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ABSTRACT  

Background: The WHO has declared COVID-19 as a global 

pandemic. The cause of mortality in COVID-19 is not limited 

to the infection alone, the pre-existing comorbid conditions and 

their treatments in the infected patient play a vital role in 

determining the disease outcome. Thus, knowledge on possible 

drug-drug interactions is an absolute necessity, which may help 

in avoiding preventable DDIs and drug related harm to patients. 

Method: A systematic search of Pubmed was conducted using 

suitable search terms and other relevant articles were identified 

by cross referencing and snowballing technique. Results: Drugs 

repurposed for treatment of COVID-19 including chloroquine, 

hydroxychloroquine, azithromycin and lopinavir-ritonavir carry 

risk of significant DDIs leading to adverse consequences such 

as cardiac conduction abnormalities, drug toxicities with 

digoxin, ivabradine and statins, significant alterations in 

therapeutic effects of anticoagulants, antiplatelet drugs and 

several other DDIs with varying levels of significance. 

Discussion: Drug interactions and their adverse outcomes may 

be time-dependent, dose-dependent and specific to certain risk 

factors. Analyzing the clinical relevance of theoretical risks and 

previously documented DDIs is needed for decision-making in 

routine clinical practice. Further, prospective studies are needed 

to analyze the clinical effects of these DDIs and safety profile 

of the repurposed drugs, specific to use in patient with COVID-

19. 
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INTRODUCTION 

The novel coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) has been declared by WHO as a global pandemic. 

Till date there are no specific therapies for SARS – CoV – 2. Several agents are being used 

under clinical trial and compassionate use protocols, based on in-vitro activity and on limited 

clinical experience. Some of the therapeutic agents understudy for COVID-19 include 

chloroquine, hydroxychloroquine, azithromycin, Lopinavir-Ritonavir, remdesivir, favipiravir, 

tocilizumab, ribavirin, interferons and COVID-19 convalescent plasma.[1,2] 

Elderly and those with pre-existing medical conditions such as diabetes and heart disease 

appear to be more vulnerable to become severely ill with COVID-19.[3]In India, more than 20 

% of population suffer from chronic illnessesand on treatment with some long-term 

medications.[4] Thus, an important aspect to be looked into the treatment of COVID-19 is to 

evaluate the possible drug-drug interactions(DDIs) which can be cause of major but 

preventable adverse drug reactions. 

Drugs proposed for treatment of COVID-19 such as chloroquine, hydroxychloroquine or 

azithromycin carry the risk of potential drug interactions leading to adverse cardiovascular 

outcome which is of more concern when the patient also has an underlying cardiovascular 

disease. Lopinavir-Ritonavir, an antiretroviral drug which is currently being studied for 

treatment of COVID-19 is well-known for its influence on enzyme induction and inhibition 

of the common drug metabolizing enzymes which would lead to numerous drug-drug 

interactions. 

Hence, in this article, we aim at understanding the drug-drug interaction (DDIs) of 

chloroquine, hydroxychloroquine, azithromycin and lopinavir-ritonavir, with the drugs 

widely used for comorbid illnesses such as diabetes, hypertension and other cardiovascular 

diseases. The clinical relevance of these drug-drug interaction specific to COVID-19 

management is also critically analyzed and discussed in this review. 

PHARMACOTHERAPY OF COVID 19 

According to WHO, currently, there is no proven evidence to recommend a specific anti 

COVID-19 treatment. The WHO announced an international clinical trial called 
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SOLIDARITY which compares between four treatment groups (remdesivir, 

chloroquine/hydroxychloroquine, lopinavir/ritonavir, or lopinavir/ritonavir plus interferon-β). 

The rationale behind this single randomized global mega trial is to facilitate the rapid 

worldwide comparison of these unproven treatments.[5] Lately, WHO decided not to 

randomize patients to the hydroxychloroquine (HCQ) arm as data from trials showed that has 

HCQ does not seem to reduce mortality in COVID-19 patient. 

Based on evidence from in-vitro studies, chloroquine and hydroxychloroquine are found to be 

effective against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and they 

may act by blocking entry of virus into host cells.[6,7]In vitro study have shown that combined 

use of azithromycin and hydroxychloroquine has synergistic effect against SARS-COV-

2.[8]These drugs also have anti-inflammatory and immunomodulatory effects which may 

help attenuate lung inflammation in COVID-19.[9] But current recommendations are against 

use of these drugs for COVID-19 except in context of clinical trials or under national 

emergency use programmes. 

Some of the therapeutic agents which are candidates of ongoing clinical trials for COVID-19 

treatment are listed in Table 1. Current evidence on these drugs show contradicting results 

and there is uncertainty in the benefits and risks of using these drugs for treatment of COVID 

19.  
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Table No. 1: Recommendations on available treatment options for COVID-19 

TREATMENT OPTION 

(dose mentioned below is 

commonly used  in investigations/ 

trials for treatment of COVID-19) 

 

CURRENT EVIDENCE FOR USE IN TREATMENT OF 

COVID 19 

 

Chloroquine  

Oral:1 g on day 1, followed by 

500 mg OD, Duration: 4 to 7 days  

Oral: 450 mg twice daily for 1 

day, followed by 450 mg once 

daily for 4days  

Hydroxychloroquine 

Oral:800 mg OD or 400 mg BD 

on day 1, followed by 200 BD or 

400 mg OD 

Duration: 4 to 7 days  

Current recommendations are against the 

use of chloroquine or 

hydroxychloroquine for the treatment of 

COVID-19 except in the context of a 

clinical trial. 

It is recommended to avoid use of high-

dose chloroquine (600 mg twice daily for 

10 days) for COVID-19 treatment. 

Infectious Disease 

Society of America 

(IDSA), NIH 

guidelines 

It is recommended to avoid HCQ in 

patients with severe disease and if QTc 

interval is >500 ms. 

HCQ should only be used after shared 

decision making with the patients, and 

early in the disease course. 

Clinical Management 

Protocol: COVID-

19Ministry of Health 

& Family Welfare- 

Goverment of India 

(MoHFW- GoI) 

Hydroxychloroquine + 

Azithromycin 

Hydroxychloroquine: 400 mg BD 

on day1, followed by 200 BD (4 

days)+Azithromycin: 500 mg OD 

(5 days) 

Combined use of Hydroxychloroquine 

and Azithromycin combination is not 

recommended except in the context of a 

clinical trial.  

In view of their long half lives, caution is 

recommended even for sequential use of 

HCQ and azithromycin. 

Infectious Disease 

Society of America 

(IDSA), NIH 

guidelines 

Lopinavir-Ritonavir 

400 mg/100 mg twice daily 

for up to 14 days 

Until sufficient evidence for use in 

COVID-19 is available, lopinavir-

Ritonavir should be used only as a part of 

clinical trial. 

IDSA, NIH guidelines 

Remdisevir 

 200 mg intravenously on day 1, 

followed by100 mg IV OD  

(infused over 30–60 minutes)  

Duration:5 days 

  

It is an investigational drug developed for 

Ebola outbreak. 

Use of Remdesivir for treatment of 

COVID-19 is recommended in 

hospitalized patients with SpO2 ≤94% on 

ambient air or those who require 

supplemental oxygen, mechanical 

ventilation or extracorporeal membrane 

oxygenation (ECMO).   

There is insufficient data to make 

recommendations for or against use of 

remdesivir in the treatment of patients 

with mild or moderate COVID-19. 

 

ClinicalTrials.gov. 

NIH guidelines 
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Remdesivir may be considered in patients 

with moderate disease requiring oxygen 

support, in the absence of 

contraindications such pregnancy, 

lactation, children (age <12 years),  

AST/ALT greater than 5 times the 

normal upper limit, severe renal 

impairment. 

 

Clinical Management 

Protocol: COVID-19 

(MoHFW- GoI) 

Corticosteroids 

Not to exceed the dose equivalent 

to Methylprednisolone 1-

2mg/kg/day. 

Should use only for a short 

duration of 3 to 5 days.[10] 

Guideline recommendations are against 

routine use of systemic corticosteroids in 

COVID-19 treatment, except in situations 

such as refractory shock. 

 

IDSA, NIH guidelines 

It is recommended that glucocorticoids 

can be used only in patients with 

progressive deterioration of oxygenation 

indicators, rapid worsening on imaging 

and excessive activation of inflammatory 

response.  

Clinical Management 

Protocol: COVID-19 

(MoHFW- GoI) 

Convalescent plasma 

Dose is variable ranging from 4 to 

13 ml/kg (usually 200 ml single 

dose given slowly over not less 

than 2 hours) [10] 

 

Convalescent plasma are antibody-rich 

products collected from eligible donors 

who have recovered from COVID-19. 

Due to insufficient data, no 

recommendations are made for or against 

use of COVID-19 Convalescent plasma 

 

NIH guidelines 

The off-label use of convalescent plasma 

may be considered in patients with 

moderate disease in whom the oxygen 

requirement is progressively increasing 

and not improving even with use of 

steroids.  

Clinical Management 

Protocol: COVID-19 

(MoHFW- GoI) 

METHODOLOGY: 

We searched PubMed for published articles using search terms "ritonavir", "lopinavir", 

"hydroxychloroquine", "chloroquine", "azithromycin", and using relevant MeSH terms for 

drug interactions combined by "AND" or "OR". Manual searching in Google scholar was 

carried out by using a search strategy of combining the interacting drug names with Boolean 

operator "AND". All type of publications irrespective of the study design were included.  We 

reviewed the title and abstract of the articles and selected those relevant to the objective of 

our review. We also searched for relevant articles by cross referencing and by using 

snowballing technique. Quality of available evidence on each drug interaction were critically 

analyzed and their clinical relevance is discussed in this review. 
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RESULTS:  

A total of 56 articles were included for the final review. The findings of the studies are 

discussed under suitable subheading. 

DRUG-DRUG INTERACTION IN PATIENTS WITH CARDIOVASCULAR 

DISEASE 

1. ARRYTHMIAS AND CONDUCTION ABNORMALITIES:  

1.1Augmented QT Prolongation Effect  

Many drugs are reported to cause prolongation of QT interval, but not all patients treated with 

QT prolonging medications develop Torsades de pointes(TdP).[11] Clinically significant risk 

of  Tdp is when the QTc interval is greater than 500 ms or it becomes prolonged > 60 ms 

compared with the pretreatment value. Patients receiving multiple QT prolonging drugs are at 

increased risk of TdP. Hence monitoring for such drug interactions is very important.[12] 

Antiarrhythmic drugs such as amiodarone, quinidine, sotalol and many noncardiac drugs 

including macrolide antibiotics, antifungals, antihistamines, tricyclic antidepressants, 

antipsychotics, opiates are reported to have risk of causing torsade de 

poites(Tdp).[13]Combined use of these drugs with chloroquine, hydroxychloroquine or 

azithromycin in COVID-19 patients may substantially increase risk of complications related 

to QT prolongation. The risk is further increased when the patient also has an underlying 

cardiovascular disease. 

Cardiac consequences due to chloroquine and hydroxychloroquine are generally long term 

effects as a result of cumulative toxicity. QT prolongation and QRS widening may occur in 

case of acute toxicity due to overdose or with rapid intravenous administration of 

Chloroquine, moreover, these cardiac adverse effects are rare but can be life-threatening.[14]he 

mechanism of QT prolongation with chloroquine, hydroxychloroquine and macrolide 

antibiotics is by the inhibition of the rapid component of delayed rectifier potassium current 

(IKr), otherwise called as hERG current in the cardiac myocytes, which leads to prolonged 

repolarization.[15] 

Azithromycin is only a weak inhibitor of hERG current and unlike other macrolide 

antibiotics, Tdp and cardiac arrhythmias are rare with azithromycin.[16]Though available 
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evidence is inconclusive and contradicting, azithromycin should be used with caution 

especially in elderly and in presence of risk factors such as pre-existing cardiovascular 

disease and use of concomitant QT-prolonging drugs.[17] 

In case of Lopinavir-Ritonavir, an antiviral drug being trialed for COVID-19, there is no 

sufficient evidence to show any significant effect on QT interval.[18]Theoritical model 

suggests that Lopinavir is expected to produce a prolongation of QTC interval of <5ms by a 

small degree of hERG Blockade.[19]Despite, it must used with caution in patients with 

cardiovascular disease because of its enzyme inhibition properties. In that regard, another 

potential drug interaction to consider is the inhibition of CYP-3A4 mediated metabolism of 

the antiarrhythmic amiodarone by ritonavir/lopinavir which leads to significant increase in 

QT prolongation effect of amiodarone.[20] 

1.2 Effects on PR interval 

In a randomized placebo-controlled study, it was found that increase in PR interval due to 

Lopinavir/Ritonavir was clinically insignificant at a dose of 400/100 mg given twice 

daily.[21]According to the product monograph, caution and monitoring is recommended 

especially in patients with pre-existing heart disease or conduction abnormalities and during 

co-administration of Lopinavir-Ritonavir with other drugs that prolong the PR interval 

(including calcium channel blockers, digoxin, beta-adrenergic blockers).[22] The effect on PR 

interval during combined use of these drugs with Lopinavir-Ritonavir is a theoretical risk and 

require further evaluation. 

Lopinavir- Ritonavir, by inhibiting enzyme CYP3A4 may increase the plasma concentration 

of calcium channel blockers such as diltiazem and verapamil and may lead to elevated PR 

interval. However, in a retrospective observational study, PR alteration was not observed 

during concomitant use of these drugs.[23]But the results of this study have limitations as it 

includes only a small number of patients taking each calcium channel blocker. In view of 

these drug-drug interactions, ECG monitoring becomes necessary with the use of Lopinavir-

Ritonavir in COVID-19 treatment. 
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2. HEART FAILURE 

Pharmacotherapy of heart failure includes digoxin, beta-blockers, loop diuretics, ACE 

inhibitors or angiotensin receptor blockers. Following are the potential pharmacokinetic 

interactions to consider when a patient taking these drugs acquire COVID-19. 

2.1. Life-Threatening Digoxin Toxicity  

Digoxin for its positive inotropic effect is mainly used for the treatment of congestive heart 

failure. It has a narrow therapeutic and a wide drug interaction range.[24]Digoxin AUC was 

found to increase in patients receiving ritonavir boosted lopinavir[25]Digoxin clearance is 

primarily mediated by P-glycoprotein efflux transporter(P-gp) in kidneys.[26]P-gp is also 

present in the intestine and it is evident that inhibition of intestinal P-gp can increase systemic 

exposure of digoxin.[27]Ritonavir is found to decrease digoxin clearance both at renal and non 

renal levels.[28]Ritonavir has a time dependent mixed induction-inhibition effect on P-gp. It 

initially has an inhibitory effect on P-gp followed by mild induction at steady state, but the 

net effect is found to be inhibition of P-gp and thereby cause decrease in the clearance of 

digoxin.[29]Hence, due to risk of digoxin toxicity, monitoring serum digoxin level is required 

during concomitant use of Ritonavir-Lopinavir and digoxin. 

Evidence from a case report, in vitro study and animal studies, support the risk of interaction 

between Chloroquine/hydroxychloroquine and digoxin, which may lead to digoxin 

toxicity.[30]There is no sufficient information on mechanism of this effect and it may be 

possibly due to inhibition of p-glycoprotein efflux transporter.[31]In a study conducted by 

Mcelnay et al, on dogs it was shown that on the 3rd day of chloroquine administration, there 

was an increase of 77% peak plasma concentration of digoxin which was present before the 

administration of Chloroquine.[32]Product monograph of hydroxychloroquine recommends 

monitoring of serum digoxin levels in situations of concomitant use with digoxin. Though 

more evidence is required, chloroquine/hydroxychloroquine for treatment of COVID 19, 

should be used cautiously when the patient is on digoxin. 

Azithromycin, when compared to other macrolides, is found to have lesser influence on P-gp 

mediated digoxin absorption or excretion and it can be considered as the safest macrolide to 

use with oral digoxin.[33]But the possibility of risk cannot be ruled out and more studies are 

required, hence azithromycin also should be used with caution in patients receiving 

digoxin.[34] 
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2.2 Ivabridine Toxicity 

Ivabradine, a drug used in the treatment of angina and heart failure acts by direct inhibition of 

spontaneous depolarization of sinus node and thereby causing decrease in the heart rate. 

Ivabradine is metabolized by CYP3A4 isoenzyme which indicates its risk of potential 

pharmacokinetic interactions.[35] Ivabradine at toxic dose is thought to cause severe 

bradycardia and acute heart failure. The potent CYP3A4 inhibitors like ketoconazole 

increased ivabradine mean plasma exposure by 7 to 8 fold and hence its use is 

contraindicated with strong CYP3A4inhibitors.[36]So, when Lopinavir-Ritonavir is used in 

COVID-19 treatment, it is important to consider the fact that  Ritonavir being a strong 

CYP3A4 inhibitor may increase exposure to ivabradine, leading to its toxicity. 

2.3 Statin Toxicity 

Drug interactions can significantly contribute to risk of statin related myopathy and 

rhabdomyolysis, mainly due to competition for hepatic metabolism of statins. Simvastatin 

and lovastatin are mainly metabolized by the CYP3A4 isoenzymes, and atorvastatin to a 

lesser extent whereas CYP450 isoenzymes are not much involved in rosuvastatin 

clearance.[37]When strong CYP3A4 inhibitors like ritonavir are to be given with statins, the 

following recommendation should be considered for selection and dosing of statins.[12] 

Table No. 2: Recommended dose of Statins with strong CYP3A4 inhibitors 

Drug Recommended dose with strong CYP3A4 inhibitors 

Simvastatin and lovastatin Avoid 

Atorvastatin 10 mg/day 

Rosuvastatin 10 mg/day 

Pravastatin, pitavastatin dose adjustment not required 

Fluvastatin no data available 

Macrolide antibiotics such as erythromycin and clarithromycin are found to cause increased 

exposure to statins by inhibition of the enzyme CYP3A4 and OAT1B transporter. However 

unlike other macrolides, Azithromycin does not affect statin exposure and so, it is safe to use 

with statins.[38] 
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3. HYPERTENSION 

For a COVID-19 patient who is a known hypertensive, it is vital to look into possible drug 

interactions. Hydroxychloroquine may increase the bioavailability of metoprolol, a selective 

β1 receptor blocker which is used in treatment of hypertension.[39]The proposed mechanism is 

that hydroxychloroquine may inhibit the CYP2D6 mediated hepatic metabolism of 

metoprolol. However, further studies are needed to evaluate the clinical significance of this 

interaction. Beta blockers such as carvedilol, propranolol and metoprolol are dependent on 

CYP2D6 for their metabolism. Though ritonavir is a known inhibitor of CYP2D6 isoenzyme, 

at low boosting dose (lopinavir 400mg/ritonavir 100 mg), CYP2D6 inhibition is negligible 

and hence it may not affect the metabolism of beta-blockers.[40]There is a theoretical risk of 

increase in PR interval when lopinavir-ritonavir is combined with betablockers, but clinical 

significance is not known. 

Macrolide antibiotics are generally known to increase plasma concentration of calcium 

channel blockers by CYP3A4 inhibition, but azithromycin, which is only a weak CYP3A4 

inhibitor does not have this effect and is safe to use with calcium channel 

blockers.[41]Ritonavir being a strong CYP3A4 inhibitors, inhibits the metabolism of calcium 

channel blockers(CCBs) including amlodipine, nifedipine and nimodipine, leading to 

increased plasma concentration of CCBs.[23]Clinical effects of this interaction such as 

hypotension or prolonged PR interval is not clearly known and hence caution and monitoring 

is recommended. However, in a case report of a patient in whom nifedipine was 

coadministered with Lopinavir-Ritonavir, the patient subsequently developed hypotension, 

generalised edema and renal failure.[42] 

ACE inhibitors or Angiotensin receptor blockers (ARBs) do not have any clinically 

significant drug interaction with any of the therapeutic agents proposed for management of 

COVID-19. There is a theoretical risk of increased valsartan exposure when co-administered 

with ritonavir, due to inhibition of hepatic efflux transporter MRP2,[43] but there is no 

evidence to support the clinical significance of this effect.  

4. CORONARY ARTERY DISEASE/ ISCHEMIC HEART DISEASE 

Anticoagulants and antiplatelet drugs are the mainstay of pharmacotherapy in the short term 

and long term management of coronary artery disease. Drugs proposed for treatment of 

COVID-19 alter the metabolism of these drugs, leading to either loss of therapeutic effect or 
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drug toxicity. DDIs with other drug classes such as beta blockers, statins and calcium channel 

blockers are discussed in the previous sections. 

4.1 Altered antiplatelet effect: 

Dual antiplatelet therapy, used as standard treatment for management of acute coronary 

syndrome involve combination of aspirin with a P2Y12 receptor inhibitor. Among the P2Y12 

receptor inhibitors, prasugrel and clopidogrel are prodrugs and they require bioactivation by 

cytochrome P450 enzymes. Ritonavir is a strong CYP3A4inhibitor and may influence this 

bioactivation process and decrease the antiplatelet effect. In a randomized crossover clinical 

trial, pharmacokinetics of clopidogrel and prasugrel in combination with ritonavir boosted 

antiretroviral therapy was evaluated and it was found that antiplatelet effect of clopidogrel 

was decreased but prasugrel retained its effect.[44]This could be possibly due to bioactivation 

of prasugrel by other enzymes such as CYP2B6 which is not inhibited by Lopinavir-

Ritonavir.[45] 

In contrast, ticagrelor does not require bioactivation as majority of  antiplatelet effect is due 

to the parent drug and its equipotent active metabolite contributes to some extent. Thus, 

overall  antiplatelet effect is not decreased by inhibition of ticagrelor metabolism, but an 

increase in antiplatelet effect may be observed.[46] When coadministered with ritonavir, the 

CYP3A4 mediated metabolism of ticagrelor is inhibited and its level is substantially 

increased which may lead to risk of bleeding.[47]In the approved prescribing information of 

ticagrelor, it is stated that its use with strong CYP3A4 inhibitors is contraindicated. 

Thus prasugrel is the preferred alternative to clopidogrel and ticagrelor for patients who are 

on ritonavir. 

4.2 Altered Anticoagulant Effect 

Anticoagulant drugs for cardiovascular diseases is mainly given in case of atrial fibrillation as 

prophylaxis for thromboembolic events and in other conditions of hypercoagulable state. 

Lopinavir-Ritonavir is reported to cause a significant decrease in the anticoagulant effect of 

warfarin and acenocoumarol due to CYP2C9 and CYP1A2 induction, which result in 

subtherapeutic INR levels.[48]The effect of its interactions with warfarin can be observed only 

after several days of starting Lopinavir-Ritonavir and also the effect may persist for several 

days to weeks even after withdrawal of the inducer drug. These factors must be considered 
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for monitoring International Normalized Ratio (INR) levels and subsequent dose 

modifications of warfarin.[49] 

There are several case reports in which concomitant use of azithromycin and warfarin has led 

to elevated anticoagulant effect of warfarin, but the mechanism behind this interaction is not 

clearly elucidated.[50] In a study with geriatric patients receiving warfarin therapy, a 

significant increase in the value of International Normalized Ratio (INR) was observed after 

administration of azithromycin, though it was not associated with any adverse effects such as 

bleeding.[51]Despite inconclusive and contradicting information on this drug interaction, the 

possibility cannot be ruled out until further definitive evidence becomes available. Hence, it 

mandates the need of INR monitoring when azithromycin is prescribed for treatment of  

COVID-19 in patients who are already on warfarin therapy, particularly in the elderly.[52,53] 

Lopinavir-Ritonavir also affects the pharmacokinetics of direct oral 

anticoagulants(DOACs)such as apixaban, rivaroxaban, edoxaban and dabigatran to varying 

extent. Metabolism and excretion of rivaroxaban is dependent on several enzymes including 

hepatic CYP3A4 and renal P-glycoprotein efflux transporter. Thus use of rivaroxaban is 

contraindicated with ritonavir which is a potent inhibitor of both CYP3A4 and P-gpdue to 

risk of increased exposure to rivaroxaban.[54] Similarly, the elimination of apixaban also 

involves CYP3A4 and P-gp, hence affected by ritonavir.[55]It is recommended to avoid 

coadministration of ritonavir and apixaban in patients requiring 2.5 mg of apixaban and a 

50% dose reduction of apixaban is recommended in those requiring apixaban 5 mg or 10 mg 

twice daily.[56]Dabigatran is not metabolised by CYP450 enzymes and it is renally excreted. 

It is available as prodrug, dabigatron etexilate which is a substrate of intestinal P-gp. There is 

a theoretical concern that ritonavir may increase systemic exposure to dabigatran by 

inhibition of intestinal P-gp.[57]But there are evidences postulating that exposure to dabigatran 

is not much influenced by Lopinavir-Ritonavir and it can be safely used without any dose 

modification unless the patient have an impaired renal function.[58] 

Thus, for concomitant use with Lopinavir-Ritonavir, dabigatran is found to be the safest 

among the direct oral anticoagulants(DOACs). 

5. PERIPHERAL VASCULAR DISEASE 

Peripheral vascular disease may predispose patients to life-threatening complications such as 

myocardial infarction, stroke or even cardiovascular death.[59]Pharmacotherapy of peripheral 
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vascular disease includes drugs such as antiplatelets, anticoagulants, antihypertensives, statin 

and possible interactions related to these drugs are discussed in the previous sections. 

Cilostazol is used for the treatment of intermittent claudication resulting from peripheral 

arterial disease. In vitro and in vivo studies found that cilostazol is metabolised by CYP3A 

and so caution should be taken when administering cilostazol with CYP3A inhibitors like 

ritonavir.[60] 

Exposure to cilostazol is further increased when a CYP2C19 inhibitor such as fluconazole or 

omeprazole is also given.[61] In the summary of product characteristics (SmPc) European 

recommendation, it is stated that cilostazol is contraindicated in patients receiving CYP3A 

and CYP2C19 inhibitors, whereas US FDA recommends a lower dose of 50mg twice daily. 

6. PULMONARY ARTERY HYPERTENSION: 

Cardiac dysfunction can lead to complications such as pulmonary artery hypertension(PAH) 

which is categorised as WHO group 2 PAH. The antiviral drug, Lopinavir-Ritonavir have 

clinically significant interactions with the drugs used for treatment of PAH such as bosentan 

and sildenafil. Bosentan, an endothelin receptor antagonists is used for the treatment of 

pulmonary arterial hypertension (PAH). The transporter OATP1B1 and enzymeCYP3A4 are 

involved in the uptake and metabolism of bosentan in liver. In a study conducted with 12 

healthy participants where they received treatment with Lopinavir/Ritonavir(400 mg/100 mg) 

and bosentan (125 mg twice daily), bosentan concentration increased up to 48-fold during the 

first 4 days. This could be primarily due to inhibition of OATP1B1 by ritonavir which 

blocked bosentan uptake into hepatocytes. Ritonavir is a strong CYP3A4 inhibitor, whereas 

bosentan and lopinavir are CYP3A4 inducers. Unlike enzyme inhibition, enzyme induction is 

a slower process and it may take several days to weeks. At steady state of Lopinavir-

Ritonavir on day 10, the increase in bosentan exposure was comparitively low (5 fold). This 

may be due to a combined effect of CYP3A4 inhibition by ritonavir, and CYP3A4induction 

mediated by both bosentan and lopinavir.[62,63]In the prescribing information of bosentan, it is 

suggested that bosentan should be discontinued at least 36 hours prior to initiation of ritonavir 

and after 10 days, it can be reinitiated at lower dose. It is also recommended to avoid 

concurrent use of multiple drugs such as ritonavir and voriconazole or fluconazole with 

bosentan at the same time. This is because, inhibition of both CYP3A4and CYP2C9by 
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ritonavir and voriconazole respectively, would substantially increase the exposure to 

bosentan. 

Sildenafil, a phosphodiesterase (PDE) inhibitor used for the treatment of pulmonary arterial 

hypertension is primarily metabolised by enzyme CYP3A4. Hence drugs that inhibit 

CYP3A4 isoenzyme may lead to risk of increased exposure to sildenafil and subsequent 

toxicity.[64] 

It is well known that ritonavir is a strong CYP3A4 inhibitor. Despite lack of clinical evidence 

of hypotension or any other adverse effects of sildenafil, it is recommended to avoid 

combined use of sildenafil with ritonavir, particularly when it is used for treatment of 

pulmonary artery hypotension.[65] 

COVID-19 AND DIABETES 

Diabetes may have an adverse impact on the prognosis of COVID-19. Likewise, the drugs 

proposed for treating COVID-19 and the infection itself have varying effects on the 

glycaemic control of patients with diabetes.[66]This emphasizes the need of intense blood 

glucose monitoring in diabetic patients acquiring COVID-19. 

Hydroxychloroquine (HCQ) is found to have clinically significant antidiabetic properties and 

it is approved in India as add-on therapy for Type 2 diabetes mellitus. Though, studies 

reported that the risk of adverse hypoglycemic events with HCQ is only mild and clinically 

non-significant,[67]in the product monograph of  HCQ, caution against hypoglycemia is 

recommended both for patients with or without diabetes. Further studies are needed regarding 

the influence of HCQ in blood glucose level when used for treatment of COVID-19. 

Saxagliptin, an antidiabetic drug of the class dipeptidyl peptidase-4 (DPP-4) inhibitor, is 

metabolised by CY3A4 isoenzyme. Strong CYP3A4 inhibitors like ritonavir may increase the 

serum concentration of saxagliptin.[68] In the prescribtion information for saxagliptin, it is 

suggested to limit saxagliptin dose to 2.5 mg daily when combined with strong CYP3A4 

inhibitors. It is also recommended to avoid concomitant use of strong CYP3A4 inhibitors 

with saxagliptin combination products such as (saxagliptin/dapagliflozin combination or 

saxagliptin/dapagliflozin/metformin combination). Evidence on interaction of Lopinovir-

Ritonavir with other gliptins is unclear. 
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Corticosteroids are not recommended in patients with COVID-19 except for any compelling 

indications. Also, it is noteworthy that corticosteroid may lead to poor glycemic control in 

diabetic patients.[69] 

DISCUSSION: 

Many drugs are being proposed or studied for the treatment of COVID-19 and the possible 

drug-drug interactions related to them with the drugs for common co-morbid conditions such 

as cardiovascular disease and diabetes have been reviewed in this article. As with drugs such 

as Lopinavir-Ritonavir, chloroquine and hydroxychloroquine, evidence on drug-drug 

interactions (DDIs) and safety is mostly based on their long term use in conditions like HIV 

and autoimmune diseases respectively. Information on DDIs and safety profile specific to use 

in patient with COVID-19 is still lacking.  

Drug interactions and their adverse outcomes may be time-dependent, dose-dependent and 

specific to certain risk factors related to individual patient or patient groups. Analyzing the 

clinical relevance of theoretical risks and previously documented drug interactions is needed 

for decision-making in routine clinical practice. 

Chloroquine and hydroxychloroquine are known to cause adverse cardiac events such as 

restrictive cardiomyopathy, conduction disorders, myocardial thickening and heart failure. 

But these effects are observed only with long term use.[14]Likewise, long term use of 

Lopinavir-Ritonavir is known to cause, lipodystrophy, premature atherosclerosis, 

dyslipidemia, hyperglycemia and even diabetes.[22,70] 

In the management of COVID-19, these drugs are used for a short duration of 10 to 14 days. 

In general, mechanism of a drug interaction can either be pharmacodynamic or 

pharmacokinetic such as enzyme induction and inhibition. Studies have shown that, unlike 

enzyme inhibition, enzyme induction is a slower process and it may take several days to 

weeks for the effects to be observed.[49]Hence it becomes necessary to analyze the clinical 

relevance of drug-drug interaction and drug related adverse outcomes specific to COVID 19 

management. 

The clinically significant drug-drug interactions and adverse cardiovascular outcomes even 

with short-term exposure of drugs proposed for COVID-19 management are summarized in 
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Table 3. The available evidence on prevention or handling of such interactions is also 

discussed. 

It is now evident that close monitoring for any possible DDIs in patients under treatment for 

COVID-19 is an absolute necessity. Knowledge on preventable drug interactions help in 

avoiding drug related harm to patients. Further prospective studies are needed to analyze the 

drug safety aspects, specific to COVID-19 treatment.   

Table No. 3: Summary of potential Drug-Drug interaction in patient with COVID-19 

and co-morbid cardiovascular disease 

Advers

e 

Outcom

e 

Related 

To 

Interact

ion 

Risk 

Factors 

Interacting 

Drug 

Combination 

Mechanism of 

drug-drug 

interaction 

  

Effect of 

drug-drug 

Interaction 

Available 

Evidence 

On 

Prevention/ 

Manageme

nt of 

Interaction 

C
a
rd

ia
c 

C
o
n

d
u

ct
io

n
 

a
b

n
o
rm

a
li

ti
es

 

QT Prolongation 

Advanced 

age, 

 

Hypokalemia

, 

Hypomagnes

emia, 

Hypocalcemi

a, 

 Use of  

diuretics, 

 AV Block, 

Bradycardia, 

Congenital 

long QT 

syndrome 

Myocardial 

Infarction,  

Heart failure 

or any other 

structural 

heart disease, 

Renal or 

hepatic 

impairment 

Lopinavir-

ritonavir 

+ 

Amiodarone/ 

quinidine 

CYP3A4 

inhibition by 

lopinavir-

ritonavir leads 

to elevated 

plasma 

concentrations 

of 

Amiodarone 

(same effect is 

seen with 

quinidine) 

Risk of torsade 

de pointes 

(TdP) due to 

Amiodarone is 

substantially 

increased 

(same effect is 

seen with 

quinidine) 

Avoid this 

combination 

(especially 

if 

pretreatment 

QTc is >450 

ms or left 

ventricular 

ejection 

fraction 

<20%) 

(or) 

monitor 

closely-  

discontinue 

if   

QTc 

interval 

>500 ms 

posttreatme

nt  

(or)   

increase in 

QTc 

interval  is 

>60 ms 

compared 

Chloroquine/ 

Hydroxychloroq

uine 

+  

Amiodarone/ 

quinidine 

Combined use 

of drugs with 

risk of  TdP  

QT 

prolongation 

and TdP due to 

Amiodarone is 

potentiated 

(same effect is 

seen with 

quinidine) 

Azithromycin 

+ 

Amiodarone/ 

quinidine 

Combined use 

of drugs with 

risk of  TdP 

QT 

prolongation 

and TdP due to 

Amiodarone is 

potentiated 

(same effect is 

seen with 
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quinidine) with 

pretreatment 

value. 

 D
ru

g
 T

o
x

ic
it

y
 

Digoxin toxicity 

Low body 

weight, 

advanced 

age, 

impaired 

renal 

function, 

 

hypokalemia

, 

hypercalcemi

a, 

hypomagnes

emia. 

Lopinavir-

ritonavir 

+Digoxin 

p-glycoprotein 

inhibition by 

lopinavir-

ritonavir leads 

to elevated 

digoxin 

(AUC) level. 

Digoxin 

toxicity 

Monitor 

serum 

digoxin 

level and 

adjust dose. 

Also, check 

renal 

function and 

serum 

electrolytes. 

Hydroxychloroq

uine 

+Digoxin 

inhibition of p-

glycoprotein 

increased 

serum digoxin 

levels 

Monitor 

serum 

digoxin 

level 

Azithromycin 

+Digoxin 

Possibly by 

inhibition of 

P-gp (weak 

inhibitor) 

Possible risk 

of digoxin 

toxicity (lower 

risk) 

May 

consider 

monitoring 

for signs of 

digoxin 

toxicity. 

Ivabradine toxicity 

Use of drugs 

known to 

cause 

bradycardia 

can further 

intensify the 

adverse 

outcomes of 

this 

interaction 

Lopinavir-

ritonavir 

+Ivabradine 

CYP3A4 

inhibition-

decreased 

metabolism of 

ivabradine 

Risk of 

ivabradine 

toxicity(exacer

bation of 

bradycardia 

and conduction 

disturbances) 

Avoid this 

combination  

Statin Toxicity 

advanced 

age (notably 

>80 years), 

patients with 

existing 

myopathies, 

Diabetes 

mellitus 

(particularly 

combined 

with 

advanced 

age and 

chronic renal 

Lopinavir-

ritonavir 

+Statins 

Inhibition of 

CYP3A4 

mediated 

metabolism of 

statins  

Risk of 

toxicity 

(myopathy, 

rhabdomyolysi

s) 

Avoid -

Simvastatin 

and 

lovastatin 

 Atorvast

atin-10 

mg/day 

 Rosuvas

tatin-10 

mg/day 

 Pravasta

tin, 

pitavastatin- 

dose 
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failure), 

hepatic 

impairment, 

Untreated 

hypothyroidi

sm 

adjustment 

not required 

 Fluvasta

tin- no data 

available 

 A
lt

er
ed

 t
h

e
ra

p
eu

ti
c 

e
ff

e
ct

 

Altered anticoagulant effect 

 

 

 

 

 

 

 

- 

Lopinavir-

ritonavir 

+Warfarin 

CYP2C9 and 

CYP1A2 

induction-

increased 

metabolism of 

warfarin 

Decreased INR 

(delayed 

effect), also 

persists for 

several days to 

weeks 

Monitor 

INR and  

adjust 

warfarin 

dose 

accordingly 

Lopinavir-

ritonavir 

+Acenocoumarol 

increased 

metabolism of 

acenocoumaro

l due to 

enzyme 

induction 

May lead to 

subtherapeutic 

INR 

Monitor 

INR and  

adjust dose 

accordingly 

geriatric 

patients 

Azithromycin 

+Warfarin 

Unknown 

 

Possible 

increase in 

INR 

Monitor 

INR levels 

 Lopinavir-

ritonavir +  

Direct oral 

anticoagulants(D

OACs) 

Inhibition of  

both CYP3A4 

and P-

glycoprotein 

Increased 

exposure to 

rivaroxaban 

and apixaban 

 Rivarox

aban- Avoid 

 For 

patients 

requiring 

Apixaban 

2.5 mg- 

avoid use 

 For 

patients 

requiring 

apixaban 5 

mg or 10 

mg- reduce 

dose to half 

 Dabigatr

an- safe 

(except in 

patients 

with renal 

impairment) 

Altered antiplatelet effect 

 

- 

Lopinavir-

ritonavir 

+Clopidogrel 

Bioactivation 

of 

clopidogrel(pr

odrug) is 

inhibited 

Decreased 

antiplatelet 

effect 

Prasugrel is 

the 

preferred 

alternative 

to 

clopidogrel - Lopinavir- Inhibition of Increased 
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ritonavir 

+Ticagrelor 

ticagrelor 

metabolism  

exposure to 

ticagrelor. 

Risk of 

bleeding  

and 

ticagrelor 

for patients 

who are on 

ritonavir. 

(Ticagrelor 

use with 

strong 

CPY3A4 

inhibitor is 

contraindica

ted 

Others 

Exposure to 

cilostazol is 

further 

increased 

when a 

CYP2C19 

inhibitor is 

also given 

Lopinavir-

ritonavir 

+cilostazol 

Inhibition of 

CYP3A4 

mediated 

metabolism of 

cilostazol 

Possible 

increased 

exposure to 

cilostazol. 

Clinical effect 

unknown 

Restrict 

cilostazol 

dose to 50 

mg twice 

daily 

 

 

 

 

- 

Lopinavir-

ritonavir 

+sildenafil 

Inhibition of 

CYP3A4 

mediated 

metabolism of 

sildenafil 

Increased 

exposure to 

sildenafil- may 

lead to 

hypotension or 

syncope 

Contraindic

ated (if used 

for 

pulmonary 

artery 

hypertensio

n) 

Addition use 

of drugs 

inhibiting 

CYP2C9 

will further 

worsen the 

effects of 

this 

interaction 

Lopinavir-

ritonavir 

+bosentan 

CYP3A4 

inhibition and 

also Inhibition 

of 

OATP1B1med

iated uptake of 

bosentan into 

hepatocytes. 

Increased 

exposure to 

Bosentan 

Bosentan 

should be 

discontinue

d at least 36 

hours prior 

to initiation 

of ritonavir 

REFERENCES: 

1.  Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. Pharmacologic Treatments for Coronavirus Disease 

2019 (COVID-19): A Review. JAMA 

2. COVID-19 Drug Therapy – Potential OptionsTim Smith, PharmD, BCPS; Jennifer Bushek, PharmD; Tony 

Prosser, PharmDClinical Drug Information | Clinical Solutions 

3.  Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L, et al. Prevalence and impact of cardiovascular metabolic 

diseases on COVID-19 in China. Clin Res Cardiol [Internet]. 2020 Mar 11 [cited 2020 Apr 21]; Available from: 

https://doi.org/10.1007/s00392-020-01626-9 

4. Vikram Patel et al. India: Towards Universal Health Coverage 3 Chronic diseases and injuries in India. Series. 

2011; 417 



www.ijppr.humanjournals.com 

Citation: P.Saravanan et al. Ijppr.Human, 2020; Vol. 19 (1): 687-708. 706 

5. “Solidarity” clinical trial for COVID-19 treatments [cited 2020 Apr 21]. Available 

from:https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-

2019-ncov/solidarity-clinical-trial-for-covid-19-treatments 

6. Liu J, Cao R, Xu M, Wang X, Zhang H, Hu H, et al. Hydroxychloroquine, a less toxic derivative of 

chloroquine, is effective in inhibiting SARS-CoV-2 infection in vitro. Cell Discov. 2020;6:16 

7. Vincent MJ, Bergeron E, Benjannet S, Erickson BR, Rollin PE, Ksiazek TG, et al. Chloroquine is a potent 

inhibitor of SARS coronavirus infection and spread. Virol J. 2005 Aug 22;2:69. 

8. Andreani J, Le Bideau M, Duflot I, Jardot P, Rolland C, Boxberger M, et al. In vitro testing of combined 

hydroxychloroquine and azithromycin on SARS-CoV-2 shows synergistic effect. Microbial Pathogenesis. 2020 

Aug 1;145:104228. 

9. Parnham MJ, Haber VE, Giamarellos-Bourboulis EJ, Perletti G, Verleden GM, Vos R. Azithromycin: 

Mechanisms of action and their relevance for clinical applications. Pharmacology & Therapeutics. 2014 

Aug;143(2):225–45. 

10. MOHFW | Clinical Management Protocol:COVID19 (Version 3 - 13.6.2020) Available at: 

https://www.mohfw.gov.in/pdf/ClinicalManagementProtocolforCOVID19.pdf 

11. Crouch MA, Limon L, Cassano AT. Clinical Relevance and Management of Drug-Related QT Interval 

Prolongation. Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy. 2003;23(7):881–908.  

12. Research C for DE and. FDA Drug Safety Communication: Interactions between certain HIV or hepatitis C 

drugs and cholesterol-lowering statin drugs can increase the risk of muscle injury. FDA [Internet]. 2019 Feb 9 

[cited 2020 May 3]; Available from: https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-

communication-interactions-between-certain-hiv-or-hepatitis-c-drugs-and-cholesterol 

13. Li M, Ramos LG. Drug-Induced QT Prolongation AndTorsades de Pointes. P T. 2017 Jul;42(7):473–7. 

14. Chatre C, Roubille F, Vernhet H, Jorgensen C, Pers Y-M. Cardiac Complications Attributed to Chloroquine 

and Hydroxychloroquine: A Systematic Review of the Literature. Drug Safety. 2018 Jun 1;41. 

15. Milberg P, Eckardt L, Bruns H-J, Biertz J, Ramtin S, Reinsch N, et al. Divergent Proarrhythmic Potential of 

Macrolide Antibiotics Despite Similar QT Prolongation: Fast Phase 3 Repolarization Prevents Early 

Afterdepolarizations and Torsade de Pointes. J Pharmacol Exp Ther. 2002 Oct 1;303(1):218–25.  

16. Albert RK, Schuller JL. Macrolide Antibiotics and the Risk of Cardiac Arrhythmias. Am J Respir Crit Care 

Med. 2014 Apr 7;189(10):1173–80. 

17. Hancox JC, Hasnain M, Vieweg WVR, Crouse ELB, Baranchuk A. Azithromycin, cardiovascular risks, 

QTc interval prolongation, torsade de pointes, and regulatory issues: A narrative review based on the study of 

case reports. Ther Adv Infect Dis. 2013 Oct;1(5):155–65. 

18. Charbit B, Rosier A, Bollens D, Boccara F, Boelle P-Y, Koubaa A, et al. Relationship between HIV 

protease inhibitors and QTc interval duration in HIV-infected patients: a cross-sectional study. Br J Clin 

Pharmacol. 2009 Jan;67(1):76–82. 

19. Relationship between HIV protease inhibitors and QTc interval duration in HIV-infected patients: a cross-

sectional studyBenyCharbit, Arnaud Rosier, [...], and Christian Funck-Brentano 

20. Tisdale JE. Drug-induced QT interval prolongation and torsades de pointes: Role of the pharmacist in risk 

assessment, prevention and management. Can Pharm J (Ott). 2016 May;149(3):139–52. 

21. Da Silva B, Li J, Lin Y, Noertersheuser P, Awni W, Klein C, et al. Evaluation of the impact of 

lopinavir/ritonavir (LPV/r) and ritonavir (RTV) on PR interval: results from a thorough QT study. Journal of the 

International AIDS Society. 2008 Nov 10;11(1):P101. 

22. Hemkens LG, Bucher HC. HIV infection and cardiovascular disease. Eur Heart J. 2014 Jun 1;35(21):1373–

81. 

23. Cattaneo D, Formenti T, Astuti N, Meraviglia P, Ridolfo A, Gervasoni C. How relevant are the drug–drug 

interactions between antiretroviral boosted-based regimens and calcium channel blockers in real life? J 

Antimicrob Chemother. 2018 Aug 1;73(8):2271–3. 

24. Mechanisms, manifestations, and management of digoxin toxicity in the modern era. Bauman JL, 

Didomenico RJ, Galanter WL Am J Cardiovasc Drugs. 2006; 6(2):77-86. 

25. Wyen C, Fuhr U, Frank D, Aarnoutse RE, Klaassen T, Lazar A, et al. Effect of an Antiretroviral Regimen 

Containing Ritonavir Boosted Lopinavir on Intestinal and Hepatic CYP3A, CYP2D6 and P-glycoprotein in 

HIV-infected Patients. Clinical Pharmacology & Therapeutics. 2008;84(1):75–82. 

https://www.mohfw.gov.in/pdf/ClinicalManagementProtocolforCOVID19.pdf
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-interactions-between-certain-hiv-or-hepatitis-c-drugs-and-cholesterol
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-interactions-between-certain-hiv-or-hepatitis-c-drugs-and-cholesterol


www.ijppr.humanjournals.com 

Citation: P.Saravanan et al. Ijppr.Human, 2020; Vol. 19 (1): 687-708. 707 

26. Hinderling PH, Hartmann D. Pharmacokinetics of digoxin and main metabolites/derivatives in healthy 

humans. Ther Drug Monit. 1991 Sep;13(5):381–401. 

27. Drescher S. P-glycoprotein-mediated intestinal and biliary digoxin transport in humans. Clinical 

Pharmacology & Therapeutics. 2003 Mar;73(3):223–31. 

28. Ding R. Substantial pharmacokinetic interaction between digoxin and ritonavir in healthy volunteers*1. 

Clinical Pharmacology & Therapeutics. 2004 Jul;76(1):73–84. 

29. Kharasch ED, Bedynek PS, Walker A, Whittington D, Hoffer C, Park S. Mechanism of ritonavir changes in 

methadone pharmacokinetics and pharmacodynamics. II. Ritonavir effects on CYP3A and P-glycoprotein 

activities. Clin Pharmacol Ther. 2008 Oct;84(4):506–12. 

30. Griffiths N, Lamb JF, Ogden P. The effects of chloroquine and other weak bases on the accumulation and 

efflux of digoxin and ouabain in HeLa cells. Br J Pharmacol. 1983;79(4):877–890.  

31. Hayeshi R, Masimirembwa C, Mukanganyama S, Ungell A-LB. The potential inhibitory effect of 

antiparasitic drugs and natural products on P-glycoprotein mediated efflux. European Journal of Pharmaceutical 

Sciences. 2006 Sep;29(1):70–81. 

32. McElnay JC, Sidahmed AM, D’Arcy PF, McQuade RD. Chloroquine-digoxin interaction. International 

Journal of Pharmaceutics. 1985 Oct 1;26(3):267–74. 

33. Hughes J, Crowe A. Inhibition of P-glycoprotein-mediated efflux of digoxin and its metabolites by 

macrolide antibiotics. J Pharmacol Sci. 2010;113(4):315–24. 

34. Ten Eick AP, Sallee D, Preminger T, Weiss A, Reed MD. Possible Drug Interaction Between Digoxin and 

Azithromycin in a Young Child: Clinical Drug Investigation. 2000 Jul;20(1):61–4. 

35. Meenakshisundaram R, Ewan Cannie D, Shankar PR, Zadeh HZ, Bajracharya O, 

Thirumalaikolundusubramanian P. Cardiovascular Toxicity of Cardiovascular Drugs. In: Heart and Toxins 

[Internet]. Elsevier; 2015 [cited 2020 Apr 6]. p. 225–74. 

36. Riccioni G. Ivabradine: An Intelligent Drug for the Treatment of Ischemic Heart Disease. Molecules (Basel, 

Switzerland). 2012 Dec 1;17:13592–604. 

37. Chatzizisis YS, Koskinas KC, Misirli G, Vaklavas C, Hatzitolios A, Giannoglou GD. Risk Factors and 

Drug Interactions Predisposing to Statin-Induced Myopathy: Implications for Risk Assessment, Prevention and 

Treatment. Drug Safety. 2010 Mar;33(3):171–87. 

38. Abu Mellal A, Hussain N, Said AS. The clinical significance of statins-macrolides interaction: 

comprehensive review of in vivo studies, case reports, and population studies. Ther Clin Risk Manag. 

2019;15:921–36. 

39. Somer, M., Kallio, J., Pesonen, U., Pyykkö, K., Huupponen, R., &Scheinin, M. Influence of 

hydroxychloroquine on the bioavailability of oral metoprolol. British Journal of Clinical Pharmacology. 2001. 

49(6), 549–554. doi:10.1046/j.1365-2125.2000.00197.x  

40. Aarnoutse RE, Kleinnijenhuis J, Koopmans PP, Touw DJ, Wieling J, Hekster YA, et al. Effect of low-dose 

ritonavir (100 mg twice daily) on the activity of cytochrome P450 2D6 in healthy volunteers. Clin Pharmacol 

Ther. 2005 Dec;78(6):664–74. 

41. Wright, A. J., Gomes, T., Mamdani, M. M., Horn, J. R., &Juurlink, D. N. The risk of hypotension following 

co-prescription of macrolide antibiotics and calcium-channel blockers. Canadian Medical Association Journal. 

2011.183(3), 303–307. doi:10.1503/cmaj.100702  

42. Baeza MT, Merino E, Boix V, Climent E. Nifedipine–lopinavir/ritonavir severe interaction: a case report. 

AIDS. 2007 Jan 2;21(1):119–120. 

43. https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/021283s053lbl.pdf 

44. Marsousi N, Daali Y, Fontana P, Reny J-L, Ancrenaz-Sirot V, Calmy A, et al. Impact of Boosted 

Antiretroviral Therapy on the Pharmacokinetics and Efficacy of Clopidogrel and Prasugrel Active Metabolites. 

Clin Pharmacokinet. 2018;57(10):1347–54. 

45. Hossain MA, Tran T, Chen T, Mikus G, Greenblatt DJ. Inhibition of human cytochromes P450 in vitro by 

ritonavir and cobicistat. J Pharm Pharmacol. 2017 Dec;69(12):1786–93. 

46. Teng R, Oliver S, Hayes MA, Butler K. Absorption, Distribution, Metabolism, and Excretion of Ticagrelor 

in Healthy Subjects. Drug Metab Dispos. 2010 Sep 1;38(9):1514–21. 

47. Teng R. Ticagrelor: Pharmacokinetic, Pharmacodynamic and Pharmacogenetic Profile: An Update. Clin 

Pharmacokinet. 2015 Nov 1;54(11):1125–38. 



www.ijppr.humanjournals.com 

Citation: P.Saravanan et al. Ijppr.Human, 2020; Vol. 19 (1): 687-708. 708 

48. Llibre JM, Romeu J, López E, Sirera G. Severe interaction between ritonavir and acenocoumarol. Ann 

Pharmacother. 2002 Apr;36(4):621–3. 

49. Drug Interactions Involving Warfarin: Practice Tool and Practical Management Tips - Tammy J. Bungard, 

Erin Yakiwchuk, Michelle Foisy, Cynthia Brocklebank, 2011 [Internet]. [cited 2020 Apr 3]. Available from: 

https://journals.sagepub.com/doi/10.3821/1913-701X-144.1.21 

50. Shrader SP, Fermo JD, Dzikowski AL. Azithromycin and Warfarin Interaction. Pharmacotherapy. 2004 

Jul;24(7):945–9. 

51. Mergenhagen KA, Olbrych PM, Mattappallil A, Krajewski MP, Ott MC. Effect of azithromycin on 

anticoagulation-related outcomes in geriatric patients receiving warfarin. Clin Ther. 2013;35(4):425–430. 

52. McMullan BJ, Mostaghim M. Prescribing azithromycin. Aust Prescr. 2015 Jun;38(3):87–9. 

53. Ghaswalla PK, Harpe SE, Tassone D, Slattum PW. Warfarin–Antibiotic Interactions in Older Adults of an 

Outpatient Anticoagulation Clinic. The American Journal of Geriatric Pharmacotherapy. 2012 Dec 1;10(6):352–

60. 

54. Mueck W, Kubitza D, Becka M. Co-administration of rivaroxaban with drugs that share its elimination 

pathways: pharmacokinetic effects in healthy subjects. Br J Clin Pharmacol. 2013 Sep;76(3):455–66. 

55. Vranckx P, Valgimigli M, Heidbuchel H. The Significance of Drug-Drug and Drug-Food Interactions of 

Oral Anticoagulation. Arrhythm Electrophysiol Rev. 2018 Mar;7(1):55–61. 

56. https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/202155s024lbl.pdf 

57. Barco S, Coppens M, van den Dool E-J, van de Kerkhof D, Stroobants AK, Middeldorp S. Successful co-

administration of dabigatran etexilate and protease inhibitors ritonavir/lopinavir in a patient with atrial 

fibrillation. Thromb Haemost. 2014 Oct;112(4):836–8. 

58. Kakadiya PP, Higginson RT, Fulco PP. Ritonavir-Boosted Protease Inhibitors but Not Cobicistat Appear 

Safe in HIV-Positive Patients Ingesting Dabigatran. Antimicrob Agents Chemother. 2018;62(2). 

59. Creager MA. 10 Years of breakthroughs in peripheral vascular disease. Nat Rev Cardiol. 2014 

Nov;11(11):635–6. 

60. Suri A, Forbes WP, Bramer SL. Effects of CYP3A Inhibition on the Metabolism of Cilostazol: Clinical 

Pharmacokinetics. 1999;37(Supplement 2):61–8 

61. Chapman TM, Goa KL. Cilostazol: A Review of its Use in Intermittent Claudication. American Journal of 

Cardiovascular Drugs. 2003;3(2):117–38. 

62. Venitz J, Zack J, Gillies H, Allard M, Regnault J, Dufton C. Clinical Pharmacokinetics and Drug-Drug 

Interactions of Endothelin Receptor Antagonists in Pulmonary Arterial Hypertension. The Journal of Clinical 

Pharmacology. 2012;52(12):1784–805. 

63. Fattinger K, Funk C, Pantze M, et al. The endothelin antagonist bosentan inhibits the canalicular bile salt 

export pump: apotential mechanism for hepatic adverse reactions. Clin Pharmacol Ther. 2001;69(4):223-231 

64. Aschmann YZ, Kummer O, Linka A, Wenk M, Azzola A, Bodmer M, et al. Pharmacokinetics and 

Pharmacodynamics of Sildenafil in a Patient Treated With Human Immunodeficiency Virus Protease Inhibitors. 

Therapeutic Drug Monitoring. 2008 Feb;30(1):130–134 

65. https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/021845s018lbl.pdf 

66. Gupta R, Ghosh A, Singh AK, Misra A. Clinical considerations for patients with diabetes in times of 

COVID-19 epidemic. Diabetes & Metabolic Syndrome: Clinical Research & Reviews. 2020 May 1;14(3):211–

2. 

67. Wondafrash DZ, Desalegn TZ, Yimer EM, Tsige AG, Adamu BA, Zewdie KA. Potential Effect of 

Hydroxychloroquine in Diabetes Mellitus: A Systematic Review on Preclinical and Clinical Trial Studies. J 

Diabetes Res. 2020;2020:5214751. 

68. Ali S, Fonseca V. Saxagliptin overview: special focus on safety and adverse effects. Expert Opinion on 

Drug Safety. 2013 Jan 1;12(1):103–9. 

69. Tamez-Pérez HE, Quintanilla-Flores DL, Rodríguez-Gutiérrez R, González-González JG, Tamez-Peña AL. 

Steroid hyperglycemia: Prevalence, early detection and therapeutic recommendations: A narrative review. 

World J Diabetes. 2015 Jul 25;6(8):1073–81. 

70. Boccara F, Cohen A. HIV and Heart Disease: What Cardiologists Should Know. Rev Esp Cardiol. 2016 

Dec 1;69(12):1126–30. 

https://journals.sagepub.com/doi/10.3821/1913-701X-144.1.21

