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Background: In addition to the clinical burden, asthma is responsible for a high economic burden. However, little is known about the economic burden of asthma prior to death.

Objective: We performed an economic analysis to describe the costs during 12 and 24 months prior to asthma death between 2013 and 2017 in France.

Methods: An observational cohort study was established using the French national health insurance database. Direct medical and non-medical costs, as well as costs related to absence from the workplace, were included in the analysis.

Results: In total, 3,829 patients were included in the final analysis. Over 24 and 12 months prior to death, total medical costs per patient were €27,542 [26,545–28,641] and €16,815 [16,164–17,545], respectively. Total medical costs clearly increased over 24 months prior to death. Over 12 months prior to death, costs increased significantly according to age categories, with mean total costs of €8,592, €15,038, and €17,845, respectively, for the categories <18 years old, 18–75 years old, and 75+ years old (p < 0.0001). Over 12 months prior to death, costs were statistically higher in patients with a dispensation of six or more SABA canisters compared to those with a dispensation of five or less canisters (p < 0.0001). In multivariate analysis, comorbidities, hospital as location of death, and dispensation of 12 or more canisters of SABA per year are independent factors of the highest costs.

Conclusion: To conclude, the economic burden of asthma death is high and increases with time, age, and SABA dispensation.
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Introduction

Asthma is a chronic respiratory disease that affects 340 million people worldwide (1). In addition to the clinical burden, asthma is responsible for a high economic burden. Over the past 10 years, this economic burden has been widely studied in different countries.

In a German study, the total annual costs per asthma patient were €2,168, with a €753 higher cost compared with a control group (2). In a Canadian study, the asthma cohort accrued, on average, an annual amount of €1,725 per patient in all-cause medical costs (3). The main cost component was medications, which accounted for 46.0% of additional costs compared to a sample of the general population. Outpatient visits and inpatient stays were responsible for 28.0 and 26.0% of additional costs compared to a sample of the general population, respectively. In France, asthma costs ranged from €393 for mild asthma to €3,187 for severe asthma (4). In the USA, during the 2008–2013 period, asthma was responsible for $50.3 billion in medical costs and $29 billion due to asthma-related mortality (5). The annual per-person incremental medical costs of asthma were $3,266 (in 2015 US dollars), mainly of which were attributable to medication ($1,830), medical visits ($640), inpatient stays ($529), and hospital-based outpatient visits ($176).

Patients with uncontrolled asthma had higher medical costs and decreased productivity (6–8). In patients with uncontrolled severe asthma, the medical cost attributed to asthma is even three times greater than the cost for patients with severe, controlled disease (9). Productivity is also highly impacted by uncontrolled, severe asthma (10). Comorbidities and systemic steroid-related complications also play a crucial role in the additional direct and indirect medical costs related to asthma (11, 12).

Although asthma mortality declined sharply until the mid-2000s, it appears that the mortality rate has been stagnating for several years (13–16). Recently, we showed that half the patients who died from asthma received inadequate ICS doses, and only a small proportion had access to biological therapies (17). Less than 15% were referred to a specialist, and lung function tests were performed in less than 30% of patients. To the best of our knowledge, no data have been published on the economic burden before asthma death. An economic analysis of healthcare consumption prior to asthma death would permit better consideration of the healthcare needed for asthma management. Moreover, mortality reduction with better asthma management could be associated with reduced or avoided cost components.

Our study aims to describe the economic burden during the 2-year period prior to asthma death between 2013 and 2017 in France.



Population and methods


Data sources

A retrospective observational cohort study was established using the French National Health Insurance Database (SNDS), which integrates the main French health databases (French health insurance inter-scheme information system, hospital data, and death registry). The cohort characteristics have been described previously (17). Briefly, in France, healthcare consumption data in the SNDS are collected from patients enrolled in mandatory health insurance (about 99% of the French population). The SNDS database provides a global overview of patients’ care pathways without any loss of follow-up in France.

Patients who died from asthma between 2013 and 2017 were identified according to the ICD-10 (International Classification of Diseases, 10th Revision) codes, J45 and J46. Asthma was the main cause of death on the death certificate. Duplicate patients and patients with no health consumption 2 years prior to death (n = 34) were excluded.

The study protocol was approved by the French National Ethics Committee (registration number TPS 578472). The protocol was also approved by the French Data Protection Authority (registration number 919303v1).



Study measurements


Demographic and clinical data

In order to take into account the specificity of age categories, patients were divided into three categories according to age: 0–18, 18–75, and ≥ 75. We derived baseline comorbidities and Charlson Comorbidity Index (CCI) scores from an algorithm developed specifically for this claims database (18). It uses medical procedures, drugs, and hospital discharge diagnosis in addition to the long-term illness (LTI) scheme to identify comorbidities and the CCI score. Updated weights are applied for a better assessment of the CCI.



Healthcare resource consumption

Short-acting beta agonist (SABA) use was quantified as the number of canisters recorded within the past 12 months before death. To enable a comparison of different types and numbers of doses in the SABA canisters, a standardized SABA canister unit was defined as 150 doses. Patients were grouped by the number of SABA canisters recorded: no canisters [1; 2] and considered appropriate use [3–5], [6; 10], and ≥11 (19).

Inhaled corticosteroid (ICS) use included both monotherapy and fixed combinations within the last 12 months prior to death. The mean daily ICS dose (in budesonide equivalents) was defined according to GINA guidelines (20). In children aged 0–11 years, the daily ICS dose was divided into no or negligible dose (<100 μg), low dose (100–200 μg), medium dose (201–400 μg), and high dose (>400 μg). In teenagers (12–17 years old) and adults (≥18 years old), the daily ICS dose was divided into no or negligible dose (<200 μg), low dose (200–400 μg), medium dose (401–800 μg) and high dose (>800 μg). An inadequate daily dose was defined as a dose inferior to the lower limit of a low daily dose that cannot be considered as maintenance therapy.



Cost components

Costs were recorded and analyzed from the perspective of French health insurance. Direct medical (i.e., hospitalizations, medical and paramedical acts, medications, consultations, medical devices), and non-medical (i.e., transportation) costs as well as costs related to absence from the workplace (i.e., daily allowance) were included in the analysis. Unit prices correspond to the tariffs used by French healthcare insurance multiplied by the corresponding reimbursement rate.




Statistical analysis

A descriptive analysis of the patients’ characteristics was performed. Qualitative variables were expressed as numbers and percentages. Quantitative variables were expressed as mean and standard deviations, or median and interquartile range (IQR) when relevant. The global costs of patients who died from asthma were described over 24 months prior to death using mean and bias-corrected and accelerated 95% bootstrapped confidence intervals. In addition, histograms summarizing cost evolution over 6-month periods, 24 months prior to death, were drawn, grouped or not by age categories. In order to focus on the period close to death, the rest of the analysis was performed over a 12-month period prior to death. The non-parametric Kruskal–Wallis test was used to assess cost differences between groups when needed. Generalized linear model regressions with gamma distribution and log link were implemented to assess adjusted cost differences between groups of SABA or ICS dispensation. Adjustment variables were age, gender, CCI, and place of death.

Statistical analyses were performed using R, version 4.2.1.




Results


Patients’ characteristics

From 1 January 2013 to 31 December 2017, 3,863 subjects were recorded with a leading cause of death related to asthma. After the exclusion of duplicate patients and patients with no health consumption 2 years prior to death, 3,829 patients were included in the final analysis. The patients’ characteristics were described previously. The main characteristics are indicated in Table 1.



TABLE 1 Characteristics of the study population for the entire cohort and by age group (N = 3,829).
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Main costs over 24 and 12 months prior to death

Over 24 and 12 months prior to death, total medical costs per patient were €27,542 [26,545–28,641] and €16,815 [16,164–17,545], respectively (Table 2; Supplementary Table S1). The most important medical cost component was inpatient stays, regardless of the time prior to death (Figure 1; Table 2). Total medical costs clearly increased over 24 months prior to death and particularly during the last 6 months prior to death (Figure 1), notably due to death-related inpatient stays. Over 12 months prior to death, respiratory system medication accounted for 41% of the medication costs (Table 2).



TABLE 2 Main medical costs (€2020) of patients who died from asthma over 12 months prior to death.
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FIGURE 1
 Direct and indirect costs of patients who died from asthma over 24 months prior to death.




Costs according to age categories over 24 and 12 months prior to death

Over 24 and 12 months prior to death, it is noticeable that costs increased significantly according to age categories. The mean total costs were €8,592, €15,038, and €17,845 over 12 months prior to death, respectively, for the categories <18 years old, 18–75 years old, and 75+ years old (p < 0.0001) (Figure 2; Supplementary Table S2). The cost of rehabilitation care, paramedical procedures, medical devices, consultation, and transportation were significantly higher in patients aged 75+ years old compared to the others (Supplementary Table S2). However, the costs of respiratory system medications were significantly higher in patients aged 18–75 years old compared to the two other groups (p < 0.0001). In addition, 18- to 75-year-old patients are associated with productivity loss costs amounting to €840.
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FIGURE 2
 Direct and indirect costs of patients who died from asthma over 12 months prior to death according to age categories.




Costs according to ICS dispensation over 12 months prior to death (overall population and age categories)

Over 12 months prior to death, total medical costs increased slightly with the daily dose of ICS in the whole population (Supplementary Table S3). Moreover, costs for consultations, medical and paramedical procedures, and medical devices were statistically higher in patients with medium or high daily doses of ICS compared to patients with no or low doses of ICS (p < 0.0001). In patients aged 18–75 years old, total medical costs were statistically lower in those with a dispensation of no or low daily dose of ICS compared to those with a medium and high daily dose of ICS (€13,244 and €13,533 vs. €18,704 and €16,856, respectively, p < 0.0001) (Table 3). A statistical difference was observed for all main cost components except for inpatient stays not related to the respiratory system between the categories of ICS daily dose.



TABLE 3 Main medical costs (€2020) according to age and ICS dispensation in patients who died from asthma over 12 months prior to death.
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Costs according to SABA dispensation (overall population and age categories)

Over 12 months prior to death, medical costs tend to increase with the number of SABA dispensation in the whole population (Table 4). Costs were statistically higher in patients with a dispensation of six or more canisters compared to those with a dispensation of five or less canisters (p < 0.0001). The cost difference was not restricted to medication and was notably led by inpatient stay costs. In addition, significant cost increases were found for patients with more than 12 dispensations of canisters for medical and paramedical procedures, consultations, medical devices, and productivity loss.



TABLE 4 Main medical costs (€2020) according to age and SABA dispensation in patients who died from asthma.
[image: Table4]

In patients aged 18–75 years old, total medical costs were statistically higher when patients were dispensed more than 12 canisters (p < 0.0001). A difference was observed for medication costs, but also for all other cost components except for productivity loss. In patients aged 75+ years old, total medical costs were statistically higher in patients with a dispensation of six or more canisters (p < 0.0001). The cost differences were observed for all cost components except transportation and productivity loss.



Multivariate analysis of factors associated with highest costs

Three models were used for the multivariate analysis of factors associated with the highest costs, depending on the variables included in the regression (Figure 3). On the one hand, age and gender do not influence the cost of patients who died from asthma in all models. On the other hand, comorbidity index ≥1 and death at hospital were associated with the highest costs, regardless of the model. The increase in costs was between 2.04 and 2.06 times higher for a comorbidity index at 1 and between 3.10 and 3.11 times higher for a comorbidity index at 2, according to the three models (p < 0.0001 for both comorbidity indices). Costs were 1.91–1.93 times higher with death at hospital compared to other locations of death (p < 0.0001). Six or more SABA canisters were associated with the highest costs when ICS dispensation was not included in the analysis. In another model, patients with no ICS had, statistically, the lowest costs compared to patients with moderate or high doses of ICS when SABA dispensation was not included in the analysis. In a model including SABA and ICS dispensation, only 12 or more canisters of SABA were associated with the highest costs compared with no dispensation of SABA canisters (1.17 [1.05; 1.32], p = 0.006). Nevertheless, patients with medium and high ICS daily doses and patients with 6–11 SABA canisters tend to be costlier at the threshold boundary.

[image: Figure 3]

FIGURE 3
 Forest plot of factors associated with the highest costs over 12 months prior to death in patients who died from asthma.





Discussion

In patients who died from asthma, total medical costs clearly increased over 24 months prior to death, particularly during the last 6 months prior to death. Over 24 and 12 months prior to death, total medical costs were €27,542 [26,545–28,641] and €16,815 [16,164–17,545], respectively. According to the mortality rate estimated at 0.13% (Supplementary Table S5), the cost per year of asthma death is €16,1 million in France. Costs increased with age, ICS dispensation, and SABA dispensation. According to a multivariate analysis, comorbidity index ≥1, death at hospital, and 12 or more SABA canisters within 12 months prior to death were independently associated with the highest costs (Table 4).

The annual cost of asthma in France ranges from €198 to €4,100, according to asthma severity (21). In Spain, the total annual mean cost of severe asthma rose to €8,554/patient (22). In our study, the total cost within 12 months prior to death in patients who died from asthma was much higher, i.e., €16,815 per patient (2–4 times the cost of severe asthma). Given that two-thirds of the total mean annual costs were due to inpatient stays, the economic burden of patients who died from asthma is mainly due to hospitalization. It has been described that the mean direct cost of severe asthma exacerbations was €758.7/exacerbation, but the mean cost increased by €4,997/exacerbation if only episodes requiring hospital admission were considered (23). It has been shown that an active program for asthma control in Brazil (specialized free medical care, pharmaceutical assistance (inhaled medication), and patient education) leads to a decline in asthma hospital admissions by 82.3% (24). We previously showed that a lack of referral to pulmonologists was observed in patients who died from asthma because less than 15% had a pulmonologist office visit within 12 months prior to death (17). Given that it has been shown that pulmonology office visits appear to reduce the risk of hospitalization for asthma (25), we hypothesize that an increase in referral may have an impact on the cost of asthma death. Indeed, the total cost of the outpatient visit component in our cohort was very low (2.3% of the total cost).

In our study, we show that the economic burden of patients who die from asthma increases with age. A systematic review mentioned that age was found to have an association with asthma costs, but there were conflicting reports (26). According to published data, it seems that extreme ages are associated with excess cost of asthma (27, 28). In the older adult, asthma-derived direct costs are double compared to younger asthma patients, mainly due to the higher costs of hospitalization and medication (29). To the best of our knowledge, there are no data on the impact of age on the economic burden of asthma death. According to the multivariate analysis in our study, age is not associated with the highest costs for patients who died from asthma. However, it seems that comorbidities are associated with the highest costs. Additional costs assessed for older people are related to comorbidity management. Indeed, it has been established that comorbidities account for 54% of the economic burden of severe asthma patients (30). In this study, other respiratory diseases and conditions related to mental, behavioral, neurodevelopmental, digestive, and neurological diseases were the most common comorbidities involved in the economic burden of asthma. Our study highlights the detrimental impact of comorbidities on the economic burden of patients who died from asthma. It is likely that comorbidities are a determining factor in hospitalization. Hospitalization costs and comorbidities are major factors in prolonged hospitalization.

In our study, costs increased with ICS dose prior to asthma death. However, after adjustment, including SABA dispensation, there was no excess of cost regarding the ICS dose. In the models including or not including ICS dose, 12 or more SABA canister dispensation were associated with the highest costs, even for costs not related to medication. It is now well established that over-prescription of SABA is associated with lower odds of controlled asthma and higher severe exacerbation rates, independent of maintenance therapy (31, 32). The overuse of SABA also leads to an excess of mortality (19, 33). In several randomized controlled trials, it has been shown that as-needed ICS-formoterol is more effective than SABA (34–37). It has also been shown that as-needed ICS-formoterol was more effective at preventing severe exacerbations than maintenance low-dose budesonide plus as-needed terbutaline (34). The database used in our study provides data on drug dispensation; however, we have no access to prescription. Consequently, we cannot know if ICS-formoterol was given as-needed or as maintenance therapy. However, our study was conducted before the recommendation of GINA on as-needed ICS-formoterol in mild asthma. For this reason, it is likely that the use of as-needed ICS-Formoterol was not widely used in France during the study period. Moreover, it is worth noticing that the recent French guidelines did not recommend the use of ICS-formoterol as needed in mild asthma (38). ICS-formoterol was only recommended for patients with ICS-formoterol in maintenance therapy. Regarding the economic burden, it has been described that SABA overuse represents greater costs for the Spanish National Health System (39). The impact of SABA dispensation on the economic burden of asthma death has never been described. According to our study, high SABA dispensation is associated with an excess cost, according to several cost components, and mainly for >12 SABA, even in patients who will die from asthma. As suggested in mild asthma, the use of as-needed ICS-formoterol would counterbalance not only the excess risk of death with SABA but also the costs associated with asthma death (40). It has also been described that systemic steroids have a detrimental effect on asthma patients. In our study, we did not include systemic steroids in the analysis because of the risk of bias. Indeed, systemic steroid prescription is not restricted to asthma exacerbations and can be used for a large variety of diseases. Systemic steroid use could reflect comorbidities more than asthma exacerbations.

Our study has limitations. The French health database cannot provide access to biological, functional, or radiological data. For this reason, we are not able to determine asthma phenotypes. This database only offers access to healthcare consumption. However, this database gives the opportunity to make a robust economic analysis of patients who died from asthma with medical costs and costs related to absence in the workplace and who receive a daily allowance from French healthcare insurance and no loss of follow-up in almost the whole French population. Another limitation is the lack of data on drug adherence. We collect data on drug dispensation, but we do not have information regarding drug compliance. Similarly, the prescriptions issued by physicians are not available in this database. Regarding the prescriptions of oral corticosteroids (OCS), the French healthcare database does not offer the possibility of knowing if comorbidities are related to OCS or if OCS were prescribed for asthma exacerbations. Considering the risk of bias, OCS were not included in the analysis. However, it could be interesting to specifically study the role of OCS-related comorbidities in the economic burden of asthma death. Finally, no data on socio-economic status are available in our study, whereas it is well established that the most deprived socio-economic status is more likely to be associated with uncontrolled asthma (41).



Conclusion

To conclude, the economic burden of asthma death is high and increases with age, ICS dose, and SABA dispensation. Our study also highlights that an increase in healthcare costs over time for asthma patients should alert them to the risk of asthma death. Specific studies on algorithm based on healthcare costs could help in the prediction of asthma death. Moreover, we suggest that prevention costs could be counterbalanced by cost-saving opportunities during the time prior to death from asthma. For example, the cost of referral to a specialist would counterbalance the cost of death and all healthcare resources used for asthma care. This should help the authorities to establish a prevention program according to our results.

In our study, in a multivariate analysis, only hospital as the location of death, comorbidities, and 12 or more SABA canister dispensations were associated with a significant higher cost. The excess cost of SABA over-prescription in asthma death should prompt the authorities to assess if SABA reduction with the use of as-needed ICS-formoterol could lead to decreased asthma death with cost-saving impacts. Moreover, at a clinical level, comorbidities should be taken into account in severe asthma patients’ evaluation. Moreover, the development of outpatient networks that would enable the continued management of asthma exacerbations and comorbidities should be a priority. Finally, the use of biologics should be particularly discussed in patients with comorbidities, given cost savings and death prevention.
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The study period was 12months prior to death. Global costs are indicated in bold.
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