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Abstract

Background—Inhaled therapies are the cornerstone of pharmacologic management for COPD. 

Each device requires a unique series of steps to be most effective, making appropriate instruction 

in inhaler technique a key part of the management of COPD.

Objectives—Examine characteristics of patients and devices associated with poor technique 

among patients with COPD.

Methods—Cross-sectional study of subjects with COPD using at least one of: metered dose 

inhaler, Advair Diskus, Spiriva Handihaler, identified from the COPD Outcomes-based Network 

for Clinical Effectiveness and Research Translation (CONCERT) registry. Technique was assessed 

face-to-face using manufacturer-provided dummy inhalers, with standardized checklists for each 

device. We used logistic regression to model associations with poor inhaler technique, defined as 

an error in ≥20% of the steps, as a function of patient characteristics, with educational attainment 

the primary predictor.

Results—688 individuals meet eligibility criteria, 65.5% had poor technique for at least one 

device. In adjusted analyses, Black race was associated with poor technique (OR 3.25, 95%CI 

1.86-5.67) while greater than high school education was associated with decreased odds of poor 

technique (OR 0.35, 95%CI 0.17-0.70 for trade school/some college, OR 0.25, 95%CI 0.11-0.61 
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for college or more, p≤0.001 for test of linear trend). The percentage of errors varied between 

devices, with subjects making proportionally the most errors for MDIs.

Conclusions—Poor inhaler technique is common among individuals with COPD, varies 

between devices, and is associated with race and educational attainment. Tailored educational 

interventions to teach inhaler should be part of the process of initiating and monitoring inhaled 

therapies.
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Background

Pharmacologic therapy is centrally important to the management of chronic obstructive 

pulmonary disease (COPD), and is one of the most important interventions after smoking 

cessation. Inhaled therapies represent the cornerstone of management, and the correct use of 

inhaled therapies has been linked to improved outcomes for respiratory diseases.[1, 2] 

Unlike oral medications, inhalers can be difficult for a patient to use correctly.[3] Each type 

of inhaler requires a unique series of steps to be effective,[4, 5] with significant variation 

between inhaler subtypes.[6] This can be a barrier for patients using multiple inhalers, as 

there can be contradictory techniques needed to obtain maximum medication between 

devices.[7] For example, metered dose inhalers (MDIs) require a long slow inhalation for 

maximum efficacy, whereas dry powder inhalers such as the Advair Diskus require a rapid 

inhalation, and the Spiriva Handihaler requires a breath just rapid enough to “vibrate” the 

capsule.[8, 9] MDIs need to be shaken before use, but shaking or tipping the Advair Diskus 

may result in loss of the medication. Unfortunately, many patients are not optimally adherent 

to inhaled therapies, missing doses or not using medications as directed,[10] with some 

studies finding rates of misuse as high as 80%.[11-13] Assuring correct inhaler technique is 

therefore an important aspect of the management of these patients.

Patients with COPD may face unique barriers to the use of inhaled medications.[14] Most 

are diagnosed later in life[15] and are disproportionately of lower socioeconomic status,[16] 

which may have important implications for health literacy and learning new techniques. 

Therefore, patients with COPD should be assessed for their individualized risks related to 

disease management, which includes assessment of appropriate inhaler technique. 

Individuals with low health literacy have worse COPD outcomes,[17] and poor inhaler 

technique may be a contributing factor. Though the use of inhaled therapies is a key area of 

management for patients with COPD, most previous studies have been small,[18-20] 

primarily focused on patients with asthma, or hospital-based,[1, 12, 21-23] with small 

numbers of outpatients with COPD. Many of these studies have taken place outside the 

United States,[1, 21, 23, 24] limiting the generalizability to a US population which has a 

different distribution of race, educational attainment, and level of literacy.

The goal of this study was to assess patient factors associated with poor inhaler technique 

for several common devices used by subjects with COPD, and to examine differences in 

errors made between devices. Based on prior evidence in asthma patients, we hypothesized 
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that patients with lower educational attainment and health literacy would have worse inhaler 

technique, while patients with higher disease severity and more healthcare contact would 

have better inhaler technique.

Materials and Methods

Design, setting, participants, data source

We conducted a cross-sectional study of patients identified as having probable COPD. The 

complete methods for the identification of the study population have previously been 

published.[25] Briefly, subjects were selected from the COPD Outcomes-based Network for 

Clinical Effectiveness and Research Translation (CONCERT) DataHub,[26] which 

comprises over 220,000 patients aged ≥40 identified administratively from 2006-2010, 

drawn from 7 sites representing academic, private, and integrated healthcare organizations. 

We invited a subset of participants complete an in-person study visit and provide written 

informed consent (VA Puget Sound IRB #00207).[25] Subjects performed post-

bronchodilator spirometry and standardized questionnaires to collect demographics, health 

history, symptoms, and measures of dyspnea. 1,206 patients completed the testing.

We limited our analysis to those patients who were taking at least one of the evaluated 

inhalers and who met one of the following criteria: 1) patient report of a diagnosis of COPD, 

chronic bronchitis and/or emphysema 2) post-bronchodilator FEV1/FVC ratio less than 

<0.70 on pulmonary function testing 3) symptoms of chronic bronchitis + a history of 

smoking. Symptomatic smokers (n=18) were included due to recent studies indicating that 

these individuals often use inhalers and suffer respiratory exacerbations at rates similar to 

those with mild to moderate COPD.[27] (Figure 1)

Predictors

Our primary predictor was education, assessed by both educational attainment and health 

literacy. Health literacy was evaluated using the Rapid Assessment of Adult Literacy in 

Medicine-Short Form (REALM-SF), a validated tool for quantifying health literacy, 

normalized to grade level.[28] We also examined additional demographic and behavioral 

factors, count of inhaler devices used, and markers of COPD severity and healthcare contact. 

These included: GOLD stage, COPD exacerbation in the past 3 months, hospitalization in 

the past 3 months, and dyspnea as measured by the modified Medical Research Council 

(mMRC) dyspnea scale.[29] Count of different inhaler types used was determined as 

follows: metered dose inhaler (MDI) used (includes Alvesco, Albuterol, Symbicort, 

Atrovent, Combivent, and Dulera) plus number of additional unique inhalers used 

(Asmanex, Foradil, Pulmicort, Spiriva Handihaler, Advair Diskus, and “other” inhaler not 

listed individually).

Outcome

Inhaler technique was assessed using dummy inhalers provided by each manufacturer, with 

direct observation by trained study personnel using standardized checklists (steps outlined in 

figure 2). Standardized checklists were based on recommendations from the manufacturer. 

Previous studies have found excellent inter-rater reliability when using similar checklists.
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[30] Inhalers with few (<50) users were excluded, leaving MDIs, Spiriva Handihaler, and 

Advair Diskus in the analysis. The step “ejection of the capsule” was excluded from the 

analysis for Spiriva as it does not directly affect the dose received of the medication. Our 

primary outcome was poor inhaler technique, defined as the odds of making an error in 20% 

or more of the steps (≥2/11 steps for MDIs, ≥2/10 steps for Diskus, ≥3/14 steps for Spiriva) 

for 1) any inhaler used by an individual patient and 2) each individual inhaler. The 20% error 

cutoff was selected both as being similar to other studies of inhaler technique [24, 31] and 

more likely to be clinically relevant. Given the variability in steps between devices, as well 

as the fact that some steps are critical to receiving medication (ex: removing the cap), we 

were interested in whether individual steps or devices were particularly prone to error.

Therefore, we performed additional analyses examining the association of educational 

attainment with each step performed.

Statistical Analysis

We used Stata 14 (College Station, TX) software for all analyses. We used chi-squared tests 

and t-tests to assess unadjusted associations, and logistic regression modelling to build our 

final models. Each predictor was assessed individually for an association with poor inhaler 

technique. Those variables attaining p≤0.1 in preliminary models for any individual inhaler 

were included in the final models. In the case of significant colinearity (Pearson's correlation 

coefficient ≥0.4), only one variable was retained in the final model. REALM-SF and 

education were highly collinear (coefficient 0.41), and therefore REALM-SF was excluded. 

Educational attainment was modeled as a dummy variable and with a test of linear trend. 

Age, sex, and income were included as confounders based on prior studies.[13, 18, 21, 30] 

Odds ratios were calculated using clustered estimates of variance by site. An α≤0.05 was 

considered significant. Examining the association between education and each individual 

step performed, we used a linear regression model adjusted for a priori determined 

predictors: age, sex, race, income, and count of inhalers, with clustered standard errors by 

site.

Results

688 subjects met the entry criteria and were taking at least 1 inhaler. (Figure 1). Subjects 

were predominantly white (70.0%), between 40 and 75 years old, and were equally split by 

gender, with 32% active smokers. The majority (69%) demonstrated fixed airflow 

obstruction. The majority of subjects had poor inhaler technique for at least one device used 

(65.5%). Subjects with poor technique for one or more device were more likely to be female, 

Black, current smokers, and have lower education and health literacy. (Table 1)

Associations with poor inhaler technique (adjusted)

Several predictors were associated with poor inhaler technique across all drug delivery 

devices (ntot=688), with Black race (OR 3.25, 95%CI 1.86-5.67) and other race (OR 1.96, 

95%CI 1.14-3.35) associated with increased odds of poor inhaler technique, and higher 

educational attainment associated with decreased odds of poor inhaler technique (OR 0.35, 

95%CI 0.17-0.70 for trade school/some college, OR 0.25, 95%CI 0.11-0.61 for college+, 
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p≤0.001 on test of linear trend). Subjects using multiple different device types were more 

likely to have poor technique for at least one device (OR 1.21 per device, 95% CI1.05-1.41).

Among the subgroup using MDIs (n=616), the majority of subjects (65.7%) had poor 

technique. Higher odds of poor technique were associated with Black race (OR 3.82, 95%CI 

2.47-5.92), while lower odds were associated with higher educational attainment (OR 0.31, 

95%CI 0.14-0.67 for some college/trade school, OR 0.24, 95%CI 0.10-0.55 for college+, 

p<0.001 on test of linear trend). (Table 2)

For subjects using the Advair Diskus (n=193), 49.5% had poor technique. Lower odds of 

poor technique were associated with higher educational attainment (OR 0.48, 95%CI 

0.21-1.10 for some college/trade school, OR 0.36, 95%CI 0.14-0.91 for college+, p=0.004 

on test of linear trend). Subjects using multiple device types were more likely to have poor 

technique (OR 1.40, 95%CI 1.01-1.93). (Table 2)

Finally, a similar pattern was observed for the Spiriva Handihaler (n=212), though fewer 

subjects had poor technique (33.9%). Black race was associated with increased odds of poor 

technique (OR 2.60, 95%CI 1.46-4.52). Subjects with higher educational attainment did 

demonstrate lower odds of poor technique, but this was not statistically significant.

Association of education with individual steps

In unadjusted analyses for MDIs, subjects with less than high school education performed 

10% fewer steps correctly (p<0.001). There was significant variation in the percentage of 

patients performing each step correctly, from 94.8% correctly removing the cap, a critical 

step to 55.5% for exhaling away from the inhaler. (Figure 2a) In adjusted analyses, subjects 

with less than high school education were less likely to breathe out fully prior to inhaling the 

medication (-13.6% of subjects, 95%CI -3.1-24.2%), less likely to breathe out away from the 

inhaler (-13.7% of subjects, 95%CI -7.0-21.0%), and less likely to breathe normally between 

puffs (-9.6% of subjects, 95%CI -3.1-16.3%).

In unadjusted analyses, for the Advair Diskus (n=193) subjects with less than high school 

education performed 10% fewer steps correctly (p<0.001). (Figure 2b) In adjusted analyses, 

subjects reporting less than high school education were significantly less likely to breathe 

out fully prior to inhaling the medication (-23.0% of subjects, 95%CI -8.6-37.3%), to exhale 

away from the device (-20.8% of subjects, 95%CI -2.9-38.7%), a potentially critical error, 

and to hold their breath correctly (-19.4% of subjects, 95%CI -3.6-35.4%).

In unadjusted analyses, for the Spiriva Handihaler (n=212) subjects with less than high 

school education performed 6.5% fewer steps correctly (p=0.006). (Figure 2c) In adjusted 

analyses, subjects reporting less than high school education were slightly more likely to 

depress the button correctly (8.6% of subjects, 95%CI 0.45-16.7).

Discussion

We found that a significant proportion of stable, ambulatory subjects with COPD made 

significant errors when using their inhaled therapies, with MDIs being associated with the 

largest number of errors when compared to the Advair Diskus and Spiriva Handihaler. Black 
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race and lower educational attainment were both associated with increased odds of poor 

inhaler technique for nearly all devices. Contrary to some previous studies, we found a 

relatively weak association between multiple devices and poor technique,[21, 24] primarily 

driven by errors made in the use of the Advair Diskus. This is not surprising given the 

significant differences between optimum use of the Advair Diskus and the MDI system.

Overall, the largest number of errors were made with MDIs, with the majority of subjects 

(65.7%) having poor technique. Poor performance with MDIs has been found in multiple 

other studies, with error rates similar to those found in our study.[20, 31] In our analysis of 

individual steps, the most errors for both MDIs and Advair were errors of breathing—breath 

holding, appropriate rate of inhalation, full exhalation, etc. Careful coordination of breathing 

and breath holding may be difficult for subjects with cough or dyspnea, and is a much more 

subjective maneuver for a patient to perform in comparison to steps such as twisting the 

device or pressing to actuate. Many patients demonstrate significant difficulties in hand-

breath coordination.[32] In addition, the instructions on breathing technique necessary to 

obtain the maximum benefit from each device (ex: rapid inhalation vs slow inhalation) vary 

significantly between devices,[33] further adding to confusion both for patients and 

instructors. The design of MDIs has remained fairly standard for decades, while newer 

devices such as breath-actuated inhalers and dry powder inhalers have come on the market 

more recently. These devices have been shown to give equivalent delivery of drug compared 

to MDIs with less coordination needed.[4, 34] Consideration of a patient's ability to 

correctly use a device should be a key part in selecting a given medication.

Our findings of an association between lower educational attainment and poor inhaler 

technique were expected, and echo the results from several studies of inhaler technique 

performed abroad.[35, 36] The persistence of a strong association between race and poor 

inhaler technique, despite adjustment for other markers of SES, is worrisome. There are 

several possible explanations for these findings. Individuals with less education may be less 

able to correctly interpret printed material describing the appropriate use of these devices, 

and may have less applicable knowledge of disease self-management. Unfortunately, up to 

15% of adults in the United States have a less than basic level of literacy,[37] which 

significantly limits their ability to interpret the written materials that accompany inhalers. 

Formal inhaler teaching beyond written materials is an absolute necessity for these patients. 

Prior studies have noted worse technique among patients who had not received previous 

instruction in the use of their inhalers.[24] It is possible that in addition to literacy barriers, 

subjects with lower educational attainment or subjects who are Black have less access to 

training in correct device use. Although physicians should be able to provide inhaler 

teaching, due to time constraints and lack of knowledge, this service is often offered by non-

physician medical providers such as pharmacists, respiratory therapists, and nurses. These 

staff members may not be present in all clinics, particularly free-standing clinics serving 

low-income or rural populations. Therefore, if a physician lacks the time for teaching and 

ancillary staff members are not present on site, the only choice for formal teaching would be 

a referral to an outpatient pharmacy. These types of transitions in the location of care 

provide a significant barrier to obtaining care. Patients may never undergo inhaler teaching, 

instead relying on written materials which may have limited effectiveness among individuals 

with poor healthcare literacy.
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The observed variation in technique could be addressed by making inhaler teaching and 

disease education part of routine medical care for patients at all clinics, and by using novel 

methods for teaching. Inhaler teaching has been found to be effective among patients with 

low health literacy at baseline,[38] and routine use may help eliminate the observed 

disparity. A recent study examining methods of inhaler instruction for hospitalized patients 

with asthma and COPD found that subjects with low health literacy responded well to the 

intervention.[31] This suggests that while low educational attainment and health literacy 

may predict worse technique, they are not a barrier to improvement. Lack of knowledge 

about inhalers on the part of providers is a significant issue [32] that must be separately 

addressed. Standardized training videos, such as those offered by the COPD Foundation,[39] 

offer a time-efficient way for clinics to stay up to date on new devices. Boehringer-

Ingelheim, the makers of the new Respimat devices, provided hand-held devices that show 

with a brief training video on the use of the new device to facilitate teaching of patients, 

pharmacists, and prescribers. Further study on the effectiveness of these technological 

interventions is needed.

Our study has several limitations. Each individual was observed using their inhaler by a 

single trained observer, which did not allow for assessment by multiple observers as would 

be available with a video recording. While we had reasonable representation of Black and 

white patients, we had few members of other racial and ethnic groups. The individuals 

assessed had agreed to participate in a study assessment, and therefore may not be fully 

representative of patients with COPD in general. However, we suspect that subjects who 

participate in research are likely to be more engaged in their health and with fewer cognitive 

issues than the general population, suggesting that our results may in fact underestimate the 

prevalence of poor inhaler technique. We did not have an assessment of previous formal 

inhaler teaching, which may be a mediating factor between race, education, and inhaler 

technique. Finally, it should be noted that a subset of our patients did not meet the threshold 

for fixed airflow obstruction on pulmonary function testing, but rather were more 

representative of a real-world, mixed phenotype population of COPD patients. This may 

actually increase generalizability to patients seen in clinical practice. We also found no 

association between GOLD stage and correct use of inhalers, suggesting that the presence of 

airflow obstruction is not an important confounder of inhaler technique. Our study had 

several strengths, including a multicenter design and detailed information on demographics 

and disease severity, including pulmonary function tests. Subjects were selected to be 

representative of multiple geographic regions with variation in demographic characteristics, 

selection was based on clinically relevant criteria, and the assessment of inhaler technique 

was performed in an unbiased fashion.

In conclusion, this study confirms that many individuals with COPD have poor technique 

when using their inhalers, particularly when using MDIs, with associations with lower 

educational attainment and race. This has important implications, as poor technique has been 

linked to poor disease control,[1, 2, 35] and when combined with poor adherence, results in 

high medical costs and missed opportunities for disease management.[10] The odds of 

making these errors vary by race and educational background—a finding which opens the 

door to implementing evidence-based, tailored educational interventions to improve 

technique. Poor inhaler technique may therefore be a significant contributor to worse 
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outcomes among patients with poor health literacy, but may not be a sole barrier to 

improving technique. One potential approach to improve COPD outcomes and reduce health 

disparities may include teaching appropriate inhaler technique to all individuals provided 

with these medications, with methods validated among individuals with poor literacy.
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• The majority of individuals with COPD (65.6%) demonstrate poor technique 

for at least one inhaler.

• Subjects who are Black or have lower educational attainment are more likely 

to have poor technique.

• The largest number of errors are made with metered dose inhalers compared 

to other devices.

• The most errors made are related to breathing (breath holding, exhalation, rate 

of inhalation).
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Figure 1. Results of cohort selection
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Figure 2. Percentage of patients with COPD correctly completing each step and overall 
proportion of steps for individual inhalers, by educational attainment. HS=High School
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Table 1

Characteristics of study subjects overall, and among subjects with and without poor inhaler technique for at 

least one tested device.

Poor Technique

Overall (N=688) No (n=237) Yes (n=451)

Variable n(%) n(%) n(%) p (chi2)

Female 331 (48.1) 93 (39.2) 238 (52.8) 0.001

Race

 White 482 (70.1) 199 (84.0) 283 (62.8) <0.001

 Black 173 (25.2) 29 (12.5) 144 (31.9)

 Other 33 (4.8) 9 (3.8) 24 (5.3)

≥75 years old 160 (23.3) 52 (21.9) 108 (24) 0.554

Current Smoker 222 (32.3) 64 (27.2) 158 (35) 0.032

Education

 < High School 112 (16.3) 19 (8.6) 93 (2 0.6) <0.001

 High school 164 (23.8) 47 (19.8) 117 (25.9)

 Trade school/some college 265 (38.5) 101 (42.6) 164 (36.4)

 College degree or more 147 (21.4) 70 (29.5) 77 (17.1)

Annual Income 0.171

 <$30,000 305 (44.3) 95 (40.1) 210 (46.6)

 $30-50,000 160 (23.3) 55 (23.2) 105 (23.3)

 $50,000+ 223 (32.4) 87 (36.7) 136 (30.2)

REALM-SF (reading level)

 ≤6th grade 44 (6.4) 6 (2.5) 38 (8.5) <0.001

 7-8th grade 132 (19.3) 29 (12.2) 103 (22.9)

 High school 509 (74.3) 201 (85.2) 308 (68.6)

GOLD stage

 No fixed airflow obstruction 213 (36.0) 71 (30.4) 141 (3 1.3) 0.816

 1 and 2 285 (41.4) 102 (43.1) 183 (40.6)

 3 and 4 190 (27.6) 63 (26.6) 127 (28.2)

Hospitalized past 3 months 90 (13.1) 22 (9.3) 68 (15.1) 0.032

Saw a physician in past 3 months 562 (84.6) 197 (83.1) 385 (85.4) 0.439

Exacerbation past 3 months 98 (14.2) 26 (11.4) 72 (16) 0.075

Count of inhaler devices used:

 1 device 317 (44.6) 116 (49.4) 191 (42.4) 0.251

 2 devices 262 (38.1) 84 (35.4) 178 (39.5)

 3 or more devices 119 (17.3) 37 (15.6) 82 (18.2)

*
values presented are n (%). <2% missingness for all variables. P-values from chi-squared testing.

Abbreviations: REALM-SF: Assessment of Adult Literacy in Medicine-Short Form
GOLD: Global Initiative for Chronic Obstructive Lung Disease

Respir Med. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Melzer et al. Page 15

Ta
b

le
 2

R
es

ul
ts

 O
f 

M
od

el
 B

ui
ld

in
g,

 A
dj

us
te

d 
O

rs
 O

f 
P

oo
r 

In
ha

le
r 

Te
ch

ni
qu

e,
 D

ef
in

ed
 A

s 
M

ak
in

g 
A

n 
E

rr
or

 I
n 

20
%

 O
f 

St
ep

s 
F

or
 A

ny
 I

nh
al

er
, A

nd
 

F
or

 E
ac

h 
D

ev
ic

e 
(2

/1
1 

St
ep

s 
M

di
, 2

/1
0 

A
dv

ai
r 

D
is

ku
s,

 3
/1

4 
Sp

ir
iv

a 
H

an
di

ha
le

r)

E
rr

or
 fo

r 
an

y 
in

ha
le

r 
us

ed
 (

n=
68

8)
M

D
I 

(n
=6

16
)

D
is

ku
s 

(n
=1

90
)

Sp
ir

iv
a 

(n
=2

12
)

V
ar

ia
bl

e
O

R
 (

95
%

 C
I)

p
O

R
 (

95
%

 C
I)

p
O

R
 (

95
%

 C
I)

p
O

R
 (

95
%

 C
I)

p

E
du

ca
tio

n

 
<

 H
ig

h 
Sc

ho
ol

re
fe

re
nt

re
fe

re
nt

re
fe

re
nt

re
fe

re
nt

 
H

ig
h 

sc
ho

ol
0.

64
 (

0.
21

-1
.9

2)
0.

42
0.

61
 (

0.
22

-1
.7

2)
0.

35
0

0.
82

 (
0.

36
-1

.8
5)

0.
62

8
0.

65
 (

0.
40

-2
.9

5)
0.

57
4

 
T

ra
de

 s
ch

oo
l/s

om
e 

co
lle

ge
0.

35
 (

0.
17

-0
.7

0)
0.

00
3

0.
31

 (
0.

14
-0

.6
7)

0.
00

3
0.

48
 (

0.
21

-1
.1

0)
0.

08
5

0.
62

 (
0.

24
-1

.5
2)

0.
31

1

 
C

ol
le

ge
 o

r 
hi

gh
er

0.
25

 (
0.

11
-0

.6
1)

0.
00

2
0.

24
 (

0.
10

-0
.5

5)
0.

00
1

0.
36

 (
0.

14
-0

.9
1)

0.
03

1
0.

59
 (

0.
25

-1
.4

0)
0.

23
0

 
T

re
nd

0.
62

 (
0.

54
-0

.7
2)

<0
.0

01
0.

60
 (

0.
52

-0
.6

9)
<0

.0
01

0.
68

 (
0.

53
-0

.8
9)

0.
00

4
0.

84
 (

0.
72

-1
.0

0)
0.

05
7

R
ac

e

 
W

hi
te

re
fe

re
nt

re
fe

re
nt

re
fe

re
nt

re
fe

re
nt

 
B

la
ck

3.
25

 (
1.

86
-5

.6
1)

<0
.0

01
3.

82
 (

2.
47

-5
.9

2)
<0

.0
01

2.
24

 (
1.

00
-5

.0
4)

0.
05

1
2.

60
 (

1.
46

-4
.5

2)
0.

00
1

 
O

th
er

1.
96

 (
1.

14
-3

.3
5)

0.
01

4
1.

81
 (

0.
91

-3
.6

2)
0.

09
3

3.
70

 (
0.

33
-4

1.
1)

0.
28

9
2.

78
 (

0.
39

-1
9.

61
)

0.
30

5

Sm
ok

er
1.

46
 (

0.
88

-2
.4

3)
0.

14
5

1.
33

 (
0.

84
-2

.0
9)

0.
22

5
2.

05
 (

0.
82

-5
.1

2)
0.

12
4

1.
10

 (
0.

36
-3

.3
3)

0.
86

4

G
ol

d 
st

ag
e

 
N

o 
A

FO
re

fe
re

nt
re

fe
re

nt
re

fe
re

nt
re

fe
re

nt

 
1 

to
 2

1.
22

 (
0.

82
-1

.3
2)

0.
32

3
1.

39
 (

0.
98

-1
.9

6)
0.

06
2

0.
64

 (
0.

21
-2

.0
1)

0.
44

7
1.

00
 (

0.
41

-2
.4

2)
1.

00

 
3 

to
 4

1.
14

 (
0.

68
-1

.9
2)

0.
62

8
1.

17
 (

0.
66

-2
.1

0)
0.

57
0

0.
49

 (
0.

13
-1

.8
8)

0.
30

1
0.

74
 (

0.
38

-1
.4

6)
0.

39
2

C
ou

nt
 o

f 
D

ev
ic

es
1.

20
 (

1.
02

-1
.4

1)
0.

02
9

0.
97

 (
0.

66
-2

.1
0)

0.
79

5
1.

40
 (

1.
01

-1
.9

3)
0.

04
3

1.
05

 (
0.

44
-1

.5
0)

0.
77

3

M
od

el
s 

ad
ju

st
ed

 f
or

 a
ge

 in
 d

ec
ad

es
, i

nc
om

e,
 a

nd
 g

en
de

r. 
In

cl
ud

ed
 v

ar
ia

bl
es

 a
re

 th
e 

pr
im

ar
y 

pr
ed

ic
to

r 
an

d 
an

y 
va

ri
ab

le
 th

at
 a

tta
in

ed
 p

<
0.

1 
in

 b
iv

ar
ia

te
 a

na
ly

se
s 

fo
r 

an
y 

in
ha

le
r, 

ex
cl

ud
in

g 
va

ri
ab

le
s 

th
at

 w
er

e 
hi

gh
ly

 c
ol

lin
ea

r 
(P

ea
rs

on
's

 c
or

re
la

tio
n 

co
ef

fi
ci

en
t>

0.
4)

. B
ol

d 
ty

pe
fa

ce
 in

di
ca

te
s 

st
at

is
tic

al
 s

ig
ni

fi
ca

nc
e.

 A
bb

re
vi

at
io

ns
: A

FO
=

ai
rf

lo
w

 o
bs

tr
uc

tio
n

Respir Med. Author manuscript; available in PMC 2018 February 01.


	Abstract
	Background
	Materials and Methods
	Design, setting, participants, data source
	Predictors
	Outcome
	Statistical Analysis

	Results
	Associations with poor inhaler technique (adjusted)
	Association of education with individual steps

	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

