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Abstract
Background  Regular use of inhaled corticosteroids (ICS) is a cornerstone of asthma treatment. Adherence to ICS has 
been suggested to be poor and be associated with poor asthma control and exacerbations.

Objective  To evaluate adherence to ICS and its relation to asthma symptom control and exacerbations in adult 
patients with asthma using ICS regularly.

Methods  Altogether, 411 Finnish adult asthmatics who reported using regular/daily ICS were included. 
Comprehensive prescription and dispensation data from national records were obtained. Adherence (%) to ICS 
was calculated individually [(dispensed ICS µg /prescribed ICS µg) x100] during the follow-up time. Asthma control 
was assessed by the Asthma Control Test (ACT). Exacerbations were assessed over the previous 12 months by a 
questionnaire.

Results  Median prescribed daily ICS dose was 1000 (IQR 750–1500) µg and median dispensed dose was 784 (IQR 
489–1008) µg equivalent to beclomethasone dry-powder inhaler, yielding a median adherence of 76.0 (53.2–98.8) 
% during the follow-up. Regarding asthma exacerbations during the previous year, 66.7% of the responders had 
temporarily increased their asthma medication, 32.7% had a course of oral corticosteroid, 22.7% had unscheduled 
health care visit and 2.5% were hospitalised for asthma. Poor adherence was not associated with any of these event 
types. There was no correlation between adherence to ICS and ACT scores (Pearson Correlation coefficient r = 0.011, 
p = 0.822).

Conclusions  Adherence to ICS treatment among asthmatics in Finland is high, and poor asthma control or 
asthma exacerbations are not related to poor adherence. Rather, exacerbating asthma patients seem to have better 
adherence to ICS.
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Fig. 1 (See legend on next page.)
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Background
Asthma is one of the most common chronic diseases 
in the world with estimated 262 million asthmatics in 
the world [1]. In 2016, 11.2% of Finnish adults reported 
having doctor-diagnosed asthma [2]. Asthma is a het-
erogeneous disease typically associated with bronchial 
inflammation, variable obstruction and hyperreactivity. 
The cornerstone of asthma treatment is inhaled corti-
costeroids (ICS) aiming to alleviate inflammation and 
prevent exacerbations. If necessary, other asthma medi-
cations are added to the treatment [3]. A lot of work has 
been done in Finland to improve the recognition and 
treatment of asthma. The Finnish Asthma Program [4] 
and later the national treatment guidelines [5, 6] have 
emphasized the importance of regular ICS in asthma 
treatment. Commitment to medication, i.e. medication 
adherence, is an important part of the overall treatment 
of asthma. Globally, adherence to maintenance asthma 
medication has been estimated to be generally low, 
22–63% [7, 8] and poor adherence has been associated 
with increased symptoms and healthcare costs, risk of 
inappropriate medication and exacerbations [8–10]. In a 
recent Finnish study, fairly good adherence was reported 
with a 12-year median adherence to ICS of 69%. There 
was also an indication that those with a more severe 
adult-onset asthma had even better adherence than on 
average [11].

Asthma exacerbations are acute or sub-acute worsen-
ing of asthma symptoms and/or decreasing lung function 
compared to the patient’s usual status requiring a change 
in treatment [3]. Asthma exacerbations cause major mor-
bidity [12], health care costs [13, 14] and also increase 
all-cause mortality [15]. ICS treatment is effective in 
preventing asthma exacerbations [16, 17]. It is generally 
thought that uncontrolled asthma is due to poor adher-
ence to prescribed therapy [18–20], but there seems to 
be at least a subgroup of asthmatics who suffer from fre-
quent exacerbations despite good adherence to ICS [21]. 
Poor asthma symptom control has been associated to 
poor adherence [22, 23], although there are also contra-
dicting results [24].

The aim of this study was to assess adherence to ICS 
treatment in Finnish adult asthmatics, and to analyse 
if adherence is related to asthma symptom control or 
exacerbations.

Materials and methods
A postal questionnaire study was conducted in April 
2017 to a random sample of 2000 Finnish speaking sub-
jects aged 18–80 years, who had bought at least one 
package of medication for obstructive airway diseases 
(the Anatomical Therapeutic Chemical Classification 
System (ATC) class R03) during the previous 12 months 
(1.3.2016-28.2.2017) and lived in Finland (Fig. 1). Details 
of the study design, non-responder analysis and Eng-
lish translation of the postal questionnaire have been 
reported previously [25, 26]. The study protocol was 
accepted by the Ethics Committee of Tampere University 
Hospital (R151186).

Questionnaire and definitions
Asthma was defined by a positive answer to the question 
"Do you have a doctor-diagnosed asthma?".

COPD was defined by a positive answer to the question 
"Do you have a doctor-diagnosed chronic obstructive 
pulmonary disease / COPD?".

Smoking status was defined by answers to questions 
"Have you ever been an active smoker (smoking daily or 
nearly every day at least for one year)?" and "Do you cur-
rently smoke?".

Regular medication use was defined by a positive 
answer to the question "Do you have regular/daily medi-
cation for your respiratory disease (for example asthma 
or COPD)?".

Inhalation technique taught was defined by positive 
answer to the question “Have you been taught how to 
correctly use your inhaler?”.

Asthma symptom control was assessed with the 
Asthma Control Test (ACT) and was considered well 
controlled with 20–25 points, partly controlled with 
16–19 points and poorly controlled with 5–15 points 
[27].

Asthma exacerbations were assessed during the previ-
ous 12 months by asking whether the responder in this 
time frame had to temporarily increase their asthma con-
troller medication, required a course of oral corticoste-
roid (OCS) or had an asthma-related unscheduled health 
care visit, emergency department visit or hospitalisation.

Prescription and dispensation data
Social Insurance Institution of Finland (SII) records all 
reimbursed prescription medications purchased from all 
Finnish pharmacies. Since there are no over-the-counter 
medications available for obstructive airway diseases in 

(See figure on previous page.)
Fig. 1  Study flow chart. ATC = the Anatomical Therapeutic Chemical Classification System. ICS = Inhaled corticosteroid. *Reported not to use regular/
daily ICS. Five (5) of them reported a use of regular LTRA, 2 regular LTRA+OCS, 1 regular OCS, 2 ICS+LABA as needed, 6 regular SABA and 2 nasal steroids +- 
systemic antihistamine. LTRA=leukotriene receptor antagonist, OCS=oral corticosteroid, LABA long-acting beta-agonist, SABA=short-acting beta-agonist. 
**12 responders did not report details of their regular asthma medication, the written dosing regiments of 5 responders was not interpretable, 3 respond-
ers were not dispensed any ICS during the study intake period, and 3 responders were dispensed only one ICS inhaler during the study intake period



Page 4 of 11Salmela et al. BMC Pulmonary Medicine          (2026) 26:189 

Finland, from SII records detailed information on all R03 
medication dispensed to the study subjects during the 
study year and the following year (1.3.2016-28.2.2018) 
was obtained. In this study, we included responders 
with self-reported daily/regular use of ICS and at least 
two dispensed prescriptions (Fig.  1). Each dispensed 
prescription was manually checked and the exact date, 
medication type, dosage strength, package size, num-
ber of packages, and exact written dosage regimen were 
obtained. None of the subjects were on biologicals for 
their asthma.

Calculating daily dispensed and prescribed ICS doses and 
adherence to ICS treatment
Follow-up time for each subject to calculate daily dis-
pensed and prescribed ICS doses was the time from 
the first ICS purchase during the study intake period 
(1.3.2016-28.2.2017) to the first purchase after one year 
of follow-up (or from first to the last known purchase 
if available follow-up data was for less than one year). 
Median follow-up time was 398 (IQR 378–440) days.

We calculated all prescribed and dispensed ICS for 
each subject during their individual follow-up times 
and converted all ICS to bioequivalent to beclometha-
sone dry-powder inhaler (DPI) (Table  1). Mean daily 
dispensed dose was calculated by dividing the total dis-
pensed ICS amount by the number of days of the sub-
ject’s follow-up time. Mean daily prescribed ICS dose was 
calculated by considering all dosing regimens for each 
subject’s purchases during the follow-up time. Changes 
in dosing regimen or inhaler during the follow-up time 
were taken into account. If the prescription was flexible 
(e.g., 1–2 doses two times a day), we used the mean dose 
of each flexible prescription as the prescribed dose.

Adherence was calculated by using a method combin-
ing medication possession ratio (MPR) and proportion 
of days covered (PCD) [28, 29]. Adherence-% to ICS was 
calculated by dividing the mean daily dispensed beclo-
methasone equivalent ICS dose by the mean daily pre-
scribed beclomethasone equivalent prescribed ICS dose 
during the follow-up time and multiplying it by 100. If a 

responder was dispensed more ICS than prescribed, in 
which case the calculated adherence would be > 100%, it 
was adjusted to 100%.

  

Statistical analysis
The results are shown as mean (SD) or median (IQR). 
Comparisons of groups were analysed by using indepen-
dent samples t-test and Mann–Whitney U-test for nor-
mally and non-normally distributed continuous variables, 
respectively, and Pearson’s Chi-squared or Fisher’s exact 
test for categorical variables. A p-value < 0.05 was con-
sidered significant. Statistical analyses were performed 
using SPSS Statistics version 27 (IBM Corp., Amonk, NY, 
USA).

Results
Altogether 541 responders reported having physician-
diagnosed asthma. We excluded 97 (18%) asthmatics as 
they did not use regular ICS medication and 33 due to 
incomplete answers or impossibility of calculating adher-
ence. There were no differences between included and 
excluded responders in age, gender, BMI, smoking, co-
existing COPD or having inhalation technique taught 
(Supplemental Table 1). Finally, 411 responders were 
included in the study (Fig. 1). Responders reporting co-
existent COPD were included.

The overall characteristics of the subjects included 
in the study are shown in Table 2. The responders were 
slightly more often women. Age or body mass index 
(BMI) did not differ between males and females. Males 
had more often co-existing COPD (13.5% vs. 6.9%, 
p = 0.025) and they were more often ever-smokers (55.8% 
vs. 38.6%, p < 0.001), but current smoking did not differ 
between genders. Almost everyone (97.4%) reported hav-
ing been taught the correct inhalation technique.

Different dosing regimens, asthma symptom control and 
exacerbations
There were two different types of prescriptions with 
either fixed (e.g., Seretide Diskus ® 250  µg 1 dose twice 

Table 1  Low, medium and high daily doses of inhaled corticosteroid (ex-valve) as defined by GINA (Global Initiative for Asthma, 2022) 
and bioequivalence to beclomethasone dry-powder inhaler (DPI) according to Beasley et al. [30]
Inhaled Corticosteroid Daily Dose (µg) Bioequivalence to Beclomethasone DPI

Low Medium High
Beclomethasone dipropionate DPI 200–500 > 500–1000 > 1000 1.0
Beclomethasone dipropionate HFA pMDI 100–200 > 200–400 > 400 2.5
Budesonide 200–400 > 400–800 > 800 1.25
Ciclesonide 80–160 > 160–320 > 320 3.125
Fluticasone propionate 100–250 > 250–500 > 500 2
Fluticasone furoate 100 200 5
Mometasone furoate 110–220 > 220–440 > 440 2.25
HFA pMDI, pressurised metered dose inhaler with hydrofluoroalkane propellant
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daily) or flexible (e.g., Symbicort Turbuhaler ® 1–2 doses 
twice daily) dosing regimens. Of all the prescriptions, 
48% applied fixed dosing and 52% flexible dosing. There 
were no differences between patients prescribed fixed or 
flexible dosing in terms of gender, age, BMI, smoking his-
tory, or coexistent COPD (Table 3).

Table 3 presents asthma symptom control and the dif-
ferent types of self-reported exacerbations in the two 
groups with fixed or flexible dosing regimens. In both 
groups, about 60% of the subjects had well controlled 
asthma, and there was no difference in the control level 
between the groups. There was no difference in asthma 
control between males and females either (data not 
shown). Subjects who had been prescribed ICS with flex-
ible dosing reported more often needing to temporarily 
increase their asthma medication, but there was no differ-
ence between the dosing regimen groups in the reported 
OCS courses, unscheduled health care visits or hospitali-
sations. Women more often temporarily increased their 
asthma control medication (72.5% vs. 58.0%, p = 0.002), 
more often took a course of oral corticosteroids (39.3% 
vs. 22.5%, p = 0.002), and had more unscheduled health-
care visits (27.6% vs. 15.4%, p = 0.004) compared to men.

Prescribed and dispensed daily ICS doses and adherence 
to treatment
The prescribed and dispensed daily ICS doses and adher-
ence to ICS treatment are presented in Table 4. There was 

Table 2  Characteristics of asthma patients using regular ICS
Characteristic All (n=411) Women 

(n=248)
Men (n=163) p-

value
Age, years 61 (51-69) 62 (49.25-70) 60 (52-68) 0.791
BMI, kg/m2 27.2 

(24.1-31.2)
27.5 
(23.9-31.5)

26.8 
(24.2-30.4)

0.488

Smoking (n=409) 0.001
    Never 223 (54.5%) 151 (61.4%) 72 (44.2%)
    Ex 138 (33.7%) 68 (27.6%) 70 (42.9%)
    Current 48 (11.7%) 27 (11.0%) 21 (12.9%)
Co-existing 
COPD

39 (9.5%) 17 (6.9%) 22 (13.5%) 0.025

Inhalation tech-
nique taught 
(n=385)

375 (97.4%) 225 (96.6%) 150 (98.7%) 0.327

Data are presented as median (IQR) or n (%)

Table 3  Subject characteristics according to prescription type
Characteristic All (n=411) Fixed dosing 

(n=198)
Flex-
ible dosing 
(n=213)

p-
val-
ue

Age, years 61 (51-69) 62 (51.75-70) 61 (49-69) 0.520
Gender 0.924
    Female 248 (60.3%) 129 (52.0%) 119 (48.0%)
    Male 163 (39.7%) 79 (48.5%) 84 (51.5%)
BMI, kg/m2* 27.2 

(24.1-31.2)
27.3 
(24.4-30.8)

27.0 
(23.7-32.3)

0.765

Smoking 0.634
    Never 223 (54.5%) 109 (55.6%) 114 (53.5%)
    Ex 138 (33.7%) 62 (31.6%) 76 (35.7%)
    Current 48 (11.7%) 25 (12.8%) 23 (10.8%)
Co-existing 
COPD

39 (9.5%) 19 (9.6%) 20 (9.4%) 0.311

Inhalation 
technique taught 
(n=385)

375 (97.4%) 178 (97.3%) 197 (97.5%) 1.000

Symptom control 0.766
    Well 
controlled (ACT 
20-25)

237 (58.5%) 117 (60.3%) 120 (56.9%)

    Partly 
controlled (ACT 
16-19)

88 (21.7%) 41 (21.1.%) 47 (22.3%)

    Poorly 
controlled (ACT 
5-15)

80 (19.8%) 36 (18.6%) 44 (20.9%)

 Reported exacerbations
    Temporary 
increase of asth-
ma medication

271 (66.7%) 118 (60.2%) 153 (72.9%) 0.008

    Course 
of oral 
corticosteroid

132 (32.7%) 60 (31.3%) 72 (34.0%) 0.623

    Unsched-
uled health care 
visit

92 (22.7%) 44 (22.7%) 48 (22.7%) 1.000

    Hospitalisa-
tion

10 (2.5%) 3 (1.5%) 7 (3.3%) 0.343

Data are presented as median (IQR) or n (%)

Table 4  Prescribed and dispensed inhaled corticosteroid dose 
per day (µg) expressed as bioequivalent to beclomethasone DPI 
and adherence to treatment
 Variable Fixed dosing 

(n=198)
Flexible dos-
ing (n=213)

All (n=411) p-val-
ue* 

Prescribed dose, µg
    lower 
end of the 
range

582.5 
(500-1000)

    mean 
of the 
range

1000 
(963.3-1032.5)

875 (750-1500) 1000 
(750-1500)

0.306

    upper 
end of the 
range

1000 
(1000-2000)

Dispensed 
dose, µg

799 (505.6-1005.7) 729.7 
(467.4-1013.9)

783.8 (489.1-
1007.6)

0.228

    low 
dose, n (%)

49 (24.7%) 62(29.1%) 111 (27.0%) 0.609

    me-
dium dose, 
n (%)

96 (48.5%) 97 (45.5%) 193 (47.0%)

    high 
dose, n (%)

53 (26.8%) 54 (25.4%) 107 (26.0%)

Adherence, 
%

79.9 (56.7-98.2) 70.3 (50.2-100) 76 
(53.2-98.8)

0.104

Data are presented as median (IQR) or n (%)

*Group comparisons between the fixed and the flexible dosing groups
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no difference in the median prescribed daily ICS dose 
between fixed dose group and the mean of the dosing 
range in the group with flexible dosing regimen. In both 
groups, the median prescribed daily ICS dose was at the 
upper end of medium dose range.

The median dispensed daily ICS dose was also similar 
between the two groups with different dosing regimen, 
and in both groups about a quarter used low daily ICS 
dose, about a half used medium daily ICS dose and about 
a quarter used high daily ICS dose.

Adherence to ICS treatment did not differ signifi-
cantly between the groups and was on average 76%. 
Age (p = 0.447), gender (female 80.8% vs. male 71.2%, 
p = 0.127), smoking history (never 75.9% [51.5–100], ex-
smoker 75.5% [53.7–97.9], current 85.5% [56.6–98.1], 
p = 0.745) or co-existent COPD (COPD 85.6% vs. non-
COPD 74.3%, p = 0.205) were not associated with adher-
ence. Responders with add-on medication (LABA, 
LAMA or LTRA) had better adherence to ICS compared 
to those without add-on medication (80.6 (55.2–99.9) % 
vs. 66.2 (51.9–95.9) %, p = 0.026).

Asthma symptom control and reported exacerbations in 
relation to treatment adherence
There was no significant difference in median treatment 
adherence between subjects with well-controlled, partly 
controlled or poorly controlled asthma (Fig.  2). There 
was no correlation between adherence and ACT-scores 

(Pearson Correlation coefficient r = 0.011, p = 0.822). Also, 
the proportions of well controlled, partly controlled and 
poorly controlled asthma were similar when the patients 
were divided into four groups based on their adherence 
to ICS treatment (Fig. 3 and supplemental Table 2). Find-
ings were similar when asthma control and exacerbations 
in relation to adherence were separately analysed in fixed 
and flexible dosing groups (data not shown).

Adherence to ICS treatment in patients with and with-
out different types of self-reported exacerbations are 
presented in Fig.  4. Adherence was significantly higher 
in responders with unscheduled health care visits or 
emergency visits (95.5% vs. 75.8%, p = 0.032). Respond-
ers with other types of exacerbations tended to have 
higher adherence to ICS in comparison to subjects with-
out such events, but the differences were not statistically 
significant.

The frequencies of different excerbations in relation 
to adherence to ICS treatment are given in Fig.  5. Poor 
adherence was not associated with increased amount of 
any type of exacerbations. There were no hospitalisations 
at all in the group with poorest adherence to ICS treat-
ment, and all other types of exacerbations were also less 
frequent than in the group with highest adherence.

Fig. 2  Adherence to ICS treatment in subjects with asthma according to the level of symptom control. Median, box on IQR and whiskers on 95% CI
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Discussion
In this study, we evaluated adherence to ICS and its rela-
tions to asthma symptom control and exacerbations in 
Finnish adult asthma patients who reported using ICS 
regularly. Median adherence to ICS was 76%. There was 
no association between adherence to ICS and asthma 
control based on ACT-scores. Exacerbations do not 
seem to be due to poor adherence, but rather asthmat-
ics with exacerbations seem to have better adherence. 
Both prescribed and dispensed ICS doses were on aver-
age medium to high, with medians of 1000 µg and 784 µg 
bioequivalent to beclomethasone DPI, respectively.

Both prescribed and dispensed ICS doses were quite 
high in this study. The median prescribed daily ICS dose 
was at the upper end of medium dose range which is in 
line with another Finnish study [31]. This may be the 
result of following the national guidelines of the time of 
the study, which recommended (especially at the initia-
tion of treatment) medium and high doses [6]. Also in a 
2003 UK study, 27% of the ICS prescriptions to asthma 
were high-doses [32], and in an Australian study, 93% of 

asthmatics had been prescribed medium (48%) to high 
(45%) ICS doses [33]. However, it is currently thought 
that most of the benefits of ICS are achieved on low to 
medium doses and only a small proportion of asthmat-
ics benefit from increasing the dose to high doses [30, 
34, 35]. There is also evidence of an increase in systemic 
adverse effects [30] and a dose-dependent association 
with comorbidities [36] with high and extra-high doses of 
ICS. In this study, only 27% of dispensed doses were low 
doses. The current Finnish national guideline [5], as well 
as GINA [3], recommends treatment mainly with a low 
to medium dose and it is important to see in the future 
how they are implemented in clinical practice.

In this study, the median adherence to ICS was 76%, 
which is in line with a previous Finnish study where the 
12-year median ICS-adherence was 69% [11]. Previ-
ous studies have reported on average quite poor adher-
ence with a wide variation between studies, 22–63% [8, 
20]. Better ICS adherence in Finland may be the result 
of systematic implementation of national asthma guide-
lines during the Finnish National Asthma Programme 

Fig. 3  Proportions of subjects with well controlled, partly controlled and poorly controlled asthma according to the level of adherence to treatment with 
inhaled corticosteroids. There were no significant differences in the level of control between the groups (p = 0.324)
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(1994–2004) to primary health care [4]. From early 
1990’s, Finnish national asthma guidelines have empha-
sized regular ICS-based treatment for asthma, and prac-
tically all asthma diagnoses are based on lung function 
measures [5, 6]. The majority of Finnish asthmatics have 
primary care follow-up visits, on average one visit every 

third year, and these seem to be associated with better 
adherence [37, 38]. Fairly good medication adherence 
results have also been published in the Finnish popu-
lation in other chronic diseases, such as diabetes and 
hypertension [39], multiple sclerosis [40] and anticoagu-
lation treatment in atrial fibrillation [41].

In this study we did not find a significant difference in 
adherence to ICS between those with flexible and those 
with fixed dosing regimen. There is evidence suggesting 
that in fixed dosing regimen lower number of needed 
daily inhalations is associated with better adherence [42]. 
Overall, dosing frequency could affects adherence [43]. 
In the flexible dosing regimen, the prescription inher-
ently includes a range of inhalations, which may affect 
adherence. In addition, our choice to use the mean value 
of the range as denominator in the adherence calcula-
tions could potentially influence the results.

Determinants of ICS adherence are multifactorial and 
complex, including e.g. patient-, healthcare system- and 
social structure factors [44, 45]. In Finland, the health 
sector is based on a publicly funded system. All the pub-
lic primary care services are either free for the patient or 
patients pay a small fee. In secondary and tertiary care, 

Fig. 5  Proportions of asthmatics reporting different types of exacerbation 
according to adherence to treatment with inhaled corticosteroids. There 
was a statistically significant difference between the groups only in the 
proportion of subjects reporting unscheduled health care visits due to 
asthma (p = 0.027)

 

Fig. 4  Adherence to treatment with inhaled corticosteroids in asthmatic patients with and without different types of self-reported exacerbations. Me-
dian, box on IQR and whiskers on 95% CI
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a small fee is charged from the patients. In Finland, the 
pharmaceutical reimbursement system covers a marked 
part of the cost of prescription medicines. Reimburse-
ment rates to medication for obstructive lung diseases 
vary from 40% to 65%, with a yearly maximum out-of-
pocket cap of 636,12€ (in 2026). Considering these fac-
tors, the availability of asthma treatment is quite good in 
Finland and may partly explain the good adherence.

In this study there was no association between adher-
ence to ICS and asthma symptom control or self-
reported exacerbations. The important finding was that 
poor adherence was not related to higher risk of exac-
erbations, but rather those with signs of uncontrolled 
asthma had higher adherence to ICS. We found that 
responders with add-on medication (LABA, LAMA, 
LTRA) had better adherence to ICS than responders 
without add-on medication. Since those patients who 
are symptomatic or suffer from exacerbations despite of 
ICS monotherapy are more likely to be prescribed add-
on medication, this finding supports our conclusion that 
subjects with uncontrolled asthma are more adherent 
to their treatment. Previous studies have had results in 
both directions. Another Finnish study by Vähätalo et 
al. had similar results [11]. A study from the UK found 
no association between good adherence to ICS and 
reduced exacerbations [21]. A Dutch study also did not 
see an association between adherence and exacerbations 
[46]. On the other hand, several opposite results have 
also been presented. In three US studies there seemed 
to be an association between better adherence to ICS 
and fewer exacerbations [19, 20, 47]. In the UK, patients 
reporting low adherence to ICS had poorer asthma con-
trol than those reporting good adherence [22]. It may be 
that the possible relation between adherence to ICS and 
asthma control vary between countries such that in coun-
tries with high prescribed doses and good average adher-
ence to ICS even those patients with adherence less than 
average get enough ICS to control their disease, while in 
countries with lower prescribed doses and poorer aver-
age adherence those patients with less than average 
adherence do not get enough ICS to control their disease. 
It is also possible that despite good adherence, treatment 
is not effective due to poor inhalation technique or other 
medication errors [48]. Asthma may also respond poorly 
or insufficiently to ICS treatment due to its phenotype 
and/or severity and require other treatments in addition 
to ICS [49], resulting in poor asthma control despite good 
adherence. Although study by Cvietusa et al. showed that 
exacerbations appeared to improve adherence to asthma 
medications [50], improved medication adherence did 
not necessarily reduce future exacerbations [51]. Over-
all, medication adherence and asthma control may have 
a two-way relationship: lack of medication due to poor 
adherence can lead to symptoms and exacerbations, 

and on the other hand, poor asthma symptom control 
and relapses can encourage medication use and improve 
treatment adherence.

Our study has several strengths. The study was a unique 
combination of accurate pharmacy dispensation data 
and a retrospective questionnaire survey. Data included 
exact information of prescribed and dispensed doses of 
ICS on each individual. Because we had the exact written 
instructions (the exact date, medication quality, dosage 
strength, package size, number of packages, and exact 
written dosage regimen) for the prescription, we were 
able to accurately account for possible changes in the 
prescribed daily dose of medication during the follow-up, 
thereby improving the accuracy of adherence calculation.

However, this study has also some limitations. Firstly, 
even though the dispensation data was comprehensive, 
we cannot be certain that all dispensed medications were 
correctly administered or inhaled by the patient. On the 
other hand, almost all (97.4%) responders reported that 
they had been taught the correct inhalation technique. 
Prescription-based adherence is prone to measurement 
errors and studies with chipped smart inhalers have 
shown that adherence based on calculations may be 
somewhat higher than adherence based on direct mea-
surements with smart inhalers [48, 52]. Secondly, we only 
included responders who reported regular ICS use, which 
means there is a possibility of overestimating adherence. 
Based on our previous study, this does not seem to be a 
major problem, as it appears that non-regular ICS users 
have no significant undertreatment [26]. Thirdly, the 
diagnosis of asthma was based on the patient’s report, 
and we had no information how the diagnosis was origi-
nally made. However, the diagnosis of asthma is almost 
always based on lung function tests in Finland [6] and 
344 (83.7%) of responders had the right to special reim-
bursement for asthma medication, which in Finland 
requires asthma to be confirmed by lung function tests. 
The entitlement to special reimbursement requires a sep-
arate doctor’s statement, so there can be many reasons 
why not everyone has it. As the study was based on a ran-
dom sample, it represents well the subjects with asthma 
in Finland but also includes variation between subjects 
in terms of exposure history, which we cannot control 
for in this setting. Regarding adherence and asthma con-
trol, we made comparisons between different treatment 
regimens but not between individual ICS molecules or 
inhaler brands, as our sample is not large enough to have 
sufficient statistical power for such comparisons. Finally, 
all questionnaire studies have known limitations, such as 
recall bias [53].
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Conclusions
In conclusion, adherence to treatment with ICS among 
adult asthmatics in Finland is high and poor asthma con-
trol or exacerbations of asthma are not related to poor 
adherence. The results suggest that regular maintenance 
treatment with ICS in asthma is well adopted by both 
physicians and patients in Finland. In contrary to some 
earlier reports, poor asthma control and/or frequent 
exacerbations seem to improve adherence to treatment 
rather than be consequences of poor adherence, and, 
therefore, in clinical practice subjects with asthma prob-
lems need systematic assessment and not only a notion to 
improve their adherence.
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