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Abstract

Background There exists a range of treatments in the management of asthma. Non-adherence to these medications has been
identified as a factor negatively impacting the effects of treatment.

Objective The objective of this study was to identify the potential barriers to medication adherence among adult patients
with asthma in Germany.

Patients and Methods A multi-center observational study was conducted addressing adult patients with asthma who were
prescribed regular maintenance medication between 2014 and 2016. Data were derived from physicians’ documentation as
well as claims data, which were linked to the above primary observational data, and patient survey data. Adherence barriers
were assessed by the validated Adherence Barriers Questionnaire, both descriptively and in a logistic regression framework.
Cluster analysis identified distinct patient groups with respect to the relevance of specific adherence barriers.

Results We included 524 patients with asthma (mean age 53.1 years, 74.6% female, 43.1% allergic asthma, 37.6% nonallergic,
19.3% mixed). Most of the participants reported to face at least three barriers (61.1%). Frequently reported barriers were
the perception that medications are all harmful (53.6% of the participants), the burden of medication co-payment (44.1%),
positive perception about current health status (39.9%), feeling of depression (30.9%), and the fear of side effects (27.5%).
Four distinct patient clusters could be identified: cluster 1 with a low number of barriers (28.6% of participants), cluster 2
(11.6%) with a comparably high number of existing barriers, cluster 3 with high importance of depression as a barrier (27.3%
of participants), and cluster 4 that was dominated by the perception that medications are all harmful (32.5% of participants).
Conclusions Results of this study provide important insights for further development of adherence programs, which should
focus on distinct patients’ clusters that differ substantially in the relevance of specific adherence barriers.

[2]. Asthma symptoms include wheeze, shortness of breath,
chest tightness, cough, and variable expiratory airflow limi-

1 Rationale and Background

Asthma is one of the most common chronic respiratory dis-
eases, affecting 235 million people of all ages worldwide [1].
In Germany, nearly 6.2% of adults are affected by asthma
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tation [3]. It is a non-curable disease that negatively impacts
patients’ physical health, resulting in productivity losses
and decreases in quality of life [4]. A number of treatment
alternatives of both symptomatic (reliever medications) and
long-term disease-modifying (controller medications) nature
are available to patients [5]. Despite a range of treatment
options, a considerable proportion of the patient population
has poorly controlled asthma [6].

To maximize the therapeutic benefits, adherence to
medication is essential. Non-adherence (NA), which can be
defined as the extent to which a patient’s medicine-taking
behavior does not correspond with agreed instructions from
a healthcare provider [7], as well as non-persistence (NP;
early and unrecommended treatment discontinuation [8,
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A patient questionnaire, the Adherence Barriers Ques-
tionnaire for Asthma (ABQ-Asthma), was applied to
identify potential causes of medication-related non-
adherence in patients with asthma.

The majority of patients with asthma experienced
multiple adherence barriers where non-adherence to
medication was mostly linked towards barriers related to
attitude and beliefs.

Four different patient groups were identified, with
patients within a group having a similar structure of
adherence barriers. Patient segmentation regarding the
prevalence of different adherence hurdles might be help-
ful when developing adherence-promoting interventions.

9]) have been associated with outcomes such as increasing
asthma symptoms, anxiety, and depression, higher direct and
indirect costs of care, and poorer quality of life [10, 11].

Over the last decades, several interventions have been
proposed to address NA/NP in asthma treatment, includ-
ing among others patient education [12], simplification of
treatment procedures [13], patient communication [14], and
adherence feedback, a type of intervention that monitors
feedback via electronic monitoring [15]. However, it was
shown that there had been no overall improvement in NA
rates among the general population of patients with asthma
[16]. Similarly, the extent of NP to medication therapy still
seems to be high [10, 15]. This calls for a better understand-
ing of the causes of NA/NP regarding asthma treatment.

The objective of this study was to identify the potential
barriers to adherence among adult patients with asthma in
Germany. Our investigation included a unique approach that
linked a claims data-based assessment of adherence with a
patient survey using a novel questionnaire that was adjusted
to be used in patients with asthma (Adherence Barriers
Questionnaire for Asthma, ABQ-Asthma).

2 Methods
2.1 Study Design and Measures

A multi-center observational study in two regions of Ger-
many (Saxony and Thuringia; regions were determined by
the coverage of the cooperating sickness fund providing the
claims data) was conducted. Outpatient pulmonologists and
general practitioners consecutively enrolled eligible patients-
with asthma (from 01/12/2014 to 31/01/2016). Generally,
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patients were eligible for the study if they had been diag-
nosed with asthma, were at least 18 years old, and were pre-
scribed maintenance medication at the date of study inclu-
sion. Furthermore, each patient needed to be insured by the
cooperating sickness fund and be able to participate in a
phone interview in the German language. Written informed
consent was obtained from each patient.

Patients were observed for a follow-up period of
12 months. The study sites recorded the main sociodemo-
graphic and clinical data at baseline via electronic data cap-
ture. Furthermore, the study sites documented recommended
dosages/intake frequencies of prescribed treatments at each
visit during the follow-up.

At study enrollment, patients completed the Asthma Con-
trol Test (ACT™) via a written questionnaire. The ACT™ is
a test that specifies asthma symptom control and was used to
express asthma management of the patient, thereby differen-
tiating between uncontrolled asthma (score < 20), partially
controlled asthma (score 20-24), and controlled asthma
(maximum score of 25) [17].

After approximately 9 months, patients completed the
ABQ-Asthma through computer-assisted phone interviews
conducted by trained interviewers. The ABQ is a validated
instrument that has already been shown to be a practical,
reliable, and valid questionnaire to assess adherence barriers
in chronic indications [18, 19]. Developed initially in indica-
tions with orally applied treatments, the ABQ was adapted
to the specific needs of inhaled medications [20]. The ABQ-
Asthma contains 16 items, with each formulated as a state-
ment. Each item is displayed as a 4-point Likert scale with
the possible answers “strongly agree”, “generally agree”,
“generally disagree”, and “strongly disagree”, which were
given values from 1 to 4, or rather from 4 to 1, depending
on the formulation of each item. A higher score indicates a
greater influence of a certain barrier on a patient’s percep-
tion. Patients were considered to be affected by a barrier if
the respective item’s score was > 2.

Adherence of patients was assessed for inhaled controller
medication based on the claims data. The claims data were
provided by the AOK PLUS, which is a regional healthcare
provider including approximately 3.4 million members in the
German states Saxony and Thuringia covering about 50%
of the regional population. The adherence of a patient was
calculated using the prescription-based proportion of days
covered (PDC) by any of the prescribed controller/mainte-
nance medication. The days covered by a prescription were
calculated based on the dispensing quantity of the prescrip-
tion and the recommended dosage, as documented by the
study site (treating physician). Furthermore, it was assumed
that the days a patient stayed in a hospital were covered by
inpatient medication. Stockpiling was considered by assum-
ing that, in case there were overlapping medications, the
previous supply was taken fully before the new supply was
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initiated. To calculate a prescription-based PDC between a
first and a last observed prescription, a patient should have
had a minimum of two prescriptions of a maintenance/
controller medication prescribed within the observational
period. Therefore, an adherence assessment was not feasible
for all patients who have completed the ABQ-Asthma.

2.2 Statistical Methods

Patients’ characteristics were analyzed using descriptive
statistics, including absolute and relative frequencies for
categorical variables and summary statistics (mean, stand-
ard deviation) for continuous variables. Group comparisons
were performed using Pearson’s Chi-squared test for nomi-
nal variables and the non-parametric Mann—Whitney U test
for independent samples for continuous variables. The fre-
quency of the different adherence barriers reported by the
patients was analyzed, and the summary statistics for the
score of each barrier were assessed.

Furthermore, a two-step cluster analysis was conducted to
identify patient segments with regard to specific adherence
barriers. This is an exploratory approach to reveal natural
grouping, aiming to identify groups that are inherently very
homogeneous and as heterogeneous as possible to other
groups. Here, dichotomized variables indicating the pres-
ence of specific adherence barriers as assessed by the ABQ-
Asthma were included as predictors. The log-likelihood was
then used to compute the similarity between clusters. The
final number of clusters in the model was determined by
the Bayesian Information Criterion. The identified clusters
were described in terms of size, the quantity of the barriers,
the frequency of specific barriers, and the average PDC of
patients in the specific cluster.

Finally, the probability of patients to be NA was esti-
mated using a logistic regression model that initially
included all 16 barriers assessed as independent variables.
Based on a backward elimination procedure, barriers with
a p value > 0.050 were excluded from the model. Generally,
a patient was defined to be NA if the PDC was lower than
80%. We replicated the regression estimation using a less
restrict NA definition (PDC < 60%) in a sensitivity analysis.
The statistical analysis was conducted using SPSS software
(version 19.0; IBM, Chicago, IL, USA), Stata/MP 14, IBM
SPSS Statistic software (version 20), and Microsoft Excel
2016.

3 Results

In total, 641 patients were initially included in the study. At
9 months of follow-up, 527 patients (82.2%) participated
in the patient survey; with three patients who were not able
to complete the ABQ-Asthma. The remaining 524 patients

were included in the analysis. Patients were on average
53.1 years of age, and 74.6% were female (Table 1). Most
patients were diagnosed with allergic asthma (43.1%), fol-
lowed by nonallergic asthma (37.6%) and mixed asthma
(19.3%). According to the ACT™, 12.0% of patients had
controlled asthma, whereas a considerable portion was either
partly controlled (44.1%) or uncontrolled (42.7%).

According to the claims data, 185 patients did not receive
or received only one prescription of a maintenance/control-
ler medication during the study period. A claims-based
adherence assessment was conducted for the remaining 339
patients. The baseline characteristics of these 339 patients,
listed in Table 1, were similar to the baseline characteristics
of the 524 patients who completed the ABQ-Asthma. Most
of the observed patients received a combination regimen of
long-acting beta2-agonists/inhaled corticosteroids during the
observational period.

The majority of patients who completed the ABQ-Asthma
reported to be affected by at least three barriers (61.1%), and
only 6.1% were not affected by any of the assessed barriers.
As shown in Table 2, more than half of the patients (53.6%)
expressed the perception that medications, in general, are
harmful and, if possible, should be avoided. Furthermore,
39.9% of the patients reported feeling healthy and there-
fore were sometimes unsure about the necessity to take
medications daily. Another barrier reported by 44.1% of
patients was the burden of co-payments. In addition, some
additional factors, such as depression (30.9%) and forget-
fulness (28.1%), were reported frequently. Regarding side
effects, 27.5% of patients stated that they were afraid of the
side effects of the medication, and 27.1% reported that they
have stopped/would stop taking their medications or took/
would take less of them, in case they noticed/would notice
side effects. Approximately one-sixth of the patients were
affected by barriers to access healthcare services (e.g., a long
distance to the treating physician) as well as barriers regard-
ing the regular intake of medication (e.g., lack of belief
regarding the need for a regular intake and coping behavior
to stick to a regular intake). A lack of patient knowledge
regarding the scope of their medication and the recommen-
dation of healthcare professionals or a limited capability to
use an inhaler were rarely reported.

A total of four different patient groups were identified
within the cluster analysis. Cluster 1 consists of 150 patients
(28.6%) who have a generally low burden of adherence
barriers. More than one-fifth of the patients belonging to
this cluster were not affected by any barrier (Fig. 1). In all
other clusters, all patients are affected by at least one bar-
rier. Accordingly, the average number of existing barriers is
lowest in Cluster 1, with a mean of 1.5 barriers per patient.
Consequently, this group shows, on average, the highest
PDC (mean: 84.9%). Contrary, the 61 patients (11.6%)
assigned to Cluster 2 showed the highest barrier burden.
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Table 1 Baseline characteristics of patients included in the analysis

Characteristics All included Patients with asthma Patients with asthma completed
patients with completed ABQ- ABQ-Asthma and adherence
asthma Asthma assessment based on claims data

N 641 524 339

Age in years Mean (SD) 52.4 (16.6) 53.1(16.1) 55.3(16.2)

Female sex N (%) 472 (73.6) 391 (74.6) 254 (74.9)

Body mass index Mean (SD) 28.6 (9.2) 28.7 (9.8) 29.0 (10.4)

Type of asthma® Allergic asthma, N (%) 277 (43.2) 226 (43.1) 137 (40.4)

Nonallergic asthma, N (%) 236 (36.8) 197 (37.6) 139 (41.0)

Mixed asthma, N (%) 128 (20.0) 101 (19.3) 63 (18.6)

Asthma control (ACT™) Controlled (ACT =25), N (%) 75 (11.7) 63 (12.0) 38 (11.2)

Partly controlled (ACT 20-24), 279 (43.5) 231 (44.1) 142 (41.9)
N (%)

Uncontrolled (ACT < 20), N 267 (41.7) 224 (42.7) 149 (44.0)
(%)

Unknown, N (%) 20 (3.1) 6 (1.1) 10 (2.9)

Asthma exacerbation® in the last No exacerbation, N (%) 533 (86.3) 455 (86.8) 288 (85.0)
24 months One exacerbation, N (%) 62 (9.7) 52 (9.9) 39 (11.5)

More than one exacerbation, 26 (4.1) 17 (3.2) 12 (3.5)
N (%)

Asthma maintenance treat- ICS, N (%) 77 (12.0) 65 (12.4) 65 (19.4)
ment; patients Witgl at least 21 ICS/LABA, N (%) 324 (50.5) 270 (51.5) 270 (79.6)
presniionsn el | 0y 0o s

LTRA, N (%) 29 (4.5) 24 (4.6) 24 (7.1)

ABQ-Asthma Adherence Barriers Questionnaire for Asthma, ACT™ Asthma Control Test, BMI body mass index, /CS inhaled corticosteroids,
LABA long-acting beta2-agonists, LTRA leukotriene receptor antagonist, SD standard deviation

#Assessed by the treating physician (documented at baseline via electronic case report form)

®Acute exacerbations were defined as an acute worsening of asthma symptoms requiring short-term medication, a change in long-term medica-

tion, or an asthma-related hospitalization

°Column percentage can exceed 100%. A patient with asthma can appear in multiple maintenance treatment groups

Nearly one-third of patients in that group reported more
than five adherence barriers, and only 6.6% of the patients
were affected by fewer than three barriers. On average, the
patients reported 4.4 adherence barriers. Correspondingly,
the average PDC was lowest in this group (mean of 75.4%),
even if the assessment could be based on only 14 patients.
The number of adherence barriers that patients reported was
highest for cluster 2, with an average of 4.4 barriers per
patient. Clusters 3 and 4 were not superficially character-
ized by the number of existing barriers but by a high impact
of specific barriers. All patients in Cluster 3 (143, 27.3%)
reported feeling discouraged and sometimes depressed, and
mostly the frequently reported barriers were more of an
unintentional nature. In contrast, Cluster 4 (170 patients,
32.4%) is mainly driven by barriers potentially leading to
intentional NA.

Based on a logistic regression estimating the prob-
ability to be classified as NA (claims-based PDC < 80%),
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two specific barriers with a significant impact on the NA
probability were identified: the fear of side effects and
the perception that all medications are harmful. Patients
reported to be affected by both barriers had an approxi-
mately 30% higher NA probability compared with patients
who were not affected by these barriers. In the sensitivity
analysis using a NA definition of PDC < 60%, four barriers
could be identified as significant explanatory NA factors.
In addition to the previously identified barriers, the fact
that patients felt healthy and were therefore unsure about
the necessity to take their medication daily as well as the
fact that patients frequently reported problems with the
application of their medicine showed a significant influ-
ence. Patients reported to be affected by all four barriers
showed a 73.6% higher NA probability compared with all
other patients.
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Table 2 Mean item score (SD) and number of patients affected by item of the ABQ-Asthma

Item score Number of patients
Mean (SD) affected by the item
(score>2)
n (%)

“I fully understand what my doctor, nurse, or pharmacist have explained to me so far.” 1.15 (0.45) 11 (2.10)

“I can list the names of my medications and their scope without hesitation.” 1.12 (0.53) 22 (4.20)

“I trust my doctor and agree on my treatment plan with him/her.” 1.16 (0.46) 12 (2.29)

“My medications help me only if I take them on a strict regular basis as recommended.” 1.55(0.92) 72 (13.74)

“Medications are all poison. If possible, one should avoid taking medication at all.” 2.58 (1.17) 281 (53.63)

“I feel basically healthy. Therefore, I am sometimes unsure whether I really need to take my medication 222 (1.15) 209 (39.89)
daily or use my inhalers daily.”

“I take my medication/my inhalers every day automatically at a fixed time or at fixed occasions (e.g., at 1.6 (1.05) 91 (17.37)
mealtimes, before bed, before brushing teeth).”

“I feel that co-payments for medication are a great burden.” 2.32(1.17) 231 (44.08)

“I frequently forget things on an everyday basis.* 1.90 (1.01) 147 (28.05)

“In general, I often feel bad, and sometimes I feel discouraged and depressed.* 2.00 (1.07) 162 (30.92)

“I frequently have problems when taking my medication. Especially the use of my inhalers is causing 1.09 (0.37) 9(1.72)
problems, and I am unsure whether I am using them in the right way.”

“I have to overcome barriers to access my healthcare (e.g., my doctor/pharmacy is far away, I am depend-  1.55 (0.98) 98 (18.70)
ent on the help of others when I need to see my doctor).”

“I require help on an everyday basis (specifically with regards to my drug therapy and inhalers). However, 1.10 (0.40) 12 (2.29)
I do not receive any.”

“I am very afraid of the side effects of my medications.” 1.86 (1.05) 144 (27.48)

“In case I already noticed or in case I would notice side effects related to my medication: I have discussed/ 1.16 (0.54) 19 (3.63)
would discuss them with my doctor as soon as possible.”

“In case I already noticed or in case I would notice side effects related to my medication: I have stopped/  1.79 (1.12) 142 (27.10)

would stop taking my medications or took/would take less of them.”

ABQ-Asthma Adherence Barriers Questionnaire for Asthma, SD standard deviation

4 Discussion
4.1 Key Results

The main purpose of this analysis was to investigate adher-
ence barriers in German patients with asthma by combin-
ing survey, clinical, and claims data. In total, we assessed
16 different adherence barriers via the ABQ-Asthma. Our
results showed that most patients were affected by at least
three adherence barriers (61.1%), and only 6.1% were not
affected by any of the assessed barriers.

The number and type of barriers reported by the patient
had a considerable impact on treatment adherence. Treat-
ment adherence decreased with an increasing number
of patient-reported barriers. In addition, some of the

patient-reported barriers had a generally higher impact on
patients’ adherence than other patient-reported barriers. We
identified four barriers that showed significant influence on
the NA probability. Of these, three barriers belonged to the
group of intentional factors such as the patients’ attitudes
and beliefs (attitude regarding the fear of side effects, the
perception that all medications are harmful, beliefs regard-
ing own health). The fourth barrier was a treatment-related
factor and referred to the fact that patients frequently having
problems with the application of their medicine experienced
a higher NA risk.

Furthermore, the analyzed patients could be classified
into four different clusters regarding existing barriers. Two
clusters were generally characterized by the number of exist-
ing barriers, where the cluster with a general low barrier
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CLUSTER 1

"Low barriers burden"

Cluster size

Mean PDC in patients for whom PDC could be calculated 84.5,

Average number of existing adherence barriers 1:5
Proportion of patients without any barrier
Proportion of patients with less than three barriers
Proportion of patients with more than 5 barriers
Proportion of patients with specific barrier ...
ABQitem 1 - "Understanding of HCP explanations”
ABQitem 2 - "Knowledge of medications"
ABQitem 3 - "Trust in physician”
ABQitem 4 - "Awareness of the need for regularity of medication intake"
ABQitem 5 - "Medications are all poison"
ABQitem 6 -,Doubts of need for therapy due to healthy feeling"
ABQitem 7 - Existing routines regarding medication intake"
ABQitem 8 -,Burden of co-payments"
ABQitem 9 - Forgetfulness"
ABQitem 10 -,Depression”
ABQitem 11 -,Problems with application/inhaler use"
ABQitem 12 - "Hurdles to access my healthcare”
ABQitem 13 - "Lack of support"
ABQitem 14 - "Fear of side effects"
ABQitem 15 - "Physician consultation in case of side effects"

ABQitem 16 - "Stop taking medications in case of side effects”

150 patients (28.6%)

(based on 111 patients)

21.3%
57.3%
0.0%

0.7%
4.7%
0.7%
1.3%
6.0%
35.3%
11.3%
28.0%
25.3%
1.3%
0.7%
14.7%
2.7%
0.7%
2.0%
20.7%

CLUSTER 2

"High barriers burden”

CLUSTER 3

"High frequency
of unintentional barriers"

CLUSTER 4

"High frequency

of intentional barriers"

61 patients (11.6%) 143 patients (27.3%) 170 patients (32.4%)
754 83.1 82.7
(based on 14 patients) (based on 96 patients) (based on 118 patients)
4.4 3.9 31

0.0% 0.0% 0.0%
[ | 66% 140%  HHH 34.7%
[ | 311% [l 217% |l 4.7%
[ | 115% | | 14% | | 0.6%
[ ] 164% || 28% | | 0.6%
[ ] 11.5% | | 21% | | 0.6%
I 1000% | I 6.3% 0.0%
] so7% | I s22% | N  555%
[ ] 590% [ 238% | 50.6%
] 65.6% 140% | il 8.2%
(] 197% | | 580% [ 55.3%
[ | 180% [ 51.0% [l 14.7%
[ | 246% [N 100.0% | 1.2%
| 16% || 28% | | 1.8%
[ | 164% | W 217% 20.6%

00% | | 42% | | 1.2%
[ ] 311% | [N 364% A 42.4%
[ ] 82% || 35% | | 3.5%
[ ] 443% | 259% | N 27.6%

Fig. 1 Patient clusters identified based on different adherence barriers assessed with the Adherence Barriers Questionnaire for Asthma (ABQ-

Asthma). PDC proportion of days covered, HCP health care provider

burden also showed the highest mean PDC. The two other
clusters were more characterized by the type of present bar-
riers, with one cluster being more driven by unintentional
factors and the other by intentional barriers.

Previous studies investigated reasons explaining medica-
tion-related NA among patients with asthma. A systematic
literature review identified in this respect, amongst others,
patients’ knowledge/education, inhaler device convenience
and satisfaction, age, and adverse effects as common rea-
sons for low adherence [21]. Another questionnaire-based
analysis supported these findings and reported younger age
to be a significant predictor of NA to inhalation regimens
in patients with asthma [22]. Additionally, the presence of
comorbidities was reported to be a predictor in this respect
[23]. Another observational study found that the beliefs of
patients play a major role with regard to their adherence.
As an example, the study reported that patients with asthma
who were convinced that their health depends on the asthma
treatment were less likely to have poor treatment adherence
and that if patients felt that without medication life would
be impossible, the risk to have poor treatment adherence
was rapidly reduced [24]. This was also shown by another
observational analysis in Germany that reported that spe-
cific beliefs about the necessity of medicines were positively
associated with medication adherence. In contrast, general
beliefs about harm and overuse of medicines by doctors were
negatively associated with medication adherence [25].
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Our study confirmed that there is a considerable extent
of adherence barriers in patients with asthma and that these
barriers, with a variation across the different types of barri-
ers highlighting the importance of patient-related intentional
factors, are associated with the NA probability. All barriers
assessed in our study, using the ABQ-Asthma, are poten-
tially modifiable in a direction reducing the NA risk. Thus,
early detection of these barriers can build the basis for indi-
vidually tailored interventions promoting treatment adher-
ence. We identified different patient clusters regarding the
relevance of analyzed adherence barriers. Future adherence
interventions might increase their effectiveness by segment-
ing patients, as the above different patient clusters require
different approaches to improve their adherence.

4.2 Limitations

We acknowledge some limitations of our study. First, becaue
of the study design, which aimed to link claims data from
a regional German sickness fund with data from a prospec-
tive observational study, patients included in this analysis
were based in the regions of Saxony and Thuringia. Thus,
patients may not be representative of the whole of Germany.
Second, even if the study sites were requested to include
patients consecutively, there is a certain risk of selection bias
because patients with more regular visits (and thus a better
adherence behavior) were more likely to be overrepresented
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in the study. Furthermore, although we used a well-estab-
lished instrument to assess adherence barriers and the
research team, including clinical experts, tried to cover all
available evidence on NA causes in patients with asthma,
there is a certain risk that we did not cover all patient-related
barriers. Further research is needed to investigate whether
other relevant factors need to be considered. Additionally,
we decided to assess the adherence based on claims data
as a more objective measure than a self-reported measure.
However, even if the means of assessing adherence was
more objective, we faced issues that for a certain number
of patients no evaluation could be done because the patient
did not receive at least two prescriptions of a maintenance/
controller medication in the follow-up period. This might
be an indicator that patients already discontinued the treat-
ment but could also signal that we observed patients who do
not need long-term medication. Furthermore, it needs to be
mentioned that the PDC threshold of 80% used to define NA
is not validated for asthma. Even if the 0.80 threshold has
become a type of standard across indications, the optimal
adherence threshold may vary by nature of disease, treat-
ment, and outcomes. Finally, future research should assess
existing barriers at the start of treatment and assess adher-
ence as well as the development of the barriers over time.

5 Conclusions

We identified a high burden of adherence barriers in
patients with asthma. Besides the impact of difficulties
with the application of the medications, we highlighted the
importance of intentional patient-related factors. Four dif-
ferent patient groups were identified that were inherently
very homogeneous but heterogeneous to the other groups
regarding existing adherence barriers and, thus, may need
to be addressed separately in adherence programs. Our study
results provide important starting points for future research
and the further development of adherence programs, with
specific consideration of patients’ beliefs and perceptions
and the fact that there exist different patient clusters regard-
ing the relevance of different adherence barriers.
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