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Arachidonic acid; Introduction: Leukotriene receptor antagonists (LTRAs) are used as a therapeutic alternative
Leukotrienes; in asthmatic patients. Different animal studies indicate that LTRAs can decrease intimal hyper-
Leukotriene receptor plasia after vascular injury, and have a protective role in cerebral ischemia.

antagonists; Objective: The aim of this study was to assess the role of leukotriene receptor antagonists in
Montelukast; preventing the cardiovascular and ischemic stroke in humans.

Ischemic stroke; Material and method: A matched case-control study with a follow up period of three years has
Myocardial infarction been conducted, investigating the effect of the LTRAs in the myocardial infarct (MI) risk, and

in the ischemic stroke (IS) risk in asthmatic patients from San Cecilio University Hospital of
Granada, and from two Primary Health Care Centers of Granada.

Results: 59 cases with MI and 108 cases with IS were included in the study, each of them with
an equal number of controls matched by age and sex in each of the two Health Care Centers.
Unlike for MI risk, the treatment with LTRAs was associated with a slight trend in reducing
the risk of stroke, in both of the primary care controls (Odds ratios: 0.74 (0.37-1.47); 0.82
(0.4-1.67), for the first, and the second Health Centers Controls, respectively), but without
reaching a statistical significance.

Conclusions: The results did not confirm a protective effect of LTRAs on cardiovascular risk as
suggested by different animal studies.
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Introduction

Evaluacion del papel del antagonista del receptor de leucotrienos en la prevencion de
enfermedades cardiovasculares y cerebrovasculares: un estudio de casos y controles

Resumen

Introduccidn: Los antagonistas del receptor de leucotrienos (LTRAs) se utilizan como alternativa
terapéutica en pacientes asmaticos. Diferentes estudios en animales sugieren que los LTRAs
pueden disminuir la hiperplasia de la intima después de una lesion vascular, ejerciendo asi un
papel protector sobre la isquemia vascular.

Objetivo: El objetivo de este estudio fue evaluar el papel del antagonista del receptor de
leucotrienos en la prevencion de la cardiopatia isquémica y los accidentes cerebrovasculares
en humanos.

Material y método: Se realizé un estudio de casos y controles retrospectivos para investigar el
efecto de la LTRAs sobre el riesgo de infarto agudo de miocardio (IAM) y accidente cerebrovas-
cular isquémico (ACV). Los casos fueron pacientes ingresados en el Hospital Universitario San
Cecilio de Granada; para cada caso se tomaron dos grupos de controles apareados por sexo y
edad, entre pacientes adscritos a dos Centros de Atencion Primaria de Salud de Granada con
diagnostico de asma.

Resultados: Se incluyeron 59 casos de IAM y 108 casos de ACV, e igual nimero de controles
apareados por sexo y edad de cada uno de los dos Centros de Salud. El tratamiento con LTRAs
se asocio con un aumento no significativo del riesgo de IAM (OR = 1,74; IC 95% 0,61- 4,96), y
al contrario, con una ligera reduccion del riesgo de accidente cerebrovascular, tanto cuando
se estudid cada uno de los grupos de controles de forma independiente (OR = 0,74; IC 95%
0,37-1,47 para el primer centro; OR = 0,82; IC 95% 0,4 -1,67 para el segundo centro), como
cuando se combinaron los dos grupos de controles (OR 0,63; IC 95% 0,32 -1,26). En ningun caso
se alcanzoé una significacion estadistica.

Conclusiones: Los resultados no permiten confirmar el efecto protector sobre el riesgo cardio-
vascular sugerido por estudios previos realizados en animales.

© 2020 Sociedad Espanola de Médicos de Atencion Primaria (SEMERGEN). Publicado por Elsevier
Espafa, S.L.U. Todos los derechos reservados.

leukocytes in different inflammatory events as: cardiovas-
cular disease, cancers, etc. Numerous studies have reported

Leukotrienes are arachidonic acid (AA) mediators of inflam-
mation synthesized by the 5-lipoxygenase (5-LO), that
are involved in different inflammatory disease (Fig. 1),
such as cardiovascular disease. They increase the capillary
permeability, cause vasoconstriction and reduce the coro-
nary blood flow."? Some of these cardiovascular events in
which leukotrienes are generated are: myocardial infarc-
tion (MI), ischemic stroke (IS), atherosclerosis or aortic
aneurysm. Several studies have reported an increased activ-
ity of the 5-lipoxygenase pathway in different cardiovascular
diseases.®*

Two different types of leukotrienes are known: the non
peptidic leukotrienes (LTB,4), and the peptidic leukotrienes
or cysteinyl-leukotrienes (cysLT) (LTC4, LTD,4 and LTE,4). The
cysteinyl leukotrienes play an important role in asthma,
and in the 1990s, leukotriene receptor antagonists were
used as a therapeutic alternative in asthmatic patients.
Soon after, their use was expanded to the chronic obstruc-
tive pulmonary disease (COPD), allergic rhinits and urticaria
patients.” However, certain patients do not respond to
the treatment, and this may be attributed to different
substances that can mediate the inflammatory process.®
Cysteinyl leukotrienes increase the permeability of the
endothelial cells’ and are involved in the recruitment of

a significant role of cysteinyl leukotrienes as a cause of
damage, secondary to myocardial injury,®° while others
have reported a less significant role.'®'" Most interest-
ingly, cysteinyl leukotrienes have been found in damaged
arteries,'>'® therefore leukotriene receptor antagonists
(LTRAs) may be potential drugs for cardiovascular disease.
Both cysteinyl leukotrienes, and their receptors can be syn-
thesized and expressed in atherosclerosis.'

Leukotriene receptor antagonists and
Cardiovascular (CV) disease

Zafirlukast, Montelukast and Pranlukast were designed as
antagonists of the CysLT;.'>'4"> Furthermore, montelukast,
is one of the most potent antagonists used in patients with
different levels of asthma, and was approved in 2003 by the
FDA for use in allergic rhinitis, and in 2005 for the perennial
rhinitis.'® In an in vivo study conducted in rats, montelukast,
a leukotriene receptor antagonists, has been shown to
reduce vascular reactive oxygen species synthesis, thus
improving the endothelial cell function'” and inhibiting the
atherosclerotic damage and intimal hyperplasia.’® On the
other hand, another in vivo study in rabbits has shown that
montelukast inhibits MCP-1 (monocyte chemoattractant
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Figure 1  5-LO pathway. Leukotrienes are produced via 5-
LO pathway. They are classified in leukotriene B4 (LTB4) and
cysteinyl leukotrienes (cysteinyl-LTs: LTC4, LTD4, LTE4). Abbre-
viations: cytosolic phospholipase A; (cPLA;), arachidonic acid
(AA), 5-lipoxygenase (5-LO), 5-hydroperoxyeicosatetraenoic (5-
HPETE), 5-hydroxyeicosatetraenoic acid (5-HETE), leukotriene
A4 (LTA4), leukotriene By (LTB4), leukotriene C4 (LTCy),
leukotriene D4 (LTD4), leukotriene E4 (LTE4).

protein-1). Montelukast may also have an anti-atherogenic
effect.'®

Different studies indicate that leukotriene receptor
antagonists can decrease intimal hyperplasia after vascular
injury, and have a protective role in cerebral ischemia.'-%'
Moreover, they can have a protective role in the CV and
cerebrovascular events through their antiapoptotic and anti-
inflammatory functions.??

Different evidence indicate that LTRAs drugs, such as
montelukast and zafirlukast can prevent the progression
of atherosclerosis, and thus can be useful in reducing
the chances of suffering cardiovascular or cerebrovascu-
lar disease.'’-'821.22 |n experimental models (in vivo), LTRAs
have shown to play a role in reducing the blood-brain bar-
rier permeability and brain injuries.?>~2¢ A national cohort
study conducted in Sweedish population with a follow up
period of three years demonstrated that montelukast might
reduce the risk for recurrent myocardial infarction in male
subjects (HR,0.65; 95% Cl, 0.43-0.99), as well as recur-
rent stroke (HR, 0.62; 95% Cl, 0.38-0.99) in patients taking
montelukast,’ suggesting a potential role of montelukast for
secondary prevention of CV disease.

The protective effect of LTRAs drugs on cardiovascular
diseases, would be of particular interest for the clinical use
of these drugs. Independent population-based studies are
needed to further evaluate this association.

Aim of the study

The main objective of our study was to estimate the effect of
leukotriene receptor antagonists in preventing the myocar-
dial infarction and ischemic stroke. The second objective
was to determine the frequency of treatment with mon-

telukast and with other leukotriene receptor antagonists
in a group of hospitalized asthmatic patients with myocar-
dial infarction and ischemic stroke (cases), and in a group
of asthmatic patients without cardiovascular disease (con-
trols). The third objective of the study was to analyze other
cardiovascular risk factors, that could have acted as poten-
tial confounding factors.

Ethics approval

The authorization was requested from the Ethics Commit-
tee of the province of Granada, which approved the study
protocol, after assessing the need for the informed consent.
All the information collected was included in an anonymous
database, in which each subject is identified by an alphanu-
meric code.

Methods

Design: A matched case-control study has been conducted
to investigate the effect of the LTRAs in the myocardial
infarct risk, and in the ischemic stroke risk.

Follow up period: 2012-2015

Field of study: Reference area of the San Cecilio Univer-
sity Hospital of Granada.

Definition of cases and controls

Cases of MI: Patient, who were recovered during the follow
up study period (2012-2015) in the University Hospital of
Granada (CHUGR), whose main diagnosis is acute myocardial
infarction, and also having asthma among their secondary
diagnoses (n=59).

Cases of IS: Patient, who were recovered during the fol-
low up study period (2012-2015) in the University Hospital
Complex of Granada (CHUGRA), whose main diagnosis is
ischemic stroke, and also having asthma among their sec-
ondary diagnoses (n=107).

Selection of the cases: A list of subjects that fulfilled the
criteria of ‘‘the case’’ were requested from the database
of University Hospital Complex of Granada. 59 cases with
MI were included in the study with 59 respective controls
for each of the two Health Centers, versus 108 cases with
IS and 108 respective controls for each of the two Health
Care Centers. The list was initially requested for the year
2015, but since, there was a small number of subjects that
fulfilled the diagnostic criteria, it was extended to the year
2014, 2013 and 2012.

Selection of the controls

Controls from the Primary Health Care Centers: We
requested to the Metropolitan Granada Sanitary District a
list of asthmatic patients from two Primary Health Cen-
ters of Granada, respectively the ‘‘Zaidin Sur’’ and ‘‘La
Chana’’ Health Centers. Subsequently, a matched control
was selected for each case, in each of the Health Centers,
maintaining the following conditions: same sex and age that
the case or, when this latter was not possible with an age
range of not more than two years difference.
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Data collection

Based on the Andalusian Health Unique History Number
(NUHSA), the patient’s history was taken from DIRAYA system
of the Andalusian Health Service, with the hospital access to
collect information on the cases from the hospital, referred
to the period of hospitalization. Through the primary DIRAYA
system access we recovered the information on the cur-
rent active pharmacological prescription for the selected
controls from both the Primary Health Care Centers. The
following variables were recovered:

Age: age range not more than four years difference

Sex

Drug use

Use of Montelukast: It is considered affirmative only when
montelukast was used for at least three months before the
cardiovascular event had occurred. For the controls any
use was accepted.

First day of use of Montelukast

Total duration of the use of Montelukast

Smoking

Date of discharge from the hospital

Patient discharge Unit

Principal diagnosis: MI; IS

Secondary diagnosis: Diabetes Mellitus, Hypertension,
Hypertriglyceridemia.

Statistical analysis

The study variables were estimated through the frequency
distribution or by measuring the central tendency and
dispersion, for qualitative and quantitative variables respec-
tively.

Both an unvaried and multivariate conditional logis-
tic regression, have been used to analyze the effect of
leukotriene receptor antagonists and the potential con-
founders on the MI and IS risk, differentiating the group of
cases and the multiple groups of controls that have been
selected: controls from the Primary Health Care Centers.

For the multivariate adjustment, all the variables stud-
ied in a model were initially included. In the absence of
convergence, a stepwise model was chosen, with a proba-
bility of 0, 20. Once the significant variables were selected
by the system, the input of the variable ‘‘leukotriene recep-
tor antagonists’’ was forced, in order to obtain adjusted
estimates.

All the statistical analysis were performed with the Stata
14.0 statistical package.

Results

The case-control study characteristics are reported in
Tables 1 and 2. Two health centers were randomly chosen.
Our data demonstrate a homogeneity of the age between
cases and controls.

The frequency of treatment with LTRAs is 23.70% in cases
with MI, and 22.20% and 19.30% from the first and the second
Primary Health Center controls, respectively.

When analyzing the factors associated with MI (Table 3),
a slight trend in reducing the risk effect between the asso-

ciation of LTRAs and MI stands out, for the primary care
controls, despite the health center (Odds ratio: 1.28 and
1.37 respectively), but without reaching a statistical signifi-
cance. The results show that there is also found a significant
association between diabetes mellitus, hypertension, and
tobacco, with the MI risk.

In the adjusted analysis of the different factors asso-
ciated with MI (Table 4), data suggest a higher risk of
the myocardial infarction when using LTRAs in the analysis
adjusted for hypertension, diabetes mellitus and smoking
in each of the two Health Centers controls, but without
reaching a statistical significance.

Unlike for myocardial infarction risk, the treatment with
LTRAs was associated with a lower risk of stroke, in both
of the primary care controls (Odds ratios: 0.74 (0.37-1.47);
0.82 (0.4-1.67); 0.77 (0.41-1.43)) for the first, second, and
both Health Centers Controls, respectively), but without
reaching a statistical significance. In the second Primary
Health Center, a strong and significant association was found
between the ischemic stroke risk and hypertension, or other
cardiovascular diseases (arrhythmia, angina pectoris, valve
problems, cardiomyopathy, etc.). Data from the first Primary
Health Care Center have shown a significant association
between the risk for ischemic stroke and hypertension, dia-
betes mellitus, smoking and other CV disease. The use of
diuretics was associated with a protective effect in all Pri-
mary Health Care Centers (Table 5).

In the adjusted models for IS (Table 6), introducing all
the variables in the table without convergence problems,
we detected a slight trend in reducing the IS risk by using
LTRAs, but without reaching a statistical significance. In
both primary care controls, a protective effect is observed
for LTRAs treatment (Odds ratio: 0.61 (0.26-1.42); 0.70
(0.33-1.52); 0.63 (0.32-1.26)) respectively. Hypertension
and the presence of other cardiovascular disease was sig-
nificantly associated with an increased ischemic stroke risk.

Discussion

The association between asthma and cardiovascular disease
is shown by epidemiological studies, but it is still unclear
whether it is a casual association, if it is due to side effects
of the drugs used or to its proper bronchial inflammatory
process, which brings to a possible endothelial dysfunction
in asthmatic patients.

The bronchial and systemic inflammatory nature of
asthma, has provided arguments that asthmatic patients
may be at a higher risk for cardiovascular and cerebrovas-
cular diseases.

However, asthma is associated with different risk factors
(body mass index increased in some phenotype, hyperten-
sion, diabetes mellitus) that could justify this association.
Furthermore, drugs used to treat asthma may increase the
risk for cardiovascular disease.

In our previous systematic review that comprised data
from 28 original research studies, 26 conducted on animals
and two in humans, the potential role of LTRAs in reducing
the MI and IS risk was consistently demonstrated.

However, in the present study the current data demon-
strate that leukotriene receptor antagonists have a slight
trend in reducing the effect for myocardial infarction, situ-
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Table 1  Description of the study group of controls characteristics: myocardial infarction cases.
MI Cases 1st Health Center 2nd Health Center p value
n=59 Control Control Chi-square test
n=59 n=59
Age (meanz standard 70.03+13.10 70.01 £13.06 70.03£13.10 NS
deviation)
Sex: % Male 20 (54.20%) 20 (54.20%) 20 (54.20%) NS
Treatment LTRAs 9 (23.70%) 12 (22.20%) 11 (19.30%) NS

Hypertension 39 (59.30%) 33 (37.00%) 32 (55.90%) p<0.05
Diabetes mellitus 17 (44.10%) 14 (18.50%) 10 (20.30%) p<0.05
Hyperlipidemia 15 (37.30%) 19 (33.30%) 18 (27.10%) NS
Arrhythmia 35.60% 14.80% 23.70%
Other CV disease 37 (59.30%) 18 (27.10%) 26 (45.80%) p<0.05
Smoker 14 (27.10%) 6(14.80%) 8 (5.20%) p<0.05
NSAIDs 52 (54.20%) 54 (91.50%) 51 (86.40%) NS
Corticosteroids 50 (64.40%) 49 (84.70%) 43 (78.00%) NS
Diuretics 20 (39.00%) 23 (32.20%) 28 (54.20%) NS
Table 2 Description of the study group of controls characteristics: Ischemic stroke cases.

Ischemic stroke cases 1st Health Center 2nd Health Center p value

n=108 Control Control Chi-square test

n=108 n=108

Age (Mean =+ Standard 67.44+16.09 67.44+16.10 67.44+16.09 NS
Deviation)
Sex: % Male 36 (33.33%) 36 (33.33%) 36 (33.33%) NS
Treatment LTRAs 17 (15.74%) 23 (20.95%) 20 (18.52%) NS
Hypertension 72 (66.67%) 60 (55.66%) 59 (54.63%) p<0.05
Diabetes mellitus 32 (29.63%) 26 (24.53%) 18 (16.67%) NS
Hyperlipidemia 28 (25.93%) 35(32.08%) 33(30.56%) NS
Other CV disease 68 (62.96%) 34 (31.13%) 47 (43.52%) p<0.05
Smoker 25 (23.15%) 11 (10.48%) 15 (13.89%) p<0.05
NSAID 95 (87.96%) 100 (92.31%) 94 (87.04%) NS
Corticosteroids 91 (84.26%) 89 (82.41%) 79 (73.15%) NS
Diuretics 37 (34.26%) 43 (39.81%) 51 (47.22%) p<0.05

Table 3  Association between different risk factors and myocardial infarction.

Control from 1st Primary
Care Health Center

Control from 2nd Primary
Care Health Center

Controls from both Health
Care Centers

OR (IC 95%)

OR (IC 95%)

OR (IC 95%)

Treatment LTRAs
Hypertension
Diabetes mellitus
Smoker

1.28 (0.47-3.45)
3.60 (1.33-9.69)
3.16 (1.24-7.92)
2.00 (0.75-5.32)

1.37 (0.55-3.41)
1.15 (0.54-2.42)
3.80 (1.42-10.17)
3.00 (0.61-14.86)

1.25 (0.58-2.69)
1.75 (0.88-3.48)
3.70 (1.67-8.17)
2.62 (0.98-6.97)

ation somehow inverse in the ischemic stroke risk, indicating
a moderate protection of LTRAs in ischemic stroke risk, but
in both cases with no statistical significance.

The frequency of use of leukotriene receptor antagonists
is around 20%. The two series of controls chosen in primary
care presented frequencies of 19.30% and 22.20% respec-
tively. These are asthmatic patients, listed in the Primary
DIRAYA system, with no diagnosed cardiovascular pathology,
matched by age and sex with the respective cases. The

frequency of treatment with LTRAs among the cases was
23.70% and 15.74% for Ml and IS respectively.

Despite not having found other studies reporting the
prevalence of treatment with LTRAs in asthmatic patients,
we should consider that age is associated with greater resis-
tance to treatment, as described by Dunn et al.?” Hence, it
is possible that our patients, with a mean age of 70 years,
have a higher prevalence of use of this type of drugs and
consequently greater resistance to them. We did not report
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Table 4 Adjusted association between different risk factors and myocardial infarction.

1st Health Center Control

OR (IC 95%)

2nd Health Center Control

OR (IC 95%)

Controls from both Health
Care Centers
OR (IC 95%)

Treatment LTRAs?
Diabetes mellitus
Smoker
Hypertension

1.26 (0.41-3.89)
2.52 (0.96-6.61)
1.47 (0.51-4.20)
3.00 (1.06-8.46)

2.18 (0.75-6.32)
4.38 (1.52-12.62)
b

1.10 (0.48-2.53)

1.74 (0.61-4.96)
2.46 (1.00-6.06)
2.22 (0.81-6.09)
1.49 (0.65-3.45)

@ The amplitude of Cl is due mainly to the scarce number of individuals that form the corresponding group, hence no importance is

given to these data.

b The OR for smoking is not reported because of the lack of exposed controls.

Table 5 The crude analysis of the association between different risk factors and ischemic stroke.

1st Health Center Control

2nd Center Control

Controls from both Health
Care Centers

OR (IC 95%) OR (IC 95%) OR (IC 95%)
Treatment LTRAs? 0.74 (0.37-1.47) 0.82 (0.40-1.67) 0.77 (0.41-1.43)
Hypertension 3.56 (1.70-7.45) 1.73 (0.91-3.27) 2.35 (1.33-4.12)

Diabetes mellitus
Smoker

NSAID
Corticosteroids
Diuretics

Other CV disease

1.28 (0.69-2.37)
1.00 (0.38-2.66)
0.67 (0.24-1.87)
1.25 (0.59-2.67)
0.79 (0.45-1.37)
2.50 (1.28-4.88)

2.00 (1.02-3.89)
2.37 (1.03-5.42)
1.10 (0.47-2.59)
2.20 (1.04-4.64)
0.51 (0.27-0.96)
2.75 (1.42-5.32)

1.59 (0.92-2.72)
1.18 (0.56-2.47)
0.86 (0.41-1.82)
1.68 (0.87-3.24)
0.64 (0.39-1.06)
3.82 (2.10-6.95)

a Patients who received the treatment for at least 3 continual months prior to the Ischemic Stroke event were considered exposed to

LTRAs. The estimated OR was 0.25 (95% Cl=0.03-2.24).

Table 6 Adjusted association between different risk factors and ischemic stroke.

1st Health Center Control

OR (IC 95%)

2nd Center Control

OR (IC 95%)

Controls from both Health
Care Centers
OR (IC 95%)

Treatment LTRAs
Hypertension
Other CV disease

0.61 (0.26-1.42)

3.41 (1.44-8.10)
5.64 (2.42-13.16)

Diabetes 0.75 (0.34-1.65)

0.70 (0.33-1.52)
1.49 (0.75-2.98)
2.83 (1.38-5.80)
1.53 (0.75-3.15)

0.63 (0.32-1.26)
2.04 (1.12-3.73)
4.06 (2.14-7.72)
1.20 (0.66-2.20)

the obesity due to scarce registering in the patient histories
database.

However, when comparing the cases with selected popu-
lation of controls from the lists of asthmatic patients from
primary care health centers, we found a protective effect,
more pronounced when adjusted for the confounding fac-
tors. This effect does not have a statistical significance,
probably because the low intensity of use of LTRAs treat-
ment requires a larger sample size, but would be in line
with Riccioni G, et al. findings.?’

However, we cannot exclude the existence of information
bias. Despite this, most of the variables studied are in line
with their well known scientific effects. In some cases, it is
the treatment that determines that there are variables that
have a greater effect, which must be interpreted carefully,
since there may be differences in the quality of registering
some variables.

Strengths and weaknesses of the study

The main limitation of the study is its retrospective design,
and the study sample. This can influence the evaluation of
the temporal sequence of the association, particularly due
to the difficulty to define the time of exposure to the LTRAs.
The lack of reliable information on the dates of prescription
and use of drugs is a limitation for our analysis. In order
to solve this problem, the cohort of asthmatic patients fol-
lowed in primary care would have to be monitored, which
would be very expensive in time and resources if it is con-
sidered prospectively, but it could be important to do it
retrospectively if we could save this information from the
computer system displaying a reliable source of informa-
tion. We hope that in the future, once the XXI recipe is fully
implemented, this kind of studies can be precisely carried
out.
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Another important limitation is the small sample size.
Selecting the MI cases, in which asthma is a secondary diag-
nosis, this population is greatly reduced. We did not want to
go back in time, earlier to the year 2012, due to the lack of
information in the electronic history system, which would
be an additional difficulty to access the information, as well
as for possible changes in the use of the pharmacological
treatments under study.

Conclusions

The results did not confirm a protective effect of LTRAs on
cardiovascular risk. Data from animal studies on LTRAs in
preventing CV and cerebrovascular risk are very promising,
however our results did not confirm a protective effect of
LTRAs. Therefore, we believe that further prospective stud-
ies, should be carried out to further test this hypothesis.

Funding

No sources of funding were used to assist in the preparation
of this research paper.

Conflict of interest

The authors have no conflicts of interest that are directly
relevant to the content of this research paper.

Acknowledgments

The author would like to thank Dr. Esther Thomas for the
help on accessing the Zaidin Sur Health Center patient
database.

References

1. Capra V, Thompson MD, Sala A, Cole DE, Folco G, Rovati
GE. Cysteinyl leukotrienes and their receptors in asthma
and other inflammatory diseases: critical update and emerg-
ing trends. Med Res Rev. 2007;27:469-527, http://dx.doi.org/
10.1002/med.20071.

2. Brink C, Dahlén SE, Drazen J, Evans JF, Hay DW, Nicosia S,
et al. International union of pharmacology XXXVII: nomen-
clature for leukotriene and lipoxin receptors. Pharmacol Rev.
2003;55:195-227, http://dx.doi.org/10.1124/pr.55.1.8.

3. Poeckel D, Funk CD. The 5-lipoxygenase/leukotriene pathway
in preclinical models of cardiovascular disease. Cardiovasc Res.
2010;86:243-53, http://dx.doi.org/10.1093/cvr/cvq016.

4. Chu J, Pratico D. The 5-lipoxygenase as a common path-
way for pathological brain and vascular aging. Cardiovasc
Psychiatry Neurol. 2009;2009:174-657, http://dx.doi.org/
10.1155/2009/174657.

5. Ingelsson E, Yin L, Back M. Nationwide cohort study of
the leukotriene receptor antagonist montelukast and
incident or recurrent cardiovascular disease. J Allergy
Clin  Immunol.  2012;129:702-7, http://dx.doi.org/10.
1016/j.jaci.2011.11.052.

6. Yun HD, Knoebel E, Fenta Y, Gabriel SE, Leibson CL,
Loftus EV, et al. Asthma and proinflammatory conditions:
a population-based retrospective matched cohort study.
Mayo Clin Proc. 2016;87.10:953-60, http://dx.doi.org/10.
1016/j.mayocp.2012.05.020.

7. Hoxha M, Rovati GE, Cavanillas AB. The leukotriene receptor
antagonist montelukast and its possible role in the car-
diovascular field. Eur J Clin Pharmacol. 2017;73:799-809,
http://dx.doi.org/10.1007/s00228-017-2242-2.

8. Toki Y, Hieda N, Torii T, Hashimoto H, Ito T, Ogawa K, et al.
The effects of lipoxygenase inhibitor and peptidoleukotriene
antagonist on myocardial injury in a canine coronary
occlusion-reperfusion model. Prostaglandins. 1988;35:555-71,
http://dx.doi.org/10.1016/0090-6980(88)90031-7.

9. Hock CE, Beck LD, Papa LA. Peptide leukotriene receptor antag-
onism in myocardial ischemia and reperfusion. Cardiovasc Resp.
1992;26:1206-11, http://dx.doi.org/10.1093/cvr/26.12.1206.

10. Ito T, Toki Y, Hieda N, Okumura K, Hashimoto H, Ogawa K,
et al. Protective effects of a thromboxane synthetase inhibitor a
thromboxane antagonist a lypoxigenase inhibitor a leukotriene
C4 D4 antagonist on myocardial injury caused by acute myocar-
dial infarction in the canine heart. Jpn Circ J. 1989;53:1115-21,
http://dx.doi.org/10.1253/jcj.53.1115.

11. Hahn RA, MacDonald BR, Morgan E, Potts BD, Parli CJ, Rinkema
LE, et al. Evaluation of LY203647 on cardiovascular leukotriene
D4 receptors and myocardial reperfusion injury. J Pharmacol
Exp Ther. 1992;260:979-89, 1312172.

12. Allen S, Dashwood M, Morrison K, Yacoub M. Differential
leukotriene constrictor responses in human atheroscle-
rotic coronary arteries. Circulation. 1988;97:2406-13,
http://dx.doi.org/10.1161/01.CIR.97.24.2406.

13. Spanbroek R, Grabner R, Lotzer K, Hildner M, Urbach
A, Rihling K, et al. Expanding expression of the 5-
lipoxygenase pathway within the arterial Wall during human
atherogenesis. Proc Narl Acad Sci USA. 2003;100:1238-43,
http://dx.doi.org/10.1073/pnas.242716099.

14. Folco G, Rossoni G, Buccellati C, Berti F, Maclouf J,
Sala A. Leukotrienes in cardiovascular diseases. Am J
Respir Crit Care Med. 2000:5112-6, http://dx.doi.org/10.
1164/ajrccm.161.supplement_1.[tta-22.

15. Kaetsu Y, Yamamoto Y, Sugihara S, Matsuura T, Igawa G,
Matsubara K, et al. Role of cysteinyl leukotrienes in the pro-
liferation and the migration of murine vascular smooth muscle
cells in vivo and in vitro. Cardiovasc Res. 2007;76:160-6,
http://dx.doi.org/10.1016/j.cardiores.2007.05.018.

16. Ge S, Zhou G, Cheng S, Liu D, Xu J, Xu G, et al.
Anti-atherogenic effects of montelukast associated with
reduced MCP-1 expression in a rabbit carotid balloon
injury model. Atherosclerosis. 2009:74-9, http://dx.doi.
org/10.1016/j.atherosclerosis.2008.11.012.

17. Capra V, Carnini C, Accomazzo MR, Di Gennaro A, Fiumicelli M,
Borroni E, et al. Autocrine activity of cisteinyl leukotrienes in
human vascular endothelial cells: signalling through the CysLT2
receptor. Prostaglandins Other Lipid Mediat. 2015;120:115-25,
http://dx.doi.org/10.1016/j.prostaglandins.2015.03.007.

18. Bisgaard H. Leukotriene  modifiers in  paediatric
asthma management. Pediatrics. 2001;107:381-90,
http://dx.doi.org/10.1542/peds.107.2.381.

19. Back M, Dahlén SE, Drazen JM, Evans JF, Serhan CN, Shimizu T,
et al. International union of basic and clinical pharmacology.
LXXXIV: Leukotriene receptor nomenclature, distribution, and
pathophysiological functions. Pharmacol Rev. 2011;63:539-84,
http://dx.doi.org/10.1124/pr.110.004184.

20. Capra V, Back M, Barbieri SS, Camera M, Tremoli E, Rovati GE.
Eicosanoids and their drugs in cardiovascular diseases: focus
on atherosclerosis and stroke. Med Res Rev. 2013;33:364-438,
http://dx.doi.org/10.1002/med.21251.

21. Mueller CF, Wassmann K, Widder JD, Wassmann S, Chen
CH, Keuler B, et al. Multidrug resistance protein-1 affects
oxidative stress endothelial dysfunction and atherogenesis
via leukotriene C4 export. Circulation. 2008;117:2912-8,
http://dx.doi.org/10.1161/circulationha.107.747667.

10


dx.doi.org/10.1002/med.20071
dx.doi.org/10.1002/med.20071
dx.doi.org/10.1124/pr.55.1.8
dx.doi.org/10.1093/cvr/cvq016
dx.doi.org/10.1155/2009/174657
dx.doi.org/10.1155/2009/174657
dx.doi.org/10.1016/j.jaci.2011.11.052
dx.doi.org/10.1016/j.jaci.2011.11.052
dx.doi.org/10.1016/j.mayocp.2012.05.020
dx.doi.org/10.1016/j.mayocp.2012.05.020
dx.doi.org/10.1007/s00228-017-2242-2
dx.doi.org/10.1016/0090-6980(88)90031-7
dx.doi.org/10.1093/cvr/26.12.1206
dx.doi.org/10.1253/jcj.53.1115
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
http://refhub.elsevier.com/S1138-3593(20)30348-8/sbref0190
dx.doi.org/10.1161/01.CIR.97.24.2406
dx.doi.org/10.1073/pnas.242716099
dx.doi.org/10.1164/ajrccm.161.supplement_1.ltta-22
dx.doi.org/10.1164/ajrccm.161.supplement_1.ltta-22
dx.doi.org/10.1016/j.cardiores.2007.05.018
dx.doi.org/10.1016/j.atherosclerosis.2008.11.012
dx.doi.org/10.1016/j.atherosclerosis.2008.11.012
dx.doi.org/10.1016/j.prostaglandins.2015.03.007
dx.doi.org/10.1542/peds.107.2.381
dx.doi.org/10.1124/pr.110.004184
dx.doi.org/10.1002/med.21251
dx.doi.org/10.1161/circulationha.107.747667

Medicina de Familia. SEMERGEN 47 (2021) 4-11

22.

23.

24.

Biber N, Toklu HZ, Solakoglu S, Gultomruk M, Hakan T,
Berkman Z, et al. Cysteinyl-leukotriene receptor antago-
nist montelukast decreases blood-brain barrier permeability
but does not prevent oedema formation in traumatic brain
injury. Brain Injury. 2009;23:577-84, http://dx.doi.org/10.
1080/02699050902926317.

Yu GL, Wei EQ, Wang ML, Zhang WP, Zhang SH, Weng JQ,
et al. Pranlukast, a cysteinyl leukotriene receptor-1 antago-
nist, protects against chronic ischemic brain injury and inhibits
the glial scar formation in mice. Brain Res. 2005;1053:116-25,
http://dx.doi.org/10.1016/j.brainres.2005.06.046.

Yu GL, Wei EQ, Zhang SH, Xu HM, Chu LS, Zhang WP,
et al. Montelukast, a cysteinyl leukotriene receptor-1 antag-
onist, dose-and time-dependently protects against focal

11

25.

26.

27.

cerebral ischemia in mice. Pharmacology. 2005;73:31-40,
http://dx.doi.org/10.1159/000081072.

Qian XD, Wei EQ, Zhang L, Sheng WW, Wang ML, Zhang
WP, et al. Pranlukast, a cysteinyl leukotriene receptor
1 antagonist, protects mice against brain cold injury.
Eur J Pharmacol. 2006;549:35-40, http://dx.doi.org/10.
1016/j.ejphar.2006.07.056.

Back M. Inhibitor of the 5 lipoxygenase pathway in
atherosclerosis.  Curr  Pharm  Des.  2009;15:3116-32,
http://dx.doi.org/10.2174/138161209789058020.

Riccioni G, Capra V, D’Orazio N, Bucciarelli T, Bazzano LA.
Leukotriene modifiers in the treatment of cardiovascular dis-
eases. J Leukocyte Biol. 2008;84:1374-8, http://dx.doi.org/10.
1189/jlb.0808476.


dx.doi.org/10.1080/02699050902926317
dx.doi.org/10.1080/02699050902926317
dx.doi.org/10.1016/j.brainres.2005.06.046
dx.doi.org/10.1159/000081072
dx.doi.org/10.1016/j.ejphar.2006.07.056
dx.doi.org/10.1016/j.ejphar.2006.07.056
dx.doi.org/10.2174/138161209789058020
dx.doi.org/10.1189/jlb.0808476
dx.doi.org/10.1189/jlb.0808476

	A case–control study: Evaluating the role of leukotriene receptor antagonists in preventing the cardiovascular and cerebro...
	Introduction
	Leukotriene receptor antagonists and Cardiovascular (CV) disease
	Aim of the study
	Ethics approval

	Methods
	Definition of cases and controls
	Selection of the controls
	Data collection
	Statistical analysis

	Results
	Discussion
	Strengths and weaknesses of the study

	Conclusions
	Funding
	Conflict of interest
	Acknowledgments
	References


