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Objective: Critical inhaler handling errors are associated with an increased risk of adverse 
outcomes in patients with chronic obstructive pulmonary disease (COPD). However, real- 
world data on inhaler device handling techniques and the risk factors for critical inhaler 
errors in the Asian population have been examined in only a few studies. We evaluated the 
rates and risk factors for critical inhaler errors in the COPD population in Korea.
Methods: COPD patients were prospectively enrolled from January 2018 to 
November 2019. An advanced practice nurse evaluated their inhaler technique. The 308 
inhalers used by the 261 participants in this study included dry powder inhalers (DPIs; 
Turbuhaler, Breezhaler, Ellipta, Diskus, Genuair), a soft mist inhaler (SMI; Respimat), and 
pressurized metered dose inhalers (pMDIs).
Results: The percentage critical errors for Turbuhaler, Breezhaler, Ellipta, Diskus, Genuair, 
Respimat, and pMDI usage were 60.0%, 41.0%, 27.8%, 12.5%, 44.4%, 45.5%, and 55.0%, 
respectively. In the multivariate analyses, female sex, short COPD duration, dissatisfaction 
with the inhaler (assessed by FSI-10), and moderate acute exacerbations (AEs) in the 
prior year were independent risk factors for any critical error in the DPI group. In the SMI 
group, a low education level and frequent AEs in the prior year were independent risk factors 
for any critical error, whereas a high COPD assessment test (CAT) score was the only risk 
factor in the pMDI group.
Conclusion: Critical inhaler errors are common among patients with COPD, regardless of 
their preferred inhaler device. The rates and risk factors for critical inhaler errors differed 
among patients using different devices. Optimal device selection considering the risk factors 
of inhaler misusage will improve disease control in COPD patients.
Keywords: COPD, inhalation therapy, error, risk factor

Introduction
The prevalence of chronic obstructive pulmonary disease (COPD) in South Korea 
ranged from 13.1% to 14.6% from 2010 to 2015, and COPD remains one of the 10 
major causes of death in the country.1,2 Inhalation therapy with bronchodilators is 
a cornerstone of the pharmacological treatment of COPD. However, critical inhaler 
handling errors are associated with an increased risk of adverse outcomes in COPD 
patients.3,4 The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
2019 management cycle recommends an assessment of inhaler technique and 
adherence and of non-pharmacological approaches such as pulmonary rehabilitation 
and patient education.5 However, few studies have compared inhaler device 
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handling technique and the risk factors for critical inhaler 
errors in the Asian COPD population.6,7 Thus, in this 
study we evaluated the rates and risk factors for any 
critical inhaler error in the COPD population in South 
Korea.

Methods
Study Design and Subjects
This prospective cross-sectional study was conducted in 
the pulmonology outpatient department of the Regional 
Center for Respiratory Disease, Yeungnam University 
Hospital (a tertiary university hospital in Daegu, South 
Korea) from January 2018 to November 2019. Patients 
≥40 years of age who had been diagnosed with COPD 
were initially enrolled. From this group, all patients who 
had used an inhaler of any kind for > 1 month were 
included. This study was a secondary analysis of data 
used in a previous publication8 and based on the same 
number of patients. The 261 patients used 308 inhalers, 
including dry powder inhalers (DPIs; Turbuhaler, 
Breezhaler, Ellipta, Diskus, Genuair), a soft mist inhaler 
(SMI; Respimat), and pressurized metered dose inhalers 
(pMDIs). Patients using other inhalers, those with 
advanced cancer, and pregnant females were excluded. 
The study was conducted in accordance with all relevant 
tenets of the Declaration of Helsinki. The protocol was 
reviewed and approved by the Institutional Review Board 
of our hospital (no. YUH IRB 2017–09-012-001). Written 
informed consent was obtained from all patients.

Data Collection and Definitions
An advanced practice nurse specializing in inhaler educa-
tion conducted all of the interviews regarding inhaler 
handling technique and adherence. Critical errors were 
defined as errors seriously compromising drug delivery 
to the lung. The types of critical errors considered in this 
study were stratified by device type and are listed in 
Supplementary Table 1. Critical errors included dose pre-
paration and dose delivery errors. Adherence was self- 
reported and graded as good, partial, or poor, according 
to whether the entire daily dose was taken, the daily dose 
(frequency or amount) taken was more or less than that 
required, and the medication was taken only as needed or 
not at all, respectively.9 As described in the previous 
study,8 all patients completed a general questionnaire 
(age, sex, body mass index, total number of inhalations 
per day, smoking status, duration of COPD, previous 

education for handling an inhaler, previous education for 
COPD, level of education), a modified Medical Research 
Council (mMRC) survey, a COPD assessment test (CAT), 
the Mini-Mental State Examination (MMSE), the 
EuroQol-5D (EQ-5D) questionnaire, a patient health ques-
tionnaire (PHQ-9), and the Feeling of Satisfaction with the 
Inhaler (FSI-10) questionnaire.

Statistical Analysis
Continuous variables are expressed as the mean ± standard 
deviation and were compared using Student’s t-test or the 
Mann–Whitney U-test. Categorical variables were com-
pared using the chi-squared test or Fisher’s exact test. 
Factors associated with any critical error variables with 
a P-value < 0.1 in the univariate analyses were further 
analyzed in multivariate analyses that determined odds 
ratios (ORs) and 95% confidence intervals (CIs). Age and 
sex were also included in the multivariate logistic regression 
analyses. In all analyses, a two-tailed P-value < 0.05 was 
considered to indicate statistical significance. All statistical 
analyses were performed using SPSS software (ver. 24.0; 
SPSS Inc., Chicago, IL, USA). A prospective power calcu-
lation indicated that an overall sample size of 220 was 
required to evaluate the efficacy of education (95% power, 
α = 0.05, effect size = 0.3). To account for any dropouts, 
260 patients were enrolled.10

Results
Baseline Characteristics
The baseline characteristics of the COPD patients accord-
ing to inhaler technique are summarized in Table 1. The 
mean age of the patients was 69.8 ± 7.7 years, and males 
predominated in both the correct-usage group (98.6%) and 
the any-critical-error group ((87.7%), P < 0.001). The 
mean body mass index was 23.5 ± 3.5 kg/m2. The percen-
tage of patients with good adherence was higher in the 
correct-usage group (87.8% vs 74.6%, P = 0.008) than in 
the any-critical-error group. Of all patients, 37.9% had 
a low level of education. The percentage of patients with 
a high education level (> 6 years) was higher in the 
correct-usage group than in the any-critical-error group 
(68.3% vs 54.9%, P = 0.026). Compared to patients in 
the correct-usage group, those in the any-critical-error 
group were significantly more likely to have a low diffu-
sion capacity for carbon monoxide (70.9 ± 20.5 vs 65.5 ± 
18.0, P = 0.027), a high GOLD III, IV stage (15.8% vs 
28.7%, P = 0.012), a high mMRC score (1.1 ± 0.8 vs 1.5 ± 
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0.9, P = 0.001), a high CAT score (9.1 ± 4.7 vs 10.8 ± 6.3, 
P = 0.018), a low MMSE score (29.6 ± 1.1 vs 29.2 ± 2.0, 
P = 0.030), a low FSI-10 score (45.2 ± 4.3 vs 43.4 ± 4.9, 
P = 0.001), a low EQ-5D score (0.9 ± 0.1 vs 0.8 ± 0.1, P = 
0.028), and more frequent acute exacerbations (AEs) in the 
prior year (18.7% vs 32.0%, P = 0.013).

Assessment of Inhaler Technique
The percentages of inhaler errors, including preparation errors, 
delivery errors, and any critical errors, associated with each of 
the evaluated inhaler types are shown in Figure 1. The per-
centages of any critical errors for patients using the 
Turbuhaler, Breezhaler, Ellipta, Diskus, Genuair, and 

Table 1 Baseline Characteristics of the COPD Patients According to Correct or Erroneous Inhaler Usage

Variable Total (n=261) Correct Usage (n=139) Any Critical Error (n=122) P-value

Age (years) 69.8 ± 7.7 69.6 ± 7.2 69.9 ± 8.2 0.729

Male, n (%) 244 (93.5) 137 (98.6) 107 (87.7) <0.001

Body mass index (kg/m2) 23.5 ± 3.5 23.9 ± 3.4 23.1 ± 3.5 0.050

Puff burden 2.2 ± 1.3 1.9 ± 0.9 2.6 ± 1.5 <0.001

Adherence 0.008
Good 213 (81.6) 122 (87.8) 91 (74.6)

Partial 42 (16.1) 15 (10.8) 27 (22.3)

Poor 6 (2.3) 2 (1.4) 4 (3.3)

COPD duration (years) 3.6 ± 4.3 3.7 ± 4.5 3.4 ± 4.2 0.631

Previous education on COPD 249 (95.4) 133 (95.7) 116 (95.1) 0.817

Previous education on inhaler use 249 (95.4) 135 (97.1) 114 (93.4) 0.157

Educational level 0.026

Low (≤ 6 years) 99 (37.9) 44 (31.7) 55 (45.1)
High (> 6 years) 162 (62.1) 95 (68.3) 67 (54.9)

FEV1/FVC (%) 58.6 ± 13.7 59.4 ± 12.7 57.7 ± 14.8 0.344

Percentage predicted FEV1 63.5 ± 17.5 64.4 ± 15.4 62.4 ± 19.6 0.373

Percentage predicted DLCO (n=258) 68.4 ± 19.5 70.9 ± 20.5 65.5 ± 18.0 0.027

GOLD stage 0.012
I, II 204 (78.1) 117 (84.2) 87 (71.3)

III, IV 57 (21.9) 22 (15.8) 35 (28.7)

mMRC score 1.3 ± 0.9 1.1 ± 0.8 1.5 ± 0.9 0.001

CAT score 9.9 ± 5.6 9.1 ± 4.7 10.8 ± 6.3 0.018

MMSE score (n=258) 29.3 ± 1.6 29.6 ± 1.1 29.2 ± 2.0 0.030

FSI-10 score 44.4 ± 4.7 45.2 ± 4.3 43.4 ± 4.9 0.001

PHQ-9 score 1.1 ± 2.3 1.3 ± 2.6 1.0 ± 1.9 0.298

EQ-5D score 0.9 ± 0.1 0.9 ± 0.1 0.8 ± 0.1 0.028

Frequent exacerbations in the prior year 65 (24.9) 26 (18.7) 39 (32.0) 0.013

Note: Data are presented as the mean ± standard deviation or number (percentage). 
Abbreviations: CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; DLCO, diffusion capacity for carbon monoxide; EQ-5D, EuroQol-5D; FEV1, 
forced expiratory volume in 1 second; FSI-10, Feeling of Satisfaction with Inhaler questionnaire; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive 
Lung Disease; mMRC, modified Medical Research Council; MMSE, Mini-Mental State Examination; PHQ-9, patient health questionnaire.
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Respimat inhalers and pMDIs were 60.0%, 41.0%, 27.8%, 
12.5%, 44.4%, 45.5%, and 55.0%, respectively. Preparation 
errors were most commonly found among patients using 
Turbuhaler, followed by those using Breezhaler, pMDIs, 
Respimat, Genuair, Ellipta, and Diskus. Delivery errors were 
more commonly associated with Genuair, Respimat, pMDI, 
Breezhaler, Ellipta, Turbuhaler, and Diskus inhalers.

Factors Associated with Any Critical 
Error for Each Inhaler
The results of the univariate analyses of factors associated 
with any critical errors for each inhaler type are shown in 
Table 2. An analysis of the DPI group showed that female 
sex, a high mMRC score, low FSI-10 score, and moderate 
AEs in the prior year were associated with critical inhaler 
error. For patients using a SMI, a low education level, low 
EQ-5D score, and frequent AEs in the prior year were 
associated with critical inhaler error. In the pMDI group, 
the only independent risk factor for any critical error was 
a high CAT score. In the multivariate analyses, indepen-
dent risk factors for any critical error included female sex, 
short COPD duration, a low FSI-10 score, and moderate 
AEs in the prior year in the DPI group; a low education 
level and frequent AEs in the prior year in the SMI group; 
and a high CAT score in the pMDI group (Table 3).

Discussion
Among the 261 COPD patients, critical errors were 
observed in 46.7% (122/261), and among the 308 inhalers 

used by the patients, critical errors occurred in association 
with usage of the Turbuhaler, Breezhaler, Ellipta, Diskus, 
Genuair, and Respimat inhalers and pMDIs at rates of 
60.0%, 41.0%, 27.8%, 12.5%, 44.4%, 45.5%, and 55.0%, 
respectively. Independent risk factors for any critical error 
were female sex, short COPD duration, a low FSI-10 
score, and moderate AEs in the prior year in the DPI 
group; a low education level and frequent AEs in the 
prior year in the SMI group; and a high CAT score in the 
pMDI group.

The percentages of any critical error according to 
inhaler type were higher for Turbuhaler, pMDI, 
Respimat, and Breezhaler inhalers. These results are in 
accordance with a recent large real-world study from 
Europe in which the percentages of any critical error 
were higher for Respimat, pMDI, Handihaler, and 
Turbuhaler users.11 Dividing the critical error into dose 
preparation and dose delivery errors revealed differences 
among devices, with many errors occurring for each 
device type. In our study, dose preparation errors were 
most common in the group using Turbuhaler, followed 
by the groups using the Breezhaler, pMDIs, and 
Respimat; dose delivery errors were more commonly asso-
ciated with the use of Genuair, Respimat, pMDI, and 
Breezhaler inhalers. In the European study, dose prepara-
tion errors were common among Respimat and Turbuhaler 
users, and dose delivery errors among Respimat and pMDI 
users.11 Overall, the results of that study did not signifi-
cantly differ from ours with respect to the proportion and 
type of critical errors occurring with each device.

Figure 1 Percentages of any overall error and any critical error for each inhaler type.
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Table 2 Factors Associated with Any Critical Error for Each Inhaler Type

DPI (n=143) SMI (n=145) pMDI (n=20)

Correct 
Usage 
(n=87)

Any 
Critical 
Error 
(n=56)

P-value Correct 
Usage 
(n=79)

Any 
Critical 
Error 
(n=66)

P-value Correct 
Usage 
(n=9)

Any 
Critical 
Error 
(n=11)

P-value

Age (years) 68.6 ± 7.8 68.9 ± 8.2 0.805 70.1 ± 6.7 71.0 ± 8.1 0.474 67.8 ± 6.1 70.4 ± 9.2 0.479

Male, n (%) 86 (98.9) 48 (85.7) 0.002 77 (97.5) 60 (90.9) 0.142 9 (100) 10 (90.9) 1.000

Body mass index 
(kg/m2)

23.8 ± 3.4 23.4 ± 3.5 0.492 23.8 ± 3.7 22.8 ± 3.3 0.093 25.2 ± 2.8 24.5 ± 4.8 0.685

Puff burden 2.3 ± 1.6 2.6 ± 1.7 0.286 2.4 ± 1.0 2.5 ± 1.2 0.533 1.4 ± 0.5 1.7 ± 0.5 0.220

COPD duration 

(years)

4.4 ± 4.4 3.1 ± 3.1 0.066 3.1 ± 4.0 3.7 ± 4.8 0.413 4.1 ± 4.8 3.7 ± 4.8 0.857

Inhaler usage 

duration

3.5 ± 3.4 2.8 ± 2.6 0.170 2.6 ± 2.9 2.6 ± 3.4 0.956 4.0 ± 4.8 3.7 ± 4.8 0.873

Previous 

education on 
inhaler

82 (94.3%) 52 (92.9%) 0.737 76 (96.2%) 61 (92.4%) 0.469 9 (100%) 10 (90.9%) 1.000

Previous 
education on 

COPD

81 (93.1) 54 (96.4) 0.482 75 (94.9) 62 (93.9) 1.000 9 (100) 10 (90.9) 1.000

Educational level 0.659 0.017 0.406

Low (≤6 years) 31 (35.6) 22 (39.3) 22 (27.8) 31 (47.0) 3 (33.3) 6 (54.5)
High (> 6 

years)

56 (64.4) 34 (60.7) 57 (72.2) 35 (53.0) 6 (66.7) 5 (45.5)

Percentage 

predicted FEV1

61.9 ± 17.4 63.5 ± 20.2 0.628 62.6 ± 15.7 60.5 ± 19.3 0.476 57.4 ± 22.1 57.4 ± 18.3 0.993

Percentage 

predicted DLCO

70.4 ± 19.0 67.1 ± 19.7 0.326 56.0 ± 13.0 56.0 ± 13.0 0.065 68.7 ± 16.0 59.7 ± 20.5 0.299

GOLD stage 0.498 0.160 1.000

I, II 68 (78.2) 41 (73.2) 62 (78.5) 45 (68.2) 6 (66.7) 7 (63.6)

III,IV 19 (21.8) 15 (26.8) 17 (21.5) 21 (31.8) 3 (33.3) 4 (36.4)

mMRC score 1.2 ± 0.8 1.5 ± 0.8 0.042 1.2 ± 0.9 1.4 ± 0.9 0.130 1.2 ± 0.8 2.1 ± 1.0 0.058

CAT score 9.5 ± 4.9 10.7 ± 5.8 0.201 9.3 ± 5.2 10.9 ± 6.3 0.095 8.2 ± 4.6 14.7 ± 6.7 0.024

MMSE score 29.5 ± 1.3 29.1 ± 2.1 0.180 29.7 ± 0.98 29.2 ± 1.9 0.130 29.6 ± 1.3 28.2 ± 3.0 0.224

FSI-10 score 45.4 ± 4.3 42.4 ± 5.5 <0.001 44.7 ± 4.3 43.9 ± 4.6 0.322 42.9 ± 4.0 42.9 ± 3.8 0.991

PHQ-9 score 1.5 ± 3.0 0.9 ± 1.5 0.137 0.9 ± 1.6 1.1 ± 2.2 0.715 0.8 ± 1.4 1.4 ± 2.0 0.462

EQ-5D score 0.9 ± 0.1 0.9 ± 0.1 0.341 0.89 ± 0.07 0.86 ± 0.10 0.020 0.9 ± 0.1 0.7 ± 0.3 0.160

Moderate AEs in 

the prior year

37 (42.5) 34 (60.7) 0.034 28 (35.4) 27 (40.9) 0.499 4 (44.4) 2 (18.2) 0.336

(Continued)
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Shorter duration of disease was associated with 
increased likelihood of poor inhaler technique in patients 
with COPD and asthma using pMDI and Turbuhaler in 
previous study.12 Failure to hold pMDI or head in 
a vertical position, and failure to keep Turbuhaler upright 
were significantly associated with shorter duration of dis-
ease. Our study also demonstrated short COPD duration is 
an independent risk factor for any critical error in DPI 
users. Structured and detailed education of inhaler techni-
que should be more emphasized on patients with short 
COPD duration.

Studies on the effect of sex on inhaler error have 
reported inconsistent results, with most concluding that 
sex is not a significant factor for inhaler error within the 
COPD population.7,13,14 However, some studies have 
found an association between female sex and poor inhaler 
technique. A multinational study enrolling 3681 asthma 
patients reported that female sex was an independent risk 
factor for inhaler error (OR 1.51; 95% CI 1.08–2.10).15 

Chorao et al found a higher rate of inhaler errors in female 
asthma and COPD patients (OR 2.68; 95% CI 
1.55–4.65).16 In our study, the number of female patients 
(17 of 261 patients) was too small to assess whether 
females are at greater risk of inhaler errors.

An observational multicenter study enrolling 778 patients 
with moderate to severe asthma showed that high satisfac-
tion with the inhaler was associated with improved disease 
control, high adherence to inhaler use, and no problems with 
inhaler use.17 Similarly, in our study of COPD patients, low 
satisfaction with the inhaler was associated with a higher risk 
of any critical error. Few studies have examined the 

relationship between satisfaction with the inhaler and inhaler 
technique. To the best of our knowledge, our study is the first 
to report a positive association between inhaler satisfaction 
and inhaler technique. Future multicenter studies are needed 
to confirm this result in large COPD populations.

Moderate or frequent AEs in the prior year was an 
independent risk factor for any critical error in our DPI 
and SMI groups. Previous studies have demonstrated that 
critical inhaler error is significantly associated with poor 
disease outcome. Molimard et al found that the proportion 
of patients with severe AEs in the past 3 months was 
higher among patients with critical inhaler errors than in 
those without (6.9% vs 3.3%, P < 0.05).11 In adults hospi-
talized with asthma or COPD, in-hospital instruction in 
inhaler technique reduced the number of acute care events 
within 30 days after discharge.18 In the multicenter obser-
vational study by Melani et al, inhaler misuse by asthma 
and COPD patients was associated with an increased risk 
of hospitalization, emergency room visits, requiring oral 
steroids and antibiotics, and poor disease control as eval-
uated by an asthma control test.3 Taking into account the 
results of several studies and our own study, inhaler errors 
can be clearly linked to disease control, including AEs.

An association between a high level of education and 
fewer inhaler errors has also been reported. In an observa-
tional study conducted in India that enrolled 300 asthma or 
COPD patients, illiterate patients had a 95.2% error rate, 
whereas the rate in post-graduates and professionals was 
33.3%.19 Pothirat et al reported that a low education level 
was the single most important factor related to incorrect 
technique in COPD patients in Thailand.7 Our study of 

Table 2 (Continued). 

DPI (n=143) SMI (n=145) pMDI (n=20)

Correct 
Usage 
(n=87)

Any 
Critical 
Error 
(n=56)

P-value Correct 
Usage 
(n=79)

Any 
Critical 
Error 
(n=66)

P-value Correct 
Usage 
(n=9)

Any 
Critical 
Error 
(n=11)

P-value

Severe AEs in the 
prior year

13 (14.9) 8 (14.3) 0.914 14 (17.7) 19 (28.8) 0.113 1 (11.1) 3 (27.3) 0.591

Frequent AEs in 
the prior year

21 (24.1) 22 (39.3) 0.054 11 (13.9) 21 (31.8) 0.010 3 (33.3) 1 (9.1) 0.285

Note: Data are presented as the mean ± standard deviation or number (percentage). 
Abbreviations: AE, acute exacerbation; CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; DLCO, diffusion capacity for carbon monoxide; DPI, 
dry powder inhaler; EQ-5D, EuroQol-5D; FEV1, forced expiratory volume in 1 second; FSI-10, Feeling of Satisfaction with Inhaler questionnaire; FVC, forced vital capacity; 
GOLD, Global Initiative for Chronic Obstructive Lung Disease; mMRC, modified Medical Research Council; MMSE, Mini-Mental State Examination; PHQ-9, patient health 
questionnaire; pMDI, pressurized metered dose inhaler; SMI, soft mist inhaler.
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COPD patients in South Korea also identified a low edu-
cation level as an independent risk factor for any critical 
error, especially among Respimat users.

The CAT score was associated with acceptable inhaler 
usage in previous studies. Lee et al reported a negative 
correlation between the CAT score (OR 0.960, 95% CI 
0.927–0.994) and the acceptable use of inhalers in elderly 
patients with respiratory disease.6 In other studies, a lower 
CAT score was associated with high physician- and 
patient-reported confidence in inhaler usage,20 and a short- 
term comprehensive education program that included inha-
ler training and disease management for COPD patients 
improved the CAT score (19.6±12.5 vs 15.1±12.3, P < 
0.05).21 Our study provides further evidence of the rela-
tionship between disease control as assessed by the CAT 
and inhaler technique in groups using pMDI-type inhalers.

Previous education on COPD as well as inhaler use is 
known to be related with better inhaler technique.22,23 

However, there was no relationship between previous edu-
cation and inhaler technique in this study. Most of the 
enrolled COPD patients had been educated on COPD as 
well as inhaler use (95.4%). Thus, uneducated number of 

patients is so small that there is no meaningful difference. 
It is also important when the patient was educated. If 
patients were educated a long time before enroll, the effect 
of education may have already been lost. Therefore, it is 
difficult to deny the relationship between education and 
inhaler use as a result of our research.

The limitations of our study are as follows. First, it was 
a single-center study of COPD outpatients, and only one 
advanced practice nurse evaluated technique which may 
cause bias. Inclusion of a small number of women is also 
a limitation of this study. Second, only a small number of 
patients used the pMDI type of inhaler, which hindered 
a generalization of the results of our study. Third, other 
independent factors known to affect poor inhaler techni-
que, such as comorbidities and duration of inhaler device 
use, were not evaluated. Fourth, there is no standardized 
checklist of inhaler yet, and we made our own checklist 
that can affect the results. However, ours is one of the few 
studies to have focused on risk factors for inhaler errors in 
Asian COPD populations. Moreover, it recruited COPD 
patients using several different modern inhaler devices and 
obtained meaningful results.

In conclusion, critical inhaler errors were common 
among patients with COPD, regardless of the type of 
inhaler device used. Nonetheless, the rates and risk factors 
for any critical inhaler error differed depending on the 
device used. Optimal device selection considering the 
risk factors of inhaler misuse is essential for disease con-
trol in COPD patients.
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