

152. Salvarani C, Dolci G, Massari M, et al. Effect of Tocilizumab vs Standard Care on 

Clinical Worsening in Patients Hospitalized With COVID-19 Pneumonia: A Randomized 

Clinical Trial. JAMA Intern Med. 2021;181(1):24-31. 

153. Salvarani C, Dolci G, Massari M, et al. Effect of Tocilizumab vs Standard Care on 

Clinical Worsening in Patients Hospitalized With COVID-19 Pneumonia: A Randomized 

Clinical Trial. JAMA Intern Med. 2021;181(1):24-31. 

154. Hariyanto TI, Hardyson W, Kurniawan A. Efficacy and Safety of Tocilizumab for 

Coronavirus Disease 2019 (Covid-19) Patients: A Systematic Review and Meta-analysis. Drug 

Res (Stuttg). 2021;10.1055/a-1336-2371. 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

155. Ivan HT, Kurniawan A. Tocilizumab administration is associated with the reduction in 

biomarkers of coronavirus disease 2019 infection. J Med Virol. 2021;93(3):1832-1836. 

156. National Institute for Health and Care Excellence. Tocilizumab for the treatment of 

rheumatoid arthritis. 2012. [cited 16 April 2021]. Available from: 

https://www.nice.org.uk/guidance/ta247 

157. National Institute for Health and Care Excellence. Tocilizumab for treating giant cell 

arteritis [TA518]. 2018 [cited 16 April 2021]. Available from: 

https://www.nice.org.uk/guidance/ta518 

158. Tleyjeh IM, Kashour Z, Damlaj M, et al. Efficacy and safety of tocilizumab in COVID-

19 patients: a living systematic review and meta-analysis. Clin Microbiol Infect. 

2021;27(2):215-227. doi:10.1016/j.cmi.2020.10.036 

159. Roche. Roche provides an update on the Phase III COVACTA trial of 

Actemra/RoActemra in hospitalised patients with severe COVID-19 associated pneumonia. 

2020. [cited 15 April 2021]. Available at: https://www.roche.com/investors/updates/inv-

update-2020-07-29.htm. 

160. Stebbing J, Phelan A, Griffin I, et al. COVID-19: combining antiviral and anti-

inflammatory treatments. Lancet Infect Dis. 2020;20(4):400-402. 

161. Richardson P, Griffin I, Tucker C, et al. Baricitinib as potential treatment for 2019-

nCoV acute respiratory disease. Lancet. 2020;395(10223):e30-e31. 

162.  Kalil AC, Patterson TF, Mehta AK, et al. Baricitinib plus Remdesivir for hospitalized 

adults with Covid-19. N Engl J Med. 2020.  

163. The RECOVERY Collaborative Group. Baricitinib to be investigated as a possible 

treatment for COVID-19 in the RECOVERY trial. 2021. [cited 14 April 2021]. Available from: 

https://www.recoverytrial.net/news/baricitinib-to-be-investigated-as-a-possible-treatment-

for-covid-19-in-the-recovery-trial 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

164. Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-approved drug 

ivermectin inhibits the replication of SARS-CoV-2 in vitro. Antiviral Res. 2020 Jun;178:104787. 

165. Wehbe Z, Wehbe M, Iratni R, Pintus G, Zaraket H, Yassine HM, Eid AH. Repurposing 

Ivermectin for COVID-19: Molecular Aspects and Therapeutic Possibilities. Front Immunol. 

2021 Mar 30;12:663586.  

166.  Garegnani LI, Madrid E, Meza N. Misleading clinical evidence and systematic reviews 

on ivermectin for COVID-19. BMJ Evid Based Med. 2021 Apr 22:bmjebm-2021-111678. 

167. Samaha AA, Mouawia H, Fawaz M, et al. Effects of a Single Dose of Ivermectin on Viral 

and Clinical Outcomes in Asymptomatic SARS-CoV-2 Infected Subjects: A Pilot Clinical Trial in 

Lebanon. Viruses. 2021 May 26;13(6):989. Available from: https://doi.org/10.1002/rmv.2265 

168. Hariyanto TI, Halim DA, Rosalind J, et al. Ivermectin and outcomes from Covid-19 

pneumonia: A systematic review and meta-analysis of randomized clinical trial studies. 

Reviews in Medical Virology. 2021 June. 

169. RECOVERY Collaborative Group, Horby P, Mafham M, et al. Effect of 

Hydroxychloroquine in Hospitalized Patients with Covid-19. N Engl J Med. 2020;383(21):2030-

2040.  

** This article is from the largest clinical trial researching COVID-19 repurposed drugs  

170. Wise J. Covid-19: Arthritis drug tocilizumab reduces deaths in hospitalised patients, 

study shows. BMJ. 2021;372:433.  

171. The REMAP-CAP Investigators. Interleukin-6 Receptor Antagonists in Critically Ill 

Patients with Covid-19. N Engl J Med. 2021. 

172.  The REMAP-CAP Investigators. Results of interim analyses of Anticoagulation Domain 

(multi-platform RCT with ATTACC and ACTIV4 trials). 2021. [cited 14 April 2021]. Available 

from: https://www.remapcap.org/s/mpRCT-interim-presentation_v21-slides-22-and-23-

corrected.pdf 



 Expert Opinion on Pharmacology  

 Taylor & Francis Online  

173. Gaziano L, Giambartolomei C, Pereira AC, et al. Actionable druggable genome-wide 

Mendelian randomization identifies repurposing opportunities for COVID-19. Nat Med. 2021 

Apr;27(4):668-676. 

 


