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Background: The aim of this study was to investigate inhaler device handling in elderly patients. Inhaler devices with 
respect to misuse and error correction were also compared.
Methods: Inhaler use technique was assessed using standardized checklists at the first visit and 3-month follow-up 
visit after retraining. The primary outcome was difference in the acceptable use ratio among inhaler devices. Secondary 
outcomes included differences in error correction, the most common step of misuse, and factors affecting the accuracy of 
inhaler use.
Results: A total of 251 patients (mean age, 76.4 years) were included. The handling of 320 devices was assessed in 
the study. All patients had been trained before. However, only 24.7% of them used inhalers correctly. Proportions of 
acceptable use for Evohaler, Respimat, Turbuhaler, Ellipta, and Breezhaler/Handihaler were 38.7%, 50.0%, 61.4%, 60.8%, 
and 43.2%, respectively (p=0.026). At the second visit, the acceptable use ratio had increased. There were no significant 
differences among inhaler types (Evohaler, 63.9%; Respimat, 86.1%; Turbuhaler, 74.3%; Ellipta, 64.6%; and Breezhaler/
Handihaler, 65.3% [p=0.129]). In multivariate analysis, body mass index, Turbuhaler, and Ellipta showed positive 
correlations with acceptable use of inhalers, whereas Chronic Obstructive Pulmonary Disease Assessment Test score 
showed a negative correlation.
Conclusion: Although new inhalers have been developed, the accuracy of inhaler use remains low. Elderly patients 
showed more errors when using pressurized metered-dose inhalers than using dry powder inhalers and soft-mist 
inhalers. However, there were no significant differences in misuse among inhaler devices after individual training. Results 
of this study suggests that repeat training is more important than inhaler type.
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Introduction
Inhaled therapy is the mainstay of treatment of airway dis-

eases, such as asthma1 chronic obstructive pulmonary disease 
(COPD) and tuberculosis-destroyed lung with airflow limita-
tion2,3, owing to the rapid onset of action and occurrence of 
fewer adverse events. Since the launch of inhalers in the 1960s, 
more than 250 inhaler devices have become available for ef-
fective treatment4. Following the introduction of pressurized 
metered-dose inhalers (pMDIs), several dry powder inhalers 
(DPI) and soft-mist inhalers were released, with differences in 
the spraying method, particle size, and device manipulation 
method5. However, the misuse of inhalers has been a long-
standing discussion and is still a major concern for physi-
cians6-8. Although decades have passed since the first inhaler 
was developed, the accuracy of inhaler use remains low at ap-
proximately 40%8,9. Poor inhaler technique is associated with 
poor disease control and frequent disease exacerbation9,10.

The difficulty with correct inhaler use is more severe in el-
derly patients. Several studies revealed a significant positive 
correlation between the misuse of inhalers and age11-13. As 
cognitive function, physical strength and dexterity, memory, 
and executive planning deteriorate, errors in inhaler use in-
crease in elderly patients.

Differences in the accuracy of inhaler use based on the 
inhaler type have been investigated in many studies. Two re-
view studies were aimed at investigating whether the misuse 
differed with the type of inhaler or not but failed to elucidate 
which inhaler is more frequently misused14,15. However, some 
studies reported that the recently launched inhaler Ellipta had 
fewer errors of misuse compared to other inhalers16,17. 

The aim of this study was to evaluate how accurately inhal-
ers are used by the elderly patients with respiratory disease 
and whether the usage accuracy varies with the inhaler type 
or not. In addition, we compared the inhaler devices with re-
spect to error correction after training.

Materials and Methods
1. Study design

We conducted a prospective study to compare the accuracy 
of inhaler use among different inhaler types in elderly patients 
with respiratory disease at an outpatient clinic of the Veterans 
Health Service Medical Center, Seoul, South Korea, from June 
2018 to July 2019. The accuracy of inhaler use was checked by 
a research investigator. If the patient made errors, the investi-
gator demonstrated the correct inhaler use technique through 
a face-to-face discussion. Three trained research investiga-
tors checked the accuracy of the inhaler use technique with 
standardized checklists. We used a teach-to-goal approach 
to correct identified errors, giving feedback to the patient. We 

repeated this coaching process as many times as needed in 
order for patients to use inhaler correctly. After education, the 
accuracy of inhaler use was re-checked at the 3-month follow-
up visit. 

The study protocol was approved by the institutional review 
board of the Veterans Health Service Medical Center, Seoul 
(2018-04-035-003). This study complied with the principles 
laid down in the Declaration of Helsinki. Written informed 
consent was obtained from each patient before enrollment in 
the study.

2. Participants

Patients with asthma or COPD, aged 65 years or older, who 
had been using an inhaler for at least 3 months in addition 
to receiving inhaler training previously were enrolled in the 
study. Patients provided informed consent to participate in 
this study. We checked the inhaler use accuracy at the first 
and 3-month follow-up visits. COPD Assessment Test (CAT) 
scores, total duration of inhaler use, smoking history, educa-
tion level, satisfaction, etc. were recorded. Spirometric analy-
ses were performed at the time of inclusion in the study and 1 
year later.

3. Checklists

We created a simple standardized checklist for this study. 
Regardless of the type of device, all checklists consisted of 
five steps. Steps 1 and 2 were to perform exhalation while as-
sembling and holding the inhaler correctly. These steps varied 
from device to device. Step 3 was to breathing out fully. Step 4 
was to perform deep inhalation. Step 5 was to hold the breath. 
Participants received a score of “0” for each incorrect step 
and a score of “1” for each correct step. The inhaler use was 
regarded “acceptable” if the patient performed four or more of 
the five steps correctly. 

4. Outcomes

We compared five types of inhalers. The primary outcome 
was differences in the acceptable use ratio among inhaler 
devices. Secondary outcomes included differences in er-
ror correction after training, most common step of misuse, 
and factors affecting the accuracy of inhaler use. Further, we 
surveyed patient satisfaction with each device and found the 
most frequently error-prone steps. In this study, six inhaler 
device types were used by participants: Evohaler (GlaxoS-
mithKline, London, UK/Chiesi, Parma, Italy), Respimat (Boeh-
ringer Ingelheim, Ingelheim am Rhein, Germany), Turbuhaler 
(AstraZeneca, Lund, Sweden), Ellipta (GlaxoSmithKline), 
Breezhaler (Novartis, Basel, Switzerland), and Handihaler 
(Boehringer Ingelheim). However, Breezhaler and Handihaler 
were analyzed in the same group because of the similarities. 
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Finally, five device types were compared. 

5. Statistical analyses 

Data on clinical characteristics are expressed as the 
mean±standard deviation or number (proportion). We used 
Fisher exact test and Kruskal-Wallis test, as appropriate, to 
compare baseline characteristics among groups. To identify 
the factors affecting acceptable use, we calculated the adjust-
ed odds ratio and 95% confidence intervals using a logistic re-
gression model. All analyses were performed using the STATA 

software, version 15 (StataCorp LP, College Station, TX, USA). 
Statistical significance was defined as a two-tailed p-value 
<0.05.

Results
A total of 251 patients were enrolled in the study. Table 1 

summarized the baseline characteristics of the study par-
ticipants. Patients included 234 men (93.2%), with a mean 
age of 76.38±0.39 years. The mean period of current inhaler 

Table 1. Baseline characteristics of patients

Characteristic
Evohaler

(n=75)
Respimat

(n=46)
Turbuhaler

(n=45)
Ellipta
(n=74)

Breezhaler/
Handihaler (n=80)

p-value

Age, yr 76.2±6.1 75.6±6.4 74.9±5.4 76.5±6.1 76.8±6.3 0.547

Male sex 72 (96.0) 44 (95.7) 40 (88.9) 68 (91.9) 77 (96.3) 0.382

BMI, kg/m2 23.9±3.9 22.4±3.9 23.7±3.2 24.4±3.7 23.4±3.0 0.078

Smoking status 0.076

   Current smoker 11 (14.7) 12 (26.1) 10 (22.2) 14 (18.9) 17 (21.3)

   Ex-smoker 59 (78.7) 33 (71.7) 26 (57.8) 51 (68.9) 58 (72.5)

   Non-smoker 5 (6.7) 1 (2.2) 9 (20.0) 9 (12.2) 5 (6.3)

Education level 0.841

   Lower (<6 yr) 32 (44.4) 16 (36.4) 13 (30.2) 27 (37.0) 34 (43.6)

   Middle (6–12 yr) 33 (45.8) 23 (52.3) 23 (53.5) 36 (49.3) 37 (47.4)

   High (>12 yr) 7 (9.7) 5 (11.4) 7 (16.3) 10 (13.7) 7 (9.0)

COPD 46 (61.3) 44 (95.7) 30 (66.7) 48 (64.9) 77 (96.2) <0.001

Spirometry 

   FEV1, L 1.65±0.51 1.46±0.46 1.51±0.53 1.72±0.58 1.53±0.39 0.070

   FEV1, % 73.9±21.7 63.3±19.0 69.7±25.9 79.7±24.9 67.6±14.5 0.001

   FVC, L 2.71±0.62 2.69±0.63 2.70±0.68 2.78±0.76 2.80±0.60 0.885

   FVC, % 79.0±15.3 76.2±14.3 81.4±17.7 83.1±17.7 80.8±14.3 0.280

   FEV1/FVC 61.3±13.8 54.3±11.7 56.2±15.0 62.6±14.7 55.2±11.3 <0.001

CAT score 17.2±6.5 15.9±6.4 17.9±8.0 16.4±7.4 16.7±7.0 0.596

   Duration of current device 
      use, mo

32.03±4.37 27.20±5.01 72.71±8.51 20.89±3.22 66.05±6.18 0.011

   Duration of any inhaler 
      use, mo

47.84±5.02 43.15±6.32 88.74±10.36 52.92±6.36 78.73±6.18 <0.001

Co-morbidity

   Hypertension 35 (46.7) 22 (47.8) 20 (44.4) 45 (60.8) 36 (45.0) 0.270

   DM 23 (30.7) 10 (21.7) 13 (28.9) 24 (32.4) 18 (22.5) 0.546

   CVD 0 (0) 3 (6.5) 3 (6.7) 9 (12.2) 6 (7.5) 0.020

   Malignancy 6 (8.0) 1 (2.2) 3 (6.6) 3 (4.1) 6 (7.5) 0.486

Values are presented as mean±standard deviation or number (%). 
Kruskal-Wallis test was done for comparison of constant data. p<0.05 for two-way comparison.
BMI: body mass index; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; 
CAT: COPD Assessment Test; DM: diabetes mellitus; CVD: cerebrovascular disease.
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device use was 37.60±2.83 months, and mean total period 
of inhaler use was 57.15±3.54 months. Two or more inhalers 
were used by 68 participants, so we assessed 320 devices 
in the study. Evohaler, Respimat, Turbuhaler, Ellipta, and 
Breezhaler/Handihaler were used by 75 (23.4%), 46 (14.4%), 
45 (14.1%), 74 (23.1%), and 80 (25.0%) patients, respectively. 
At the first assessment, only 79 patients (24.7%) used the in-
haler correctly. 

1. Rate of acceptable users based on the inhaler device 
type

We defined “acceptable” if the patient performed four or 
more of the five steps in the checklist correctly. At the first as-
sessment, there were 158 acceptable users (49.4%). There was 
a significant difference in the device use technique among the 
five types. Proportions of acceptable users for Evohaler, Respi-
mat, Turbuhaler, Ellipta, and Breezhaler/Handihaler were 
38.7%, 50.0%, 61.4%, 60.8%, and 43.2%, respectively (p=0.026) 
(Table 2, Figure 1). The mean checklist score (total of 5 points) 
was highest in Turbuhaler (3.71±1.16), followed by Ellipta 
(3.59±1.13), Respimat (3.46±1.38), Breezhaler/Handihaler 
(3.45±1.05), and Evohaler (2.89±1.54) (p=0.014) (Table 2).

2. Rate of acceptable users based on the inhaler device 
type among patients aged over 75 years 

We analyzed inhaler use in 119 patients aged over 75 years. 
Proportions of acceptable users for Evohaler, Respimat, 
Turbuhaler, Ellipta, and Breezhaler/Handihaler were 37.0%, 

42.9%, 62.5%, 51.7%, and 51.5%, respectively (p=0.547). The ac-
curacy of inhaler use based on the inhaler device type among 
patients aged over 75 years was similar to the overall results, 
but no statistical difference was found.

Table 2. Inhaler use assessment for five inhaler types at the first visit

Evohaler
(n=75)

Respimat
(n=46)

Turbuhaler
(n=45)

Ellipta
(n=74)

Breezhaler/
Handihaler (n=80)

p-value

Acceptable (no or 1 error) 28 (37.3) 22 (47.8) 28 (62.2)* 45 (60.8)* 35 (43.8) 0.026†

Mean score of checklist 2.89±1.54 3.46±1.38 3.71±1.16 3.59±1.13 3.45±1.05 0.014‡

Values are presented as number (%) or mean±standard deviation. 
The checklist for every inhaler type consists of five steps. 
*There were significant differences with Evohaler (p<0.05). Total score of each checklist per patient was 5. †Fisher exact test was done for com-
parison of five types inhaler (p=0.026). ‡Kruskal-Wallis equality-of-populations rank test was done for comparison of five inhaler’ types’ scores 
(p=0.014).

Table 3. Inhaler use assessment for five inhaler types at 3 months later after education 

Evohaler
(n=75)

Respimat
(n=46)

Turbuhaler
(n=45)

Ellipta
(n=74)

Breezhaler/
Handihaler (n=80)

p-value

Acceptable (no or 1 error) 40 (64.5) 31 (81.6) 29 (76.3) 43 (66.2) 49 (65.3) 0.28*

Mean score of checklist 3.79±1.19 4.11±1.03 4.13±0.84 3.86±0.97 3.84±1.12 0.42†

Values are presented as number (%) or mean±standard deviation. 
The checklist for every inhaler type consists of five steps. 
*Fisher exact test was done for comparison of five types of inhaler (p=0.28). Total score of each checklist per patient was 5. †Kruskal-Wallis 
equality-of-populations rank test was done for comparison of five inhaler types’ scores (p=0.42).
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Figure 1. Proportions of acceptable use at the first visit and the 
second visit after individual education. The acceptable use rate by 
device at the first visit was 37.3% for Evohaler, 47.8% for Respimat, 
62.2% for Turbuhaler, 60.8% for Ellipta, and 43.8% for Breezhaler/
Handihaler (p=0.026). At the second visit after one-to-one training, 
there was no difference in the number of acceptable users for each 
inhaler type: 40 (64.5%) for Evohaler, 31 (81.6%) for Respimat, 29 
(76.3%) for Turbuhaler, 43 (66.2%) for Ellipta, and 49 (65.3%) for 
Breezhaler/Handihaler (p=0.280).
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Table 4. Factors affecting acceptable inhaler use

Variable
Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value

Sex

   Male Reference

   Female 1.440 0.564–3.681 0.446

Age 0.995 0.960–1.032 0.788

BMI 1.100 1.032–1.173 0.003 1.075 1.002–1.154 0.044

Smoking 0.365

   Never smoker Reference

   Ex-smoker 0.565 0.255–1.249 0.158

   Current smoker 0.574 0.234–1.406 0.225

CAT 0.967 0.936–0.999 0.046 0.960 0.927–0.994 0.023

Inhaler types 0.017

   Evohaler Reference Reference 0.043

   Respimat 1.539 0.731–3.238 0.256 1.959 0.856–4.482 0.111

   Turbuhaler 2.765 1.289–5.929 0.009 2.720 1.175–6.292 0.019

   Ellipta 2.605 1.345–5.044 0.005 2.699 1.344–5.423 0.005

   Handihaler/Breezhaler 1.306 0.686–2.485 0.417 1.568 0.748–3.289 0.233

Educational level 0.045 0.084

   Lower (<6 yr) Reference

   Middle (6–12 yr) 0.767 0.476–1.238 0.278 0.680 0.410–1.128 0.135

   High (>12 yr) 2.000 0.918–4.357 0.081 1.542 0.671–3.542 0.307

Diagnosis

   Asthma Reference

   COPD 0.658 0.391–1.109 0.116 0.633 0.339–1.183 0.152

Comorbidities

   DM 1.331 0.813–2.178 0.255

   HTN 0.904 0.583–1.402 0.653

   CVA 1.726 0.695–4.285 0.240

   CKD 0.704 0.349–1.421 0.328

Period of current device 0.999 0.995–1.004 0.797

Total period of entire inhaler 1.003 0.999–1.007 0.209 1.004 0.999–1.009 0.126

Spirometry

   FEV1, % 1.009 0.999–1.019 0.091

   FVC, % 1.008 0.994–1.022 0.239

Satisfaction 0.945 0.779–1.147 0.568

Univariate and multivariate logistic regression analyses were performed to find factors associated with acceptable inhaler use in baseline as-
sessment.
OR: odds ratio; CI: confidence interval; CAT: COPD Assessment Test; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; 
HTN: hypertension; CVA: cerebrovascular accident; CKD: chronic kidney disease; FEV1: forced expiratory volume in 1 second; FVC: forced 
vital capacity.
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3. Differences in the acceptable user ratio of the inhaler 
devices after individual education

When errors were corrected through one-to-one training 
and re-evaluated 3 months later, there were no differences 
in the rate of acceptable users among inhaler device types. 
Acceptable users for Evohaler, Respimat, Turbuhaler, Ellipta, 
and Breezhaler/Handihaler were 40 (64.5%), 31 (81.6%), 29 
(76.3%), 43 (66.2%), and 49 (65.3%), respectively (p=0.280) 
(Table 3, Figure 1). The mean checklist scores (total of 5 
points) also increased in all groups after training, but there 
was no difference between devices (Turbuhaler [4.13±0.84], 
Respimat [4.11±1.03], Ellipta [3.86±0.97], Breezhaler/Handi-
haler [3.84±1.12], and Evohaler [3.79±1.19], p=0.423) (Table 3).

4. Multivariate analysis of factors affecting inhaler use 

Table 4 shows the results of univariate and multivariate lo-
gistic regression analyses of factors associated with the accept-
able inhaler use in the baseline assessment. In the univariate 
analysis, the inhaler type, CAT score, body mass index (BMI), 
and the educational level were significantly associated with 
the acceptable use. No significant association with inhaler use 
was observed for patient age, presence of comorbidities, or pe-
riod of use. In the multivariate analysis, the CAT score showed 
a negative correlation with the acceptable inhaler use whereas 

BMI, Turbuhaler, and Ellipta showed a positive correlation.

5. Comparison of the correct use rates at each step 
(based on the inhaler device) at baseline and after 
training

We evaluated the rate of correct handling of inhaler devices 
at each step at baseline and after training. Table 5 shows the 
results at the first visit and at the 3-month follow-up after 
training. Regardless of the type of inhaler device or training, 
patients performed “breathing out fully” least correctly. At the 
first visit, the percentage of patients who correctly performed 
the assembling step (pre-inhalation) was 64%–100%, and the 
patients who used Evohaler had the most errors (Evohaler, 
64.9%; Respimat, 91.3%; Turbuhaler, 71.7%; Ellipta, 100%; and 
Breezhaler/Handihaler, 100%; p<0.001). For the fourth step 
of evaluating effective inhalation, which meant both full in-
halation and coordination between inhalation and actuation, 
patients with Evohaler had the most errors (48% for Evohaler, 
60.9% for Respimat, 93.3% for Turbuhaler, 82.4% for Ellipta, 
and 82.5% for Breezhaler/Handihaler; p<0.001). At the second 
visit after fixing the errors individually, the overall error rate 
had improved. However, errors by Evohaler users were signifi-
cantly high in the assembling and inhalation steps.

Table 5. Correct use ratio at each step with five types of inhaler device 

Evohaler 
(n=75)

Respimat 
(n=46)

Turbuhaler
(n=45)

Ellipta
(n=74)

Breezhaler/
Handihaler (n=80)

p-value

Assembling 

   1st visit 48 (64) 42 (91.3) 32 (71.1) 74 (100) 80 (100) <0.001

   2nd visit 48 (77.4) 37 (97.4) 37 (97.4) 62 (95.4) 73 (97.3) <0.001

Holding the inhaler correctly

   1st visit 71 (94.7) 41 (89.1) 45 (100) 67 (90.5) 75 (93.8) 0.166

   2nd visit 59 (95.2) 37 (97.4) 37 (97.4) 61 (93.8) 66 (88.0) 0.313

Breathing out fully

   1st visit 24 (32) 24 (52.2) 14 (31.1) 25 (33.8) 23 (28.8) 0.105

   2nd visit 35 (56.5) 17 (44.7) 16 (42.1) 25 (38.5) 30 (40.0) 0.267

Inhalation 

   1st visit 36 (48.0) 28 (60.9) 42 (93.3) 61 (82.4) 66 (82.5) <0.001

   2nd visit 42 (67.7) 33 (86.8) 34 (89.5) 57 (87.7) 64 (85.3) 0.023

Holding the breath

   1st visit 38 (50.7) 24 (52.2) 34 (75.6) 39 (52.7) 32 (40.0) 0.005

   2nd visit 50 (80.6) 31 (81.6) 32 (84.2) 45 (69.2) 54 (72.0) 0.186

Values are presented as number (%) of patients performing the device correctly to the total number of patients. Inhalation included coordina-
tion between inhalation and actuation. Fisher exact test was done. 1st visit patients n=320, 2nd visit patients n=278 (Evohaler, n=62; Respimat, 
n=38; Turbuhaler, n=38; Ellipta, n=65; and Breezhaler/Handihaler, n=75).
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Discussion
This was a prospective study performed to evaluate inhaler 

device usage, including newly developed devices, among 
elderly patients in the real world. Only 79 patients (24.7%) 
were used inhalers correctly, regardless of the inhaler device 
type. In a systematic review of errors in inhaler use from 1975 
to 2014, Sanchis et al.8 reported that the overall prevalence of 
the correct technique was only 31% (28%–35%) and has not 
improved over the past 40 years. Although new devices have 
been developed, these data are consistent with previous stud-
ies and demonstrate that the accuracy of inhaler use remains 
low.

We expected elderly patients to use DPIs better than pMDI 
owing to fewer coordination problems. In our study, Evo-
haler showed the lowest rate of acceptable inhaler technique 
among the five device types, and Turbuhaler and Ellipta 
showed fewer errors than MDI, with a statistical significance 
(p=0.026). In contrast, Respimat was not significantly different 
from DPI or MDI. After education, the significant differences 
in error frequency among devices disappeared. However, the 
analysis of each step revealed that Evohaler users performed 
more errors than users of other devices in the assembly (pre-
inhalation) and inhalation steps even after training. Notably, 
Ellipta showed the lowest correction rate and Respimat 
showed the highest correction rate after one-on-one face-to-
face training. We guess there are two main reasons. One is the 
selection bias arising from the design of this study. As a real-
world study, we kept the device patients were using without 
randomly assigning devices to patients. Because Ellipta is 
easy to operate, there might be more patients with reduced 
cognitive and manipulation skills. The other reason for the 
lack of improvement is related to the stage at which the er-
ror appears. In the group of Ellipta, there were more errors in 
the exhalation (step 3), inhalation (step 4), and breath-hold 
(step 5) processes than in the preparation of device. In this 
study, the error of preparation step was relatively easy to be 
corrected, whereas the error of step 3–5 is difficult to improve. 
We thought that Respimat would require more individualized 
training, and if well-educated, errors could be reduced to a 
level over DPIs.

Although several studies showed that older age is a risk fac-
tor for incorrect use13, the association between age and error 
is controversial18,19. In this study including the elderly people 
aged 65 years or above, age did not affect the accuracy of in-
haler use in the multivariate analysis. Additionally, there was 
no difference in inhaler misuse between patients aged 65–75 
and those aged 75 years or above. Diseases such as stroke or 
other factors that affect cognitive and behavioral skills, rather 
than age, may have a more significant impact on inhaler use20. 
Based on our results, we suggest that elderly patients can use 
inhalers suitably through repeated training.

Inhaler misuse is reportedly related to the device type 

(pMDI), female sex, lower education level, and lower socio-
economic status21,22. It is generally accepted that pMDI is more 
error prone than DPI, but studies are inconsistent in the find-
ings of comparisons of DPIs, making it difficult to determine 
that a particular device shows fewer errors22-24.

Many studies showed that educational intervention im-
proves the accuracy of inhaler use. Klijn et al.25 performed a 
systemic review of all studies related to education of inhaler 
technique and reported improvement in inhaler use, at least 
in the short term, with an average follow-up of 5 months. The 
teaching method, duration of education, individual, or group 
had no significant impact on outcomes25. Additionally, there 
was no difference in most variables correlated with poor inha-
lation between patients using pMDIs and those using DPIs26. 
The effectiveness of education also reportedly decreases over 
time27,28. Thus, it is recommended to train patients in inhaler 
use frequently, instead of switching inhalers25. The inhaler 
technique is unstable, so training on inhaler device use should 
be repeated to maintain correct use18.

In this study, the most error-prone step was the third step of 
breathing out fully (correct users ratio, 46% [42%–50%]). This 
is a necessary step in inhaler use, regardless of the device type. 
As reported in previous studies, sufficient training is required 
for this step as well.

We assessed the accuracy of inhaler use in elderly patients, 
including new devices, and evaluated the degree of improve-
ment after training and factors affecting inhaler use errors. 
However, there were limitations to the study. First, the patients 
kept the inhaler devices they were using and had not been 
randomly assigned to them. Therefore, it can be considered 
that the reality was reflected as it was, but our data cannot 
define an “easy-to-use inhaler.” The doctor would have already 
considered several factors related to the patient when choos-
ing an inhaler. Physicians consider the ability to handle the 
device (97.9%), together with coordination (96.9%), ability to 
learn (87.5%), and adherence to therapy (84.4%) when select-
ing an inhaler device, based on the characteristics of each 
patient29. Second, we did not evaluate the patient’s cognitive 
or motor skills. We generally replaced these by checking the 
degree of education and history of stroke. Third, we could not 
measure the inspiratory flow and subjectively assessed the 
appropriate inhalation.

In conclusion, new inhalers have been developed, but the 
accuracy of inhaler use remains low in the elderly patients. 
The use of pMDI was associated with more errors compared 
to that of DPI or soft-mist inhalers, but there were no differ-
ences in misuse among inhaler devices after individual train-
ing. This study provides evidence that elderly patients need 
repeated training to use inhalers properly. 
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