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ABSTRACT

Objectives To evaluate the potential association
between chronic exposure to medication and death
related to COVID-19.

Methods This is a retrospective cross-sectional study
that included all patients hospitalised due to COVID-19
from 11 March to 4 June 2020 in our centre. Chronic
patient medication was classified by the Anatomical
Therapeutic Chemical (ATC) classification; demographic
and clinical data were analysed. Multivariate logistic
regression models were used to estimate the adjusted
odds ratios (aOR) of death for each drug exposure;

each aOR represents an independent model adjusted by
clinical factors related to COVID-19 mortality.

Results The study included 978 patients with a mean
(SD) age of 64.5 (17.7) years who were predominantly
male (531, 54.3%). Of all 978 patients, 182 (18.61%)
died during the follow-up of the study. The most
common Charlson Comorbidity Index (CCl) was 0,

4.2% were smokers, 16.7% were obese, 47.4% had
hypertension, and 19.4% were diabetic. Most patients
(70.8%) were prescribed at least one treatment, 32.5%
used >5 treatments, and 8.6% >10. Our data suggest
that COVID-19 hospitalised patients taking trimethoprim
and analogues, leukotriene receptor antagonists,
calcineurin inhibitors, aldosterone antagonists, selective
immunosuppressants, propulsives, insulins and
analogues, and benzodiazepine derivatives have a higher
risk of death.

Conclusions This study investigated the association
between chronic exposure to drugs and the risk of death
in COVID-19 patients. Our results have shed some light
on the impact of chronic drug exposure on the risk of
severe COVID-19; however, further research is needed to
increase the understanding about its relevance.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a poten-
tially fatal disease caused by the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2).
The estimated mortality of diagnosed cases with
COVID-19 ranges from 2.3-15.2%, depending
on patient population, diagnostic strategies and,
probably, additional poorly characterised factors.'
Several studies have reported that clinical condi-
tions such as hypertension, cardiovascular disease,
cerebrovascular disease, diabetes and chronic
kidney disease are associated with a higher risk
for severe complications and death in the case of
COVID-19.?

* Maria Queralt Gorgas,’

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The global pandemic of COVID-19 requires the
identification of possible clinical predisposing or
protective factors.

= It has been reported that male sex and older
age, among other factors, are associated with a
worse prognosis. However, data regarding drugs
indicated for other diseases as being potentially
beneficial or harmful are scarce.

WHAT THIS STUDY ADDS

= The present study widely investigates the
association between drugs and the risk of
severe COVID-19, increasing the understanding
of their association.

= COVID-19 hospitalised patients previously using
insulins and analogues, leukotriene receptor
antagonists and calcineurin inhibitors, among
other treatments, had significantly higher odds
of death than patients not taking those drugs.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our results have shed some light regarding the
impact of chronic treatments on COVID-19,
even if the evidence is not strong enough to
advise against the use of any groups of drugs.

= Further research is needed in order to increase
understanding about the impact of chronic drug
exposure on the risk of severe COVID-19.

The use of certain chronic medications has
also been suggested as a risk factor influencing
COVID-19 prognosis. Initial concerns related anti-
hypertensive medication with poor COVID-19
outcome; however, those fears were rapidly
disproved.’ * There is accumulating data suggesting
that antidiabetic oral drugs, such as sodium-glucose
cotransporter-2 inhibitors (SGLT2i) and metformin,
act as protective factors in the case of SARS-CoV-2
infection.” ® The impact of immunomodulation
therapies on COVID-19 disease remains controver-
sial. On the one hand, they may impair the natural
immune response against the virus,” ® and on the
other hand, immunosuppressants could minimise
immune system over-activation; in fact, dexameth-
asone, tocilizumab and anakinra have been used to
control exacerbated immune responses to COVID-
19.7" Finally, anticoagulant therapy appears to
be associated with a better prognosis and lower
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mortality in patients meeting sepsis-induced coagulopathy
criteria or with notably elevated D-dimer.'*'8

Given the uncertainties, the current research aims to analyse
the potential effect of chronic treatments on clinical outcomes of
hospitalised patients with COVID-19.

METHODS

Study setting and COVID-19 pharmacological treatment

We conducted a retrospective cross-sectional study analysing
patients with SARS-CoV-2 infection. This cohort included
978 patients who were admitted to the emergency department
because of COVID-19 from 11 March to 4 June 2020 in the
Vall d"Hebron University Hospital, which is located in northern
Barcelona; it provides care for >430000 people and has an
emergency department with 71 beds. Patients with mild SARS-
CoV-2 infection were discharged following the home care insti-
tutional protocol. Hospitalised patients with moderate-severe
COVID-19 were treated according to the hospital’s clinical
protocol available at the time of hospitalisation. During hospi-
talisation, maintaining usual medication for chronic diseases was
at the discretion of the treating physicians.

Ethical consideration

The Institutional Review Board provided ethical clearance for
this study (reference number: PR (AG) 240/2020). Patients were
asked for an oral consent. If patients were unable to give oral
consent, the Institutional Review Board granted a waiver of
informed consent. The study was carried out in accordance with
the Declaration of Helsinki of the World Medical Association as
established in the 18th General Assembly and its modifications."
The Organic Law 3/2018, of 5§ December, on the Protection of
Personal Data and Guarantee of Digital Rights was applied.

Microbiological diagnosis

Laboratory-confirmed COVID-19 was defined as a positive
SARS-CoV-2 polymerase-chain-reaction (PCR) result from any
respiratory sample (nasopharyngeal swab, sputum, bronchoal-
veolar lavage or aspirate or tracheal aspirate). The commercial
Allplex 2019-nCoV multiplex real-time PCR assay (Seegene,
South Korea) was used for the detection of three target genes
of SARS-CoV-2 (E and N genes and RNA-dependent RNA
polymerase).

Data collection and outcomes

Data were collected from the time of COVID-19 diagnosis until
an outcome (death, discharge or hospitalised after 28 days of
hospitalisation) was reached. We obtained patients’ sociode-
mographic characteristics, epidemiological history, comorbidi-
ties and chronic medications from electronic medical records.
Information about therapy during hospitalisation and tests on
respiratory samples and supportive measures needed was also
collected. Blood test results, vital signs, symptoms and physical
examination were evaluated on admission and weekly during
hospitalisation. We used Research Electronic Data Capture soft-
ware (REDCap, Vanderbilt University) for data recording. Three
investigators independently reviewed all the collected data.

Definition of study variables and outcomes

Age and gender were collected at the time of hospitalisation.
Smoking status was self-reported and stratified into active
smokers, ex-smokers and no smokers. Previous medical condi-
tions were recorded from the electronic medical record system.
The age-adjusted Charlson Comorbidity Index (CCI* was

calculated. The main outcome was in-hospital death due to
COVID-19.

Drug exposure
Chronic medication was defined as drugs taken for at least a
3-month period before admission. Information about chronic
treatments was obtained from the Integrated Electronic prescrip-
tion System (SIRE), a drug management programme that coordi-
nates drug prescription and dispensing within the Catalan Public
Healthcare System. Chronic treatments were analysed according
to the Anatomical Therapeutic Chemical (ATC) classification
system.”!

In case <10 people used any drug from an ATC group it was
excluded from analysis.

Statistical analysis

Descriptive statistics are expressed as median and range or
mean and SD for continuous variables and absolute number and
percentage for categorical variables. We evaluated the differ-
ences in the mean age of those patients who died using the
Mann-Whitney U test. For the remaining variables we assessed
the differences in the proportion of patients who died using the
x> test. Multivariate logistic regression models were used to esti-
mate the adjusted odds ratio (aOR) and 95% confidence interval
(95% CI) of death for each drug exposure. Each aOR represents
an independent model adjusted by age, gender, CCI, arterial
hypertension, smoking status, diabetes and obesity. We repre-
sented the different aOR for every drug exposure using forest
plots. Since there were a high number of drug categories, we
stratified the results by statistical significance. All analyses were
performed using the statistical software R version 4.0.3 (Devel-
opment Core Team, 2014).

RESULTS

Baseline characteristics of patients

At the end of the follow-up, 978 patients had been diagnosed
with confirmed COVID-19 and admitted to the hospital. Table 1
shows baseline demographic and clinical characteristics of all
patients during the time of the study.

The patients’ mean (SD) age was 64.5 (17.7) years and they
were predominantly male (531 (54.3%)). The most common
CCI was 0, and 58.2% of the patients had no or mild comor-
bidity (CCI 0, 1 and 2). The percentage of smokers was 4.2%,
16.7% of patients were obese, 47.4% had hypertension and
19.4% were diabetic. Regarding chronic treatments, 70.8% of
patients included in the study used at least one chronic medi-
cation before hospital admission, 32.5% used >5 drugs and
8.6% >10. Of the 978 patients, 182 (18.6%) died during the
follow-up of the study. Non-survivors were significantly older
than survivors (mean (SD) age 78.2 (10.5) vs 61.4 (17.6) years,
p<0.001). The proportion of non-survivors among male patients
was significantly higher than among females (111 (20.9%) vs 71
(15.9%), p=0.044). The proportion of non-survivors increased
significantly as the CCI increased (p<0.001). There were higher
proportions of non-survivors among ex-smokers (65 (29.4%))
and active smokers (9 (22.0%)) than among no smokers (108
(15.3%)). No differences were found in patients with obesity
(p=0.462). The proportion of non-survivors was also higher in
patients with arterial hypertension (136 (29.3%) vs 46 (8.9%),
p<0.001) and in diabetic patients (52 (27.4%) vs 130 (16.5%),
p<0.001). There was a higher proportion of non-survivors as
the number of drugs chronically used by patients increased,
ranging from 17 (5.9%) non-survivors in the group of patients
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Table 1 Baseline demographic and clinical characteristics of patients
Total Death
N (978) No (796) N (%) Yes (182) N (%) P value*
Age (mean) 64.5 61.4 78.2 <0.001
Gender
Male 531 420 (79.1%) 111 (20.9%) 0.044
Female 447 376 (84.1%) 71 (15.9%)
Charlson Comorbidity Index
0 181 180 (99.4%) 1(0.6%) <0.001
1 137 136 (99.3%) 1(0.7%)
2 121 113 (93.4%) 8 (6.6%)
3 130 103 (79.2%) 27 (20.8%)
4 114 86 (75.4%) 28 (24.6%)
5 96 68 (70.8%) 28 (29.2%)
6 76 45 (59.2%) 31 (40.8%)
7 41 24 (58.5%) 17 (41.5%)
8 30 17 (56.7%) 13 (43.3%)
9 18 8 (44.4%) 10 (55.6%)
10 14 9 (64.3%) 5 (35.7%)
>10 20 7 (35.0%) 13 (65.0%)
Smoking status
Active 41 32 (78.0%) 9 (22.0%) <0.001
Ex 221 156 (70.6%) 65 (29.4%)
No 704 608 (86.4%) 108 (15.3%)
Obesity
No 815 660 (81.0%) 155 (19.0%) 0.462
Yes 163 136 (83.4%) 27 (16.6%)
Arterial hypertension
No 514 468 (91.1%) 46 (8.9%) <0.001
Yes 464 328 (70.7%) 136 (29.3%)
Diabetes
No 788 658 (83.5%) 130 (16.5%) 0.001
Yes 190 138 (72.6%) 52 (27.4%)
Number of chronic treatments
0 286 269 (94.1%) 17 (5.9%) <0.001
1 92 86 (93.5%) 6 (6.5%)
2 77 72 (93.5%) 5 (6.5%)
3 78 63 (80.8%) 15 (19.2%)
4 61 47 (77.0%) 14 (23.0%)
5 66 53 (80.3%) 13 (19.7%)
6 51 38 (74.5%) 13 (25.5%)
7 51 35 (68.6%) 16 (31.4%)
8 56 40 (71.4%) 16 (28.6%)
9 44 21 (47.7%) 23 (52.3%)
10 32 21 (65.6%) 11 (34.4%)
>10 84 51 (60.7%) 33 (39.3%)
Intensive care unit admission 132 109 (82.6%) 23 (17.4%) 0.707
Drugs (ATC) Exposed

No. of patients who died/total No. (%)

Trimethoprim and derivatives (JO1EA)
Leukotriene receptor antagonists (RO3DC)
Calcineurin inhibitors (LO4AD)
Aldosterone antagonists (CO3DA)
Selective immunosuppressants (L0O4AA)
Propulsives (AO3FA)

Insulines and analogues (A10A-)

The figure is based on separate logistic regression models.

Not exposed

12/24 (50.0%) 170/954 (17.8%) 5.15 (1.89 - 14.02)
8/17 (47.1%) 174/961 (18.1%) 4.77 (1.61 - 14.14)
14/38 (36.8%) 168/940 (17.9%) 3.65 (1.58 - 8.41)
7/15 (46.7%) 175/963 (18.2%) 3.13 (1.05-9.35)
14/41 (34.1%) 168/937 (17.9%) 2.99 (1.31-6.78)
8/20 (40.0%) 174/958 (18.2%) 2.79 (1.01-7.69)
24/60 (40.0%) 158/918 (17.2%) 2.40 (1.18 - 4.89)
Benzodiazepine derivatives (antiepileptics) (NO3AE) 43/125 (34.4%) 139/853 (16.3%) 2.05(1.27 - 3.31)

not exposed to any drug to 33 (39.3%) in those exposed to >10
drugs (p<0.001). Risk of death was not statistically different
between patients admitted to the intense care unit or not (18.8%
vs 17.4%, p=0.707).

Chronic drug exposure and COVID-19 related mortality

The median number of chronic drugs used by patients was 3
(range 0-18); 286 (29.29%) patients did not have any active
prescription at the time of hospital admission and 318 (32.5%)
patients were taking >10 drugs.

As shown in figure 1, we found statistically significant higher
odds of death due to COVID-19 in those patients who had been
exposed to trimethoprim and derivatives (aOR 5.15, 95%CI
1.89 to 14.02), leukotriene receptor antagonists (aOR 4.77,
95% CI 1.61 to 14.14), calcineurin inhibitors (aOR 3.65, 95% CI
1.58 to 8.41), aldosterone antagonists (aOR 3.13, 95%CI 1.05
to 9.35), selective immunosuppressants (aOR 2.99, 95% CI 1.31
to 6.78), propulsives (aOR 2.79, 95% CI 1.01 to 7.69), insulins
and analogues (aOR 2.40, 95% CI 1.18 to 4.89) and benzodiaze-
pine derivatives (antiepileptics) (aOR 2.05,95% CI 1.27 to0 3.31)
in comparison with patients who did not use these treatments.

Other ATC groups showed a tendency towards either higher
or lower risk of death due to COVID-19, but they were not
statistically significant (online supplemental figure 1).

DISCUSSION

The global pandemic caused by SARS-CoV-2 requires the iden-
tification of factors that influence the severity of COVID-19.
The literature describes different pharmacology groups that
could alter the prognosis of SARS-CoV-2 infection. The present
study examines the association between the chronic use of drugs
and death in COVID-19 hospitalised patients. We found that
COVID-19 hospitalised patients previously using trimethoprim
and derivatives, leukotriene receptor antagonists, aldosterone
antagonists, propulsives, insulins and analogues, selective immu-
nosuppressants, calcineurin inhibitors and benzodiazepine deriv-
atives (antiepileptics) had potentially higher odds of death than
other patients.

In our study, adjustments by age, gender, CCI, arterial
hypertension, smoking status, diabetes and obesity were made
because these factors have been identified as strong predictors
of mortality in people with SARS-CoV-2 infection.”** We
have found that the mortality rate was 18.6%, which is consis-
tent with other studies performed in COVID-19 hospitalised
patients. The study of Roso-Llorach ef al found that the highest
30-day mortality rate was reported during the first wave (17%)
and decreased afterwards, remaining stable at 13% in the second
and third waves (overall 30% reduction).

aOR (95%Cl)

05 10 20 50 100 200

All models are adjusted for age, gender, Charison comorbidty index, arterial hyperthension, diabetes, smoking status and obesity.

Figure 1

Adjusted odds ratios (aOR) of COVID-19 mortality by previous exposure to chronic treatments (significant results).
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Regarding the association of drugs and death, the use of
the combination of trimethoprim and derivatives is related to
a higher incidence of death due to COVID-19. Since this drug
is most commonly used as prophylactic treatment for Pneumo-
cystis jirovecii in patients with an impaired immune system due
to oncohaematologic diseases,”” HIV*® or organ transplanta-
tion,”” we suggest that the increased mortality might be related
to the immunosuppression status.

We have also found that the use of leukotriene receptor antag-
onists, which includes montelukast, was related to a higher
mortality rate. Montelukast reduces inflammation and leads to
smooth muscle relaxation in the small airways, and has been
suggested as a treatment for COVID-19.>°%! The use of montelu-
kast by patients with severe asthma could explain its relationship
within higher COVID-19 mortality; however, the relationship
between asthma and severe COVID-19 remains uncertain.** 3

Aldosterone antagonists have been identified as risk factors of
death due to COVID-19. However, some authors have hypoth-
esised that spironolactone could have a protective effect against
COVID-19.%* % A greater use of these treatments among poly-
medicated patients with cardiovascular diseases,’® which have
been related to a worse prognosis in COVID-19 infection,’”
could have impacted our results.

Selective immunosuppressants and calcineurin inhibitors were
related to increased risk of death. Some studies have suggested
that serum concentrations of pro-inflammatory cytokines are
associated with COVID-19 severity, so it could be expected that
immunosuppressive drugs could act as a protective factor for
severe disease.”® Nevertheless, it is well known that these drugs
increase the risk of severe infections® and involve faster infec-
tion disease progression. During the early viral replication phase,
immunosuppression therapy may lead to higher viral load peak,
higher direct tissue damage and cytokine storm release. Conse-
quently, immunosuppressant therapy (associated with comor-
bidities) could impair the immune system’s ability to fight the
virus and involve a worse prognosis of COVID-19 in transplant
recipients? ** ** and patients with autoimmune diseases,*'™ as
has been reported by others.***

The positive correlation found between propulsives and poor
prognosis may be attributable to various unknown facts. Propul-
sive drugs are widely used in oncology patients*®*” and palliative
care.”® In this group of fragile patients, a higher mortality after
COVID-19 is to be expected.”’

Insulins and analogues constitute a therapeutic regimen for
diabetes mellitus, a chronic and low-grade inflammatory disease.
Yu et al’® conducted a retrospective study analysing hospitalised
diabetic patients with COVID-19 and found that insulin was
related to higher mortality, as we have observed. Authors have
suggested that insulin may have a deleterious effect by increasing
the pro-inflammatory cytokine levels and lung inflammation,
as has been proven by several in vitro, in vivo and clinical
studies.’! *2

Benzodiazepine derivatives (antiepileptics) were related to
a higher risk of death. Asaadi-Pooya et al*® and other authors
have stated that it is highly likely that some patients with severe
COVID-19 have central nervous system involvement and neuro-
logical manifestations. >*~°

We did not identify any ATC group related to a lower risk
of death, even if other antihistamines for systemic use and
B-blocking agents, non-selective among others, showed a
tendency towards having a protective effect, as shown in online
supplemental figure 1. These ATC groups might have a protec-
tive effect that could not be identified as statistically significant
in our study due to the limited sample and/or confounders effect.

The pathogenesis of distress syndrome in the clinical context
of COVID-19 may be related to the direct effect of SARS-CoV-2
on alveolar epithelial cells and to the indirect effects of infection-
related hypoxia, severe inflammatory response and microvas-
cular pulmonary thrombosis.”” Given that the thrombogenic
features of COVID-19 potentially cause a progressive disease
course, anticoagulation may protect against severe COVID-19;
however, evidence regarding the potential beneficial effect of
anticoagulants is controversial. In a retrospective cohort study
including severely ill COVID-19 patients, a decrease in 28 day-
mortality was observed in heparin users versus non-users in
specific subgroups of patients.'* Our results did not show any
beneficial effect of anticoagulants in COVID-19 patients, as has
been found in other retrospective studies.’” ™’

It has been hypothesised that drugs that act on the renin-
angiotensin-aldosterone system (RAAS), such as angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin Il receptor
blockers (ARBs), may affect the susceptibility to and severity of
COVID-19.2 4% However, currently available results show that
the use of ACEIs or ARBs are not associated with an increased
risk of severity of COVID-19,’* as the results of our study show.
Other studies analysing our population, conducted in Spain®*
and specifically in Catalonia,®® as well as other European coun-
tries,** agree with our findings.

Finally, glucocorticoids for systemic use have been associated
with better outcomes when administered to patients with severe
COVID-19"; specifically, the RECOVERY trial has shown that
corticoid administration leads to lower mortality in patients
requiring oxygen support or mechanical ventilation.®® However,
chronic exposure to glucocorticoids was associated with higher
odds of hospitalisation in patients with inflammatory bowel
disease,’® and rheumatic and musculoskeletal diseases.” We
have found that there was a tendency towards higher risk of
death in patients who were chronically exposed to corticoids,
and we hypothesise that the time of administration plays a key
role in corticosteroids effect: chronic use of systemic cortico-
steroids may worsen COVID-19 prognosis by suppressing the
immune response and allowing virus replication, whereas corti-
coid use in the hyperinflammation phase of COVID-19 disease
may prevent multiple organ failure and acute respiratory distress
syndrome.®® ¢

We found that the mortality rate was 18.6%, which is consis-
tent with other studies performed in COVID-19 hospitalised
patients. The study of Roso-Llorach et al found that the highest
30-day mortality rate was reported during the first wave (17%)
and decreased afterwards, remaining stable at 13% in the second
and third waves (overall 30% reduction).”®

Our study has some limitations that might reduce our ability
to establish a causal relationship between chronic drug expo-
sure and severe COVID-19, and should be considered when
interpreting the results. First, there are biases on exposure; for
example, we only analysed the impact of ATC groups that were
used by >10 patients because we considered that the informa-
tion available in these cases was insufficient to draw conclusions.
Second, we considered that patients were exposed to treatment
if they had an active electronic medical prescription from 3
months before hospital admission; however, we cannot affirm
that patients were actually taking their medication. This could
lead to an underestimation of these drugs’ impact on COVID-
19. Third, we did not evaluate over-the-counter treatments,
which could interfere with the results of the prescribed drugs
and might cause interaction in their effect. Fourth, we included
patients admitted to the hospital due to COVID-19; therefore,
even if we detect that chronic exposure to drugs belonging to
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a certain ATC group is a risk factor for severe COVID-19, this
might not apply to the whole population taking the drug in the
community. We assumed that patients who were not hospitalised
and had COVID-19 overcame the infection and survived, but
we cannot affirm that there were not severe COVID-19 cases
outside the hospital. Fifth, chronic treatment use is related to
certain health conditions or chronic diseases; this implies that
exposure to the drug could act as a confounder. We reduced the
risk of bias and the confounder effect by adjusting for different
parameters including age, gender, CCI, arterial hypertension,
diabetes, smoking status and obesity; however, we cannot affirm
that the risk of bias was completely erased. Finally, we are aware
that multiple comparisons may increase the chances of finding
significant results even if they do not exist. Therefore, our study
should be interpreted with caution, and the results should help
to generate hypotheses.

In this study, we analysed the relationship between exposure
to chronic treatments before COVID-19 and the risk of death in
hospitalised COVID-19 patients. COVID-19 prognosis depends
on a myriad of factors, some of which remain to be identified,
making it challenging to detect individual risk or protective
factors; however, making efforts to detect drugs that might
exert an effect on COVID-19 outcomes is crucial in order to
optimise chronic treatments in the context of the SARS-CoV-2
pandemic and potentially identify treatments for COVID-19. We
have observed that the use of certain drugs including trimetho-
prim and derivatives, leukotriene receptor antagonists, aldoste-
rone antagonists, propulsives, insulins and analogues, selective
immunosuppressants, calcineurin inhibitors and benzodiazepine
derivatives (antiepileptics) are related to a potential higher risk
of severe COVID-19. Evidence is not strong enough to advise
against the use of any groups of drugs; however, our results
have shed some light regarding the impact of chronic treatments
on COVID-19 and they should be taken into consideration.
Further research is needed in order to increase understanding
about the impact of chronic drug exposure on the risk of severe
COVID-19.

Correction notice This paper has been corrected since it was first published, there
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