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ACG Adjusted Clinical Group
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Spanish Asthma Management Guide (Guia Espafiola para el
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Manejo del Asma)
ICS Inhaled corticosteroid
ICPC-2 International Classification of Primary Care
LABA Long-acting beta-2-agonist
MPR Medication possession ratio
RUB Resource utilization band
SABA Short-acting beta-2-agonist
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Abstract

Objective: We determined the percentage of patients with severe asthma and exacerbations and
evaluated the costs of the disease based on blood eosinophil counts.

Methods: A retrospective observational study based on the review of medical records in Spain was
carried out. Patients 218 years of age requiring care during the years 2014-2015; diagnosed with asthma
with at least 2 years of continuous records (at least one year prior to the index date defined as the first
asthma medication prescription and at least one year after the index date) were included. Study groups:
eosinophil counts < 300 cells/pl and > 300 cells/ul. Main variables: comorbidity, clinical parameters,
exacerbations and annual asthma total costs.

Results: A total of 268 severe asthmatic patients in Spain were included, representing 6.3% of the
asthma population, with 58.6% having eosinophil count 2300 cells/ul and 41:4% eosinophil count < 300
cells/ul. The mean age was 56.1 years (63.4% women). Patients withieosinophilic inflammation (2300
cells/ul) had lower FEV1 values (54.3% vs. 60.7%; p<0.001), poorer treatment adherence (65.6% vs.
77.3%; p<0.001), and a greater mean number of exacerbations/(3.3 vs. 1.9; p<0.001). Exacerbations
were correlated to FEV1 (B=—0.606), eosinophils (=0.255), immunoglobulin E (B=0.152), and age (B =
0.128), p<0.001. The mean total asthma annhual cost (ANCOVA) was 6222 vs. 4152 euros, respectively
(p=0.016). Health costs were associatedWwith age (f=0.323), FEV1 ($=0.239), eosinophils (=0.177) and
exacerbations ($=0.158), p<0.01.

Limitations: Those inherentto retrospective studies; the possible inaccuracy of diagnostic coding
referring to severesasthma and other comorbidities and the external validity of the results.

Conclusions: Health*€osts of patients with severe asthma were high. Total annual asthma costs and
resource use were greater in patients with =300 cells/pl. Age, eosinophilia, exacerbations and FEV1 were
associated with greater resource utilization and costs for the health system.

Keywords: Severe asthma; eosinophilia; exacerbations; resource utilization; health care costs

JEL classification codes: A20; Z00



INTRODUCTION

Asthma is a chronic inflammatory disease of the airways characterized by the intervention of
different cells and inflammatory mediators (partly conditioned by genetic factors), with
bronchial hyper-responsiveness and variable airflow obstruction that is fully or partially
reversible either spontaneously or through the action of drugs [1-3]. The prevalence of asthma

as reported in the literature is approximately 10% of the adult population [2,4].

The objective of the management of severe asthma is to achieve symptom control and lessen
the risk of exacerbations [2,3,5]. Severe asthma is a heterogeneous syndrome with multiple
phenotypes and accounts for approximately 5% of all cases of asthma'[2,5,6]. In Spain, the
estimated prevalence of uncontrolled persistent asthma is 3.9%, and the affected patients have
an average of 4.3 exacerbations a year [7]. Studies have described phenotypes related to
disease severity [8-10]. Peripheral blood eosinophilia has‘been regarded as an inflammatory
marker of disease exacerbation, with a positive correlation between severe allergic asthma and
poor disease control [3,6,7-10]. In general, asthma is one of the most common reasons for

medical consultation [2,4].

In Spain the estimated cost'of asthma is 1480 million euros a year, with an annual cost per
asthmatic patient of about €1726. In patients with severe asthma, this figure may increase to
2635 euros'a year [11]. Severe asthma is an important economic burden for the National Health
System, the affected individuals and their families, and society in general [1-4,11-14]. There is
only limited evidence on the relationship between eosinophilia, disease exacerbation and their
impact on resource use and related costs. In addition, there is a growing need to conduct

naturalistic studies under conditions of routine clinical practice (real life scenario). The present



study, therefore, may be relevant in this regard. The objective of this study was to assess the
proportion of patients with severe asthma and the disease exacerbation rate, and to evaluate
the direct and indirect costs (lost productivity), based on blood eosinophil counts, under

conditions of routine clinical practice.

METHDODS

Study design and population

A retrospective multicenter, longitudinal observational study was carried out based on the
review of medical records (electronic databases containing dissociated data). Thestudy
population was drawn from the electronic records of different primary care/(PC) centers pooled
within the anonymized database of the RedISS (Red de Investigacion.en Servicios Sanitarios)
Foundation in Catalonia. The data came from electronic medical records and other
complementary databases. The population attended by.these PC centers was primarily of an

urban and industrial nature, with a medium to low socioeconomic level.

Inclusion and exclusion criteria

The study included all patients.diagnosed with asthma requiring care between 1 January 2014
and 31 December 2015 (index date / inclusion period) who met the following characteristics: (a)
age > 18 years; (b) guaranteed follow-up (> 2 contacts, except in the event of death); (c)
enrolment in the prescriptions program (with documented daily dosage, time interval and
duration of each treatment provided); and (d) asthma diagnosed at least 24 months before the
inclusion date. The exclusion criteria were: (a) patients transferred to other centers or outside
the center recruitment area; (b) permanently institutionalized subjects; (c) patients with a

history of chronic obstructive pulmonary disease, emphysema, chronic bronchitis, cystic



fibrosis, lung cancer, bronchiectasis or pulmonary fibrosis; (d) patients with actively treated or
advanced cancer; and (e) terminally ill or palliative care patients. The study comprises a 2-year
period inclusion period (2014 and 2015), as it was planned and approved by the ethics
committee in 2017. The baseline-index period 2014-15 was the most recent with complete data

available in 2017.

Study groups and patient follow-up period

Two study groups were distinguished based on blood eosinophil counts (eosinaphilia): (a) < 300
cells/ul and (b) = 300 cells/ul. We compiled the eosinophil counts closest to'the index date
(resulting from the last blood test made). Patients were followed for'onewear from the index

date.

Asthmatic patients, severe asthma, exacerbation and'other variables of interest

Patient records were obtained from thednternational Classification of Primary Care (ICPC-2;
R93) [15], and/or the International Classification of Diseases (9th edition) - Clinical Modification
(ICD-9-CM; 493.x for the disease and/er'exacerbations). Severe asthma was classified according
to the international ERS/ATS guidelines on the definition, evaluation and treatment of severe
asthma®, and therapy was'assessed according to the recommendations of the Spanish Asthma
Management Guide (GEMA) steps 5-6 [2] (inhaled corticosteroids [ICs] and an additional

controller medication during the 12 months prior to the inclusion date).

Exacerbation was defined as an event in the natural course of the disease characterized by
worsening of the disease identified by a progressive increase in shortness of breath,

breathlessness, wheezing, cough and chest tightness, or a combination of all these symptoms,



secondary to severe airflow obstruction, and severe exacerbation as hospitalization due to
asthma. The electronic medical records yielded the information corresponding to each
exacerbation and the time from diagnosis (in years). In addition, we obtained from electronic
medical records: body mass index (BMI, kg/m?), lung function (FEV1, %) and blood total

immunoglobulin E (IgE) levels. The value closest to the date of inclusion was obtained.

Sociodemographic variables and comorbidity

We recorded patient age and gender, deaths, as well as the personal history obtained from the
ICPC-2 [15] referring to hypertension (K86, K87), diabetes mellitus (T89, T90), dyslipidemia
(T93), obesity (T82), active smoking (P17), alcoholism (P15, P16), alltypes.of organ failure
(cardiac, hepatic and renal), ischemic heart disease (K74, K97,4K75), cerebrovascular accident
(K90, K91, K93), dementia or memory disorders (P70, P20),neurological disorders: Parkinson's
disease (N87), epilepsy (N88), multiple sclerosis (N86) and other neurological diseases (N99),
depressive syndrome (P76), and malignancies (all types: A79, B72-75, D74-78, F75, H75, K72,
L71, L97, N74-76, T71-73, U75-79, W72-73, X75-81, Y77-79). Data on the history of allergic
rhinitis and nasal polyposis were also:collected. As a general comorbidity summarizing variable
for each patient, we recorded: (a) the number of chronic disease diagnoses; (b) the Charlson
comorbidity index [46] asan estimator of patient severity; and (c) the individual case index
obtained from the Adjusted Clinical Groups (ACGs): a patient classification system based on
resource consumption [17]. The ACGs in turn yield resource utilization bands (RUBs), allowing
each patient to be grouped according to general morbidity into one of 5 mutually exclusive
categories (1: healthy users or with very low morbidity; 2: low morbidity; 3: moderate

morbidity; 4: high morbidity; and 5: very high morbidity).



Medication administered and adherence/compliance

The medicinal products (drug substances) indicated for the treatment of asthma were compiled
according to the ATC (Anatomical Therapeutic Chemical Classification System) [18]. The
information was obtained from drug dispensing records. The choice of medication for a given
patient was decided by the supervising physician (clinical practice). The medications prescribed
during the follow-up period (one year) were compiled. Compliance (adherence referring to ICS
+ long-acting beta-2-agonists [LABAs]) was calculated based on the medication possession ratio
(MPR) [19], which was assessed from first to last prescription and represented the number of
days of medication given divided by the number of days of treatment (from the index date).
The duration of treatment was defined as the time (in months) without diseontinuation of the
initial treatment or without switching to another medication for atleast 30 days after the initial

prescription.

Resource utilization and associated costs

Direct health care asthma costs (direct cests) were regarded as those related to health care
activity (medical visits, hospital days,.emergencies, diagnostic or therapeutic requests, and
medication), while indirect orinon-health care costs were those related to lost work
productivity (days off work): Costs were expressed as the mean cost per patient (annual cost).
The different study concepts and their economic assessment are detailed in Table 1
(corresponding to the year 2016). Prescriptions were quantified according to the price per
package (public retail price + value added tax [VAT]) at the time of prescription. The indirect
cost calculations only considered the days off work, which were determined based on the
interprofessional minimum wage (source: Spanish National Statistics Institute [INE]) [20].The

study did not include the calculation of direct non—health care costs ( i.e., “out-of-pocket costs”



or costs paid by the patient/family), since these data were not recorded in the database, and
the study design precluded direct access to the patient. Patient resource use and costs referred

only to asthma.

Confidentiality of the information

The confidentiality of the data (anonymized and dissociated) was respected in accordance with
Spanish legislation on personal data protection (Act 15/1999, of 13 December). The study was
classified by the Spanish Agency for Medicinal Products and Medical Devices (noh-post-
marketing study [NO-EPA]) and was subsequently approved by the Clinical'Research Ethics

Committee of the Unidn Catalano-Balears de Hospitales de Catalufia’{Barcelona).

Statistical analysis

Data validation was performed to ensure the quality,of the results. A univariate descriptive
statistical analysis was made for the variables ofiinterest. Absolute and relative frequencies
were recorded for qualitative data. Proportions and 95% confidence intervals (Cls) for
parameters of interest were based on.the total number of subjects with no missing data. The
mean, standard deviation.(SD), median and 25th and 75th percentiles (interquartile range
[IQR]) were recorded for quantitative data. Normal data distribution was checked using the
Kolmogorov-Smirnov test. Analysis of variance (ANOVA), the chi-squared test and Pearson's
linear correlation test were used for the bivariate analysis. Kaplan-Meier survival analysis
(comparison: log-rank test) was performed to assess the time from diagnosis. Multiple linear
regression analysis was used to identify the variables associated with healthcare costs and the
number of exacerbations (dependent variable; stepwise procedure). Cost comparisons were

made according to Thompson and Barber[21], based on the analysis of covariance (ANCOVA,;



generalized linear model [GLM]), with gender, age, RUB, MPR, Charlson index and time from
diagnosis as covariates (procedure: estimation of marginal means; Bonferroni correction). The
SPSSWIN version 18 statistical package was used, with statistical significance set at p < 0.05. We
also conducted a sensitivity analysis, considering a cut-off blood eosinophil count of > 400
cells/ul. This cut-off point (high eosinophil counts according to laboratory reference values) was

used to quantify the main (exacerbations and total costs) and interim outcome variables.

RESULTS

A total of 75,259 patients out of an initial population of 90,348 people aged > 18 years were
attended during 2014-2015. Of these, 4755 were diagnosed with asthmai(prevalence: 5.3%;
95%Cl: 3.7-6.9%). In patients with asthma, the prevalence of severe.asthma was 6.3% (N=301;
95%Cl: 4.3-8.2%). A total of 268 patients meeting all the inclusion and exclusion criteria, with

data available during the study period, were finally analyzed (Figure 1).

The baseline characteristics according to.study group (eosinophilia) are shown in Table 2. The
mean age was 56.1 years (63.4% female), the RUB was 3.1 points, and the mean Charlson index
score was 0.7 points per patient. Allergic rhinitis (42.9%), dyslipidemia (39.6%), hypertension
(33.2%), obesity (26:1%), depressive syndrome (25.0%) and diabetes (15.7%) were the most
frequent comorbidities. In 58.6% of the patients (N=157), the blood eosinophilia value was >
300 cells/pl,'while 41.4% (N=111) had blood eosinophilia values of < 300 cells/pl. Six percent of
the patients died during the study period; deaths were numerically higher in the subgroup of
patients with > 300 cells/ul; a mortality rate two times higher than that in patients with <300

cells/ul. Patients with eosinophilia were older and had more comorbidities.



The anthropometric and clinical variables according to study group are detailed in Table 3.

Patients with > 300 cells/ul and patients with < 300 cells/ul presented a similar median time
from the diagnosis of asthma (32.2 vs. 31.1 years; p=0.074), lower BMI (27.9 vs. 28.2 kg/m?;
p=0.008) and FEV1 (54.3 vs. 60.7%; p < 0.001), and higher immunoglobulin E levels (367.9 vs.

247.2 1U/ml; p=0.001).

Table 4 describes the medication administered, adherence to therapy (MPR) and exacerbations
during the follow up. All patients in the study were being treated with inhaled corticosteroids
(ICs), long-acting beta-2 agonists (LABAs) and short-acting beta-2 agonists (SABAs) asirescue
therapy. A total of 57.5% used oral corticosteroids at some point during fellow up (30.2% on a
chronic or regular basis (defined as at least 6 months of continuous use), 42.9% received
leukotriene antagonists and 5 patients were receiving omalizumab, all in the 2 300

eosinophils/ul group.

Patients with elevated eosinophil counts,(> 300 cells/ul) consumed more oral corticosteroids
(65.7%), systemic antibiotics (66.2%)and leukotriene antagonists (48.4%). These patients also
presented lower adherence to.therapy (MPR: 65.6% vs. 77.3%; p < 0.001); more exacerbations
(3.3 vs. 1.9; p < 0.001) and*had more severe exacerbations (hospital admission) 0.7 vs 0.4

p=0.001.

In patients with severe asthma (multiple linear regression model) exacerbations were
associated with FEV; (f=-0.606), eosinophil count (=0.255), immunoglobulin E level (3=0.152)

and age ($=0.128) (p < 0.001). The coefficient of determination (R?) of the model was 79.8%.



During the 12-month follow up, patients with eosinophilia used more healthcare resources,
particularly with respect to the number of primary care visits (17.5 vs. 10.8; p=0.001), days of
hospital admission (3.9 vs. 2.1; p < 0.001) and hospital emergency visits (2.8 vs. 2.0; p < 0.001)
(Table 5). The differences in days off work (indirect costs) were inconclusive (21.5 vs. 11.3;
p=0.193). The total cost of the patients included in the study was 1.5 million euros (Table 5), of
which 68.2% corresponded to direct healthcare costs and 31.8% to indirect costs - with a mean
total annual unit cost of 5493 euros; 37.2% of the total costs occurred in primary care and
31.1% in specialized care. The greatest cost components were lost productivity (31.8%),

hospital admissions (18.2%) and medications (16.2%).

The mean total annual unit cost of patients with eosinophilia corrected for covariates (gender,
age, comorbidity, MPR and time from diagnosis; ANCOVA)was 6222 versus 4152 euros in
patients without eosinophilia (p=0.016). These differences were maintained for healthcare
costs (4226 vs. 2979 euros; p < 0.001). There were no significant differences in lost work
productivity (1996 vs. 1173 euros; p=0.318). The mean duration of stay in hospitalized patients
was 5.5 (SD: 3.5) days. The total costiin-patients diagnosed with asthma in adulthood (last 15
years; late-onset asthma).wasicomparatively higher (7873 euros; individual groups: 9702 vs.

4336 euros; p < 0.001).

In the binary correlation model, exacerbation correlated moderately with FEV; (r=-0.737), blood
eosinophil count (r=0.4821) and systemic corticosteroid use (r=0.533), while healthcare costs
were associated with FEV; (r=-0.440), exacerbations (r=0.438), age (r=0.358), eosinophil count
(r=0.314) and comorbidity (RUB: r=0.256) (p < 0.01 in all comparisons). In the multiple linear

regression model (stepwise approach), healthcare costs correlated with age (3=0.323, t=4.4),



FEV; (B=-0.239, t=-3.2), eosinophil count (=0.177, t=3.1), and number of exacerbations (f=0.158,
t=2.2), (p < 0.01 in all comparisons). Figure 2 shows the healthcare costs (total and divided into
primary care and specialized care) according to the number of exacerbations, patient age ranges,
and general comorbidity during the follow up. From the second exacerbation onwards, the cost

of specialized care (hospital admissions) exceeded that of primary care.

The results of the sensitivity analysis with respect to comorbidity, adherence, exacerbations
and total costs with a cut-off point of > 400 cells/ul showed no significant differences with

those obtained with a cut off of > 300 cells/ul (Table 6).

DISCUSSION

The results of the study show the costs of patients with severe asthma were. Age, eosinophilia,
exacerbations and worse lung function were associated\with increased use of healthcare
resources and costs, and the increases were higher in patients with blood eosinophil counts of
> 300 cells/pl. Available reports state, systematically, that a cut-off point of 300 eosinophils/uL
in blood is a good predictor of aniincreased risk of exacerbations and worse control. This cut off
also correlates with lung eosinophilic inflammation to a greater degree than other biomarkers
like FeNO or periostin. Current guidelines recommend this cut off as a criterion for the use of
new monoclonal antibodies with a mechanism of action of anti IL5 or anti IL5R [2]. We found
few real-life’observational studies, and this made comparison of the results difficult.
Furthermore, the lack of standardization of the methodologies used means our results should

be interpreted with caution, as should the external validity of the findings.



Severe asthma is characterized by the need for multiple drugs and high treatment doses (GEMA
steps 5-6) [2] and comprises both controlled and uncontrolled patients. Uncontrolled severe
asthma is defined as patients receiving high-dose ICS/LABA combination therapy with > 2
exacerbations in the previous year [3]. Two-thirds of the patients in our study met this definition,
i.e., most patients with severe asthma can be regarded as having poor control, particularly those
with blood eosinophilia (Table 4) [10]. The prevalence of severe asthma was 6.3% in our study. In
comparison, in a study conducted in the specialized setting in Spain, the prevalence of poorly
controlled severe asthma (according to medical criteria) was 3.9% of all asthmatic/subjects [7].
The data available on the epidemiology of severe asthma are heterogeneous, particularly in
adults, due to the lack of a uniform definition in the literature [6,7]. Itis generally accepted that
severe asthma affects 5-10% of the general asthmatic population [1-3,6]. Our data appear to be

consistent with those found in the available literature [1-3,6-7,22,23].

Exacerbation was associated with poorer lung function (FEV,), eosinophil count and age. In
recent years, various severe asthma phenotypes have been identified, although asthma being
seen to constitute a poorly categorized:syndrome. This in turn makes the selection of correct
treatment difficult [2,8-10]. At least four severe asthma clinical phenotypes have been
identified to date: (a) severe allergic asthma developing in childhood (generally characterized
by eosinophilia'which appears to be the result of progression of the disease); (b) severe
eosinophilicasthma of late onset (manifesting after 20 years of age and associated with rhinitis
and nasal polyposis); (c) severe asthma associated with obesity (generally found in women and
in adults); and (d) neutrophilic asthma developing in adulthood (with a natural history that has
not been well established to date) [3,24,25]. Systemic corticosteroids were used by 57% of

patients in the study observation period but it seems this was not related to baseline blood



eosinophils because the majority were in the high-eosinophil group. In patients using chronic
oral corticosteroids use, the distribution between patients with low and high eosinophil counts
was similar (p 0.294). It is known that systemic corticosteroid use may mask eosinophilia but, in
this study, it seemed not to have a large impact on blood eosinophil levels in patients with

uncontrolled severe asthma.

These phenotypes were not directly identified in our study; however, indirectly and with due
caution, they may be regarded as being consistent with the data found in the literature [1-3,6].
Eosinophilia was present in 58.6% of severe asthma patients, and obesity in 26.1%. The mean
time from diagnosis was 33.3 years, and rhinitis and nasal polyposiswerepresent in 42.9% and
13.1% of the cases, respectively and were higher in patients with easinophilia (Table 2). These
results are is in line with the Spanish data results of the ENEAS study [26], which included
diagnosed uncontrolled severe asthma patients. The,analysis found 58.1% of cases of severe
eosinophilic asthma of late onset phenotype, defined as disease onset after the age of 12 and

blood eosinophils > 300 cells/ul and 25.7% of obesity associate phenotype.

Severe asthma is associated with/high resource consumption and implies an important
economic burden far healthcare systems, patients and their families [2,4]. In our study, the
mean total annual cost was 5493 euros (healthcare costs: 68.2%; productivity losses: 31.8%).
Patients with high eosinophil counts (= 300 cells/ul) had a higher cost (€6222 vs. €4152). The
healthcare costs were associated with age, lower FEV, eosinophilia, and the number of
exacerbations. A Canadian review [12] found asthma was associated with high resource use
including hospital admissions, emergencies, medical visits and drug treatments. The economic

burden of the disease was high, with a total annual population-level range of 46 million dollars



in British Columbia to 141 million in Ontario. The authors emphasized that the indirect costs
due to work productivity losses further increase the burden of disease. Other authors have
analyzed the cost of severe asthma from the perspective of the Brazilian public health system
[27], describing a mean annual cost due to hospital admissions of 764-929 USD. The authors
concluded that hospitalizations and drug treatments are the most important costs and
underlined that further representative severe asthma cost studies in Brazilian patients are
needed. In Europe, a real-life study [28] including data from Spain found the cost per patient
with uncontrolled severe asthma to be 2281 euros, with a greater burden in terms of
hospitalization costs and indirect costs than in patients with good disease control: Lack of
control was the determining factor in total asthma costs, which were higher'in uncontrolled
patients. A review conducted by Gadenne [13] emphasized the high.methodological variability
of the studies analyzed and concluded that, although the data found in the literature are
consistent in showing improved disease control to reduce'the cost of the disease, there is a
growing need for economic studies based on the latest definitions of severe asthma. Another
recent study in the United States has shown patients with severe asthma to require more
hospital admissions, drugs and medicalwvisits [29]. The mean annual asthma-related cost was
5174 USD (in 2013), which.was three times higher than the cost in patients with mild to
moderate asthma. In addition, patients with two or more exacerbations had a high blood

eosinophil count.

In Spain, the AsmaCost study [11] reported the annual cost of an asthmatic patient to be €1726,
with an increase in patients over 65 years of age (€3068) and in cases of severe asthma (€2635).
The study was performed before the market entry of biological treatments which have

increased the cost in the last years; in a recently published study which evaluated the impact of



severe asthma in adult Spanish patients, the mean annual cost per severe asthma patient was
€8554 from the social perspective, of which €7472 was direct healthcare costs [30]. Our results

are more in line with this study.

Our study has some limitations. These include the categorization of the disease (severe asthma)
and possible bias in patient classification and the operational cost measures attributable to the
information system used. The study therefore has the limitations inherent to retrospective
designs such as, for example, the under-recording of data (exacerbations, clinical course, etc.).
In this regard, the possible inaccuracy of diagnostic coding for severe asthma and.other
comorbidities, and in the definition of exacerbation, as well as the use ofiresources outside the
study sites or the absence of some variables capable of influencing the final outcomes (patient
socioeconomic level, environmental/occupational exposure, evolution of the prescribed drug
doses, assessment of the inhalation technique or therapy; and/or the distinction of
phenotypes) must also be regarded as limitations, as must the external validity of the results
(population representativeness) and the.evaluation of indirect costs (due only to lost work
productivity; we did not estimate,theiinfluence of unemployment or retirement on lost
production).

In conclusion, blood'eosinophil counts were associated with exacerbations. The costs related to
patients with severelasthma were high. Age, eosinophilia, exacerbations and the severity of
asthma were associated with an increased use of healthcare resources and greater costs for the

health system.
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Table 1. Description of the unit costs and work productivity losses (year 2016).

Health care and non—health care resources Unit costs (€)
Medical visits
Primary care visits 23.19
Emergency care visits 117.53
Hospital admission (one day) 420.90
Specialized care visit* 67.50
Complementary tests
Laboratory tests 22.30
Conventional radiology 18.50
Diagnostic/therapeutic tests**
Spirometry / skin tests 15.00
Exercise test 45.00
Computed axial tomography 92.00
Magnetic resonance imaging 154:00
Bronchodilator tests 56.00
Other tests 37.12
Drug prescription PRP+VAT
Work productivity - Indirect costs
Cost per day off work 101.21

Source of health care resources: proprietary analytical accounting-and INE.
Values reported in euros. PRP: public retail price.

*: Only in the Departments of Pulmonology, Allergy, ENT and Internal Medicine.
**. Asthma-related.



Table 2. Baseline characteristics of the patients according to study group.

Study groups, eosinophils <300 cells/pl* > 300 cells/pl* Total*
Number of patients, % N =111 (41.4%) N=157(58.6%) N =268 (100%) P
Sociodemographic characteristics
Mean age, years 54.2 (19.5) 57.4 (20.2) 56.1(19.9) 0.201
Ranges: 18-44 years 35.1% 30.6% 32.5%

45-64 years 28.8% 20.4% 23.9%

65-74 years 14.4% 22.3% 19.0%

275 years 21.6% 26.8% 24.6% 0.159
Gender (female) 63.1% 63.7% 63.4% 0.916
Pensioner status, SS 44.1% 46.5% 45.5% 0.703
General comorbidity
Mean diagnoses 5.8(2.8) 6.7 (3.0) 6.3 (3.0) 0.009
Charlson index 0.6 (0.5) 0.7 (0.6) 0/7 (0:6)" 0.045
Mean RUBs 2.9 (0.6) 3.2(0.8) 3.1,(0:8) 0.007
1 (very low comorbidity) 0.9% 4.5% 3.0%
2 (low comorbidity) 18.9% 7.0% 11.9%
3 (moderate comorbidity) 72.1% 63.1% 66.8%
4 (high comorbidity) 4.5% 18:5% 12.7%
5 (very high comorbidity) 3.6% 7.0% 5.6% 0.001
Associated comorbidities
Hypertension 32.4% 33.8% 33.2% 0.820
Diabetes mellitus 14.4% 16.6% 15.7% 0.634
Dyslipidemia 36.9% 41.4% 39.6% 0.462
Obesity 27.0% 25.5% 26.1% 0.776
Active smoker 12.6% 12.7% 12.7% 0.976
Alcoholism 1.8% 1.9% 1.9% 0.948
Ischemic heart disease 5.4% 5.7% 5.6% 0.909
Cerebrovascular accident 9.0% 11.5% 10.4% 0.517
Cardiovascular event 13.4% 15.0% 14.2% 0.531
Organ failure 8.1% 8.3% 8.2% 0.960
Neuropathies 2.7% 3.8% 3.4% 0.616
Dementia (all types) 2.7% 5.1% 4.1% 0.331
Organic psychosis 2.7% 8.9% 6.3% 0.040
Depressive syndrome 23.4% 26.1% 25.0% 0.616
Malignant tumaors 7.2% 8.3% 7.8% 0.747
Allergic rhinitis 35.1% 48.4% 42.9% 0.031
Nasal polypesis 7.2% 17.2% 13.1% 0.017
Death 3.6% 7.6% 6.0% 0.169

*: Blood eosinophils.

Values reported as percentage or mean (standard deviation); p: statistical significance.

RUBs: resource utilization bands.
SS: social security



Table 3. Anthropometric and clinical variables according to study groups.

Study groups < 300 cells/pl* > 300 cells/pl* Total*
Number of patients, % N =111 (41.4%) N =157 (58.6%) N =268 (100%) P
Time from diagnosis, years
Mean (SD) 31.9 (12.7) 34.3 (14.4) 33.3(13.8) 0.172
Median (P25 - P75) 31.1 (24.6 - 36.0) 32.2 (26.3-40.4) 31.9(25.1-38.2)
BMI, kg/m?
Mean (SD) 28.2 (4.9) 27.9 (4.6) 28.0(4.7) 0.022
Median (P25 - P75) 27.8 (24.7 - 31.7) 27.1(25.0 - 30.6) 27.5 (24.8 - 30.7)
FEV., %
Mean (SD) 60.7 (12.6) 54.3 (12.0) 56.9 (12.6) 0.001
Median (P25 - P75) 61.0 (50.0 - 71.0) 50.0 (46.0 - 61.5) 52.0 (48.0 - 64.0)
Immunoglobulin E (total)
Mean (SD) 247.2 (239.1) 367.9 (244.3) 317.9,(248.9) 0.001
Median (P25 - P75) 114.0 (84.0 - 380.0) 365.0 (124.5-529.0) 246.0,(96.0. 515.5)
<150 IU/ml 59.5% 28.0% 41.0%
150 - 500 IU/ml 20.7% 37.6% 30.6%
> 500 IU/ml 19.8% 34.4% 28.4% <0.001
Eosinophils (values)
Mean (SD) 198.8 (70.2) 670.74(2067) 475.2 (286.0) <0.001

Median (P25 - P75)

217.0(129.0 - 262.0)

660.0 (58170% 8150) 412.0 (234.0 - 678.8)

*: Blood eosinophils.

Values reported as mean (SD: standard deviation).or percentage; p: statistical significance.
P: percentile; FEV1: Forced expiratory volume in one,second; BMI: body mass index.



Table 4. Medication administered, adherence to therapy and exacerbations during the follow-

up period.

Study groups, eosinophils

< 300 cells/pl*

> 300 cells/pl*

Total*

Number of patients, % N=111(41.4%) N=157(58.6%) N =268 (100%) P
Medication use
Oral/injectable corticosteroids 45.9% 65.6% 57.5% 0.001
Chronic use oral corticosteroids 32.4% 28.7% 30.2% 0.294
Systemic antibiotics 36.0% 66.2% 53.7% <0.001
Short-acting beta-2-agonist 100.0% 100.0% 100.0%  0.999
Combined ICS/LABA 100.0% 100.0% 100.0%  0.999
Long-acting anticholinergic drugs 23.4% 26.1% 25.0% 0.616
Short-acting anticholinergic drugs 18.9% 15.9% 17.2%  0.522
Methylxanthines 9.0% 11.5% 10.4%  0.517
Leukotriene antagonists 35.1% 48.4% 42.9%  0.031
Adherence to therapy**
Treatment duration (months)
Mean (SD) 10.5 (5) 9.4 (5.7) 9.8 (5.5) 0.117
Median (P25 - P75) 10.5(7.5-10.5) 7.5(6.5-14°0) 9.1(7.1-13.2)
Drug Possession Ratio
Mean 77.3% 65.6% 70.4% <0.001
95%Cl 65.5-89.1% 50.6.- 80.6% 56.6 - 84.2%
Exacerbations, % 90.1% 96.8% 94.0%  0.022
Mean exacerbations 1.9 (1.6) 3.3(2.3) 2.7 (2.1) <0.001
Number of exacerbations/years
0 9:9% 3.2% 6.0%
1 38.7% 22.9% 29.5%
2 25.2% 19.7% 22.0%
3 14.4% 13.4% 13.8%
4 6.3% 15.9% 11.9%
5+ 5.4% 24.8% 16.8% < 0.001
Patients with exacerbations
Mild-Moderate 1.5(1.7) 2.6 (1.9) 2.2(1.8) <0.001
Severe (hospital admission) 0.4 (0.6) 0.7 (0.7) 0.5(0.7) 0.001

*: Blood eosinophils.
**Adherence toICS/LABA.

Values reported as percentage or mean (standard deviation); p: statistical significance.
IC/LABA: inhaled.corticosteroids, long-acting beta-2 agonists.
P: percentile, Cl: confidence intervals.



Table 5. Resource utilization and associated costs (in euros, 2016 costs).

Study groups, eosinophils < 300 cells/pl* > 300 cells/pl* Total*
Number of patients, % N=111(41.4%) N=157(58.6%) N =268 (100%) P
Resource utilization
Medical visits, primary care 10.8 (15.4) 17.5(17.6) 14.7 (17) 0.001
Laboratory tests 5.6 (2.5) 6.8 (2.7) 6.3 (2.6) <0.001
Conventional radiology 4.0 (2.4) 5.3(3.3) 4.8 (3.0) 0.001
Complementary tests 2.8(1.3) 3.4(1.6) 3.1(1.5) 0.001
Days of hospital stay 2.1(3.3) 3.9(5.4) 3.1(4.7) 0.002
Medical visits, hospital 5.1(5.4) 6.9 (5.7) 6.1(5.7) 0.010
Hospital emergency visits 2.0(1.1) 2.8(1.7) 2.5(1.5) 0.001
Days off work 11.3 (26.6) 21.5(79.3) 17.2 (63.2) 0.193
Gross costs
Healthcare costs 3,065 (1,577) 4,230 (2,075) 3,748 (1,967) <0.001
Primary care costs 1,834 (768) 2,191 (809) 2,043(810) <0.001
Medical visits 720 (352) 869 (409) 807°(393) 0.002
Laboratory tests 125 (55) 151 (59) 140 (59) <0.001
Conventional radiology 75 (44) 984(61) 88 (56) 0.001
Complementary tests 103 (48) 127 (60) 117 (57) 0.001
Medications 813 (645) 947 (692) 891 (675) 0.110
Specialized care costs 1,240 (1181) 2,039 (1,816) 1,708 (1,630) <0.001
Days of hospital stay 650 (1043) 1,243(1,720) 997 (1,504) 0.001
Medical visits 342 (368) 464 (385) 414 (382) 0.010
Emergencies 236 (134) 332 (196) 293 (179) <0.001
Non-healthcare costs (productivity) 1,140(2;695) 2,173 (8,023) 1,745 (6,392) 0.193
Total costs 4,205 (2,577) 6,403 (8,198) 5,493 (6,571) 0.007
Corrected cost model** Difference
Healthcare costs 2,979 4,226 1,247 <0.001
95%Cl 2,631-3,312 3,943 -4,509
Primary care costs 1,757 2,226 469 0.001
95%Cl 1,632 -1,882 2,122 -2,330
Specialized care costs 1,222 2,000 778 0.001
95%Cl 913-1,531 1,743 -2,257
Non-healthcare costs (productivity) 1,173 1,996 823 0.318
95%Cl 51-2,397 979 -3,013
Total costs 4,152 6,222 2,070 0.016
95%Cl 2,866 —5,422 5,161 -7,283

*: Blood eosinophils.

Values reported as percentage or mean (standard deviation); p: statistical significance.
Cl: confidence interval, **: ANCOVA model (covariates: gender, age, comorbidity, medication
possession ratio and time from diagnosis; procedure: estimation of marginal means; Bonferroni

correction).



Table 6. Sensitivity analysis according to blood eosinophil counts. Study endpoints.

Study groups, eosinophils
Number of patients, %

<400 cells/pl*
N = 132 (49.3%)

> 400 cells/pl*
N = 136 (50.7%)

Sociodemographic characteristics

Mean age, years 55.1(19.3) 57.1(20.6) 0.415
Ranges: 18-44 years 35.1% 30.6%

45-64 years 28.8% 20.4%

65-74 years 14.4% 22.3%

> 75 years 21.6% 26.8% 0.137

Gender (female) 64.4% 62.5% 0.748

Comorbidity

Mean diagnoses 5.8(2.8) 6.7 (3.0) 0.009

Charlson index 0.6 (0.6) 0.7(0.6) 0.217

Mean RUBs 2.9 (0.7) 3.2 (0'8) ~ 0.002
Arterial hypertension 32.4% 33:8% 0.821
Dyslipidemia 36.9% 41.4%  0.463
Allergic rhinitis 37.1% 48.5%  0.059

Death 3.8% 8.1% 0.137

Other variables

Time from diagnosis, years 31.9 (12.7) 34.3(14.4) 0.172

Mean BMI, kg/m* 28.21(4.9) 27.9(4.6) 0.665

Mean FEVy, % 59.3,(12.6) 54.6 (12.2)  0.002

Mean eosinophils 222.4/(84.9) 720.7 (174.4) <0.001

Treatment duration (months) 10.6 (5.5) 9.1(5.3) <0.001

Drug Possession Ratio 773 % 65.6 % <0.001

Exacerbations, % 90.2 % 97.8%  0.008

Mean exacerbations 2.1(1.7) 3.4(2.3) 0.001

Costs (mean annual, euros)

Healthcare costs 95%Cl 3,159 (1,615) 4,319 (2,110) <0.001
Primary care costs 95%ClI 1,849 (763) 2,232 (812) <0.001
Specialized care costs 95%ClI 1,318 (1,234) 2,087 (1,867) <0.001

Non-healthcare costs (productivity), 95%Cl 1,064 (2,503) 2,406 (8,593) 0.086

Total costs 4,223 (2,462) 6,725 (8,741)  0.002

*: Blood eosinophils.

Values reported’as mean (SD: standard deviation) or percentage; p: statistical significance.

RUBs: resource utilization bands; P: percentile.

FEV1: Forced expiratory volume in one second; BMI: body mass index.



Figure 1. Study flow chart.
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Figure 2. Health care costs (total; primary care and specialized; in euros) according to number
of exacerbations, patient age ranges and general comorbidity during the follow up
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