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Abstract

Aim: Coronavirus disease 2019 (COVID-19) is an emerging infectious disease that has no approved treatment. There are

some medications which may be prescribed for COVID-19 patients as investigational treatments. Drug-drug interactions

(DDIs) of medications used in treating COVID-19 is an important issue to be studied. Current study aimed to evaluate

potential DDIs (pDDIs) and their predictors in hospitalized COVID-19 patients. Methods: A retrospective chart review study

was conducted in a tertiary respiratory hospital dedicated for COVID-19 patients. Interacting drug combinations, severity,

reliability, mechanism, and clinical management of pDDIs in confirmed COVID-19 cases were identified using the Lexi-Interact

database. Logistic regression was applied to assess the correlation between occurrence of severe interactions and probable

risk factors. Results: Two hundred and twenty-seven patients’ medical charts were evaluated. About 68% of the patients

had at least one comorbidity. The most common comorbidity was hypertension (30.4%), followed by obesity (27.8%) and

diabetes (23.8%). At least one major or contraindicated interaction was detected in 37.9% of the patients. Above 50% of

the interactions were between lopinavir/ritonavir (protease inhibitor) and commonly prescribed medications (e.g. atorvastatin,

alprazolam, salmeterol, and tamsulosin) for management of comorbidities or COVID-19 symptoms. Logistic regression analysis

demonstrated that two comorbidities (IHD and CRDs) and ICU admission are significantly associated with occurrence of major

or contraindicated pDDIs. Conclusion: The frequency of pDDIs is relatively high in COVID-19 patients. Patients receiving a

protease inhibitor and having comorbidity or critical conditions should be monitored carefully in terms of DDIs.

Introduction

The coronavirus disease 2019 (COVID-19) is an infectious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). It was characterized as a pandemic by the World Health Organization
(WHO) on 11 March 2020 [1]. Although the disease is not severe in most patients [2], it may progress to
a serious illness and hospitalization particularly in the elderly and those with underlying medical problems
like cardiovascular diseases, diabetes, chronic respiratory diseases, and cancer [3].

There is not yet any approved drug or vaccine to treat COVID-19 and treatment is principally supportive
[4]. However, medications approved for other viral diseases such as Ebola, HIV and influenza are being
experimentally applied against COVID-19 [5, 6]. The WHO recommends to include confirmed cases of
COVD-19 to a global clinical trial (SOLIDARITY) in which patients receive standard care or one of four
recommended treatments. The treatment arms in SOLIDARITY are remdesivir, chloroquine or hydroxy-
chloroquine, lopinavir/ritonavir, or lopinavir/ritonavir plus interferon beta-1a [7]. These regimens specifically
those which include HIV protease inhibitors, may have complex drug-drug interactions (DDIs).

Besides WHO-recommended treatments, some other medications are being investigated as probable effective
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therapies against COVID-19. It is estimated that as many as 800 clinical trials are being planned or performed
worldwide [5]. Meanwhile the scientists and clinicians are evaluating different therapies in order to discover
the most effective treatments for COVID-19, they should also consider developing data on potential adverse
effects and DDIs [8]. Because the medications for management of the wide spectrum of clinical symptoms
of COVID-19 and/or underlying medical comorbidities may interact with the main treatments [9]. Some
charts have been developed to predict drug interactions between experimental COVID-19 therapies and other
medications [10]. However, data on potential DDIs (pDDIs) in COVID-19 patients in real practice is not
available. We designed current study to investigate pDDIs and their predictors in hospitalized COVID-19
patients by reviewing their medical charts.

Material and methods

Study design, setting, and participants

This retrospective cross sectional study was carried out in Masih Daneshvari hospital, a respiratory center
dedicated for COVID-19 patients in Tehran, Iran. COVID-19 patients admitted to the hospital from March
12-26, 2020 were enrolled to the study. COVID-19 cases were confirmed by polymerase chain reaction
(PCR) test according to WHO case definition [1]. The study protocol was approved by ethical review board
of national research institute of tuberculosis and lung diseases. Written informed consent by the patients
was waived due to the retrospective nature of the investigation.

Data collection

The data were collected from the medical records of enrolled patients. Age, gender, body mass index (BMI),
past medical history, length of hospital stay, intensive care unit (ICU) admission (directly or after admission
to the ward), patients’ outcome (discharge or death), and the medications prescribed during 24-48 h of
hospital admission were gathered. Patients who stayed in the hospital for less then 48 h were excluded. The
Lexi-Interact database (Lexicomp®, Wolters Kluwer, Hudson, Ohio, United States, available on UpToDate,
2020) was applied to assess pDDIs. Based on the severity, the interactions were categorized into five categories
including A (unknown), B (minor), C (moderate), D (major), and X (contraindicated) [11]. The reliability of
the interactions was scaled as excellent (E = the interaction has been clearly demonstrated in well-controlled
studies), good (G = the studies strongly suggest that interaction exists; however, the proof of well-controlled
studies is lacking), and fair (F = available evidence is poor, but clinicians suspect interaction on the basis
of pharmacologic considerations; or, evidence is good for an interaction of pharmacologically similar drug)
[12, 13].

Data analysis

Data were entered into Statistical Package for Social Science version 22.0 (SPSS 22.0) for Windows (SPSS,
Chicago, IL, USA). Both descriptive and analytical analysis were performed on the data. Due to low clinical
importance of interactions with severity ratings of A, B, and C, only interactions with D (major) and X
(contraindicated) scales were considered for further analysis. The interacting drugs, documentation rate,
mechanism of interaction, and clinical recommendations for prevention were recorded. Descriptive analyses
of the variables were expressed as mean, standard deviation [SD], median, interquartile range [IQR], and
percentage as appropriate.

The association between occurrence of pDDIs and probable risk factors were assessed using logistic regression
analysis. Dependent variable was defined as exposure to at least one major or contraindicated pDDI. Pa-
tient’s sex, common comorbidities (hypertension, obesity, diabetes, Ischemic Heart Disease (IHD), Chronic
Respiratory Diseases (CRDs), neoplasms), and ICU admission were taken as the covariates. At the first,
univariate logistic regression analysis was carried out. Variables with a significant univariate p-value (<0.05)
were further assessed by multivariate analysis.

Results

Demographics and clinical presentation

2
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Two hundred and sixty-two medical charts of patients with confirmed COVID-19 were evaluated. Thirty-five
patients were excluded due to the length of hospital stay (less than 24 h). Table 1 shows the demographic
and clinical characteristics of the patients. Of total study population, 60.8% were male. A median number
of 8 medications (IQR, 6–9) were administered for the patients during 24-48 h of hospital admission. About
68% of the patients had at least one comorbidity. The most common comorbidity was hypertension (30.4%),
followed by obesity (27.8%) and diabetes (23.8%).

Drug-drug interactions

Figure 1 shows the number of pDDIs in each category and exposed patients. Interactions with severity scale
of D and X were 17.8% of total pDDIs (161 of 904). About 38% of the patients (86 of 227) were exposed to
at least one D or X interaction.

Drug combinations, frequency, reliability, mechanism, and applicable recommendations for D and X inter-
actions are shown in table 2 and 3, respectively. Of the total pDDIs with severity scale of D and X, 23.6%
were unique drug pairs (the interaction occurred one time) (appendix 1). The most frequent interactions
were between lopinavir/ritonavir and commonly used medications metabolized by cytochrome P450 3A4
(CYP3A4) such as atorvastatin and alprazolam in D category and salmeterol/fluticasone and tamsulosin in
X category.

Risk factors

In univariate logistic regression analysis, the occurrence of major and contraindicated pDDIs was significantly
associated with four comorbidities (hypertension, diabetes, IHD, CRDs) and ICU admission as an indicator
of COVID-19 severity. Multivariate analysis showed the independent predictors of occurrence of pDDIs are
IHD (OR:5.3, [95% CI:2.0-14.1], P = 0.001), CRDs (OR:3.6, [95% CI:1.1-12.1], P = 0.04), and ICU admission
(OR:3.3, [95% CI:1.6-7.1], P = 0.002) (table 4).

Discussion

Infection control measures and supportive cares are currently the main clinical management for COVID-19.
However, some medications are being used based on the results of laboratory, animal and clinical studies
[7]. The current study is the first to retrospectively identify severity, frequency, mechanism, and clinical
management of pDDIs in hospitalized patients with COVID-19. We found that 37.9% of COVID-19 patients
were exposed to at least one major or contraindicated pDDI during 24-48 h of hospital admission. More than
half of pDDIs were occurred between lopinavir/ritonavir (branded as Kaletra or Aluvia) and medications
metabolized by CYP3A4. Additive interactions between antiplatelets/nonsteroidal anti-inflammatory drugs
(NSAIDs) and anticoagulants were the second common pDDI in COVID-19 patients.

Lopinavir, a protease inhibitor, is widely used for the treatment of HIV. It is combined with ritonavir,
another protease inhibitor, which inhibits CYP3A4 enzyme and increases the half-life of lopinavir [14].
Lopinavir/ritonavir has activity against severe acute respiratory syndrome coronavirus (SARS-CoV) and
middle east respiratory syndrome coronavirus (MERS-CoV) both in vitro and in animal models [15, 16].
Recently, an open-label, randomized, phase 2 trial revealed efficacy and safety of lopinavir/ritonavir combined
with interferon beta-1b and ribavirin in the treatment of hospitalized patients with COVID-19 [17]. Both
lopinavir and ritonavir have important DDIs due to inhibition of CYP3A4. It is essential to identify commonly
used medications in patients with COVID-19 which are metabolized with this enzyme and may have severe
interactions with lopinavir/ritonavir.

Our results show that HMG-CoA reductase inhibitors (atorvastatin, rosuvastatin) are the most frequent
interacting medications with lopinavir/ritonavir in our patients. Some studies showed that co-administration
of different protease inhibitors with atorvastatin increased the area under the concentration-time curve (AUC)
of atorvastatin from 1.7 to 9.4 folds (depending on the type of protease inhibitor). Reducing atorvastatin dose
to 20 mg/day and monitoring for signs and symptoms of its toxicity (myalgia, rhabdomyolysis, liver function
test (LFT) abnormalities) should be taken into account when a protease inhibitor is used concomitantly
[18]. However, differentiation between signs and symptoms of HMG-CoA reductase inhibitors toxicity and
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COVID-19 is challenging because myalgia and abnormal LFT can also be seen in patients with COVID-19 [9,
19]. Rosuvastatin also have the same interaction with protease inhibitors and its dose should not be exceeded
than 10 mg/day when co-administered with lopinavir/ritonavir [20]. Rhabdomyolysis is a serious consequence
of this interaction which was reported in patients who received lopinavir/ritonavir with atorvastatin or
rosuvastatin [21, 22].

Anxiolytic/hypnotic/sedative agents such as alprazolam, chlordiazpoxide and midazolam were administered
in our patients. According to the Lexi-Interact database, interaction of alprazolam or midazolam with lopina-
vir/ritonavir is rated as good and excellent; respectively, in terms of reliability. Other benzodiazpine agents
that are less expected to interact with protease inhibitors (e.g. lorazepam, oxazepam, temazepam) can be
administered instead of alprazolam [23]. Severe prolonged sedation and increased length of hospital stay were
reported among patients receiving a combination of a protease inhibitor and intravenous midazolam [24].
Therefore, this interaction is categorized as contraindicated in terms of severity rating [25]. However, clinical
outcomes of HIV patients (on protease inhibitors regimen) who received intravenous midazolam for proce-
dural sedation and those who received diazepam were similar [26]. This combination should be administered
with caution and reduced doses of intravenous midazolam should be considered [25].

SARS-CoV-2 may affect cardiovascular system and lead to myocardial injury, acute heart failure, or worsening
pre-existing cardiovascular disease [27]. Therefore, interaction of cardiovascular agents with investigational
medications for COVID-19 should be mentioned. In the current study, nondihydropyridine calcium channel
blockers (diltiazem), cardiac glycosides (digoxin), antiarrhythmic agents (amiodarone, lidocaine), and iso-
sorbide dinitrate had major or contraindicated interactions with lopinavir/ritonavir. Metabolism inhibition
of nondihydropyridine calcium channel blockers can lead to increase their serum concentration and the risk
of AV nodal blockade. Monitoring the toxicity of calcium channel blockers and a 50% dose reduction of
diltiazem may be required [28]. The mechanism of major interaction between lopinavir/ritonavir and di-
goxin is probably due to inhibition of P-glycoprotein transporter and reduction of digoxin renal clearance
by ritonavir [29]. Reducing digoxin dose (30% to 50%) or dosing frequency as well as monitoring digoxin
levels is recommended [30]. Lopinavir/ritonavir may enhance the serum concentration of amiodarone and
subsequently its QTc-prolonging effect. This combination should be avoided when possible, if not, a dose
reduction and serial ECG monitoring is recommended [31]. Combination of amiodarone and azithromycin
should also be cautioned in COVID-19 patients due to QTc prolongation synergism effect. Our previous
study showed that DDIs are risk factor for prolonging QTc in ICU admitted patients [32]. Nevertheless, the
interaction between hydroxychloroquine and azithromycin, two medications with QTc prolongation effect
co-administered in some COVID-19 patients, is graded as minor (B) interaction [33]. For B interactions,
no intervention is needed according to the Lexi-Interact database but calculating the risk score of QTc
prolongation before administration of this combination to COVID-19 patients is a wisely measure.

Excessive inflammation, platelet activation, endothelial dysfunction, and stasis may lead to arterial and
venous thrombotic disease in COVID-19 patients [34]. Drug interactions of common anticoagulants should
be considered in these patients. In the current study apixaban and rivaroxaban were administered to the
patients. Among novel oral anticoagulants (NOACs), apixaban and rivaroxaban are substrates for both P-
glycoprotein transporter and CYP3A4. Therefore, concomitant administration with inhibitors of CYP3A4
and P-glycoprotein transporter (e.g. lopinavir/ritonavir) should be avoided due to increased serum concen-
tration of apixaban and rivaroxaban and risk of bleeding [35].

Additionally, co-administration of antiplatelets or NSAIDs with anticoagulants may increase the risk of
bleeding [36]. Because of underlying cardiovascular diseases in some COVID-19 patients, they may regularly
use antiplatelet agents. NSAIDs may also be prescribed to relieve myalgia [37] or for their probable effect on
SARS-CoV-2 (specifically indomethacin) [38]. Anticoagulants side effects should be monitored in COVID-19
patients receiving these combinations.

Administration of salmeterol or combination medications containing salmeterol may be indicated in COVID-
19 patients with underlying chronic respiratory diseases. Lopinavir/ritonavir increases serum concentration
of salmeterol [39] and may predispose patients to cardiovascular adverse effects of beta2-agonists.
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Another important interaction that may occur in COVID-19 male patients with older age is between tamsu-
losin and lopinavir/ritonavir. Although the adverse consequences of this interaction has not been evaluated
in the clinical studies, this combination is contraindicated according to the tamsulosin drug label [40]. When
the combination must be used, monitoring tamsulosin adverse effects (particularly orthostatic hypotension)
is recommended.

Logistic regression analysis confirmed that two comorbidities (IHD and CRDs) and ICU admission were si-
gnificantly associated with occurrence of major and contraindicated pDDIs. Patients with IHD or CRDs may
receive some medications which have severe interactions with investigational drugs for COVID-19 especially
protease inhibitors. The current study shows other investigational medications including hydroxychloroqui-
ne, ribavirin, remdesivir, favipiravir, interferon beta or intravenous immunoglobulin do not interact with
commonly used medications for comorbidities. Therefore, these medicines are much safer than protease in-
hibitors in terms of severe DDIs. We also found critically ill patients are more prone to DDIs because they
have complicated conditions and receive more medications.

The first limitation of the current study is that it cannot predict the occurrence rate of actual DDIs. Because
subjective and objective evidence for an actual DDI usually are not accurately recorded specifically during a
critical pandemic condition and it is a limitation of the retrospective studies. These evidence can be collected
with a prospective study in order to report actual DDIs. The second limitation is using one drug interaction
database. Evaluating severity rating of some pDDIs with another drug interaction database (except Lexi-
Interact) showed a little variation. It would be better to check the interactions with more than one database
in order to report more accurate results.

Conclusions

Patients with COVID-19 may expose to many pDDIs but physicians should consider pros and cons of
prescribing medications, severity and clinical consequences of the interactions, and probable outcomes in
order to make the best decision. Choosing an alternative medication or adjusting dosage of interacting drugs
can improve patients’ management by both providing essential medications and preventing adverse drug
effects.
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Table 1 Demographic and clinical characteristics of the patients

Study population No. (%)

Number of patients 227
Age, mean (SD), years 57.7 (± 15.0)
Hospital stay, median (IQR), days 5 (4-8)
Number of drugs, median (IQR) 8 (6-9)
Gender
Male 138 (60.8%)
Female 89 (39.2%)
ICU admission (directly or after admission to the
ward)

40 (17.6%)

Death 21 (9.3%)
Chief complaint
Fever 35 (15.4%)
Cough 45 (19.8%)
Dyspnea 128 (56.4%)
Fatigue or myalgia 19 (8.4%)
Any comorbidity1 154 (67.8%)
Hypertension 69 (30.4%)
Obesity (BMI[?]30) 63 (27.8%)
Diabetes 54 (23.8%)
Ischemic heart disease 31 (13.7%)
Chronic respiratory diseases (Asthma/COPD) 15 (6.6%)
Neoplasms 10 (4.4%)
Diseases of the genitourinary system 9 (4.0%)
Nervous system disease 8 (3.5%)
Other endocrine, nutritional and metabolic
diseases2

7 (3.1%)

Other diseases of the circulatory system3 7 (3.1%)
Diseases of the musculoskeletal system and
connective tissue

5 (2.2%)

Diseases of the blood and blood-forming organs and
certain disorders involving the immune mechanism

4 (1.8%)

Mental and behavioural disorders 3 (1.3%)
Diseases of the digestive system 2 (0.9%)
Certain infectious and parasitic diseases 1 (0.4%)

1 Uncommon comorbidities were classified according to the International Classification of Diseases by WHO
(ICD-10).

2 Not including diabetes and obesity.

3 Not including hypertension and ischemic heart disease.

Table 2 Drug combinations, frequency, reliability, mechanism, and recommendations for major (D) interac-
tions
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Drug
combination No. R1 Mechanism/Effect Recommendations

Lopinavir/Ritonavir
+ Atorvastatin

32 F CYP3A4
inhibitors2 may
increase the
serum
concentration of
atorvastatin

Start with the
lowest possible
atorvastatin dose,
monitor for signs
and symptoms of
toxicity

Aspirin +
Enoxaparin

13 F Antiplatelet
agents may
enhance the
anticoagulant
effect of
Enoxaparin

Monitor closely
for signs and
symptoms of
bleeding

Lopinavir/Ritonavir
+ Alprazolam

10 G CYP3A4
inhibitors may
increase the
serum
concentration of
alprazolam

Consider using an
alternative

Clopidogrel +
Enoxaparin

5 F Antiplatelet
agents may
enhance the
anticoagulant
effect of
enoxaparin

Monitor closely
for signs and
symptoms of
bleeding

Lopinavir/Ritonavir
+ Dexamethasone

5 F CYP3A4
inhibitors may
increase the
serum
concentration of
dexamethasone

Monitor for
increased adverse
effects of
dexamethasone,
consider dose
reduction

Lopinavir/Ritonavir
+ Prednisolone

5 F CYP3A4
Inhibitors may
increase the
serum
concentration of
prednisolone

Monitor for
increased adverse
effects of
prednisolone,
consider dose
reduction

Lopinavir/Ritonavir
+ Rosuvastatin

5 F CYP3A4
Inhibitors may
increase the
serum
concentration of
rosuvastatin

Start with the
lowest possible
rosuvastatin dose,
monitor for signs
and symptoms of
toxicity

Naproxen +
Enoxaparin

4 F NSAIDs3 may
enhance the
anticoagulant
effect of
enoxaparin

Monitor closely
for signs and
symptoms of
bleeding

9
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Drug
combination No. R1 Mechanism/Effect Recommendations

Naproxen +
Heparin

4 F NSAIDs may
enhance the
anticoagulant
effect of heparin

Decrease the dose
of heparin or
NSAIDs

Ibuprofen +
Enoxaparin

3 F NSAIDs may
enhance the
anticoagulant
effect of
enoxaparin

Monitor closely
for signs and
symptoms of
bleeding

Indomethacin +
Heparin

3 F NSAIDs may
enhance the
anticoagulant
effect of heparin

Decrease the dose
of heparin or
NSAIDs

Lopinavir/Ritonavir
+ Fentanyl

3 F CYP3A4
inhibitors may
increase the
serum
concentration of
fentanyl

Monitor for
increased adverse
effects of fentanyl,
consider dose
reduction

Lopinavir/Ritonavir
+ Quetiapine

3 F CYP3A4
inhibitors may
increase the
serum
concentration of
quetiapine

Consider using an
alternative or
reduce the
quetiapine dose to
one-sixth of the
original dose

Carbamazepine +
Lopinavir/Ritonavir

2 F Carbamazepine may
decrease the serum
concentration of
lopinavir

Use a twice daily
lopinavir/ritonavir
regimen, monitor
for reduced effect of
lopinavir/ritonavir

Clopidogrel +
Heparin

2 F Antiplatelet
agents may
enhance the
anticoagulant
effect of heparin

Decrease the dose
of heparin or
clopidogrel

Indomethacin +
Enoxaparin

2 F NSAIDs may
enhance the
anticoagulant
effect of
enoxaparin

Monitor closely
for signs and
symptoms of
bleeding

Midazolam +
Fentanyl

2 F Increased CNS
depressant effects

Close monitoring
for adverse effects

Propofol +
Fentanyl

2 F Increase CNS
depressant effects

Close monitoring
for adverse effects

10
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Drug
combination No. R1 Mechanism/Effect Recommendations

Lopinavir/Ritonavir
+
Chlordiazepoxide

2 F CYP3A4
inhibitors may
increase the
serum
concentration of
chlordiazpoxide

Monitor for
increased adverse
effects of
chlordiazpoxide

Lopinavir/Ritonavir
+ Digoxin

2 G Ritonavir may
increase the
serum
concentration of
digoxin

Reduce the
digoxin dose (30%
to 50%) or the
dosing frequency,
Monitor digoxin
levels

Lopinavir/Ritonavir
+ Oxycodone

2 F CYP3A4
inhibitors may
increase the
serum
concentration of
oxycodone

Monitor for
increased adverse
effects of
oxycodone

1 Reliability (R) was scaled as excellent (E), good (G), and fair (F).

2 Lopinavir/ritonavir is a strong inhibitor of CYP3A4.

3 Nonsteroidal anti-inflammatory drugs.

Unique drug pairs have been shown in appendix 1.

Table 3 Drug combinations, frequency, reliability, mechanism, and recommendations for contraindicated (X)
interactions

Drug combination No. R1 Mechanism/Effect Recommendations

Lopinavir/Ritonavir + Fluticasone/Salmeterol 7 F CYP3A4 inhibitors2 may increase the serum concentration of salmeterol Avoid combination or monitor for adverse effects of salmeterol
Lopinavir/Ritonavir + Tamsulosin 4 G CYP3A4 Inhibitors may increase the serum concentration of tamsulosin Avoid combination
Ipratropium Bromide/Salbutamol + Promethazine 2 F Increase the anticholinergic effects Avoid combination or monitor for anticholinergic related toxicity
Lopinavir/Ritonavir + Midazolam 2 E Protease Inhibitors may increase the serum concentration of midazolam Avoid combination or reduce doses of intravenous midazolam particularly if multiple doses are used

1 Reliability (R) was scaled as excellent (E), good (G), and fair (F).

2 Lopinavir/ritonavir is a strong inhibitor of CYP3A4.

Unique drug pairs have been shown in appendix 1.

Table 4 Logistic regression analysis for the risk factors of DDIs (D or X)

Variable Univariate analysis Univariate analysis Multivariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value
Sex
Male 0.9 (0.5-1.6) 0.72 - -
Female
Comorbidity
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Variable Univariate analysis Univariate analysis Multivariate analysis Multivariate analysis

Hypertension 3.7 (2.0-6.6) <0.01 1.9 (0.9-3.8) 0.08
Obesity 1.4 (0.7-2.6) 0.31 - -
Diabetes 2.6 (1.4-4.9) <0.01 1.6 (0.8-3.4) 0.19
IHD1 7.4 (3.0-18.1) <0.01 5.3 (2.0-14.1) <0.01
CRDs2 3.6 (1.2-10.9) 0.02 3.6 (1.1-12.1) 0.04
Neoplasms 2.6 (0.7-9.4) 0.15 - -
ICU admission
Yes 3.0 (1.5-6.1) <0.01 3.3 (1.6-7.1) <0.01
No

Variables with univariate p values of less than 0.05 were included in multivariate analysis.

1 Ischemic heart disease.

2 Chronic respiratory diseases.

Figure legend

Figure 1: Number of potential drug-drug interactions (pDDIs) in different severity categories (A, B, C, D,
X) and number of patients exposed to each category.

Appendix 1 Drug combinations, frequency, reliability, mechanism, and recommendations for unique drug
pairs interactions

Drug combination S1 R2 Mechanism/Effect Recommendations

Apixaban + Enoxaparin X F Apixaban may enhance the anticoagulant effect of enoxaparin Avoid concomitant use
Carvedilol + Ipratropium Bromide/Salbutamol X F Beta-blockers (nonselective) may diminish the bronchodilatory effect of beta2-agonists Avoid combination or monitor for diminished bronchodilatory effects of the beta2-agonist
Clarithromycin + Lopinavir/Ritonavir X F Clarithromycin may increase the serum concentration of lopinavir/ritonavir, increase QT-prolongation effects Avoid combination or monitor for QTc interval prolongation and arrhythmias
Ipratropium Bromide + Diphenhydramine X F Increase the anticholinergic effects Avoid combination or monitor for anticholinergic related toxicity
Lopinavir/Ritonavir + Amiodarone X F CYP3A43 inhibitors may increase the serum concentration of amiodarone, increase QT- prolongation effect Avoid combination or monitor for amiodarone toxicity and QTc interval prolongation
Lopinavir/Ritonavir + Rivaroxaban X G P-glycoprotein and CYP3A4 inhibitors may increase the serum concentration of rivaroxaban. Avoid combination or monitor for adverse effects
Rifampin + Lopinavir/Ritonavir X G Rifampin may decrease the serum concentration of lopinavir/ritonavir. Avoid combination
Salmetrol + Fluticasone /Salmeterol X F Synergism effects of beta2-agonists (long-acting) Avoid combination
Sertraline + Selegiline X F Selective serotonin reuptake inhibitors may enhance the serotonergic effect of selegiline Avoid combination
Amiodarone + Azithromycin D F Increase QT-prolongation effects Consider alternatives to this combination, monitor for QTc interval prolongation and arrhythmias
Amiodarone + Digoxin D E Amiodarone may increase the serum concentration of digoxin Reduce the digoxin dose (30% to 50%) or the dosing frequency, monitor digoxin levels
Alprazolam + Oxycodone D F Increase CNS depressant effects Close monitoring for adverse effects
Atracurium + Dexamethasone D E Neuromuscular-blocking agents (nondepolarizing) may enhance the adverse neuromuscular effect of corticosteroids Administer the lowest possible doses, limit duration of administration, monitor closely for sign and symptom of myopathy or neuropathy
Atracurium + Hydrocortisone D E Neuromuscular-blocking agents (nondepolarizing) may enhance the adverse neuromuscular effect of corticosteroids Administer the lowest possible doses, limit duration of administration, monitor closely for sign and symptom of myopathy or neuropathy
Calcium Carbonate + Levofloxacin D E Oral calcium salts may decrease the absorption of oral quinolones Separate the doses by at least 2 hours
Calcium Carbonate + Levothyroxine D F Oral calcium salts may decrease the absorption of thyroid products Separate the doses by at least 4 hours
Carbamazepine + Alprazolam D F CYP3A4 inducers may decrease the serum concentration of alprazolam Consider using an alternative or a dosage adjustment
Celecoxib + Enoxaparin D F NSAIDs4 may enhance the anticoagulant effect of enoxaparin Monitor closely for signs and symptoms of bleeding
Citalopram + Enoxaparin D F Agents with antiplatelet effects may enhance the anticoagulant effect of Enoxaparin Monitor closely for signs and symptoms of bleeding
Citalopram + Heparin D F Antiplatelet agents may enhance the anticoagulant effect of heparin Decrease the dose of heparin or citalopram
Citalopram + Ibuprofen D G Selective serotonin reuptake inhibitors may enhance the antiplatelet effect of ibuprofen Monitor patients for evidence of bleeding
Chlorpromazine + Azithromycin D F Increase QT-prolongation effect Consider alternatives to this combination or monitor for QTc interval prolongation and arrhythmias
Diltiazem +Atorvastatin D F Diltiazem may increase the serum concentration of atorvastatin Administer lower doses of atorvastatin, monitor for signs of atorvastatin toxicity
Fluvoxamine + Heparin D F Agents with antiplatelet effects may enhance the anticoagulant effect of heparin Decrease the dose of heparin or antiplatelet agent
Lopinavir/Ritonavir + Apixaban D G P-glycoprotein and CYP3A4 inhibitors may increase the serum concentration of apixaban Administer 50% of the usual dose of apixaban
Lopinavir/Ritonavir + Colchicine D G P-glycoprotein and CYP3A4 inhibitors may increase the serum concentration of colchicine Reduce the daily dosage or dose frequency and monitor closely
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Drug combination S1 R2 Mechanism/Effect Recommendations

Lopinavir/Ritonavir + Diltiazem D G CYP3A4 inhibitors may increase the serum concentration of diltiazem Consider using an alternative or monitor for toxicity of calcium channel blockers, a 50% dose reduction may be required
Lopinavir/Ritonavir + Isosorbide Dinitrate D F CYP3A4 inhibitors may increase the serum concentration of isosorbide dinitrate Monitor for increased adverse effects of isosorbide dinitrate
Lopinavir/Ritonavir + Lidocaine D F CYP3A4 inhibitors may increase the serum concentration of lidocaine Monitor for increased adverse effects of lidocaine
Morphine + Clopidogrel D F Morphine may decrease the serum concentration of antiplatelet agents The clinical risk associated with this interaction has not been fully investigated, administration an alternative may be considered
Morphine + Fentanyl D F Increase CNS depressant effects Close monitoring for adverse effects
Midazolam + Morphine D F Increase CNS depressant effects Close monitoring for adverse effects
Rifampin + Clarithromycin D G CYP3A4 inducers may decrease the serum concentration of clarithromycin Consider an alternative antimicrobial therapy
Propofol + Morphine D F Increase CNS depressant effects Close monitoring for adverse effects
Rifampin + Pantoprazole D F CYP2C19 inducers may decrease the serum concentration pantoprazole Consider using an alternative or monitor for decreased effects of pantoprazole

1 Severity (S) was scaled as major (D) and contraindicated (X).

2 Reliability (R) was scaled as excellent (E), good (G), and fair (F).

3 Lopinavir/ritonavir is a strong inhibitor of CYP3A4.

4 Nonsteroidal anti-inflammatory drugs.
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