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studied.

What is already known about this topic? Many experts and some guidelines recommend the routine use of spacers with
pressurized metered-dose inhalers (pMDIs) for asthma, but the real-life effectiveness of adding a spacer has not been

What does this article add to our knowledge? We found no evidence in this matched cohort study that spacer devices
prescribed with pMDls for extrafine- or fine-particle inhaled corticosteroids are associated with improved outcomes
regarding asthma exacerbation rate or incidence of thrush.

How does this study impact current management guidelines? Study findings challenge long-standing assumptions
that spacers should improve the effectiveness of pMDIs and suggest the need for thorough patient education regarding
pMDI use with spacer in addition to prospective pragmatic trials to further investigate this issue.

BACKGROUND: Spacers are often used with pressurized
metered-dose inhalers (pMDIs) to eliminate the need for coor-
dinating inhalation with actuation.

OBJECTIVE: To investigate the real-life effectiveness of spacers
prescribed for use with either extrafine- or fine-particle inhaled
corticosteroids (ICSs).

METHODS: This historical matched cohort study examined
anonymous medical record data over 2 years (1-year baseline, 1-
year outcome) for patients with asthma aged 12 to 80 years
initiating ICSs by pMDI with or without prescribed spacer. We
compared outcomes for spacer versus no-spacer arms, matched
for key baseline and asthma-related characteristics, within 2 ICS
cohorts: (1) extrafine-particle ICS (beclomethasone) and (2) fine-
particle ICS (fluticasone). Effectiveness end points were
compared using conditional regression methods.

RESULTS: Matched spacer and no-spacer arms of the extrafine-
particle ICS cohort each included 2090 patients (69% females;
median age, 46-47 years) and the 2 arms of the fine-particle ICS
cohort each included 444 patients (67% females; median age, 45
years). With extrafine-particle ICS, we observed no significant
difference between spacer and no-spacer arms in severe exacer-
bation rate (primary end point): adjusted rate ratio, 1.01 (95%
CI, 0.83-1.23). With fine-particle ICS, the severe exacerbation
rate ratio with spacers was 0.77 (0.47-1.25). Oropharyngeal
candidiasis incidence was low and similar in spacer and no-
spacer arms for both ICS cohorts.

CONCLUSIONS: We found no evidence that prescribed spacer
devices are associated with improved asthma outcomes for
extrafine- or fine-particle ICS administered by pMDI. These
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findings challenge long-standing assumptions that spacers
should improve pMDI effectiveness and indicate the need for
pragmatic trials of spacers in clinical practice. © 2016 Amer-
ican Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2017;5:1040-9)
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The use of pressurized metered-dose inhalers (pMDIs) to
administer short-acting P-agonists (SABAs) and inhaled corti-
costeroids (ICSs) for asthma management has been widely
accepted.] The early pMDIs had valuable attributes, but they
also had drawbacks. The aerosol plume of these devices left the
actuator at high velocity, depositing large drug-containing par-
ticles in the oropharynx rather than being inhaled into the lung.
The addition of an extension tube to the pMDI actuator allowed
reduction in both plume velocity and particle size, successfully
reducing oropharyngeal drug deposition with the hope of greater
deposition in the lung.” However, a remaining concern is that
incorrect pMDI use is common and has been linked to poor
asthma control.”” Coordinating device actuation with inhalation
of the pMDI aerosol plume can be particularly challenging.””
The 1980s invention of valved holding chambers (spacers)
eliminated the need for patients to precisely coordinate inhala-
tion and pMDI actuation. '’

Spacers consistently reduce oropharyngeal deposition of drug

by decreasing acrosol velocity and the number of large particles in
the aerosol plume. These changes can increase the clinically
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Abbreviations used
ICS- Inhaled corticosteroid
IQR- Interquartile range
MMAD- Mass median aerodynamic diameter
PMDI- Pressurized metered-dose inhaler
SABA- Short-acting (3-agonist

useful portion of the aerosol, namely, the fine-particle dose that
includes particles with mass median aerodynamic diameter

(MMAD) of less than 5 {im, thus potentially increasing the lung
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deposition of the inhaled drug.”'" Conversely, drug deposition
on spacer walls and valves may decrease the total amount of drug
available for inhalation from the spacer,'”'’ although an
equivalent fine-particle dose from the spacer as from the pMDI
alone has been reported in studies of antistatic valved holding
chambers.' "

The transition to hydrofluoroalkane pMDI propellants in the
1990s led to the development of extrafine-particle solution ICS with
MMAD:s of approximately 1 m and lower velocity aerosol plumes
than the standard fine-particle suspension ICS with MMADs of 2.5
to 4.5 lm. These intrinsic features of extrafine-particle ICS pMDIs
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Patients in OPCRD/CPRD prescribed
EF ICS or FP ICS as first ICS via pMDI
(n=85,401)

First ICS as a single course of EF ICS
or FP ICS via pMDI
(n=84,215)

Evidence of asthma and current
asthma therapy
(n=46,993)

Registered at practice during study
period
(n=29,291)

Age 12-80 years at first prescription of
EFICS or FPICS
(n=22,491)

(n=17,914)
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Excluded:
Started on multiple ICS, FDC or LABA at date of
first prescription for FP ICS or EF ICS (n=1,186)

Excluded:

No asthma diagnosis or <1 scripts for asthma in
baseline and no repeat script after first ICS
prescription (n=37,222)

Excluded:
Not registered for 12 months prior or 12 months
after date of first prescription (n=17,702)

Excluded:
Age <12 or >80 years (n=6,800)

Excluded:
COPD diagnosis (n=4,443), other chronic
respiratory disease (n=134)

No course of maintenance oral
corticosteroids in 12 months before first
ICS
(n=17,507)

Age 12-80 (non-smoker if >60 years)
(n=15,486)

v

Matching criteria

applied for spacer

versus no spacer:

- Sex

- Age groups

- ICS dose at
initiation

- Average daily
SABA dose

- Acute oral
corticosteroid
courses

- Prescription for
antibiotics

Total patients (N=15,486)

EF ICS pMDI with spacer (n=2,244)
EF ICS pMDI without spacer (n=9,181)
FP ICS pMDI with spacer (n=571)
FP ICS pMDI without spacer (n=3,490)

Randomize matched patients 1:1
Bespoke software used to randomly
pick unique matched pairs

Total matched patients included 1:1
uniquely matched pairs:

EF ICS pMDI with spacer (n=1,840)
EF ICS pMDI without spacer (n=1,840)
FP ICS pMDI with spacer (n=412)
FP ICS pMDI without spacer (n=412)

Excluded:
Maintenance oral corticosteroids in baseline
period (n=407)

Excluded:
Age >60 years and ex-smoker or current smoker
(n=2,021)

Total lost on matching:

EF ICS pMDI with spacer (n=404)
EF ICS pMDI without spacer (n=7,341)
FP ICS pMDI with spacer (n=159)
FP ICS pMDI without spacer (n=3,902)

FIGURE 1. Patient selection. COPD, Chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; EF, extrafine-particle;
FDC, fixed-dose combination; FP, fine particle; LABA, long-acting B-agonist; OPCRD, Optimum Patient Care Research Database.

result in reduced oropharyngeal deposition and increased small
airway and overall lung deposition.'®*' Extrafine-particle ICS may
also improve lung deposition in the patient who has difficulty
coordinating pMDI actuation with inhalation.”"** Small studies
have suggested that spacers may not affect the pharmacokinetics,
lung deposition,”" or clinical efficacy”® of extrafine-particle ICS.
Although spacers used with the standard fine-particle ICS may

result in reduced rates of oropharyngeal candidiasis (thrush),'""*>*

extrafine-particle hydrofluoroalkane-ICSs without spacers are
associated with low rates of thrush.”’

Some experts and some guidelines recommend the routine use of
spacers with pMDIs,”** but the real-life effectiveness of adding a
spacer has not been studied. Patients may struggle with the multi-
step process required for using a pMDI, and a spacer adds
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TABLE I. Study end points and definitions
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Primary end point
Number of severe exacerbations:

o Asthma-related hospitalization (ED attendance or inpatient admittance) or acute course of oral corticosteroids associated with a lower respiratory

consultation
Secondary end points
Acute respiratory event:

o Asthma-related hospitalization, or acute course of oral corticosteroids, or antibiotics prescribed with evidence of a lower respiratory consultation

Risk-domain asthma control:

o The absence of any of the following: ED visit, inpatient admission, hospital outpatient department attendance, acute oral corticosteroids with
evidence of a lower respiratory consultation, antibiotics prescribed with evidence of a lower respiratory consultation*

Overall asthma control:

o Achievement of risk-domain asthma control plus an average daily SABA dose of <200 g albuterol (or <500 [ig terbutaline)

Treatment stability:

o Achievement of risk-domain control plus no additional asthma therapy. Additional therapy was defined as >50% increase in the ICS dose (relative
to the index date dose) or additional asthma controller therapy (LABA, theophylline, and/or LTRA)

Lower respiratory hospitalization

e Any hospitalization (or ED visit) coded with either a lower respiratory code (including asthma and lower respiratory tract infection codes) or a
generic hospitalization (or ED visit) code recorded on the same day as a lower respiratory consultation, or occurring within a 7-d window (either side

of the hospitalization date) of a lower respiratory diagnostic code
Average daily SABA dose (j1g/d)

o The average number of puffs/day over the year multiplied by strength ([number of inhalers x doses per inhaler]/365 X strength)

Oropharyngeal candidiasis (thrush)

e Diagnostic Read code for oropharyngeal candidiasis or prescription for topical oral antifungal medication

Study definitions
ICS dose exposure (Lg/d)
o (Number of inhalers x doses in pack/365) x g strength
Proportion of days covered

o The percentage of actual vs prescribed ICS daily dose over the outcome year, based on recorded prescriptions ([total pack

days/365] x 100)

ED, Emergency department; LABA, long-acting B-agonist; LTRA, leukotriene receptor antagonist.
*The absence of antibiotics prescribed with evidence of a lower respiratory consultation was included in the asthma control measures because antibiotics are often prescribed

inappropriately for asthma.*'

complexity and thus more potential for errors, including the need to
care for and clean the spacer.””” In this study, we sought to
compare asthma-related outcomes with and without spacer use in
adolescent and adult patients prescribed pMDIs for administering
either standard- or extrafine-particle ICS for their asthma in a real-
life clinical setting. To address how ICS particle size differences
might influence outcomes, we performed 2 parallel matched cohort
analyses, one comparing extrafine-particle ICS with and without a
spacer and the other, fine-particle ICS with and without a spacer.

METHODS
Study design

This was a historical, matched cohort study using data from 2
large, well-maintained databases containing anonymous longitudinal
medical record data from primary care practices throughout the
United Kingdom: the Optimum Patient Care Research Database
and the Clinical Practice Research Datalink.””* In the United
Kingdom, electronic medical records are centralized at each
individual’s primary care practice, where updates from secondary
care and hospitalizations are incorporated. Further description of the
databases and details of study methods are provided in the Methods
section in this article’s Online Repository at www.jaci-inpractice.org.

The study was conducted in collaboration with the Respiratory
Effectiveness Group,33 an international, investigator-led, not-for-
profit, real-life respiratory research and advocacy initiative. We
adhered to quality standards recommended for observational

research, including an independent advisory group, use of an a priori
analysis plan, study registration with commitment to publish, and

well-maintained and monitored study databases.”

Study population

Patients aged 12 to 80 years with current asthma (asthma diag-
nostic Read code™ and/or >1 asthma prescriptions during the
previous year) were identified for the study period of January 1994
through February 2013 using appropriate algorithms (Figure 1) at
initial prescription of either an extrafine-particle ICS (beclometha-
sone dipropionate; QVAR, Teva Pharmaceuticals, Harlow, United
Kingdom) or a fine-particle ICS (fluticasone propionate; Flixotide,
GlaxoSmithKline, Uxbridge, United Kingdom). The initial ICS
prescription date was considered the index date, and patients had to
have received at least 1 more prescription for the same ICS during
the outcome year to be included in the analysis. Each patient had at
least 2 years’ continuous data for study, including 1 baseline year
before and 1 outcome year after the index date. Patients prescribed a
spacer with the ICS and those prescribed a spacer during the baseline
year for use with SABA were assumed to use the spacer with ICS and
were assigned to the spacer arms. Exclusion criteria included any
chronic respiratory disease other than asthma, maintenance oral
corticosteroids during the baseline year, current or ex-smoking habit
for patients aged 60 to 80 years (to exclude those with misdiagnosed
chronic obstructive pulmonary disease), or prescription of other
asthma controller therapy with the initial ICS prescription.
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TABLE Il. Baseline patient characteristics: Matched cohorts*

Extrafine-particle ICS matched cohorts Fine-particle ICS matched cohorts

Baseline variables No spacer (N = 1840) Spacer (N = 1840) P valuei No spacer (N = 412) Spacer (N = 412) P valuef
Sex: malei 589 (32) 589 (32) NA 137 (33.3) 137 (33.3) NA
Age (y)* 46 (32-56) 46 (32-57) 0.735 45 (30-56) 45 (29-56) 0.950

Adolescents (ages 12-17 y) 220 (12) 223 (12.1) 67 (16.3) 70 (17)
BMI (kg/m?)§ 27 (23-31) 27 (24-32) 0.023 26 (23-30) 27 (23-32) 0.115
First asthma diagnosis year 2004 (1999-2007) 2005 (2001-2008) <0.001 1999 (1993-2004) 2002 (1996-2005)  <0.001
First ICS script year 2007 (2004-2008) 2007 (2005-2008) 0.041 2002 (1999-2005) 2003 (2000-2006)  <0.001
% predicted PEF§ 85 (73-97) 82 (69-94) <0.001 87 (74-97) 85 (74-99) 0.820
Smoking 0.482 0.006

Never 66 (3.6) T4 (4) 11 (2.7) 40 (9.7)

Current 1091 (59.3) 1072 (58.3) 235 (57) 227 (55.1)

Ex-smoker 358 (19.5) 327 (17.8) 104 (25.2) 78 (18.9)

Missing data 325 (17.7) 367 (19.9) 62 (15) 67 (16.3)
Rhinitis dx/Rx 602 (32.7) 592 (32.2) 0.724 156 (37.9) 143 (34.7) 0.332
GERD dx/Rx 413 (22.4) 432 (23.5) 0.442 76 (18.4) 87 (21.1) 0.310
Cardiac disease dx/Rx 314 (17.1) 243 (13.2) 0.001 70 (17) 58 (14.1) 0.212
Eczema dx/Rx 781 (42.4) 806 (43.8) 0.398 221 (53.6) 199 (48.3) 0.131
SABA dose (pg/d): 0.617 0.042

0 521 (28.3) 521 (28.3) 137 (33.3) 137 (33.3)

1-100 611 (33.2) 611 (33.2) 118 (28.6) 118 (28.6)

101-200 430 (23.4) 430 (23.4) 85 (20.6) 85 (20.6)

201-400 165 (9) 168 (9.1) 31 (7.5) 44 (10.7)

401-800 79 (4.3) 81 (4.4) 27 (6.6) 18 (4.4)

>800 34 (1.8) 29 (1.6) 14 3.4) 10 2.4)
Acute oral corticosteroid courses: NA NA

0 1533 (83.3) 1533 (83.3) 377 (91.5) 377 (91.5)

1 289 (15.7) 289 (15.7) 32 (7.8) 32 (7.8)

>2 18 (1) 18 (1) 3 (0.7) 3 (0.7)
Antibiotic prescription with NA NA

respiratory consultation}

0 1121 (60.9) 1121 (60.9) 304 (73.8) 304 (73.8)

1 462 (25.1) 462 (25.1) 77 (18.7) 77 (18.7)

>2 257 (14) 257 (14) 31 (7.5) 31 (7.5)
Severe exacerbation 0.029 0.764

0 1519 (82.6) 1528 (83) 375 (91) 374 (90.8)

1 300 (16.3) 292 (15.9) 33 (8) 33 (8)

>2 21 (1.1) 20 (1.1) 4 (1) 5(1.2)
Acute respiratory event 0.650 0.650

0 1015 (55.2) 1018 (55.3) 285 (69.2) 286 (69.4)

1 562 (30.5) 551 (29.9) 95 (23.1) 92 (22.3)

>2 263 (14.3) 271 (14.7) 32 (7.8) 34 (8.3)
Risk-domain asthma control 996 (54.1) 999 (54.3) 0.655 278 (67.5) 273 (66.3) 0.280
Overall asthma control 830 (45.1) 834 (45.3) 0.528 226 (54.9) 220 (53.4) 0.166
Asthma consultations 1 (0-1) 1(0-1) <0.001 0 (0-1) 1 (0-1) 0.001
LABAY 6 (0.3) 13 (0.7) 0.117 17 4.1) 13 3.2) 0.435
Asthma-related inpatient 33 (1.8) 24 (1.3) 0.227 5(1.2) 7 (1.7) 0.530
Asthma-related ED visit 4(0.2) 3(0.2) 0.706 1(0.2) 1(0.2) 1.000
Oral candidiasis dx/Rx 25 (1.4) 25 (1.4) 1.000 7(1.7) 5(1.2) 0.566

BMI, Body mass index; dx/Rx, diagnostic Read code ever recorded and/or >1 prescription during baseline year; GERD, gastroesophageal reflux disease; LABA, long-acting
B-agonist; NA, not applicable (matching criterion); PEF, peak expiratory flow.

Data are presented as median (interquartile range) or n (%).

*Patients were matched sequentially on sex; age (by age groups; 12-20, 21-40, 41-60, 61-80 y); initial ICS daily dose; and baseline average SABA dose, oral corticosteroid
courses, and antibiotic prescriptions.

TP values from conditional logistic regression.

{Matching criterion.

§Sample size for BMI and %predicted PEF varies because of missing data across variables: for the extrafine ICS, BMI is missing in 9.3%/9.7% of patients in no-spacer/spacer
cohorts: PEF is missing in 36.1%/26.2% of patients in no-spacer/spacer cohorts; for the fine-particle ICS, BMI is missing in 11.7%/14.6% of patients in no-spacer/spacer
cohorts: PEF is missing in 42.7%/31.6% of patients in no-spacer/spacer cohorts.

9>1 prescription during baseline year.
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Study end points and definitions

The primary study end point was the number of severe exacer-
bations during the outcome year. These were defined per American
Thoracic Society/European Respiratory Society criteria’® as an
asthma-related hospitalization (emergency department attendance or
inpatient admittance) or acute course of oral corticosteroids associ-
ated with a lower respiratory consultation.

Secondary end points, defined in Table I, included acute respi-
ratory events, risk-domain asthma control, overall asthma control,
treatment stability, average daily SABA dose, the incidence of thrush,
and the number of lower respiratory hospitalizations, as used in
previous studies by our research group.””** Antibiotics are often
prescribed, though inappropriately,41 for asthma exacerbations;
therefore, our definition of asthma control required the absence of
any antibiotics prescription that was recorded in conjunction with
evidence of a lower respiratory consultation. We also calculated ICS
dose exposure and the proportion of days covered by the ICS pre-
scriptions (Table I).

Data analysis

Exploratory analyses (z test, Mann-Whitney U test, or XZ test as
appropriate) were conducted to identify baseline characteristics
applicable for matching. Matching was conducted between the
spacer and nonspacer arms within medication type (ie, extrafine-
particle ICS with vs without spacer and fine-particle ICS with vs
without spacer). Patients were matched sequentally for sex, age
group, ICS dose at the initial prescription date and during the
baseline year, the average daily SABA dose, number of acute oral
corticosteroid courses, and number of antibiotic prescriptions with
lower respiratory consultations. Further details of matching criteria
and data analyses are provided in the Methods section in this article’s
Online Repository.

Numerous potential confounding variables were assessed (see
Table E2 in this article’s Online Repository at www.jaci-inpractice.
org); baseline differences between treatment cohorts (P < .10) were
considered potentially important, as well as baseline variables that
were predictive (P < .05) of each effectiveness outcome in multi-
variable analyses. Variables meeting these criteria were examined for
collinearity, as well as for clinical importance, to select those used as
potential confounders in regression modeling of outcomes. Models
addressing the impact of spacers were developed separately for
extrafine-particle ICS and fine-particle ICS cohorts, as well as for the
different outcomes. Conditional regression methods were used to
compare baseline characteristics and outcomes between patients with
spacers and without spacers within each ICS treatment cohort.
Several baseline variables contained missing data; these observations
could not be included in these baseline comparisons.

All analyses were carried out using SPSS Statistics version 21
(IBM Corporation, Armonk, NY), SAS version 9.3 (SAS Institute,
Cary, NC), and Microsoft Office Excel 2013 (Microsoft Corpora-
tion, Redmond, WA). Statistically significant results were defined as
P < .05.

RESULTS
Study population

Overall, 11,425 patients were included in the extrafine-
particle ICS cohort and 4,061 patients were included in the
fine-particle ICS cohort (Figure 1). A comparison of matched
and unmatched cohorts can be seen in Table E1 in this article’s
Online Repository at www.jaci-inpractice.org. After matching,
the extrafine-particle ICS cohort comprised 3680 patients
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(1840 each with/without spacers) and the fine-particle ICS
cohort comprised 824 patients (412 each with/without spacers).

Baseline patient characteristics of the spacer and no-spacer
arms within each ICS cohort were generally similar (Table II;
see Table E3 in this article’s Online Repository at www.jaci-
inpractice.org). Most statistically significant baseline differences
were small and not clinically meaningful (and resulted at least in
part from the large cohort sizes). However, in the fine-particle
ICS cohort, the spacer arm had fewer current smokers (19% vs
25%) and higher Charlson comorbidity index scores than did the
no-spacer arm. There were indications that asthma was more
severe in the extrafine- than the fine-particle ICS cohort (eg,
proportions of patients with risk-domain asthma control at
baseline were 54% vs 66%-67%; Table II). Potential con-
founders that were found to be important and retained in the
final models are listed under the adjusted results for primary and
secondary outcomes.

At the index date, patients in the extrafine-particle ICS cohort
were prescribed lower ICS doses, overall, than those in the fine-
particle ICS cohort (median, 200 Wg/d; interquartile range
[IQR], 200-400 pg/d vs median, 500 fig/d; IQR, 238-500 [ig/d;
see Table E4 in this article’s Online Repository at www.jaci-
inpractice.org).

The distribution of spacer types differed between the 2 ICS
cohorts (see Table E5 in this article’s Online Repository at www.
jaci-inpractice.org). Of the patients with nonmissing practice
information (61% in both cohorts), spacers were prescribed at
317 practices for 13% to 100% of the patients prescribed
extrafine-particle ICS (median, 65%; IQR, 44%-100%), whereas
spacers were prescribed at 175 practices for 14% to 100% of the
patients prescribed fine-particle ICS (median, 100%; IQR,
67%-100%).

Outcome measures

There was no difference in the primary study end point, rate
of severe exacerbations, between the spacer and no-spacer arms
for both extrafine-particle and fine-particle ICS cohorts
(Table III; Figure 2).

Similarly, the rate of acute respiratory events and the odds of
risk-domain asthma control were similar in spacer and no-spacer
arms of both ICS cohorts (Table III; Figure 2). Sparse events
precluded multivariable regression modeling on hospitalizations,
but unadjusted results suggested no significant associations with
prescribed spacers.

There were significant differences between the spacer and
no-spacer arms in both ICS cohorts for overall asthma control, as
patients prescribed spacers had significantly lower odds of
achieving overall asthma control, in unadjusted analyses
(Table III; Figure 2). In both cohorts, patients in the spacer arm
had significantly lower odds of meeting the treatment stability
criteria, and treatment changes occurred significantly more often
for patients prescribed spacers (Table IV).

The incidence of thrush was low and similar for the spacer and
no-spacer arms in each ICS cohort (Table IV).

DISCUSSION

In this historical matched cohort study, we observed no sig-
nificant difference in the primary end point, severe exacerbation
rate, associated with prescribed spacer devices in either extrafine-
or fine-particle ICS cohort. Moreover, there were no significant
differences between spacer and no-spacer arms in either ICS
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TABLE lll. Univariable (unadjusted) results for outcome measures in matched patient cohorts

Extrafine-particle ICS matched cohorts

Fine-particle ICS matched cohorts

No spacer Spacer Odds ratio* No spacer Spacer Odds ratio*
End point (N = 1840) (N = 1840) (95% CI) P value* (N =412) (N =412) (95% ClI) P value*
Primary
Severe exacerbations 1.04 (0.88-1.24) 0.632 0.94 (0.64-1.39) 0.768
0 1638 (89) 1654 (89.9) 379 (92) 372 (90.3)
1 168 (9.1) 147 (8) 25 (6.1) 36 (8.7)
>2 34 (1.8) 39 (2.1) 8 (1.9) 4 (1)
Secondary
Acute respiratory event 0.95 (0.85-1.06) 0.341 0.84 (0.66-1.07) 0.149
0 1337 (72.7) 1327 (72.1) 323 (78.4) 300 (72.8)
1 364 (19.8) 349 (19) 63 (15.3) 85 (20.6)
>2 139 (7.6) 164 (8.9) 26 (6.3) 27 (6.6)
Risk-domain asthma control 1316 (71.5) 1303 (70.8)  0.96 (0.83-1.12) 0.62 320 (77.7) 298 (72.3)  0.75 (0.54-1.03) 0.08
Asthma-related inpatient 22 (1.2) 31 (1.7) 1.41 (0.82-2.43) 0.22 4 (1) 7(1.7) 1.75 (0.51-5.98) 0.37
hospitalization
Asthma-related ED visit 4 (0.2) 4(0.2) 1.00 (0.25-4.00) 1 0 (0) 0 (0) T
Overall asthma control 789 (42.9) 720 (39.1)  0.85 (0.74-0.97) 0.02 195 (47.3) 150 (36.4)  0.63 (0.47-0.83) <0.001
Treatment stability 1119 (60.8) 1054 (57.3)  0.86 (0.75-0.98) 0.03 267 (64.8) 235 (57) 0.71 (0.54-0.95) 0.02

ED, Emergency department.
Data are presented as n (%).

*P values from conditional logistic regression, where odds ratios compare the spacer arm to the no-spacer arm.

fInsufficient data to fit model.

cohort for the secondary end points of acute respiratory event
rates and odds of risk-domain asthma control. The odds of thrush
diagnosis and/or treatment were also similar for the spacer and
no-spacer arms. The secondary end point that was significantly
different between arms was the odds of overall asthma control,
which was lower in the spacer arms of each ICS cohort. This
difference was likely driven by SABA prescribing, which was
somewhat higher in the spacer arms, although not significantly so.
These findings challenge the reasoning that spacers should
improve asthma-related outcomes by increasing the fine-particle
dose of inhaled ICS and increasing lung deposition by ensuring
pMDI delivery of aerosol to the lung.”'**** Both large and
small spacers reduce ICS oropharyngeal deposition and hence the
total body dose of ICS and rates of oropharyngeal candidiasis.”’
Unfortunately, an explanation for our findings is not apparent
from the results of this analysis. One possible explanation might
be that adding a spacer to pMDI therapy adds more handling
steps, thereby increasing the potential for introducing errors into
the process.”” Finally, it is possible that the ﬁne;particle dose
delivery was the same with and without the spacers] 15, thus, the
effective ICS dose delivered to the lung was comparable.
Although spacers have been recommended for use with
pMDIs for more than 3 decades, information supporting their
value for administering ICS is surprisingly limited. An extensive
quantitative review of the effect that inhalation device selection
might play on outcomes of asthma therapy did not include any
clinical trials comparing outcomes with ICS use by pMDIs with
and without a spacer because the criteria for trial inclusion were
not met.'" A clinical trial performed by Engelstitter et al*
showed that clinical asthma outcomes were similar with an
extrafine-particle ICS with or without a spacer.”* However,
Leach and Colice” in a small controlled study of healthy adults
found that spacers did not increase lung deposition of either
fine- or extrafine-particle ICS, but several variables involved with
spacer use could decrease lung deposition of these ICSs.

Reducing the breath-hold after inhalation of drug from the
spacer, waiting 2 seconds after actuating the pMDI into the
spacer before inhaling, and using a larger volume spacer were
cach associated with a reduction in lung deposition of ICS.”'

There are methodological strengths and weaknesses of this
analysis. Real-life outcome studies capture the results of therapy
under conditions of usual care because they are not limited to the
highly selected patient groups that meet clinical trial eligibility
criteria and then are trained and monitored for inhaler use.***
Real-life outcome studies also accommodate patient preference,
which has a strong effect on adherence.”!""*”*® The UK databases
we used are well-maintained and contain reliable dispensing in-
formation.””*” However, the real-life nature of this study also
means that although spacer prescriptions were identified, it cannot
be guaranteed that prescribed spacers were used by the patients.
Such knowledge could be gained only under the monitored
conditions of a clinical trial. Clinical trial research to investigate
the efficacy of spacers would be highly useful, but real-life effec-
tiveness alongside such research is also highly relevant. Other
strengths of this study include the 1-year interval for each of the
baseline and outcome periods, sufficient to account for both
measurable changes in variables and seasonal changes in respiratory
disease. We used a careful process, relying on multiple variables, to
match the spacer and no-spacer arms in each ICS cohort by disease
severity and control during the baseline year. Various clinically
relevant outcome measures were used, and exacerbation incidence
resembled that of similar populations initiating ICS."”*° Both the
severity matching and outcome measures have been well stan-
dardized in our previous work.”****’

The effectiveness of inhaled therapies in clinical practice is
dependent on proper technique and patient adherence. We were
not able to determine from the data whether patients were taught
to use their spacer devices or instructed on their purpose,
whether patients actually used the spacers with their pMDIs, or
whether they used them correctly. Thus, although the results of
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FIGURE 2. Adjusted odds ratios (ORs) and rate ratios (RRs) during 1 outcome year for the study end points. EF, Extrafine-particle; FP, fine
particle; N/A, not applicable; RR/OR, rate ratio/odds ratio. Adjusted for the following baseline variables: * Asthma consultations, non-
asthma consultations, beta-blocker therapy. T Asthma consultations, nonasthma consultation, body mass index. fAsthma consultations,
nonasthma consultations. §Nonasthma consultations. ||Asthma consultations. §Beta-blocker therapy.

our study suggest that prescriptions for spacer devices are not
broadly associated with improved outcomes in real-life clinical
practice, it remains an open question whether a spacer pre-
scription that is accompanied by practical training and follow-
up—specifically training and follow-up that are realistic in the
ecology of usual clinical care—will influence outcomes in real-life
clinical practice. Furthermore, it is possible that the type of
patient prescribed a spacer is one who has a poor inhaler tech-
nique in general, compared with a patient without a spacer: this
may impact the effectiveness of their treatment. Indeed, if those
in the spacer arm were patients with poor inhaler technique
beforehand and the use of the spacer has improved their tech-
nique to be on par with those who used inhalers correctly in the
no-spacer arm, then it is possible that a lack of difference in
effectiveness between the arms is the logically expected outcome.
Therefore, the results of these analyses must be interpreted
cautiously; further careful evaluation of spacer benefits in prag-
matic clinical trials is clearly needed.

As with all observational database studies, there was probably
some degree of diagnostic misclassification. Moreover, although a

strength of the study is the large sample sizes of both ICS
cohorts, 64% and 79% of patients in extrafine- and fine-particle
ICS cohorts, respectively, were not matched, potentially intro-
ducing patient selection bias and reducing the generalizability of
the findings. An analysis of outcomes by spacer type would have
been be of interest—some types may have a larger impact on
performance, or are more favorable to the patient, than others.
Unfortunately, such analysis was not possible because of limi-
tations in sample sizes. Outcomes in this study were limited to
those relevant to ICS use; the impact of spacers on SABA
effectiveness was not considered. It is important to note that the
overall rate of candidiasis was low in all treatment groups.

This analysis was limited to adolescents and adults. Little research
has been done on the effectiveness of spacer use for children
younger than 12 years prescribed different types of ICS under real-
life clinical conditions,” and more studies are needed. Pharmaco-
kinetic and deposition studies give conflicting results as to the need
for spacers when children are prescribed extrafine-particle ICS.”"”*
To our knowledge, there are no studies on therapeutic outcomes in
preschool-aged children prescribed extrafine-particle ICS.”
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Extrafine-particle ICS matched cohorts

Fine-particle ICS matched cohorts

No spacer Spacer Odds ratio* No spacer Spacer Odds ratio*

Outcome measure (N = 1840) (N = 1840) (95% ClI) Pvalue* (N =412) (N = 412) (95% CI) P value*

Proportion of days covered* 0.90 (0.85-0.96) 0.001 0.85 (0.75-0.98) 0.021
<50% 406 (22.1) 343 (18.6) 225 (54.6) 203 (49.3)

50%-69% 437 (23.8) 425 (23.1) 62 (15) 55 (13.3)
70%-99% 369 (20.1) 368 (20) 76 (18.4) 87 (21.1)
100% 628 (34.1) 704 (38.3) 49 (11.9) 67 (16.3)

ICS dose exposure (pg/d)* 0.89 (0.82-0.96) 0.004 0.88 (0.74-1.03) 0.114
1-100 299 (16.3) 277 (15.1) 98 (23.8) 87 (21.1)
>100-250 999 (54.3) 937 (50.9) 133 (32.3) 132 (32)
>250-400 339 (18.4) 388 (21.1) 65 (15.8) 62 (15)
>400 203 (11) 238 (12.9) 116 (28.2) 131 (31.8)

SABA dose (pg/d)* 0.96 (0.89-1.03) 0.268 0.82 (0.71-0.96) 0.013
0 164 (8.9) 152 (8.3) 68 (16.5) 41 (10)

1-200 860 (46.7) 810 (44) 168 (40.8) 165 (40)
201-400 490 (26.6) 564 (30.7) 106 (25.7) 122 (29.6)
401-800 255 (13.9) 244 (13.3) 44 (10.7) 64 (15.5)
>800 71 (3.9) 70 (3.8) 26 (6.3) 20 (4.9)

Change in therapy 361 (19.6) 436 (23.7)  1.28 (1.09-1.50) <0.001 81 (19.7) 106 (25.7) 1.44 (1.03-2.02) 0.03
>50% increased ICS dose 217 (11.8) 244 (13.3) 1.16 (0.94-1.42) 0.16 31 (7.5) 41 (10) 1.45 (0.85-2.50) 0.18
Change in ICS drug 159 (8.6) 191 (10.4) 1.23 (0.98-1.54) 0.07 38 (9.2) 47 (11.4) 1.29 (0.81-2.06) 0.29
Additional therapy 250 (13.6) 310 (16.8)  1.28 (1.07-1.53) 0.01 63 (15.3) 79 (19.2) 1.32 (0.91-1.91) 0.14
Add fluticasone-salmeterol 94 (5.1) 110 (6) 1.18 (0.89-1.57) 0.25 20 (4.9) 38 (9.2) 2.20 (1.19-4.05) 0.01
Add budesonide-formoterol 46 (2.5) 59 (3.2) 1.29 (0.87-1.90) 0.2 4(1) 3(0.7) 0.75 (0.17-3.35) 0.71
Add LABA 116 (6.3) 156 (8.5) 1.38 (1.07-1.77)  0.01 42 (10.2) 43 (10.4) 1.03 (0.66-1.60) 0.91
Add LTRA 37 (2) 42 (2.3) 1.14 (0.73-1.77)  0.57 4 (1) 9(2.2) 2.67 (0.71-10.05) 0.15
Add EFP beclomethasone- 4 (0.2) 9 (0.5) 2.25 (0.69-7.31) 0.18 1(0.2) 0 (0) i i

formoterol
Add theophylline 5(0.3) 5(0.3) 1.00 (0.29-3.45) 1 2(0.5) 0 (0) i i
Oropharyngeal candidiasis dx/Rx 62 (3.4) 61 (3.3) 0.98 (0.69-1.41) 0.93 21 (5.1) 13 (3.2) 0.58 (0.28-1.22) 0.15

dx/Rx, Diagnostic Read code ever recorded and/or >1 prescription during outcome year; EFP, extrafine-particle; LABA, long-acting -agonist; LTRA, leukotriene receptor

antagonist.
Data are presented as n (%).

*P values from conditional logistic regression, where odds ratios compare the spacer arm to the no-spacer arm. For ordinal variables (proportion of days covered, ICS dose
exposure, and SABA dose), the regression model estimated the odds ratio for being in a higher category over a lower category, for spacer vs no spacer.

FChange in therapy recorded at any time during the outcome year.
{Insufficient data to fit model.

In conclusion, we found no evidence that spacer devices
prescribed with the pMDIs in this study are associated with
improved outcomes with regard to exacerbation rate or incidence
of oropharyngeal candidiasis for adolescents and adults with
asthma. These results were consistent for spacers prescribed with
either extrafine- or the larger fine-particle ICS. Our findings
challenge the intuitive hypothesis that spacers should improve
the effectiveness of pMDIs and also suggest the need for thor-
ough patient education regarding inhaler use, whether or not a
spacer is provided. Further research is clearly needed into this
clinically relevant issue to explain and confirm these findings,
including real-life studies of spacer use, and including children.

We thank Anne Burden, Vasilis Nikolaou, and Dr Alice
Durieux for assistance with the analyses and Dr John Bukowski of
WordsWorld Consulting for editorial assistance with the first draft
of this manuscript, funded by Research in Real-Life Lid, UK,
under a subcontract by Observational and Pragmatic Research
Institute Pte Ltd, Singapore. We also thank Alison Chisholm of
the Respiratory Effectiveness Group for moderating the steering
committee meetings at which study results were discussed.

REFERENCES

1. Lavorini F, Corrigan CJ, Barnes PJ, Dekhuijzen PR, Levy ML, Pedersen S, et al.
Retail sales of inhalation devices in European countries: so much for a global
policy. Respir Med 2011;105:1099-103.

2. Morén F. Drug deposition of pressurized inhalation aerosols, II: influence of
vapour pressure and metered volume. Int J Pharm 1978;1:213-8.

3. Giraud V, Roche N. Misuse of corticosteroid metered-dose inhaler is associated
with decreased asthma stability. Eur Respir J 2002;19:246-51.

4. Melani AS, Bonavia M, Cilenti V, Cinti C, Lodi M, Martucci P, et al. Inhaler
mishandling remains common in real life and is associated with reduced disease
control. Respir Med 2011;105:930-8.

5. Levy ML, Hardwell A, McKnight E, Holmes J. Asthma patients’ inability to use
a pressurised metered-dose inhaler (pMDI) correctly correlates with poor asthma
control as defined by the global initiative for asthma (GINA) strategy: a retro-
spective analysis. Prim Care Respir J 2013;22:406-11.

6. Laube BL, Janssens HM, de Jongh FH, Devadason SG, Dhand R, Diot P, et al.
What the pulmonary specialist should know about the new inhalation therapies.
Eur Respir J 2011;37:1308-31.

7. Price D, Bosnic-Anticevich S, Briggs A, Chrystyn H, Rand C, Scheuch G, et al.
Inhaler competence in asthma: common errors, barriers to use and recommended
solutions. Respir Med 2013;107:37-46.

8. Melani AS, Zanchetta D, Barbato N, Sestini P, Cinti C, Canessa PA, et al.
Inhalation technique and variables associated with misuse of conventional
metered-dose inhalers and newer dry powder inhalers in experienced adults.
Ann Allergy Asthma Immunol 2004;93:439-46.


http://refhub.elsevier.com/S2213-2198(16)30584-0/sref1
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref1
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref1
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref2
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref2
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref3
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref3
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref4
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref4
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref4
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref5
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref5
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref5
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref5
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref6
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref6
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref6
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref7
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref7
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref7
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref8
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref8
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref8
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref8

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 5, NUMBER 4

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Sanchis J, Gich I, Pedersen S. Aerosol Drug Management Improvement Team

(ADMIT). Systematic review of errors in inhaler use: has patient technique
improved over time? Chest 2016;150:394-406.

Corr D, Dolovich MB, McCormack D, Ruffin RE, Obminski G, Newhouse M.
Design and characteristics of a portable breath-actuated particle size selective
medical aerosol inhaler. J Aerosol Sci 1982;13:1-7.

Dolovich MB, Ahrens RC, Hess DR, Anderson P, Dhand R, Rau JL, et al.
Device selection and outcomes of aerosol therapy: evidence-based guidelines:
American College of Chest Physicians/American College of Asthma, Allergy,
and Immunology. Chest 2005;127:335-71.

Williams RO III, Patel AM, Barron MK, Rogers TL. Investigation of some
commercially available spacer devices for the delivery of glucocorticoid steroids
from a pMDI. Drug Dev Ind Pharm 2001;27:401-12.

Barry PW, O’Callaghan C. A comparative analysis of the particle size output of
beclomethasone diproprionate, salmeterol xinafoate and fluticasone propionate
metered dose inhalers used with the Babyhaler, Volumatic and Aerochamber
spacer devices. Br J Clin Pharmacol 1999;47:357-60.

Martin RJ, Szefler SJ, Chinchilli VM, Kraft M, Dolovich M, Boushey HA, et al.
Systemic effect comparisons of six inhaled corticosteroid preparations. Am J
Respir Crit Care Med 2002;165:1377-83.

Asmus MJ, Liang J, Coowanitwong I, Vafadari R, Hochhaus G. In vitro
deposition of fluticasone aerosol from a metered-dose inhaler with and without
two common valved holding chambers. Ann Allergy Asthma Immunol 2002;88:
204-8.

Leach CL, Davidson PJ, Boudreau RJ. Improved airway targeting with the
CFC-free HFA-beclomethasone metered-dose inhaler compared with CFC-
beclomethasone. Eur Respir J 1998;12:1346-53.

. Leach CL, Davidson PJ, Hasselquist BE, Boudreau RJ. Lung deposition of

hydrofluoroalkane-134a beclomethasone is greater than that of chlorofluoro-
carbon fluticasone and chlorofluorocarbon beclomethasone: a cross-over study
in healthy volunteers. Chest 2002;122:510-6.

Leach CL, Kuehl PJ, Chand R, McDonald JD. Respiratory tract deposition of
HFA-beclomethasone and HFA-fluticasone in asthmatic patients. J Aerosol Med
Pulm Drug Deliv 2016;29:127-33.

Leach CL, Bethke TD, Boudreau RJ, Hasselquist BE, Drollmann A,
Davidson P, et al. Two-dimensional and three-dimensional imaging show
ciclesonide has high lung deposition and peripheral distribution: a non-
randomized study in healthy volunteers. J Aerosol Med 2006;19:117-26.
Newman S, Salmon A, Nave R, Drollmann A. High lung deposition of 99mTc-
labeled ciclesonide administered via HFA-MDI to patients with asthma. Respir
Med 2006;100:375-84.

Leach CL, Colice GL. A pilot study to assess lung deposition of HFA-
beclomethasone and CFC-beclomethasone from a pressurized metered dose
inhaler with and without add-on spacers and using varying breathhold times.
J Aerosol Med Pulm Drug Deliv 2010;23:355-61.

Leach CL, Davidson PJ, Hasselquist BE, Boudreau RJ. Influence of particle size
and patient dosing technique on lung deposition of HFA-beclomethasone from a
metered dose inhaler. J Aerosol Med 2005;18:379-85.

Drollmann A, Nave R, Steinijans VW, Baumgartner E, Bethke TD. Equivalent
pharmacokinetics of the active metabolite of ciclesonide with and without use of
the AeroChamber Plus spacer for inhalation. Clin Pharmacokinet 2006;45:729-36.
Engelstitter R, Szlavik M, Gerber C, Beck E. Once-daily ciclesonide via
metered-dose inhaler: similar efficacy and safety with or without a spacer.
Respir Med 2009;103:1643-50.

Toogood JH, Baskerville J, Jennings B, Lefcoe NM, Johansson SA. Use of
spacers to facilitate inhaled corticosteroid treatment of asthma. Am Rev Respir
Dis 1984;129:723-9.

Salzman GA, Pyszczynski DR. Oropharyngeal candidiasis in patients treated
with beclomethasone dipropionate delivered by metered-dose inhaler alone and
with Aerochamber. J Allergy Clin Immunol 1988;81:424-8.

Vanden Burgt JA, Busse WW, Martin RJ, Szefler SJ, Donnell D. Efficacy and
safety overview of a new inhaled corticosteroid, QVAR (hydrofluoroalkane-
beclomethasone extrafine inhalation aerosol), in asthma. J Allergy Clin Immu-
nol 2000;106:1209-26.

National Asthma Council Australia. Australian Asthma Handbook Version 1.1
(2015), Choosing an inhaler device to suit the individual. Available from: http://
www.asthmahandbook.org.au/management/devices/device-choice. ~ Accessed
July 18, 2016.

Optimum Patient Care Research Database (OPCRD). Available from: http:/
optimumpatientcare.org/opcrd/. Accessed July 18, 2016.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

GUILBERT ETAL 1049

Jones RC, Price D, Ryan D, Sims EJ, von Ziegenweidt J, Mascarenhas L, et al.
Opportunities to diagnose chronic obstructive pulmonary disease in routine care in
the UK: a retrospective study of a clinical cohort. Lancet Respir Med 2014;2:267-76.
Clinical Practice Research Datalink. Available from: http://www.cprd.com/
home/. Accessed July 18, 2016.

The Clinical Practice Research Datalink. Boston Collaborative Drug Surveillance
Program. Available from: http://www.bu.edu/bedsp/gprd/. Accessed July 18, 2016.
Respiratory Effectiveness Group (REG). Available from: http://www.
effectivenessevaluation.org/. Accessed July 18, 2016.

Roche N, Reddel H, Martin R, Brusselle G, Papi A, Thomas M, et al. Quality
standards for real-world research: focus on observational database studies of
comparative effectiveness. Ann Am Thorac Soc 2014;11:599-104.

Read Codes. Health & Social Care Information Centre. Available from: http://
systems.hscic.gov.uk/data/uktc/readcodes. Accessed July 18, 2016.

Reddel HK, Taylor DR, Bateman ED, Boulet LP, Boushey HA, Busse WW, et al.
An official American Thoracic Society/European Respiratory Society statement:
asthma control and exacerbations: standardizing endpoints for clinical asthma
trials and clinical practice. Am J Respir Crit Care Med 2009;180:59-99.

Roche N, Postma DS, Colice G, Burden A, Guilbert TW, Israel E, et al. Dif-
ferential effects of inhaled corticosteroids in smokers/ex-smokers and non-
smokers with asthma. Am J Respir Crit Care Med 2015;191:960-4.

van Aalderen WM, Grigg J, Guilbert TW, Roche N, Israel E, Martin RJ, et al.
Small-particle inhaled corticosteroid as first-line or step-up controller therapy in
childhood asthma. J Allergy Clin Immunol Pract 2015;3:721-731.e16.

Colice G, Martin RJ, Israel E, Roche N, Barnes N, Burden A, et al. Asthma
outcomes and costs of therapy with extrafine beclomethasone and fluticasone.
J Allergy Clin Immunol 2013;132:45-54.e10.

Turner S, Richardson K, Murray C, Thomas M, Hillyer EV, Burden A, et al.
Long-acting beta-agonist in combination or separate inhaler as step-up therapy
for children with uncontrolled asthma receiving inhaled corticosteroids.
J Allergy Clin Immunol Pract 2017;5:99-106.

Fleming-Dutra KE, Hersh AL, Shapiro DJ, Bartoces M, Enns EA, File TM Jr,
et al. Prevalence of inappropriate antibiotic prescriptions among US ambulatory
care visits, 2010-2011. JAMA 2016;315:1864-73.

Haughney J, Price D, Barnes NC, Virchow JC, Roche N, Chrystyn H. Choosing
inhaler devices for people with asthma: current knowledge and outstanding
research needs. Respir Med 2010;104:1237-45.

Selroos O, Halme M. Effect of a volumatic spacer and mouth rinsing on sys-
temic absorption of inhaled corticosteroids from a metered dose inhaler and dry
powder inhaler. Thorax 1991;46:891-4.

Travers J, Marsh S, Williams M, Weatherall M, Caldwell B, Shirtcliffe P, et al.
External validity of randomised controlled trials in asthma: to whom do the
results of the trials apply? Thorax 2007;62:219-23.

Roche N, Reddel HK, Agusti A, Bateman ED, Krishnan JA, Martin RJ, et al.
Integrating real-life studies in the global therapeutic research framework. Lancet
Respir Med 2013;1:¢29-30.

Price D, Bateman ED, Chisholm A, Papadopoulos NG, Bosnic-Anticevich S,
Pizzichini E, et al. Complementing the randomized controlled trial evidence
base: evolution not revolution. Ann Am Thorac Soc 2014;11:S92-8.

Barry PW, O’Callaghan C. The influence of inhaler selection on efficacy of
asthma therapies. Adv Drug Deliv Rev 2003;55:879-923.

Lenney J, Innes JA, Crompton GK. Inappropriate inhaler use: assessment of use and
patient preference of seven inhalation devices. EDICI. Respir Med 2000;94:496-500.
Price D, Martin RJ, Barnes N, Dorinsky P, Israel E, Roche N, et al. Prescribing
practices and asthma control with hydrofluoroalkane-beclomethasone and flu-
ticasone: a real-world observational study. J Allergy Clin Immunol 2010;126:
511-518.e1-10.

Barnes N, Price D, Colice G, Chisholm A, Dorinsky P, Hillyer EV, et al.
Asthma control with extrafine-particle hydrofluoroalkane-beclometasone vs.
large-particle chlorofluorocarbon-beclometasone: a real-world observational
study. Clin Exp Allergy 2011;41:1521-32.

Roller CM, Zhang G, Troedson RG, Leach CL, Le Souef PN, Devadason SG.
Spacer inhalation technique and deposition of extrafine aerosol in asthmatic
children. Eur Respir J 2007;29:299-306.

Boss H, Minic P, Nave R. Similar results in children with asthma for steady state
pharmacokinetic parameters of ciclesonide inhaled with or without spacer. Clin
Med Insights Pediatr 2010:4:1-10.

Amirav I, Newhouse MT, Minocchieri S, Castro-Rodriguez JA, Schuepp KG.
Factors that affect the efficacy of inhaled corticosteroids for infants and young
children. J Allergy Clin Immunol 2010;125:1206-11.


http://refhub.elsevier.com/S2213-2198(16)30584-0/sref9
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref9
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref9
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref10
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref10
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref10
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref11
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref11
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref11
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref11
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref12
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref12
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref12
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref13
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref13
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref13
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref13
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref14
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref14
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref14
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref15
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref15
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref15
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref15
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref16
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref16
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref16
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref17
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref17
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref17
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref17
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref18
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref18
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref18
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref19
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref19
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref19
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref19
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref20
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref20
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref20
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref21
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref21
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref21
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref21
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref22
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref22
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref22
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref23
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref23
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref23
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref24
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref24
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref24
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref25
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref25
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref25
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref26
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref26
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref26
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref27
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref27
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref27
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref27
http://www.asthmahandbook.org.au/management/devices/device-choice
http://www.asthmahandbook.org.au/management/devices/device-choice
http://optimumpatientcare.org/opcrd/
http://optimumpatientcare.org/opcrd/
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref30
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref30
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref30
http://www.cprd.com/home/
http://www.cprd.com/home/
http://www.bu.edu/bcdsp/gprd/
http://www.effectivenessevaluation.org/
http://www.effectivenessevaluation.org/
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref34
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref34
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref34
http://systems.hscic.gov.uk/data/uktc/readcodes
http://systems.hscic.gov.uk/data/uktc/readcodes
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref36
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref36
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref36
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref36
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref37
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref37
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref37
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref38
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref38
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref38
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref39
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref39
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref39
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref40
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref40
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref40
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref40
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref41
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref41
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref41
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref42
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref42
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref42
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref43
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref43
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref43
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref44
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref44
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref44
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref45
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref45
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref45
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref46
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref46
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref46
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref47
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref47
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref48
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref48
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref49
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref49
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref49
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref49
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref50
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref50
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref50
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref50
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref51
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref51
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref51
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref52
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref52
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref52
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref53
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref53
http://refhub.elsevier.com/S2213-2198(16)30584-0/sref53

1049.e1  GUILBERT ET AL

METHODS

This was a historical, matched cohort study using data from 2
large, well-maintained UK databases. The Optimum Patient
Care Research Database comprises anonymous longitudinal
medical record data extracted from approximately 500 UK
practices with more than 1 million patients and includes routine
clinical data such as diagnoses, prescribing information, and, for
approximately 10% of patients with respiratory disease, patient-
reported outcomes collected via validated disease-assessment
questionnaires.”" The Optimum Patient Care Research Data-
base has been approved for research use by Trent Multi Centre
Research Ethics Committee and by the Health Research
Authority of the UK National Health Service for clinical research
use (Research Ethics Committee reference: 15/EM/0150).

The Clinical Practice Research Datalink is a database funded
by the National Health Service National Institute for Health
Research and the Medicines and Healthcare products Regulatory
Agency.”” The Clinical Practice Research Datalink contains
anonymized longitudinal data extracted from approximately 650
primary care practices and more than 5 million active patients.

Data sets with equivalent information were obtained from
each database using appropriate data extraction algorithms.
These data sets were pooled for the final analysis, after local
extraction, validation, and data cleaning. Where there was
overlap of the 2 databases, duplicate practices and patients were
excluded from the analysis. There was no risk of patient data
being deanonymized during the course of the study.

The study was conducted to standards suggested for obser-
vational studies, including an independent advisory group, use of
an a priori analysis plan, study registration with commitment to
publish, and well-maintained and monitored study databases."”
The coding variables used in the study were subject to inde-
pendent review.

The study protocol was informed by suggestions of the
independent advisory group comprising members of the Small
Airways Study Group of the Respiratory Effectiveness Group™”
and was registered with the European Network of Centres for
Pharmacoepidemiology and Pharmacovigilance (ENCePP regis-
tration no. ENCePP/SDPP/7744)."> The analyses and the
dissemination of the results were approved by the advisory group
and were conducted in accordance with the Respiratory Effec-
tiveness Group standards and the ENCePP Code of Conduct."

Statistical analysis

Matching was conducted between the spacer and nonspacer
arms within medication type (ie, extrafine-particle ICS with vs
without spacer and fine-particle ICS with vs without spacer) to
enable comparison of similar patients. Exact matching for cat-
egorical variables and coarsened exact matching for numeric
variables were used to match patients using 1:1 nearest-
neighbor matching. Randomization without replacement was
used to pair up matched patients. Matching variables such as
demographic data, disease comorbidity, and indicators of dis-
ease severity were considered for selection using a combination
of baseline data analysis and predictive modeling of the baseline
data in relation to the primary outcome variable (independently
of treatment group).

J ALLERGY CLIN IMMUNOL PRACT
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Patients were matched sequentially for sex, age (grouped as
12-20 =+ 3 years, 21-40 £ 5 years, 41-60 £ 5 years, 61-80 £ 5
years), ICS dose at the initial prescription date (exact dose), and,
during the baseline year, the average daily SABA dose (0, 1-100,
101-200, >201 pg), the number of acute oral corticosteroid
courses (0, 1, or >2), and the number of antibiotic prescriptions
with lower respiratory consultations (0, 1, or >2 courses).

After matching, univariable analyses were conducted using
conditional logistic regression to identify potentially important
covariates that might need adjustment in multivariable Poisson,
logistic, and ordinal regression models. Previous work by our
group had identified a range of potentially important covariates,
including demographic, disease severity, treatment-related, and
comorbid factors (Table E2). Numerous potential confounding
variables were assessed; baseline differences between treatment
cohorts (P < .10) were considered potentially important, as were
baseline variables that were predictive (P < .05) of each effec-
tiveness outcome in multivariable analyses. Variables meeting
these criteria were examined for collinearity, as well as for clinical
importance, to select those used as potential confounders in
regression modeling of outcomes. Models addressing the impact
of spacers were developed separately for extrafine-particle ICS
and fine-particle ICS cohorts, as well as for the different
outcomes.

Severe exacerbation rates for matched patients in the outcome
period were compared between patients with spacers and without
spacers within the ICS treatment cohorts using a conditional
Poisson regression model. The model used empirical SEs (for
more conservative CI estimations) and adjustments were made
for identified baseline confounders. Acute respiratory event rates
were compared in similar fashion. The adjusted rate ratios with
95% Cls were reported.

Secondary dichotomous outcomes, including risk-domain
asthma control, overall asthma control, treatment stability,
asthma-related hospitalizations, and incidence of oral candidiasis,
were compared between spacer and nonspacer arms using con-
ditional logistic regression models. The adjusted odds ratios with
95% CI were reported. Secondary ordinal (categorized) out-
comes, including adherence to ICS treatment and average daily
SABA dose, were compared between spacer and nonspacer arms
using conditional ordinal logistic regression models. Results were
reported as odds ratios (the odds of being in a higher than a lower
category in 1 arm) and 95% CI.
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TABLE E1. Baseline patient characteristics: Matched and unmatched cohorts

Extrafine-particle ICS matched cohorts Fine-particle ICS matched cohorts
Unmatched Matched Unmatched Matched

Baseline variables (N = 7745) (N = 3680) P value* (N = 3237) (N = 824) P value*
Sex: male 3388 (43.7) 1178 (32) <.001 1366 (42.2) 274 (33.3) <.001
Age (y) 41 (31-53) 46 (32-57) <.001 42 (31-54) 45 (29-56) 269

Adolescents (aged 12-17 y) 631 (8.1) 443 (12) 328 (10.1) 137 (16.6)
BMI (kg/m?)t 27 (23-31) 27 (23-31) 167 26 (23-30) 27 (23-31) 139
First asthma diagnosis year 2003 (1997-2007) 2005 (2000-2007) <.001 1998 (1992-2003) 2000 (1994-2005) <.001
First ICS script year 2006 (2004-2008) 2007 (2004-2008) <.001 2001 (1998-2004) 2002 (1999-2006) <.001
% predicted PEF 84 (72-95) 83 (71-96) 749 84 (71-97) 85 (74-98) .055
Smoking .002 127

Never 295 (3.8) 140 (3.8) 142 (4.4) 51 (6.2)

Current 4171 (53.9) 2163 (58.8) 1867 (57.7) 462 (56.1)

Ex-smoker 1755 (22.7) 685 (18.6) 664 (20.5) 182 (22.1)

Missing data 1524 (19.7) 692 (18.8) 564 (17.4) 129 (15.7)
Rhinitis dx/Rx 2472 (31.9) 1194 (32.4) 572 1176 (36.3) 299 (36.3) 981
GERD dx/Rx 1593 (20.6) 845 (23) .004 601 (18.6) 163 (19.8) 426
Cardiac disease dx/Rx 1026 (13.2) 557 (15.1) .006 458 (14.1) 128 (15.5) 313
Eczema dx/Rx 3353 (43.3) 1587 (43.1) .866 1535 (47.4) 420 (51) .069
SABA dose (ng/d) .146 .068

0 2669 (34.5) 1042 (28.3) 1477 (45.6) 274 (33.3)

1-100 1928 (24.9) 1222 (33.2) 606 (18.7) 236 (28.6)

101-200 1626 (21) 860 (23.4) 508 (15.7) 170 (20.6)

201-400 870 (11.2) 333 (9) 324 (10) 75 (9.1)

401-800 453 (5.8) 160 (4.3) 208 (6.4) 45 (5.5)

>800 199 (2.6) 63 (1.7) 114 (3.5) 24 (2.9)
Acute oral corticosteroid courses 257 .048

0 6649 (85.8) 3066 (83.3) 2895 (89.4) 754 (91.5)

1 899 (11.6) 578 (15.7) 296 (9.1) 64 (7.8)

>2 197 (2.5) 36 (1) 46 (1.4) 6 (0.7)
Antibiotic prescription with respiratory <.001 150

consultation

0 5289 (68.3) 2242 (60.9) 2502 (77.3) 608 (73.8)

1 1583 (20.4) 924 (25.1) 488 (15.1) 154 (18.7)

>2 873 (11.3) 514 (14) 247 (7.6) 62 (7.5)
Severe exacerbation 243 104

0 6610 (85.3) 3047 (82.8) 2883 (89.1) 749 (90.9)

1 930 (12) 592 (16.1) 302 (9.3) 66 (8)

>2 205 (2.6) 41 (1.1) 52 (1.6) 9 (1.1)
Acute respiratory event <.001 168

0 4892 (63.2) 2033 (55.2) 2370 (73.2) 571 (69.3)

1 1915 (24.7) 1113 (30.2) 591 (18.3) 187 (22.7)

>2 938 (12.1) 534 (14.5) 276 (8.5) 66 (8)
Risk-domain asthma control 4828 (62.3) 1995 (54.2) <.001 2326 (71.9) 551 (66.9) .005
Overall asthma control 3870 (50) 1664 (45.2) <.001 1855 (57.3) 446 (54.1) .100
Asthma consultations 1 (0-1) 1 (0-1) .019 0 (0-1) 1 (0-1) .023
LABAT 43 (0.6) 19 (0.5) 792 110 (3.4) 30 (3.6) 733
Asthma-related inpatient 87 (1.1) 57 (1.5) .058 31 (1) 12 (1.5) 215
Asthma-related ED visit 31 (0.4) 7 (0.2) .075 7 (0.2) 2 (0.2) .885
Oral candidiasis dx/Rx 91 (1.2) 50 (1.4) 406 54 (1.7) 12 (1.5) .668

BMI, Body mass index; dx/Rx, diagnostic Read code ever recorded and/or >1 prescription during baseline year; ED, emergency department; GERD, gastroesophageal reflux
disease; LABA, long-acting B-agonist; PEF, peak expiratory flow.

Data are presented as median (interquartile range) or n (%).

*P values from conditional logistic regression.

f¥Sample size for BMI and %predicted PEF varies because of missing data across variables: for the extrafine ICS, BMI is missing in 9.6%/9.5% of patients in unmatched/
matched cohorts: PEF is missing in 34.8%/31.1% of patients in unmatched/matched cohorts; for the fine-particle ICS, BMI is missing in 10.0%/13.1% of patients in unmatched/
matched cohorts: PEF is missing in 37.7%/37.1% of patients in unmatched/matched cohorts.

1>1 prescription during baseline year.
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TABLE E2. Potential confounders evaluated

Potential confounders examined at (or closest to) the date of initial ICS prescription included:
Age
Sex
Height
Weight
Body mass index
Lung function: percent predicted peak flow readings (peak expiratory flow) before initial ICS prescription date
Smoking status
Potential confounders examined regardless of when they occurred relative to the date of initial ICS prescription:
Date of first asthma diagnosis
Presence or absence of comorbid rhinitis (diagnosis ever and/or prescriptions for rhinitis therapy in the baseline or outcome year)
Presence or absence of comorbid eczema (diagnosis ever and/or prescriptions for eczema therapy in the baseline or outcome year)
Other important unrelated comorbidities expressed using the Charlson comorbidity index (CCI)
Presence of gastroesophageal reflux disease (GERD diagnosis ever and/or prescriptions for GERD therapy in the baseline or outcome year)
Presence of cardiac disease (diagnosis ever and/or prescriptions for cardiac drugs in the baseline or outcome year)
Possible atopy
Potential confounders examined in the year before the date of first ICS prescription:
Number of hospital outpatient attendances where asthma was recorded as the reason for referral
Number of hospitalizations for asthma or possibly respiratory related (a nonspecific hospitalization code and an asthma/respiratory code within a 1-wk
window)
Number of prescriptions for any antibiotic with evidence of a lower respiratory consultation and any additional respiratory examinations, referrals, chest
X-rays, or events

TABLE E3. Additional baseline patient characteristics: Matched cohorts*

Extrafine-particle ICS matched cohorts Fine-particle ICS matched cohorts

Baseline variables No spacer (N = 2090) Spacer (N = 2090) P valuet No spacer (N = 444) Spacer (N = 444) P valuet
CCI score <.001 .006

0 1,004 (48.0) 875 (41.9) 253 (57.0) 211 (47.5)

1-4 944 (45.2) 1066 (51.0) 173 (39.0) 209 (47.1)

>5 142 (6.8) 149 (7.1) 18 (4.1) 24 (5.4)
Beta blocker} 133 (6.4) 183 (8.8) .003 28 (6.3) 36 (8.1) 287
NSAID} 507 (24.3) 583 (27.9) .006 97 (21.8) 114 (25.7) 184
Acetaminophen{ 394 (18.9) 431 (20.7) 129 65 (14.6) 81 (18.2) 145
Tricyclict 132 (6.3) 131 (6.3) 949 14 (3.2) 26 (5.9) .062
Nonasthma consultations 6 (3-11) 7 (4-12) .006 4 (1-8) 6 (2-11) <.001
Respiratory prescriptions 1 (0-2) 2 (1-3) <.001 1 (0-2) 2 (0-3) 827
LTRAZ 8 (0.4) 11 (0.5) 493 4 (0.9 2 (0.5) 423

CCI, Charlson comorbidity index; LTRA, leukotriene receptor antagonist; NSAID, nonsteroidal anti-inflammatory drug.

Data are presented as median (interquartile range) or n (%).

*Patients were matched on sex; age (by age groups; 12-20, 21-40, 41-60, 61-80 y); initial ICS daily dose; and baseline average SABA dose, oral corticosteroid courses, and
antibiotic prescriptions.

TP values from conditional logistic regression.

1>1 prescription during baseline year.



J ALLERGY CLIN IMMUNOL PRACT GUILBERT ETAL 1049.e4

VOLUME 5, NUMBER 4

TABLE E4. Index date doses of ICS

Extrafine-particle ICS matched cohorts Fine-particle ICS matched cohorts

Dose of ICS (pg/d) No spacer (N = 2090) Spacer (N = 2090) No spacer (N = 444) Spacer (N = 444)

Mean £ SD 251 £ 108 251 £ 108 524 £ 310 524 £+ 310
Median (IQR) 200 (200-400) 200 (200-400) 500 (250-500) 500 (250-500)
0-100, n (%) 275 (13.2) 275 (13.2) — —
101-200, n (%) 1141 (54.6) 1141 (54.6) — —
201-400, n (%) 673 (32.2) 673 (32.2) — —
>400, n (%) 1(0.1) 1(0.1) — —
0-250, n (%) — — 130 (29.3) 130 (29.3)
251-500, n (%) — — 218 (49.1) 218 (49.1)
501-1000, n (%) — — 93 (20.9) 93 (20.9)
>1000, n (%) — — 3 (0.07) 3 (0.07)

TABLE E5. Spacer types prescribed

Extrafine-particle ICS
spacer (n = 2090)

Fine-particle ICS

Spacer type spacer (n = 444)

Able spacer 132 (6.3) 9 (2.0)
Aerochamber 1647 (78.8) 181 (40.8)
Pocket chamber 21 (1.0) 0
Volumatic 217 (10.4) 232 (52.3)

Unknown 73 (3.5) 22 (5.0)




Reproduced with permission of copyright owner.
Further reproduction prohibited without
permission.



	Real-Life Outcomes for Patients with Asthma Prescribed Spacers for Use with Either Extrafine- or Fine-Particle Inhaled Cort ...
	Methods
	Study design
	Study population
	Study end points and definitions
	Data analysis

	Results
	Study population
	Outcome measures

	Discussion
	References
	Methods
	Statistical analysis

	References


