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Cysteinyl leukotrienes are proinflammatory mediators with a clinically established role in asthma and a human genetic and preclinical role in cardiovascular pathology. Given that cardiovascular disease has a critical inflammatory component, the aim of this work was to conduct an observational study to verify whether the use of a cysteinyl leukotriene antagonist, namely, montelukast, may protect asthmatic patients from a major cardiovascular event and, therefore, represent an innovative adjunct therapy to target an inflammatory component in cardiovascular disease. We performed an observational retrospective 3-year study on eight hundred adult asthmatic patients 18 years or older in Albania, equally distributed into two cohorts, exposed or nonexposed to montelukast usage, matched by age and gender according to information reported in the data collection. Patients with a previous history of myocardial infarction or ischemic stroke were excluded. In summary, 37 (4.6%) of the asthmatic patients, 32 nonexposed, and five exposed to montelukast suffered a major cardiovascular event during the 3-year observation period. All the cardiovascular events, in either group, occurred among patients with an increased cardiovascular risk. Our analyses demonstrate that, independent from gender, exposure to montelukast remained a significant protective factor for incident ischemic events (78% or 76% risk reduction depending on type of analysis). The event-free Kaplan–Meier survival curves confirmed the lower cardiovascular event incidence in patients exposed to montelukast. Our data suggest that there is a potential preventative role of montelukast for incident cardiac ischemic events in the older asthmatic population, indicating a comorbidity benefit of montelukast usage in asthmatics by targeting cysteinyl leukotriene-driven cardiac disease inflammation.
Keywords: asthma, montelukast, inflammation, cardiovascular diseases, leukotriene receptors
INTRODUCTION
Inflammation is a physiological reaction that, when dysregulated, can become a pathological process associated with several diseases characterized by the release of mediators, including metabolites of arachidonic acid. Cysteinyl leukotrienes (cysteinyl-LTs), namely, LTC4, LTD4, and LTE4, are derived from arachidonic acid and are potent proinflammatory lipid mediators well-known to play an important role in asthma (Nicosia et al., 2001), and that have also been implicated in other inflammatory conditions, such as allergic rhinitis (AR), atopic dermatitis, and urticaria (Capra et al., 2007). Unlike many other inflammatory mediators, cysteinyl-LTs are not decreased by steroid use in asthmatics (Gyllfors et al., 2006) Additionally, cysteinyl-LT involvement has been hypothesized in several cardiovascular diseases (CVDs), such as acute myocardial infarction (MI), ischemic stroke (IS), atherosclerosis, aortic aneurysms, and intimal hyperplasia (Folco et al., 2000; Back, 2009; Poeckel and Funk, 2010; Capra et al., 2013). Increased intracoronary production of cysteinyl-LTs was detected in patients undergoing coronary angioplasty (Brezinski et al., 1992) and by systemic urinary LTE4 excretion in acute MI and ischemic heart disease patients (Carry et al., 1992; Allen et al., 1993; De Caterina et al., 2010). Several proteins in the 5-lipoxygenase pathway, including both CysLT receptors, were found in the arterial wall of patients at different stages of atherosclerosis (Allen et al., 1998; Lötzer et al., 2003; Spanbroek et al., 2003; Di Gennaro et al., 2010). Finally, besides the increase in cysteinyl-LTs concentration in CVD, a number of genetic studies also support a link between cysteinyl-LTs, their receptors, and CVD (Helgadottir et al., 2004; Iovannisci et al., 2007; Bevan et al., 2009; Freiberg et al., 2010).
In the 1990s, after the discovery of an important role for cysteinyl-LT in asthma, 5-lipoxygenase pathway inhibitors and CysLT1 receptor antagonists (LTRAs) were developed and are now widely used to treat asthma and other allergic conditions (Capra et al., 2006). In CVD, and particularly in atherosclerosis, there is a crucial inflammatory component (Ross, 1999; Back and Hansson, 2015). Given an important role for cysteinyl-LTs in modulating vascular tone and inflammation (Sala et al., 2000; Bäck, 2007; Back et al., 2014), LTRAs have been proposed for potential therapeutic use in such diseases (Funk, 2005; Capra et al., 2013).
The potent and selective CysLT1 receptor antagonist montelukast was first approved by the Food and Drug Administration to be used in different stages of asthma both in adults and children and later on also for the treatment of seasonal and perennial AR (Capra et al., 2006). In addition, in preclinical animal models, montelukast significantly reduces the formation of atherosclerotic plaques and intimal hyperplasia and reduces reactive oxygen species and apoptosis, demonstrating beneficial effects on endothelial cell function and myocardial remodeling (Capra et al., 2013; Hoxha et al., 2017). Furthermore, montelukast inhibited oxidized low-density lipoprotein-induced monocyte adhesion to endothelial cells, suggesting a preventative role in the early stages of atherosclerosis (Di et al., 2017). Montelukast is also protective against aorta dilatation, and it reduces aortic rupture and aneurism development in three independent animal models of abdominal aortic aneurysm (Di Gennaro et al., 2018).
Therefore, a large body of preclinical research has shown a role of LTRAs in general, and of montelukast in particular, in controlling and reducing CV risk (Funk, 2005; Hoxha et al., 2017). Indeed, asthmatic patients receiving montelukast have lower levels of CV disease-associated inflammatory biomarkers and lipid levels (Allayee et al., 2007). A recent nationwide cohort study on incident or recurrent ischemic events provided a first indication for a role of montelukast for secondary prevention of CVD (Ingelsson et al., 2012). In order to explore a potential CVD preventive role for montelukast, we performed a 3-year observational retrospective study including eight hundred asthmatic patients exposed or nonexposed to montelukast and assessed the efficacy of montelukast in prevention of a major CV event such as heart attack or IS.
MATERIALS AND METHODS
Data Collection
To obtain a large sample of the Albanian asthmatic population, a number of allergists/pathologists across the country were enrolled to contribute to this study by providing data about their asthmatic subjects (older than 18 years) based on their patient register and medical history. The study was retrospective, and medical records of 400 asthmatic subjects receiving montelukast (10 mg daily) and 400 asthmatic subjects not receiving montelukast were evaluated (from January 1st, 2012, to December 31st, 2014). Asthmatic subjects (International Classification of Diseases (ICD-10 v:2016) code 493) were diagnosed on the basis of GINA (Global Initiative for Asthma) criteria (https://ginasthma.org) on objective evidence of variable airflow obstruction. As the number of patients taking montelukast was the limiting factor of the study, we considered as montelukast-exposed all of the patients taking the drug for a period of at least 3 months (maximum exposure was 2 years), excluding all subjects with a previous history of MI or IS, as reported in their medical records (ICD:MI-I21 or IS-I63). Three months of drug assumption was considered the minimum to be coherent with the Ingelsson study (Ingelsson et al., 2012). These patients were randomly matched with patients not receiving montelukast as an antiasthmatic drug primarily by gender and secondly by age, considering the difference in the reported incidence of CVDs between male and female and with increasing age. In order to identify a predisposition of the monitored patients to an increased CV risk for MI and IS, information was obtained on drug therapies for major chronic conditions such as hypertension, diabetes mellitus, dyslipidemia, cerebrovascular disease, anemia, arrhythmias, epilepsy, allergies, psychosis, ulcers, cancer, and depression. General information, such as age, gender, patient educational level, residence, and income, was also recorded. Systemic blood pressure, body mass index, smoking, obesity, or cholesterol levels were not available for the majority of the patients and therefore were not taken into account in our analysis. According to ICD, the two groups were finally classified for the presence or absence of MI or IS.
Study Design
We calculated that, for a two-group survival analysis comparison over a total time of 3 years and 400 patients per group, we would be able to detect as significant an HR of 0.8 or lower with a type 1 error alpha = 0.05 and a power of 80%.
Statistical Analysis
Median and interquartile range (Q1–Q3) was used to describe age distribution due to its nonnormality. Also, the nonparametric Wilcoxon test was used to assess the difference in age between the two groups of patients, exposed or nonexposed to montelukast. Pearson’s chi-square test for association was used to test the association of montelukast exposure with the qualitative variables. All the available variables were considered as potential predictors of a CV event. However, because some drugs were used by less than 10 patients, those were not considered in the subsequent analysis. Cox (proportional hazards) regression analysis was performed pooling IS and MI as target events. All the CV events occurred among patients taking antihypertensive, antiplatelet, or anticholesterol drugs, i.e., among patients at increased “CV risk.” For this reason, those variables could not be included in a classical Cox regression model, but rather we used both a propensity score (PS) matching using different calipers (0.4-01) and a Cox model adjusted for PS. PS method balances the covariates observed between subjects in the treatment study group and the control group, eliminating disparities, while caliper is the margin thickness requirement for matching the difference between the treated unit and its matching control unit. PS has been calculated using a logistic regression on the treatment variable (i.e., exposure to montelukast), considering age, gender, residence, education, income, as well as antihypertensive, antiplatelet, diuretic, hypoglycemic, antihypercholesterolemic, and antiandrogen drugs as potential predictors of using montelukast. Concerning qualitative ordinal variables with more than two levels, analyses were performed using both all levels and aggregating levels in order to obtain binary variables. MI or IS was considered as events for survival analysis. For every patient, the observation started on January 1st, 2012, and all patients have been observed up to 3 years (with no drop outs) or until the first event. Event-free Kaplan–Meier survival curves were drawn for major CV events, and the difference between these two curves was tested using the log-rank statistics. For all the analyses, p-values lower than 0.05 were considered statistically significant. All statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, United States).
RESULTS
Baseline characteristics and variable distribution of the patients in our observational retrospective three-year study, overall, and according to montelukast use are reported in Table 1. We first noticed that patients exposed to montelukast have a significantly lower event rate than unexposed patients, 1.25% and 8%, respectively. We then analyzed possible relationships between demographic features and montelukast usage in our group of asthmatics. A significant difference was observed in the age of patients exposed (median = 60, 46 Q1–68 Q3) compared to nonexposed to montelukast (median = 64, 55.75 Q1–70 Q3). There was also a difference in montelukast exposure between rural and urban patients. In rural zone, 77.7% (108/139) of our asthmatic groups were exposed to montelukast, compared to only 44.2% of urban patients (292/661). In asthmatic patients with a lower education, only 28.1% were exposed to montelukast (68/242), compared to 59.5% with mid- to high level education (332/558). However, income did not show a significant relationship with montelukast use. The use of additional drugs appeared to be very balanced between the two cohorts, exposed and nonexposed to montelukast, with the exception of antiplatelet (5% vs. 9.75%) and antitumoral drugs (0% vs. 1.75%).
TABLE 1 | Characteristics of both montelukast-exposed and nonexposed patients.
[image: Table 1]Our analyses showed that 37 (4.6%) of our asthmatic patients suffered a major CV event during the observation period. The overall incidence of an ischemic event in our asthmatic population (15.4 events per 1,000 patient-years) is similar to the expected rate in a general population [between 8 and 18.1 events, depending on level of blood pressure (Tajeu et al., 2017)]. However, in patients not exposed to montelukast, the incidence is considerably higher (26.7 events per 1,000 patient-years) than the incidence observed in the general nonasthmatic population. The CV event incidence in patients exposed to montelukast is 4.17 events per 1,000 patient-years, which is considerably lower than the 8 to 18.1 events expected in the general population (Tajeu et al., 2017). Our analysis of the incidence of CV events showed that the age of asthmatic patients that did not experience a CV event (median = 62) was significantly (Wilcoxon test, p < 0.00004) lower when compared to patients suffering a CV event (median = 74), with 12 years difference between the two groups (Figure 1). This is consistent with the well-known increase in CV events with increasing age.
[image: Figure 1]FIGURE 1 | Box plot of age of patients without CV events (n = 763, median = 62, 51 Q1–68 Q3) vs. patients that suffered an ischemic event (n = 37, median = 74, 64 Q1–77 Q3). Statistical significance was calculated using the Wilcoxon test.
We then performed PS matching using a COX model with different calipers. We focused on a caliper = 0.2 because it has been demonstrated to be optimal in many statistical settings (Austin, 2011) to look for predictors of a major CV event. PS matching resulted in assigning 269 patients in each group with a total number of 22 events. This analysis showed a highly significant (p = 0.0065) prevention of CV events (HR = 0.222) in the cohort exposed to montelukast. In the PS matching analysis, we lost some of the events (15 out of 37, Table 2), so we also used a Cox regression model adjusted for PS, which allowed us to take all the events into consideration (Table 3).
TABLE 2 | Hazard ratio for CV events derived from propensity score matching.
[image: Table 2]TABLE 3 | Hazard ratio for CV events derived from Cox regression using PS as a correction factor.
[image: Table 3]Even though patients exposed to montelukast were overall slightly younger than those not exposed to the drug, montelukast remained a significant (p = 0.0046) protective factor (HR = 0.241) for CV events. In addition, as the use of antiplatelet drugs was significantly different between exposed and not exposed to montelukast (Table 1), namely, 5% vs. 9.75%, we took into consideration the antiplatelet bias by performing a Cox model adjusted for PS only on patients taking antiplatelet drugs. As shown in Table 3, the results are still statistically significant (p = 0.0003, HR = 0.17) and not statistically different (p = 0.87) from those considering the whole sample.
Figure 2 shows the event-free Kaplan–Meier survival curves of patients exposed or not exposed to montelukast. On the left panel, the total patient sample was considered, while on the right panel, only patients using antiplatelet drugs were considered. In both cases, the two curves were statistically different between montelukast-exposed and nonexposed asthmatics. As expected, the difference in survival probability was overall higher when limiting the analysis to patients treated with antiplatelets (log-rank test, p = <0.0001 and p = <0.0001).
[image: Figure 2]FIGURE 2 | Event-free survival curves according to montelukast use [panel (A), n = 800; panel (B), n = 59]. Statistical significance was calculated using the log-rank test.
DISCUSSION
Ischemic events such as MI and IS are among the leading causes of death worldwide. Atherosclerosis has been recognized to have a critical inflammatory component that is not well-treated by existing cardiac drugs (Ross, 1999; Rovati et al., 2010; Back and Hansson, 2015). Preclinical studies have shown a role for cysteinyl-LTs in a number of cardiac pathologies including atherosclerotic coronary arteries (Allen et al., 1998; Lötzer et al., 2003), while the 5-lipoxygenase activating protein (FLAP), an essential protein for cysteinyl-LT biosynthesis, has been linked to an increased risk of MI (Helgadottir et al., 2004; Hakonarson et al., 2005); we therefore hypothesized that LTRAs may have a role in CVD prevention (Hoxha et al., 2017). Asthmatic patients are more predisposed to CV events than the nonasthmatic population (Iribarren et al., 2012; Tattersall et al., 2015), and inflammation is a common feature of both asthma and atherosclerosis, so the use of a LTRA in asthmatic patients may have additional, comorbidity therapeutic benefit.
Our observational retrospective study in a homogenous population of eight hundred asthmatic adults in Albania has demonstrated a significant relationship between the use of montelukast and the reduction of a major ischemic CV event such as MI or IS even after correction for possible confounders. Our data indicate that, despite the limitations of the present study, montelukast may be of benefit in the prevention of CV disease in asthmatic patients. Analysis of montelukast usage in our sample population of asthmatic patients in Albania showed that patients treated with the drug were on average 4 years younger than those in the nonexposed montelukast group, however with a median age lower than 65 years for both groups. The clinical relevance of this modest difference between groups is uncertain, but given the large difference in the reported incidence of CVD between male and female (http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf), we used gender as primarily matching criteria and age as secondary criteria for inclusion.
As expected, the average age of patients incurring CV events, irrespective of montelukast treatment, was higher than those without CV events. This age-related increase in ischemic events in both groups indicates a substantial contribution of age to the CV risk, as one might expect in the aging population (Dhingra and Vasan, 2012). Both PS matching and PS-adjusted Cox analysis reveal that exposure to montelukast remains a significant protective factor for incident ischemic events, independently from gender. This observation extends to primary prevention of the results of Ingelsson and coauthors, who observed an effect of montelukast on recurrent MI in male and of recurrent IS in both genders, but no association of montelukast use with incident events (Ingelsson et al., 2012). Because asthma is recognized to be a possible confounder for the association of montelukast with CV diseases, limiting the sample to asthmatic subjects, as in our study, could have facilitated the detection of the effect of montelukast on incident events. All the events observed in our study occurred among patients taking antihypertensive, diuretic, antiplatelet, or anticholesterol drugs, namely, patients at increased CV risk of ischemic events.
Therefore, to further corroborate our findings and to exclude that use of antiplatelet drugs might bias our results, we also performed a PS-adjusted Cox analysis only on patients taking antiplatelet drugs. This again resulted in a statistically significant protective effect of montelukast not substantially different from that obtained in the overall sample. Given the difference between antiplatelet use between montelukast-exposed and nonexposed asthmatics, namely, 5% vs 9.75%, we showed that the event-free Kaplan–Meier survival curves for patients treated and nontreated with montelukast are statistically different, even if calculated only in patients taking antiplatelet drugs. Finally, our study may have underestimated the protective effect of montelukast since we considered as montelukast-exposed who had the CV event after stopping the drug. Indeed, only two out of five events in the exposed group occurred during montelukast treatment.
We acknowledge that there are a number of limitations of this study, such as the relatively limited number of events observed. However, our cohort is perfectly balanced for gender, a significant factor for CV diseases, and homogeneous with respect to asthma indication, which is recognized to be a confounding factor in the Ingelsson study (Ingelsson et al., 2012). Therefore, despite the number of events in the two studies being different, our 800 asthmatic samples might provide increased sensitivity in detecting the protective effect of montelukast. Other possible risk factors such as systemic blood pressure, body mass index, smoking, obesity, alcohol, or physical inactivity were not available for the majority of the patients, similar to the Ingelsson study (Ingelsson et al., 2012), and could not be included in our investigation. Conversely, the concomitant use of other drugs is well balanced between the two cohorts, with exception of the use of antiplatelet drugs. However, the results remained statistically significant when only asthmatic patients using antiplatelet were compared.
We suggest that a larger, case-control trial taking into consideration all CV risk factors is warranted by our data. Unfortunately, the montelukast patent life is expired, limiting the interest of the pharmaceutical industry to fund such a large, expensive CV trial. Thus, despite the impact that a definitive confirmation of these data might have on public health, only government-supported grants might provide enough funding for such a study.
In conclusion, our study highlights an additional benefit of leukotriene modifiers in asthmatics with the comorbidity of CVD. Targeting the cysteinyl-LT pathway, or indeed the total LT pathway with FLAP inhibitors (Pettersen et al., 2019), may be a strategy for primary prevention in populations at increased CV risk like asthmatics or secondary prevention in the general population. LTRAs in general and montelukast in particular are approved drugs used in clinical practice since almost two decades and are well tolerated (Bisgaard et al., 2009). The prevention of cysteinyl-LT-driven CV inflammation by the use of cysteinyl-LT antagonists or FLAP inhibitors may have an important benefit in reducing ischemic events that are among the leading causes of death in the developed world.
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