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Introduction

A high rate of polypharmacy is expected in COVID-19 
patients as the result of the treatments of existing aging-
related chronic disease conditions and the medications tested 
for SARS-CoV-2 infection [1]. Furthermore, patients hospi-
talized for COVID-19 may receive other drugs for the treat-
ment of specific symptoms, further aggravating their overall 
pharmacological burden and the risk for potential drug–drug 
interactions (DDIs). Taken together, these evidences put 
COVID-19 patients at extremely high risk for experienc-
ing potentially severe DDIs during hospital stay. We have 
recently demonstrated that, during the first pandemic wave, 
more than 60% of patients with COVID-19 were exposed 
to at least one potential DDI, and the proportion of patients 
experiencing a potentially severe DDI increased significantly 
from 20% at admission to 80% during hospitalization [2].

During the second COVID-19 outbreak, occurring in Italy 
in the last months of 2020, corticosteroids were widely used 
in the management of patients affected by severe acute res-
piratory distress syndrome caused by SARS-CoV-2 infection 
[3, 4]. Beyond the potential risk of adrenal insufficiency, the 
use of corticosteroids in the context of hospitalized COVID-
19 patients has been a matter of active debate mainly for the 

risk of DDIs with concomitant treatments [3, 4]. In fact, 
corticosteroids are inducers of liver enzymes involved in 
the metabolism of several drugs [4]. In this report, we aim 
to assess the risk of corticosteroid-related potential DDIs in 
COVID-19 patients hospitalized at the ASST Fatebenefra-
telli-Sacco University Hospital during the second pandemic 
wave.

Materials and methods

We searched the database of the Department of Infectious 
Diseases of Luigi Sacco Hospital (Milan, Italy) for patients 
with a proven diagnosis of SARS-CoV-2 infection (a throat 
swab positive for viral nucleic acid) hospitalized between 
September 30, 2020 and December 31, 2020, treated with 
at least two drugs and with available information concern-
ing pharmacological treatments during hospitalization. The 
risk of potential DDIs was assessed using INTERcheck, a 
Computerized Prescription Support System which classi-
fies them according to their clinical relevance as follows: 
class D (contraindicated: drug combinations that should be 
avoided); class C (major: drug combinations requiring close 
monitoring for potentially serious clinical consequences, 
such as severe adverse effects or lack of clinical efficacy); 
class B (moderate: drug combinations requiring dose adjust-
ment and/or drug concentration monitoring); class A (minor: 
drug combinations with no known clinical relevance) [2]. 
Potentially severe DDIs were defined as the sum of class D 
and class C.

The study was approved by our hospital’s Ethics Com-
mittee (Comitato Etico Interaziendale Area (1). The fre-
quency distribution data are expressed as absolute numbers 
and percentages, and all of the other measures as mean val-
ues ± standard deviation.

 * C. Gervasoni 
 cristina.gervasoni@asst-fbf-sacco.it

1 Gestione Ambulatoriale Politerapie (GAP) Outpatient Clinic, 
ASST Fatebenefratelli-Sacco University Hospital, Milan, 
Italy

2 Unit of Clinical Pharmacology, ASST Fatebenefratelli-Sacco 
University Hospital, Milan, Italy

3 Istituto Di Ricerche Farmacologiche Mario Negri IRCCS, 
Milan, Italy

4 Department of Infectious Diseases, ASST 
Fatebenefratelli-Sacco University Hospital, Via GB Grassi 
74, 20157 Milano, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s40618-021-01604-6&domain=pdf


2850 Journal of Endocrinological Investigation (2021) 44:2849–2851

1 3

Results

Six-hundred-and-twenty-eight COVID-19 patients fulfilling 
the inclusion criteria were identified. Male gender predomi-
nated (64%) and the mean age was 67 ± 16 years. During 
hospitalization, they received a mean of 7.0 ± 4.1 drugs. 
Overall, 72% of the enrolled patients were exposed to at 
least one potential DDI, 48% of which were classified as 
potentially severe.

Seventy-five percent of the patients (n = 471) were treated 
with a corticosteroid, mainly dexamethasone (87%), pred-
nisone (4%), beclomethasone (3%) or methylprednisolone 
(2%). Potential DDIs with concomitant therapies (n = 781) 
were found in 345 out of the 471 patients (73%) on corticos-
teroids. No class D DDIs were recorded. Conversely, 25 and 
756 class C and class B potential DDIs involving corticos-
teroids were, respectively, identified. As shown in Table 1, 
class C DDIs were mainly driven by caspofungin (60%) and 
voriconazole (24%), increasing the risk of reduced antifun-
gal exposure and drug efficacy according to available litera-
ture [5, 6].

The interacting agents involved in class B potential DDIs 
were more largely distributed (Table 2), eventually resulting 
in reduced exposure and efficacy of antihypertensive agents 
(35%), hypokalemia (18%), bleeding (17%) and impaired 
activity of the antiviral remdesivir (13%) or hypoglycemic 
agents (11%). Concomitant administration of corticosteroids 
and the antibiotic drug class of fluoroquinolones resulted in 
increased risk of tendon rupture in 2% of patients. Detailed 
information on the DDIs involving corticosteroids (mecha-
nisms, level of evidences, etc.) can be found in the INTER-
check website after free registration (https:// inter check web. 
mario negri. it/).

Discussion

This study first confirms that, also during the second 
SARS-CoV-2 outbreak, hospitalized COVID-19 patients 
were potentially exposed to clinically relevant DDIs, with 
severe DDIs being identified in nearly 50% of patients [2]. 
Moreover, we extended previous findings by documenting 

that corticosteroids, prescribed in the majority of patients 
during the second pandemic wave, had only a marginal 
effect on the risk of DDIs. In fact, the use of these drugs 
did not result in contraindicated drug combinations, with 
major DDIs being identified only in 5% of treated patients. 
Considering that the inductive effect of corticosteroids on 
cytochromial enzymes is time- and dose-dependent, the 
clinical impact of these DDIs might be limited in COVID-
19 patients treated with 6 mg of dexamethasone for 10 days 
in most cases. This may be a reassuring message for both 
patients and attending physicians, confirming the safe use 
of corticosteroids in the setting of COVID-19, at least for 
the risk of major DDIs. Nevertheless, we believe that it is 

Table 1  Potential class C drug–
drug interactions (n = 25) in 
hospitalized COVID-19 patients 
treated with corticosteroids 
(n = 471)

Potential adverse event Interacting agent N (%)

Reduction of the exposure and efficacy of caspofungin Caspofungin 15 (60)
Reduction of the exposure and efficacy of voriconazole Voriconazole 6 (24)
Increased risk of infections Adalimumab 1 (4)
Increased risk of gastrointestinal adverse effects Deferasirox 1 (4)
Reduction of exposure to efavirenz and/or corticosteroids Efavirenz 1 (4)
Increased risk of gastrointestinal adverse effects Ketorolac 1 (4)

Table 2  Potential class B drug–drug interactions (n = 756) in hospi-
talized COVID-19 patients treated with corticosteroids (n = 471)

Potential adverse event/interacting agents N (%)

Antagonism of the action of antihypertensive drugs 267 (35%)
 Beta-blockers 110
 ACE inhibitors 82
 Angiotensin II receptor antagonists 50
 Alpha 1 blockers 15
 Calcium channel blockers 7
 Diuretics 3

Hypokalemia (lethargy, asthenia, arrhythmias) 139 (18%)
 Diuretics 105
 Beta agonists 34

Bleeding 130 (17%)
 Acetylsalicylic acid 116
 Vitamin K inhibitors 14

Reduced exposure and efficacy of remdesivir 97 (13%)
Reduced exposure and efficacy of hypoglycemic agents 81 (11%)
 Metformin 65
 Glinides 9
 Incretin mimetics 7

Increased risk of tendon rupture 15 (2%)
 Fluoroquinolones 15

Others 27 (4%)
 Quetiapine 16
 Antiepileptic drugs 6
 Others 5
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equally important to acknowledge that the addition of cor-
ticosteroids to background therapies resulted in a dramatic 
increase in the number of DDIs classified as moderate (drug 
combinations requiring dose adjustments and/or drug con-
centrations monitoring).

The need for physicians to remain vigilant for the poten-
tial DDIs involving corticosteroids is reinforced by recent 
evidences showing that the disposition of some drugs is sig-
nificantly altered by the presence of SARS-CoV-2-related 
pro-inflammatory state which reduced the activity of meta-
bolic enzymes [7, 8]. Accordingly, it cannot be excluded that 
DDIs predicted to be moderate in SARS-CoV-2-uninfected 
patients might eventually become clinically relevant in 
some phases of the COVID-19 disease. Indeed, during the 
active phase of SARS-CoV-2 infection, pro-inflammatory 
cytokines are likely to downregulate the activity of liver 
enzymes, eventually counterbalancing the well-known 
inductive effect of corticosteroids on drug metabolism [9]. 
However, when the inflammatory phase ends, corticoster-
oid-related DDIs may be revealed, raising potential clinical 
challenges. These events should be carefully considered and 
properly handled by physicians involved in the management 
of COVID-19, from admission of patients to the hospital to 
their discharge.
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