Extra-fine inhaled corticosteroids are better for asthma control: A systematic
review and meta-analysis of observational real-life studies
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Abstract:

Background: The particle size of inhaled corticosteroids (ICS) may affect airway
drug deposition and effectiveness.

Objective: To compare the effectiveness of extra-fine ICS [mass median
aerodynamic diameter<2 µm) vs. fine-particle ICS administered as ICS monotherapy
or ICS-long acting β-agonist combination therapy by conducting a meta-analysis of
observational real-life asthma studies in order to estimate the treatment effect of
extra-fine ICS.

Methods: MEDLINE and EMBASE databases were reviewed for asthma
observational comparative effectiveness studies from Jan 2004-June 2016. Studies
were included if they reported odds and relative risk ratios and met all inclusion
criteria (REG/EAACI quality standards, comparison of extra-fine ICS with same or
different

ICS

molecule,

≥12m

follow-up).

Endpoint

data

(asthma

control,

exacerbations, prescribed ICS dose) were pooled. Random effects meta-analysis
modelling was used. The study protocol is published in the PROSPERO register
CRD42016039137.

Results: Seven studies with 33,453 subjects aged 5-80 years met eligibility criteria
for inclusion. Six studies used extra-fine beclometasone propionate (efBDP) and one
study both efBDP and extra-fine ciclesonide as comparators with fine-particle ICS.
The overall odds of achieving asthma control were significantly higher for extra-fine
ICS compared with fine-particle ICS (OR [95% CI]) 1.34 (1.22, 1.46). Overall
exacerbation rate ratios (95% CI) 0.84 (0.73, 0.97) and ICS dose (weighted mean
difference, 95% CI) -170 mcg (-222 mcg, -118 mcg), were significantly lower for
extra-fine ICS compared to fine-particle ICS.

Conclusions: This meta-analysis demonstrates that ef-ICS have significantly higher
odds of achieving asthma control with lower exacerbation rates at significantly lower
prescribed doses than fine-particle ICS.
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Key Messages:


Extra-fine particle ICS are better than fine-particle ICS for achieving asthma
control with lower exacerbation rates at significantly lower prescribed ICS doses



Physicians should

consider the potential benefits of prescribing extra-fine

formulations of ICS to asthmatics

Capsule Summary:
This meta-analysis demonstrates that extra-fine particle ICS are better than fineparticle ICS for achieving asthma control with lower exacerbation rates at
significantly lower prescribed ICS doses. This study is representative of real-life
effectiveness of extra-fine ICS in asthmatics.

Key Words:
Asthma control; conventional ICS; extra-fine beclomethasone dipropionate; extrafine ciclesonide; extra-fine particle ICS; fine-particle ICS; inhaled corticosteroids;
observational studies; real-life

Abbreviations:
ef: extra-fine
BDP: beclmetasone dipropionate
BUD: budesonide
CFC: chlorofluorocarbon
CIC: ciclesonide
FLU: fluticasone propionate
HFA: hydrofluoroalkane
ICS: inhaled corticosteroids
LABA: long acting β-agonist
pMDI: pressurised metered-dose inhaler
RCT: randomised controlled trial
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Introduction:
Several hydrofluoroalkane (HFA) propellant formulations of inhaled corticosteroids
(ICS) have been developed in response to the required phasing out of ozonedepleting chlorofluorocarbon (CFC) propellants. Some HFA products are formulated
with the same particle size and administered at the same dose as the original CFC
product with a mass median aerodynamic diameter (MMAD) of 2-4 microns, but
some formulations have been produced with a particle MMAD of 1.1 microns
resulting in extra-fine particle HFA ICS (extra-fine ICS).(1-4) Two such ICS currently
available are extra-fine HFA-beclometasone dipropionate (efBDP) and extra-fine
HFA-ciclesonide (efCIC),(5) and the only extra-fine ICS/LABA (long acting β-agonist)
combination available is efBDP-formoterol (efBDP-FOR).(6)

ICS are effective anti-inflammatory agents for asthma therapy that work at the site of
deposition in the lung.(7) As airway inflammation in asthma involves both large and
small airways,(8-11) increasing the total lung deposition of an ICS, as well as its
deposition throughout large and small airways, could improve the anti-inflammatory
effect of ICS and thus improve asthma outcomes. Apart from the smaller size which
increases airway deposition, extra-fine ICS when administered by pressurised
metered-dose inhaler (pMDI) are purported to have a softer spray, warmer spray
temperature, and longer spray duration than traditional, larger-particle CFC
pMDIs.(3;12) These characteristics result in increased total and peripheral lung
deposition and decreased oropharyngeal deposition of extra-fine ICS compared to
conventional ICS.(4;11-14) The importance of this for asthma treatment in clinical
practice is unclear; however given the evidence of persistent small airways
dysfunction in a large proportion of asthmatics on conventional ICS, a cohort of
asthmatics may benefit from better peripheral deposition of extra-fine ICS.(10;12;15-17)

Randomised controlled trials (RCTs) comparing the short-term efficacy of efBDP and
efCIC to that of conventional ICS found that the extra-fine formulation offered
equivalent efficacy when administered at half the dose of conventional ICS. (18-21)
Indeed, a rigorous dose response study has confirmed that efBDP provides
significantly greater effects on lung function than comparable doses of CFC-BDP(22)
and the improvements in asthma symptoms and quality of life recorded in 6- and 125

month RCTs although not statistically significant tended to be better with efBDP than
CFC-BDP at twice the dose,(23-25) suggesting that there may be clinically meaningful
differences between the extra-fine particle and larger particle formulations.

Equivalent, or better, effectiveness outcomes (at appreciably lower doses) with
efBDP and efCIC administered as ICS monotherapy or ICS-LABA combination
therapy compared with larger particle ICS have been reported in observational
asthma studies across all age groups.(26-32) However, these studies were performed
in different databases and patient populations, with some variations in endpoints,
analytic strategies (e.g., regarding matching and adjustment processes) and
magnitude as well as statistical significance of observed differences. Therefore, we
aimed to perform a meta-analysis of their results to assess the overall effectiveness
of extra-fine particle HFA ICS compared to fine-particle ICS in real-life patients with
asthma, and to examine the degree of heterogeneity of study results.

Methods:
Literature search: Published studies limited to the English language indexed in the
PubMed and Embase databases from January 2004 to June 2016 were searched.
The search terms were compiled from terms for asthma and inhaled corticosteroids
in conjunction with the terms for observational studies suggested by Furlan et al, (33)
(the search terms and algorithms used for the review of the literature can be
accessed in the online supplement). A manual search of references cited in selected
retrieved articles was also performed. This meta-analysis was planned, conducted
and reported in adherence with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.(34) The study protocol is
published in the PROSPERO register CRD42016039137.

Eligibility Criteria
Studies were included in the data analysis if they met the following criteria: (1)
studies had to be observational (case-control or cohort studies) and (2) the authors
provided relative risk (RR) or odds ratios (OR) with 95% confidence intervals (CI) for
asthma control measures and exacerbation rates for fine-particle and extra-fine
particle ICS. Published articles were excluded according to the following criteria: (1)
6

the study was a conference proceeding and or abstract only and (2) the study was
not an observational study including literature review, clinical trial, case study and/or
cross-sectional survey. Once eligible papers had been identified (i.e. selected using
the search terms and following application of the exclusion criteria, detailed above),
they were further screened to ensure they addressed the PICOT format(35) question
detailed below:
Population (P) - Asthmatics of all ages prescribed regular maintenance ICS
Intervention (I) - Effectiveness of fine vs. extra-fine size ICS particles in maintaining
asthma control
Comparison (C) - Comparison of outcomes between groups using the same or
different molecules administered as extra-fine or fine-particle. Mean prescribed drug
doses were calculated in terms of nominal dose (i.e. the dose indicated on the
product label).
Outcomes (O) - The primary measure of asthma control was a composite measure
defined as (i) no recorded hospital attendance for asthma (including admission or
emergency department visit, out of hours, or outpatient attendance); (ii) no
prescription for oral corticosteroid and (iii) no consultation, hospital admission or
emergency department attendance for lower respiratory tract infection requiring
antibiotics. The secondary composite measure where available was asthma control
plus short acting β- agonist use which included an average prescribed daily dose of
salbutamol of 200 mcg or less or terbutaline 500 mcg

or less. Severe asthma

exacerbation was defined as a course of oral corticosteroids, hospital admission, or
emergency hospital attendance for asthma.
Time (T) - 12 months

Data Extraction and quality assessment:
The quality of each study was independently determined by two Respiratory
Effectiveness Group (REG) taskforce members or collaborators using the quality
criteria for observational database comparative studies developed by the REG in
collaboration with the European Academy of Allergy and Clinical Immunology.(36) A
paper had to be assessed by two raters as having fulfilled all of the primary quality
criteria pre-specified by the REG taskforce,(36) to be considered of sufficient quality to
be included in the meta-analysis. The tool includes seven key quality domains (i.e.
7

background, design, measures, analysis, results, description, conflict of interests)
and a number of primary (mandatory) and supporting (recommended, but optional)
quality criteria.(36) If both raters felt that at least one of the primary criteria was not
fulfilled, the paper was not considered to be of sufficient quality to be included in the
meta-analysis. A difference in opinion between two raters resulted in a third rater
being assigned to offer an adjudicating assessment. In instances where a paper was
assessed by three raters, the majority assessment (2:1) was taken to be the overall
assessment. Two authors extracted the following information from each included
study: first author’s name, year of publication, study design, sample size, study
population, names of evaluated ICS, duration of follow-up, endpoints, effect
estimates with 95% confidence intervals (CI). Any discrepancy was resolved by
referring back to the original study.

Statistical analysis:
All effect estimates and 95% confidence intervals were pooled into three outcomes:
asthma control, exacerbations, and ICS dosing. Rate ratios (RR) and odds ratios
(OR) were log transformed prior to analysis. We used Stata’s metan command to
estimate random-effects models for each outcome,(37) incorporating an estimate of
between-study variation in the weighting using the default DerSimonian & Laird
method.(38) Statistical heterogeneity was assessed using I2 statistic, the percentage
variation attributable to heterogeneity with larger values indicating greater
heterogeneity. The potential for publication bias was assessed using funnel plots and
formal tests for asthma control and exacerbation outcomes. Studies lying outside the
region of the 95% limit in the funnel plot indicate heterogeneity while asymmetry
indicates publication bias. Final effect estimates and 95% confidence intervals for
extra-fine vs. fine-particle ICS are reported as odds ratios for asthma control, rate
ratios for exacerbations and mean difference in ICS dosing expressed as
beclometasone dipropionate equivalent. All statistical analyses were conducted with
Stata (version 14; StataCorp, College Station, TX, USA). Statistical analysis and
results for the whole group are presented in the main text and subgroup analysis
which includes analysis of adult studies only and separate analysis for initiation
(those who received a first prescription for an ICS) and step-up (those who received
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their first increase in dose of ICS either as fine-particle ICS or ef-particle ICS)
cohorts are presented in the online supplement.

Results: Seven studies

(26;27;31;32;39-41)

with 33,453 subjects aged 5-80 years met all

eligibility criteria and were included in this meta-analysis. Six studies used
efBDP(26;27;32;39-41) and one study both efBDP and efCIC(31) as comparators with fineparticle ICS (either fluticasone propionate, budesonide or BDP). Five studies used
ICS monotherapy(26;27;31;40;41) and two studies used ICS-LABA combination
therapy.(32;42) Detailed study procedure and flow of literature search is shown in
Figure 1. The characteristics of the included studies are summarised in Table 1. Six
were database studies(26;27;31;39-41) and one was an observational prospective cohort
study.(32)
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1

Pooled estimates for measures of asthma control:

2

The overall (ICS monotherapy and ICS-LABA combination therapy inclusive) odds

3

for achieving asthma control were significantly higher for extra-fine ICS compared

4

with fine-particle ICS, OR (95% CI) 1.34 (1.22, 1.46), p<0.0001 with considerable

5

heterogeneity (I2 = 74%, p<0.0001) (Figure 2).

6

The odds for achieving asthma control were significantly higher for extra-fine ICS

7

compared with fine-particle ICS for both ICS monotherapy OR (95% CI) 1.33 (1.20,

8

1.48), p<0.0001 with considerable heterogeneity (I2 = 79%; p<0.0001) and ICS-

9

LABA combination therapy, 1.36 (1.20, 1.55), p<0.0001 with no heterogeneity (I2 =

10

0.0%, p=0.646), respectively (Figure 2).

11

Pooled estimates for asthma control were similar to the above results when only

12

adult studies were included (please refer online supplement for details, Figure E1).

13
14

Pooled estimates for measures of exacerbation:

15

The overall (ICS monotherapy and ICS-LABA combination therapy inclusive)

16

exacerbation rate ratios were significantly lower for extra-fine ICS compared with

17

fine-particle ICS, RR (95% CI) 0.84 (0.73, 0.97), p=0.016 with considerable

18

heterogeneity (I2 = 73%, p<0.0001) (Figure 3).

19

The exacerbation rate ratios were significantly lower for extra-fine ICS compared

20

with fine-particle ICS for ICS monotherapy RR (95% CI) 0.82 (0.70, 0.96) p=0.011

21

with considerable heterogeneity (I2 = 76%, p<0.0001). This could not be assessed

22

for combination therapy as only one study was available (Figure 3).

23

When only adult studies were included, pooled estimates for exacerbation rate ratios

24

did not differ between fine-particle ICS and extra-fine ICS (please refer online

25

supplement for details, Figure E2).

26
27

Pooled mean difference in ICS dosing:

28

Overall, extra-fine ICS were prescribed at a significantly lower prescribed dose than

29

fine-particle ICS mean (SD) 256mcg (116 mcg) vs. 428mcg (237 mcg). The pooled

30

weighted mean difference (WMD) (95% CI) between extra-fine ICS and fine-particle

31

ICS was

-170 mcg ( -222 mcg, -118 mcg), , p<0.0001, with considerable

32

heterogeneity (I2 = 99.4%, p<0.0001), in favour of extra-fine ICS.

33

The pooled WMD (95% CI) between extra-fine ICS and fine-particle ICS for ICS

34

monotherapy was -87 mcg (-132 mcg, 42 mcg) p<0.0001 with considerable

35

heterogeneity (I2 = 99.3%, p<0.0001) and for ICS-LABA combination therapy -257

36

mcg (-389 mcg, -125 mcg), p<0.0001 with considerable heterogeneity (I2 = 98.6%,

37

p<0.0001), in favour of extra-fine ICS, respectively.

38
39

Heterogeneity and publication bias

40

The I2 for asthma control and exacerbations was 74% and 73%, respectively with by

41

far the most heterogeneity among the ICS monotherapy groups for both outcomes.

42

Funnel plots for measures of asthma control and exacerbation rates

43

asymmetry with smaller studies (i.e., studies with larger standard errors) having

44

more beneficial effects (larger ORs for asthma control, lower RRs for exacerbations).

45

A small-study Begg rank correlation test(43) was performed and for both outcomes

46

the

47

(p<0.10). Additionally, the funnel plots indicated some level of asymmetry. Therefore,

48

as a sensitivity analysis we performed the non-parametric “trim and fill” method

49

proposed by Duval and Tweedie to calculate overall adjusted intervention effects

50

based on a symmetric funnel plot.(44;45) Results from the “trim and fill” method stayed

51

statistically significant with higher odds of achieving asthma control for extra-fine ICS

52

compared with fine-particle, and significantly lower rate ratios for exacerbation rates

53

for extra-fine ICS compared with fine-particle ICS.

null

hypothesis

of

no

small-study effects

was

rejected

or

indicated

trending

54
55

Sub-group analysis:

56

This was undertaken separately in the initiation and step-up cohorts for all outcome

57

measures. Extra-fine particle ICS demonstrated significantly higher odds for

58

achieving asthma control compared with fine-particle ICS in both the initiation and

59

step-up cohorts. Lower exacerbation rate ratios were seen with extra-fine particle

60

ICS compared with fine-particle ICS in the initiation cohort but not in the step-up

61

cohort

(please

refer

online

supplement

for

details,

Figures

E3-E6).
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62

Discussion:

63

We found that extra-fine particle ICS have significantly higher odds of achieving

64

asthma control, with lower exacerbation rates at significantly lower prescribed doses

65

in this meta-analysis of real-life studies comparing the effectiveness of extra-fine

66

particle ICS and fine-particle ICS.

67

These findings are clinically important since in real life asthma control still remains

68

poor in a significant proportion of patients despite available therapies. (46) There

69

continues to be an unmet need for patients taking ICS monotherapy at step-2 and

70

those taking ICS-LABA combination at step 3 or 4 of current asthma guidelines. (47-50)

71

Several factors contribute to poor levels of asthma control, including comorbid

72

disease and environmental exposures, but the dysfunction of the small peripheral

73

airways (<2 mm in diameter) is gaining greater recognition with regard to their

74

involvement in the disease process of persistent asthma across all severities. (50-53)

75

Extra-fine ICS by treating small airways dysfunction and inflammation more

76

effectively, may achieve greater asthma control and reduced risk of acute

77

exacerbations.(54)

78
79

Subgroup analysis in adult studies, initiation and step-up cohorts also showed similar

80

results except for exacerbation rate ratios in the adult only studies and in the step-

81

cohort cohort where no difference was noted between the fine-particle ICS and

82

extra-fine ICS groups. This perhaps is due to the lower number of studies and

83

subjects in the step-up cohort.

84
85

Of clinical importance is the finding that better asthma control was achieved with

86

significantly lower prescribed ICS doses, i.e. with lower overall ICS exposure for the

87

patient. efBDP is licensed to be prescribed at half the dose of conventional BDP

88

formulations.(1) The amount of ICS depositing in the lungs determines the clinical

89

efficacy and for ICS the dose-response reaches a plateau around 800-1000 mcg

90

BDP equivalent, beyond which increasing the ICS dose does not improve lung

91

function or reduce symptoms.(55) The increased dose can potentially result in

92

increased systemic adverse effects due to an increase in the oral and pulmonary

93

bioavailability. Lower dosing is safer and the particle size influences ICS efficacy and

94

safety

which

are

affected

by

the

lung/

oropharyngeal

deposition

ratio.

95

Pharmacokinetic features that can augment the safety of ICS include on-site

96

activation in the airways, low oropharyngeal deposition and consequent negligible

97

oral bioavailability, high protein-binding and rapid systemic clearance.(56) Excessive

98

oropharyngeal deposition results in local side-effects, such as oropharyngeal

99

candidiasis, dysphonia and coughing, which can reduce compliance leading to poor

100

control of asthma.

Systemic side effects include ICS-induced hypothalamic–

101

pituitary–adrenal axis suppression and cortisol suppression resulting in reduced

102

growth velocity and bone density, fractures, and skin bruising and thinning. (56)

103

Although it is still deemed controversial, several studies have shown a favourable

104

safety profile with decreased local and systemic exposure with extra-fine particle ICS

105

when compared to equivalent prescribed ICS doses of larger aerosols.(14;18;23;25;57-60)

106
107

Strengths and Limitations

108

Our meta-analysis has several strengths. First, to the best of our knowledge, this is

109

the most comprehensive review and meta-analysis that evaluates the comparative

110

effectiveness of different particle sizes of ICS in achieving asthma control. Second,

111

the meta-analysis of seven studies included 33,453 subjects with a follow-up period

112

of at least 12 months provides sufficient power to detect any associations. Third,

113

including patients and their ecology of care may be more representative of what

114

happens in real-life than what is observed in RCTs. In asthma as in many other

115

disease areas, RCTs involve carefully selected patients fulfilling specific inclusion

116

and exclusion criteria that are often not representative of the heterogeneity of

117

asthma observed in ‘real-life’ unselected patients seen in daily clinical practice. (61)

118

While classic RCTs have high internal validity, they often represent fewer than 5% of

119

patients treated in routine care.(62) As such, the extent to which RCT efficacy can be

120

extrapolated to indicate outcomes achievable in real-life respiratory populations and

121

routine care settings is often unclear. In contrast, real-life research (pragmatic, or

122

naturalistic trials and observational studies) are designed to better reflect aspects of

123

routine care than most RCTs(63) so that they provide evidence that is more

124

generalizable to the wide range of patients managed in routine care. Recently the

125

United States Food and Drug Administration has released a report recommending

126

the use of real-world data to support RCTs.(64)
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127

Nonetheless, it must be stated that all,(26;27;31;39-41) but one study(32) were performed

128

by the same team of researchers. While this provides consistency and strong

129

methodological approach as potential strengths, there is the potential limitation of a

130

systematic bias and residual confounding. Even though the primary studies included

131

in this meta-analysis are of high quality, several potential limitations should be

132

acknowledged. First, all the studies were conducted using a coding-based medical

133

database, raising the potential of coding inaccuracy and incompleteness. The

134

included studies also relied on prescription information from the database, which

135

does not assure consumption of the medications. We did not search for unpublished

136

data; therefore publication bias might have been present. It should be noted that

137

evaluation of publication bias was relatively unreliable in this study, as the number of

138

included studies was small. Finally, this is a meta-analysis of observational studies,

139

which, by study design, are at risk for several types of bias. For example, some

140

studies have required matching and/or adjustment for confounding factors, with

141

some variations in the corresponding statistical strategies; some have performed

142

comparisons in first/initiation prescription cohorts vs. step-up/dose-increase cohorts.

143

The studies had some methodological heterogeneity as asthma control was defined

144

in different ways, usually as a composite measure incorporating a number of

145

outcomes. Nevertheless, all the included studies showed significantly higher levels of

146

asthma control and lower daily prescribed ICS dose with extra-fine formulations.

147

Current asthma treatment guidelines rely on a simple historical approach to dose

148

equivalence of ICS which is the characterisation used in this meta-analysis too.

149

However, we acknowledge that this is not appropriate for the wider range of ICS

150

molecules, potencies and devices/formulations now available. We undertook a

151

random-effects meta-analysis to incorporate unexplained heterogeneity among

152

studies. Some heterogeneity of results among studies was observed, and a

153

publication bias is possible. However, clinical diversity among studies may also be a

154

driver of heterogeneity. We did not attempt to exclude studies since there was no

155

one or two clear outliers and any removal of studies could have introduced a

156

subjective bias.(65)

157

In conclusion, we show that extra-fine ICS have significantly higher odds of

158

achieving asthma control with lower exacerbation rates at significantly lower

159

prescribed doses than fine-particle ICS, in this meta-analysis of real-life studies.
14

160

Whether our findings are the result of the broader distribution of the extra-fine

161

formulation through the airways or whether it is due to increased deposition in the

162

small airways is still largely unknown and appropriately designed studies are

163

warranted. Physicians should consider the potential benefits of prescribing extra-fine

164

formulations of ICS to asthmatics. There is even a potential to change ICS from fine-

165

particle to extra-fine particle as a step-up therapy before adding LABAs, which is

166

currently not recognised in asthma guidelines.

167
168
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1. What is already known about this topic?

375
376



Inhaled corticosteroids (ICS) are the mainstay in asthma treatment

377



ICS are available in differing particle sizes which may impact airway drug

378

deposition and consequently efficacy and safety

379
380
381

2. What does this article add to our knowledge?

382
383



Extra-fine particle ICS have significantly higher odds of achieving asthma

384

control, with lower exacerbation rates at significantly lower prescribed doses

385

compared to fine-particle ICS

386
387
388

3. How does this study impact current management guidelines?

389
390



There are potential benefits of prescribing extra-fine ICS to asthmatics

391



Physicians should perhaps consider stepping-up ICS from fine-particle to

392

extra-fine particle before adding long acting beta-agonists, which is currently

393

not recognised in asthma guidelines
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400
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402
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Table 1: Characteristics of studies included in data synthesis
Study

Year

Age
group

Outcome Measure

Population

EFP
No. of
subjects

FP
No. of
subjects

EFP
ICS dose
Mean (SD)

FP
ICS dose
Mean
(SD)

5-60y

Primary measure of asthma control

Initiation efBDP vs. FLU

1319

1319

NA

NA

Asthma control plus SABA use

Initiation efBDP vs. FLU

1319

1319

Severe exacerbations

Initiation efBDP vs. FLU

1319

1319

Primary measure of asthma control

Step-up efBDP vs. FLU

250

250

Asthma control plus SABA use

Step-up efBDP vs. FLU

250

250

Severe exacerbations

Step-up efBDP vs. FLU

250

250

Primary measure of asthma control

Initiation efBDP vs. fBDP

2882

8646

82 (82)

137 (162)

Asthma control plus SABA use

Initiation efBDP vs. fBDP

2882

8646

82 (82)

137 (162)

Severe exacerbations

Initiation efBDP vs. fBDP

2882

8646

82 (82)

137 (162)

Primary measure of asthma control

Step-up efBDP vs. fBDP

258

516

165 (132)

329 (284)

Asthma control plus SABA use

Step-up efBDP vs. fBDP

258

516

165 (132)

329 (284)

Severe exacerbations

Step-up efBDP vs. fBDP

258

516

165 (132)

329 (284)

Primary measure of asthma control

Initiation efBDP vs. FLU

2578

7734

320 (119)

440 (196)

Asthma control plus SABA use

Initiation efBDP vs. FLU

2578

7734

320 (119)

440 (196)

Severe exacerbations

Initiation efBDP vs. FLU

2578

7734

320 (119)

440 (196)

Primary measure of asthma control

Initiation efBDP vs. FLU

797

797

NA

NA

Asthma control plus SABA use

Initiation efBDP vs. FLU

797

797

Severe exacerbations
Primary measure of asthma control

Initiation efBDP vs. FLU

797

797

Step-up efBDP vs. FLU

206

206

Asthma control plus SABA use

Step-up efBDP vs. FLU

206

206

Severe exacerbations
Primary measure of asthma control

Step-up efBDP vs. FLU

206

206

Initiation EF vs. FLU

1399

1399

185 (117)

272 (172)

Asthma control plus SABA use

Initiation EF vs. FLU

1399

1399

185 (117)

272 (172)

Severe exacerbations

Initiation EF vs. FLU

1399

1399

185 (117)

272 (172)

ICS Monotherapy
Price et
al(26)

Barnes
et al(27)

Colice et
al(40)

van
Aalderen
et al(41)

van der
Molen et
al(31)*

2010

2011

2013

2015

2016

5-60y

12-80y

5-11y

12-60y

ICS-LABA Combination Therapy
Allegra
et al(32)

Price et
al(39)

404
405
406

2012

2013

18-80y

18-80y

Primary measure of asthma control

452

917

NA

NA

Primary measure of asthma control

efBDP/For vs. all
combinations
efBDP/For vs. BUD/For

452

447

312 (110)

590 (242)

Primary measure of asthma control

efBDP/For vs. FLU/Sal

452

470

312 (110)

675 (343)

Primary measure of asthma control

efBDP-FOR vs. FLU-Sal

1146

382

325 (159)

455 (304)

Asthma control plus SABA use

efBDP-FOR vs. FLU-Sal

1146

382

325 (159)

455 (304)

efBDP-FOR vs. FLU-Sal
1146
382
325 (159)
455 (304)
Severe exacerbations
Legend: EFP - extra-fine particle; FP – fine-particle; BDP - Beclometasone diproprionate; BUD - Budesonide; FLU - fluticasone propionate; FOR formoterol; Sal - salmeterol; SABA – short acting β-agonist; LABA – long acting β-agonist; ICS dose is in mcg. * Initiation EF was either ef-BDP or efciclesonide; NA – not available
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412
413

Figure 1: PRISMA flowchart showing the step-by-step process of the application of
inclusion and exclusion criteria to generate the final number of studies included in the
meta-analysis

414
415
416
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418
419
420

Legend: Squares indicate study-specific risk estimates (size of the square reflects the studyspecific statistical weight); horizontal lines indicate 95% CIs; the diamond indicates the
pooled odd ratio with its 95% CI.

421
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423

Legend: Legend: Squares indicate study-specific risk estimates (size of the square

Figure 2: Forest plot of meta-analysis on the relationship between extra-fine ICS and
measures of asthma control (all studies)

Figure 3: Forest plot of meta-analysis on the relationship between extra-fine ICS and
measures of asthma exacerbations (all studies)

reflects the study-specific statistical weight); horizontal lines indicate 95% CIs; the
diamond indicates the pooled odd ratio with its 95% CI.

