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RESEARCH ARTICLE

Defined daily dose definition in medication adherence assessment in asthma
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Research Center, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden; fDepartment of Public Health, University of Turku 
and Turku University Hospital, Turku, Finland; gDepartment of Public Health, University of Helsinki, Helsinki, Finland

ABSTRACT
Adherence to inhaled corticosteroids (ICS) has been described as poor. In adherence studies, if the actual 
prescribed dosing is not available, generic defined daily doses (DDD) are applied instead when assessing 
adherence. We evaluated asthma patients’ adherence in a large prospective follow-up survey. We also 
analysed whether World Health Organization (WHO) and Global Initiative for Asthma (GINA) reference 
doses give different results. The current study was cross-sectional and included respondents attending to 
HeSSup follow-up questionnaire in 2012. Altogether 1,141 of 12,854 adult participants answered positively 
to the question about having asthma. According to the Finnish Social Insurance Institutions’ medication 
register, 686 of them had purchased ICS medication during 2011. DDDs for ICS by WHO as well as medium 
doses from GINA report were used as reference doses to evaluate adherence. To estimate adherence to 
ICS, the proportion of days covered (PDC) over one year was calculated for every patient. If the lower limit 
of GINA medium ICS dose was used as a reference, 65% of the patients were adherent (PDC ≥ 80%). Use of 
WHO’s DDD as reference halved the proportion of adherent patients. Adherence was higher among those 
using a combination inhaler of corticosteroid and long-acting β2-agonist compared to those using steroid 
only inhalers. Use of WHO’s daily defined doses as reference values may lead to underestimation of 
adherence to inhaled corticosteroids. Thus, attention should be paid when choosing the reference doses 
for the evaluation of adherence to inhaled corticosteroids in asthma.
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Introduction

Asthma is one of the most common chronic diseases. The 
prevalence of physician-diagnosed asthma varies globally. 
Among adults in Finland, it is approximately 11% [1,2], 
and the incidence of adulthood increases by age [3,4]. Poor 
asthma control is associated with more exacerbations and 
has negative influence on various aspects of quality of life 
[5,6]. Improvement in asthma control reduces disability 
and leads to significant overall cost savings despite the rise 
in primary care visits and medical costs [7].

According to the Global Initiative for Asthma (GINA) 
report [8], long-term goal of asthma treatment for each 
patient is to be free of symptoms and capable of normal 
daily life activities. Asthma treatment is individually mod-
ified based on regular assessment of asthma control. 
Inhaled corticosteroid (ICS) is the basis of medical asthma 
treatment. If asthma control is insufficient, a stepwise add- 
on treatment protocol is recommended [8]. The next step is 
to add a long-acting β2-agonist (LABA), which has been 

shown to be more effective than increasing the ICS 
dose [9].

Overall, adherence to anti-inflammatory asthma 
medication has been described to be poor [10]. Mean 
adherence to ICS has been reported to range from 22% 
to 63% [11]. However, in a 12-year follow-up study of 
patients with clinically confirmed adult-onset asthma, 
the mean adherence to ICS therapy was shown to be 
69%, with the highest adherence being after the 
first year of treatment [12]. Poor adherence to ICS is 
associated with more exacerbations [10] and steeper 
decline in lung function [12,13]. In adherence studies, 
adherence varies depending on the study population as 
well as definition and measurements of adherence [10].

Several methods for measuring adherence are avail-
able. Patients’ self-reported adherence is subject to bias 
[14]. Moreover, prescription fill data are not usually 
available to clinical practitioners and give no informa-
tion of the actual use of these regimens [15,16]. In 
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population-oriented research involving registry data, 
the optimal way would be to assess adherence by com-
paring the dispensed medication to the prescribed 
medication. However, often this is not possible because 
of a lack of relevant data, either on prescribed or 
dispensed medication. Proportion of days covered 
(PDC) is a way used to estimate the use of long-term 
medication based on electronic prescription data [17]. 
Adherence to medical treatment of chronic diseases is 
most often defined as PDC and the cut-off≥80% is 
considered for good adherence [15].

World Health Organization (WHO) recommends the 
Anatomical Therapeutic Chemical (ATC) classification 
system and the Defined Daily Dose (DDD) as 
a measurement unit to be used in drug utilization research 
[18]. DDD is the assumed average maintenance dose 
per day for a drug used for its main indication in adults. 
If the information of prescribed daily dose is not available, 
DDD may be used to estimate the treatment intensity for 
individual patients during a specific period [18]. WHO 
DDD for ICS-LABA combination products depends on 
the LABA component, which leads to differences in the 
amount of daily ICS dose defined as DDD in salmeterol/ 
fluticasone inhalers as compared to inhalers containing 
fluticasone only [19].

DDD may vary between WHO and GINA recom-
mendations. For example, the daily dose recommenda-
tion for fluticasone propionate is 0.6 mg in WHO 
recommendation, but in GINA recommendation the 
lower limit is 0.25 mg and the upper limit 0.5 mg.

In this study we evaluated asthma patients’ adher-
ence to medication. We also analyzed the adherence to 
ICS preparations among adult asthmatics according to 
different recommended daily treatment doses.

Material and methods

Study subjects

The study is based on the population of The Health 
and Social Support Study (HeSSup), which is 
a prospective follow-up survey on psychosocial health 
of Finnish working age population. The first postal 
questionnaire was sent in 1998 to a random sample 
of 64,797 working-aged individuals drawn from the 
Finnish Population Register. Follow-up questionnaires 
in 2003 and 2012 were sent to those responding to the 
first HeSSup survey. Detailed information of the 
HeSSup study has been published previously [20–22].

The concurrent joint Ethics Committee of the 
University of Turku and the Turku University Central 
Hospital considered a statement of approval not neces-
sary for a normal cohort study. All participants signed 

an informed consent form containing information 
about the study and granted permission to allow sub-
sequent studies with the same data set and a possibility 
to link with national health registries.

The questionnaire screens various self-reported factors 
and disturbances related to health. It includes a question 
about various medical conditions with the phrase: ‘Has 
a doctor ever told you that you have or have had’ followed 
by the name of disease or condition. Asthma is one of these 
diseases. The current study was cross-sectional and 
included 13,050 respondents attending to HeSSup follow- 
up questionnaire in 2012. Altogether 12,853 participants 
answered this question about asthma. Of them 1,141 
reported on having asthma. The formation of our study 
population is presented in Figure 1.

Study design

In The Finnish Social Insurance Institution (SII) regis-
ters we identified respondents who had purchased at 
least one inhaler of inhaled corticosteroids alone (ATC 
code R03BA) or combined to long-acting β2-agonists 
(ATC code R03AK) during 2011. Name and strength of 
the active substance, number of doses in the inhaler 
and number of inhalers purchased by each person 
during next 365 days after the first prescription claim 
in 2011 were recorded. SII registers also include infor-
mation about the entitlement for special reimburse-
ment of certain medications. Finnish asthma patients 
are entitled to get special reimbursement (i.e. 65% 
discount of asthma medicines) if the diagnostic criteria 
of asthma are fulfilled and they have been shown to 
need regular long-term control medication. The cri-
teria for this were dependent on a positive reversibility 
test, airway hyperresponsiveness or peak flow variation.

Analysis

All ICS dispensed during 2011 in the SII register were 
collected. The total amount of both ICS alone as well as 
combined to long-acting β2-agonists were calculated for 
each asthma patient. This has been done even in cases 
where the corticosteroid used might have changed during 
the year. To estimate adherence to ICS, the proportion of 
days covered (PDC) over one year was calculated for every 
patient. In the current study adherence refers to PDC and 
good adherence was considered when PDC was at least 
80%. As a reference dosing for PDC calculation we used 
four different options. Firstly, the ATC/DDD system of 
WHO was used to define daily doses for the pure ICS 
products (later: WHO DDD) as well as for the ICS in the 
unit doses of combination inhalers (later: Modified WHO 
DDD) (Table 1). Secondly, as WHO DDDs are not 
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Figure 1. Flowchart of study population.
HeSSup = Health and Social Support Study, ICS = Inhaled corticosteroid 

Table 1. Total daily doses for inhaled corticosteroid preparations according to WHO’s defined daily dose (DDD) for 
inhaled corticosteroid (ICS) and long-acting β2-agonist combination (ICS-LABA) preparations and recommended 
ranges of medium doses by Global Initiative for Asthma (GINA) -report.

WHO DDD
GINA-report 

recommended daily medium dose

Name
ICS 

(mg ICS)
ICS-LABA 
(mg ICS)

Lower limit 
(mg ICS)

Upper limit 
(mg ICS)

beclometasone
dry powder inhaler 0.8 - 0.2* 0.4*
pressurized metered dose inhaler 0.8 - 0.4 0.8
budesonide 0.8 - 0.4 0.8
fluticasone propionate -
dry powder inhaler 0.6 0.25 0.5
pressurized metered dose inhaler 0.6 0.25 0.5
mometasone 0.4 - 0.2 0.2
siclesonide 0.16 - 0.16 0.32
salmeterol 50 mcg/ 

fluticasone 0.1 mg
0.6 2 UD** = 0.2 mg 0.25 0.5

salmeterol 50 mcg/ 
fluticasone 0.25 mg

0.6 2 UD = 0.5 mg 0.25 0.5

salmeterol 50 mcg/ 
fluticasone 0.5 mg

0.6 2 UD = 1.0 mg 0.25 0.5

salmeterol 25 mcg/ 
fluticasone 50 mcg

0.6 4 UD = 0.2 mg 0.25 0.5

salmeterol 25 mcg/ 
fluticasone 0.125 mg

0.6 4 UD = 0.5 mg 0.25 0.5

salmeterol 25 mcg/ 
fluticasone 0.25 mg

0.6 4 UD = 1.0 mg 0.25 0.5

formoterol 4.5 mcg/ 
budesonide 80 mcg

0.8 4 UD = 0.4 mg 0.4 0.8

formoterol 4.5 mcg/ 
budesonide 0.16 mg

0.8 4 UD = 0.8 mg 0.4 0.8

formoterol 9 mcg/ 
budesonide 0.32 mg

0.8 2 UD = 0.8 mg 0.4 0.8

*Value for beclomethasone dipropionate inhalation powder obtained from the Finnish Current Care Guideline [22] as it was not available 
from GINA-report [8]. 

**UD=Unit dose according to WHO’s Guidelines for ATC classification and DDD assignment 2021 [17]. As the WHO DDDs for combination 
products are given in Unit doses, the dose of inhaled corticosteroid (mg) based on this definition is given. 

EUROPEAN CLINICAL RESPIRATORY JOURNAL 3



indicated in the treatment guidelines, for comparison, we 
used daily doses based on moderate dose range of ICS 
recommended in GINA report [8] by using the lower and 
upper limit of medium doses. National current care guide-
line [22] was used for beclomethasone powder dose, 
because it was not available in GINA report. The different 
daily ICS doses for available inhalers are shown in Table 1.

Finally, the study population of ICS-treated asthmatics 
was divided into four categories: 1) PDC at least 80%, 2) 
PDC at least 50% but less than 80%, 3) PDC at least 25% 
but less than 50% and PDC less than 25% of the days of 
the 365-day period after the first purchase.

To analyse statistical significance between demo-
graphic features of groups crosstabulation with 
Pearson’s chi-squared test was used. Alpha level of 0.05 
was selected to indicate statistical significance. IBM SPSS 
Statistics for Windows, Version 26.0 (Armonk, NY: IBM 
Corp) was used for statistical analysis.

Results

Study population

Altogether 1,141 (8.9%) of all respondents answered 
that they have been told by a physician to have or 
have had asthma, 69.7% of them were females. 
According to the SII’s medication register 686 
(60.1%) of them had purchased≥1 inhaler of ICS or 
ICS-LABA combination during 2011 and thus formed 
our study group. Of the 686 responders who did pur-
chase at least one inhaler, 524 (76.4%) were entitled to 
special reimbursement of their asthma medication. 
Demographic features of the study group are presented 
in Supplementary Table S1.

Adherence to inhaled corticosteroids among ICS 
users

When WHO DDD for ICS, modified WHO DDD or 
the upper dose of GINA medium dose range were used 
as reference to calculate PDC, 29.1%–30.6% of the 

patients were adherent to ICS therapy (Table 2). This 
suggests that WHO DDD, modified WHO DDD and 
upper range limit of GINA medium dose give similar 
results, which is also seen in the division of the patients 
between different levels of adherence (<25%, 25–<50%, 
50–<80% and ≥ 80%; Figure 2). In contrast, when the 
lower dose level of GINA medium dose range was 
used, 64.9% of patients were adherent to ICS therapy 
(Figure 2). More detailed results are presented in 
Supplementary Table S2.

If a lower cut point for adherence (≥50% PDC 
reflecting moderate to good adherence) is used, the 
correspondent proportions were 48.1% for WHO 
DDD, 50.7% for modified WHO DDD and 50.3% 
for GINA medium dose (Table 2). This again sug-
gests that WHO DDD, modified WHO DDD and 
upper range limit of GINA medium dose give similar 
results. By using those, the data show that 
every second patient has poor (<50%) adherence. In 
contrast, by using the lower range limit of GINA 
medium ICS recommendation, only 22.7% are poorly 
(<50%) adherent (Figure 2).

Of all asthma patients, 7.3% reported that they had 
not bought their medicines during the last year 
because of high prices. There was no difference 
between genders. However, in the youngest age 
group financial reasons were reported to be the cause 
of not purchasing medication more often than in older 
age groups.

Adherence to ICS among patients using ICS only or 
ICS-LABA combination

Adherence to ICS may be affected by the type of ICS 
preparation, i.e. whether it is ICS inhaler only or an 
ICS-LABA combination. To evaluate this and to see 
whether the difference between the results by using 
different reference values is due to use of ICS only or 
ICS-LABA combination, adherence was evaluated 
separately in those groups. During the following 365  

Table 2. Adherence to inhaled corticosteroids. Proportion of days covered by inhaled corticosteroids during one year as number of 
patients (N = 686) in different daily dose calculation method groups.

GINA* GINA*

Proportion of days

WHO 
DDD/ICS

WHO 
DDD/MOD

medium dose 
lower limit

medium dose 
upper limit

covered by ICS n % n % n % n %

<25 163 23.8 170 24.8 45 6.5 154 22.4
25 ― 50 193 28.1 168 24.5 111 16.2 187 27.3
50 ― 80 130 19.0 133 19.4 85 12.4 135 19.7
≥80 200 29,1 215 31.3 445 64.9 210 30.6
Tot 686 100.0 686 100.0 686 100.0 686 100.0

*Recommended treatment dose for beclomethasone dipropionate inhalation powder obtained from the Finnish Current Care Guideline [22] as it was not 
available from GINA-report [8]. 

WHO DDD/ICS: The defined daily dose for pure corticosteroid regimen is used both for ICS and combination products. 
WHO DDD/MOD: For those using only ICS, the defined daily dose for ICS is used. For those using ICS+LABA, the unit dose -based defined daily doses is 

used. For the total population both these groups are combined when presenting data. 
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days after the first prescription claim, 322 patients 
purchased only ICS inhalers (subgroup A) and 364 
purchased ICS-LABA-combination inhalers (subgroup 
B, out of which 78 patients also purchased ICS 
inhalers).

Firstly, by using any of the definitions for the 
reference dose values, the adherence was higher 
among those using ICS-LABA combination 
(Figure 3b) compared to those using ICS only 
(Figure 3a).

The lower level of GINA ICS medium dose 
recommendation gave the highest adherence rates 
in the subgroups A and B (Figure 3). Altogether 
75.0% of the patients using combination products 
had ≥80% of the days of the year covered if this 
treatment dose was used as defined daily dose. Of 
the ICS only users, the same number was 53.4%, 
respectively (Figure 3). No differences were found 
in gender or age between those using only ICS com-
pared to ICS-LABA users. However, those using only 
ICS inhalers had higher level of education 
(Supplementary Table S3).

Adherence among patients having special 
reimbursement for asthma medication

We calculated the proportion of days covered by ICS in 
the 524 patients who were entitled to special reimbur-
sement on asthma medication (meaning 65% discount 
off the price) as well as in the 162 patients without this 
entitlement. Using the lower limit of medium dose in 
GINA report as a reference value, 73.3% of those 

entitled to special reimbursement had ≥80% propor-
tion of days covered compared to 37.7% of the patients 
without special reimbursement. As seen in the whole 
study group, the adherence to ICS treatment was 
higher among patients using combination products 
than among those using only ICS also in these patients. 
More detailed information is provided in 
Supplementary Tables 4 and 5.

Discussion

In this randomly selected adult population with asthma, 
we assessed long-term adherence to ICS by using PDC 
with different reference daily dose values. When using 
WHO DDD for ICS, modified WHO DDD or the upper 
limit of GINA medium-dose, one third of the patients 
were adherent to ICS treatment (PDC ≥ 80%). However, 
if adherence was computed by lower limit of GINA 
medium-dose, 65% of the patients were adherent to ICS 
therapy (PDC ≥ 80%). When using any of the definitions 
for the reference dose values, the adherence was higher 
among those using ICS-LABA combination compared to 
those using only ICS. Moreover, patients with special 
reimbursement on asthma medicines had higher adher-
ence to ICS (73%) compared to those with basic rate of 
reimbursement (38%).

In this study, 8.9% of randomly selected adult popu-
lation reported that they have been told by a doctor 
that they have or have had asthma. This is slightly 
lower than recent reports of asthma prevalence in 
Finland [1,2]. This may be since response rate in the 

Figure 2. Adherence to inhaled corticosteroids in patients having purchased at least one inhaler containing ICS.
Adherence is given as proportion of days covered (%) by inhaled corticosteroids during one year as proportion of patients (N = 686) in different 
daily dose calculation method groups. WHO DDD/ICS: The defined daily dose for pure corticosteroid regimen is used both for ICS alone and 
combination products. WHO DDD/MOD: For those using only ICS, the defined daily dose for ICS is used. For those using ICS-LABA, the unit dose- 
based defined daily doses are used. For the total study subgroup both these groups are combined when presenting data. 

*recommended treatment dose for beclomethasone dipropionate inhalation powder obtained from the Finnish Current Care Guideline[21] as it was 
not available from the GINA-report [8] 
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study population was highest in the youngest age group 
[21] but asthma prevalence increases by age [3,4].

In our study, combination treatment was more com-
monly used than ICS alone, which is similar to the 
findings in some other European countries [23–25]. 
There is evidence that patients’ adherence to ICS- 
LABA combination inhaler treatment is higher than 
adherence to ICS alone [26]. In our study this same 
finding was supported by the clearly higher number of 
patients having proportion of days covered at least 80% 
among the combination users regardless of the way 
defined daily dose was estimated. We do not know 
whether our finding is because doctors prescribed 
these inhalers more often, because patients adhere to 
combination inhalers better or if they have more severe 
disease, or possibly all these reasons. It is also possible, 
that the medication is started with a combination or 
LABA is added to treatment later, but then the medica-
tion is continued on this level without trying to 
decrease it. This may differ from the guidelines’ step- 
down approach if asthma control is good [8,27]. One 
reason for this might be that the follow-up visits do not 

take place as often as recommended [28] and the pre-
scriptions are renewed without properly assessing the 
situation. However, the more severe disease with com-
bination inhaler treatment hardly has influenced our 
findings regarding WHO and GINA recommendations.

When measuring adherence in a large number of 
patients, an optimal way would be to assess adherence 
by comparing the dispensed medication to the pre-
scribed medication. However, often relevant data, 
either on prescribed or dispensed medication is not 
available. In fact, several recent studies have used 
either prescribed or dispensed medication data but 
not both [29–32], and the availability of data may 
depend on the country where the study is done. In 
Scandinavia, the large nationwide registers allow com-
bination of patient data by using unique person iden-
tification code [33] and often include data on 
dispensed asthma medication. However, as most 
often the data on exact prescribed doses and dosing 
changes are not available, a reference value, for exam-
ple DDD is needed for comparison to calculate adher-
ence. In fact, this has been used in several recent 

Figure 3. Adherence to inhaled corticosteroid treatment between different subgroups measured as proportion of days covered 
during one year and based on different ways to define daily doses.
Subgroup a: Patients using only ICS products (n = 322). Subgroup b: ICS-LABA product users (n = 364) WHO DDD/ICS: The defined daily dose for 
pure corticosteroid regimen is used both for ICS and combination products. WHO DDD/MOD: For those using only ICS, the defined daily dose for 
ICS is used. For those using ICS-LABA, the unit dose-based defined daily doses are used. For the total study subgroup both these groups are 
combined when presenting data. 

*recommended treatment dose for beclomethasone dipropionate inhalation powder obtained from the Finnish Current Care Guideline [21] as it 
was not available from GINA-report [8] 
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Scandinavian studies [34–36]. Only some recent stu-
dies from Scandinavia have used other values to relate 
the redemption data, either GINA doses [33] or actual 
prescribed doses [12,13]. Thus, it is important that the 
value used to compare dispensed medication data is 
clinically relevant over a wide range of countries and 
healthcare systems.

Our results demonstrate the possible risks of using 
defined daily doses instead of actual prescription infor-
mation. Most asthma patients have a mild or moderate 
disease [37], but WHO’s defined daily doses are based 
on the starting dose in moderate to severe asthma and 
for combination (ICS-LABA) products on the mainte-
nance dose in severe asthma [18]. This may lead to 
underestimation of medication adherence. WHO DDD 
values for ICS are usually equal or nearly equal to the 
upper limit for medium dose range in GINA [8]. 
Discrepancies between fixed defined daily dose data-
base and prescribed daily dose have been shown to be 
relevant for other drugs as well [38]. The unit doses 
per day for combination products are based on the 
dose of long-acting β2-agonist leading to varying ICS 
DDDs on salmeterol-fluticasone combination inhalers. 
Adding to that, WHO DDDs for fluticasone cannot be 
exactly met by most of the inhalers on the market. This 
means that using those DDDs can lead to either over- 
or underestimation of the drug usage. Moreover, 
according to a recent Nordic study updated GINA 
recommendations provide a reliable view of asthma 
medicine use [39].

We also found that 7.3% of the asthmatic respon-
dents said that they had not bought medication because 
of high prices. This is also a relevant finding because 
medication cost is one of the various reasons affecting 
each patient’s adherence to medical treatment [40] and 
combination products are more expensive than ICS 
alone. Adherence was higher among those having spe-
cial reimbursement and this was especially seen among 
those using combination inhalers. This may have 
a connection to the price of medication but also to 
the severity of the disease. We may assume, that 
among the 162 patients without special reimbursement, 
there are patients who have a very mild disease, or they 
may be using ICS medication for some other reasons 
than properly diagnosed asthma.

The strength of this study is that the original popu-
lation is a random sample of Finnish working aged 
adults representing the population as it is including 
smokers and patients with comorbidities. Another 
strength is that the medication information is derived 
from a national record, which covers the whole popu-
lation. Adding to that, all dispensed ICS were obtained 
from SII records covering every patient’s purchased 

medicines in Finland. We can thus conclude that the 
findings in our study can be considered highly reliable. 
Although the diagnosis was self-reported, we were able 
to assure that 76.4% of our asthma group had definite 
diagnosis, because they were entitled for the special 
reimbursement. The criteria for special reimbursement 
are the same as the objective lung function diagnostic 
criteria for asthma. In addition, the patient must have 
used a control medication for at least six months.

There are some limitations to be addressed. Firstly, 
even though the dispensation data include all dis-
pensed medicines from any Finnish pharmacy, the 
dispensation does not guarantee whether the purchased 
inhalers were used by the patients. Secondly, we 
excluded those people 455 (approximately 40%) who 
reported having or having had asthma, but who didn’t 
purchase any inhaled corticosteroids during the 
previous year of the survey. Other studies have shown 
that approximately 30–35% of adult patients within the 
community diagnosed with asthma do not have current 
asthma [41] which is somewhat less than our finding. 
This means that we may have excluded some patients 
with mild disease but also patients who were non- 
adherent to ICS. Thirdly, dispensation data did not 
include details on prescription such as dosage or dose 
instructions (e.g. in case the medication was meant to 
be used only during respiratory infections or the pollen 
season). Therefore, different methods to evaluate the 
defined daily doses were used in this study.

It is also possible that patients with good adherence 
to medication have responded more actively to the 
follow-up surveys of the HeSSup study. Moreover, the 
response rates in the survey were 40% in 1998, 75% in 
2003 and 57% in 2012. However, according to the non- 
response analysis in 1998 respondents and non- 
respondents were comparable with respect to the 
most important demographic variables including gen-
der and age distribution [21]. In addition, the differ-
ences in physical health between participants and the 
general population were minor both in 1998 and 2003 
[21,22].

Nowadays in Finland, pharmacy refill record of 
every patient is available for the doctor through the 
national electronic prescription system. Both public 
and private health care as well as pharmacies are com-
bined into the same database, and all have access to the 
data. This offers a better possibility to evaluate adher-
ence to treatment for both doctors and future 
researchers.

We conclude that using DDDs in asthma medica-
tion adherence studies is vulnerable to misinterpreta-
tion because the average disease severity in population 
may conflict with the severity assumed in the given 
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DDDs. In this respect our results are new and thus 
give relevant information for physicians treating 
asthma patients. Adding to that, the use of combina-
tion preparations is considerably common, and 
patient adherence is higher to combination products 
than ICS only products. There is a need for further 
studies on the prescription patterns of doctors who 
treat asthma to thoroughly understand these 
phenomena.
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