
© 2018 Man et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of COPD 2018:13 1949–1963

International Journal of COPD Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1949

O r I g I n a l  r e s e a r C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/COPD.S152285

satisfaction, preference and error occurrence 
of three dry powder inhalers as assessed by a 
cohort naïve to inhaler operation

Kwun nok Mimi Man1,*
Zhipeng Tian1,*
David Chi-leung lam2

Jennifer Man Fan Wan3

Kian Cheng Tan-Un1

1University of hong Kong, school 
of Professional and Continuing 
education, hong Kong sar, 
China; 2University of hong Kong, 
Department of Medicine, li Ka shing 
Faculty of Medicine, Queen Mary 
hospital, hong Kong sar, China; 
3University of hong Kong, school 
of Biological sciences, hong Kong 
sar, China

*These authors contributed equally 
to this work

Background: Inhaled medication is central to the treatment of COPD. Various types of inhaler 

devices, which directly deliver medication to the lung, have been developed. However, patients 

often exhibit incorrect techniques of inhaler usage. Effectiveness of therapy may be affected 

by the ease of device usage, size, convenience of use, durability, clarity of instructions and 

device preferences of patients. This study compares the satisfaction and preference, as well as 

error occurrence, with the use of Genuair®, Ellipta™ and Breezhaler™ by healthy subjects in 

Hong Kong.

Subjects and methods: One hundred and thirty healthy Hong Kong Chinese subjects 

aged $40 years without a previous diagnosis of COPD and asthma and with no experience 

of using dry powder inhalers (DPIs) were recruited. Subjects learned to use the three DPIs by 

initially reading the instructions and then observing a demonstration with verbal explanation. 

The number of errors committed was evaluated. Subjects also completed a questionnaire to 

indicate their satisfaction and preference.

Results: The satisfaction score of comfort for Breezhaler was significantly higher than that for 

Ellipta (p#0.05), while the satisfaction score on confidence to have inhaled the entire dose was 

highest for Genuair compared with Ellipta (p#0.0001) or Breezhaler (p#0.05). The overall 

satisfaction score was significantly higher for Genuair than Ellipta (p#0.05) or Breezhaler 

(p#0.01). After reading the instructions, the highest number of subjects committing one or 

more critical errors was with Breezhaler (97) followed by Genuair (70) and then Ellipta (33). 

Demonstration reduced the number of critical errors made by subjects for each DPI to one 

third or lower.

Conclusion: Breezhaler seemed to be more comfortable and easy to carry, but users made 

less critical errors when using Ellipta after reading the instructions only. Genuair provided the 

clearest indication of correct dose preparation and inhalation.

Keywords: chronic obstructive pulmonary disease, inhalation device, Genuair®, Ellipta™, 

Breezhaler™

Introduction
Inhaled medications, including short-acting and long-acting bronchodilators as well 

as inhaled corticosteroids, are central to the management of COPD. Various types of 

inhalers have been developed to enable direct delivery of inhaled medications to the 

lung, thus minimizing unwanted systemic effects and allowing smaller doses to be used 

with faster onset of drug action;1–4 for instance, the pressurized metered-dose inhalers, 

soft-mist inhalers, dry powder inhalers (DPIs) and nebulizers. DPIs and soft-mist 

inhalers represent significant improvements from pressurized metered-dose inhalers, 
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as they do not contain propellant gases and importantly are 

breath-actuated, circumventing the need for coordination of 

inhaler actuation and inspiration by the patient.3,5,6 However, 

only 40%–60% of COPD patients adhered to their prescribed 

therapy7 and, depending on the types of inhalers, between 

4% and 94% of patients exhibited incorrect techniques of 

inhaler device usage.8 Although patients claimed that their 

techniques of inhaler use is adequate, as many as 94% 

still committed at least one error when they were asked to 

demonstrate the correct techniques,9 showing the need for 

patient education and critical assessments on inhaler device 

usage by health care professionals. Moreover, the risk of 

COPD increases by 5-fold for people aged over 65 years as 

compared to those under 40 years of age.10 Elderly patients 

are more likely to have reduced dexterity and cognitive func-

tion, which limit their ability to correctly operate inhalers. 

Inadequate adherence to prescribed regimens and failure to 

use the correct technique result in reduced effectiveness of 

therapy.11,12 Factors affecting patient satisfaction and pref-

erence of inhalers include ease of use, size, convenience, 

durability and clarity of instructions.13,14

The three most recently launched DPIs for COPD were 

studied – Genuair® (AstraZeneca, Cambridge, UK), Ellipta™  

(GlaxoSmithKline, Brentford, UK) and Breezhaler™ 

(Novartis, Basel, Switzerland). Genuair is a multidose, medium-

resistance DPI for the delivery of aclidinium bromide, a long-

acting muscarinic agonist (LAMA), or aclidinium bromide 

in combination with formoterol fumarate dihydrate, a long-

acting beta agonist (LABA).14,15 It provides both visual and 

acoustic feedback to patients to indicate correct inhalation of 

the dose.16 Ellipta is also a multidose DPI for the delivery of 

umeclidinium bromide (LAMA) with vilanterol (LABA), or 

fluticasone furoate, an inhaled corticosteroid, and vilanterol 

(LABA), or umeclidinium bromide (LAMA) alone.17 

Breezhaler is a single-dose capsule inhaler for the delivery of 

glycopyrronium bromide (LAMA) with indacaterol (LABA), 

or glycopyrronium bromide (LAMA) alone, or indacaterol 

(LABA) alone. Inhalation causes the capsule to vibrate in the 

Breezhaler device and such vibrations act as a form of acous-

tic feedback for the release of medication from the device.

The objectives of this study were to compare the satisfac-

tion and preference, as well as error occurrence with use of 

these three DPI devices by healthy subjects in Hong Kong.

Subjects and methods
subjects and study design
This was a single-centred, randomized, closed-labeled study. 

One hundred and thirty healthy Hong Kong Chinese subjects 

aged $40 years who had no previous diagnosis of COPD 

or asthma and no experience of using DPIs were recruited 

to the study, thus ruling out any bias on inhaler operation. 

Subjects who had any condition which impaired their ability 

to operate the inhaler, who had any history of chronic respira-

tory diseases, and who were unable to read the instructions, 

answer subject-reported questionnaires or give written 

informed consent were excluded from the study. Subjects 

were randomized with respect to the sequence of learning and 

the use of the three placebo DPI devices, namely, Genuair, 

Ellipta and Breezhaler, such that each subject undertook one 

of the sequences depicted in Figure 1.

Placebo devices of Genuair and Ellipta did not contain any 

active medication or powder, and in the case of the Breezhaler, 

empty capsules were used in place of medication-containing 

capsules. The brand names of the inhalers were not disclosed 

to the subjects. Subjects were first asked to read a set of writ-

ten instructions for one of the DPIs and then demonstrate the 

Figure 1 a schematic diagram showing randomization and sequence of learning to use the different DPI devices.
Abbreviation: DPI, dry powder inhaler.
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use of the DPI to an assessor. The demonstration was evalu-

ated by the assessor who noted the errors committed based on 

a checklist (Table S1). Subjects were then given a physical 

demonstration by the assessor on how to use the DPI with 

a pre-recorded verbal explanation. Subjects were asked to 

demonstrate the use of the DPI for a second time, while the 

assessor observed and noted any error committed. The two 

learning stages were repeated for the remaining two inhalers. 

The errors were classified into critical and non-critical errors 

(Table S1). Critical errors were defined as errors which prevented 

the subjects from inhaling any of the medications contained in 

the DPI. Non-critical errors were defined as errors which caused 

suboptimal administration of the drug or use of the DPI, although 

the subject could still inhale part of the dose. One main assessor 

and two assistants were employed to evaluate the errors. The 

main assessor demonstrated the borderline actions between the 

correct actions and errors to the assistant. All of them assessed 

several subjects together at the beginning of the project to ensure 

the standard was agreed. Then the three assessors evaluated 

the errors individually. After the subjects had demonstrated 

the use of all three DPIs, they completed a questionnaire to 

indicate their level of satisfaction and preference for various 

attributes of the three inhalers, using a Likert-type scale with a 

score from 1 to 7. Subjects were also asked, using a 100-point 

scale for overall satisfaction, to indicate how willing they would 

be to use each DPI if they were diagnosed with COPD.

The study protocol was approved by the Research Ethics 

Subcommittee of the University of Hong Kong School of 

Professional and Continuing Education. Written consent 

was provided by each subject prior to the commencement 

of the study procedure.

statistical analyses
Age of subjects and satisfactory scores were presented as 

mean ± standard error of the mean. The occurrence of one or 

more critical errors during the use of each DPI was analyzed 

by McNemar’s test. Briefly, the three DPIs were compared 

in a pair-wise manner, that is, Genuair vs Ellipta, Ellipta vs 

Breezhaler and Genuair vs Breezhaler. In each comparison 

between two DPIs A vs B, subjects were classified into 

four groups: 1) committing critical errors when using both 

A and B, 2) committing critical errors when using A only 

(the number of which is designated a), 3) committing critical 

errors when using B only (designated b) and 4) committing 

no errors when using A or B. The chi-square statistics was 

calculated by the formula (a−b)2/(a+b).

Satisfaction scores for each attribute and overall satis-

faction scores for each DPI were analyzed for statistical 

significance by one-way analysis of variance followed by post 

hoc Tukey’s test. For comparisons of scores for each attribute 

between male and female subjects and between subjects ,60 

and $60 years of age, two-way analysis of variance followed 

by Sidak’s multiple comparisons test was used. Minimally 

important difference was analyzed by comparing the differ-

ences in satisfactory score for each attribute between DPIs 

with the SDs of the scores, with the differences .0.2 SD and 

,0.5 SD being a small effect and $0.5 SD and ,0.79 SD 

being a medium effect.18 Distribution of DPI preference was 

analyzed by the procedure described in Sharpe’s study19 

for deviation from uniform distribution by the chi-square 

goodness-of-fit tests. In order to determine the DPI causing the 

deviation, we computed the standardized residuals, R. When 

the absolute value of the standardized residual exceeds 2, 

this shows lack of fit in the cells, with p#0.05.20

Results
subjects
Data on satisfaction, preference and error occurrence for 

the three DPIs were collected from a total of 130 healthy 

Chinese subjects (aged 41–84 years, mean age=59.82±0.88 

years) consisting of 61 males (aged 42–84 years, mean 

age=60.98±0.93 years) and 69 females (aged 41–79 years, 

mean age=58.78±0.82 years).

satisfaction
Subjects were asked to evaluate and indicate their satisfaction 

on various attributes of the three DPIs using a seven-point 

Likert-type scale (Figure 2). In terms of comfort of the DPIs, 

the satisfaction score for Breezhaler was significantly higher 

than that for Ellipta (5.13±0.13 vs 4.70±1.65, p=0.047). 

However, the satisfaction score for Breezhaler in terms of 

ease of dose preparation was lowest among the DPIs, being 

significantly lower than those of both Ellipta (4.75±0.15 vs 

5.24±0.15, p=0.0463) and Genuair (4.75±0.15 vs 5.39±0.13, 

p=0.0038).

When being asked about the clarity of the DPIs to indicate 

correct dose preparation, subjects indicated significantly 

higher satisfaction for Genuair than Ellipta (5.69±0.12 vs 

5.25±0.15, p=0.0120). In terms of clarity of DPIs to indicate 

correct inhalation, subjects had greater satisfaction with 

Genuair compared with Ellipta (5.65±0.13 vs 5.11±0.15, 

p=0.0014). The satisfaction score on confidence to have 

inhaled the entire dose when using the DPIs was highest for 

Genuair compared with Ellipta (5.43±0.13 vs 4.62±0.15, 

p#0.0001) and Breezhaler (5.43±0.13 vs 4.98±0.13, 

p=0.0328).
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No significant difference was observed in the satisfaction 

score for ease of operation and handling time among the three 

DPIs (Figure 2). Finally, subjects considered Breezhaler 

(5.45±0.15 vs 4.96±0.14, p=0.0304) and Genuair (5.34±0.12 

vs 4.96±0.14, p=0.0087) to be more convenient to carry than 

Ellipta. Similar trends were seen in the subanalysis by gender 

and age (younger than 60 years of age vs 60 years of age and 

above) and these data can be found in Figures S1 and S2. 

An analysis that directly compares the effects of gender 

(male vs female) and age (,60 vs $60 years of age) on the 

satisfactory scores of the different attributes is provided in 

Figures S3 and S4, respectively.

The satisfaction score data were further analyzed to 

determine whether the effect sizes exceed the threshold for 

clinical relevance by considering the minimally important 

difference using a distribution-based method.18,21 Conven-

tional benchmarks were used, wherein an effect size .0.2 SD 

and ,0.5 SD is a small effect and an effect size $0.5 SD 

and ,0.79 SD is a medium effect. After analyzing the dif-

ferences between the satisfaction scores of each DPI for 

each attribute (Tables 1 and S2), we found that all effects 

which reached statistical significance were small effects, with 

the exception of clarity to indicate correct inhalation, with 

Genuair being more superior than Ellipta and approaching 

a medium effect.

The overall satisfaction score, used as a measure to 

indicate the willingness of subjects to use each of the DPIs 

Figure 2 satisfaction scores on different attributes of the three DPIs using a seven-point likert-type scale.
Notes: Mean values are plotted and the error bars represent the seM. *p#0.05; **p#0.01; ****p#0.0001.
Abbreviations: DPIs, dry powder inhalers; seM, standard error of the mean.

Table 1 Differences of satisfactory scores between each DPI for 
each attribute

Attribute Genuair®–
Ellipta™

Ellipta–
Breezhaler™

Genuair–
Breezhaler

Comfort 0.3308 0.4308a 0.1000
ease of dose preparation 0.1462 0.4923a 0.6385a

Clarity to indicate 
correct dose preparation

0.4462a 0.1154 0.3308

Clarity to indicate 
correct inhalation

0.5462a 0.2538 0.2923

Confidence to have 
inhaled the entire dose

0.8154b 0.3615 0.4538a

ease of operation 0.0077 0.1846 0.1769
handling time 0.0077 0.3077 0.3154
Convenience of carrying 0.3769a 0.4923a 0.1154
Overall satisfaction score 5.5615a 2.2615 7.8231a

Note: aIndicates significance (see Figure 2) and a small effect, while bindicates 
significance and an effect approaching medium.
Abbreviation: DPI, dry powder inhaler.
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if they were diagnosed with COPD, was significantly higher 

for Genuair than for both Ellipta (78.79±1.70 vs 73.23±1.94, 

p=0.0132) and Breezhaler (78.79±1.70 vs 70.97±2.15, 

p=0.0063; Figure 3).

Preferences
Subjects were asked to indicate their preferred inhaler for 

each attribute evaluated (Table 2). The distribution of prefer-

ence for each attribute was analyzed for significant deviations 

from uniform distribution (ie, 33.3% for each DPI) using 

chi-square tests.17

Genuair was the preferred DPI in terms of clarity to 

indicate correct dose preparation (38.5%, R=2.137), clarity to 

indicate correct inhalation (37.7%, R=2.299) and confidence 

to have inhaled the entire dose (42.3%, R=2.824). In terms of 

confidence to have inhaled the entire dose, the standardized 

residual for Ellipta was −2.716, indicating a significant lack 

of preference (16.2%). Breezhaler was the preferred DPI for 

convenience of carrying, as preferred by 42.3% of subjects 

(R=2.372), while Ellipta was less preferred by subjects 

for this attribute (16.2%, R=−3.004). For the attributes of 

comfort, ease of dose preparation, ease of operation and 

handling time, the distributions were not found to deviate 

significantly.

error occurrence during use of DPIs
After reading the instructions, the highest number of subjects 

committing one or more critical errors was with Breezhaler 

(96 [73.8%]) followed by Genuair (70 [53.8%]) and then 

Ellipta (33 [25.4%]), as shown in Figure 4A. The likelihood 

for subjects to commit critical errors when using Breezhaler 

was higher than those when using either Genuair (p#0.0001, 

chi-square statistic=15.36) or Ellipta (p#0.0001, chi-square 

statistic=55.90). Similarly, subjects were more likely to 

commit one or more critical errors when using Genuair than 

Ellipta (p#0.0001, chi-square statistic=27.94; Figure 4B).

For all three DPIs, the number of subjects who committed 

critical errors reduced after visual demonstration with verbal 

instructions. The highest number of subjects committing one 

or more critical errors, after the demonstration, was with 

Breezhaler (30 [23.1%]) followed by Ellipta (12 [9.2%]) 

and then Genuair (11 [8.5%]), as shown in Figure 4A. 

The likelihood for subjects to commit critical errors when 

using Breezhaler was still higher than for those using either 

Genuair (p#0.001, chi-square statistic=12.45) or Ellipta 

(p#0.01, chi-square statistic=10.80). There was no signifi-

cant difference between Genuair and Ellipta (p=0.8084, 

chi-square statistic=0.0588; Figure 4B).

The number and percentage of subjects who committed 

each non-critical error is depicted in Table 3. The total 

number of non-critical errors committed during use of each 

DPI is presented in Table S3.

Discussion
The correct and preferred use of DPIs is essential to 

deliver the relevant drugs appropriately to the patient. 

Besides the efficacy of bronchodilators and corticosteroids, 

Figure 3 Overall satisfaction scores on a 0–100 scale to indicate the willingness of 
subjects to use each DPI (*p#0.05; **p#0.01).
Abbreviation: DPI, dry powder inhaler.

Table 2 Preference of subjects for different attributes of the three DPIs

Attributes p-value of chi-
square goodness-
of-fit test

% Preference (standardized residual, R)

Genuair® Ellipta™ Breezhaler™

Comfort 0.097 33.8 (0.801) 21.5 (−1.761) 34.6 (0.971)
ease of dose preparation 0.569 29.2 (−0.265) 34.6 (0.847) 27.7 (−0.582)
Clarity to indicate correct dose preparationa 0.014 38.5 (2.137) 19.2 (−1.973) 27.7 (−0.164)
Clarity to indicate correct inhalationa 0.013 37.7 (2.299) 19.2 (−1.738) 24.6 (−0.561)
Confidence to have inhaled the entire dosea ,0.0001 42.3 (2.824) 16.2 (−2.716) 28.5 (−0.109)
ease of operation 0.294 33.1 (0.474) 34.6 (0.791) 24.6 (−1.265)
handling time 0.116 32.3 (0.764) 33.1 (0.927) 20.8 (−1.691)
Convenience of carryinga 0.001 33.8 (0.632) 16.2 (−3.004) 42.3 (2.372)

Note: aSignificant deviation from uniform distribution, with p#0.05, R.2 or R,–2.
Abbreviation: DPIs, dry powder inhalers.
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patient preference and the skills required in using inhaler 

devices can affect the effectiveness of the treatment. It is 

important that an inhaler device is easy to use, so that the 

correct dosage is administered. In this study, 130 healthy 

subjects were recruited and the numbers of male (n=61) 

and female (n=69) subjects were evenly distributed. The 

subjects were aged 41–84 years with the average age 

59.82±0.88 years. As the prevalence of COPD is higher 

in people aged 60 years or above compared to those aged 

40–60 years,22,23 the age distribution of our subjects also 

covered a cross section of the high and low prevalence 

groups. Besides disease conditions such as Hunting-

ton’s chorea, stroke and so on, which cause dysfunction 

of brain,24,25 degeneration of brain structure with aging 

is highly related to reduced dexterity and cognitive 

function.26,27 Thus, ease of use is very important for elderly 

patients. The study did not include the education level of 

the subjects. Although education background might affect 

the ability to understand instructions, Blasi et al reported 

no difference in the time required to perform a correct 

inhalation of Genuair between different education levels.28

In our study, subjects rated Breezhaler with the highest 

score for “comfort” (Figure 2). Interestingly, the score given 

by males did not show any significant difference among the 

three DPIs, and the high score of Breezhaler for “comfort” 

was mainly contributed by females (Figure S2). This could 

be related to the shape and size of Breezhaler. Compared to 

the other two DPIs, Breezhaler is smaller and the medicine is 

not built into the device, which could also explain the higher 

score for “convenience of carrying”. However, the design 

seems to also affect dose preparation, as the user required 

extra steps to put a capsule into Breezhaler. The subjects in 

our study gave a significantly lower score for Breezhaler for 

“ease of dose preparation”.

Both Ellipta and Genuair are equipped with acoustic 

feedback mechanism to indicate that a dose has been cor-

rectly prepared. Genuair also has a visual feedback mecha-

nism in the form of a red/green window to indicate empty and 

loaded dose. These visual and acoustic feedback mechanisms 

also indicate correct inhalation of a dose when enough inha-

lation flow is generated in Genuair. The higher scores for 

Genuair in “clarity to indicate correct dose preparation” and 

After visual demonstration with verbal instructions

Number of subjects who committed one or more critical error(s) during use of one of the three DPIs
after reading the instructions

120

100

80

60

0

Number of subjects who committed
one or more critical error(s)

40

20

After reading the
instructions

After visual demonstration
with verbal instructions

Genuair®

Ellipta™
Breezhaler™

Yes
No

Ellipta

Genuair

p-value:
Chi-square statistic:

Yes
27
6

No
43
54

1.25e-07*
27.939

Yes
No

Breezhaler

Ellipta

p-value:
Chi-square statistic:

29
67

Yes No
4
30

7.62e-14*
55.901

Yes
No

Breezhaler

Genuair

p-value:
Chi-square statistic:

61
35

Yes No
9
25

8.87e-5*
15.364

Yes
No

Ellipta

Genuair

p-value:
Chi-square statistic:

3
9

Yes No
8
110

0.8084
0.0588

Yes
No

Breezhaler

Ellipta

p-value:
Chi-square statistic:

6
24

Yes No
6
94

0.00102*
10.8

Yes
No

Breezhaler

Genuair

p-value:
Chi-square statistic:

6
24

Yes No
5
95

0.00042*
12.448

B

A

Figure 4 (A) Number of subjects who committed one or more critical errors during the two learning stages. (B) McNemar’s tests for the number of subjects who 
committed one or more critical errors during the two learning stages.
Note: *p#0.05.
Abbreviation: DPIs, dry powder inhalers. 
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“clarity to indicate correct inhalation” (Figure 2) reflected 

that subjects were more satisfied with the device’s feedback 

mechanism. The subjects also rated a significantly higher 

score for Genuair in “confidence to have inhaled the entire 

dose”. Rajan and Gogtay suggested that confidence was 

important to new users of DPI, as this would lead to better 

adherence to therapy.29 The clearer indications of dose prepa-

ration and correct inhalation together with higher confidence 

could explain the significantly higher overall satisfaction 

score for Genuair. A previous study in Germany, Spain 

and the UK compared the satisfaction of COPD patients on 

Genuair and Breezhaler.30 The results also showed that a 

higher overall satisfaction score was found in Genuair than  

Breezhaler.

The satisfaction scores of different attributes were ana-

lyzed by gender and age (Figures S1 and S2). The pattern of 

the scores for the three DPIs was similar between males and 

females. When analyzing the satisfaction scores according 

to age groups, the patterns were also very similar. However, 

in terms of “ease of operation” and “handling time”, the 

younger group (aged 40–60) reported a significantly higher 

score for Ellipta than Breezhaler, while the older group 

(aged 60 and above) gave a higher score to Breezhaler. 

The satisfaction scores of different attributes were further 

compared by male vs female and the younger group vs older 

group (Figures S3 and S4). The only significant result was 

found in “ease of operation”, where the older group gave a 

significantly lower score to Ellipta. These results suggested 

Table 3 number and percentage of subjects who committed non-critical errors

Non-critical errors After 
reading the 
instructions

After visual 
demonstration with 
verbal instructions

Genuair®

Did not hold the inhaler at the correct position during dose preparation 34 (26.15) 4 (3.08)
Did not breathe out completely before inhalationa 52 (40.00) 19 (14.62)
Breathed into the inhaler before inhalation 11 (8.46) 4 (3.08)
Did not hold the inhaler at the correct position during inhalation 2 (1.54) 0 (0.00)
Did not breathe in strongly and deeply during inhalationa 52 (40.00) 5 (3.85)
stopped breathing in when a “click” sound was heard 9 (6.92) 14 (10.77)
Pressed the button during or after inhalation 29 (22.31) 14 (10.77)
Did not hold breath for long enough after inhalationa 49 (37.69) 20 (15.38)
Breathed out quickly and strongly after holding the breath/breathed out through the mouth 32 (24.62) 28 (21.54)
Did not replace the protective cap 10 (7.69) 4 (3.08)
Ellipta™
Opened the cover and closed it without inhalation 5 (3.85) 3 (2.31)
Did not hold the inhaler at the correct position during dose preparation 15 (11.54) 8 (6.15)
shook the inhaler after loading a dose 9 (6.92) 0 (0.00)
Did not breathe out completely before inhalationa 66 (50.77) 21 (16.15)
Breathed into the inhaler before inhalation 9 (6.92) 7 (5.38)
Blocked the air vent with fingers during inhalation 14 (10.77) 2 (1.54)
Did not hold the inhaler at the correct position during inhalation 15 (11.54) 11 (8.46)
Did not breathe in strongly and deeply during inhalation 49 (37.69) 27 (20.77)
Did not hold breath for long enough after inhalationa 65 (50.00) 25 (19.23)
Breathed out quickly and strongly after holding the breatha 52 (40.00) 23 (17.69)
Breezhaler™
Did not close the inhaler properly after placing the capsule (with a “click” sound) 1 (0.77) 1 (0.77)
Did not hold the inhaler at the correct position during dose preparation 7 (5.38) 7 (5.38)
Pressed the two side buttons more than once 33 (25.38) 11 (8.46)
Took inhalation posture without releasing the side buttons fully 18 (13.85) 6 (4.62)
Did not breathe out completely before inhalationa 58 (44.62) 17 (13.08)
Breathed into the inhaler before inhalation 4 (3.08) 6 (4.62)
Did not hold the inhaler at the correct position during inhalation 10 (7.69) 7 (5.38)
In case a whirring noise was not heard, did not open the inhaler to loosen the capsulea 37 (28.46) 15 (11.54)
When checking a stuck capsule, did not loosen the capsule by tapping the base of the inhaler 4 (3.08) 2 (1.54)
Did not hold breath after inhalation for long enougha 42 (32.31) 16 (12.31)
Breathed out quickly and strongly after holding the breath 33 (25.38) 20 (15.38)
removed the empty capsule by touching the capsule in the inhaler 8 (6.15) 4 (3.08)
Did not replace the cap 17 (13.08) 8 (6.15)

Notes: Data show the number (percentage) of subjects. aThe three most common non-critical errors for each DPI are indicated.
Abbreviation: DPI, dry powder inhaler.
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that the handling procedures of Ellipta may be difficult for 

the older group.

The errors during the use of DPIs were also evaluated 

based on the list of errors (Table S1). The handling proce-

dures and complexity of the three DPIs are different, and thus, 

the error list is designed based on the instruction manual of 

each DPI. After reading the instructions only, subjects were 

less likely to commit critical errors when using Ellipta than 

Genuair or Breezhaler (Figure 4B). The data suggest that 

Ellipta may be easier to learn by reading the instructions 

alone. Regardless of reading the instructions only or after 

observation of the visual demonstration with verbal instruc-

tions, the number of subjects committing critical errors was 

higher with Breezhaler. These results may indicate that the 

design of Breezhaler is more complex, especially for new 

users. Interestingly, subjects also gave a lower satisfaction 

score for Breezhaler on “ease of operation” and “handling 

time” (Figure 2). A previous study in Japan also showed 

that the volunteers made more errors when using Breezhaler 

compared to Ellipta.17 It is also worth noting that visual 

demonstration with verbal instructions reduced the number 

of subjects making critical errors for each DPI to one third 

or lower compared to reading the instructions only, with the 

effect being the greatest for Genuair. This finding suggests 

that visual demonstration with verbal instructions is crucial 

to new users of DPIs. In a study conducted by Svedsater et al, 

subjects also reported that with briefing and demonstration, 

they could understand how to use DPIs even without reading 

the instructions.31

This study excluded subjects who had been diagnosed 

with COPD or asthma and had experience of using DPIs. 

Thus, the results would represent newly diagnosed COPD 

patients who are device naïve. In the study of the usability 

of Genuair, Blasi et al reported that there was no difference 

in the time required to perform a correct inhalation when 

considering the different previous experience of inhaler 

devices.28 However, patients’ experience of using DPI may 

affect their satisfaction. The results could be used as reference 

for future validation studies in COPD patients with previous 

experience in using DPIs. A dose counter is found in Genuair 

and Ellipta to indicate the number of doses left in the device. 

The satisfaction to this function was not tested, as the subjects 

demonstrated the use of each DPI for only two times.

Conclusion
The results of our study showed that each DPI has its own 

user advantages: Breezhaler seemed to be more comfortable 

to use and easy to carry. Device-naive users made less critical 

errors when using Ellipta after reading the instructions only. 

Genuair gave significantly better indications of correct dose 

preparation and dose inhalation. Overall, healthy volunteers 

had the greatest satisfaction scores when using Genuair. 

This is important, as satisfaction might improve patient 

compliance to inhaler therapy. Instead of learning to use a 

DPI by reading the instructions only, visual demonstration 

with verbal instructions given by health care professionals 

is crucial as they can reduce the critical errors during inhaler 

use. These results cannot be applied at the individual level, 

so good practice should be followed.
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Table S1 list of critical and non-critical errors for each dry powder inhaler

Errors Critical (C) or 
non-critical (NC)

Genuair®

1 Did not remove cap before inhalation C
2 Did not hold the inhaler at the correct position during dose preparation nC
3 Did not press the button all the way down before inhalation C
4 Did not release the button before inhalation C
5 Inhaled when the control window was still red C
6 Did not breathe out completely before inhalation nC
7 Breathed into the inhaler before inhalation nC
8 Did not close lips firmly around the mouthpiece C
9 Did not hold the inhaler at the correct position during inhalation nC
10 Did not breathe in strongly and deeply during inhalation nC
11 stopped breathing in when a “click” sound was heard nC
12 Pressed the button during or after inhalation nC
13 Did not hold breath for long enough after inhalation nC
14 Breathed out quickly and strongly after holding breath/breathed out through the mouth nC
15 Did not repeat the inhalation even when the control window was green C
16 Did not replace the protective cap nC
Ellipta™
1 Could not open the cover without instructions C
2 Opened the cover and closed it without inhalation nC
3 Did not hold the inhaler at the correct position during dose preparation nC
4 shook the inhaler after loading a dose nC
5 no “click” sound after sliding the cover open C
6 Did not breathe out completely before inhalation nC
7 Breathed into the inhaler before inhalation nC
8 Did not close lips firmly around the mouthpiece C
9 Blocked the air vent with fingers during inhalation nC
10 Did not hold the inhaler at the correct position during inhalation nC
11 Did not breathe in strongly and deeply during inhalation nC
12 Did not hold breath for long enough after inhalation nC
13 Breathed out quickly and strongly after holding breath nC
14 Did not close the cover as far as possible C
Breezhaler™
1 Did not remove cap before inhalation C
2 Placed a capsule directly into the mouthpiece C
3 Did not close the inhaler properly after placing the capsule (with a “click” sound) nC
4 Did not press the two side buttons simultaneously until a “click” was heard before inhalation C
5 Did not hold the inhaler at the correct position during dose preparation nC
6 Pressed the two side buttons more than once nC
7 Took inhalation posture without releasing the side buttons fully nC
8 Did not breathe out completely before inhalation nC
9 Breathed into the inhaler before inhalation nC
10 Did not close lips firmly around the mouthpiece C
11 Did not hold the inhaler at the correct position during inhalation nC
12 Did not breathe in strongly and deeply during inhalation (no whirring noise was heard) C
13 In case a whirring noise was not heard, did not open the inhaler to loosen the capsule nC
14 When checking a stuck capsule, did not loosen the capsule by tapping the base of the inhaler nC
15 Did not hold breath after inhalation for long enough nC
16 Breathed out quickly and strongly after holding breath nC
17 Did not remove the empty capsule C
18 removed the empty capsule by touching the capsule in the inhaler nC
19 Did not replace the cap nC
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Figure S1 satisfaction scores on different attributes of the three DPIs as evaluated by male and female subjects.
Notes: Mean values are plotted and the error bars represent the seM. *p#0.05; **p#0.01.
Abbreviations: DPIs, dry powder inhalers; seM, standard error of the mean.
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Figure S2 satisfaction scores on different attributes of the three DPIs as evaluated by subjects below 60 years of age or above or equal to 60 years of age.
Notes: Mean values are plotted and the error bars represent the seM. *p#0.05; **p#0.01; ***p#0.001.
Abbreviations: DPIs, dry powder inhalers; seM, standard error of the mean.
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Figure S3 satisfaction scores on different attributes of the three DPIs by male and female subjects.
Notes: Mean values are plotted and the error bars represent the SEM. No significance was detected.
Abbreviations: DPIs, dry powder inhalers; seM, standard error of the mean.
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Satisfaction scores given by subjects <60 or ≥60 years of age

6

4

Sc
or

e
2

Comfort

0
Genuair® Ellipta™ Breezhaler™

Sc
or

e

8

6

4

2

Ease of dose preparation

0
Genuair® Ellipta™ Breezhaler™

Sc
or

e

8

6

4

2

Clarity to indicate
correct inhalation

0
Genuair® Ellipta™ Breezhaler™

Sc
or

e

8

6

4

2

Clarity to indicate
correct dose preparation

0
Genuair® Ellipta™ Breezhaler™

Sc
or

e

8

6

4

2

Confidence to have inhaled
the entire dose

0
Genuair® Ellipta™ Breezhaler™

Sc
or

e

8 *

6

4

2

Ease of operation

0
Genuair® Ellipta™ Breezhaler™

Sc
or

e

8

6

4

2

Convenience of carrying

0
Genuair® Ellipta™ Breezhaler™

Sc
or

e

8

6

4

2

Handling time

0
Genuair® Ellipta™ Breezhaler™

<60 years of age ≥60 years of age

Figure S4 satisfaction scores on different attributes of the three DPIs by subjects ,60 and $60 years of age.
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Table S3 Total number of non-critical errors committed during use of the three DPIs

DPIs After reading 
the instructions

After visual demonstration 
with verbal instructions

genuair® 280 112
ellipta™ 299 127
Breezhaler™ 272 120

Abbreviation: DPIs, dry powder inhalers.

Table S2 0.2 sD and 0.5 sD of satisfactory scores of the three DPIs

Attribute Genuair® Ellipta™ Breezhaler™

0.2 SD 0.5 SD 0.2 SD 0.5 SD 0.2 SD 0.5 SD

Comfort 0.315 0.787 0.331 0.827 0.302 0.756
ease of dose preparation 0.304 0.761 0.338 0.844 0.340 0.850
Clarity to indicate correct dose preparation 0.275 0.687 0.349 0.872 0.325 0.812
Clarity to indicate correct inhalation 0.297 0.744 0.331 0.827 0.314 0.785
Confidence to have inhaled the entire dose 0.303 0.757 0.349 0.872 0.305 0.764
ease of operation 0.317 0.793 0.347 0.868 0.326 0.815
handling time 0.289 0.723 0.319 0.797 0.315 0.787
Convenience of carrying 0.265 0.663 0.310 0.776 0.338 0.845
Overall satisfaction score 3.870 9.674 4.434 11.084 4.893 12.231

Abbreviation: DPIs, dry powder inhalers.
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