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BACKGROUND: A significant percentage of patients with asthma and COPD do not use their inhalers
properly. The aim of this study was to evaluate the impact of a single session of inhalation technique
training on the frequency of inhalation errors and the course of asthma and COPD. METHODS: This
randomized controlled trial included adults who had been diagnosed with and treated for asthma or
COPD with at least one inhaler use daily on a regular basis. All subjects were followed for 6 months, at
which time their inhalation technique was assessed and an individual inhalation training (study group)
or a sham procedure (control group) was applied. The number of mishandlings was calculated as the
ratio of the number of errors to the number of inhalers used by an individual subject. The effect of
training was evaluated after 3 months and again after 6 months. RESULTS: 50 subjects with asthma
and 50 subjects with COPD were enrolled. Only 20% of subjects made no critical errors before the
intervention. Subjects who were trained in the proper inhalation technique made fewer errors after
3 months (32 of 50 vs 20 of 50). The relative risk was 1.63 (95% CI 1.1–2.4, P � .01) and the number
needed to treat was 3.9 (95% CI 2.2–15). Despite the improvement in the inhalation technique, we found
no reduction in the number of asthma/COPD exacerbations, symptom severity, or the quality of life.
After 3 consecutive months, the efficacy of the intervention decreased, and only 66% of the former
responders maintained the lower ratio of errors per inhaler. After 6 months, there was no difference in
the number of subjects with better inhalation technique between intervention (24 of 50) and control
group (27 of 50) (P � .62). CONCLUSIONS: Although a single inhalation training leads to a reduction
in the number of errors made during inhalation, it does not influence the course of asthma and COPD.
The positive effect of a single inhalation technique training is temporary. (ClinicalTrials.gov registration
NCT02131454.) Key words: asthma; COPD; inhaler; inhalation technique; inhalation errors; training of
inhalation technique. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Inhaled therapy is the cornerstone of treatment in asthma
and COPD. Inhaled administration of drugs has consider-
able advantages over systemic therapy. It allows drug de-

livery directly to the target site (ie, the lower airways),
thus resulting in more rapid symptom alleviation and en-
abling the use of lower doses in comparison to systemic
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treatment. The positive effects of inhaled therapy are in-
fluenced not only by the choice of treatment modality but
also by the patient’s inhalation technique.1-5 This depends
on the type and number of inhalers prescribed and on the
cognitive capabilities of the subject.

It appears that one of the most important factors influ-
encing adherence to inhaled therapy is patient education
and training on inhalation technique.1,3,5 For patients with
obstructive lung diseases, experts recommend that inhala-
tion technique and adherence should be evaluated before
introducing changes to the patient’s inhalation therapy.1,2

Despite the awareness of the problem of improper inhala-
tion techniques, the issue has remained unresolved for
decades.6 It has been reported that the number of errors
made during inhalation is related to the number of differ-
ent inhalers used concurrently.7 On the other hand, it is
estimated that 25–31% of subjects using different inhaler
devices have not been offered any training on inhalation
technique.7 Paradoxically, the development of new user-
friendly inhalers may not improve the situation because
their use is restricted to the delivery of a specific com-
pound and they do not eliminate inhalation errors while
using other inhalers that require different inhalation tech-
niques.

Improper inhalation technique is an important factor
contributing to more severe courses of asthma and COPD.8

A number of studies have reported a positive correlation
between the number of errors made during inhalation and
the level of symptoms, as well as the rate of disease ex-
acerbations.9-13 Studies have also documented the positive
effect of different methods of education on the improve-
ment of inhalation technique,8 although only a few were
randomized, controlled trials.14-19 These studies differed in
many aspects, including groups of trainers (eg, pharmacist,
nurse, GP assistant, research educator), methods of train-
ing (eg, basic inhaler technique counseling, active show-
and-tell training, additional leaflets), population (eg, pa-
tients with asthma, patients with COPD, adults, children),
and duration of the observation period (eg, 1 mo to 2 y).
Although the results of these reports indicated that training
leads to improvement in inhalation skills, the impact of
training on symptoms or exacerbations of asthma and COPD
was ambiguous. Some authors reported a decrease in asthma
or COPD symptoms and exacerbation rate,14,16,18 whereas
others failed to find a significant reduction in symptoms,
health-related quality of life (HRQOL), and the number of
exacerbations.15,19

Given the inconsistency of the available data, we un-
dertook a study designed to determine the impact of a
single session of inhalation technique training on the fre-
quency of inhalation errors and the course of asthma and
COPD. We assumed that a single session of inhalation
training might lead to a decrease in the number of inha-
lation errors and improve treatment efficacy (ie, a reduc-

tion in the frequency of asthma/COPD exacerbations and
improvement of HRQOL). Therefore, the specific aims of
the study were as follows: to evaluate the impact of a
single session of inhalation technique training on the num-
ber of inhalation errors; to evaluate the impact of a single
session of inhalation technique training on the number of
asthma/COPD exacerbations and HRQOL; and to charac-
terize subjects who do not respond to inhalation training.

Methods

General Study Design

This was a prospective, single-center, randomized con-
trolled trial with a 1:1 allocation to an arm with inhalation
technique training combined with basic asthma/COPD ed-
ucation or an arm with basic education only (Fig. 1). Each
subject was observed for 12 months: 6 months before the
intervention and 6 months after the intervention (Fig. 2).
The intervention consisted of a single individual training
session on proper inhalation technique and basic education
about asthma or COPD. The control subjects received ba-
sic education about asthma or COPD, but their inhalation
technique was not corrected (single-blinded protocol).

The primary end point was the reduction in the number
of errors made during inhalation. The secondary end points
were a reduction in the number of moderate or severe
exacerbations of asthma and COPD, a reduction in the
level of asthma and COPD symptoms, and an improve-
ment in HRQOL.

The study was approved by the Institutional Review
Board (KB 43/2013). All subjects signed an informed con-
sent to participate.

QUICK LOOK

Current knowledge

A significant percentage of patients with asthma and
COPD do not use their inhalers properly. Improper in-
halation technique may contribute to a more severe
course of asthma or COPD. The significance of a single
session of inhalation training in the improvement of
asthma or COPD control is not well documented.

What this paper contributes to our knowledge

A single session of training in inhalation technique led
to a reduction in the number of inhalation errors, but
not to an improvement in asthma or COPD control. The
effect of a single session of training in inhalation tech-
nique was temporary. This indicates that methods to
improve inhaler technique need to be repeated.
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Subjects

The subjects were recruited from the out-patient depart-
ment of the Central Teaching Hospital of the Medical
University of Warsaw between 2013 and 2015. All con-
secutive subjects with asthma or COPD who were sched-
uled for a follow-up visit and who met the inclusion cri-
teria were asked to participate in the study.

The main inclusion criteria were age between 18 and
80 y, earlier diagnosis of asthma or COPD made in accor-
dance with GINA or GOLD recommendations, and at least
6 months of earlier treatment with at least 1 inhaler used
daily on a regular basis. To reduce the heterogeneity of the
group in terms of inhalers, only subjects treated with the
following inhalers were included: pressurized metered dose
inhaler (pMDI), Aerolizer, Handihaler, Diskus and Turbu-
haler. The exclusion criteria included conditions and co-
morbidities that could affect the efficacy of training (eg,
cognitive disorders, relevant mental or neurological dis-

eases) or any condition causing the inability of the subject
to attend a scheduled follow-up visit required by the study
protocol (eg, advanced malignancies, severe chronic re-
spiratory failure) (Fig. 1).

Methods

The study protocol included 4 visits over 12 months. At
each visit, questionnaires on asthma/COPD symptom se-
verity and the impact of the disease on quality of life were
completed, the number of disease exacerbations since the
last visit were noted, and the subject underwent physical
examination and spirometry. Disease symptom severity
was evaluated with the Asthma Control Test (ACT) in
asthma subjects and with the COPD Assessment Test (CAT)
in subjects with COPD.20,21 HRQOL was assessed using
either the Asthma Quality of Life Questionnaire (AQLQ)
or the St George’s Respiratory Questionnaire (SGRQ).22,23

Only exacerbations that required treatment with oral cor-

Assessed for eligibility
116

Excluded
16

Declined to participate: 2
Met ≥1 exclusion criterion: 14

Subjects enrolled
100

Intervention subjects
50

Asthma: 26
COPD: 24

Analyzed
47

Asthma: 24
COPD: 23

Control subjects
50

Asthma: 24
COPD: 26

Analyzed
43

Asthma: 21
COPD: 22

Unable to attend visit: 3
Unable to attend visit: 3
Died: 2
Lost to follow-up: 2

Fig. 1. Flow chart.

6 months

1st visit

Randomization Intervention End of the study

2nd visit 3rd visit 4th visit

3 months 3 months

Fig. 2. Study timeline.
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ticosteroids and/or antibiotics, emergency department visit,
or hospital admission were taken into consideration in the
analyses. Spirometry was performed using the Lung Test
1000 spirometer (MES, Cracow, Poland); Global Lung
Initiative reference equations were applied to calculate the
predicted values.24

Inhalation technique was assessed at each visit by 2 ob-
servers: a trained medical student and pulmonologist. We
evaluated 13 predefined inhalation errors for both pMDIs
and dry powder inhalers (DPIs); 7 of them were construed
as critical (Table 1, see the supplementary materials at
http://www.rcjournal.com). The errors observed by the
medical student and the pulmonologist were discussed,
and consensus opinion was noted in the database. The
number of mishandlings was calculated as the ratio of the

number of errors to the number of inhalers used by an
individual subject.

At the first visit, each subject was randomized 50:50 to
the inhalation-training group or to the sham-procedure
group (ie, given only the basic education on asthma or
COPD). Computer-generated random numbers were used
to allocate subjects, but no inhalation training or any mod-
ifications to the current asthma/COPD treatment were
made; asthma/COPD treatment was at the discretion of the
attending physician. The second visit was scheduled after
6 months. During this visit, basic education on asthma or
COPD was carried out in both groups, along with the
assessment of inhalation technique, which was followed
by face-to-face training of proper inhalation technique in
the intervention group and observation of inhalation tech-

Table 1. Subject Characteristics

Treated Group Control Group P

Total subjects (N � 100)
Number of subjects 50 50
Age, y 66.5 (59–74) 66 (58–72) .60
Sex, female/male 27/23 25/25 .69
Duration of the disease, y 10 (5–15) 10 (4.25–17.75) .61
Number of used inhalers 3 (2–3) 3 (2–3) .50
Number of patients who made at least one mistake during inhalation 45 48 .24
Number of patients who made at least one critical mistake during inhalation 40 40 �.99
Smoking history, NS/S/EX 26/8/16 19/7/24 .25
Body mass index, kg/m2 26.8 (23.5–29.5) 27.2 (24.8–31) .22

Asthma group (n � 50)
Number of subjects 26 24
Age, y 64.5 (61–73) 62 (52–67) .89
Sex, female/male 16/8 15/9 .76
Duration of the disease, y 10 (3–14) 14 (6.75–27) .41
Number of used inhalers 2.5 (2–3) 3 (2–3) .54
Smoking history, NS/S/EX 23/1/0 15/3/3 .18
Body mass index, kg/m2 27.1 (25.6–29.9) 28.4 (25.8–32.2) .14
Asthma Control Test 15 (11–21) 17 (14–20) .82
FEV1%N 78 (61–88) 75 (66–86) .89
% FEV1/FVC � LLN 12/14 11/13 .98

COPD (n � 50)
Number of subjects 24 26
Age, y 72 (49–76) 68.5 (62–74) .41
Sex, female/male 9/15 8/14 .94
Duration of the disease, y 10 (3–13) 10 (3–13.5) � .99
Number of used inhalers 3 (2–3) 3 (2–3) .15
Smoking history, NS/S/EX 1/7/16 0/5/21 .70
Body mass index, kg/m2 26.2 (25.5–29.1) 26.4 (23.7–28.4) .67
COPD Assessment Test 19 (14–23) 12.5 (8–23.5) .09
FEV1%N 52% (43–66) 55% (36–68) .84

Data are presented as median (interquartile range) or numbers of patients.
Both groups were compared using chi-square test for categorical variables and Mann-Whitney U test for continuous variables.
NS � never smoker
S � smoker
EX � ex-smoker
FEV1%N � FEV1 expressed as percentage of predicted value
LLN � lower limit of norm defined as below 5th percentile
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nique without error corrections in the sham-procedure
group. The training of proper inhalation technique con-
sisted of instruction and demonstration of proper inhaling
technique respective to the type of inhaler used by the
subject. Then subjects were asked to demonstrate a single
inhalation, and persisting mishandlings were corrected.
Training usually lasted 7–15 min, depending on the cor-
rectness of the inhalation technique.

During the third and fourth visits (3 mo after the second,
and 3 mo after the third visit, respectively), the subjects
were examined by an observer blinded to randomization.
The reduction in the severity of asthma or COPD symp-
toms, the number of disease exacerbations, and the num-
ber of inhalation mishandlings compared to visit 2 were
noted (calculated as repeat baseline analysis). A subject
was classified as a responder if he or she made fewer
errors after training than before the intervention (ie, the
ratio of the number of errors to the number of currently
used inhalers was lower after intervention than baseline).

Statistical Analysis

Baseline data and the results of the study in intention-
to-treat population are presented as median (interquartile
range [IQR]) unless otherwise specified. Baseline charac-
teristics and the results in the intervention versus control
group were compared using the chi-squared test for cate-
gorical variables and the Mann-Whitney U test for con-

tinuous variables. All analyses were performed using Sta-
tistica 13.0 (StatSoft, Tulsa, Oklahoma) and MedCalc
13.2.2 (MedCalc Software bvba, Ostend, Belgium). A
P value � .05 was regarded as significant.

Based on the results of previous studies, we assumed
that errors in inhalation technique are made by at least
35% of subjects, and we designed the current study to
determine a reduction of 70% of errors between the
2 groups, with a standard deviation of 10%.9 Power anal-
ysis and sample size calculations indicated that a sample
size of 86 subjects would provide 90% statistical power to
detect significant differences between the 2 groups (al-
pha � 0.05, beta � 0.20). The number of enrolled subjects
was increased by 13 to allow for a 15% drop-out rate.
Thus, a total number of 99 subjects was the minimum
number required to conduct this study.

Results

A total of 100 subjects (50 with asthma, 50 with COPD)
were enrolled in the study. Despite some differences be-
tween asthma and COPD subjects, the number of inhalers
used per subject was similar in both groups (Table 2, see
the supplementary materials at http://www.rcjournal.com).
Comparative characteristics of subjects in the intervention
and control groups (intention-to-treat population) are pre-
sented in Table 1. At the first visit, 93 of 100 subjects
made at least 1 error during inhalation: 95% (47 of 50) of

Table 2. The Effect of a Single Session of Inhalation Training on the Number of Mistakes and Other Variables Assessed After
3 Months (Intention-to-Treat Analysis)

Intervention Group Control Group Relative Risk P

Number of mistakes during inhalation
Reduction 32 20 1.63 (1.10–2.42) .01
No reduction 16 29
No mistakes 2 1

Number of asthma or COPD exacerbations
Reduction 10 12 0.83 (0.4–1.7) .63
No reduction 40 38

Number of asthma or COPD exacerbations requiring hospitalization
Reduction 4 3 1.33 (0.3–5.6) .70
No reduction 46 47

Symptoms measured by ACT or CAT
Reduction 22 22 1.0 (0.6–1.5) � .99
No reduction 28 28

Quality of life measured by AQLQ or SGRQ
Improvement 17 11 1.54 (0.8–2.9) .19
Decrease 33 39

Data are presented as numbers of patients or relative risk (95% CI). Each group included 50 subjects.
ACT � Asthma Control Test
CAT � COPD Assessment Test
AQLQ � Asthma Quality of Life Questionnaire
SGRQ � St George’s Respiratory Questionnaire
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subjects with asthma and 92% (46 of 50) of subjects with
COPD. There were no differences in the number of errors
between the intervention and control group at baseline
(Table 1). Critical errors occurred in 80% (80 of 100) of all
subjects: 41 of 50 subjects with asthma and 39 of 50
subjects with COPD. Despite these results, 98 of 100 sub-
jects considered their inhalation skills as satisfactory.

Ninety subjects completed the study; of the 10 subjects
who failed to complete the study protocol, 8 did not attend
the second visit (3 subjects from the intervention group
and 5 subjects from the control group), and 2 subjects were
lost to follow-up between the second and third visits. Among
the subjects who were lost between the first and second
visits, 2 subjects died (1 subject died due to complications
of a myocardial infarction; the cause of death could not be
determined in the other subject).

The Effect of Intervention After 3 Months

The effect of the intervention measured after 3 months
was as follows: 32 of 50 subjects (64%) in the intervention
group and 20 of 50 (40%) subjects in the control group had
a lower ratio of errors during inhalation (Table 2). The
relative risk was 1.63 (P � .01) and number needed to
treat was 3.9 (95% CI 2.2–15).

Despite a reduction in the number of inhalation errors,
we did not find a significant reduction in the number of
asthma and COPD exacerbations, nor in the number of
exacerbations requiring hospitalization (Table 2). A reduc-
tion in symptom severity was demonstrated in 44 subjects
(22 subjects with asthma and 22 subjects with COPD), but
no difference was found between the trained group and the
control group (Table 2).

After the intervention, a similar proportion of subjects
declared an improvement in HRQOL in each group (34%
vs 22%, P � .19). Overall, the improvement in quality of
life was achieved only in 28 subjects (14 subjects with
asthma and 14 subjects with COPD). No differences in
HRQOL were found between the intervention group and
the sham procedure group before and after the intervention
when subjects with asthma and COPD were analyzed sep-
arately.

Comparative analysis of responders and non-responders
showed that the latter made a priori fewer errors in inha-
lation technique than responders. No other differences be-
tween these groups were identified (Table 3). Comparable
results were observed when a cut-off value of a 50% re-
duction in the number of mistakes was applied to define
responders (results not shown).

The Effect of Intervention After 6 Months

After 6 months, there was no difference in the percent-
age of subjects who reduced the ratio of the numbers of

errors to the number of inhalers in the intervention group
and the control group (48% and 54%, respectively, P � .62)
(Table 4). Moreover, the effect of training decreased over
time (Fig. 3). After 6 months from the intervention, the
ratio of errors to inhaler remained stable or decreased in
only 50% of the former responders to training (16 of 32 sub-
jects).

There were no significant differences in the number of
subjects who had fewer exacerbations, nor in the number
of exacerbations between the intervention group and con-
trols. Nonetheless, a tendency to a lower number of exac-
erbations requiring emergency department visits was ob-
served in the intervention group (Table 3, see the
supplementary materials at http://www.rcjournal.com). The
reduction of respiratory symptoms was comparable be-
tween groups. There were also no significant differences
between the intervention group and the control group in
improvement of HRQOL (Table 4).

Discussion

Our study confirmed that the majority of adult subjects
with asthma or COPD make at least 1 inhalation error and
that a single short inhalation training session may lead to
a reduction of the number of mistakes, but not necessarily
to an improvement in asthma or COPD control. As the
investigated subjects were randomly assigned to the study
or control group and physicians assessing the effect of
training were blinded to the earlier intervention (inhalation
training or sham procedure), we believe our results are
reliable, although the number of errors made by the sub-
jects was higher than we had expected on the basis of the
literature on the issue. Although the majority of subjects
were convinced that they used good inhalation technique,
the number of errors was higher than previously reported.
This finding emphasizes that inhaler mishandling is still a
common problem that seems to require more attention
than just one short inhalation technique training.

Our results are consistent with a recent review from
the Cochrane Library on different interventions used to
improve inhaler technique in asthma subjects.25 They
are also in agreement with the results of several other
studies that documented the effectiveness of inhalation
training in the reduction of inhaler misuse in both asthma
and COPD.26,27-30 The role of proper inhalation tech-
nique is emphasized in all documents on the manage-
ment of obstructive lung diseases.1-4 It seems easy to
understand and convincing that improper inhalation may
lead to inadequate treatment of asthma or COPD.9 On the
other hand, the majority of subjects make errors when
using their inhaler,13,31-33 and according to our previous
studies, the majority of inhalation errors are repetitive.34

Moreover, despite the awareness of the problem, the fre-
quency of improper inhalation technique has been constant
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for 40 years.6 This indicates that the problem of improving
inhalation technique is difficult to manage and goes be-
yond teaching manual skills.

There have been numerous observational studies show-
ing the relationship between inhalation technique and con-
trol of asthma and COPD.9-13 Takemura and colleagues11,12

found that repeating proper inhalation instruction could
improve not only inhalation technique, but also quality of
life in both asthma and COPD. The same author group
reported that a network pharmacist system can provide
successful training of proper inhalation technique, increase
adherence to therapy, and decrease the number of disease
exacerbations.35,36 Another multi-center study performed
in Italy demonstrated that inhaler misuse was common in
subjects with asthma or COPD independent of the type of
inhaler, and that it was associated with poor disease con-

trol and increased risk of exacerbation.9 In a study by
Molimard et al,10 the risk of COPD exacerbation requiring
hospitalization or emergency department visit was
1.86 times higher in subjects who made critical inhalation
errors compared to those who used inhalers correctly. It
must be noted, however, that it is unclear whether the
association between better control of the disease and better
inhalation technique found in the above observational stud-
ies resulted from inhalation training or from other factors.
Poor inhalation technique frequently coexists with poor
adherence to treatment.37,38 Patients with better control of
asthma or less severe COPD may have been better moti-
vated to perform adequate inhalation technique and adhere
to all treatment recommendations.38

In contrast to observational studies, there were only a
few randomized controlled trials that confirmed the effect

Table 3. Comparison of Selected Parameters in Responders and Nonresponders to Inhalation Training (Assessment 3 Months After Training)

Responders Nonresponders* P

Age, y 66.5 (60.5–73) 69 (50–75) .61
Female/male 19/13 7/6 .73
Asthma/COPD 14/18 9/4 .12
Duration of the disease, y 9.5 (3.5–13) 11 (6–18) .14
Number of inhalers 3 (2–3) 3 (2–3) .44
Quality of life

Asthma: AQLQ 5.45 (4.3–5.9) 4.9 (3–6.3) .36
COPD: SGRQ 47.7 (39–55.9) 50.7 (44.4–53.7) .90

Symptom severity
Asthma: ACT score 20.5 (19–22) 20 (14–21) .35
COPD: CAT score 15 (9–23) 16 (14.7–16.7) .77

Spirometry: FEV1% predicted
Asthma 77.8 (65–88.4) 78.4 (55.2–85.1) .53
COPD 53 (47.2–65.8) 47.7 (44.8–54) .64

Spirometry: FVC % predicted
Asthma 86.2 (75.2–95.2) 84 (78–101.3) .73
COPD 79.8 (70–87.9) 92.3 (81.4–105.4) .22

Spirometry: FEV1/FVC
Asthma 76.1 (68.2–77.9) 67.3 (62.1–72.3) .08
COPD 55 (47–58,7) 42.1 (39.1–44.9) .10

Mistakes during inhalation with MDI, no. 2 (1–3) 0.5 (0–1.25) .01
Mistakes during inhalation with DPI, no. 2 (1–2.75) 1 (0–1) .008
All mistakes, no. 4 (2–5.5) 1 (1–2) � .001
Ratio of errors during inhalation to all inhalers 1.83 (0.66–2.5) 0.5 (0.33–1) � .001
Exacerbations that required hospitalizations, no. 3 (9.4%) 2 (15.4%) .56
Exacerbation-related ED visits, no. 2 (6.2%) 3 (25%) .10
Exacerbations that required oral GCS or antibiotic, no. 12 (37.5%) 6 (46.2%) .59

Data are presented as median (interquartile range) or number of patients. Both groups were compared using the Mann-Whitney U or chi-square test. Responders, n � 32 subjects; Nonresponders;
n � 13 subjects.
* 2 patients, who made no mistakes before and after training, were excluded from analysis.
ACT � Asthma Control Test
CAT � COPD Assessment Test
AQLQ � Asthma Quality of Life Questionnaire
SGRQ � St George’s Respiratory Questionnaire
DPI � dry powder inhaler
MDI � metered-dose inhaler
ED � emergency department
GCS � glucocorticosteroids
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of inhalation technique training on improvement in COPD
or asthma control.14-19 The favorable effect was documented
mainly in subjects with asthma.16-18 In studies including
both subjects with asthma and subjects with COPD, the
influence of inhalation counseling was less convincing.15,19

In a study by Press et al,14 teach-to-goal inhalation training
led to a reduction of inhalation errors and unplanned in-
terventions during the 30 d of follow-up in both subjects
with asthma and subjects with COPD. The benefit of in-

halation technique training was also found in two studies
by Basheti et al,16,17 who observed improvement in inha-
lation skills and reduction in asthma severity after proper
inhalation technique training. Garcia-Cardenas et al18 re-
ported that an intervention consisting of education of in-
halation technique and medication adherence led to an
improvement in inhalation technique and better asthma
control measured with Asthma Control Questionnaire in
subjects with asthma who used the Turbuhaler (the study
was sponsored by AstraZeneca). Although the above stud-
ies reported positive effects of inhalation training, they
also showed a failure of some interventions. Press et al15

found that the effect of inhalation training was only tem-
porary and did not lead to reduction of asthma or COPD
exacerbations after 90 d. Of note, the 90-d observation
revealed a similar incidence of exacerbations despite sig-
nificantly decreased inhaler misuse. This finding does not
support the hypothesis that improvement in inhalation tech-
nique can reduce the risk of asthma/COPD exacerbations.
Similar results were reported by Hesselink et al,19 who
observed that inhalation skills training in subjects with
asthma and subjects with COPD resulted in better inhala-
tion technique after 1 year and 2 years, but it did not
influence symptoms, HRQOL, or smoking cessation.

In our study, almost all of the subjects made � 1 mis-
take during inhalation, and 80% of them made � 1 critical
error. This result is higher than those reported in previ-
ously published studies in which critical errors were made

Table 4. Impact of a Single Session of Inhalation Technique Training on the Course of Asthma and COPD After 6 Months (Intention to Treat
Analysis)

Intervention
Group

Control
Group

Relative
Risk

P

Subjects who reduced mistakes during inhalation, n
Reduction 24 27 0.91 (0.62–1.32) .62
No reduction 24 22
No mistakes 2 1

Subjects who had fewer exacerbations, n
Reduction 8 4 2.00 (0.64–6.22) .23
No reduction 42 46

Subjects who had fewer exacerbations requiring hospitalization, n
Reduction 1 1 1.0 (0.06–15.5) � .99
No reduction 49 49

Subjects who had fewer symptoms measured by ACT or CAT, n
Reduction 16 22 0.73 (0.43–1.21) .22
No reduction 34 28

Subjects who had higher quality of life measured by AQLQ or SGRQ, n
Improvement 27 20 1.35 (0.88–2.06) .17
Decrease 23 30

Data are presented as numbers of subjects and relative risk (95% CI). Each group included 50 subjects.
ACT � Asthma Control Test
CAT � COPD Assessment Test
AQLQ � Asthma Quality of Life Questionnaire
SGRQ � St George’s Respiratory Questionnaire
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Fig. 3. Percentage of subjects who improved their inhalation tech-
nique after training. Data were compared using Mann-Whitney U
test.
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by 12–50% of inhaler users depending on the inhaler
type.5,10,13,26,33,39 However, there are also studies that show
a frequency of inhaler mishandling similar to that in our
study. Molimard et al32 noted that almost 77% of pMDI
users made � 1 error, and Chorao et al40 reported that only
18% of subjects used inhalers without any mistake. In
other studies, � 80% of subjects made � 1 error during
inhalation.41,42

The high percentage of inhalation errors in our study
may result from the investigated population or from the
method used to assess the inhalation technique. The pop-
ulation in our study included only adults with a median
age of 66.5 y; 53% of the subjects were � 65 y old. The
investigated subjects with asthma included patients with
moderate and severe disease, none of the subjects from
this group presented with mild disease. In addition, the
majority of our subjects presented with poor disease con-
trol that was reflected by the low median ACT score in
subjects with asthma (median 17, IQR 11–21) or a rela-
tively high CAT score (median 17, IQR 11–23.7). At least
a third (35%) of all the investigated subjects had � 1 se-
vere exacerbation during 6 months prior to the study onset.
This may have been attributed to the fact that the subjects
had been recruited from our out-patient clinic in which
mainly patients who require specialist care (ie, with severe
or difficult-to-treat asthma or COPD) are being treated. On
the other hand, older subjects may be more likely to have
problems with proper drug inhalation due to comorbidi-
ties, particularly neurological and vision disorders. It is
worth emphasizing that almost all subjects were satisfied
with their inhalation skills, what indicates that they were
unaware of the problem. A similar disproportion was de-
scribed by other authors.32

The high percentage of errors during inhalation in our
study may have also been related to the method used to
evaluate the inhalation technique. Despite numerous stud-
ies on inhalation therapy, to date no consensus has been
established on how to assess errors in inhalation technique
and which errors should be regarded as critical.8,25 Based
on previous publications, we used a checklist of er-
rors.4,9,16,17 This method has been used frequently, but it
may overestimate the prevalence of incorrect use of in-
haler devices because it considers all steps of inhaler use
as a potential source of an important error. Currently, the
analysis of the number of subjects who demonstrate good
inhalation technique seems more adequate than using the
checklist scores.25 However, as the above data were not
available before 2017, we used checklists that seemed to
be more objective.43 Other authors have used several dif-
ferent methods, such as the evaluation of critical errors
only,4,9 grading systems,6,31 or grading devices.42,44,45 All
of these methods have disadvantages and limitations.

The effect of our single, face-to-face training was sig-
nificant but not spectacular (relative risk 1.63). It might

have indicated that a single training session was not suf-
ficient, despite our efforts to improve the inhalation tech-
nique of all the individual subjects. The training was per-
formed face-to-face by an experienced pulmonologist with
20 years of experience in respiratory medicine. Each ses-
sion usually lasted for 7–15 min and included verbal in-
struction, a demonstration, and practice of proper inhala-
tion technique by the subject. The more errors that were
present in inhalation technique, the more time was devoted
to the training session. According to the recently published
study by Melani et al,46 5–7 min of training should be
sufficient to teach patients. The demonstration of proper
inhalation technique seems to play a key role.47-49 There-
fore, we concentrated on this aspect of training. Unfortu-
nately, we did not use any method of quantitative feedback
in checking inhalation technique, which seems a useful
method to improve effectiveness of this type of educa-
tion.45 The higher than expected percentage of our subjects
who made critical inhalation errors and the smaller than
expected effect of inhalation skills training may be a cause
of lack of improvement in asthma or COPD course after
intervention.

The reduction in the number of errors in our study was
smaller than that found in studies included in Cochrane
Library Review in which the odds ratio reached 4.8–5.0.25

We suppose that a single training session is not enough to
eradicate the errors. A temporary effect of inhalation tech-
nique training has already been observed.17,50 This obser-
vation was confirmed by Takaku et al,44 who found that
inhalation training should be repeated � 3 times to achieve
good inhalation skills in � 90% of subjects with asthma or
COPD. Similarly, in a recent study by Bosnic-Anticevic
et al,51 2 or 3 training steps were necessary to achieve
mastery in inhalation technique even in health care pro-
fessionals. The effect of a single inhalation training de-
creased after 6 months in our study. A similar tendency
was observed by other authors, emphasizing the role of
repeated individual training of inhalation technique at each
visit.47 Improving inhaler technique needs to be a regular
and ongoing process.

Interestingly, we observed a higher median number of
inhalation errors in responders than in non-responders to
inhalation training. This refers to the use of both pMDI
and DPI. Although it may seem a paradox, this phenom-
enon likely results from classifying subjects who reduced
the ratio of errors per inhaler after training as responders
without setting a cut-off point for the value of the reduc-
tion. Therefore, it may be easier to partially improve in-
halation technique in subjects who make many mistakes
than to eradicate all errors in subjects who make only few
errors during inhalation. We also cannot exclude the con-
cept that not all mistakes influence the quality of inhala-
tion technique to the same degree. This emphasizes the
need to establish objective measures for the evaluation of
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inhalation technique and calls for a clear definition of
critical inhalation errors.8 Recently, critical inhaler mis-
takes have been identified for a number of the most com-
monly used inhalers, but only for patients with asthma.52

There are several limitations of our study. This was a
single-center study that included a relatively small number
of subjects who were observed only for 6 months after the
intervention. Moreover, according to the inclusion criteria,
only subjects using the most common inhalers (ie, pMDI,
Aerolizer, Handihaler, Diskus or Turbuhaler) were re-
cruited. The investigated group may not be representative
of all patients with asthma or COPD given that more than
half of our subjects were � 65 y old and the majority
presented with poor disease control. We cannot exclude
that the response to inhalation technique training could be
affected by age-related cognitive impairment. Therefore, it
seems that studies on the impact of cognitive abilities on
the effect of inhalation technique training in the elderly are
warranted. Moreover, our results should be validated in
younger patients with asthma and COPD patients. The fact
that we used checklist scores to analyze inhalation errors,
which could overestimate their number, may also be con-
sidered a limitation. Furthermore, we did not check the
validity and reproducibility of the assessment of errors at
repeated visits, nor did we use any quantitative feedback in
checking inhaler technique. Despite these limitations, we
believe that the results of our study are important because
they indicate a link between better inhalation skills and
less severe course of asthma or COPD.

Conclusion

Errors in inhalation technique are common in subjects
with asthma as well as in subjects with COPD. A single
short training in inhalation technique may lead to a reduc-
tion in the number of errors, but it may not necessarily lead
to an improvement in disease control. The effect of a
single training session is temporary, which may indicate
that improving inhaler technique needs to be a regular and
ongoing process.
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