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Background: Inhalation therapy is the cornerstone of treatment of bronchial asthma. A patient-specific selection of inhalation devices 
is necessary, as preference for a device plays an important role in terms of error rates in handling and adherence to therapy. However, 
there is no industry-independent study providing information on children’s preferences for common inhaler types. The aim of the 
present study was to investigate the preference of asthmatic children for inhaler types commonly used in Germany. The effects of age, 
gender and the type of school visited on device preferences as well as the frequency of patient education and the role of health care 
providers in the choice for an inhaler were investigated.
Methods: Eighty children were included in this prospective cross-sectional study (age: 10.87 ± 2.62 years). The analysis was based on 
a questionnaire and validated checklists. All participants tested the use of nine placebo inhalers (Breezhaler, Diskus, Respimat, 
Spiromax, Turbohaler, Autohaler, metered-dose inhaler, Easyhaler and Novolizer) in a randomized order. For each device, patients 
were asked to assess handling, rate different device characteristics and name the device they would prefer most or least.
Results: The most favored device was the Novolizer. Moreover, the Spiromax scored highest in numerous categories such as 
suitability in emergencies and “easiest” device to use. Patient preferences with respect to the addressed inhaler features were not 
significantly related to age, gender or school type.
Conclusion: The Novolizer and the Spiromax showed higher preference in pediatric patients as compared to other tested devices. 
Overall, there were significant differences in terms of preference when comparing the tested inhalers in different aspects.
Keywords: childhood asthma, inhaler devices, patient preferences, inhaler technique

Introduction
Asthma affects more than 339 million people worldwide and is the most common chronic disease in childhood.1 Drug 
therapy is mainly carried out using inhalers.2 Here, especially with respect to children, a disadvantage is that correct 
inhaler use requires intense training and that the different types of devices available significantly differ in their handling. 
An additional complication is that many of the inhalers were developed for adults and are difficult to handle for children 
in terms of their physical and cognitive abilities.3 Therefore, not every inhaler system is suitable for every child and the 
devices should be selected on a patient-individual basis.

These factors are frequently inadequately considered, certainly contributing to high error rates in the correct inhaler 
use in childhood. Error rates range from 45% to over 90%, and up to 55% of pediatric asthma patients therefore suffer 
from uncontrolled asthma.4–7 Poor inhaler technique not only leads to inadequate drug efficacy and side effects, but also 
has a significant impact on treatment adherence.8,9

Although these complications have existed for years, no significant improvement has been achieved over the past four 
decades.10 Among other factors, patient-specific inhaler selection and improved training are likely to support solving this 
issue.5,11 Current studies focus on patient preferences, as satisfaction with an inhaler has been shown to positively impact 
treatment adherence and asthma control.12–15
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However, to our knowledge no industry-independent study on inhaler preferences in asthmatic children has been 
performed. The aim of the present study was to investigate different inhaler characteristics with respect to their 
importance in defining the preferred device in children 7 to 15 years of age. We further investigated the effects of 
age, gender and the type of school attended on the inhaler preference itself and on the importance of different device 
features for inhaler preference.

Patients and Methods
The main objective of the present study was to determine the preference for different types of widely used inhalers in 
children suffering from asthma. Furthermore, inhaler characteristics were evaluated according to their importance from 
the children’s point of view.

Study Design and Study Patients
We performed a prospective cross-sectional study on 80 asthmatic children in the the asthma outpatient department of the 
University Children’s Hospital Magdeburg between April 2017 and December 2018 during routine visits. A small 
number of participants (n = 5, 6.25%) were inpatients of this hospital. Inclusion criteria were an established diagnosis of 
asthma, age 7–15 years and informed consent of the patients and their parents. Exclusion criteria were a lack of a definite 
diagnosis of asthma, additional bronchopulmonary disorders and lack of written informed consent.

Each child was presented the following nine placebo inhalers before these were tested and evaluated in random order. 
All selected devices were approved products with a high market share in Germany.

● Dry powder inhalers (DPIs): Breezhaler, Diskus, Novolizer, Easyhaler, Spiromax, Turbohaler
● Pressurized metered dose inhaler (pMDI): Flutiform
● Breath-triggered inhaler: Autohaler
● Soft mist inhaler (SMI): Respimat

The study was approved by the ethics committee of the Otto-von-Guericke-University, Magdeburg, Germany (file 
reference 75/17) and was carried out in accordance with the Helsinki Declaration.

Data Collection and Evaluation of the Inhalers
The placebo inhalers were studied using two questionnaires, which were developed for the study based on the Patient 
Satisfaction and Preference Questionnaire (PASAPQ) and the Feeling of Satisfaction with Inhaler Questionnaire (FSI- 
10). The parents’ questionnaire collected sociodemographic data, information about disease duration, current and 
previous inhaler use, the use of a spacer and previous inhaler trainings as well as reasons for inhaler changes. The 
questionnaire for the children was completed in an oral interview situation, which was performed in a separate room 
while parents filled the parents’ questionnaire. The average examination time per patient was 20–30 minutes. In the first 
part of the interview, the importance of general inhaler characteristics was assessed: simple steps in the application 
procedure, existence of a counter, attractive design, color, unobtrusive design, inhalation resistance and of the time 
necessary for a single use. Each device feature could be rated as important, unimportant or not specified. Then the nine 
placebo inhalers were demonstrated by the investigator and afterwards tested by the children. A total of eight categories 
were evaluated: preparation, use, hand position, mouthpiece, error free use, emergency suitability, design and overall 
satisfaction. For example, children were asked “Do you evaluate the Spiromax inhaler easy to use?” and could answer 
“true”, “not true”, “partially true” or “no specification”. The results of this part of the study showed the children’s 
preference for one of the nine inhalers. In addition, the children demonstrated to the investigator the use of their current 
inhaler. Correct performance checklists were used to document whether inhalation was performed correctly.

For some parameters the sample size was inconstant, since some children did not answer single questions due to 
a lack of cooperation (eg, due to boredom, defiance). We decided not to completely exclude these patients from the study, 
as no relevant effects on the results of the other questions/parameters were expected and this would have led to an 
unnecessary loss of information.
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Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows, Version 26.0 (Armonk, NY) IBM SPSS Statistics for 
Windows (Version 26.0. Armonk, NY). The associations between categorical variables were examined using chi- 
square tests. Cramer’s V was calculated as a measure of effect size in these tests. Individual columns were 
examined for equality using z-tests under Bonferroni correction. In evaluating associations with the metric 
variable age, the nonparametric procedures of the Kruskal–Wallis test for independent samples and the Mann– 
Whitney U-test for independent samples were applied to differences in mean tendency. To test for significance of 
differences in ratings of the importance of various inhaler properties, the nonparametric Cochran Q test was used 
with linked samples. Friedman’s two-factorial analysis of variance for connected samples was used to evaluate the 
ratings of the nine placebo inhalers. The distribution of positive and negative preferences was tested for deviations 
from uniform distribution using the chi-square test, because a significant preference exists only if the distribution 
of ratings is overrandom. The significance level was set at α = 0.05.

Results
Patient Characteristics
The mean age of the participating children was 10.87 ± 2.62 years. There were 43 boys (53.75%) and 37 girls (46.25%). 
The majority were elementary school students (German Grundschule from grades 1 to 4; n = 36, 45.0%), followed by 
high school students (German Gymnasium, highest level of school education and university entrance qualification; n = 
25, 31.25%). The smaller proportion of children were attending secondary school (German Realschule, medium level of 
school education; n = 10, 12.5%), primary school (German Hauptschule, lowest level of school education; n = 1; 1.25%) 
or another form of school (n = 8, 10%).

Current Situation of Asthma Inhaler Treatment
Most children used a metered dose inhaler (n = 35, 41.67%) as their current inhaler at the time of the interview. The 
Diskus (n = 19, 22.62%) and the Easyhaler (n = 17, 20.24%) were also frequently used. Figure 1 shows the inhalers used 
by the children at the time of the study.
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Figure 1 Current inhaler. Most common asthma inhaler types used at home, including multiple responses in the total sample (N = 78). 
Abbreviation: MDI, metered dose inhalers.
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Half of the children (n = 40, 50.0%) interviewed reported using or having used a spacer. The larger proportion of 
those children (n = 32, 80.0%,) reported that the spacer did not bother them or had not bothered them at the time of 
its use.

The children’s error rate in using their current inhaler was determined. Here, 76.25% (n=61) of the children 
demonstrated correct use of their current inhaler.

Most children (n=57, 71.25%) reported inhaling without the help of their parents. Furthermore, we investigated 
whether the children or their parents had received instructions for the correct use of the inhaler after prescription. A total 
of 93.7% (n=75) of the study participants received training for their current inhaler (S1). In most cases (n=60, 68.97%), 
training had been received from the physician. In 19.54% (n=17) of cases, training had been provided by a physician 
assistant and in 3.45% (n=3) by a pharmacist. Two patients (n=2.3%) had received training for the correct use of their 
inhaler during an inpatient rehabilitation stay (S2).

In 73% (n=59) of cases, correct use of the inhaler was demonstrated to parents and children together. In case of a past 
inhaler change, the study investigated which device had previously been used and the reason for the change. A total of 
n = 32 (40.0%) children had previously used another inhaler, most commonly the Diskus (n = 8, 28.57%). The second 
most common device switched away from was the Turbohaler (n = 3, 10.71%). In addition, n = 7 children (25%) reported 
previously having used an inhaler not listed in the questionnaire. In most cases, the use of an alternative device was at the 
request of the physician (n = 23, 76.67%). In n = 7 cases (23.33%) it was at the request of the patient and in no case of 
the pharmacy.

Importance of Different Inhaler Properties for Preference
In the first part of the interview, children were asked to rate general inhaler features with respect to their 
importance for preference (Figure 2). Each feature could be classified as important or unimportant (Figure 2). 
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Figure 2 Assessment of the importance of different inhaler features for inhaler preference in the total sample (N = 80).
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It was further possible to select “no preference”, as some children had no opinion in single case. A counter 
(81.3%), ease of use (66.3%) and the duration of inhalation (61.3%) were rated as important features. In contrast, 
the color (32.5%), attractive design (31.3%) and discrete handling design (33.8%) of the inhaler were predomi-
nantly rated as unimportant. 

Inhaler Device Assessment
In the second part of the children’s interview, the nine placebo inhalers were demonstrated to the children by the 
investigator. The children were then asked to use and subsequently rate each of the placebo inhalers in different 
categories. With regard to preparation, the Spiromax achieved the highest score with 93.75% (n=75) agreement. 
The Breezhaler was least preferred in this category (n=23, 28.75%). With regard to use, the highest relative 
agreement value was for the Spiromax with 90% (n=27) and the lowest value (n=29; 36.25%) was obtained for 
the Respimat. With regard to hand position, the highest relative agreement value was indicated for the Spiromax 
with 83.75% (n=67) and the lowest for the Breezhaler with 55% (n=44). In the evaluation of the mouthpiece, the 
Novolizer emerged as the favorite inhaler with a relative agreement value of 81.25% (n=65). The Discus scored 
lowest in terms of the mouthpiece with a relative agreement value of 61.25% (n=49). With respect to correct-
ness, the Novolizer was rated highest with a relative agreement of 85% (n=68). The Respimat was clearly rated 
lowest in this regard with only 21.25% (n=17) relative agreement. With respect to emergency use, the Spiromax 
was clearly favored with a relative agreement of 88.75% (n=71). The Breezhaler ranked lowest in this regard 
with an agreement of only 18.75% (n=15). With respect to design, the pressurized metered dose inhaler was 
favored with 70% agreement (n=56). The Respimat was rated lowest with 35% (n=28) agreement.

At the end of the evaluation of each category of inhalers, the children were asked whether they were “very 
satisfied”, “partly satisfied” or “not satisfied” with the tested inhaler. In a comparison of all inhalers, the Spiromax 
was most frequently rated with “very satisfied” with a relative agreement of 67.5% (n=54), while the Respimat 
was rated lowest with a very low agreement of 12.5% (n=10).

No significant difference was found between different age groups (7–9 years, 10–12 years, 13–15 years) with respect 
to the preference for a specific inhaler (p= 0.154), nor was there a significant difference in gender (X²(7, N = 78) 11.87, 
p = 0.105) or school type (X²(28, N = 78) 45.74, p = 0.19). The sample exhibits selection bias, as primary school students 
were not represented with one person participating in the study.

Positive or Negative Preferences
The final question asked after the inhalers had been tested, was which inhaler the children would most and least 
prefer for daily use. This evaluation showed that, in contrast to the previous evaluation in which the Spiromax scored 
best (see previous section), the Novolizer was most frequently named as the overall favored inhaler. Most positive 
ratings (Figure 3) were indicated for the Novolizer with 33.3% (n = 26), followed by the Spiromax with 20.5% (n = 
16) and the Breezhaler with 15.4% (n = 12). This distribution of positive ratings was significantly different from the 
equal distribution with χ² (7, N = 78) 45.49, p < 0.001). Regarding statistical tests to control for preferences 
depending on experience with a particular inhaler, we would like to point out that our study did not address this 
question, which could have potentially biased the results. Regarding age, gender and school type, no significant 
differences were observed with respect to the overall positive inhaler preference.

Participants distributed the most negative ratings to the Respimat with 31.5% (n = 23), followed by the 
Breezhaler with 27.4% (n = 20) and the Diskus with 12.3% (n = 9) (Figure 3). The distribution of negative 
evaluations was significantly different from the uniform distribution (χ² (7, N = 79) 50.76, p < 0.001), which also 
indicated a significant negative evaluation of these three inhaler types. No negative evaluations were indicated for 
the Novolizer. In contrast, the Respimat obtained the most negative ratings and received no positive rating.
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Discussion
Our industry-independent study provides important insights into children’s preferences with respect to commonly used 
inhalers available for the treatment of asthma on the German market.

In terms of inhaler characteristics important to children for defining their inhaler preference, a counter, ease of use and 
short duration of inhalation were most frequently considered as important features. No differences were found with 
respect to age, the school type visited by the participants or gender with respect to the preferences identified.

Our results show that there are large differences between different inhaler models, highlighting the importance of 
patient-specific preferences in inhaler choice. Indeed, also both the current National Health Care Guideline and GINA 
emphasize the role of patient-specific preferences.2,16 Therefore, it is necessary to provide evidence-based recommenda-
tions which inhalers are suited for children. While previous literature is largely focused on adults,17–19 a specific 
evaluation of the most appropriate inhalers is particularly important in children, as they physically and cognitively differ 
from adults.16,20,21 Simple application steps and no or few coordinating steps are preferred.20,21 We confirm that the ease 
of use correlates positively with children’s preferences, which has already been shown for adults.22,23

In our study, most children used a metered-dose inhaler as their current inhaler, followed by the Diskus and the 
Easyhaler. Aerosol characteristics are often an important consideration when choosing an inhaler and the selection of an 
inhaler is clearly determined by its approval for pediatric use. Metered dose inhalers cover a wide age range and are used by 
young children with a spacer as well as older children without coordination problems.24 In addition, many children have 
a metered dose inhaler for acute symptoms, because unlike powder inhalers, a low lung volume 
is enough for efficient use.25 In contrast, the frequent use of the Diskus and Easyhaler is more difficult to explain 
because, to our knowledge, there is no literature demonstrating that these inhalers are particularly suitable for children. 
Previous studies have found that the choice of inhaler is often determined by the healthcare professional.26,27 This 
observation is particularly evident in our study when comparing the three most commonly used inhalers to the inhalers 
favored by the participating children. The Novolizer, Spiromax and Breezhaler were named as the three most appropriate 
inhalers. In contrast to this preference, however, none of these inhalers was currently used by the children at home. The 
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Figure 3 Distribution of positive and negative assessments of the different inhalation types in the total sample (N = 78). Preferred inhalers were colored in dark gray, and 
non-preferred inhalers were colored in light gray. 
Abbreviation: MDI, metered dose inhalers.
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Novolizer is approved for use from the age of six years and would therefore also in principle be approved for use in the 
study group investigated. For the Spiromax and Breezhaler, on the other hand, it must be taken into account that these 
inhalers are not approved for use in children.28

Other studies report much higher error rates (ranging from 45% to over 90%5–7) than our study (correct demonstra-
tion of the use in 76.25%). These differences can possibly be explained by regular trainings in correct inhaler use as part 
of the regular asthma consultations in our study participants. For example, 94% of our participants reported having 
received training on their current inhaler, which appeared to have a positive effect on error-free inhaler use. Other studies 
confirmed that repeated instructions were associated with improved inhaler technique.5 However, the lack of such 
training is unfortunately widespread in clinical practice,29 despite the fact that its benefits are well established.

In our study, 40.0% of the children reported a past change in the inhaler used, mostly initiated by the physicians and 
only rarely at the request of the patient. However, when such a change occurs, it is important that the patient is involved 
in the process. Otherwise, especially in the absence of instructions, this may lead to lower efficacy and higher error rates 
with the new device.30

We identified several features of the inhaler devices that were especially important to children in the age from 7 to 
15 years. foremost this was the presence of a dose counter, but also ease of use and short duration of inhalation. The 
counter was probably considered important because it provides a control function for patients and thus a sense of 
security regarding correct inhalation. Studies specifically addressing this issue have shown that a counter increases 
satisfaction and adherence by removing the fear of running out of medication or applying a subtherapeutic dose.31,32 

However, the counter does not control the inhalation technique33 and incorrect inhalations are also counted. A color 
change or clicking sound, such as in the Novolizer or Autohaler, would be a more suitable control mechanism in this 
case. However, even these control functions do not cover all errors. A better solution to control correct inhalation 
could be the use of newer digital functions34 or sensors attached to the inhaler that measure inhalation technique and 
adherence.35,36

The features ease of use and short duration are important not only for children but also for adults, and they are 
associated with correct inhalation technique, good symptom control and good adherence.9,17,22,23 This is especially 
important in children, as inhalation in any case is challenging for coordination and cognition.16,20,21

Color, design and discreet design were found to be least relevant. With regard to design and color, despite its overall 
low importance in the cohort, it could be shown that these characteristics seem to be more relevant for younger children 
than for older children. With increasing age, consistent with previous studies,37 these characteristics were increasingly 
rated as unimportant (data not shown).

In terms of the control function for correct inhalation and the mouthpiece, the Novolizer performed best. In terms of 
design, the metered dose inhaler was cited as the favorite. The Spiromax performed best in terms of simple preparation 
steps, easy handling, hand-holding, suitability in an emergency and overall satisfaction. It was contradicting that the 
Spiromax performed best in most categories, yet was not named most frequently as the overall preferred device (“Which 
inhaler would you name as your favorite?”). Here, the Novolizer was indicated most frequently. A possible explanation is 
that the Novolizer was mainly convincing due to its control function that the other features appeared to be “less relevant”. 
This assumption can also be strengthened by the fact that the counter was rated as the most important feature and is often 
equated with “control function”.31,32 In contrast, the Breezhaler and Respimat were the least favored inhalers and in 
conclusion, our results show a clear difference between the individual inhalers.

In our opinion, all paediatric inhalers should be easy to use and have a counter. Our study should serve as an incentive 
for medical staff to ensure that these features are present when prescribing inhalers for children and thus improve patient 
compliance in the long term.

Conclusion
Our study compared nine inhalers commonly used in Germany. Novolizer and Spiromax were rated highest by the 
children. In terms of individual inhaler characteristics, the presence of a counter, ease of use and short duration of 
inhalation were rated the most important. Neither age, gender, nor the type of school attended significantly influenced the 
preferences identified.
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