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Abstract: With increasing choice of medications and devices for asthma and chronic
obstructive pulmonary disease (COPD) treatment, comparative evidence may inform treatment decisions. This systematic literature review assessed clinical and economic evidence for
using a single combination inhaler versus multiple inhalers to deliver the same medication
for patients with asthma or COPD. In 2016, Embase, PubMed and the Cochrane library were
searched for publications reporting studies in asthma or COPD comparing a single-inhaler
combination medicine with multiple inhalers delivering the same medication. Publications
included English-language articles published since 1996 and congress abstracts since 2013.
Clinical, economic and adherence endpoints were assessed. Of 2031 abstracts screened, 18
randomized controlled trials (RCTs) in asthma and four in COPD, nine retrospective and
three prospective observational studies in asthma, and four observational studies in COPD
were identiﬁed. Of these, ﬁve retrospective and one prospective study in asthma, and two
retrospective studies in COPD reported greater adherence with a single inhaler than multiple
inhalers. Nine observational studies reported signiﬁcantly (n=7) or numerically (n=2) higher
rates of adherence with single- versus multiple-inhaler therapy. Economic analyses from
retrospective and prospective studies showed that use of single-inhaler therapies was associated with reduced healthcare resource use (n=6) and was cost-effective (n=5) compared
with multiple-inhaler therapies. Findings in 18 asthma RCTs and one prospective study
reporting lung function, and six RCTs reporting exacerbation rates, showed no signiﬁcant
differences between a single inhaler and multiple inhalers. This was in contrast to several
observational studies reporting reductions in healthcare resource use or exacerbation events
with single-inhaler treatment, compared with multiple inhalers. Retrospective and prospective studies showed that single-inhaler use was associated with decreased healthcare resource
utilization and improved cost-effectiveness compared with multiple inhalers. Lung function
and exacerbation rates were mostly comparable in the RCTs, possibly due to study design.
Keywords: health-related quality of life, cost-effectiveness, lung function, asthma
exacerbations, COPD exacerbations
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Asthma and chronic obstructive pulmonary disease (COPD) are two of the most
common chronic respiratory diseases, affecting approximately 334 million and
251 million people worldwide, respectively.1,2 Both place a considerable burden
on communities, through loss of productivity from missed work and school days,
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and on healthcare systems. The total costs attributable to
asthma in the United States for the year 2013 were estimated at $81.9 billion, with medical costs of $50.3 billion
responsible for the greatest expense.3 The total costs attributable to COPD in the US were estimated to be
$50 billion in 2010.4 Indirect costs vary by population
and method of estimation; an annual mean range of
$893–$2234 in indirect costs per person has been reported
in one review of the literature.5 At an individual level,
disease impacts on quality of life (QoL) are wide ranging:
patients with asthma and COPD report inability to sleep,
breathlessness, and limitations on physical activity and
social life among their main concerns, as well as feelings
of depression and stigmatization.6 However, asthma and
COPD are manageable diseases, and the symptom burden
and frequency of exacerbations can be reduced with appropriate treatment.
Patients with moderate-to-severe asthma or COPD
usually require inhaled maintenance therapy; this often
includes drugs with differing mechanisms of action,
including long-acting β2-agonists (LABA), long-acting
muscarinic antagonists (LAMA), and inhaled corticosteroids (ICS).7,8 Nevertheless, despite the availability of
effective treatments, suboptimal adherence, inhaler misuse, and poor inhalation technique are common in patients
with asthma and COPD, and contribute substantially to
treatment failure and to the economic burden of the
disease.9,10 The importance of these factors is reﬂected in
the Global Initiative for Chronic Obstructive Lung Disease
2019 report, which – in addition to considering efﬁcacy
and effectiveness – highlights the importance of considering the patient’s ability to use, understand, and afford
(where relevant) an inhaler device when making treatment
decisions for patients with COPD.11 The advent of singleinhaler combination therapies, which provide two – or, for
COPD, up to three – treatments, has therefore been welcomed as a method by which we can simplify the management of asthma and COPD while increasing adherence to
prescribed treatments, when compared with the use of
multiple separate devices.12 While evidence of the advantages of single inhalers containing multiple drugs over
single-inhaler monotherapy is widespread,13,14 less is
known of comparisons between single inhalers and the
equivalent combination taken using multiple inhalers.
Because single-inhaler therapies offer the potential advantage of being easier for patients to use, other outcomes –
including treatment adherence, cost-effectiveness, and
health-related quality of life (HRQoL) – are also of
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particular interest when comparing them with the equivalent treatment via multiple inhalers.
Given the increasing number of available medications
and inhaler devices available to treat asthma and COPD,
and as simpliﬁed regimens become available, more evidence on clinical and economic outcomes and patientreported outcomes (PROs) is needed to support optimal
prescribing. Here, we present the results of a systematic
literature review designed to identify and summarize the
overall evidence for the comparative beneﬁt of single
versus multiple inhalers delivering the same drugs.
Treatments for both asthma and COPD were included.

Methods
Published studies that compared any single combination
inhaler device with multiple inhalers delivering the same
medications (and doses) individually for the treatment of
asthma or COPD were identiﬁed from the literature.
Reported outcomes included clinical, economic (eg,
healthcare resource utilization [HRU] and associated
costs), humanistic burden, treatment adherence, inhalation
technique, and critical errors.
PubMed/MEDLINE, Embase, and Cochrane library
databases were searched on October 4, November 9, and
November 10, 2016, respectively, using predeﬁned search
strategies. The initial search strategy was developed in the
PubMed/MEDLINE database and the strategy was later
translated for the Embase and Cochrane library database
searches. Constructed search strings included Medical
Subject Headings terms and free text terms. Terms for
asthma and COPD were combined with terms relating to
single and multiple inhalers and study designs. Studies that
compared any single inhaler with multiple inhalers delivering the same medication individually were considered
for inclusion. A list of studies that were excluded, and the
rationale for exclusion, was recorded (Figures 1–4).
Several measures were considered to be related to adherence, including medication usage (eg, self-reported in
a patient diary), prescription and reﬁll rates (number of
prescriptions and reﬁlls over a period of time), medication
possession ratio (MPR), treatment days, treatment interruptions (eg, break in prescription coverage), and residual
treatment (residual doses of study medication in the inhalation device). While articles published in English during
or after 1996, or congress abstracts during or after 2013,
were included, reports that were letters to the editor,
reviews or meta-analyses, protocols, or treatment guidelines were excluded.
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Clinical search
Records identified through database searches:
PubMed/MEDLINE, n=517
Embase, n=65
Cochrane library, n=540
Reasons for exclusion:
Total records
N=1122

Records excluded
n=1093

Full-text articles and abstracts
assessed for eligibility
n=29

14

Conference statement
Duplicate
Not single inhaler vs
separate inhalers
Letter, editorial,
commentary
No single-inhaler Tx
reported
Non-English publication

2

Not a Tx study

39

Review or meta-analysis

20

Study protocol without data

1
217

Additional records excluded
n=7

2
1
2

Studies included in the
systematic literature review
n=22

1
1

Reasons for exclusion:
Duplicate
Gene study
Not single inhaler vs
separate inhalers
No single-inhaler Tx
reported
Review or meta analysis

Figure 1 Screening selection of clinical studies.
Abbreviation: Tx, treatment.

In addition to database searches, the bibliography sections of articles identiﬁed from the search were reviewed
for possible additional published studies. For journal article abstracts and congress abstracts obtained from search
results, a double screening and abstraction process was
performed to reduce potential bias in study selection.
Two reviewers independently assessed which studies met
inclusion criteria, with any discrepancies resolved by
a third reviewer. After determining the studies that met
the inclusion criteria, a data abstraction and study quality
assessment was performed by the three reviewers by the
same method used for study selection. Published methodological checklists, including the Randomized Controlled
Trial (RCT) checklist and Non-RCT clinical checklist from
the National Institute for Health and Care Excellence
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(NICE) Guidelines Manual,15 were used in assessments
of study quality, except for economic studies where the
NICE Guidelines Manual Economic Checklist15 and the
Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) checklist16 were used.

Results
Search Results and Screening
A total of 2031 records were retrieved from four searches, of
which 38 studies were assessed by full text and met the inclusion criteria after screening (see Supplementary Table 1).
These included 22 clinical studies (Figure 1) and three observational studies that reported clinical endpoints, six economic
studies (Figure 2), two HRQoL studies (Figure 3), and six
adherence studies (Figure 4). A total of 1093 clinical study
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Economic search
Records identified through database searches:
PubMed/MEDLINE, n=126
Embase, n=27
Cochrane library, n=101
Reasons for exclusion:
Total records
N=254

151
6
41
7

Records excluded
n=248

27

Studies included in the
systematic literature review
n=6

Duplicate
Epidemiology study
Not single inhaler vs
separate inhalers
Letter, editorial, commentary

3

No single-inhaler Tx
reported
Non-English publication

10

Review or meta-analysis

3

Could not confirm
medications

Figure 2 Screening selection of economic studies.
Abbreviation: Tx, treatment.

HRQoL search
Records identified through database searches:
PubMed/MEDLINE, n=161
Embase, n=47
Cochrane library, n=167

Total records
N=375

1
1
101
32

Records excluded
n=373

7
26

Studies included in the
systematic literature review
n=2

2
1
11
2
1

Reasons for exclusion:
Case study
Conference statement
Duplicate
Not single inhaler vs
separate inhalers
Letter, editorial, commentary
No single-inhaler Tx
reported
Non-English publication
QoL related to inhaler use
Review or meta-analysis
Study protocol without data
Could not confirm
medications

Figure 3 Screening selection of HRQoL studies.
Abbreviations: HRQoL, health-related quality of life; QoL, quality of life; Tx, treatment.
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Adherence search
Records identified through database searches:
PubMed/MEDLINE, n=153
Embase, n=39
Cochrane, n=88

Total records
N=280

Records excluded
n=274

3
18
1
1

Studies included in the
systematic literature review
n=6

3
1
1
3

Reasons for exclusion:
Duplicate
Epidemiology study
Not single inhaler vs
separate inhalers
Letter, editorial, commentary
No single-inhaler Tx
reported
Non-English publication
Not a COPD or asthma
study
Review or meta-analysis
Study protocol without data
Tx guideline
Could not confirm
medications

Figure 4 Screening selection of adherence studies.
Abbreviations: COPD, chronic obstructive pulmonary disease; Tx, treatment.

records were excluded, the majority due to duplications
(n=500), not relating to multiple-inhaler combinations versus
single inhalers (n=296), or no single combination inhaler treatment reported (n=217).
Out of the 38 studies assessed, 12 asthma studies and four
COPD studies reported on adherence outcomes, 11 asthma
studies and eight COPD studies reported on HRU outcomes,
three asthma studies and ﬁve COPD studies reported on cost
and cost-effectiveness, 21 asthma studies and four COPD
studies reported on symptoms and HRQoL, and 13 clinical
studies in asthma and four clinical studies in COPD reported
adverse events (AEs). The methodologies for these studies
were assessed and met both NICE and CHEERS criteria.

Adherence Outcomes
Data on adherence (including compliance and persistence) were
reported in non-randomized observational and RCTs in asthma
(n=817–24 and n=4,25–28 respectively) and COPD (n=229,30 and
n=2,31,32 respectively; Table 1). Adherence was assessed as medication usage (including self-reported),25–27,32 prescription/reﬁll
rates,17–19,21 MPR,18,20 treatment days,17,18 treatment persistence/
interruptions,19,22–24,28–30 and residual treatment.31
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Evidence from Non-Randomized Observational
Studies
Prescription/Reﬁll Rates
Results from four retrospective studies in asthma (patient
numbers ranging from 2426 to 5118) indicated that users
of single inhalers ﬁlled signiﬁcantly more prescriptions
than users of multiple inhalers over time periods of 621
and 12 months17–19 (all P<0.05; Table 1). Using medical
and pharmacy claims data from the Ingenix database collected between April 2001 and July 2001, prescriptions for
single inhalers were signiﬁcantly higher than the number
of requests for ICS in the multiple-inhalers group (4.06
versus 2.35; P<0.001).18 In another US study based on
administrative data from three commercial healthcare providers, the mean number of prescription ﬁlls for the singleinhaler (n=996) group (calculated as the number of 30-day
supplies during the 12-month index period) was 3.98 versus 2.36 for the separate-inhaler group (ﬂuticasone propionate [FP] + salmeterol [SAL], n=259; P<0.05).17 In a third
US trial database study, the average reﬁll rate over 6
months, for patients identiﬁed from the Kaiser
Permanente Medical Care Program in California, was
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ICS/LABA versus ICS +

Latry, 200824 [France]

O’Connor, 200523 [US]

FP/SAL versus FP + SAL

2414
cohort

Observational, retrospective

Cox regression

Log rank test

for covariables

persistence while adjusting

probability of non-

3.5 versus 2.7; P=0.0001

Number of prescriptions ﬁlled during

Switching

Discontinuation

0.81)

HR for risk of switch=0.64 (95% CI: 0.50,

CI: 0.64, 0.85)

HR for risk of discontinuation=0.74 (95%

2 years: 5% versus NR

continuously at 1 and 2 years

ﬁrst year of treatment

1 year: 10% versus <5%

Prescriptions of ongoing therapy

(RR=0.83; 95% CI: 0.78, 0.88)

Cox regression for

treatment than concurrent users

Single combination inhaler users were

time and Log rank test,

Treatment discontinuations

ICS + LABA: 32.1% (95% CI: 30.5, 33.6;

months

P=NS)

ICS/LABA: 44.1% (95% CI: 38.2, 50.0)

Cumulative rate of persistence at 12

FOR)

databases; 3 years

ICS + LABA: 28% adequate MPR; mean
MPR 91%

MPR 93%

(MPR outside the 80–120% range)

ICS/LABA: 25% adequate MPR; mean

(MPR 80–120% inclusive) or inadequate

MPR dichotomized as either adequate

17% less likely to discontinue their

Chi-squared tests,

Observational retrospective

Kaplan-Meier analysis

regression analysis

Multivariate logistic

BDP + SAL: 2.38 (1.49); P<0.001

FP/SAL: 2.71 (1.41); P<0.001

from Kaplan-Meier failure

5118

follow-up

database; 2 years, 17 months

Observational retrospective

database; 5 years

Observational retrospective

Reﬁlls for SAL (mean [SD])

months): –0.66; P<0.001

SABA use (canister equivalents over 6

OR=0.801; 95% CI: 0.662, 0.970; P=0.023

Difference (Selected Example)

BDP) + LABA (SAL,

versus ICS (FP, BUD,

[Canada]

12,502

3172

6 months
Change in SABA use

≥1 prescription for an oral steroid over

regression analysis

Measure of Adherence

Conditional logistic

Outcome

Method of Comparing

cumulative persistence

FP/SAL or BUD/FOR

Marceau, 200619

LABA

LABA

ICS/LABA versus ICS +

December 2002)

(July 2001 to

prescription records

concomitant BSA)

Retrospective database:

Study Design

electronic medical and

2426

Size

Sample

SAL (both with

FP/SAL versus BDP +

[Scotland]

Elkout, 2012

20

Chan, 200721 [US]

Asthma: observational studies (n=8)

Reference [Country]

Table 1 Adherence Outcomes
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+ FOR

FP/SAL versus FP + SAL

FP/SAL vs FP + SAL

[Sweden]

Stempel, 200517 [US]

Stoloff, 200418 [US]

Aubier, 199925 [MC, NR]

Asthma: RCTs (n=4)

York, 200730 [US]

[US]

Chrischilles, 200229

FP/SAL versus FP + SAL

ALB

IPR/ALB versus IPR +

IPR/ALB vs IPR + ALB

COPD: observational studies (n=2)

BUD/FOR versus BUD

Rosenhall, 200322

503

1531

1086

2511

3503

320

dummy RCT; 28 weeks

MC, double-blind, double-

based analysis

Retrospective, population-

NR

Regression analysis

regression analysis

cohort study; 2.5 years, ≥3
months’ follow-up

Multivariate logistic

Retrospective inception

follow-up

cohort study; 2 years, 1-year

ANOVA

rank test and ANOVA

Retrospective observational

Chi-square and Wilcoxon

cohort study; 2 years

Descriptive statistics

Observational retrospective

prospective study

Open-label, parallel-group,

patients): 0.43 versus 0.46; P=0.25

therapy without subsequent use of IPR

1–28

% of expected medication use Weeks

(Continued)

93–94% for all treatment groups

Discontinuations (proportion of

≥2 consecutive months of prescription
+ ALB

0.78 versus 0.85; P=0.003

Interruptions (proportion of patients):

CI: 1.46, 2.14)

likelihood of compliance (OR=1.77; 95%

IPR/ALB associated with greater

57.7% (95% CI: 54.4, 61.0); P<0.05

MPR: 68.9% (95% CI: 65.6, 72.2) versus

64.47); P<0.05

139.21) versus 54.63 (95% CI: 44.80,

Treatment days: 129.37 (95% CI: 119.54,

Reﬁll rates: P<0.001

and use of IPR + ALB

1-month break in prescription therapy

prescription coverage)

discontinuation (≥2-month break in

break in prescription coverage) or

No treatment interruption (≥1-month

and MPR

versus FP + SAL:

(95% CI: 17.11, 36.40); P<0.0001

Medication reﬁll rates, treatment days,

84.76 (95% CI: 79.82, 89.69) versus 26.76

FP was supplied

(95% CI: 1.97, 2.75); P<0.05

3.98 (95% CI: 3.78, 4.18) versus 2.36

5.5% versus 14.6%; P=0.005

9.2% versus 19.4%; P=0.008

Total number of treatment days when

index period

interest during the 12-month post-

day) supplies of the medication of

Reﬁll rates: number of 1-month (30-

6-month extension

excluding patients not participating in

Percentage who withdrew after

Percentage of patients who withdrew
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FP/SAL vs FP + SAL

Perrin, 201026 [New

submit your manuscript | www.dovepress.com

Zetterstrom, 2001

FP/SAL versus FP + SAL

213
parallel-group study

controlled, open-label,

Prospective, randomized

group study; 48 weeks

IPR + ALB

Open-label, randomized,

a parallel-group design

controlled study with

double-dummy, active-

Randomized, double-blind,

active-controlled, parallel-

465

362

RCT; 6 months

weeks

parallel-group study; 24

Randomized controlled

Study Design

IPR/ALB-MDI versus

IPR/ALB-Respimat vs

+ FOR

586

111

Size

Sample

Descriptive statistics

measures model

Mixed-effect repeated-

ANOVA

assessed by safety experts

descriptive statistics and

Qualitatively analyzed via

Student’s t-test

Outcome

Method of Comparing

inhalation device

Residual doses of study medication in

Discontinued treatment prematurely

medication (range, 80–120%)

Mean number of inhalations of study

Self-reported adherence (patient diary)

study (%)

Overall withdrawal rates in 2nd half of

SAL=76.7%

FP + SAL: 97.1% ± 11.6

FP/SAL: 98.4% ± 19.6

P=0.005

HR=0.487 (95% CI: 0.296, 0.801);

IPR/ALB-Respimat versus IPR + ALB:

IPR + ALB: 92%

IPR/ALB-MDI: 92%

IPR/ALB-Respimat: 95%

Mean >98% with both treatments

6.7% versus 10.7%; P=0.085

versus SAL: –5.6%; 95% CI: –16.4, 5.1

versus FP: –8.7%; 95% CI: –10.6, 3.3

No signiﬁcant differences in adherence:

FP=73.7%

taken during ﬁnal (4th) 6-week period

Difference (Selected Example)

Adherence as a % of prescribed doses

Measure of Adherence

Abbreviations: ALB, albuterol; ANOVA, analysis of variance; BDP, beclomethasone dipropionate; BSA, beclomethasone; BUD, budesonide; CI, conﬁdence interval; COPD, chronic obstructive pulmonary disease; FOR, formoterol; FP,
ﬂuticasone propionate; HR, hazard ratio; ICS, inhaled corticosteroid; IPR, ipratropium; LABA, long-acting β2-agonist; MDI, metered-dose inhaler; MPR, medication possession ratio; NR, not reported; NS, not signiﬁcant; OR, odds ratio;
RCT, randomized controlled trial; SABA, short-acting β2-agonist; SAL, salmeterol; SD, standard deviation; US, United States.

[Germany]

Hagedorn, 201331

Ferguson, 201332 [US]

COPD: RCTs (n=2)

and Sweden]

Ireland, Norway, Spain,

[Finland, Germany,

27

BUD/FOR versus BUD

+ FOR

[Sweden, Norway,

Finland, and Denmark]

BUD/FOR versus BUD

Rosenhall, 200228

Zealand]

Comparisons

Reference [Country]

Table 1 (Continued).
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2.71 versus 2.38 for patients receiving multiple inhaler
components (FP/SAL versus beclomethasone dipropionate
[BDP] + SAL, respectively, plus beclomethasone [BSA])
(P<0.001).21 Finally, using claims data between 1999 and
2002 of asthma patients in Quebec to create matched
cohorts of patients newly treated with either concurrent
ICS + LABA (n=2559) or combined ICS/LABA in
a single inhaler (n=2559), combination users were found
to ﬁll an average of 0.9 more prescriptions per year than
concurrent users (P=0.0001).19 No studies compared reﬁll
rates in patients with COPD.
Treatment Days and Treatment Interruptions
Where evaluated in a non-randomized setting in asthma,
treatment days (total number of days when the FP component of the regimen was supplied17 and number of days
with both treatments supplied on that day18) were signiﬁcantly higher for combined- versus separate-inhaler users
(Table 1). Stempel et al17 (n=3503) found that the mean
number of treatment days for FP/SAL was 84.76 versus
26.76 for FP + SAL (P<0.0001). In the study reported by
Stoloff et al18 (n=2511), the mean treatment days for the
single-inhaler cohort (129.37 days; 95% conﬁdence interval [CI]: 119.54, 139.21) were signiﬁcantly higher
(P<0.05) than the mean treatment days of the FP + SAL
cohort (54.63 days; 95% CI: 44.80, 64.47), over the 365day post-index period. Additionally, two (of three) asthma
studies (n=511819 and n=2414,23 respectively) found signiﬁcant differences in treatment discontinuations, favoring
single-inhaler users (Table 1). Across these studies, combination users were found to be 17% less likely to stop
treatment over 12 months (adjusted hazard ratio
[HR]=0.83; 95% CI: 0.78, 0.88)19 and have a lower risk
of treatment discontinuation (HR=0.74; 95% CI: 0.64,
0.85) or switching (HR=0.64; 95% CI: 0.50, 0.81) than
multiple-inhaler users.23 A third study (n=12,502) reported
numerically higher rates of persistence in single-inhaler
users compared with multiple-inhaler users (44.1% [95%
CI: 38.2, 50.0] versus 32.1% [95% CI: 30.5, 33.6]; P=not
signiﬁcant [NS]).24
Similar ﬁndings were observed in COPD patients:
in one study (n=1086), compliance (deﬁned as not
interrupting or discontinuing therapy during the followup period) was greater for single-inhaler users than
patients taking the same regimen as separate inhalers
(odds ratio [OR]=1.77; 95% CI: 1.46, 2.14),29 and
another (n=1531) found signiﬁcantly fewer interruptions for single-inhaler ipratropium bromide [IPR]/
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albuterol [ALB] versus IPR + ALB (0.78 versus 0.85;
P=0.003; Table 1).30 The only conﬂicting evidence was
reported in the same COPD study, which found no
signiﬁcant difference in treatment discontinuation
rates between groups over 24 months.
A further observational study in asthma (n=320)
looked at withdrawal rates in RCT extensions, and
reported mixed ﬁndings. The study found that a greater
percentage of patients using separate inhalers withdrew
from budesonide [BUD] + formoterol [FOR] versus single-inhaler users (19.4% versus 9.2%; P=0.008), and the
percentage who withdrew after excluding patients not participating in a 6-month extension was 14.6% versus 5.5%,
respectively (P=0.005).22 Other measures of adherence
included the MPR, which was reported in two studies
(n=251118 and n=317220), one reporting signiﬁcant
improvements favoring single- versus multiple-inhaler
users (68.9% [95% CI: 65.6, 72.2] versus 57.7% [95%
CI: 54.4, 61.0]; P<0.05),18 and the other reporting similarly adequate levels (25% versus 28% adequate MPR).20

Evidence from Clinical Trials
Any Measure of Adherence
Few RCTs reported measures of adherence (asthma, n=4;
COPD, n=2), with three asthma studies (participant range,
n=111 to n=586) testing for differences statistically26–28 and
one providing descriptive results only (n=503),25 while
neither COPD study (n=213 and n=465, respectively) tested
for differences statistically (Table 1).31,32 Rates of adherence in clinical studies in asthma were, in general, high
across all treatment groups (73.7% to >98%),25–27 with no
signiﬁcant difference found between the percentage of prescribed doses taken in the ﬁnal 6-week period when tested
in a single asthma study.26 In a study of 586 asthma
patients, the overall rates of withdrawal were similar for
multiple-inhaler and single-inhaler users (6.7% versus
10.7%; P=0.085).28 However, in one open-label RCT in
COPD (n=465), patients in the IPR/ALB treatment group
were less likely to stop treatment when compared to those
receiving IPR + ALB (HR=0.487; 95% CI: 0.296, 0.801).32
This study utilized patient satisfaction with therapy as the
primary endpoint, with IPR/ALB-Respimat reporting signiﬁcantly higher scores with a modiﬁed Patient Satisfaction
and Preference Questionnaire (PASAPQ) compared with
IPR/ALB-metered-dose inhaler (MDI) and IPR + ALB at
all visits starting with Week 3 (differences of 9.6 and 6.2,
respectively; both P<0.001).32
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Healthcare Resource Utilization
Data on HRU were reported in observational and RCTs in
asthma (n=718–21,23,33,34 and n=4,27,35–37 respectively) and
COPD (n=429,30,38,39 and n=4,31,32,40,41 respectively; Table 2).

Evidence from Non-Randomized Studies
Hospitalization and Emergency Room Visits
Overall, evidence from six (of six) non-randomized (asthma,
n=3; COPD, n=3) studies indicated that use of a single inhaler may be associated with a considerable reduction in emergency room (ER) visits and/or hospitalizations compared
with equivalent therapies administered in separate inhalers
(Table 2). In a study of asthma patients aged over 15 years in
the US (n=2414), use of a single-inhaler combination (FP/
SAL) was associated with an approximately 30% lower likelihood of having a hospitalization or ER event (OR=0.69;
95% CI: 0.51, 0.95) compared with multiple-inhaler components (FP + SAL), over a 12-month period.23 In a second
study conducted in the US (n=2426), single-inhaler users
(FP/SAL) experienced fewer acute respiratory exacerbations
(AREs) than multiple-inhaler users (BDP + SAL); however,
the difference did not reach statistical signiﬁcance (OR=0.67;
95% CI: 0.44, 1.01; P=0.055).21 When considering only
patients with an ARE in the previous 6 months, those who
received the single inhaler in the post-index period had an
approximately 47% lower likelihood of a subsequent ARE
(OR=0.527; 95% CI: 0.291, 0.954; P=0.034).21 In
a Canadian study (n=5118), rates of ER visits during treatment and moderate-to-severe asthma exacerbations 6 months
after treatment cessation were signiﬁcantly lower for singleinhaler users than their matched counterparts on multipleinhaler therapy (0.7 versus 1.1 per patient per year [PPPY],
P<0.0001; and 0.2 versus 0.4, P=0.001, respectively).19
In COPD, similar ﬁndings were observed. In one study
(n=1086), the risk of ER use or hospitalization was signiﬁcantly less (relative risk [RR]=0.58; 95% CI: 0.36, 0.94) for
single-inhaler users of IPR/ALB compared with multipleinhaler users.29 Additionally, of those with at least one
hospitalization, the adjusted mean hospital length of stay
(LoS) was lower for single- versus multiple-inhaler users
(2.05 versus 4.61 days; P=0.040.) In a US study
(n=23,494), Yu et al38 also found a signiﬁcant difference
in favor of single-inhaler users in relation to outpatient
visits (2.02 versus 3.20; incidence rate ratio [IRR]=1.59
[95% CI: 1.51, 1.68]; P<0.0001), inpatient (IP) admissions
(0.03 versus 0.05; IRR=1.64 [95% CI: 1.43, 1.89];
P<0.0001), urgent care visits (0.19 versus 0.32; IRR=1.76
[95% CI: 1.50, 2.07]; P<0.0001), and IP days (0.17 versus
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0.30; IRR=1.82 [95% CI: 1.54, 2.16]; P<0.0001) over 12
months. Finally, in the study by York30 (n=1531), use of
a single inhaler (IPR/ALB versus IPR + ALB) was associated with lower rates of ER visits (0.93 versus 1.33;
P<0.001) and ER costs ($36.67 versus $52.84; P=0.03). In
this study, however, there was no signiﬁcant difference in
hospital events PPPY, described as medical ofﬁce visits, ER
visits, and hospitalizations (0.77 versus 0.91; P=NS), or
LoS. Regarding other medical services, Yu et al38 reported
signiﬁcantly higher use of other medical services (2.62
versus 3.25; IRR=1.24 [95% CI: 1.16, 1.32]; P<0.0001)
and outpatient visits (2.02 versus 3.20; IRR=1.59 [95%
CI: 1.51, 1.68]; P<0.0001) for multiple-inhaler users,
whereas the York study30 showed no signiﬁcant difference
in medical visits (16 versus 15.8 days; P=NS).
Rescue Medication Use
In addition to lower rates of hospitalization and ER admission observed for single versus multiple inhalers, evidence
was identiﬁed to suggest that single-inhaler use may be
associated with a decrease in rescue medication usage over
6 and 12 months, compared with multiple inhalers. This was
demonstrated by ﬁve (of seven) observational studies in
asthma (including three US studies) where the rates of shortacting β2-agonists (SABA) use were consistently, and in
most cases signiﬁcantly, lower for single- versus multipleinhaler users (Table 2). In one US study of individuals
(n=2414) aged over 15 years, FP/SAL users had 0.53 fewer
SABA prescriptions than FP + SAL users (P=0.01) over 12
months.23 Another US study (n=2426) found a greater reduction in SABA use with FP/SAL compared with BDP + SAL
(–0.66 canister equivalents over 6 months; P<0.001).21
Finally, Stoloff et al18 found that the FP/SAL cohort had
a signiﬁcantly lower mean number of SABA claims dispensed in the 12-month post-index period compared with
that in the FP + SAL cohort (1.61 versus 2.28; P<0.05).
Similar ﬁndings were observed in a retrospective study in
the United Kingdom.34 Prescription data for 10,454 asthmatic children using LABA and ICS either as a single inhaler
or concurrently in separate inhalers were identiﬁed. The
mean age during the study years (2002–2006) was between
8 and 10 years. In each year of the study, patients on concurrent therapy more often required at least one oral corticosteroid (OCS) course than did those on combination
therapy (ORs, 2002=1.9; 2003=2.1; 2004=1.8; 2005=1.6).
Additionally, patients using concurrent therapy more often
required six or more SABA prescriptions annually than those
using combination therapy (78% versus 68%, P<0.001;
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[UK]

Chan, 200721 [US]
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BDP/FOR vs BDP +
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data

LABA
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California

ICS/LABA vs ICS +

10,454

6 months post-index date

from Kaiser Permanente

78% versus 68%; P<0.001
OR=1.7 for 2005–2006; P=0.005

annually

18 (5.8%) versus 16 (9.3%)

2005=1.6 (1.1, 2.2); P=0.04

2004=1.8 (1.1, 2.5); P=0.03

2003=2.1 (1.2, 3.1); P=0.007

2002=1.9 (1.1, 3.1); P=0.001

Adjusted ORs (95% CI):

CI: 0.662, 0.970); P=0.023

35.8% versus 38.0%; OR=0.801 (95%

–1.05 versus –0.39; –0.66; P<0.001

0.954; P=0.034)

(n=194): OR=0.527 (95% CI: 0.291,

In subgroup with prior ER/IP visits

=0.67 (95% CI: 0.44, 1.01; P=0.055)

Requiring ≥6 SABA prescriptions

performed, n (%)

Additional diagnostic tests

≥1 prescription for OCS per year

% with oral steroids

mean canister equivalents)

SABA use (change in adjusted LS

(asthma-related event) for asthma

administrative databases

Medical Care Program,

with ICD-9-CM code 493.02

retrospective longitudinal;

Patients with ER/hospital admission

Observational,

2426

Adjusted OR (reference=BDP + SAL)

€525 versus €637

Total medical costs in a 24-week

NR

NR

week period

Total drug costs in a 24-

1.36% in BDP + FOR group

period

week period

0% in BDP/FOR group

BDP + FOR in a 24-

CE of BDP/FOR

severe exacerbations

every 2nd quarter

a specialist every quarter and 12.5%

75% of patients are treated by

% of patients hospitalized due to

quarter

% treated by a specialist every

Outcomes Assessed

Outcomes Assessed

Results

Cost Findings

Resource Use Findings

FP/SAL vs BDP + SAL

threshold analyses

data from a RCT: cost-

645

[Germany]

Retrospective analysis of

Study Design

Brüggenjürgen, 201033

Asthma: observational studies (n=7)

Reference [Country]

Table 2 Healthcare Resource Utilization and Costs

NR

NR

€272 versus €353

(Continued)

BDP/FOR (dominant)

free of asthma symptoms in favor of

ICER: –€9.77 per additional day

symptoms

additional day of asthma-free

+ FOR: €21.34 versus €48.45 per
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potential differences in

two bronchodilators,
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Saskatchewan Health

Combined inhaled

bronchodilator (most

likely IPR/ALB) vs IPR

+ SABA

[Canada]

1-year follow-up period

Resources and costs for

databases

cohort of new users of

1052

Benayoun, 200139
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cohorts

the differences across

used to statistically test

measures models were

demographic and baseline

ANOVA adjusting for

2511
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FP/SAL vs FP + SAL

Observational,

2414

FOR)

COPD: observational studies (n=4)

Stoloff, 200418 [US]

O’Connor, 2005

23

years

versus ICS (FP, BUD,

BDP) + LABA (SAL,

retrospective databases; 3

Observational

database

LABA

FP/SAL or BUD/FOR

retrospective, PTI

ICS/LABA vs ICS +

5118

Observational,

3172

Study Design

[Canada]

[Scotland]

N, Comparisons

Marceau, 200619

Elkout, 2012

20

Reference [Country]

Table 2 (Continued).

drugs and antibiotics

Rate of use of other respiratory

respiratory medications

Use of inhaled bronchodilators/other

over 12 months)

SABA rescue medication (mean use

Post-index SABA use

period

ER/IP service use during post-index

Moderate-to-severe exacerbation

ER visit for asthma

index OCS

<6 canisters SABA/year with pre-

Adjusted RR=1.03 (95% CI: 0.93, 1.16)

Adjusted RR=1.16 (95% CI: 1.07, 1.26)

1.61 versus 2.28; P<0.05

prescriptions than FP + SAL (P=0.01)

FP/SAL had 0.53 fewer SABA

+ SAL

HR=0.69 (95% CI: 0.51, 0.95) versus FP

FP/SAL associated with fewer events:

0.7 versus 1.1; P<0.0001

0.2 versus 0.4; P=0.001

23.0% versus 32.4%

77.5% versus 75.9%

bronchodilators

Total costs for

NR

NR

NR

NR

Outcomes Assessed

Outcomes Assessed
<6 canisters SABA/year

Cost Findings

Resource Use Findings
Results

Can $375.49 PPPY

Expected costs Can $217.59 versus

(95% CI: 0.76, 0.92)

resulted in lower costs, RR=0.83

Prescribing combined therapy
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NR

NR
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OP visits, and other medical services

claims data extracted
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Rescue medicine use; inhalations

IP days, ER visits, urgent care visits,
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HRU (COPD-related IP admissions,
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hospitalization

First respiratory-related ER visit or
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a diverse managed care

of adjudicated claims from
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plans spanning the period

enrollees from ﬁve health

United Healthcare

using a claims database for
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1086

difference (95% CI): 0.30 (0.15 to 0.75)

(2.17 versus 2.33); adjusted mean

No signiﬁcant difference in mean use

P<0.0001

3.25; 1.24 (95% CI: 1.16, 1.32);

NR

$1516; P<0.0001

(Continued)

3012 versus $3000 ± 4229;

● Other medical services: 2.62 versus

(95% CI: 1.51, 1.68); P<0.0001

P<0.0001

sus $1749 ± 1033; $976;

● Pharmacy costs: $782 ± 756 ver-

P<0.0001

versus $1251 ± 4034; $520;

● Total medical costs: $779 ± 2878

difference; P-value:

Mean ± SD; adjusted cost

(difference of $16.18; P=0.03)

ER: $36.67 versus $52.84

$1840.36 versus $2046.73; P=0.22

IPR + ALB group; P<0.05

Physician services: $4.14 more in

IPR+ALB group; P<0.10

adjusted average PPPM charges for

IP facilities: $5.96/month; higher

charges PPPM): $46

Adjusted mean difference (total

$261 versus $215

● Total healthcare costs: $1560 ±

NR

period

12-month post-index

(COPD-related) during

Healthcare costs

period

the 12-month treatment

Total expenditures over

respiratory meds

claimed charges for

Mean monthly provider-

charges

care, excluding medical

for respiratory-related

Total monthly charges

● OP visits: 2.02 versus 3.20; 1.59

1.76 (95% CI: 1.50, 2.07); P<0.0001

● Urgent care visits: 0.19 versus 0.32;

CI: 1.54, 2.16); P<0.0001

● IP days: 0.17 versus 0.30; 1.82 (95%

(95% CI: 1.43, 1.89); P<0.0001

● IP admission: 0.03 versus 0.05; 1.64

(95% CI); P-value:

Events (per patient-year); adjusted IRR

(P=NS)

● LoS (days PPPY): 6.2 versus 6.89

0.91 (P=NS)

● Hospital events (PPPY): 0.77 versus

(P=NS)

● Medical visits: 16 versus 15.8 days

fewer in IPR group; P<0.001)

● ER visits: 0.93 versus 1.33 (30%

P=0.040

Adjusted mean: 2.05 versus 4.61 days;

IPR/ALB RR=0.58 (95% CI: 0.36, 0.94)
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parallel-group study

Randomized, open-label,

study

Open-label, parallel-group

Study Design

HRU PPPY

County council perspective

(difference)

Pharmacy contacts: 0.47, 0.64, –0.17

0.080, 0.028

● Days off work (caregiver): 0.113,

1.266, 2.317

● Days off work (patient): 1.874,

0.152

● Phone calls (nurse): 0.120, 0.146,

0.284

● PCP visits: 0.811, 0.466, 0.511
● Nurse visits: 0.102, 0.058, 0.084
● Phone calls (doctor): 0.334, 0.464,

0.448

● Hospital days: 0.010, 0, 0.007
● Unplanned/ER visits: 0.295, 0.346,

FOR:

asthma-related costs

P=0.776

+ R) minus BUD/FOR: –228;

FOR: 137; P=0.855 UD/FOR (M

BUD/FOR (M + R) minus BUD +

BUD + FOR: 8255

BUD/FOR (M + R): 8391

BUD/FOR: 8620

● Total costs (SEK):

FOR: 1107; P=0.094

BUD/FOR (M + R) minus BUD/

FOR: 932; P=0.209

BUD/FOR (M + R) minus BUD +

BUD + FOR: 2241

BUD/FOR (M + R): 3173

BUD/FOR: 2066

● Indirect costs (SEK):

FOR: –1336; P<0.001

BUD/FOR (M + R) minus BUD/

FOR: –796; P<0.001

BUD/FOR (M + R) minus BUD +

BUD + FOR: 6014

BUD/FOR (M + R): 5218

BUD/FOR: 6554

● Total direct costs (SEK):

(P=0.043)

SEK 10,299, 12,183, –1884

● Total costs (direct and indirect):

(P=0.69)

Phone calls: 0.71, 0.78, –0.07

to illness): SEK 1384, 1673, –289

House calls: 0.18, 0.26, –0.08

● Indirect costs (work absence due

10,510, –1595 (P<0.0004)

● Total direct costs: SEK 8915,

BUD/FOR, BUD + FOR, difference:

Results

Nurse visits: 0.22, 0.13, 0.09

PPPY direct and indirect

(difference)

ER visits: 0.1, 0.34, –0.24
Doctor visits: 0.27, 0.42, –0.15
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Direct and indirect

Days off work: 1.14, 1.37, –0.23

BUD/FOR, BUD/FOR (M + R), BUD +

●
●
●
●
●
●
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FOR 160/9 μg: 0.17 (95% CI: –0.23,
0.56)

RCT: double-blind, 6
months

1704

BUD/FOR (320/9 μg)

vs BUD/FOR (160/9

μg) vs BUD + FOR

Netherlands, Poland, and

South Africa]

13 (13.3%) versus 2 (2.1%)

2.2 ± 8.4 versus 1.0 ± 2.6

Mean (SD) ICU LoS, days

FOR: 0.04 (95% CI: –0.43, 0.35)

● BUD/FOR 160/9 μg minus BUD +

● BUD/FOR 320/9 μg minus BUD/

NR

study period

costs per patient during

COPD-related direct

Median total annual

NR

NR

NR

FP + SAL: €872

FP/SAL: €831

NR

NR

Abbreviations: ALB, albuterol; ANOVA, analysis of variance; BDP, beclomethasone dipropionate; BUD, budesonide; Can, Canadian; CE, cost-effectiveness; CI, conﬁdence interval; COPD, chronic obstructive pulmonary disease; ER,
emergency room; FOR, formoterol; FP, ﬂuticasone propionate; GLY, glycopyrronium; HR, hazard ratio; HRU, healthcare resource utilization; ICER, incremental cost-effectiveness ratio; ICS, inhaled corticosteroid; ICU, intensive care unit;
IND, indacaterol; IP, inpatient; IPR, ipratropium; IRR, incidence rate ratio; LABA, long-acting β2-agonist; LoS, length of stay; LS, least-squares; M + R, maintenance and reliever; MC, multicenter; MDI, metered-dose inhaler; med,
medication; NR, not reported; NS, not signiﬁcant; OCS, oral corticosteroid; OP, outpatient; OR, odds ratio; PCP, primary care physician; PPPM, per patient per month; PPPY, per patient per year; PTI, practice team information; RCT,
randomized controlled trial; RR, relative risk; SABA, short-acting β2-agonist; SAL, salmeterol; SD, standard deviation; SEK, Swedish Krona.

per day)

LS mean difference:

21.9 ± 23.1 versus 18.1 ± 18.0

Mean (SD) hospital LoS, days

Rescue medicine use (inhalations

23.4% versus 17.1%

Hospitalized for any reason (%)

physician
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n (%) home visits by an emergency

Tashkin, 200841 [MC: US,
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label, parallel-group,
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study

+ ALB

mean inhalations

Differences ranged from –0.1 to 0.2

213

controlled, parallel-group

IPR/ALB-MDI vs IPR

medicine used during 48-week study

Mean number inhalations of rescue

0.35, 0.28)

LS mean difference = –0.04 (95% CI: –

[Germany]

open-label, active-

Rescue medicine use

Hagedorn, 201331

RCT: Phase III, 3-therapy,

465

IPR/ALB-Respimat vs

design

GLY

Ferguson, 201332 [US]
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RCT: double-blind, active-

193

Dahl, 201340 [MC -

COPD: RCTs (n=4)
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OR=1.7 for 2005–2006, P=0.005).34 Another observational
study in asthma (n=5118) found that patients using single
inhalers had less SABA use over the year versus multipleinhaler users, but statistical differences were not assessed.19
None of the COPD non-randomized studies reported differences in SABA use between groups.
Use of Oral Corticosteroids/Controller Therapies
A US asthma study (n=2426) found a lower likelihood of
ﬁlling an OCS prescription for FP/SAL compared with
BDP + SAL (35.8% versus 38.0%; OR=0.801 [95% CI:
0.662, 0.970]; P=0.023).21 The authors also reported
a higher usage of daily doses of ≥400 μg of ICS (32.0%
versus 10.0%; P<0.001).

Evidence from Clinical Trials
Asthma RCTs that tested exacerbation-related endpoints statistically did not identify any differences between single and
multiple inhalers (see Supplementary Table 1).19,35,42–45 Of the
four RCTs in COPD patients, one, which compared IPR/ALBmetered-dose inhaler, IPR/ALB-Respimat, and IPR + ALB
(n=465), found that the time to ﬁrst exacerbation did not differ
signiﬁcantly between groups.32 Another study (n=213) found
that single-inhaler FP/SAL was similar to the equivalent separate inhalers based on annual exacerbation rates.31
Regarding HRU and costs, among asthma studies, four
clinical studies investigated HRU, speciﬁcally direct and
indirect costs,35,37 and rescue medication use27,36 (Table 2).
In two studies (n=1776 and n=321) it was found that direct
costs were signiﬁcantly lower (P<0.001) with single-inhaler
treatment versus separate inhalers, although there were no
statistically signiﬁcant changes reported in HRU.35,37 No
signiﬁcant differences between single- or multiple-inhaler
therapy were reported for rescue medication use in studies
performed in the US (n=596) and in Europe (n=362).27,36
One prospective, open-label, COPD RCT (n=213) also
reported HRU and described more days in hospital (21.9 ±
23.1 versus 18.1 ± 18.0) and the intensive care unit (2.2 ±
8.4 versus 1.0 ± 2.6), and higher percentage of patients
hospitalized (23% versus 17%), with FP/SAL singleinhaler treatment compared with multiple inhalers.31
Three COPD RCTs (participant range, n=193 to n=1704)
also reported small numerical differences in rescue medication use.32,40,41

Cost and Cost-Effectiveness
Data on cost and cost-effectiveness of single versus multiple
inhalers were reported in observational studies and RCTs in
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asthma (n=1 and n=2, respectively) and COPD (n=4 and
n=1, respectively). Costs reported include direct costs (drug
and medical costs) as well as indirect costs (eg, ER costs).

Evidence from Non-Randomized Studies
One asthma study reported the cost-effectiveness of singleversus multiple-inhaler therapies via a retrospective
health-economic evaluation,33 and four observational studies in COPD reported costs with a retrospective cohort
design using various claims databases.29,30,38,39
Brüggenjürgen et al33 (2010) conducted a costminimization analysis of BDP/FOR versus BDP + FOR in
separate inhalers (n=645) and found that the combination
therapy showed reduced drug costs (€272 versus €353) and
total medical costs (€525 versus €637), with an incremental
cost-effectiveness ratio of –€9.77 per additional day free of
asthma symptoms in favor of BDP/FOR, based on the
percentage of patients hospitalized due to severe exacerbations. Two retrospective studies of IPR/ALB in COPD
(n=1086 and n=1052) reported that single inhalers were
associated with a lower mean drug cost when compared
with multiple inhalers ($215 versus $261 and $217.59 versus $375.49, respectively).29,39 Statistically signiﬁcant differences were found for ER costs (–$16.18; P=0.03) in
favor of IPR/ALB versus IPR + ALB in a third study
(n=1531).30 Lastly, in a COPD study comparing singleinhaler users of ICS/LABA versus multiple-inhaler users
(n=23,494), the total medical costs ($779 ± $2878 versus
$1251 ± $4034; adjusted cost difference $520; P<0.0001),
total pharmacy costs ($782 ± $756 versus $1749 ± $1033;
$976; P<0.0001), and total healthcare costs ($1560 ± $3012
versus $3000 ± $4229; $1516; P<0.0001) were all in favor
of the single inhaler.38

Evidence from Clinical Trials
Two asthma clinical studies reported the cost and/or costeffectiveness of single- versus multiple-inhaler therapies
with a health-economic evaluation,35,37 and one COPD
study reported cost and cost-effectiveness via a healtheconomic evaluation of a RCT.31
The two open-label asthma studies (n=1776 and n=321)
conducted prospective health-economic analyses of BUD/
FOR and BUD + FOR.35,37 Rosenhall et al37 (2003) reported
that, when comparing single- to multiple-inhaler therapy, there
was a statistically signiﬁcant decrease in direct cost difference
(Swedish Krona [SEK] –1595; P=0.0004) and total costs
(SEK –1884; P=0.043), but not for indirect costs alone
(SEK –289; P=0.69). Stallberg et al35 (2008) reported
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a statistically signiﬁcant difference in total direct costs (SEK –
796; P<0.001) for the single inhaler versus multiple inhalers.
No difference was found for indirect costs (P=0.209) or total
costs (P=0.855). Hagedorn et al31 (2013) reported COPDrelated direct costs (n=213) and found that there was no
difference between FP/SAL and FP + SAL (€831 versus
€872, respectively).

Lung Function and Health-Related Quality
of Life
Comparisons of symptoms and HRQoL in patients using
single-inhaler versus multiple-inhaler therapy were reported
in observational studies and randomized and real-world clinical trials in asthma (n=3, n=18, and n=1, respectively) and
RCTs in COPD (n=4; see Supplementary Table 1). The
Asthma Control Questionnaire (ACQ) or the Asthma
Quality of Life Questionnaire (AQLQ) were used as evaluation tools in many of the included RCTs.25–28,36,37,42–49

Evidence from Non-Randomized Studies
Of the three prospective studies that looked at symptoms
or HRQoL in asthma, two showed no differences between
single versus multiple inhalers and one found signiﬁcantly
fewer symptoms.50
None of the retrospective observational studies in asthma
and COPD comparing single- and multiple-inhaler therapy
examined lung function. One prospective observational
study in asthma (n=27) found that change from baseline in
forced expiratory volume in 1 second (FEV1; mL) at 60 mins
post-inhalation was signiﬁcantly enhanced in those who used
a single inhaler versus those using multiple inhalers (0.33 ±
0.23 versus 0.20 ± 0.16; P=0.02).50

Evidence from Clinical Trials
Of the 18 asthma and four COPD clinical studies that
looked at different aspects of disease symptoms and
HRQoL, including asthma symptom score, AQLQ, ACQ,
and day- and night-time symptoms, only one double-blind
RCT in asthma tested and found any statistically signiﬁcant
differences in a PRO endpoint, where the number of symptom-free days was statistically lower in patients treated with
single-inhaler BDP/FOR compared with separate inhalers.44
For efﬁcacy comparisons based on lung function, many
of the asthma RCTs reported testing a non-inferiority
hypothesis (n=3) or showing equivalence (n=5). In others,
non-inferiority or equivalence margins were not deﬁned
(n=9), but results showed that the two treatment arms were
comparable. Equivalence and non-inferiority were shown
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for FP/SAL,25,46,47,51 FP/FOR,42,43 BDP/FOR,44 and BDP/
ALB,49 while comparable efﬁcacy was shown for FP/
SAL,26 BDP/FOR,52 IPR/SAL,50 FP/FOR,53 and BUD/
FOR27,28,37,45,48,54 when comparing single-inhaler and
equivalent multiple-inhaler therapies. Likewise, asthma
RCTs that tested exacerbation-related endpoints statistically did not show any differences between single and
multiple inhalers (see Supplementary Table 1).19,35,42–45
Of the four RCTs in COPD patients, one (n=1704) found
that single-inhaler BUD/FOR provided signiﬁcantly
greater efﬁcacy when compared with the equivalent separate inhalers for improving lung function at 6 months.41
The second (n=193) was designed to test a non-inferiority
hypothesis and found that indacaterol [IND]/glycopyrronium [GLY] in a single inhaler was as effective as two
separate inhalers at 4 weeks, based on a primary outcome
of trough FEV1.40 The other two studies (n=213 and
n=465) reported comparable efﬁcacy for single- and multiple-inhaler FP/SAL and IPR/ALB,31,32 although no noninferiority or equivalence hypotheses were tested.

Safety Results (All Studies)
Of the studies listed in Supplementary Table 1, 13 clinical
studies in asthma25,27,28,35,37,42–49 and four clinical studies
in COPD31,32,40,41 reported descriptive rates of AEs, but
did not test for signiﬁcance statistically between single and
multiple inhalers.

Risk of Bias
Among the interventional studies, most of those that had
a double-blind design were considered to be associated
with the least risk of bias (selection, performance, attrition,
and detection bias).25,27,40–42,44–49,51 Seven studies with an
open-label design,28,31,32,37,43,52,54 and one double-blind
study where the blinding method was not reported,26
were considered to be associated with a greater risk for
bias. Most of the observational studies included within this
systematic literature review were rated as having a greater
risk of bias because of factors inherent in such analyses,
such as non-random treatment assignment, potential for
incomplete data, inability to determine disease severity
from claims data, or possible imbalances in groups due
to matching techniques used in database analyses.

Discussion
This systematic literature review focusing on single-inhaler
therapy in the treatment of asthma and COPD sought to
include a wide range of studies that compared single-
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inhaler dual therapies with multiple inhalers containing the
same drugs. Studies identiﬁed in the literature included both
observational and clinical interventional studies. In addition
to clinical efﬁcacy outcomes, patient adherence (including
compliance and persistence) to therapy is of particular interest because of the potential for improvement if the singleinhaler therapy is easier for patients to use correctly. For the
purpose of this review, several measures were considered
relevant for the adherence outcome, such as medication
usage (including self-reported), prescription/reﬁll rates,
MPR, treatment days, treatment interruptions, and residual
treatment. The majority of studies tested for differences in
adherence rates statistically, including log-rank, regression,
analysis of variance (ANOVA), or multivariate modeling
techniques – except in a single clinical study in asthma25
and two clinical studies in COPD,31,32 which presented
descriptive results only. While adherence rates in retrospective observational studies in asthma and COPD were often
statistically signiﬁcantly17–19,21–23,30 or numerically29 better
in patients using a single inhaler compared with those using
multiple inhalers, rates were comparable in one case.20
Similarly, while adherence rates in RCTs in asthma and
COPD were, as expected, generally high, particularly when
compared with those reported in observational studies, discrepancies were apparent when differences were tested statistically, with either no difference26 or signiﬁcance favoring
single-inhaler therapy reported.28,32 This may be partly
explained by the broad range of outcomes that was used to
measure adherence in these studies, particularly as all six
retrospective observational studies in asthma consistently
reported enhanced rates with single-inhaler therapy when
recording prescription/reﬁll rates as the outcome measure.
The lack of difference between single- and multiple-inhaler
therapy seen in the majority of clinical studies may be
explained by the fact that RCTs do not generally replicate
treatment patterns occurring in a real-world setting, and that
more frequent study visits are often required, providing
opportunities to reinforce adherence and inhaler technique.
In addition, although treatment adherence was investigated in
many of the studies, none investigated inhaler technique or
inhaler errors directly.
Due to the negative impact of asthma and COPD
symptoms and associated reduction in HRQoL, they are
often utilized as clinical trial endpoints. However, with the
exception of symptom-free days in one asthma RCT,44
RCTs that measured symptom scores or HRQoL showed
no differences between treatment with single- or multiple-
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inhaler therapy, either statistically27,28,37,40–43,47–49 or
numerically.26,31
Economic and HRU analyses conducted in observational
studies showed either statistically signiﬁcant19,21,23,29,30,34,38
or numerical40 advantages for single-inhaler therapy, and savings were shown in HRU, including lower rates of ER visits
and hospitalizations when compared with separate inhalers.
The costs of asthma or COPD medication and other medical
services were also lower with single inhalers compared with
multiple inhalers,39 the majority statistically signiﬁcantly
so.23,35–37 Cost considerations such as these are expected to
be increasingly important to healthcare systems as the prevalence of COPD and consequent demands on healthcare
resources are predicted to reach a peak in the near future.55
Single-inhaler therapy was also associated with less use of
rescue medication, which may be indicative of superior symptom control, as demonstrated in asthma.18,19,21,23,34,36
No differences were found for lung function or exacerbation outcomes in asthma or COPD RCTs, possibly
because most of the studies were directed at establishing
non-inferiority of the single-inhaler therapy. However,
several observational studies in asthma and COPD that
recorded healthcare events consistent with exacerbations,
such as ER visits and hospitalization, reported statistically
signiﬁcantly greater reductions in these events with singleinhaler treatment compared with the use of equivalent
multiple inhalers.19,29,38 Clinical RCTs in asthma and
COPD that compared lung function with single inhalers
with multiple inhalers met prespeciﬁed endpoints (peak
expiratory ﬂow or FEV1) for demonstrating either noninferiority or equivalence. Safety results as described in
the published RCTs did not show any apparent differences
between the single-inhaler and multiple-inhaler treatments.
Therefore, it can be concluded that for both asthma and
COPD, single inhalers are at least comparable in efﬁcacy
to multiple devices and without any additional safety
concerns.
This systematic review revealed some gaps in studies
conducted with single inhalers. For example, RCTs in this
study, as expected, tended to focus on demonstrating
equivalence or non-inferiority, and, given the wellcontrolled trial setting and high compliance and adherence
rates typically seen in RCTs,25–27 observed no difference
in treatment effects when comparing the same drugs in
a single device or multiple devices. Real-world evidence
may provide a better guide to how single combined inhalers may result in better outcomes, due to factors such as
simplicity and reduced number of inhalers, which is
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especially helpful for patients with multiple comorbidities
and polypharmacy. Furthermore, no studies comparing
single and multiple inhalers for inhalation technique and
errors in use were identiﬁed for inclusion in this review. It
must also be noted that the delivery devices used for
single- and multiple-inhaler therapy were not identiﬁed
for the purpose of this review. Another particularly noticeable gap in the literature was the lack of studies that
focused on caregivers, which is especially relevant for
patients with COPD and pediatric asthmatics.
Additionally, as noted above, the lack of PROs in the
claims data source limits the types of outcomes that can
be feasibly evaluated and hinders the assessment of this
important aspect of disease management. None of the
retrospective observational studies reported HRQoL or
symptom scores, as these studies relied mainly on administrative claims as the source of data, which rarely capture
PRO endpoints. This highlights an area for future research,
given the importance of analyzing patient-relevant realworld beneﬁts of therapies. Another potential area for
future research would be to include patient satisfaction as
an outcome which, although out of scope for the current
study, may provide further insight into the beneﬁts of
SITT. All literature reviews are limited by publication
bias in the available literature, in that studies with signiﬁcant ﬁndings are more likely to be reported. Coverage may
be incomplete because articles covered in this review are
all English language and the search was limited to journal
articles published since 1996 and congress abstracts published since 2013. The last database search was carried out
in 2016; therefore, it may be beneﬁcial for a more recent
systematic search of the literature to be performed to
ensure that no relevant articles are omitted. Addressing
all these gaps would provide a more complete view of
real-world patient experience and/or behavior as applied to
the comparison of single-inhaler and multiple-inhaler
treatments.
As expected, this systematic review found that there are
clear differences between RCTs and observational studies in
terms of outcome measures and results, and that RCTs may
not provide the best evidence, as they are often short term
and restricted by a controlled environment. For example,
the adherence rates in RCTs reported in this study are
unlikely to reﬂect those observed in the real world.
Substantial differences that favored single-inhaler therapy
were noted in terms of direct and indirect costs (in analyses
that included and excluded the cost of medications) and
HRU, in large observational cohorts of around 5000 asthma
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patients21,23 and over 5 years in 23,494 patients with COPD
in the US.38 Depending on the measure of adherence used,
differences were observed, with rates based on prescription
and reﬁll rates favoring single-inhaler therapy, compared
with rates based on MPRs and dispensed doses, which
were generally comparable. Retrospective and prospective
studies showed that using a single inhaler was associated
with decreased HRU and improved cost-effectiveness compared with multiple inhalers. However, lung function with
a single inhaler versus multiple inhalers was generally
comparable. The lack of consistent results between observational and clinical studies was most likely due to differences
in study design.

Conclusions
Retrospective and prospective studies showed that singleinhaler use was associated with decreased healthcare
resource utilization and improved cost-effectiveness compared with multiple inhalers. Lung function and exacerbation
rates were mostly comparable depending on study design and
duration of follow-up. Several observational studies in
asthma and COPD reported signiﬁcantly greater reductions
in events consistent with exacerbations with single-inhaler
treatment. Overall, due to the lack of long-term data and the
difﬁculty in comparing outcomes due to differences in outcome deﬁnitions and study designs, robust conclusions
regarding the differences between single- and multipleinhaler users cannot be made. Although substantial descriptive data allow us to make some general conclusions about
the beneﬁts of single-inhaler therapy, many lack the clarity
provided by statistical comparisons. However, evidence from
non-randomized studies was largely consistent, in terms of
showing beneﬁts for single-inhaler users compared with
multiple-inhaler users receiving the same medication.
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