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ABSTRACT 

Asthma is a chronic inflammatory disease affecting over 300 million people 

worldwide, presenting an enormous burden for society and individuals. As asthma 

rarely remits, especially in patients with adult-onset asthma, treating asthma involves 

long-term medication. Unfortunately, previous studies have shown that patients’ 

adherence to treatment is suboptimal, with adherence rates usually being under 50%. 

However, studies evaluating adherence to asthma controller medication (inhaled 

corticosteroids) have typically been short-term follow-ups, and little is known about 

the variation of medication adherence between and within persons in long-term 

treatment.  

The present study aims to evaluate medication use, adherence to controller 

medication (inhaled corticosteroids), and its variability in long-term treatment in real-

life new-onset adult asthma patients. Further aims were to assess the factors 

associated with non-controlled asthma and investigate the relationship between 

patients’ controller and reliever medications.  

The present study examined patients in the Seinäjoki Adult Asthma Study 

(SAAS), a 12-year single-center follow-up study of patients with new-onset adult 

asthma (n=203). Patients’ asthma-related visits and prescribed controller medication 

over the study were collected from medical records. The information on dispensed 

inhaled corticosteroids (ICS) (controllers) and short-acting β2-agonists (SABA) 

(relievers) was obtained from the Finnish Social Insurance Institution, which records 

all reimbursed asthma medication purchases from any Finnish pharmacy. By 

comparing the prescribed doses to dispensed doses ([µg dispensed/µg 

prescribed]×100), assessing individual real-life ICS medication adherence annually 

and cumulatively during a 12-year follow-up period was possible. All doses of 

dispensed SABAs during the 12-year follow-up were counted; the sum was divided 

by 150 to express SABA use as standard canisters of 150 doses. High SABA use was 

defined as ≥36 canisters in 12 years, corresponding to an average of ≥3 dispensed 

canisters/year. Asthma control was evaluated after 12 years of treatment according 

to the Global Initiative for Asthma 2010 guideline.  

The average 12-year adherence to ICS medication was relatively high (69%) in 

patients with new-onset adult asthma. When patients were grouped based on their 
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level of asthma control, higher ICS doses were prescribed to patients with 

uncontrolled asthma compared to patients with controlled and partially controlled 

asthma. The mean 12-year adherence to ICS was higher in patients with non-

controlled asthma (76%) than in patients with controlled asthma (63%). Among 

patients with non-controlled asthma, those with a lower 12-year adherence (<80%) 

had more rapid decline in forced expiratory volume in 1 s than those with better 

adherence (≥80%). High SABA use was infrequent in patients with confirmed adult-

onset asthma, as only 10% of the patients were classified as high SABA users during 

the study. Obesity (body mass index [BMI] ≥30) and high Airways Questionnaire 20 

symptom scores at baseline predicted high long-term SABA use.  

The current study’s results show that patients with adult-onset asthma have 

moderate adherence to long-term ICS treatment, and high use of reliever medication 

is infrequent. Lower adherence (<80%) was associated with more rapid lung 

function decline in the long term, underscoring the importance of each patient’s 

adherence to treatment. High adherence to high-dose ICS treatment was insufficient 

to improve asthma control among non-controlled patients. A possible explanation 

could be the lower degree of Type 2 inflammation, resulting in reduced efficacy of 

ICS. Therefore, tapering the ICS doses should be considered, and focusing on more 

individualized treatment approaches, pharmacological and non-pharmacological, 

must be emphasized in adult-onset asthma patients.  
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TIIVISTELMÄ 

Astma on krooninen tulehduksellinen sairaus, jota esiintyy maailmanlaajuisesti yli 

300 miljoonalla ihmisellä, muodostaen merkittävän taakan sekä yhteiskunnille että 

yksilöille. Aikuisiällä alkaneessa astmassa saavutetaan harvoin remissio, minkä vuoksi 

sitä hoidetaan pitkäaikaislääkityksellä. Aiemmat tutkimukset ovat osoittaneet, että 

potilaiden hoitoon sitoutuminen ei ole riittävää, sillä potilaat käyttävät alle 50 % heille 

määrätyistä hoitavista lääkkeistä (inhalaatiosteroidi). Sitoutumista 

inhalaatiosteroidihoitoon on kuitenkin aiemmin tutkittu vain lyhyissä 

seurantatutkimuksissa, minkä vuoksi ei tiedetä, miten yksilön lääkehoitoon 

sitoutuminen vaihtelee pitkäaikaisessa hoidossa tai toisaalta eroaako pitkäaikaiseen 

hoitoon sitoutuminen yksilöiden välillä.   

Tämän väitöskirjatutkimuksen tavoitteena on selvittää aikuisiällä alkanutta astmaa 

sairastavien potilaiden lääkekäyttöä, heidän sitoutumistaan inhalaatiosteroidihoitoon 

ja hoitoon sitoutumisen vaihtelua pitkäaikaisessa seurannassa. Lisäksi tavoitteena on 

arvioida tekijöitä, jotka liittyvät huonossa hoitotasapainossa olevaan astmaan ja 

selvittää missä suhteessa potilaat käyttävät hoitavaa ja avaavaa astmalääkettä. 

Väitöskirjan aineisto koostuu 12-vuotisen Seinäjoki Adult Asthma Study (SAAS) 

-seurantatutkimuksen potilaista (n=203), joilla diagnosoitiin uusi aikuisiällä alkanut 

astma. Potilaiden astmaan liittyvät käynnit ja lääkitystiedot kerättiin 

sairaskertomuksista. Apteekista toimitettujen hoitavien (inhalaatiosteroidi) ja 

nopeavaikutteisten avaavien (β2-agonisti) lääkkeiden ostotiedot saatiin 

Kansaneläkelaitokselta, jonka rekisteriin tallentuvat kaikki suomalaisista apteekeista 

tehdyt korvatut astmalääkeostot. Vertaamalla potilaille määrättyjä annoksia potilaan 

apteekista hakemiin määriin ([ug toimitetut / ug määrätyt]x100) oli mahdollista 

arvioida yksittäisen potilaan sitoutumista inhalaatiosteroidihoitoon vuosittain sekä 

kumulatiivisesti 12 vuoden seurannan aikana. Potilaiden nopeavaikutteisten avaavien 

lääkkeiden ostot 12 vuoden seurannan ajalta laskettiin yhteen ja saatu summa jaettiin 

150, jotta se ilmaisee vakioinhalaattorin kokoa, joka sisältää 150 annosta. Runsaan 

avaavan lääkkeen käytön raja-arvoksi määritettiin vähintään 36 ostettua 

vakioinhalaattoria 12 vuoden seurannan aikana, mikä vastaa keskimäärin vähintään 

kolmea inhalaattoria vuodessa. Potilaiden astman hoitotasapaino määritettiin 
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kansainvälisen astmahoitosuosituksen (the Global Initiative for Asthma 2010) 

mukaan.  

Uutta aikuisiällä alkanutta astmaa sairastavat potilaat sitoutuivat suhteellisen hyvin 

(keskimäärin 69 %) 12 vuoden inhalaatiosteroidihoitoon. Kun potilaat ryhmiteltiin 

astman hoitotasapainon perusteella, huonossa hoitotasapainossa oleville määrättiin 

korkeampia inhalaatiosteroidiannoksia verrattuna osittaisessa tai hyvässä 

hoitotasapainossa oleviin potilaisiin. Potilaat, joiden astma ei ollut hoitotasapainossa, 

sitoutuivat inhalaatiosteroidihoitoonsa keskimäärin paremmin (76 %) 12 vuoden 

aikana kuin hyvässä hoitotasapainossa olevat potilaat (63 %). Potilaista niillä, joiden 

astma ei ollut hoitotasapainossa ja jotka sitoutuivat inhalaatiosteroidihoitoon 

huonommin (<80 %), keuhkofunktio (uloshengityksen sekuntikapasiteetti) laski 

nopeammin kuin paremmin hoitoon sitoutuneilla (≥80 %) potilailla. Aikuisiällä 

alkanutta astmaa sairastavista potilaista vain harva (10 %) käytti paljon 

nopeavaikutteista avaavaa lääkettä. Korkeat oirepisteet kansainvälisesti käytetyssä 

kyselyssä (Airways Questionnaire 20) ja lihavuus (painoindeksi ≥30) 

diagnoosikäynnillä ennustivat pitkäaikaista runsasta avaavan lääkkeen käyttöä. 

Tämän väitöskirjatutkimuksen tulokset osoittavat, että aikuisiällä alkanutta astmaa 

sairastavien potilaiden sitoutuminen pitkäaikaiseen inhalaatiosteroidihoitoon oli 

kohtalaisen hyvällä tasolla ja toisaalta nopeavaikutteisen avaavan lääkkeen runsas 

käyttö oli harvinaista. Huonompi hoitoon sitoutuminen (<80 %) liittyi nopeampaan 

keuhkojen toiminnan heikkenemiseen pitkällä aikavälillä, mikä korostaa potilaan 

inhalaatiosteroidihoitoon sitoutumisen merkitystä. Toisaalta, vaikka huonossa 

hoitotasapainossa olevat potilaat sitoutuivat hyvin korkea-annoksiseen 

inhalaatiosteroidihoitoon, se ei ollut riittävä parantamaan näiden potilaiden astman 

hallintaa. Mahdollinen selitys voi olla matalampi tyypin 2 tulehduksen aste, minkä 

vuoksi vaste inhalaatiosteroideille jää vähäisemmäksi. Näin ollen tälle potilasryhmälle 

tulisi harkita inhalaatiosteroidiannoksien pienentämistä ja keskittyä yksilöllisempien 

farmakologisten ja ei-farmakologisten hoitovaihtoehtojen kehittämiseen.  
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1 INTRODUCTION 

Asthma is a heterogenous disease manifesting usually as chronic airway 

inflammation. Since over 300 million adults and children suffer from asthma 

worldwide, the disease burden on individuals’ quality of life and the economic 

sustainability of society are enormous. Treating asthma is remarkable in preventing 

exacerbations, enhancing patients’ quality of life, and decreasing health care resource 

utilization (Engelkes et al. 2015). As asthma is a disease with chronic inflammation, 

inhaled corticosteroids (ICS) are the basis of asthma treatment, reducing airway 

inflammation and hyperresponsiveness, improving lung function, controlling 

symptoms, and reducing exacerbations (Derendorf et al. 2006; GINA 2021; Ye et al. 

2017). Unfortunately, the level of ICS use is not as good as it was hoped to be.  

Regular use of ICS is the cornerstone for nearly all patients with asthma. 

However, adherence to the treatment has been suboptimal, meaning only 30%-70% 

of medication is taken as prescribed. Reductions in symptom control and quality of 

life, a decline in lung function, asthma-related exacerbations, and increased costs are 

possible consequences of poor adherence (Bidwal et al. 2017; Dima et al. 2019; 

Engelkes et al. 2015; Kandane-Rathnayake et al. 2009; Mäkelä et al. 2013; Suissa et 

al. 2001). Despite the chronic nature of the disease, most of the studies have 

evaluated patients’ adherence to treatment only in short-term periods ranging from 

months to up to one year. Moreover, the medication use of patients with adult-onset 

asthma has rarely been studied. The disparity in measures used to determine 

adherence, the selection of study populations, the uncertainty of asthma diagnosis, 

and disease onset are factors being acknowledged as possible explanations of 

variations in reported adherence levels. For example, data settings such as insurance 

databases have not reached the whole asthma population, and the studies have 

usually ruled out smokers or patients with concomitant chronic obstructive 

pulmonary disease (COPD). There is a considerable need for long-term studies in 

general asthma populations to confirm how physicians follow the treatment 

guidelines and how longitudinal manners of medication use are associated with a 

patient’s disease.  

The present series of studies aimed to investigate long-term medication 

adherence in a clinical setting to real-life patients with adult-onset asthma. The study 
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also aimed to examine the factors related to poor long-term adherence to asthma 

medication and evaluate the relationship between patients’ use of controller and 

reliever medications. 
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2 REVIEW OF THE LITERATURE 

2.1 Description of asthma 

Asthma is a chronic disease usually manifesting as the inflammation of airways in 

children and adults; asthma affects 1%-18% of the global population, the prevalence 

being around 10% in Finland (Honkamäki et al. 2019; Innes Asher et al. 2020; 

Pakkasela et al. 2020; To et al. 2012). Typical asthma symptoms are wheezing, 

dyspnea, cough, and mucus production, all of which vary in duration and intensity 

(GINA 2021). However, airway hyperresponsiveness to direct or indirect stimuli and 

chronic inflammation usually persist. Respiratory infections, exposure to irritant 

inhaled particles or allergens, weather change, and exercise often trigger variations in 

symptoms and bronchial obstruction. These variations may be absent for long 

periods, but patients with seemingly few or no symptoms are still at risk, even of 

severe exacerbations, which are episodic flare-ups of asthma. Moreover, subject-

related factors such as poor adherence to treatment, poor inhaler technique(s), and 

comorbidities like obesity, rhinosinusitis or gastroesophageal reflux may induce 

variations in symptom control. 

2.2 Asthma phenotypes 

Asthma is a heterogeneous disease manifesting as various demographic, clinical and 

pathophysiological characteristics recognized as phenotypes. The prevalent 

perception has been that the onset of asthma in childhood strongly associated with 

allergic conditions. However, clustering has revealed that instead of asthma mainly 

being the disease of young boys with allergies, different clinical presentations 

distinguish many phenotypes of asthma, with the age of disease onset being an 

important discriminator of these variations (GINA 2021; Ilmarinen et al. 2015; 

Ilmarinen et al. 2017; Lefaudeux et al. 2017; Moore et al. 2010; Wenzel 2012). Besides 

adult- and childhood-onset asthma, other reported phenotypes are obesity-related 

asthma, allergic asthma, and smoking asthma (GINA 2021; Ilmarinen et al. 2017; 

Lefaudeux et al. 2017; Wenzel 2012). The phenotype of adult-onset (or late-onset) 
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asthma has been recognized as asthma that initially develops in the patient in their 

adult lives and typically manifests in non-atopic females with poorer response to ICS 

therapy (GINA 2021; Ilmarinen et al. 2017; Tuomisto et al. 2016). Current research 

from the USA and Finland has revealed that asthma diagnosed in adulthood is a 

common and dominant phenotype among women aged 35-40 (Honkamäki et al. 

2019; Kankaanranta et al. 2017; Sood et al. 2013). Compared to childhood-onset 

asthma, adult-onset asthma rarely remits, and only 1.5%-11% of adult-asthma 

patients are shown to obtain remission (Almqvist et al. 2020; Honkamäki et al. 2021; 

Tuomisto et al. 2016).  

Despite the distinct features of adult- and childhood-onset asthma, the genetic 

risk factors are seemingly shared and distinct, although the immune-mediated 

mechanism drives disease progression in both phenotypes (Pividori et al. 2019). 

However, no strong relationship between the clinical pattern and pathophysiological 

mechanism exists; further evaluation of phenotypes is essential to achieve more 

targeted and personalized approaches to asthma treatment. Non-rhinitic asthma, 

smoking-related asthma, late-onset eosinophilic asthma, obesity-related asthma and 

early-onset atopic adult asthma have been suggested to be the phenotypes among 

patients with adult-onset asthma (Ilmarinen et al. 2017; Lefaudeux et al. 2017; 

Wenzel 2012).  

2.3 Pathophysiology of asthma 

Chronic inflammation induced by different stimuli, including allergens, microbes, 

tobacco smoke, obesity, exercise, or cold air, causes the infiltration and activation of 

immune cells (e.g., as dendritic cells, eosinophils, neutrophils, lymphocytes, innate 

lymphoid cells, and mast cells) in asthmatic airways (Hammad and Lambrecht 2021). 

Inflammation leads to airway edema, mucus hypersecretion, mucus plugging and 

finally reduction in the diameter of the airways. Commonly, airflow obstruction is 

reversible, but in the most severe forms of asthma, the inflammation causes fixed 

airway obstruction and airway remodelling, which consists of airway smooth muscle 

hyperplasia, leading to increased smooth muscle mass and thickening of the 

bronchial wall (Camoretti-Mercado et al. 2021; Dunican et al. 2018; Hammad and 

Lambrecht 2021).  

Characteristically, raised levels of cytokines include interleukin (IL)-4, IL-5, and 

IL-13 in traditional T-helper type 2 (Th2) driven inflammation (Figure 1). However, 

recent findings have revealed that eosinophilia may not always be allergy-driven but 
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due to innate immunity responses (e.g., group 2 innate lymphoid cell-mediated); 

therefore, the concept of Th2 high asthma is broadened to Type 2 high asthma 

(Ebbo et al. 2017; Sze et al. 2020). Moreover, Type 2 low asthma was suggested to 

even be as common as Type 2 high asthma, but the mechanisms are not well 

understood (Hammad and Lambrecht 2021). Potential pathobiological mechanisms 

for Type 2 low asthma are neutrophilic inflammation, paucigranulotic inflammation, 

or systemic inflammation in association with metabolic dysfunction and obesity 

(Hammad and Lambrecht 2021; Lachowicz-Scroggins et al. 2019; Peters et al. 2016; 

Tliba and Panettieri 2019).  

 

 

 

Figure 1.  Representation of the pathobiological mechanisms of allergic, non-allergic, type 2 low and 
paucigranulocytic inflammation (Modified from Erjefält 2019)  

2.4 Asthma diagnosis 

In Finnish recommendations, an asthma diagnosis is based on identifying variability 

or reversibility in the expiratory airflow limitation of a patient and recognizing 

asthmatic respiratory symptoms (Current Care Guidelines 2022) (Table 1). The 

diagnostic criteria in the Global Initiative for Asthma (GINA) report are close to the 

Finnish recommendations but not exactly the same (Current Care Guidelines 2022; 

GINA 2021). In Finnish recommendations, lung function measurements are 
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typically performed with spirometry. Still, the diagnosis can also be made with peak 

expiratory flow (PEF) monitoring, bronchial challenge test, or indirect bronchial 

challenge test, such as an exercise challenge test.  

 

Table 1.  Diagnostic lung function tests and Finnish criteria for diagnostic result 

Diagnostic feature Test feature Diagnostic result 

Diurnal variability in PEF 

follow-up 

Twice-daily PEF follow-up before 

and after bronchodilator over 2 

weeks  

At least three times ≥20% and ≥60 

l/min variability before bronchodilator 

(comparing morning and evening 

measurements) 

Repeated reversibility in PEF 

follow-up 

Twice-daily PEF follow-up before 

and after bronchodilator over 2 

weeks 

At least three times ≥15% and ≥60 

l/min response to bronchodilator 

Reversibility in spirometry Spirometry Increase in FEV1 or FVC ≥ 12% and 

≥200 ml after bronchodilator  

Bronchial 

hyperresponsiveness  

Methacholine challenge test 

 

Exercise, mannitol or eucapnic 

voluntary hyperventilation challenge 

test 

Confirms moderate or strong 

hyperactivity (provocative dose 

causing 20% FEV1 decline ≤ 0.6 mg)  

FEV1 fall after test ≥15% from baseline 

Reversibility in spirometry or 

PEF in response to a trial with 

oral or inhaled 

glucocorticoids 

Anti-inflammatory treatment for 

example inhaled beclomethasone 

or budesonide 800-1600 µg for 8-12 

weeks or oral prednisolone 20-40 

mg/day for 5-7 days  

Significant increase in lung function 

test after treatment. (In spirometry 

FEV1 increases ≥15% and 200 ml, or 

average PEF increases ≥20% and ≥60 

l/min when comparing between before 

and after treatment) 

FEV1; forced expiratory volume in 1 second, FVC; forced vital capacity, PEF; peak expiratory flow, 
SABA; short-acting β2-agonist (Current Care Guidelines 2022) 
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2.5 Asthma therapy  

Asthma medication can be divided into controllers (medication contains ICS), 

relievers (symptom-relieving medication), and add-on therapies (for more difficult-

to-control symptoms). Managing asthma consists of continuously assessing the 

patient’s symptom control, comorbidities, inhaler technique, and adherence to 

treatment; adjusting the medication and non-pharmacological strategies based on the 

assessments; and, finally, reviewing the patient’s symptoms, side effects, 

exacerbations, and lung function (GINA 2021). Based on the symptom control and 

evaluation of future risks for exacerbations, the treatment step is selected; with 

regular reviews of asthma, medication is increased or decreased as needed. Since 

smoking and obesity have been associated with more difficult-to-control asthma, 

non-pharmacological approaches such as smoking cessation, weight management, 

and physical activity should be part of asthma therapy (Ilmarinen et al. 2021; Peters 

et al. 2018; Polosa et al. 2011; Tommola et al. 2019). Moreover, instructing correct 

inhaler use, reviewing the inhalation technique, and adhering to medication are 

factors to consider regarding pharmacological treatment (GINA 2021; Haahtela et 

al. 2001).  

ICS are the basis of asthma treatment, reducing airway inflammation; thus, ICS 

is part of all treatment steps of asthma management. Short-acting β2-agonists 

(SABA), also known as rescue medication, relieve the acute symptoms of asthma 

and combined with the ICS, mild to moderate symptoms can be managed. Recent 

findings have also shown that a combination of formoterol (long-acting β2-agonists 

[LABA]) and low-dose ICS taken as needed is as effective in controlling mild asthma 

as maintenance ICS therapy (GINA 2021; Reddel et al. 2021). In patients with mild 

asthma, low dose ICS-formoterol can be used as controller or reliever medication 

(GINA 2021). If symptoms persist despite an adequate amount of ICS or as-needed 

ICS-formoterol therapy, a regular ICS-LABA combination can be used. For patients 

with severe asthma and whose asthma remains out of control despite regular ICS-

LABA combination therapy, add-on therapies can be considered. Leukotriene 

receptor antagonists (LTRA) and long-acting muscarinic antagonists (LAMA) are 

the most used add-on therapies, but for the most severe asthma, oral corticosteroids, 

azithromycin, theophylline, or biologic medications can be used (Current Care 

Guidelines 2022, GINA 2021).  
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2.5.1 Goals of asthma therapy  

Asthma management aims to achieve good symptom control, minimize the risk of 

losing lung function, prevent/avoid exacerbations, and maintain normal activity 

levels (physical activity and everyday capability). Practical actions to assess asthma 

therapy are screening tools such as the Asthma Control Test (ACT), with higher 

scores indicating better asthma control (Nathan et al. 2004). In the GINA report, 

assessing asthma control is based on how asthma symptoms are controlled (well-

controlled, partially controlled, and uncontrolled) and to evaluate possible risk 

factors increasing poor asthma outcomes (GINA 2021). When asthma is well-

controlled, reducing the medication is recommended to detect the patient’s lowest 

treatment that controls symptoms and exacerbations (GINA 2021, Hagan et al. 

2014). Conversely, if asthma remains uncontrolled and adherence and inhaler 

technique have been assessed, stepping up should be considered for better asthma 

control.  

2.5.2 Inhaled corticosteroids  

ICS reduce airway inflammation and hyperresponsiveness, improve lung function, 

increase symptom control, and prevent or reduce exacerbations (Derendorf et al. 

2006; Ye et al. 2017). The effect of glucocorticoids is mediated through 

mineralocorticoid (Type I) and glucocorticoid receptors (Type II), but ICS available 

on the market can bind uniquely to Type II receptors (Adcock and Mumby 2017; 

Matera et al. 2019). From Type II receptor forms, only glucocorticoid receptor alpha 

binds glucocorticoids and mediates the actions of glucocorticoids (Barnes 2011; 

Matera et al. 2019). Glucocorticoid binding to the receptor activates anti-

inflammatory genes; suppresses inflammatory gene transcription, Th2 cells, and 

cytokines; and inhibits the expression of inflammatory genes (Barnes 2011). At the 

cellular level, corticosteroids induce apoptosis of immune cell types, reducing the 

number of eosinophils, T lymphocytes, mast cells, and dendritic cells (Adcock and 

Mumby 2017). The differences between glucocorticoids appear in receptor affinity 

and selectivity and the pharmacokinetic properties of the drugs (Matera et al. 2019). 

The current evidence recommends using as low ICS doses as possible to manage 

symptoms effectively, yet to avoid the side effects (Table 2). Long-term use of ICS 

at high doses has been associated with more severe adverse events. Local side effects 

of pharyngitis, dysphonia, oropharyngeal candidiasis, and hoarseness may be 

prevented by rinsing the mouth after inhalation, changing the dosing, changing the 
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formulation from dry powder to aerosol or using a spacer (Ye et al. 2017). Potential 

systemic side effects depend on the amount of ICS absorbed into the systemic 

circulation appearing as reduced bone mineral density and osteoporosis, 

hypothalamic–pituitary–adrenal axis suppression, growth suppression in children, 

increased infections, increased bruising, psychiatric effects, cataracts, and glaucoma 

(Kelly and Nelso 2003; Savas et al. 2020; Suissa et al. 2013; Ye et al. 2017). 

 

Table 2.  Daily doses of ICS for adults and adolescents (12 years and older) 

Formulation Drug Daily dose (µg) 

Low  Medium High 

powder Beclomethasone dipropionate 0-500 >500-1000 >1000 

solution Beclomethasone dipropionate* 0-200 >200-400 >400 

powder Budesonide 0-400 >400-800 >800 

solution Ciclesonide 0-160 >160-320 >320 

powder Fluticasone furoate 0-100 0-100 200 

powder Fluticasone propionate 0-250 >250-500 >500 

suspension Fluticasone propionate 0-250 >250-500 >500 

powder Mometasone furoate* 0-200 0-400 >400 

*Daily doses are dependent on the used inhaler, causing variation in daily doses despite the same active 
substance (Current Care Guidelines 2022; GINA 2021) 

 

2.5.3 β2-agonists  

β2-agonists are effective bronchodilators, rapidly relieving asthma symptoms by 

relaxing airway smooth muscle. The bronchodilatory effects of β2-agonists are 

mediated via G-protein-linked β2-adrenergic receptors in airway smooth muscle cells 

(Barnes 2011; Cazzola et al. 2013). The binding of the β2-agonist to the β2-adrenergic 

receptor activates adenylyl cyclase via G protein, increasing intracellular 

concentrations of cyclic adenosine monophosphate (cAMP), activating protein 

kinase A (PKA). PKA phosphorylates regulatory target proteins within the cell, 

causing inhibition of myosin light chain kinase, preventing contraction, and relaxing 

contracted smooth muscle. However, the classical cAMP signaling pathway seems 

more complex than considered, but relatively little is known regarding these new 

pathways in airway cells (Billington and Hall 2012).  
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β2-agonists can be divided based on their pharmacodynamic half-lives into 

SABAs, LABAs, and ultra-LABAs (Billington et al. 2017; Cazzola et al. 2013). 

SABAs provide rapid as-needed symptom relief (onset of action <5 minutes); the 

duration of action is 4-6 hours. LABAs and ultra-LABAs act in 5-15 minutes but 

provide sustained relief of symptoms due to their long duration of action being 12 

hours in LABAs and even 24 hours in ultra-LABAs.  

Prolonged or repetitive use of β2-agonists (SABA or LABA) attenuates   

bronchodilator response due to the downregulation of β2-receptors, a phenomenon 

called desensitization, leading to losing some of the effects of β-agonists. However, 

corticosteroids compensate for the downregulation of β2-receptors by increasing the 

β2-receptor gene transcription, resulting in a higher expression of cell surface 

receptors (Barnes 2011). Monotherapy with LABA or over-reliance on SABA, i.e., 

high use of SABA with insufficient use of ICS, neglects the treatment of airway 

inflammation and the downregulation of β2-receptors, increasing the risk for adverse 

outcomes of asthma. Monotherapy with LABAs and SABAs has been associated 

with an increased risk of severe exacerbations and asthma mortality; therefore, 

LABAs should be taken only with concomitant ICS therapy (Busse et al. 2018; Liao 

et al. 2010; Weatherall et al. 2010, Suissa and Ernst 1994, Nwaru et al. 2020, Stanford 

et al. 2012). Although the safety concerns towards β-agonists have been 

acknowledged for decades, steps to decrease the use of SABAs have been considered 

more recently; for instance, as-needed ICS-formoterol (ICS-LABA) has been 

recommended as a primary therapy instead of as-needed SABA for patients with 

mild asthma (GINA 2021; Hardy et al. 2019; Jenkins et al. 2020; O’Byrne et al. 2018).       

2.5.4 High use of short-acting β2-agonists  

The rapid action and relief of symptoms are the preferred effects of SABAs, but 

patients may rely on SABAs instead of treating airway inflammation with ICS 

(Blakeston et al. 2021; Vervloet et al. 2020). Definitions such as “high use,” 

“overuse,” “excessive use,” “inappropriate use,” and “over-reliance” on SABA have 

been used to describe patients’ reliance on SABA. Various thresholds have also been 

adopted to quantify the use of SABA, and there is room for more convergent 

definitions and terminologies (Amin et al. 2020). Increased risks for adverse asthma 

outcomes such as exacerbations, intensive care unit admissions, and poor asthma 

control have been associated with the annual use of ≥3 canisters of SABA, with the 
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risks becoming even likelier as the number of used SABA canisters increases annually 

(Figure 2) (Hull et al. 2016; Nwaru et al. 2020; Patel et al. 2014).  

Some studies have shown that patients prefer SABA therapy instead of taking 

ICS, i.e., patients rely too much on SABA. However, in most of the previous 

research, the patients were categorized as SABA overusers solely based on their use 

of SABA. If the use of controller medication has not been assessed, all possible 

reasons leading to higher demand for SABA, like severe asthma or poor asthma 

control, have not been considered; therefore, overuse seems an inaccurate definition 

for these patients potentially being symptomatic and needing SABA, despite using 

controller medication. Moreover, high SABA use has recently been evaluated in 

register-based cross-sectional studies (Bloom et al. 2020; FitzGerald et al. 2017; 

Lugogo et al. 2021; Nwaru et al. 2020), where the diagnosis of asthma may not be 

clinically confirmed but based on a diagnosis code in the database or asthma 

medication purchases (e.g., two dispensed Anatomical Therapeutic Chemical (ATC) 

code R03 [Drugs for obstructive diseases] medications in a year). Thus, patients 

without confirmed diagnosis of asthma may be included in study populations 

potentially increasing the number of SABA canisters dispensed. Moreover, high 

SABA use has, in previous studies, been assessed from prescription data, thus 

potentially overestimating the use of SABA as the prescribed SABA does not 

guarantee that patient picks up the medication from pharmacy (Hull et al. 2016; 

Vervloet et al. 2020). No clinical studies with long-term follow-up showing the 

negative impact of high SABA use in patients with a confirmed diagnosis of asthma 

have been published.  
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2.5.5 Formulations, inhalers, inhalation technique  

The preferred route of administration in asthma is inhalation to avoid systemic side 

effects and enable the local action in airway surfaces. After inhalation, 10-60% of the 

inhaled drug is delivered to the lung (Derendorf et al. 2006; Dolovich and Dhand 

2011; Leach et al. 2009; Ye et al. 2017). The particle size of the inhaled drug, the 

aerosol-generating system, the distribution of the inhaled aerosol, and the inhalation 

pattern impact the drug deposition in the airways (Dolovich and Dhand 2011; 

Longest et al. 2012; Usmani 2019). The most commonly used devices for pulmonary 

drug delivery are pressurized metered dose inhalers, dry powder inhalers, soft mist 

inhalers, and nebulizers (Usmani 2019). Despite numerous different inhalers on the 

market, inhaler errors are common in all devices, with critical errors ranging from 

14% to 92% (Chrystyn et al. 2017). Therefore, teaching and regular counseling on 

correct inhaler techniques may lead to better asthma control, improvement in quality 

of life, and reduced costs and adverse effects of medication via decreased errors in 

inhalation techniques (Abdelrahman et al. 2021; Chrystyn et al. 2017; Elgendy et al. 

2015; Usmani et al. 2018). 

2.6 Prescribing practices in asthma 

Control-based asthma management includes continuously evaluating asthma 

management, noting the patient’s response to treatment, and minimizing future risks. 

Before the era of add-on therapies such as LABA and LTRA, the recommended 

step-up therapy was increasing the ICS dose, still an option today. However, 

clinicians’ adherence to asthma guidelines is suboptimal, and improvements are 

required, such as in the prescribing of ICS. The study from the Netherlands reported 

that 4 out of 10 asthma patients did not have the co-prescription of ICS, only 

monotherapy with LAMA (Baan et al. 2021). Yet another study from Scotland 

evaluated that 17.7% of patients had monotherapy with LABA (Morales et al. 2013). 

Adherence to guidelines may also differ among general practitioners and specialists 

(Chou et al. 2015; Cloutier et al. 2018; Homaira et al. 2020).  

Studies concerning asthma medication prescribing trends in adults and children 

showed signs of undertreating asthma and issuing inappropriate prescriptions for 

reliever medication (Cazzola et al. 2011; Elkout et al. 2012; Hull et al. 2016; 
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Sadatsafavi et al. 2017; Thomas et al. 2010). However, there is a lack of follow-up 

studies assessing medication use in patients with a confirmed asthma diagnosis and 

how the changes in therapy reflect the asthma control of the patients.  

2.7 Medication adherence  

Adherence, often used synonymously with compliance, persistence, and 

concordance, refers to a patient’s behavior following a healthcare provider’s agreed-

upon recommendations (Dhruve and Jackson 2022; Horne 2006). Adherence 

consists of periods of persistence and non-persistence, including three key 

components: initiation, implementation, and discontinuation of medication (Vrijens 

et al. 2012). Persistence can be defined as the time from initiation until 

discontinuation (in register studies initiation is the time from prescription until first 

dispensation), meaning the duration that the patient remains on chronic therapy, 

whereas non-persistence is the time from patient discontinuing taking the 

medication to when the medication is no longer prescribed. Non-adherence can 

thereby occur when patient starts medication with a delay (late initiation) or does not 

start medication at all (primary non-adherence), the patient uses medication less or 

more than prescribed (suboptimal implementation/secondary non-adherence), or 

the treatment is discontinued too early (Blais et al. 2017; Vrijens et al. 2012; 

Weinstein 2015). Non-adherence can also be categorized as intentional or 

nonintentional. Non-adherence is deliberate when a patient actively decides not to 

take the medication as prescribed, such as due to concerns about its costs or side 

effects (Laba et al. 2019; Monteiro et al. 2022). In unintentional non-adherence, a 

patient intends to adhere but is prevented from taking the medication as 

recommended, such as due to misunderstanding the regimen or being incapable of 

using the inhaler properly. 

2.7.1 Measurement of adherence  

Many methods assess patients’ adherence to asthma therapy, each having advantages 

and disadvantages (Table 3) (Dhruve and Jackson 2022). Subjective methods are easy 

to use for assessing adherence but may lack accuracy compared to objective 

methods, such as rates of prescription refills and electronic monitoring of medication 

administration. Depending on the method used, the time frame of assessed 
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adherence to asthma medication can vary from days (serum drug level), weeks (self-

reported), months (electronic monitoring) to years (health database records). Despite 

asthma manifesting as a chronic disease, little is known about adherence over a one-

year period. In studies assessing adherence via questionnaires or health database 

records, an asthma diagnosis is often self-reported, based on the International 

Classification of Diseases codes for asthma or asthma-related medications (e.g., at 

least two dispensed inhalers of ATC code R03 medications in a year), which may 

result in including patients without clinically confirmed asthma or those with other 

diseases (e.g., COPD). 

The most widely used adherence measures are patient self-reports containing 

direct and written questionnaires and visual analog scales. The Morisky Medication 

Adherence Scale and Medication Adherence Report Scale are examples of the most 

used questionnaires in studies based on self-reports (Exarchos et al. 2022; Ivanova 

et al. 2008; Janežič et al. 2017; Lin et al. 2022; Orriëns et al. 2021; Roy et al. 2011). 

However, subjective recalling and reporting bias limit questionnaires and self-

reporting-based adherence measures (Table 3) (Alahmadi et al. 2021; Krishnan et al. 

2012; Patel et al. 2013).  

From objective measures, health database records have been used extensively. 

Assessing adherence from electronic databases includes the assumption that 

prescription filling patterns reflect the patient’s medication-taking behavior. A 

current systematic review addressed that 87% of literature concerning adherence 

measurement from pharmacy databases used the medication possession ratio (MPR) 

or proportion of days covered (PDC) formulas (Asamoah-Boaheng et al. 2021). 

Although the formulas are widely used, the calculation methods may still vary 

between studies. In MPR a “total day’s supply” and in PDC “number of day’s 

covered” are divided by the number of days in the observation period (DeClercq 

and Choi 2020; Peterson et al. 2007). However, a “day’s supply” or “day’s covered” 

are not easy to define in assessing asthma therapy since the dosing regimen can be 

flexible, e.g., one to two puffs twice daily, which leads to inaccuracy. The difference 

between the formulas is that MPR may exceed 100% if a patient has obtained 

medications too frequently during the observation period. In contrast, in PDC, 

overlapping fills are shifted to avoid double-counting, thus the value being always 

within the range of 0% to 100%. Patients with primary non-adherence are 

automatically excluded from the study populations since MPR- or PDC-based 

formulas cannot produce value for adherence when a patient is not collecting 

medication at all and most non-adherent patients are missing (Raebel et al. 2013). 

When using PDC and MPR formulas medication is assumed to be prescribed for 
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chronic daily use; therefore, sub-optimal prescribing may lead to underestimating 

adherence (Blais et al. 2011). A notable number of studies based on health records 

use insurance claims databases, meaning patients without insurance are excluded 

from the study population. Conversely, when adherence measure is based on health 

records, it does not cover the information the patient used the medication accurately, 

potentially leading to overestimating adherence. 

Prescription records have also been used as an estimate for adherence to 

treatment (Covvey et al. 2014; d´Ancona et al. 2020; Engelkes et al. 2016; Papi et al. 

2018). From the analysis of the Salford Lung Study, over 30% of prescriptions were 

not dispensed from the pharmacy, suggesting an overestimation of actual adherence 

(Tibble et al. 2020). Methodologically, prescription data is troublesome when 

measuring adherence since the prescription does not guarantee the drug’s 

dispensation; however, without a prescription, a dispensation is impossible. For 

example, under-estimation of adherence is likely if a patient does not have a 

prescription to dispense from a pharmacy, i.e., suboptimal prescribing, possibly 

leading to poorer adherence (Blais et al. 2011). Despite these shortages, many studies 

based solely on prescription data have been published to describe patient adherence, 

although they tend to reflect a clinician’s prescription manners more than a patient’s 

adherence to treatment.   

Electronic monitoring with electronic monitoring devices (EMDs) is the most 

reliable method to assess adherence, and many new devices are licensed for use or 

clinical trial evaluation (Dhruve and Jackson 2022). So far, the EMDs have been 

mostly used in research settings but are expanding to routine clinical care. EMDs 

would offer more accurate adherence data from general asthma populations, but 

issues regarding the costs, logistics of managing the data, and data privacy still exist 

and must be solved to enable longer follow-ups with EMDs in larger populations. 

Moreover, the malfunction of EMDs has been reported to be between 2% to 15%, 

decreasing the method’s accuracy (Apter et al. 2011; Lee et al. 2018; Patel et al. 2013).  

Due to the multiple measures for adherence, thresholds for optimal adherence 

levels also vary among studies (Asamoah-Boaheng et al. 2021; Engelkes et al. 2015). 

Adherence levels over >75% or >80% have been related to reduced exacerbations, 

with these cut-off values being the most used (Asamoah-Boaheng et al. 2021; 

Williams et al. 2011). However, conflicting results have also been shown (Lee et al. 

2018); therefore, future studies should further investigate the proper thresholds.  
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Table 3.  Usual methods to assess inhaler adherence 

Method of assessment 

and examples 

Outcome assessed Strengths of the 

measure 

Limitations of the measure 

Self-reported questionnaire 

 

Morisky Medication 

adherence scale, 

Medication adherence 

report scale,  

Visual Analog scale 

Pre-established cut-off point 

for certain questionnaire 

determines the level of 

adherence (e.g. low, 

medium or high adherence 

according to scores reached 

in Morisky scale) 

Inexpensive and easy 

to use 

Subjective method 

Poor accuracy due to recall and reporting 

bias 

Health database records 

 

Medication possession 

ratio 

Proportion of days 

covered 

Continuous measure of 

medication gaps 

Adherence percentage 

calculated based on 

mathematical formula (e.g. 

formula used in Medication 

possession ratio: 

percentage of days that the 

medication was filled 

divided by the follow-up 

period) 

Objective inexpensive 

method 

 

Possible to measure 

adherence over a long 

period 

Poor accuracy if used only prescription 

data OR only dispensing records 

 

Information about dispensed medication 

does not guarantee that medication was 

taken 

 

Not possible to ensure the correct 

administration 

Serum drug level 

 

Serum corticosteroid 

concentration 

Serum concentration Objective Costs 

Invasive  

Short-term data only 

Dose counter 

 

Dose counter of inhaler 

automatically counts 

down the number of 

used doses e.g. 

Diskus® 

Comparison of expected 

count to actual dose counter 

Objective 

 

Easy to use 

Poor accuracy due to possible dose 

dumping before the assessment of used 

doses 

 

Not all devices have a dose counter 

 

Short-term data only 

Electronic monitoring 

devices 

 

Inhaler Compliance 

Assessment (INCA™), 

Respiro® 

Frequency of inhaler use Objective 

 

Inhaler technique 

check 

 

Reminders for patients  

Costs 

Data availability 

Mechanical issues  

Relatively short-term data 

Data privacy (may not comply with General 

Data Protection Regulation) 

(Dhruve and Jackson 2022) 
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2.7.2 Adherence to inhaled corticosteroids  

As ICS are the cornerstone of asthma treatment, various studies have evaluated 

patients’ adherence to ICS therapy. Unfortunately, results usually show levels of 

suboptimal adherence. The following studies of at least 12 months length and using 

objective method to collect data were identified and adherence to ICS ranged from 

22% to 84% (Table 4, Table 5, and Table 6). The studies were conducted among 

adult (age ≥15 years) patient populations during the last decade. From those studies 

PDC was used in 40% of the studies (Table 4) (Atsuta et al. 2018; Barrecheguren et 

al. 2022; Cvietusa et al. 2019; Cyr et al. 2013; Gupte-Singh et al. 2015; Hadad et al. 

2020; Jones et al. 2020; Oppenheimer et al. 2022; Raebel et al. 2020; Sadatsafavi et 

al. 2013; Serhal et al. 2020; Stanford et al. 2019), MPR was used in 27% of the studies 

(Table 5) (Bloom et al. 2019; Hong et al. 2019; Jensen et al. 2021; Kang et al. 2018; 

Papi et al. 2018; Pool et al. 2017; Sicras-Mainar et al. 2020; Voorham et al. 2017), and 

33% of the studies that objectively measured adherence either reported alternative 

measures or did not provide a detailed description of the adherence calculation 

method (Table 6) (Dib et al. 2019; Eger et al. 2022; Erdogan et al. 2020; Hekking et 

al. 2015; Hyland et al. 2012; Murphy et al. 2012; Sá-Sousa et al. 2019; Van Steenis et 

al. 2014; von Bülow et al. 2018; Yang et al. 2018). The median adherence, if 

assessable, was 40% in studies utilizing PDC to measure adherence (n=10, Table 4), 

59% in studies using MPR for adherence measurement (n=5, Table 5), and 77% in 

studies reporting adherence alternately or unclearly (n=4, Table 6).    

Although data collection is approached objectively, this does not ensure a 

rigorous assessment of adherence (medication the patient is using as compared to 

what is prescribed). For example, several studies solely rely on prescribed drug data 

to assess adherence but do not include the dispended or bought medication data 

(Atsuta et al. 2018; Bloom et al. 2019; Hong et al. 2019; Hyland et al. 2012; Papi et 

al. 2018; Voorham et al. 2017). Furthermore, in certain studies, the data used for 

adherence calculations remains ambiguous or unclear (Table 6). The typical observed 

follow-up duration was one year, with only one study assessing adherence over a 5-

year period but methodologically providing unclear details on adherence calculations 

(Hadad et al. 2020). Additionally, there is a lack of studies utilizing both prescribed 

and dispensed data with follow-up periods exceeding two years. Out of the 30 studies 

assessed, only four reported using a method that included both prescribed and 

dispensed data to measure adherence (Cyr et al. 2013; Murphy et al. 2012; Serhal et 

al. 2020; Yang et al. 2018). All these studies had short one-year follow-ups. 
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Information on patients’ age of asthma onset or duration of asthma was missing 

in assessed studies (Table 4, Table 5, and Table 6). Patients were recruited from 

health care databases, and asthma was commonly defined as a diagnosis code in the 

database and/or with asthma medication purchases. As the criteria of diagnosis in 

previous studies do not guarantee an objectively confirmed diagnosis of asthma, the 

study populations may have included patients without a verification of asthma 

diagnosis by lung function tests, possibly affecting the results of the studies. 

Moreover, asthma onset may play a role in disease manifestation; therefore, the 

information concerning disease onset would be valuable but was often missing from 

the adherence studies. These factors may partially explain why adherence levels 

widely varied among the assessed studies (Table 4, Table 5, and Table 6). 

Furthermore, adherence calculations commonly utilized PDC or MPR formulas in 

various studies (Table 4 and Table 5). However, many of these studies presumed that 

additional information regarding the calculation method was unnecessary. These 

formulas were applied across studies assessing dispensation data and those solely 

relying on prescription data, despite the studies used otherwise the same measure for 

calculating adherence e.g., PDC. Sparse summaries of adherence calculations arouse 

the questions of how these formulas had been used in practice and how to repeat 

the measurement with the same methods. 

Non-adherence to ICS treatment has been related to reductions in symptom 

control, lung function, and patient quality of life (Dima et al. 2019; Kandane-

Rathnayake et al. 2009). Moreover, an increase in asthma exacerbations, health care 

costs, and even an increase in mortality and morbidity rates have been associated 

with suboptimal adherence (Engelkes et al. 2015; Jensen et a. 2021; Kang et al. 2018; 

Murphy et al. 2012; Suissa et al. 2000; Suissa et al. 2001; Zafari et al. 2014). Nearly 

two decades ago, Bender and Bender (2005) reviewed barriers to asthma treatment 

adherence, including concerns about drug safety, medication costs, and beliefs of 

not needing regular medication for their asthma. Although the factors related to non-

adherent behavior were long acknowledged, the solutions addressing non-adherence 

still need further development. Someday, EMDs might become general outside the 

research settings and assist patients in correcting medication use, as done in recent 

studies (Boddy et al. 2021; Sulaiman et al. 2018; Taylor et al. 2018).   
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3 AIM OF THE STUDY 

The present study aimed to evaluate long-term adherence to asthma medication in 

patients with adult-onset asthma by studying their characteristics and the prescribed 

and dispensed medications in the Seinäjoki Adult Asthma Study. 

The detailed aims of the sub-works were as follows: 

1. Evaluate medication use and adherence to long-term ICS treatment in 

patients with new-onset adult asthma over a 12-year period. (I and II) 

2. Clarify whether a poor 12-year adherence to ICS treatment is related to non-

controlled asthma in patients with adult-onset asthma. (III) 

3. Examine the factors related to poor long-term ICS adherence. (II and III)  

4. Evaluate the relationship between the patient’s use of ICS and SABA 

medications and examine if the increased use of SABA is related to poor ICS 

adherence. (IV)  
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4 SUBJECTS AND METHODS  

4.1 Study design and setting of Seinäjoki Adult Asthma Study 

The present study is part of the Seinäjoki Adult Asthma Study (SAAS), a prospective 

single-center follow-up study of 257 patients with new-onset adult asthma 

(Kankaanranta et al. 2015). All new asthma patients 15 or older from 1999 to 2002 

in Seinäjoki Central Hospital, Finland, were included. A respiratory physician 

diagnosed asthma based on typical symptoms of asthma and objective lung function 

measurements showing significant bronchial reversibility or variability. If considered 

necessary, an exercise provocation test was performed to ensure diagnosis. The study 

included patients with any comorbidities or a current or ex-smoking status and 

excluded patients who were younger than 15 or could not provide signed informed 

consent due to physical or mental inability. Over 94% of the patients diagnosed with 

novel asthma at the study site were recruited to the study (Tuomisto et al. 2016). In 

2001, the study population represented >38% of all novel diagnoses of asthma made 

in adults in the whole geographical area (Ilmarinen et al. 2019). 

The study was divided in two parts: collection of the original cohort (baseline) 

and the 12-year follow-up visit. At the baseline visit, data were collected on 

symptoms, lung function, and demographics. Most of the patients were therapy-

naïve at the diagnosis, and ICS medication was started immediately after the 

diagnostic visit. During the follow-up, patients were actively treated according to the 

principles of the Finnish Asthma Program (Haahtela et al. 2001). From the original 

cohort of 257 patients, 203 (79%) returned to a control visit from 2012 to 2013 

(mean follow-up of 12.2 years, range of 10.8–13.9 years). At the 12-year follow-up, 

blood samples were collected, lung function was measured, and structured 

questionnaires on background information, smoking history, asthma control, and 

medication use were used.  
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4.1.1 Lung function measurements  

Lung function measurements were performed using a spirometer (Vmax Encore 22, 

Viasys Healthcare, Palm Springs, CA, USA) and calibrated daily, and Finnish 

reference values were used (Viljanen et al. 1982). Lung function measurement points 

were 1) baseline (i.e., time of asthma diagnosis); 2) the maximum lung function 

(Max0-2.5) during the first 2.5 years after diagnosis (on average, 0.6 years post-

diagnosis) (i.e., after starting anti-inflammatory therapy) based on the highest pre-

bronchodilator forced expiratory volume in 1 s (FEV1) % predicted and; 3) after 12 

years of follow-up. Lung function measurements after the baseline visit were taken 

while patients were on medication, without pauses or withholding therapy. Diffusing 

capacity of the lung was measured at the baseline and follow-up. PEF monitoring 

was performed during two weeks at the baseline and the follow-up. 

4.1.2 Laboratory measurements  

The fraction of exhaled nitric oxide (FeNO) was measured with a portable rapid-

response chemiluminescent analyzer according to American Thoracic Society 

standards (flow rate 50 mL·s−1; NIOX System, Aerocrine, Solna, Sweden) 

(ATS/ERS 2005). Venous blood samples were collected at the baseline and follow-

up visits. Laboratory assays were performed in the Seinäjoki Central Hospital 

accredited laboratory (SFS-EN ISO/IEC 17025:2005 and ISO 15189:2007). White 

blood cell differential counts were determined. Total immunoglobulin E (IgE) levels 

were measured using ImmunoCAP (Thermo Scientific, Uppsala, 

Sweden)(ATS/ERS 2005). Serum levels of IL-6 were determined by ELISA (R & D 

Systems, Minneapolis, MN, USA), and hsCRP was measured using the particle-

enhanced immunoturbidometric method on Roche Cobas 8000 automated clinical 

chemistry analyzer (Roche Diagnostics, Basel, Switzerland). Atopy was tested via 

skin-prick tests towards common aeroallergens at the baseline visit. At least one 

positive reaction toward an allergen (≥3 mm) was considered significant, and the 

patient was considered atopic. 
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4.1.3 Questionnaire data, medication use and health care 
 

A structured questionnaire to collect background information was used. Patients 

reported their medication use on the questionnaire at the follow-up. Moreover, all 

asthma-related visits and medication information were collected from the 12-year 

follow-up from the patient records. Collected data included healthcare use, 

hospitalizations, and emergency department visits to primary care, occupational care, 

private clinics, and public hospitals. If the patient was moved to another hospital 

district area, the data on healthcare visits was collected from the departments the 

patient reported visiting.  

4.1.4 Symptoms and asthma control  

Patients completed the Airways Questionnaire 20 (AQ20) at the baseline visit, and 

symptoms were measured during the follow-up visit with AQ20 (Barley et al. 1998) 

and ACT (Nathan et al. 2004). The AQ20 is a short, well-validated questionnaire to 

measure and quantify disturbances in the airway-specific quality of life where higher 

scores indicate poor quality of life (Barley et al. 1998). ACT is a widely used self-

administered tool for identifying those with poorly controlled asthma (low ACT 

scores) (Nathan et al. 2004). Patients were separated into three groups by asthma 

control at follow-up visits to define asthma control; these groups were defined 

according to the GINA 2010 report (GINA 2010). Patients with controlled asthma 

were defined by fewer symptoms, normal lung function, and rare usage of reliever 

medication. Patients with partially controlled asthma may have had one or two of 

the following features: day or night-time symptoms, need for reliever treatment more 

than twice weekly, decreased lung function (<80%), or limitation of activities due to 

asthma. When defining patients with uncontrolled asthma, three or more of those 

features were required. Patients were also evaluated in two subgroups based on their 

asthma control, controlled and non-controlled, when non-controlled included 

partially and uncontrolled asthma.  

4.1.5 Comorbidities 

Assessing comorbidities was based on self-reported medication or self-reported 

comorbidities. Unclear cases were confirmed from the patient records. Defining and 

classifying comorbidities was based Barnett et al.’s (2012) study. Comorbidities were 
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evaluated separately and as the sum of all comorbidities reported at the baseline and 

follow-up. Conditions included as comorbidities were bronchiectasis, cancer, 

hypertension, coronary heart disease, atrial fibrillation and other cardiac arrhythmias, 

heart failure, diabetes, thyroid disorders, rheumatoid arthritis and other 

inflammatory polyarthropathies and systematic connective disorders, irritable bowel 

syndrome, treated constipation, diverticular disease of the intestine, inflammatory 

bowel disease, treated dyspepsia (daily medication), viral hepatitis, chronic liver 

disease, chronic kidney disease, peripheral vascular disease, prostate disorders, 

glaucoma, stroke and transient ischemic attack, epilepsy, migraine, Parkinson’s 

disease, multiple sclerosis, dementia, depression, schizophrenia/nonorganic 

psychosis or bipolar disorder, psoriasis, anxiety and other stress-related and 

somatoform disorders, painful conditions (daily use of analgesic medication), and 

COPD. 

4.1.6 Ethical permission and study registration 

Institutional permission (Seinäjoki Central Hospital, Seinäjoki, Finland) was 

obtained, and study participants gave written informed consent to the study protocol 

approved by the ethics committee of Tampere University Hospital (Tampere, 

Finland) (R12122). Seinäjoki Adult Asthma Study is registered at ClinicalTrials.gov 

with identifier number NCT02733016. 
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4.2 Adherence 

4.2.1 Measurement of prescribed and dispensed inhaled corticosteroids 

Prescribed ICS medication and ICS doses for each patient for each year of the 

follow-up were calculated based on medical records. All drugs (ICS in separate and 

combination inhalers) and dose changes were considered individually; finally, all 

doses were converted to budesonide equivalents (Table 7) (Bateman et al. 2011; 

Turner et al. 2022; Verbanck et al. 2010). If medication information was inadequate, 

it was calculated based on previous confirmed information. Medication gaps over 

nine days and medication changes over 14 days were considered. If prescribed, a 

flexible dose of the calculations was made using the smallest dosing possibility (e.g., 

one or two inhalations twice daily were calculated as one inhalation twice daily).  

The dispensed ICS doses were obtained from the Finnish Social Insurance 

Institution (SII), which records all reimbursed medication purchases from any 

Finnish pharmacy. None of the evaluated medications in this study was available 

over the counter in Finland but needed a prescription. As with prescribed doses, all 

dispensed ICS doses were finally converted to budesonide equivalents. Since the 

medical records and data from SII were available over the 12-year follow-up, the 

prescribed and dispensed doses were determined annually and cumulatively. 
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Table 7.  Dispensed inhalers containing ICS in SAAS study  

Brand Strength Puffs per 

inhaler 

Active substance 

(ICS) 

Budesonide 

equivalent 

multiplier 

Alvesco 160ug/dose 60 Ciclesonide 2.5 

Alvesco 160ug/dose 120 Ciclesonide 2.5 

Aerobec 100ug/dose 200 Beclometasone 2 

Aerobec autohaler 50ug/dose 200 Beclometasone 2 

Aerobec autohaler 100ug/dose 200 Beclometasone 2 

Beclomet easyhaler 200ug/dose 200 Beclometasone 1 

Beclomet easyhaler 400ug/dose 100 Beclometasone 1 

Budesonid Easyhaler  200ug/dose 200 Budesonide 1 

Cortivent  200ug/dose 200 Budesonide 1 

Flixotide diskus 100ug/dose 60 Fluticasone 2 

Flixotide diskus 250ug/dose 60 Fluticasone 2 

Flixotide diskus 500ug/dose 60 Fluticasone 2 

Flixotide evohaler 250ug/dose 120 Fluticasone 2 

Novopulmon novolizer 200ug/dose 200 Budesonide 1 

Pulmicort  0.5mg/ml 20x2ml (no 

puffs) 

Budesonide 1 

Pulmicort turbuhaler 200ug/dose 100 Budesonide 1 

Pulmicort turbuhaler 200ug/dose 200 Budesonide 1 

Pulmicort turbuhaler 400ug/dose 50 Budesonide 1 

Pulmicort turbuhaler 400ug/dose 100 Budesonide 1 

Pulmicort turbuhaler 400ug/dose 200 Budesonide 1 

Seretide diskus 100ug/dose 60 Fluticasone 2 

Seretide diskus 250ug/dose 60 Fluticasone 2 

Seretide diskus 500ug/dose 60 Fluticasone 2 

Seretide evohaler 50ug/dose 120 Fluticasone 2 

Seretide evohaler  125ug/dose 120 Fluticasone 2 

Seretide evohaler  250ug/dose 120 Fluticasone 2 

Symbicort turbuhaler mite 100ug/dose 120 Budesonide 1 

Symbicort turbuhaler 200ug/dose 120 Budesonide 1 

Symbicort turbuhaler forte 400ug/dose 60 Budesonide 1 
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4.2.2 Annual and cumulative adherence 

By comparing dispensed doses to prescribed ICS doses, evaluating the adherence of 

a single patient over the follow-up was possible. The 12-year adherence was 

calculated by comparing the total cumulative dispensed doses of ICS to the total 

cumulative 12 years of prescribed doses (Formula 1). Annual adherence was 

calculated for each patient individually for each calendar year by dividing yearly 

dispensed ICS doses by annually prescribed ICS doses (µg budesonide equivalents) 

(Formula 2) to obtain a view on the variability of adherence at long-term follow-up. 

Regarding the flexible doses prescribed (e.g., one or two puffs twice daily), we 

interpreted that patients were adherent when the minimum ICS doses were 

dispensed. The most used cut-off point (≥80%) in respiratory literature was used in 

this study to distinguish patients with better (≥80%) and poorer (<80%) 12-year 

adherence (Engelkes et al. 2015; Papi et al. 2018; Souverein et al. 2017). The extensive 

follow-up and continuously prescribed long-term ICS treatment enhanced the 

evaluation of 12-year ICS adherence, including the initiation of medication and 

periods of persistence and temporary non-persistence. Moreover, one recent 

publication used time-varying adherence to describe patients’ adherence behavior; 

the present study adopted this method (Bijlsma et al. 2016).  

 

12-year adherence (%) =
12-year cumulative dispensed dose of ICS (µg)

12-year cumulative prescribed dose of ICS (µg)
× 100 

 

Formula 1. 

 

Annual adherence (%) =
yearly dispensed dose of ICS (µg)

yearly prescribed dose of ICS (µg)
× 100 

Formula 2. 

4.3 Dispensed short-acting β2-agonists 

The dispensed SABA inhalers were obtained from the SII register (Table 8). SABA 

use was quantified as canisters collected annually (per calendar year) and cumulatively 

over the 12-year period. To account for different numbers of doses (range 60-400 

puffs) in various types of canisters, we counted all doses of SABA dispensed during 

the 12-year follow-up and divided the sum by 150 to express SABA use as standard 

canisters of 150 doses.  
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Table 8.  Dispensed inhalers containing SABA in SAAS study 

Brand Strength Puffs per inhaler Active substance 

Airomir autohaler  0.1mg/dose 200 Salbutamol 

Airomir  0.1mg/dose 200 Salbutamol 

Atrovent comp eco  50ug/dose 200 Fenoterol 

Bricanyl turbuhaler  0.25mg/dose 200 Terbutaline 

Bricanyl  0.25mg/dose 400 Terbutaline 

Bricanyl turbuhaler  0.5mg/dose 100 Terbutaline 

Bricanyl turbuhaler  0.5mg/dose 200 Terbutaline 

Buventol easyhaler  100ug/dose 200 Salbutamol 

Buventol easyhaler  200ug/dose 60 Salbutamol  

Buventol easyhaler  200ug/dose 200 Salbutamol 

Salbutamol turbuhaler  50ug/dose 200 Salbutamol 

Ventoline 0.2mg/dose 100 Salbutamol 

Ventoline  1mg/ml 20x2.5ml (no puffs) Salbutamol 

Ventoline diskus  200ug/dose 60 Salbutamol 

Ventoline evohaler  0.1mg/dose 200 Salbutamol 

Ventoline rotadisk  0.2mg/dose 15x8 (no puffs) Salbutamol 

 

4.3.1 Definition of the high use of short-acting β2-agonists  

High SABA use was defined as ≥36 SABA canisters (with 150 puffs/canister) in 12 

years, corresponding to an average of ≥3 dispensed canisters (with 150 

puffs/canister) per year (corresponding to average SABA use more than daily) 

(GINA 2021). SABA over-reliance was classified into three categories: 1) high SABA 

use (≥36 canisters in 12 years) and no dispensed ICS canisters during the follow-up; 

2) high SABA use and <36 dispensed canisters of ICS (corresponding to <3 

dispensed canisters per year on average); 3) high SABA use and fewer ICS than 

SABA canisters dispensed. If a patient on maintenance ICS uses a lot of SABA, such 

indicates a need for a step-up in maintenance medication. Therefore, we also 

analyzed the number of patients with high use of SABA and who were on 

maintenance ICS but were not dispensed any second controllers (LABA [long-acting 

β2-agonist] or LAMA [long-acting muscarinic antagonist]) to reveal signs of 

undertreatment.  
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4.4 Dispensed other asthma medication 

Dispensed doses of oral corticosteroids (OCS) (mg) were obtained from SII and 

divided by the years of follow-up. Regarding dispensed OCS, only those prescribed 

as part of asthma treatment were considered. When the asthma indication was 

missing, information was verified from medical records; if no indication was 

available, the indication was assumed to be asthma. Differentiating whether the oral 

corticosteroids dispensed were used as short courses or as a daily treatment was 

impossible. Methyl prednisolone was converted into mg of prednisolone to calculate 

the total amount of purchased oral steroids during the entire follow-up as 

prednisolone mg. The total amount used during the whole follow-up was divided by 

the years the patients was followed up on to calculate their average annual use in mg. 

Dispensed antibiotics were also obtained from the SII register and defined as a 

single purchase covering one course of antibiotics. The number of antibiotic courses 

were counted together to assess the patient’s need for courses during the 12-year 

follow-up.   

4.5 Statistical analysis 

Statistical analyses were performed using IBM SPSS statistics software, version 27 

(IBM SPSS, Armonk, NY, USA), and GraphPad Prism (version 7.03; GraphPad, 

LaJolla, CA, USA). A p-value of <0.05 was considered statistically significant. The 

normality of the data distribution was analyzed with the Kolmogorov-Smirnov’s test 

or the Shapiro–Wilk test and by visually evaluating the distribution. Independent 

samples t-test, one-way ANOVA, or two-way ANOVA were used in group 

comparisons for normally distributed data. Tukey’s post hoc test was used. Group 

comparisons in non-normally distributed continuous data were performed with the 

Mann–Whitney U or Kruskal-Wallis test. Pearson’s Chi-squared or Fisher’s exact 

test was used for categorical data. Baseline and follow-up values were compared 

using paired samples t-test (normally distributed data), related samples Wilcoxon 

signed rank test (skewed data) or the McNemar test (categorical data). The individual 

patient’s area under the curve (AUC) was defined, and the mean AUC values were 

compared using paired-samples t-tests to analyze the differences cumulatively and 

annually between the prescribed and dispensed doses. 

Multivariable linear and logistic regression analyses were performed to analyze 

the associations between independent variables and the dependent factor. The 
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correlation matrix was analyzed, and explanatory variables that were not strongly 

correlated (r<0.7) were included in the analyses. Before the regression analyses, the 

correlation matrix was analyzed, and forward, backward, and enter methods were 

used to select variables for the final model. In a linear regression analysis, outliers 

were removed to ensure homoscedasticity. R2 in linear regression analysis and 

Nagelkerke’s R2 in logistic regression analysis were considered when selecting the 

best model. A negative binomial regression analysis was performed, predicting 

skewed continuous data. The incidence rate ratios (IRRs) with 95% CI were 

reported. Owing to overdispersion, we used negative binomial regression and 

adjusted the model with tested covariates. The natural logarithm of the length of 

follow-up was set as an off-set variable. 
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5 SUMMARY OF THE RESULTS 

5.1 Description of the study population 

The study population consisted of 203 patients with adult-onset asthma (patients 

who returned to the follow-up visit) (Studies I and IV). Most of the patients were 

female (58%), with a mean asthma onset age of 46 (SD 14) (Table 9). Altogether, 

37% of the patients were atopic. Half were current or ex-smokers. At the 12-year 

follow-up, patients generally had a higher body mass index (BMI), better lung 

function and lower blood eosinophil counts than their baseline visit. During the 

diagnostic visit (baseline), 8% of the patients used ICS, whereas 76% reported being 

daily ICS users at the follow-up. Studies II and III excluded patients who were 

prescribed ICS only periodically (often GINA step 1 and ICS use during pollen 

season) at any point during the follow-up (n=22) to ensure that adherence 

calculations were as accurate as possible. Therefore, the study population consisted 

of 181 patients in Studies II and III, and the original communications have described 

the characteristics in detail.  
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Table 9.  Characteristics of the study patients at baseline (asthma diagnosis) and 12-year 
follow-up visit (n=203) 

 Baseline Follow-up p value 

Age (y) 46 (14) 58 (14)  

Female gender n (%) 118 (58.1) 118 (58.1)  

BMI, kg/m2 27.1 (24.2-29.8) 28.1 (24.4-31.3) <0.001 

Smokers (incl. ex) n (%) 103 (50.7) 107 (52.7) 0.125 

Daily ICS use n (%) 16 (7.9) 155 (76.4) <0.001 

Pre-BD FEV1% pred 83 (71-92) 86 (76-96) <0.001 

Pre-BD FVC% pred 90 (79-100) 96 (87-106) <0.001 

Pre-BD FEV1/FVC 0.75 (0.69-0.80) 0.73 (0.66-0.79) <0.001 

Blood eosinophils (109/l) 0.28 (0.15-0.42) 0.16 (0.10-0.27) <0.001 

Total IgE (kU/l) 84 (35-174) 61 (24-163) 0.046 

hsCRP 5 (5-5) 1.2 (0.57-2.5) <0.001 

Atopy n (%) 68 (37.2)   

AQ20 score                                                  7 (4-10) 4 (2-7) <0.001 

BMI; body mass index, ICS; inhaled corticosteroid, BD; bronchodilator, FEV1; Forced expiratory 
volume in one second; FVC; forced vital capacity, IgE; Immunoglobulin E, CRP; high-sensitivity C-
reactive protein, AQ20; Airways questionnaire 20. Statistical significances were evaluated by related 
samples Wilcoxon signed rank test (if non-normally distributed) or McNemar test (categorical 
variables). 

5.2 Prescribing of inhaled corticosteroids 

5.2.1 Annual prescribed daily and cumulative inhaled corticosteroid doses 

The average annual daily ICS doses and cumulative doses were calculated to visualize 

how anti-inflammatory medication for asthma was prescribed in this cohort of new-

onset adult asthma patients from diagnosis to the 12-year follow-up. The mean 

cumulative prescribed dose of ICS for the 12-year follow-up was 3.4g (± SEM 0.1) 

(budesonide equivalents) per patient (Figure 3). The highest average annual ICS dose 

was 939 μg (± SEM 25) among the study population one-year post-diagnosis. For 

the remaining follow-up, the yearly daily average ICS dose remained at approximately 

800 µg (Figure 3). Considering all dose changes, 649 increases or decreases occurred 

among the study population (median 3 [1-5] per patient). Of the increases (n=281), 

38.4% were prescribed by a respiratory specialist and 61.6% by a general practitioner; 
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of the decreases (n=368), 56.5% were prescribed by a respiratory specialist and 

43.5% by a general practitioner. In nine patients (4%), regular ICS was discontinued, 

and ICS was continued on an as-needed basis until the follow-up visit. Moreover, 13 

patients (6.4%) were prescribed ICS periodically at any point during the follow-up, 

but later, regular daily ICS was continued. 
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Figure 3.  Mean and cumulative ICS doses prescribed to patients in SAAS over the 12-year follow-up 
period (Modified from Vähätalo et al. 2018) 

5.2.2 Annual cumulative and daily inhaled corticosteroid doses in asthma 
control groups 

From 203 patients, 69 had controlled, 74 had partially controlled, and 60 had 

uncontrolled asthma at the 12-year follow-up (Table 10). Patient groups with 

different levels of asthma control had significantly different prescribed cumulative 

doses of ICS during the 12-year follow-up (p<0.0001) (Figure 4). Patients with 

controlled asthma had the lowest total cumulative dose of ICS (2.9g ± SEM 0.2), 

whereas patients with uncontrolled asthma had the highest total cumulative dose of 

ICS (3.8g ± SEM 0.2) (Figure 4). The mean prescribed daily dose of ICS was higher 

in patients with uncontrolled asthma (937 μg [SD 367]) than in those with partially 

controlled (870 [SD 354]) or controlled asthma (760 [SD 278]) (Table 10). The 

median number of dose changes was four (IQR 2–6) per patient with uncontrolled 
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asthma and two (IQR 1–4) per patient with partially controlled and controlled 

asthma. A respiratory specialist significantly increased the dose of ICS more 

frequently with patients who had uncontrolled asthma than with those who had 

controlled asthma (p<0.035).  

 

Table 10.  Characteristics of the study patients according to their level of asthma control at 12-
year follow-up visit (n=203) 

 Controlled 

n=69 

Partially controlled 

n=74 

Uncontrolled 

n=60 

p value 

Age (y) 54 (14) 60 (12) 61 (13) 0.005 

Female gender n (%) 48 (69.6) 42 (56.8) 28 (46.7) 0.030 

BMI, kg/m2 27.7 (4.8) 28.9 (5.8) 29.1 (6.1) 0.324 

Smokers (incl. ex) n (%) 25 (36.2) 45 (60.8) 37 (61.7) 0.003 

Pre-bd FEV1% pred 92 (87-98) 86 (75-97) 75 (61-89) <0.001 

Pre-bd FVC% pred 103 (91-110) 96 (87-104) 90 (79-104) <0.001 

Pre-bd FEV1/FVC 0.75 (0.71-0.80) 0.75 (0.67-0.79) 0.69 (0.57-0.76) <0.001 

Prescribed daily dose of 

ICS (ug budesonide 

equivalents) 

760 (278) 870 (354) 937 (367) 0.019 

Blood eosinophils (109/l) 0.16 (0.12–0.28) 0.18 (0.09–0.28) 0.19 (0.09–0.27) 0.870 

Blood neutrophils (109/l) 3.7 (2.8-4.5) 3.6 (2.9-4.9) 4.2 (3.2-5.0)  0.169 

Total IgE (kU/l) 47 (23-134) 76 (25-164) 72 (23-183) 0.349 

FeNO (ppb) 12 (6-19) 10 (5-20) 11 (5-18) 0.533 

AQ20 score                                                  2 (0-4) 4 (2-6) 8 (5-11) <0.001 

BMI; body mass index, BD; bronchodilator, FEV1; Forced expiratory volume in one second; FVC; 
forced vital capacity, ICS; inhaled corticosteroid, IgE; Immunoglobulin E, FeNO; fraction of exhaled 
nitric oxide, AQ20; Airways questionnaire 20. Statistical significances were evaluated by one-way 

ANOVA with Tukey's post hoc test, Pearson Chi-Square test or independent samples Kruskal-Wallis 

test. 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/post-hoc-analysis
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Figure 4.  Cumulative prescribed ICS dose in patients with different level of asthma control. P-value 
indicates the difference between three slopes analyzed by two-way ANOVA (Modified from 
Vähätalo et al. 2018). 

 

5.3 Adherence to inhaled corticosteroids 

By utilizing dispensing data for reimbursed medication and data for prescribed 

medication, assessing adherence and its variability in long-term ICS treatment was 

possible in this study population during the 12-year follow-up. New-onset adult 

asthma patients with regularly prescribed ICS medication (n=181) had a mean 12-

year ICS adherence of 69% (Figure 5). The mean annual adherence gradually 

declined from the first year of follow-up (81%) to year 12 (67%). Despite the mean 

adherence being moderate among the study population, the variance in annual ICS 

adherence was common since 37% of the patients had at least one year of non-

adherence (annual adherence rate 0%) during the follow-up. Moreover, two (1%) 

patients failed to collect their first treatment prescription (initiation) and were fully 

non-adherent to ICS therapy during the entire 12-year follow-up. The prescribed 

annual daily ICS doses for study patients were high (on average, >800 µg budesonide 
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equivalents), but patients were dispensed significantly lower doses (on average, <800 

µg budesonide equivalents) of ICS during the follow-up (Figure 6). If calculated 

using the maximum value of the dose range in the prescription instead of the lowest 

value of the range (e.g., in a subject prescribed budesonide/formoterol 200/6 µg, 

one to two puffs twice daily), maximum dose range affected the mean 12-year 

adherence by −4.4%. During the follow-up, 63% of the patients used ICS-LABA 

combination therapy at least once, and 43% used the ICS-LABA combination for 

six years or more. 

To differentiate patients based on their 12-year adherence, they were categorized 

into groups with ≥80% (n=82) or <80% (n=99) adherence. Patients with ≥80% 

were more neutrophilic, used more daily add-on drugs and oral corticosteroid 

courses, and visited healthcare more often due to their asthma than patients with 

<80% adherence. However, the decline in lung function was steeper in patients with 

<80% adherence.  
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Figure 5.  Mean yearly adherence to ICS of SAAS patients. Adherence was calculated by comparing 
yearly dispensed doses of ICS (ug) to yearly prescribed doses of ICS (ug) (Modified from 
Vähätalo et al. 2020).   
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Figure 6.  Prescribed and dispensed mean daily doses of ICS over the 12-year follow-up (Modified 
from Vähätalo et al. 2020) 

 

At the 12-year follow-up, asthma control was evaluated, and the patients were 

divided into two groups: controlled (n=56) and non-controlled (n=125). Patients 

with non-controlled asthma were more often non-atopic males of older age, used 

more daily add-on drugs, spent more days in the hospital, and were dispensed higher 

doses of oral corticosteroids than patients with controlled asthma. The mean 12-year 

adherence to ICS was higher in patients with non-controlled asthma (76%) than in 

those with controlled disease (63%) (p=0.042) (Figure 7). From study patients having 

≥80% adherence during the whole 12-year follow-up, 34% still had non-controlled 

asthma at the follow-up. The association between ≥80% adherence and non-

controlled asthma remained in a binary logistic regression analysis, adjusting for age 

≥60 years, sex, BMI ≥30 kg·m−2, COPD, and rhinitis. 

From patients with non-controlled asthma, 61 (49%) had a mean 12-year 

adherence of ≥80%, whereas 64 (51%) had <80% 12-year adherence. The patients 

with non-controlled asthma and ≥80% adherence had a higher number of asthma-

related contacts with health care, a more elevated blood neutrophil count, and used 

more long-acting β2-agonists (LABA) or leukotriene receptor antagonists (LTRA) 

than patients with <80% adherence. From patients with controlled asthma 21, (38%) 
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had a mean 12-year adherence of ≥80%, whereas 35 (62%) had <80% 12-year 

adherence. Clinical differences between these groups existed in BMI and FEV1 

reversibility, which were lower in patients with ≥80% adherence. Total IgE and 

peripheral blood neutrophil counts were higher in patients with ≥80% adherence 

versus <80%. 

We evaluated the change in lung function in patients with controlled and non-

controlled asthma and with different adherence levels to assess the association of 

asthma control and adherence to lung function. Lung function did not differ in 

patients with ≥80% or <80% 12-year adherence and controlled asthma. However, 

the patients with non-controlled asthma and <80% 12-year adherence had more 

rapid decrease in lung function (FEV1) than patients with ≥80% adherence 

(p=0.024) (Table 11). We conducted multiple linear regression analysis to find out 

whether poor adherence predicts accelerated lung function decline in patients with 

non-controlled asthma when adjusted for age, BMI at follow-up, sex, FeNO >20 

ppb, ≥10 pack-years, and ΔFEV1 (baseline−max0–2.5). After adjustments, poorer 

adherence (<80%) remained a significant predictor for FEV1 (mL) decline. 

 

Table 11.  Lung function change (ΔFEV1 from max0-2.5 to 12-year follow-up visit) in patients with 
controlled and non-controlled asthma and different level of adherence (n=181) 

 Adherence ≥80% Adherence <80% p value 

Controlled asthma 

n=56 

   

      ΔFEV1 mL·year–1 -39 (-59 to -24) -35 (-67 to -25) 0.859 

      ΔFEV1 % pred·year–1 -0.31 (-0.76 to 0.54) -0.34 (-1.10 to 0.07) 0.271 

Non-controlled asthma 

n=125 

   

      ΔFEV1 mL·year–1 -40 (-56 to -20) -47 (-83 to -32) 0.024 

      ΔFEV1 % pred·year–1 -0.47 (-0.98 to 0.25) -0.76 (-1.40 to -0.17) 0.029 

ΔFEV1= change in pre-bronchodilator-FEV1 from the maximum value during the first 2.5 years after 
diagnosis and start of treatment to 12-year follow-up visit. Statistical significances were evaluated by 
independent samples Mann-Whitney U test.  
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Figure 7.  Mean adherence to ICS per year in patients with controlled and non-controlled asthma 
(Modified from Vähätalo et al. 2021) 

5.4 Use of reliever medication 

In the current study, purchases of SABA and ICS were collected individually from 

the 12-year follow-up and converted to standard canisters of 150 doses. The study 

patients were dispensed a median of six (IQR 3-16) canisters of SABA and 48 (IQR 

18-67) canisters of ICS for 12 years, corresponding to the use of a median of two 

(IQR 1-4) SABA and 11 (IQR 5-16) ICS puffs per week (Figure 8). The 

categorization of high SABA use was based on the objective measurement of the 

SABA standard canisters dispensed. Of the study patients, 10% (n=21) were 

classified as high SABA users (≥36 canisters in 12 years, corresponding to ≥3 

canisters dispensed per year, on average).  

We conducted a negative binomial analysis to explore which factors or features 

during the asthma diagnosis predicted a higher use of SABA during the forthcoming 

12 years. The final model included the age at diagnosis of asthma, sex, BMI at 

diagnosis, AQ20 scores at diagnosis, smoking status at the time of diagnosis and 

diagnostic FEV1 (% predicted). After adjustments, BMI ≥30 at diagnosis and higher 

AQ20 scores at diagnosis predicted higher long-term SABA use (Table 12). 
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Patients with high SABA use (≥3 canisters/year) dispensed a median of 49 (IQR 

39-69) canisters of SABA during the 12-year period, corresponding to 12 (IQR 9-

16) puffs of SABA per week. Patients with low SABA use (<3 canisters/year) were 

dispensed a median of six (IQR 3-12) canisters of SABA during the 12-year period, 

corresponding to one (IQR 1-3) puff of SABA per week (Figure 9). However, high 

SABA users were also dispensed higher doses of ICS and had better 12-year 

adherence to ICS treatment than patients with low SABA use. There were no 

differences in lung function measurements or inflammatory markers except for 

blood neutrophil counts, which were higher for those who were dispensed ≥3 SABA 

canisters annually. Increased use of reliever medication was related to poorer asthma 

control since 86% of the high SABA users had non-controlled asthma, and over 25% 

of the patients had severe asthma according to ERS/ATS criteria. Moreover, patients 

with high SABA use had a higher BMI at follow-up, more comorbidities, used higher 

amounts of oral corticosteroids and antibiotics, and had more emergency 

department visits and asthma-related healthcare contacts than patients who were 

dispensed <3 SABA canisters annually.  

Previous studies have indicated that high SABA users often have insufficient 

dispensing of controller medication, i.e., they are over-reliant on SABA. However, 

over-reliance on SABA was infrequent in this study population since all high SABA 

users were also dispensed ICS during the follow-up. Of these, only two patients were 

dispensed <3 canisters of ICS annually. Moreover, in 12 years of follow-up, five 

patients classified as high SABA users were dispensed fewer ICS canisters than 

SABA. By using any of the pre-defined criteria for SABA overreliance (1) high SABA 

use (≥36 canisters in 12 years) and no dispensed ICS canisters during the follow-up; 

2) high SABA use and <36 dispensed canisters of ICS (corresponding to <3 

dispensed canisters per year on average); and 3) high SABA use and fewer ICS than 

SABA canisters dispensed) only five of these patients (2%) had any signs of SABA 

over-reliance.  
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Table 12.  Features of patients at the time of asthma diagnosis and their association with high 
SABA use (≥3 canisters annually during 12-year follow-up) as evaluated by negative binomial 
regression analysis (n=203) 

 Adjusted Incidence rate ratio (Adjusted 95% CI) p value 

Age of asthma onset 1.01 (0.99-1.02) 0.182 

Female gender 1.10 (0.78-1.53) 0.574 

Ex or current smoker 1.12 (0.83-1.52) 0.444 

pre-BD FEV1 % (baseline) 1.01 (0.99-1.01) 0.235 

BMI <25 1  

BMI at diagnosis 25-29.9 1.19 (0.83-1.69) 0.334 

BMI at diagnosis ≥30 1.53 (1.01-2.30) 0.043 

AQ20 score 1.04 (1.00-1.08) 0.035 

BD; bronchodilator, FEV1; Forced expiratory volume in one second; BMI; Body mass index, AQ20; 
Airways questionnaire 20 
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Figure 8.  Mean ICS and SABA canisters dispensed per year during the 12-year follow-up (Modified 
from Vähätalo et al. 2022) 
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Figure 9.  The mean number of dispensed SABA and ICS puffs per week among high and low SABA 
users during the 12-year follow-up (Modified from Vähätalo et al. 2022)   
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6 DISCUSSION 

6.1 Methodology 

The Seinäjoki Adult Asthma Study is a 12-year single-center retrospective follow-up 

study with real-life adult-onset asthma patients with information on prescribed and 

dispensed asthma medication from diagnosis to the 12-year follow-up visit. The 

long-term follow-up combined with individual medication and clinical data of the 

patients gives a unique perspective of real-life asthma patients by including patients 

with comorbidities and/or a history of smoking. Generally, studies regarding 

adherence to asthma medication are based on questionnaires or objective measures 

utilized in short-term follow-ups of medication use (most commonly, the 12-month 

follow-up) (Dima et al. 2019; Hekking et al. 2015; Jones et al. 2020; Munoz-Cano et 

al. 2017; Murphy et al. 2012; Oppenheimer et al. 2022). No studies on adherence 

were conducted with electronic monitoring devices in adult asthma populations over 

12 months. However, several measures can be applied in adherence calculations 

completed with medication information, but definitions of different measures vary 

among studies, even along the same formula (Hess et al. 2006, Vrijens et al. 2012). 

In SAAS, all prescribed and dispensed ICS doses were converted to budesonide 

equivalents to ensure a comparison of the doses without a pre-defined adherence 

formula. Technically, the formula our adherence calculations used combined 

elements from MPR and PDC formulas, but those formulas were used inconsistently 

in previous studies; thus, claiming that our calculations were conducted like the 

previous studies was uncertain.  

Longitudinal medical records and pharmacy dispensation data enabled the yearly 

individual evaluation of ICS adherence over a 12-year follow-up. We examined only 

patients with regular ICS medication and excluded patients whose ICS was 

prescribed only periodically at any point of the follow-up to improve the reliability 

of the adherence calculations. For example, in previous register-based studies, only 

patients with three medication purchases in previous year before the follow-up were 

included to exclude occasional medication users. However, this selection criteria 

does not guarantee that a physician will prescribe the medication during the the 

follow-up year. Moreover, in many register-based studies populations have been 
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included from healthcare organizations or insurance databases, meaning that patients 

outside these databases are excluded, and the cohort is selected (Cyr et al. 2013; 

Ivanova et al. 2008; Pool et al. 2017; Wu et al. 2015). For example, by using insurance 

data, those patients without insurance who often rely on public care are excluded. In 

the SAAS study, all patients over 14 years were included in the South Ostrobothnia 

region if they had asthma symptoms, and objective lung function measurements 

showed variability or reversibility of expiratory airflow limitation. Most register-

based studies have reported asthma diagnoses based on patient self-reports or 

diagnostic codes in the database, limiting the reliability of the diagnosis. To 

summarize, the current study’s major strengths in the field of adherence evaluation 

among asthmatics were as follows I) adherence was objectively evaluated over  an 

extremely long follow-up; II) use of adherence calculation method which enabled 

true prescribed medication doses to be compared to dispensed doses; III) the 

national health registers were used, which covered all reimbursed asthma medication 

purchases in Finland; IV) only patients with clinically confirmed asthma diagnosis 

were included; and V) adherence data was combined with clinical examinations (e.g., 

lung-function measurements, blood samples, asthma control test). 

The number of canisters used within a specific time, often defined as ≥3 canisters 

per year, has typically assessed the high use of SABA (Noorduyn et al. 2022; Nwaru 

et al. 2020; Stanford et al. 2012). At least in Finland, the SABA inhalers contain 

varying numbers of puffs ranging from 60 to 200, depending on the inhaler. Thus, 

categorizing high users from the Finnish population based solely on dispensed 

canisters would have been overestimating since patients with three or more 60-puff 

inhaler purchases would have been classified as high users. In some studies, there is 

an overestimation bias, as most of the SABA inhalers are assumed to contain 200 

puffs (Bloom et al. 2020; Di Marco et al. 2021; Janson et al. 2020). However, we 

calculated all SABA puffs per year and divided the sum by 150 to interpret the 

standard SABA canister size with 150 puffs to avoid misclassifying the patients. In 

the GINA 2021 report, the over-use of SABAs is defined as SABA used, on average, 

more than daily (GINA 2021). For example, in a patient who used at least three 

SABA inhalers (with 150 puffs) in a year, the total daily average SABA use was more 

than one puff daily (1.2 puffs/day). Therefore, in SAAS, high SABA use was defined 

as ≥36 SABA canisters in 12 years, corresponding to an average of ≥3 canisters 

dispensed annually. A general limitation of the studies assessing SABA use based on 

the number of dispensed canisters is that inhalers may contain different active 

substances. In SAAS, 86% of the SABA inhalers contained salbutamol, and only 

14% contained terbutaline.  
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As all medication purchases evaluated in the SAAS study were obtained from the 

national register, covering all reimbursed purchases made in Finnish pharmacies, we 

consider the dispensation data exceptionally comprehensive. Patients’ medication 

use may have been under-evaluated if they had hospital admissions, as they may have 

received a new inhaler from the hospital, which was unaccounted for in this study. 

However, hospitalizations were infrequent in this study cohort, and medication use 

assessment was performed longitudinally, making possible under-evaluations 

irrelevant to the study’s findings. Because the data concerning medication purchases 

included only reimbursed dispensations, not all asthma medication dispensations 

may have been captured in the data during the very first years of the follow-up. 

Purchases were not reimbursed if they did not exceed the 10€ deductible per 

dispensation before the change in the reimbursement system in 2006. However, in 

Figure 8, there was no increasing trend in medication use after 5 years of follow-up, 

suggesting that missing data is rare. It must be acknowledged that the medication 

dispensed does not guarantee the patient’s medication intake, which is the primary 

limitation of studies that rely on register data. Although at the time of diagnosis, the 

specialized asthma nurse provided instructions on the inhaler technique, this study 

lacks information about the assessment of the inhaler technique during the follow-

up. Some studies have evaluated that most of the patients make at least one error, 

and 14%-92% make at least one critical error when using their inhalers (Chrystyn et 

al. 2017; Usmani et al. 2018). Determining the role of possible inhaler errors in our 

findings was impossible.  

Numerous studies have utilized prescription data to depict patients’ adherence to 

treatment, although the prescription does not guarantee the medication’s 

dispensation (Atsuta et al. 2018; Bloom et al. 2019; Covvey et al. 2014; d´Ancona et 

al. 2020; Engelkes et al. 2015; Hadad et al. 2020; Hong et al. 2019; Hyland et al. 2012; 

Papi et al. 2018; Voorham et al. 2017). We consider that an assessment of the 

medication prescribed reflects clinician’s prescribing habits more than the patient’s 

adherence to treatment, and when assessing the patient’s adherence, the evaluation 

must include the patient’s actions (dispensation). The study setting in SAAS enabled 

comparing the prescribed doses (from physician markings in medical records) to the 

doses patients had bought from the pharmacy. Sometimes, however, the medical 

records had only partial physician’s markings. If the medication details were 

inadequate, the missing information was assumed to be the same as the last 

confirmed dosage recorded. As the study is a long-term follow-up, any inadequacy 

in medication information does not presumably have a major effect on the results.  
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The cut-off point of ≥80% was used in this study to identify patients with better 

and poorer 12-year adherence. Although the 80% cut-off point is frequently 

observed in respiratory literature, there is incomplete knowledge of how studies have 

concluded this particular value (Engelkes et al. 2015; Papi et al. 2018; Souverein et 

al. 2017). On the contrary, in diseases such as asthma, the symptoms vary in duration 

and intensity; arguably, a smaller quantity of an active substance might suffice 

(Asamoah-Boaheng et al. 2021). Therefore, we conducted a sensitivity analysis with 

an adherence cut-off set at 50% and noticed the results were broadly similar. 

However, more studies are needed to explore the potential cut-offs for assessing 

adherence to asthma medication.  

As the study was conducted in one hospital district with a relatively small number 

of participants (n=203), and considering the uniqueness of the medication 

reimbursement system, generalizing the results to asthma populations worldwide 

should be approached with caution. In addition, the patients were diagnosed in 

secondary care, meaning that the study sample might include more severe asthmatics 

than the general asthma population. However, the follow-up period was 

exceptionally long, and the scope of information gained from patients increases the 

reliability of the results. Most importantly, patients’ asthma diagnosis was confirmed 

through lung function measurements and evaluation by a respiratory physician, and 

the calculation method used in adherence assessment was detailed.  

6.2 Use of medication 

In the present study, patients with adult-onset asthma were prescribed medium to 

high doses of ICS (budesonide equivalents) during the 12-year follow-up (annual 

average ICS dose was between 775 and 939 ug). When patients were grouped based 

on their level of asthma control, higher doses were prescribed to patients with 

uncontrolled (12 y average daily dose 937 ug) than patients with controlled asthma 

(12 y average daily dose 760 ug). This dosing aligns with the GINA report and 

national current care guideline, which recommend dose titration according to 

symptom control and evaluation of future exacerbations (Current Care Guidelines 

2022; GINA 2021).  Patients with uncontrolled asthma also had more dose changes 

and daily add-on drugs in use than patients with controlled asthma, indicating that 

physicians have tried changing the treatment pattern to achieve better disease 

control. However, higher doses of ICS, more frequent dose changes and more use 

of add-on therapies did not improve the asthma control of those with uncontrolled 
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asthma. Poor disease control may be due to several long-term factors such as 

comorbidities, smoking, and obesity (Braido et al. 2016; Boulet and Franssen 2007; 

Polosa et al. 2011; Tuomisto et al. 2016). From the SAAS population, patients with 

uncontrolled asthma had more comorbidities and were more often current or ex-

smokers than patients with controlled asthma, which may partially explain why 

patients with uncontrolled asthma were unresponsive to current therapeutic 

strategies. Moreover, incorrect inhaler usage, poor inhaling technique, and 

suboptimal adherence to treatment may decrease the disease control (Munoz-Cano 

et al. 2017).  

6.3 Adherence to inhaled corticosteroids 

The average 12-year adherence to ICS was 69% in the SAAS adult-onset asthma 

study population. Previous studies with remarkably shorter follow-ups (i.e., usually 

a one-year period) have suggested adherence levels to be between 22% and 84% 

(Tables 4-6 in the Results section). However, of the 30 studies during the last decade 

that objectively measured adherence, only three reported mean adherence levels of 

≥80%. Similar findings have also been reported in the systematic review, which 

concluded adherence to asthma controller therapy to be generally low (Engelkes et 

al. 2015).  

The factors related to a relatively high long-term adherence found in this study 

are diverse. A confirmed asthma diagnosis may be considered a major advantage of 

this study since all patients have needed continuous treatment. Moreover, adherence 

calculations were performed when a patient had regular ICS medication prescribed 

over the whole follow-up. Furthermore, factors related to costs such as 

reimbursement of asthma medicine expenses, relatively low medicine prices, free 

renewal of prescriptions, and the public health services being available for all may 

explain our results that indicate higher adherence than most of the previous studies. 

In long-term diseases such as asthma, the prescriptions are usually made for 1 year 

at a time in Finland, meaning that adherence to treatment is not dependent on the 

physician’s adherence to prescribing the medication. Lung function measurements 

at asthma contacts and guidance to use inhalers correctly from health care providers 

such as specialized asthma nurses may have increased patients’ adherence to 

treatment (Takala et al. 2020). Alongside the study, the Finnish asthma program was 

conducted to improve asthma care, which may have increased the ICS adherence 

rates in this study. We also consider our method to measure ICS adherence to be 
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straightforward as a patient’s ICS purchases (dispensed ICS) were compared to the 

doses the doctor had prescribed. As all doses were converted to budesonide 

equivalents, the comparison of individual patients’ doses as prescribed and dispensed 

ug levels yearly or cumulative manner was enhanced. On the contrary, database 

studies evaluating adherence often use terminology out of the clinical context, 

meaning formulas including concepts such as “defined daily doses” or “day’s supply” 

(Cvietusa et al. 2019; Cyr et al. 2013; Gupte-Singh et al. 2015; Kang et al. 2018; Van 

Steenis et al. 2014). In these concepts, interpreting how individual patients have used 

medication, e.g., medium or high doses, is difficult to precisely predict.  

In this study, patients with <80% adherence were dispensed lower doses of ICS 

than patients with ≥80% adherence, but the groups did not differ in prescribed 

doses, symptom control, or inflammatory markers (blood eosinophil counts, exhaled 

nitric oxide or IgE). However, patients with higher adherence (≥80%) had more 

OCS courses, daily add-on drugs in use, and asthma-related healthcare visits, 

supposing more severe asthma than patients with lower (<80%) adherence. 

Although such implies that suboptimal adherence did not affect the momentary 

condition of presumably milder asthma patients, the lung function change was 

steeper in a group of <80% adherence in the long term. When assessing self-reported 

adherence of clinical phenotypes in the SAAS population, the most common reason 

for not taking medication as prescribed in atopic and nonrhinitic clusters was a sense 

of improved asthma whereas in the obese cluster patients commonly reported 

financial matters (Ilmarinen et al. 2021). Riley et al. (2021) found in recent scoping 

review that reasons for nonadherence were diverse. Financial reasons and beliefs 

about medication were commonly reported as barriers to asthma medication 

adherence, aligning with the results in the SAAS study.  

Suboptimal adherence has been associated with non-controlled disease, as 

previously discussed (Braido et al. 2016; Dima et al. 2019; Klok et al. 2014), as well 

as the logical continuum of events that the patient is not taking the medication as 

prescribed/instructed and gets more symptomatic. However, at the SAAS 12-year 

follow-up visit, 125 patients had non-controlled asthma, and 56 had controlled 

asthma and the mean 12-year adherence to ICS was higher in patients with non-

controlled (76%) than in patients with controlled disease (63%). As suggested, based 

on the prescribed medication and cumulative doses of patients with uncontrolled 

asthma, these patients seemed to have more severe disease; even with high-dose 

treatment, these patients stayed uncontrolled. The explanation for poor asthma 

control could be hypothesized as suboptimal adherence, but as shown, mean 

adherence was higher in patients with non-controlled asthma confirming the 
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assumption of more severe disease. Interestingly, when non-controlled patients were 

divided based on their level of 12-year adherence, the groups were divided nearly 

equally to ≥80% adherent and <80% adherent. Therefore, those with non-controlled 

asthma due to low adherence also exist in the SAAS cohort, but surprisingly, non-

controlled patients with higher adherence were more neutrophilic, used more add-

on drugs (LABA, LTRA), and had a higher number of asthma-related contacts to 

health care. When evaluating the decline in lung function over a 12-year period in 

patients with non-controlled asthma, those with lower (<80%) adherence showed a 

faster decline in FEV1 than those with ≥80% adherence. This distinction was 

unobserved in patients with controlled asthma. In conclusion, using ICS may have 

had a protective effect against lung function decline in patients with non-controlled 

asthma.  

Patients with adult-onset asthma did not reach asthma control despite being 

highly adherent (≥80%) to long-term ICS treatment. Instead, patients with a higher 

12-year adherence showed higher neutrophilic inflammation compared to patients 

with a lower level of adherence. These results may suggest a lower degree of Type 2 

inflammation (“Type 2 low asthma”) and, therefore, reduced efficacy to ICS. High 

exposure to corticosteroids has also been associated with many comorbidities, such 

as obesity and osteoporosis (Kankaanranta et al. 2023; Sullivan et al. 2018). Our 

results showed that high ICS doses were prescribed over the whole 12-year follow-

up, exposing patients to possible adverse outcomes of the corticosteroid medication. 

In a worst-case scenario, a patient may have ended up using high ICS doses 

cumulatively leading to increased levels of blood neutrophils and comorbid 

conditions such as obesity. These factors may also increase insensitivity to treatment 

and possibly worsen asthma outcomes in the long term. Moreover, an increased 

number of comorbid conditions may complicate achieving asthma control. 

Therefore, tapering ICS doses should be considered, and focusing on more 

individualized treatment approaches, pharmacological and non-pharmacological 

manner, must be highlighted among adult-onset asthma patients (Mosbech et al. 

2023; Pavord et al. 2023).   

6.4 High use of short-acting β2-agonist 

Of the SAAS patients, 10% were classified as high SABA users (corresponding to 

≥3 dispensed SABA canisters annually during the 12-year follow-up), and only 2.5% 

of patients showed a medication use behavior suggesting some degree of SABA 
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over-reliance. The prevalence of high SABA use in SAAS was lower than in most 

European countries studied in SABA use IN Asthma (SABINA) program, where 

high SABA use was shown to be 9% in Italy, 16% in Germany, 29% in Spain, 30% 

in Sweden, and 38% in the UK (Janson et al. 2020). When we evaluated the 

relationship between SABA and ICS use, we found that patients with high SABA 

use were dispensed higher doses of ICS (912 ug vs. 470 ug) and were more adherent 

to ICS treatment than patients using less SABA. The prevalent perception has been 

that patients underuse ICS, and when symptoms worsen, they rely on SABA. 

Vervloet et al. (2020) found that high use of SABA predicted lower ICS 

implementation. However, there has been a lack of clinical, long-term follow-up 

studies assessing medication use in patients with confirmed asthma diagnoses. 

Previous cross-sectional register-based studies have reported high rates of SABA 

overuse, but in those studies, SABA use has been evaluated based on prescription 

records, which probably overestimate SABA usage since a prescription does not 

guarantee the medication was dispensed (Bloom et al. 2020; Hull et al. 2016).  

High SABA use has been associated with poor clinical outcomes such as 

increased hospital admissions, exacerbations, and a decrease in patients’ quality of 

life (Bloom et al. 2020; FitzGerald et al. 2017; Nwaru et al. 2020). In SAAS, despite 

good adherence to treatment with high-dose ICS, high SABA users had more 

frequent exacerbations, emergency room visits, and courses of oral corticosteroids 

and antibiotics than low SABA users. Possible factors for higher demand for SABA 

were more frequent symptoms, poorer asthma control and more severe asthma than 

low SABA users. Poor asthma outcomes have been stated to be because of over-

reliance on SABA and underuse of ICS; however, controversial results have also 

been published. Quint et al. (2022) found that high SABA use was independently 

associated with severe asthma exacerbations despite ICS therapy being prescribed or 

dispensed. In SAAS, obesity and higher symptom scores at diagnosis predicted 

higher SABA use during the follow-up. Currently, obesity treatment has received 

some new medications, as the indications of diabetes medications semaglutide and 

liraglutide have been extended to the treatment of obesity (Müller et al. 2022; O´Neil 

et al. 2018). These medications bring new ways to support the weight loss of obese 

asthma patients, as their treatment should prioritize weight loss. Future asthma 

research needs more studies in elderly populations with clinically confirmed asthma 

diagnoses and their dispensed medication data to discover more precise factors 

leading patients to high SABA use with poorly controlled asthma. Since high SABA 

use indicates more severe asthma, these patients must be recognized more carefully 

as they require more effective interventions.  
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6.5 Clinical implications and future directions 

The present study showed that adult-onset asthma patients had a 69% adherence to 

long-term ICS therapy, but most patients’ asthma was not controlled (partially or 

uncontrolled) after 12 years of treatment. Patients with non-controlled asthma also 

had higher adherence to ICS treatment than patients with controlled asthma. When 

only the patient group with non-controlled asthma was considered, half had an 

average 12-year adherence to ICS medication of <80%; these patients also had a 

more rapid decline in FEV1 during the 12-year follow-up than patients with higher 

adherence (≥80%). These findings show the importance of treatment adherence in 

preventing poor long-term outcomes to patients’ lungs. Therefore, a thorough 

evaluation of asthma control and treatment adherence enhances the identification of 

patients who are susceptible to their lung function rapidly declining over time. 

Furthermore, unhealthy lifestyle habits such as smoking, and obesity may induce 

insensitivity to ICS and reduce response to treatment (Ilmarinen et al. 2021; Lazarus 

et al. 2007; Peters et al. 2018; Tomlinson et al. 2005). These issues may explain why 

patients with ≥80% adherence stay more symptomatic and need more OCS courses 

and asthma-related visits to health care than patients with lower adherence. 

Prioritizing lifestyle aspects, such as smoking and weight management, in managing 

non-controlled adult asthma patients and developing new treatment approaches for 

these patients is essential. 

Patients were treated with moderate to high doses of ICS on average over a 12-

year follow-up period. During the time the study was conducted it was common to 

prescribe relatively high doses of ICS, in line with the current care guidelines that 

recommended doubling the ICS dose in asthma flare-ups. It is important to 

acknowledge that most patients had non-controlled asthma which possibly explains 

the prescribed high doses. However, patients with uncontrolled asthma had more 

add-on therapies in daily use and high-dose ICS treatment, yet they still did not 

achieve good control of the disease. These results suggest that the benefits of the 

used treatment should be assessed more regularly to avoid a prolonged corticosteroid 

load without effect on disease management (Beasley and Kankaanranta 2023; Pavord 

et al. 2023).  

As asthma remission is rare in patients with adult-onset asthma, future research 

focusing on longer follow-ups would increase the understanding of adult-onset 

asthma phenotypes. The methods used to assess medication adherence should be 

more standardized. If such an assessment is impossible due to the diversity of 

different registers and databases, the methods sections in international asthma-
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related journals could be broadened to clarify the data and/or adherence formula 

used in calculations to enhance the reliable comparison of the studies. Optimally, 

every study would include the following information or information the data was 

missing: 

a) Age of asthma onset 

b) Diagnosis of asthma 

c) Data used in adherence calculations (prescribed, dispensed, both) 

-If both are unavailable, what is the reference?   

d) Length of follow-up (adherence monitoring per patient) 

e) Average used ICS ug per patient during the follow-up 

In addition, when considering patients’ adherence to long-term medication use, 

the data used in these studies should assess medication purchases, patient reports, or 

data from electronic monitoring devices. Future studies assessing prescribed 

medication should only be considered to describe the physician’s prescribing 

practices or adherence to current care guidelines, but not patients’ treatment 

adherence, to clarify the methods used in adherence assessment.  

In the asthma treatment field, considerable steps have been taken toward the 

phenotype-specific treatment of the patients since biologic therapies have been 

available for patients with severe asthma and Type 2-driven inflammation. However, 

future studies should pay more attention to the pathophysiology of Type 2 low 

asthma since it remains poorly understood, and current treatment strategies seem 

insufficient, according to the study’s results.   
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7 CONCLUSIONS 

1. The average 12-year adherence to ICS medication was relatively high (69%) 

in patients with new-onset adult asthma. The prescribed doses for the 

patients were on average moderate to high over 12 years. When patients 

were grouped based on their level of asthma control, higher ICS doses were 

prescribed to patients with uncontrolled compared to patients with 

controlled and partially controlled asthma.  

2. Patients with non-controlled (partially or uncontrolled) asthma had a higher 

average 12-year adherence to ICS treatment (76%) than patients with 

controlled asthma (63%). A high adherence to high-dose ICS treatment over 

a long-term period was insufficient to improve asthma control of the non-

controlled patients. However, from non-controlled patients, those with 

<80% adherence had steeper lung function decline over the follow-up, 

underlining the poor consequences of poor adherence and non-controlled 

disease. 

3. Patients with lower long-term ICS adherence were less neutrophilic, 

achieved asthma control more often, and had fewer hospital days or visits 

to healthcare due to their asthma than patients with higher adherence. These 

factors suggest that patients with lower adherence had milder asthma. 

Patients with lower adherence had a steeper change in lung function than 

patients with higher adherence, implying that better adherence to ICS 

treatment could have prevented these adverse lung outcomes, thus 

highlighting the importance of each patient’s adherence to treatment.  

4. High SABA use was infrequent in patients with confirmed adult-onset 

asthma. Patients with high SABA use had higher adherence to ICS treatment 

but used more oral corticosteroid and antibiotic courses than those with 

lower use of reliever medication. High reliever medication use indicates 

more problematic asthma and is associated with obesity at diagnosis, 

emphasizing the early recognition of these patients. 



 

82 

REFERENCES 

Abdelrahman, M. A., Saeed, H., Osama, H., Harb, H. S., Madney, Y. M., & 
Abdelrahim, M. E. A. (2021). Effect of verbal counselling on metred-dose 
inhaler proper use and lung function test amongst asthmatic patients: A 
meta-analysis. International Journal of Clinical Practice, 75(6), e14077. 
https://doi.org/10.1111/IJCP.14077 

Adcock, I. M., & Mumby, S. (2017). Glucocorticoids. Handbook of Experimental 
Pharmacology, 237, 171–196. https://doi.org/10.1007/164_2016_98 

Alahmadi, F. H., Simpson, A. J., Gomez, C., Ericsson, M., Thörngren, J. O., 

Wheelock, C. E., Shaw, D. E., Fleming, L. J., Roberts, G., Riley, J., Bates, 
S., Sousa, A. R., Knowles, R., Bansal, A. T., Corfield, J., Pandis, I., Sun, K., 
Bakke, P. S., Caruso, M., Chanez, P., Dahlén, B., Horvath, I., Krug, N., 
Montuschi, P., Singer, F., Wagers, S., Adcock, I. M., Djukanovic, R., 
Chung, K. F., Sterk, P. J., Dahlen, S. E., Fowler, S. J. & U-BIOPRED 
Study Group. (2021). Medication Adherence in Patients With Severe 
Asthma Prescribed Oral Corticosteroids in the U-BIOPRED Cohort. Chest, 
160(1), 53–64. https://doi.org/10.1016/J.CHEST.2021.02.023 

Almqvist, L., Rönmark, E., Stridsman, C., Backman, H., Lindberg, A., Lundbäck, 
B., & Hedman, L. (2020). Remission of adult-onset asthma is rare: A 15-
year follow-up study. ERJ Open Research, 6(4), 00620–02020. 
https://doi.org/10.1183/23120541.00620-2020 

Amin, S., Soliman, M., McIvor, A., Cave, A., & Cabrera, C. (2020). Usage Patterns 
of Short-Acting β2-Agonists and Inhaled Corticosteroids in Asthma: A 
Targeted Literature Review. The Journal of Allergy and Clinical Immunology: In 
Practice, 8(8), 2556–2564.e8. https://doi.org/10.1016/j.jaip.2020.03.013 

Apter, A. J., Wang, X., Bogen, D. K., Rand, C. S., McElligott, S., Polsky, D., 
Gonzalez, R., Priolo, C., Adam, B., Geer, S., & Ten Have, T. (2011). 
Problem-solving to Improve Adherence and Asthma Outcomes in Urban 
Adults with Moderate or Severe Asthma: A Randomized Controlled Trial. 
The Journal of Allergy and Clinical Immunology, 128(3), 516–523.e235. 
https://doi.org/10.1016/J.JACI.2011.05.010 

Asamoah-Boaheng, M., Bonsu, K. O., Farrell, J., Oyet, A., & Midodzi, W. K. 

(2021). Measuring Medication Adherence in a Population-Based Asthma 
Administrative Pharmacy Database: A Systematic Review and Meta-

https://doi.org/10.1111/IJCP.14077
https://doi.org/10.1007/164_2016_98
https://doi.org/10.1016/J.CHEST.2021.02.023
https://doi.org/10.1183/23120541.00620-2020
https://doi.org/10.1016/j.jaip.2020.03.013
https://doi.org/10.1016/J.JACI.2011.05.010


 

83 

Analysis. Clinical Epidemiology, 13, 981–1010. 
https://doi.org/10.2147/CLEP.S333534 

Asamoah-Boaheng, M., Farrell, J., Osei Bonsu, K., & Midodzi, W. K. (2021). 
Determining the optimal threshold for medication adherence in adult 
asthma patients: An analysis of British Columbia administrative health 

database in Canada. The Journal of Asthma : Official Journal of the Association for 
the Care of Asthma, 59(12), 2449–2460.  
https://doi.org/10.1080/02770903.2021.2014862 

ATS/ERS recommendations for standardized procedures for the online and 

offline measurement of exhaled lower respiratory nitric oxide and nasal 
nitric oxide, 2005. American Journal of Respiratory and Critical Care Medicine, 
171(8), 912–930. https://doi.org/10.1164/RCCM.200406-710ST 

Atsuta, R., Takai, J., Mukai, I., Kobayashi, A., Ishii, T., & Svedsater, H. (2018). 

Patients with Asthma Prescribed Once-Daily Fluticasone 
Furoate/Vilanterol or Twice-Daily Fluticasone Propionate/Salmeterol as 
Maintenance Treatment: Analysis from a Claims Database. Pulmonary 
Therapy, 4(2), 135–147. https://doi.org/10.1007/S41030-018-0084-4 

Azzi, E. A., Kritikos, V., Peters, M. J., Price, D. B., Srour, P., Cvetkovski, B., & 
Bosnic-Anticevich, S. (2019). Understanding reliever overuse in patients 
purchasing over-the-counter short-acting beta2 agonists: An Australian 
community pharmacy-based survey. BMJ Open, 9(8), e028995. 
https://doi.org/10.1136/bmjopen-2019-028995 

Baan, E. J., Hoeve, C. E., De Ridder, M., Demoen, L., Lahousse, L., Brusselle, G. 
G., & Verhamme, K. M. C. (2021). The ALPACA study: (In)Appropriate 
LAMA prescribing in asthma: A cohort analysis. Pulmonary Pharmacology & 
Therapeutics, 71, 102074. https://doi.org/10.1016/J.PUPT.2021.102074 

Barley, E. A., Quirk, F. H., & Jones, P. W. (1998). Asthma health status 
measurement in clinical practice: Validity of a new short and simple 
instrument. Respiratory Medicine, 92(10), 1207–1214. 
https://doi.org/10.1016/S0954-6111(98)90423-1 

Barnes, P. J. (2011). Biochemical basis of asthma therapy. The Journal of Biological 
Chemistry, 286(38), 32899–32905. 
https://doi.org/10.1074/JBC.R110.206466 

Barnett, K., Mercer, S. W., Norbury, M., Watt, G., Wyke, S., & Guthrie, B. (2012). 
Epidemiology of multimorbidity and implications for health care, research, 
and medical education: A cross-sectional study. Lancet (London, England), 
380(9836), 37–43. https://doi.org/10.1016/S0140-6736(12)60240-2 

https://doi.org/10.2147/CLEP.S333534
https://doi.org/10.1080/02770903.2021.2014862
https://doi.org/10.1164/RCCM.200406-710ST
https://doi.org/10.1007/S41030-018-0084-4
https://doi.org/10.1136/bmjopen-2019-028995
https://doi.org/10.1016/J.PUPT.2021.102074
https://doi.org/10.1016/S0954-6111(98)90423-1
https://doi.org/10.1074/JBC.R110.206466
https://doi.org/10.1016/S0140-6736(12)60240-2


 

84 

Barrecheguren, M., Monteagudo, M., Miravitlles, M., Flor, X., Núñez, A., Osorio, 
J., Muñoz, X., & Ojanguren, I. (2022). Characteristics and treatment 
patterns of patients with asthma on multiple-inhaler triple therapy in Spain. 
NPJ Primary Care Respiratory Medicine, 32 (1), 11. 
https://doi.org/10.1038/s41533-022-00270-2 

Bateman, E. D., Kornmann, O., Schmidt, P., Pivovarova, A., Engel, M., & Fabbri, 

L. M. (2011). Tiotropium is noninferior to salmeterol in maintaining 
improved lung function in B16-Arg/Arg patients with asthma. The Journal of 
allergy and clinical immunology, 128(2), 315–322. 
https://doi.org/10.1016/j.jaci.2011.06.004 

Beasley, R., & Kankaanranta, H. (2023). Inhaled Corticosteroids in Asthma: When 
Less Is More. The Journal of Allergy and Clinical Immunology: In Practice, 11(2), 
544–545. https://doi.org/10.1016/j.jaip.2022.11.030 

Bender, B. G., & Bender, S. E. (2005). Patient-identified barriers to asthma 

treatment adherence: Responses to interviews, focus groups, and 
questionnaires. Immunology and Allergy Clinics of North America, 25(1), 107–
130. https://doi.org/10.1016/j.iac.2004.09.005 

Bidwal, M., Lor, K., Yu, J., & Ip, E. (2017). Evaluation of asthma medication 

adherence rates and strategies to improve adherence in the underserved 
population at a Federally Qualified Health Center. Research in Social & 

Administrative Pharmacy : RSAP, 13(4), 759–766. 
https://doi.org/10.1016/J.SAPHARM.2016.07.007 

Bijlsma, M. J., Janssen, F., & Hak, E. (2016). Estimating time-varying drug 
adherence using electronic records: Extending the proportion of days 
covered (PDC) method. Pharmacoepidemiology and Drug Safety, 25(3), 325–332. 
https://doi.org/10.1002/PDS.3935 

Billington, C. K., & Hall, I. P. (2012). Novel cAMP signalling paradigms: 
Therapeutic implications for airway disease. British Journal of Pharmacology, 
166(2), 401–410. https://doi.org/10.1111/J.1476-5381.2011.01719.X 

Billington, C. K., Penn, R. B., & Hall, I. P. (2017). β 2 Agonists. Handbook of 
Experimental Pharmacology, 237, 23–40. 
https://doi.org/10.1007/164_2016_64 

Blais, L., Kettani, F. Z., Beauchesne, M. F., Lemière, C., Perreault, S., & Forget, A. 
(2011). New measure of adherence adjusted for prescription patterns: The 
case of adults with asthma treated with inhaled corticosteroid 
monotherapy. The Annals of Pharmacotherapy, 45(3), 335–341. 
https://doi.org/10.1345/APH.1P719 

https://doi.org/10.1038/s41533-022-00270-2
https://doi.org/10.1016/j.jaci.2011.06.004
https://doi.org/10.1016/j.iac.2004.09.005
https://doi.org/10.1002/PDS.3935
https://doi.org/10.1111/J.1476-5381.2011.01719.X
https://doi.org/10.1007/164_2016_64
https://doi.org/10.1345/APH.1P719


 

85 

Blais, L., Kettani, F. Z., Forget, A., Beauchesne, M. F., Lemière, C., & Ducharme, 
F. M. (2017). Assessing adherence to inhaled corticosteroids in asthma 
patients using an integrated measure based on primary and secondary 
adherence. European Journal of Clinical Pharmacology, 73(1), 91–97. 
https://doi.org/10.1007/S00228-016-2139-5 

Blakeston, S., Harper, G., & Zabala Mancebo, J. (2021). Identifying the drivers of 

patients’ reliance on short-acting β2-agonists in asthma. Journal of Asthma: 
Official Journal of the Association for the Care of Asthma, 58(8), 1094–1101. 
https://doi.org/10.1080/02770903.2020.1761382 

Bloom, C. I., Cabrera, C., Arnetorp, S., Coulton, K., Nan, C., van der Valk, R. J. 

P., & Quint, J. K. (2020). Asthma-Related Health Outcomes Associated 
with Short-Acting β2-Agonist Inhaler Use: An Observational UK Study as 
Part of the SABINA Global Program. Advances in Therapy, 37(10), 4190–
4208. https://doi.org/10.1007/s12325-020-01444-5 

Bloom, C. I., Douglas, I., Olney, J., D’Ancona, G., Smeeth, L., & Quint, J. K. 
(2019). Cost saving of switching to equivalent inhalers and its effect on 
health outcomes. Thorax, 74(11), 1078–1086. 
https://doi.org/10.1136/thoraxjnl-2018-212957 

Boddy, C. E., Naveed, S., Craner, M., Murphy, A. C., Siddiqui, S., & Bradding, P. 
(2021). Clinical Outcomes in People with Difficult-to-Control Asthma 
Using Electronic Monitoring to Support Medication Adherence. The Journal 
of Allergy and Clinical Immunology: In Practice, 9(4), 1529-1538.e2. 
https://doi.org/10.1016/j.jaip.2020.10.059 

Boulet, L.-P., & Franssen, E. (2007). Influence of obesity on response to 
fluticasone with or without salmeterol in moderate asthma. Respiratory 
Medicine, 101(11), 2240–2247. https://doi.org/10.1016/j.rmed.2007.06.031 

Braido, F., Brusselle, G., Guastalla, D., Ingrassia, E., Nicolini, G., Price, D., 
Roche, N., Soriano, J. B., Worth, H., & LIAISON Study Group. (2016). 
Determinants and impact of suboptimal asthma control in Europe: The 
INTERNATIONAL CROSS-SECTIONAL AND LONGITUDINAL 
ASSESSMENT ON ASTHMA CONTROL (LIAISON) study. Respiratory 
Research, 17(1), 51. https://doi.org/10.1186/s12931-016-0374-z 

Busse, W. W., Bateman, E. D., Caplan, A. L., Kelly, H. W., O’Byrne, P. M., Rabe, 

K. F., & Chinchilli, V. M. (2018). Combined Analysis of Asthma Safety 
Trials of Long-Acting β 2-Agonists. The New England Journal of Medicine, 
378(26), 2497–2505. https://doi.org/10.1056/NEJMOA1716868 

https://doi.org/10.1007/S00228-016-2139-5
https://doi.org/10.1080/02770903.2020.1761382
https://doi.org/10.1007/s12325-020-01444-5
https://doi.org/10.1136/thoraxjnl-2018-212957
https://doi.org/10.1016/j.jaip.2020.10.059
https://doi.org/10.1016/j.rmed.2007.06.031
https://doi.org/10.1186/s12931-016-0374-z
https://doi.org/10.1056/NEJMOA1716868


 

86 

Camoretti-Mercado, B., & Lockey, R. F. (2021). Airway smooth muscle 
pathophysiology in asthma. The Journal of Allergy and Clinical Immunology, 
147(6), 1983–1995. https://doi.org/10.1016/J.JACI.2021.03.035 

Cazzola, M., Page, C. P., Rogliani, P., & Matera, M. G. (2013). Β2-agonist therapy 
in lung disease. American Journal of Respiratory and Critical Care Medicine, 
187(7), 690–696. https://doi.org/10.1164/RCCM.201209-1739PP 

Cazzola, M., Segreti, A., Bettoncelli, G., Calzetta, L., Cricelli, C., Pasqua, F., & 
Rogliani, P. (2011). Change in asthma and COPD prescribing by Italian 
general practitioners between 2006 and 2008. Primary Care Respiratory Journal: 
Journal of the General Practice Airways Group, 20(3), 291-298. 
https://doi.org/10.4104/PCRJ.2011.00033 

Chou, C. L., Perng, D. W., Lin, T. L., Lin, A. M. Y., Chen, T. J., Wu, M. S., & 
Chou, Y. C. (2015). Analysis of prescription pattern and guideline 
adherence in the management of asthma among medical institutions and 
physician specialties in Taiwan between 2000 and 2010. Clinical Therapeutics, 
37(10), 2275–2285. https://doi.org/10.1016/J.CLINTHERA.2015.07.024 

Chrystyn, H., Van Der Palen, J., Sharma, R., Barnes, N., Delafont, B., Mahajan, 

A., & Thomas, M. (2017). Device errors in asthma and COPD: systematic 
literature review and meta-analysis. NPJ Primary Care Respiratory Medicine, 
27(1), 22. https://doi.org/10.1038/S41533-017-0016-Z 

Cloutier, M. M., Salo, P. M., Akinbami, L. J., Cohn, R. D., Wilkerson, J. C., Diette, 

G. B., Williams, S., Elward, K. S., Mazurek, J. M., Spinner, J. R., Mitchell, 
T. A., & Zeldin, D. C. (2018). Clinician Agreement, Self-efficacy, and 
Adherence with the Guidelines for the Diagnosis and Management of 
Asthma. The Journal of Allergy and Clinical Immunology: In Practice, 6(3), 886 –
894.e4. https://doi.org/10.1016/J.JAIP.2018.01.018 

Covvey, J. R., Mullen, A. B., Ryan, M., Steinke, D. T., Johnston, B. F., Wood, F. 
T., & Boyter, A. C. (2014). A comparison of medication 
adherence/persistence for asthma and chronic obstructive pulmonary 
disease in the United Kingdom. International Journal of Clinical Practice, 68(10), 
1200–1208. https://doi.org/10.1111/IJCP.12451 

Current Care Guidelines. (2022). Working group set up by the Finnish Medical 
Society Duodecim, the Finnish Respiratory Society, the Finnish Peadiatric 
Society, the Finnish Society for Pediatric Allergy, and the Finnish society of 
Clinical Physiology. Helsinki: The Finnish Medical Society Duodecim 
(referred November 27th, 2023). Available online at: www.kaypahoito.fi  

Cvietusa, P. J., Goodrich, G. K., Shoup, J. A., Steffen, D. A., Tacinas, C., Wagner, 

N. M., Anderson, C. B., Ritzwoller, D. P., & Bender, B. G. (2019). 

https://doi.org/10.1016/J.JACI.2021.03.035
https://doi.org/10.1164/RCCM.201209-1739PP
https://doi.org/10.4104/PCRJ.2011.00033
https://doi.org/10.1016/J.CLINTHERA.2015.07.024
https://doi.org/10.1038/S41533-017-0016-Z
https://doi.org/10.1016/J.JAIP.2018.01.018


 

87 

Implementing Health Care Technology Research into Practice to Improve 
Adult Asthma Management. The Journal of Allergy and Clinical Immunology: In 
Practice, 7(3), 908-914. https://doi.org/10.1016/J.JAIP.2018.08.029 

Cyr, M. C., Beauchesne, M. F., Lemière, C., & Blais, L. (2013). Comparison of the 
adherence and persistence to inhaled corticosteroids among adult patients 
with public and private drug insurance plans. Journal of Population Therapeutics 
and Clinical Pharmacology, 20(1),e26–e41. 

d’Ancona, G., Kavanagh, J., Roxas, C., Green, L., Fernandes, M., Thomson, L., 
Dhariwal, J., Nanzer, A. M., Jackson, D. J., & Kent, B. D. (2020). 
Adherence to inhaled corticosteroids and clinical outcomes in 
mepolizumab therapy for severe asthma. The European Respiratory Journal, 
55(5), 1902259. https://doi.org/10.1183/13993003.02259-2019 

DeClercq, J., & Choi, L. (2020). Statistical considerations for medication 

adherence research. Current Medical Research and Opinion, 36(9), 1549–1557. 
https://doi.org/10.1080/03007995.2020.1793312 

Derendorf, H., Nave, R., Drollmann, A., Cerasoli, F., & Wurst, W. (2006). 
Relevance of pharmacokinetics and pharmacodynamics of inhaled 
corticosteroids to asthma. The European Respiratory Journal, 28(5), 1042–1050. 
https://doi.org/10.1183/09031936.00074905 

Dhruve, H., & Jackson, D. J. (2022). Assessing adherence to inhaled therapies in 
asthma and the emergence of electronic monitoring devices. European 

Respiratory Review : An Official Journal of the European Respiratory Society, 
31(164), 210271. https://doi.org/10.1183/16000617.0271-2021 

Di Marco, F., D’Amato, M., Lombardo, F. P., Micheletto, C., Heiman, F., 

Pegoraro, V., Boarino, S., Manna, G., Mastromauro, F., Spennato, S., & 
Papi, A. (2021). The Burden of Short-Acting β2-Agonist Use in Asthma: Is 
There an Italian Case? An Update from SABINA Program. Advances in 
Therapy, 38(7), 3816–3830. https://doi.org/10.1007/s12325-021-01772-0 

Dib, F., de Rycke, Y., Guillo, S., Lafourcade, A., Raherison, C., Taillé, C., & 
Tubach, F. (2019). Impact of a population-based asthma management 
program in France (Sophia Asthme): A matched controlled before-and-
after quasi-experimental study using the French health insurance database 
(SNDS). Pharmacoepidemiology and Drug Safety, 28(8), 1097–1108. 
https://doi.org/10.1002/PDS.4842 

Dima, A. L., van Ganse, E., Stadler, G., de Bruin, M., & ASTRO-LAB group. 
(2019). Does adherence to inhaled corticosteroids predict asthma-related 
outcomes over time? A cohort study. The European Respiratory Journal, 54(6), 
1900901. https://doi.org/10.1183/13993003.00901-2019 

https://doi.org/10.1016/J.JAIP.2018.08.029
https://doi.org/10.1183/13993003.02259-2019
https://doi.org/10.1183/09031936.00074905
https://doi.org/10.1183/16000617.0271-2021
https://doi.org/10.1007/s12325-021-01772-0
https://doi.org/10.1002/PDS.4842
https://doi.org/10.1183/13993003.00901-2019


 

88 

Dolovich, M. B., & Dhand, R. (2011). Aerosol drug delivery: Developments in 
device design and clinical use. Lancet (London, England), 377(9770), 1032–
1045. https://doi.org/10.1016/S0140-6736(10)60926-9 

Dunican, E. M., Elicker, B. M., Gierada, D. S., Nagle, S. K., Schiebler, M. L., 
Newell, J. D., Raymond, W. W., Lachowicz-Scroggins, M. E., Di Maio, S., 
Hoffman, E. A., Castro, M., Fain, S. B., Jarjour, N. N., Israel, E., Levy, B. 
D., Erzurum, S. C., Wenzel, S. E., Meyers, D. A., Bleecker, E. R., Phillips, 
B. R., Mauger, D. T., Gordon, E. D., Woodruff, P. G., Peters, M. C., Fahy 
J. V. & National Heart Lung and Blood Institute (NHLBI) Severe Asthma 
Research Program (SARP). (2018). Mucus plugs in patients with asthma 
linked to eosinophilia and airflow obstruction. The Journal of Clinical 
Investigation, 128(3), 997–1009. https://doi.org/10.1172/JCI95693 

Ebbo, M., Crinier, A., Vély, F., & Vivier, E. (2017). Innate lymphoid cells: Major 
players in inflammatory diseases. Nature Reviews Immunology 2017 17:11, 
17(11), 665–678. https://doi.org/10.1038/nri.2017.86 

Eger, K., Amelink, M., Hashimoto, S., Hekking, P.-P., Longo, C., & Bel, E. H. 
(2022). Overuse of Oral Corticosteroids, Underuse of Inhaled 
Corticosteroids, and Implications for Biologic Therapy in Asthma. 
Respiration, 101(2), 116–121. https://doi.org/10.1159/000518514 

Elgendy, M. O., Abdelrahim, M. E., & Eldin, R. S. (2015). Potential Benefit of 
Repeated Dry Powder Inhaler’s Inhalation Technique Counseling on 
Asthmatic Patients. Pulmonary Therapy, 1(1), 91–101. 
https://doi.org/10.1007/S41030-015-0004-9/TABLES/2 

Elkout, H., Helms, P. J., Simpson, C. R., & McLay, J. S. (2012). Changes in 
primary care prescribing patterns for pediatric asthma: A prescribing 
database analysis. Archives of Disease in Childhood, 97(6), 521–525. 
https://doi.org/10.1136/ADC.2010.206268 

Engelkes, M., Janssens, H. M., De Jongste, J. C., Sturkenboom, M. C. J. M., & 
Verhamme, K. M. C. (2015). Medication adherence and the risk of severe 
asthma exacerbations: A systematic review. The European Respiratory Journal, 
45(2), 396–407. https://doi.org/10.1183/09031936.00075614 

Erdogan, T. (2020). Evaluating nonadherence to preventer inhaler therapy in 
severe asthmatic patients receiving omalizumab. The Clinical Respiratory 
Journal, 14(12), 1153–1158. https://doi.org/10.1111/crj.13252 

Erjefält, J. S. (2019). Unravelling the complexity of tissue inflammation in 
uncontrolled and severe asthma. Current Opinion in Pulmonary Medicine, 25(1), 
79-86. https://doi.org/10.1097/MCP.0000000000000536 

https://doi.org/10.1016/S0140-6736(10)60926-9
https://doi.org/10.1172/JCI95693
https://doi.org/10.1038/nri.2017.86
https://doi.org/10.1159/000518514
https://doi.org/10.1007/S41030-015-0004-9/TABLES/2
https://doi.org/10.1136/ADC.2010.206268
https://doi.org/10.1183/09031936.00075614
https://doi.org/10.1111/crj.13252
https://doi.org/10.1097/MCP.0000000000000536


 

89 

Exarchos, K. P., Rovina, N., Krommidas, G., Latsios, D., Gogali, A., & Kostikas, 
K. (2022). Adherence and quality of life assessment in patients with asthma 
treatment with budesonide/formoterol via the Elpenhaler device: The 
COMPLETE study. BMC Pulmonary Medicine, 22(1), 254. 
https://doi.org/10.1186/s12890-022-02049-0 

FitzGerald, J. M., Tavakoli, H., Lynd, L. D., Al Efraij, K., & Sadatsafavi, M. 

(2017). The impact of inappropriate use of short acting beta agonists in 
asthma. Respiratory Medicine, 131, 135–140. 
https://doi.org/10.1016/j.rmed.2017.08.014 

Gerald, J. K., Carr, T. F., Wei, C. Y., Holbrook, J. T., & Gerald, L. B. (2015). 

Albuterol Overuse: A Marker of Psychological Distress? The Journal of 
Allergy and Clinical Immunology: In Practice, 3(6), 957–962. 
https://doi.org/10.1016/j.jaip.2015.06.021 

Global Initiative for Asthma (GINA) Global Strategy for Asthma Management 

and Prevention (2010). Available from https://ginasthma.org/gina-
reports/ Date last accessed: March 27, 2023. 

Global Initiative for Asthma (GINA) Global Strategy for Asthma Management 

and Prevention (2021). Available from https://ginasthma.org/gina-
reports/ Date last accessed: March 27, 2023. 

Gonem, S., Cumella, A., & Richardson, M. (2019). Asthma admission rates and 
patterns of salbutamol and inhaled corticosteroid prescribing in England 
from 2013 to 2017. Thorax, 74(7), 705–706. 
https://doi.org/10.1136/thoraxjnl-2018-212723 

Gupte-Singh, K., Kim, G., & Barner, J. C. (2015). Impact of comorbid depression 
on medication adherence and asthma-related healthcare costs in Texas 
Medicaid patients with asthma. Journal of Pharmaceutical Health Services 
Research, 6(4), 197–205. https://doi.org/10.1111/jphs.12111 

Haahtela, T., Klaukka, T., Koskela, K., Erhola, M., & Laitinen, L. A. (2001). 

Asthma programme in Finland: A community problem needs community 
solutions. Thorax, 56(10), 806–814. 
https://doi.org/10.1136/thorax.56.10.806 

Hadad, R., Likhtenshtein, D., Maimon, N., & Simon-Tuval, T. (2020). Overuse of 

reliever inhalers and associated healthcare utilization of asthma patients. 
Scientific Reports, 10(1), 19155. https://doi.org/10.1038/s41598-020-76280-2 

Hagan, J. B., Samant, S. A., Volcheck, G. W., Li, J. T., Hagan, C. R., Erwin, P. J., 
& Rank, M. A. (2014). The risk of asthma exacerbation after reducing 
inhaled corticosteroids: A systematic review and meta-analysis of 

https://doi.org/10.1186/s12890-022-02049-0
https://doi.org/10.1016/j.rmed.2017.08.014
https://doi.org/10.1016/j.jaip.2015.06.021
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
https://doi.org/10.1136/thoraxjnl-2018-212723
https://doi.org/10.1111/jphs.12111
https://doi.org/10.1136/thorax.56.10.806
https://doi.org/10.1038/s41598-020-76280-2


 

90 

randomized controlled trials. Allergy, 69(4), 510–516. 
https://doi.org/10.1111/ALL.12368 

Hammad, H., & Lambrecht, B. N. (2021). The basic immunology of asthma. Cell, 
184(6), 1469–1485. https://doi.org/10.1016/J.CELL.2021.02.016 

Hardy, J., Baggott, C., Fingleton, J., Reddel, H. K., Hancox, R. J., Harwood, M., 

Corin, A., Sparks, J., Hall, D., Sabbagh, D., Mane, S., Vohlidkova, A., 
Martindale, J., Williams, M., Shirtcliffe, P., Holliday, M., Weatherall, M., 
Beasley, R., & PRACTICAL study team. (2019). Budesonide-formoterol 
reliever therapy versus maintenance budesonide plus terbutaline reliever 
therapy in adults with mild to moderate asthma (PRACTICAL): A 52-
week, open-label, multicentre, superiority, randomised controlled trial. 
Lancet (London, England), 394(10202), 919–928. 
https://doi.org/10.1016/S0140-6736(19)31948-8 

Hekking, P.-P. W., Wener, R. R., Amelink, M., Zwinderman, A. H., Bouvy, M. L., 

& Bel, E. H. (2015). The prevalence of severe refractory asthma. The Journal 
of Allergy and Clinical Immunology, 135(4), 896–902. 
https://doi.org/10.1016/j.jaci.2014.08.042 

Hess, L. M., Raebel, M. A., Conner, D. A., & Malone, D. C. (2006). Measurement 

of adherence in pharmacy administrative databases: A proposal for 
standard definitions and preferred measures. The Annals of Pharmacotherapy, 
40(7–8), 1280–1288. https://doi.org/10.1345/aph.1H018 

Homaira, N., Wiles, L. K., Gardner, C., Molloy, C. J., Arnolda, G., Ting, H. P., 
Hibbert, P., Boyling, C., Braithwaite, J., & Jaffe, A. (2020). Assessing 
appropriateness of paediatric asthma management: A population-based 
sample survey. Respirology (Carlton, Vic.), 25(1), 71–79. 
https://doi.org/10.1111/RESP.13611 

Hong, S.-H., Kang, H.-R., Nam, J. H., Park, S.-K., Kim, T.-B., & Lee, E.-K. 
(2019). A Comparison of Leukotriene Receptor Antagonists to Low-Dose 
Inhaled Corticosteroids in the Elderly with Mild Asthma. The Journal of 
Allergy and Clinical Immunology: In Practice, 7(8), 2642-2652.e3. 
https://doi.org/10.1016/j.jaip.2019.05.006 

Honkamäki, J., Hisinger-Mölkänen, H., Ilmarinen, P., Piirilä, P., Tuomisto, L. E., 
Andersén, H., Huhtala, H., Sovijärvi, A., Backman, H., Lundbäck, B., 
Rönmark, E., Lehtimäki, L., & Kankaanranta, H. (2019). Age- and gender-
specific incidence of new asthma diagnosis from childhood to late 
adulthood. Respiratory Medicine, 154, 56–62. 
https://doi.org/10.1016/J.RMED.2019.06.003 

https://doi.org/10.1111/ALL.12368
https://doi.org/10.1016/J.CELL.2021.02.016
https://pubmed.ncbi.nlm.nih.gov/?sort=jour&sort_order=asc&size=100&term=PRACTICAL+study+team%5BCorporate+Author%5D
https://doi.org/10.1016/S0140-6736(19)31948-8
https://doi.org/10.1016/j.jaci.2014.08.042
https://doi.org/10.1345/aph.1H018
https://doi.org/10.1111/RESP.13611
https://doi.org/10.1016/j.jaip.2019.05.006
https://doi.org/10.1016/J.RMED.2019.06.003


 

91 

Honkamäki, J., Piirilä, P., Hisinger-Mölkänen, H., Tuomisto, L. E., Andersén, H., 
Huhtala, H., Sovijärvi, A., Lindqvist, A., Backman, H., Lundbäck, B., 
Rönmark, E., Lehtimäki, L., Pallasaho, P., Ilmarinen, P., & Kankaanranta, 
H. (2021). Asthma Remission by Age at Diagnosis and Gender in a 
Population-Based Study. The Journal of Allergy and Clinical Immunology: In 
Practice, 9(5), 1950-1959.e4. https://doi.org/10.1016/J.JAIP.2020.12.015 

Horne, R. (2006). The burden of asthma. Chest, 130, 65S-72S. 
https://doi.org/10.1378/chest.130.1 

Hull, S. A., McKibben, S., Homer, K., Taylor, S. J., Pike, K., & Griffiths, C. 

(2016). Asthma prescribing, ethnicity and risk of hospital admission: An 
analysis of 35,864 linked primary and secondary care records in East 
London. NPJ Primary Care Respiratory Medicine, 26, 16049. 
https://doi.org/10.1038/npjpcrm.2016.49 

Hyland, M. E., Whalley, B., Halpin, D. M., Greaves, C. J., Seamark, C., Blake, S., 

Pinnuck, M., Ward, D., Hawkins, A. L., & Seamark, D. (2012). Frequency 
of non-asthma GP visits predicts asthma exacerbations: An observational 
study in general practice. Primary Care Respiratory Journal: Journal of the General 
Practice Airways Group, 21(4), 405–411. 
https://doi.org/10.4104/pcrj.2012.00061 

Ilmarinen, P., Pardo, A., Tuomisto, L. E., Vähätalo, I., Niemelä, O., Nieminen, P., 
& Kankaanranta, H. (2021). Long-term prognosis of new adult-onset 
asthma in obese patients. The European Respiratory Journal, 57(4), 2001209. 
https://doi.org/10.1183/13993003.01209-2020 

Ilmarinen, P., Tuomisto, L. E., & Kankaanranta, H. (2015). Phenotypes, Risk 
Factors, and Mechanisms of Adult-Onset Asthma. Mediators of Inflammation, 
2015, 514868. https://doi.org/10.1155/2015/514868 

Ilmarinen, P., Tuomisto, L. E., Niemelä, O., & Kankaanranta, H. (2019). 
Prevalence of Patients Eligible for Anti-IL-5 Treatment in a Cohort of 
Adult-Onset Asthma. The Journal of Allergy and Clinical Immunology: In Practice, 
7(1), 165-174.e4. https://doi.org/10.1016/J.JAIP.2018.05.032 

Ilmarinen, P., Tuomisto, L. E., Niemelä, O., Tommola, M., Haanpää, J., & 
Kankaanranta, H. (2017). Cluster Analysis on Longitudinal Data of Patients 
with Adult-Onset Asthma. The Journal of Allergy and Clinical Immunology: In 
Practice, 5(4), 967-978.e3. https://doi.org/10.1016/J.JAIP.2017.01.027 

Ilmarinen, P., Vähätalo, I., Tuomisto, L. E., Niemelä, O., & Kankaanranta, H. 
(2021). Long-term adherence to inhaled corticosteroids in clinical 
phenotypes of adult-onset asthma. The Journal of Allergy and Clinical 

https://doi.org/10.1016/J.JAIP.2020.12.015
https://doi.org/10.1378/chest.130.1
https://doi.org/10.1038/npjpcrm.2016.49
https://doi.org/10.4104/pcrj.2012.00061
https://doi.org/10.1183/13993003.01209-2020
https://doi.org/10.1155/2015/514868
https://doi.org/10.1016/J.JAIP.2018.05.032
https://doi.org/10.1016/J.JAIP.2017.01.027


 

92 

Immunology: In Practice, 9(9), 3503–3505.e3. 
https://doi.org/10.1016/j.jaip.2021.04.057 

Innes Asher, M., García-Marcos, L., Pearce, N. E., & Strachan, D. P. (2020). 
Trends in worldwide asthma prevalence. The European Respiratory Journal, 
56(6), 2002094. https://doi.org/10.1183/13993003.02094-2020 

Janežič, A., Locatelli, I., & Kos, M. (2017). Criterion validity of 8-item Morisky 
Medication Adherence Scale in patients with asthma. PloS One, 12(11), 
e0187835. https://doi.org/10.1371/journal.pone.0187835 

Janson, C., Menzies-Gow, A., Nan, C., Nuevo, J., Papi, A., Quint, J. K., Quirce, S., 

& Vogelmeier, C. F. (2020). SABINA: An Overview of Short-Acting β2-
Agonist Use in Asthma in European Countries. Advances in Therapy, 37(3), 
1124–1135. https://doi.org/10.1007/s12325-020-01233-0 

Ivanova, J. I., Birnbaum, H. G., Hsieh, M., Yu A. P., Seal, B., van der Molen, T., 

Emani, S., Rosiello, R. A. & Colice, G. L. (2008) Adherence to inhaled 
corticosteroid use and local adverse events in persistent asthma. Am J 
Manag Care, 14(12),801-809.  

Jenkins, C. R., Bateman, E. D., Sears, M. R., & O’Byrne, P. M. (2020). What have 

we learnt about asthma control from trials of budesonide/formoterol as 
maintenance and reliever? Respirology (Carlton, Vic.), 25(8), 804–815. 
https://doi.org/10.1111/RESP.13804 

Jensen, F. F., Håkansson, K. E. J., Overgaard Nielsen, B., Weinreich, U. M., & 

Ulrik, C. S. (2021). Self-reported vs. Objectively assessed adherence to 
inhaled corticosteroids in asthma. Asthma Research and Practice, 7(1), 7. 
https://doi.org/10.1186/s40733-021-00072-2 

Jones, R., Nicholls, A., Browning, D., Bakerly, N. D., Woodcock, A., Vestbo, J., 

Leather, D. A., Jacques, L., Lay-Flurrie, J., Svedsater, H., & Collier, S. 
(2020). Impact of socioeconomic status on participation and outcomes in 
the Salford Lung Studies. ERJ Open Research, 6(1), 00193-2019. 
https://doi.org/10.1183/23120541.00193-2019 

Kandane-Rathnayake, R. K., Matheson, M. C., Simpson, J. A., Tang, M. L. K., 
Johns, D. P., Mészáros, D., Wood-Baker, R., Feather, I., Morrison, S., 
Jenkins, M. A., Giles, G. G., Hopper, J., Abramson, M. J., Dharmage, S. C., 
& Walters, E. H. (2009). Adherence to asthma management guidelines by 
middle-aged adults with current asthma. Thorax, 64(12), 1025–1031. 
https://doi.org/10.1136/thx.2009.118430 

Kang, H.-R., Song, H. J., Nam, J. H., Hong, S.-H., Yang, S.-Y., Ju, S., Lee, S. W., 

Kim, T.-B., Kim, H.-L., & Lee, E.-K. (2018). Risk factors of asthma 

https://doi.org/10.1183/13993003.02094-2020
https://doi.org/10.1371/journal.pone.0187835
https://doi.org/10.1007/s12325-020-01233-0
https://doi.org/10.1111/RESP.13804
https://doi.org/10.1186/s40733-021-00072-2
https://doi.org/10.1183/23120541.00193-2019
https://doi.org/10.1136/thx.2009.118430


 

93 

exacerbation based on asthma severity: A nationwide population-based 
observational study in South Korea. BMJ Open, 8(3), e020825. 
https://doi.org/10.1136/bmjopen-2017-020825 

Kankaanranta, H., Ilmarinen, P., Kankaanranta, T., & Tuomisto, L. E. (2015). 
Seinäjoki adult asthma study (SAAS): A protocol for a 12-year real-life 
follow-up study of new-onset asthma diagnosed at adult age and treated in 
primary and specialised care. NPJ Primary Care Respiratory Medicine, 25, 
15042. https://doi.org/10.1038/npjpcrm.2015.42 

Kankaanranta, H., Tuomisto, L. E., & Ilmarinen, P. (2017). Age-specific incidence 

of new asthma diagnoses in Finland. The Journal of Allergy and Clinical 
Immunology: In Practice, 5(1), 189-191.e3. 
https://doi.org/10.1016/J.JAIP.2016.08.015 

Kankaanranta, H., Viinanen, A., Ilmarinen, P., Hisinger-Mölkänen, H., Mehtälä, J., 

Ylisaukko-oja, T., Idänpään-Heikkilä, J. J., & Lehtimäki, L. (2023). 
Comorbidity burden in severe and non-severe asthma: A nationwide 
observational study (FINASTHMA). The Journal of Allergy and Clinical 
Immunology: In Practice. In press. https://doi.org/10.1016/j.jaip.2023.09.034 

Kelly, H. W., & Nelso, H. S. (2003). Potential adverse effects of the inhaled 

corticosteroids. The Journal of Allergy and Clinical Immunology, 112(3), 469–479. 
https://doi.org/10.1016/j.jaci.2004.01.759 

Klok, T., Kaptein, A. A., Duiverman, E. J., & Brand, P. L. (2014). It’s the 

adherence, stupid (that determines asthma control in preschool children)! 
The European Respiratory Journal, 43(3), 783–791. 
https://doi.org/10.1183/09031936.00054613 

Krishnan, J. A., Bender, B. G., Wamboldt, F. S., Szefler, S. J., Adkinson, N. F., 

Zeiger, R. S., Wise, R. A., Bilderback, A. L., & Rand, C. S. (2012). 
Adherence to inhaled corticosteroids: An ancillary study of the Childhood 
Asthma Management Program clinical trial. The Journal of Allergy and Clinical 
Immunology, 129(1), 112. https://doi.org/10.1016/J.JACI.2011.10.030 

Laba, T. L., Jan, S., Zwar, N. A., Roughead, E., Marks, G. B., Flynn, A. W., 
Goldman, M. D., Heaney, A., Lembke, K. A., & Reddel, H. K. (2019). 
Cost-Related Underuse of Medicines for Asthma-Opportunities for 
Improving Adherence. The Journal of Allergy and Clinical Immunology: In 
Practice, 7(7), 2298-2306.e12. https://doi.org/10.1016/J.JAIP.2019.03.024 

Lachowicz-Scroggins, M. E., Dunican, E. M., Charbit, A. R., Raymond, W., 
Looney, M. R., Peters, M. C., Gordon, E. D., Woodruff, P. G., Lefrançais, 
E., Phillips, B. R., Mauger, D. T., Comhair, S. A., Erzurum, S. C., 
Johansson, M. W., Jarjour, N. N., Coverstone, A. M., Castro, M., Hastie, A. 

https://doi.org/10.1136/bmjopen-2017-020825
https://doi.org/10.1038/npjpcrm.2015.42
https://doi.org/10.1016/J.JAIP.2016.08.015
https://doi.org/10.1016/j.jaip.2023.09.034
https://doi.org/10.1016/j.jaci.2004.01.759
https://doi.org/10.1183/09031936.00054613
https://doi.org/10.1016/J.JACI.2011.10.030
https://doi.org/10.1016/J.JAIP.2019.03.024


 

94 

T., Bleecker, E. R., Fajt, M. L., Wenzel, S. E., Israel, E., Levy, B. D., & 
Fahy, J. V. (2019). Extracellular DNA, Neutrophil Extracellular Traps, and 
Inflammasome Activation in Severe Asthma. American Journal of Respiratory 
and Critical Care Medicine, 199(9), 1076–1085. 
https://doi.org/10.1164/RCCM.201810-1869OC 

Lazarus, S. C., Chinchilli, V. M., Rollings, N. J., Boushey, H. A., Cherniack, R., 

Craig, T. J., Deykin, A., DiMango, E., Fish, J. E., Ford, J. G., Israel, E., 
Kiley, J., Kraft, M., Lemanske, R. F., Leone, F. T., Martin, R. J., Pesola, G. 
R., Peters, S. P., Sorkness, C. A., Szefler, S. J., Wechsler, M. E., Fahy, J. V. 
& National Heart Lung and Blood Institute's Asthma Clinical Research 
Network (2007). Smoking Affects Response to Inhaled Corticosteroids or 
Leukotriene Receptor Antagonists in Asthma. American Journal of Respiratory 
and Critical Care Medicine, 175(8), 783–790. 
https://doi.org/10.1164/rccm.200511-1746OC 

Leach, C., Colice, G. L., & Luskin, A. (2009). Particle size of inhaled 

corticosteroids: Does it matter? The Journal of Allergy and Clinical Immunology, 
124(6 Suppl), S88–S93. https://doi.org/10.1016/J.JACI.2009.09.050 

Lee, J., Tay, T. R., Radhakrishna, N., Hore-Lacy, F., Mackay, A., Hoy, R., 

Dabscheck, E., O’Hehir, R., & Hew, M. (2018). Nonadherence in the era 
of severe asthma biologics and thermoplasty. The European Respiratory 
Journal, 51(4), 1701836. https://doi.org/10.1183/13993003.01836-2017 

Lefaudeux, D., De Meulder, B., Loza, M. J., Peffer, N., Rowe, A., Baribaud, F., 

Bansal, A. T., Lutter, R., Sousa, A. R., Corfield, J., Pandis, I., Bakke, P. S., 
Caruso, M., Chanez, P., Dahlén, S. E., Fleming, L. J., Fowler, S. J., 
Horvath, I., Krug, N., Montuschi, P., Sanak, M., Sandstrom, T., Shaw, D. 
E., Singer, F., Sterk, P. J., Roberts, G., Adcock, I. M., Djukanovic, R., 
Auffray, C., Chung, K. F. & U-BIOPRED Study Group. (2017). U-
BIOPRED clinical adult asthma clusters linked to a subset of sputum 
omics. The Journal of Allergy and Clinical Immunology, 139(6), 1797–1807. 
https://doi.org/10.1016/J.JACI.2016.08.048 

Liao, M. M., Ginde, A. A., Clark, S., & Camargo, C. A. (2010). Salmeterol use and 

risk of hospitalization among emergency department patients with acute 

asthma. Annals of Allergy, Asthma & Immunology : Official Publication of the 
American College of Allergy, Asthma, & Immunology, 104(6), 478–484. 
https://doi.org/10.1016/J.ANAI.2010.04.014 

Lin, J., Wang, W., Tang, H., Huo, J., Gu, Y., Liu, R., Chen, P., Yuan, Y., Yang, X., 
Xu, J., Sun, D., Li, N., Jiang, S., Chen, Y., Wang, C., Yang, L., Liu, X., 
Yang, D., Zhang, W., Chen, Z., Lin, Q., Liu, C., Zhou, J., Zhou, X., Hu, C., 
Jiang, P., Zhou, W., Zhang, J., Cai, S., Qiu, C., Huang, M., Huang, Y., Liu, 
H. & China Asthma Research Collaboration Network. (2022). Asthma 

https://doi.org/10.1164/RCCM.201810-1869OC
https://doi.org/10.1016/J.JACI.2009.09.050
https://doi.org/10.1183/13993003.01836-2017
https://doi.org/10.1016/J.JACI.2016.08.048
https://doi.org/10.1016/J.ANAI.2010.04.014


 

95 

Management Using the Mobile Asthma Evaluation and Management 
System in China. Allergy, Asthma & Immunology Research, 14(1), 85–98. 
https://doi.org/10.4168/aair.2022.14.1.85 

Longest, P. W., Tian, G., Walenga, R. L., & Hindle, M. (2012). Comparing MDI 
and DPI aerosol deposition using in vitro experiments and a new stochastic 
individual path (SIP) model of the conducting airways. Pharmaceutical 
Research, 29(6), 1670–1688. https://doi.org/10.1007/S11095-012-0691-Y 

Lugogo, N., Gilbert, I., Tkacz, J., Gandhi, H., Goshi, N., & Lanz, M. J. (2021). 
Real-world patterns and implications of short-acting β2-agonist use in 
patients with asthma in the United States. Annals of Allergy, Asthma and 
Immunology: Official Publication of the American College of Allergy, Asthma, & 
Immunology, 126(6), 681-689.e1. https://doi.org/10.1016/j.anai.2021.01.024 

Matera, M. G., Rinaldi, B., Calzetta, L., Rogliani, P., & Cazzola, M. (2019). 

Pharmacokinetics and pharmacodynamics of inhaled corticosteroids for 
asthma treatment. Pulmonary Pharmacology & Therapeutics, 58, 101828. 
https://doi.org/10.1016/J.PUPT.2019.101828 

Monteiro, C., Maricoto, T., Prazeres, F., Augusto Simões, P., & Augusto Simões, 

J. (2022). Determining factors associated with inhaled therapy adherence on 
asthma and COPD: A systematic review and meta-analysis of the global 
literature. Respiratory Medicine, 191, 106724. 
https://doi.org/10.1016/J.RMED.2021.106724 

Moore, W. C., Meyers, D. A., Wenzel, S. E., Teague, W. G., Li, H., Li, X., 
D’Agostino, R., Castro, M., Curran-Everett, D., Fitzpatrick, A. M., Gaston, 
B., Jarjour, N. N., Sorkness, R., Calhoun, W. J., Chung, K. F., Comhair, S. 
A. A., Dweik, R. A., Israel, E., Peters, S. P., Busse, W. W., Erzurum, S. C., 
Bleecker, E. R. & National Heart, Lung, and Blood Institute's Severe 
Asthma Research Program (2010). Identification of asthma phenotypes 
using cluster analysis in the Severe Asthma Research Program. American 
Journal of Respiratory and Critical Care Medicine, 181(4), 315–323. 
https://doi.org/10.1164/RCCM.200906-0896OC 

Morales, D. R., Jackson, C., Fielding, S., & Guthrie, B. (2013). Long-acting β-
agonist prescribing in people with asthma in primary care. Thorax, 68(2), 
192–194. https://doi.org/10.1136/THORAXJNL-2012-202071 

Mosbech, C. H., Godtfredsen, N. S., Ulrik, C. S., & Westergaard, C. G. (2023). 

Biomarker-guided withdrawal of inhaled corticosteroids in asthma patients 
with a non-T2 inflammatory phenotype – a randomized controlled trial 
study protocol. BMC Pulmonary Medicine, 23(1), 372. 
https://doi.org/10.1186/s12890-023-02679-y 

https://doi.org/10.4168/aair.2022.14.1.85
https://doi.org/10.1007/S11095-012-0691-Y
https://doi.org/10.1016/j.anai.2021.01.024
https://doi.org/10.1016/J.PUPT.2019.101828
https://doi.org/10.1016/J.RMED.2021.106724
https://pubmed.ncbi.nlm.nih.gov/?sort=jour&sort_order=asc&size=100&term=National+Heart%2C+Lung%2C+and+Blood+Institute%27s+Severe+Asthma+Research+Program%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?sort=jour&sort_order=asc&size=100&term=National+Heart%2C+Lung%2C+and+Blood+Institute%27s+Severe+Asthma+Research+Program%5BCorporate+Author%5D
https://doi.org/10.1164/RCCM.200906-0896OC
https://doi.org/10.1136/THORAXJNL-2012-202071
https://doi.org/10.1186/s12890-023-02679-y


 

96 

Müller, T. D., Blüher, M., Tschöp, M. H., & DiMarchi, R. D. (2022). Anti-obesity 
drug discovery: Advances and challenges. Nature Reviews Drug Discovery, 
21(3), 201–223. https://doi.org/10.1038/s41573-021-00337-8 

Munoz-Cano, R., Torrego, A., Bartra, J., Sanchez-Lopez, J., Palomino, R., Picado, 
C., & Valero, A. (2017). Follow-up of patients with uncontrolled asthma: 
Clinical features of asthma patients according to the level of control 
achieved (the COAS study). The European Respiratory Journal, 49(3), 1501885. 
https://doi.org/10.1183/13993003.01885-2015 

Murphy, A. C., Proeschal, A., Brightling, C. E., Wardlaw, A. J., Pavord, I., 

Bradding, P., & Green, R. H. (2012). The relationship between clinical 
outcomes and medication adherence in difficult-to-control asthma. Thorax, 
67(8), 751–753. https://doi.org/10.1136/thoraxjnl-2011-201096 

Mäkelä, M. J., Backer, V., Hedegaard, M., & Larsson, K. (2013). Adherence to 

inhaled therapies, health outcomes and costs in patients with asthma and 
COPD. Respiratory Medicine, 107(10), 1481–1490. 
https://doi.org/10.1016/j.rmed.2013.04.005 

Nathan, R. A., Sorkness, C. A., Kosinski, M., Schatz, M., Li, J. T., Marcus, P., 

Murray, J. J., & Pendergraft, T. B. (2004). Development of the asthma 
control test: A survey for assessing asthma control. The Journal of Allergy and 
Clinical Immunology, 113(1), 59–65. 
https://doi.org/10.1016/J.JACI.2003.09.008 

Noorduyn, S. G., Qian, C., Johnston, K. M., Soliman, M., Talukdar, M., Walker, B. 
L., Hernandez, P., & Penz, E. (2022). SABA use as an indicator for asthma 
exacerbation risk: An observational cohort study (SABINA Canada). ERJ 
Open Research, 8(3), 00140–2022. https://doi.org/10.1183/23120541.00140-
2022 

Nwaru, B. I., Ekström, M., Hasvold, P., Wiklund, F., Telg, G., & Janson, C. 
(2020). Overuse of short-acting β2-agonists in asthma is associated with 
increased risk of exacerbation and mortality: A nationwide cohort study of 
the global SABINA programme. The European Respiratory Journal, 55(4), 
1901872. https://doi.org/10.1183/13993003.01872-2019 

O’Byrne, P. M., FitzGerald, J. M., Bateman, E. D., Barnes, P. J., Zhong, N., Keen, 
C., Jorup, C., Lamarca, R., Ivanov, S., & Reddel, H. K. (2018). Inhaled 
Combined Budesonide-Formoterol as Needed in Mild Asthma. The New 
England Journal of Medicine, 378(20), 1865–1876. 
https://doi.org/10.1056/NEJMOA1715274 

O’Neil, P. M., Birkenfeld, A. L., McGowan, B., Mosenzon, O., Pedersen, S. D., 

Wharton, S., Carson, C. G., Jepsen, C. H., Kabisch, M., & Wilding, J. P. H. 

https://doi.org/10.1038/s41573-021-00337-8
https://doi.org/10.1183/13993003.01885-2015
https://doi.org/10.1136/thoraxjnl-2011-201096
https://doi.org/10.1016/J.JACI.2003.09.008
https://doi.org/10.1183/23120541.00140-2022
https://doi.org/10.1183/23120541.00140-2022
https://doi.org/10.1183/13993003.01872-2019
https://doi.org/10.1056/NEJMOA1715274


 

97 

(2018). Efficacy and safety of semaglutide compared with liraglutide and 
placebo for weight loss in patients with obesity: A randomised, double-
blind, placebo and active controlled, dose-ranging, phase 2 trial. Lancet 
(London, England), 392(10148), 637–649. https://doi.org/10.1016/S0140-
6736(18)31773-2 

Oppenheimer, J., Bogart, M., Bengtson, L. G. S., White, J., Sundquist, K., Lima, 

R., & Averell, C. (2022). Treatment Patterns and Disease Burden 
Associated with Multiple-Inhaler Triple-Therapy Use in Asthma. The Journal 
of Allergy and Clinical Immunology: In Practice, 10(2), 485-494.e5. 
https://doi.org/10.1016/J.JAIP.2021.09.033 

Orriëns, L. B., Vijverberg, S. J. H., Maitland-van der Zee, A. H., & Longo, C. 
(2021). Nonadherence to inhaled corticosteroids: A characteristic of the 
pediatric obese-asthma phenotype? Pediatric Pulmonology, 56(5), 948–956. 
https://doi.org/10.1002/ppul.25253 

Pakkasela, J., Ilmarinen, P., Honkamäki, J., Tuomisto, L. E., Andersén, H., Piirilä, 
P., Hisinger-Mölkänen, H., Sovijärvi, A., Backman, H., Lundbäck, B., 
Rönmark, E., Kankaanranta, H., & Lehtimäki, L. (2020). Age-specific 
incidence of allergic and non-allergic asthma. BMC Pulmonary Medicine, 
20(1), 9. https://doi.org/10.1186/s12890-019-1040-2 

Papi, A., Ryan, D., Soriano, J. B., Chrystyn, H., Bjermer, L., Rodríguez-Roisin, R., 
Dolovich, M. B., Harris, M., Wood, L., Batsiou, M., Thornhill, S. I., & 
Price, D. B. (2018). Relationship of Inhaled Corticosteroid Adherence to 
Asthma Exacerbations in Patients with Moderate-to-Severe Asthma. The 
Journal of Allergy and Clinical Immunology: In Practice, 6(6), 1989-1998.e3. 
https://doi.org/10.1016/j.jaip.2018.03.008 

Patel, M., Perrin, K., Pritchard, A., Williams, M., Wijesinghe, M., Weatherall, M., 

& Beasley, R. (2013). Accuracy of patient self-report as a measure of 
inhaled asthma medication use. Respirology (Carlton, Vic.), 18(3), 546–552. 
https://doi.org/10.1111/RESP.12059 

Patel, M., Pilcher, J., Reddel, H. K., Qi, V., Mackey, B., Tranquilino, T., Shaw, D., 

Black, P., Weatherall, M., & Beasley, R. (2014). Predictors of severe 
exacerbations, poor asthma control, and β-agonist overuse for patients with 
asthma. The Journal of Allergy and Clinical Immunology: In Practice, 2(6), 751–
758. https://doi.org/10.1016/J.JAIP.2014.06.001 

Patel, M., Pilcher, J., Travers, J., Perrin, K., Shaw, D., Black, P., Weatherall, M., & 
Beasley, R. (2013). Use of metered-dose inhaler electronic monitoring in a 
real-world asthma randomized controlled trial. The Journal of Allergy and 
Clinical Immunology: In Practice, 1(1), 83–91. 
https://doi.org/10.1016/j.jaip.2012.08.004 

https://doi.org/10.1016/S0140-6736(18)31773-2
https://doi.org/10.1016/S0140-6736(18)31773-2
https://doi.org/10.1016/J.JAIP.2021.09.033
https://doi.org/10.1002/ppul.25253
https://doi.org/10.1186/s12890-019-1040-2
https://doi.org/10.1016/j.jaip.2018.03.008
https://doi.org/10.1111/RESP.12059
https://doi.org/10.1016/J.JAIP.2014.06.001
https://doi.org/10.1016/j.jaip.2012.08.004


 

98 

Pavord, I. D., Tran, T. N., Jones, R. C., Nuevo, J., van den Berge, M., Brusselle, 
G. G., Menzies-Gow, A. N., Skinner, D., Carter, V., Kocks, J. W. H., & 
Price, D. B. (2023). Effect of Stepping Up to High-Dose Inhaled 
Corticosteroids in Patients With Asthma: UK Database Study. The Journal of 
Allergy and Clinical Immunology: In Practice, 11(2), 532–543. 
https://doi.org/10.1016/j.jaip.2022.10.040 

Peters, M. C., McGrath, K. W., Hawkins, G. A., Hastie, A. T., Levy, B. D., Israel, 
E., Phillips, B. R., Mauger, D. T., Comhair, S. A., Erzurum, S. C., 
Johansson, M. W., Jarjour, N. N., Coverstone, A. M., Castro, M., Holguin, 
F., Wenzel, S. E., Woodruff, P. G., Bleecker, E. R., & Fahy, J. V. (2016). 
Plasma interleukin-6 concentrations, metabolic dysfunction, and asthma 
severity: A cross-sectional analysis of two cohorts. The Lancet. Respiratory 
Medicine, 4(7), 574–584. https://doi.org/10.1016/S2213-2600(16)30048-0 

Peters, U., Dixon, A. E., & Forno, E. (2018). Obesity and asthma. The Journal of 

Allergy and Clinical Immunology, 141(4), 1169–1179. 
https://doi.org/10.1016/j.jaci.2018.02.004 

Peterson, A. M., Nau, D. P., Cramer, J. A., Benner, J., Gwadry-Sridhar, F., & 
Nichol, M. (2007). A checklist for medication compliance and persistence 
studies using retrospective databases. Value in Health: The Journal of The 
International Society for Pharmacoeconomics and Outcomes Research, 10(1), 3–12. 
https://doi.org/10.1111/j.1524-4733.2006.00139.x 

Pividori, M., Schoettler, N., Nicolae, D. L., Ober, C., & Im, H. K. (2019). Shared 

and distinct genetic risk factors for childhood-onset and adult-onset 
asthma: Genome-wide and transcriptome-wide studies. The Lancet. 
Respiratory Medicine, 7(6), 509–522. https://doi.org/10.1016/S2213-
2600(19)30055-4 

Polosa, R., Russo, C., Caponnetto, P., Bertino, G., Sarvà, M., Antic, T., Mancuso, 
S., & Al-Delaimy, W. K. (2011). Greater severity of new onset asthma in 
allergic subjects who smoke: A 10-year longitudinal study. Respiratory 
Research, 12(1), 16. https://doi.org/10.1186/1465-9921-12-16 

Pool, A. C., Kraschnewski, J. L., Poger, J. M., Smyth, J., Stuckey, H. L., Craig, T. 
J., Lehman, E. B., Yang, C., & Sciamanna, C. N. (2017). Impact of online 
patient reminders to improve asthma care: A randomized controlled trial. 
PloS One, 12(2), e0170447. https://doi.org/10.1371/journal.pone.0170447 

Quint, J. K., Arnetorp, S., Kocks, J. W. H., Kupczyk, M., Nuevo, J., Plaza, V., 
Cabrera, C., Raherison-Semjen, C., Walker, B., Penz, E., Gilbert, I., 
Lugogo, N. L., van der Valk, R. J. P., & SABINA North American and 
European Study contributors. (2022). Short-Acting Beta-2-Agonist 
Exposure and Severe Asthma Exacerbations: SABINA Findings From 

https://doi.org/10.1016/S2213-2600(16)30048-0
https://doi.org/10.1016/j.jaci.2018.02.004
https://doi.org/10.1016/S2213-2600(19)30055-4
https://doi.org/10.1016/S2213-2600(19)30055-4
https://doi.org/10.1186/1465-9921-12-16
https://doi.org/10.1371/journal.pone.0170447
https://pubmed.ncbi.nlm.nih.gov/?sort=jour&sort_order=asc&size=100&term=SABINA+North+American+and+European+Study+contributors%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?sort=jour&sort_order=asc&size=100&term=SABINA+North+American+and+European+Study+contributors%5BCorporate+Author%5D


 

99 

Europe and North America. The Journal of Allergy and Clinical Immunology: In 
Practice, 10(9), 2297-2309.e10. https://doi.org/10.1016/j.jaip.2022.02.047 

Raebel, M. A., Schmittdiel, J., Karter, A. J., Konieczny, J. L., & Steiner, J. F. 
(2013). Standardizing Terminology and Definitions of Medication 
Adherence and Persistence in Research employing Electronic Databases. 
Medical Care, 51(8 Suppl 3), S11-S21. 
https://doi.org/10.1097/MLR.0B013E31829B1D2A 

Raebel, M. A., Shetterly, S. M., Goodrich, G. K., Anderson, C. B., Bender, B. G., 
& Wagner, N. M. (2020). Refill Reminder Preference and Inhaled 
Corticosteroid Adherence Among Patients with Asthma. The Permanente 
Journal, 24, 1-8. https://doi.org/10.7812/TPP/19.199 

Reddel, H. K., O’Byrne, P. M., FitzGerald, J. M., Barnes, P. J., Zheng, J., Ivanov, 
S., Lamarca, R., Puu, M., Alagappan, V. K. T., & Bateman, E. D. (2021). 
Efficacy and Safety of As-Needed Budesonide-Formoterol in Adolescents 
with Mild Asthma. The Journal of Allergy and Clinical Immunology: In Practice, 
9(8), 3069-3077.e6. https://doi.org/10.1016/J.JAIP.2021.04.016 

Riley, I. L., Jackson, B., Crabtree, D., Riebl, S., Que, L. G., Pleasants, R., & 

Boulware, L. E. (2021). A Scoping Review of International Barriers to 
Asthma Medication Adherence Mapped to the Theoretical Domains 
Framework. The Journal of Allergy and Clinical Immunology: In Practice, 9(1), 
410–418.e4. https://doi.org/10.1016/j.jaip.2020.08.021 

Roy, A., Battle, K., Lurslurchachai, L., Halm, E. A., & Wisnivesky, J. P. (2011). 
Inhaler device, administration technique, and adherence to inhaled 
corticosteroids in patients with asthma. Primary Care Respiratory Journal: 
Journal of the General Practice Airways Group, 20(2), 148–154. 
https://doi.org/10.4104/pcrj.2011.00022 

Sadatsafavi, M., FitzGerald, M., Marra, C., & Lynd, L. (2013). Costs and Health 
Outcomes Associated With Primary vs Secondary Care After an Asthma-
Related Hospitalization: A Population-Based Study. Chest, 144(2), 428–435. 
https://doi.org/10.1378/chest.12-2773 

Sadatsafavi, M., Tavakoli, H., Lynd, L., & FitzGerald, J. M. (2017). Has Asthma 
Medication Use Caught Up With the Evidence?: A 12-Year Population-
Based Study of Trends. Chest, 151(3), 612–618. 
https://doi.org/10.1016/j.chest.2016.10.028 

Sá-Sousa, A., Almeida, R., Vicente, R., Nascimento, N., Martins, H., Freitas, A., & 
Fonseca, J. A. (2019). High oral corticosteroid exposure and overuse of 
short-acting beta-2-agonists were associated with insufficient prescribing of 
controller medication: A nationwide electronic prescribing and dispensing 

https://doi.org/10.1016/j.jaip.2022.02.047
https://doi.org/10.1097/MLR.0B013E31829B1D2A
https://doi.org/10.7812/TPP/19.199
https://doi.org/10.1016/J.JAIP.2021.04.016
https://doi.org/10.4104/pcrj.2011.00022
https://doi.org/10.1378/chest.12-2773
https://doi.org/10.1016/j.chest.2016.10.028


 

100 

database analysis. Clinical and Translational Allergy, 9, 47. 
https://doi.org/10.1186/s13601-019-0286-3 

Savas, M., Vinkers, C. H., Rosmalen, J. G. M., Hartman, C. A., Wester, V. L., Van 
Den Akker, E. L. T., Iyer, A. M., McEwen, B. S., & Van Rossum, E. F. C. 
(2020). Systemic and Local Corticosteroid Use Is Associated with Reduced 
Executive Cognition, and Mood and Anxiety Disorders. Neuroendocrinology, 
110(3–4), 282–291. https://doi.org/10.1159/000501617 

Serhal, S., Saini, B., Bosnic-Anticevich, S., Krass, I., Wilson, F., & Armour, C. 
(2020). Medication Adherence in a Community Population with 
Uncontrolled Asthma. Pharmacy: Journal of Pharmacy Education and Practice, 
8(4), 183. https://doi.org/10.3390/pharmacy8040183 

Sicras-Mainar, A., Capel, M., Navarro-Artieda, R., Nuevo, J., Orellana, M., & 
Resler, G. (2020). Real-life retrospective observational study to determine 
the prevalence and economic burden of severe asthma in Spain. Journal of 
Medical Economics, 23(5), 492–500. 
https://doi.org/10.1080/13696998.2020.1719118 

Silver, H. S., Blanchette, C. M., Kamble, S., Petersen, H., Letter, M. A., Meddis, 

D., & Gutierrez, B. (2011). Relationship between short-acting β2-
adrenergic agonist use and healthcare costs. The American Journal of Managed 
Care, 17(1), 19–27. 

Sood, A., Qualls, C., Schuyler, M., Arynchyn, A., Alvarado, J. H., Smith, L. J., & 

Jacobs, D. R. (2013). Adult-onset asthma becomes the dominant 
phenotype among women by age 40 years. The longitudinal CARDIA 
study. Annals of the American Thoracic Society, 10(3), 188–197. 
https://doi.org/10.1513/ANNALSATS.201212-115OC 

Souverein, P. C., Koster, E. S., Colice, G., van Ganse, E., Chisholm, A., Price, D., 
& Dima, A. L. (2017). Inhaled Corticosteroid Adherence Patterns in a 
Longitudinal Asthma Cohort. The Journal of Allergy and Clinical Immunology: In 
Practice, 5(2), 448-456.e2. https://doi.org/10.1016/J.JAIP.2016.09.022 

Stanford, R. H., Averell, C., Parker, E. D., Blauer-Peterson, C., Reinsch, T. K., & 
Buikema, A. R. (2019). Assessment of Adherence and Asthma Medication 
Ratio for a Once-Daily and Twice-Daily Inhaled Corticosteroid/Long-
Acting β-Agonist for Asthma. The Journal of Allergy and Clinical Immunology: In 
Practice, 7(5), 1488-1496.e7. https://doi.org/10.1016/j.jaip.2018.12.021 

Stanford, R. H., Shah, M. B., D’Souza, A. O., Dhamane, A. D., & Schatz, M. 
(2012). Short-acting β-agonist use and its ability to predict future asthma-
related outcomes. Annals of Allergy, Asthma & Immunology: Official Publication 

https://doi.org/10.1186/s13601-019-0286-3
https://doi.org/10.1159/000501617
https://doi.org/10.3390/pharmacy8040183
https://doi.org/10.1080/13696998.2020.1719118
https://doi.org/10.1513/ANNALSATS.201212-115OC
https://doi.org/10.1016/J.JAIP.2016.09.022
https://doi.org/10.1016/j.jaip.2018.12.021


 

101 

of the American College of Allergy, Asthma, & Immunology, 109(6), 403–407. 
https://doi.org/10.1016/j.anai.2012.08.014 

Suissa, S., Blais, L., & Ernst, P. (1994). Patterns of increasing beta-agonist use and 
the risk of fatal or near-fatal asthma. The European Respiratory Journal, 7(9), 
1602–1609. https://doi.org/10.1183/09031936.94.07091602 

Suissa, S., & Ernst, P. (2001). Inhaled corticosteroids: Impact on asthma morbidity 
and mortality. The Journal of Allergy and Clinical Immunology, 107(6), 937–944. 
https://doi.org/10.1067/mai.2001.115653 

Suissa, S., Ernst, P., Benayoun, S., Baltzan, M., & Cai, B. (2000). Low-dose inhaled 

corticosteroids and the prevention of death from asthma. The New England 
Journal of Medicine, 343(5), 332–336. 
https://doi.org/10.1056/NEJM200008033430504 

Suissa, S., Patenaude, V., Lapi, F., & Ernst, P. (2013). Inhaled corticosteroids in 

COPD and the risk of serious pneumonia. Thorax, 68(11), 1029–1036. 
https://doi.org/10.1136/THORAXJNL-2012-202872 

Sulaiman, I., Greene, G., MacHale, E., Seheult, J., Mokoka, M., D’Arcy, S., Taylor, 

T., Murphy, D. M., Hunt, E., Lane, S. J., Diette, G. B., FitzGerald, J. M., 
Boland, F., Bhreathnach, A. S., Cushen, B., Reilly, R. B., Doyle, F., & 
Costello, R. W. (2018). A randomised clinical trial of feedback on inhaler 
adherence and technique in patients with severe uncontrolled asthma. The 
European Respiratory Journal, 51(1), 1701126. 
https://doi.org/10.1183/13993003.01126-2017 

Sullivan, P. W., Ghushchyan, V. H., Globe, G., & Schatz, M. (2018). Oral 
corticosteroid exposure and adverse effects in asthmatic patients. The 
Journal of Allergy and Clinical Immunology, 141(1), 110-116.e7. 
https://doi.org/10.1016/j.jaci.2017.04.009 

Sze, E., Bhalla, A., & Nair, P. (2020). Mechanisms and therapeutic strategies for 
non-T2 asthma. Allergy, 75(2), 311–325. 
https://doi.org/10.1111/ALL.13985 

Takala, J., Ilmarinen, P., Tuomisto, L. E., Vähätalo, I., Niemelä, O., & 
Kankaanranta, H. (2020). Planned primary health care asthma contacts 
during 12-year follow-up after Finnish National Asthma Programme: Focus 
on spirometry. NPJ Primary Care Respiratory Medicine, 30(1), 8. 
https://doi.org/10.1038/s41533-020-0166-2 

Taylor, T. E., Zigel, Y., Egan, C., Hughes, F., Costello, R. W., & Reilly, R. B. 
(2018). Objective Assessment of Patient Inhaler User Technique Using an 

https://doi.org/10.1016/j.anai.2012.08.014
https://doi.org/10.1183/09031936.94.07091602
https://doi.org/10.1067/mai.2001.115653
https://doi.org/10.1056/NEJM200008033430504
https://doi.org/10.1136/THORAXJNL-2012-202872
https://doi.org/10.1183/13993003.01126-2017
https://doi.org/10.1016/j.jaci.2017.04.009
https://doi.org/10.1111/ALL.13985
https://doi.org/10.1038/s41533-020-0166-2


 

102 

Audio-Based Classification Approach. Scientific Reports, 8, 2164. 
https://doi.org/10.1038/s41598-018-20523-w 

Thomas, M., Murray-Thomas, T., Fan, T., Williams, T., & Taylor, S. (2010). 
Prescribing patterns of asthma controller therapy for children in UK 
primary care: A cross-sectional observational study. BMC Pulmonary 
Medicine, 10, 29. https://doi.org/10.1186/1471-2466-10-29 

Tibble, H., Lay-Flurrie, J., Sheikh, A., Horne, R., Mizani, M. A., & Tsanas, A. 
(2020). Linkage of primary care prescribing records and pharmacy 
dispensing Records in the Salford Lung Study: Application in asthma. BMC 
Medical Research Methodology, 20(1), 303. https://doi.org/10.1186/S12874-
020-01184-8 

Tliba, O., & Panettieri, R. A. (2019). Paucigranulocytic asthma: Uncoupling of 
airway obstruction from inflammation. The Journal of Allergy and Clinical 
Immunology, 143(4), 1287–1294. 
https://doi.org/10.1016/J.JACI.2018.06.008 

To, T., Stanojevic, S., Moores, G., Gershon, A. S., Bateman, E. D., Cruz, A. A., & 
Boulet, L. P. (2012). Global asthma prevalence in adults: Findings from the 
cross-sectional world health survey. BMC Public Health, 12, 204. 
https://doi.org/10.1186/1471-2458-12-204 

Tomlinson, J., McMahon, A., Chaudhuri, R., Thompson, J., Wood, S., & 
Thomson, N. (2005). Efficacy of low and high dose inhaled corticosteroid 
in smokers versus non-smokers with mild asthma. Thorax, 60(4), 282–287. 
https://doi.org/10.1136/thx.2004.033688 

Tommola, M., Ilmarinen, P., Tuomisto, L. E., Lehtimäki, L., Niemelä, O., 
Nieminen, P., & Kankaanranta, H. (2019). Cumulative effect of smoking 
on disease burden and multimorbidity in adult-onset asthma. The European 
Respiratory Journal, 54(3), 1801580. 
https://doi.org/10.1183/13993003.01580-2018 

Tuomisto, L. E., Ilmarinen, P., Niemelä, O., Haanpää, J., Kankaanranta, T., & 

Kankaanranta, H. (2016). A 12-year prognosis of adult-onset asthma: 
Seinäjoki Adult Asthma Study. Respiratory Medicine, 117, 223–229. 
https://doi.org/10.1016/j.rmed.2016.06.017 

Turner, S., Cotton, S., Wood, J., Bell, V., Raja, E. A., Scott, N. W., Morgan, H., 

Lawrie, L., Emele, D., Kennedy, C., Scotland, G., Fielding, S., MacLennan, 
G., Norrie, J., Forrest, M., Gaillard, E. A., de Jongste, J., Pijnenburg, M., 
Thomas, M., & Price, D. (2022). Reducing asthma attacks in children using 
exhaled nitric oxide (RAACENO) as a biomarker to inform treatment 
strategy: a multicentre, parallel, randomised, controlled, phase 3 trial. The 

https://doi.org/10.1038/s41598-018-20523-w
https://doi.org/10.1186/1471-2466-10-29
https://doi.org/10.1186/S12874-020-01184-8
https://doi.org/10.1186/S12874-020-01184-8
https://doi.org/10.1016/J.JACI.2018.06.008
https://doi.org/10.1186/1471-2458-12-204
https://doi.org/10.1183/13993003.01580-2018
https://doi.org/10.1016/j.rmed.2016.06.017


 

103 

Lancet. Respiratory Medicine, 10(6), 584–592. https://doi.org/10.1016/S2213-
2600(21)00486-0 

Usmani, O. S. (2019). Choosing the right inhaler for your asthma or COPD 
patient. Therapeutics and Clinical Risk Management, 15, 461–472. 
https://doi.org/10.2147/TCRM.S160365 

Usmani, O. S., Lavorini, F., Marshall, J., Dunlop, W. C. N., Heron, L., Farrington, 
E., & Dekhuijzen, R. (2018). Critical inhaler errors in asthma and COPD: a 
systematic review of impact on health outcomes. Respiratory Research, 19(1), 
10. https://doi.org/10.1186/S12931-017-0710-Y 

Van Steenis, M., Driesenaar, J., Bensing, J., Van Hulten, R., Souverein, P., Van 
Dijk, L., De Smet, P., & Van Dulmen, A. (2014). Relationship between 
medication beliefs, self-reported and refill adherence, and symptoms in 
patients with asthma using inhaled corticosteroids. Patient Preference and 
Adherence, 8, 83–91. https://doi.org/10.2147/PPA.S44185 

Verbanck, S., Schuermans, D., & Vincken, W. (2010). Inflammation and airway 
function in the lung periphery of patients with stable asthma. The Journal of 
Allergy and Clinical Immunology, 125(3), 611–616. 
https://doi.org/10.1016/j.jaci.2009.10.053 

Vervloet, M., van Dijk, L., Spreeuwenberg, P., Price, D., Chisholm, A., Van 
Ganse, E., Pinnock, H., Rand, C. S., Eakin, M. N., Schermer, T., Souverein, 
P. C., & Dima, A. L. (2020). The Relationship Between Real-World Inhaled 
Corticosteroid Adherence and Asthma Outcomes: A Multilevel Approach. 
The Journal of Allergy and Clinical Immunology: In Practice, 8(2), 626–634. 
https://doi.org/10.1016/j.jaip.2019.09.003 

Viljanen, A. A., Halttunen, P. K., Kreus, K. E., & Viljanen, B. C. (1982). 

Spirometric studies in non-smoking, healthy adults. Scandinavian Journal of 
Clinical and Laboratory Investigation. Supplementum, 159, 5-20. 
https://doi.org/10.1080/00365518209168377 

von Bülow, A., Backer, V., Bodtger, U., Søes-Petersen, N. U., Vest, S., Steffensen, 

I., & Porsbjerg, C. (2018). Differentiation of adult severe asthma from 
difficult-to-treat asthma – Outcomes of a systematic assessment protocol. 
Respiratory Medicine, 145, 41–47. 
https://doi.org/10.1016/j.rmed.2018.10.020 

Voorham, J., Vrijens, B., van Boven, J. F., Ryan, D., Miravitlles, M., Law, L. M., & 
Price, D. B. (2017). Does co-payment for inhaler devices affect therapy 
adherence and disease outcomes? A historical, matched cohort study. 
Pragmatic and Observational Research, 8, 31–41. 
https://doi.org/10.2147/POR.S132658 

https://doi.org/10.2147/TCRM.S160365
https://doi.org/10.1186/S12931-017-0710-Y
https://doi.org/10.2147/PPA.S44185
https://doi.org/10.1016/j.jaip.2019.09.003
https://doi.org/10.1080/00365518209168377
https://doi.org/10.1016/j.rmed.2018.10.020
https://doi.org/10.2147/POR.S132658


 

104 

Vrijens, B., De Geest, S., Hughes, D. A., Przemyslaw, K., Demonceau, J., Ruppar, 
T., Dobbels, F., Fargher, E., Morrison, V., Lewek, P., Matyjaszczyk, M., 
Mshelia, C., Clyne, W., Aronson, J. K., & Urquhart, J. (2012). A new 
taxonomy for describing and defining adherence to medications. British 
Journal of Clinical Pharmacology, 73(5), 691–705. 
https://doi.org/10.1111/J.1365-2125.2012.04167.X 

Weatherall, M., Wijesinghe, M., Perrin, K., Harwood, M., & Beasley, R. (2010). 
Meta-analysis of the risk of mortality with salmeterol and the effect of 
concomitant inhaled corticosteroid therapy. Thorax, 65(1), 39–43. 
https://doi.org/10.1136/THX.2009.116608 

Weinstein, A. G. (2015). Improving adherence to asthma therapies. Current Opinion 
in Pulmonary Medicine, 21(1), 86–94. 
https://doi.org/10.1097/MCP.0000000000000128 

Wenzel, S. E. (2012). Asthma phenotypes: The evolution from clinical to 

molecular approaches. Nature Medicine, 18(5), 716–725. 
https://doi.org/10.1038/NM.2678 

Williams, L. K., Peterson, E. L., Wells, K., Ahmedani, B. K., Kumar, R., Burchard, 

E. G., Chowdhry, V. K., Favro, D., Lanfear, D. E., & Pladevall, M. (2011). 
Quantifying the proportion of severe asthma exacerbations attributable to 
inhaled corticosteroid non-adherence. The Journal of Allergy and Clinical 
Immunology, 128(6), 1185 –1191.e2. 
https://doi.org/10.1016/J.JACI.2011.09.011 

Wu, A. C., Butler, M. G., Li, L., Fung, V., Kharbanda, E. O., Larkin, E. K., 
Vollmer, W. M., Miroshnik, I., Davis, R. L., Lieu, T. A., & Soumerai, S. B. 
(2015). Primary Adherence to Controller Medications for Asthma Is Poor. 
Annals of the American Thoracic Society, 12(2), 161–166. 
https://doi.org/10.1513/AnnalsATS.201410-459OC 

Yang, J. F., Chaudhuri, R., Thomson, N. C., Ramparsad, N., O’Pray, H., Barclay, 
S., MacBride-Stewart, S., McCallum, C., Sharma, V., McSharry, C., Murray, 
D., Shepherd, M., & Lee, W. T. N. (2018). Insights into frequent asthma 
exacerbations from a primary care perspective and the implications of UK 
National Review of Asthma Deaths recommendations. NPJ Primary Care 
Respiratory Medicine, 28(1), 35. https://doi.org/10.1038/S41533-018-0103-9 

Ye, Q., Xiao-Ou, & Anthony D’urzo, H. (2017). A Review on the Safety and 

Efficacy of Inhaled Corticosteroids in the Management of Asthma. 
Pulmonary Therapy, 3, 1-18. https://doi.org/10.1007/s41030-017-0043-5 

Zafari, Z., Lynd, L. D., FitzGerald, J. M., & Sadatsafavi, M. (2014). Economic and 

health effect of full adherence to controller therapy in adults with 

https://doi.org/10.1111/J.1365-2125.2012.04167.X
https://doi.org/10.1136/THX.2009.116608
https://doi.org/10.1097/MCP.0000000000000128
https://doi.org/10.1038/NM.2678
https://doi.org/10.1016/J.JACI.2011.09.011
https://doi.org/10.1513/AnnalsATS.201410-459OC
https://doi.org/10.1038/S41533-018-0103-9
https://doi.org/10.1007/s41030-017-0043-5


 

105 

uncontrolled asthma: A simulation study. The Journal of Allergy and Clinical 
Immunology, 134(4), 908-915.e3. https://doi.org/10.1016/j.jaci.2014.04.009 

https://doi.org/10.1016/j.jaci.2014.04.009


 

106 

ORIGINAL COMMUNICATIONS  



 

PUBLICATION 
I 

 

Inhaled corticosteroids and asthma control in adult-onset asthma: 12-year 
follow-up study 

Vähätalo I, Ilmarinen P, Tuomisto LE, Niemelä O, Kankaanranta H 

Respiratory Medicine 2018, 137, 70-76 

doi: 10.1016/j.rmed.2018.02.025. 

 

 

Publication reprinted with the permission of the copyright holders. 

 

  



 

 

 

 

 

 

 

 



Contents lists available at ScienceDirect

Respiratory Medicine

journal homepage: www.elsevier.com/locate/rmed

Inhaled corticosteroids and asthma control in adult-onset asthma: 12-year
follow-up study

Iida Vähätaloa,∗, Pinja Ilmarinena, Leena E. Tuomistoa, Onni Niemeläb,c, Hannu Kankaanrantaa,d

a Department of Respiratory Medicine, Seinäjoki Central Hospital, Seinäjoki, Finland
bDepartment of Laboratory Medicine, Seinäjoki Central Hospital, Seinäjoki, Finland
cUniversity of Tampere, Tampere, Finland
d Department of Respiratory Medicine, University of Tampere, Tampere, Finland

A R T I C L E I N F O

Keywords:
Asthma
Adult
Inhaled corticosteroids
Asthma-control
Prescription
Cumulative dose

A B S T R A C T

Background: Prescribed inhaled corticosteroid (ICS) doses in asthma have been studied in cross-sectional settings
whereas long-term follow-up studies have not been carried out.
Objective: To evaluate prescribed medication longitudinally by calculating cumulative ICS doses and dose
changes in a cohort of new-onset adult asthma during 12 years and in different groups of asthma control.
Methods: A total of 203 patients were followed for 12 years as part of Seinäjoki Adult Asthma Study (SAAS). All
asthma-related visits and prescribed medication over the study period were collected from medical records.
Results: Total cumulative ICS dose for the 12-year follow-up period was 3.4g (± SEM 0.1) per patient. Both
respiratory specialists and GPs prescribed step-ups and step-downs in ICS treatment and in total 649 dose
changes were noted during the follow-up (median 3(1–5) per patient). Patients with uncontrolled asthma re-
ceived higher ICS doses throughout the follow-up period, and therefore, cumulative 12-year ICS dose
(3.8g ± SEM 0.2) in this group was higher than that in those with partially controlled (3.4g ± SEM 0.2) or
controlled disease (2.9g ± SEM 0.2) (p=0.0001). Patients with uncontrolled asthma were also prescribed a
higher number of ICS dose changes than patients with controlled disease.
Conclusion: Despite frequent dose changes and high ICS doses during the 12-year follow-up, the level of asthma
control remained poor in patients with uncontrolled asthma. This suggests that high ICS doses may not be
effective enough for management of disease in patients with uncontrolled adult-onset asthma and novel targeted
treatments are required.

1. Introduction

Asthma is a heterogenic disease occurring in both adults and chil-
dren worldwide [1,2]. Age at disease onset has been shown to have a
significant role in distinguishing the phenotypes of asthma [3,4]. Re-
cent findings indicate that the majority of new-onset asthma cases occur
in adults [5,6]. The early-onset (childhood-origin) and adult-onset
asthma appear to be different with respect to several disease char-
acteristics [3,4]. For example, over 70% of the early-onset asthma pa-
tients have been predicted to remit while only< 5% remission rates
have been observed in patients with adult-onset asthma [7–9]. This
suggests that data from studies among patients with asthma-onset at
childhood may not be applicable to adult-onset forms of the disease.

Current guidelines recommend inhaled corticosteroids (ICS) as the
basis of initial controller treatment [2]. Control-based management of

asthma means that treatment is adjusted based on a continuous cycle of
assessment, treatment, and review of the patient's response in both
symptom control and future risks [2]. In patients with increased asth-
matic symptoms and/or exacerbations of the disease, step-up of the
treatment is recommended. Before the era of different add-on therapies
such as long-acting bronchodilators or leukotriene antagonists, an in-
crease in the dose of ICS was the recommended step-up in the therapy
and this option remains an effective second line option even in the
current guidelines [2] and especially if exacerbations of asthma prevail
[2,10]. Several factors such as correct use of inhalers and adherence to
the treatment affect the outcome of the disease and have been described
to be major barriers for successful treatment [11,12]. Another factor
less studied is adherence to treatment guidelines, i.e. whether correct
treatment is prescribed. This has been examined in some register-based
and cross-sectional studies which have indicated that the prescribing

https://doi.org/10.1016/j.rmed.2018.02.025
Received 13 December 2017; Received in revised form 26 February 2018; Accepted 28 February 2018

∗ Corresponding author. Department of Respiratory Medicine, Seinäjoki Central Hospital, FIN-60220 Seinäjoki, Finland.
E-mail addresses: iida.vahatalo@epshp.fi (I. Vähätalo), pinja.ilmarinen@epshp.fi (P. Ilmarinen), leena.tuomisto@epshp.fi (L.E. Tuomisto), onni.niemela@epshp.fi (O. Niemelä),

hannu.kankaanranta@epshp.fi (H. Kankaanranta).

Respiratory Medicine 137 (2018) 70–76

Available online 02 March 2018
0954-6111/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/09546111
https://www.elsevier.com/locate/rmed
https://doi.org/10.1016/j.rmed.2018.02.025
https://doi.org/10.1016/j.rmed.2018.02.025
mailto:iida.vahatalo@epshp.fi
mailto:pinja.ilmarinen@epshp.fi
mailto:leena.tuomisto@epshp.fi
mailto:onni.niemela@epshp.fi
mailto:hannu.kankaanranta@epshp.fi
https://doi.org/10.1016/j.rmed.2018.02.025
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rmed.2018.02.025&domain=pdf


practices of ICS may need further improvement [13–17]. It appears that
the adherence to the guidelines may also be different between specia-
lists and general practitioners (GPs) [16,17]. Discontinuation of the
controller treatment has been reported to be common in children
managed in primary care [18]. However, there is paucity of information
concerning ICS therapy in long-term settings. It may, however, be ex-
pected that because the remission rate is low in patients with adult-
onset asthma [8,9] the prescribed ICS dose should increase cumula-
tively over the years.

In light of the fact that the achievement of good disease control is
the target of asthma management, relatively little is known on the long-
term variability in asthma control. Even though some interventional
studies have shown that good asthma control can be achieved by
stepping up treatment or by follow-up interventions [19,20], surpris-
ingly large proportion of patients remain uncontrolled after stepping up
the therapy [12]. Factors such as smoking and concurrent chronic ob-
structive disease, obesity, male sex and rhinitis have been reported to
associate with an increased risk of uncontrolled asthma [8,21]. This
suggests that a poor disease control may result from several events
occurring longitudinally. Therefore, it can be hypothesized that the
status of current uncontrolled asthma can be traced back by following
prescribed medication for asthma over the past years. Moreover, our
aim was to assess the extent to which the initial ICS therapy is changed
in real-life in new-onset adult-asthma patients.

2. Methods

2.1. Patients and study design

The current study was part of Seinäjoki Adult Asthma Study (SAAS),
which is a prospective single-center (Seinäjoki Central Hospital,
Seinäjoki, Finland) 12-year follow-up study containing 257 consecutive
patients with diagnosis of new-onset adult asthma. All adult age (≥15
years) newly diagnosed patients were included during the period of
1999–2002. Institutional permissions were obtained and study partici-
pants gave written informed consent of the study protocol approved by
the Ethics committee of Tampere University Hospital, Tampere,
Finland.

The schematic presentation of the study is shown in Fig. 1. The
study protocol has been published separately [22]. Patients were con-
secutively included in the study if all of the following criteria were
fulfilled: 1) new-onset asthma diagnosed by respiratory specialist 2)
confirmation of diagnosis by lung function measurements showing re-
versible obstruction 3) symptoms of asthma 4) age ≥15 years. Patients
with comorbidities, other lung diseases, and history of smoking were
included. The study was divided into two parts: collection of the ori-
ginal cohort and the 12-year follow-up visit (Fig. 1). At the baseline
visit data was collected on symptoms, lung function, demographics and
initial medication as previously described [23,24]. Patients were fol-
lowed up for 12 years (mean 12.2 years, range 10.8–13.9 years) after
the diagnostic visit. From the original cohort of 257 patients, 203 re-
turned to the 12-year control visit in which asthma status, medication,
control, and lung function were evaluated [8,23–25]. Asthma-related
visits [24] and medication information were collected from the whole
12-year follow-up period from medical records (Fig. 1).

2.2. Medication information and ICS dose calculations

Prescribed medications and dose calculations were carried out
based on the data obtained from all asthma-related visits (Fig. 1). Focus
in this study was in ICS (including ICS-LABA combination inhalers). All
ICS doses were converted into budesonide equivalents [2,26]. High
dose was determined as daily dose over 800 μg and medium dose over
400–800 μg2. If medication information was inadequate, it was calcu-
lated based on previous confirmed information. If the prescribed dose
ranged the calculations were made by using the smallest dosing possi-
bility (e.g. 1 or 2 inhalations twice daily was calculated as 1 inhalation
twice daily). Medication gaps over 9 days and medication changes over
14 days were taken into consideration.

2.3. Asthma control

Patients were separated into three groups by their asthma control at
follow-up visit which was defined according to the Global Initiative for
Asthma (GINA) 2010 guideline [27] as previously reported [8]. Patients
with controlled asthma were defined by fewer symptoms, normal lung

Abbreviations

ACT Asthma control test
AQ20 Airways questionnaire 20
BD Bronchodilator
BMI Body mass index
FeNO Fraction of NO in exhaled air
FEV1 Forced expiratory volume in 1 s

FVC Forced vital capacity
HFA Hydrofluoroalkane propellant
ICS Inhaled corticosteroid
LABA Long-acting β2 agonist
LTRA Leukotriene receptor antagonist
OCS Oral corticosteroids
SABA Short-acting β2-agonist

Fig. 1. Flow chart of Seinäjoki Adult Asthma Study (SAAS).
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function and rare usage of reliever medication. Patients with partially
controlled asthma may have had 1-2 of the following features: day or
nighttime symptoms, need for rescue treatment, decreased lung func-
tion or limitation of activities due to asthma. When defining patients
with uncontrolled asthma, three or more of those features were re-
quired.

2.4. Statistical analysis

The results are shown as mean ± SD, or median (interquartile
range) but annual cumulative and daily doses are represented as
mean ± SEM for clarity. Baseline and follow-up values were compared
by using paired samples t-test, related samples Wilcoxon signed rank
test or McNemar test. Comparison of three control groups were ana-
lyzed by using one-way ANOVA with Tukey's post hoc test, Pearson Chi-
Square test or independent samples Kruskal-Wallis test. To analyze
differences in cumulative dose of ICS and annual daily ICS dose be-
tween three control groups two-way ANOVA was used. A P-value<
0.05 was regarded as statistically significant. Statistical analysis were
performed using SPSS software, version 24 (IBM SPSS, Armonk, NY,
USA) and GraphPad Prism software, version 7.03 (GraphPad, La Jolla,
CA, USA).

3. Results

3.1. Characteristics of the study patients

The main characteristics of the study population (n=203) are
shown in Table 1 [8]. The majority of patients were non-atopic (63%)
and females (58%) and half of the patients were current or ex-smokers.
Patients were more obese, had better spirometry values and lower
blood eosinophil count at the 12-year follow-up visit than at baseline.
Symptom score (AQ20) was lower at the follow-up visit than at base-
line. During the diagnostic visit (baseline), 8% of the patients used
inhaled corticosteroids (ICS) whereas 76% reported to be daily ICS
users at the follow-up visit [8].

3.2. Annual prescribed daily and cumulative ICS doses

To visualize prescribed anti-inflammatory medication for asthma in
the whole study population, the average annual daily inhaled corti-
costeroid (ICS) dose and cumulative dose were calculated (Fig. 2). The
highest average annual ICS dose was 939 μg (± SEM 25) among the
study population which was reached one year after the diagnosis
(Fig. 2). The average total cumulative dose of ICS for the whole 12-year
follow-up period was 3.4g (± SEM 0.1) per patient. The annual cu-
mulative averages consist of individual patient profiles (eFigures 1–4)
where each change in slope represents the change in dose of ICS and the
steeper the change in slope the bigger the change in dose. Of the study
cohort 87.2% (n=177) had at least one change in ICS dose. Taking all
increases and decreases into account 649 dose changes occurred among
study population (median 3 (1–5) per patient) in 12-year study period.
Of the increases (N= 281) 38.4% were prescribed by respiratory spe-
cialist and 61.6% by GP (general practitioner) and of the decreases
(N= 368) 56.5% were prescribed by respiratory specialist and 43.5%
by GP. Daily ICS was discontinued and ICS were continued on as needed
basis until follow-up visit in 9 patients (4%). In addition, 13 patients
(6.4%) had a period when ICS were used on as needed basis but later on
regular daily ICS was prescribed again.

3.3. Asthma control

At the 12-year follow-up visit asthma control was evaluated and the
patients were divided into three groups according to their asthma
management level: controlled (n=69), partially controlled (n= 74)
and uncontrolled (n=60) [8]. Characteristics of the groups are shown

in Table 2. Patients with uncontrolled asthma were more often males,
older and used higher dose of inhaled corticosteroids than patients with
controlled asthma [8]. Daily add-on drugs were more often used in
patients with uncontrolled than in patients with partially or controlled
asthma. Lung function was higher in patients with controlled asthma
than patients with partially or uncontrolled asthma. However, no dif-
ference was found in inflammatory parameters such as blood eosinophil
counts, FeNO or total IgE between the three groups.

3.4. Annual cumulative and daily ICS doses in asthma subgroups

To evaluate how the level of asthma control affects prescribing of
medication for the patient, we studied average annual cumulative and
daily doses of ICS in the study subgroups. Patients with controlled,
partially controlled and uncontrolled asthma had significantly different
(p < 0.0001) cumulative doses of ICS during the 12-year study period
(Fig. 3). Patients with controlled asthma had the lowest total cumula-
tive dose of ICS (2.9g ± SEM 0.2) whereas patients with uncontrolled
asthma had the highest total cumulative dose of ICS (3.8g ± SEM 0.2).
Patients with uncontrolled asthma had higher annual daily dose of ICS
versus patients with controlled asthma from 2 to 12 years after diag-
nosis (p < 0.05) (Fig. 4). When comparing patients with controlled
and partially controlled asthma, the average annual daily ICS dose
differed significantly only at two follow-up years (2 and 12- years after
diagnosis). The highest annual daily average dose of ICS was 981 μg
(± SEM 72) with uncontrolled asthma patients at tenth year after di-
agnosis and the lowest was 635 μg (± SEM 48) with controlled asthma
patients 12 years after diagnosis. The current guideline [2] suggests
that asthma therapy should be stepped down once good asthma control
has been achieved and maintained for about 3 months. Even though
current control-based treatment strategy was not in use during the early
phase of this study, the decrease in the mean ICS dose in the second
year in the group having currently well-controlled asthma suggest that
in this group relatively good symptom control was achieved and the ICS
dose was reduced (Fig. 4).

Table 1
Characteristic of the study patients (n=203).a

Baseline
(n= 203)

Follow-up
(n= 203)

p value

Age (y) 46 (14) 58 (14) <0.001
Female gender n (%) 118 (58.1) 118 (58.1)
BMI, kg/m2 27.1

(24.2–29.8)
28.1 (24.4–31.3) <0.001

Smokers (incl. ex) n (%) 103 (50.7) 107 (52.7) 0.125
Post-bd FEV1% pred 88 (77–99) 90 (80–98) 0.013
Post-bd FVC % pred 94 (82–102) 98 (88–107) <0.001
Post-bd FEV1/FVC 0.79

(0.75–0.85)
0.75 (0.69–0.81) <0.001

Blood eosinophils (109/l) 0.28
(0.15–0.42)

0.17 (0.10–0.27) <0.001

Total IgE (kU/l) 84 (35–174) 61 (24–163) 0.046
AQ20 score 7 (4–10) 4 (2–7) <0.001
Daily ICS use n (%) 16 (8.0) 155 (76.4) <0.001
Daily ICS dose, μg budesonide

equivalents of daily users
800 (400–1000)

Daily LABA n (%) 96 (47.3)
Daily add-on drug n (%) 103 (50.7)
Daily LTRA n (%) 27 (13.4)
Daily theophylline n (%) 4 (2)
Daily tiotropium n (%) 8 (3.9)

a A part of the data has been previously reported [8]. Data are presented as n (%),
mean (SD) or median (interquartile range), unless otherwise stated. BMI= body mass
index, ICS= inhaled corticosteroid, BD=bronchodilator, LABA= long-acting β2-ago-
nist, LTRA= leukotriene receptor antagonist, FEV1= forced expiratory volume in 1 s,
FVC= forced vital capacity, AQ20= airways questionnaire 20.
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3.5. Dose changes in asthma subgroups

To analyze other possible differences in prescribed ICS medication
according to the status of asthma control, we compared the number of
changes in ICS dose between the subgroups. Of the patients with un-
controlled asthma, 87% had at least one change in dose, and altogether
235 dose changes were needed to these patients within 12 year follow-
up period. The differences between dose changes in control groups are
shown in Fig. 5 where each change in slope indicates a change in ICS
dose. The median number of dose changes was 4 (2–6) per patient with
uncontrolled asthma and 2 (1–4) per patient with both partially con-
trolled as well as controlled asthma. Statistically significant difference
was seen in the number of dose changes between patients with un-
controlled and controlled asthma (p= 0.016) and also a similar ten-
dency (p=0.055) was observed between the patients showing un-
controlled and partially controlled disease. Respiratory specialist
increased ICS dose significantly more often in patients with un-
controlled asthma than in controlled asthma (Table 3).

4. Discussion

In this study we evaluated annual daily and cumulative doses of ICS
from diagnosis to 12-year follow-up visit in patients with adult-onset
asthma, in the total cohort and in patients having different levels of
disease control. Concordant with the low rate of remission in adult-
onset asthma the prescribed ICS dose increased in a cumulative manner.
Cumulative and average annual daily dose of ICS were significantly
higher in patients with uncontrolled asthma when compared to patients
with controlled asthma through the 12-year study period. Patients with
uncontrolled asthma also needed higher numbers of ICS dose changes.
These results suggest that in adult-onset asthma the status of un-
controlled disease is not a momentary event but rather reflects poor
asthma control long-term which may not be responsive to current
therapeutic strategies.

Cross-sectional studies have revealed trends in ICS prescribing for
adults and children [13–15,17,18] but follow-up studies concerning

Fig. 2. Average prescribed annual daily inhaled corticosteroid (ICS) dose and cu-
mulative dose among study population (n=203). The data are presented as
mean ± SEM.

Table 2
Characteristics of asthma patients at 12-year follow-up visit (n= 203).a

Controlled n=69 Partially controlled n= 74 Uncontrolled n= 60 p value

Age (y) 54 (14) 60 (12)* 61 (13)* 0.005
Female gender n (%) 48 (69.6) 42 (56.8) 28 (46.7)* 0.030
BMI, kg/m2 27.7 (4.8) 28.9 (5.8) 29.1 (6.1) 0.324
Smokers (incl. ex) n (%) 25 (36.2) 45 (60.8)* 37 (61.7)* 0.003
Daily ICS use n (%) 47 (68.1) 57 (77.0) 51 (85.0) 0.078
ICS daily dose μg budesonide equivalents of daily users 550 (400–1000) 800 (713–1000) 1000 (400–1350)* 0.016
Daily SABA n (%) 2 (2.9) 7 (9.5) 14 (23.3)* <0.001
Daily LABA n (%) 19 (27.5) 36 (48.6)* 41 (68.3)* <0.001
Daily add-on drug n (%) 20 (29) 38 (51.4)* 45 (75)*# <0.001
Daily LTRA n (%) 4 (5.8) 11 (14.9) 12 (20.3)* 0.049
Daily theophylline n (%) 0 (0) 2 (2.7) 2 (3.3) 0.338
Daily tiotropium n (%) 0 (0) 0 (0) 8 (13.3)*# <0.001
Use of oral corticosteroid courses for asthma n (%) 15 (22.1) 24 (32.4) 26 (44.8)* 0.025
Comorbidities 1 (0–2) 1 (0–2) 2 (1–3)*# <0.001
Post-bd FEV1% pred 96 (91–102) 89 (79–98)* 81 (64–94)*# <0.001
Post-bd FVC % pred 102 (93–110) 96 (85–105) 95 (83–105)* 0.007
Post-bd FEV1/FVC 0.77 (0.73–0.83) 0.76 (0.69–0.81) 0.71 (0.61–0.78)*# <0.001
Blood eosinophils (109/l) 0.16 (0.12–0.28) 0.18 (0.09–0.28) 0.19 (0.09–0.27) 0.870
FeNO (ppb) 12 (6–19) 10 (5–20) 11 (5–18) 0.533
AQ20 score 2 (0–4) 4 (2–6)* 8 (5–11)*# <0.001
ACT score 24 (22–25) 22 (20–24)* 18 (14–21)*# <0.001

a Part of the data has been previously reported [8]. Data is presented as n (%), mean (SD) or median (interquartile range).* indicates p < 0.05 versus controlled and# indicates
p < 0.05 versus partly controlled. BMI = body mass index, ICS = inhaled corticosteroid, BD = bronchodilator, SABA = short-acting β2-agonist, LABA = long-acting β2-agonist,
LTRA = leukotriene receptor antagonist, FEV1= forced expiratory volume in 1 s, FVC= forced vital capacity, FeNO= fraction of NO in exhaled air, AQ20= airways questionnaire 20,
ACT= asthma control test.

Fig. 3. Average of annual prescribed cumulative dose of inhaled corticosteroid
(ICS) in asthma subgroups based on different level of asthma control. The data are
presented as mean ± SEM. P-value indicates the difference between three slopes ana-
lyzed by two-way ANOVA.
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individual patient's medication use longitudinally have not been carried
out so far. The remission rate in childhood asthma have been evaluated
and it appears to be significantly higher than in patients with adult-
onset asthma [7,8]. Discontinuation of asthma medication has been
reported to be common in children reflecting the low use of medication
longitudinally in patients with early-onset asthma [18]. In our patients
with adult-onset asthma cumulative dose of ICS increased during the 12
year follow-up and this combined with relatively low remission rate
may indicate more persistent and difficult manifestations of the disease.
Moreover, this is supported by the observed low rate (4%) of dis-
continuation of prescribed daily ICS treatment in all patients with
adult-onset asthma.

Patients with uncontrolled asthma were treated with higher ICS
doses than patients with partially and controlled asthma almost for the
entire 12-year follow-up period, and therefore the cumulative dose of

ICS increased most steeply in patients with uncontrolled disease. The
average total cumulative prescribed dose of ICS 12 years after diagnosis
in these patients was 33% higher than that in patients with controlled
disease. In addition, the average annual daily dose was the highest in
patients with uncontrolled asthma when compared to patients with
controlled or partially controlled asthma 12 years from the diagnosis.
The average annual daily dose ranged from 872 μg to 981 μg in patients
with uncontrolled asthma, indicating that most patients were treated
with high ICS dose throughout the 12-year study period. Partially
controlled patients started with high dose of ICS but the dose declined
during the first five years after diagnosis and then begun to increase.
Treatment with high dose ICS was started also in controlled patients but
the annual daily dose decreased to medium level during the first two
years from diagnosis. These results are in line with guidelines [2] re-
commending to increase the controller medication if asthma remains
uncontrolled by the current therapy and to decrease the dose when
asthmatic symptoms have remained well-controlled for 3 months.

The need for high cumulative and average annual daily ICS doses in
patients with uncontrolled asthma suggest that the status of disease
control is not a momentary event but develops longitudinally as a result
of several precipitating factors. The determinants which may contribute
to inadequate asthma control include obesity, smoking and non-
adherence to treatment [2,8,21]. Also incorrect use of inhaler devices
and poor inhaling techniques are possible reasons leading to worsening
of the asthma control [12]. It is commonly known that adherence to ICS
treatment is unsatisfactory affecting management of asthma [11,28].
The risk factors for poor adherence have been studied and patients with
milder asthma seem to be more non-adherent to the treatment com-
pared with patients having moderate to severe symptoms of asthma
[29,30]. This study was not planned to evaluate adherence to asthma
treatment but to establish basis for these studies by observing pre-
scribing practices of ICS in detail in long-term follow-up.

While assessing controller treatment and possible changes to ICS
therapy the disease control, responsiveness to treatment and future
risks must be taken into account for finding the appropriate step-up or

Fig. 4. Average of annual daily prescribed dose of inhaled corticosteroid (ICS) in
asthma subgroups based on different level of asthma control. The data are presented
as mean ± SEM. * indicates p < 0.05 versus controlled group analyzed by one-way
ANOVA with Tukey's post hoc test or independent samples Kruskal-Wallis test.

Fig. 5. Cumulative dose of prescribed inhaled corticosteroid (ICS) for individual patients in controlled A (n= 69), partially controlled B (n=74) and uncontrolled C (n= 60) subgroups.
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step-down phases in treatment [2,15]. A previous study examined the
effects of step-up treatment to uncontrolled adult asthma patients and
showed that in spite of the optimization of the treatment most patients
continued to show inadequately controlled asthma [12]. In our study
patients with uncontrolled asthma had significantly more ICS dose
changes and increases in ICS dose than patients with controlled asthma
during 12-year follow-up period suggesting that physicians have tried
to improve the management of asthma by changing the ICS dose of
uncontrolled patients. On the other hand, in patients with stable asthma
the reduction of medication has not been connected to increased risk to
recurrence of symptoms and loss of asthma control [31–33]. In our
study both respiratory specialists and general practitioners had pre-
scribed reductions in ICS treatment for all study subgroups. Moreover,
we showed that patients received more decreases than increases in dose
during follow-up.

Seinäjoki Adult Asthma Study is a 12-year follow-up study of real-
life new-onset adult asthma patients revealing information on pre-
scribed ICS to consecutive adult asthma patients in a long-term follow-
up setting. Many of the previous studies concerning prescribing prac-
tices are cross-sectional by nature. These studies included populations
from different databases indicating that the cohort may be selected, and
therefore patients or physicians outside these databases are excluded
from the study cohort [13,16,18]. SAAS represents an extensive 12-year
follow-up of patients including information on all asthma-related visits
and prescribed medication over the years. Moreover, all new-onset
adult asthmatics including patients with comorbidities, other lung
disease, and history of smoking were included, and therefore the study
cohort well represents the general adult population with asthma
[8,23,24].

Our real-life setting establishes some possible sources of error into
the results. Because physician's markings were not always complete in
medical records, some shortage of information was observed. On the
other hand, this kind of shortage is part of the treatment of every
asthma patients in real-life. In case of inadequate information on
medication, the calculations had to be made based on general as-
sumptions. However, the study is a long-term follow-up, and therefore
single shortcomings in medication information do not presumably have
a major effect on the results. In the previous study concerning asso-
ciation between prescribing practices and uncontrolled asthma the level
of asthma control was evaluated without lung function tests while we
elucidated the level of asthma control with GINA 2010 recommenda-
tions where lung function tests were systematically a part of the disease
assessment [27,34]. The questionnaire-based tests are clinically useful
but when evaluating asthma control without lung function tests in-
accuracy of assessment is possible [35,36].

Our findings show that prescribed longitudinal medication in pa-
tients with uncontrolled asthma differs markedly from partially and
controlled patients. The annual average daily dose was significantly
higher in patients with uncontrolled asthma than in patients with
controlled asthma for almost the entire 12-year study period. Despite
having many dose changes and treatment with high ICS dose during the
12-year follow-up, the level of asthma control remained poor in these
patients at the 12-year follow-up visit. Current guidelines underline the
adjustment of controller treatment to achieve good asthma control but

our patients with poorly controlled asthma remained uncontrolled de-
spite of high dose ICS treatment suggesting its limited benefit [2]. These
findings indicate that general recommendations are not suitable for all
patients with asthma. Our results also raise a question on the need for
development of phenotype-specific drug treatment for those adult
asthmatics being unresponsive to ICS. Steps towards phenotype-specific
treatment of asthma have been recently taken since the uncontrolled
allergic asthma patients have anti-IgE (omalizumab) as one of the
treatment options and patients with severe eosinophilic asthma can be
treated with anti-IL-5 antibodies (mepolizumab or reslizumab)
[2,37–39]. In addition to allergic and eosinophilic asthma, our results
suggest that the development of novel targeted therapies is needed also
for other phenotypes to achieve good asthma control. Our previous
cluster analysis concerning patients with adult-onset asthma showed
that patients with phenotypes of obesity-related or smoking asthma had
more often uncontrolled asthma as compared to patients with non-
rhinitic, female or atopic asthma [24]. Step-up in treatment did not
seem to improve the outcome of asthma in uncontrolled patients,
therefore patients with obese-related or smoking asthma may benefit
more of changes in lifestyle than increase in ICS dose [3,24,40]. Even
though the benefits of higher dose of ICS have been shown to prevent
exacerbations, the effects are shown to be limited in enhancing lung
function and symptom-control [10]. This may be one of the explana-
tions why high ICS dose seems to have only limited benefits in patients
with uncontrolled asthma.

Taken together, we showed for the first time that in adult-onset
asthma patients followed over a period of 12 years the prescribed ICS
dose increased in a cumulative manner and prescription discontinua-
tion was rare. This is in line with the low remission rate in adult-onset
asthma. Patients with uncontrolled asthma received higher ICS doses
throughout the follow-up period, and as a consequence, cumulative ICS
dose 12 years after diagnosis was higher than in those with partially
controlled and controlled disease. This suggest that the increase in ICS
dose may not to be effective enough for the management of asthma in
patients with uncontrolled adult-onset disease and novel targeted
treatments are required. Consequently, the patients with uncontrolled
asthma should receive special attention in asthma follow-ups.
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Table 3
Changes in ICS doses among patients with different level of asthma control and the proportion of changes made by respiratory specialist.

Controlled n=69 Partially controlled n= 74 Uncontrolled n= 60 p value

Dose changes N 195 219 235* 0.012
Increase in dose N (%) 77 (39) 98 (45) 106 (45)* 0.010
Increase in dose made by respiratory specialist N (%) 24 (31) 39 (40) 45 (42)* 0.035
Decrease in dose N (%) 118 (61) 121 (55) 129 (55)# 0.034
Decrease in dose made by respiratory specialist N (%) 60 (51) 81 (67) 67 (52) 0.470

Data are presented as N (%). * indicates p < 0.05 versus controlled and # indicates p < 0.05 versus partially controlled analyzed by one-way ANOVA with independent samples
Kruskal-Wallis test. n, number of patients, N, number of dose changes.
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ABSTRACT Adherence to inhaled corticosteroids (ICS) has been suggested to be poor but long-term
follow-ups are lacking. The objective of the present study was to assess adherence to ICS treatment in
patients with adult-onset asthma during 12-year follow-up.

A total of 181 patients with clinically confirmed, new-onset adult asthma were followed for 12 years as
part of the Seinäjoki Adult Asthma Study. Adherence to ICS was assessed individually as the percentage of
true dispensed ICS in micrograms per true prescribed daily ICS in micrograms over 12 years.

Mean 12-year adherence to ICS was 69% (mean±SD dispensed 2.5±1.8 g and prescribed 3.6±1.5 g
budesonide equivalent per patient for 12 years), annual adherence varying between 81% (year 1) and 67%
(year 12). Patients with good 12-year adherence (⩾80%) used oral corticosteroids more often, and had
add-on drugs in use and asthma-related visits to healthcare more often. In addition, they showed less
reversibility in forced expiratory volume in 1 s and had higher peripheral blood neutrophil counts.
However, lung function decline was steeper in patients with poorer adherence (<80%) and this association
remained in multiple linear regression analysis. No difference was found in symptom scores, blood
eosinophil counts, exhaled nitric oxide or immunoglobulin E between the patients with different levels of
adherence.

In patients with adult-onset asthma, adherence to ICS was moderate. Poorer adherence (<80%) to ICS
was associated with more rapid decline in lung function but was not associated to symptoms or markers
of inflammatory endotypes.
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Mean long-term adherence to ICS treatment is 69% in patients with confirmed adult-onset
asthma. While good ICS adherence (⩾80%) is associated with features of more severe asthma,
poorer adherence (<80%) predicts more rapid lung function decline. http://bit.ly/37mvh74
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Introduction
Inhaled corticosteroids (ICS) are the basis of asthma treatment, reducing airway inflammation, improving
lung function, controlling symptoms and reducing exacerbations [1, 2]. When evaluating whether the
patients take their medication as prescribed, one of the most settled terms is “medication adherence”,
consisting of three essential elements: initiation, implementation and persistence [3]. Objective methods,
such as electronic monitoring and electronic health records, or subjective methods, like patient reports,
can be used to address medication adherence. Whichever the method used, adherence to ICS treatment
has been suggested to be poor [4].

The age of asthma onset has been shown to be a significant factor in distinguishing the phenotypes of
asthma [5, 6]. Although a substantial proportion of asthma originates in childhood, recent data from the
USA and Finland show that asthma diagnosed at adult age is common, and is in fact the dominant
phenotype among women aged 35–40 years [7–9]. Patients with late-onset asthma are usually nonatopic
and their response to corticosteroids is poorer than in patients with early-onset disease, and therefore they
require more tailored medication [5, 6]. Moreover, asthma rarely remits in patients with adult-onset
asthma [5, 6, 10, 11]. Even though many different characteristics of the adult-onset asthma phenotype
have been described, adherence to medication remains unstudied.

Possible consequences of poor ICS adherence are decline in lung function, poorer symptom control and
quality of life, and increase in asthma-related hospitalisations and costs [12–17]. Low adherence rates have
also been associated with increased mortality and morbidity [4, 15, 18]. However, previous studies have
usually been cross-sectional or short-term follow-ups and very little is known about the variation of
medication adherence between and within persons in long-term treatment. In addition, to enhance reliable
comparison of the results of adherence studies, variability in associated calculations and terms needs
attention. Many studies based on medical records have used the best information available but the
shortages in prescription or dispensation data have led to assumptions in adherence calculations [19–22].
In addition, previous studies have had shortages of information concerning diagnostic criteria, age of
asthma onset and duration of asthma, which may all be factors influencing the results [22–25]. Though
adherence to ICS has been <50% in recent studies, we hypothesised that when patients have a confirmed
diagnosis of asthma and regular ICS in use, they would have better medication adherence than previously
described. Therefore, our aim was to assess adherence and its variability in long-term ICS treatment in
real-life new-onset adult asthma patients with confirmed diagnoses during 12-year follow-up by using full
coverage dispensing data and true prescribed medication.

Methods
Study design and patients
This study is part of Seinäjoki Adult Asthma Study (SAAS), which is a prospective 12-year follow-up
study of 257 patients with diagnoses of new-onset adult asthma. Patients were consecutively included in
the study during the period 1999–2002 if all of the following criteria were fulfilled: 1) new-onset asthma
diagnosed by a respiratory specialist; 2) confirmation of diagnosis by lung function measurements showing
variable or reversible obstruction; 3) symptoms of asthma; and 4) age ⩾15 years (tables S1 and S2).
Importantly, patients with comorbidities or smoking history were not excluded. Study participants gave
written informed consent to the study protocol approved by the ethics committee of Tampere University
Hospital, Tampere, Finland. More than 94% of the patients diagnosed with novel asthma at the study site
were recruited to the study [11]. In 2001, the study population represented >38% of all novel diagnoses of
asthma made in adults in the whole geographical area [26].

The study protocol has been published previously [27]. A schematic presentation of the study is shown in
figure 1. The study was divided in two parts: collection of the original cohort (baseline) and the 12-year
follow-up visit. At the baseline visit, data were collected on symptoms, lung function, demographics and
initial medication [26]. Patients were followed for 12 years (mean 12.2 years, range 10.8–13.9 years) after the
diagnostic visit. From the original cohort of 257 patients, 203 (79%) returned to the 12-year follow-up visit
in which asthma status, medication, control and lung function were evaluated (supplementary material). All
asthma-related visits and medication information were collected from the whole 12-year follow-up period
from medical records. At the baseline visit, regular ICS medication was prescribed, and each patient received
asthma education and self-management instructions according to Finnish Asthma Programme [28]. To
ensure that the study population included only patients with regular ICS medication, we excluded patients
for whom ICS was prescribed only as needed at any point in the follow-up period (figure 1).

Computation of adherence
The prescribed dose in each patient for the whole 12-year period was calculated based on medication records
as previously described [29]. Shortly, we converted all prescribed ICS doses (ICS in both separate and
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combination inhalers) to budesonide equivalents and based on that information, calculated annual
prescribed ICS medication for each patient. The dispensed ICS and oral corticosteroids were obtained from
the Finnish Social Insurance Institution, which records all purchased medication from all Finnish pharmacies
(supplementary material). Adherence to ICS was determined as previously described [3], consisting of
initiation, implementation and persistence (supplementary material). The 12-year adherence was calculated
by using formula 1 and annual adherence was calculated for each patient by using formula 2 (supplementary
material). For comparing adherence groups, we used the most common cut-point of 80% [4, 21, 22].

12-year adherence (%) ¼ 12-year cumulative dispensed dose of ICS (mg)
12-year cumulative prescribed dose of ICS (mg)

� 100 (1)

Annual adherence (%) ¼ yearly dispensed dose of ICS (mg)
yearly prescribed dose of ICS (mg)

� 100 (2)

Statistical analyses
The data are presented as mean±SD or median (interquartile range) except in figures, where annual
cumulative and daily doses are represented as mean±SEM for clarity. Comparison of groups with ⩾80% or
<80% adherence was analysed by using independent-sample t-tests and Mann–Whitney U-tests for
normally and non-normally distributed continuous variables, respectively, and Pearson Chi-squared or
Fisher’s exact test for categorical variables. To analyse differences between prescribed and dispensed ICS
doses in both cumulative and annual manners, the individual patient’s area under curve (AUC) was
defined and mean AUC values were compared by using paired-samples t-tests. A multivariable logistic
regression was performed to predict oral corticosteroid use and multiple linear regression analysis was
performed to analyse factors associated with forced expiratory volume in 1 s (FEV1) decline as previously
described [30]. The correlation matrix was analysed and explanatory variables not strongly correlated
(r<0.7) were included in the analysis. In the linear regression analysis, outliers were removed to ensure
homoscedasticity (supplementary material). A p-value <0.05 was regarded as statistically significant.
Statistical analyses were performed by using IBM SPSS statistics software, version 24 (IBM SPSS, Armonk,
NY, USA) and GraphPad Prism software, version 7.03 (GraphPad, La Jolla, CA, USA).

Baseline visit

1999–2002

n=260

Diagnosis of new-onset adult asthma

Lung function measurements

Symptoms of asthma

Age ≥15 years

Follow-up visit

2012–2013

n=203

Response rate 79%

Regular prescribed

ICS medication for the whole 

12-year follow-up period

n=181

The collection of asthma-related

visits and medication information

Excluded n=3

  Consent withdrawal n=1

  Childhood asthma n=2

Patients lost to follow-up n=54

  Dead n=22

  Could not be reached n=9

  Refused; comorbidities n=5

  Refused; other reasons n=18

Excluded

  ICS medication prescribed only as

     needed at some point n=22

FIGURE 1 Flowchart of the study. ICS: inhaled corticosteroids.
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Results
Patient characteristics
The main characteristics of study patients are shown in table S3. The majority of the patients were female
(60%) and half of the patients were current or ex-smokers. At the follow-up visit, patients had higher body
mass index (BMI), FEV1 and forced vital capacity (FVC), but lower blood eosinophil counts and symptom
scores (Airway Questionnaire 20) than at the baseline.

Long-term adherence for 12 years
The mean 12-year adherence to ICS was 69% across all 181 patients (dispensed ICS 2.5±1.8 g and
prescribed ICS 3.6±1.5 g budesonide equivalent per patient for 12 years) (figure 2). To visualise the
variation in the long-term adherence in the whole study population, we determined annual adherence for
each patient individually. The mean annual adherence gradually declined from year 1 (81%) to year 12
(67%) (figure 3). The prescribed annual daily ICS doses for study patients were high (on average, >800 µg)
but patients dispensed significantly lower doses (on average, <800 µg budesonide equivalent) of ICS during
the 12-year follow-up (figure 4). If calculated by using the maximum value of the dose range in the
prescription instead of the mean value of the range (e.g. in a subject who was prescribed budesonide/
formoterol 200/6 µg, one to two puffs twice a day), it affected the mean 12-year adherence by −4.4%.
Smoking status or comorbidities did not affect the mean 12-year adherence values (data not shown).
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Changes in adherence over 12 years
The proportion of adherent patients (⩾80%) was highest during the first year after the diagnosis (figure 5). Of
the study patients, 17 (9%) had annual ICS adherence rates >80% during the whole 12-year follow-up period.
In addition, 55 (30%) of the patients had annual adherence that was always >50%. Annual nonadherence
(annual adherence rate 0%) ranged from 6.6% to 20.4% but on average, 14.5±4.6% of the patients were
nonadherent during the 12 years (figure 5b). The total number of patients having an annual nonadherent
period at least once was 67 (37%), and 1% of the patients failed to collect their first treatment prescription
(initiation) [3] and were fully nonadherent to ICS therapy during the whole 12-year follow-up period.

Comparison of patients with good or poor 12-year adherence
Average prescribed ICS doses were similar in patients with better (⩾80%) and poorer (<80%) 12-year
adherence but dispensed ICS doses were only one-third in patients with poorer adherence (table 1).
Patients with good 12-year adherence (⩾80%) more often had a long-acting β2-agonist (LABA) or any
other add-on drug in use, more often reported oral corticosteroid courses and were dispensed higher
amounts of oral corticosteroids during the follow-up (table 2 and supplementary material). In addition,
they showed less FEV1 reversibility, had higher peripheral blood neutrophils (table 3), had a higher
number of asthma-related contacts to healthcare and tended to have more unplanned hospital in-patient
days due to asthma (table 2). However, the decline in lung function was steeper in patients with poorer
adherence (<80%). There was no difference in symptom scores or other inflammatory markers (blood
eosinophils, exhaled nitric oxide fraction (FENO) or IgE) between the subgroups with different 12-year
adherences (tables 2 and 3). If a lower cut-point for adherence was used, the results were largely similar.
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However, patients with ⩾50% adherence were more obstructive (lower FEV1/FVC) but did not differ by
lung function decline (table S4). Furthermore, we evaluated whether those with one or more completely
nonadherent years differed from those without nonadherent years and the results were similar to the main
results of the study (table S5).

Patients with ⩾80% adherence reported using oral corticosteroids more often during the follow-up and
after adjusting this finding for age >50 years, sex, BMI >30 kg·m−2, pre-FEV1 at follow-up visit and COPD,
the association remained (OR 1.99, 95% CI 1.02–3.87; p=0.043). In addition, we carried out multiple
linear regression analysis to find out whether poor adherence predicts accelerated lung function decline
when adjusted for age, ΔBMI during the follow-up period, sex, FENO >20 ppb, smoking history
⩾10 pack-years, blood eosinophils, use of oral corticosteroid courses, FEV1 % pred at baseline and ΔFEV1

(baseline−maximum0–2.5) (table S6). After adjustments, poorer adherence (<80%) remained a significant
predictor for FEV1 (in millilitres) decline.

Discussion
In this study, we evaluated both annual and 12-year adherence to ICS from diagnosis to a 12-year follow-up
visit in patients with adult-onset asthma. Mean 12-year adherence to ICS was 69%. Patients with good 12-year
adherence (⩾80%) more often used LABA daily, and had more oral corticosteroid courses and asthma-related
contacts to healthcare. In addition, they showed less reversibility of FEV1 and had higher peripheral blood
neutrophil counts. However, lung function decline during the follow-up period was steeper in patients with
poorer long-term adherence (<80%). These results suggest that in patients with confirmed diagnoses of
adult-onset asthma, the mean adherence to ICS is moderate but variance in annual ICS adherence is also
common in long-term treatment. Even though good ICS adherence (⩾80%) was, overall, associated with
features of more severe asthma, poorer adherence (<80%) predicted more rapid lung function decline.

Our study showed that the mean 12-year ICS adherence was 69%, which is in line with the previous studies
where overall adherence to asthma treatment ranged 30–70% [4]. However, adherence was higher in our
study than in other adherence studies based on electronic medical records, where adherence ranged 21–52%
[23–25, 31–33]. Previous short-term studies have suggested a decline in lung function or reductions in
symptom control and quality of life because of poor adherence [12, 13, 15, 16, 31]. In our study, for the first
time, poorer adherence (<80%) was found to predict more rapid lung function decline long term. It might be

TABLE 1 Characteristics of patients at the 12-year follow-up visit and their medication
according to their 12-year adherence

12-year adherence

Good
adherence#

Poor
adherence¶

p-value

Age years mean±SD 61±12 58±14 0.065§

Female sex 52 (63.4%) 56 (56.6%) 0.365ƒ

BMI kg·m−2 28.1 (24.3–31.3) 28.4 (24.6–31.2) 0.640##

Smokers+ 40 (48.8%) 51 (51.5%) 0.766ƒ

Smoking history pack-years 18 (9–33) 17 (6–29) 0.407##

Smoking history ⩾10 pack-years and post-BD
FEV1/FVC <0.7

12 (30%) 21 (42%) 0.276ƒ

Number of comorbidities 1 (0–3) 1 (0–2) 0.487##

Daily SABA 13 (15.9%) 8 (8.1%) 0.161ƒ

Daily LABA 54 (65.9%) 41 (41.4%) 0.002ƒ

Daily LTRA 18 (22%) 8 (8.2%) 0.011ƒ

Daily theophylline 4 (4.9%) 0 (0%) 0.040ƒ

Daily tiotropium 5 (6.1%) 3 (3.0%) 0.471ƒ

Daily add-on drug 57 (69.5%) 44 (44.4%) 0.001ƒ

Average prescribed ICS daily dose over 12 years µg
budesonide equivalents

810 (611–1043) 805 (610–967) 0.496##

Average dispensed ICS daily dose over 12 years µg
budesonide equivalents

803 (616–1075) 320 (146–472) <0.001##

Data are presented as n (%) or median (interquartile range), unless otherwise stated. BMI: body mass
index; BD: bronchodilator; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; SABA:
short-acting β2-agonist; LABA: long-acting β2-agonist; LTRA: leukotriene receptor antagonist; ICS: inhaled
corticosteroid. #: ⩾80% adherence, n=82; ¶: <80% adherence, n=99; +: including ex-smokers; §:
independent-samples t-test; ƒ: Fisher’s exact test; ##: Mann–Whitney U-test.
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argued whether the annual difference of 6 mL in median values is clinically significant but most patients had
chronic asthma, which rarely remits, and therefore, the cumulative effect in the long term may have clinical
significance. Even though patients with poorer adherence otherwise showed features of less severe disease
(e.g. less use of add-on drugs and fewer healthcare visits), indicating that these patients may be less adherent
because of the feeling of not needing medication, poor adherence seems to have harmful long-term effects
on lung function. Given that reduced lung function is a risk factor for exacerbations [34], these patients
might predispose themselves to exacerbations in the long term by not taking their medication. In our study
as well as in the previous ones [30, 35], increased eosinophilic inflammation has been shown to associate
with more rapid decline in lung function, but in our study, no difference was found in the level of blood
eosinophils or FENO between the subgroups with different levels of adherence. However, the blood eosinophil
and FENO values were based on a single time-point (12-year follow-up visit), leaving the possibility that the
level of inflammation may have been higher for some period during the follow-up in these patients,
providing a possible mechanism for steeper lung function decline in less adherent patients.

Despite the mean 12-year ICS adherence being as high as 69%, annual nonadherence was observed in 37% of
the patients at least once during the 12-year follow-up period and only 9% of the patients had annual
adherence that was always >80%. In summary, individual patients appeared to use ICS periodically under and
over the prescribed doses but on average, patients adhered to ICS treatment well during long-term treatment.
As symptoms of asthma and airway limitation vary over time [2], patients’ adherence behaviour may reflect
the nature of asthma as a disease. The reasons behind relatively high rates of adherence in Finnish adult
asthma patients are various: 65% reimbursement of asthma medicine expenses, relatively low medicine prices,
prescriptions for 1–2 years at time (medication available when needed), cost-free renewal of prescriptions,
public health services available for all, lung function measurements at asthma contacts and guidance on
correct inhaler use by, for example, specialised asthma nurses and the Finnish asthma programme [28].

Previous studies on adherence to asthma medication have been short-term follow-ups, the most common
follow-up time being 12 months [23, 25, 31–33]. SAAS is a 12-year, real-life follow-up study of new-onset adult
asthma patients giving information on adherence to ICS over an exceptionally long period. In addition, many

TABLE 2 Symptoms and burden due to asthma in patients according to their 12-year
adherence

12-year adherence

Good adherence# Poor adherence¶ p-value

Symptoms of asthma
AQ20 score 4 (2–7) 4 (1–8) 0.583
ACT score 21 (19–24) 21 (19–24) 0.790
CAT 12 (7–18) 11 (6–17) 0.473

Burden of asthma
Self-reported use of oral corticosteroid courses for

asthma
34 (42.5%) 26 (26.3%) 0.026ƒ

Dispensed oral corticosteroid for asthma+ mg·year−1 101 (11–249) 51 (0–165) 0.019##

At least one hospitalisation due to asthma 14 (17.1%) 13 (13.1%) 0.532ƒ

Three or more sick leaves during the past 2 years 3 (4.8%) 4 (5.2%) >0.999ƒ

Emergency department visits 0 (0–0) 0 (0–0) 0.708##

Fulfils severe asthma criteria according to ERS/ATS 6 (7.3%) 6 (6.1%) 0.772ƒ

Hospital days, asthma-related§ 0 (0–0) 0 (0–0) 0.051##

Range 0–64 0–12
Hospital days, any respiratory reason§ 0 (0–0) 0 (0–0) 0.072##

Range 0–64 0–37
Asthma control visits 7 (4–11) 6 (3–9) 0.023##

Asthma-related visits to healthcare 19 (12–28) 11 (8–19) <0.001##

Data are presented as median (interquartile range), unless otherwise stated. Symptoms of asthma were
observed at the 12-year follow-up visit. Sick leaves were observed in the 2 years before the follow-up visit.
Self-reported use of oral corticosteroids, hospitalisations and hospital days were examined during the
whole 12-year follow-up period. AQ20: Airway Questionnaire 20; ACT: Asthma Control Test; CAT: COPD
Assessment Test; ERS: European Respiratory Society; ATS: American Thoracic Society. #: ⩾80%
adherence, n=82. ¶: <80% adherence, n=99. +: data obtained from the Finnish Social Insurance Institution
and were divided by the years of follow-up (supplementary material); statistical significance considering
symptoms of asthma were evaluated by independent-samples Mann–Whitney U-test. §: unplanned.
ƒ: Pearson Chi-squared test. ##: independent-samples Mann–Whitney U-test.
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studies only included populations from healthcare organisations or insurance databases, meaning that the patient
cohort is selected and patients outside these databases are excluded [24, 31, 32]. SAAS has collected extensive
12-year follow-up data including information on all prescribed and dispensed asthma medication of the study
patients. Moreover, all new-onset adult asthmatics, i.e. patients with comorbidities and a history of smoking,
were included and therefore, the study cohort represents the general adult population with asthma well [26].

Information on the duration of asthma, age of asthma onset and diagnostic criteria used were missing from
the previous adherence studies, all of which are factors that could influence adherence [23, 24, 31–33, 36].
In the studies using administrative or other register data only, asthma diagnosis has typically been based
on International Classification of Diseases codes found from these records [25, 36, 37], causing
unreliability and variation in the correctness of asthma diagnosis. For example, a study in the USA [23]
identified that only 8.8% of the patients continued to refill their prescriptions from the index date to year’s
end, whereas in another study [38], ∼50% of the patients did not renew their initial prescription. In these
studies, the average adherence to ICS was poor, which may be partly explained by the absence of strict
diagnostic criteria and confirmed asthma diagnosis, leading to inclusion of nonasthmatic subjects in the
study. Conversely, many studies based on health records have used the best information available but
shortages in prescription or dispensation data have led to assumptions in adherence calculations [19–22].
For example, the total day’s supply is often based on pharmacists’ estimation, typically assuming the
maximum use of prescribed doses (e.g. one to two puffs once or twice a day assumed to be four puffs a
day), which can lead to underestimation of adherence [20]. Moreover, BLAIS et al. [39] noted that when
one of the most commonly used measures adherence (proportion of days covered [37]) from
administrative data is used, it assumes that the medication is prescribed for chronic daily use, and in cases
of suboptimal prescribing, it may lead to underestimation of adherence. In our study, the diagnosis of
asthma was made by a respiratory physician, and was based on both typical symptoms and variable or
reversible airway obstruction in lung function measurements. Regarding adherence calculations, we
examined all prescribed and refilled ICS doses and dose changes for 12 years based on individual patients’
medical records and dispensation data, and all patients had regular prescribed ICS medication for the
whole follow-up period (supplementary material).

TABLE 3 Lung function and markers of inflammation in patients according to their 12-year
adherence

12-year adherence

Good adherence# Poor adherence¶ p-value

Lung function at follow-up
Pre-BD FEV1 % pred 87 (75–99) 86 (75–94) 0.398
Pre-BD FVC % pred 97 (87–108) 96 (87–106) 0.374
Pre-BD FEV1/FVC 0.73 (0.67–0.78) 0.74 (0.65–0.79) 0.730
Post-BD FEV1 % pred 90 (79–99) 89 (81–96) 0.682
Post-BD FVC % pred 99 (85–108) 97 (88–105) 0.416
Post-BD FEV1/FVC 0.74 (0.68–0.79) 0.76 (0.68–0.81) 0.320
FEV1 reversibility mL 65 (7.5–123) 100 (40–170) 0.010
FEV1 reversibility % initial FEV1 2.7 (0.29–5.0) 3.8 (1.6–6.8) 0.039

Lung function change
ΔFEV1 % pred·year–1 −0.39 (−0.88–0.40) −0.54 (−1.2–0.0) 0.026
ΔFEV1 mL·year–1 −40 (−56–−22) −46 (−81–−26) 0.050
ΔFVC % pred·year–1 0.11 (−0.47–0.82) −0.21 (−0.87–0.45) 0.034
ΔFVC mL·year–1 −32 (−56–−10) −36 (−64–−13) 0.329
ΔFEV1/FVC year–1 −0.005 (−0.008–−0.0001) −0.005 (−0.008–−0.002) 0.316

Markers of inflammation
Blood eosinophils ×109 L−1 0.17 (0.09–0.28) 0.18 (0.10–0.27) 0.549
Total IgE kU·L−1 71 (24–165) 56 (26–178) 0.956
FENO (ppb) 10 (5–19) 11 (5–18) 0.683
Blood neutrophils ×109 L−1 4.2 (3.5–5.3) 3.5 (2.7–4.6) 0.001
IL-6 pg·mL−1 1.9 (1.2–3.2) 1.8 (1.1–3.3) 0.537
hsCRP mg·L−1 1.0 (0.48–2.3) 1.4 (0.62–2.9) 0.224

Data are presented as median (interquartile range) unless otherwise stated. Statistical significance was
evaluated by independent-samples Mann–Whitney U-test. BD: bronchodilator; FEV1: forced expiratory
volume in 1 s; FVC: forced vital capacity; FENO: exhaled nitric oxide fraction; IL: interleukin; hsCRP:
high-sensitivity C-reactive protein. #: ⩾80% adherence, n=82; ¶: <80% adherence, n=99.
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Because our study was based on medical records and pharmacy dispensation data, it has some limitations.
Firstly, the medical records were not always complete (shortage of physicians’ notes, e.g. missing dose
information) but prescribed medication was calculated based on previously confirmed information.
Secondly, dispensing of a medicine does not guarantee patients’ actual use of ICS nor good inhalation
technique. Thirdly, some information on patients’ behaviour regarding stepping medication up and down
was not available in our study (i.e. patients may have used an action plan during influenza or an
exacerbation and doubled the ICS dose). Despite these limitations, electronic medical records are preferred
because they enable long observation periods in the assessment of adherence and they are commonly used
in evaluation of adherence [4]. Moreover, electronic monitoring devices (EMDs), such as smart inhalers,
are the gold standard in precise and reliable monitoring of adherence. Our results showed that adherence
to ICS decreased most rapidly during the first 4 years of follow-up and this would potentially be an
optimal point for EMD studies.

The results of earlier studies have shown many negative associations as a result of patients’ poor ICS
adherence [4, 12, 15]. In this study, patients with poorer long-term ICS adherence used remarkably lower
ICS doses, less frequently used LABA on daily basis and were less often hospitalised compared to patients
with better 12-year ICS adherence. This suggests that patients with poorer adherence (<80%) may have
had milder asthma compared to patients with better adherence (⩾80%). Therefore, undesirable treatment
outcomes should not be regarded only as consequences of poor adherence, since even patients with good
adherence may suffer from these outcomes. Patients with better adherence had also higher blood
neutrophil counts and showed features of more severe asthma, indicating that some patients may have had
non-T2-mediated disease. Future studies should pay more attention to the reasons why undesirable
outcomes emerge in patients with good adherence to ICS and whether there would be more effective
treatment strategies for these patients [40].

Taken together, we show, for the first time, long-term, 12-year adherence data of patients with adult-onset
asthma based on true prescribed and dispensed medication. Clinical patients with objectively confirmed
diagnoses of new-onset adult asthma had, on average, moderate adherence to long-term ICS treatment. This
suggests that when evaluating patients’ adherence, it is important to ensure that study population includes
only patients with reliable asthma diagnoses and need for regular ICS medication [36]. In addition, when
assessing long-term adherence to ICS, major variability in annual rates of adherence should be considered
and, therefore, follow-up periods should be set long enough. In future, adult- and childhood-onset asthma
patients should be compared to gain better understanding of the characteristics of adherence in different
phenotypes. The new information about adherence characteristics in phenotypes would enhance possibilities
to intervene with patients who show signs of inefficient treatment. All in all, our results show that poor
adherence to ICS treatment may lead to steeper decline in lung function, which may have negative
consequences in the long term. Our findings, therefore, also support performing spirometry regularly, as
recommended by the Global Initiative for Asthma. Otherwise, patients with good adherence showed features
of more severe asthma in comparison to less adherent patients. These patients need new strategies for their
asthma treatment when regular controller medication seems not to be effective enough.
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ABSTRACT
Background: In short-term studies, poor adherence to inhaled corticosteroids (ICS) has been associated
with worse asthma control, but the association of long-term adherence and disease control remains
unclear.
Objective: To assess the relationship between 12-year adherence to ICS and asthma control in patients
with adult-onset asthma.
Methods: As part of the Seinäjoki Adult Asthma Study, 181 patients with clinically confirmed new-onset
adult asthma and regular ICS medication were followed-up for 12 years. Adherence (%) to ICS was
assessed individually ((µg dispensed/µg prescribed)×100) during the follow-up. Asthma control was
evaluated after 12 years of treatment according to the Global Initiative for Asthma 2010 guideline.
Results: Asthma was controlled in 31% and not controlled (partly controlled or uncontrolled) in 69% of
the patients. Patients with not-controlled asthma were more often male, older, nonatopic and used higher
doses of ICS than those with controlled disease. The mean±SD 12-year adherence to ICS was 63±38% in
patients with controlled asthma and 76±40% in patients with not-controlled disease (p=0.042). Among
patients with not-controlled asthma, those with lower 12-year adherence (<80%) had more rapid decline in
forced expiratory volume in 1 s (−47 mL·year−1) compared to patients with better adherence (⩾80%)
(−40 mL·year−1) (p=0.024). In contrast, this relationship was not seen in patients with controlled asthma.
Conclusions: In adult-onset asthma, patients with not-controlled disease showed better 12-year adherence
to ICS treatment than those with controlled asthma. In not-controlled disease, adherence <80% was
associated with more rapid lung function decline, underscoring the importance of early recognition of
such patients in routine clinical practice.
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Patients with not-controlled asthma and poor adherence show increased FEV1 decline. Special
emphasis should be placed on ICS adherence in subjects who do not have controlled asthma, as
they seem to be at higher risk of developing fixed airway obstruction. https://bit.ly/2LOXL4f
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Introduction
Successful asthma treatment plays a pivotal role in preventing exacerbations, enhancing patients’ quality of
life and decreasing healthcare costs [1]. Asthma often remains poorly controlled despite effective
pharmacological treatment strategies [2–4] and current guidelines emphasise the importance of finding out
the reason behind not-controlled asthma in each patient [5]. Age of asthma onset has been shown to
differentiate the phenotypes of asthma [6, 7], but very little information exists on the disease control
characteristics of the late-onset asthma phenotype [3].

To gain optimal benefits from pharmacotherapy, patients should be adherent to treatment, which has been
shown to be often suboptimal [1, 8]. Only two studies so far have evaluated long-term adherence to inhaled
corticosteroids (ICS): the Childhood Asthma Management Program (CAMP) (4-year follow-up) [9] and
the Seinäjoki Adult Asthma Study (SAAS) (12-year follow-up) [8]. In these studies, mean adherence to
ICS was 52% and 69%, respectively. Previous studies assessing asthma control and adherence have been
either cross-sectional or with short follow-up [10–18]. In addition, the evaluation of adherence and asthma
control has mostly been questionnaire-based and information concerning diagnostic criteria, duration and
age of onset of asthma are often missing, potentially influencing the results [4, 13, 15]. Poor asthma
control has been associated with higher risk of exacerbations, lower quality of life and increased healthcare
use [2, 4, 10, 19]. Previous studies have suggested that suboptimal adherence to pharmacological therapy
impairs asthma control [4, 10–13, 20]. In contrast, a recent study identified that patients with uncontrolled
asthma were more adherent to ICS treatment [21]. However, the adherence was determined from
prescriptions issued, reflecting the physician’s prescription manners, not the adherence of the patient. It
should be noted that in previous studies medication possession ratio (MPR) and proportion of days
covered (PDC) formulas have been used regularly for estimating adherence [1, 21]. Unfortunately, the data
used in these formulas usually lack detail, such as did patients have continuous prescription for ICS and
how were dose ranges and single maintenance and reliever therapy regarded, all being relevant issues in
the treatment of asthma.

Inadequate use of preventer medication is suggested to be related to decline in lung function, but there are
no data on the association between long-term adherence and lung function decline stratified by asthma
control. An Australian study [22] found accelerated lung function in patients not taking adequate
preventer therapy. Furthermore, in previous short-term (1-year) follow-up study conducted in the United
Kingdom [23], patients with difficult-to-control asthma and suboptimal ICS adherence had reduced forced
expiratory volume in 1 s (FEV1). In our recent study, poorer 12-year adherence was related to lung
function decline in the long-term, but patients with good adherence used more add-on drugs, oral
corticosteroid courses, had more hospital days and used more healthcare services, i.e. had features
suggesting not-controlled asthma [8]. Thus, we hypothesised that not-controlled asthma is not a direct
consequence of poor adherence and that lung function decline does not depend on poor adherence only,
but may be affected by asthma control. Hence this study aimed to assess the relationship between 12-year
adherence to ICS and asthma control in patients with adult-onset asthma, especially concentrating on
whether the effect of poor adherence on lung function decline is affected by asthma control. In this study,
we used full-coverage dispensing data and information on prescribed ICS, offering the possibility to assess
real-life adherence based on dispensed and prescribed amounts of ICS [8, 24].

Methods
Study design and patients
The current study is part of SAAS, which is a prospective 12-year follow-up study of patients with
diagnosis of new-onset adult asthma. All new adult (age ⩾15 years) patients in Seinäjoki Central Hospital
were included during the period 1999–2002. Diagnostic criteria, inclusion and exclusion criteria have been
reported previously [25] (supplementary eTable 1). Patients with comorbidities or smoking history were
not excluded. Study participants gave written informed consent to the study protocol approved by the
ethics committee of Tampere University Hospital (Tampere, Finland).

The study was divided into two parts: baseline visit and 12-year follow-up visit (figure 1). At the baseline
visit, data were collected on symptoms, lung function and demographics, as described previously [25].
Furthermore, regular ICS medication was prescribed and each patient received asthma education, advice
on correct inhaler use and self-management instructions according to the Finnish asthma programme [26].
From the original cohort of 257 patients, 203 (79%) returned for the 12-year follow-up visit in which
asthma control, medication and lung function were evaluated (supplementary material). All asthma-related
visits and medication information were collected for the whole 12-year follow-up period from medical
records [24]. To ensure that the study population included only patients with regular ICS medication, we
excluded patients for whom ICS was prescribed only periodically (often Global Initiative for Asthma
(GINA) step 1 and ICS use during pollen season) at any point of the follow-up (figure 1).
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Asthma control and lung function
Asthma control was defined according to GINA 2010 [27] and “not-controlled” included both partially
and uncontrolled asthma (supplementary material). Lung function measurement points were 1) baseline
(diagnosis), 2) the maximum lung function (max0–2.5) during the first 2.5 years after diagnosis (after start
of therapy) and 3) 12-year follow-up visit (supplementary material). Decline in lung function during the
12-year follow-up period was defined as change in pre-bronchodilator FEV1 from max0–2.5 to the 12-year
time point.

Assessment of adherence
The prescribed ICS dose in each patient for the 12-year period was calculated based on medication
records, as described previously [24]. Briefly, we converted all prescribed ICS doses (ICS in both single
and combination inhalers) to beclomethasone dipropionate equivalents, and based on that information,
calculated annual prescribed ICS medication for each patient. The dispensed ICS doses were obtained from
the Finnish Social Insurance Institution which records all medication purchased from any Finnish
pharmacy. All drug and dose changes were taken into account individually. In the case of ranged doses
prescribed (e.g. one or two puffs twice daily), we interpreted that patients were adherent when the
minimum ICS doses were dispensed. Adherence to ICS was determined as described recently [8],
consisting of initiation, implementation and persistence (supplementary material). The 12-year adherence
was calculated by comparing cumulative dispensed doses of ICS (µg) to cumulative prescribed doses of
ICS (µg) and annual adherence by comparing yearly dispensed doses of ICS (µg) to yearly prescribed
doses of ICS (µg). This adherence calculation combines elements from both MPR and PCD formulas
(supplementary material) [8, 28] and we estimated the time-variance of the adherence according to a
recent publication [29].

Statistical analyses
The results are shown as mean±SD or median (interquartile range), but annual adherence is represented as
mean±SEM for clarity. Comparison of groups with ⩾80% or <80% adherence to ICS were analysed by using
independent samples t-test and Mann–Whitney U-test for normally and non-normally distributed
continuous variables, respectively, and Pearson’s Chi-squared or Fisher’s exact test for categorical variables.
To analyse differences in annual adherence over the 12-year period between controlled and not-controlled
patients, annual adherence was plotted against time for individual patients, and mean area under curve
values were compared using an independent samples t-test. A multivariable binary logistic regression
analysis was performed to analyse factors associated with not-controlled asthma. A multiple linear
regression analysis was performed to analyse factors associated with FEV1 decline, as described
previously [30]. The correlation matrix was analysed and covariates not strongly correlated (r<0.7) (age,
sex, body mass index (BMI) at follow-up, exhaled nitric oxide fraction (FeNO) >20 ppb, ⩾10 pack-years at
follow-up, change (Δ) in FEV1 (baseline−max0–2.5) and average 12-year adherence (<80%) to ICS) were
included in the analysis and outliers were removed to ensure homoscedasticity (supplementary material).
A p-value <0.05 was regarded as statistically significant. Statistical analyses were performed using SPSS
statistics software (version 24; IBM, Armonk, NY, USA) and GraphPad Prism (version 7.03; GraphPad, La
Jolla, CA, USA).

Excluded

n=1 consent withdrawn

n=2 childhood asthma

Patients lost to follow-up (n=54)

n=22 dead

n=9 could not be reached

n=5 refused; comorbidities

n=18 refused; other reasons

Excluded

n=22 ICS prescribed 

periodically at any point of 

the follow-up

The collection of data on 

asthma-related visits, 

medication and lung function 

measurements

Regular prescribed 

ICS medication for 

the whole 12-year 

follow-up period

n=181

Baseline visit 

1999–2002, n=260

Diagnosis of new-onset adult asthma

  Lung function measurements

  Symptoms of asthma

  Age ≥15 years

Follow-up visit

2012–2013, n=203 

Response rate 79%   

Lung function measurements 

Asthma control (GINA, ACT, AQ20)

Self-reported use of medication

FIGURE 1 Flow-chart of the study. ICS: inhaled corticosteroids; GINA: Global Initiative for Asthma; ACT: Asthma Control Test; AQ20: Airway
Questionnaire 20.
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Results
Patient characteristics
The majority of the study patients were female (60%), the average age was 59±13 years at the follow-up
visit and half of the patients were current or ex-smokers (supplementary eTable 2). At the follow-up visit
patients had higher BMI, better lung function, lower blood eosinophil counts and fewer symptoms
(Asthma Questionnaire 20) compared to the baseline visit (supplementary eTable 2).

Asthma control
At the 12-year follow-up visit, asthma control was evaluated and the patients were divided into two
groups: controlled (n=56) and not controlled (n=125). Group characteristics are shown in table 1. Patients
with not-controlled asthma were more often male, older and were prescribed higher doses of ICS than

TABLE 1 Characteristics of asthma patients at 12 years after diagnosis according to their level
of asthma control (n=181)#

Controlled Not-controlled p-value

Patients 56 125
Age years 56±14.6 61±12.4 0.011++

Female 41 (73.2) 67 (53.6) 0.014§§

BMI kg·m−2 27.6±3.8 29.1±6.0 0.079++

Smokers (including ex-smokers) 18 (32.1) 73 (58.4) 0.001§§

Smoking history pack-years 7 (2–12) 20 (10–32) <0.001ƒƒ

⩾10 pack-years and post-BD FEV1/FVC <0.7¶ 4 (7.1) 29 (23.4) 0.011§§

Pre-BD FEV1% pred 92 (86–99) 82 (70–93) <0.001ƒƒ

Pre-BD FEV1/FVC 0.75 (0.70–0.79) 0.73 (0.64–0.78) 0.016ƒƒ

Post-BD FEV1% pred 96 (90–101) 84 (75–96) <0.001ƒƒ

Post-BD FEV1/FVC 0.77 (0.73–0.83) 0.73 (0.65–0.79) 0.002ƒƒ

Blood eosinophils ×109·L−1 0.17 (0.12–0.28) 0.18 (0.09–0.27) 0.353ƒƒ

Total IgE kU·L−1 51 (28–161) 71 (24–172) 0.617ƒƒ

FeNO ppb 12 (6–19) 10 (5–18) 0.392ƒƒ

Blood neutrophils ×109·L−1 3.7 (3.0–4.6) 3.9 (2.9–4.9) 0.522ƒƒ

Prescribed daily dose of ICS µg BDP 751 (502–939) 838 (664–1023) 0.014ƒƒ

Dispensed daily dose of ICS µg BDP 411 (246–625) 602 (354–838) 0.002ƒƒ

Daily SABA+ 2 (3.6)### 19 (15.2) 0.024§§

Daily LABA+ 18 (32.1) 77 (61.6) <0.001§§

Self-reported use of oral corticosteroid courses for
asthma§

12 (21.4) 48 (39.0) 0.06§§

Dispensed oral corticosteroid for asthma per year mgƒ 44 (0–127) 92 (0–240) 0.013ƒƒ

Comorbidities 1 (0–2) 1 (0–3) 0.057ƒƒ

Co-medications (nonrespiratory) 1 (0–4) 2 (0–4) 0.124ƒƒ

AQ20 score 2 (0–4) 6 (3–9) <0.001ƒƒ

ACT score 24 (22–25) 20 (17–23) <0.001ƒƒ

Asthma-related visits to healthcare§,## 12 (6–19) 16 (10–26) 0.014ƒƒ

Atopy¶¶ 27 (50.9) 34 (30.6) 0.016§§

⩾1 hospital in-patient periods, asthma-related
(unplanned)§

1 (1.8) 15 (12.0) 0.024§§

Data are presented as n, mean±SD, n (%) or median (interquartile range), unless otherwise stated. BMI:
body mass index; BD: bronchodilator; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; IgE:
immunoglobulin E; FeNO: exhaled nitric oxide fraction; ICS: inhaled corticosteroid; BDP: beclomethasone
dipropionate equivalents; SABA: short-acting β2-agonist; LABA: long-acting β2-agonist; AQ20: Airways
Questionnaire 20; ACT: Asthma Control Test. #: the results of lung function and inflammatory parameters
have been published previously in patients with controlled, partially controlled and uncontrolled asthma [3];
¶: baseline ⩾10 pack-years and post-BD FEV1/FVC ratio <0.7 in patients with controlled asthma (n=2, 3.6%)
and patients with not-controlled asthma (n=13, 10.7%) (p=0.150); +: self-reported daily use; §: examined
during the whole 12-year follow-up period; ƒ: values obtained from the Finnish Social Insurance Institution
and were divided by the years of follow-up; ##: all respiratory-related scheduled and unscheduled contacts
with healthcare due to asthma; ¶¶: defined as ⩾1 positive response (⩾3 mm) in skin prick test towards
common aeroallergens [31]; ++: independent samples t-test; §§: Fisher’s exact test; ƒƒ: independent
samples Mann–Whitney U-test; ###: these two patients were not dispensed SABA in the year when asthma
control was determined and therefore they were considered to belong to the group of controlled patients.
However, they self-reported daily use of SABA and more SABA was dispensed in preceding years of the
follow-up.
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patients with controlled asthma. As reported previously, lung function was better and smoking was less
common in patients with controlled asthma versus not-controlled asthma [3]. Patients with not-controlled
asthma used more daily add-on drugs, had more days in hospital and were dispensed higher doses of oral
corticosteroids (table 1). In addition, patients with not-controlled asthma were less often atopic and had a
higher number of asthma-related contacts with healthcare. No difference was found in inflammatory
parameters.

Adherence and asthma control
The mean±SD 12-year adherence to ICS was 63±38% in patients with controlled asthma and 76±40% in
patients with not-controlled disease (p=0.042) (figure 2a). Patients with not-controlled asthma had
significantly higher adherence (p=0.037) compared to patients with controlled asthma in the whole
12-year study period (figure 2b). Furthermore, 34% of the study patients had not-controlled asthma
despite having ⩾80% adherence to ICS treatment during 12-year follow-up (table 2). The association
between ⩾80% adherence and not-controlled asthma remained in binary logistic regression analysis
adjusting for age ⩾60 years, BMI ⩾30 kg·m−2, sex, COPD and rhinitis. When evaluating long-term ICS
use, it was found that 76.8% of the patients with not-controlled asthma and 60.7% of the patients with
controlled asthma were >50% adherent to their ICS treatment each year during the 12-year follow-up
(p=0.032).

Not-controlled asthma
A large variation in the ICS adherence was found in the not-controlled asthma group. Therefore, we
considered that there may be two different groups of patients with suboptimal asthma control: 1) those
having not-controlled asthma due to low adherence to ICS; and 2) those having not-controlled asthma
despite good adherence to ICS. To see whether clinical differences exist between these groups, we
evaluated asthma-related parameters in patients having not-controlled asthma and ⩾80% or <80% 12-year
adherence (table 2 and supplementary eTable3). The patients having not-controlled asthma and ⩾80%
adherence had a higher number of asthma-related contacts with healthcare, higher blood neutrophil count
and used more often long-acting β2-agonists (LABA) or leukotriene receptor antagonists (table 2).

Controlled asthma
Assessment of patients with good asthma control revealed that patients with ⩾80% adherence had lower
BMI, higher total immunoglobulin E and peripheral blood neutrophil counts and lower FEV1 reversibility
(mL) than patients with <80% adherence and controlled asthma (table 3 and supplementary eTable 4). In
addition, patients with controlled asthma and ⩾80% adherence reported using oral corticosteroids more
often and had tendency to increased asthma-related visits to healthcare compared to <80% adherent
patients.
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FIGURE 2 Long-term adherence to inhaled corticosteroids (ICS) in patients with controlled and not-controlled asthma. a) The average 12-year
adherence to ICS in study subgroups (mean±SD). Adherence >100% means that patients were dispensed more than a regular individually
prescribed minimum dose of ICS. b) The average annual adherence (mean±SEM) in patients with controlled and not-controlled asthma during the
12-year follow-up period. p-value represents difference in annual ICS adherence between not-controlled and controlled patients as defined by
area under the curve method and independent-samples t-test. Significant difference was also seen when patients with COPD were excluded from
the analyses (a) p=0.021 and b) p=0.019).

5

ASTHMA | I. VÄHÄTALO ET AL.

http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00715-2020.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00715-2020.figures-only#fig-data-supplementary-materials


Decline in lung function
Next we evaluated the change in lung function in patients with controlled and not-controlled asthma and
in groups of ⩾80% and <80% 12-year adherence. The patients with not-controlled asthma and <80%
12-year adherence had more rapid decrease in lung function (FEV1) compared to patients with ⩾80%
adherence (p=0.024) (table 4, figure 3). However, no difference was found in patients with controlled
asthma between the adherence groups (table 4). We carried out multiple linear regression analysis to find
out whether poor adherence predicts accelerated lung function decline in patients with not-controlled
asthma when adjusted for age, BMI at follow-up, sex, FeNO >20 ppb, ⩾10 pack-years and ΔFEV1

(baseline−max0–2.5) (table 5). After adjustments, poorer adherence (<80%) remained a significant predictor
for FEV1 (mL) decline.

Discussion
In this study we evaluated both annual and 12-year adherence to ICS from diagnosis to 12-year follow-up
visit in patients with adult-onset asthma and different categories of asthma control. The mean adherence
to ICS was better in patients with not-controlled than controlled asthma (76% versus 63%). Considering
patients with not-controlled asthma, good 12-year adherence (⩾80%) was associated with daily use of
LABA and higher number of peripheral blood neutrophils and asthma-related contacts to healthcare.
Importantly, in patients with not-controlled asthma, <80% adherence predicted more rapid lung function
decline in adjusted analyses.

TABLE 2 Characteristics of patients with not-controlled asthma at 12 years after diagnosis
according to their level of 12-year adherence (n=125)

Good adherence
(⩾80%)

Poor adherence
(<80%)

p-value

Patients 61 64
Age years 62±12 60±13 0.242ƒ

Female 36 (59.0) 31 (48.4) 0.283##

BMI kg·m−2 28.4 (24.6–32.5) 28.5 (24.5–32.3) 0.286¶¶

Smokers (including ex-smokers) 35 (57.4) 38 (59.4) 0.857##

Smoking history pack-years 19 (9–34) 20 (12–30) 0.977¶¶

Pre-BD FEV1 % pred 84 (71–99) 80 (70–90) 0.200¶¶

Pre-BD FEV1/FVC 0.73 (0.65–0.78) 0.72 (0.63–0.78) 0.797¶¶

Post-BD FEV1% pred 84 (75–99) 84 (75–92) 0.386¶¶

Post-BD FEV1/FVC 0.73 (0.66–0.79) 0.73 (0.65–0.80) 0.888¶¶

Blood eosinophils ×109·L−1 0.15 (0.08–0.25) 0.19 (0.10–0.29) 0.118¶¶

Total IgE kU·L−1 61 (23–138) 79 (29–197) 0.140¶¶

Blood neutrophils ×109·L−1 4.2 (3.4–5.2) 3.5 (2.7–4.6) 0.022¶¶

Prescribed daily dose of ICS µg BDP 841 (704–1062) 834 (642–995) 0.412¶¶

Dispensed daily dose of ICS µg BDP 831 (728–1+) 375 (210–520) <0.001¶¶

Daily SABA# 13 (21.3) 6 (9.4) 0.082##

Daily LABA# 46 (75.4) 31 (48.4) 0.003##

Daily LTRA# 16 (26.2) 6 (9.5) 0.019##

Self-reported use of oral corticosteroid
courses for asthma¶

26 (44.1) 22 (34.4) 0.355##

Dispensed oral corticosteroid for asthma per
year mg+

125 (10–273) 70 (0–193) 0.176¶¶

Co-medications (non-respiratory) 2 (1–5) 2 (0–4) 0.116¶¶

AQ20 score 6 (3.5–8) 5.5 (2–10) 0.822¶¶

ACT score 21 (18–23) 20 (16–23) 0.795¶¶

Allergy and/or rhinitis 45 (73.8) 46 (71.9) 0.843##

Asthma-related visits to healthcare¶,§ 19 (13–28) 13 (9–22) 0.005¶¶

Data are presented as n, mean±SD, n (%) or median (interquartile range), unless otherwise stated. BMI:
body mass index; BD: bronchodilator; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; IgE:
immunoglobulin E; ICS: inhaled corticosteroid; BDP: beclomethasone dipropionate equivalents; SABA:
short-acting β2-agonist; LABA: long-acting β2-agonist; LTRA: leukotriene receptor antagonist; AQ20:
Airways Questionnaire 20; ACT: Asthma Control Test. #: self-reported daily use; ¶: examined during the
whole 12-year follow-up period; +: dispensed doses of oral corticosteroids (mg) were obtained from the
Finnish Social Insurance Institution and were divided by the years of follow-up; §: all respiratory-related
scheduled and unscheduled contacts with healthcare due to asthma; ƒ: independent samples t-test; ##:
Fisher’s exact test; ¶¶: independent samples Mann–Whitney U-test.
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TABLE 3 Characteristics of patients with controlled asthma at 12 years after diagnosis
according to their level of 12-year adherence (n=56)

Good adherence
(⩾80%)

Poor adherence
(<80%)

p-value

Patients 21 35
Age years 58±11 54±16 0.266ƒ

Female 16 (76.2) 25 (71.4) 0.764##

BMI kg·m−2 26.3 (3.4) 28.3 (3.8) 0.045ƒ

Smokers (including ex-smokers) 5 (23.8) 13 (37.1) 0.382##

Smoking history pack-years 10 (3.7–14.8) 5.3 (1.3–9.3) 0.383¶¶

Pre-BD FEV1 % pred 91 (86–100) 92 (86–98) 0.939¶¶

Pre-BD FEV1/FVC 0.74 (0.68–0.80) 0.75 (0.71–0.79) 0.460¶¶

Post-BD FEV1% pred 96 (90–100) 96 (91–102) 0.826¶¶

Post-BD FEV1/FVC 0.75 (0.71–0.82) 0.78 (0.73–0.83) 0.285¶¶

Blood eosinophils ×109·L−1 0.25 (0.13–0.37) 0.15 (0.11–0.26) 0.095¶¶

Total IgE kU·L−1 93 (39–214) 43 (23–95) 0.022¶¶

Blood neutrophils ×109·L−1 3.9 (3.6–5.5) 3.6 (2.6–3.9) 0.016¶¶

Prescribed daily dose of ICS µg BDP 620 (488–1017) 800 (541–925) 0.565¶¶

Dispensed daily dose of ICS µg BDP 628 (476–983) 301 (90–402) <0.001¶¶

Daily SABA# 0 (0) 2 (5.7) 0.523##

Daily LABA# 8 (38.1) 10 (28.6) 0.558##

Daily LTRA# 2 (9.5) 2 (5.7) 0.626##

Self-reported use of oral corticosteroid
courses for asthma¶

8 (38.1) 4 (11.4) 0.040##

Dispensed oral corticosteroid for asthma per
year mg+

48 (6–203) 0 (0–99) 0.060¶¶

Co-medications (nonrespiratory) 0 (0–4) 1 (0–4) 0.472¶¶

AQ20 score 2 (0–3.5) 2 (1–4) 0.724¶¶

ACT score 24 (22–25) 24 (22–25) 0.593¶¶

Allergy and/or rhinitis 14 (66.7) 24 (68.6) >0.999##

Asthma-related visits to healthcare¶,§ 17 (8–27) 9 (6–17) 0.062¶¶

Data are presented as n, mean±SD, n (%) or median (interquartile range), unless otherwise stated. BMI:
body mass index; BD: bronchodilator; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; IgE:
immunoglobulin E; ICS: inhaled corticosteroid; BDP: beclomethasone dipropionate equivalents; SABA:
short-acting β2-agonist; LABA: long-acting β2-agonist; LTRA: leukotriene receptor antagonist; AQ20:
Airways Questionnaire 20; ACT: Asthma Control Test. #: self-reported daily use; ¶: examined during the
whole 12-year follow-up period; +: dispensed doses of oral corticosteroids (mg) were obtained from the
Finnish Social Insurance Institution and were divided by the years of follow-up; §: all respiratory-related
scheduled and unscheduled contacts with healthcare due to asthma; ƒ: independent samples t-test; ##:
Fisher’s exact test; ¶¶: independent samples Mann–Whitney U-test.

TABLE 4 Lung function change (change in pre-bronchodilator forced expiratory volume in 1 s
(ΔFEV1) from maximum lung function (max0–2.5) during the first 2.5 years after diagnosis (after
start of therapy) to 12-year follow-up visit) in patients with controlled and not-controlled
asthma and different level of adherence (n=181)

Good adherence ⩾80% Poor adherence <80% p-value

Not-controlled asthma n 125
ΔFEV1 mL·year–1 −40 (−56–−20) −47 (−83–−32) 0.024
ΔFEV1 % pred·year–1 −0.47 (−0.98–0.25) −0.76 (−1.40–−0.17) 0.029

Controlled asthma n 56
ΔFEV1 mL·year–1 −39 (−59–−24) −35 (−67–−25) 0.859
ΔFEV1 % pred·year–1 −0.31 (−0.76–0.54) −0.34 (−1.10–0.07) 0.271

Statistical significances were evaluated by independent-samples Mann–Whitney U-test. When patients with
COPD were excluded from the analysis, ΔFEV1 was −36 (−54–−18) mL·year–1 in patients with >80%
adherence and −43 (−78–−28) mL·year–1 in patients with <80% adherence and not-controlled asthma
(p=0.058).
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Although previous studies have suggested better ICS adherence to be associated with good disease control
[4, 11–13, 20], in this study patients with not-controlled asthma had higher 12-year adherence to
long-term ICS treatment compared to patients with controlled disease. The higher proportion of adherent
patients in the former group may be explained by more severe symptoms and associated need of
medication [16, 21]. Conversely, patients with controlled asthma may have themselves stepped-down their
ICS therapy after achieving disease control, which would appear as lower adherence rates during the
follow-up. In group comparisons, 58% of the patients with not-controlled disease were current or
ex-smokers and had significantly more pack-years than those with controlled asthma. This is in line with
previous studies which have related smoking to worse asthma control [3, 4, 12, 32]. Furthermore, patients
with not-controlled asthma were more often older, male and less often atopic compared to those with
controlled disease. In addition, there was a tendency between poorer asthma control and higher BMI. In
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FIGURE 3 Schematic presentation of the changes in forced expiratory volume in 1 s (FEV1) (mL) during
12 years of follow-up in patients with not-controlled asthma and ⩾80% or <80% adherence. Model based on
group medians. At the year 0 patients were steroid-naïve and inhaled corticosteroid (ICS) treatment was
initiated (diagnostic visit). Origin for lung function decline is the maximal point of lung function within
2.5 years after start of treatment.

TABLE 5 Predictors for annual decline of forced expiratory volume in 1 s (FEV1) (mL) (ΔFEV1
from maximum lung function (max0–2.5) during the first 2.5 years after diagnosis (after start of
therapy) to 12-year follow-up visit) in 12-year follow-up in patients with not-controlled asthma
as evaluated by multiple linear regression analysis (n=100)

Unstandardised B coefficient (95% CI) p-value

Age at follow-up −0.10 (−0.53–0.33) 0.638
Female 12.46 (1.03–23.89) 0.033
BMI at follow-up −1.03 (−2.05–0.00) 0.049
⩾10 pack-years at follow-up −7.92 (−19.01–3.16) 0.159
ΔFEV1 mL (baseline−max0–2.5) −0.024 (−0.04–−0.01) 0.005
FeNO >20 ppb −23.48 (−35.99–−10.97) <0.001
Average 12-year adherence (<80%) to ICS −10.36 (−20.37–−0.36) 0.042

In univariate analysis, unstandardised B coefficient (95% CI) for average 12-year adherence (<80%) to ICS
is −11.23 (−22.15–−0.32), p=0.044. BMI: body mass index; FeNO: exhaled nitric oxide fraction; ICS: inhaled
corticosteroid.
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patients with adult-onset asthma, phenotypes related to obesity and smoking are currently recognised,
these phenotypes being at risk of poorer asthma outcomes and disease control [33–35]. Even though
patients with not-controlled asthma had mean 12-year ICS adherence as high as 76%, factors such as
smoking and obesity may induce insensitivity to ICS and poor response to treatment [34, 36, 37].
Furthermore, in recent studies the average age of patients has been lower in comparison to our study
population [10, 13, 14] indicating that previous studies have included more patients with allergic asthma
showing predominantly type 2 inflammation. Therefore, ⩾80% adherence to long-term ICS treatment
appears not to be effective enough to control asthma, since these patients may have had non-type 2
inflammation or untreated comorbidities.

While it seems to have been taken for granted that poor adherence is one common reason behind
not-controlled asthma, previous studies in this field have usually been cross-sectional or short-term
follow-ups and no long-term studies have been conducted [10–17]. These cross-sectional studies mostly
included patients having asthma diagnosis but the information on age of asthma onset, diagnostic criteria
or duration of asthma were often lacking [10–12, 14, 16–18]. Moreover, in previous studies asthma control
has been defined as asthma symptom control assessed by the Asthma Control Test or Asthma Control
Questionnaire and not including both symptoms and lung function as defined by the GINA guideline.
Furthermore, adherence has been evaluated with the Medication Adherence Rating Scale or Morisky
(Morisky Medication Adherence Scale) questionnaires [4, 12, 14–16, 18]. Such self-reports are widely used
for assessing adherence, but may be vulnerable to the shortcomings of these memory-dependent channels.
We found one 3-month clinical trial on inhaler adherence in patients with uncontrolled asthma where
control was assessed according to GINA guidelines and adherence monitored with an INCA (INhaler
Compliance Assessment) device, in which 27% of patients stayed refractory despite being adherent to
salmeterol/fluticasone treatment and having correct inhaler technique [38]. A similar result was found in
the current study where 34% of the study patients remained not controlled despite having ⩾80%
adherence to ICS treatment during 12-year follow-up. To our knowledge, this is the first study where
asthma control is determined according to GINA guidelines in unselected patient population and
adherence is confirmed longitudinally by comparing each patient´s dispensed ICS medication to truly
prescribed doses of ICS [8]. Furthermore, all patients with objectively confirmed diagnosis of new-onset
adult asthma were included, meaning patients with comorbidities and history of smoking, for example.

When assessing lung function decline during 12-year follow-up in patients with not-controlled asthma,
those with lower (<80%) 12-year adherence had more rapid decline in FEV1 compared to patients with
⩾80% adherence (p=0.024). This difference was not seen in patients with controlled asthma. In addition,
the observed difference may be clinically meaningful since the patients with adult-onset asthma rarely
remit and a level of 7 mL·year−1 would correspond to 140 mL in 20 years and 210 mL in 30 years.
Smoking and exacerbations are also important factors associated with the decline in lung function [30].
Even though the two adherence groups with not-controlled asthma did not differ by smoking, we adjusted
our analyses for smoked pack-years and found that poorer adherence (<80%) remained a significant
predictor for FEV1 decline in patients with not-controlled asthma. The finding underscores the
importance of determining patients’ asthma control by GINA guidelines and to assess treatment
adherence. Early recognition of patients with not-controlled (partially or uncontrolled) asthma and
suboptimal (<80%) adherence should allow us to detect those patients who may be at risk of steeper lung
function decline in the long term. Moreover, it may allow the opportunity to motivate them towards better
adherence and thereby avoid undesirable outcomes in lung function. Conversely, this may help to identify
patients whose asthma is not controlled despite high adherence to treatment. These patients may show
non-type 2 inflammation, since they have higher blood neutrophil counts and current medications may
not be effective enough to control their disease. These results further suggest that patients with late-onset
asthma and insufficient therapeutic response need new treatment strategies and possibly other
interventions such as support in smoking cessation and weight loss.

In the current study, medical records and pharmacy dispensation data were used in adherence calculations,
and therefore some limitations must be addressed. The dispensed medication is not a guarantee of inhaler
use, and therefore patient´s adherence to treatment may be overestimated. Although patients had guidance
to correct inhaler use when medication was initiated, the correct inhaler technique could not be ensured.
Furthermore, asthma control was measured at follow-up visit and not regularly during the follow-up.
However, the current study with an exceptionally long follow-up period is based on objectively calculated
adherence data, and assessment of asthma control includes lung function according to GINA guidelines [3, 8].
It has been suggested [38] that an assessment of adherence using and electronic device could be beneficial
in patients with severe asthma. According to our results such approaches could also be used in patients
with not-controlled disease. Future studies should assess how guidance on adherence focused to subjects
with poor adherence to ICS and not-controlled asthma affects long-term changes in lung function.
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In conclusion, we combined, for the first time, long-term adherence to ICS with asthma control
determined according to GINA guideline [27]. The mean 12-year adherence to this treatment was
especially high in patients with not-controlled disease. New treatment strategies combining
pharmacological and nonpharmacological approaches may be needed in patients with insufficient
therapeutic response. Importantly, our results showed that patients with not-controlled asthma and poor
adherence (<80%) had more rapid decline in FEV1 during 12-year follow-up compared to patients with
higher adherence (⩾80%), which must be recognised to avoid negative consequences. In clinical practice,
careful evaluation of patient´s asthma control and adherence to treatment enhances the recognition of
those patients at risk of rapid lung function decline in the long-term.
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What is already known about this topic? Short-term studies have associated high use of short-acting b2-agonists
(SABA) with increased risk of exacerbations, emergency visits, and asthma-related costs. However, no studies exist on
long-term SABA use with clinical examinations of patients with asthma.
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CONCLUSION: High SABA use was infrequent in patients with
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Frequent use of short-acting b2-agonists (SABA) is one of the
key indicators for noncontrolled asthma.1 In patients using
SABA or long-acting b2-agonist (LABA) regularly, response to
bronchodilators (BDs) may be reduced because of down-
regulation of b2-receptors, a phenomenon known as desensiti-
zation.2,3 Excessive use of SABA has been reported to be strongly
associated with increased risk of asthma-related deaths, asthma
exacerbations, emergency visits, and asthma-related costs.4-9

In previous cross-sectional and retrospective studies, high
SABA use has been reported to be common with approximately
20% of patients using �3 canisters per year.5,7,10 These estimates
may be biased because inclusion (ie, the definition of asthma)
was based on dispensed medication for obstructive airway
diseases (Anatomical Therapeutic Chemical code R03) or diag-
nosis code in the database, resulting in the possible inclusion of
patients without clinically confirmed asthma or patients with
other diseases such as chronic obstructive pulmonary disease.
Most of the studies investigating SABA use have been cross-
sectional and assessed medication use in short term, usually
over a 1-year period. Remission rates range from 20%-65% in
early-onset asthma11-13 to 3%-11% in adult-onset asthma11,14,15

and highlight the need for a long-term study of more precise
estimates of patients’ medication-related behavior.
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with cumulative prescribed doses of ICS (mg) by using a method
combining medication possession ratio and proportion of days
covered formulas (Figures E2 and E3, available in this article’s
Online Repository at www.jaci-inpractice.org) (see this article’s
Online Repository at www.jaci-inpractice.org).19,25

High SABA use was defined as �36 SABA canisters in 12 years,
corresponding to an average of �3 dispensed canisters per
year.1,5,7,10 SABA over-reliance was classified into 3 categories: (1)
high SABA use (�36 canisters in 12 years) and no dispensed ICS
canisters during the follow-up; (2) high SABA use and <36
dispensed canisters of ICS (corresponding to <3 dispensed canisters
per year on average); and (3) high SABA use and fewer ICS than
SABA canisters dispensed. If a patient on maintenance ICS uses a lot
of SABA, a need for step-up in maintenance medication is indicated.
We therefore also analyzed the number of patients who had high use
of SABA and were on maintenance ICS but were not dispensed any
second controllers (LABA or long-acting muscarinic antagonist
[LAMA]) to reveal signs of undertreatment.

Evaluation of symptoms, asthma control, and

dispensed oral corticosteroids

Patients filled out the Airways Questionnaire 20 (AQ20) at
baseline visit, and symptoms were measured during the follow-up
visit both with AQ2026 and Asthma Control Test (ACT).27 The
AQ20 is a short well-validated questionnaire to measure and
quantify disturbances in the airway-specific quality of life where
higher scores indicate poor quality of life.26 ACT is a widely used
self-administered tool for identifying those with poorly controlled
asthma (low ACT scores).27

To define asthma control, patients were separated into 2 groups
by asthma control at the follow-up visit, which were defined ac-
cording to the Global Initiative for Asthma (GINA) 2010 report28 as
previously reported.14 Patients with noncontrolled asthma (partially
controlled or uncontrolled asthma) had at least one of the following
features: symptoms of asthma or need for rescue treatment more
than twice weekly, decreased lung function (<80% predicted), or
limitation of activities due to asthma.

Dispensed doses of oral corticosteroids (OCS) (mg) were obtained
from the Finnish Social Insurance Institution and were divided by
the years of follow-up as previously described.19 Regarding dispensed
OCS, only those prescribed as part of asthma treatment were
considered.

Statistical analyses
The results are shown as mean (standard deviation [SD]), or

median (interquartile range [IQR]). Comparison of baseline and
follow-up values was evaluated by the related samples Wilcoxon
signed-rank test or the McNemar test. Comparison of groups with
SABA use of �3 or <3 canisters annually was analyzed by using the
independent samples t-test, Mann-Whitney U test, and Fisher exact
test. A negative binomial regression analysis was performed to
analyze factors predicting high SABA use (number of dispensed
SABA canisters over 12 years). We used only baseline characteristics
recorded at asthma diagnosis as covariates to predict SABA use at the
follow-up period. We calculated the incidence rate ratios with 95%
confidence interval for SABA canister use. Owing to overdispersion,
we used negative binomial regression and adjusted it for age of
asthma onset, sex, smoking status, AQ20, diagnostic forced expira-
tory volume in 1 second (FEV1) (%), and body mass index (BMI).
The natural logarithm of the length of follow-up was set as an off-set
variable. A P value of <.05 was regarded as statistically significant.
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yses were performed using IBM SPSS statistics soft-
27 (IBM SPSS, Armonk, NY).

racteristics
population consisted of 203 patients with adult-
and the majority were females (58%), with the
asthma onset of 46 (SD, 14) years (Table E3,
this article’s Online Repository at www.jaci-
). Half of the patients were current or ex-smokers
ailable in this article’s Online Repository at www.
.org). At the 12-year follow-up visit, patients had
er BMI, better lung function, and lower blood
unts compared with the baseline visit (Table E3,
this article’s Online Repository at www.jaci-
).

f SABA and ICS use during 12-year

th adult-onset asthma were dispensed a median of 6
canisters of SABA and 48 (18-67) canisters of ICS
rs, corresponding to use of median 2 (1-4) SABA
ICS puffs per week (Figure 1, A and B; Figure E4,
this article’s Online Repository at www.jaci-
). Most patients used �3 canisters of ICS (60%)
ters of SABA (88%) per year, on average (Figure 2,
hen considering long-term, cumulative use, 58%
patients used <10 canisters of SABA and 59% were
0 canisters of ICS during 12 years (Figure E5,
this article’s Online Repository at www.jaci-
).

nd over-reliance on SABA
ts were divided into 2 groups according to their use
ring the 12-year follow-up period (�3 or <3
ally). Of the study patients, 10% (n ¼ 21) were
igh SABA users (�36 canisters in 12 years, corre-
3 dispensed canisters per year, on average). Over-

ABA was infrequent because all high SABA users
ensed ICS during the follow-up. Of these, only 2
dispensed <3 canisters of ICS annually (Table E4,
this article’s Online Repository at www.jaci-
). Moreover, in 12 years of follow-up, 5 patients
igh SABA users were dispensed fewer ICS canisters
By using any of the predefined criteria for SABA
only these 5 patients (2%) were found to have any
BA over-reliance. Possible undertreatment was
2 (1%) patients as they were high SABA users but
pensed ICSþLABA or ICSþLAMA (Table E4,
this article’s Online Repository at www.jaci-
).

dicting high use of SABA
er-reliance on SABA was infrequent in this cohort
ith new adult-onset asthma, we continued analysis
ith high SABA use (on average �3 dispensed can-
in each year of the follow-up). Patients with high
higher BMI and poorer quality of life measured by
time of diagnosis compared with patients with less
able I). Therefore, we carried out a negative bino-
find out which factors or features at the time of
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asthma diagnosis predicted higher use of SABA during forth-
coming 12 years (Table II). Age at diagnosis of asthma, sex, BMI,
AQ20 scores, smoking, and diagnostic FEV1 (% predicted) were
included in the final model. BMI � 30 and higher AQ20 scores
at diagnosis remained significant predictors for higher long-term
SABA use (Table II).

Factors associated with high SABA use at 12-year

follow-up

Patients with high SABA use (�3 SABA canisters/y) were
dispensed median 49 (39-69) canisters of SABA during the 12-
year period, corresponding to 12 (9-16) puffs per week. Pa-
tients with low SABA use (<3 canisters/y) were dispensed me-
dian 6 (3-12) canisters of SABA during the 12-year period,
corresponding to 1 (1-3) puff per week (Figure 3, A and B;
Figure E6, available in this article’s Online Repository at www.
jaci-inpractice.org). However, high SABA users were also
dispensed higher doses of ICS, had better 12-year adherence to
ICS treatment (98% vs 65% calculated as total cumulative ICS
dispensed [mg]/total cumulative ICS prescribed [mg] over 12
years), higher BMI, less education years, and more comorbidities
compared with patients with low SABA use (Figure 3, C and D;
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lable in this article’s Online Repository at www.
rg; Table III). There was no difference in lung
rements or inflammatory markers except for
il counts, which were higher for those dispensed
sters annually (Table IV). In addition, 86% of
s had noncontrolled asthma (according to GINA
and over one quarter of the patients had severe
ng to European Respiratory Society/American
y criteria (Table V). Moreover, patients with high
more symptoms, were dispensed higher amounts
tibiotics, and had a higher number of emergency
sits and asthma-related health care contacts
patients dispensed <3 SABA canisters annually.

fe cohort of patients with newly diagnosed adult-
e evaluated the relation of SABA and ICS usage
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nosis to the 12-year follow-up visit. Only 10% of
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TABLE I. Characteristics of asthma patients at baseline (at the time of diagnosis) according to their level of later SABA use (n ¼ 203)

Variable

SABA use during 12 y

P value<3 SABA canisters/y (n [ 182) ‡3 SABA canisters/y (n [ 21)

Age (y) 46 (14) 49 (12) .232*

Female gender, n (%) 104 (57.1) 14 (66.7) .487†

BMI (kg/m2) 27.2 (4.8) 29.6 (6.3) .041*

Smokers (incl. ex), n (%) 92 (50.5) 11 (52.4) >.999†

Smoking history (pack-y) 11 (5-20) 15 (8-25) .636z
Pack-y � 10 and post-BD FEV1/FVC < 0.7, n (%) 14 (7.9) 1 (4.8) >.999†

Pre-BD FEV1% pred 82 (70-92) 87 (76-98) .085z
Pre-BD FVC% pred 90 (79-100) 97 (83-105) .193z
Pre-BD FEV1/FVC 0.75 (0.69-0.80) 0.78 (0.73-0.81) .383z
Blood eosinophils (109/L) 0.27 (0.15-0.43) 0.32 (0.13-0.40) .765z
Total IgE (kU/L) 82 (34-166) 91 (39-213) .766z
hsCRP 5 (5-5) 5 (2-9) .988z
Daily ICS use, n (%) 14 (7.7) 2 (10) .664†

AQ20 score 6 (3-9) 8 (7-12) .017z
Hypertension, n (%) 28 (15.4) 7 (33.3) .061†

Coronary artery disease, n (%) 9 (4.9) 2 (9.5) .318†

Diabetes, n (%) 4 (2.2) 0 (0) >.999†

Data are presented as n (%), mean (SD), or median (interquartile range).
AQ20, Airways questionnaire 20; BD, bronchodilator; BMI, body mass index; FeNO, fraction of NO in exha
vital capacity; hsCRP, high-sensitivity C-reactive protein; ICS, inhaled corticosteroid; pack-y, pack years of
*Statistical significances were evaluated by the independent samples t-test.
†Statistical significances were evaluated by the Fisher exact test.
zStatistical significances were evaluated by the independent samples Mann-Whitney U test.

TABLE II. Features of patients at the time of asthma diagnosis
and their association with high SABA use (�3 canisters annually
during 12-year follow-up) as evaluated by negative binomial
regression analysis (n ¼ 203)

Variable

Adjusted incidence rate ratio

(adjusted 95% CI) P value

Age of asthma onset 1.01 (0.99-1.02) .182

Female gender 1.10 (0.78-1.53) .574

Ex or current smoker 1.12 (0.83-1.52) .444

pre-FEV1% (baseline) 1.01 (0.99-1.01) .235

BMI < 25 1

BMI at diagnosis 25-29.9 1.19 (0.83-1.69) .334

BMI at diagnosis �30 1.53 (1.01-2.30) .043

AQ20 score 1.04 (1.00-1.08) .035

AQ20, Airways Questionnaire 20; BMI, body mass index; CI, confidence interval;
FEV1, forced expiratory volume in 1 second; SABA, short-acting b2-agonists.
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users were also dispensed ICS during the follow-up, and none of
them was using only SABA. Only 2.5% of patients showed a
medication use feature suggesting some degree of SABA over-
reliance. Obesity (BMI �30) and higher symptom score at the
time of diagnosis predicted higher SABA use during the follow-up.
High SABA users had better 12-year adherence to ICS, more
respiratory-related emergency visits, and used more OCS and
antibiotic courses compared with patients using<3 SABA canisters/
y.

High use of SABA in asthma has been associated with
increased risk of exacerbations, mortality, and health care utili-
zation.5,6,8,29 It has been suggested that prolonged or repetitive
use of SABA leads to desensitization and attenuated BD
response. However, corticosteroids increase the b2-receptor gene

SABA an
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number
increased
that high
visits, and
with thos

There
has been
over-relia
SABA an
simultane
SABA wa
were also
patients w
high SAB
compensating for the downregulation of b2-re-
ced by chronic exposure to b-agonists such as
r-reliance on SABA, that is, high use of SABA with
se of ICS, neglects both the treatment of airway
and reversing the downregulation of b2-reseptors,
ses the risk for negative outcomes of asthma.2,3

tions are often poorly understood by the patients.30

resholds and definitions have been used to quantify
nce on SABA, but previous findings indicate an
associated with �3 canisters of SABA annually

igh use” or “overuse.”1,5,29,31 Although the safety
ut SABA have been acknowledged for decades,
have revealed that nearly one-third of patients with
ssified as high SABA users.5,7,10,31 A key finding of
udy was that only 10% of the adult patients with
firmed asthma were dispensed �3 canisters of
lly during the 12-year follow-up. Recent studies
5 and the United States31 showed that a higher
dispensed SABA canisters was associated with
of exacerbation, which corresponds to our findings
BA users had more respiratory-related emergency
y used more OCS and antibiotic courses compared
ing <3 SABA canisters/y.
o settled definition of SABA “over-reliance,” and it
as a synonym for high SABA use.32 In this study,
as assessed by combining information on dispensed
S canisters, and defined as high SABA use and
underuse of ICS (0-2 canister/y). Over-reliance on
requent in our study, given that all high SABA users
ensed ICS during the follow-up, and of these, only 2
dispensed <3 canisters of ICS annually. In addition,
ers had better adherence to ICS treatment compared

led air; FEV1, forced expiratory volume in 1 second; FVC, forced
smokers; SABA, short-acting b2-agonists; SD, standard deviation.
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with low SABA users. These findings conflict with a study con-
ducted in the United Kingdom16 where overuse of SABA pre-
dicted lower ICS use. However, SABA use was assessed from
prescription data, likely overestimating the use of SABA as the
medication may not be dispensed from the pharmacy.9,16 More-
over, high SABA use has been previously evaluated in register-
based cross-sectional studies,5,6,8-10,29,31,33 where the diagnosis of
asthma may not be clinically confirmed, and therefore patients
without confirmed diagnosis of asthma may be included, poten-
tially increasing the number of dispensed SABA canisters.

We were not able to identify any other study evaluating factors
predicting future high SABA use in long term. Therefore, a
negative binomial regression analysis was performed, and after
adjustments, BMI �30 and higher AQ20 symptom scores at the
time of diagnosis predicted higher SABA use during the 12-year
follow-up. In our recent study, patients who were obese (BMI
�30) at diagnosis had more frequent OCS dispensations and
respiratory-related hospitalizations compared with normal-weight
patients.34 These findings emphasize the need to include
weight-management strategies into treatment, as patients who are
obese at diagnosis appear to have poorer long-term prognosis of
asthma. Moreover, at the 12-year follow-up visit, 86% of patients
with high SABA use (�3 SABA canisters/y) had noncontrolled
asthma. These patients had also higher BMI and higher total
number of comorbidities (eg, diabetes, coronary artery disease, and
mental health medications) than patients using <3 SABA canis-
ters/y. Similar findings were seen in a recent study where nearly all
patients with difficult-to-control asthma had �1 comorbidity and
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with high SABA use (�3 SABA canisters/y) were dispensed mean 55 (SD 22) SA
period, corresponding to 13 (SD 5) SABA and 18 (SD 8) ICS puffs per week.
dispensed mean 8 (SD 7) SABA and 45 (SD 31) ICS canisters during the 12-year
ICS puffs per week. ICS, Inhaled corticosteroids; SABA, short-acting b2-agonists
had higher prevalence of cardiovascular disease,
iety/depression compared with patients with not-
asthma.35 Higher neutrophil counts have also
more severe asthma phenotypes, which was also
dy where the patients with �3 SABA canisters/y
d neutrophil counts than patients with <3 SABA
37 Poorer asthma control and higher neutrophilia
high dispensed doses of ICS in patients with high
ate that these patients may have had nonetype 2
Therefore, more research should focus on
hma and its mechanism to find out more stratified
roaches besides lifestyle interventions. In addition,
e medication has major part in the assessment of
therefore, future studies should also assess asthma
dently of SABA use.
ter-based studies have identified increased risks for
-related outcomes with high SABA use.5,6,10,31

y studies lack clinical information on these
1 In this study, high SABA users were dispensed
hey had higher BMI, more comorbidities, and were
mpared with patients with low SABA use. These
that socioeconomic status may play a role in
avior. In contrast to our current findings, lower
come have been associated with poorer adherence
y others.38-40 Poor adherence to ICS may lead to
function decline, especially when asthma is not
mptomatic needing SABA).25,41 However, we did
ifference in lung function measurements or lung

and 76 (SD 31) ICS canisters during the 12-year
ients with low SABA use (<3 canisters/y) were
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, standard deviation.
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TABLE III. Characteristics of asthma patients 12 years after diagnosis and medication used during 12 years according to their level of
SABA use (n ¼ 203)

Variable

SABA use during 12 y

P value<3 SABA canisters/y (n [ 182) ‡3 SABA canisters/y (n [ 21)

At 12-y follow-up visit

Demographics

Age (y) 58 (14) 61 (12) .252*

Female gender, n (%) 104 (57.1) 14 (66.7) .487†

BMI (kg/m2) 27.7 (24.3-30.9) 30.8 (28.1-33.3) .014z
Smokers (incl. ex), n (%) 95 (52.2) 12 (57.1) .818†

Smoking history (pack-y) 15 (6-30) 18 (5-31) .781z
Pack-y � 10 and post-BD FEV1/FVC < 0.7, n (%) 31 (17.2) 3 (14.3) >.999†

Education years over 12, n (%) 58 (32.2) 2 (9.5) .041†

Monthly gross income (V) 2085 (1438-2700) 1600 (1080-2300) .091z
Asthma medication

Daily SABA, n (%) 13 (7.1) 10 (47.6) <.001†

Daily LABA, n (%) 83 (45.6) 13 (61.9) .173†

Daily theophylline, n (%) 2 (1.1) 2 (9.5) .054†

Daily add-on drug, n (%) 89 (48.9) 14 (66.7) .167†

Comorbidities

No. of comorbidities 1 (0-2) 2 (1-4) .007z
Allergy and/or rhinitis, n (%) 126 (69.2) 16 (76.2) .620†

Chronic obstructive pulmonary disease, n (%) 31 (17.2) 3 (14.2) >.999†

Diabetes, n (%) 22 (12.1) 7 (33.3) .016†

Coronary artery disease, n (%) 16 (8.8) 5 (23.8) .049†

Depression/mental health medication, n (%) 21 (11.5) 6 (28.6) .041†

Comedications (nonrespiratory) 1 (0-3) 3 (2-7) .001z
Medication used during 12 y

Prescribed daily dose of ICS (mg budesonide equivalents) 800 (598-1000) 936 (800-1265) .008z
Dispensed daily dose of ICS (mg budesonide equivalents) 470 (271-771) 912 (673-1512) <.001z
12-y average ICS adherence 65 (37) 98 (32) <.001*

Controller-to-total ratio (ICS/(SABAþICS)) 0.86 (0.71-0.93) 0.55 (0.50-0.60) <.001z
Data are presented as n (%), mean (SD), or median (interquartile range). Adherence was calculated as total cumulative ICS dispensed (mg)/total cumulative ICS prescribed (mg)
over 12 years. Number of comorbidities was evaluated separately and as the sum of all comorbidities reported at the 12-year follow-up visit.
BD, Bronchodilator; BMI, body mass index; Control-to-total ratio, dispensed inhaled corticosteroid canisters divided by the sum of dispensed short-acting b2-agonist canisters
and inhaled corticosteroid canisters; Daily add-on drug, self-reported daily use of long-acting b2-agonist, leukotriene receptor antagonist, tiotropium, or theophylline; Daily
LABA, self-reported daily use of long-acting b2-agonist; Daily SABA, self-reported daily use of short-acting b2-agonist; FEV1, forced expiratory volume in 1 second; FVC,
forced vital capacity; ICS, inhaled corticosteroid; pack-y, pack years of smokers; SD, standard deviation.
*Statistical significances were evaluated by the independent samples t-test.
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function decline between the patients with high or low SABA use
over the 12 years. Moreover, an Australian study reported that
SABA overusers were more likely to have depression (11.1% vs
5.7%), and a higher proportion of SABA overusers had uncon-
trolled asthma.33 In our SAAS cohort, 86% of the patients with
high SABA use had noncontrolled asthma and depression was more
common in high SABA users compared with patients using less
SABA (28.6% vs 11.5%). In addition, we report here that diabetes
and coronary artery disease were more common among high SABA
users. Therefore, more studies are needed to evaluate the role of
other diseases, lifestyle, and socioeconomic status in pursuing
asthma control and assessing the use of rescue treatment.

Although the study is based on pharmacy dispensation data,
there are also some limitations to be addressed. Dispensed medi-
cation may not correspond to actual use of inhaler, and therefore,
patients’ use of relievers and controllers may be overestimated.
Moreover, patients may have had an incorrect inhalation
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†Statistical significances were evaluated by the Fisher exact test.
zStatistical significances were evaluated by the independent samples Mann-Whitney U test.
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TABLE IV. Lung function and markers of inflammation in patients according to their level of SABA use (n ¼ 203)

Variable

SABA use during 12 y

P value<3 SABA canisters/y (n [ 182) ‡3 SABA canisters/y (n [ 21)

Lung function at follow-up

Pre-BD FEV1% pred 86 (76-94) 89 (76-104) .351

Pre-BD FVC % pred 96 (87-106) 101 (88-116) .213

Pre-BD FEV1/FVC 0.74 (0.66-0.79) 0.72 (0.68-0.75) .692

FEV1 reversibility mL 90 (30-163) 90 (0-140) .786

FEV1 reversibility % of initial FEV1 3.2 (1-6.7) 4.2 (0.15-5.5) .995

Lung function change

DFEV1 mL/y �40 (�66 to �23) �53 (�63 to �32) .167

DFEV1 % pred/y �0.47 (�1.1 to 0.19) �0.55 (�1.1 to �0.9) .693

DFEV1/FVC/y �0.005 (�0.008 to �0.001) �0.005 (�0.009 to �0.002) .643

Markers of inflammation

Blood eosinophils (109/L) 0.17 (0.10-0.27) 0.14 (0.08-0.27) .369

Total IgE (kU/L) 60 (24-164) 76 (26-160) .808

FeNO (ppb) 11 (5-19) 8 (5-21) .484

Blood neutrophils (109/L) 3.7 (2.9-4.7) 4.5 (3.5-6.2) .042

IL-6 (pg/mL) 1.8 (1.2-3.0) 2.3 (1.2-5.2) .317

hsCRP 1.2 (0.59-2.5) 1.2 (0.5-5.2) .689

Data are presented as median (interquartile range). Statistical significances were evaluated by the independent samples Mann-Whitney U test.
BD, Bronchodilator; DFEV1, change in prebronchodilator-FEV1 from the maximum value during the first 2.5 years after diagnosis and start of treatment to 12-year follow-up
visit; FeNO, fraction of NO in exhaled air; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; hsCRP, high-sensitivity C-reactive protein; SABA, short-
acting b2-agonists.

TABLE V. Symptoms, medication, and health care use in patients according to their level of SABA use (n ¼ 203)

Variable

SABA use during 12 y

P value<3 SABA canisters/y (n [ 182) ‡3 SABA canisters/y (n [ 21)

Symptoms of asthma

AQ20 score 4 (1-7) 6 (4-7) .018*

ACT score 22 (20-24) 19 (15-21) <.001*

Asthma control, n (%) .044†

Controlled 66 (36.3) 3 (14.3)

Noncontrolled 116 (63.7) 18 (85.7)

Burden of asthma

Dispensed oral corticosteroids for asthma per year (mg prednisolone) 51 (0-162) 142 (12-451) .005*

Dispensed oral corticosteroids during 12-y follow-up (mg prednisolone) 600 (0-1920) 1800 (150-5430) .006*

Dispensed antibiotic courses during 12-y follow-up 2 (0-5) 4 (1-9) .032*

Fulfills severe asthma criteria according to ERS/ATS, n (%) 6 (3.3) 6 (28.6) <.001†

Emergency department visits 0 (0-0) 0 (0-1) .003*

Range 0-10 0-18

Asthma-related health care visits 14 (9-22) 20 (13-43) .009*

Asthma control visits 6 (3-10) 7 (4-12) .427*

Three or more sick leaves during the past 2 y, n (%) 6 (4.1) 1 (7.1) .482†

Data are presented as n (%) or median (interquartile range). Asthma control was defined according to GINA 201028 and noncontrolled included both partially and uncontrolled
asthma. Dispensed oral corticosteroids, asthma-related health care visits, asthma control visits, and hospital in-patient periods have been examined during whole 12-year follow-
up period.
ACT, Asthma Control Test; AQ20, Airways Questionnaire 20; Asthma-related health care visits, all respiratory related scheduled and unscheduled contacts to health care due to
asthma; ATS, American Thoracic Society; ERS, European Respiratory Society; SABA, short-acting b2-agonists.
*Statistical significances were evaluated by the independent samples Mann-Whitney U test.
†Statistical significances were evaluated by the Fisher exact test.
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underuse of controller medication such as ICS.32 This assumption
was not confirmed in this study of patients with clinically
confirmed asthma, as those with higher SABA use had better 12-
year adherence to ICS treatment compared with patients using less
SABA. These findings suggest that patients characterized as high
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to higher demand of SABA. However, as high
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SABA use indicates more severe asthma, high SABA users should
be recognized in clinical practice and frequent SABA use should be
regarded as a sign to intervene.
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patients with confirmed adult-onset asthma, and significant over-
reliance on SABA was not identified. Obesity and high symptoms
at diagnosis predicted higher long-term SABA use. Importantly,
high SABA users had more frequent exacerbations, emergency
visits, and courses of OCS and antibiotics compared with patients
using less SABA. Because high SABA use indicated more severe
asthma, these patients should be recognized in clinical practice.
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Lung function measurements
Lung function measurements were performed using a spirom-

eter (Vmax Encore 22; Viasys Healthcare, Palm Springs, Calif)
according to international and national recommendations and
Finnish reference values.E1-E3 Lung function measurement points:
(1) baseline (ie, time of asthma diagnosis), (2) the maximum lung
function (Max: 0-2.5) during the first 2.5 years after diagnosis (ie,
after start of anti-inflammatory therapy) based on the highest
prebronchodilator forced expiratory volume in 1 s (% predicted),
and (3) after 12 years of follow-up. Lung function measurements
after the diagnosis of asthma were taken while patients were on
medication, without pauses or withholding therapy.

Laboratory measurements
Fraction of exhaled nitric oxide was measured with a portable

rapid-response chemiluminescent analyzer according to American
Thoracic Society standards (flow rate 50 mL/s; NIOX System,
Aerocrine, Solna, Sweden).E4 Venous blood was collected andwhite
blood cell differential counts were determined. Total IgE levels were
measured using ImmunoCAP (Thermo Scientific, Uppsala, Swe-
den).E4 Serum levels of IL-6 were determined by ELISA (R&D
Systems, Minneapolis, Minn), and high-sensitivity C-reactive
protein was measured using the particle-enhanced immunoturbi-
dimetric method on the Roche Cobas 8000 automated clinical
chemistry analyzer (Roche Diagnostics, Basel, Switzerland).

Evaluation of SABA use

The different short-acting b2-agonist (SABA) inhalers
dispensed by the patients in the Seinäjoki Adult Asthma Study
are shown in Table E2. Ventoline Diskus (Accuhaler) (Glax-
oSmithKline, London, United Kingdom; 60 puffs per inhaler,
200 mg salbutamol per dose) is the most used SABA inhaler in
Finland, which is also the case in our study population. Because
of the difference in puffs contained per inhaler (range: 60-400),
we adopted the definition of a standard canister from the pre-
vious study from Sweden.E5 Moreover, in the current Global
Initiative for Asthma report, regular or overuse of SABAs has
been set to �3 canisters of SABA (eg, dispensing of 3 or more
200-dose canisters in a year, corresponding to average use more
than daily). If the patient used at least 3 SABA inhalers (with
150 puffs) in a year, the total daily average SABA use was more
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than 1 puff daily (1.2 puffs/d). Therefore, high SABA use was patients.
6 SABA canisters in 12 years, corresponding to an
dispensed canisters per year.

n of adherence

doses for each patient for each year of the follow-up
d based on medical records.E6-E8 All drug and dose
taken into account individually for each patient,
doses were converted to beclomethasone dipropi-

equivalents (Figure E2).E7 Patients’ dispensed doses
rticosteroids (ICS) were obtained from the Finnish
ce Institution, which records all purchased medi-
any Finnish pharmacy (Figure E2).E6,E8 By
spensed doses with prescribed ICS doses, it was
aluate adherence of a single patient during the 12-
p period as previously reported.E6 In the case of
prescribed, for example, 1 to 2 puffs 2 times daily,
d that patients were adherent when the minimum
re dispensed.
ar adherence was calculated by comparing total
spensed doses of ICS with total cumulative 12-year
ses.E6,E8 The most commonly used cutoff point
espiratory literature was also used in this study to
tients with better (�80%) and poorer (<80%) 12-
ce.E9-E11 To obtain a view on the variability of
long-term follow-up, annual adherence was calcu-
patient individually for each year by dividing yearly
S doses by yearly prescribed ICS doses (mg BDP
6-E8 Overall, the extensive 12-year follow-up period
that long-term medication is prescribed continu-
ed the evaluation of 12-year ICS adherence
iation of medication and periods of persistence and
onpersistence (Figure E3). Moreover, 1 recent
as used time-varying adherence to describe patients’
avior, and this method was adapted in the present
E3).E12 However, time-varying proportion of days
ot account for the dose ranges of asthma medica-
refore we modified the form by using mg/mg and
time-varying behavior in each year of the follow-
usion, all patients have their individual 12-year
scope of adherence enabling the comparison of
12-year adherence and annual adherence of the
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Baseline visit 1999-2002
n=260

Diagnosis of new-onset adult-asthma
Lung function measurements
Symptoms of asthma
Age �15 years

Follow-up visit 2012-2013
n=203

The collection of data on
asthma-related visits,

medication and
lung-function measurements

Patients excluded
Consent withdrawn
Childhood asthma

Patients lost to follow-up
Dead
Could not be reached
Significant comorbidities
Other reasons

n=3
n=1
n=2

n=54
n=22
n=9
n=5
n=18
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FIGURE E2. Twelve-year ICS adherence of 1 example patient. ICS, Inhaled corticosteroid.

Data on prescribed and dispensed
medication

FIGURE E1. Flowchart of the study. ACT, Asthma Control Test;
AQ20, Airways Questionnaire 20; GINA, Global Initiative for
Asthma.

FIGURE E3. Time-varying adherence of 1 example patient (the average 12-year adherence of the example patient is 68%).
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TABLE E1. The inclusion and exclusion criteria used in the SAAS

Inclusion criteria

A diagnosis of new-onset asthma made by a respiratory specialist

Diagnosis confirmed by at least one of the following objective lung function measurements:*

FEV1 reversibility in spirometry of at least 15% and 200 mL after 400 mg of salbutamol

Diurnal variability (�20% on at least 3 d) or repeated reversibility (�15%/60 L/min on at least 3 occasions) during a 2-wk PEF monitoring

A significant decrease in FEV1 (15%) or PEF (20%) in response to exercise or allergen challenge test

A significant reversibility in FEV1 (at least 15% and 200 mL) or mean PEF (at least 20%) in response to a trial with oral or inhaled glucocorticoids

Symptoms of asthma

Age �15 y

Exclusion criteria

Physical or mental inability to provide signed informed consent

Diagnosis of asthma below the age of 15 y

Of note:

Patients with comorbidities, either any other lung disease or any other significant disease, were not excluded

Patients were not excluded because of smoking, alcohol use, or any other lifestyle factor

Respiratory symptoms or any other disease during childhood was not a reason to exclude patients, but a diagnosis of asthma at age <15 years was an
exclusion criterion

Published earlier: Kankaanranta et al 2015.E13

FEV1, Forced expiratory volume in 1 second; PEF, peak expiratory flow, SAAS, Seinäjoki Adult Asthma Study.
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TABLE E4. High use of SABA and over-reliance on SABA during
12 years in patients with new adult-onset asthma

Variable n (%)

Total population 203 (100)

High use of SABA

High use of SABA (�36 SABA canisters
in 12 y)

21 (10)

Over-reliance on SABA using different
definitions

High use of SABA (�36 canisters in 12 y)
and no dispensed ICS canisters during
the follow-up

0 (0)

High use of SABA and <36 dispensed
canisters of ICS (corresponding to on
average <3 dispensed ICS canisters per
year)

2 (1.0)

High use of SABA and fewer ICS
canisters dispensed than SABA

5 (2.5)

Possible undertreatment

High use of SABA and no dispensed
ICSþLABA or ICSþLAMA

2 (1.0)

Number of over-reliant patients was 5 (2.5%) by any definition.
ICS, Inhaled corticosteroid; LABA, long-acting b2-agonist; LAMA, long-acting
muscarinic antagonist; SABA, short-acting b2-agonists.

TABLE E3. Characteristics of study population at baseline
(asthma diagnosis) and 12-year follow-up visit (n ¼ 203)

Variable

Baseline

(n [ 203)

Follow-up

(n [ 203) P value

Age (y) 46 (14) 58 (14)

Female gender, n (%) 118 (58.1) 118 (58.1)

BMI (kg/m2) 27.1 (24.2-29.8) 28.1 (24.4-31.3) <.001*

Smokers (incl. ex), n (%) 103 (50.7) 107 (52.7) .125†

Smoking history (pack-y) 12 (5-21) 16 (6-30) <.001*

Pack-y � 10 and post-BD
FEV1/FVC < 0.7, n (%)

15 (7.4) 34 (16.7) <.001†

Daily ICS use, n (%) 16 (7.9) 155 (76.4) <.001†

Pre-BD FEV1% pred 83 (71-92) 86 (76-96) <.001*

Pre-BD FVC % pred 90 (79-100) 96 (87-106) <.001*

Pre-BD FEV1/FVC 0.75 (0.69-0.80) 0.73 (0.66-0.79) <.001*

Post-BD FEV1% pred 88 (77-99) 90 (80-98) .010*

Post-BD FVC % pred 94 (82-102) 98 (88-107) <.001*

Post-BD FEV1/FVC 0.79 (0.74-0.83) 0.75 (0.69-0.81) <.001*

Blood eosinophils (109/L) 0.28 (0.15-0.42) 0.16 (0.10-0.27) <.001*

Total IgE (kU/L) 84 (35-174) 61 (24-163) .046*

CRP 5 (5-5) 1.2 (0.57-2.5) <.001*

AQ20 score 7 (4-10) 4 (2-7) <.001*

Hypertension, n (%) 30 (14.8) 69 (34) <.001†

Coronary artery disease,
n (%)

10 (4.9) 21 (10.3) <.001†

Diabetes, n (%) 3 (1.5) 29 (14.3) <.001†

AQ20, Airways Questionnaire 20; BMI, body mass index; CRP, C-reactive protein;
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ICS,
inhaled corticosteroid.
*Statistical significances were evaluated by the related samples Wilcoxon signed-
rank test (if non-normally distributed).
†Statistical significances were evaluated by the McNemar test (categorical variables).

TABLE E2. Inhalers containing SABA dispensed in the SAAS

Brand Strength

Puffs per

inhaler

Active

substance

Airomir autohaler 0.1 mg/dose 200 Salbutamol

Airomir 0.1 mg/dose 200 Salbutamol

Atrovent comp eco 50 mg/dose 200 Fenoterol

Bricanyl turbuhaler 0.25 mg/dose 200 Terbutaline

Bricanyl 0.25 mg/dose 400 Terbutaline

Bricanyl turbuhaler 0.5 mg/dose 100 Terbutaline

Bricanyl turbuhaler 0.5 mg/dose 200 Terbutaline

Buventol easyhaler 100 mg/dose 200 Salbutamol

Buventol easyhaler 200 mg/dose 60 Salbutamol

Buventol easyhaler 200 mg/dose 200 Salbutamol

Salbutamol turbuhaler 50 mg/dose 200 Salbutamol

Ventoline 0.2 mg/dose 100 Salbutamol

Ventoline 1 mg/mL 20 � 2.5 mL
(no puffs)

Salbutamol

Ventoline diskus 200 mg/dose 60 Salbutamol

Ventoline evohaler 0.1 mg/dose 200 Salbutamol

Ventoline rotadisk 0.2 mg/dose 15 � 8 (no puffs) Salbutamol

SAAS, Seinäjoki Adult Asthma Study; SABA, short-acting b2-agonists.
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