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Introduction
 The effectiveness of respiratory therapy through inhalation 
devices, and in particular through Dry Powder Inhalers (DPIs), still is 
a critical issue [1-5].

 Several aspects related to DPIs use had been investigated, 
particularly those depending of patients’ beliefs [6], then being both 
the acceptability and the preference of different DPIs have been 
mainly checked and regarded as the most reliable indicators by the 
majority of Authors [7-13].

 Nevertheless, also some patient-unrelated factors are equally 
involved in determining the DPIs’ usability, that is a more complex, 
multifaceted and comprehensive parameter to use for comparing and 
discriminating the convenience of DPIs [14-17].

 There is consolidated evidence that patients are unable to use all 
DPIs equally well [18-21]. Their technological peculiarities require 
different patterns of inhalation flows thus likely representing a major 
factor that is able to variably affect the usability of DPIs presently 
available, and consequently their inhalation performances [21]. This 
assumption is of great clinical value, in particular in patients suffering 
from persistent asthma who need a long-term inhalation therapy.

 Patients’ perceptions and empowerment were highly valued from 
this point of view, even if only a few studies investigated and assessed 
the correspondence between the patients’ beliefs and the effective 
usability of DPIs in real-life by means of specific and comprehensive 
instruments [13,22-24].

 The Global Usability Score (GUS) Questionnaire was recently 
introduced for assessing, compare and ranking objectively the 
usability of different DPIs [17] as it allows the assessment of a much 
wider range of determinants of DPIs’ usability, included the related 
cost [25].

Aim
 The aim of the study was to assess and compare the usability of 
six most used Dry Powder Inhalers (DPIs) in a cohort of patients with 
persistent asthma.

Methods
 The GUS questionnaire was administered to consecutive subjects 
suffering from persistent asthma and needing long-term inhalation 
therapy who referred to the CEMS Specialist Centre (Verona-Italy)  
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Abstract
Background: Several patient-related and unrelated factors can 
contribute to usability of Dry Powder Inhalers (DPIs), and the 
Global Usability Score (GUS) proved to be a comprehensive tool of 
objective investigation.

Aim: The study was to assess and compare the usability of six most 
used DPIs in bronchial asthma by GUS.

Methods: The GUS questionnaire was administered to persistent 
asthma patients needing long-term inhalation treatment. Six DPIs 
were compared: Breezhaler, Diskus, Ellipta, Nexthaler, Spiromax 
and Turbohaler. Patients’ previous experience with DPIs was also 
checked and used to classify patients as experienced or naïve, 
respectively. A Bayesian Indirect Comparison (IC) model was built to 
assess the “global usability” ranking.

Results: A total of 148 subjects were enrolled: 74 tested Breezhaler, 
Spiromax, Nexthaler and Ellipta simultaneously, while 74 tested 
Breezhaler, Spiromax, Diskus and Turbohaler. Ellipta was the most 
usable device in experienced patients (80% probability), followed 
by Diskus and Turbohaler which ranked second or third (≥70% 
probability), and by Spiromax and Nexthaler (≥90% probability). 
Usability of naïve patients differed significantly: Turbohaler ranked 
first (70% probability), while Diskus, Spiromax and Nexthaler ranked 
second, followed by Ellipta. Both groups agreed to rank Breezhaler 
as the least usable device (≥99% probability).

Conclusion: DPIs are characterized by different degrees of usability 
in asthma. The ranking of DPIs’ usability changes significantly 
according to their suitability. This evidence should be carefully 
considered when prescribing or switching a DPI in asthma patients.
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over the trimester October-December 2018. The GUS questionnaire 
is an anonymous operational tool specifically developed for 
assessing and comparing objectively the usability of four different 
simultaneously (see the Appendix). This questionnaire was chosen as 
it allows to investigate a wider range of factors affecting usability, and 
takes also into account the nurse’s assessment of patients’ procedures 
for inhalation [25] (see the Appendix). In order to avoid any influence 
on the subject’s responses, the pre-printed score of values pertaining 
to each item of the questionnaire was obviously not visible in the form 
distributed to subjects, and it was only available in the mother-version 
of the Questionnaire. The final GUS score was calculated by the 
steering committee only once the questionnaire had been definitively 
filled by patients.

Six DPIs were compared: Breezhaler, Diskus, Ellipta, Nexthaler, 
Spiromax, Turbohaler and Genuair. These inhalers were chosen 
because requiring variable number of actions for their actuation (7 
for Breezhaler, 4 for Ellipta and Turbohaler and 3 for the remaining 
devices) and because differently characterized in terms of their 
intrinsic resistance (ranging 0.017 - 0.039 kPa0.5 L/min).

 Two expert nurses, highly trained in educational programs and 
specifically familiar with the technical and the psychological aspects 
of the GUS Questionnaire for two years were dedicated to patients’ 
interviews. They also supervised, checked, assessed and validated 
all patients’ procedures for inhalation. The study consisted in four 
different steps: 

Step 1: The nurse checked the basic knowledge of each patient in the 
DPIs’ use. 

Step 2: The nurse carefully displayed the proper functioning of each 
DPI in random order. All explanations were provided according to a 
standardized sequence of sentences. The duration of each explanation 
had been previously standardized for each DPI. Patients were then 
requested to declare their preference “at glance” and to specify the 
reason for their preference. All information collected during this 
phase was reported in the # 1 box of the Assessing Track (AT) section 
of the questionnaire (see the Appendix). 

Step 3: Each patient was then requested to prepare the actuation of 
each device autonomously, while the nurse monitoring and assessing 
her/his technicality. The nurse also valued the critical points occurred; 
counted the number of attempts needed for actuating the device 
properly, and measured the time spent. Data on patients’ beliefs, the 
reasons of their choice, and quantitative data of the nurse’s direct 
measurements were reported in boxes # 2-4 of the GUS questionnaire 
(see the Appendix). 
Step 4: Finally, data from other ten closed questions pertaining to 
subjects’ perception of each device were also collected and reported 
in box # 5 (see the Appendix).

 At the end of each box of the Assessing Track, sub-score is 
available and easily calculated. At the end of the questionnaire, the 
final Global Usability Score is obtained by summing-up all the sub-
scores for each DPI. The GUS final score ranges 0-50 points; higher 
the value of the score for each DPI, higher the corresponding usability 
will be.

 The study was approved by the Ethical and Scientific Commission 
of the National Centre for Respiratory Pharmacoeconomics and 
Pharmacoepidemiology during the session of January 4th, 2018. Only  

data collected from patients who gave their informed consent to the 
investigation and to the possible use of information for scientific 
purposes were used for the present study. 

Statistics
 Patients’ characteristics were summarized as mean and Standard 
Deviation (SD) for continuous data or percentage for dichotomous 
and categorical variables. Baseline characteristics between subgroup 
of patients who tested the different sequences of devices were 
compared using the non- parametric Wilcoxon test for continuous 
variables and the exact Fisher test for dichotomous/categorical data. 
In order to control the selection bias due to the group of patients 
previously instructed to DPI (experienced patients) and those not 
instructed (naïve patients), they were analyzed separately.

 All pair wise comparisons between the six DPIs were merged 
using a Bayesian Indirect Comparison (IC) model; technical details 
of the model were previously described [26]. Briefly, IC models are 
used for pooling quantitative results from multiple studies and for 
assessing the effect between two or more treatments [27]. In our 
context, “multiple studies” meant groups 1 and 2, and “treatments” 
means devices. This approach is particularly advantageous because 
all devices under comparison are incorporated into a single model 
even if they are not compared in the same questionnaire. Moreover, 
the Bayesian technique enables rank ordering of each device (i.e. the 
probability associated to each one being the 1st, 2nd, 3rd … best device) 
hence it results in a “global usability” ranking. As no restrictive 
inclusion criteria were assessed on the enrolled population, high 
variability in patients’ characteristics was expected. To take into 
account such heterogeneity, the pair wise comparisons were combined 
in the Bayesian IC framework according to a Random-Effect (RE) 
model: Each individual i provides an estimate of the device effect 
δi, which is not equal, but similar, to the real effect d; that is each 
effect δi comes from a normal distribution with mean d and variance 
τ2 representing the variability between respondents. Estimated GUS 
score for each device was presented as mean and 95% Credibility 
Interval (CrI).

 According to previous analysis on COPD patients [26], the GUS 
of the first preferred device was at least 5 points higher than the 
second preferred device (SD=20). By using the formula for matched-
pairs sample (as each patient tests 4 devices), with 5% type I error and 
80% statistical power, at least 126 patients should be enrolled in the 
study.

 Statistical analyses were performed with R statistical software 
version 3.6.3 [28], a p-value lower than 0.05 was considered to 
indicate evidence of differences in the evaluated variables. The 
Bayesian IC model was developed by using the software package Win 
BUGS 1.4.3. [29].

Results
 A total of 148 subjects accepted to partecipate in the study: 74 
tested Breezhaler, Spiromax, Nexthaler and Ellipta simultaneously 
(Group 1), while other 74 tested Breezhaler, Spiromax, Diskus and 
Turbohaler (Group 2). Subjects entered the two groups according to a 
pre-defined random order.

 About 76% of subjects were already familiar with DPIs. In 
particular, 44% had also already been instructed in the use of Metered  
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Dose Inhalers (MDIs), and 10% of Soft Mist Inhalers (SMIs). Only 
17% of naïve patients were familiar in the use of MIDs, but no one in 
SMIs use (Table 1).

 Group 1 and Group 2 were not different by age, sex, cultural level 
and previous experience with other inhalation devices (Table 1). Only 
the regional distribution of Group 1 and 2 (for both experienced and 
naïve patients) was different (p<0.05).

 Evidence network obtained from the 148 questionnaires is reported 
in figure 1. Ellipta, Nexthaler and Breezhaler were directly compared 
only in Group 1; Turbohaler and Diskus were directly compared only 
in Group 2; Breezhaler and Spiromax were directly compared in both 
Groups 1 and 2.

 The estimated GUS values for each device considered in the 
study are reported in table 2. The usability of Breezhaler seems not 

associated with the patient’s original level of previous instruction as 
it was characterized by the lowest GUS score both in the experienced 
and in the naïve group. Furthermore, in the DPI experienced group, 
the trend in usability proved quite linear from Ellipta (with the highest 
GUS) to Breezhaler (the lowest GUS), whereas, in the naïve group, 
GUS scores of almost all devices (with the exclusion of Turbohaler 
ranked first) resulted very similar and also 95% CrI were very close.

 The histograms of rankings generated by the Bayesian pooling in 
originally instructed and in naïve asthmatic patients are reported in 
figure 2. The histograms reflect 100,000 iterations and consist of as 
many histograms as the devices included in the analysis. In each panel, 
each histogram shows the percent distribution of the simulations 
across ranks 1st (the greatest GUS) to 6th (the lowest GUS), while the 
y-axis shows the probability on a 0 to 1 scale. As previously reported 
in table 2 for the DPI experienced asthma patients, the individual 
ranking of the 6 devices was straightforward: Ellipta 1st (up to 3rd), 
Diskus tied Turbohaler (2nd to 3rd), Spiromax (4th), Nexthaler (5th), 
and Breezhaler 6th (Figure 2). In particular, Ellipta had almost 80% 
probability to be the first preferred device; Diskus and Turbohaler had 
about 70% of probability to be 2nd or 3rd. For the naïve population 
the ranking order resulted very different with respect to experienced 
patients: Turbohaler 1st, Diskus, Spiromax and Nexthaler tied (2nd to 
4th), Ellipta 5th and Breezhaler 6th (Figure 2).

Discussion
 The prescription of the most suitable DPI to use (or to switch) 
is a critical issue since long ago [1-2]. Patients’ opinion has been 
increasingly valorized in terms of DPI preference over the last 
decade, being the majority of data presently available derived from 
studies mainly focusing on the role of those criteria that are strictly 
related to patients’ beliefs. As a consequence, intuitivity, satisfaction, 
willingness to use, preference “at glance”, dexterity, ease-of-use, 
and acceptance were the criteria most widely adopted for comparing 
different DPIs [7-13].

Figure 1: Evidence network based on patients in the two groups; solid lines rep-
resent comparison in group 1 and dotted lines represent comparisons in group 2.
E: Ellipta, N: Nexthaler, S: Spiromax, B: Breezhaler, D: Diskus, T: Turbohaler.

Instructed to DPI (experienced patients) Not instructed to DPI (naïve patients)

Total Group 1 Group 2 p Total Group 1 Group 2 p

N 112 54 58 36 20 16

Instructed to MDIs 43.7% 48.1% 39.7% 0.4426 16.7% 20.0% 12.5% 0.6722

Instructed to SMIs 10.4% 14.0% 7.0% 0.3406 0.0% 0.0% 0.0% NA

Age (mean±SD) 45.3±15.5 44.1±13.8 46.3±16.9 0.4839 43.4±16.6 43.5±16.6 43.2±17.2 0.7501

Sex (male) 45.9% 45.1% 46.6% >0.999 55.6% 50.0% 62.5% 0.68

Country 0.0236 0.0003

North 66.1% 77.8% 55.2% 63.9% 90.0% 31.3%

Center 16.1% 7.4% 24.1% 13.9% 0.0% 31.3%

South and Islands 17.9% 14.8% 20.7% 22.2% 10.0% 37.5%

Education 0.8516 0.1445

Primary 1.9% 2.1% 1.8% 6.2% 11.1% 0.0%

Lower secondary 29.6% 25.5% 33.3% 25.9% 16.7% 37.5%

Upper secondary 57.9% 61.7% 54.4% 49.7% 44.4% 56.3%

Degree 10.6% 10.6% 10.5% 18.2% 27.8% 6.3%

Table 1: Baseline characteristics of patients evaluated devices using the Global Usability Score questionnaire.

Group1 tested Breezhaler, Spiromax, Nexthaler and Ellipta; Group 2 tested Breezhaler, Spiromax, Diskus and Turbohaler; DPIs: Dry Powder Inhalers, MDIs: Metered Dose 
Inhalers, SMIs: Soft Mist Inhalers, SD: Standard Deviation.
Comparison between experienced and naïve patients: instructed to MDI (p=0.0014), instructed to SMI (p=0.0655), age (p=0.2956), sex (p=0.3236), country (p=0.8469), 
and education (p=0.3527). 
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 On the contrary, the assessment of those aspects that are totally or 
partially independent of patients’ subjectivity (namely, the effect of 
the peculiar engineering of the device, the inspiratory flow required 
for actuation, the training track needed for their appropriate use, and 
the related cost) did not receive the same attention from this point 
of view. However, also these factors can in fact further contribute to 
the overall picture of the so called “usability” of inhalation devices 
and of DPIs in particular, much more that the patients’ age, gender 
and educational level as confirmed by data of the present study. 
Actually, it is well known that different regimens of DPIs’ intrinsic 
resistance can lead to different performances in terms of lung 
deposition of respiratory drugs and of clinical outcomes due to the 
variable inspiratory flow required for their adequate inhalation, even 
if patients are unaware of their relative role [17-18,24].

 So much so, in primary and secondary care, more than 30% of UK 
physicians valued the device before deciding the respiratory drug to 
prescribe. Moreover, a great proportion of UK health professionals 
(87%) stated to be concerned about possible problems arising if the 
inhalation device is not specified and 86% of them also state that  

DPIs are non-interchangeable and that their unmotivated substitution 
would have a negative impact [30,31].

 Usability is a complex and multifaceted parameter that contributes 
to the objective and comprehensive assessment of DPI convenience 
in real life because it takes into account a large panel of determining 
factors. The comprehensive value of usability as the discriminating 
parameter for the proper choice of the DPI mainly consists in its 
multidimensional assessment of a weighted mix of subjective 
(namely, intuitivity, satisfaction, willingness to use, preference “at 
glance”, dexterity, ease-of-use, acceptance, etc.) and objective (such 
as, those variably independent of patients’ convincement and beliefs, 
cost included) domains, all contributing to and affecting the overall 
convenience of each DPI in real life. Precisely for these reasons the 
multidimensional GUS Questionnaire was preferred in the present 
study to other instruments [11,14,23,32] for comparing and ranking 
six different DPIs in asthma patients objectively [17].

 Even if no one of the six DPIs tested achieved the ideal GUS 
top score of 50 points, their usability proved significantly different 
and a clear ranking was possible. Actually, when compared by their 
GUS score, DPIs proved variably usable in asthma patients: Some 
DPIs should be preferred in previously instructed rather than in naïve 
asthma patients and vice versa. In other words, asthma patients already 
familiar with DPIs (namely, the majority of patients in present times) 
behave in a different way when compared to naïve patients. In order 
to optimize the effectiveness and convenience of their therapeutic 
strategy these patients should need DPIs differently characterized 
from those of naïve patients, regardless the number of maneuvers 
needed for their actuation. This particular evidence, quite novel to 
our best knowledge, should be highly considered in clinical practice 
before any DPI prescribing. This evidence further emphasizes the 
concept that all asthma patients are unable to use all DPIs equally 
well and effectively [18].

 Nevertheless, randomized clinical trials and patient-centered 
studies in unselected samples of subjects should be continuously 
encouraged in order to provide more suitable data in real-life 
conditions [30].

 The present investigation has some limitations. The study is a 
monocentric study, even if patients enrolled were from several Italian 
regions. The original whole sample of patients had to be divided in 
two sub-groups because the GUS Questionnaire only consents the 
comparison of four devices simultaneously. On the other hand, the 
simultaneous comparison of more than four DPIs would create severe 
problems in terms of patients’ reliability of their responses. Finally, 
despite the strict control of both the quality and duration of the nurses’ 
explanation of each DPI functioning, it was any way possible that 
minimal differences would occur in transferring the messages, even 
if the high predictivity of GUS tends to exclude the occurrence of 
substantial biases from this point of view. Points of strengths are 
the strict randomized procedure for checking and compare the DPIs 
use together with the statistical model adopted, such as the Bayesian 
Indirect Comparison that reflects a total of 100,000 iterations.

Conclusion
 The usability of DPIs is a complex issue indeed, and it is not 
merely a synonymous of ease-of-use or of intuitivity. One single 
parameter for the DPI choice is unable to represent per sé the overall  

Device Mean GUS (95% CrI) Device Mean GUS (95% CrI)

Ellipta 28.99 (21.72 to 35.87) Turbohaler 26.66 (17.15 to 36.4)

Diskus 24.87 (17.98 to 32.16) Diskus 21.87 (12.54 to 31.34)

Turbohaler 23.29 (16.54 to 30.45) Spiromax 19.74 (12.47 to 26.95)

Spiromax 16.71 (11.66 to 21.85) Nexthaler 19.05 (10.31 to 27.66)

Nexthaler 12.62 (5.98 to 18.88) Ellipta 17.51 (8.9 to 25.88)

Breezhaler 5.01 (4.11 to 5.9) Breezhaler 5.69 (3.47 to 7.91)

Table 2: Mean and 95% credibility interval of GUS resulting for each device from 
Bayesian analysis for asthma patients instructed and nor instructed to DPIs (device in 
each group are ranked from the first to the last according to the mean GUS).

Figure 2: Histograms of rankings generated by the Bayesian pooling (patients 
instructed to DPIs on the top, not instructed on the bottom): the graphs reflect 
a total of 100,000 iterations and consist of as many histograms as the devices 
included in the analysis; in each panel, the histogram shows the percent distri-
bution of the simulations across ranks 1 (greater GUS) through 7 (lower GUS) 
while the y-axis shows probability on a 0 to 1 scale.
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usability of DPIs exhaustively, in particular if only based on patients’ 
subjectivity and beliefs. DPIs are variably characterized by different 
degrees of usability in asthma. In the aim to approximate the true 
usability of different DPIs in asthma patients at the best possible 
level, only a multidimensional and a multi-domain assessment is 
recommended. Stemming from this assumption, it would become 
ever much clear that the current convincement that “one size fits for 
all” is absolutely misleading in clinical practice when dealing with 
DPIs, particularly in asthma. The ranking of DPIs’ usability changes 
significantly according to their suitability. This evidence should be 
carefully considered when prescribing or switching a DPI in asthma 
patients.
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