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Purpose: Dry powder inhalation is a cornerstone of treatment in patients with COPD. This 

study was undertaken to study the knowledge and practice of dry powder inhalation among 

such patients.

Patients and methods: The current study was a cross-sectional study conducted in Western 

Regional Hospital, Pokhara, Nepal. The study was conducted among 204 COPD patients (outpa-

tients and inpatients) aged ≥20 years who had been using rotahaler, a dry powder inhaler device, 

and a purposive sampling technique was used. Data were collected from February 28, 2016, to 

March 26, 2016. A questionnaire was administered by the interviewer to assess the knowledge 

about dry powder inhaler (DPI) and inhalation while a Dutch Asthma Foundation observation 

checklist for rotahaler was used to evaluate the practice of dry powder inhalation. The collected 

data were analyzed using descriptive statistics and inferential statistics (chi-square test).

Results: Findings from the study showed that a low proportion of the respondents had accu-

rate knowledge and correctly practiced inhalation technique (3.9%). However, majority of the 

respondents (77.5%) performed the critical steps correctly. The correct practice of dry powder 

inhalation was associated with younger age (p=0.008), urban residence (p=0.024), and literacy 

(p=0.012). The practice was comparatively more accurate among those who received practical 

classes/demonstration on the inhalation technique from health care providers (p<0.001).

Conclusion: Based on the study findings, it was concluded that COPD patients attending Western 

Regional Hospital possessed satisfactory knowledge but poor technique of dry powder inhalation. 

The most important modifiable factor for incorrect practice was a lack of demonstration on inhalation 

technique by the health care provider. Therefore, it is necessary for health care providers to supple-

ment verbal instruction on dry powder inhalation with demonstration and re-demonstration from 

the patients to improve the knowledge and practice of dry powder inhalation for COPD patients.

Keywords: knowledge, practice, chronic obstructive pulmonary disease, dry powder inhala-

tion, rotahaler

Introduction
COPD is a life-threatening disease. It is a lung disease characterized by chronic obstruc-

tion of lung airflow that interferes with normal breathing and is not fully reversible. 

Chronic bronchitis and emphysema fall under COPD.1 It is an increasing cause of 

morbidity and mortality and an economic burden on the health care system.2,3 An esti-

mated annual death rate of 3 million people (5%) occurs due to COPD, which makes 

it the fourth leading cause of death in the world.4 Approximately 90% of these deaths 

occur in low- and middle-income countries.4 By 2020, COPD is anticipated to become 

the third leading cause of death in the world.5 In Nepal, COPD is prevalent among 
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18.3% of total adults.6 Hospital-based prevalence showed 

that COPD comprises 43% of non-communicable disease 

and 2.56% of all hospitalizations in Nepal.7 Pharmacological 

therapies for COPD include bronchodilators (beta 2 agonists), 

antimuscarinic drugs/anticholinergics, corticosteroids, meth-

ylxanthines, and phosphodiesterase-4 inhibitors. Among these 

drugs, bronchodilators, anticholinergics, and corticosteroids 

are best administered through aerosol therapy.5,8,9 Aerosol 

treatment, which is the main stay of treatment in COPD has 

many advantages over oral intake, as inhalation promotes the 

supply of drugs directly to the affected site and has fewer side 

effects. Moreover, the action of the drug is rapid, and a smaller 

dose of the drug is required to achieve a therapeutic effect.10 

Inhaler devices are required to deliver the aerosol drugs to the 

targeted site. These include pressurized metered-dose inhal-

ers (pMDIs), dry powder inhalers (DPIs), and mist inhalers.11 

These inhalers have their own advantages and disadvantages. 

DPI is commonly used among patients with a higher inspira-

tory flow rate to disperse the drug to the targeted site. It is easy 

to use as no coordination is required between the activation of 

the inhaler and inhalation.12–14 The devices that are generally 

used for the inhalation of drugs among COPD patients in Nepal 

are DPIs, pMDI, and mist inhalers. DPIs commonly used in 

Nepal include rotahaler, diskus, and revolizer. Among them, 

rotahaler is a very commonly used DPI device. The effective-

ness of the inhaled drug depends on how correctly one inhales 

aerosol drugs through the inhaler device. An incorrect inhala-

tion technique results in inadequate drug delivery to the lungs 

and hence worse COPD outcomes.2,3,15 Although a correct 

technique for inhalation is necessary to achieve the effective-

ness of the drug, a large proportion of patients undergoing 

inhalation treatment through the use of a rotahaler do not use 

the correct inhalation technique. A systematic study has shown 

that poor inhalation technique ranges from 4% to 94%.16 The 

resultant outcome is frequent COPD exacerbations, hospital 

admissions, and economic burden.2,3,15,16 Studies have shown 

that various factors affect the inhalation technique of patients. 

These include their age, sex, educational status, occupation, 

area of residence, duration of disease, associated comorbid 

conditions, poor inhalation instruction, and poor monitoring 

of the inhalation technique of the patients.17–20

Although the rotahaler is a preferred DPI device among 

physicians in Nepal, limited attempts have been made to 

study how well COPD patients use the device. Moreover, 

these studies have been conducted at the central level. The 

increasing burden of COPD in Nepal and the escalating use 

of DPI for its treatment without due consideration to evalu-

ation of the patients’ skill in regard to its correct use has 

become a serious concern in creating an effective treatment 

of COPD and achieving goals of national policy regarding a 

25% reduction in the burden of non-communicable disease 

by 2020.

With this view of the aforementioned facts and interest 

in the topic, the present study was undertaken to assess the 

level of knowledge and practice of dry powder inhalation  

among COPD patients in a regional-level hospital. 

Patients and methods
Research design: cross-sectional study

Study setting
The study site was Western Regional Hospital, which is a 

government hospital of Nepal that is located in Ramghat, 

Pokhara. It is a 350-bedded hospital and is also a tertiary 

hospital for the western region of Nepal (16 districts). This 

setting was selected for the study because of its feasibility 

and approachability. Moreover, it serves population from 16 

districts, which increase the generalizability of the result.

Study design and study population
A hospital-based cross-sectional study was conducted. The 

study population was the patients who were those diagnosed 

with COPD (post-bronchodilator forced expiratory volume 

in 1 second [FEV1] <80% and the ratio of FEV1 to forced 

vital capacity <.070 on spirometry after the inhalation of 

bronchodilator) by physicians whose medical examination 

card notes the final diagnosis as COPD and attending medical 

outpatient department (OPD) or those admitted in medical 

ward of Western Regional Hospital aged ≥20, and who had 

been taking dry powder inhalation with a rotahaler as the 

treatment prior to the date of data collection. From these 

patients, those who did not consent to participate in the 

study and/or who had other obstructive diseases (asthma, 

bronchiectasis, and cystic fibrosis) were excluded from the 

study.

Sample size and sampling procedure
The sample size was based on a single population estimation 

formula.21 Based on the findings in Tribhuvan University 

(TU) Teaching Hospital, Nepal, the percentage of patients 

who demonstrated a correct inhalation technique was 14%.18 

Assuming the prevalence of correct DPI (rotahaler) use 

among COPD patients, with allowable error of 5% at 95% 

CI, and adding 10% non-response rate, the final sample size 

was 204.

Western Regional Hospital was purposively selected as 

the study site. A purposive sampling technique was used and 

focused on the sampling of COPD patients. Adult patients 
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diagnosed COPD, who had been using a rotahaler since the 

last 1 month were identified using the examination card and 

the laboratory and radiological findings of the patients. They 

were then consecutively selected and enrolled in the study.

Research instrument
An interviewer-administered questionnaire was used to 

collect information on socio-demographic variables, and 

knowledge on safe handling of the rotahaler while an obser-

vation checklist was adapted from Dutch Asthma Foundation 

to examine the practice of the rotahaler. The questionnaire 

was developed by the researcher herself with help from an 

extensive study, consultation with peers, and chest physicians.

The content validity of the instrument to assess the inha-

lation technique was ascertained by adopting the standard 

checklist by the Dutch Asthma Foundation after intense 

study and consultation with peers and medical consultants. 

Likewise, the content validity of the questionnaire was 

ascertained by constructing the tool after intense study, con-

sultation with peers, and chest experts. An effort was made 

to make questions clear, set in an orderly manner, and easy 

to understand. Questionnaire was prepared in the English 

language and further translated into the Nepali language 

by the researcher; cross-checked by bilingual expert; the 

questionnaire was then back-translated again to English by 

a bilingual expert to maintain stability. Pre-testing of the 

instrument was conducted on 21 COPD patients in Bharatpur 

Hospital who met the sample criteria to identify the clarity, 

adequacy, and consistency of the tool.

The reliability analysis of the tool was performed by 

calculating Cronbach’s α value. The Cronbach’s α value of 

the questionnaire was 0.89.

Data collection procedure
Data were collected from February 28, 2016, to March 26, 

2016 by the researcher herself. An exit interview technique 

was adopted for data collection. The patients who exited from 

the OPD and who were COPD patients who had been using 

a rotahaler were identified through the examination card 

and diagnostic tests carried out. The purpose of the study 

was explained, and informed verbal and written consent 

was collected with information about the nature of the study 

and the participants’ role in the research. Finger prints were 

taken from the illiterate respondents after the verbal consent. 

The questionnaire was administered by the interviewer in a 

separate room in the OPD (between the OPD time of 9 am and 

2 pm). Regarding knowledge, the frequency of correct answer 

on each question was given the score of 1. Then, assessment 

of the dry powder inhalation technique was conducted using 

the rotahaler with placebo rotacaps in the same room.

A similar assessment was carried out in the ward at the 

bedside of the patients (before 9 am and after 2 pm). Prac-

tice was examined using the rotahaler checklist developed 

by the Dutch Asthma Foundation. The performance of each 

of the steps of rotahaler use was labeled a correct inhalation 

technique if the respondent correctly performed each of the 

steps of the checklist. The performance was labeled incorrect 

if the patient could not perform the steps correctly and/or 

missed some of the steps. After examination of the inhalation 

technique, the incorrect method adopted by the patient was 

explained to the patient. After that, the patients were shown 

a video of the correct inhalation technique.

Data processing and analysis
The collected data were organized, coded, and entered in 

SPSS software, version 16. The data were analyzed by 

using descriptive statistics, such as frequency, percentage, 

mean, and SD to assess the socio-demographic information, 

knowledge, and practice of rotahaler. Inferential analysis was 

conducted using a chi-square test to assess the association of 

practice of rotahaler with socio-demographic characteristics 

and health care provider-related aspects. The level of 

significance was considered at 5% with p<0.05 and a 95% CI.

Regarding knowledge, the frequency of correct answer 

on each of the questions was given the score of 1 and 

converted into a percentage. Practice was measured on the 

basis of correct completion of sequential steps for dry powder 

inhalation by using rotahaler checklist. The performance 

of dry powder inhalation was labeled a correct inhalation 

technique if the respondent correctly performed all of the 

steps of the checklist. The performance was labeled incorrect 

if the patient could not perform any or some of the critical 

and/or general steps.

Ethical consideration
The study was conducted after the approval of the proposal 

from the Institutional Review Board, Institute of Medicine 

(IOM) and the executive director of the Western Regional 

Hospital. No vulnerable members were included in the 

study. Informed verbal and written consent was acquired 

prior to data collection. Written consent from the illiterate 

population was taken through collection of a thumb print. 

Data were collected in a separate room nearby OPD 

to maintain privacy. There was no risk involved to the 

participants. The participants benefited by being provided 

with an opportunity to observe correct inhalation technique 
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in a video. Confidentiality of the respondents was maintained 

by coding the answers. Collected information was used only 

for the purpose of the study, and the information was not 

misused for other purposes. Regarding safety considerations, 

no harmful treatment was conducted on the respondents.

Results
Background characteristics of 
respondents
The study showed that nearly half (49.5%) of the rotahaler 

users belonged to the 61–70 years age group. The overall 

mean and SD of the age of those users was 67.22+9.92. More 

than half of the COPD patients using rotahalers were females 

(53.9%) and from rural areas (54.9%). More than two-thirds 

of them were illiterate (68.6%) and unemployed (66.2%). 

Among the literates, the maximum number (42.2%) of DPI 

users had basic education. The majority (48%) of the respon-

dents had used the rotahaler for less than a year (Table 1).

Health care provider-related factors 
affecting knowledge and practice of dry 
powder inhalation among COPD patients
Regarding instruction, nearly all (99.02%) of the rotahaler 

users got verbal instruction regarding the use of the rotahaler. 

However, only 13.2% of the respondents had observed a 

demonstration of dry powder inhalation from health care 

providers. Less than 1% of the respondents were given an 

opportunity for re-demonstration and were observed doing 

re-demonstration by the care providers at their first use of 

the rotahaler; however, none of them were rechecked on their 

inhalation technique during their follow-up visits (Table 2).

Knowledge about DPI and inhalation 
among COPD Patients
The majority of the DPI users (89.2%) had correct knowledge 

about the storage of rotacaps. They were aware that rotacaps 

should be kept in a cool place away from moisture, and four-

fifths of them (80.4%) were aware that they should take a slow 

deep breath while inhaling the drug. However, only 11.7% 

of them possessed the correct knowledge on holding breath 

for 10 seconds after deep inhalation of the drug (Table 3).

Stepwise practice of dry powder 
inhalation through the rotahaler among 
COPD patients
Regarding practice, the item most correctly performed by 

the rotahaler users was keeping the Rotacap horizontal 

(99.5%) followed by keeping the rotahaler upright (99%) 

and opening the rotahaler and discarding the empty capsule 

(97.5%).  In contrast, the least correctly performed step was 

breathing in again and holding the breathe for 10 seconds 

(4.9%), which is also a combination of steps. In regard to 

the single step, the most frequently committed error was 

exhaling to residual volume (76.5%) followed by holding 

the breath for 10 seconds (64.1%) (Table 4). Regarding 

Table 1 Background characteristics of patients using rotahaler

Background characteristics Number Percentage

Age (years)
Up to 60 40 19.6
61–70 101 49.5
71–80 42 20.6
81 years and above 21 10.3
Sex
Male 94 46.1
Female 110 53.9
Place of Residence
Rural 112 54.9
Urban 92 45.1
Education Status
Illiterate 140 68.6
Literate 64 31.4
If literate
Can read and write only 24 37.5
Basic education (grade 1–8) 27 42.2
Secondary education (grade 9–12) 8 12.5
Higher education (above grade 12) 5 7.8
Employment status
Unemployed 135 66.2
Employed 69 33.8
Years of use of rotahaler
Less than 1 year 98 48.0
1–5 years 73 35.8
More than 5 years 33 16.2

Note: Mean age ± SD (in years)=67.22±9.92.

Table 2 Health care provider-related factors affecting knowledge 
and practice of dry powder inhalation among COPD patients

Health care provider related 
factors

Number Percentage

Verbal instruction on dry powder 
inhalation use
Received verbal instruction 202 99.02
Not received verbal instruction 2 0.98
Observed demonstration of 
rotahaler use
Observed demonstration 27 13.2
Not observed demonstration 177 86.8
Performed re-demonstration
Performed 2 0.98
Not performed 202 99.02
Re-demonstration of rotahaler use 
by patient on each visit
Performed – –
Not performed 204 100.0
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the essential steps, the majority of the COPD patients 

correctly performed the step “Keep rotahaler upright” 

(99%) followed by “Rotate both ends to open the capsulet” 

(94.6%) (Table 4). Most of the patients (77.5%) performed 

all the essential items correctly. However, 22.5% of them 

could not correctly perform 1 or more of the crucial steps. 

In respect to all the steps of the dry powder inhalation, a 

minority (3.9%) of the patients demonstrated the use of the 

rotahaler correctly, while most of them (96.1%) performed 

the steps incorrectly (Table 4).

Association of background variables with 
practice of dry powder inhalation
The practice of dry powder inhalation was statistically sig-

nificant with age of the rotahaler users (p=0.008). Patients 

up to the age of 60 years demonstrated the correct use of 

the rotahaler compared with those >60 years of age. Simi-

larly, practice was significantly associated with the place 

of residence (p=0.024). Those who were from urban areas 

practiced inhalation technique more correctly than those 

from rural area. Education of the patients was significantly 

associated with practice of rotahaler; literate patients per-

formed the inhalation technique more correctly than illiter-

ate ones (p=0.012). However, no significant association was 

observed in the practice of DPI in terms of sex (p=0.292), 

employment status (p=0.123) and years of use of rotahaler 

(p=0.723) (Table 5).

Association of health care provider 
related factors with practice of dry 
powder inhalation 
There is statistically significant association of practice of 

dry powder inhalation with a demonstration of dry powder 

inhalation by health care providers (p=0.001). Those 

who received a demonstration on the use of the rotahaler 

from health care providers performed the inhalation more 

accurately than those who did not (Table 6).

Table 3 Knowledge about dry powder inhalation among COPD 
patients

Aspects of knowledge Correct 
item 
score

Correct item  
percentage

Site of storage of rotacaps 182 89.2
Nature of breathing during inhalation 164 80.4
Percentage of drug that reaches the lung 35 17.2
Position of head during inhalation of drug 49 24.0
Holding of breath after inhalation 24 11.7
Cleaning of rotahaler 132 44.1

Table 4 Stepwise practice of dry powder inhalation through the 
rotahaler among COPD patients

Steps No. of correct  
responses

Percentage

Keep rotahaler upright* 202 99.0
Insert rotacap with transparent end 
down

190 93.1

Keep rotacap horizontal 203 99.5
Rotate both ends to open the 
capsulet*

193 94.6

Exhale to residual volume 48 23.5
Keep rotahaler vertical 197 96.6
Keep mouthpiece between the teeth 
and lips

171 83.8

Slightly extend the head 91 44.6
Inhale forcefully and deeply* 167 81.9
Hold breath for 10 seconds 65 35.9
Exhale away from the mouthpiece 170 83.3
If powder still remains inside 
rotahaler, breathe in again and hold 
breath for 10 seconds

10 4.9

Open the rotahaler and discard the 
empty capsule

199 97.5

Note: *Denotes essential steps. Until these steps are performed, drugs cannot 
enter to the lungs.

Table 5 Association between background variables and the 
practice of dry powder inhalation among COPD patients

Variables Practice p-value

Correct Incorrect

Age (in years)
Up to 60 5 (12.5%) 35 (87.5%) 0.008a

Above 60 3 (1.8%) 161 (98.1%)
Sex
Female 6 (5.5%) 104 (94.5%) 0.292
Male 2 (2.1%) 92 (97.9%)
Place of residence
Urban 7 (7.6%) 85 (92.4%) 0.024a

Rural 1 (0.9%) 111 (99.1%)
Education
Literate 6 (9.3%) 58 (90.6%) 0.012a

Illiterate 2 (1.4%) 138 (98.5%)
Employment status
Employed 5 (7.2%) 64 (92.8%) 0.123
Unemployed 3 (2.2%) 132 (97.8%)
Years of use of rotahaler
Less than 1 year 3 (3.1%) 95 (96.9%) 0.723
1 year or more 5 (4.7%) 101 (95.3%)

Note: ap<0.05 (statistically significant).

Discussion
In this study, the results regarding knowledge and practice 

are quite alarming, as the majority of the rotahaler users 

possessed satisfactory knowledge on the rotahaler and its 

use, whereas 96.1% of those users performed the inhalation 

technique incorrectly. This could have occurred because 

of the poor instruction from health care providers, lack of 

questioning attitude in Nepalese patients, and their negligence 
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or inability to read the instruction leaflet provided in the 

drug box.

The majority of rotahaler users (96.1%) could not cor-

rectly complete all the steps of dry powder inhalation through 

the rotahaler. Regarding the essential items, 77.5% of the 

users performed all the essential steps correctly.  The least 

correctly performed step according to the Dutch Asthma 

Foundation checklist for rotahaler was while taking the sec-

ond breath, which is a combination of the following steps: 

exhaling to residual volume, keeping mouthpiece between 

teeth and lips, breathing in again, and holding breath for 10 

seconds (4.9%). Regarding the single step, most commonly 

committed error was not being able to exhale to residual 

volume (76.5%). Similar results have been reported in other 

studies.18,19,22,23 The second most frequently committed 

error was not being able to hold one’s breath for 10 seconds 

(64.1%). This result can be attributed to poor instruction, and 

a lack of supervision and follow-up check on dry powder 

inhalation technique by health care providers, the quality of 

instruction from the health care providers, and their emphasis 

on item skills.

In regard to the essential items, the most frequently 

committed error was in the step, inhale forcefully and 

deeply.18,23,24 This error halts the deposition of inhaled drug 

into the lungs, resulting in poor treatment outcome. However, 

this result contrasts with the study by van der Palen et al, 

which showed that the most frequent error was keeping the 

rotahaler upright.22 This inconsistency may be associated with 

the quality of instruction from the health care providers and 

their emphasis on item skills.

Regarding practice, the correct use was associated with 

younger age (p=0.008),18,24–26 an urban area of residence 

(p=0.024),20 and literacy (p=0.012).18,20,26–29 Poor coordination 

and decline in cognition with increasing age may have resulted 

in a poor inhalation technique. Therefore, the elderly popu-

lation required frequent checking and training of inhalation 

technique. Similarly, the quality of health care services may 

Table 6 Association between health care provider-related 
factors and the practice of dry powder inhalation among COPD 
patients

Care provider related  
factors

Practice p-value

Correct Incorrect

Obtained verbal instruction
Obtained 8 (4.0%) 194 (96.0%) –
Not obtained 0 (0%) 2 (100%)
Practical classes/demonstration on rotahaler use
Obtained 7 (25.9%) 20 (74.1%) <0.001a

Not obtained 1 (0.6%) 176 (99.4%)

Note: aP<0.05 (statistically significant).

be poor among the rural residents, leading to poor knowledge 

and practice of inhalation technique. In regard to education, 

higher level of education may have increased better under-

standing, confidence, and critical analysis, which, in turn, 

could enhance better learning of the inhalation techniques.

Similarly, poor inhalation technique in this study was 

significantly associated with no practical class/demonstration 

on dry powder inhalation by health care providers (p<0.001

).19,20,22,24,25,27,28,30 This result signifies the need for health care 

personnel to practically demonstrate the technique for dry 

powder inhalation and conduct re-demonstrations from the 

patients at each visit to ensure that the patients are taking 

the drugs accurately, and the best results of the treatment 

can be achieved.

Conclusion
It is concluded that COPD patients using the rotahaler and 

attending Western Regional Hospital possessed a satisfactory 

level of knowledge and poor practice of dry powder inhalation. 

Regarding practice, the most commonly performed error among 

rotahaler users is not exhaling prior to inhalation followed by 

the inability to hold one’s breath for 10 seconds. However, 

practice of essential items of the inhalation procedure is better 

compared with the practice of all of total items.

A poor practice of dry powder inhalation is linked to the 

elderly age group, illiteracy, rural area of residence, and no 

demonstration on the inhalation technique by health care 

providers. The poor level of knowledge and practice of dry 

powder inhalation thus revealed a serious concern to be 

considered for the effective treatment of COPD.

Limitations
This study was a cross-sectional small-scale study conducted 

by adopting a nonprobability sampling technique among 

COPD patients who attended a single setting. Therefore, this 

result has limited generalizability. Moreover, this study did 

not include drug-specific concerns of care in the assessment 

of knowledge because of the constraints of time. Therefore, 

this study cannot be generalized to patients using corticoste-

roids as their inhaled aerosol drugs.

Implications
The result of this study can be a guide to health care providers 

to improve their instruction on dry powder inhalation, 

including the demonstrations focused on the frequently 

committed errors. This result can also be helpful for hospitals 

to develop and enforce a health teaching protocol for COPD 

patients, which includes clear instruction and demonstration 

and re-demonstration on the use of the rotahaler.
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