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Abstract
Background: Drugs that are used in COVID-19 infection, may interact with each other, as well as with the drugs for comor-
bidities, used concomitantly with COVID-19 treatment.
Objectives: It is quite important to calculate and present the patients’ exposure to clinically important potential drug-drug in-
teractions (pDDIs). We aimed to investigate the pDDIs and the burden of  polypharmacy in COVID-19.
Methods: The medical records of  126 consecutive inpatients with COVID-19 treatment were retrospectively analyzed. The 
Lexi-interact database was used to investigate pDDIs.
Results: According to the Lexi-interact database, 605 pDDIs were detected. Of  these pDDIs, 23 (3.8%) were A risk category 
interaction, 186 (30.7%) were B risk category interaction, 339 (56%) were C risk category interaction, 54 (8.9%) were D risk 
category interaction, and 3 (0.5%) were X risk category interaction. Sixty-five-point five percent of  pDDIs (n=396) were clini-
cally important pDDIs (C, D, and X categories), and 69 patients (54.8%) had at least one clinically important pDDIs. The most 
interacting drug was hydroxychloroquine (n=171, 28.3%). Hydroxychloroquine was also the most interacting drug in the C risk 
category (n=101, 29.8%) and had 19 pDDIs with metformin, 16 pDDIs with beta-blockers, 13 pDDIs with acetylsalicylic acid, 
and 10 pDDIs with insulin in the C risk category. Enoxaparin was the most interacting drug (n=25, 46.3%) in the D risk category 
and most of  them were with acetylsalicylic acid (n=12). The most common possible clinical manifestations of  pDDIs were QT 
prolongation, hypoglycemia, and hemorrhage. One hundred and eighteen patients (93.6%) used five or more drugs daily. There 
was a significant positive correlation between the number of  drugs prescribed to patients and the number of  clinically important 
pDDIs (r=0.80, p<0.001).
Conclusions: Clinically important pDDIs are common among COVID-19 patients and the majority of  pDDIs require moni-
toring of  therapy. COVID-19 patients should be closely observed for QT prolongation, hypoglycemia, and hemorrhage due to 
pDDIs during treatment.
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Introduction
In December 2019, a novel coronavirus was observed in 

the Wuhan city of  China that could be presented with 
pneumonia. After the identification and characterization 
of  this new coronavirus (severe acute respiratory syn-
drome coronavirus 2, SARS-CoV2), it resulted in a pan-
demic 1, 2. This SARS-CoV2 can enter host cells via a cell 
surface receptor called angiotensin-converting enzyme 2 
(ACE-2), which is expressed in various human organs. 
In addition, to be a cause of  pneumonia, SARS-CoV2 
can also damage other systems and organs, including the 
heart, liver, and kidneys 3. Although not all pathophysi-
ological mechanisms were understood, we know so far 
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that patients with comorbidity (hypertension, diabetes 
mellitus, cardiovascular disease, chronic obstructive pul-
monary disease, and chronic renal failure) and older age 
develop the more severe and mortal disease 4. Elderly pa-
tients are prone to coronavirus disease (COVID-19) and 
older people had the highest fatality rate since the begin-
ning of  the pandemic 5, 6. Also, polypharmacy is increased 
in the elderly due to multiple morbidities. For these rea-
sons, it is very important to manage elderly COVID-19 
patients properly, especially those with chronic accompa-
nying diseases and who use multiple medications.
Chloroquine, hydroxychloroquine (HCQ), lopinavir/
ritonavir, remdesivir, and favipiravir were used in the 
treatment of  COVID-19 7-10. The use of  chloroquine and 
HCQ have been ceased in this infection due to insuffi-
cient efficacy and potential risks. HCQ reduced neither 
mortality among hospitalized COVID-19 patients, nor 
the need or duration of  mechanical ventilation. Taking 
HCQ to treat COVID-19 may increase the risk of  heart 
rhythm problems, blood and lymph disorders, kidney in-
jury, and liver failure. Consequently, they have been re-
moved from the treatment algorithms. However, in some 
countries, their use was advised but restricted for suspect-
ed and symptomatic patients in the early phases of  the 
disease 9.
The burden of  the use of  plenty of  drugs and therefore 
potential drug-drug interactions (pDDIs) is a problem 
in COVID-19 patients. The prevalence of  pDDIs was 
found to be high in studies conducted with patients with 
COVID-19 11. pDDIs occur between medications used 
in the course of  COVID-19 infection and medications 
prescribed for the management of  underlying comor-
bidities. Comorbidities and polypharmacy were found 
as risk factors independently associated with pDDIs 
development. Among hospitalized COVID-19 patients, 
HCQ and lopinavir/ritonavir have been associated with 
potentially severe pDDIs 12. pDDIs increase the risk of  
serious adverse drug reactions such as QT-prolongation, 
retinopathy, increased risk of  infection, and hepatotoxic-
ity 13. These adverse drug reactions may contribute to an 
increase in the risk of  hospitalization, prolonged time to 
recovery, or death in extreme cases 14.
Clinically relevant pDDIs may be described as interfer-
ence by using two drugs at the same time, irrelevant of  
developing an adverse event 15. Several electronic databas-
es may be used as a tool for the evaluation of  potentially 
harmful pDDIs. In interactions that fall into risk category 
C when classified according to one of  these databases, 

the Lexi-Interact database, it is recommended that the 
treatment be closely monitored, even if  the benefit de-
rived from the combination of  the two interacting drugs 
is generally greater than the risk from the interaction. Ac-
cording to the literature, C risk category pDDIs are the 
most frequently observed interactions 16. In this study, we 
aimed to assess the prevalence of  pDDIs and determine 
the interacting drugs in hospitalized COVID-19 patients.

Materials And Methods
Study Population
One hundred and twenty-six patients between the ages 
of  26 and 87 who were hospitalized with the diagnosis of  
COVID-19 between April 2020 and June 2020, were in-
cluded in our single-center, retrospective, and cross-sec-
tional study. The study was carried out at the Kütahya 
Health Sciences University Hospital in Kütahya, Tur-
key. The diagnosis of  COVID-19 was made using the 
polymerase chain reaction test (Rotor-Gene Q, Qiagen, 
Hilden, Germany). Patients' demographic characteristics, 
comorbidities, medical prescriptions, and laboratory test 
results were recorded. The time window for therapy ad-
ministration was checked to assume the concomitant ad-
ministration. Polypharmacy has defined as the use of  at 
least five drugs daily 17.

Drug-drug Interactions
The presence of  pDDIs was identified by using the 
Lexi-Interact® database (Lexicomp Inc., Hudson, Ohio, 
USA) and categorized according to severity as A, B, C, D, 
and X risk categories. In the A risk category, data have 
not demonstrated either pharmacodynamic or pharma-
cokinetic interactions between the specified agents. In 
the B risk category, data demonstrate that the specified 
agents may interact with each other, but there is little to 
no evidence of  clinical concern resulting from their con-
comitant use. In the C risk category, data demonstrate 
that the specified agents may interact with each other in a 
clinically significant manner. The benefits of  concomitant 
use of  these two medications usually outweigh the risks. 
An appropriate monitoring plan should be implemented 
to identify potential negative effects. Dosage adjustments 
of  one or both agents may be needed in a minority of  
patients. In the D risk category, data demonstrate that the 
two medications may interact with each other in a clin-
ically significant manner. A patient-specific assessment 
must be conducted to determine whether the benefits of  
concomitant therapy outweigh the risks. Specific actions 
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must be taken to realize the benefits and/or minimize 
the toxicity resulting from the concomitant use of  the 
agents. These actions may include aggressive monitoring, 
empiric dosage changes, choosing alternative agents. In 
the X risk category, data demonstrate that the specified 
agents may interact with each other in a clinically signifi-
cant manner. The risks associated with the concomitant 
use of  these agents usually outweigh the benefits. These 
agents are generally considered contraindicated. A and B 
risk category pDDIs are clinically insignificant and need 
no actions. However, C, D, and X risk category pDDIs 
are considered clinically important and need further anal-
ysis. It is recommended to monitor therapy for pDDIs in 
the C risk category and to modify the regimen for pDDIs 
in the D risk category. For pDDIs in the X risk category, 
the combination should be avoided.
This retrospective study involving human participants 
was in accordance with the ethical standards of  the in-
stitutional and national research committee and with the 
1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. The Clinical Research Eth-
ics Committee of  the institution approved the study pro-
tocol (Date 26. June.2020/No. 2020/10-14).

Statistical analysis
Statistical analyses were performed by using SPSS for 
Windows version 16.0 (SPSS, Chicago, IL, USA). Kolm-
ogorov-Smirnov and Shapiro-Wilk tests are used for 
evaluating the normality of  distributions. The results 
with normal distribution were expressed as mean ± stan-

dard deviation, while data with non-normal distribution 
were expressed as median with interquartile range (25th 
75th percentiles) for continuous variables. Categorical 
variables were presented as a number with percentages. 
Correlation analysis was performed using Spearman’s 
correlation analysis. P<0.05 was considered statistically 
significant.

Results
One hundred and twenty-six patients with COVID-19 
infection were included in the study. Demographics, clin-
ical characteristics, and laboratory parameters of  the pa-
tients are presented in Table 1. The age of  the patients 
ranged from 26 to 87 years and the mean age was 58±13 
years. Sixty-two patients were female (49.2%); 37 patients 
(29.4%) were 65 years or older. Forty-nine of  the pa-
tients had hypertension (38.9%), 34 of  the patients had 
diabetes mellitus (27%), 15 of  the patients had hyper-
lipidemia (11.9%), 8 of  the patients had coronary artery 
disease (6.3%), and 8 of  the patients (6.3%) had chronic 
obstructive pulmonary disease. The clinical presentation 
of  COVID-19 was upper respiratory tract infection in 12 
(9.5%) patients, mild-moderate pneumonia in 99 (78.6%) 
patients, and severe pneumonia in 15 (11.9%) patients. 
The median length of  hospital stay was 10 (6-13) days. 
Eight of  the patients required intensive care treatment 
and the median length of  the intensive care unit stay was 
11 (7-13) days. While 122 of  the patients (96.8%) were 
discharged, 4 patients (3.2%) died of  respiratory failure 
due to COVID-19 pneumonia. All of  the deceased pa-
tients were over 65 years old.
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Table 1. Demographics, clinical characteristics, and laboratory parameters of the patients. 
  n = 126 
Age, years 58±13 
Female, n 62 (49.2%) 
Hypertension, n 49 (38.9%) 
Diabetes mellitus, n 34 (27%) 
Hyperlipidemia, n 15 (11.9%) 
Coronary artery disease 8 (6.3%) 
Chronic obstructive pulmonary disease 8 (6.3%) 
Smoking, n 9 (7.1%) 
Length of hospital stay, days 10 (6-13) 
Patients admitted to intensive care unit, n 8 (6.3%) 
Deceased patients, n 4 (3.2%) 
Number of medications, n 8 (6-11) 
Polypharmacy, n 118 (93.6%) 
Urea, mg/dL 32 (25-40) 
Creatinine, mg/dL 0.95 (0.81-1.09) 
Glomerular filtration rate, mL/min 81 (70-93) 
Aspartate transaminase, U/L 24 (19-35) 
Alanine transaminase, U/L 21 (13-31) 
C-reactive protein, mg/L 11.6 (4.4-38.3) 
D-dimer, ng/mL 467 (302-699) 

Normally distributed data are presented as mean ± standard deviation and non-normally 
distributed data are presented as median with interquartile ranges (25th-75th percentiles). Categorical 
variables were presented as the number of patients with percentage. 

 
In the evaluation in the terms of  polypharmacy, it was 
found that patients used 2 to 18 drugs daily. The median 
number of  drugs used by the patients was 8 (6-11). Two 
patients (1.6%) were taking 2 drugs, 6 patients (4.8%) 
were taking 3-4 drugs, and 118 patients (93.6%) were tak-
ing 5 or more drugs daily.
Drugs used in the COVID-19 treatment and the mean 
numbers of  clinically important pDDIs per drug are 
shown in Table 2. The most commonly used drug for an-
ti-viral therapy was HCQ (n=123, 97.6%), following the 
recommendations of  the COVID-19 treatment guidelines 
valid at the time the data belongs. HCQ was followed by 
oseltamivir (n=80, 63.5%) and favipiravir (n=44, 34.9%). 
One hundred and fifteen patients (91.3%) were using 
enoxaparin. A total of  605 pDDIs were identified. Of  
these pDDIs, 23 (3.8%) were A risk category interaction, 
186 (30.7%) were B risk category interaction, 339 (56%) 
were C risk category interaction, 54 (8.9%) were D risk 
category interaction, and 3 (0.5%) were X risk category 
interaction. The prevalence of  pDDIs in patients for A 
risk category was 18.3% (23 patients), for B risk catego-
ry was 69.8% (88 patients), for C risk category was 54% 
(68 patients), for D risk category was 27.8% (35 patients), 
and for X risk category was 2.4% (3 patients). Two hun-
dred and nine (34.5%) of  the pDDIs were in the A and B 

risk categories and clinically insignificant. Three hundred 
and ninety-six (65.5%) of  the pDDIs were clinically im-
portant pDDIs (categories C, D, and X), and 69 patients 
(54.8%) had at least one clinically important pDDIs. 
There was a significant positive correlation between the 
number of  drugs prescribed to patients and the number 
of  clinically important pDDIs (r=0.80, p<0.001). The 
mean number of  pDDIs per patient was 0.2 for A risk 
category pDDIs, 1.5 for B risk category pDDIs, 2.7 for C 
risk category pDDIs, 0.4 for D risk category pDDIs, 0.02 
for X risk category pDDIs, 3.1 for clinically important 
pDDIs, and 4.8 for all of  the pDDIs. The most common-
ly observed pDDIs in the B risk category was between 
HCQ and azithromycin (70 patients or 57.9%). HCQ was 
also the most interacting drug in the C risk category and 
101 pDDIs (29.8%) were observed. HCQ had 19 pD-
DIs with metformin, 16 pDDIs with beta-blockers, 13 
pDDIs with acetylsalicylic acid, 10 pDDIs with insulin, 
8 pDDIs with moxifloxacin, 7 pDDIs with gliclazide, 6 
pDDIs with escitalopram, 5 pDDIs with linagliptin, 4 
pDDIs with chlorpromazine, 3 pDDIs with dapaglifloz-
in and pioglitazone, and one with vildagliptin, acarbose, 
repaglinide, rasagiline, haloperidol, levofloxacin, and em-
pagliflozin in the C risk category. The most interacting 
drug in the D risk category was enoxaparin, and 25 pD-
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DIs (48.1%) were observed with enoxaparin. Enoxapa-
rin had 12 pDDIs with acetylsalicylic acid, 6 pDDIs wth 
escitalopram, 3 pDDIs with diclofenac, 2 pDDIs with 

clopidogrel, and one pDDIs with duloxetine and ticagre-
lor. Ipratropium bromide had 2 X risk category pDDIs 
with tiotropium bromide and one X risk category pDDIs 
with pheniramine.

Table 2. Drugs used in the COVID-19 treatment and the mean numbers of clinically 

important potential drug-drug interactions (C, D, and X categories) per drug. 

Drug Number of patients 
(n=126) 

Mean numbers of clinically 
important pDDIs per drug 

Hydroxychloroquine 123 (97.6%) 0.9 
Enoxaparin 115 (91.2%) 0.4 
Vitamin C 99 (78.6%) 0 
N-acetyl cysteine 87 (69%) 0 
Oseltamivir 80 (63.5%) <0.1 
Azithromycin 73 (57.9%) 0.4 
Favipiravir 44 (34.9%) <0.1 
Piperacillin/tazobactam 23 (18.3%) 0 
Meropenem 9 (7.1%) 0 
Lopinavir/ritonavir 1 (0.8%) 0 

pDDIs: potential drug-drug interactions. 

  
Clinically important interacting drugs and the number of  
interactions are shown in Table 3. The drug classes with 
the most interactions were anti-diabetic drugs (n=200), 
anti-infective drugs (n=196), and cardiovascular system 
drugs (n=139), respectively. Clinically important pDDIs 
were most observed with HCQ (n=110), metformin 
(n=54), gliclazide (n=48), enoxaparin (n=47), insulin 
(n=45), hydrochlorothiazide (n=40), and acetylsalicylic 
acid (n=40). Two clinically significant pDDIs were ob-

served with oseltamivir, the second most commonly used 
anti-viral drug in the study group, and only one with favi-
piravir, the third most commonly used anti-viral drug in 
the study group. Among the drugs used for COVID-19 
therapy, the drugs with the highest mean number of  clin-
ically important pDDIs per drug were HCQ (0.9), enox-
aparin (0.4), and azithromycin (0.4). Possible effects of  
certain pDDIs and the numbers of  patients exposed to 
certain pDDIs are shown in Table 4.
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Table 3:  C, D, or X risk group interacting drugs and number of interactions. 
Drug classes n Drugs and number of interactions 

Anti-diabetic drugs 200 

Metformin (n=54), Gliclazide (n=48), Insulin (n=45), 
Dapagliflozin (n=13), Linagliptin (n=11), Pioglitazone (n=7), 
Vildagliptin (n=7), Acarbose (n=4), Repaglinide (n=4), 
Empagliflozin (n=4), Sitagliptin (n=3) 

Anti-infective 
drugs 196 

Hydroxychloroquine (n=110), Azithromycin 
(n=31), Moxifloxacin (n=30), Levofloxacin (n=11), Linezolide 
(n=5), Fluconazole (n=4), Oseltamivir (n=2), Favipiravir (n=1), 
Tigecycline (n=1), Cefpodoxime (n=1) 

Cardiovascular 
system drugs 
  

139 

Hydrochlorothiazide (n=40), Ramipril (n=13), Perindopril (n=13), 
Furosemide (n=12), Metoprolol succinate (n=9), Candesartan 
(n=6), Amlodipine (n=5), Indapamide (n=5), Nebivolol (n=4), 
Spironolactone (n=4), Doxazosin (n=4), Trandolapril (n=3), 
Pentoxifylline (n=3), Olmesartan (n=3), Losartan (n=3), Verapamil 
(n=3), Diltiazem (n=3), Telmisartan (n=1), Propranolol (n=1), 
Bisoprolol (n=1), Carvedilol (n=1), Captopril (n=1), Lercanidipine 
(n=1) 

Anti-thrombotic 
drugs 71 Enoxaparin (n=47), Clopidogrel (n=12), Warfarin (n=6), 

Ticagrelor (n=4), Apixaban (n=2) 

Central nervous 
system drugs 69 

Escitalopram (n=28), Chlorpromazine (n=8), Pramipexole (n=7), 
Rasagiline (n=7), Quetiapine (n=6), Levodopa/benserazide (n=6), 
Haloperidol (n=3), Duloxetine (n=2), Pyridostigmine (n=1), 
Trazodone (n=1) 

Non-steroidal anti-
inflammatory drugs 57 Acetylsalicylic acid (n=40), Diclofenac (n=11), Dexketoprofen 

(n=6) 
Respiratory system 
drugs 23 Salbutamol (n=9), Formoterol (n=5), Ipratropium bromide (n=3), 

Tiotropium bromide (n=2), Theophylline (n=2), Salmeterol (n=2) 
Vitamins 
and minerals 15 Vitamin D (n=9), Calcium carbonate (n=5), Magnesium oxide 

(n=1) 
Gastrointestinal 
system drugs 5 Domperidone (n=2), Pantoprazole (n=1), Ranitidine (n=1), 

Metoclopramide (n=1) 

Others 17 

Alpha-lipoic acid (n=4), Atorvastatin (n=4), Tacrolimus 
(n=2), Colchicine (n=2), Mycophenolate 
mofetil (n=2), Pheniramine (n=1), Prednisolone (n=1), 
Methimazole (n=1) 

Total 792   
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Table 4: Possible effects of certain drug-drug interactions in the study population. 

Drug-drug interactions Risk 
Category Possible effects Number of 

patients 
Hydroxychloroquine-Azithromycin B QT prolongation 70 
Hydroxychloroquine-Beta blockers C QT prolongation 16 
Hydroxychloroquine-Moxifloxacin C QT prolongation 8 

Hydroxychloroquine-Escitalopram C QT prolongation/ 
Hypoglycemia 6 

Hydroxychloroquine-Metformin C Hypoglycemia 19 
Hydroxychloroquine-Acetylsalicylic 
acid C Hypoglycemia 13 

Hydroxychloroquine-Insulin C Hypoglycemia 10 
Hydroxychloroquine-Gliclazide C Hypoglycemia 7 
Enoxaparin-Acetylsalicylic acid D Hemorrhage 12 
Enoxaparin-Escitalopram D Hemorrhage 6 
Enoxaparin-Diclofenac D Hemorrhage 3 
Ipratropium bromide-Tiotropium 
bromide X Anticholinergic effect 2 

Ipratropium bromide-Pheniramine X Anticholinergic effect 1 

  Discussion
In this study, we evaluated the pDDIs in inpatients with 
a diagnosis of  COVID-19. The vast majority of  pDDIs 
observed in our study were clinically important pDDIs. 
Three contraindicated interactions (X risk category) that 
were very rare compared to other pDDIs categories were 
the concomitant use of  ipratropium bromide with tiotro-
pium bromide and pheniramine. These combinations 
should be avoided due to the increased risk of  the anti-
cholinergic effect. About three-quarters of  the patients 
had at least one clinically important pDDI.
COVID-19 is a disease that is evaluated in the serious 
disease category and requires the cooperation of  vari-
ous disciplines of  medicine in its treatment. Treatment 
of  COVID-19 consists of  multiple drug regimens and 
this makes a predisposition for pDDIs. Also, medica-
tions prescribed for the management of  comorbidities in 
COVID-19 patients contribute to pDDIs. pDDIs occur-
ring in the course of  anti-COVID-19 treatment could lead 
to adverse drug reactions, increasing the risk of  hospital-
ization, prolonged time to recovery, or death in extreme 
cases. In an analysis of  the first wave of  COVID-19 in 
Spain, the vast majority of  the real drug-drug interactions 
were associated with the most commonly used drugs, 
lopinavir/ritonavir and HCQ 11. Although HCQ was the 
most widely used drug in this analysis, the greatest num-
ber of  pDDIs were associated with lopinavir/ritonavir. 
In our analysis, lopinavir/ritonavir was used in only one 
patient and the greatest number of  pDDIs were observed 
with HCQ which was the most widely used anti-viral drug 
in this analysis. According to the results of  a meta-analy-

sis by Awortwe et al., pDDIs on the pharmacokinetic lev-
el were identified between the atazanavir and lopinavir/
ritonavir and some drugs, used in the treatment of  car-
diovascular diseases such as antiarrhythmics and anti-co-
agulants possibly affecting the clinical outcome because 
of  QT prolongation or hemorrhage 14.
HCQ, enoxaparin, and azithromycin were found to be 
the most interacting drugs in our analysis. The most com-
monly used antibiotic was azithromycin, which belongs 
to the macrolide family, and acts by binding to the 50S 
ribosomal subunit and inhibiting protein synthesis. Azi-
thromycin is also used for the prevention of  secondary 
bacterial infections and its immunomodulating action. 
Its immunomodulating effect comes from the ability to 
increase the secretion of  interferon beta and interferon 
lambda, and by decreasing moderately tumor necrosis 
factor-alpha (TNF-α) levels 18. It is a weak CYP3A4 in-
hibitor with little or no expected clinically significant in-
teractions.
The anti-viral mechanism of  HCQ is not commonly un-
derstood. It is thought to inhibit the replication of  en-
veloped viruses by blocking the pH-dependent entry of  
viruses into host cells or inhibiting glycosylation of  en-
velope proteins. It has also anti-inflammatory and immu-
nomodulating activity by regulating TNF-α, interferon, 
and other cytokine production 19. Fifty-seven-point nine 
percent of  patients were using HCQ concomitantly with 
azithromycin, and 42.1% were using HCQ alone. Azith-
romycin and HCQ both have the potential to prolong the 
QT interval 20. QT prolongation and cardiotoxicity close-
ly correlate with HCQ dose and duration 21. In particular, 
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concomitant use of  azithromycin and HCQ may lead to 
prolongation of  the QT interval, which may predispose to 
ventricular arrhythmias, and treatment discontinuation 22. 
Simultaneous beta-blocker therapy with HCQ has an in-
creased risk of  critical QT prolongation 23. Drug-induced 
bradycardia is the common mechanism for QT prolon-
gation following beta-blocker use 24. Concomitant use of  
chloroquine, HCQ, azithromycin, and lopinavir/ritonavir 
with antipsychotics is also associated with the risk of  QT 
prolongation 25. In our analysis, 17 clinically important 
pDDIs were observed with antipsychotic drugs. Escit-
alopram, a selective serotonin reuptake inhibitor, was the 
most commonly used drug among the drugs that act on 
the central nervous system in our analysis. HCQ-Escit-
alopram interaction may lead to prolongation of  the QT 
interval. The use of  quick and simple algorithms that 
might help clinicians in the management of  arrhythmic 
risk before and during treatment with the specific drugs 
used against SARS-CoV2 may be considered 26.

HCQ has favorable effects on glucose metabolism. HCQ 
improves both beta-cell function, adiponectin levels, and 
insulin sensitivity in non-diabetic individuals 27. Inflam-
mation normally affects insulin and glucose metabolism 
via cytokines such as TNF-α and Interleukin 6, and pre-
dispose to hyperglycemia. A study has shown that when 
HCQ was given to one group for anti-inflammatory treat-
ment in patients with rheumatoid arthritis and diabetes 
mellitus, and methotrexate was given to another group, 
the decrease in hemoglobin A1c was greater in the group 
receiving HCQ. This study suggests that HCQ reduces 
blood glucose through non-inflammatory mechanisms 28. 
On the other hand, it has also been shown that HCQ 
improves glycemic control in treatment-resistant diabetic 
patients 29. In diabetic COVID-19 patients, hypoglycemia 
may be observed with the use of  HCQ. In our analysis, 
clinically important pDDIs were most observed with 
anti-diabetic drugs. Patients taking HCQ concomitantly 
with metformin, acetylsalicylic acid, insulin, gliclazide, 
and escitalopram should be closely monitored for the risk 
of  hypoglycemia. To prevent hypoglycemia, it is import-
ant to adjust the dose of  anti-diabetic drugs when HCQ 
had been added to the therapy and blood glucose moni-
toring should be made closely in this group 28.
Among the anti-diabetic drugs, the drug with the high-
est number of  clinically important pDDIs observed was 
metformin, and the majority of  these pDDIs were with 
HCQ. Metformin is one of  the most commonly pre-

scribed drugs for diabetes mellitus. In severe COVID-19 
patients, the risk of  metabolic acidosis may increase due 
to metformin given in diabetes mellitus treatment. The 
study by Montastruc et al. was shown that metformin ad-
ministration with HCQ increased toxicity compared to 
HCQ administration alone in searches using the World 
Health Organization pharmacovigilance database, Vi-
gibase  30. If  sodium-glucose cotransporter-2 inhibi-
tors such as dapagliflozin and empagliflozin are used as 
an oral anti-diabetic treatment in diabetic patients with 
COVID-19, they may aggravate the disease due to vol-
ume reduction 31.

The most common drug that interacts among the D 
risk category was enoxaparin, and the drugs that enox-
aparin interacted most with were acetylsalicylic acid, es-
citalopram, and diclofenac. It is recommended to give 
low molecular weight heparin to all COVID-19 patients, 
including also not critically ill patients 32. Although ace-
tylsalicylic acid is not widely recommended in guidelines 
for the treatment of  COVID-19, it has been confirmed 
to have multiple levels of  anti-viral effects 33. It inhibits 
prostaglandin E2 in the macrophages, increases type 1 
interferon production, and therefore inhibits virus rep-
lication 34. Acetylsalicylic acid is not indicated for the 
treatment of  disseminated intravascular coagulation or 
other venous thromboembolic complications associat-
ed with severe COVID-19 and may increase the risk of  
bleeding in severely thrombocytopenic patients 35. One 
study recommends risk stratification based on troponin 
and D-dimer values in COVID-19 patients when adding 
prophylactic acetylsalicylic acid to anticoagulant therapy 
36. If  acetylsalicylic acid is to be added to enoxaparin in 
the treatment of  COVID-19, patients should be closely 
monitored for increased bleeding risk.  The same sug-
gestion applies to escitalopram, diclofenac, clopidogrel, 
duloxetine, and ticagrelor as well.
In a study conducted on over 600,000 elderly Swedish 
patients, a strong association was found between the 
number of  dispensed drugs and the probability of  type C 
and D pDDIs 37. A similar strong association between the 
number of  drugs prescribed to patients and the number 
of  clinically important pDDIs was found in our analysis 
results. In our study group, almost all of  the patients were 
using five or more drugs daily. We consider that the high 
number of  drugs prescribed to patients was the main rea-
son for the high number of  pDDIs. The increased num-
ber of  dispensed drugs due to comorbidities may increase 
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the severity and mortality of  COVID-19 in affected pa-
tients by causing pDDIs 14. To avoid pDDIs during the 
treatment of  COVID-19, reducing the number of  drugs 
prescribed, dose adjustment of  drugs predisposed to pD-
DIs, or using alternative drugs for the management of  
related comorbidities can be considered.

Conclusion
The prevalence of  COVID-19 patients having pDDIs 
was found to be high and is closely related to polyphar-
macy. The most prevalent pDDIs were C risk category in-
teractions that need monitoring of  therapy. HCQ was the 
most commonly used and most interacting drug. Favip-
iravir and oseltamivir were safer than HCQ in terms of  
clinically important pDDIs. COVID-19 patients should 
be closely observed for QT prolongation, hypoglycemia, 
and hemorrhage due to pDDIs during COVID-19 thera-
py. In particular, anti-diabetic drugs, anti-infective drugs, 
and drugs acting on the cardiovascular system should be 
used carefully during the COVID-19 therapy in terms of  
clinically important pDDIs.
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