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Abstract

Introduction: COVID-19 is a major health threat around the world causing hundreds of mil-
lions of infections and millions of deaths. There is a pressing global need for effective therapies.
We hypothesized that leukotriene inhibitors (LTIs), that have been shown to lower IL6 and IL8
levels, may have a protective effect in patients with COVID-19. Methods: In this retrospective
controlled cohort study, we compared death rates in COVID-19 patients who were taking a LTI
with those who were not taking an LTI. We used the Department of Veterans Affairs (VA)
Corporate Data Warehouse (CDW) to create a cohort of COVID-19-positive patients and
tracked their use of LTIs between November 1, 2019 and November 11, 2021. Results: Of
the 1,677,595 cohort of patients tested for COVID-19, 189,195 patients tested positive for
COVID-19. Forty thousand seven hundred one were admitted. 38,184 had an oxygen require-
ment and 1214 were taking an LTI. The use of dexamethasone plus a LTI in hospital showed a
survival advantage of 13.5% (CI: 0.23%–26.7%; p< 0.01) in patients presenting with a minimal
O2Sat of 50% or less. For patients with an O2Sat of <60 and <50% if they were on LTIs as out-
patients, continuing the LTI led to a 14.4% and 22.25 survival advantage if they were continued
on the medication as inpatients. Conclusions: When combined dexamethasone and LTIs pro-
vided a mortality benefit in COVID-19 patients presenting with an O2 saturations <50%. The
LTI cohort had lower markers of inflammation and cytokine storm.

Introduction

As of January 3, 2022, over 826,000 people in the USA have died from COVID-19 [1] – a rate
roughly ten times greater than seasonal influenza deaths [2]. Over 33 million have contracted
the infection and a substantial portion of those suffered persisting post-acute symptoms [3].
There is a pressing world-wide need for effective therapies [4,5]. Mostly who die from the
COVID-19 suffer from acute respiratory distress syndrome (ARDS) and respiratory insuffi-
ciency related to the associated cytokine storm [6,7].

Cytokines including interleukin 6 (IL6) and interleukin 8 (IL8) have been associated with
adverse outcomes including increased death rates in ARDS [8,9]. Leukotrienes modulate a wide
range of cytokines via interactions with monocytes, macrophages, eosinophils and other cells in
the immune system [10]. The leukotriene pathway begins with arachidonic acid which is trans-
formed to leukotriene A4 by 5-lipoxygenase. Leukotriene A4 is converted to the cysteinyl leuko-
triene C4 via the action of leukotriene C4 synthase (See Fig. 1) [11]. Cysteinyl leukotrienes
(C4, D4, and E4) mediate most of the clinically significant effects of leukotrienes through bind-
ing to the cysteinyl leukotriene receptor type 1 (CysLT1), which causes the contraction of
human airway smooth muscle, chemotaxis, and increased vascular permeability.
Montelukast, pranlukast, and zafirukast are leukotriene inhibitors (LTIs) that interfere with
the binding of cysteinyl leukotrienes to the CysLT1 receptor.

It has been known for years that CysLT1 antagonists such as montelukast modulate the pro-
duction of pro-inflammatory mediators (See Fig. 1) [12,13]. Labeled indications for these med-
ications include prophylaxis and chronic treatment of asthma, prevention of exercise-induced
bronchospasm and symptomatic relief of allergic rhinitis. Recent studies have found beneficial
effects of CysLT1 antagonists on injury of the blood–brain barrier [14], endothelial dysfunction
in tissue culture [15], bronchopulmonary dysplasia induced by hyperoxia [16], and in acute lung
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inflammation in amousemodel [17]. CysLT1 antagonists have been
shown to lower IL6 and IL8 levels in upper respiratory infections and
related models [17–19], markers of poor prognosis in ARDS.

Manuscripts published after the start of our study have posited a
potential therapeutic role of montelukast in COVID-19 [19–21].
In a review article entitled “Tackling the cytokine storm in
COVID-19, challenges and hopes” Abdin et al. note in “It’s worth
mentioning thatmontelukast might have antiviral activity, as it tar-
gets SARS-CoV-2 3CL protease and fits properly with stable con-
formation [22]. Indeed, montelukast exhibited antiviral activity
against a wide range of viruses, including Zika virus (ZIKV),
DENV-2, and yellow fever virus (YFV) [23]. The use of montelu-
kast, a potent well-known leukotriene modifier, in SARS-CoV-2
may control and prevent the stage of cytokine storm with potential
antiviral activity as well” [6]. A small retrospective study by Khan

et al. found that COVID-19 patients receiving an LTI had fewer
events of clinical deterioration than patients who were not treated
with an LTI [24].

Asthma is one of the most common indications for montelu-
kast. There is emerging evidence that asthma itself may be protec-
tive in cases of COVID-19. Ciprandi notes a paucity of pediatric
patients with asthma and medication-controlled eosinophilia
among COVID-19 patients in Italy [25]. Ferastraoaru et al. found
that patients with asthma and pre-existing eosinophilia (absolute
eosinophil count (AEC) >150 cells/microliter) were less likely to
die than asthmatics with AEC <150. They also found that asth-
matics without eosinophilia had mortality similar to non-asth-
matic patients [26]. Despite these potential confounding factors,
we hypothesized that LTIs may have a protective effect in
COVID-19 patients.

Fig. 1. Leukotriene pathway to airway inflammation [10,11].
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Methods

We conducted a retrospective controlled cohort study of 37,495 US
veterans with COVID-19 and supplemental oxygen requirements
to compare death rates in COVID-19 patients taking LTIs along
with dexamethasone with those who were not taking LTIs.

We used data from the Department of Veterans Affairs (VA)
Corporate Data Warehouse (CDW) with a focus on a subset called
the National Surveillance Tool (NST) [27,28]. The VA CDW is an
enterprise resource that contains over 60 clinical domains that are
updated nightly from all VA VistA (Veterans Information System
Technology Architecture) systems and numerous other clinical
and administrative sources in a relational database [29]. CDW is
used for a variety of purposes in VA including business manage-
ment, clinical and administrative research and quality
improvement.

The NST is a data mart within the CDW created during the
COVID-19 pandemic to be the single authoritative VA data source
for outbreaks. It harmonizes data from a variety of sources for
patient information, system capacity, staffing, and inventory. Its
clinical data sources include VistA inpatient Admission
Discharge Transfer (ADT) records, outpatient visits, clinicians’
notes, orders, labs, andmedications. The NST was designed to help
guide strategic, operational, and tactical response to an outbreak
and is a cooperative effort of numerous VA Offices.

We accessed VA COVID-19 data through the VA Health
Services Research (VINCI) mirror of the production COVID-19
Data Mart [30]. We extracted 1,677,595 patients who were tested
for COVID-19 by Real Time – Polymerase Chain Reaction (RT-
PCR) between January 1, 2020 and November 11, 2021. Of these,
189,195 patients tested positive for COVID-19. Of the positive
cases, 40,701 were admitted to the hospital and 38,184 patients
when admitted had an oxygen requirement. Of these patients,
1214 were taking a LTI (See Fig. 2). We compared death rates
for the COVID-19 positive cohort admitted with a Minimal
O2Sat <50 that were taking LTIs with the COVID-19-positive
cohort admitted with a Minimal O2Sat <50 that was not taking
LTI .

We defined LTI use as having been dispensedmedications for at
least 70% of days during the prescribing period. Patients taking
between 1 day and 69% of the days were excluded from the study.
The start of the prescribing period was defined as the latest of either
the initial prescription date or November 1, 2019. This date was
selected because the emergence of COVID-19 in the USA in
February 2020 and the VA practice of issuing 90-day medication
supplies. The end of the prescribing period was defined as the ear-
liest of either 2 weeks after their COVID-19 diagnosis date, their
COVID-19 death date, or November 1, 2021.

In addition to LTI use, we obtained the following CDW data
elements for individual patients: COVID-19 testing date and result,
age, sex, race, maximum D-dimer laboratory result after hospitali-
zation, maximum ferritin result after hospitalization, maximum
IL6 result after hospitalization, ADT dates and times, diagnoses,
and mortality. Since COVID-19 severity and mortality correlate
with the degree of underlying comorbidities, we calculated the
2-year Elixhauser comorbidity index using ICD-10-CM diagnosis
codes between November 11, 2019 and November 11, 2021 for risk
adjustment [31,32].

We controlled for asthma as a potential confounder by per-
forming subgroup analysis comparing in-hospital death rates
between asthmatic LTI users and asthmatic non-LTI users.We also
compared asthmatic non-LTI user with non-asthmatic non-LTI

users. We determined asthma status by the presence of any
ICD-10-CM code for asthma in the format J45.XXX within 2 years
of November 11, 2021

Statistical Approach

All statistical analyses were done using R & R-Studio statistical
computing software version 3.6 (https://www.r-project.org/). We
calculated univariate frequencies to assess the association of LTI
use as compared to non-LTI use with baseline patient character-
istics and characteristics such as laboratory values, after admission.
Pearson Chi-square tests of association were used to determine the
association between categorical variables. To compare quantitative
features, such as laboratory values, Chi-Square-tests were used to
compare means and theWilcoxon Rank Sum test was used to com-
pare medians when normality could not be assumed.We estimated
the effect of LTI treatment on the rate of mortality using the
Pearson Chi-Square test. Multiple regression analysis was used
to determine significance at the p< 0.05 level, controlling for
age, race, gender, 2yr Elixhauser score, asthma diagnosis, vaccina-
tion status (Y, N) and dexamethasone and LTIs inpatient, dexame-
thasone inpatient, LTIs inpatient, and outpatient.

We looked specifically at patients who presented with an O2Sat
of <60 and at a cut off of <50.

Results

Out of 1,677,595 patients tested for COVID-19, 38,184 were
positive and were admitted to the hospital with an oxygen require-
ment. Of those, 1214 used a LTI and 36,281 had no leukotri-
ene usage.

The average age of the patients in the LTI cohort was older than
those in the non-LTI cohort (See Table 1). The Elixhauser score
was significantly higher in the LTI arm of the study. There was
a trend toward more Black individuals in the LTI cohort (See
Table 1).

When we looked at patients who had an O2Sat minimum of
<60 cut-off, we had 1652 patients who were treated with dexame-
thasone, 97 of them also took LTIs, 80 that came in on an LTI and
were continued on one during hospitalization. Adjusting for age,
gender, race, Elixhauser scores and whether they had asthma,
we found that the LTIs when taken both before and during

Fig. 2. Data flow diagram for the study. LTI: leukotriene inhibitors.
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hospitalization provided on average a 13.5% (CI: 0.23%–26.7%)
protection against death during their hospitalization (p< 0.05).

When we looked at patients who had an O2Sat Minimum of
<50, we had 1058 patients who were treated with dexamethasone,
67 of them also took LTIs, 57 that came in on an LTI and were
continued on one during hospitalization. Adjusting for age, gen-
der, race, Elixhauser scores and whether they had asthma, we
found that the LTIs when taken both before and during hospitali-
zation provided on average a 22.2% (CI: 7.0%–37%) protection
against death during their hospitalization (p < 0.01). The use of

dexamethasone plus a LTI in hospital showed a survival advantage
of 13.5% (CI: 0.23%–26.7%; p< 0.01).

The use of dexamethasone without LTIs was not associated with
a survival advantage in people presenting with anO2Sat of<50% or
an O2Sat of <60%.

For patients with an O2Sat of <60 and <50% if they were on
LTIs as outpatients, continuing the LTI led to a 14.4% and
22.25% survival advantage if they were continued on the medica-
tion as inpatients.

The vaccination rate of having received at least one vaccination
prior to admission in the LTI cohort was 9.0% and in the non-LTI
cohort was 9.3%.

The average of the maximum D-Dimer (513 vs. 581 mg/dl),
ferritin (554 vs 744 ng/dl) and IL6 (61 vs 536 pg/ml) values were
all lower in the LTI taking group (Table 1). The IL6 levels in the
non-LTI using group were significantly more frequently elevated
to >40 pg/ml (55% vs 76%, p-value< 0.001; Pearson Chi-Square).

The inpatient death rate for asthmatic LTI users was lower than
inpatient death rates for asthmatic non-LTI users (odds ratio 0.517;
p-value< 0.001). Asthmatics without LTI use had a significantly
higher overall inpatient mortality than the non-asthmatic popula-
tion without LTI use (odds ratio 8.77; p< 0.001) (See Table 2).

Discussion

COVID-19 patients taking LTIs had lower inpatient death rates
and lower 28-day inpatient and outpatient death rates than
COVID-19 patients not taking LTIs in this large retrospective
cohort-controlled study. In patients taking both dexamethasone
and LTIs just as inpatients, there was a survival advantage during
hospitalization of 13.6% in patients with a minimumO2Sat of 50%.
LTI users prior to hospitalization should continue them when
admitted as they also have a survival advantage. As the O2Sat
dropped the utility of the addition of an LTI during hospitalization
became more significant both for dexamethasone users and for
those who took LTIs as an outpatient.

LTI users had significantly higher rates of important
comorbidities including chronic obstructive pulmonary disease,
coronary artery disease, and diabetes. Advancing age, racial, and
ethnic minority group membership are variables that have been
linked to worse COVID-19 outcomes [33,34]. The LTI user cohort
was on average 4 years older than the non-LTI user cohort and
African Americans were represented at a higher rate. There were
more ICU patients in the LTI using cohort. Despite these potential
disadvantages, LTI users had significantly lower mortality than
non-LTI users.

We accounted for the potential confound of a possible protective
role for asthma in COVID-19 mortality in two ways. We found that
asthmatics had higher death rates than non-asthmatics among
COVID-19 patients who were not taking an LTI.We also found that
LTI using asthmatics had a reduced risk of inpatient death when
compared to non-LTI using asthmatics. These findings support
the hypothesis of a protective effect with LTI use and against a pro-
tective effect of asthma. There was no further evaluation of our asth-
matic patients with absolute eosinophil counts due to lack of data.

We did not perform separate analyses for the use of inhaled ste-
roids. While these medications have been shown to have some
impact on the course of COVID-19 [35], we felt that separating
the effect of inhaled steroids from the much stronger impact of
routinely administered intravenous dexamethasone per
Infectious Disease Society of America treatment guidelines would
be difficult [36,37].

Table 1. Baseline characteristics of the Leukotriene Inhbitor (LTI) using and non-
LTI using cohorts

Inpatient LTI Non-LTI

Patients (% or means with 0.95 conf.
intervals)

1214 36,281

Age 67.29
(66.58–68.01)

67.73
(67.59–67.88)

Gender

Males 86.24% 94.34%

Females 13.76% 5.66%

Race

American Indian/Alaska Native 1.07% 0.90%

Asian 0.91% 0.82%

Black /African American 23.89% 28.49%

Native Hawaiian /Pacific Islander 1.57% 0.96%

Unknown 7.33% 7.08%

White 65.24% 61.76%

Comorbidities (%)

Asthma 42.26% 5.52%

COPD 53.38% 24.60%

CHF 20.59% 17.49%

CAD 34.35% 30.83%

Diabetes 50.82% 47.44%

CVD 56.01% 50.99%

Cancer 25.45% 26.83%

CKD 26.94% 26.38%

Elixhauser 2 year 13.08
(12.36–13.79)

11.85
(11.72–11.99)

MinOxVitalResult 87.58
(86.52–88.63)

89.73
(89.55–89.90)

Inflammatory markers, mean
of maximal value Inpatient LTI Non-LTI

D-Dimer (mg/dL) 513.54
(210.49–816.58)

581.49
(517.62–645.35)

Ferritin (ng/dL) 553.79
(496.58–611.00)

743.84
(722.48–765.20)

IL6 (pg/mL) 160.62 (−84.94
to 406.19)

535.96 (−96.45 to
1168.38)

Abbreviated comorbidities include chronic obstructive lung disease (COPD), congestive heart
failure (CHF), coronary artery disease (CAD), cardiovascular disease (CVD), and chronic kidney
disease (CKD), IL6 (Interleukin 6), MinOxVitalResult (minimum Oxygen Saturation Vital Sign
Result).
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Our evaluation of potential pathophysiological mechanisms
and markers found that the maximum ferritin, D-Dimer, and
IL6 levels were lower in the LTI cohort. In a recent article,
Magro found that an IL6 of >40 pg/ml is indicative of cytokine
storm in COVID-19 patients [38]. The non-LTI taking patients
in our study were more likely to have an IL6 level >40 pg/ml.
CysLT1 antagonists have been shown to reduce IL-6 and IL-8 lev-
els, and elevations of these markers are poor prognostic indicators
in ARDS. Based on these reported observations and our results,
CysLT1 antagonists appear to be a plausible treatment for
ARDS and cytokine storm in COVID-19 patients.

We used big data from the Department of Veterans Affairs to
uncover a potential COVID-19 treatments that could lead to
improved clinical outcomes. Furthermore, because monteleukast
is an FDA approved, widely available medication with generic
equivalent formulations and easily achieved storage requirements
[39], the burden of implementation could be minimal. Our
approach is not unique. Increasingly, secondary use of electronic
health record (EHR) data is seen as a way to obtain answers to
research question when randomized prospective double-blind pla-
cebo-controlled trials are impractical or when rapid results are
needed [40–42].

Patients who presented with COVID and low oxygen satura-
tions and were taking LTIs as outpatients showed as much as a
22.2% survival advantage if their LTI was continued during their
inpatient stay.

Confirmation of our findings in retrospective data awaits a ran-
domized prospective controlled trial of LTI in the treatment of
COVID-19 patients. We also suggest that research is needed in
high-risk groups, such as the elderly and immunosuppressed pop-
ulations to determine if prophylaxis with LTIs can decrease rates of
severe illness and death during the pandemic.

Conclusions

LTIs when added to dexamethasone provides a 13.5% survival
advantage in patients who present with a minimum O2Sat of
<50%. LTI use prehospitalization and during hospitalization
was associated with significant decreases in-hospital mortality in
COVID-19 patients with low oxygen saturations of <60%. The
LTI using cohort had lower markers of inflammation and cytokine
storm.We postulate that reduced inflammationmay be themecha-
nism by which LTIs improve death rate in COVID-19 patients.
These retrospective findings need to be confirmed in a prospective
randomized placebo-controlled trial. If confirmed, these findings
could be of immediate benefit to patients globally, as LTIs include
generic drugs that are inexpensive and available in many countries.
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