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Abstract
BackgroundAsthma and allergies are common and cause substantial burden in symptoms and suffering, hospitalizations and medication costs. However, despite the high prevalence, asthma burden has already decreased in Finland in 2000s.

ObjectiveWe carried out an asthma barometer survey in all Finnish pharmacies to study changes in asthma severity and control, and use of health care services from 2001 to 2010.

MethodsAsthma severity, comorbid allergic conditions, and use of medication and health care services were assessed in subjects who purchased asthma or allergy medication from the pharmacies all across the country during one week in 2001 and again in 2010. In 2001, 3,062 patients (mean age, 49 years), and in 2010, 1,114 patients (mean age, 51 years) participated.

ResultsIn 2001 90% and in 2010 73% of the respondents reported physician-diagnosed asthma and were entitled to special reimbursement for their drug costs, i.e., they needed regular maintenance treatment. In 2001, 10% of the asthmatics regarded their disease as severe, compared with 4% in 2010, while the figures for mild asthma were 45% and 62%, respectively (p < 0.001). The proportion of patients needing emergency care during the last year decreased from 34% (2001) to 14% (2010) (p < 0.001) and the need for hospitalizations from 18% to 6% (p < 0.001). Smoking reduced from 24% to 18% among asthmatics ( p = 0.002). In 2010, risk factors for severe asthma were older age, comorbid atopic eczema, and food allergy.

ConclusionDuring ten years, self-reported asthma severity has reduced and disease control improved in Finland.
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INTRODUCTION
The 10-year Finnish Asthma Programme 1994-2004 aimed to improve asthma management and reduce disease burden [1]. The Programme emphasized early diagnosis, effective anti-inflammatory treatment at the very onset of the disease and patient education for guided self-management. As the result, asthma related morbidity (e.g., disability pensions) and mortality decreased, as well as hospitalizations, despite the increase in total number of patients [2, 3]. The ongoing Finnish Allergy Programme 2008-2018 has taken further steps to reduce the burden of allergy and asthma [4].
During the last 10 years asthma medication and health care services have developed. To monitor and examine these changes, the Association of Finnish Pharmacies carried out so called asthma barometer surveys in 2001 and 2010 in all Finnish Pharmacies [5]. Special focus was laid on trends in self-reported symptom severity, use of asthma drugs and need for health care services among patients with physician diagnosed asthma.
Smoking is a major risk factor for asthma onset as well as for severe diseases, according to population-based and clinical studies [6, 7, 8]. Smoking has been on the decrease in the Finnish population, more in men [9]. However, over the last decade, changes in smoking have not been reported in Finnish asthmatics.

MATERIALS AND METHODS
Baseline survey in 2001
The study cohort consisted of 3,062 patients aged 1-92 years (mean, 49 years; 62% females) who obtained asthma medication from 612 Finnish pharmacies (77% of all the 796 pharmacies) across the country in June 2001. A total of 2,748 respondents (90%) reported physician-diagnosed asthma and 2,230 of them (73%) received special reimbursement for their regular asthma medication (Fig. 1). To be eligible for special asthma medication reimbursement, the diagnosis and long-term need for regular asthma medication (exceeding 6 months) must be confirmed by the patient's physician and the Social Insurance Institution of Finland according to agreed objective criteria (strict definition of asthma). Asthma is diagnosed using international guidelines to show reversible airway obstruction during peak expiratory flow recording, or by flow-volume spirometry and bronchodilator test, or by showing markedly increased bronchial responsiveness to histamine or metacholine [10].
[image: Figure F1 ]Fig. 1

  Flowchart of the recruitment in 2001 and 2010.



A questionnaire was used to assess symptoms, asthma severity (mild, moderate or severe), use of medication and use of health care services over the past 12 months. Respondents from 2001 who were uncertain of the type of medication they were on (inhaled corticosteroids [ICS], short-acting β2-agonists [SABA], or some other kind of asthma medication, n = 521), were excluded.

Follow-up survey in 2010
The new study cohort consisted of 1,114 patients aged 5-75 years (mean, 51 years; 72% females) who obtained asthma or allergy medication from 382 Finnish pharmacies (47% of all 812 pharmacies) across the country. The numbers were smaller than in 2001 as the participants were the first consecutive 1-5 clients per pharmacy purchasing asthma or allergy medication during one week in September 2010. Physician-diagnosed asthma was reported by 816 subjects (73%), and 655 of them (80%) received special reimbursement for their regular asthma medication (Fig. 1).

Assessment of symptoms, use of asthma medication, and health care services
To compare the 2010 results to the 2001 results, same questions were used to assess symptoms, asthma severity, use of medication, and health care services over the past 12 months. Comparisons of disease severity and use of asthma medication and health care services were restricted to respondents aged 5-75 years with strict definition of asthma.
Asthma severity was estimated using a score from 0 to 10: 0-1, no asthmatic symptoms; 2-5, mild symptoms not disturbing everyday life or sleep; 6-8, moderate symptoms disturbing daily activities and causing sleep disturbances; and 9-10, severe symptoms and hospitalizations. Waking up at night because of symptoms over the past 12 months was asked: never, twice a month, 3-4 times a month, 1-2 times a week, and almost every night. The use of ICS and SABA during the last 12 months was separately enquired with the options: no, occasionally, regularly, almost daily, and daily. The use of oral corticosteroids (OCS) was assessed with the options: no, short courses (a total of X courses over the last 12 months), and regular use. In 2010, 17 of the respondents did not answer the ICS question and three did not answer the question on SABA and were excluded.
Concerns with asthma drugs were assessed. Have you worried about: timely administering of medication, understanding inhaler instruction manual, inhalation technique, handling the inhaler, safety of long-term asthma medication, no problems, or some other concern?
The utilisation of health care services over the last 12 months was enquired. Have you had an appointment with a physician/nurse because of asthma: yes, how many times, or no? Have you been treated at a hospital emergency department because of asthma: yes, how many times, or no?
The study protocol was approved by the coordinating Ethics Committee of the Helsinki and Uusimaa Hospital District (HUS).

Statistical methods
The data is presented as means with standard deviations or as counts with percentages. The 95% confidence intervals are given for the most important outcomes. Differences between groups were compared using the chi-square test, the Mann-Whitney test or the independent samples t-test. Factors associated with severe asthma were examined using univariate and multivariate logistic regression analyses, where age was treated as a continuous variable.


RESULTS
In 2001, of all the 3,062 respondents, 90% reported physician-diagnosed asthma. Other allergic conditions than asthma were not asked. Ten years later, in 2010, of all the 1,114 respondents, 816 (73%) reported physician-diagnosed asthma, 62% allergic rhinitis, 30% atopic eczema, 27% food allergies, 20% allergic conjunctivitis, and 11% a history of anaphylaxis. Those 655 subjects with strict definition of asthma reported comorbid allergic rhinitis in 55%, atopic eczema in 27%, food allergies in 27%, allergic conjunctivitis in 19%, and a history of anaphylaxis in 13% of the cases.
In 2001, asthma was estimated as mild by 45%, moderate by 45% and severe by 10% of the respondents, while the corresponding figures in 2010 were 62%, 34%, and 4%, respectively (Table 1, Fig. 2). Still, the percentage of asthmatics reporting night-time symptoms was at the same level or even higher in 2010 compared to 2001. Smoking decreased from 24% (2001) to 18% (2010).
[image: Figure F2 ]Fig. 2

  Change of self-reported asthma severity, emergency care (visits) and hospitalizations (hospital days) in Finland 2001 and 2010.



[image: Table  ]Table 1

  Characteristics of patients with self-reported asthma entitled to special reimbursement for drug costs (strict criteria for asthma) in 2001 and 2010

First comparison for all between 2001 and 2010 (age, 5-75 years) and then differentially for children and adolescents (5-17 years) between 2001 and 2010 and for adults (18-75 years) between 2001 and 2010.
Values are presented as number (%) unless otherwise indicated.
SD, standard deviation; NS, not significant.
*1,909 answers to the question of night time symptoms in 2001 and 645 answers in 2010. †1,899 answers to the question of oral corticosteroids in 2001 and 653 answers in 2010.





Both the use of single ICS and SABA inhalers was markedly reduced in 2010 compared to 2001; daily or almost daily ICS from 87% to 48%, and almost daily SABA from 72% to 30%. The need for regular OCS remained at a low level (3% in 2001 and 2% in 2010). In 2001 the fixed combination inhalers of ICS and long acting β2-agonists (LABA) were just entering the market, and their use was not asked. In 2010, already 50% of the respondents used them daily or almost daily. However, already in 2001, 87% of the respondents had a regular inhaled ICS maintenance therapy (96% in 2010). Asthma medication was a major source of concerns as 24% of patients worried over drug safety in 2001, but in 2010 only 10% of patients had drug safety concerns (Table 2).
[image: Table  ]Table 2

  Smoking habits, concerns on asthma treatment and use of health care services in the last 12 months in patients with self-reported asthma entitled to special reimbursement for drug costs (strict criteria for asthma) in 2001 and 2010 (age, 5-75 years)

Values are presented as number (%).
*Chi-square test. †1,791 answers to the question of concern about asthma treatment in 2001. In 2010, 10 responders had complained two concerns instead of one.





From 2001 to 2010, the proportion of patients needing emergency care during the last year decreased from 34% to 14% (p < 0.001) and the need for hospitalizations from 18% to 6% (p < 0.001) (Table 1, Fig. 2).
In children 5-17 year olds, the trends were the same as in adults: in 2010 compared to 2001 there were more mild asthmatics (85% and 78%, respectively) and less severe asthmatics (0% and 5%, respectively) (Table 1). However, more children reported night-time symptoms in 2010 compared to 2001 (76% vs. 45%, p < 0.02). Much less emergency visits were reported in 2010 compared to 2001 (4% vs. 38%, p < 0.001) as well as hospitalizations (4% vs. 16%).
Severe asthma and it's risk factors have been in focus during the recent Allergy Programme 2008-2018 [4]. To analyse the determinants for severe asthma in 2010, the relevant data was dichotomized to reflect severe (score 6-10, n = 243, 40%), or mild asthma (score 0-5, n = 365, 60%). The analyses were restricted to the respondents fulfilling the strict definition for asthma and aged >18 years (n = 476). In univariate analysis, older age (odds ratio [OR], 1.02), comorbid atopic eczema (OR, 1.76) and food allergies (OR, 1.84) were related to severe asthma (Table 3). Likewise, having received guided self-management instructions for allergic rhinitis (OR, 1.49), food allergies (OR, 2.36) or severe allergy (OR, 1.93) were associated with severe asthma. In multivariate analysis with forward selection, older age (OR, 1.02), atopic eczema (OR, 1.59) and having received food allergy guidance (OR, 2.49) were associated with severe asthma.
[image: Table  ]Table 3

  Univariate and multivariate regression analyses fog determinants of severe asthma in 2010

Education, ≥25 years; smoking, ≥18 years.
Multivariate model: gender, age, and smoking habits were enforced in the model and forward stepwise selection was adapted. Only those variables are shown which entered the model.
OR, odds ratio; CI, confidence interval.






DISCUSSION
Self-reported asthma severity has decreased significantly in 10 years despite the slightly increased prevalence of the disease in Finland [11, 12]. Reductions in the use of emergency care and need for hospitalizations are in line with previous observations [2, 13], and are objective evidence of decreasing asthma burden. Occurrence of self-reported night-time symptoms did not change, however, which may mean more sensitive perception of even the mildest sleep disturbances. It should be noted that only a small group of asthmatics regards their disease as severe, in 2010 not more than 4% (32/813) and no one of those in the age group of 5-17 years. In the population, the majority has a mild disease relatively easy to control with appropriate medication.
In the asthma literature, severe asthma is overemphasized much because of the specialist care perspective. On the other hand patients with severe asthma should be in focus as they carry most of the disease burden including costs [2]. Allergic rhinitis and asthma have generally a favourable outcome [14]. Lindstrom et al. [15] used the Finnish military register to follow 393 asthmatic young men for 20 years. At the age of 40, 52% of them were free of symptoms or had them only occasionally, 20% had mild persistent, 17% moderate persistent, 10% severe persistent asthma, and 80% had comorbid allergic rhinitis.
During the 10-year observation period fixed ICS/LABA combination inhalers gained the market as 50% of patients with chronic diseases were using them in 2010. This explained the rapidly reduced use of single ICS and SABA inhalers. Nevertheless, already in 2001, 87% of patients were on regular ICS as the major increase took place in late 1990s [2]. Combination inhalers seem to have further improved the use of regular ICS in chronic asthma and thus maintained better asthma control [16].
Smoking is associated with mixed type or airway inflammation (eosinophilic and increasingly neutrophilic), more rapid lung function decline, reduced response to ICS treatment, increased disease severity and need for acute care, all resulting in worse asthma control [17, 18]. Furthermore, the so called overlap syndrome of asthma and chronic obstructive pulmonary disease is associated with poor quality of life [19]. However, the present survey did not find any clear association between smoking and self-reported severe asthma. The study cohorts were relatively young, around 50 years in both surveys, and the smokers probably did not yet suffer from the overlap syndrome with the more rapidly decreasing lung function. Older age, regardless of smoking, was a slight independent risk factor for severe asthma as have been reported also earlier [20].
Comorbid conditions were common in the 2010 asthma cohort. Of the respondents with the strict definition for asthma, 55% reported allergic rhinitis, 27% atopic eczema, 27% food allergies, 19% allergic conjunctivitis, and 13% a history of anaphylaxis. Allergic rhinitis in asthmatics has been reported to be a risk factor for more severe asthma [11]. This was not the case in the present cohort, but allergic rhinitis may have been underreported. Chronic atopic eczema is associated with increased bronchial responsiveness, and effective topical treatment may even decrease hyperreactivity [21, 22]. In our results, comorbid atopic eczema was associated with severe asthma (OR, 1.59). Having food allergies severe enough to require special guidance was also associated with severe asthma (OR, 2.49). Previously, comorbid food allergy (particularly against egg, peanut, soy, and wheat) has associated with hospitalizations due to asthma and increased need for corticosteroid medication [23]. Having received special guidance for self-management of anaphylaxis increased the risk of severe asthma, but only in the univariate analysis, probably because of small numbers (n = 84) compared to atopic eczema (n = 175) or food allergy (n = 178).
In 2010, 69% of asthma patients reported a scheduled visit to a physician and 23% to a nurse during the past year. Compared to 2001, appointments especially to nurses reduced, while worries about the inhalation technique increased, which may reflect less guidance on inhaled medication. Networking with asthma nurses was especially active during the Finnish Asthma Programme, but may have deteriorated since 4. However, worries about medication safety decreased markedly, which may indicate less fears against ICS therapy. That may have improved adherence to treatment.
Strengths and limitations
Both samples were collected in pharmacies from patients purchasing asthma medication in 2001 and 2010, making the study samples comparable. The study time interval early summer in 2001 and autumn in 2010 which may have had an impact on those purchasing asthma medication. In May-June birch allergy season typically provokes symptoms whereas in September mugwort pollen, mold spores and common colds (schools and work places) may provoke asthmatic symptoms. We find it unlikely that the seasonal variation in the study samples would have a relevant impact on the study results. If anything, the September cohort was more in risk of asthma exacerbations.
Both the samples are representative for the whole country but the participation rate of pharmacies was higher in 2001 (77%) compared to 2010 (47%). In 2010 the relative shortage of pharmacists in the country reduced the local activities making the sample size smaller compared to 2001. The sample size was still large enough for comparison. The surveys were cross-sectional and provided comparison of point prevalences in 2001 and 2010, but do not give longitudinal information on an individual level. Since we were not able to produce participation rates of individual patients, we cannot totally exclude the possibility that the study sample would not be representative for all those purchasing asthma medication in the given time period. However, more severely ill patients are usually more willing to participate medical studies concerning their health and thus even if the participation rate would be less than 50% it would probably not have change the trends of our results. The age groups remained the same (5-75 years). In 2001, 257 respondents (13%) were under the age of 18 years compared to only 46 (7%) in 2010. The latter figure is too small to make conclusions of asthma severity. We excluded small children with intermittent wheezing associated with viral infections and to focus on persistent asthma.
In conclusion, our study results suggest that asthma might be becoming a milder disease in Finland and only a minority of asthmatics suffer from severe, uncontrolled asthma. The decline in the emergency visits and hospitalizations is in line with the self-reported change in severity. Health care services have essentially remained the same in Finland during the 10-year period. Reductions in hospitalizations, emergency care, and self-reported severity are all suggestive for better asthma control. Whether this is a result of earlier diagnosis and timely treatment or a change in the natural course of disease, cannot be answered. Older age and comorbid atopic eczema and food allergy were associated with more severe asthma. More attention should be paid to the comprehensive management of the atopic syndrome, where asthma, rhinoconjunctivitis, atopic eczema, and food allergy all play a role. Night-time symptoms and guidance of inhalation therapy need further attention [24].
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[image: Figure F1 ]Figure 1


  Flowchart of the recruitment in 2001 and 2010.
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  Change of self-reported asthma severity, emergency care (visits) and hospitalizations (hospital days) in Finland 2001 and 2010.
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[image: Table  ]Table 1


  Characteristics of patients with self-reported asthma entitled to special reimbursement for drug costs (strict criteria for asthma) in 2001 and 2010

First comparison for all between 2001 and 2010 (age, 5-75 years) and then differentially for children and adolescents (5-17 years) between 2001 and 2010 and for adults (18-75 years) between 2001 and 2010.
Values are presented as number (%) unless otherwise indicated.
SD, standard deviation; NS, not significant.
*1,909 answers to the question of night time symptoms in 2001 and 645 answers in 2010. †1,899 answers to the question of oral corticosteroids in 2001 and 653 answers in 2010.
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[image: Table  ]Table 2


  Smoking habits, concerns on asthma treatment and use of health care services in the last 12 months in patients with self-reported asthma entitled to special reimbursement for drug costs (strict criteria for asthma) in 2001 and 2010 (age, 5-75 years)

Values are presented as number (%).
*Chi-square test. †1,791 answers to the question of concern about asthma treatment in 2001. In 2010, 10 responders had complained two concerns instead of one.
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  Univariate and multivariate regression analyses fog determinants of severe asthma in 2010

Education, ≥25 years; smoking, ≥18 years.
Multivariate model: gender, age, and smoking habits were enforced in the model and forward stepwise selection was adapted. Only those variables are shown which entered the model.
OR, odds ratio; CI, confidence interval.
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