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Addendum 
An updated search was conducted for studies to address Key Questions (KQs) 1c and 2a-c. 

These KQs were related to the combined use of inhaled corticosteroids and long-acting beta 
agonists as controller and quick relief therapy and to the use of long-acting muscarinic 
antagonists as add-on therapy to inhaled corticosteroids. The original search was conducted in 
August 2016 using the earliest date for each database. This update was made on November 28, 
2017. No new studies met inclusion criteria.  
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Key Messages 
Purpose of Review 
To assess the efficacy of intermittent inhaled corticosteroids in different populations of patients 
with asthma and to assess whether adding long-acting muscarinic antagonists improves outcomes 
for patients with uncontrolled, persistent asthma.  
 
Key Messages 

• In children less than 5 years old with recurrent wheezing, intermittent use of inhaled 
corticosteroids during an upper respiratory tract infection decreases asthma exacerbations 

• In patients 12 years and older with persistent asthma: 
o using inhaled corticosteroids intermittently may be as effective as using them as a 

controller medication 
o using inhaled corticosteroids and long-acting beta-agonists together as controller and 

quick relief therapy reduces asthma exacerbations compared to using inhaled 
corticosteroids alone or with long-acting beta agonist as a controller 

• In patients 12 years and older with uncontrolled, persistent asthma, adding long-acting 
muscarinic antagonist to: 
o inhaled corticosteroids reduces exacerbations and improves lung function 
o inhaled corticosteroids and long-acting beta-agonist controllers improves asthma 

control and lung function  
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Preface 
The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 

Practice Centers (EPCs), sponsors the development of evidence reports and technology 
assessments to assist public- and private-sector organizations in their efforts to improve the 
quality of health care in the United States. The National Institutes of Health (NIH) National 
Heart, Lung, and Blood Institute (NHLBI) requested and provided funding for the report. 

 The reports and assessments provide organizations with comprehensive, evidence-based 
information on common medical conditions and new health care technologies and strategies. 
They also identify research gaps in the selected scientific area, identify methodological and 
scientific weaknesses, suggest research needs, and move the field forward through an unbiased, 
evidence-based assessment of the available literature. The EPCs systematically review the 
relevant scientific literature on topics assigned to them by AHRQ and conduct additional 
analyses when appropriate prior to developing their reports and assessments. 

To bring the broadest range of experts into the development of evidence reports and health 
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into 
collaborations with other medical and research organizations. The EPCs work with these partner 
organizations to ensure that the evidence reports and technology assessments they produce will 
become building blocks for health care quality improvement projects throughout the Nation. The 
reports undergo peer review and public comment prior to their release as a final report. 

AHRQ expects that the EPC evidence reports and technology assessments, when appropriate, 
will inform individual health plans, providers, and purchasers as well as the health care system as 
a whole by providing important information to help improve health care quality. 

If you have comments on this evidence report, they may be sent by mail to the Task Order 
Officers named below at: Agency for Healthcare Research and Quality, 5600 Fishers Lane, 
Rockville, MD 20857, or by email to epc@ahrq.hhs.gov. 
 
Gopal Khanna M.B.A Arlene S. Bierman, M.D., M.S. 
Director Director 
Agency for Healthcare Research and Quality Center for Evidence and Practice 

Improvement 
 Agency for Healthcare Research and Quality 
 
Stephanie Chang, M.D., M.P.H. Aysegul Gozu, M.D., M.P.H. 
Director Task Order Officer 
Evidence-based Practice Center Program Center for Evidence and Practice 
Center for Evidence and Practice Improvement Improvement 
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality 
 
 David W. Niebuhr, M.D., M.P.H., M.Sc.  
 Task Order Officer  

Center for Evidence and Practice 
Improvement   

 Agency for Healthcare Research and Quality 
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Intermittent Inhaled Corticosteroids and Long-Acting 
Muscarinic Antagonists for Asthma 
Structured Abstract 
Objective. To assess efficacy of intermittent inhaled corticosteroid (ICS) therapy in different 
populations (0 to 4 years old with recurrent wheezing, 5 years and older with persistent asthma, 
with or without long-acting beta agonist [LABA]), and to assess efficacy of added long-acting 
muscarinic antagonist (LAMA) in patients 12 years and older with uncontrolled, persistent 
asthma.  
 
Data sources. MEDLINE®, Embase®, Cochrane Central, and Cochrane Database of Systematic 
Reviews bibliographic databases from earliest date through March 23, 2017; hand searches of 
references of relevant studies; www.clinicaltrials.gov and the International Controlled Trials 
Registry Platform.  
 
Review methods. Two investigators screened abstracts of identified references for eligibility and 
subsequently reviewed full-text files. We abstracted data, performed meta-analyses when 
appropriate, assessed the risk of bias of each individual study, and graded the strength of 
evidence for each comparison and outcome. Outcomes for which data were extracted included 
exacerbations, mortality, asthma control composite scores, spirometry, asthma-specific quality of 
life, and rescue medication use.  
 
Results. We included 56 unique studies (54 randomized controlled trials, 2 observational 
studies) in this review. Compared to rescue short-acting beta-agonist (SABA) use, adding 
intermittent ICS reduces the risk of exacerbation requiring oral steroids and improves caregiver 
quality of life in children less than 5 years old with recurrent wheezing in the setting of a 
respiratory tract infection (RTI). In patients 12 years and older with persistent asthma, 
differences in intermittent ICS versus controller use of ICS were not detected, although few 
studies provided evidence, leading to primarily low strength of evidence ratings. Using ICS and 
LABA as both a controller and quick relief therapy reduced the risk of exacerbations and 
improved symptom control in patients 12 years and older compared to ICS controller (with or 
without LABA). Data in patients 4 to 11 years old suggest lower risk of exacerbations with ICS 
and LABA controller and quick relief use, but with a lower strength of evidence than in the older 
population. In patients 12 years and older with uncontrolled, persistent asthma, LAMA versus 
placebo as add-on to ICS reduces the risk of exacerbations requiring systemic corticosteroids and 
improves lung function measure through spirometry. Current evidence does not suggest that a 
difference exists in the efficacy of LAMA versus LABA as add-on to ICS. Triple therapy of ICS, 
LAMA, and LABA improves lung function measured through spirometry, although the risk of 
exacerbation was not different versus ICS and LABA. 
 
Conclusions. Intermittent ICS added to SABA during an RTI provides benefit to patients less 
than 5 years of age with recurrent wheezing. In patients 12 years and older with persistent 
asthma, differences in intermittent ICS versus controller use of ICS were not detected, although 
few studies provided evidence for this question. In patients 12 years and older with persistent 
asthma, using ICS and LABA as both a controller and quick relief therapy may be more effective 

http://www.clinicaltrials.gov/
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at preventing exacerbations than ICS controller (with or without LABA). LAMA is effective in 
the management of uncontrolled, persistent asthma in patients 12 years of age and older, and 
current evidence does not suggest a difference between LAMA and LABA as add-on to ICS.  
  



xi 

Contents 
Evidence Summary….……………………………………………………………………….ES-1 
Introduction ................................................................................................................................... 1 

Background ................................................................................................................................. 1 
Rationale ..................................................................................................................................... 1 

       Intermittent Inhaled Corticosteroid (ICS) Dosing ................................................................... 1 
       Long-Acting Muscarinic Antagonist (LAMA) Added to ICS or to ICS Plus LABA ............. 2 

Key Questions (KQs) .................................................................................................................. 2 
Population, Intervention, Comparator, Outcomes ...................................................................... 3 

Methods .......................................................................................................................................... 6 
Results .......................................................................................................................................... 11 

Search Results ........................................................................................................................... 11 
Organization of This Report ..................................................................................................... 12 

    KQ1a: What is the comparative effectiveness of intermittent inhaled corticosteroid  
    (ICS) compared to no treatment, pharmacologic, or nonpharmacologic therapy in  
    children 0 to 4 years old with recurrent wheezing? .................................................................. 13 

Key Points ............................................................................................................................. 13 
Intermittent ICS With As-Needed SABA Versus As-Needed SABA .................................. 13 
Intermittent ICS With As-Needed SABA Versus ICS Controller With As-Needed SABA 15 
Intermittent ICS Versus No Therapy .................................................................................... 16 

    KQ1b: What is the comparative effectiveness of intermittent ICS compared to ICS  
    controller therapy in patients 5 years of age and older with persistent asthma?....................... 16 

Key Points ............................................................................................................................. 17 
Intermittent ICS and ICS Controller Versus ICS Controller ................................................ 17 
Intermittent ICS Versus ICS Controller ................................................................................ 20 

    KQ1c: What is the comparative effectiveness of ICS with long-acting beta agonist (LABA)   
    used as both controller and quick relief therapy compared to ICS with or without LABA used  
    as controller therapy in patients 5 years of age and older with persistent asthma? .................. 23 

Key Points—ICS and LABA Controller and Quick Relief Versus ICS Controller ............. 24 
Key Points—ICS and LABA Controller and Quick Relief Versus ICS and LABA Controller
............................................................................................................................................... 24 
Key Points—ICS and LABA Controller and Quick Relief Versus CBP ............................. 24 
ICS and LABA as Controller and Quick Relief Versus ICS Controller at the Same 
Comparative ICS Dose ......................................................................................................... 25 
ICS and LABA as Controller and Quick Relief Versus ICS Controller at a Higher 
Comparative ICS Dose ......................................................................................................... 26 
ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at the 
Same Comparative ICS Dose................................................................................................ 28 
ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at a 
Higher Comparative ICS Dose ............................................................................................. 33 
ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at a 
Lower Comparative ICS Dose .............................................................................................. 35 
ICS and LABA as Controller and Quick Relief Versus CBP ............................................... 36 

    KQ2a: What is the comparative effectiveness of long-acting muscarinic antagonist (LAMA) as  
    add-on to ICS controller therapy compared to placebo or increased ICS dose in patients 12  
    years of age and older with uncontrolled, persistent asthma? .................................................. 39 



xii 

Key Points—LAMA Versus Placebo as Add-on to ICS ...................................................... 39 
Key Points—LAMA Add-on to ICS Versus Increasing ICS Dose ...................................... 40 
LAMA Versus Placebo as Add-on to ICS ............................................................................ 41 
LAMA as Add-on to ICS Versus Increasing the ICS Dose .................................................. 43 

    KQ2b: What is the comparative effectiveness of LAMA compared to other controller therapy      
    as add-on to ICS in patients 12 years of age and older with uncontrolled, persistent asthma? 43 

Key Points ............................................................................................................................. 44 
LAMA Versus LABA as Add-on to ICS .............................................................................. 46 
LAMA Versus Other Controllers as Add-on to ICS ............................................................. 47 

    KQ2c: What is the comparative effectiveness of LAMA as add-on to ICS plus LABA  
    compared to ICS plus LABA as controller therapy in patients 12 years of age and older with  
    uncontrolled, persistent asthma? ............................................................................................... 48 

Key Points ............................................................................................................................. 48 
LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA ........................................... 49 
LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA With a Higher ICS Dose ... 51 

Discussion..................................................................................................................................... 52 
Overview and Applicability ...................................................................................................... 52 

Key Question 1a .................................................................................................................... 52 
Key Question 1b ................................................................................................................... 52 
Key Question 1c .................................................................................................................... 53 
Key Question 2 ..................................................................................................................... 54 

Limitations ................................................................................................................................ 55 
Future Research Needs ............................................................................................................. 56 
Conclusions ............................................................................................................................... 57 

References .................................................................................................................................... 58 
Glossary ....................................................................................................................................... 69 
Abbreviations .............................................................................................................................. 70 

Tables 
Table A. Drugs included in the review ......................................................................................ES-2 
Table B. Results for patients 0 to 4 years of age with recurrent wheezing  ...............................ES-3 
Table C. Results for patients 5 to 11 years of age with persistent asthma  ................................ES-3 
Table D. Results for patients 12 years of age and older with persistent asthma .......................ES-3 
Table E. Results for patients 12 years of age and older with uncontrolled, persistent asthma  .ES-4 
Table 1. Drugs included in this review ............................................................................................3 
Table 2. Intervention and comparator per Key Question .................................................................4 
Table 3. Inclusion and exclusion criteria .........................................................................................8 
Table 4. Thresholds for clinical significance ...................................................................................9 
Table 5. Number of studies included per KQ, study design, and age group  ................................12 
Table 6. Evidence overview for KQ1a, intermittent ICS with as-needed SABA versus as-needed 
SABA .............................................................................................................................................13 
Table 7. Evidence overview for KQ1a, intermittent ICS with as-needed SABA versus ICS 
controller with as-needed SABA ...................................................................................................15 
Table 8. Evidence overview for KQ1a, intermittent ICS versus no therapy .................................16 
Table 9. Evidence overview for KQ1b, intermittent ICS with ICS controller versus ICS controller 
in patients 12 years of age and older ..............................................................................................17 



xiii 

Table 10. Evidence overview for KQ1b, intermittent ICS with ICS controller versus ICS 
controller in patients 4 to 11 years of age ......................................................................................18 
Table 11. Evidence overview for KQ1b, intermittent ICS versus ICS controller in patients 12 
years of age and older ....................................................................................................................20 
Table 12. Evidence overview for KQ1b, intermittent ICS versus ICS controller in patients 4 to 11 
years of age ....................................................................................................................................22 
Table 13. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
controller (same dose) in patients 12 years of age and older  ........................................................25 
Table 14. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
controller (higher dose) in patients 12 years of age and older .......................................................26  
Table 15. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
controller (higher dose) in patients 4 to 11 years of age ................................................................27  
Table 16. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
and LABA controller (same dose) in patients 12 years of age and older ......................................28 
Table 17. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
and LABA controller (same dose) in patients 4 to 11 years old ....................................................29 
Table 18. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
and LABA controller (higher dose) in patients 12 years of age and older ....................................32 
Table 19. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
and LABA controller (lower dose) in patients 12 years of age and older .....................................35 
Table 20. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus CBP 
in patients 12 years of age and older ..............................................................................................35 
Table 21. Evidence overview for KQ2a, LAMA as add-on to ICS versus placebo ......................39 
Table 22. Evidence overview for KQ2a, LAMA as add-on to ICS versus doubling the ICS dose40 
Table 23. Evidence overview for KQ2b, LAMA versus LABA as add-on to ICS ........................42 
Table 24. Evidence overview for KQ2b, LAMA versus montelukast as add-on to ICS ...............44  
Table 25. Evidence overview for KQ2b, LAMA versus doxofylline as add-on to ICS ................46 
Table 26. Evidence overview for KQ2c, LAMA added to ICS plus LABA versus ICS plus 
LABA .............................................................................................................................................47 
Table 27. Evidence overview for KQ2c, LAMA added to ICS plus LABA versus doubling the 
ICS dose plus LABA .....................................................................................................................48 

Figures 
Figure A. Scope of review .........................................................................................................ES-2 
Figure 1. Analytic framework ........................................................................................................10 
Figure 2. Literature flow diagram for KQs 1a, 1b, and 1c.............................................................11 
Figure 3. Literature flow diagram for KQs 2a, 2b, and 2c.............................................................12 
Figure 4.  Risk of requiring a course of oral steroids: intermittent ICS with as-needed SABA 
versus as-needed SABA  ................................................................................................................14 
Figure 5. Risk of exacerbations requiring oral corticosteroid: Intermittent ICS and ICS controller 
versus ICS controller .....................................................................................................................20 
Figure 6. Figure 6. Risk of exacerbation: ICS and LABA controller and quick relief versus ICS 
and LABA controller (same dose)  ................................................................................................31 
Figure 7. Risk of exacerbation: ICS and LABA controller and quick relief versus ICS and LABA 
controller (higher dose)  .................................................................................................................34 
Figure 8. Risk of exacerbation: ICS and LABA controller and quick relief versus CBP .............38 



xiv 

Figure 9. Risk of exacerbation and of asthma worsening with LAMA versus placebo as add-on to 
ICS  ................................................................................................................................................41 
Figure 10. Risk of exacerbation with LAMA versus LABA as add-on to ICS  ............................45 
Figure 11. Risk of exacerbation and of asthma worsening with LAMA as add-on to ICS and 
LABA versus ICS and LABA .......................................................................................................49 

Appendixes 
Appendix A. Search Strategy 
Appendix B. List of Excluded Studies 
Appendix C. Study Characteristics 
Appendix D. Risk of Bias Assessment 
Appendix E. Strength of Evidence Assessments 
Appendix F. Forest Plots



 
 

ES-1 
 

Evidence Summary 
Objectives and Rationale for the Review 

This report summarizes a systematic review of intermittent inhaled corticosteroids and long-
acting muscarinic antagonists for asthma, and identifies needs for future research.  This was one 
of the six high priority topics within asthma identified by a National Heart, Lung, and Blood 
Institute Advisory Council Asthma Expert Working group.1 
 
The objectives of the systematic review are: 

• To assess efficacy of intermittent inhaled corticosteroid (ICS) therapy in different 
populations:  

o Patients 0 to 4 years old with recurrent wheezing 
o Patients 5 years and older with persistent asthma (with or without long-acting 

beta agonist (LABA)  
• To assess efficacy of adding long-acting muscarinic antagonist (LAMA) to ICS 

with or without LABA in: 
o Patients 12 years and older with uncontrolled, persistent asthma. 

Background  
Scheduled, daily dosing of ICS is the preferred pharmacologic controller therapy for 

persistent asthma in patients of all ages.1  
 
“Controller therapy” describes medications taken daily on a long-term basis to achieve and 

maintain control of persistent asthma.2 Rather than being taken for immediate symptom relief, 
controller therapy is intended to reduce future exacerbations and the need for immediate 
symptom relief.  In this report, controller medications are defined by the timing and indication 
for use rather than by mechanism of action. 

 
“Quick relief” therapy describes medications used as needed upon onset of symptoms for 

acute symptom relief.  Likewise, for this report, quick relief therapy is defined by the timing and 
indication for use rather than by mechanism of action. 

 
Worsening control of asthma or other criteria may prompt changes in prescription therapy, 

such as intermittent dosing.  
 
“Intermittent” dosing describes the use of medication that may vary in the dose, frequency, or 

duration of administration. Some examples of intermittent ICS dosing include initiating a 
temporary course of ICS or temporarily increasing the dose of ICS that is otherwise taken as 
controller therapy.  

 
An extension of intermittent ICS therapy is the use of ICS and LABA as controller therapy 

both on a regular basis and on immediate symptom onset for quick relief therapy.3  
 
LAMA represents a new pharmacologic class of long-acting bronchodilators that have been 

studied as a controller therapy for asthma.  At least one LAMA has gained Food and Drug 
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Administration (FDA) approval for the long-term maintenance treatment of asthma in patients 6 
years and older.4  

 
The review focuses on drugs as a class, as described in Table A.   

Table A. Drugs included in the review 
Class Drugs 
ICS Beclomethasone,a budesonide,a ciclesonide,a Flunisolide,a fluticasone,a mometasone,a 

triamcinoloneb 

LABA Arformoterol, formoterol,a olodaterol, salmeterol,a vilanterol,a,c 

LAMA Aclidinium, glycopyrrolate, tiotropium,a umeclidinium 
FDA = Food and Drug Administration; ICS = inhaled corticosteroid; LABA = long-acting β2-agonist; LAMA = long-acting 
muscarinic antagonist 

a Currently with FDA approval for asthma, either as a single ingredient product or as a component of a multi-ingredient product. 
b Previously FDA approved, although discontinued in 2010. 
cConsidered an ultra-long-acting β2-agonist.  

Figure A. Scope of review 

 
ICS = inhaled corticosteroid; KQ = Key Question; LABA = long-acting beta agonist; LAMA = long-acting muscarinic antagonist 

Data Sources 
Data sources were MEDLINE®, Embase®, Cochrane Central, and Cochrane Database of 
Systematic Reviews bibliographic databases from earliest date through March 23, 2017; hand 
searches of references of relevant studies; www.clinicaltrials.gov and the International 
Controlled Trials Registry Platform. The systematic review protocol is available in the full 
report. 

http://www.clinicaltrials.gov/
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Results  
We found 56 unique studies (54 randomized controlled trials, 2 observational studies) in this 

review. Fifteen randomized controlled trials were specific to LAMA therapy in patients 12 years 
and older with persistent uncontrolled asthma. An overview of the results is presented in Tables 
B through E. 

 Table B. Results for patients 0 to 4 years of age with recurrent wheezing 
Intervention Effect 
Intermittent ICS with SABA prn vs. SABA prn 
at the onset of a URI 

• Reduces the risk of exacerbation requiring oral 
corticosteroids (moderate SOE)  

• Improves QOL (low SOE) 
• Does not affect: 

o Other measures of exacerbation (low or high SOE) 
o Rescue medication use (low SOE) 

Intermittent ICS vs. ICS controller • Does affect: 
o The risk of exacerbations requiring oral corticosteroids 

(low SOE) 
o Hospitalization (low SOE) 
o Rescue medication use (low SOE) 

Intermittent ICS vs. no therapy • No conclusion possible (insufficient SOE) 
Intermittent ICS vs. nonpharmacologic 
therapy 

• No conclusion possible (insufficient SOE) 

ICS = inhaled corticosteroid; QOL = quality of life; SABA = short-acting beta agonist; SOE = strength of evidence; URI = upper 
respiratory infection 

Table C. Results for patients 5 to 11 years of age with persistent asthma 
Intervention Effect 
Intermittent ICS vs. ICS controller • Does not affect: 

o QOL (low SOE) 
o Rescue medication use (low SOE) 

• No conclusion possible for other outcomes (insufficient SOE) 
ICS combined with LABA as controller and 
quick relief vs. a higher ICS controller dose 

• Reduces the risk of exacerbations measured as a composite 
outcome (low SOE) 

ICS combined with LABA as controller and 
quick relief vs. ICS and LABA as controller at 
the same ICS dose  

• Reduces the risk of exacerbations measured as a composite 
outcome (low SOE) 

ICS = inhaled corticosteroid; LABA = long-acting beta agonist; QOL = quality of life; SOE = strength of evidence 

Table D. Results for patients 12 years of age and older with persistent asthma  
Intervention Effect 
Intermittent ICS and ICS controller vs. ICS 
controller 

• Does not affect the risk of exacerbations, regardless of 
definition (low SOE)  

• Decreases asthma-related outpatient visits (low SOE). 
Intermittent ICS vs. ICS controller • Does not affect: 

o The risk of exacerbation regardless of definition (low 
SOE) 

o Asthma control scores (low SOE) 
o Spirometry (low to high SOE) 
o QOL (moderate SOE) 
o Rescue medication use (moderate SOE) 

ICS combined with LABA as controller and 
quick relief vs. the same ICS controller dose 

• Reduces: 
o The risk of exacerbations defined as a composite 

outcome (moderate SOE) 
o Rescue medication use (low SOE) 

• Improves spirometry (moderate SOE) 
ICS combined with LABA as controller and 
quick relief vs. a higher ICS controller dose 

• Reduces the risk of exacerbations defined as a composite 
outcome (low SOE) 
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Intervention Effect 
ICS combined with LABA as controller and 
quick relief vs. ICS and LABA as controller at 
the same ICS dose  

• Reduces: 
o The risk of exacerbations defined as a composite 

outcome (high SOE) 
o Rescue medication use (low SOE) 

• Improves asthma control scores (moderate SOE) 
ICS combined with LABA as controller and 
quick relief vs. ICS and LABA as controller at 
a higher ICS dose 

• Reduces the risk of exacerbations defined as a composite 
outcome (high SOE) 

ICS combined with LABA as controller and 
quick relief vs. conventional best practice of 
ICS with or without LABA as controller 

• Reduces: 
o The risk of exacerbations defined as a composite 

outcome (moderate SOE) 
o Rescue medication use (moderate SOE) 

• Improves asthma control scores (moderate SOE) 
ICS = inhaled corticosteroid; LABA = long-acting beta agonist; QOL = quality of life; SOE = strength of evidence 

Table E. Results for patients 12 years of age and older with uncontrolled, persistent asthma  
Intervention Effect 
Adding LAMA to ICS vs. adding placebo • Reduces the risk of exacerbations requiring systemic 

corticosteroids (high SOE)  
• Improves spirometry (high SOE)  
• Does not affect:  

o Asthma control scores (moderate SOE) 
o QOL (low to high SOE)  
o Rescue medication use (moderate SOE) 

Adding LAMA to ICS vs. doubling ICS dose • Does not affect: 
o The risk of exacerbations requiring systemic 

corticosteroids (low SOE) 
o Asthma control scores (low SOE) 
o Spirometry (low SOE) 
o QOL (low SOE) 

Adding LAMA to ICS vs. adding LABA • Does not affect:  
o The risk of exacerbations requiring systemic 

corticosteroids (low SOE) 
o Death (low SOE) 
o Asthma control scores (low to high SOE) 
o Spirometry (low to high SOE) 
o QOL (low to high SOE) 
o Rescue medication use (low SOE) 

Adding LAMA to ICS and LABA vs. ICS and 
LABA 

• Does not affect  
o The risk of exacerbations requiring systemic 

corticosteroids (moderate SOE) 
o Hospitalization (low SOE) 

• Improves  
o Asthma control scores (low to moderate SOE) 
o Spirometry (high SOE) 

ICS = inhaled corticosteroid; LABA = long-acting beta agonist; LAMA = long-acting muscarinic antagonist; QOL = quality of 
life; SOE = strength of evidence 

Discussion  
This review evaluated different ICS dosing strategies and LAMA therapy in people of 

various ages with persistent asthma. Comparisons were class-based and thus this review does not 
inform the impact of specific doses on outcomes; rather, it more globally addresses classes and 
broad dosing strategies (i.e. intermittent dosing of ICS). Although effectiveness is an important 
part of decision-making, this report did not include harms associated with drug therapies, which 
should also be taken into consideration.  
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There is a relatively smaller amount of published evidence on intermittent ICS dosing as 
compared to the amount of evidence on combined ICS and LABA as quick relief and controller 
therapy or LAMA therapy. This lack of evidence should not be equated to lack of benefit 
necessarily. Given most outcomes were rated with low strength of evidence, future research 
could change the direction or magnitude of effect or the strength of evidence as the consistency 
and precision in effect estimates improve. 

Conclusions  
Compared to rescue SABA use, adding intermittent ICS use appears to benefit children less 

than 5 years old with recurrent wheezing in the setting of an RTI. In patients 12 years and older 
with persistent asthma, differences in intermittent ICS versus controller use of ICS were not 
detected, although few studies provided evidence leading to primarily low strength of evidence 
ratings. Using ICS and LABA combined as both a controller and quick relief therapy showed 
benefits over use as a controller medication alone (ICS or ICS and LABA controller). In patients 
12 years and older with uncontrolled, persistent asthma, adding LAMA to ICS controller or ICS 
plus LABA controller compared to ICS or ICS plus LABA alone improves some outcomes. 
However, adding LAMA to ICS controller compared to adding LABA to ICS controller or 
increasing dosage of ICS controller did not improve outcomes.  
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Introduction 
Background 

Asthma is a chronic inflammatory disorder of the airways, characterized by varying 
degrees of airflow obstruction. Bronchoconstriction, inflammatory cell infiltration, and 
airway edema reduce airflow intermittently, often in response to specific exposures, 
resulting in respiratory symptoms.1 In the United States, the prevalence of asthma has 
increased over the past decade, from an estimated 22.2 million Americans in 2005 to 24.6 
million Americans in 2015.2 Asthma can significantly impact patients’ and families’ 
quality of life and ability to pursue activities such as school, work, and exercise. 
Globally, asthma ranks 14th based on the burden of disease, as measured by disability 
adjusted life years.3 In the US, asthma contributes significantly to health care resource 
utilization and associated costs. For example, in 2012, asthma was one of the top twenty 
leading diagnosis groups for primary care visits and was the main reason for 1.8 million 
emergency department visits and 439,000 hospitalizations. While the severity of disease 
varies between patients and over time in the same patient, asthma can be fatal, accounting 
for approximately 1 death per 100,000 Americans.4 In 2015, 3,651 Americans died from 
asthma.4 

Rationale  
In 1989, the National Heart, Lung and Blood Institute (NHLBI) initiated the National 

Asthma Education and Prevention Program (NAEPP) to address growing concern about 
asthma in the US.  One of the first accomplishments of the NAEPP was to convene a 
panel of experts who summarized their recommendations in a document, National 
Asthma Education and Prevention Program Expert Panel Report (EPR): Guidelines for 
the Diagnosis and Management of Asthma, in 1991. The guidelines address the 
diagnosis, evaluation, and treatment of asthma. The most recent report, EPR-3, was 
published in 2007.1 NHLBI assessed the need for an update by requesting information 
from the public, NAEPP Coordinating Committee Members and its affiliates, and 
members of the 2007 Expert Panel. Collected information was provided to the NHLBI 
Advisory Council Asthma Expert Working Group, which produced a report to summarize 
the process and recommendations from their needs assessment.5 The Working Group 
identified six high priority topics that should be updated. For each topic, Key Questions 
meriting a systematic literature review were formulated. NHLBI engaged the Agency for 
Healthcare Research and Quality (AHRQ) to perform the systematic reviews through its 
Evidence-based Practice Centers (EPC). This report summarizes the systematic review of 
“Intermittent inhaled corticosteroids and of long-acting muscarinic antagonists for 
asthma” and highlights areas of controversy and identifies needs for future research on 
these priority areas. 

Intermittent Inhaled Corticosteroid (ICS) Dosing 
ICS are highly effective for improving asthma control and reducing exacerbation 

frequency, yet adherence is often reported to be less than 49 percent to 73 percent in 
young children and pre-adolescents and less than 50 percent in adolescents and adults.6-10  
Published data suggest that an increase in ICS adherence to between 60 percent and 80 
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percent results in reduced emergency department visits for asthma.6,7,11,12 As suggested 
by the World Health Organization, ‘increasing the effectiveness of adherence 
interventions may have a far greater impact on the health of the population than any 
improvement in specific medical treatments’.13 Despite known barriers to the clinical 
management of asthma, like nonadherence, continued investigation to alternate dosing 
strategies for ICS or in the development of novel adjunctive therapies as discussed below 
continues.  

Scheduled, daily dosing of ICS is the preferred pharmacologic controller therapy for 
persistent asthma in patients of all ages.1 “Controller therapy” will be used in this 
document to describe medications to be taken daily on a long-term basis to achieve and 
maintain control of persistent asthma.1 “Intermittent” ICS dosing will be used in this 
document to describe the prescribed use of ICS that is not the same on a daily basis. As 
prescribed, intermittent ICS dosing may specify variations in the dose, frequency, or 
duration of administration of ICS. The determinant of ICS use with intermittent ICS 
dosing may be a patient decision (based on need), an index of worsening asthma or some 
other predefined criteria. Some examples of intermittent ICS dosing include initiating a 
temporary course of ICS in a patient not regularly taking  ICS controller therapy or 
temporarily increasing the dose of ICS that is otherwise taken as controller therapy, either 
strategy in response to a measure of worsening asthma.1,14,15 An extension of the use of 
intermittent ICS therapy is the combined use of ICS plus long-acting β2-agonist (LABA) 
as both a controller and quick relief therapy, particularly when the LABA is considered 
fast-acting.16 “Quick relief” therapy will be used in this document to describe inhaled  
medication to be used as-needed for acute symptom relief. 

EPR-3 suggests that intermittent ICS dosing schedules may be useful in some settings 
though the evidence at that time was insufficient to support the recommendation beyond 
experts’ consensus.1 Since the EPR-3, it was determined by the NHLBI Needs 
Assessment Workgroup that a sufficient number of studies have been published on 
intermittent ICS dosing to warrant a systematic literature review.  

Long-Acting Muscarinic Antagonist (LAMA) Added to ICS or 
to ICS Plus LABA 

LAMAs were not included in the EPR-3 although since then, they have been studied 
as controller therapy for asthma and at least one LAMA has gained Food and Drug 
Administration (FDA) approval for the long-term maintenance treatment of asthma in 
patients 6 years of age and older.17 This represents a new pharmacologic class of long-
acting bronchodilators for consideration in the stepwise approach to asthma management 
and the NHLBI Needs Assessment Workgroup determined this topic to be of importance 
for a potential EPR-3 update. 

Key Questions (KQs)  
KQ1a: What is the comparative effectiveness of intermittent ICS compared to no 
treatment, pharmacologic, or nonpharmacologic therapy in children 0 to 4 years 
old with recurrent wheezing? 
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KQ1b: What is the comparative effectiveness of intermittent ICS compared to 
ICS controller therapy in patients 5 years of age and older with persistent 
asthma? 
 
KQ1c: What is the comparative effectiveness of ICS with LABA used as both 
controller and quick relief therapy compared to ICS with or without LABA used as 
controller therapy in patients 5 years of age and older with persistent asthma? 
 
KQ2a: What is the comparative effectiveness of LAMA as add-on to ICS 
controller therapy compared to placebo or increased ICS dose in patients 12 
years of age and older with uncontrolled, persistent asthma? 
 
KQ2b: What is the comparative effectiveness of LAMA compared to other 
controller therapy as add-on to ICS in patients 12 years of age and older with 
uncontrolled, persistent asthma? 
 
KQ2c: What is the comparative effectiveness of LAMA as add-on to ICS plus 
LABA compared to ICS plus LABA as controller therapy in patients 12 years of 
age and older with uncontrolled, persistent asthma? 

Population, Intervention, Comparator, Outcomes 
Populations: We included all patients that meet the KQ specific criteria regardless of 
gender, race and ethnicity. Age thresholds per KQ were selected to be consistent with the 
EPR-3 guidelines. 

• KQ1a: Patients 0 to 4 years old with recurrent wheezing  
• KQ1b-c: Patients 5 years old and older with persistent asthma 
• KQ2a-c: Patients 12 years old and older with uncontrolled, persistent asthma 

 
Interventions: This review focuses on pharmacologic interventions at the class level and 
includes ICS and inhaled LABA and LAMA, regardless of FDA approval (Table 1).  

Table 1. Drugs included in this review 
Class Drugs 
ICS Beclomethasone,a budesonide,a ciclesonide,a flunisolide,a fluticasone,a mometasone,a 

triamcinoloneb 

LABA Arformoterol, formoterol,a olodaterol, salmeterol,a vilanterola,c 

LAMA Aclidinium, glycopyrrolate, tiotropium,a umeclidinium 
ICS = inhaled corticosteroid; LABA = long-acting β2-agonist; LAMA = long-acting muscarinic antagonist 
a Currently with FDA approval for asthma, either as a single ingredient product or as a component of a multi-ingredient 
product. 
b Previously FDA approved although discontinued in 2010 
cConsidered an ultra-long-acting β2-agonist  

The interventions for each of the KQs is as follows (Table 2): 
• KQ1a-b: Intermittent ICS dosing  
• KQ1c: ICS and LABA used as controller and quick relief therapy   
• KQ2a-b: ICS and LAMA as controller therapy 
• KQ2c: ICS and LABA and LAMA as controller therapy 
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Table 2. Intervention and comparator per Key Question  
 Comparator: No 

treatment, 
pharmacologic or 

nonpharmacologic 
therapya 

Comparator: ICS 
controller 
therapy 

Comparator: ICS 
and LABA 
controller 
therapy 

Comparator: 
ICS and other 

controller 
therapyb 

 

Intervention: 
Intermittent ICS 

KQ 1a KQ 1a, 1b --- --- 

Intervention: ICS 
and LABA used as 
controller and quick 
relief therapy 

--- KQ 1c KQ 1c --- 

Intervention: ICS 
and LAMA controller 
therapy 

--- KQ 2ac KQ 2b KQ 2b 

Intervention: ICS 
and LAMA and LABA 
controller therapy 

--- --- KQ 2c --- 

Note: The first column represents interventions and the first row represents comparators of interest in this review. The 
key questions for each intervention are listed below the relevant comparator(s).  

ICS = inhaled corticosteroid; KQ = Key Question; LAMA = long-acting muscarinic antagonist; --- = not applicable 

aNonpharmacologic treatment is as per EPR-3 (e.g., avoiding environmental triggers) 
bOther controllers include cromolyn, leukotriene modifiers, immunomodulators, methylxanthines, and systemic 
corticosteroids 
cSame or increased ICS dose in the comparator arm relative to intervention dose 

Comparators: We are interested in direct comparisons of therapies as described per KQ. 
Table 2 demonstrates the intervention and comparator for each KQ in a tabular format. 
The definition of “controller therapy” is provided in the Glossary.  

• KQ1a: No treatment (placebo or control) OR pharmacologic therapy which 
includes controller therapy or as-needed short-acting β2-agonist (SABA) OR 
nonpharmacologic therapy. Controller therapies include ICS, inhaled LABA, 
leukotriene modifiers, cromolyn, methylxanthines, immunomodulators, and 
systemic corticosteroids. Nonpharmacologic treatment is as per EPR-3 (e.g., 
avoiding environmental triggers). 

• KQ1b: ICS controller therapy 
• KQ1c: ICS controller therapy OR ICS and LABA controller therapy  
• KQ2a: ICS controller therapy, with or without placebo, where the ICS dose is the 

same or increased relative to the intervention arm dose 
• KQ2b: ICS and another controller therapy, including LABA, leukotriene 

modifiers, cromolyn, methylxanthines, immunomodulators and systemic 
corticosteroids 

• KQ2c: ICS and LABA controller therapy 
 
Outcomes: We included outcomes that fell into the categories below, using definitions 
provided by the study.   

• Asthma exacerbations 
o Requiring systemic (oral and/or parenteral) corticosteroids, requiring 

hospitalization, requiring emergency room (ER) visit, requiring intensive care 
unit or intubation, or as defined by the study 
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o Asthma-related hospitalizations, ER visits, urgent care and outpatient visits 
• Death 

o All-cause, asthma-specific  
• Asthma control 

o Composite Measures: Asthma Control Test (ACT), Asthma Control 
Questionnaire (ACQ), various versions 

o Spirometry: forced expiratory volume in 1 second (FEV1) forced vital 
capacity (FVC), FEV1/FVC 

• Asthma-specific quality of life:  
o Asthma Quality of Life Questionnaire (AQLQ), Pediatric Asthma Quality of 

Life Questionnaire (PAQLQ), Pediatric Asthma Caregiver’s Asthma Quality 
of Life Questionnaire (PACQLQ) 

• Health care utilization:  
o Additional asthma-medication use/need  
o Additional resource use related to intervention (e.g. personnel time, 

equipment) 
 
Timing/Setting: There were no requirements based on time or setting.  
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Methods 
The protocol for this review is registered as PROSPERO 2016:CRD42016047985. We 

developed an analytic framework a priori to guide the systematic review process (Figure 1). We 
searched Ovid MEDLINE, Ovid MEDLINE In-Process & Other Nonindexed Citations, 
EMBASE via www.embase.com, Cochrane Central Register of Controlled Trials and Cochrane 
Database of Systematic Reviews via OVID using subject headings and natural language terms 
reflecting asthma and the drugs of interest (Appendix A). We supplemented the bibliographic 
database searches with backwards citation tracking of relevant publications. We searched 
cliniclatrials.gov and the World Health Organization International Controlled Trials Registry 
Platform (ICTRP) for ongoing studies and those completed with reported results. We reviewed 
scientific information packets. Searches were updated March 23, 2017 while the draft report was 
under public/peer review.  

We screened titles and abstracts using two independent investigators to determine if the 
citation met inclusion/exclusion criteria (Table 3). Citations that both reviewers agreed met 
inclusion criteria were reviewed at the full text level for inclusion into the review. Disagreements 
were resolved through consensus in consultation with a third reviewer. Corresponding authors 
were contacted for clarification when needed to assess the inclusion criteria. All authors were 
given a minimum of 2 weeks to acknowledge queries. Abstracts and meeting presentations were 
matched to their corresponding full text publication and reviewed for supplemental data. 

Data were extracted into standardized collection forms, evidence and outcomes tables by one 
investigator and verified by a second investigator. Data for crossover trials were extracted from 
treatment period 1 when available, otherwise authors were contacted for period 1 outcomes. Risk 
of bias was assessed by two independent reviewers using the Cochrane Collaboration’s Risk of 
Bias Tool18 for randomized controlled trials (RCTs) and Newcastle Ottawa Scale19 for 
observational studies. Overall risk of bias for each study was classified as low, moderate or high, 
according to the collective risk of bias per evaluated domain and the investigator’s confidence in 
the study results given the identified limitations.20 Risk of bias was considered unclear if the 
majority of domains evaluated were unclear. 

We assessed clinical and methodologic heterogeneity to determine appropriateness of meta-
analysis. We based data synthesis on pharmacologic class (e.g., long-acting muscarinic 
antagonists [LAMA], long-acting β2-agonists [LABA], inhaled corticosteroids [ICS]). When a 
trial included more than one intervention arm for the same drug but with different doses (e.g., 
tiotropium 2.5µg and 5µg) we combined the arms into a single intervention group using 
recommended formulae.21 Synthesis was also based on age categories consistent with the Expert 
Panel Report-3 of 0 to 4y old, 5 to 11y old and 12y of age and older. When there were 3 or more 
trials of similar pharmacologic comparisons and outcomes, we pooled data using a Hartung-
Knapp22,23 method random effects model using the ‘meta’ package in R version 3.1.3 (The R 
Project for Statistical Computing). Relative risks (RR) with corresponding 95 percent confidence 
intervals (CI) were estimated for binary outcomes and mean differences (MD) with 
corresponding 95 percent CI were estimated for continuous outcomes. Peto’s odds ratio (OR) 
and 95 percent confidence intervals were estimated for binary outcomes with rare events (<5%) 
in place of a RR.24 We pooled hazard ratios and corresponding 95 percent CI reported by studies 
for time to first exacerbation and rate ratios for studies reporting number of exacerbations over 
follow-up. We assessed presence of statistical heterogeneity using the Cochrane p-value (p<0.10 
significant) and the degree of heterogeneity using the I2 statistic with a value >50 percent 
considered substantial.25 Publication bias was assessed using funnel plot inspection and Egger’s 
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weighted regression test when 10 or more trials were pooled.21,26 A priori determined subgroups 
of interest included asthma severity, asthma control, age, ICS dose, onset of asthma, obesity, 
atopy, smoking history, race, pulmonary function, LAMA dose/delivery device, the determinant 
of ICS use with intermittent ICS dosing and concomitant asthma medications. Subgroup analysis 
was performed when 3 or more trials per subgroup were available for a given outcome. Studies 
that fit into more than one predefined age category were not included in the main analysis, unless 
they were the only source of data, but were added to the age category consistent with the 
reported mean or median age of the study as a sensitivity analysis. If a study fit into more than 
one age category but reported results separately for the different age subgroups, those subgroups 
were considered for the main analyses. Included studies that were not amenable to pooling were 
qualitatively summarized. Interpretation of results was made in the context of established 
thresholds that indicate clinical significance where available (Table 4). Data from the crossover 
trial by Peters et al.,27 were provided by the National Heart, Lung and Blood Institute (NHLBI) 
Biologic Specimen and Data Repository Information Coordinating Center and independently 
analyzed by the Evidence-based Practice Center to generate outcomes for period 1 since this data 
was not reported in the primary manuscript. These results do not necessarily reflect the opinions 
or views of the BASALT-TALC investigators or the NHLBI.  

Strength of evidence (SOE) for each outcome within each comparison was evaluated 
independently by two senior investigators and then discussed to arrive at the final grading using 
established guidance.28 We graded the SOE for asthma exacerbations, mortality, asthma control 
composite scores, spirometry, asthma-specific quality of life and health care utilization. Five 
required domains included study risk of bias, consistency, directness, precision and publication 
bias. Based on these elements we assessed the SOE for each comparison and outcome as:  

• High: We are very confident that the estimate of effect lies close to the true effect for this 
outcome. The body of evidence has few or no deficiencies. We believe that the findings 
are stable, i.e., another study would not change the conclusions. 

• Moderate: We are moderately confident that the estimate of effect lies close to the true 
effect for this outcome. The body of evidence has some deficiencies. We believe the 
findings are likely to be stable, but some doubt remains. 

• Low: We have limited confidence that the estimate of effect lies close to the true effect 
for this outcome. The body of evidence has major or numerous deficiencies (or both). We 
believe that additional evidence is needed before concluding either that the findings are 
stable or that the estimate of effect is close to the true effect. 

• Insufficient: We have no evidence, we are unable to estimate an effect, or we have no 
confidence in the estimate of the effect for this outcome. No evidence is available or the 
body of evidence has unacceptable deficiencies, precluding reaching a conclusion. 

We assessed applicability of studies using the population, intervention, comparator, 
outcomes, timing, setting (PICOTS) framework.29 Characteristics that may influence 
applicability include but are not limited to age, gender, race, ethnicity, severity and control of 
asthma and co-interventions. 
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Table 3. Inclusion and exclusion criteria   
Category Inclusion criteria Exclusion criteria 
Population KQ1a: Patients 0 to 4y olda with recurrent 

wheezing   
KQ1b-c: Patients ≥5y olda with persistent asthma 
KQ2a-c: Patients ≥12y olda with uncontrolled, 
persistent asthma 

KQ1a: Patients ≥5y old 
KQ1b-c: Patients ≤4y old; Patients with 
intermittent asthma 
KQ2a-c: Patients ≤11y old; Patients with 
controlled, persistent asthma or with 
intermittent asthma 

Intervention KQ1a-b: Intermittent dosing of an ICS 
KQ1c: ICS and LABA used as both controller and 
quick relief therapy  
KQ2a-b: ICS and LAMA controller therapy 
KQ2c: ICS and LABA and LAMA controller 
therapy 
 

KQ1c: ICS and LABA used as controller 
therapy but not quick relief therapy   
All KQs: All other interventions outside of 
pharmacologic therapies listed in PICOTS; 
Combinations of interventions other than those 
listed in the PICOTS 

Comparator KQ1a: No treatment OR pharmacologic therapy 
OR nonpharmacologic therapy (see PICOTS) 
KQ1b: ICS controller therapy  
KQ1c: ICS and LABA controller therapy   
KQ2a: ICS controller therapy, with or without 
placebo, where the ICS dose is the same or 
higher than in the intervention arm  
KQ2b: ICS and another controller therapy as 
defined in PICOTS  
KQ2c: ICS and LABA controller therapy 

KQ1c: ICS and LABA used as both controller 
and quick relief therapy 
All KQs: All other comparators outside of those 
specified in PICOTS; Combinations of 
comparators other than those listed in the 
PICOTS  

Outcomes All KQ: Asthma exacerbations (systemic 
corticosteroid, hospitalization, ER visit, ICS or 
intubation or as defined by the study) or asthma-
related hospitalizations, ER visits, urgent care and 
outpatient visits; death (all-cause and asthma-
specific); spirometry (FEV1, FVC and FEV1/FVC); 
asthma symptom control composite measures 
(ACT, ACQ); asthma-specific quality of life 
(AQLQ, PAQLQ, PACQLQ); health care utilization 
(additional asthma medication use, resource use) 

Studies that do not include at least one of the 
outcomes listed in the PICOTS 

Timing, 
Setting 

All settings, study durations and follow-up lengths 
will be included 

None 

Study design Randomized-controlled trials, cross-over trials,b 
prospective or retrospective observational cohort 
studies, case-controlled studies  

Case series, case reports, nonsystematic 
reviews, systematic reviews with or without 
meta-analysisc 

Publication 
language and 
dates 

No restriction in publication language or date of 
publication 

Publications in a non-English language  
without an English language abstractd 

ACT = asthma control test; ACQ = Asthma Control Questionnaire; AQLQ = Asthma Quality of Life Questionnaire; ER = 
emergency room; FDA = Food and Drug Administration; FEV1 = forced expiratory volume over 1 second; FVC = forced vital 
capacity; ICS = inhaled corticosteroids; KQ = Key Question; LABA = long-acting β2-agonist; LAMA = long-acting muscarinic 
antagonist; PACQLQ = Pediatric Asthma Caregiver’s Quality of Life Questionnaire; PAQLQ = Pediatric Asthma Quality of Life 
Questionnaire; PICOTS = population, intervention, comparator, outcomes 

aStudies with age inclusion criteria close to the a prior defined age cut-offs for the given KQ were included in the review if the 
mean age of the population was within the a priori defined age cut-offs.  
bCrossover trials were included if the outcomes data can be abstracted after the first period. If data cannot be abstracted after the 
first period, the trial will be included based on the following criteria, to minimize carry-over effects: for ICS-if the washout 
period is at least 6 weeks,30 for LABA or LAMA- if the washout period is at least 4 weeks31 
cSystematic reviews w/meta-analysis were flagged for backwards citation tracking but will not be included in this review.   
dEnglish language abstracts of non-English language articles were reviewed at the abstract stage and translated when needed to 
determine eligibility of the full text32   
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Table 4. Thresholds for clinical significance 
Instrument/outcome Range (points) Final score Threshold  
ACT 
 

5 to 25 
 

Well controlled: ≥20 
Not well controlled: ≤19    

≥12y: Δ 3 pointsa,33 

ACQ5, ACQ6 
 

0 to 6 Uncontrolled: ≥1.5 
Well-controlled: <0.75 

≥18y: Δ 0.5 pointsa,34 

ACQ7 0 to 6 Uncontrolled: ≥1.5 
Well-controlled: <0.75 

≥6y: Δ 0.5 pointsa,34,35 

AQLQ, AQLQ(S), AQLQ-mini 
 

1 to 7 Severe impairment = 1 
No impairment = 7 

≥18y: Δ 0.5 pointsa,36-38 

AQLQ12+ 1 to 7 Severe impairment = 1 
No impairment = 7 

≥12y: Δ 0.5 pointsa,39,40 

PAQLQ, PACQLQ 1 to 7 
 

Severe impairment = 1 
No impairment = 7  

7-17y: Δ 0.5 pointsa,41,42 

FEV1 
 

Continuous measure, L NA ≥18y: -0.2 Lb,43 

Rescue medication use Continuous measure, 
puffs per unit of time 

NA ≥18y: -0.81 puffs/dayb,43 

ACT = asthma control test; ACQ = Asthma Control Questionnaire; AQLQ: Asthma Quality of Life Questionnaire; FEV1 = 
forced expiratory volume in 1 second; L = liter; PACQLQ = Pediatric Asthma Caregiver’s Quality of Life Questionnaire; 
PAQLQ = Pediatric Asthma Quality of Life Questionnaire; y = year 

aMinimal important difference. 
bAverage minimal patient perceived improvement 
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Figure 1. Analytic framework 

 
ICS = inhaled corticosteroid; KQ = Key Question; LABA = long-acting β2-agonist; LAMA = long-acting muscarinic antagonist; vs = versus 

 
 



 
 

11 

Results 
Search Results 

Our search for Key Question (KQ) 1a-c identified 10,763 nonduplicate records, of which 913 
required full text review after title and abstract screening, and 74 met eligibility criteria for 
inclusion in this review (Figure 2). These 74 citations reported results from 41 unique studies, 39 
randomized controlled trials (RCTs) and 2 observational studies. Of these 41 studies, 6 met 
criteria for KQ1a (reported in 7 citations),44-50 11 met criteria for KQ1b (reported in 18 
citations),51-68 and 24 met criteria for KQ1c (reported in 49 citations).69-117 Citations excluded at 
the full-text review stage are presented in Appendix B. 

Figure 2. Literature flow diagram for Key Questions 1a, 1b, and 1c  

--  
Our search for KQ2a-c identified 854 nonduplicate records, of which 146 required full text 

review after title and abstract screening, and 58 met eligibility criteria for inclusion in this review 
(Figure 3). These 58 citations reported results from 15 unique studies, all of which were RCTs. 
Of these 15 RCTs, 8 met criteria for KQ2a (reported in 29 citations),27,118-145 8 met criteria for 
KQ2b (reported in 21 citations),27,118-120,124-126,130-137,144-149 and 4 met criteria for KQ2c (reported 
in 26 citations).145,150-174 Citations excluded at the full-text review stage are presented in 
Appendix B. 
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Figure 3. Literature flow diagram for Key Questions 2a, 2b, and 2c 
 

 
 

In total, 56 unique studies were included, 54 RCTs and 2 observational studies. The 
distribution of studies by study design and age category are presented in Table 5.  

Table 5. Number of studies included per KQ, study design, and age group 
 Characteristic KQ1a KQ1b KQ1c 

(RCT/NonRCT) 
KQ2a KQ2b KQ2c 

Study RCTs 6 11 22 8 8 4 
Design Non RCTs 0 0 2 0 0 0 
Age ≥12y NA 9 22 (20/2) 8 8 4 
Group 5-11y NA 0 0 NA NA NA 
 0-4y 5 0 0 NA NA NA 
 Mixed 1 2 2 (2/0) 0 0 0 
TOTAL  6 11 24 8 8 4 
KQ = Key Question; NA = not applicable; RCT = randomized controlled trial; y = years 

Organization of This Report 
The results are presented in order of KQ and furthermore by intervention/comparator 

combinations. The same outcomes were sought from all studies regardless of the KQ and are 
reported when data were available. Supporting tables and figures relevant to the results appear in 
Tables 6 through 27 and in Appendices C-F, including study and population characteristics, 
study level outcomes data, study risk of bias assessments and details regarding the strength of 
evidence grading of each outcome.  
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KQ1a: What is the comparative effectiveness of intermittent inhaled 
corticosteroid (ICS) compared to no treatment, pharmacologic, or 
nonpharmacologic therapy in children 0 to 4 years old with recurrent 
wheezing?  

Results of this KQ are reported separately based on whether the comparator was 
pharmacologic or nonpharmacologic therapy. There were two distinct pharmacologic 
comparators: as-needed short-acting β2-agonist (SABA) and ICS controller, and data were 
analyzed separately. We found no studies in which the comparator was nonpharmacologic 
therapy. While this KQ focuses on the age category of 0 to 4y, one included trial45 allowed 
enrollment of patients up to the age of 6y but because the mean age was 2y we determined the 
population was considered to represent that of interest.   

Key Points 
• Intermittent ICS with as-needed SABA versus as-needed SABA, initiated with onset of a 

respiratory tract infection (RTI), reduces the risk of exacerbation requiring oral 
corticosteroids (moderate strength of evidence [SOE]) and improves Pediatric Asthma 
Caregiver’s Quality of Life Questionnaire (PACQLQ) scores (low SOE). 

• Intermittent ICS with as-needed SABA versus ICS controller with as-needed SABA did 
not significantly differ in effect on the risk of exacerbation requiring oral corticosteroid, 
the risk of exacerbation requiring hospitalization or daytime or nighttime rescue 
medication use (all low SOE).  

• There is insufficient evidence to determine the impact of intermittent ICS versus no 
therapy on outcomes. 

Intermittent ICS With As-Needed SABA Versus As-Needed SABA 
Table 6. Evidence overview for KQ1a, intermittent ICS with as-needed SABA vs. as-needed SABA 
Outcome 
category 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of 
evidence 
(rationale) 

Exacerbations Requiring oral 
corticosteroid therapy 

3 RCTs44,45,48 

(324) 
Favors intermittent ICS 
RR 0.67 (0.46 to 0.98) 

Moderate 
(imprecise) 

Asthma-related acute 
care visits 

3 RCTs44,45,48 

(324) 
No difference 
RR 0.90 (0.77 to 1.05) 

High 

Asthma-related hospital 
admissions 

3 RCT44,45,48 

(324) 
No difference 
RR 0.77 (0.06 to 9.68) 

Low 
(inconsistent, 
imprecise) 

Quality of life PACQLQ score  
 

2 RCTs44,48 

(270) 
Favors intermittent ICSa 
Bacharier, 200844 

MD -0.10 (-0.36 to 0.34) 
Ducharme, 200948 

MD 0.49 (0.10 to 0.86) 

Low 
(inconsistent, 
imprecise) 

Health care 
utilization 

Daytime rescue 
medication use, number 
of inhalations/day 

1 RCT47 

(166) 
No difference 
Papi, 200947 

MD -0.08 (-0.21 to 0.05) 

Low 
(unknown 
consistency)b 

Nighttime rescue 
medication use, number 
of inhalations/night 

1 RCT47 

(166) 
No difference 
Papi, 200947 

MD -0.04 (-0.11 to 0.03) 

Low 
(unknown 
consistency)b 

CI = confidence interval; ICS = inhaled corticosteroid; MD = mean difference; n = patient sample size; PACQLQ = Pediatric 
Asthma Caregiver’s Quality of Life Questionnaire; PRN = pro re nata (i.e., as-needed); RCT = randomized controlled trial; RR = 
relative risk; SABA = short-acting β2-agonist 



 
 

14 

aA positive mean difference in PACQLQ suggest improvement in quality of life 
bStrength of evidence was low even with only one domain downgraded due to the small sample size and lack of confidence in the 
true effect estimate 

Overview of Studies 
Four trials (n=493) were included in the analysis of intermittent ICS with as-needed SABA 

versus as-needed SABA.44,45,47,48 Three trials44,45,48 required a history of recurrent wheezing in 
the context of RTI and randomized patients to ICS treatment every day for a defined length of 
time (ranging from 7 to 10d or until symptom free for 48 hours) in addition to SABA as-needed 
versus placebo with SABA as-needed. Svedmyr et al.,48 also required patients to be diagnosed 
with wheezy bronchitis or asthma and allowed continued use of theophylline or cromoglycate 
during the trial. Bacharier et al., reported that 61 percent of enrolled patients were modified 
Asthma Prediction Index (mAPI) positive and 64 percent were diagnosed with asthma by a 
physician.44 The fourth trial47 did not specify a requirement of RTI co-occurrence although did 
require that patients were referred to a specialist due to recurrent wheezing. In this trial, patients 
were randomized to beclomethasone/salbutamol as-needed for symptom relief versus salbutamol 
as-needed for symptom relief. Race was reported as 78 percent Caucasian in one trial45 and as 25 
percent minority in a second trial44. All trials were multicenter and were conducted in single 
countries including United States (US), Italy, Sweden and Canada. Two trials45,47 were industry 
sponsored, one44 was nonindustry sponsored, and one trial48 did not report funding. Studies were 
12m in duration except one47 which was 12 weeks. Risk of bias was low with the exception of 
Svedmyer et al.,48 which was determined to be unclear.  

Results 
In patients 0 to 4 years old with recurrent wheezing, intermittent ICS with as-needed SABA, 

initiated with and continued during RTI, reduces the risk of exacerbation requiring oral 
corticosteroids by 33 percent compared to as-needed SABA (moderate SOE) (Figure 4). The risk 
of asthma-related acute care visits or asthma-related hospitalizations was no different between 
groups. Mean difference (MD) in PACQLQ score improved in the group receiving intermittent 
ICS versus as-needed SABA (MD = 0.49, low SOE) in one trial but was not different in a second 
trial. Change in either daytime or nighttime rescue medication inhalations was no different 
between groups (low SOE). 

Figure 4. Risk of requiring a course of oral steroids: intermittent ICS with as-needed SABA versus 
as-needed SABA 

 
CI = confidence interval; ICS = inhaled corticosteroids; PRN = as needed; RR = relative risk; SABA = short-acting beta-agonist 
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Intermittent ICS With As-Needed SABA Versus ICS Controller 
With As-Needed SABA 
Table 7. Evidence overview for KQ1a, intermittent ICS with as-needed SABA versus ICS controller 
with as-needed SABA 
Outcome 
category 

Outcome Quantity and 
type of  

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of 
evidence 
(rationale) 

Exacerbations Requiring oral 
corticosteroid 

1 RCT49 

(278) 
No difference 
Zeiger, 201149 

RR 0.99 (0.80 to 1.22) 

Low 
(unknown 
consistency)a 

Requiring 
hospitalization 

1 RCT49 

(278) 
No difference 
Zeiger, 201149 

RR 1.25 (0.34 to 4.56) 

Low 
(unknown 
consistency, 
imprecise) 

Health care 
utilization 

Daytime rescue 
medication use, 
number of 
inhalations/day 

1 RCT47 

(220) 
No difference 
Papi, 200947 

MD 0.07 (-0.4 to 1.8) 

Low 
(unknown 
consistency, 
imprecise) 

Nighttime rescue 
medication use, 
number of  
inhalations/night 

1 RCT47 

(220) 
No difference 
Papi, 200947 

MD -0.02 (-0.7 to 0.3) 

Low 
(unknown 
consistency, 
imprecise) 

CI = confidence interval; ICS = inhaled corticosteroid; MD = mean difference; n = patient sample size; RCT = randomized 
controlled trial; RR = relative risk 

aStrength of evidence was low even with only one domain downgraded due to the small sample size and lack of confidence in the 
true effect estimate 

Overview of Studies 
Two trials (n=498) were included in the analysis of intermittent ICS with as-needed SABA 

versus ICS controller with as-needed SABA.47,49 Papi et al.,47 was a multicenter trial in Italy of 
12 weeks duration, with industry sponsorship and low risk of bias. Patients were required to be 
referred to a specialist due to recurrent wheezing. They were randomized to the use of 
beclomethasone/salbutamol on an as-needed basis for symptom relief versus beclomethasone 
twice daily plus as-needed salbutamol for symptom relief. Race was not reported. Zeiger et al.,49 

was a multicenter trial conducted in the US with 52 weeks duration, nonindustry sponsorship, 
and low risk of bias. Patients were required to have a history of frequent wheezing and to be 
positive on the mAPI. They were randomized to budesonide for 7d with onset of RTI versus 
budesonide controller, both groups received albuterol four times daily for the first 48h of RTI 
then as-needed. Most patients were Caucasian (62 percent).  

Results 
The risk of exacerbation requiring oral corticosteroid and the risk of exacerbation requiring 

hospitalization  was no different between intermittent ICS and ICS controller in a single trial 
(low SOE).49 Daytime and nighttime rescue medication use was no different between 
intermittent ICS and ICS controller in a single trial (low SOE).49 Mean cumulative salbutamol 
(mg) was similar between intermittent ICS and ICS controller [30.1 (43.0) versus 34.2 (42.3)].47 
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Intermittent ICS Versus No Therapy 
Table 8. Evidence overview for KQ1a, intermittent ICS versus no therapy   
Outcome 
category 

Outcome Quantity and type 
of evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring 
systemic 
corticosteroid 

1 RCT46 

(26) 
Inconclusive 
Ghirga, 200246 

RR 0.54 (0.12 to 2.44) 

Insufficient 
(unknown consistency, 
imprecise) 

Asthma-related 
ER visit 

1 RCT46 

(26) 
Inconclusive 
Ghirga, 200246 

RR 0.27 (0.04 to  2.10) 

Insufficient 
(unknown consistency, 
imprecise) 

Asthma-related 
hospitalization 

1 RCT46 

(26) 
Inconclusive 
Ghirga, 200246 

No events occurred 

Insufficient 
(no events occurred) 

CI = confidence interval; ER = emergency room; ICS = inhaled corticosteroid; n = patient sample size; RCT = randomized 
controlled trial; RR = relative risk 

Overview of Studies 
One trial46 (n=26) was included in the analysis of intermittent ICS versus no therapy. Patients 

were 7 to 12m in age, presented with a history of recurrent wheezing during RTI and were 
randomized to beclomethasone 400µg three times daily for 5d at the first sign of RTI versus no 
preventative treatment. Ethnicity and sponsorship were not reported and the risk of bias was 
medium because it was open-label.  

Results 
Although the outcomes of exacerbation requiring oral steroid and the risk of asthma-related 

emergency room (ER) visits were reported, the evidence is insufficient to draw a conclusion. No 
asthma-related hospitalizations occurred. 

KQ1b: What is the comparative effectiveness of intermittent ICS compared 
to ICS controller therapy in patients 5 years of age and older with persistent 
asthma? 

Results of this KQ are reported separately based on the comparators. The first group of 
studies reported below under the subheading of “Intermittent ICS and ICS controller versus ICS 
controller” compared the addition of intermittent ICS to ICS controller therapy versus ICS 
controller therapy. The second group of studies reported below under the subheading 
“Intermittent ICS versus ICS controller” compared intermittent ICS where the patient was not 
otherwise on ICS controller versus ICS controller therapy. One study was included in both 
groups because three arms were reported.60 Although this KQ focuses on 2 of the 3 EPR-3 age 
categories (5 to 11y, 12y or older), all but two studies54,60 were specific to the age category of 
12y or older. One trial54 allowed enrollment of patients as young as 4y old although this study 
was included in the analysis for 5 to 11y because the mean age was 7y and the populations was 
determined to represent that of interest. One trial60 enrolled 6 to 18y olds and represents a mixed 
population based on age and the mean was 10 to 11y, thus this trial was considered under the age 
category of 5 to 11y. We report results separately per age group when possible. 
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Key Points 
• In patients 12y of age or older, intermittent ICS and ICS controller versus ICS controller 

does not significantly differ in effect on the risk of exacerbations (low SOE) with 
exception of asthma-related outpatient visits (low SOE) which favors intermittent ICS 
with ICS controller versus ICS controller. Evidence is insufficient to draw conclusions in 
patients 5 to 11y old. 

• In patients 12y of age or older, intermittent ICS versus ICS controller therapy does not 
significantly differ in the risk of exacerbations (low SOE), Asthma Control Questionnaire 
(ACQ)-7 or ACQ-5 score (low SOE), spirometry (low to high SOE), Asthma Quality of 
Life Questionnaire (AQLQ)-(S) score (moderate SOE), albuterol rescue use (moderate 
SOE).  Evidence is insufficient to draw conclusions in patients 5 to 11y old aside from 
Pediatric Asthma Quality of Life Questionnaire (PAQLQ) score and rescue inhaler use 
which was no different between groups (low SOE). 

Intermittent ICS and ICS Controller Versus ICS Controller 
Table 9. Evidence overview for KQ1b, intermittent ICS with ICS controller versus ICS controller in 
patients 12 years of age and older 
Outcome 
category 

Outcome Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring oral 
corticosteroid (full 
population)a  

3 RCTs59,62,67 

(908) 
No difference 
RR 0.68 (0.31 to 1.49) 

Low  
(inconsistent, imprecise) 

Requiring oral 
corticosteroid (of those 
starting study inhaler)a  

3 RCTs55,59,62 

(399) 
No difference 
RR 0.64 (0.26 to 1.57) 

Low  
(inconsistent, imprecise) 

Requiring oral 
corticosteroid, 
unscheduled doctor 
visit, ER, or having 
unstable asthmab 

1 RCT55 

(98) 
No difference 
Fitzgerald, 200455 

RR 1.03 (0.63 to 1.65) 

Low  
(unknown consistency, 
imprecise) 

Asthma-related 
hospitalization 
 

1 RCT67 

(115) 
Inconclusive 
Lahdensuo, 199667 

RR 0.70 (0.12 to 4.05) 

Insufficient 
(medium ROB, 
unknown consistency, 
imprecise) 

Asthma-related 
outpatient visit 
 

2 RCTs59,67 

(505) 
Favors intermittent ICS 
and ICS controller 
Lahdensuo, 199667 

RR 0.53 (0.29 to 0.96) 
Harrison, 200459 

RR 1.14 (0.71 to 1.83) 

Low 
(inconsistent, imprecise) 

Unstable asthmab 

 
1 RCT55 

(98) 
No difference 
Fitzgerald, 200455 

RR 0.57 (0.23 to 1.38) 

Low  
(unknown consistency, 
imprecise) 

2 or 3 exacerbations 
requiring oral 
corticosteroid (full 
population)a 

1 RCT62 

(403) 
No difference 
Oborne, 200962 

RR 0.63 (0.15 to 2.59) 

Low  
(unknown consistency, 
imprecise) 

2 or 3 exacerbations 
requiring oral 
corticosteroid (of those 
starting study inhaler)a 

1 RCT62 

(403) 
No difference 
Oborne, 200962 

RR 0.34 (0.07 to 1.76) 

Low  
(unknown consistency, 
imprecise) 
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Outcome 
category 

Outcome Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of evidence 
(rationale) 

Fall in PEF <70% from 
baseline 

1 RCT56 
(134) 

No difference 
Foresi, 200056 

RR 1.09 (0.52 to 2.30) 

Low 
(unknown consistency, 
imprecise) 

CI = confidence interval; ICS = inhaled corticosteroid; MD = mean difference; n = patient sample size; OR = odds ratio; RCT = 
randomized controlled trial; ROB = risk of bias; RR = relative risk; y=year 

aThe full population reflects all patients randomized in that trial, regardless if they ever initiated the study inhaler which would 
have provided the intermittent ICS dose. The population which started the study inhaler reflects the patients randomized who 
actually initiated the study inhaler and thus received the intermittent ICs dose they were randomized too.  
bDefined as lack of stability, where stability was defined as morning peak expiratory flow 90 percent or more of mean baseline 
value on either of the two previous days, <4 inhalations of inhaled corticosteroid per day over the past 2 days, no nocturnal 
awakenings in the prior 2 nights, and a total symptom score not exceeding mean baseline value more than 2 ordinal values over 
the previous 2 days 

Table 10. Evidence overview for KQ1b, intermittent ICS with ICS controller versus ICS controller in 
patients 4 to 11 years of age 
Outcome 
category 

Outcome Quantity and type 
of evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Exacerbation Requiring oral 
corticosteroids 

1 RCT60 

(143) 
Inconclusive 
Martinez, 201160 

RR 1.12 (0.67 to 1.86) 

Insufficient 
(unknown consistency, 
imprecise, indirect)a 

Requiring 
hospitalization 

1 RCT54 

(29) 
Inconclusive 
Colland, 200454 

OR 0.14 (0.003 to 7.31) 

Insufficient 
(unclear ROB, 
unknown consistency, 
imprecise) 

Treatment failureb 1 RCT60 

(143) 
Inconclusive 
Martinez, 201160 

RR 2.03 (0.39 to 10.72) 

Insufficient 
(unknown consistency, 
imprecise, indirect)a 

Spirometry FEV1 % predicted 1 RCT54 

(29) 
Inconclusive 
Colland, 200454 

MD 5 (-6.01 to 16.01) 

Insufficient 
(unclear ROB, 
unknown consistency, 
imprecise) 

Quality of life PAQLQ score 1 RCT60 

(143) 
No difference 
Martinez, 201160 

MD -0.003 (-0.25 to 0.25) 

Low 
(unknown consistency, 
Indirect)a 

Health care 
utilization 

Albuterol puffs/day 
 

1 RCT60 

(143) 
Inconclusive 
Martinez, 201160 

MD 0.04 (-0.33 to 0.40) 

Insufficient 
(unknown consistency, 
imprecise, indirect)a 

CI = confidence interval; ER = emergency room; FEV1 = forced expiratory volume in one second; ICS = inhaled corticosteroid; 
MD = mean difference; n = patient sample size; OR = odds ratio; PAQLQ = Pediatric Asthma Quality of Life Questionnaire; 
RCT = randomized controlled trial; ROB = risk of bias; RR = relative risk; y = year 

a Martinez et al. enrolled patients 6 to 18 years of age, with mean of 10 and 11y per arm although since this is the only trial that 
provides data for the EPR-3 age group of 5-11y old, we used the data but downgraded strength of evidence for indirectness 
bDefined as any of following: (1) Hospitalization due to asthma; (2) Hypoxic seizure due to asthma; (3) Intubation due to asthma; 
(4) Requirement for a second burst of prednisone within any 6m period; (5) Significant adverse event related to the use of a study 
medication. The only criterion for assignment of treatment failure during the trial was the requirement for a second burst of 
prednisone within any six-month period 

Overview of Studies 
Seven RCTs54-56,59,60,62,67 (n=1312) were included in the analysis of intermittent ICS 

plus ICS controller versus ICS controller. Five RCTs55,56,59,62,67 enrolled patients 12 years of 
age and older (mean 31 to 55 years). One trial54 enrolled patients 4 to 11y old and 1 trial60 
enrolled a mixed population of 6 to 18y olds (mean 10 to 11y); thus, results of these trials are 
presented separately from results of patients 12y of age or older. The trial60 that enrolled 
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patients 6 to 18 years of age was the only source of data for the population of 4 to 11y old for 
some of the outcomes evaluated thus we used this data and downgraded the SOE for 
indirectness. Of the 7 trials, one further specified persistent asthma to be mild,60 one67 specified 
mild to moderate, and two54,56 specified moderate severity. One trial60 required patients to be 
well controlled, one59 described patients as stable, two trials54,56 considered patients 
symptomatic, and the others did not specify asthma control. Race was reported in one trial60 and 
was mostly Caucasian (71%). In all trials, patients were taking ICS controller therapy and in the 
intervention arm peak expiratory flow (PEF),55,56,59,62,67 prodromal symptoms,54 or real-life 
scenarios where the patient would normally use albuterol or treat a reduced PEF60 triggered a 
temporary increase in the ICS dose. Of the trials that used PEF to trigger additional ICS, trigger 
values ranged from <70 percent to <85 percent. The duration of increased ICS dose was either 7 
or 14d except in a single trial60 instructing patients to use the inhaler whenever albuterol would 
be normally used. The increase in ICS dose was equivalent to doubling, 54,55,59,67 
quadrupling,56,62 or patient driven60. In 5 trials55,56,59,62,67 PEF (either <60% or <70%) also 
triggered oral corticosteroid initiation for a duration ranging from 3 to 10d. The control arm was 
randomized to a set ICS dose in all trials except one67 where physicians modified therapy 
according to their judgement. All trials were multicenter, of either 6 or 12m duration, and 
conducted in a single country (Canada, US, United Kingdom [UK], Netherlands, Finland, Italy). 
Three trials were industry sponsored55,56,67 and 4 were nonindustry sponsored.54,59,60,62 
Risk of bias was low in 4 trials,55,59,60,62 medium in 1 trial67 and unclear in 2 trials.54,56  

Results 
In patients 12y of age or older, intermittent ICS and ICS controller versus ICS controller does 

not significantly differ in the effect on risk of exacerbation requiring oral corticosteroid, for the 
full study population (Figure 5, Panel A) or in those patients who actually initiated the study 
inhaler (Figure 5, Panel B) (low SOE), or other measures of asthma exacerbation (low SOE) with 
exception of asthma-related outpatient visits which decreased with intermittent ICS and ICS 
controller versus ICS controller (low SOE). In patients 5 to 11y old, there is insufficient evidence 
to draw conclusions on the impact of intermittent ICS and ICS controller versus ICS controller. 
The exception is PAQLQ, where there is a low SOE that there is no difference in effect between 
groups.   
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Figure 5. Risk of exacerbations requiring oral corticosteroid: Intermittent ICS and ICS controller 
versus ICS controller 

 
Panel A represents the comparison of intermittent ICS and ICS controller vs. ICS controller on the outcome of exacerbations 
requiring steroid in the full population, which is all patients regardless if they initiated their intermittent ICS therapy. Panel B 
represents the same comparison and outcome but only in patients who actually initiated their intermittent ICS therapy.  

Subgroup Data 
ICS dose: Harrison et al., analyzed a subgroup of patients on ICS doses up to 1000µg of 

beclomethasone equivalents (considered low to moderate ICS dose) and the risk of starting oral 
corticosteroids was similar to the main analysis.59 Fitzgerald et al., compared patients on ICS 
doses less than or equal to 400µg/d vs. greater than 400µg/d and found the subgroup receiving 
less that or equal to 400µg/d were less likely to experience treatment failure during the trial.55 In 
this study, treatment failure was defined as any one of the following: hospitalization due to 
asthma, hypoxic seizure due to asthma, intubation due to asthma, requirement for a second burst 
of prednisone within any 6m period, or significant adverse event related to the use of a study 
medication. 

Age: Fitzgerald et al., also compared adolescents versus adults and found no effect on the 
outcome of treatment failure (as defined above).55 

Intermittent ICS Versus ICS Controller 
Table 11. Evidence overview for KQ1b, intermittent ICS versus ICS controller in patients 12 years 
of age and older 
Outcome 
category 

Outcome  Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring oral 
corticosteroid 

1 RCT51 

(149) 
No difference 
Boushey, 200551 

RR 0.70 (0.30 to 1.64) 

Low 
(unknown consistency, 
imprecise) 

Requiring 
hospitalization 

1 RCT51 

(149) 
Boushey, 200551 

No events occurred 
Insufficient 
(no events occurred) 

Asthma-related 
urgent care visit 

1 RCT52 

(227) 
No difference 
Calhoun, 201252 

RR 0.25 (0.05 to 1.16) 

Low 
(unknown consistency, 
imprecise) 



 
 

21 

Outcome 
category 

Outcome  Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Milda or severeb 
exacerbation 

1 RCT63 

(228) 
No difference 
Papi, 200763 

RR 0.87 (0.29 to 2.61) 

Low 
(unknown consistency, 
imprecise) 

Severe 
exacerbationb 

1 RCT63 

(228) 
No difference 
Papi, 200763 

OR 0.11 (0.01 to 1.11) 

Low 
(unknown consistency, 
imprecise) 

Asthma control 
composite 
scores 

ACQ-7 score 1 RCT51 

(149) 
No difference 
Boushey, 200551 

MD 0.1 (-0.12 to 0.32) 

Low 
(unknown consistency)c 

ACQ-5 score 1 RCT52 

(227) 
No difference  
Calhoun, 201252 

MD -0.01 (-0.17 to 0.15)d 

Low  
(unknown consistency)c 

Spirometry FEV1, trough 2 RCTs52,63 

(564) 
No difference 
Papi, 200763 

MD 0.09 (-0.01 to 0.18) 
Calhoun, 201252 

MD 0.01 (-0.13 to 0.15)d 

High  
 

FEV1 % predicted 2 RCTs52,63 

(564) 
No difference 
Papi, 200763 

MD 2.04 (-0.71 to 4.79) 
Calhoun, 201252 

MD 0.01 (-1.89 to 1.91)d 

Moderate 
(imprecise) 

FVC, trough 1 RCT63 

(228) 
No difference 
Papi, 200763 

MD 0.07 (-0.03 to 0.18)d 

Low  
(unknown consistency) 

FVC % predicted 1 RCT63 

(228) 
No difference 
Papi, 200763 

MD 1.72 (-1.04 to 4.48) 

Low 
(Unknown consistency, 
imprecise) 

Quality of life AQLQ(S) score 2 RCT51,52 

(376) 
No difference 
Boushey, 200551 

MD -0.2 (-0.48 to 0.08) 
Calhoun, 201252 

MD 0.01 (-0.19 to 0.21)d 

Moderate 
(inconsistent) 

Health care 
utilization 

Rescue albuterol 
puffs/day 

2 RCT52,63 

(564) 
No difference 
Papi, 200763 

MD 0.07 (-0.13 to 0.26) 
Calhoun, 201252 

MD -0.04 (-0.11 to 0.03)d 

 

 

Moderate 
(imprecise) 

ACQ = Asthma Control Questionnaire; AQLQ(S) = Standardized Asthma Quality of Life Questionnaire; CI = confidence 
interval; FEV1 = forced expiratory volume in one second; FVC = forced vital capacity; ICS = inhaled corticosteroid; MD = mean 
difference; n = patient sample size; OR = odds ratio; RCT = randomized controlled trial; RR = relative risk; y=year 

aDefined as awakening at night owing to asthma or as a decrease in the morning peak expiratory flow rate to more than 20 
percent below the baseline value, the use of more than three additional puffs per day of rescue medication (either albuterol or 
beclomethasone and albuterol) as compared with during the baseline for 2 or more consecutive days, or both. Single, isolated day 
on which mild exacerbation occurred were not counted. 
bDefined as a decrease in the morning peak expiratory flow rate to more than 30 percent below the baseline value on 2 
consecutive days or more than eight puffs per day of rescue medication for 3 consecutive days or the need for treatment with oral 
corticosteroids, as judged by the investigator. 
c Strength of evidence was low even with only one domain downgraded due to the small sample size and lack of confidence in 
the true effect estimate 
dStudy reported 97.5 percent confidence intervals which were converted to 95 percent confidence intervals 
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Table 12. Evidence overview for KQ1b, intermittent ICS versus ICS controller in patients 4 to 11 
years of age  
Outcome 
category 

Outcome  Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring oral 
corticosteroids 

1 RCT60 

(143) 
Inconclusive 
Martinez, 201160 

RR 1.27 (0.78 to 2.07) 

Insufficient 
(unknown consistency, 
imprecise, indirect) 

Treatment failuree 1 RCT60 

(143) 
Inconclusive 
Martinez, 201160 

RR 3.04 (0.64 to 14.57) 

Insufficient 
(unknown consistency, 
imprecise, indirect) 

Spirometry FEV1 % predicted 1 RCT60 

(143) 
Inconclusive 
Martinez, 201160 

MD -1.30 (-4.24 to 1.64) 

Insufficient 
(unknown consistency, 
imprecise, indirect) 

Quality of life PAQLQ score 1 RCT60 

(143) 
No difference 
Martinez, 201160 

MD 0.04 (-0.25 to 0.33) 

Low 
(unknown consistency, 
Indirect) 

Health care 
utilization 

Rescue albuterol 
puffs/day 

1 RCT60 

(143) 
No difference 
Martinez, 201160 

MD 0.003 (-0.24 to 0.25) 

Low 
(unknown consistency, 
indirect) 

CI = confidence interval; FEV1 = forced expiratory volume in one second; MD = mean difference; n = patient sample size; 
PAQLQ = Pediatric Asthma Quality of Life Questionnaire; RCT = randomized controlled trial; RR = relative risk; y = year 

aDefined as any of following: (1) Hospitalization due to asthma; (2) Hypoxic seizure due to asthma; (3) Intubation due to asthma; 
(4) Requirement for a second burst of prednisone within any 6m period; (5) Significant adverse event related to the use of a study 
medication. The only criterion for assignment of treatment failure during the trial was the requirement for a second burst of 
prednisone within any six-month period. 

Overview of Studies 
Five RCTs51,52,60,63,64 (n=972) were included in the analysis of intermittent ICS versus ICS 

controller. Three trials51,52,63 enrolled patients 12y of age or older (mean 32 to 39y), all requiring 
an age of at least 18y to enter the trial. One trial enrolled patients 5 to 10y old and one trial60 
enrolled a mixed population (6 to 18y, mean 10 to 11y); thus, results of these trials are presented 
separately from results of patients 12y of age or older. Three trials51,60,63 specified asthma to be 
mild persistent, two of which60,63 required asthma to be controlled. One trial evaluated patients 
with mild to moderate persistent asthma that was well or partially well controlled52 and the final 
trial64 evaluated mostly mild persistent asthmatics, symptomatic at the start of the trial. Race was 
specified as Caucasian in 3 trials60,63,64 ranging from 64 to 100 percent of subjects. In all trials, 
patients in the intervention arm were not on controller therapy. In 3 trials, intermittent ICS was 
triggered by the need for symptom relief where albuterol would normally be used, and ICS doses 
were taken with SABA doses as-needed.52,60,63 ICS use was triggered by action plan specified 
symptoms consistent with the yellow zone in one trial51 and upon symptom development that 
prompted contact with study physician who decided if intermittent ICS should be initiated in 
another trial64. In both of these trials51,64 intermittent ICS duration was fixed (10 and 14d). In one 
trial, the control arm received physician-modified therapy according to the step-wise approach52 
while in the others patients were randomized to a fixed ICS dose. Duration of trials ranged from 
6 to 18m. All but 1 trial64 were multicenter, 3 trials51,52,60 conducted in the US and the others 
outside of the US. Two trials63,64 were industry sponsored while the others were nonindustry 
sponsored. Risk of bias was low in all trials.  
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Results 
In patients 12y of age and older, intermittent ICS versus ICS controller therapy does not 

significantly differ in effect on the risk of exacerbations (low SOE), ACQ-7 or ACQ-5 score 
(low SOE), spirometry (low to high SOE), AQLQ(S) score (moderate SOE), or albuterol rescue 
use (moderate SOE). 

In patients 5 to 11y old, there is insufficient evidence to draw conclusions on the impact of 
intermittent ICS versus ICS controller for all endpoints except for rescue albuterol use where 
there is a low SOE of no difference between the two strategies.   

Subgroup Data 
Race/ethnicity, albuterol reversibility, baseline FEV1, peak flow, symptoms, nitric oxide, 

sputum eosinophils: Calhoun et al., found that race/ethnicity and albuterol reversibility predicted 
the outcome of treatment failure. The odds of treatment failure were increased in Hispanics 
[Odds Ratio (OR) 3.6 (1.8 to 7.0)] and in blacks [OR 2.1 (1.2 to 4.0)] compared to non-Hispanic 
white subjects, p<0.02 for both comparisons. 52 There was also a significant interaction between 
race and efficacy suggesting a in non-Hispanic whites, intermittent ICS prevented treatment 
failure better than ICS controller [HR 4.50 (1.42 to 14.30)] whereas in Hispanics the opposite 
was found [HR 0.30 (0.04 to 1.80), p=0.01 comparing the two groups).52 In this study, treatment 
failure was defined as a composite of asthma exacerbations, FEV1 measurement at home or in 
the office, SABA use, or use of additional asthma medications.52 The following characteristics 
were not predictive of treatment failure: baseline forced expiratory volume in 1 second (FEV1), 
peak flow, symptoms, exhaled nitric oxide, sputum eosinophils.  

FEV1 percent predicted: Boushey et al., compared subgroups of patients with FEV1 percent 
predicted 70 to 79 vs. greater than 80 percent and found no impact on the outcome of post-
bronchodilatory FEV1.51 

KQ1c: What is the comparative effectiveness of ICS with long-acting beta 
agonist (LABA) used as both controller and quick relief therapy compared 
to ICS with or without LABA used as controller therapy in patients 5 years 
of age and older with persistent asthma? 

Results for this KQ are reported separately based on the comparator being ICS controller, 
ICS and LABA controller, or either comparator (conventional best practice [CBP]). CBP 
describes the comparator arm in a trial when either ICS or ICS and LABA controller was 
allowed. The estimated comparative daily ICS dose1 was used to further categorize studies into 
the following 6 groups:  

• ICS and LABA controller and quick relief versus ICS controller at the same comparative 
ICS dose (same dose) 

• ICS and LABA controller and quick relief versus ICS controller at a higher comparative 
ICS dose (higher dose) 

• ICS and LABA controller and quick relief versus ICS and LABA controller at the same 
comparative ICS dose (same dose) 

• ICS and LABA controller and quick relief versus ICS and LABA controller at a higher 
comparative ICS dose (higher dose) 

• ICS and LABA controller and quick relief versus ICS and LABA controller at a lower 
comparative ICS dose (lower dose) 
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• ICS and LABA controller and quick relief versus conventional best practice (CBP) 
Some studies met criteria for more than one of the above 6 groups when multiple arms were 
reported. Although this KQ focuses on 2 of the 3 EPR-3 age categories (5 to 11y, 12y of age and 
older), all but two studies83,115 were specific to the age category of 12 years of age and older. One 
trial115 enrolled patients as young as 6y while the second trial83 enrolled patients as young as 4y. 
This latter trial83 was included because the mean age was 36y and the populations was 
considered to represent that of interest. We report results separately per age group when possible.  

Key Points—ICS and LABA Controller and Quick Relief Versus 
ICS Controller 

• In patients 12 years of age and older, ICS and LABA controller and quick relief versus 
ICS controller at the same comparative ICS dose reduces the risk of exacerbations as 
composite outcomes (all moderate SOE), improves FEV1 (moderate SOE) and reduces 
rescue medication inhalations per day (low SOE). 

• In patients 12 years of age and older and in patients 4 to 11y old, ICS and LABA 
controller and quick relief versus ICS controller at a higher comparative ICS dose 
reduces the risk of exacerbations as composite outcomes (all low SOE).  

Key Points—ICS and LABA Controller and Quick Relief Versus 
ICS and LABA Controller 

• In patients 12 years of age and older, ICS and LABA controller and quick relief versus 
ICS and LABA controller at the same comparative ICS dose reduces the risk of 
composite exacerbations including systemic corticosteroid, hospitalization, or ER visits 
(high SOE) as well as each of the individual components of the composite outcome 
(moderate to high SOE). The chance of being an ACQ-5 responder (moderate SOE) and 
the mean inhalations per week of rescue inhaler (low SOE) also favored controller and 
quick relief therapy. Results of a subgroup of patients 4-11y old favor ICS and LABA 
controller and quick relief on composite exacerbation outcomes and on mild exacerbation 
risk (all low SOE). 

• In patients 12 years of age and older, ICS and LABA controller and quick relief versus 
ICS and LABA controller at a higher comparative ICS dose reduces the risk of composite 
exacerbations including systemic corticosteroid, hospitalization, or ER visits (high SOE) 
but not individual components of the composite outcome (moderate SOE).  

• There is insufficient evidence to determine the impact of ICS and LABA controller and 
quick relief versus ICS and LABA controller at a lower comparative ICS dose. 

Key Points—ICS and LABA Controller and Quick Relief Versus 
CBP 

• In patients 12 years of age and older, ICS and LABA as controller and quick relief versus 
CBP reduces the risk of composite exacerbations (requiring systemic corticosteroids, 
hospitalization, ER visit, moderate SOE) but not of the individual components of the 
composite outcome (low SOE). ACQ-5 scores were improved with ICS and LABA 
controller and quick relief (moderate SOE) and rescue medication use also favored ICS 
and LABA controller and quick relief (moderate SOE). 
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ICS and LABA as Controller and Quick Relief Versus ICS 
Controller at the Same Comparative ICS Dose 
Table 13. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
controller (same dose) in patients 12 years of age and older 
Outcome 
category 

Outcome Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring systemic 
corticosteroids, 
hospitalization, ER 
visit, or having a 
PEF<70% 

2 RCTs94,96 

(2586) 
Favors controller and 
quick relief 
Scicchitano, 200496 

RR 0.65 (0.55 to 0.78) 
Rabe, 200694 

RR 0.49 (0.32 to 0.76) 

Moderate 
(imprecise) 

Requiring systemic 
corticosteroids, 
hospitalization, or ER 
visit 

1 RCT96 

(1890) 
Favors controller and 
quick relief 
Scicchitano, 200496 

RR 0.64 (0.53 to 0.78) 

Moderate 
(unknown consistency) 

Death All-cause 
 

1 RCT96 

(1890) 
Inconclusive 
Scicchitano, 200496 

OR 0.51 (0.05 to 4.92) 

Insufficient 
(unknown consistency, 
imprecise) 

Asthma-specific  
 

1 RCT96 

(1890) 
Scicchitano, 200496 

No events occurred 
Insufficienta 
(no events occurred) 

Spirometry FEV1 
 

1 RCT96 

(1890) 
Favors controller and 
quick relief 
Scicchitano, 200496 

MD 0.1 (0.07 to 0.13) 

Moderate 
(unknown consistency) 

Health care 
utilization 

Rescue mediation use, 
number of 
inhalations/day 

1 RCT94 

(697) 
Favors controller and 
quick relief 
Rabe, 200694 

MD -0.34 (-0.51 to -0.17) 

Low 
(unknown consistency, 
imprecise) 

CI = confidence interval; ER = emergency room; FEV1 = forced expiratory volume in one second; MD = mean difference; n = 
patient sample size; OR = odds ratio; PEF = peak expiratory flow; RCT = randomized controlled trial; RR = relative risk 

aStrength of evidence was rated insufficient in the setting of downgrading only one domain because this is a single trial with rare 
events.   

Overview of Studies 
Three RCTs94,96,99 (n=2658) were included in the analysis of ICS and LABA controller and 

quick relief versus ICS at the same comparative dose, all fitting in the age group of 12 years of 
age and older (mean 38 to 43y). Two trials94,96 included patients 12 to 80y old and the third 
trial99 included patients 18 to 70 years old. Sovani et al.,99 enrolled patients with suboptimally 
controlled persistent asthma but also required patients to have evidence of poor adherence to 
medications and thus results are separately described from the other two trials. Poor adherence 
was defined in that trial as having collected less than 70 percent of the expected number of 
prescriptions for ICS in the year prior to the study.99 The remaining two trials enrolled 
symptomatic patients, one94 with mild to moderate persistent asthma and the other96 with 
moderate to severe persistent asthma. Race was not reported. All trials compared 
budesonide/formoterol controller and quick relief to budesonide controller and short-acting β2-
agonist (SABA) quick relief. Two trials94,96 were multicenter, multinational while the third99 was 
multicenter in the UK. All trials were industry sponsored and were either 6 or 12mo in duration. 
Risk of bias was low in two trials94,96 but high in one trial99 due to the open-label design, high 
attrition, and lack of intention-to-treat analysis. 
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Results 
In patients 12 years of age and older, a single trial96 found the risk of exacerbation requiring 

systemic corticosteroid, hospitalization or ER visit was reduced by 36 percent with ICS and 
LABA controller and quick relief versus ICS at the same comparative dose (moderate SOE). 
Time to first exacerbation [hazard ratio (HR) 0.61 (0.49 to 0.75)] and exacerbation rate [incident 
rate ratio (IRR) 0.55 (0.46 to 0.66)] favored ICS and LABA controller and quick relief.96 
Addition of PEF<70 percent to that composite outcome also found a reduction in exacerbation 
risk favoring ICS and LABA controller and quick relief (moderate SOE). Time to first 
exacerbation including the PEF component [HR 0.61 (0.50 to 0.74)] and time to first mild 
exacerbation [HR 0.68 (0.61 to 0.75)] also favored ICS and LABA controller and quick relief 
versus ICS at the same comparative ICS dose.96 One trial96 reported death as an outcome but few 
events occurred (1 versus 2 deaths, in ICS and LABA controller and quick relief versus ICS 
controller), none of which were asthma-specific, thus data were insufficient to draw conclusions. 
Mean change in FEV1 improved (MD = 0.10 L) with ICS and LABA controller and quick relief 
in a single trial96 (moderate SOE) as did rescue medication use inhalations/day (MD -0.34, low 
SOE).94 Two trials94,96 reported the total number of oral corticosteroid days which were 
numerically lower in the ICS and LABA controller and quick relief group (114 versus 498, 1176 
versus 3177). 

Sovani et al., found no difference in the mean change in ACQ-7 score, FEV1, or AQLQ-mini 
score.99 The total number of oral corticosteroid courses was 6 per group. 

ICS and LABA as Controller and Quick Relief Versus ICS 
Controller at a Higher Comparative ICS Dose 
Table 14. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
controller (higher dose) in patients 12 years of age and older  
Outcome 
category 

Outcome Quantity and 
type of evidence 

(n) 

Conclusion 
Effect estimate (95% CI) 

Strength of 
evidence 

(rationale) 
Exacerbations Requiring systemic 

corticosteroid, 
hospitalization, ER visit, 
or having a PEF<70% 

1 RCT83 

(1851) 
Favors controller and 
quick relief 
O’Byrne, 2005a,83 

RR 0.57 (0.48 to 0.69) 

Low 
(unknown 
consistency, 
indirect) 

Requiring systemic 
corticosteroid, 
hospitalization, or ER 
visit  

1 RCT83 

(1847) 
Favors controller and 
quick relief 
O’Byrne, 2005a,83 

RR 0.58 (0.46 to 0.72) 

Low 
(unknown 
consistency, 
indirect) 
 
 

CI = confidence interval; ER = emergency room;; n = patient sample size; PEF = peak expiratory flow; RCT = randomized 
controlled trial; RR = relative risk; y = year 

aO’Byrne enrolled patients 4 to 80y old although given this is the only trial that provides data for the EPR-3 age group of 12 
years of age and older, we used the data but downgraded strength of evidence for indirectness  
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Table 15. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS 
controller (higher dose) in patients 4 to 11 years of age  
Outcome 
category 

Outcome Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring systemic 
corticosteroid, 
hospitalization, ER visit, 
increase in ICS or other 
medication or having a 
PEF<70% 

1 RCT75 

(224) 
Favors controller and 
quick relief 
Bisgaard, 200675 

RR 0.55 (0.32 to 0.94) 

Lowa 

(unknown consistency, 
indirect, imprecise) 

Requiring systemic 
corticosteroid, 
hospitalization, ER visit 
or increase in ICS or 
other medication 

1 RCT75 

(224) 
Favors controller and 
quick relief 
Bisgaard, 200675 

RR 0.43 (0.21 to 0.87) 

Lowa 

(unknown consistency, 
indirect, imprecise) 

Mild exacerbationsb 1 RCT75 

(224) 
No difference  
Bisgaard, 200675 

RR 0.86 (0.72 to 1.04) 

Lowa 

(unknown consistency, 
indirect) 

CI = confidence interval; EPR = Expert Panel Review (Guidelines for the Diagnosis and Management of Asthma); ER = 
emergency room; ICS = inhaled corticosteroid; n = patient sample size; PEF = peak expiratory flow; RCT = randomized 
controlled trial; RR = relative risk; y = year 

a Strength of evidence was downgraded for indirectness due to the dose used in this study, which is lower than that approved in 
the package insert as well as what the EPR-3 considers “low dose” for this age group.  
bDefined as 2 consecutive days with one of the following: morning PEF greater than or equal to 20 percent below the average 
run-in value, as-needed medication use two or more inhalations a day above baseline, or awakenings due to asthma 

Overview of Studies 
One multicenter, multinational trial83 (n=1851) of 12m duration was included. The patients 

represented a mixed age (4 to 80y, mean 36y, 12% of patients <12y) although given this is the 
only source of data for patients 12 years of age and older, we utilized the data but downgraded 
SOE for being indirect. Patients had persistent, symptomatic asthma and race was not reported. 
Patients were randomized to ICS and LABA (budesonide/formoterol) controller and quick relief 
versus ICS (budesonide) controller at a higher comparative dose with SABA quick relief. The 
trial reported industry sponsorship and had low risk of bias. 

Results 
Using the full trial population data to suggest effect in patients 12 years of age and older, the 

risk of exacerbation requiring systemic corticosteroid, hospitalization or ER visit was reduced by 
42 percent with ICS and LABA controller and quick relief versus ICS at a higher comparative 
dose (low SOE).83 Time to first exacerbation [HR 0.55 (0.43 to 0.70)] and exacerbation rate [IRR 
0.54 (0.44 to 0.66)] favored ICS and LABA controller and quick relief. Addition of PEF<70 
percent to that composite outcome also found a reduction in exacerbation risk favoring ICS and 
LABA controller and quick relief (low SOE). Time to first exacerbation including the PEF 
component [HR 0.53 (0.43 to 0.65)] and exacerbation rate [IRR 0.53 (0.44 to 0.64)] and the rate 
of mild exacerbation [IRR 0.64 (0.57 to 0.73)] also favored ICS and LABA controller and quick 
relief. In the pre-planned subgroup analysis of patients 4 to 11y old (mean 8y), the same two 
composite exacerbation outcomes also favored ICS and LABA (both low SOE) controller and 
quick relief although risk of mild exacerbations was no different.75 Time to first composite 
exacerbation that included the PEF component favored ICS and LABA controller and quick 
relief [HR 0.49 (0.27 to 0.90)]. 
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ICS and LABA as Controller and Quick Relief Versus ICS and 
LABA Controller at the Same Comparative ICS Dose 
Table 16. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS and 
LABA controller (same dose) in patients 12 years of age and older 
Outcome 
category 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring systemic 
corticosteroid 
 

2 RCTs70,84 

(3792) 
Favors controller and 
quick relief 
Atienza, 201370 

RR 0.77 (0.62 to 0.95) 
Papi, 201384 

RR 0.62 (0.49 to 0.79) 

High 

Requiring 
hospitalization 
 

2 RCTs70,86 

(2224) 
Favors controller and 
quick relief 
Atienza, 201370 

RR 0.33 (0.17 to 0.65) 
Patel, 201386 

RR 1.01 (0.14 to 7.05) 

Low 
(inconsistent, 
imprecise) 

Requiring ER visit 
 

1 RCT70 

(2091) 
Favors controller and 
quick relief 
Atienza, 201370 

RR 0.74 (0.59 to 0.93) 

Moderate 
(unknown consistency) 

Requiring intubation 
 

1 RCT86 

(1701) 
Papi, 201386 

No events occurred 
Insufficient 
(no events occurred) 

Requiring systemic 
corticosteroid, 
hospitalization, or ER 
visit 

5 RCTs 

70,84,86,93,103 

(8483) 

Favors controller and 
quick relief 
RR 0.68 (0.58 to 0.80) 

High 

Requiring 
hospitalization or ER 
visit 

5 RCTs 

70,84,86,93,103 

(8313) 

Favors controller and 
quick relief 
RR 0.69 (0.63 to 0.76) 

High 

Requiring systemic 
corticosteroid, 
hospitalization, ER, or 
unscheduled visit 

1 RCT103 

(2143) 
Favors controller and 
quick relief 
Vogelmeier, 2005103 

RR 0.79 (0.65 to 0.95) 

Moderate 
(unknown consistency) 

Mild exacerbationa 

 
3 RCTs70,84,93 

(6037) 
No difference 
RR 0.94 (0.81 to 1.09) 

Moderate 
(inconsistent) 

Death All-cause 
 

4 RCTs70,86,93,103 

(6782) 
No difference 
OR 0.43 (0.04 to 4.49) 

Moderate 
(imprecise) 

 Asthma-specific 
 

4 RCTs70,86,93,103 

(6782) 
No events occurred Insufficient 

(no events occurred) 
Asthma control 
composite 
scores 

ACT score 
 

1 RCT102 

(63) 
Inconclusive 
Takeyama, 2014102 

MD 6.3 (5.15 to 7.45) 

Insufficient 
(unclear ROB, 
unknown consistency) 

ACQ-5 score 
 

3 RCT70,78,93 

(4353) 
No difference 
MD -0.16 (-0.39 to 0.06) 

Low 
(inconsistent, 
imprecise) 

ACQ-5 responderb 

 
1 RCT70 

(2091) 
Favors controller and 
quick relief 
Atienza, 201370 

RR 1.14 (1.05 to 1.24) 

Moderate 
(unknown consistency) 

Spirometry FEV1 
 

5 RCTs70,84,86,93, 

101  

(6343) 

No difference 
MD 0.04 (0.00 to 0.09) 

Low 
(inconsistent, 
imprecise) 
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Outcome 
category 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of evidence 
(rationale) 

FEV1 % predicted 
 

2 RCTs78,86 

(304) 
No difference 
Patel, 201386 

MD 1.8 (-2.8 to 6.4) 
Hozawa, 201478 

MD 1.9 (-4.27 to 8.07) 

Moderate 
(medium ROB) 

FVC 
 

1 RCT84 

(1701) 
No difference 
Papi, 201384 

MD -0.01 (-0.07 to 0.04) 

Low 
(unknown consistency, 
imprecise) 

Health care 
utilization 

Rescue medication 
use, number of 
inhalations/day 
 

3 RCT70,84,93 

(6006) 
No difference 
MD -0.16 (-0.45 to 0.14) 

Low 
(inconsistent, 
imprecise) 

Rescue medication 
use, number of 
inhalations/week 
 

2 RCTs78,101 

(93) 
Favors controller and 
quick relief 
Hozawa, 201478 

MD -0.73 (-1.42 to -0.04) 
Takeyama, 2014101 

MD -2.2 (-3.92 to -0.48) 

Low 
(medium ROB, 
imprecise) 

ACQ = Asthma Control Questionnaire; ACT = Asthma Control Test; CI = confidence interval; ER = emergency room; FEV1 = 
forced expiratory volume in one second; FVC = forced vital capacity; MD = mean difference; n = patient sample size; OR = odds 
ratio; PEF = peak expiratory flow; RCT = randomized controlled trial; ROB = risk of bias; RR = relative risk; y = year 

aDefined as meeting one of the following: the need for 2 or more as-needed medication inhalations over baseline, nighttime 
awakening from asthma or PEF decrease by at least 20 percent 
bDefined as a reduction in score by 0.5 or more 

Table 17. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS and 
LABA controller (same dose) in patients 4 to 11 years of age 
Outcome 
category 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of 
evidence (rationale) 

Exacerbations Requiring systemic 
corticosteroids, 
hospitalization, ER visit, 
increase in ICS or other 
medication or having a 
PEF<70% 

1 RCT75 

(341) 
Favors controller and 
quick relief 
Bisgaard, 200675 

RR 0.38 (0.23 to 0.63) 

Low 
(unknown 
consistency, indirect)a 

Requiring 
hospitalization, systemic 
corticosteroids, ER visit, 
or increase in ICS or 
other medications 

1 RCT75 
(341) 

Favors controller and 
quick relief 
Bisgaard, 200675 

RR 0.28 (0.14 to 0.53) 

Low 
(unknown 
consistency, indirect)a 

Mild exacerbationsb 

 
1 RCT75 
(341) 

Favors controller and 
quick relief 
Bisgaard, 200675 

RR 0.75 (0.64 to 0.88) 

Low  
(unknown 
consistency, indirect)a 

CI = confidence interval; ER = emergency room; n = patient sample size; OR = odds ratio; PEF = peak expiratory flow; RCT = 
randomized controlled trial; RR = relative risk; y = year 

a Strength of evidence was downgraded for indirectness due to the dose used in this study, which is lower than that approved in 
the package insert as well as what the EPR-3 considers “low dose” for this age group.b Defined as meeting one of the following: 
the need for 2 or more as-needed medication inhalations over baseline, nighttime awakening from asthma or PEF decrease by at 
least 20 percent 
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Overview of Studies 
Nine RCTs70,78,83,84,86,93,100,101,103 (n=12,902) were included in the analysis of ICS and LABA 

controller and quick relief versus ICS and LABA controller at the same comparative ICS dose, 
all but one fitting the age group of 12 years of age and older (mean 39 to 49y). O’Byrne et al.,83 
enrolled patients 4 to 80y old thus was not pooled with the base analysis but added in a 
sensitivity analysis given the mean age was 36y. The trial provided data from a pre-planned 
subgroup analysis of 4 to 11y olds which are presented separately.75 Of the trials meeting the age 
group 12 years of age and older, most required the age of 12y93,100,104 or 16y70,86,101 for inclusion. 
Vogelmeier et al.,103 although fitting into this group based on ICS comparative doses at the start 
of the trial, allowed dose titration in the comparator group; and thus we conducted sensitivity 
analysis excluding this trial. Of the 9 trials, 1 trial101 further specified persistent asthma severity 
as moderate to severe. Six trials enrolled patients with symptomatic asthma,70,78,83,93,101,103 1 
trial100 enrolled patients regardless of symptom presence, 4 trials70,78,84,101 specified patients were 
not controlled, and 1 trial86 did specify control or symptom presence. Race was reported in one 
trial70 and was 31.8 percent Caucasian and 62.3 percent Asian. Six trials used 
budesonide/formoterol in both arms70,83,86,93,100,101 and 1 trial84 compared 
beclomethasone/formoterol in both arms. Two trials compared budesonide/formoterol controller 
and quick relief to fluticasone/salmeterol controller.78,103 The comparator in Stallberg et al.,100 
included both similar and a higher comparative ICS dose thus this trial was excluded from 
pooled analysis. Seven trials70,78,83,84,93,100,103 were industry sponsored and 2 trials86,101 were 
nonindustry sponsored. Five trials70,83,84,93,103 were multicenter, multinational while the others 
were conducted in a single country (Japan, Sweden, New Zealand). Trials were mostly 12m in 
duration but ranged from 8 weeks to 1 year. Risk of bias was low in all trials except 478,86,100,103 
considered medium risk of bias due to the open-label design and 1 trial101 had an unclear risk of 
bias.  

Results 
In patients 12y and older, ICS and LABA controller and quick relief versus ICS and LABA 

controller at the same comparative ICS dose reduces the risk of exacerbation requiring systemic 
corticosteroids by 23 percent to 38 percent (high SOE), the risk of exacerbation requiring 
hospitalization by 67 percent (moderate SOE), the risk of exacerbation requiring ER visit by 26 
percent (moderate SOE) and the composite outcome of all three exacerbation types by 32 percent 
(high SOE) (Figure 6, Panel A). Time to first composite exacerbation was reduced in favor of 
controller and quick relief [HR 0.65 (0.54 to 0.78)] as was rate of composite exacerbations [IRR 
0.54 (0.42 to 0.69)]. One trial reported that no patients required intubation from exacerbation.84 
Additional composite outcomes for exacerbation also suggest reduction in risk favoring ICS and 
LABA as controller and quick relief (moderate to high SOE) (Figure 6, Panel B)  although no 
difference was found for the risk of mild exacerbations (Figure 6, Panel C) or in the time to first 
mild exacerbation [HR 0.88 (0.71 to 1.10)]. Deaths were infrequent and occurred in 3 of the 4 
trials reporting this outcome70,86,93,103 and no difference was found (moderate SOE). No asthma 
specific deaths occurred. Sensitivity analysis adding O’Byrne et al.,83 to the composite of 
exacerbations requiring systemic steroids, hospitalization or ER visits [relative risk (RR) 0.65 
(0.55 to 0.77), HR 0.62 (0.52 to 0.74), IRR 0.52 (0.44 to 0.63)] did not impact the magnitude or 
direction of effect for any results. Sensitivity analysis removing Vogelmeier et al.,103 did not 
impact magnitude or direction of effect for the composite of exacerbations requiring systemic 
steroids, hospitalization or ER visits [RR 0.66 (0.55 to 0.78), HR 0.62 (0.51 to 0.76)], 
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exacerbation requiring hospitalization or ER visit [RR 0.69 (0.60 to 0.79)] or death [OR 0.68 
(0.01 to 34.96)]. 

Mean difference in ACQ-5 score was no different between groups although 1 trial86 found the 
chance of being an ACQ-5 responder to favor ICS and LABA controller and quick relief 
(moderate SOE). Asthma Control Test (ACT) score was reported by a single trial with unclear 
risk of bias thus impact of ICS and LABA controller and quick relief is undetermined. Mean 
change in FEV1, FEV1 percent predicted and FVC were no different between groups although 
the lower limit of the confidence interval for FEV1 was at zero. Mean inhalations of rescue 
medication per day was no different between groups but when evaluated as mean inhalations per 
week, favored ICS and LABA controller and quick relief therapy (low SOE).  

Stallberg et al., found no difference in the composite exacerbation outcome of those requiring 
systemic corticosteroids, hospitalization or ER visit with ICS and LABA controller and quick 
relief versus ICS and LABA controller and a similar or higher comparative ICS dose, in patients 
12y old and older.100 

In patients 4 to 11 years old ICS and LABA controller and quick relief versus ICS and 
LABA controller reduces the risk of three exacerbation types (all low SOE): the composite of 
exacerbations requiring systemic corticosteroids, hospitalization, ER visit, increase in ICS or 
other medication or having a PEF less than 70 percent; the composite of exacerbations requiring 
hospitalization, systemic corticosteroids, ER, or increase in ICS or other medications; and finally 
mild exacerbations.75 
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Figure 6. Risk of exacerbation: ICS and LABA controller and quick relief versus ICS and LABA 
controller (same dose) 

 
CI = confidence interval; ER = emergency room; RR = relative risk 

Subgroup Data 
Race/ethnicity: Pilcher et al.,90 conducted an analysis of a prior trial86 for ethnicity-treatment 

interaction with specific interest in Maori versus non-Maori people. Maori are indigenous 
Polynesians of New Zealand. Maori had a greater improvement in ACQ-7 score than non-Maori 
[-1.01 (-1.55 to -0.51) versus -0.10 (-0.31 to 0.11), p<0.001] at the end of the trial. Vogelmeier et 
al., conducted a post-hoc subgroup analysis104 of patients 16 years of age and older old in Asian 
countries (China, Taiwan, Korea and Thailand) from a prior international trial that enrolled 
patients 12 years of age and older .103 Being Asian vs. the international population did not affect 
the composite exacerbation outcome. 104 

Baseline ICS dose: Papi et al.,84 found that regardless if maintenance ICS dose on entry was 
less than or equal to 500µg or greater than 500µg beclomethasone equivalents, the rate of and 
time to first exacerbation requiring systemic corticosteroid, hospitalization or ER visit favored 
ICS and LABA controller and quick relief versus ICS and LABA controller, consistent with the 
main results study results.  
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Smoking status: Pilcher et al.,116 conducted an analysis of a prior trial86 regarding the effect 
of smoking status on outcomes. Being a current, former or never smoker did not impact 
treatment efficacy for the outcomes of exacerbations, hospital or ER attendance, ACQ-7 or 
FEV1.  

FEV1 percent predicted, exacerbation history and gender: Patel et al.,87 analyzed data from a 
prior trial86 and found the following patient characteristics to increase the risk of exacerbation 
requiring systemic corticosteroids or hospitalization/ER visit for treatment: lower baseline FEV1  
percent predicted per 10 percent [rate ratio 1.14 (1.03 to 1.27)], higher number of exacerbations 
in the prior year per 1 exacerbation [rate ratio 1.15 (1.01 to 1.13)], treatment with ICS and 
LABA controller as opposed to controller and quick relief [rate ratio 1.62 (1.07 to 2.47)], and 
female gender [rate ratio 2.18 (1.29 to 3.67)].  

ICS and LABA as Controller and Quick Relief Versus ICS and 
LABA Controller at a Higher Comparative ICS Dose 
Table 18. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS and 
LABA controller (higher dose) in patients 12 years of age and older 
Outcome 
categories 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of 
evidence 
(rationale) 

Exacerbations Requiring systemic 
corticosteroid 

1 RCT76 

(2304) 
No difference 
Bousquet, 200776 

RR 0.82 (0.62 to 1.07) 

Moderate  
(unknown 
consistency) 

Requiring systemic 
corticosteroid, 
hospitalization, or ER 
visit 

3 RCTs76,81 

(6742) 
Favors controller and 
quick relief 
RR 0.75 (0.59 to 0.96) 

High 

Requiring hospitalization 
or ER visit 

3 RCTs76,81 
(6742) 

No difference 
RR 0.76 (0.46 to 1.25) 

Moderate 
(imprecise) 

Mild exacerbationa 2 RCTs81 

(3321) 
No difference 
Kuna, 2007a81 

RR 0.97 (0.91 to 1.04) 
Kuna, 2007b81 

RR 1.04 (0.97 to 1.11) 

Moderate 
(unknown 
consistency because 
single trial) 

Death All-cause 4 RCTs76,81,89 

(5757) 
No difference  
OR 2.72 (0.38 to 19.31) 

Moderate 
(imprecise) 

Asthma-specific 4 RCTs76,81,89 

(5757) 
No events occurred Insufficient 

(no events occurred) 
Asthma control 
composite 
scores 

ACQ-5 score 
 

3 RCTs76,81 

(6559) 
No difference 
Bousquet, 200776 

MD -0.02 (-0.07 to 0.04) 
Kuna, 2007a81 

MD -0.02 (-0.08 to 0.05) 
Kuna, 2007b81 

MD 0.03 (-0.03 to 0.09) 

High 

Spirometry FEV1 
 

2 RCTs81 

(4424) 
No difference 
Kuna, 2007a81 

MD 0.01 (-0.03 to 0.04) 
Kuna, 2007b81 

MD 0.01 (-0.03 to 0.04) 

Moderate  
(unknown 
consistency) 

Quality of life AQLQ(S) score 
 

2 RCTs81 
(4270) 

No difference 
Kuna, 2007a81 

MD 0.01 (-0.07 to 0.08) 
Kuna, 2007b81 

MD -0.02 (-0.09 to 0.06) 

Moderate 
(unknown 
consistency because 
single trial) 
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Outcome 
categories 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of 
evidence 
(rationale) 

Heath care 
utilization 

Rescue medication use, 
number of 
inhalations/day 
 

3 RCTs76,81 

(6559) 
No difference 
Bousquet, 200776 

MD -0.04 (-0.12 to 0.04) 
Kuna, 2007a81 

MD -0.03 (-0.12 to 0.06) 
Kuna, 2007b81 

MD 0.07 (-0.02 to 0.16) 

High 

ACQ = Asthma Control Questionnaire; AQLQ = Asthma Quality of Life Questionnaire; CI = confidence interval; ER = 
emergency room; FEV1 = forced expiratory volume in one second; MD = mean difference; n = patient sample size; OR = odds 
ratio; RCT = randomized controlled trial; RR = relative risk 
aDefined as meeting one of the following: the need for 2 or more as-needed medication inhalations over baseline, nighttime 
awakening from asthma or a PEF decrease by at least 20 percent 

Overview of Studies 
Five RCTs76,81,89,100,115 (n=7605) were included in the analysis of ICS and LABA as 

controller and quick relief versus ICS and LABA controller at a higher comparative ICS dose. 
Kuna et al., contributed two unique comparisons which were considered independently for 
analysis.81 All trials fit the age group of 12 years of age and older (mean 38 to 45y) except 
Lundborg et al.,115 which studied a mixed age group (≥6y old). However, this trial115 used 
formoterol instead of SABA as quick relief in the control arm thus the trial was not pooled with 
the others. Three trials enrolled patients with symptomatic persistent asthma76,81,89 and two trials 
enrolled patients with persistent asthma and mixed control/presence of symptoms.100,115 Race 
was not reported. All studies compared budesonide/formoterol as controller and quick relief to 
either fluticasone/salmeterol controller76,81 or budesonide/formoterol controller.81,89,100,115 The 
comparator in Stallberg et al.,100 included both similar and a higher comparative ICS dose thus 
this trial was excluded from pooled analysis. All trials were multicenter and industry sponsored, 
3 trials76,81,89 were multinational and 2100,115 were conducted in Sweden. Trials ranged from 6 to 
12m in duration. Risk of bias was low in 3 trials76,81,89 and medium in 2 trials100,115 due to the 
open-label design and the risk of performance and detection bias. 

Results 
In patients 12 years of age and older, ICS and LABA as controller and quick relief versus 

ICS and LABA controller at a higher comparative ICS dose did not significantly differ in effect 
on the risk of exacerbations requiring systemic corticosteroids or requiring hospitalization/ER 
visit (Figure 7, Panel B) (both moderate SOE) but when evaluated as a composite outcome 
requiring systemic corticosteroids, hospitalization or ER visit risk was reduced by 25 percent 
(high SOE) (Figure 7, Panel A). The risk of mild exacerbations was no different (moderate 
SOE). Deaths occurred in 3 of the 4 trials reporting this outcome76,81 and no difference was 
found (moderate SOE). No asthma-specific deaths occurred. There was no difference in ACQ-5 
score (high SOE), FEV1 (moderate SOE), AQLQ(S) score (moderate SOE) or rescue medication 
use (high SOE).  

Lundborg et al.,115 provided data for patients 6y and older and compared two approaches to 
controller and quick relief therapy, budesonide/formoterol once daily or twice daily, both 
compared to ICS and LABA controller and formoterol quick relief. ACQ-5 was no different with 
either controller and quick relief approach compared to ICS and LABA controller. Stallberg et 
al., found no difference in the composite exacerbation outcome of those requiring systemic 
corticosteroids, hospitalization or ER visit with ICS and LABA controller and quick relief versus 
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ICS and LABA controller and a similar or higher comparative ICS dose, in patients 12y old and 
older.100  

Figure 7. Risk of exacerbation: ICS and LABA controller and quick relief versus ICS and LABA 
controller (higher dose)  

 
CI = confidence interval; ER = emergency room; RR = relative risk 

Subgroup Data 
Race/ethnicity: Lin et al.,113 conducted a post-hoc subgroup analyses comparing Chinese 

patients vs. the full international population and found no impact on the outcomes of 
exacerbation and ACQ-5 score.  

Age: Kuna et al.,80 conducted a post-hoc subgroup analysis of a prior trial81 in patients 16y of 
age and older old vs. the original population of 12 years of age and older and found no impact on 
the outcomes of  exacerbations, ACQ-5, AQLQ(S) or rescue medication use inhalations/d.  

ICS and LABA as Controller and Quick Relief Versus ICS and 
LABA Controller at a Lower Comparative ICS Dose 
Table 19. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus ICS and 
LABA controller (lower dose) in patients 12 years of age and older 
Outcome 
category 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of evidence 
(rationale) 

Asthma control 
composite 
scores 

ACQ-5 score  
 

1 RCT117 

(30) 
Inconclusive 
Hozawa, 2016117 

MD -0.40 (-0.53 to -0.27) 

Insufficient 
(medium ROB, 
unknown consistency, 
imprecise) 

Spirometry FEV1 % predicted 
 

1 RCT117 

(30) 
Inconclusive 
Hozawa, 2016117 

MD 3.10 (-1.36 to 7.56) 

Insufficient 
(medium ROB, 
unknown consistency) 
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Outcome 
category 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% 

CI) 

Strength of evidence 
(rationale) 

Health care 
utilization 

Rescue medication 
use, number of 
inhalations/week 

1 RCT117  
(30) 

Inconclusive 
Hozawa, 2016117 

MD -0.9 (-1.48 to -0.32) 

Insufficient 
(medium ROB, 
unknown consistency, 
imprecise) 

ACQ = Asthma Control Questionnaire; CI = confidence interval; FEV1 = forced expiratory volume in one second; MD = mean 
difference; n = patient sample size; RCT = randomized controlled trial; ROB = risk of bias; RR = relative risk 

Overview of Studies 
One RCT117 (n=30) was included in the analysis of ICS and LABA as controller and quick 

relief versus ICS and LABA controller at a lower comparative ICS dose. Hozawa et al., studied 
patients 20y of age and older, with a mean age of 41y. Patients were considered to have 
symptomatic, persistent asthma. Race was not reported. Patient were randomized to 
budesonide/formoterol as controller and quick relief or fluticasone/vilanterol as controller with 
procaterol as needed. The trial was single center, industry-sponsored in Japan for 4 weeks. Risk 
of bias was medium due to the open-label design and the risk of performance and detection bias. 

Results 
Although the outcomes of ACQ-5 score, FEV1 percent predicted, and rescue medication use 

were reported, the evidence is insufficient to draw a conclusion.  

ICS and LABA as Controller and Quick Relief Versus CBP  
Table 20. Evidence overview for KQ1c, ICS and LABA controller and quick relief versus CBP in 
patients 12 years of age and older 
Outcome 
category 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring systemic 
corticosteroid 
 

4 RCTs82,91,97,98 

(4935) 
No difference 
RR 0.84 (0.61 to 1.17) 

Low 
(medium ROB, 
imprecise) 

Requiring 
hospitalization 
 

4 RCTs82,91,97,98 

(4935) 
No difference 
OR 0.89 (0.34 to 2.30) 

Low 
(medium ROB, 
imprecise) 

Requiring ER visit 
 

4 RCTs82,91,97,98 
(4935) 

No difference 
RR 0.78 (0.50 to 1.21) 

Low 
(medium ROB, 
imprecise) 

Requiring systemic 
corticosteroid, 
hospitalization, or 
ER visit 

6 
RCTs82,91,95,97,98, 

100 (6354) 

Favors controller and 
quick relief 
RR 0.78 (0.64 to 0.95) 

Moderate 
(medium ROB) 

Death All-cause 4 RCTs82,91,97,98 

(4935) 
No difference 
OR 2.20 (0.32 to 14.96) 

Moderate 
(imprecise) 

Asthma-specific 
 

4 RCTs82,91,97,98 

(4935) 
No events occurred Insufficient 

(no events occurred) 
Asthma control 
composite 
scores 

ACQ-5 score  
 

5 RCTs82,91,95,97, 

98 

(4996) 

Favors controller and 
quick relief 
MD -0.09 (-0.14 to -0.03) 

Moderate 
(medium ROB) 
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Outcome 
category 

Outcome 
 

Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

ACQ-5 respondera 

 
2 RCTs91,97 
(2166) 

Favors controller and 
quick relief 
Sears, 200897 

RR 1.22 (1.03 to 1.44) 
Quirce, 201191 

RR 1.09 (0.92 to 1.30) 

Moderate 
(medium ROB) 

Spirometry FEV1  
 

1 RCT82 

(271) 
No difference 
Louis, 200982 

MD -0.03 (-0.12 to 0.06) 

Low 
(unknown 
consistency)b 

FEV1 % predicted 
 

1 RCT95 

(102) 
No difference 
Riemersma, 201295 

MD 0.70 (-1.80 to 3.20) 

Low 
(unknown 
consistency)b 

Health care 
utilization  

Rescue medication 
use, number of 
inhalations/day 

2 RCTs82,97 

(2404) 
Favors controller and 
quick relief 
Sears, 200897 

MD -0.16 (-0.26 to -0.05) 
Louis, 200982 

MD -0.10 (-0.24 to 0.03) 

Moderate 
(medium ROB) 

≥1 day w/PRN 
inhalation 
 

2 RCTs82,91 

(1562) 
Favors CBP 
Louis, 200982 

RR 2.96 (2.42 to 3.61) 
Quirce, 201191 

RR 0.96 (0.90 to 1.01) 

Low 
(medium ROB, 
inconsistent) 

Abbreviations: ACQ=Asthma Control Questionnaire; CBP=conventional best practice; CI=confidence interval; ER=emergency 
room; FEV1=forced expiratory volume in one second; MD=mean difference; n=patient sample size; OR=odds ratio; PRN=pro re 
nata (as-needed); RCT=randomized controlled trial; ROB=risk of bias; RR=relative risk 

aResponder was defined as a reduction in score by 0.5 or more 
bStrength of evidence was rated low even in the setting of one domain downgraded because of the small sample size within a 
single trial for this outcome and thus lack of confidence in the true effect estimate.  

Overview of Studies 
Six RCTs82,91,95,97,98,100 (n=6832) and two observational studies79,114 (n=536) were included in 

the analysis of ICS and LABA as controller and quick relief versus CBP, all fitting the age 
category of 12 years of age and older (mean age 40 to 51y). Two trials enrolled patients with 
mild to severe asthma,91,97 1 enrolled mild to moderate asthma,95 and the remaining trials did not 
further classify persistent asthma severity. Two trials enrolled patients considered to have 
suboptimal asthma control91,97 and the remaining trials enrolled a mixed population in terms of 
control and/or symptom presence82,95,98,100 One trial reported race, which was 94 percent 
Caucasian.97 All trials compared budesonide/formoterol as both controller and quick relief to 
what we refer to as “CBP”. All patients in the CBP groups received at a minimum ICS and of the 
trials reporting further details82,91,97,98 greater than 80 percent were also on LABA. Changes in 
medications and doses were determined by the physician throughout the course of the trial. All 
trials were multicenter industry sponsored. Trials ranged from 6 to 12m in duration. Risk of bias 
was medium in all trials due to the open-label design and the risk of performance and detection 
bias. 

Results 
ICS and LABA as controller and quick relief versus CBP did not significantly differ in the 

effect on the risk of exacerbations requiring systemic corticosteroids, requiring hospitalization, 
or requiring ER visits (all low SOE) (Figure 8, Panels A-C) but when evaluated as a composite 
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outcome reduces the risk of exacerbations by 22 percent (moderate SOE) (Figure 8, Panel D). 
Time to first composite exacerbation was not significantly reduced [HR 0.85 (0.58 to 1.23)] 
while the IRR was in favor of ICS and LABA as controller and quick relief therapy [IRR 0.83 
(0.70 to 0.99)]. Deaths were infrequent and occurred in 3 of the 4 trials reporting this 
outcome82,97,98 and no difference was detected. No asthma-specific deaths occurred. Spirometry 
was infrequently reported and in the single trial that measured FEV1 and FEV1 percent 
predicted, no difference was found (both low SOE). Mean difference in ACQ-5 favored ICS and 
LABA as controller and quick relief therapy (MD -0.09, moderate SOE) while the chance of 
being an ACQ-5 responder was increased in 1 trial97 with ICS and LABA as controller and quick 
relief by 22 percent (moderate SOE) but a second trial91 found no difference.   

Asthma-specific quality of life was not reported in these trials. The mean difference in rescue 
medication use favored ICS and LABA controller and quick relief therapy in 1 trial97 but was no 
different in a second trial82 (moderate SOE). The chance of needing at least 1 day with as-needed 
inhaler use favored CBP in 1 trial82 but found no difference in a second trial91. Three trials82,91,97 
reported the total number of oral corticosteroid days during the trial which was numerically 
higher with CBP in each trial and one trial provided a p-value indicating statistical significance.  

Two observational studies evaluated patients who were treated with ICS and LABA as a 
controller and quick relief medication versus ICS and LABA as controller with SABA quick 
relief.79,114 In both studies, the mean age was 50y, race was not reported, and asthma was 
described as requiring step 3 treatment according to the Global Initiative for Asthma guidelines. 
Kardos et al.,79 was industry sponsored and determined to have low risk of bias while Loh et 
al.,114 was nonindustry sponsored but with medium risk of bias due to incomparability of the 
groups compared. Kardos et al.,79 found that mean annual exacerbation rate was not significantly 
different with ICS and LABA controller and quick relief ([0.20 (0.14 to 0.29)] compared to ICS 
and LABA controller [0.17 (0.10 to 0.29)], p=0.66). Rescue medication use was reduced with 
ICS and LABA controller and quick relief versus ICS and LABA controller [MD -0.266 (-0.474 
to -0.057), p=0.013]. AQLQ(S) change from baseline was greater in the ICS and LABA 
controller group [mean change 0.42 (0.89)] than in the ICS and LABA controller and quick relief 
group [mean change 0.25 (0.82)]. FEV1 improved in both groups and the difference was greater 
in the ICS and LABA controller and quick relief group [mean change 0.13 (0.48) versus 0.07 
(0.431)]. Two patients (0.6%) needed ER treatment in the ICS and LABA controller and quick 
relief group and one (0.6%) needed hospitalization in the ICS and LABA controller group. Loh 
et al.,114 found that rescue medication use was reduced significantly in both patients treated with 
ICS and LABA controller and quick relief and those treated with ICS and LABA controller. In 
the ICS and LABA controller and quick relief group, FEV1 significantly improved (median 
difference 90 mL, p=0.013) as did the rate of hospitalizations (p=0.039) compared with ICS and 
LABA controller, although the rate of ER visits did not differ. 



 
 

39 

Figure 8. Risk of exacerbation: ICS and LABA controller and quick relief versus CBP 

 
CI = confidence interval; ER = emergency room; RR = relative risk 

KQ2a: What is the comparative effectiveness of long-acting muscarinic 
antagonist (LAMA) as add-on to ICS controller therapy compared to 
placebo or increased ICS dose in patients 12 years of age and older with 
uncontrolled, persistent asthma? 

Key Points—LAMA Versus Placebo as Add-on to ICS 
• LAMA versus placebo as add-on to ICS reduces the risk of exacerbations requiring 

systemic corticosteroids (high SOE) and the risk of asthma worsening (high SOE), and 
leads to improved mean differences in peak, trough and area under the curve (AUC) for 
FEV1 and FVC (all high SOE). 

• LAMA versus placebo as add-on to ICS does not significantly differ in effect on asthma 
control composite scores (moderate SOE), asthma-specific quality of life (low to high 
SOE) or rescue medication use (moderate SOE).  
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Key Points—LAMA Add-on to ICS Versus Increasing ICS Dose 
• LAMA added on to ICS versus doubling the ICS dose does not significantly differ in 

effect on the risk of exacerbations requiring systemic corticosteroids or the mean 
difference in ACQ-6 score, FEV1 trough or AQLQ score (all low SOE). 

Table 21. Evidence overview for KQ2a, LAMA as add-on to ICS versus placebo  
Outcome 
category 

Outcome Quantity and type 
of evidence 

(n) 

Conclusion 
Effect estimate (95% CI) 

Strength of 
evidence 
(rationale) 

Exacerbations Requiring systemic 
corticosteroid 
 

5 RCTs118-120,122,123 

(3036) 
Favors LAMA 
RR 0.67 (0.48 to 0.92) 

High 

Asthma worseninga 
 

3 RCTs119,122,123 

(2420) 
Favors LAMA 
RR 0.81 (0.68 to 0.97) 

High 

Death All-cause 

 
6 RCTs119-123 

(3065) 
No deaths occurred 
 

Insufficient 
(no events 
occurred) 

Asthma-specific 

 
6 RCTs119-123 

(3065) 
No deaths occurred 
 

Insufficient 
(no events 
occurred) 

Asthma control 
composite 
scores 

ACQ-7 score 
 

4 RCTs119,122,123 

(2304) 
No difference 
MD -0.10 (-0.28 to 0.07) 

Moderate 
(inconsistent) 

ACQ-7 responderb  
 

5 RCTs119-123 

(2680) 
No difference 
RR 1.08 (0.96 to 1.21) 

Moderate 
(inconsistent) 

Spirometry FEV1 peak  
 

4 RCTs119,122,123 

(2310) 
Favors LAMA 
MD 0.18 (0.13 to 0.24) 

High 

FEV1 trough  
 

7 RCTs119-123 

(3173) 
Favors LAMA 
MD 0.13 (0.10 to 0.17) 

High 

FEV1 AUC  
 

3 RCTs119,122,123 

(2310) 
Favors LAMA 
MD 0.18 (0.13 to 0.23) 

High 

FEV1 % predicted  
 

1 RCT122 

(457) 
Favors LAMA 
Paggiaro, 2016112 

MD 3.5 (1.58 to 5.42) 

Low 
(unknown 
consistency) 

FVC peak  
 

3 RCTs119,123 

(1853) 
Favors LAMA 
MD 0.11 (0.05 to 0.18) 

High 

FVC trough  
 

5 RCTs118,119,121,123 

(2390) 
Favors LAMA 
MD 0.08 (0.04 to 0.13) 

High 

FVC AUC  
 

3 RCTs119,123 

1859) 
Favors LAMA 
MD 0.11 (0.05 to 0.17) 

High 

Quality of life AQLQ score 2 RCTs119 

(1461) 
No difference 
Kerstjens Trial 1, 2015119 

MD 0.07 (-0.06 to 0.20) 
Kerstjens Trial 2, 2015119 

MD 0.11 (-0.03 to 0.25) 

High 

AQLQ-mini score 
 

1 RCT118 

(253) 
No difference 
Bateman, 2011118 

MD -0.09 (-0.27 to 0.08) 

Low 
(unknown 
consistency)c 

Health care 
utilization 

Rescue medication use, 
number of puffs in 24h 

7 RCTs119-123 

(3104) 
No difference 
MD -0.08 (-0.23 to 0.07) 

Moderate 
(inconsistent) 

ACQ = Asthma Control Questionnaire; AQLQ = Asthma Quality of Life Questionnaire; AUC = area under the curve; CI = 
confidence interval; FEV1 = forced expiratory volume in one second; ICS = inhaled corticosteroid; LAMA = long-acting 
muscarinic antagonist; MD = mean difference; n = patient sample size; PEF = peak expiratory flow; RCT = randomized 
controlled trial; RR = relative risk  

a Defined as progressive increase in asthma symptoms compared to day-to-day symptoms or a decrease in morning PEF greater 
than or equal to 30 percent for 2 or more days 
bDefined as a decrease in score by 0.5 or more 
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cStrength of evidence was rated low even in the setting of one domain downgraded because of the small sample size within a 
single trial for this outcome and thus lack of confidence in the true effect estimate.  

Table 22. Evidence overview for KQ2a, LAMA as add-on to ICS versus doubling the ICS dose  
Outcome 
category 

Outcome Quantity and 
type of 

evidence 
(n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring systemic 
corticosteroid 
 

1 RCT27 

(210) 
No difference 
Peters, 201027 

RR 0.48 (0.12 to 1.84) 

Low  
(unknown 
consistency, 
imprecise) 

Requiring oral 
corticosteroid or 
increase in ICS or other 
asthma medication 

1 RCT27 
(210) 

No difference 
Peters, 201027 

RR 0.32 (0.09 to 1.13) 

Low  
(unknown 
consistency, 
imprecise) 

Asthma 
control 
composite 
scores 

ACQ-6 score 
 

1 RCT27 
(127) 

No difference 
Peters, 201027 

MD -0.15 (-0.45 to 0.15) 

Low 
(unknown 
consistency)a 

Spirometry FEV1 trough 
 

1 RCT27 
(118) 

No difference 
Peters, 201027 

MD 0.09 (-0.20 to 0.38) 

Low 
(unknown 
consistency)a 

Quality of life AQLQ score 
 

1 RCT27 
(122) 

No difference 
Peters, 201027  
MD 0.04 (-0.32 to 0.40) 

Low 
(unknown 
consistency)a 

ACQ = Asthma Control Questionnaire; AQLQ = Asthma Quality of Life Questionnaire; AUC = area under the curve; CI = 
confidence interval; FEV1 = forced expiratory volume in one second; ICS = inhaled corticosteroid; LAMA = long-acting 
muscarinic antagonist; MD = mean difference; n = patient sample size; PEF = peak expiratory flow; RCT = randomized 
controlled trial; RR = relative risk  

a Strength of evidence was rated low even in the setting of one domain downgraded because of the small sample size within a 
single trial for this outcome and thus lack of confidence in the true effect estimate.  

LAMA Versus Placebo as Add-on to ICS 

Overview of Studies 
Seven RCTs118-123 (n=3321) were included in the analysis of LAMA versus placebo as add-

on to ICS, one had a crossover design.120 Two replicate trials were reported in a single 
publication and each trial results were considered unique except for the results that were only 
reported in a combined way.119 Six trials were multicenter, multinational trials118-120,122,123 and 1 
trial was conducted in Japan.121 All trials reported industry sponsorship. Trials ranged from 15d 
to 52 weeks in duration. All trials required an age of at least 18 years for inclusion except (mean 
age 41 to 47y) one trial123 which focused on patients 12 to 17y old (mean age 14y). Patients in 
the trials reporting race118,120 were mostly Caucasian (87% to 93.3%). One trial121 allowed the 
continued use of pretrial LABA while a second trial123 did so for pretrial leukotriene receptor 
antagonist (LTRA). One trial120 studied the LAMA umeclidinium while the others studied 
tiotropium. Risk of bias was low in 6 trials118,119,121,-123 and unclear in 1 trial.120  

Results 
As add-on to ICS, LAMA decreases the risk of exacerbation requiring systemic 

corticosteroid by 33 percent (high SOE) (Figure 9, Panel A) and decreases the risk of asthma 
worsening by 19 percent (high SOE) (Figure 9, Panel B versus placebo. No deaths occurred in 
the six trials reporting this outcome.  
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Most measures of lung function obtained from spirometry were improved with LAMA versus 
placebo, including peak FEV1 (MD 0.18L), trough FEV1 (MD 0.13L) and FEV1 AUC (MD 
0.18L), peak FVC (MD 0.11 L), trough FVC (MD 0.08L) and FVC AUC (MD 0.11L) (all with 
high SOE). FEV1 percent predicted was reported in one trial122 and was increased with LAMA 
versus placebo (MD 3.5%, low SOE). Despite these improvements, the mean difference in ACQ-
7 score (moderate SOE) was no different with LAMA versus placebo nor was the chance of 
being a responder (moderate SOE). 

Asthma-specific quality of life was no different with LAMA versus placebo, regardless of 
AQLQ tool version or when evaluated as a mean difference or as a responder (low to high SOE). 
The only health care utilization outcome reported was the use of rescue medication defined as 
the mean number of puffs per 24 hours. The mean difference in rescue medication use was no 
different with LAMA versus placebo (moderate SOE).  

Subgroup Data 
Tiotropium dose: We conducted preplanned subgroup analysis based on the dose of 

tiotropium because the a priori base analysis combined tiotropium doses as one intervention arm. 
Overall, the data do not suggests any substantial differences in the overall conclusions when 
tiotropium doses were compared separately versus placebo or against each other (Appendix 
Table 21).  

Disease duration, age, smoking status, FEV1 percent predicted, allergic status, BMI: 
Four119,122,123 of the 8 included RCTs conducted subgroup analysis within the original trial. 
Kertjens et al.,119 combined data from the two replicate trials and in a pre-planned subgroup 
analysis found the following did not influence outcomes of FEV1 peak and trough: disease 
duration, age, smoking history, FEV1 percent predicted at baseline, allergic status and body mass 
index (BMI). Hamelmann et al.,123 also found that age did not influence outcomes of FEV1 peak 
and trough. Paggiaro et al.,122 also found that age did not influence outcomes of FEV1 peak, 
trough and  percent predicted, neither did smoking history.  
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Figure 9. Risk of exacerbation and of asthma worsening with LAMA versus placebo as add-on to 
ICS  

 
CI = confidence interval; LAMA = long-acting muscarinic antagonists; RR = relative risk 

LAMA as Add-on to ICS Versus Increasing the ICS Dose  

Overview of Studies 
One cross-over trial27 (n=210) compared the addition of tiotropium 18mcg daily to the run-in 

dose of ICS versus doubling the dose of ICS for a treatment period of 15 weeks. This study was 
conducted in the US with nonindustry sponsorship and had a low risk of bias. Patients were 
required to be at least 18y old for enrollment (mean age 42y). Race was Caucasian in 54.8 
percent of patients.   

Results 
There was no difference in the risk of exacerbations requiring oral or intravenous 

corticosteroids with tiotropium added to ICS versus doubling the ICS dose (low SOE). This 
trial27 also reported the number of patients with exacerbations that required oral corticosteroids 
or increased use of ICS or other asthma medications, which was not different with tiotropium 
added to ICS versus doubling the ICS dose (low SOE). No other exacerbation outcomes or death 
were reported. There was no difference with tiotropium added to ICS versus doubling the ICS 
dose for any other outcome analyzed including mean difference in ACQ-6, FEV1 trough and 
AQLQ (all low SOE).   

KQ2b: What is the comparative effectiveness of LAMA compared to other 
controller therapy as add-on to ICS in patients 12 years of age and older 
with uncontrolled, persistent asthma? 
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Key Points 
• LAMA versus LABA as add-on to ICS does not significantly differ in their effect on the 

risk of exacerbations requiring systemic corticosteroids (low SOE) or risk of asthma 
worsening (moderate SOE), death (low SOE), asthma control composite scores (low to 
high SOE), spirometry measures (low to high SOE), asthma-specific quality of life (low 
to high SOE) or rescue medication use (low SOE).  

• Few studies, limited to outcomes of FEV1 percent predicted and rescue medication use, 
compared LAMA to controllers other than LABA as add-on to ICS. 

Table 23. Evidence overview for KQ2b, LAMA versus LABA as add-on to ICS 
Outcome 
category 

Outcome Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of 
evidence 
(rationale) 

Exacerbations Requiring systemic 
corticosteroid 
 

4 RCTs27,118-120 

(2574) 
No difference 
RR 0.87 (0.53 to 1.42) 

Low 
(inconsistent, 
imprecise) 

Asthma worseninga 1 RCT119 

(1577) 
No difference 
Kerstjens Trial 1 & 2, 2015119 

RR 1.00 (0.84 to 1.20) 

Moderate  
(unknown 
consistency) 

Requiring oral 
corticosteroid or 
increase in ICS or 
other asthma 
medication 

1 RCT27 

(210) 
No difference 
Peters, 201027 

RR 0.60 (0.15 to 2.42) 

Low 
(unknown 
consistency 
imprecise) 

Death All-cause 

 
4 RCTs119,120,148 

(3572) 
No difference 
OR 7.50 (0.78 to 72.27) 

Low 
(inconsistent, 
imprecise) 

Asthma-specific 

 
4 RCTs119,120,148 

(3572) 
No difference 
OR 7.49 (0.47 to 119.86) 

Low 
(inconsistent, 
imprecise) 

Asthma control 
composite 
scores 

ACQ-6 score 1 RCT27 

(126) 
No difference 
Peters, 201027 

MD 0.30 (0.00 to 0.60) 

Low 
(unknown 
consistency, 
imprecise) 

ACQ-7 score 2 RCTs119 

(1577) 
No difference 
Kerstjens Trial 1, 2015119 

MD 0.04 (-0.05 to 0.13) 
Kerstjens Trial 2, 2015119 

MD 0.00 (-0.09 to 0.09) 

High 

ACQ-7 responderb  2 RCTs119 

(1577) 
No difference 
Kerstjens Trial 1, 2015119 

RR 1.06 (0.96 to 1.18) 
Kerstjens Trial 2, 2015119 

RR 1.00 (0.90 to 1.12) 

High 

Spirometry FEV1 peak  
 

2 RCTs119 

(1483) 
No difference 
Kerstjens Trial 1, 2015119 

MD 0.004 (-0.05 to 0.05) 
Kerstjens Trial 2, 2015119 

MD 0.014 (-0.03 to 0.06) 

High 

FEV1 trough  
 

6 RCTs27,118-

120,148 

(3261) 

No difference 
MD 0.02 (-0.03 to 0.06) 

High 

FEV1 AUC  
 

2 RCTs119 

(1483) 
No difference 
Kerstjens Trial 1, 2015119 

MD -0.004 (-0.05 to 0.04) 
Kerstjens Trial 2, 2015119 

MD 0.004 (-0.04 to 0.05) 

High 
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Outcome 
category 

Outcome Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of 
evidence 
(rationale) 

FEV1 % predicted  
 

3 RCTs146-148 

(542) 
No difference 

MD -4.54 (-12.69 to 3.61) 
Low 
(medium ROB, 
inconsistent)  

FVC peak  2 RCTs119 

(1483) 
No difference 
Kerstjens Trial 1, 2015119 

MD 0.02 (-0.04 to 0.07) 
Kerstjens Trial 2, 2015119 

MD -0.02 (-0.07 to 0.03) 

High 

FVC trough  
 

3 RCTs118-119 

(1745) 
No difference 
MD 0.02 (0.00 to 0.05) 

High 

FVC AUC  2 RCTs119 
(1483) 

No difference 
Kerstjens Trial 1, 2015119 

MD 0.005 (-0.05 to 0.06) 
Kerstjens Trial 2, 2015119 

MD -0.03 (-0.09 to 0.03) 

High 

Quality of life AQLQ score 
 

4 RCTs27,118,119 

(1982) 
No difference 
MD -0.06 (-0.15 to 0.03) 

High 

AQLQ-mini score  1 RCT118 

(262) 
No difference 
Bateman, 2011118 

MD -0.15 (-0.32 to 0.02) 

Low 
(unknown 
consistency)c 

Health care 
utilization 

Rescue medication 
use, number of puffs 
in 24h 
 

7 RCT118-120,146-

148 

(2450) 

No difference 
MD 0.61 (-0.12 to 1.35) 

Low 
(inconsistent, 
imprecise) 
 
 

ACQ = Asthma Control Questionnaire; AQLQ = Asthma Quality of Life Questionnaire; AUC = area under the curve; CI = 
confidence interval; FEV1 = forced expiratory volume in one second; FVC = forced vital capacity; ICS = inhaled corticosteroid; 
LABA = long-acting β2-agonist; LAMA = long-acting muscarinic antagonist; MD = mean difference; n = patient sample size; 
RCT = randomized controlled trial; ROB = risk of bias; RR = relative risk 

a Defined as progressive worsening of asthma symptoms compared to day-to-day symptoms or a decrease in morning PEF greater 
than or equal to 30 percent for 2 or more days 
bDefined as a decrease in score by 0.5 or more 
cGraded with low strength of evidence in the setting of one domain downgraded due to the small sample size in a single trial and 
lack of confidence in the true effect estimate.  

Table 24. Evidence overview for KQ2b, LAMA versus montelukast as add-on to ICS 
Outcome 
category 

Outcome Quantity and type 
of evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of 
evidence 

(rationale) 
Spirometry FEV1 % predicted  

 
2 RCTs146,147 

(214) 
Favors montelukast 
Rajanandh, 2014146 

MD -2.14 (-2.93 to -1.35) 
Rajanandh, 2015147 

MD -0.87 (-2.77 to 1.03) 

Moderate 
(medium ROB) 

Health care 
utilization 

Rescue medication 
use, number of puffs 
in 24h  
 

2 RCTs146,147 

(214) 
Favors montelukast 
Rajanandh, 2014146 

MD 0.26 (-0.25 to 0.77) 
Rajanandh, 2015147 

MD 1.19 (0.88 to 1.50) 

Low 
(medium ROB, 
inconsistent) 

CI = confidence interval; FEV1 = forced expiratory volume in one second; MD = mean difference; n = patient sample size; RCT 
= randomized controlled trial; ROB = risk of bias; RR = relative risk 
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Table 25. Evidence overview for KQ2b, LAMA versus doxofylline as add-on to ICS 
Outcome 
category 

Outcome Quantity and type 
of evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of 
evidence 

(rationale) 
Spirometry FEV1 % predicted  

 
2 RCTs146,147 

(209) 
Favors doxofylline 
Rajanandh, 2014146 

MD -3.87 (-4.6 to -3.14) 
Rajanandh, 2015147 

MD -2.69 (-4.79 to -0.59) 

Moderate 
(medium ROB) 

Health care 
utilization 

Rescue medication 
use, number of 
puffs in 24h  
 

2 RCTs146,147 

(209) 
Favors doxofylline 
Rajanandh, 2014146 

MD 0.30 (-0.21 to 0.81) 
Rajanandh, 2015147 

MD 1.21 (0.89 to 1.53) 

Low 
(medium ROB, 
inconsistent) 

CI = confidence interval; FEV1 = forced expiratory volume in one second; MD = mean difference; n = patient sample size; RCT 
= randomized controlled trial; ROB = risk of bias; RR = relative risk 

LAMA Versus LABA as Add-on to ICS 

Overview of Studies 
Eight RCTs27,118-120,146-148 (n=3679) were included in the analysis of LAMA versus LABA as 

add-on to ICS, two of which were crossover in design.27,120 Two replicate trials were reported in 
a single publication and each trial results were considered unique except for the results that were 
only reported in a combined way.119 Four trials were multicenter, multinational trials reporting 
industry sponsorship.118-120 Two trials were conducted in India146,147 and 2 in the US,122,148 all of 
which were nonindustry sponsored. Trails ranged from 15d to 18m in duration. All trials required 
patients to be at least 18y old for enrollment (mean age 36 to 47). One trial148 enrolled only 
African Americans while patients in the remaining trials reporting race27,118,120 were mostly 
Caucasian (54.8% to 93.3%). All trials randomized patients to LAMA versus LABA in addition 
to background ICS therapy. Seven trials27,118,119,146-148 studied tiotropium and one120 studied 
umeclidinium. Four trials27,118,119 studied salmeterol, one studied vilanterol,120 two studied 
formoterol,146,147 and one studied either salmeterol or formoterol based on pre-study use.148 Two 
trials allowed concurrent asthma therapy that were similar across arms.119 Risk of bias was low 
in 5 trials,27,118,119,148 medium in 1 trial (open-label),146 high in 1 trial (open-label and significant 
attrition),147 and unclear in 1 trial.120  

Results 
There was no difference in the risk of exacerbation requiring systemic corticosteroids (Figure 

10) or in the risk of asthma worsening when LAMA was compared with LABA as add-on to 
ICS. One trial reported exacerbations requiring oral corticosteroid or an increase in ICS or other 
asthma medication use and the risk was no different with LAMA versus LABA.27 Of the four 
trials that reported death, events occurred in a single trial148 and the odds of all-cause mortality or 
of asthma-specific mortality was no different with LAMA versus LABA.  
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Figure 10. Risk of exacerbation with LAMA versus LABA as add-on to ICS  

 
CI = confidence interval; LABA = long-acting beta- agonist; LAMA = long-acting muscarinic antagonists; RR = relative risk 

The mean difference in ACQ-7 score or the chance of being a responder was no different 
with LAMA versus LABA. One trial27 reported mean difference in ACQ-6 score which was no 
different with LAMA versus LABA. All measures of spirometry including mean difference in 
FEV1 percent predicted or in peak, trough and AUC for both FEV1 and FVC were no different 
with LAMA versus LABA. Asthma-specific quality of life measured by the mean difference in 
AQLQ was no different with LAMA versus LABA. One trial evaluated the mean difference in 
AQLQ-mini which also found no difference with LAMA versus LABA.118 The only health care 
utilization outcome reported was rescue medication use, defined as the mean puffs per 24 hours. 
The mean change in rescue medication use was no different with LAMA versus LABA.   

Subgroup Data 
Disease duration, age, smoking status, FEV1 percent predicted, allergic status, BMI, 

bronchodilator reversibility: Three119,148 of the 8 included RCTs conducted subgroup analysis 
within the original trial. Kertjens et al.,119 combined data from the two replicate trials and in a 
pre-planned subgroup analysis found the following did not influence outcomes of FEV1 peak 
and trough: disease duration, age, smoking history, FEV1 percent predicted at baseline, allergic 
status and BMI. Weschler et al.,148 reported no difference in treatment effects based on BMI or 
smoking history but those with bronchodilator reversibility at 1 month had a higher likelihood of 
exacerbation with tiotropium versus LABA compared with those without reversibility at 1 
month.  

LAMA Versus Other Controllers as Add-on to ICS 

Results 
Two trials (n=320) of the above 8 trials also compared LAMA versus other controllers, 

including montelukast 10mg daily and doxofylline 400mg daily.146,147 Mean difference in FEV1 
percent predicted was reduced in one trial with LAMA versus montelukast [MD -2.14 (-2.93 to -
1.35)] but no different in the second trial [MD -0.87 (-2.77 to 1.03)]. Mean difference in FEV1 
percent predicted was reduced with LAMA versus doxofylline by -2.69 percent and -3.87 
percent in two trials (moderate SOE). Mean difference in rescue medication use was inconsistent 
in the two trials comparing LAMA versus montelukast [MD 0.26 [-0.25 to 0.77) and [MD 1.19 
(0.88 to 1.50)] as well as in the two trials comparing LAMA versus doxofylline [MD 0.30 (-0.21 
to 0.81) and MD 1.21 (0.89 to 1.53)].  
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KQ2c: What is the comparative effectiveness of LAMA as add-on to ICS 
plus LABA compared to ICS plus LABA as controller therapy in patients 12 
years of age and older with uncontrolled, persistent asthma? 

Key Points 
• LAMA added to ICS plus LABA versus ICS plus LABA does not significantly differ in 

effect on the risk of asthma exacerbations (low to moderate SOE) but does decrease the 
risk of asthma worsening (high SOE).  

• LAMA added to ICS plus LABA versus ICS plus LABA improved the mean difference 
in FEV1 AUC and of peak, trough and AUC for FVC (all high SOE), the chance of being 
an ACQ responder (low to moderate SOE) and the chance of being an AQLQ responder 
(moderate SOE). There was no difference in asthma control composite scores (low to 
moderate SOE) or in rescue medication use (moderate SOE).  

• In the single trial that compared LAMA added to ICS plus LABA versus increasing the 
ICS dose and continuing LABA found no significant difference in effect on the mean 
difference in ACT score.  

Table 26. Evidence overview for KQ2c, LAMA added to ICS plus LABA versus ICS plus LABA   
Comparison Outcome Quantity and 

type of 
evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Exacerbations Requiring systemic 
corticosteroid 
 

3 RCTs150,152 

(1299) 
No Difference 
RR 0.84 (0.57 to 1.22) 

Moderate 
(imprecise) 

Requiring 
hospitalization 
 

2 RCTs150 

(907) 
No difference 
Kerstjens Trial 1, 2012150 

RR 1.33 (0.54 to 3.32) 
Kerstjens Trial 2, 2012150 

RR 1.16 (0.47 to 2.89) 

Moderate 
(imprecise) 

Asthma worseninga 
 

3 RCTs150,152 
(1299) 

Lower with LAMA 
RR 0.78 (0.72 to 0.86) 

High 

Death All-cause 3 RCTs150,152 
(1299) 

No deaths occurred 
 

Insufficient 
(no events occurred) 

Asthma-specific 

 
3 RCTs150,152 
(1299) 

No deaths occurred 
 

Insufficient 
(no events occurred) 

Asthma 
control 
composite 
scores 

ACQ-5 responderb 

 
1 RCT150 

(907) 
Favors LAMA 
Kerstjens Trial 1 & 2, 2012150 
OR 1.42 (1.08 to 1.86) 

Low 
(unknown consistency, 
imprecise) 

ACQ-6 score  
 

1 RCT152 

(338) 
No difference 
Hamelmann, 2016152 

MD 0.09 (-0.08 to 0.25) 

Low 
(unknown consistency, 
imprecise) 

ACQ-6 responderb  
 

2 RCTs150,152 

(1299) 
Favors LAMA 
Hamelmann, 2016152 

RR 1.00 (0.88 to 1.12) 
Kerstjens Trial 1 & 2, 2012150 
OR 1.49 (1.14 to 1.90) 

Low 
(inconsistent, 
imprecise) 

ACQ-7 score  
 

3 RCTs150,152 

(1301) 
No Difference 
MD -0.07 (-0.31 to 0.17) 

Moderate  
(inconsistent) 

ACQ-7 responderb  
 

2 RCTs150,152 

(1299) 
Favors LAMA 
Hamelmann, 2016152 

RR 1.01 (0.89 to 1.14) 
Kerstjens Trial 1 & 2, 2012150 

RR 1.28 (1.13 to 1.46) 

Moderate 
(inconsistent) 
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Comparison Outcome Quantity and 
type of 

evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Spirometry FEV1 peak  
 

3 RCTs150,152 
(1295) 

No difference 
MD 0.10 (0.00 to 0.22) 

Moderate 
(inconsistent) 

FEV1 trough  
 

3 RCTs150,152 
(1295) 

No difference 
MD 0.07 (0.00 to 0.14) 

Moderate 
(inconsistent) 

FEV1 AUC  
 

3 RCTs150,152 
(1295) 

Favors LAMA 
MD 0.10 (0.01 to 0.19) 

High 

FVC peak  
 

3 RCTs150,152 
(1295) 

Favors LAMA 
MD 0.11 (0.05 to 0.17) 

High 

FVC trough  
 

3 RCTs150,152 
(1295) 

Favors LAMA 
MD 0.09 (0.03 to 0.15) 

High 

FVC AUC  
 

3 RCTs150,152 
(1295) 

Favors LAMA 
MD 0.10 (0.04 to 0.17) 

High 

Quality of life AQLQ score 
 

2 RCTs150 

(907) 
 

No difference 
Kerstjens Trial 1, 2012150 

MD 0.04 (-0.13 to 0.20) 
Kerstjens Trial 2, 2012150 

MD 0.14 (-0.03 to 0.31) 

High 

AQLQ responderc  
 

1 RCT150 

(907) 
Favors LAMA 
Kerstjens Trial 1 & 2, 2012150 

RR 1.62 (1.34 to 1.96) 

Moderate  
(imprecise)  

Health care 
utilization 

Rescue medication 
use, number of puffs 
in 24h  

3 RCTs150,152 

(1302) 
No difference 
MD -0.10 (-0.37 to 0.18) 

Moderate 
(inconsistent) 

ACQ = Asthma Control Questionnaire; AQLQ = Asthma Quality of Life Questionnaire; AUC = area under the curve; CI = 
confidence interval; h = hours; FEV1 = forced expiratory volume in one second; FVC = forced vital capacity; LAMA = long-
acting muscarinic antagonist; MD = mean difference; n = sample size; OR = odds ratio; PEF = peak expiratory flow; RCT = 
randomized controlled trial; RR = relative risk 

aDefined as progressive increase in asthma symptoms compared to usual day-to-day symptoms or decrease in morning PEF 
greater than or equal to 30 percent for 2 or more days 
bDefined as a decrease in score by 0.5 or more 
cDefined as an increase in score of 0.5 or more 

Table 27. Evidence overview for KQ2c, LAMA added to ICS plus LABA versus increasing ICS dose 
plus LABA   
Comparison Outcome Quantity and 

type of 
evidence (n) 

Conclusion 
Effect estimate (95% CI) 

Strength of evidence 
(rationale) 

Asthma control 
composite 
scores 

ACT score 
 

1 RCT151 

(63) 
No difference 
Wang, 2012151 

MD -0.61 (-4.82 to 3.60) 

Low 
(unknown consistency, 
imprecise) 

ACT = Asthma Control Test; CI = confidence interval; h = hours; MD = mean difference; n = sample size; RCT = randomized 
controlled trial 

LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA 

Overview of Studies 
Three trials150,152 (n=1304) were included in the analysis of LAMA as add-on to ICS plus 

LABA versus ICS plus LABA. All trials were multicenter, multinational trials reporting industry 
sponsorship and had low risk of bias. Two trials150 required patients to be at least 18y for 
enrollment (mean age 51 to 53y) while the third trial152 focused on patients ages 12 to 17y (mean 
age 14y). Most patients were Caucasian (82.1% to 94.6%). Two replicate trials randomized 
patients taking ICS plus LABA to either tiotropium 5µg daily or placebo for 48 weeks.150 
Concurrent asthma therapies were allowed and use was similar in both arms. These two trials 
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were reported in a single publication and each trial was considered unique in the analyses unless 
the results were only reported in the source documents in a combined fashion.150 The third trial 
included patients taking high-dose ICS plus one other controller or medium-dose ICS plus two 
other controllers and randomized patients to tiotropium 2.5µg daily, 5µg daily or placebo for 12 
weeks.152 LABA was the most common additional controller (83.2%) while use of other 
controllers was similar in both groups. 

Results 
There was no difference in the risk of exacerbation requiring systemic corticosteroids (Figure 

11, Panel A) or in the risk of exacerbation requiring hospitalization when LAMA added to ICS 
plus LABA was compared with ICS plus LABA. The risk of asthma worsening was reduced by 
22 percent with LAMA added to ICS plus LABA versus ICS plus LABA (high SOE) (Figure 11, 
Panel B). All three trials reported that no deaths occurred. 

Figure 11. Risk of exacerbation and of asthma worsening with LAMA as add-on to ICS and LABA 
versus ICS and LABA   

 
CI = confidence interval; LAMA = long-acting muscarinic antagonists; RR = relative risk 

The MD in ACQ score (whether ACQ-6 or ACQ-7) was no different with LAMA added to 
ICS plus LABA versus ICS plus LABA. The chance of being an ACQ responder, regardless of 
the ACQ version, favored LAMA in the combined results of two replicate trials of 48 weeks 
duration but was no different with LAMA in the single trial of 12 weeks duration.142  Most 
measures of lung function obtained from spirometry were improved with LAMA added to ICS 
plus LABA versus ICS plus LABA including FEV1 AUC (MD 0.10 L), peak FVC (MD 0.11 L), 
trough FVC (MD 0.09 L) and FVC AUC (MD 0.10 L) (all with high SOE). Data suggest a trend 
towards improved peak and trough FEV1 with the lower limit of the confidence interval at zero. 
Mean difference in AQLQ was no different with LAMA added to ICS plus LABA versus ICS 
plus LABA although the chance of being an AQLQ responder was increased by 62 percent with 
LAMA added to ICS plus LABA versus ICS plus LABA. The only health care utilization 
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outcome reported was rescue medication use, defined as the mean puffs per 24 hours. The mean 
change in rescue medication use was no different with LAMA added to ICS plus LABA versus 
ICS plus LABA.   

Subgroup Data 
We identified one post-hoc analysis173 by Kerstjens et al., that combined data from two 

previous replicate trials150 and found ACQ-7 responder rate at week 24 was influenced by 
smoking status and screening FEV1 percent predicted, favoring a response with tiotropium 5mcg 
versus placebo in ex-smokers and in those with lower FEV1 percent predicted at screening. 
ACQ-7 responder at 48 weeks was influenced by blood eosinophils favoring a response with 
tiotropium 5mcg versus placebo with lower blood counts. The following characteristics did not 
influence outcomes: age, race, ethnicity, disease duration, BMI, screening FEV1 percent 
predicted, FEV1 percent reversibility, clinician-determined allergic status and serum IgE. 

LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA With a 
Higher ICS Dose 

Overview of Studies 
One trial (n=63) randomized participants taking salmeterol/fluticasone 50/250mcg twice 

daily to either add-on tiotropium 18µg daily or to increasing the salmeterol/fluticasone dose to 
50/500mcg twice daily.151 The trial was conducted in China, funding was not reported, and the 
risk of bias was unclear. The population was referred to as “adults” and the mean age was 35 to 
36. 

Results 
The only outcome reported was mean difference in ACT score which was no different 

LAMA added to ICS plus LABA versus increasing the ICS dose and continuing LABA.151 
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Discussion 
Overview and Applicability 

We conducted a systematic review with meta-analysis to assess the comparative 
effectiveness of pharmacologic management of asthma, specifically intermittent inhaled 
corticosteroid (ICS) dosing (with or without long-acting beta agonist (LABA)) and long-acting 
muscarinic antagonists (LAMA) in comparison to guideline recommended approaches to the 
treatment of persistent asthma, or recurrent wheezing in the case of patients 4 years (y) old or 
younger. A total of 54 randomized controlled trials (RCTs) and 2 observational studies 
comprised the evidence base of this review. 

Key Question 1a 
In this report, intermittent ICS was defined as the prescribed use of ICS that is not the same 

on a daily basis. We found several types of intermittent dosing within the evidence base. In 
patients 0 to 4y old (Key Question [KQ]1a) with recurrent wheezing, intermittent ICS was 
generally defined as an episode of ICS daily dosing initiated with onset of a respiratory tract 
infection (RTI) and continued for a defined period, generally 7 to 10 days. Otherwise, the patient 
was not taking ICS. Data from three trials of 324 patients found this practice, when used with as-
needed short-acting β2-agonist (SABA), reduces the risk of exacerbation requiring oral 
corticosteroid (moderate strength of evidence [SOE]) in comparison to as-needed SABA. 
However a difference in exacerbation risk was not detected between intermittent ICS use during 
RTI compared to ICS controller with as-needed SABA (low SOE), based on a single trial of 278 
patients. Thus the strength of evidence was low for the current conclusion. Caregiver quality of 
life improved (low SOE) versus as-needed SABA although not reaching a minimally important 
difference and the tool applied has not been validated in this age. Overall, for this KQ the 
evidence base was limited by the number of trials per comparison and inability to evaluate 
consistency since several outcomes were based on a single trial, and as such domains of 
consistency and precision were most impacted for strength of evidence ratings. Evidence was 
insufficient to draw conclusions for the comparison of intermittent ICS versus no therapy and we 
found no evidence comparing intermittent ICS to nonpharmacologic therapy. 

Key Question 1b 
In patients 5y of age or older, intermittent ICS dosing was described in the evidence base in 

two ways (KQ1b). The first strategy was in patients regularly taking ICS controller therapy who 
would increase ICS dose temporarily in response to a specific trigger, most often doubling 
routine ICS dose upon deterioration of peak expiratory flow consistent with the “yellow zone”. 
However, some studies allowed quadrupling of dose and due to limited studies in this analysis 
overall, we were unable to discern if a given strategy for providing intermittent ICS (i.e., 
doubling vs. quadrupling) resulted in differing effects. We found patients resembled a mixture of 
persistent asthma severity and levels of control as described by the studies. Evidence was limited 
to exacerbations, of which we found no difference in effect between intermittent ICS and ICS 
controller in patients 12 years of age and older. The largest analysis was for exacerbations 
leading to oral corticosteroid use which included three trials with 908 patients. However, the 
other analyses were mostly limited to a single study and thus imprecision and either 
inconsistency or lack of the ability to evaluate consistency led to low strength of evidence for all 
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outcomes with this intermittent ICS strategy. The age of patients included in this evidence base 
reflects middle-aged adults with mean ages in the 30’s to 50’s.  Although data was reported in a 
single trial for younger patients, evidence was insufficient to draw conclusions in patients 5 to 
11y old.  

The second strategy of intermittent ICS dosing described by the evidence base was in 
patients not otherwise on ICS therapy who would temporarily use ICS in comparison to ICS 
controller therapy. Most studies asked patients to use the ICS study inhaler when they would 
normally require as-needed SABA, in conjunction with a SABA inhaler. The majority of the 
population had mild persistent asthma, some of which were required to be at least partially 
controlled while others were symptomatic at baseline. In the group of studies included in that 
analysis of 12 years of age and older, the population reflected more of an adult population with 
the mean age being in the 30’s. We did not detect a difference between intermittent ICS and ICS 
controller in patients 12 years of age and older on exacerbations, asthma control scores, 
spirometry, quality of life, rescue inhaler use or asthma-related urgent care visits. However, like 
the other dosing strategy described for KQ1b, the evidence base for this dosing strategy was 
scarce as well with most outcomes based on a single trial. Thus, strength of evidence was 
primarily low due to issues of precision and consistency. Evidence is insufficient to draw 
conclusions in patients 5 to 11y old. 

Key Question 1c 
Analysis of ICS and long-acting β2-agonist (LABA) as both controller and quick relief 

therapy (KQ1c) in patients with persistent asthma was separated based on the comparator being 
either ICS or ICS and LABA and also in consideration of the comparative daily ICS dose in the 
intervention and comparator arms, using thresholds set by the Expert Panel Report-3. All but one 
trial evaluated a single ICS and LABA combination in the intervention arm 
(budesonide/formoterol) and the majority of control arms were of the same ICS and LABA 
combination. In the group of studies considered in the evidence base of 12 years of age and 
older, the age of patients was again more middle-aged with mean ages ranging from the 30’s to 
50’s. The evidence comparing ICS and LABA controller and quick relief therapy to ICS 
controller was small relative to other groups in this KQ and primarily based on composite 
outcomes of asthma exacerbations with little to no evidence for asthma control, spirometry, 
quality of life, or health care utilization. Patients represented a mix of asthma severity (mild to 
severe) and were mostly symptomatic at baseline. Based on composite exacerbation outcomes, 
ICS and LABA controller and quick relief versus ICS controller at the same or higher 
comparative ICS dose reduced exacerbation risk, both in patients 12 years of age and older and 
in patients 4 to 11y old. Strength of evidence was low or moderate due to imprecision and 
unknown consistency in the event of single trial. Data for patients 4 to 11y was also downgraded 
for indirectness given the dosing used in the study was lower than approved doses and what 
would be considered “low dose” according to the EPR-3.  

ICS and LABA controller and quick relief versus ICS and LABA controller at the same 
comparative ICS dose had the largest literature base in this report and most evidence was 
focused on asthma exacerbations and forced expiratory volume in 1 second (FEV1). Most 
patients were described as either symptomatic or not controlled, and not further described in 
terms of persistent asthma severity. In patients 12 years of age and older, not only was the risk of 
the composite exacerbation requiring systemic corticosteroids, hospitalization or emergency 
room (ER) visit reduced with ICS and LABA controller and quick relief therapy (high SOE), so 



 
 

54 

were the individual components of the composite outcome (moderate or high SOE). There was 
no difference in FEV1 (low SOE) and 3 or fewer trials reported data for other outcomes 
including asthma control composite scores, spirometry (FEV1 % predicted and forced vital 
capacity [FVC]), and health care utilization. Thus SOE for these outcomes was low to moderate, 
mostly suggesting no difference in effect between comparison with exception of asthma control 
questionnaire (ACQ)-5 responder (moderate SOE) and rescue medication use (low SOE) which 
both favored ICS and LABA controller and quick relief therapy. Evidence in patients 4 to 11y 
old was limited to a single subgroup analysis of a larger trial and suggested benefit in reducing 
composite exacerbation outcomes with ICS and LABA controller and quick relief therapy (low 
SOE). However, these outcomes were downgraded for indirectness given the dosing used in the 
study was lower than approved doses and what would be considered “low dose” according to the 
EPR-3. 

ICS and LABA controller and quick relief versus ICS and LABA controller at a higher 
comparative ICS dose reduces the risk of composite exacerbations (high SOE) in patients 12 
years of age and older. This population was primarily either symptomatic or a mixture of patients 
with and without symptoms at baseline, without further specification of persistent asthma 
severity. No difference was found for death (moderate SOE), ACQ-5 score (high SOE), FEV1 
(moderate SOE), Asthma Quality of Life Questionnaire (AQLQ)-(S) score (moderate SOE), or 
rescue medication use (high SOE). No evidence was found for patients 5 to 11y old. Finally ICS 
and LABA controller and quick relief therapy, when compared to physician adjusted asthma 
therapy reflecting standard of care controller options (at a minimum daily ICS), ICS and LABA 
controller and quick relief therapy reduces risk of composite exacerbation (moderate SOE) but 
not the risk of the individual components (low SOE). Patients in the ICS and LABA controller 
and quick relief group had a greater chance of achieving a minimally important difference in 
ACQ-5 score (moderate SOE) and used fewer rescue medication inhalations (moderate SOE) 
while no difference was found in FEV1 (low SOE), or FEV1 percent predicted (low SOE). SOE 
was reduced in this evidence base due to effect estimates that were imprecise and inconsistent, in 
addition to evidence with risk of bias given the open-label design being subject to performance 
and detection bias.   

Key Question 2 
The role of LAMA therapy in asthma management was addressed in KQ2a-c and specific to 

a population 12 years of age and older with uncontrolled, persistent asthma. Although the age 
requirement of included studies could have been as young as 12y old, almost all data were 
derived from trials requiring participants to be at least 18 years old. The mean ages ranged from 
the 30’s to 50’s. Most studies defined “uncontrolled” with use of the ACQ, requiring a score of 
1.5 or greater for inclusion. Almost the entire evidence base reflects a single LAMA (tiotropium) 
delivered via a soft mist inhaler as opposed to dry powder inhaler. Many of the trials for KQ2a 
and KQ2b overlapped as they were three arm trials. We found LAMA to be more effective than 
placebo as add-on to ICS, supported by the reduction in risk of exacerbation requiring systemic 
corticosteroids (high SOE) and the peak, trough and area under the curve (AUC) of both FEV1 
and FVC (all high SOE). No difference was found for asthma control composite scores, quality 
of life, or rescue medication use. Add-on LAMA to ICS versus doubling ICS dose did not 
significantly differ in effect on outcomes of exacerbation, asthma control scores, FEV1 trough, 
or AQLQ, all with low SOE. LAMA compared to LABA, as add-on to ICS, was no different in 
any evaluated outcomes including exacerbations, death, asthma control scores, spirometry, 
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quality of life, or rescue medication use. SOE was high for more outcomes than not, and 
limitations downgrading SOE to low or moderate were due to precision and consistency. Few 
studies, limited to outcomes of FEV1 and rescue medication use, evaluated other controllers than 
LABA as a comparator to add-on LAMA. FEV1 and rescue medication use was improved with 
either montelukast or doxyfylline versus LAMA although SOE was low due to risk of bias and 
consistency. LAMA added to ICS and LABA in comparison to ICS and LABA did not result in a 
significant difference on effect of exacerbation risk although most measures of lung function, 
particularly FEV1 AUC and peak trough and AUC of FVC, were improved. The chance of a 
patient achieving a minimally important difference in ACQ-7 and AQLQ scores was also 
increased with LAMA added to ICS and LABA.   

Limitations 
This review sought to evaluate different ICS dosing strategies and LAMA therapy in 

persistent asthmatics of various ages, depending on the KQ. Comparisons were class-based and 
thus this review does not inform the impact of specific doses on outcomes, rather more globally 
addresses classes and broad dosing strategies (i.e. intermittent dosing of ICS). Although 
effectiveness is an important part of decision-making, this report did not include harms 
associated with drug therapies, which should also be taking in to consideration. The majority of 
patients included in trials, when race was reported, were Caucasian and thus application of data 
to other races is limited. KQ1 included young pediatric populations, and evidence overall was 
sparse in those under 5 years old making it difficult to draw conclusions, if at all. Even within the 
age category of 12 years of age and older, regardless of KQ, data centered around mean ages of 
30 to 50y thus extremes of age are underrepresented in the evidence base. Lastly, review of 
LAMA in patients under 12 years of age was outside of the scope of this review although 
clinicians should recognize recent approval of tiotropium in the pediatric population as young as 
6 years of age. Inclusion criteria of studies rarely provided enough information to determine 
persistent asthma severity thus we relied on study reported severity, which in the majority of 
trials was not present. In addition, control of asthma was infrequently reported. In the ICS 
evidence base, it was more common to find trials describing presence of symptoms during run-in 
than a clearer measure of asthma control. In the LAMA evidence base, we only included trials 
evaluating a population with uncontrolled asthma, which most often was defined using the ACQ 
score. However, this is only one of many criteria of impairment or risk that can be applied to 
determine asthma control.  

Overall, most studies in this review were of low risk of bias. However, particularly in KQ1c, 
studies were found to have increased risk of bias do to their open-label design and risk of 
performance and detection bias.  

Although we sought to evaluate any LAMA in KQ2a-c, regardless of Food and Drug 
Administration approval status, the evidence base is driven almost exclusively by tiotropium, 
administered as a soft mist inhaler. In addition, the evidence base comparing LAMA to other 
controllers, as add-on to ICS, was limited in number and size of trials and also to very few 
outcomes, making it challenging to draw conclusions comparing LAMA to other controllers 
outside of LABA when added to ICS.  

Many studies reported exacerbations requiring systemic corticosteroids; however, other 
exacerbation types, such as those requiring ER visits or hospitalizations, which are important 
health outcomes, were far less frequently reported. In addition, the evidence base for some KQ 
relied on composite outcomes that grouped components that likely vary in importance, making 
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results difficult to interpret. Outside of exacerbations and spirometry, measures of asthma control 
composite scores, quality of life and health care utilization other than rescue inhaler use were 
infrequently reported. 

Little data exists regarding subgroups that are of interest in this field, not limited to but 
including asthma severity and control. Although we sought to collect and analyze such data 
when possible, we were only able to perform a subgroup analysis for the dose of tiotropium in in 
LAMA-related KQs. Additional data reported relevant to subgroups of interest came from 
analyses of original trials included in this review.   

Future Research Needs 
Additional research would be valuable in the area of intermittent ICS dosing, particularly that 

which was evaluated in KQ1a and 1b where currently the evidence base is limited in size, not 
only overall but also per comparator/outcome evaluated. In addition, there seems to be a 
relatively lower amount of published evidence related to intermittent ICS dosing in comparison 
to other KQ addressed in this report such as the use of ICS and LABA as quick relief and 
controller therapy or the role of LAMA therapy in asthma. This may unfortunately lead to mis-
interpretation of evidence suggesting lack of benefit to intermittent therapy when in fact there is 
a limited data set currently from which to draw conclusions. Given most outcomes were rated 
with low strength of evidence, future research could change the direction or magnitude of effect 
or the strength of evidence the consistency and precision in effect estimates improve. For KQ1b, 
there appears to be several trials evaluating yellow-zone triggered ICS therapy, although 
evidence of other “intermittent ICS” strategies is limited and may offer different effects. We are 
aware of at least two ongoing trials (NCT 02066129 and NCT 02298205) registered with 
www.clinicaltrials.gov that will provide some additional evidence to these research questions in 
the future.   

Since there are several LAMAs other than tiotropium on the US market, it would be valuable 
to understand their efficacy in asthma management. We are aware of several ongoing clinical 
trials (NCT 02676089, NCT 02676076, NCT 02433834, NCT 02382510) related to other 
LAMAs (e.g. glycopyrronium and investigational LAMAs such as TRN-157) in asthma 
management which may provide future evidence in this area. The same holds true for other 
combinations of ICS/LABA. Future studies comparing LAMA to controllers other than LABAs 
would also be of value since currently the evidence base is largest for comparing LAMA to 
LABA. 

Future studies would benefit from consistently defining the severity and control of asthma in 
the recruited population. There are many potential reasons a patient may be considered to have 
asthma that is not controlled and this may provide insight into preference for a particular 
treatment. Future studies should focus on these various causes of having “uncontrolled” asthma 
as part of investigation for alternative treatments. Knowing more about the severity and control 
of enrolled participants would also enhance applicability of evidence. Future trials should also 
consider other subgroups of interest, including racial and ethnic subgroups, and routinely report 
such results numerically to help decision makers make more individualized treatment decisions. 
Future studies would also benefit from analyzing and reporting individual components of 
exacerbation composite outcomes so that various end users can make decisions based on which 
outcome is most important to them. In addition, studies would benefit from more routine use of 
validated tools for quality of life and asthma control measurement in addition to incorporation of 
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health resource utilization outcomes so the impact of therapy outside of exacerbation risk can be 
more thoroughly evaluated.   

Conclusions 
Compared to rescue SABA use, adding intermittent ICS use appears to benefit children less 

than 5 years old with recurrent wheezing in the setting of an RTI. In patients 12 years of age and 
older with persistent asthma, differences in intermittent ICS versus controller use of ICS were 
not detected, although few studies provided evidence for this KQ leading to primarily low 
strength of evidence ratings. Using ICS and LABA as both a controller and quick relief therapy 
showed benefits over use as a controller medication alone (ICS or ICS and LABA controller). In 
patients 12 years of age and older with uncontrolled, persistent asthma, adding LAMA to ICS 
controller or adding LAMA to ICS plus LABA controller compared to ICS or ICS plus LABA 
alone improves some outcomes. However, adding LAMA to ICS controller compared to adding 
LABA to ICS controller produced no difference in outcomes. 



 
 

58 

References 
1. Expert Panel Report 3: guidelines for the 

diagnosis and management of asthma. National 
Asthma Education and Prevention Program, 
Third Expert Panel on the Diagnosis and 
Management of Asthma. Bethesda (MD). Report 
No: 07-4051. Washington, DC: National Heart, 
Lung, and Blood Institute; 2007.  

2. Most recent asthma data. Centers for Disease 
Control and Prevention. Available at: 
http://www.cdc.gov/asthma/most_recent_data.ht
m [Accessed June 15, 2017]. 

3. The Global Asthma Report 2014. Auckland, 
New Zealand: Global Asthma Network, 2014. 

4. Asthma national health statistics. Centers for 
Disease Control and Prevention. Available at: 
http://www.cdc.gov/nchs/fastats/asthma.htm 
[Accessed June 15, 2017].  

5. National Heart, Lung and Blood Advisory 
Council Asthma Expert Working Group. Needs 
Assessment Report for Potential Update of the 
Expert Panel Report-3 (2007): Guidelines for the 
Diagnosis and Management of Asthma. 2015. 

6. Herndon JB, Mattke S, Evans CA et al. Anti-
inflammatory medication adherence, healthcare 
utilization and expenditure among Medicaid 
children’s health insurance program enrollees 
with asthma. Pharmacoeconomics. 2012;30:397-
412. PMID: 22268444 

7. Williams LK, Peterson EL, Wells K. et al. 
Quantifying the proportion of severe asthma 
exacerbations attributable to inhaled 
corticosteroid nonadherence. J Allergy Clin 
Immunol. 2011;128:1185e2-1191.e2. PMID: 
22019090 

8. Morton RW, Everard ML, Elphick HE. 
Adherence in childhood asthma: the elephant in 
the room. Arch Dis Child. 2014;99:949-953. 
PMID: 24876303  

9. Krishnan JA, Bender BG, Wamboldt FS et al. 
Adherence to inhaled corticosteroids: an 
ancillary study of the childhood athma 
management program clinical trial. J Allergy 
Clin Immunol. 2012;129:112-118. PMID: 
22104610 

10. Desai M, Oppenheimer JJ. Medication adherence 
in the asthmatic child and adolescent. Curr 
Allergy Asthma Rep. 2011;11:454-464. PMID: 
21968618 

11. Lasmar L, Camargos P, Champs NS et al. 
Adherence rate to inhaled corticosteroids and 
their impact on asthma control. Allergy. 
2009;64:784-789. PMID: 19183166 

12. Schatz M, Cook EF, Nakahiro R, Petitti D. 
Inhaled corticosteroids and allergy specialty care 
reduce emergency hospital use for asthma. J 
Allergy Clin Immunol.2003;111:503-508. 
PMID: 12642829 

13. Sabate E. Adherence to longterm therapies: 
evidence for action. Geneva: World Health 
Organization; 2003.  

14. Jackson DJ. Emerging issues in pediatric asthma: 
gaps in EPR-3 guidelines for infants and 
children. Curr Allergy Asthma Rep. 
2014;14:477. PMID: 25269401. 

15. Hoch HE, Szefler SJ. Intermittent steroid 
inhalation for the treatment of childhood asthma. 
Expert Rev Clin Immunol. 2016;12:183-194. 
PMID: 26561351. 

16. Peters M. Single-inhaler combination therapy for 
maintenance and relief of asthma. Drugs 
2009;69:137-150. PMID: 19228072. 

17. Spiriva Respimat [package insert]. Boehringer 
Ingelheim Pharmaceuticals, Inc. Ridgefield, CT. 
2016 

18. Higgins JPT, Altman DG, Gotzsche PC, et al. 
The Cochrane Collaboration’s tool for assessing 
risk of bias in randomised trials. BMJ. 
2011;343:d5928. PMID: 22008217. 

19. Wells GA, Shea B, O’Connell D, et al. The 
Newcastle-Ottawa Scale (NOS) for assessing the 
quality of nonrandomised studies in meta-
analyses. Available from 
http://www.ohri.ca/programs/clinical_epidemiol
ogy/oxford.asp. Accessed December 13, 2016.  

20. Viswanathan M, Ansari MT, Berkman ND, et al. 
Assessing the Risk of Bias of Individual Studies 
in Systematic Reviews of Health Care 
Interventions; 2012. In: Methods Guide for 
Effectiveness and Comparative Effectiveness 
Reviews. AHRQ Publication No. 10(14)-
EHC063-EF. Rockville, MD: Agency for 
Healthcare Research and Quality; 2014. Chapters 
available at www.effectivehealthcare.ahrq.gov. 



 
 

59 

21. Higgins JPT, Green S (editors). Cochrane 
Handbook for Systematic Reviews of 
Interventions Version 5.1.0 [updated March 
2011]. The Cochrane Collaboration, 2011. 
Available from www.handbook.cochrane.org. 

22. Hartung J, Knapp G. On tests of the overall 
treatment effect in meta-analysis with normally 
distributed responses. Stats Med. 2001 
May;20;1771-82. PMID: 11406840. 

23. Hartung J, Knapp G. A refined method for meta-
analysis of controlled clinical trials with binary 
outcomes. Stats Med. 2001 Dec;20(24);3875-89. 
PMID: 11782040. 

24. Bradburn MJ, Deeks JJ, Berlin JA, et al. Much 
ado about nothing: a comparison of the 
performance of meta-analytical methods with 
rare events. Stat Med 2007;26:53-77. PMID: 
16596572 

25. Higgins JP, Thomas SG, Deeks JJ, Altman DG. 
Measuring inconsistency in meta-analyses. BMJ. 
2003;327:557-60. PMID: 12958120. 

26. Egger M, Davey Smith G, Schneider M, Minder 
C. Bias in meta-analysis detected by a simple, 
graphical test. BMJ. 1997;315:629-34. PMID: 
9310563. 

27. Peters SP, Kunselman SJ, Icitovic N, et al. 
Tiotropium bromide step-up therapy for adults 
with uncontrolled asthma. N Engl J Med. 2010 
Oct 28;363(18):1715-26. PMID: 20979471.  

28. Berkman ND, Lohr KN, Ansari M, et al. Grading 
the Strength of a Body of Evidence When 
Assessing Health Care Interventions for the 
Effective Health Care Program of the Agency for 
Healthcare Research and Quality: An Update, 
2013. In: Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews. AHRQ 
Publication No. 10(14)-EHC063-EF. Rockville 
MD: Agency for Healthcare Research and 
Quality; 2014. Chapters available at 
www.effectivehealthcare.ahrq.gov. 

29. Atkins D, Chang S, Gartlehner G, et al. 
Assessing the Applicability of Studies When 
Comparing Medical Interventions; 2010. In: 
Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews. AHRQ 
Publication No. 10(14)-EHC063-EF. Rockville, 
MD: Agency for Healthcare Research and 
Quality; 2014. Chapters available at 
www.effectivehealthcare.ahrq.gov. 

30. Lazarus SC, Chinchilli VM, Rollings NJ, et al. 
Smoking affects response to inhaled 
corticosteroids or leukotriene receptor 
antagonists in asthma. Am J Respir Crit Care 
Med. 2007;175:783-90. PMID:17204725  

31. Berger WE, Bleecker ER, O-Dowd L, et al. 
Efficacy and safety of budesonide/formoterol 
pressurized metered-dose inhaler: randomized 
controlled trial comparing once- and twice-daily 
dosing in patients with asthma. Allergy Asthma 
Proc 2010;31:49-59. PMID:20167145  

32. Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews. AHRQ 
Publication No. 10(14)-EHC063-EF. Rockville, 
MD: Agency for Healthcare Research and 
Quality; January 2014. Chapters available at 
www.effectivehealthcare.ahrq.gov.  

33. Schatz M, Kosinski M, Yarlas A, et al. The 
minimally important difference of the Asthma 
Control Test. J Allergy Clin Immunol. 
2009;124:719-23. PMID: 19767070. 

34. Juniper E, Svensson K, Mork AC, et al. 
Measurement properties and interpretation of 
three shortened versions of the asthma control 
questionnaire. Respir Med. 2005 May;99:553-8. 
PMID: 15823451. 

35. Juniper EF, Gruffydd-Jones K, Ward S, et al. 
Asthma Control Questionnaire in children: 
validation, measurement properties, 
interpretation. Eur Respir J. 2010;36:1410-6. 
PMID: 20530041. 

36. Juniper EF, Buist S, Cox FM, et al .Validation of 
a standardized version of the Asthma Quality of 
Life Questionnaire. Chest. 1999;115:1265-70. 
PMID: 10334138.  

37. Juniper EF, Guyatt GH, Cox FM, et al. 
Development and validation of the Mini Asthma 
Quality of Life Questionnaire. Eur Respir .J 
1999;14:32-8. PMID: 10489826.  

38. Juniper EF, Guyatt GH, Willam A, et al. 
Determining a minimal important change in 
disease-specific quality of life questionnaire. J 
Clin Epidemiol. 1994;47(1):81-7. PMID: 
8283197. 

39. Juniper EF, Svensson K, Mork AC, et al. 
Modification of the asthma quality of life 
questionnaire (standardized) for patients 12 years 
and older. Health Qual Life Outcomes. 
2005;3:58. PMID: 16168050. 

http://www.handbook.cochrane.org/
http://www.effectivehealthcare.ahrq.gov/


 
 

60 

40. Wyrwich KW, Ireland AM, Navaratnam P, et al. 
Validation of the AQLQ12+ among adolescents 
and adults with persistent asthma. Qual Life Res. 
2011;20:903-12. PMID: 21184185.   

41. Juniper EF, Guyatt GH, Feeny DH, et al. 
Measuring quality of life in children with 
asthma. Qual Life Res 1996;5:35-46. PMID: 
8901365. 

42. Juniper EF, Guyatt GH, Feeny DH, et al. 
Measuring quality of life in the parents of 
children with asthma. Qual Life Res. 1996;5:27-
34. PMID: 8901364. 

43. Santanello NC, Zhang J, Seidenberg B, et al. 
What are minimal important changes for asthma 
measures in a clinical trial? Eur Respir J. 
1999,14:23-7. PMID: 10489824. 

44. Bacharier LB1, Phillips BR, Zeiger RS, et al. 
Episodic use of an inhaled corticosteroid or 
leukotriene receptor antagonist in preschool 
children with moderate-to-severe intermittent 
wheezing. J Allergy Clin Immunol. 2008 
Dec;122(6):1127-1135. PMID: 18973936. 

45. Ducharme FM, Lemire C, Noya FJ, et al. 
Preemptive use of high-dose fluticasone for 
virus-induced wheezing in young children. N 
Engl J Med. 2009 Jan 22;360(4):339-53. PMID: 
19164187.  

46. Ghirga G, Ghirga P, Fagioli S, et al. Intermittent 
treatment with high dose nebulized 
beclomethasone for recurrent wheezing in infants 
due to upper respiratory tract infection. Minerva 
Pediatr. 2002 Jun;54(3):217-20. PMID: 
12070480.  

47. Papi A, Nicolini G, Baraldi E, et al. Regular vs 
prn nebulized treatment in wheeze preschool 
children. Allergy. 2009 Oct;64(10):1463-71. 
PMID: 19772514.  

48. Svedmyr J, Nyberg E, Thunqvist P, et al. 
Prophylactic intermittent treatment with inhaled 
corticosteroids of asthma exacerbations due to 
airway infections in toddlers. Acta Paediatr. 
1999 Jan;88(1):42-7. PMID: 10090546. 

49. Zeiger RS, Mauger D, Bacharier LB, et al. Daily 
or intermittent budesonide in preschool children 
with recurrent wheezing. N Engl J Med. 2011 
Nov 24;365(21):1990-2001. PMID: 22111718.  

50. Milton S. Hershey Medical Center; National 
Heart, Lung, and Blood Institute (NHLBI). 
Childhood Asthma Research and Education 
(CARE) network trial – maintenance versus 
intermittent inhaled steroids in wheezing 
toddlers (MIST). In: ClinicalTrials.gov. 
Bethesda, MD: National Library of Medicine 
(US); 2000- [cited 2016 Dec 2]. 
https://clinicaltrials.gov/ct2/show/NCT00675584
. NLM Identifier: NCT0067558.  

51. Boushey HA, Sorkness CA, King TS, et al. Daily 
versus as-needed corticosteroids for mild 
persistent asthma. N Engl J Med. 2005 Apr 
14;352(15):1519-28. PMID: 15829533.  

52. Calhoun WJ, Ameredes BT, King TS, et al. 
Comparison of physician-, biomarker-, and 
symptom-based strategies for adjustment of 
inhaled corticosteroid therapy in adults with 
asthma: the BASALT randomized controlled 
trial. JAMA. 2012 Sep 12;308(10):987-97. 
PMID: 22968888.  

53. Milton S. Hershey Medical Center; National 
Heart, Lung, and Blood Institute (NHLBI). 
Asthma Clinical Research Network (ACRN) 
trial- best adjustment strategy for asthma in long 
term (BASALT). In: ClinicalTrials.gov. 
Bethesda, MD: National Library of Medicine 
(US); 2000- [cited 2016 Dec 2]. 
https://clinicaltrials.gov/ct2/show/NCT00495157
. NLM Identifier: NCT00495157.  

54. Colland VT, van Essen-Zandvliet LE, Lans C, et 
al. Poor adherence to self-medication 
instructions in children with asthma and their 
parents. Patient Educ Couns. 2004 
Dec;55(3):416-21. PMID: 15582348.  

55. FitzGerald JM, Becker A, Sears MR, et al. 
Doubling the dose of budesonide versus 
maintenance treatment in asthma exacerbations. 
Thorax. 2004 Jul;59(7):550-6. PMID: 15223858.  

56. Foresi A, Morelli MC, Catena E. Low-dose 
budesonide with the addition of an increased 
dose during exacerbations is effective in long-
term asthma control. Chest. 2000 
Feb;117(2):440-6. PMID: 10669688.  

57. Gerald JK, Gerald LB, Vasquez MM, et al. 
Markers of differential response to inhaled 
corticosteroid treatment among children with 
mild persistent asthma. J Allergy Clin Immunol 
Pract. 2015 Jul-Aug;3(4):540-6. PMID: 
25783161.  



 
 

61 

58. Gerald JK, Gerald LB, Chinchilli VM, et al. 
Adherence to rescue inhaled corticosteroid use 
during the TREXA trial. Am J Respir Crit Care 
Med. 2012;185:A2200. DOI: 
http://dx.doi.org/10.1164/ajrccm-
conference.2012.185.1_MeetingAbstracts.A2200 

59. Harrison TW, Oborne J, Newton S, et al. 
Doubling the dose of inhaled corticosteroid to 
prevent asthma exacerbations: randomised 
controlled trial. Lancet. 2004 Jan 
24;363(9405):271-5. PMID: 14751699.  

60. Martinez FD, Chinchilli VM, Morgan WJ, et al. 
Use of beclomethasone dipropionate as rescue 
treatment for children with mild persistent 
asthma (TREXA): a randomised, double-blind, 
placebo-controlled trial. Lancet. 2011 Feb 
19;377(9766):650-7. PMID: 21324520.  

61. Milton S. Hershey Medical Center; National 
Heart, Lung, and Blood Institute (NHLBI). 
Childhood Asthma Research and Education 
(CARE) network trial – treating children to 
prevent exacerbations of asthma (TREXA). In: 
ClinicalTrials.gov. Bethesda, MD: National 
Library of Medicine (US); 2000- [cited 2016 Dec 
2]. 
https://clinicaltrials.gov/ct2/show/NCT00394329
. NLM Identifier: NCT00394329.  

62. Oborne J, Mortimer K, Hubbard RB, et al. 
Quadrupling the dose of inhaled corticosteroid to 
prevent asthma exacerbations: a randomized, 
double-blind, placebo-controlled, parallel-group 
clinical trial. Am J Respir Crit Care Med. 2009 
Oct 1;180(7):598-602. PMID: 19590019.  

63. Papi A, Canonica GW, Maestrelli P, et al. 
Rescue use of beclomethasone and albuterol in a 
single inhaler for mild asthma. N Engl J Med. 
2007 May 17;356(20):2040-52. PMID: 
17507703. 

64. Turpeinen M, Nikander K, Pelkonen AS, et al. 
Daily versus as-needed inhaled corticosteroid for 
mild persistent asthma (The Helsinki early 
intervention childhood asthma study). Arch Dis 
Child, 2008 Aug;93(8):654-9. PMID: 17634183.  

65. Morelli MC, Bordonaro S, Chiesa M, et al. 
Clinical efficacy of a new treatment regimen 
with inhaled budesonide in moderate asthma. 
Eur Respir J. 1996;9;Suppl 12:79s.  

66. Oborne J, Hubbard RB, Tattersfield AE, et al. 
Can acute exacerbations of asthma be prevented 
with a four-fold increase in inhaled 
corticosteroid dose? Am J Respir Crit Care Med. 
2009;179:A2794. DOI: 
http://dx.doi.org/10.1164/ajrccm-
conference.2009.179.1_MeetingAbstracts.A2794  

67. Lahdensuo A, Haahtela T, Herrala , et al. 
Randomised comparison of guided self 
management and traditional treatment of asthma 
over one year. BMJ. 1996 Mar;312(7033):748-
52. PMID: 8605463.  

68. Lahdensuo, Haahtela T, Herrala J, et al. PEF-
guided use of an inhaled corticosteroid is 
successful. The FINNISH asthma-self 
management study. Eur Respir J. 1994;7;Suppl 
18:142s. 

69. Ambrose HJ, Lawrance RM, Cresswell CJ, et al. 
Effect of β2-adrenergic receptor gene (ADRB2) 
3' untranslated region polymorphisms on inhaled 
corticosteroid/long-acting β2-adrenergic agonist 
response. Respir Res. 2012 May 4;13:37. PMID: 
22559839.  

70. Atienza T, Aquino T, Fernández M, et al. 
Budesonide/formoterol maintenance and reliever 
therapy via Turbuhaler versus fixed-dose 
budesonide/formoterol plus terbutaline in 
patients with asthma: phase III study results. 
Respirolog. 2013 Feb;18(2):354-63. PMID: 
23126237.   

71. AstraZeneca. Study to investigate the efficacy of 
Symbicort SMART (SAKURA). In: 
ClinicalTrials.gov. Bethesda, MD: National 
Library of Medicine (US); 2000- [cited 2016 Dec 
2]. 
https://clinicaltrials.gov/ct2/show/NCT00839800
. NLM Identifier: NCT00839800.  

72. Atienza T, Aquino T, Fernandez M, et al. 
Budesonide/formoterol maintenance and reliever 
therapy via turbuhaler vs fixed-dose 
budesonide/formoterol plus terbutaline in 
patients with asthma: phase iii study results. Am 
J Respir Crit Care Med. 2012;185:A3950. DOI: 
http://dx.doi.org/10.1164/ajrccm-
conference.2012.185.1_MeetingAbstracts.A3950 

73. Bateman ED, Harrison TW, Quirce S, et al. 
Overall asthma control achieved with 
budesonide/formoterol maintenance and reliever 
therapy for patients on different treatment steps. 
Respir Res. 2011 Apr 4;12:38. PMID: 21463522.  



 
 

62 

74. Bateman ED, Reddel HK, Eriksson G, et al. 
Overall asthma control: the relationship between 
current control and future risk. J Allergy Clin 
Immunol. 2010 Mar;125(3):600-8. PMID: 
20153029.   

75. Bisgaard H, Le Roux P, Bjåmer D, et al. 
Budesonide/formoterol maintenance plus reliever 
therapy: a new strategy in pediatric asthma. 
Chest. 2006 Dec;130(6):1733-43. PMID: 
17166990.  

76. Bousquet J, Boulet LP, Peters MJ, et al. 
Budesonide/formoterol for maintenance and 
relief in uncontrolled asthma vs. high-dose 
salmeterol/fluticasone. Respir Med. 2007 
Dec;101(12):2437-46. PMID: 17905575.   

77. Buhl R, Kuna P, Peters MJ, et al. The effect of 
budesonide/formoterol maintenance and reliever 
therapy on the risk of severe asthma 
exacerbations following episodes of high reliever 
use: an exploratory analysis of two randomised, 
controlled studies with comparisons to standard 
therapy. Respir Res. 2012 Jul 20;13:59. PMID: 
22816878.   

78. Hozawa S, Terada M, Hozawa M. Comparison 
of the effects of budesonide/formoterol 
maintenance and reliever therapy with 
fluticasone/salmeterol fixed-dose treatment on 
airway inflammation and small airway 
impairment in patients who need to step-up from 
inhaled corticosteroid monotherapy. Pulm 
Pharmacol Ther. 2014 Apr;27(2):190-6. PMID: 
24388868.  

79. Kardos P. Budesonide/formoterol maintenance 
and reliever therapy versus free-combination 
therapy for asthma: a real-life study. 
Pneumologie. 2013 Aug;67(8):463-70. PMID: 
23904191. 

80. Kuna P. Treatment comparison of 
budesonide/formoterol with 
salmeterol/fluticasone propionate in adults aged 
≥16 years with asthma: post hoc analysis of a 
randomized, double-blind study. Clin Drug 
Investig. 2010;30(9):565-79. PMID: 20593912.  

81. Kuna P, Peters MJ, Manjra AI, et al. Effect of 
budesonide/formoterol maintenance and reliever 
therapy on asthma exacerbations. Int J Clin 
Pract. 2007 May;61(5):725-36. PMID: 
17362472.  

82. Louis R, Joos G, Michils A, et al. A comparison 
of budesonide/formoterol maintenance and 
reliever therapy vs. conventional best practice in 
asthma management. Int J Clin Pract. 2009 
Oct;63(10):1479-88. PMID: 19769705.  

83. O'Byrne PM, Bisgaard H, Godard PP, et al. 
Budesonide/formoterol combination therapy as 
both maintenance and reliever medication in 
asthma. Am J Respir Crit Care Med. 2005 Jan 
15;171(2):129-36. PMID: 15502112.  

84. Papi A, Corradi M, Pigeon-Francisco C, et al. 
Beclometasone-formoterol as maintenance and 
reliever treatment in patients with asthma: a 
double-blind, randomised controlled trial. Lancet 
Respir Med. 2013 Mar;1(1):23-31. PMID: 
24321801.  

85. Patel M, Pilcher J, Hancox RJ, et al. The use of 
β2-agonist therapy before hospital attendance for 
severe asthma exacerbations: a post-hoc analysis. 
NPJ Prim Care Respir Med. 2015 Jan 
8;25:14099. PMID: 25569185.  

86. Patel M, Pilcher J, Pritchard A, et al. Efficacy 
and safety of maintenance and reliever 
combination budesonide-formoterol inhaler in 
patients with asthma at risk of severe 
exacerbations: a randomised controlled trial. 
Lancet Respir Med. 2013 Mar;1(1):32-42. 
PMID: 24321802.   

87. Patel M, Pilcher J, Reddel HK, et al. Predictors 
of severe exacerbations, poor asthma control, 
and β-agonist overuse for patients with asthma. J 
Allergy Clin Immunol Pract. 2014 Nov-
Dec;2(6):751-8. PMID: 25439367.  

88. Patel M, Pilcher J, Shaw D, et al. A randomised 
controlled trial of single combination 
budesonide/formoterol inhaler as maintenance 
and reliever therapy in asthma patietns at risk of 
severe exacerbations. Thorax. 2013(68):A148. 
DOI: 10.1136/thoraxjnl-2013-204457.312.   

89. Pavord ID, Jeffery PK, Qiu Y, et al. Airway 
inflammation in patients with asthma with high-
fixed or low-fixed plus as-needed 
budesonide/formoterol. J Allergy Clin Immunol. 
2009 May;123(5):1083-9. PMID: 19368965.  

90. Pilcher J, Patel M, Smith A, et al. Combination 
budesonide/formoterol inhaler as maintenance 
and reliever therapy in Māori with asthma. 
Respirology. 2014 Aug;19(6):842-51. PMID: 
24889937.  



 
 

63 

91. Quirce S, Barcina C, Plaza V, et al. A 
comparison of budesonide/formoterol 
maintenance and reliever therapy versus 
conventional best practice in asthma 
management in Spain. J Asthma. 2011 
Oct;48(8):839-47. PMID: 21942354.  

92. AstraZeneca. Symbicort single inhaler therapy vs 
conventional best practice for the treatment of 
persistent asthma in adults. In: 
ClinicalTrials.gov. Bethesda, MD: National 
Library of Medicine (US); 2000- [cited 2016 Dec 
2]. 
https://clinicaltrials.gov/ct2/show/NCT00385593
. NLM Identifier: NCT00385593.  

93. Rabe KF, Atienza T, Magyar P, et al. Effect of 
budesonide in combination with formoterol for 
reliever therapy in asthma exacerbations: a 
randomised controlled, double-blind study. 
Lancet. 2006 Aug 26;368(9537):744-53. PMID: 
16935685.  

94. Rabe KF, Pizzichini E, Ställberg B, et al. 
Budesonide/formoterol in a single inhaler for 
maintenance and relief in mild-to-moderate 
asthma: a randomized, double-blind trial. Chest. 
2006 Feb;129(2):246-56. PMID: 16478838.  

95. Riemersma RA, Postma D, van der Molen T. 
Budesonide/formoterol maintenance and reliever 
therapy in primary care asthma management: 
effects on bronchial hyperresponsiveness and 
asthma control. Prim Care Respir J. 2012 
Mar;21(1):50-6. PMID: 22015542.  

96. Scicchitano R, Aalbers R, Ukena D, et al. 
Efficacy and safety of budesonide/formoterol 
single inhaler therapy versus a higher dose of 
budesonide in moderate to severe asthma. Curr 
Med Res Opin. 2004 Sep;20(9):1403-18. PMID: 
15383189.  

97. Sears MR, Boulet LP, Laviolette M, et al. 
Budesonide/formoterol maintenance and reliever 
therapy: impact on airway inflammation in 
asthma. Eur Respir J. 2008 May;31(5):982-9. 
PMID: 18216054.  

98. Søes-Petersen U, Kava T, Dahle R, et al. 
Budesonide/formoterol maintenance and reliever 
therapy versus conventional best standard 
treatment in asthma in an attempted 'real life' 
setting. Clin Respir J. 2011 Jul;5(3):173-82. 
PMID: 21679353.  

99. Sovani MP, Whale CI, Oborne J, et al. Poor 
adherence with inhaled corticosteroids for 
asthma: can using a single inhaler containing 
budesonide and formoterol help? Br J Gen Pract. 
2008 Jan;58(546):37-43. PMID: 18186995.  

100. Ställberg B, Ekström T, Neij F, et al. A real-life 
cost-effectiveness evaluation of 
budesonide/formoterol maintenance and reliever 
therapy in asthma. Respir Med. 2008 
Oct;102(10):1360-70. PMID: 18723335.  

101. Takeyama K, Kondo M, Tagaya E, et al. 
Budesonide/formoterol maintenance and reliever 
therapy in moderate-to-severe asthma: effects on 
eosinophilic airway inflammation. Allergy 
Asthma Proc. 2014 Mar-Apr;35(2):141-7. 
PMID: 24717791.  

102. Takeyama K, Konodo M, Tagaya E, et al. 
Efficacy and tolerability of 
budesonide/formoterol maintenance and reliever 
therapy in Japanese patients with moderate to 
severe persistent asthma. Am J Respir Crit Care 
Med. 2013;187:A2730. Embase 71982190.  

103. Vogelmeier C, D'Urzo A, Pauwels R, et al. 
Budesonide/formoterol maintenance and reliever 
therapy: an effective asthma treatment option? 
Eur Respir J. 2005 Nov;26(5):819-28. PMID: 
16264042.  

104. Vogelmeier C, Naya I, Ekelund J. 
Budesonide/formoterol maintenance and reliever 
therapy in Asian patients (aged ≥16 years) with 
asthma: a sub-analysis of the COSMOS study. 
Clin Drug Investig. 2012 Jul 1;32(7):439-49. 
PMID: 22607479.  

105. Weatherall M, Patel M, Pilcher J, et al. 
Predictors of severe asthma exacerbations, poor 
asthma control and beta-agonist overuse in adult 
asthma. Eur Respir J. 2013;42:P776. Embase 
71842638.  

106. Pilcher J, Patel M, Smith A, et al. Single 
budesonide/formoterol inhaler as maintenance 
and reliever therapy is beneficial in Maori 
asthma. Respirology. 2013;18;Suppl 2:44.  

107. Kuna P, Peters M, Buhl R. 
Budesonide/formoterol for maintenance and 
relief vs. higher dose ICS/LABA therapy: 
outcomes in patients symptomatic on high-dose 
inhaled corticosteroids (HDICS). Eur Respir J. 
2007;30;Suppl 51:357s.  



 
 

64 

108. Bousquet J, Boulet LP, AHEAD Investigators. 
Budesonide/formoterol as maintenance and 
reliever therapy in uncontrolled asthma 
compared with high dose salmeterol/fluticasone: 
the AHEAD double-blind study. Eur Respir  J. 
2007;30;Suppl 51:358s.  

109. Rabe KF, Pizzichini E, Stallberg B, et al. Single 
inhaler therapy with budesonide/formoterol 
provides superior asthma control compared with 
fixed dosing with budesonide plus terbutaline as-
needed. J Allergy Clin Immunol. 2004 
Feb;113;Suppl 2:S116.  

110. Scicchitano R, Aalbers R, Ukena D, et al. Single 
inhaler therapy with budesonide/formoterol 
reduces the risk of severe exacerbations 
compared with budesonide plus terbutaline as-
needed in patients with asthma. J Allergy Clin 
Immunol. 2004 Feb;113;Suppl 2:S116.  

111. Pistolesi M, Godard P, Aalbers R, et al. 
Budesonide/formoterol single inhaler therapy 
(SiT) provides superior asthma control compared 
with fixed dose (FD) budesonide or 
budesonide/formoterol in patients with severe 
persistent asthma. Eur Respir J. 2004;24;Suppl 
48:509s.  

112. Sovani MP, Whale CI, Oborne J, et al. The effect 
of providing a single inhaler containing 
formoterol and budesonide to be used once daily 
and as required on inhaled budesonide use and 
asthma control in poorly compliant patients. 
Thorax. 2004;59;Suppl ii:ii11.  

113. Lin JT, Chen P, Zhou X, et al. 
Budesonide/formoterol maintenance and reliever 
therapy in Chinese patients with asthma. Chin 
Med J. 2012 Sep;125(17):2994-3001. PMID: 
22932169.  

114. Loh LC, Lim BK, Raman S, et al. 
Budesonide/formoterol combination therapy as 
both maintenance and reliever medication in 
moderate-to-severe asthma: a real-life 
effectiveness study of Malaysian patients. Med J 
Malaysia. 2008 Aug;63(3):188-92. PMID: 
19248687.  

115. Lundborg M, Wille S, Bjermer L, et al. 
Maintenance plus reliever budesonide/formoterol 
compared with a higher maintenance dose of 
budesonide/formoterol plus formoterol as 
reliever therapy in asthma: an efficacy and cost-
effectiveness study. Curr Med Res Opin. 2006 
May;22(5):809-21. PMID: 16709303. 

116. Pilcher J, Patel M, reddel H et al. Effect of 
smoking status on the efficacy of SMART 
regimen in high risk asthma. 
Respirology.2016;21:858-866. PMID: 26897389 

117. Hozawa S, Terada M, Haruta Y, Hozawa M. 
Comparison of early effects of 
budesonide/formoterol maintenance and reliever 
therapy with fluticasone furoate/Vilanterol for 
asthma patients requiring step-up from inhaled 
corticosteroid monotherapy. Pulmonary 
Pharmacology & Therapeutics.2016;37:15-23. 
PMID: 26850307 

118. Bateman ED, Kornmann O, Schmidt P, et al. 
Tiotropium is noninferior to salmeterol in 
maintaining improved lung function in B16-
Arg/Arg patients with asthma. J Allergy Clin 
Immun. 2011 Aug;128(2):315-22. PMID: 
21807250.   

119. Kerstjens HA, Casale TB, Bleecker ER, et al. 
Tiotropium or salmeterol as add-on therapy to 
inhaled corticosteroids for patients with 
moderatesymptomatic asthma: two replicate, 
double-blind, placebo-controlled, parallel-group, 
active-comparator, randomised trials. Lancet 
Respir Med. 2015 May;3(5):367-76. PMID: 
25682232.  

120. Lee LA, Yang S, Kerwin E, et al. The effect of 
fluticasone furoate/umeclidinium in adult 
patients with asthma: a randomized, dose-
ranging study. Respir Med. 2015 Jan;109(1):54-
62. PMID: 25452139.  

121. Ohta K, Ichinose M, Tohda Y, et al. Long-term 
once-daily tiotropium respimat is well tolerated 
and maintains efficacy over 52 weeks in patients 
with symptomatic asthma in Japan: a 
randomized, placebo-controlled study. PLoS 
One. 2015 Apr 20;10(4):e0124109. PMID: 
25894430.  

122. Paggiaro P, Halpin DM, Buhl R, et al. The effect 
of tiotropium in symptomatic asthma despite 
low- to medium-dose inhaled corticosteroids: a 
randomized controlled trial. J Allergy Clin 
Immunol Pract. 2016 Jan-Feb;4(1):104-13. 
PMID: 26563670.  

123. Hamelmann E, Bateman ED, Vogelberg C, et al. 
Tiotropium add-on therapy in adolescents with 
moderate asthma: A 1-year randomized 
controlled trial. J Allergy Clin Immunol. 2016 
Aug;138(2):441-450. PMID: 26960245.  



 
 

65 

124. Boehringer Ingelheim. Efficacy and safety of 
tiotropium and salmeterol in moderate persistent 
asthma patients homozygous for B16-Arg/Arg. 
In: ClinicalTrials.gov. Bethesda, MD: National 
Library of Medicine (US); 2000- [cited 2016 
Nov 29]. 
https://clinicaltrials.gov/ct2/show/NCT00350207
. NLM Identifier: NCT00350207.  

125. Boehringer Ingelheim. Evaluation of tiotropium 
2.5 and 5 mcg once daily delivered via the 
Respimat® inhaler compared to placebo and 
salmeterol hydrofluoroalkane (HFA) metered 
dose inhaler (MDI) (50 mcg twice daily) in 
patient with moderate persistent asthma I. In: 
ClinicalTrials.gov. Bethesda, MD: National 
Library of Medicine (US); 2000- [cited 2016 
Nov 29]. 
https://clinicaltrials.gov/ct2/show/NCT01172808
. NLM Identifier: NCT01172808.  

126. Boehringer Ingelheim. Evaluation of tiotropium 
2.5 and 5 mcg once daily delivered via the 
Respimat® inhaler compared to placebo and 
salmeterol hydrofluoroalkane (HFA) metered 
dose inhaler (MDI) (50 mcg twice daily) in 
patient with moderate persistent asthma II. In: 
ClinicalTrials.gov. Bethesda, MD: National 
Library of Medicine (US); 2000- [cited 2016 
Nov 29]. 
https://clinicaltrials.gov/ct2/show/NCT01172821
. NLM Identifier: NCT01172821.  

127. Boehringer Ingelheim. Evaluation of tiotropium 
2.5 and 5μg once daily delivered via the respimat 
inhaler compared to placebo in patient with 
moderate to severe persistent asthma. In: 
ClinicalTrials.gov. Bethesda, MD: National 
Library of Medicine (US); 2000- [cited 2016 
Nov 29]. 
https://clinicaltrials.gov/ct2/show/NCT01340209
. NLM Identifier: NCT01340209.  

128. Boehringer Ingelheim. Efficacy and safety of 2 
doses of tiotropium via respimat in adult patients 
with mild persistent asthma. In: 
ClinicalTrials.gov. Bethesda, MD: National 
Library of Medicine (US); 2000- [cited 2016 
Nov 29]. 
https://clinicaltrials.gov/ct2/show/NCT01316380
. NLM Identifier: NCT01316380.  

129. Boehringer Ingelheim. Efficacy and safety of 2 
doses of tiotropium via respimat compared to 
placebo in adolescents with moderate persistent 
asthma. In: ClinicalTrials.gov. Bethesda, MD: 
National Library of Medicine (US); 2000- [cited 
2016 Nov 29]. 
https://clinicaltrials.gov/ct2/show/NCT01275230
. NLM Identifier: NCT01275230.  

130. Milton S. Hershey Medical Center. Asthma 
Clinical Research Network (ACRN) trial – 
tiotropium bromide as an alternative to increased 
inhaled corticosteroid in patients inadequately 
controlled on a lower dose of inhaled 
corticosteroid (TALC). In: ClinicalTrials.gov. 
Bethesda, MD: National Library of Medicine 
(US); 2000- [cited 2016 Nov 29]. 
https://clinicaltrials.gov/ct2/show/NCT00565266
. NLM Identifier: NCT00565266.  

131. Casale T, Bleecker E, Meltzer E, et al. Phase III 
trials to investigate tiotropium as add-on therapy 
to inhaled corticosteroids for patients with 
symptomatic asthma: trial design and planned 
statistical analysis. Allergy. 2013;68;Suppl 
97:377.  

132. Casale TB, Bateman ED, Dahl R, et al. 
Tiotropium respimat add-on therapy reduces 
airflow obstruction in patients with symptomatic 
moderate asthma, independent of TH2 
inflammatory status. J Allergy Clin Immun. 2014 
Feb;133(2);Suppl:AB5. DOI: 
http://dx.doi.org/10.1016/j.jaci.2013.12.040.  

133. Kerstjens H, Bleecker E, Meltzer E, et al. 
Tiotropium as add-on to inhaled corticosteroids 
significantly improves asthma control as 
reflected by the ACQ responder rate. 
Respirology. 2014; 19;Suppl 2:78.  

134. Kerstjens H, Bleecker E, Meltzer E, et al. 
Tiotropium as add-on therapy to inhaled 
corticosteroids for patients with symptomatic 
asthma: lung function and safety. Respirology. 
2014;19 Suppl 2:78.  

135. Kerstjens HAM, Bleecker E, Meltzer E, et al. 
Tiotropium as add-on to inhaled corticosteroids 
significantly improves asthma control as 
reflected by the ACQ responder rate. Eur Respir 
J. 2013;42;Suppl 57:P4130.  

136. Kerstjens HAM, Bleecker E, Meltzer E, et al. 
Tiotropium as add-on to inhaled corticosteroids 
for patients with symptomatic asthma: lung 
function and safety. Eur Respir J. 2013;42;Suppl 
57:P4629.  



 
 

66 

137. Yang WH, Casale T, Bateman ED ,et al. 
Tiotropium respimat add-on therapy reduces 
airflow obstruction in patients with symptomatic 
moderate asthma, independent of TH2 
inflammatory status. Allergy Asthma Clin 
Immunol. 2014;10;Suppl 2:A52. DOI: 
10.1186/1710-1492-10-S2-A52.  

138. Ohta K, Ichinose M, Tohda, et al. Once-daily 
tiotropium respimat is well tolerated and 
efficacious over 52 weeks in Japanese patients 
with symptomatic asthma receiving inhaled 
corticosteroids (ics) ± long-acting β2-agonist 
(laba): a randomized, double-blind, placebo-
controlled study. Am J Respir Crit Care Med. 
2014;189:A1311.  

139. Paggiaro P, Engel M, Tudoric N, et al. Phase III 
trial of tiotropium as add-on therapy to low-dose 
inhaled corticosteroids for patients with 
symptomatic mild persistent asthma: design and 
planned analyses. Eur Respir J. 2013;42;Suppl 
57:P4133.  

140. Paggiaro P, Halpin DMG, Buhl R, et al. 
Tiotropium respmat add-on to inhaled 
corticosteroids improve lung function in patients 
with symptomatic mild asthma: results from a 
phase III trial. J Allergy Clin Immunol. 
2014;133(2);Suppl:AB4. DOI: 
http://dx.doi.org/10.1016/j.jaci.2013.12.039.  

141. Dahl R, Szefler SJ, Bernstein J, et al. Safety and 
tolerability of once-daily tiotropium respimat 
add-on to at least inhaled corticosteroid 
maintenance therapy in adolescent patients with 
moderate or severe symptomatic asthma. 
Allergy. 2015;70;Suppl 101:34-5.   

142. Hamelmann E, Boner A, Bernstein J, et al. 1-
year efficacy and safety study of tiotropium 
respimat add-on to ICS in adolescent patients 
with symptomatic asthma. Eur Respir J. 
2014;44;Suppl 58:1889.  

143. Vandewalker M, Harper T, Moroni-Zentgraf P, 
et al. Once-daily tiotropium respimat add-on 
therapy improves lung function in adolescent 
patients with moderate symptomatic asthma, 
independent of T  helper 2 inflammatory status. 
Ann Allergy Asthma Immunol. 2015;115:A54-5.  

144. Peters SP, Bleecker ER, Kunselman SJ, et al. 
Predictors of response to tiotropium versus 
salmeterol in asthmatic adults. J Allergy Clin 
Immunol. 2013 Nov;132(5):1068-1074. PMID: 
24084072.  

145. Confirmatory trials: Spiriva respimat in adult and 
adolescent patients with asthma. Ridgefield, CT: 
Boehringer Ingelheim Pharmecuticals, Inc. 2016 
Nov.  

146. Rajanandh MG, Nageswari AD, Ilango K. 
Pulmonary function assessment in mild to 
moderate persistent asthma patients receiving 
montelukast, doxofylline, and tiotropium with 
budesonide: a randomized controlled study. Clin 
Ther. 2014 Apr 1;36(4):526-33. PMID: 
24650447.  

147. Rajanandh MG, Nageswari AD, Ilango K. 
Assessment of montelukast, doxofylline, and 
tiotropium with budesonide for the treatment of 
asthma: which is the best among the second-line 
treatment? A randomized trial. Clin Ther. 2015 
Feb 1;37(2):418-26. PMID: 25577543.  

148. Wechsler ME, Yawn BP, Fuhlbrigge AL, et al. 
Anticholinergic vs long-acting β-agonist in 
combination with inhaled corticosteroids in 
black adults with asthma: the BELT randomized 
clinical trial. JAMA. 2015 Oct 27;314(16):1720-
30. PMID: 26505596.  

149. Rajanandh MG, Nageswari AD, Ilango K. 
Assessment of various second-line medications 
in addition to inhaled corticosteroid in asthma 
patients: a randomized controlled trial. Clin Exp 
Pharmacol Physiol. 2014 Jul;41(7):509-13. 
PMID: 24738981.  

150. Kerstjens HA, Engel M, Dahl, et al. Tiotropium 
in asthma poorly controlled with standard 
combination therapy. N Engl J Med. 2012 Sep 
27;367(13):1198-207. PMID: 22938706.  

151. Wang K, Tian P, Fan Y, et al. Assessment of 
second-line treatments for patients with 
uncontrolled moderate asthma. Int J Clin Exp 
Med. 2015 Oct 15;8(10):19476-80. PMID: 
26770595.  

152. Hamelmann E, Bernstein JA, Vandewalker M, et 
al. A randomised controlled trial of tiotropium in 
adolescents with severe symptomatic asthma. 
Eur Respir J. 2016 Nov 3;pii:ERJ-01100-2016. 
Epub 2016 Nov 3. PMID: 27811070.  

153. Boehringer Ingelheim. Evaluation of tiotropium 
5μg/day delivered via the respimat inhaler over 
48 weeks in patients with severe persistent 
asthma (study I). In: ClinicalTrials.gov. 
Bethesda, MD: National Library of Medicine 
(US); 2000- [cited 2016 Nov 30]. 
https://clinicaltrials.gov/ct2/show/NCT00772538
. NLM Identifier: NCT00772538.  



 
 

67 

154. Boehringer Ingelheim. Evaluation of tiotropium 
5μg/day delivered via the respimat inhaler over 
48 weeks in patients with severe persistent 
asthma (study II). In: ClinicalTrials.gov. 
Bethesda, MD: National Library of Medicine 
(US); 2000- [cited 2016 Nov 30]. 
https://clinicaltrials.gov/ct2/show/NCT00776984
. NLM Identifier: NCT00776984.  

155. Bernstein JA, Kerstjens HAM, Moroni-Zentgraf 
P, et al. Once-daily tiotropium is well tolerated 
as add-on to standard treatment for patients with 
symptomatic asthma despite receiving inhaled 
corticosteroids and long-acting β2-agonists. 
Chest. 2013;144(4_MeetingAbstracts):89A. 
DOI: 10.1378/chest.1701649.  

156. Casale TB, Halpin DM, Engel M, et al. 24-hour 
efficacy of tiotropium respimat in asthma. J Gen 
Intern Med. 2015;30;Suppl 2:S83.  

157. Corren J, Frew A, Engel M, et al. Tiotropium as 
add-on therapy to ICS+LABA in patients with 
symptomatic severe asthma: spirometric 
assessment over 24 hours. Chest. 
2013;144(4_MeetingAbstracts):91A. DOI: 
10.1378/chest.1702134.  

158. Corren J, Murphy KR, Bensch G, et al. Once-
daily tiotropium respimat decreases the risk of 
exacerbations, independent of baseline 
characteristics, in patients with symptomatic 
severe asthma without evidence of chronic 
obstructive pulmonary disease. J Gen Intern 
Med. 2014;29;Suppl 1:S157-8.  

159. Dahl R, Doherty DE, Corren J, et al. Once-daily 
tiotropium respimat improves lung function in 
patietns with severe symptomatic asthma 
independent of leukotriene modifier use. Thorax. 
2014;69;Suppl 2:A178. DOI: 10.1136/thoraxjnl-
2014-206260.358.  

160. Dahl R, Paggiaro P, Engel M, et al. Once-daily 
tiotropium improves lung function and reduces 
risk of asthma exacerbation/worsening in 
patients with symptomatic asthma, regardless of 
allergic status. Allergy. 2013;68;Suppl 97:40.  

161. Doherty DE, Tashkin DP, Harrison TW, et al. 
Improvements in lung function with tiotropium 
as add-on controller therapy to ICS+LABA for 
patients with severe symptomatic asthma. Chest. 
2013;144(4_MeetingAbstracts):88A. DOI: 
10.1378/chest.1702143.  

162. Halpin DM, Bateman ED, Moroni-Zentgraf P, et 
al. Tiotropium is effective in patients with severe 
asthma without evidence of chronic obstructive 
pulmonary disease. Am J Respir Crit Care Med. 
2013;187:A2731.  

163. Halpin DMG, Bateman ED, Moroni-Zentgraf P, 
et al. Tiotropium is effective in patients with 
severe asthma without evidence of chronic 
obstructive pulmonary disease. Thorax. 
2013;68;Suppl 3:A152. DOI: 10.1136/thoraxjnl-
2013-204457.320.  

164. Halpin DMG, Bateman ED, Tashkin DP, et al. 
Tiotropium decreases the risk of exacerbations in 
patients with symptomatic asthma regardless of 
baseline characteristics including markers of 
allergic status. Thorax. 2013;68;Suppl 3:A149-
50. DOI: 10.1136/thoraxjnl-2013-204457.314.  

165. Halpin DMG, Paggiaro P, Bateman ED, et al. 
Once-daily tiotropium respimat add-on to at least 
ICS maintenance therapy reduces exacerbation 
risk in patients with uncontrolled symptomatic 
asthma. Thorax. 2014;69;Suppl 2:A189. DOI: 
10.1136/thoraxjnl-2014-206260.383.  

166. Hayden M, Engel M, Schmidt H, et al. Efficacy 
of once-daily tiotropium respimat 5μg from 
phase III trials in adults with symptomatic 
asthma. J Am Pharm Assoc. 2015;55(2):e242-3.  

167. Hoy H, Engel M, Schmidt H, et al. Once-daily 
tiotropium respimat: safety and tolerability 
results from phase III trials in adults with 
symptomatic asthma. J Am Pharm Assoc. 
2015;55(2):e244.  

168. Hozawa S, Kerstjens HAM, Tashkin DP, et al. 
Tiotropium decreases the risk of exacerbations in 
patients with symptomatic asthma regardless of 
baseline characteristics. Respirology. 
2013;18;Suppl 4:175.  

169. Kerstjens HAM, Tashkin DP, Engel M, et al. 
Tiotropium decreases the risk of exacerbations in 
patients with symptomatic asthma regardless of 
baseline characteristics. Am J Respir Crit Care 
Med. 2013;187(1_MeetingAbstracts):A4217. 
DOI: 
10.1164/ajrccmconference.2013.187.1_Meeting
Abstracts.A4217.  

170. Murphy K, Berger W, Engel M, et al. 
Tiotropium respimat: control in symptomatic 
asthma. J Gen Intern Med. 2015;30;Suppl 2:S77.  



 
 

68 

171. Murphy K, Dahl R, Paggiaro P, et al. Once-daily 
tiotropium respimat add-on to at least inhaled 
corticosteroid maintenance therapy reduces 
airflow obstruction in patients with symptomatic 
asthma, independent of allergic status. J Am 
Pharm Assoc. 2015;55(2):e243.  

172. Tashkin DP, Moroni-Zentgraf P, Engel M, et al. 
Once-daily tiotropium reduces risk of 
exacerbations and asthma worsening in patients 
with symptomatic asthma despite treatment with 
inhaled corticosteroids and long-acting β2-
agonists. Chest. 
2013;144(4_MeetingAbstracts):90A. DOI: 
10.1378/chest.1701739.  

173. Kerstjens HA, Moroni-Zentgraf P, Tashkin DP, 
et al. Tiotropium improves lung function, 
exacerbation rate, and asthma control, 
independent of baseline characteristics including 
age, degree of airway obstruction, and allergic 
status. Respir Med. 2016 Aug;117:198-206. 
PMID: 27492532.  

174. Boner A, Hamelmann E, Bernstein J, et al. One-
year efficacy and safety study of tiotropium 
respimat add-on to ICS in adolescent patients 
with symptomatic asthma. Orally presented at: 
24th Annual Congress of the European 
Respiratory Society. 2014 Sep 8; Munich, 
Germany. 



 
 

69 
 

Glossary 
Asthma control: The degree to which the manifestations of asthma (symptoms, functional 
impairments, exacerbations) are minimized. Asthma control is determined by assessing the 
domains of impairment (patient self-reported symptoms, nighttime awakenings, rescue SABA 
use, interference with normal activities; objective measures of lung function) and risk 
(exacerbations requiring oral systemic corticosteroids). 
 
Asthma severity: The intrinsic intensity of the disease process. Asthma severity is assessed in a 
patient who is not currently receiving controller therapy using the domains of impairment 
(patient self-reported symptoms, nighttime awakenings, rescue SABA use, interference with 
normal activities; objective measures of lung function) and risk (exacerbations requiring oral 
systemic corticosteroids) or it is inferred from the least amount of treatment required to maintain 
control. Asthma severity is classified as “intermittent”, “mild persistent”, “moderate persistent”, 
or “severe persistent”. 
 
Controlled asthma: Minimal manifestations of asthma symptoms and functional impairments, 
as determined by assessment of the impairment and risk domains. 
 
Controller therapy: Medications recommended to be taken daily on a long-term basis to 
achieve and maintain control of persistent asthma. Long-term controller medications include 
inhaled corticosteroids, inhaled long-acting bronchodilators, leukotriene modifiers, cromolyn, 
theophylline, immunomodulators, and oral systemic corticosteroids. 
 
Intermittent dosing: The prescribed use of ICS that is not the same on a daily basis. As 
prescribed, intermittent ICS dosing may specify variations in the dose or frequency of 
administration of ICS. The determinant of ICS use with intermittent ICS dosing may be a patient 
decision (based on need), an index of worsening asthma, or some other pre-defined criteria.  
 
Persistent asthma: A classification of asthma severity defined either by the assessment of the 
impairment (patient self-reported symptoms, nighttime awakenings, rescue SABA use, 
interference with normal activities; objective measures of lung function) and/or risk 
(exacerbations requiring oral systemic corticosteroids) domains in a patient not taking controller 
therapy or use of controller therapy to achieve and maintain asthma control. Persistent asthma is 
further sub-divided as “mild persistent”, “moderate persistent”, and “severe persistent”. 
 
Quick-relief therapy: Medication to be used as-needed for acute symptom relief. 
 
Uncontrolled asthma: A lack of asthma control, as determined by assessment of the impairment 
and/or risk domains. 
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Abbreviations 
Abbreviation Definition 
ACQ Asthma Control Questionnaire  
ACT Asthma Control Test  
AQLQ Asthma Quality of Life Questionnaire  
AQLQ(S) Standardized Asthma Quality of Life Questionnaire 
AUC Area Under the Curve 
CBP Conventional Best Practice 
CI Confidence Intervals  
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Appendix A.  Search Strategy 
Search for KQ 1- Medline, Cochrane Central and Cochrane Database of Systematic 
Reviews- via Ovid 

1. Asthma.mp or Asthma/ 
2. Wheez$.mp. 
3. Bronchial spasm/ or bronchospas$.mp. 
4. Bronchoconstriction/ or bronchoconstrict$.mp. 
5. Bronchial hyperreactivity/ 
6. Reactive airway disease.mp. 
7. 1 or 2 or 3 or 4 or 5 or 6 
8. Inhaled corticosteroid.mp. 
9. Inhal$.mp. 
10. Ciclesonide.mp. 
11. Fluticasone/ or fluticasone.mp. 
12. Flunisolide.mp. 
13. Beclomethasone/ or beclomethasone.mp. 
14. Budesonide/ or budesonide.mp. 
15. Mometasone furoate/ or mometasone.mp. 
16. Triamcinolone/ or triamcinolone.mp. 
17. 9 AND (10 or 11 or 12 or 13 or 14 or 15 or 16) 
18. “Single inhaler”.mp. OR “single maintenance and reliever therapy”.mp. OR SMART  
19. 8 or 17 or 18 
20. 7 and 19 
21. Limit 20 to humans 

 
Search for KQ 1- Embase 

1. ‘asthma’/de OR asthma  
2. ‘wheezing’/de OR wheezing 
3. ‘wheeze’/de OR wheeze 
4. ‘bronchospasm’/de OR ‘bronchospasm’ 
5. ‘bronchoconstriction’/de OR ‘bronchoconstriction’ 
6. ‘bronchial hyperreactivity’/de OR  
7. ‘reactive airway disease’ 
8. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 
9. ‘ciclesonide’/exp/dd_ih 
10. ‘budesonide’/exp/dd_ih 
11. ‘fluticasone’/exp/dd_ih 
12. ‘flunisolide’/exp/dd_ih 
13. ‘beclomethasone’/exp/dd_ih 
14. ‘mometasone’/exp/dd_ih 
15. ‘triamcinolone’/exp/dd_ih 
16. ‘single maintenance and rescue therapy’ 
17. ‘single inhaler therapy’ 
18. #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 
19. #8 AND #18 
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Search for KQ 2- Medline, Cochrane Central and Cochrane Database of Systematic 
Reviews- via Ovid 

1. Asthma.mp or Asthma/ 
2. Wheez$.mp. 
3. Bronchial spasm/ or bronchospas$.mp. 
4. Bronchoconstriction/ or bronchoconstrict$.mp. 
5. Bronchial hyperreactivity/ 
6. Reactive airway disease.mp. 
7. 1 or 2 or 3 or 4 or 5 or 6 
8. Long acting muscarinic antagonist.mp. 
9. Tiotropium bromide/ or tiotropium.mp.  
10. Aclidinium.mp.  
11. Glycopyrronium.mp. or glycopyrrolate/ or glycopyrrolate.mp.  
12. Umeclidinium.mp.  
13. 9 or 10 or 11 or 12 
14. 8 or 13 
15. 7 and 14 
16. Limit 15 to humans 

 
Search for KQ 2- Embase 

20. ‘asthma’/de OR asthma  
21. ‘wheezing’/de OR wheezing 
22. ‘wheeze’/de OR wheeze 
23. ‘bronchospasm’/de OR ‘bronchospasm’ 
24. ‘bronchoconstriction’/de OR ‘bronchoconstriction’ 
25. ‘bronchial hyperreactivity’/de OR  
26. ‘reactive airway disease’ 
27. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 
28. ‘long acting muscarinic antagonist’ 
29. ‘tiotropium’/exp/dd_ih  
30. ‘aclidinium’/exp/dd_ih  
31. ‘glycopyrronium’/exp/dd_ih 
32. “glycopyrrolaye’/exp/dd_ih  
33. ‘umeclidinium’/exp/dd_ih 
34. #9 OR #10 OR #11 OR #12 OR #13 OR #14 
35. #8 AND #15 
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Appendix C.  Study Characteristics 
Table C-1. Study and population characteristics for KQ1a 
Study, 
Year,  
Acronym 
n, 
Study 
design, 
Duration, 
Risk of 
bias  

Study population Intervention  
Comparisons 

Age  
[mean 
(SD)] 

Males 
(%) 

Parent 
w/ 
asthma 
(%) 

Atopy 
(%) 

2nd 
hand 
smoke 
(%) 

Systemic 
corti-
costeroid 
in last 
12m (%) 

Hospital-
ized in 
last 12m 
(%) 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Svedmyr, 
199948 
n=55 
RCT,12m 
or 6 
treatments 

1-3 years of age w/≥3 episodes of 
wheezing w/URTI, asthma 
symptoms during last 2 airway 
infections and no symptoms in-
between URTI; physician’s 
diagnosis of wheezy bronchitis or 
asthma 

Budesonide 400µg 
QID x3d then 400µg 
BID x7d (MDI), 
initiated by the parent 
at first sign of URTI   
n=28 

25m 
(12 to 
47)b 

60.7 NR 25.0c 7.1d NR 1.2  
(0 to 4)b,e 

NR 

 
Unclear 
 

SABA and theophylline use 
allowed when needed; fixed dose 
cromoglycate was alloweda 

Placebo MDI x10d 
initiated by the parent 
at first sign of URTI 
n=27 

26m 
(13 to 
47)b 

77.8 NR 22.2c 7.4d NR 1.1  
(0 to 3)b,e 

NR 

Ghirga, 
200246 
n=26 
RCT, until 4 
URTIsf 

7-12 months old, history of 
recurrent wheezing during URTI 
w/at least 2-3 airway infections 
causing wheezing 

Beclomethasone 
400µg TID (neb) x5d 
initiated by parent 
w/very early phase of 
URTI before any sign 
of wheezingg  
n=13 

8.2m 
(1.6) 

69.2 NR NR NR NR NR NR 

 
Medium 

 No preventative 
treatment w/URTI 
n=13 

  NR NR NR NR NR NR 

Bacharier, 
200844 

AIMS 
n=143 
RCT, 12m 

12-59 months old w/≥2 episodes 
of wheezing in context of RTI 
within past yearh, 1 in the past 6 
months and 1 documented by a 
healthcare provider 

Budesonide 1mg BID 
(neb) x7d initiated by 
parent at the first sign 
of RTI 
n=96 

36.7m 
(13.5) 

72.9 41.7 44.8j 4.2k 1=21.9 
2=26.0 
3=8.3 
4+=3.1 

8 NR 
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Study, 
Year,  
Acronym 
n, 
Study 
design, 
Duration, 
Risk of 
bias  

Study population Intervention  
Comparisons 

Age  
[mean 
(SD)] 

Males 
(%) 

Parent 
w/ 
asthma 
(%) 

Atopy 
(%) 

2nd 
hand 
smoke 
(%) 

Systemic 
corti-
costeroid 
in last 
12m (%) 

Hospital-
ized in 
last 12m 
(%) 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

 
Low 

All patients received albuterol 
QID while awake + PRN for 48h 
then PRN; oral corticosteroids 
were available at homei 

Placebo x7d initiated 
at the first sign of RTI 
n=47 

35.7m 
(13.7) 

48.9 53.2 44.7j 1.7k 1=27.7 
2=17.0 
3=4.3 
4+=4.3  

 NR 

Ducharme, 
200945 

n=129 
RCT, 12m 

1-6 years old w/≥3 wheezing 
episodes in lifetime seemingly 
triggered exclusively by URTI with 
no symptoms in between, with at 
least 1 course of rescue systemic 
corticosteroid in prior 6m or 2 in 
prior 12m 

Fluticasone 750µg 
BID (MDI) initiated by 
parent at first sign of 
URTI until 48h without 
cough or wheeze   
n=62 

2.60y 
(1.09) 

52 19l 10m In 
utero: 
18  
In 
home: 
23 

2.3  
(1.1)n 

47 50 (39 
to 91)o 

Low  
All patients received albuterol 
200-400µg q4h PRN for cough, 
wheeze and dyspnea   

Placebo initiated by 
parent at first sign of 
URTI until 48h without 
cough or wheeze   
n=67 

2.86y 
(1.20) 

69 18l 12m In 
utero: 
13 
In 
home: 
21 

2.4  
(1.4)n 

52 NR 

Papi, 
200947 

BEST-
children 
n=276 
RCT, 12w 

1-4 years old with frequent 
wheeze (≥3 episodes requiring 
medical attention) referred to 
specialist centers because of 
further episode of wheezing in 
addition to the 3 required 

Beclomethasone/ 
salbutamol 
800/1600µg PRN 
(neb) for symptom 
relief 
n=110 

2.26y 
(0.79) 

61.8 NR NR NR NR NR 15.1 
(21.5) 

 
Low 

 Beclomethasone 
400µg BID (neb) + 
salbutamol 2500µg 
PRN (neb) for 
symptom relief 
n=110 

2.35y 
(0.81) 

58.2 NR NR NR NR NR 66.8 
(6.8)p 
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Study, 
Year,  
Acronym 
n, 
Study 
design, 
Duration, 
Risk of 
bias  

Study population Intervention  
Comparisons 

Age  
[mean 
(SD)] 

Males 
(%) 

Parent 
w/ 
asthma 
(%) 

Atopy 
(%) 

2nd 
hand 
smoke 
(%) 

Systemic 
corti-
costeroid 
in last 
12m (%) 

Hospital-
ized in 
last 12m 
(%) 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

  Salbutamol 2500µg 
PRN (neb) for 
symptom relief 
n=56 

2.29y 
(0.78) 

60.7 NR NR NR NR NR NR 

Zeiger, 
201149 
MIST 
n=278 
RCT, 52w 
 
Low 

12-53 months old w/positive 
mAPI and history of ≥4 wheezing 
episodes in the prior year with ≥1 
physician diagnosed or ≥3 
wheezing episodes in the prior 
year with ≥3 months of asthma 
controller therapy in the prior year 

Placebo once daily 
(neb) + budesonide 
1mg BID (neb) x7d at 
RTI onset 
n=139 

2.9y 
(0.9) 

73.4 64.9 59.9q 39.6r 79.1 18.7 45.7 
(38.9 
to 
52.8) 

 All patients received albuterol 
QID while awake for the first 48h 
+ PRN  

Budesonide 500µg 
(neb) once daily + 
placebo neb for RTI 
n=139 

2.9y 
(0.9) 

64.7 63.7 56.8q 42.4r 71.9 19.4 149.9 
(140.1 
to 
159.6) 

Abbreviations: BID=twice daily; CI=confidence interval; d=day; h=hour; ICS=inhaled corticosteroid; m=month; IQR=interquartile range; mAPI=modified Asthma Predictive 
Index; MDI=metered dose inhaler; mg=milligram; n=patient sample size; neb=nebulized; NR=not reported; PRN=pro re nata (i.e., as needed); Q=every; QID=four times daily; 
RCT=randomized controlled trial; RTI=respiratory tract infection; SABA=short-acting β2-agonist; SD=standard deviation; TID=three times daily; URTI=upper respiratory tract 
infection; μg=microgram; y=year 
aTreatment with cromoglycate was 17.9% in the budesonide arm and 22.2% in the placebo arm  
bData reported as mean (range) 
cRepresents positive skin prick test  
dRepresents parents smoking indoors  
eRepresents number of hospital admissions due to asthma 
fPatients were not enrolled for a finite time period, but completed the study after 4 URTIs 
gAt least 2 of 3 URTI signs were to be present before starting medication (nasal discharge, coughing and fever). Treatment was stopped if all signs of URTI disappeared within 24h 
hIn an effort to include children with prior moderate-to-severe wheezing episodes, children were required to have experienced either 2 urgent care visits for acute wheezing within 
the past year, 2 wheezing episodes for which oral corticosteroids were prescribed, or 1 episode requiring urgent care and 1 episode requiring oral corticosteroids 
iA course of prednisolone was considered if at any point the child had symptoms that did not improve after 3 SABA treatments administered every 15 minutes, if the child needed 
SABA more than 6 neb treatments or more than 12 puffs/d for >24h, moderate-severe cough or wheeze for at least 5 of the preceding 7 days was present or at physician discretion. 
The prednisolone course was 2mg/kg/d (maximum 60mg/d) x2d followed by 1mg/kg/d (maximum 30mg/d) x2 d 
jRepresents positive aeroallergen skin test  
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kRepresents exposure at home or daycare  
lRepresents maternal asthma  
mRepresents food or drug allergy, allergies to aeroallergens documented by positive skin test or IgE were excluded  
nRepresents courses of systemic corticosteroids in the past year, data reported as mean (SD) 
oRepresents cumulative dose of fluticasone used (mg) per patient-month of observation, data reported as median (IQR) 
pBeclomethasone dipropionate equivalent dose in mg 
qRepresents sensitivity to any aeroallergen  
rRepresents smoke exposure from birth  
sRepresents cumulative dose (mg) over study course, data reported as mean (95% CI)  

Table C-2. Study level outcomes for KQ1a, intermittent ICS with as-needed SABA vs. ICS controller with as-needed SABA 
Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma Control Quality of Life Healthcare Utilization 

Svedmyr, 
199948 

n=55 
RCT, 12m or 
6 treatments 

Age: 0-4y 
ICS dose:  
Budesonide 400µg 
QIDx3d then 
BIDx7d vs. PRN 
SABA 

Required oral corticosteroid 
course: 
RR 0.90 (0.44 to 1.85) 
Asthma-related ER visit: 
RR 0.83 (0.44 to 1.58) 
Hospital admission due to 
asthma: 
RR 2.50 (0.53 to 11.74) 
Number of ER admissions for 
asthma: 
16 vs. 23 
Number of hospital 
admissions for asthma: 
6 vs. 2 
Total number of oral 
corticosteroid courses: 
14 vs. 17 

NR Composite 
measures:       
NR 
Spirometry: 
NR 

NR NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma Control Quality of Life Healthcare Utilization 

Bacharier, 
200844 

n=143 
RCT, 12m 

Age: 0-4y 
ICS dose:  
Budesonide 1.0mg 
BID (high) x7d vs. 
PRN SABA  

Required oral corticosteroid 
course: 
RR 0.70 (0.49 to 1.00) 
Asthma-related urgent/ER 
visit: 
RR 0.98 (0.71 to 1.34) 
Number of urgent care/ER 
visits per patient: 
-0.5 (-1.16 to 0.16) 
Hospital admission due to 
asthma: 
RR 0.24 (0.05 to 1.29) 
Average courses of oral 
corticosteroid/participant: 
MD -0.2 (0.6 to 0.26) 
Days of oral corticosteroid 
use/participant: 
MD -0.1 (-1.87 to 1.67) 

NR Composite 
measures:       
NR 
Spirometry: 
NR 

PACQLQ score: 
MD -0.1 (-0.36 to 0.34) 

NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma Control Quality of Life Healthcare Utilization 

Ducharme, 
200945 

n=129 
RCT, 12m 

Age: 0-4y 
ICS dose:  
Fluticasone 750µg 
BID with URTI vs. 
PRN SABA 

Required a course of oral 
corticosteroid: 
RR 0.60 (0.42 to 0.87) 
URTI w/asthma symptoms: 
OR 0.64 (0.36 to 1.13) 
URTI requiring systemic 
corticosteroid:  
OR 0.49 (0.3 to 0.83) 
Asthma-related acute care 
visit: 
RR 0.88 (0.72 to 1.07) 
Hospital admission due to 
asthma:  
RR 0.72 (0.35 to 1.48) 
URTI requiring 
hospitalization:  
OR 0.67 (0.29 to 1.38) 
URTI requiring acute care 
visit:  
OR 0.79 (0.53 to 1.19) 
Number of asthma-related 
acute care visits: 
107 vs. 146 
Number of asthma-related 
hospitalizations: 
11 vs. 18 
 

NR Composite 
measures:       
NR 
Spirometry: 
NR 

PACQLQ score during 
URTI: 
MD 0.49 (0.1 to 0.86) 

Total number of SABA 
puffs per URTI [median 
(IQR)]: 
36 (23 to 61) vs. 44 (25 to 
78) 
Total number of days per 
URTI SABA used [median 
(IQR)]: 
5 (3 to 8) vs. 6 (4 to 10) 
Duration of SABA use: 
Rate ratio: 0.85 (0.74 to 
0.98) 
Cumulative number of 
SABA inhalations:  
Rate ratio 0.80 (0.68 to 
0.94) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma Control Quality of Life Healthcare Utilization 

Papi, 200947 
n=166 
RCT, 12w 

Age: 0-4y 
ICS dose:  
Beclomethasone 
800 µg PRN vs. 
PRN SABA 

Progressive increase in SOB, 
cough or wheeze: 
23 total exacerbations, 14 
required oral corticosteroid 

NR Composite 
measures:       
NR 
Spirometry: 
NR 

NR Cumulative salbutamol 
dose (mg): 
30.1 (43.0) vs. 56.3 (84.2), 
p<0.001 
Daytime rescue 
medication use:  
MD -0.08 (-0.21 to 0.05) 
Nighttime rescue 
medication use: 
MD -0.04 (-0.11 to 0.03) 

Abbreviations: BID=twice daily; EPR=Expert Panel Review (Guidelines for Diagnosis and Management of Asthma); ER=emergency room; HR=hazard ratio; ICS=inhaled 
corticosteroid; IQR=interquartile range; IRR= incident rate ratio; m=months; MD=mean difference; mg=milligram; n=patient sample size; NR=not reported; OR=odds ratio; 
PACQLQ=Pediatric Asthma Caregiver’s Quality of Life Questionnaire; PRN=pro re nata (i.e., as-needed); RCT=randomized controlled trial; RR=relative risk; SABA=short-
acting β2-agonist; SOB=short of breath; µg=microgram; QID=four times daily; URTI=upper respiratory tract infection; w=weeks  
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. ICS dose is categorized, when possible, using the study’s required 
ICS dose and the EPR-3 categories of low, medium and high 
bRelative measures are presented first and include, when reported by the study, RR, HR for time to the event, and IRR for count data allowing multiple events over the period of 
follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in association with exacerbations.  Number of 
hospitalizations, hospital days, and ER visits not specified to be due to exacerbation are listed in the healthcare utilization column 
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Table C-3. Study level outcomes for KQ1a, intermittent ICS with as-needed SABA vs. ICS controller with as-needed SABA 
Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma Control Quality of 
Life 

Healthcare Utilization 

Papi, 200947 

n=220 
RCT, 12w 

Age: 0-4y 
ICS dose:  
Beclomethasone 
800 µg PRN vs. 
400µg BID 

Progressive increase in SOB, 
cough or wheeze: 
23 total exacerbations, 14 
required oral corticosteroid 

NR Composite 
measures:       
NR 
Spirometry: 
NR 

NR Cumulative salbutamol dose 
(mg): 
30.1 (43.0) vs. 34.2 (42.3) 
Daytime rescue medication 
use:  
MD 0.07 (-0.4 to 1.8) 
Nighttime rescue medication 
use: 
MD -0.02 (-0.7 to 0.3) 

Zeiger, 
201149 

n=278 
RCT, 52w 

Age: 0-4y 
ICS dose:  
Budesonide 1.0mg 
BID (high)x7d vs. 
0.5mg (low) daily  

Exacerbation requiring 
prednisolone: 
HR 0.97 (0.76 to 1.22) 
IRR 0.99 (0.71 to 1.35) 
Second exacerbation 
requiring prednisolone: 
HR 0.79 (0.49 to 1.32) 
Exacerbation occurring during 
RTI: 
RR 0.99 (0.92 to 1.08) 
Proportion of RTI in which 
prednisolone was 
administered: 
MD 0.02 (-0.05 to 0.09) 
Asthma related 
hospitalization: 
RR 1.25 (0.34 to 4.56) 
Asthma related urgent care 
visit: 
IRR 0.99 (0.72 to 1.35) 

All-cause: No 
events occurred 

Composite 
measures:       
NR 
Spirometry: 
NR 

NR % days w/albuterol use: 
MD 0.4 (-1.00 to 2.00) 

Abbreviations: BID=twice a day; d=day; EPR=Expert Panel Review (Guidelines for Diagnosis and Management of Asthma); ER=emergency room; HR=hazard ratio; ICS=inhaled 
corticosteroid; IRR=incident rate ratio; MD=mean difference; mg=milligram; n=patient sample size; NR=not reported; RCT=randomized controlled trial; RR=relative risk; 
RTI=respiratory tract infection; SOB=short of breath; µg=microgram; w=week; y=year 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. ICS dose is categorized, when possible, using the study’s required 
ICS dose and the EPR-3 categories of low, medium and high 
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bRelative measures are presented first and include, when reported by the study, RR, HR for time to the event, and IRR for count data allowing multiple events over the period of 
follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in association with exacerbations.  Number of 
hospitalizations, hospital days, and ER visits not specified to be due to exacerbation are listed in the healthcare utilization column 
 
 
Table C-4. Study level outcomes for KQ1a, intermittent ICS versus no therapy  

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma Control Quality of Life Healthcare 
Utilization 

Ghirga, 
200246 
N=26 
RCT, NR 

Age: 0-4y 
ICS dose:  
Beclomethasone 
400µg TIDx5d vs. 
no preventative 
therapy 

Received oral corticosteroid: 
RR 0.54 (0.12 to 2.44) 
Asthma-related 
hospitalizations:  
No events occurred 
Asthma-related ER visits: 
RR 0.27 (0.04 to 2.10) 

NR Composite measures:       
NR 
Spirometry: 
NR 

NR NR 
 

Abbreviations: d=day; EPR=Expert Panel Review (Guidelines for Diagnosis and Management of Asthma); ER=emergency room; HR=hazard ratio; ICS=inhaled corticosteroid; 
IRR=incident rate ratio; n=patient sample size; NR=not reported; RCT=randomized controlled trial; RR=relative risk; TID=three times a day; µg=microgram; y=year 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. ICS dose is categorized, when possible, using the study’s required 
ICS dose and the EPR-3 categories of low, medium and high 
bRelative measures are presented first and include, when reported by the study, RR, HR for time to the event, and IRR for count data allowing multiple events over the period of 
follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in association with exacerbations.  Number of 
hospitalizations, hospital days, and ER visits not specified to be due to exacerbation are listed in the healthcare utilization column 
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Table C-5. Study and population characteristics for KQ1b, intermittent ICS and ICS controller vs. ICS controller 
Study, Year,  
N, 
Acronym, 
Study 
design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean  
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Lahdensuo, 
199667 

n=115 
RCT, 12m 
 
Medium 

≥18y with mild to moderately 
severe asthma on budesonide 
(400-1600µg/d) or 
beclomethasone (500-2000µg/d) 
during the prior 6m 

Budesonide 200µg/dose 
(DPI) self-adjusted: PEF 
<85% double ICS dose x 
2w; PEF<70% initiate 
oral prednisolone 40mg/d 
x7d; otherwise maintain 
stable dose 
n=56 

40.6 
(14.2) 

26.8 8.2 (8.4) 2.84 
(0.74) 

82.4 
(15.8) 

NR 979 
(375) 

 All patients used SABA as rescue 
PRN. Other concomitant asthma 
therapies were continueda 

Budesonide (DPI/MDI) or 
beclomethasone (MDI) 
traditional treatment with 
usual evaluation by 
physician for adjustments 
n=59 

42.8 
(15.2) 

47.5 6.8 (7.6) 2.96 
(0.89) 

81.7 
(16.6) 

NR 962 
(392), 
1167 
(408)b 

Foresi, 
200056 

n=134 
RCT, 6m 
 
Unclear 

18-65 years old with moderate 
perennial asthma, treated with 
beclomethasone 500-1000µg/d for 
at least 4w, daily requirement of 
inhaled β2-agoniost, wheeze, 
cough, chest tightness, SOB at 
rest that interfered with normal 
activities during 2w pre-study 
period 

Budesonide 100µg BID + 
200µg QID x 7d if PEF 
<70%. If PEF remained 
<70% after 2 days then 
prednisolone PO 30mg 
x3-10d added by 
investigator   
n=67 

39.0 
(13.5) 
 

41.8 <5y=28.4 
5-10y= 
19.4 
>10y=52.2 

NR 75.6 (9.9) NR NR 

 Inhaled β2-agoniost was allowed 
PRN and treatment with LABA 
and theophylline were kept 
constantc 

Budesonide 400µg BID+ 
placebo if PEF <70%. If 
PEF remained <70% 
prednisolone initiated as 
above  
n=67 

36.6 
(13.1) 

46.3 <5y=25.4 
5 to 10y= 
28.4 
>10y=46.3 

NR 73.2 
(11.0) 

NR NR 
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Study, Year,  
N, 
Acronym, 
Study 
design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean  
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Colland, 
200454 
n=29 
RCT, 1y 

4 to 11 years old with moderate 
asthma, ICS naïve with an 
indication to begin ICS 
maintenance treatment 

Self-initiated doubling of 
daily ICS dose x1w with 
occurrence of prodromal 
signs  
n=14 

6  
(4-10)d 

71.4 NR NR 100 (13) NR NR 

Unclear All patients received 
beclomethasone or budesonide 
400µg, or fluticasone 200-250µg 
divided over 2 doses (spacer/DPI) 

Daily maintenance 
medications with no 
adjustments   
n=15 

7  
(4–11)d 

60 NR NR 105 (17) NR NR 

FitzGerald, 
200455 
n=98  
RCT, 6m 
 
Low 

≥13 years old with asthma on a 
stable dose of ≤1200µg 
beclomethasone or equivalent 
daily for 1m prior to study, ≥1 
exacerbation in prior 12m 
 
All patients received budesonide 
100-400µg BID depending on 
their prior maintenance therapy+ 
terbutaline PRN. Mean 
budesonide at baseline was 634.7 
µg/d. Theophylline was allowed  

Add study inhaler which 
provided doubling of 
daily ICS dose x14d if 
prompted by MiniDoc 
(PEF<80% + additional 
required symptoms 
present); PEF<60% 
prompted by MiniDoc to 
take oral 
methylprednisolone 
32mg/d x7df  
n=46 

31.6 
(14.6) 

30 >1y=93 
 

2.9 
(0.8) 

NR NR NR 

 during the studye Add placebo inhaler x14d 
if prompted by MiniDoc 
(PEF<80% + additional 
required symptoms 
present); PEF<60% 
prompted by MiniDoc to 
take oral 
methylprednisolone as 
above 
n=52 

32.7 
(11.9) 

25 >1yr=90 2.8 
(0.6) 

NR NR NR 
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Study, Year,  
N, 
Acronym, 
Study 
design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean  
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Harrison, 
200459 
n=390 
RCT, 12m 
 
Low 

≥16 years old with asthma taking 
ICS (100-2000µg/d) regularly, 
taken oral corticosteroids or 
temporarily doubled dose in prior 
12m due to an exacerbation, 
stable during run-in based on PEF 
and symptoms 
 
All patients continued usual 
treatment throughout the study. 
Mean ICS dose 708-711µg/d, 
34.3-37.5% on LABA at baseline 

Add study inhaler which 
provided doubling of 
daily ICS dose x14d if 
AM PEF≤85% or daytime 
symptom score 
increased by 1 point from 
run-in value; if PEF≤60% 
or asthma control 
deteriorated to point of 
usual corticosteroid 
therapy then oral 
prednisolone 30mg daily 
x10d was started  
n=192 

50 (13) 36 NR 2.4 
(0.8) 

79 (19.6) NR NR 

  Add placebo inhaler x14d 
for PEF≤85% or 
symptom score increase. 
If PEF≤60% or asthma 
control deteriorated to 
point of usual 
corticosteroid therapy 
then oral prednisolone as 
above  
n=198 

48 (14) 29 NR 2.4 
(0.8) 

81 (21.1) NR NR 

Oborne, 
200966 
n=403 
RCT, 12m 

≥16y old with asthma, taking 200-
1000µg/d beclomethasone or 
equivalent, have taken oral 
corticosteroids or doubled ICS 
dose in prior 12m for exacerbation 

Add study inhaler x7-14d 
which provided a 
quadrupling of daily ICS 
dose, otherwise usual 
ICS dose daily 
n=197 

53 (14) 41 NR 2.4 
(0.7) 

83.7 (19) NR NR 
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Study, Year,  
N, 
Acronym, 
Study 
design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean  
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Low Patients self-adjusted therapy 
according to action plan- 
AM PEF ≤70% for 1 day or ≤85% 
for two or more days, in 
presences of symptom worsening 
or URTI: start study inhaler for 7d 
in addition to normal asthma 
treatmentg, continue for another 
7d if PEF did not return to 
baseline AM PEF≤40%, general 
practitioner advised so, or asthma 
was at the point of usually starting 
systemic corticosteroids: start 
prednisone 30mg PO daily  

Add placebo inhaler x7-
14d + usual daily ICS 
dose otherwise 
n=206 

55 (13) 37 NR 2.4 
(0.7) 

83.2 (18) NR NR 

Martinez, 
201160 

TREXA 
n=143 
RCT, 44w 
 
Low 

6-18y of age w/history of mild 
persistent asthma during prior 2y, 
qualifying for interruption or 
discontinuation of controller 
therapy because illness was well 
controlled per EPR, asthma 
remained controlled during run-in 
on beclomethasone 40µg BID; 
either naïve to controller therapy 
with 1-2 exacerbations in prior 
year, treated in prior 8w on 
monotherapy other than ICS, or if 
illness was controlled for prior 8w 
on low-dose ICS monotherapy 
(≤160µg/d beclomethasone 

Beclomethasone 40µg 
BID (MDI) with PRN use 
of beclomethasone 40µg 
(MDI) + albuterol 90µg 
(MDI) PRN 
n=71 

11.4 
(3.1) 

55 NR NR 101.5 
(11.7) 

NR NR 
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Study, Year,  
N, 
Acronym, 
Study 
design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean  
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

 equivalent)h  
All patients used PRN inhalers 
every time they would have used 
albuterol for symptom relief or to  
treat decreased in PEF, number of 
puffs was self-determined. All 
patients received prednisone x4d 
for asthma exacerbation 

Beclomethasone 40 µg 
BID (MDI) with PRN use 
of placebo inhaler + 
albuterol 90µg (MDI) 
n=72 

10.8 
(3.5) 

58 NR NR 100.1 
(10.8) 

NR NR 

Abbreviations: AM=morning; BID=twice daily; d=day; DPI=dry powder inhaler; EPR=Expert Panel Review (Guidelines for Diagnosis and Management of Asthma); 
FEV1=forced expiratory volume in one second; GP=general practitioner; ICS=inhaled corticosteroid; L=liter; LABA=long-acting β2-agonist; m=month; MDI=metered dose 
inhaler; n=patient sample size; NR=not reported; PO=by mouth; PRN=pro re nata (i.e., as-needed); PEF=peak expiratory flow; QID=four times daily; RCT=randomized controlled 
trial; SABA=short-acting β2-agonist; SD=standard deviation; w=weeks; y=years  
aConcurrent therapies during the trial in the self-adjusted arm included inhaled anticholinergics (5.4%), methylxanthines (16.1%) and nedocromil (3.6%). Concurrent therapies 
during the trial in the traditional treatment arm included inhaled anticholinergics (3.6%), methylxanthines (18.6%) and nedocromil (3.4%) 
bFirst and second set of values represent budesonide and beclomethasone, respectively  
cLABA and theophylline use during the trial in the budesonide 100μg BID + additional use arm were 37.3% and 11.9%, respectively. LABA and theophylline use during the trial 
in the budesonide 100μg BID + placebo arm were 49.3% and 26.9%, respectively, and in the 400μg BID + placebo arm were 41.8% and 13.4%, respectively 
dData reported as mean (range) 
eTheophylline use in the doubled dose and maintenance dose arms were 0% and 3.8%, respectively 
fMinDoc programmed with alert asthma symptom score (three ordinal values above the mean baseline total symptom score on 2 consecutive days) and alerted the patient in the 
event of an asthma exacerbation. Patient reported exacerbation to study personnel and given instructions to take additional inhaler 
gLABA use in the quadrupled dose and maintenance dose arms were 38% and 39%, respectively 
hInhaled corticosteroid and leukotriene receptor inhibitor/antagonist use in the previous year in the rescue arm was 72% and 20%, respectively. Previous year use of inhaled ICS 
and leukotriene receptor inhibitor/antagonist in the combined arm were 76% and 16%, respectively, and in the daily arm were 82% and 10% 
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Table C-6. Study and population characteristics for KQ1b, intermittent ICS vs. ICS controller 
Study, Year,  
N, 
Acronym, 
Study 
design, 
Duration 
Risk of Bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean, 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Boushey, 
200551 
IMPACT 
n=149 
RCT, 52w 

18-65 years of age w/mild 
persistent asthma (self-treatment 
with β2-agonist>2d per week, 
nighttime awakenings related to 
asthma >2d per month, or 
variability in the PEF of 20-30%). 

Placebo inhaler BID + 
placebo tablets BID   
n=76 

32.0 
(10.5) 

43 19.5 
(11.8) 

3.2 
(0.7) 

87.8 
(12.7) 

NR NR 

 
Low 

All patients self-adjusted 
according to action plana-  
Green zone: Continue as usual, 
albuterol PRN 
Yellow zone: Start budesonide 
800µg BID x10d 
Red zone: Start prednisone 
0.5mg/kg PO x5d 
Extra red zone: albuterol, 
prednisone and go to ER or call 
911  

Budesonide 200µg BID 
(DPI)+ placebo tablets 
BID 
n=73 

33.2 
(9.5) 

38 17.1 
(11.0) 

3.2 
(0.8) 

90.5 
(12.6) 

NR NR 

Papi, 200763 

BEST-adult 
n=337 
RCT, 6m 

18-65 years old with mild 
persistent asthma according to 
EPR2 for at least 6m, adequately 
controlled at the end of run-in on  

Placebo inhaler BID + 
Beclomethasone/ 
albuterol 250/100µg PRN  
n=122 

36.8 
(13.1) 

41.0 NR 3.0 
(0.8) 

88.5 
(11.3) 

0.4 (0.7) 18,480 
(25250)
b 

 
Low 

beclomethasone 250µg BID. 
No written action plan, orally 
instructed to use PRN inhaler for 
symptom relief.  

Beclomethasone/ 
albuterol 250/100µg BID 
+ albuterol 100µg PRN 
n=109  

39.9 
(14.4) 

39.4 NR 2.9 
(0.7) 

87.2 
(10.7) 

0.5 (0.7) 77,070 
(17550)
b  

  Beclomethasone 250µg 
BID + albuterol 100µg 
PRN 
n=106 

37.9 
(13.5) 

42.5 NR 3.0 
(0.7) 

88.8 
(11.1) 

0.4 (0.7) 76,970 
(17350)
b 
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Study, Year,  
N, 
Acronym, 
Study 
design, 
Duration 
Risk of Bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean, 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Turpeinen, 
200764 

HELSINKI 
n=116 
RCT, 18m 
 
Low 

5-10 years old with symptoms 
such as wheezing, prolonged 
cough or SOB suggesting asthma 
for at least 1m. According to 
symptoms and lung function 
majority of children could be 
categorized as mild persistent 
asthma. 

Budesonide 400µg BID 
x1m, 200µg BID x5m, 
placebo x12m  
n=58 

6.7  
(5-10)d 

66 11.3  
(2.0 to 
76.4)d,e 

1.32 
(0.72 
to 
2.36)d 

82  
(52-107)d 

0.55  
(0-3.7)d 

NR 

 All patients received terbutaline 
PRN and physician determined 
replacement of study medication 
with budesonide 400µg BID x2w 
during exacerbations.c 

Budesonide 400µg BID 
x1m, 200µg BID x5m, 
100µg BID x12m  
n=58  

7.0  
(5 to 
10)d 

59 12.8  
(1.1 to 
70.5)d,e 

1.43 
(0.89 
to 
2.15)d 

87  
(57-111)d 

0.47  
(0-4.0)d 

NR 

Martinez, 
201160 

TREXA 
n=143 
RCT, 44w 
 
Low 

6-18y of age w/history of mild 
persistent asthma during prior 2y, 
qualifying for interruption or 
discontinuation of controller 
therapy because illness was well 
controlled per EPR, asthma 
remained controlled during run-in 
on beclomethasone 40µg BID; 
either naïve to controller therapy 
with 1-2 exacerbations in prior 
year, treated in prior 8w on 
monotherapy other than ICS, or if 
illness was controlled for prior 8w 
on low-dose ICS monotherapy 
(≤160µg/d beclomethasone 

Placebo inhaler BID with 
PRN use of 
beclomethasone 40µg 
(MDI) + albuterol 90µg 
(MDI) 
n=71 

10.4 
(2.8) 

52 NR NR 101.4 
(12.1) 

NR NR 
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Study, Year,  
N, 
Acronym, 
Study 
design, 
Duration 
Risk of Bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean, 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS 
dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

 equivalent).f  
All patients used PRN inhalers 
every time they would have used 
albuterol for symptom relief or to  
treat decreased in PEF, number of 
puffs was self-determined. All 
patients received prednisone x4d 
for asthma exacerbation 

Beclomethasone 40 µg 
BID (MDI) with PRN use 
of placebo inhaler + 
albuterol 90µg (MDI) 
n=72 

10.8 
(3.5) 

58 NR NR 100.1 
(10.8) 

NR NR 

Calhoun, 
201252 
BASALT 
n=227 
RCT, 9m 
 
Low 

≥18y and older with mild to 
moderate asthma, need for daily 
controller therapy based on 
receiving prescription in prior 12m 
or symptoms more than twice/w 
and not on controller, if on ICS 
≤1000µg fluticasone or equivalent 
stable for at least 2w, completely 
controlled asthma during run-in on 
beclomethasone 80µg BID, based 
on asthma evaluation 
questionnaire and FEV>70% 
predicted. 

Budesonide 40µg (MDI) 
used on a puff-per-puff 
basis every time the 
patient uses albuterol 
(MDI)   
n=113 

36.0 
(12.2) 

26.5 21.3 
(12.1) 

2.90 
(0.69) 

85.6 
(11.0) 

0  
(0-0.31)g 

832 
(NR)h 

 All patients received unrestricted 
albuterol (MDI). Investigators were 
allowed to add open-label 
budesonide 80µg BID x14d if 
needed.  

Budesonide 80µg BID  
(MDI) adjusted by 
physician every 6w 
based on NHLBI 
guidelines 
n=114 

34.2 
(11.9) 

36.8  20.4 
(10.4) 

3.03 
(0.72) 

87.7 
(12.1) 

0.04 (0-
0.29)g 

1610 
(NR)h 

Abbreviations: BID=twice daily; d=day; DPI=dry powder inhaler; EPR=Expert Panel Review (Guidelines for Diagnosis and Management of Asthma); ER=emergency room; 
FEV1=forced expiratory volume in one second; ICS=inhaled corticosteroid; L=liter; LABA=long-acting β2-agonist; m=months; MDI=metered dose inhaler; n=patient sample size; 
NHLBI=National Heart, Lung and Blood Institute; NR=not reported; PO=by mouth; PRN=pro re nata (i.e., as-needed); PEF=peak expiratory flow; QID=four times daily; 
RCT=randomized controlled trial; SD=standard deviation; SOB=shortness of breath; w=weeks; y=years  
aGreen zone: symptoms and albuterol use stable; Yellow zone: Awakening from asthma 3+ times in a 2-week period or on 2 consecutive nights, or using albuterol for relief of 
symptoms 4+ times/day for 2 or more consecutive days, or albuterol has been relieving symptoms for less than 4h each treatment over a 12-hour period, or using albuterol for relief 
of symptoms daily for 7 days, and this use exceeds 2 times the weekly use of albuterol in the baseline period, or exercise induces unusual breathlessness; Red zone: For the 
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previous 24 hours, daily life activities cause SOB or breathlessness is present at rest, or albuterol has been relieving symptoms for <2h after each treatment over an 8h period; Extra 
red zone: Severe SOB at rest, or difficulty talking because of SOB, or albuterol has been relieving symptoms for less than 1h after each treatment over a 4h period, or does not 
relieve symptoms after 2 treatments repeated within a single hour 
bCumulative doses of beclomethasone inhaled during the entire 6-month treatment period 
cExacerbations defined as an increase in symptoms not controlled by 6 doses/24h of terbutaline that caused the parent to contact the clinic 
dData reported as mean (range) 
eData reported in months 
fInhaled ICS and leukotriene receptor inhibitor/antagonist use in the previous year in the rescue arm was 72% and 20%, respectively. Previous year use of inhaled corticosteroids 
and leukotriene receptor inhibitor/antagonist in the combined arm were 76% and 16%, respectively, and in the daily arm were 82% and 10% 
gData reported as median (interquartile range) 
hRepresents mean monthly dose 
 
Table C-7. Study level outcomes for KQ1b, intermittent ICS and ICS controller vs. ICS controller  

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of life Healthcare 
utilization 

Lahdensuo, 
199667 

n=115 
RCT, 12m 

Age: 12y+ 
Severity/control: 
Mild to moderately 
severe asthma  
Intermittent ICS:  
Doubling regular 
dose 

Relative measures 
Requiring oral corticosteroid: 
RR 0.51 (0.29 to 0.88) 
Exacerbation (undefined): 
RR 0.48 (0.33 to 0.71) 
Asthma-related 
hospitalization: 
RR 0.70 (0.12 to 4.05) 
Unscheduled outpatient visit: 
RR 0.53 (0.29 to 0.96) 
 
Count data 
Number of hospitalizations: 
2 vs. 3 

NR Composite measures:       
NR 
Spirometry: 
NR 

NR NR 
 

Foresi, 
200056 

n=134 
RCT, 6m 

Age: 12y+ 
Severity/control: 
Moderate 
persistent asthma/ 
symptomatic  
Intermittent ICS:  
Quadrupling 
regular dose 

Relative measures 
Fall in PEF <70% from 
baseline: RR 1.09 (0.52 to 
2.30) 
Count data 
Total number of oral 
corticosteroid days: 
37 vs. 47 

NR Composite measures:       
NR 
Spirometry: 
NR 

NR NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of life Healthcare 
utilization 

Colland, 
200454 

n=29 
RCT, 12m 

Age: 5-11y 
Severity/control: 
Moderate 
persistent asthma/ 
symptomatic  
Intermittent ICS:  
Doubling regular 
dose 

Relative measures 
Requiring hospitalization: 
Peto’s OR 0.14 (0.003 to 
7.31) 
Count data 
NR 
 

NR Composite measures:       
NR 
Spirometry: 
FEV1 % predicted: 
MD 5 (-6.01 to 16.01) 

NR NR 

Fitzgerald, 
200455 
n=98 
RCT, 6m 

Age: 12y+ 
Severity/control:  
Persistent asthma 
Intermittent ICS:  
Doubling regular 
dose 

Relative measures 
Requiring oral corticosteroid 
(of those who initiated study 
inhaler) 
RR: 0.85 (0.39 to 1.83) 
Requiring oral corticosteroid, 
unscheduled doctors visit, 
ER, or unstable asthma: 
RR 1.03 (0.63 to 1.65) 
Unstable asthmac: 
RR 0.57 (0.23 to 1.38) 
Count data 
NR 

NR Composite measures:       
NR 
Spirometry: 
NR 

NR NR 

Harrison, 
200459 
n=390 
RCT, 12m 

Age: 12y+ 
Severity/control:  
Persistent asthma/ 
stable during run-in 
Intermittent ICS:  
Doubling regular 
dose 

Relative measures 
Requiring oral corticosteroid 
(full population): 
RR 0.95 (0.55 to 1.63) 
Requiring oral corticosteroid 
(of those who initiated study 
inhaler) 
RR: 0.76 (0.44 to 1.32) 
Count data 
NR 

NR Composite measures:       
NR 
Spirometry: 
NR 

NR Asthma-related 
general practitioner 
visits: 
RR 1.14 (0.71 to 
1.83) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of life Healthcare 
utilization 

Oborne, 
200966 
n=403 
RCT, 12m 

Age: 12y+ 
Severity/control:  
Persistent asthma 
Intermittent ICS:  
Quadrupling 
regular dose 

Relative measures 
Requiring oral corticosteroid 
(full population): 
RR 0.64 (0.37 to 1.11) 
Requiring oral corticosteroid 
(of those who initiated study 
inhaler) 
RR: 0.43 (0.24 to 0.78) 
2 to 3 exacerbations requiring 
oral corticosteroid (full 
population): 
RR 0.63 (0.15 to 2.59) 
2 to 3 exacerbations requiring 
oral corticosteroid (of those 
who initiated study inhaler): 
RR 0.34 (0.07 to 1.76) 
Count data 
NR 

NR Composite measures:       
NR 
Spirometry: 
NR 

NR NR 

Martinez, 
201160 

n=143 
RCT, 12m 

Age: Mixed, (5-11y 
and 12y+) 
Severity/control:  
Mild persistent 
asthma/well 
controlled 
Intermittent ICS:  
ICS used with 
albuterol 

Relative measures 
Requiring oral corticosteroid: 
RR 1.12 (0.67 to 1.86) 
Treatment failured: 
RR 2.03 (0.39 to 10.72) 

NR Composite measures:       
NR 
Spirometry: 
FEV1 % predicted: 
MD 0.57 (-2.24 to 3.38) 

PAQLQ score: 
MD -0.003 (-
0.25 to 0.25) 

Albuterol puffs/day: 
MD 0.04 (-0.33 to 
0.40) 

Abbreviations: d=days; ER=emergency room; EPR-3=Expert Panel Review-3; FEV1=forced expiratory volume in one second; HR=hazard ratio; ICS=inhaled corticosteroid; IRR= 
incident rate ratio; m=months; MD=mean difference; n=patient sample size; NR=not reported; OR=odds ratio; PAQLQ=Pediatric Asthma Quality of Life Questionnaire; 
RCT=randomized controlled trial; RR=relative risk; y=year 
aCategorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was usually not specified 
and rather details about patients being symptomatic or not at entry were given and reported here. Intermittent ICS indicates how the usual ICS dose was altered in the intervention 
arm 
bRelative measures are presented first and include, when reported by the study RR, HR for time to the event, and IRR for count data allowing multiple events over the period of 
follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in association with exacerbations.  
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cDefined as the absence of stability, where stability is defined as morning peak expiratory flow 90% or more of mean baseline value on either of the two previous days, <4 
inhalations of inhaled corticosteroid per day over the past 2 days, no nocturnal awakenings in the prior 2 nights and a total symptom score not exceeding mean baseline value more 
than 2 ordinal values over the previous 2 days 
dDefined as any of following: (1) Hospitalization due to asthma; (2) Hypoxic seizure due to asthma; (3) Intubation due to asthma; (4) Requirement for a second burst of prednisone 
within any 6 months period; (5) Significant adverse event related to the use of a study medication. The only criterion for assignment of treatment failure during the trial was the 
requirement for a second burst of prednisone within any six-month period 
 
Table C-8. Study level outcomes for KQ1b, intermittent ICS vs. ICS controller   

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma Control Quality of Life Healthcare 
Utilization 

Boushey, 
200551 
n=149 
RCT, 52w 

Age: 12y+ 
Severity/control: 
Mild persistent 
Intermittent ICS:  
Yellow zone 
budesonide 800µg 
BIDx10d 

Requiring oral 
corticosteroid: 
RR 0.70 (0.30 to 1.64) 
Requiring hospitalization:  
No events occurred 
 

NR Composite measures:       
ACQ-7 score: 
MD 0.1 (-0.12 to 0.32) 
Spirometry: 
FEV1 pre-albuterol (% 
change): 
MD -3.3 (-6.51 to -0.09) 
FEV1 post-albuterol (% 
change): 
MD -0.7 (-2.1 to 0.7) 

AQLQ(S) score: 
MD -0.2 (-0.48 to 
0.08) 

NR 

Papi, 200763 
n=337 
RCT, 6m 

Age: 12y+ 
Severity/control: 
Mild persistent 
asthma/controlled   
Intermittent ICS:  
Beclomethasone/ 
albuterol 250/100µg 
PRN symptom relief 

Mildc or severed 
exacerbation: 
RR 0.87 (0.29 to 2.61) 
Severe exacerbation: 
Peto’s OR 0.11 (0.01 to 
1.11) 

NR Composite measures:       
NR 
Spirometry: 
FEV1, trough 
MD 0.09 (-0.01 to 0.18) 
FEV1 % predicted: 
MD 2.04 (-0.71 to 4.79) 
FVC, trough 
MD 0.07 (-0.03 to 0.18) 
FVC % predicted 
MD 1.72 (-1.04 to 4.48) 

NR Rescue albuterol use, 
inhalations/d 
MD 0.07 (-0.13 to 
0.26) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma Control Quality of Life Healthcare 
Utilization 

Turpeinen, 
200764 

n=116 
RCT, 18m 
 
 

Age: 5-11y 
Severity/control:  
Majority mild 
persistent/ 
symptomatic 
Intermittent ICS:  
Budesonide 400mg 
BIDx14d upon 
symptoms 
determined by 
pediatrician to be 
exacerbation 

Exacerbation ratee: 
MD -0.72 (-1.27 to -0.17) 

NR NR NR NR 

Martinez, 
201160 

n=143 
RCT, 44w 

Age: Mixed (5-11, 
12y+) 
Severity/control:  
Mild persistent/  
well controlled  
Intermittent ICS:  
Beclomethasone 
40µg+albuterol 90µg 
PRN symptom relief 
prompting albuterol 
use or to treat 
decrease PEF 

Requiring oral 
corticosteroid:  
RR 1.27 (0.78 to 2.07) 
Treatment failuref:  
RR 3.04 (0.64 to 14.57) 

NR Composite measures:       
NR 
Spirometry: 
FEV1 % predicted: 
MD -1.30 (-4.24 to 1.64)  

PAQLQ score: 
MD 0.04 (-0.25 to 
0.33) 

Rescue albuterol use, 
inhalations/d: 
MD 0.003 (-0.24 to 
0.25) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma Control Quality of Life Healthcare 
Utilization 

Calhoun, 
201252,g 

n=227 
RCT, 9m 

Age: 12y+ 
Severity/control:  
Mild to moderate 
persistent/  
well or partially well 
controlled  
Intermittent ICS:  
Beclomethasone 
80µg PRN symptom 
relief prompting 
albuterol use 

Exacerbationh:  
IRR 2.0 (0.87 to 4.61) 
Urgent care visit for 
asthma: 
RR 0.25 (0.05 to 1.16) 
Treatment failurei:  
HR 1.6 (0.86 to 2.98) 
IRR 1.7 (0.96 to 3.00) 

NR Composite measures:       
ACQ-5 
MD -0.01 (-0.17 to 0.15) 
Spirometry: 
FEV1 trough pre 
albuterol: 
MD 0.01 (-0.13 to 0.15) 
FEV1 trough post 
albuterol: 
MD -0.01 (-0.06 to 0.04) 
FEV1 % predicted pre 
albuterol: 
MD 0.01 (-1.89 to 1.91) 
FEV1 % predicted post 
albuterol:  
MD -0.48 (-1.97 to 1.01) 
 

AQLQ(S) score:  
MD 0.01 (-0.19 to 
0.21) 

Rescue albuterol use, 
inhalations/d: 
MD -0.04 (-0.11 to 
0.03)  
 

Abbreviations: ACQ=Asthma Control Questionnaire; AQLQ=Asthma Quality of Life Questionnaire; AQLQ(S)=Standardized Asthma Quality of Life Questionnaire; BID=twice 
daily; d=days; ER=emergency room; FEV1=forced expiratory volume in one second; FVC=forced vital capacity; HR=hazard ratio; ICS=inhaled corticosteroid; IRR= incident rate 
ratio; m=months; MD=mean difference; mg=milligrams; n=patient sample size; NR=not reported; OR=odds ratio; PAQLQ=Pediatric Asthma Quality of Life Questionnaire; 
PEF=peak expiratory flow; PRN=pro re nata (i.e., as-needed); RCT=randomized controlled trial; RR=relative risk; µg=micrograms; w=weeks; y=year 
aAge is categorized using study inclusion criteria and the age categories used in Expert Panel Review-3 (EPR-3) of 0-4y, 5-11y and 12y+. Severity is as reported per the study. 
Control was usually not specified and rather details about patients being symptomatic or not at entry were given and reported here. Intermittent ICS indicates how the usual ICS 
dose was altered in the intervention arm 
bRelative measures are presented first and include, when reported by the study, relative risk (RR), hazard ratio (HR) for time to the event, and incident rate ratio (IRR) for count 
data allowing multiple events over the period of follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in 
association with exacerbations 
cDefined as awakening at night owing to asthma or as a decrease in the morning peak expiratory flow rate to more than 20% below the baseline value, the use of more than three 
additional puffs per day of rescue medication (either albuterol or beclomethasone and albuterol) as compared with during the baseline for 2 or more consecutive days, or both. 
Single, isolated days on which mild exacerbation occurred were not counted 
dDefined as a decrease in the morning peak expiratory flow rate to more than 30% below the baseline value on 2 consecutive days or more than eight puffs per day of rescue 
medication for 3 consecutive days or the need for treatment with oral corticosteroids, as judged by the investigator 
eDefined as the mean number of exacerbations divided by the number of patients in the group. An asthma exacerbation was defined as an increase in symptoms that were not 
controlled with six doses of rescue terbutaline per 24 h that caused the parent to contact the clinic. At clinic pediatrician determined if exacerbation occurred and prescribed 
budesonide inhaler 
fDefined as any of following: (1) Hospitalization due to asthma; (2) Hypoxic seizure due to asthma; (3) Intubation due to asthma; (4) Requirement for a second burst of prednisone 
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within any 6 months period; (5) Significant adverse event related to the use of a study medication. The only criterion for assignment of treatment failure during the trial was the 
requirement for a second burst of prednisone within any six-month period 
gStudy reported 97.5% confidence intervals which were converted to 95% confidence intervals 
hDefined as unscheduled medical contact for increased asthma symptoms that results in use of oral corticosteroids, increased inhaled corticosteroids, or additional medications for 
asthma 
iDefined as any of the following: (1) Asthma exacerbation; (2) An at-home measurement of prebronchodilator AM PEF <65% of baseline on 2 consecutive mornings, 
postbronchodilator PEF <80% of baseline despite 60 minutes of rescue treatment, or an increase in albuterol use of more than 8 puffs per 24 hours over baseline use for 48 hours or 
more than 16 puffs per 24 hours for more than 48 hours; (3) In-clinic measurements of prebronchodilator FEV1 on 2 consecutive sets of spirometric determinations measured 24 to 
72 hours apart that are less than 80% of baseline, physician judgement for patient safety, patient dissatisfaction with asthma control achieved by study regimen or requirement for 
open-label ICS or another new asthma medication without the addition of systemic corticosteroids  
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Table C-9. Study and population characteristics for KQ1c, ICS and LABA controller and quick relief vs. ICS controller (same dose)  
Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age (y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predict-
ed (L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Scicchitano, 
200496 
n=1890 
RCT, 12m 
 
Low 

12-80 years of age with moderate 
to severe (83% with severe 
according to GINA guidelines), 
symptomatic asthma on ICS 400-
1600µg/d, FEV1 50-90% 
predicted, history of at least 1 
exacerbation in prior year 

Budesonide/formoterol 
320/9µg in the evening 
+ 160/4.5µg PRN (DPI) 
n=947 

43  
(12 to 
79)a 

41 12 (1 to 
65)a 

NR 70  
(46 to 
102)a 

1.9  
(0 to 
15.6)a 

466 (NR) 

 ICS dose at entry: 744-748µg/d 
Taking LABA at entry: 35% 

Budesonide 160µg BID 
(DPI) + terbutaline PRN 
(DPI)  
n=943 

43  
(11 to 
80)a 

43 12 (1 to 
71)a 

NR 70  
(37 to 
95)a 

2.0 (0 to 
9.2)a 

640 (NR)  

Rabe, 200694 
n=697 
RCT, 6m 
 
Low 

12-80 years of age with mild to 
moderate asthma on ICS 200-
500µg/d, FEV1 60-100% 
predicted, symptomatic with ≥7 
SABA inhalations during last 10 
run-in days 

Budesonide/formoterol 
160/9µg in the evening 
+ 80/4.5mcg PRN (DPI) 
n=355 

38  
(12 to 
79)a 

41 10 (1 to 
70)b 

NR 75  
(51 to 
123)a 

NR 240 (NR)  

 ICS dose at entry: 343-353µg/d 
LABA at entry: 10-13% 

Budesonide 160µg in 
the evening (DPI) + 
terbutaline PRN (DPI) 
n=342 

38  
(11 to 
78)a 

36 10 (1 to 
61)b 

NR 75  
(52 to 
109)a 

NR 320 (NR) 

Sovani, 200899 
n=71 
RCT, 6m 
 
High 

18-70 years of age with asthma 
on ICS 400-1000µg/d of 
beclomethasone or equivalent, 
with evidence of poor asthma 
control (in prior year ≥2 courses 
of prednisolone or 10 SABA 
canisters, and taking ≥4 SABA 
puffs in ≥4d/week in prior month 

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI)  
n=36 

40.3 
(12.8) 

47.2 23.1 (12) 2.9 
(0.84) 

88.1 
(19.3) 

NR 448 (NR) 

 ICS dose at entry:565-611µg/d Budesonide 160µg BID 
(DPI) + SABA PRN  
n=35 

40.3 
(12.3) 

42.9 22.6 (14) 2.65 
(0.82) 

82.3 
(18.7) 

NR 252 (NR)  

Abbreviations: BID=twice daily; d=day; DPI=dry powder inhaler; FEV1=forced expiratory volume in one second; GINA= Global Initiative for Asthma; ICS=inhaled 
corticosteroid; L=liter; LABA=long-acting β2-agonist; m=months; n=patient sample size; NR=not reported; PRN=pro re nata (i.e., as-needed); RCT=randomized controlled trial; 
SABA=short-acting β2-agonist; SD=standard deviation; μg=microgram; w=week; y=year  
aData reported as mean (range) 
bData reported as median (range) 



C-26 
 

 
Table C-10. Study and population characteristics for KQ1c, ICS and LABA controller and quick relief vs. ICS controller (higher dose)    
Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age (y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predict-
ed (L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

O’Byrne, 200583 
n=1851 
STAY 
RCT, 12m 
 
Low 

4-80 years of age with asthma 
treated with 400-1000µg/d of ICS 
(200-500µg/d if 4-11 years old), 
history of 1 or more exacerbation 
in prior year, FEV1 60-100% 
predicted, 12+ (8+ if 4-11y) SABA 
inhalations during last 10d of run-
in. 

Budesonide/formoterol 
80/4.5µg BID + PRN 
(DPI)  
n=925 

35  
(4 to 
77)a 

45.5 9 (0 to 
63)b 

2.13 
(0.65 
to 
4.28)a 

73  
(43 to 
108)a 

1.74  
(0 to 
8.0)a,c 

235.5 
(NR)d 

 ICS dose at entry: 598-620µg/d 
Taking LABA at entry: 27-29% 

Budesonide 320µg BID 
(DPI) + terbutaline 
0.4mg PRN (DPI) 
n=926 

36  
(4 to 
79)a 

44.9 9 (0 to 
96)b 

2.14 
(0.64 
to 
4.02)a 

73  
(49 to 
100)a 

1.69  
(0 to 7)a,c 

641.5 
(NR)d 

 4-11 year old subgroup with 
asthma treated with 200-500µg/d 
of ICS, history of 1 or more 
exacerbation in prior year, FEV1 
60-100% predicted, 8+ SABA 
inhalations during last 10d of run-
in.  
ICS dose at entry:319-321µg/d 

Budesonide/formoterol 
80/4.5µg QD + PRN 
(DPI)  
n=118 

8 (4 to 
11)a 

72.0 3 (1 to 
10)b 

1.6 
(0.9 to 
2.7)a 

76 (57 
to 108)a 

1.7 (0.7 
to 5.9)a 

125.6 
(NR) 

  Budesonide 320µg QD 
(DPI) + terbutaline 
0.4mg PRN (DPI) 
n=106 

8 (4 to 
11)a 

66.4 3 (0 to 
10)b 

1.6 
(0.7 to 
3.1)a 

76 (60 
to 100)a 

1.6 (0.1 
to 4.0)a 

320.1 
(NR) 

Abbreviations: BID=twice daily; d=day; DPI=dry powder inhaler; FEV1=forced expiratory volume in one second; ICS=inhaled corticosteroid; L=liter; LABA=long-acting β2-
agonist; m=months; n=patient sample size; NR=not reported; PRN=pro re nata (i.e., as-needed); QD=daily; RCT=randomized controlled trial; SABA=short-acting β2-agonist; 
SD=standard deviation; μg=microgram; y=years  
aData reported as mean (range) 
bData reported as median (range) 
cRepresents inhalations/d (vs. night)  
dRepresents patients 12y+ 
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Table C-11. Study and population characteristics for KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (same 
dose)  

Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

O’Byrne, 
200575,83, 
STAY 
n=1834 
RCT, 12m 
 
Low 

4-80 years of age with asthma 
treated with 400-1000µg/d of ICS 
(200-500µg/d if 4-11 years old), 
history of 1 or more exacerbation 
in prior year, FEV1 60-100% 
predicted, 12+ (8+ if 4-11y) SABA 
inhalations during last 10d of run-
in 

Budesonide/formoterol 
80/4.5µg BID + PRN 
(DPI)  
n=925 

35  
(4 to 
77)a 

45.5 9 (0 to 
63)b 

2.13 
(0.65 
to 
4.28)a 

73 (43 to 
108)a 

1.74  
(0 to 
8.0)a,c 

235.5 
(NR)d 

 ICS dose at entry: 598-620µg/d 
Taking LABA at entry: 27-29% 

Budesonide/formoterol 
80/4.5µg BID (DPI) + 
terbutaline 0.4mg PRN 
(DPI)  
n=909 

36  
(4 to 
79)a 

43.3 9 (0 to 
65)b 

2.10 
(0.62 
to 
4.50)a 

73  
(46 to 
108)a 

1.69  
(0 to 
9.4)a,c 

165.5 
(NR)d 

 4-11 year old subgroup with 
asthma treated with 200-500µg/d 
of ICS, history of 1 or more 
exacerbation in prior year, FEV1 
60-100% predicted, 8+ SABA 
inhalations during last 10d of run-
in 
ICS dose at entry: 302-319µg/d 

Budesonide/formoterol 
80/4.5µg QD + PRN 
(DPI)  
n=118 

8 (4 to 
11)a 

72.0 3 (1 to 
10)b 

1.6 
(0.9 to 
2.7)a 

76 (57 to 
108)a 

1.7 (0.7 
to 5.9)a 

125.6 
(NR) 

  Budesonide/formoterol 
80/4.5µg QD (DPI) + 
terbutaline 0.4mg PRN 
(DPI) 
n=117 

8 (4 to 
11)a 

70.1 3 (0 to 
11)b 

1.5 
(0.7 to 
2.9)a 

76 (54 to 
99)a 

1.6 (0.3 
to 5.6)a 

81.8 (NR) 

Vogelmeier, 
2005104 

COSMOS 
n=2143 
RCT, 12m 
 
Medium 

≥12 years of age with asthma, 
taking ≥500µg/d of budesonide or 
fluticasone (or ≥1000µg/d for 
other ICS), FEV1 40-90% 
predicted, at least 1 severe 
exacerbation in prior year, rescue 
medication use ≥4 of 7 days in 
run-in 

Budesonide/formoterol 
320/9µg BID + 
160/4.5µg/d PRN 
(DPI) 
n=1067 

45  
(12 to 
80)a 

42.3 13 (1to 
75)a 

NR 73  
(39 to 
115)a 

2.6  
(0.2 to 
10.7)a 

1019 
(NR)e 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

 ICS dose at entry: 881-888µg/d 
LABA use at entry: 38% 
Doses of randomized therapies 
could be titrated and additional 
controllers added during trial if 
neededf 

Fluticasone/salmeterol 
250/50µg BID (DPI) + 
salbutamol PRN 
(DPI/MDI)  
n=1076 

45  
(12 to 
84)a 

39.9 12 (0 to 
74)a 

NR 73  
(28 to 
100)a 

2.7  
(0.3 to 
33.7)a 

1166 
(NR)e 

Rabe, 200693 
n=3394 
RCT, 12m 

≥12 years of age with asthma on 
ICS, FEV1 50-100% predicted, at 
least 1 severe asthma 
exacerbation in prior year, 
symptomatic during run-in 

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI) 
n=1113  

42  
(12 to 
89)a 

39 9  
(0 to 64)b 

2.21 
(0.61 
to 
4.68)a 

72  
(30 to 
110)a 

1.8  
(0 to 
8.9)a 

NR 

Low ICs dose at entry: 751-758µg/d 
LABA use at entry: 59% 

Budesonide/formoterol 
160/4.5µg BID (DPI) + 
formoterol 4.5µg (DPI) 
PRN 
n=1140 

42  
(12 to 
81)a 

40 10 (1 to 
77)b 

2.20 
(0.74 
to 
4.58)a 

72  
(38 to 
115)a 

1.9  
(0 to 
9.1)a 

NR 

  Budesonide/formoterol 
160/4.5µg BID (DPI) + 
terbutaline 0.4mg  
n=1141 

43  
(12 to 
83)a 

39 10 (1 to 
69)b  

2.16 
(0.68 
to 
4.58)a 

72  
(39 to 
100)a 

1.9  
(0.3 to 
9.7)a 

NR 

Atienza, 201370 
n=2091 
RCT, 12m 
 
Low 

≥16 years of age with persistent 
asthma, FEV1≥50% predicted, 
not adequately controlled despite 
maintenance ICS, at least 1 
exacerbation in prior year, SABA 
use ≥5 of last 7 run-in days 

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI)  
n=1049 

45.7 
(14.5) 

31.2 12 (1 to 
67)b 

1.93 
(0.64) 

70.18 
(14.65) 

2.41 
(1.55) 

514 (NR) 

 ICs dose at entry:659-662µg/d 
LABA use at entry: 61-62% 

Budesonide/formoterol 
160/4.5µg BID (DPI) + 
terbutaline 0.4mg PRN 
(DPI)  
n=1042 

45.6 
(14.5) 

33.6 12 (1 to 
74)b 

1.93 
(0.65) 

69.64 
(13.75) 

2.43 
(1.58) 

320 (NR) 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Papi, 201384 
n=1701 
RCT, 48w 
 
Low 

≥18 years of age with asthma not 
fully controlled on ICS alone 
(≥1000µg/d beclomethasone 
equivalents) or ICS (≥500µg/d 
beclomethasone equivalents) 
+LABA, FEV1 ≥60% predicted, at 
least 1 severe exacerbation in 
prior year 

Beclomethasone/ 
formoterol 84.6/5µg 
BID + PRN (MDI) 
n=852 

49  
(18 to 
83)a 

39 9  
(0.5 to 
62.0)g 

2.21 
(0.88 
to 
5.04)a 

74  
(29 to 
127) 

0.98 
(0.00 to 
8.71) 

701 (293)e 

 ICS dose at entry: 1128-1139 
beclomethasone equivalents 
LABA use at entry: 79-83% 

Beclomethasone/ 
formoterol 84.6/5µg 
BID (MDI) + 
salbutamol 100µg 
PRN (MDI)  
n=849 

47  
(18 to 
77)a 

38 9  
(0.5 to 
61.0)g 

2.27 
(1.00-
4.74)a 

75  
(50 to 
127) 

0.97 
(0.00 to 
9.43) 

489 (48)e 

Patel, 201386 
SMART 
n=303 
RCT, 24w 

16-65 years of age with asthma 
on ICS, at least 1 exacerbation 
requiring steroids in prior year  

Budesonide/formoterol 
320/9µg BID + PRN 
(MDI) 
n=151 

41.3 
(13.7) 

32 26.7 
(14.5) 

2.62 
(0.91)h 

81.6 
(18.9)h 

NR 943.5 
(1502.5) 

 
Medium 

ICS dose at entry: 804-812µg/d 
LABA use at entry: 61-68% 

Budesonide/formoterol 
320/9µg BID (MDI) + 
salbutamol 100-200µg 
PRN  
n=152 

42.6 
(14.5) 

30 26.2 
(14.6) 

2.50 
(0.78)h 

80.4 
(20.5)h 

NR 684.3 
(390.5) 

Hozawa, 
201478 
n=30 
RCT, 8w 
 
Medium 

≥20 years of age with asthma not 
well controlled (ACQ>0.75) on 
medium dose ICS (budesonide 
800µg/d, fluticasone or 
mometasone 400µg/d) without 
another controller, SABA use 2-6 
times/w 

Budesonide/formoterol 
320/9µg BID + 
160/4.5µg PRN (DPI)  
n=15 

41.9 
(8.7) 

33.3 6.9 (3.6) NR NR NR NR 

  Fluticasone/salmeterol  
250/50µg BID (DPI) + 
procaterol 20µg PRN  
n=15 

41.3 
(9.9) 

33.3 6.7 (3.1) NR NR NR NR 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Takeyma, 
2014101 

n=63 
RCT, 1y 
 
Unclear 

16-80 years of age with moderate 
to severe persistent asthma, on 
ICS (budesonide 320-640µg/d or 
fluticasone 200-500µg/d) +LABA, 
at least 1 exacerbation in prior 
year, ACT score<20, reliever use 
≥5 times per week, FEV1 60-
100% predicted 

Budesonide/formoterol 
320/9µg BID + 
160/4.5µg PRN  
n=32 

41 
(NR) 

40.6 NR 1.86 
(0.33) 

68.3 (8.7) NR NR 

 ICS dose at entry: 574-610µg/d Budesonide/formoterol 
320/9µg BID + 
salbutamol 100µg 
PRN 
n=31 

39 
(NR) 

32.3 NR 1.89 
(0.40) 

70.4 
(10.2)  

NR NR 

Stallberg, 
2008100 
SHARE 
n=1343 
RCT, 12m 

≥12 years of age with persistent 
asthma on free combination 
ICS+LABA or symptomatic 
despite ICS alone, on ICS 
≥400µg/d 

Budesonide/formoterol 
160/9µg or 320/9µg 
QD + PRN OR  
80/4.5µg or 160/4.5µg 
BID + PRN  
n=887 

43 
(NR) 

40 NR NR NR NR 291 (NR) 

Medium ICS dose at entry: 636-650µg/d 
LABA use at entry: 51-52% 
Randomized therapy stratified by 
baseline ICS dosei   

Budesonide/formoterol 
160/9µg or 320/9µg 
BID + terbutaline PRN 
n=456 

45 
(NR) 

44 NR NR NR NR 368 (NR) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; BID=twice daily; CI=confidence interval; d=day; DPI=dry powder inhaler; FEV1=forced 
expiratory volume in one second; ICS=inhaled corticosteroid; L=liter; LABA=long-acting β2-agonist; m=month; MDI=metered dose inhaler; n=patient sample size; NR=not 
reported; PRN=pro re nata (i.e., as-needed); QD=daily; RCT=randomized controlled trial; SABA=short-acting β2-agonist; SD=standard deviation; μg=microgram; w=week; 
y=year 
aData reported as mean (range) 
bData reported as median (range) 
cRepresents inhalations/d (vs. night)  
dRepresents patients 12y+ 
eBeclomethasone dipropionate equivalent dose in µg 
fIn the control group (fluticasone/salmeterol BID + salbutamol PRN), 27% and 14% of patients completed the study on the maximum 1000/100μg/d dose and lowest dose of 
fluticasone/salmeterol, respectively  
gData reported as median (95% CI) 
hRepresents values on treatment  
iPatients previously treated with ICS 400-500μg/d received budesonide/formoterol 80/4.5μg dose and those previously treated with ICS >500μg/d received budesonide/formoterol 
160/4.5μg dose  
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Table C-12. Study and population characteristics for KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (higher 
dose)   

Study, Year,  
N, 
Acronym, 
Study design, 
Duration,  
Risk of bias 

Study population Intervention  
Comparisons 

Age (y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predict
ed (L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Bousquet, 
200776 
AHEAD 
n=2309 
RCT, 6m 

≥12 years of age with persistent 
asthma on ICS alone (800-
1600µg/d) or ICS (400-1000µg/d) 
+LABA, symptomatic with use of 
SABA during run-in ≥5 of 7 days, 
FEV1≥50% predicted 

Budesonide/formoterol 
320/9µg BID + PRN 
(DPI)  
n=1154 

40 (12 
to 80)a 

38 14 (1 to 
67)b 

2.08 
(0.60 
to 
4.65)a 

70.2 (45 
to 114)a 

NR 792 (NR), 
1238 
(NR)c 

Low ICs dose at entry: 705-720µg/d 
LABA use at entry: 54-56% 

Fluticasone/salmeterol  
500/50µg BID (DPI) + 
terbutaline 0.4mg PRN 
(DPI)  
n=1155 

39 (12 
to 80)a 

38 13 (1 to 
77)b 

2.10 
(0.72 
to 
4.89)a 

71.0 (45 
to 222)a 

NR 1000 
(NR), 
2000 
(NR)c 

Kuna, 200781 
COMPASS 
n=3335 
RCT, 6m 
 
Low 

≥12 years of age with asthma on 
ICS ≥500µg/d fluticasone or 
budesonide (or ≥1000µg/d of 
other ICS), FEV1 ≥50% 
predicted, at least 1 exacerbation 
in prior year, SABA used ≥5 of 
last 7 run-in days  

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI)  
n=1107 

38 (17) 43 NR NR 72 (14) NR 483 (NR), 
755 (NR)c 

 ICS dose at entry: 740-750µg/d 
LABA use at entry:46-47% 

Budesonide/formoterol 
320/9µg BID + 
terbutaline PRN (DPI) 
n=1105 

38 (17) 41 NR NR 73 (14) NR 640 (NR), 
1000 
(NR)c 

  Fluticasone/salmeterol  
250/50 µg BID (MDI) + 
terbutaline PRN (DPI) 
n=1123 

38 (17) 43 NR NR 73 (14) NR 500 (NR), 
1000 
(NR)c 

Pavord, 200989 
n=127 
RCT, 1yr 
 
Low 

18-65 years of age with asthma 
on ICS alone 800-1600µg/d or 
ICS 400-1000µg/d +LABA, 
FEV1≥60% predicted. SABA or 
symptoms ≥4 of last 7 run-in days 
with mean morning PEF 50-85% 

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI)  
n=64 

39 (19 
to 63)a 

55 20 (1 to 
62)b 

2.9 
(1.2 to 
4.7)a 

81.4 (58 
to 121)a 

1.5  
(0-6.0)a 

NR 



C-32 
 

Study, Year,  
N, 
Acronym, 
Study design, 
Duration,  
Risk of bias 

Study population Intervention  
Comparisons 

Age (y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predict
ed (L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

 ICS dose at entry: 741-867µg/d 
LABA use at entry: 81-84% 

Budesonide/formoterol 
320/9µg BID (MDI) + 
budesonide 400µg BID 
(DPI) + terbutaline 
0.5mg PRN (DPI) 
n=63 

41 (20-
65)a 

54 21 (1 to 
54)b 

2.8 
(1.4 to 
4.3)a 

80.6 (60 
to 110)a 

1.2  
(0 to 
7.4)a 

NR 

Lundborg, 
2006115 
N=491 
RCT, 26w 

≥6 years of age with asthma not 
well controlled on ICS alone (25-
36%) or well controlled on 
ICS+LABA (64-75%), treated with 
ICS 500-1200µg/d (250-600µg/d 
for 6-11y), FEV1 ≥60% predicted 

Budesonide/formoterol 
160/4.5µg QD + PRN 
(DPI)  (80/4.5µg/d used 
for 4-11y) 
n=162 

39.7 
(19.6) 

43 NR 3.0 
(0.9)d 

 

95.7 
(13.7)d 

 

NR 339.0 
(NR)f, 
129.0 
(NR)g 

Medium ICS dose at entry: 4-11y 419-
435µg/d; 12y+ 708-721µg/d; 
Allowed to continue disodium 
cromoglycate and montelukast at 
stable pre-study dosee 

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI) (80/4.5µg/d used 
for 4-11y) 
n=165 

38.2 
(20.6) 

49 NR 3.0 
(0.9) 
 

96.2 
(14.7) 

NR 405.2 
(NR)f, 
194.1 
(NR)g 

  Budesonide/formoterol 
320/9µg BID + 
formoterol 4.5µg PRN 
n=164 

40.8 
(19.9) 

49 NR 
 

3.0 
(0.9) 

96.5 
(15.2) 

NR 637.5 
(NR)/ 
325.8 
(NR) 

Stallberg, 
2008100 
SHARE 
N=1343 
RCT, 12m 

≥12 years of age with persistent 
asthma on free combination 
ICS+LABA or symptomatic 
despite ICS alone, on ICS 
≥400µg/d 

Budesonide/formoterol 
160/9µg or 320/9µg QD 
+ PRN OR  
80/4.5µg or 160/4.5µg 
BID + PRN  
n=887 

43 (NR) 40 NR NR NR NR 291 (NR) 

Medium ICS dose at entry: 636-650µg/d 
LABA use at entry: 51-52% 
Randomized therapy stratified by 
baseline ICS doseh 

Budesonide/formoterol 
160/9µg or 320/9µg BID 
+ terbutaline PRN 
n=456 

45 (NR) 44 NR NR NR NR 368 (NR) 

Abbreviations: BID=twice daily; d=day; DPI=dry powder inhaler; FEV1=forced expiratory volume in one second; ICS=inhaled corticosteroid; L=liter; LABA=long-acting β2-
agonist; m=month; MDI-metered dose inhaler; n=patient sample size; NR=not reported; PEF=peak expiratory flow; PRN=pro re nata (i.e., as-needed); QD=daily; 
RCT=randomized controlled trial; SABA=short-acting β2-agonist; SD=standard deviation; μg=microgram; w=week; y=year  
aData reported as mean (range) 
bData reported as median (range) 
cBeclomethasone dipropionate equivalent dose in µg 
dRepresents values post-bronchodilator  
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ePercentage of patients continued on concurrent disodium cromoglycate and montelukast not reported  
fRepresents values from adults (≥12y)  
gRepresents values from children (6-11y)   
hPatients previously treated with ICS 400-500μg/d received budesonide/formoterol 80/4.5μg dose and those previously treated with ICS >500μg/d received budesonide/formoterol 
160/4.5μg dose  
 
Table C-13. Study and population characteristics for KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (lower 
dose)   

Study, Year,  
N, 
Study design, 
Duration,  
Risk of bias 

Study population Intervention  
Comparisons 

Age (y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predict
ed (L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Hozawa, 
2016117 
n=30 
RCT, 4w 

≥20 years of age with persistent 
asthma on ICS alone (BUD 
800mcg/d, FP or MF 400mg/d), 
symptomatic with use of SABA 2 
to 6 times/w and ACQ≥1.5 

Budesonide/formoterol 
320/9µg BID + PRN 
(DPI)  
n=15 

41.7 
(5.9) 

46.7 8.7 (3.2) NR 88.5 
(5.6) 

NR 688.8mcg 
(NR) 

Medium  ICS dose at entry: 705-720µg/d 
 

Fluticasone/vilanterol 
100/25µg QD (DPI) + 
procaterol 20mcg PRN   
n=15 

40.4 
(7.6) 

40.0 8.0 (2.7) NR 90.2 
(6.4) 

NR NR 

Abbreviations: BID=twice daily; d=day; DPI=dry powder inhaler; FEV1=forced expiratory volume in one second; ICS=inhaled corticosteroid; L=liter; n=patient sample size; 
NR=not reported; PRN=pro re nata (i.e., as-needed); QD=daily; RCT=randomized controlled trial; SABA=short-acting β2-agonist; SD=standard deviation; μg=microgram; 
w=week; y=year  
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Table C-14. Study and population characteristics for KQ1c, ICS and LABA controller and quick relief vs. CBP 
Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age (y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predict-
ed (L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Loh, 2008114 
n=38 
Retrospective 
observational 
cohort study, 
3m 

≥14 years of age with moderate 
to severe asthma and 
inadequately controlled despite 
step 3 or 4 (52.6% step 3, 47.4% 
step 4, per GINA guidelines) 
treatment  

Budesonide/formoterol 
maintenance + PRN 
(DPI) 
n=22 

49 (36 
to 65)a 

 

13.6 NR 1.16 
(0.71 
to 
2.35)a 

41 (21 
to 74)a 

NR 1200 
(200-
1400)a 

 
Medium 

ICS dose at entry: 400-1200 µg/d 
LABA at entry: 100% 
 

Budesonide/formoterol 
maintenance (DPI) + 
SABA PRN (MDI/DPI) 
n=16 

50 (14 
to 66)a 

43.8 NR 1.41 
(0.52 
to 
2.79)a 

48 (20 
to 91)a 

NR NR 

Sears, 200897 
n=1538 
RCT, 6m 
 
Medium 

≥12 years of age with mild-severe 
persistent asthma (18% mild, 
43% moderate, 39% severe per 
GINA guidelines) on ICS  
≥400µg/d and sub-optimal control 
or on daily maintenance 
ICS+LABA  

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI) 
n=772 

42.1 
(16.4) 

42.2 NR NR NR 1.25 
(1.67) 

748 with 
(0 to 
2710)b,c 

 ICS dose at entry: 566-572µg/d 
LABA use at entry:73-75% 

Conventional best 
practiced 
n=766 

43.1 
(16.0) 

37.5 NR NR NR 1.22 
(1.69) 

1015 (30 
to 4000)b,c  

Stallberg, 
2008100 
SHARE 
n=1776 
RCT, 12m 

≥12 years of age with persistent 
asthma on free combination 
ICS+LABA or symptomatic 
despite ICS alone, on ICS 
≥400µg/d 

Budesonide/formoterol 
160/9µg or 320/9µg QD 
+ PRN OR  
80/4.5µg or 160/4.5µg 
BID + PRN  
n=887 

43 (NR) 40 NR NR NR NR 291 (NR) 

Medium ICS dose at entry: 636-650µg/d 
LABA use at entry: 51-52% 
Randomized therapy stratified by 
baseline ICS dosee 

Budesonide 100-400µg 
(DPI) + formoterol 4.5 
or 9µg (DPI) at a dose 
judged by investigator + 
terbutaline PRNf 
n=433 

43 (NR) 41 NR NR NR NR 550 (NR) 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age (y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predict-
ed (L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Louis, 200982 
SALTO 
n=908 
RCT, 26w 
 
Medium 

≥12 years of age with persistent 
asthma, symptomatic on ICS 
alone ≥500µg/d beclomethasone 
equivalents or without regard to 
symptoms on ICS+ another 
controller therapy 

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI) 
n=450 

43.4 
(NR) 

44.0 21.0  
(0 to 86)a 

NR NR 1.09  
(0-15)b 

749 (NR)c 

 ICS dose at entry:570-589µg/d 
 

Conventional best 
practiceg 

n=458 

42.9 
(NR) 

41.0 20.2  
(0 to 78)a 

NR NR 1.02  
(0-11)b 

1059 
(NR)c 

Quirce, 201191 
n=654 
RCT, 26w 
 
Medium 

≥18 years of age with persistent 
asthma (mild 26%, moderate 
32%, severe 42%) on ICS±LABA, 
ICS ≥400µg/d budesonide or 
equivalent, history of suboptimal 
control per investigator, SABA 
use ≥3 occasion in prior week 

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI) 
n=328 

43.7 
(18-89)b 

33.5 9.7  
(0.3 to 
57.4)a 

NR NR 1.6 (1.2) 799 (NR)c 

 ICS dose at entry: 1028-
1040µg/d beclomethasone 
equivalents 
LABA use at entry: 80-81% 

Conventional best 
practiceh 

n=326 

44.3  
(8-82)b 

38 11.2  
(0.3 to 
60.6)a 

NR NR 1.6 (1.2) 1184 
(NR)c 

Soes-Peterson, 
201198 
MONO 
n=1854 
RCT, 26w 
 
Medium 

≥12 years of age with persistent 
asthma on ICS ≥320µg/d ±LABA, 
including patients on ICS alone 
with history of suboptimal asthma 
control indicating need for 
additional treatment 
ICS dose at entry: 1018-
1051µg/d beclomethasone 
equivalents 

Budesonide/formoterol 
160/4.5µg BID + PRN 
(DPI) 
n=921 

43.0 
(15.9) 

39.3 NR NR NR 1.1 (1.4) 753 (0 to 
2500)b,c 

 LABA use at entry: 74-75% Conventional best 
standardi 

n=914 

42.0 
(15.9)  

41.4 NR NR NR 1.1 (1.5) 1092 (42 
to 6000)b,c 

Riemersma, 
201295 
n=102 
RCT, 12m 

≥18 years of age with mild to 
moderate persistent, stable 
asthma on daily ICS, FEV1≥60% 
predicted, 36% well-controlled 
(ACQ≤0.75)  

Budesonide/formoterol 
80/4.5µg QD + PRN 
n=54 

44.7 
(13.2) 

41 NR NR 96.0 
(16.0) 

0.6 (1.3) 326 (NR)c 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age (y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) 
[mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predict-
ed (L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

 
Medium 

ICS dose at entry: 757-851µg/d 
beclomethasone equivalents 

Usual carej 

n=48 
40.6 
(12.0) 

35 NR NR 101.5 
(17.5) 

0.4 (0.7) 798 (NR)c 

Kardos, 201379 
n=482 
Prospective 
observational 
cohort study, 
6m 
 
Low 

≥18 years of age requiring step 3 
or 4 (78% step 3, 22% step 4, per 
GINA guidelines) treatment and 
with history of at least 1 severe 
exacerbation in prior 24 months 
(but not in the previous month) 

Budesonide/formoterol 
maintenance + PRN at 
a dose judged by 
investigatork 

n=310 

49.1 
(15.2) 

38.4 NR 2.64 
(0.87) 

NR NR 615 (318)l 

 LABA at entry: 100% ICS + LABA 
maintenance + SABA 
PRN at a dose judged 
by the investigatorm 

n=172 

51.4 
(15.4) 

34.3 NR 2.45 
(0.73) 

NR NR 678 (380)l 

Abbreviations: ACQ=Asthma Control Questionnaire; BID=twice daily; d=day; DPI=dry powder inhaler; FEV1=forced expiratory volume in one second; GEMA=Guía Española 
para el Manejo del Asma; GINA= Global Initiative for Asthma; ICS=inhaled corticosteroid; L=liter; LABA=long-acting β2-agonist; LAMA=long-acting muscarinic antagonist; 
LTRA=leukotriene receptor antagonist; m=months; MDI=meter-dose inhaler; n=patient sample size; NR=not reported; PRN=pro re nata (i.e., as-needed); QD=daily; 
RCT=randomized controlled trial; SABA=short-acting β2-agonist; SD=standard deviation; w=week; y=year  
aData reported as median (range) 
bData reported as mean (range) 
cBeclomethasone dipropionate equivalent dose in µg 
dTherapy managed by investigator following Canadian Asthma Consensus Guidelines and could involve ICS+LABA combination products but not combination products used as 
single maintenance and reliever therapy. During the trial, 18% of patients were on ICS alone and 82% of patients were on ICS+LABA 
ePatients previously treated with ICS 400-500μg/d received budesonide/formoterol 80/4.5μg dose and those previously treated with ICS >500μg/d received budesonide/formoterol 
160/4.5μg dose 
fTherapy used at appropriate dose according to asthma severity as judged by the investigator. Doses could be adjusted up or down within the range but budesonide could not be 
completely withdrawn 
gPhysician’s choice of stepwise maintenance therapy with multiple controller therapies allowed. However, an ICS+LABA combination single maintenance and reliever therapy and 
oral steroids were not allowed. Investigators were encouraged to use the GINA guidelines.  Prescribed maintenance medications included ICS+LABA combination inhaler (86%), 
LTRA (27%), separate ICS inhaler (7%), separate LABA inhaler (7%), inhaled LAMA (4%), xanthines (3%) and mucolytics (1%) 
hActive stepped and individualized treatment in accordance with GINA and GEMA guidelines. Patients had to be treated with at least ICS as maintenance treatment and could be 
treated with any asthma medication except ICS+LABA combination single maintenance and reliever therapy and oral steroids. During the trial, 91% of patients were treated with 
ICS+LABA either in single or separate inhalers, 27% with LTRAs, 2% with inhaled anticholinergics and 2.5% with mucolytics 

iAny guideline-defined treatment was allowed, except ICS+LABA combination single maintenance and reliever therapy. During the trial, 81% of patients were treated with LABA 
in addition to their ICS, 11% used LTRAs and 88% used SABAs for rescue 

jContinued medication as before randomization and treated as usual by general practitioner 
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kInvestigators were provided with the package insert for budesonide/formoterol including dosage and Symbicort maintenance and reliever therapy treatment principles. No other 
restrictions were applied. No concomitant therapies were disallowed (with the exception of systemic corticosteroids and β-blockers), but investigators were asked to take into 
account relevant information from the budesonide /formoterol summary of product characteristics 
lRepresents prescribed inhaled corticosteroid dose 

mOnly directions given to investigators regarding the comparator group was that these patients had to be treated with inhaled corticosteroids plus long-acting β2-agonist and as-
needed short-acting β2-agonist via separate inhalers and should be treated according to the relevant information in the product package inserts 
 
 
Table C-15. Study level outcomes for KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller and quick relief vs. 
ICS controller (same dose)  

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of life Healthcare 
utilization 

Scicchitano, 
200486 
n=1890 
RCT, 12m 

Age: 12y+ 
Severity/control: 
Moderate to severe 
persistent asthma/ 
symptomatic  
ICS daily dose: 
Low vs. low 

Relative measures 
Requiring systemic 
corticosteroids, 
hospitalization, or ER visit: 
RR 0.64 (0.53 to 0.78) 
HR 0.61 (0.49 to 0.75) 
IRR 0.55 (0.46 to 0.66) 
Requiring systemic 
corticosteroids, 
hospitalization, ER visit, or 
PEF <70%: 
RR 0.65 (0.55 to 0.78) 
HR 0.61 (0.50 to 0.74) 
Mild exacerbation: 
HR 0.68 (0.61 to 0.75) 
Count data 
Hospitalization or ER visit: 
15 vs. 25 
Total number of oral 
corticosteroid days:  
1776 vs. 3177 

All-cause:  
Peto’s OR 0.51 
(0.05 to 4.92) 
Asthma-specific:  
No events 
occurred 

Composite measures:       
NR 
Spirometry: 
FEV1 
MD 0.1 (0.07 to 0.13) 

NR Rescue medication, 
inhalations/d: 
0.9 vs. 1.42, p<0.001 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of life Healthcare 
utilization 

Rabe, 
200694 
n=697 
RCT, 6m 

Age: 12y+ 
Severity/control: 
Mild to moderate 
persistent asthma/ 
symptomatic  
ICS daily dose: 
Low vs. low 

Relative measures 
Requiring systemic 
corticosteroids, 
hospitalization, ER visit, or 
PEF <70%: 
RR 0.49 (0.32 to 0.76) 
Count data 
Total number of oral 
corticosteroid days: 
114 vs. 498 

NR Composite measures:       
NR 
Spirometry: 
FEV1, change from 
baseline 
0.21 vs. 0.06, p<0.001 

NR Rescue medication, 
inhalations/d: 
MD -0.34 (-0.51 to -
0.17) 
 

Sovani, 
200899 
n=71 
RCT, 6m 

Age: 12y+ 
Severity/control:  
Persistent asthma/ 
poor asthma 
control   
ICS daily dose: 
Low vs. low 

Relative Measures 
NR 
Count data 
Number of oral corticosteroid 
courses: 
6 vs. 6 

NR Composite measures:       
ACQ-7 score: 
MD 0.15 (-0.5 to 0.7) 
Spirometry: 
FEV1 
MD 0.01 (-0.2 to 2.00) 

AQLQ-mini 
score: 
MD 0.35 (-0.3 to 
1.00) 
 

NR 

Abbreviations: ACQ=Asthma Control Questionnaire; AQLQ=Asthma Quality of Life Questionnaire; d=day; EPR=Expert Panel Review (Guidelines for the Diagnosis and 
Management of Asthma); ER=emergency room; FEV1=forced expiratory volume in one second; HR=hazard ratio; ICS=inhaled corticosteroid; IRR= incident rate ratio; m=month; 
MD=mean difference; n=patient sample size; NR=not reported; OR=odds ratio; PEF=peak expiratory flow; RCT=randomized controlled trial; RR=relative risk; y=year 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was usually not 
specified and rather details about patients being symptomatic or not at entry were given and reported here. ICS daily dose is categorized using the study’s required ICS dose and 
the EPR-3 categories of low, medium and high 
bRelative measures are presented first and include, when reported by the study, RR, HR for time to the event, and IRR for count data allowing multiple events over the period of 
follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in association with exacerbations 
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Table C-16. Study level outcomes for KQ1c, ICS and LABA controller and quick relief vs.  ICS controller (higher dose)   
Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of life Healthcare 
utilization 

O’Byrne, 
200575,83 
n=1851 
RCT, 12m 

Age: Mixed (5-11y 
and 12+y) 
Severity/control: 
Persistent asthma/ 
symptomatic during 
run-inc 

ICS daily dose: 
Low vs. high 

Full population 
Relative measures 
Composite systemic 
corticosteroids, 
hospitalization, ER visit, or 
increase in ICS or other 
medication for 4-11y: 
RR 0.58 (0.46 to 0.72) 
HR 0.55 (0.43 to 0.70) 
IRR 0.54 (0.44 to 0.66) 
Composite systemic 
corticosteroids, 
hospitalization, ER visit, or 
increase in ICS or other 
medication for 4-11y, 
PEF<70%: 
RR 0.57 (0.48 to 0.69) 
HR 0.53 (0.43 to 0.65) 
IRR 0.53 (0.44 to 0.64) 
Mild exacerbation:  
IRR 0.64 (0.57 to 0.73) 
Count data 
Requiring hospitalization or 
ER visit: 
25 vs. 29 
Average courses of 
corticosteroid/y: 
0.19 vs. 0.38 

 NR Composite measures:       
NR 
Spirometry: 
NR 

NR NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of life Healthcare 
utilization 

  4-11y subgroup (n=224) 
Relative measures 
Composite hospitalization, 
ER visit, systemic 
corticosteroid, or increase in 
ICS or other treatment: 
RR 0.43 (0.21 to 0.87) 
Composite systemic 
corticosteroid,  
hospitalization, ER visit, 
increase in ICS or other 
treatment, or PEF <70%: 
RR 0.55 (0.32 to 0.94) 
HR 0.49 (0.27 to 0.90) 
Mild exacerbation: 
RR 0.86 (0.72 to 1.04) 
Count data  
Requiring hospitalization or 
ER: 
1 vs. 8 
Average courses of 
corticosteroid/y: 
0.05 vs. 0.25 
Total number of days 
requiring oral cortisteroids:  
32 vs. 141 

 NR Composite measures:       
NR 
Spirometry: 
NR 

NR NR 

Abbreviations: EPR=Expert Panel Review (Guidelines for the Diagnosis and Management of Asthma); ER=emergency room; HR=hazard ratio; ICS=inhaled corticosteroid; IRR= 
incident rate ratio; m=month; n=patient sample size; NR=not reported; PEF=peak expiratory flow; RCT=randomized controlled trial; RR=relative risk; y=year 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was usually not 
specified and rather details about patients being symptomatic or not at entry were given and reported here. ICS daily dose is categorized using the study’s required ICS dose and 
the EPR-3 categories of low, medium and high 
bRelative measures are presented first and include, when reported by the study, RR, HR for time to the event, and IRR for count data allowing multiple events over the period of 
follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in association with exacerbations 
cDefined as 12+ short-acting β2-agonist inhalations during last 10 days of the run-in or 8+ short-acting β2-agonist inhalations during last 10 days of the run-in for 4-11y olds 
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Table C-17. Study level outcomes for KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (same dose)   
Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of 
life 

Healthcare utilization 

O’Byrne, 
200575,83 
n=1834 
RCT, 12m 

Age: Mixed (5-11y 
and 12y+) 
Severity/control: 
Persistent asthma/ 
symptomatic during 
run-inc 

ICS daily dose: 
Low vs. low 

Full population 
Relative measures 
Composite systemic 
corticosteroid, hospitalization, ER 
visit, or increase in ICS or other 
medication for 4-11y: 
RR 0.52 (0.42 to 0.65) 
HR 0.50 (0.40 to 0.63) 
IRR 0.47 (0.39 to 0.57) 
Composite systemic 
corticosteroid, hospitalization, ER 
visit, increase in ICS or other 
medication for 4-11y, PEF <70%: 
RR 0.59 (0.49 to 0.71) 
HR 0.55 (0.44 to 0.67) 
IRR 0.53 (0.44 to 0.65) 
Mild exacerbation:  
IRR 0.70 (0.62 to 0.80) 
Count data 
Requiring hospitalization or ER 
visit: 
25 vs. 32 
Average courses of 
corticosteroid/yr: 
0.19 vs. 0.42 

 NR Composite measures:       
NR 
Spirometry: 
NR 

NR NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of 
life 

Healthcare utilization 

  4-11y subgroup (n=235) 
Relative measures 
Composite hospitalization, ER 
visit, systemic corticosteroid, or 
increase in ICS or other 
treatment: 
RR 0.28 (0.14 to 0.53) 
Composite systemic 
corticosteroid, hospitalization, ER 
visit, increase in ICS or other 
treatment, or PEF <70%: 
RR 0.38 (0.23 to 0.63) 
HR 0.34 (0.19 to 0.60) 
Mild exacerbation: 
RR 0.75 (0.64 to 0.88) 
Count data  
Requiring hospitalization or ER 
visit: 
1 vs. 8 
Average courses of 
corticosteroid/y: 
0.05 vs. 0.30 
Total number of days requiring 
oral corticosteroid:  
32 vs. 230 

NR Composite measures:       
NR 
Spirometry: 
NR 

NR NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of 
life 

Healthcare utilization 

Vogelmeier, 
2005104 
n=2143 
RCT, 12m 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic during 
run-ind 

ICS daily dose: 
Medium vs. 
medium 

Relative Measures 
Composite systemic cortisteroid, 
hospitalization, or ER visit: 
RR 0.80 (0.64 to 0.99) 
HR 0.77 (0.61 to 0.97) 
Composite hospitalization, ER, 
systemic corticosteroid, or 
unscheduled visit: 
RR 0.79 (0.65 to 0.95) 
HR 0.75 (0.61 to 0.93) 
IRR 0.88 (0.56 to 0.91) 
Requiring hospitalization or ER 
visit: 
RR 0.68 (0.43 to 1.06) 
Count data: 
Hospitalization or ER visit: 
44 vs. 50 
Unscheduled visit: 
39 vs. 62 
Asthma-related hospital day:  
59 vs. 94 
Asthma-related ER visit: 
38 vs. 45 
Unscheduled visit: 
117 vs. 154 
Total number of oral 
corticosteroid day:  
1980 vs. 2978 

All-cause:  
Peto’s OR 0.14 
(0.01 to 2.18) 
Asthma-
specific:  
No events 
occurred 

Composite measures:       
NR 
Spirometry: 
NR 

NR NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of 
life 

Healthcare utilization 

Rabe, 
200693 

n=3394 
RCT, 12m 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic during 
run-in 
ICS daily dose: 
Low vs. low 

Relative Measures 
Composite systemic 
corticosteroid, hospitalization, or 
ER visit: 
RR 0.60 (0.50 to 0.72) 
HR 0.55 (0.45 to 0.68) 
IRR 0.52 (0.44 to 0.62) 
Requiring hospitalization or ER 
visit: 
RR 0.61 (0.44 to 0.85) 
HR 0.57 (0.41 to 0.81) 
IRR 0.61 (0.45 to 0.82) 
Mild exacerbation:  
RR 0.94 (0.90 to 0.99) 
HR 0.88 (0.80 to 0.97) 
IRR 0.82 (0.74 to 0.91) 
Count Data 
Hospitalization or ER visit: 
70 vs. 115 

All-cause:  
Peto’s OR 0.53 
(0.05 to 5.08) 
Asthma-
specific:  
No events 
occurred 

Composite measures:       
ACQ-5 score:  
MD -0.15 (-0.21 to -
0.08) 
Spirometry: 
FEV1: 
MD 0.08 (0.05 to 0.10) 

NR Rescue medication use, 
inhalations/d: 
MD -0.20 (-0.28 to -
0.12) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of 
life 

Healthcare utilization 

Atienza, 
201370 

n=2091 
RCT, 12m 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
not adequately 
controlled, 
symptomatic during 
run-ine 

ICS daily dose: 
Low vs. low 

Relative Measures 
Requiring systemic 
corticosteroids:  
RR 0.77 (0.62 to 0.95) 
HR 0.74 (0.59 to 0.93) 
IRR 0.73 (0.60 to 0.88) 
Requiring hospitalization:  
RR 0.33 (0.17 to 0.65) 
HR 0.33 (0.17 to 0.65) 
Requiring ER visit: 
RR 0.74 (0.59 to 0.93) 
HR 0.69 (0.54 to 0.88) 
IRR 0.66 (0.54 to 0.80) 
Composite systemic 
corticosteroid, hospitalization, or 
ER visit: 
RR 0.74 (0.62 to 0.88) 
HR 0.70 (0.57 to 0.85) 
IRR 0.47 (0.40 to 0.55) 
Requiring hospitalization or ER 
visit: 
RR 0.72 (0.58 to 0.90) 
HR 0.68 (0.53 to 0.86) 
IRR 0.65 (0.54 to 0.79) 
Mild exacerbation:  
RR 0.89 (0.84 to 0.93) 
HR 0.81 (0.73 to 0.89) 
Count data 
Requiring hospitalization:  
11 vs. 39 
Requiring ER visit : 
163 vs. 244 
Requiring hospitalization or ER 
visit: 
171 vs. 260 
Total number of oral prednisone 
days: 
1215 vs. 1697 

All-cause:  
Peto’s OR 0.99 
(0.06 to 15.89) 
Asthma-
specific:  
No events 
occurred 

Composite measures:       
ACQ-5 score:  
MD -0.124 (-0.179 to -
0.069) 
ACQ-5 responder: 
RR 1.14 (1.05 to 1.24) 
Spirometry: 
FEV1: 
MD 0.04 (0.015 to 
0.064) 

NR Rescue medication use, 
inhalations/d: 
MD -0.25 (-0.35 to -
0.15) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of 
life 

Healthcare utilization 

Papi, 201384 
n=1701 
RCT, 48w 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
not fully controlled  
ICS daily dose: 
Low vs. low 

Relative Measures 
Requiring systemic 
corticosteroid:  
RR 0.62 (0.49 to 0.79) 
IRR 0.65 (0.54 to 0.80) 
Composite systemic 
corticosteroid, hospitalization, or 
ER visit: 
RR 0.65 (0.51 to 0.82) 
HR 0.64 (0.49 to 0.83) 
IRR 0.66 (0.55 to 0.80) 
Requiring hospitalization or ER 
visit: 
RR 0.69 (0.49 to 0.96) 
IRR 0.67 (0.54 to 0.84) 
Requiring hospitalization:  
RR 1.18 (0.2 to 2.2) 
Mild exacerbation:  
RR 1.00 (0.94 to 1.06) 
HR 0.97 (0.87 to 1.09) 
IRR 0.86 (0.76 to 0.98) 
Count Data 
Requiring hospitalization or ER 
visit: 
67 vs. 99 
Hospitalization:  
5 vs. 17 
Intubation: 
No events occurred 

NR Composite measures:       
ACQ-7 score: 
MD -0.06 (-0.13 to 0.02) 
Spirometry: 
FEV1: 
MD 0.001 (-0.04 to 
0.04) 
FVC: 
MD -0.01 (-0.07 to 0.04) 

NR Rescue medication use, 
inhalations/d: 
MD -0.02 (-0.13 to 0.09) 



C-47 
 

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of 
life 

Healthcare utilization 

Patel, 
201386 
n=303 
RCT, 24w 

Age: 12y+ 
Severity/control: 
Persistent asthma 
ICS daily dose: 
Medium vs. 
medium 

Relative Measures 
Composite systemic 
corticosteroid, hospitalization, or 
ER visit: 
RR 0.56 (0.38 to 0.84) 
HR 0.53 (0.33 to 0.85) 
IRR 0.54 (0.36 to 0.81) 
Hospital or ER admission for 
asthma:  
RR 0.78 (0.30 to 2.05) 
HR 0.85 (0.37 to 2.00) 
Hospital admission for asthma: 
RR 1.01 (0.14 to 7.05) 
HR 1.54 (0.26 to 9.09) 
Oral corticosteroid dose (mg 
prednisone): 
MD -49.1 (-121.34 to 23.14) 
Rate of prednisone courses per 
year: 
HR 0.58 (0.41 to 0.84) 
Count data 
NR 

All-cause:  
No events 
occurred 
Asthma-
specific:  
No events 
occurred 

Composite measures:       
ACQ-7 score: 
MD -0.23 (-0.47 to 0.01) 
Spirometry: 
FEV1: 
MD 0.15 (-0.06 to 0.36) 
FEV1 % predicted:  
MD 1.8 (-2.8 to 6.4) 
 

NR NR 

Hozawa, 
201478 
n=30 
RCT, 8w 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
not well controlled 
and symptomatic 
ICS daily dose: 
Medium vs. 
medium 

NR NR Composite measures:       
ACQ-5 score:  
MD -0.37 (-0.58 to -
0.16) 
Spirometry: 
FEV1 % predicted:  
MD 1.9 (-4.27 to 8.07) 

NR Rescue medication use, 
inhalations/w: 
MD -0.73 (-1.42 to -
0.04) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbationsb Mortality Asthma control Quality of 
life 

Healthcare utilization 

Takeyama, 
2014101,102 
n=63 
RCT, 1y 

Age: 12y+ 
Severity/control: 
Moderate to severe 
persistent asthma/ 
not well controlled 
and symptomaticg 

ICS daily dose: 
Low vs. low 

Relative Measures 
Any exacerbation:  
HR 0.34 (0.11 to 0.92) 
Count data 
NR 

NR Composite measures:       
ACT: 
MD 6.3 (5.15 to 7.45) 
Spirometry: 
FEV1: 
MD 0.04 (0.02 to 0.06) 

NR Rescue medication use, 
inhalations/w: 
MD -2.2 (-3.92 to -0.48) 

Stallberg, 
2008100 
n=1343 
RCT, 12m 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic or 
without symptoms 
ICS daily dose:  
Low vs. low to 
medium 

Relative Measures:  
Composite systemic 
corticosteroid, hospitalization, or 
ER visit: 
RR 0.77 (0.53 to 1.12) 
IRR 0.81 (0.61 to 1.09) 
Count Data: 
Hospitalizations/pt/y: 
0.007 vs. 0.000 
Unplanned or ER visits/ pt/y: 
0.448 vs. 0.346 

NR Composite measures:       
NR 
Spirometry::   
NR 
 

NR  

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; d=day; EPR=Expert Panel Review (Guidelines for the Diagnosis and Management of Asthma); 
ER=emergency room; FEV1=forced expiratory volume in one second; FVC=forced vital capacity; HR=hazard ratio; ICS=inhaled corticosteroid; IRR= incident rate ratio; 
m=month; mg=milligram; MD=mean difference; n=patient sample size; NR=not reported; PEF=peak expiratory flow; pt=patient; RCT=randomized controlled trial; RR=relative 
risk; w=week; y=year 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was usually not 
specified and rather details about patients being symptomatic or not at entry were given and reported here. ICS daily dose is categorized using the study’s required ICS dose and 
the EPR-3 categories of low, medium and high 
bRelative measures are presented first and include, when reported by the study, RR, HR for time to the event, and IRR for count data allowing multiple events over the period of 
follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in association with exacerbations 
cDefined as 12+ short-acting β2-agonist inhalations during last 10 days of the run-in or 8+ short-acting β2-agonist inhalations during last 10 days of the run-in for 4-11y olds 
dDefined as rescue medication use 4 or more of the last 7 days in the run-in period 
eDefined as rescue medication use 5 or more of the last 7 days in the run-in period 
fDefined as Asthma Control Questionnaire >0.75 and short-acting β2-agonist use 2-6 times per week   
gDefined as Asthma Control Test <20 and reliever use at least 5 times per week 
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Table C-18. Study level outcomes for KQ1c, ICS and LABA controller and quick relief vs.  ICS and LABA controller (higher dose)  
Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare 
utilization 

Bousquet, 
200776 
n=2309 
RCT, 6m 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic  
ICS daily dose: 
Medium vs. high 

Relative measures: 
Requiring systemic 
corticosteroid: 
RR 0.82 (0.62 to 1.07) 
Composite systemic 
corticosteroid, hospitalization, 
or ER visit: 
RR 0.83 (0.65 to 1.06) 
HR 0.82 (0.63 to 1.05) 
IRR: 0.79 (0.63 to 0.99) 
Requiring hospitalization or 
ER visit: 
RR 0.66 (0.44 to 0.98) 
HR 0.64 (0.43 to 0.96) 
IRR: 0.69 (0.49 to 0.99) 
Count data: 
Total number of oral 
corticosteroid days:  
764 vs. 990 
 

All-cause: 
OR 7.39 (0.15 to 
372.38) 
Asthma-specific:  
No events 
occurred 
 

Composite measures:       
ACQ-5: 
MD -0.02 (-0.07 to 0.04) 
Spirometry::   
NR 

NR PRN inhalations/d: 
MD -0.04 (-0.12 to 
0.04) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare 
utilization 

Kuna, 
200781 

n=3335 
RCT, 6m 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic during 
run-inc 

ICS daily dose: 
Low vs. medium 

Relative Measures vs. 
budesonide/formoterol: 
Composite systemic 
corticosteroid, hospitalization, 
or ER visit: 
RR 0.75 (0.58 to 0.96) 
HR 0.74 (0.56 to 0.96) 
IRR 0.72 (0.57 to 0.90) 
Requiring hospitalization or 
ER visit: 
RR 0.96 (0.65 to 1.41) 
HR 0.97 (0.65 to 1.44) 
IRR 0.88 (0.63 to 1.24) 
Mild exacerbation: 
RR 0.97 (0.91 to 1.04) 
Count data: 
Total number of oral 
corticosteroid days:  
619d vs. 1044d 

All-cause:  
OR 7.39 (0.15 to 
372.38) 
Asthma-specific:  
No events 
occurred 
 
 

Composite measures:       
ACQ-5: 
MD -0.02 (-0.08 to 0.05) 
Spirometry::   
FEV1 
MD 0.01 (-0.03 to 0.04) 
 

AQLQ(S): 
MD 0.01 (-0.07 
to 0.08) 

PRN inhalations/d: 
MD -0.03 (-0.12 to 
0.06) 
 

  Relative Measures vs. 
salmeterol/fluticasone: 
Composite systemic 
corticosteroid, hospitalization 
or ER visit: 
RR 0.68 (0.53 to 0.87) 
HR 0.67 (0.52 to 0.87) 
IRR 0.61 (0.49 to 0.76) 
Requiring hospitalization or 
ER visit: 
RR 0.69 (0.48 to 0.98) 
HR 0.69 (0.48 to 0.99) 
IRR 0.61 (0.44 to 0.83) 
Mild exacerbation: 
RR 1.04 (0.97 to 1.11) 
Count data: 
Total number of oral 
corticosteroid days:  
619d vs. 1132d  

All-cause:  
OR 1.00 (0.06 to 
16.00) 
Asthma-specific:  
No events 
occurred 
 
 

Composite measures:       
ACQ-5: 
MD 0.03 (-0.03 to 0.09) 
Spirometry::   
FEV1 
MD 0.01 (-0.03 to 0.04) 
 

AQLQ(S): 
MD -0.02 (-0.09 
to 0.06) 

PRN inhalations/d: 
0.07 (-0.02 to 0.16) 
Total number of oral 
corticosteroid days:  
619d vs. 1132d 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare 
utilization 

Pavord, 
200989 

n=127 
RCT, 1yr 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic  
ICS daily dose: 
Low vs. medium 

Relative Measures 
Rate of composite systemic 
steroids, hospitalization, ER 
visit: 
IRR 1.02 (0.52 to 2.02) 
Count data: 
NR 

All-cause:  
No events 
occurred 
Asthma-specific:  
No events 
occurred 
 

Composite measures:       
NR 
Spirometry::   
NR 

NR NR 

Lundborg, 
2006115 

n=491 
RCT, 26w 

Age: Mixed (5-11y 
and 12+) 
Severity/control: 
Persistent asthma/ 
well controlled and 
not well controlled 
ICS daily dose: 
Low vs. medium 

Bud/for daily+PRN 
Relative measures: 
NR 
Count data: 
Number of hospital nights:  
0 vs. 0 
Number of ER visits: 
9 vs. 11 
Number of unscheduled MD 
visits: 
11 vs. 17 
 
 

NR Composite measures:       
ACQ-5: 
MD -0.07 (-0.24 to 0.10)  
Spirometry::   
NR 

NR NR 
 

  Bud/for twice daily+PRN 
Relative measures: 
NR 
Count data: 
Number of hospital nights:  
3 vs. 0 
Number of ER visits: 
17 vs. 11 
Number of unscheduled MD 
visits: 
20 vs. 17 

NR Composite measures:       
ACQ-5: 
MD -0.10 (-0.26 to 0.07) 
Spirometry::   
NR 

NR NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare 
utilization 

Stallberg, 
2008100 
n=1343 
RCT, 12m 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic or 
without symptoms 
ICS daily dose: 
Low vs. low to 
medium  

Relative Measures:  
Composite systemic 
corticosteroid, hospitalization, 
or ER visit: 
RR 0.77 (0.53 to 1.12) 
IRR 0.81 (0.61 to 1.09) 
Count Data: 
Hospitalization/pt/y: 
0.007 vs. 0.000 
Unplanned ER visit/ pt/y: 
0.448 vs. 0.346 

NR Composite measures:       
NR 
Spirometry::   
NR 
 

NR NR 

Abbreviations: ACQ=Asthma Control Questionnaire; Bud/for=budesonide/formoterol; d=day; EPR=Expert Panel Review (Guidelines for the Diagnosis and Management of 
Asthma); ER=emergency room; FEV1=forced expiratory volume in one second; HR=hazard ratio; ICS=inhaled corticosteroid; IRR= incident rate ratio; m=months; MD=mean 
difference; n=patient sample size; NR=not reported; OR=odds ratio; PRN=pro re nata (i.e., as-needed); pt=patient; RCT=randomized controlled trial; RR=relative risk; w=week; 
y=year 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was usually not 
specified and rather details about patients being symptomatic or not at entry were given and reported here. ICS daily dose is categorized using the study’s required ICS dose and 
the EPR-3 categories of low, medium and high 
bRelative measures are presented first and include, when reported by the study, RR, HR for time to the event, and IRR for count data allowing multiple events over the period of 
follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in association with exacerbations 
cDefined as symptomatic as short-acting β2-agonist use was required at least 5 of 7 days 
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Table C-19. Study level outcomes for KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller and quick relief vs. 
ICS controller (same dose) 

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare 
utilization 

Hozawa, 
2016117 
n=30 
RCT, 4w 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic  
ICS daily dose: 
Medium vs. low 

NR 
 

NR 
 

Composite measures:       
ACQ-5: 
MD -0.40 (-0.53 to -
0.27) 
Spirometry::   
FEV1 % predicted:  
MD 3.10 (-1.36 to 7.56) 

NR PRN inhalations/w: 
MD -0.9 (-1.48 to -
0.32) 
 

Abbreviations: ACQ=Asthma Control Questionnaire; d=day; FEV1=forced expiratory volume in one second; ICS=inhaled corticosteroid; MD=mean difference; n=patient sample 
size; NR=not reported; PRN=pro re nata (i.e., as-needed); pt=patient; RCT=randomized controlled trial; w=week 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was usually not 
specified and rather details about patients being symptomatic or not at entry were given and reported here. ICS daily dose is categorized using the study’s required ICS dose and 
the EPR-3 categories of low, medium and high 
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Table C-20. Study level outcomes for KQ1c, ICS and LABA controller and quick relief vs. CBP 
Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of 
life 

Healthcare utilization 

Sears, 
200897 
n=1538 
RCT, 6m 

Age: 12y+ 
Severity/control: 
Mild to severe 
persistent asthma/ 
with or without 
suboptimal control 
ICS daily dose: 
Low vs. mixed 

Relative Measures: 
Systemic corticosteroid:  
RR 1.03 (0.72 to 1.47) 
Hospitalization:  
OR 0.13 (0.00 to 6.77) 
ER visit:  
RR 0.69 (0.37 to 1.30) 
Composite systemic 
corticosteroid, hospitalization, 
or ER visit: 
RR 0.96 (0.69 to 1.35) 
HR 0.99 (0.85 to 1.15) 
IRR 0.92 (0.80 to 1.06) 
Count data: 
Hospitalization: 
0 vs. 1 
Hospital day: 
0 vs. 5 
ER visit: 
16 vs. 28 
Total number of oral 
corticosteroid days:  
590 vs. 709, p=NR 

All-cause:  
OR 0.51 (0.05 to 
4.90) 
Asthma-specific:  
No deaths 
occurred 

Composite measures:       
ACQ-5: 
MD -0.02 (-0.10 to 0.06) 
ACQ-5 responder: 
RR 1.22 (1.03 to 1.44) 
Spirometry::   
NR 

NR PRN inhalations/d: 
MD -0.16 (-0.26 to -0.05) 
 

Stallberg, 
2008100 
n=1776 
RCT, 12m 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic and 
without symptoms 
ICS daily dose: 
Low vs. mixed 

Relative Measures:  
Composite systemic 
corticosteroid, hospitalization, 
or ER visit: 
RR 0.72 (0.51 to 1.03) 
IRR 0.89 (0.78 to 1.01) 
Count Data: 
Hospitalization/pt/y: 
0.007 vs. 0.010 
Unplanned ER visit/pt/y: 
0.448 vs. 0.295 

NR Composite measures:       
NR 
Spirometry::   
NR 
 

NR NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of 
life 

Healthcare utilization 

Louis, 
200982 
n=908 
RCT, 26w 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
symptomatic and 
without symptoms 
ICS daily dose: 
Low vs. mixed 

Relative measures: 
Systemic corticosteroid:  
RR 0.70 (0.33 to 1.49) 
Hospitalization: 
OR 1.99 (0.21 to 19.14) 
ER visit:  
RR 0.25 (0.03 to 2.27) 
Composite systemic 
corticosteroid, hospitalization, 
or ER visit: 
RR 0.64 (0.32 to 1.31) 
Count data: 
Hospitalization: 
2 vs. 1 
Number of hospital days: 
10 vs. 15 
ER visit: 
1 vs. 4 
Total number of oral 
corticosteroid days:  
132 vs. 244 

All-cause: 
OR 7.54 (0.47 to 
120.72) 
Asthma-specific:  
No deaths 
occurred 

Composite measures:       
ACQ-5: 
MD -0.12 (-0.20 to -0.04) 
Spirometry::   
FEV1: 
MD -0.03 (-0.12 to 0.06) 
 

NR PRN inhalations/d: 
MD -0.10 (-0.24 to 0.03) 
≥1 day with PRN 
inhalation: 
RR 2.96 (2.42 to 3.61) 
 



C-56 
 

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of 
life 

Healthcare utilization 

Quirce, 
201191 
n=654 
RCT, 26w 

Age: 12y+ 
Severity/control: 
Mild to severe 
persistent asthma/ 
history of 
suboptimal control 
ICS daily dose:  
Low vs. mixed 

Relative measures: 
Systemic corticosteroid:  
RR 0.62 (0.33 to 1.16) 
Hospitalization: 
OR 7.34 (0.15 to 370.13) 
ER visit:  
RR 0.99 (0.47 to 2.11) 
Composite systemic 
corticosteroid, hospitalization, 
or ER visit: 
RR 0.71 (0.42 to 1.19) 
HR 0.75 (0.59 to 0.95) 
IRR 0.75 (0.60 to 0.95) 
Count data: 
Hospitalization: 
1 vs. 0 
ER visit: 
14 vs. 15 
Total number of oral 
corticosteroid days:  
177 vs. 229, p<0.001 

All-cause: 
No deaths 
occurred 
Asthma-specific:  
No deaths 
occurred 

Composite measures:       
ACQ-5: 
MD -0.12 (-0.23 to -0.01) 
ACQ-5 responder: 
RR 1.09 (0.92 to 1.30) 
Spirometry::   
NR 

NR ≥1 day with PRN 
inhalation: 
RR 2.96 (2.42 to 3.61) 
Total number of oral 
corticosteroid days:  
177 vs. 229, p<0.001 



C-57 
 

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of 
life 

Healthcare utilization 

Soes-
Peterson, 
201198 

n=1854 
RCT, 26w 

Age: 12y+ 
Severity/control: 
Persistent asthma/ 
with and without 
history of 
suboptimal control 
ICS daily dose: 
Low vs. mixed 

Relative Measures:  
Systemic corticosteroid:  
RR 0.79 (0.55 to 1.13) 
Hospitalization:  
OR: 0.71 (0.23 to 2.21) 
ER visit:  
RR 0.80 (0.43 to 1.51) 
Composite systemic 
corticosteroid, hospitalization, 
or ER visit: 
RR 0.79 (0.57 to 1.10) 
HR 0.79 (0.68 to 0.92) 
IRR 0.74 (0.65 to 0.85) 
Count data: 
Hospitalization: 
5 vs. 8 
Hospital day: 
29 vs. 33 
ER visit: 
18 vs. 22 

All-cause:  
OR 7.33 (0.15 to 
369.58) 
Asthma-specific:  
No deaths 
occurred 

Composite measures:       
ACQ-5: 
MD -0.09 (-0.15 to -0.03) 
Spirometry::   
NR 
 

NR NR 

Riemersma, 
201295 
n=102 
RCT, 12m 

Age: 12y+ 
Severity/control: 
Mild to moderate 
persistent asthma/ 
history of 
suboptimal control 
ICS daily dose: 
Low vs. mixed 

Relative Measures: 
Composite systemic 
corticosteroid, hospitalization, 
or ER visit: 
RR 0.30 (0.06 to 1.40) 
Requiring ER or 
hospitalization:  
No events occurred 
Count data: 
Hospitalization: 
No events occurred 
ER visit: 
No events occurred 

NR Composite measures:       
ACQ-5: 
MD -0.06 (-0.31 to 0.19) 
Spirometry::   
FEV1 % predicted: 
MD 0.70 (-1.80 to 3.20) 
 

NR NR 

Abbreviations: ACQ=Asthma Control Questionnaire; d=day; EPR=Expert Panel Review (Guidelines for the Diagnosis and Management of Asthma); ER=emergency room; 
FEV1=forced expiratory volume in one second; HR=hazard ratio; ICS=inhaled corticosteroid; IRR= incident rate ratio; m=months; MD=mean difference; n=patient sample size; 
NR=not reported; OR=odds ratio; PRN=pro re nata (as-needed); pt=patient; RCT=randomized controlled trial; RR=relative risk; w=week; y=year 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was usually not 
specified and rather details about patients being symptomatic or not at entry were given and reported here. ICS daily dose is categorized using the study’s required ICS dose and 
the EPR-3 categories of low, medium and high 
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bRelative measures are presented first and include, when reported by the study, RR, HR for time to the event, and IRR for count data allowing multiple events over the period of 
follow-up. Count data is presented, when reported by the study, for number of hospitalizations, hospital days, and ER visits in association with exacerbations 
 
Table C-21. Study and population characteristics for KQ2a  

Study, Year,  
n, 
Acronym, 
Study design, 
Duration 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Peters, 201027 

n=210 
TALC 
RCT- crossover, 
14w  

≥18 years of age with 
moderately severe 
asthma not well 
controlled on a ICS alone  

Tiotropium 18µg daily 
(Handihaler) 
n=210 

42.2 
(12.3) 

32.9 26.1 (14.1) 2.31 
(0.77) 

71.5 
(14.9) 

1.71 
(2.09) 

NR 

 
Low 

Tiotropium or salmeterol 
were added on to run-in 
dose of beclomethasone 
80µg BID 

Doubling ICS dose to 
160µg BID (MDI) 
n=210 

      NR 

Bateman, 2011118 
n=254 
RCT, 16w 
 
Low 

18-65 years of age with 
moderate persistent 
asthma (GINA step 3) not 
controlled on ICS alone 
(400-1000µg/d 
budesonide or 
equivalent) 

Tiotropium 5µg daily 
(Respimat) 
n=128 

43.5 
(12.6) 

35.9 18.1 (12.1) 2.3 
(0.77) 

74.1 
(16.1) 

NR NR 

 Randomized therapy 
added on to ICS 
continued at prestudy 
dose 

Placebo 
n=126 

44.0 
(11.9) 

40.5 17.3 (12.2) 2.4 
(0.8) 

75.3 
(19.0) 

NR NR 

Kerstjens, 2015119 
Study 1 
MezzoTinA-asthma 
1 
n=795 
RCT, 24w 
 
Low 

18-75 year of age with 
moderate persistent 
asthma according to 
GINA guidelines despite 
treatment with stable 
medium dose ICS (400-
800µg/d budesonide or 
equivalent) alone or in 
fixed combination with 
LABA, symptomatic with 
ACQ-7 ≥1.5 

Tiotropium 5µg daily 
(Respimat) 
n=264 

44.4 
(12.6) 

41.7 22.9 (14.7) 2.2 
(0.6) 

72.2 (8.2) NR 666.4 
(216.2)b 

 Randomized therapy was 
added to prestudy stable 
maintenance ICS dosea 

Tiotropium 2.5µg daily 
(Respimat) 
n=262 

43.7 
(13.1) 

40.5 22.2 (14.1) 2.2 
(0.7) 

73.1 (8.6) NR 649.8 
(196.2)b 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

  Placebo 
n=269 

42.5 
(13.1) 

38.3 20.2 (13.4) 2.3 
(0.7) 

73.0 (8.2) NR 661.5 
(209.5)b 

Kerstjens, 2015119 
Study 2 
MezzoTinA-asthma 
2 
n=764 
RCT, 24w 
 
Low 

18-75 year of age with 
moderate persistent 
asthma according to 
GINA guidelines despite 
treatment with stable 
medium dose ICS (400-
800µg/d budesonide or 
equivalent) alone or in 
fixed combination with 
LABA, symptomatic with 
ACQ-7 ≥1.5 

Tiotropium 5µg daily 
(Respimat) 
n=253 

44.3 
(12.7) 

42.3 23.1 (15.3) 2.3 
(0.6) 

72.2 (8.3) NR 661.3 
(216.1)b 

 Randomized therapy was 
added to prestudy stable 
maintenance ICS dosec 

Tiotropium 2.5µg daily 
(Respimat) 
n=257 

43.0 
(12.6) 

37.7 21.9 (14.5) 2.3 
(0.7) 

72.5 (8.0) NR 662.1 
(229.5)b 

  Placebo 
n=254 

43.0 
(13.0) 

42.9 22.0 (13.9) 2.3 
(0.7) 

73.0 (8.4) NR 675.6 
(225.4)b 

Lee, 2015120 
n=362 
RCT- crossover, 
15d 
 

18 years of age and older 
with symptomatic asthma 
despite ICS treatment, 
alone or in combination 
with LABA or leukotriene 
modifier 

Umeclidinium/fluticasone 
15.6/100µg daily (DPI) 
n=62 

47.5 
(13.8) 

31 <1y=2% 
1-4y=13% 
5-9y=17% 
≥10=69% 

1.85 
(0.53) 

62.3 
(10.3) 

NR NR 

Unclear  Umeclidinium/fluticasone 
31.25/100µg daily (DPI) 
n=60 

       

  Umeclidinium/fluticasone 
62.5/100µg daily (DPI) 
n=63 

       

  Umeclidinium/fluticasone 
125/100µg daily (DPI) 
n=58 

       

  Umeclidinium/fluticasone 
250/100µg daily (DPI) 
n=55 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

  Fluticasone 100µg daily 
(DPI) 
n=64 

       

Ohta, 2015121 
n=285 
RCT, 52w 
 
Low 

18-75 years of age with 
moderate-severe asthma 
according to GINA 
guidelines despite 
receiving stable medium-
dose ICS (400-800µg/d 
of budesonide or 
equivalent) alone or fixed 
combination with LABA, 
symptomatic with ACQ-7 
≥1.5 

Tiotropium 2.5µg daily 
(Respimat) 
n=114 

44.7 
(12.1) 

36.8 21.0 (0.8 
to 57.8)e 

NR NR NR 673.2 
(247.4)b,f 

 Randomized therapy was 
added to continued 
background ICS dose 
with or without LABAd  

Tiotropium 5µg daily 
(Respimat) 
n=114 

42.6 
(12.8) 

42.1 21.0 (0.3 
to 54.0)e 

NR NR NR 658.9 
(220.5)b,f 

  Placebo 
N=57 

47.8 
(13.0) 

33.3 26.8 (0.8 
to 63.0)e 

NR NR NR 644.2 
(220.9)b,f 

Hammelmann, 
2016123 
RubaTinA-asthma 
n=397 
RCT, 48w 
 
Low 

12-17 years of age with 
moderate symptomatic 
asthma with an ACQ ≥1.5 
receiving maintenance 
therapy with ICS with or 
without LABA or LTRA 

Tiotropium 5µg daily 
(Respimat) 
n=134 

14.5 
(1.6) 

66.4 8.2 (4.2) 2.6 
(0.6) 

77.3 (8.6) NR 536 (256)b,f 

 Randomized therapy was 
added on to maintenance 
ICS dose with or without 
LTRAg 

Tiotropium 2.5µg daily 
(Respimat) 
n=125 

14.2 
(1.8) 

64.8 7.7 (4.0) 2.5 
(0.6) 

78.1 (7.9) NR 557 (346)b,f 

  Placebo 
n=138 

14.2 
(1.7) 

63.8 7.7 (4.2) 2.6 
(0.6) 

77.6 (7.5) NR 527 (275)b,f 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Paggiaro, 2016122 
GraziaTinA-asthma 
n=464 
RCT, 12w 
 
Low 

18-75 years of age with 
mild symptomatic asthma 
with an ACQ ≥1.5 despite 
receiving maintenance 
therapy with low-
moderate ICS (200-
400µg/d budesonide or 
equivalent) that is GINA 
step 2 

Tiotropium 5µg daily 
(Respimat) 
n=155 

41.9 
(13.0) 

38.1 15.2 (10.2) 2.3 
(0.6) 

74.9 (8.1) NR 376.9 
(59.7)b,f 

 Randomized therapy was 
added on to continued 
low-medium ICS dose 

Tiotropium 2.5µg daily 
(Respimat) 
n=154 

43.8 
(14.0) 

46.8 17.1 (13.0) 2.3 
(0.7) 

73.2 (8.6) NR 384.4 
(93.4)b,f 

  Placebo 
n=155 

42.8 
(12.1) 

33.5 16.2 (12.3) 2.2 
(0.6) 

73.7 (8.5) NR 383.0 
(77.1)b,f 

ACQ=Asthma Control Questionnaire; BID=twice daily; d=day(s); DPI=dry powder inhaler; FEV1=forced expiratory volume in one second; GINA=Global Initiative for Asthma; 
ICS=inhaled corticosteroid; L=liter; LABA=long-acting ß-agonist; LTRA=leukotriene receptor antagonist; MDI=metered dose inhaler; n=patient sample size; NR=not reported; 
RCT=randomized controlled trial; SD=standard deviation; w=weeks; y=years 
aConcurrent therapy during the study with leukotriene modifiers was 11.7% in the tiotropium 5µg daily arm, 8.8% in the tiotropium 2.5µg daily arm, 10.9% in the salmeterol 50µg 
BID arm and 10.8% in the placebo arm 
bData at baseline, randomized treatments were add-on to continued use of ICS   
cConcurrent therapy during the study with leukotriene modifiers was 7.1% in the tiotropium 5µg daily arm, 9.7% in the tiotropium 2.5µg daily arm, 8.3% in the salmeterol 50µg 
BID arm and 7.5% in the placebo arm 
dConcurrent therapies during the study in the tiotropium 2.5µg daily arm included LABAs (54.4%), leukotriene modifiers (31.6%) and methylxanthines (22.8%). Concurrent 
therapies during the study in the tiotropium 5µg daily arm included LABAs (57.0%), leukotriene modifiers (25.4%) and methylxanthines (16.7%). Concurrent therapies during the 
study in the placebo arm included LABAs (61.4%), leukotriene modifiers (24.6%) and methylxanthines (17.5%). 
eData reported as median (range) 
fBudesonide equipotent dose in µg 
gConcurrent therapy during the study with leukotriene modifiers was 11.2% in the tiotropium 5µg daily arm, 6.4% in the tiotropium 2.5µg daily arm and 10.1% in the placebo arm 
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Table C-22. Study level outcomes for KQ2a  
Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare utilization 

Peters, 
201027 
n=210 
RCT- 
crossover, 
14w 

Age: 12y+ 
Severity/control: 
Moderately severe/ 
not well controlledb 
ICS daily dose: Low 
vs. medium 

Systemic corticosteroids:  
RR 0.48 (0.12 to 1.84) 
Oral corticosteroids or 
increase in ICS or other 
asthma medications:  
RR 0.32 (0.09 to 1.13) 

NR Composite measures:       
ACQ-6: 
MD -0.15 (-0.45 to 0.15) 
Spirometry::   
FEV1 trough: 
MD 0.09 (-0.20 to 0.38) 
 

AQLQ: 
MD 0.04 (-0.32 to 
0.40) 

NR 

Bateman, 
2011118 
n=388 
RCT, 16w 

Age: 12y+ 
Severity/control:  
Moderate persistent/ 
not controlledc 

ICS daily dose: Low 
to medium 

Systemic corticosteroids: 
RR 0.93 (0.49 to 1.75)  

NR Composite measures:       
NR 
Spirometry::   
FEV1 trough: 
MD 0.15 (0.07 to 0.23)  
FVC trough:  
MD 0.14 (0.04 to 0.23)  

AQLQ-mini:  
MD  -0.091 (-
0.265 to 0.082) 

Rescue medication use: 
MD -0.37 (-0.90 to 0.16) 

Kerstjens, 
2015119 

Study 1  
n=1071 
RCT, 24w 

Age: 12y+  
Severity/control: 
Moderate persistent/ 
uncontrolledd 

ICS daily dose: Low 
to medium 

Systemic corticosteroids: 
RR 0.62 (0.42 to 0.92)e 

Asthma worsening: RR 
0.79 (0.67 to 0.94)e 

 
 

All-cause: 
No deaths 
occurred 

Composite measures:      
ACQ-7 score:  
MD -0.21 (-0.30 to -0.12)  
ACQ-7 responder:  
RR 1.21 (1.07 to 1.38) 
Spirometry::   
FEV1 peak:  
MD 0.22 (0.17 to 0.27)  
FEV1 trough:  
MD 0.17 (0.11 to 0.22) 
FEV1 AUC:  
MD 0.21 (0.16 to 0.26) 
FVC peak:  
MD 0.14 (0.09 to 0.19) 
FVC trough:  
MD 0.10 (0.04 to 0.16) 
FVC AUC:  
MD 0.13 (0.08 to 0.19)  

AQLQ:  
MD 0.07 (-0.06 to 
0.2) 
 

Rescue medication use: 
MD -0.01 (-0.26 to 0.23)  
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare utilization 

Kerstjens, 
2015119 

Study 2  
n=1032 
RCT, 24w 

Age: 12y+ 
Severity/ control: 
Moderate persistent/ 
uncontrolledd 

ICS daily dose: Low 
to medium 

Systemic corticosteroids: 
RR 0.62 (0.42 to 0.92)e 

Asthma worsening:  
RR 0.79 (0.67 to 0.94)e 

 
 

All-cause:  
No deaths 
occurred 

Composite measures:      
ACQ-7 score:  
MD -0.07 (-0.16 to 0.02)  
ACQ-7 responder:  
RR 1.03 (0.92 to 1.15) 
Spirometry::   
FEV1 peak:  
MD 0.19 (0.15 to 0.24) 
FEV1 trough:  
MD 0.16 (0.10 to 0.21)  
FEV1 AUC:  
MD 0.18 (0.14 to 0.23) 
FVC peak:  
MD 0.10 (0.05 to 0.15)   
FVC trough:  
MD 0.08 (0.02 to 0.15)  
FVC AUC:  
MD 0.10 (0.04 to 0.16)  

AQLQ:  
MD 0.11 (-0.03 to 
0.25) 
 

Rescue medication use: 
MD -0.03 (-0.25 to 0.19)  

Lee, 
2015120 
n=421 
RCT- 
crossover, 
15d 

Age: 12y+ 
Severity/control: 
Not reported/ 
uncontrolledf 
ICS daily dose: Low 

Systemic corticosteroids: 
RR 0.64 (0.07 to 6.09) 

All-cause:  
No deaths 
occurred 

Composite measures:      
NR 
Spirometry::   
FEV1 trough:  
MD 0.11 (0.01 TO 0.21)  
 

NR Rescue medication use: 
MD -0.29 (-0.69 to 0.10) 

Ohta, 
2015121 
n=285 
RCT, 52w 

Age: 12y+ 
Severity/ control: 
Moderate-severe/ 
uncontrolledd 

ICS daily dose: Low 
to medium 

NR All-cause: 
No deaths 
occurred  

Composite measures:       
ACQ-7 responder:  
RR 0.98 (0.83 to 1.16)  
Spirometry::   
FEV1 trough:  
MD 0.06 (-0.02 to 0.15)  
FVC trough: 
MD 0.02 (-0.07 to 0.12)  
 

NR Rescue medication use: 
MD -0.01 (-0.26 to 0.25)  
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare utilization 

Hammel-
mann, 
2016123 
n=398 
RCT, 48w 

Age: 12y+ 
Severity/ control: 
Moderate/ 
uncontrolledd  
ICS daily dose: Low 
to medium 

Systemic corticosteroids: 
RR 0.41 (0.16 to 1.09) 
Asthma worsening:  
RR 0.92 (0.65 to 1.31)   

All-cause: 
No deaths 
occurred 

Composite measures:      
ACQ-7:  
MD -0.17 (-0.30 to -0.04)  
ACQ-7 responder:  
RR 1.16 (1.02 to 1.31) 
Spirometry::   
FEV1 peak:  
MD 0.16 (0.06 to 0.25) 
FEV1 trough:  
MD 0.10 (0.00 to 0.20)  
FEV1 AUC:  
MD 0.16 (0.07 to 0.24) 
FVC peak:  
MD 0.08 (-0.02 to 0.18) 
FVC trough:  
MD 0.05 (-0.06 to 0.16)  
FVC AUC:  
MD 0.08 (-0.02 to 0.18)  

AQLQ(S) 12+ 
responder:  
RR 1.12 (0.92 to 
1.37) 

Rescue medication use: 
MD -0.29 (-0.53 to -0.05) 

Paggiaro, 
2016122 
n=465 
RCT, 12w 

Age: 12y+ 
Severity/ control: 
Mild/uncontrolledd  
ICS daily dose: Low 

Systemic corticosteroid: 
RR 0.88 (0.26 to 2.95) 
Asthma worsening: RR 
0.78 (0.47 to 1.28)   

All-cause: 
No deaths 
occurred 

Composite measures:      
ACQ-7:  
MD 0.03 (-0.07 to 0.14)  
ACQ-7 responder:  
RR 1.00 (0.86 to 1.18) 
Spirometry::   
FEV1 peak:  
MD 0.14 (0.08 to 0.21) 
FEV1 trough:  
MD 0.12 (0.05 to 0.18) 
FEV1 AUC:  
MD 0.14 (0.08 to 0.20) 
FEV1 % predicted:  
MD 3.5 (1.58 to 5.42) 

NR Rescue medication use: 
MD 0.09 (-0.13 to 0.32) 

Abbreviations: ACQ=Asthma Control Questionnaire; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under the curve; d=days; FEV1=forced expiratory volume in one 
second; FVC=forced vital capacity; EPR-3=Expert Panel Review-3 (guidelines for the diagnosis and management of asthma); ICS=inhaled corticosteroid; MD=mean difference; 
n=patient sample size; NR=not reported; RCT=randomized controlled trial; RR=relative risk; w=weeks 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was not always 
explicitly stated thus study criteria were applied to EPR-3 categories of control to determine asthma control status. ICS daily dose is categorized using the study’s required ICS 
dose and the EPR-3 categories of low, medium and high 
bDefined as reported in the study, FEV1% predicted 70% or less or during final 2 week run-in symptoms 6 or more days per week or rescue inhaler used 6 or more days per week 
or were awakened by symptoms of asthma 2 nights or more per week. 
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cDefined as reported in the study, symptoms not well controlled on ICS alone 
dRequired ACQ≥1.5 for enrollment 
eOutcome was not reported for study 1 and 2 separately, value reflects data from study 1 and 2 combined 

fPatients were required to be symptomatic on ICS with FEV1% predicted 40-80% after run-in 
 
 
Table C-23. Subgroup analysis by tiotropium dose for KQ2a 
 Tiotropium vs. placebo 

RR or MD (95% CI)  
(base case analysis) 

Tiotropium 2.5µg vs. placebo 
RR or MD (95% CI) 

Tiotropium 5µg vs. placebo 
RR or MD (95% CI)  

Tiotropium 2.5µg vs. 5µg 
RR or MD (95% CI) 

Exacerbation requiring 
systemic corticosteroid 

RR 0.67 (0.48 to 0.92) RR 0.63 (0.20 to 2.04) RR 0.69 (0.32 to 1.47) RR 1.70 (0.11 to 25.55) 

Asthma worsening 
 

RR 0.81 (0.68 to 0.97) RR 0.82 (0.49 to 1.38) RR 0.85 (0.63 to 1.15) RR 1.08 (0.45 to 2.57) 

ACQ-7 score 
 

MD -0.10 (-0.28 to 0.07) MD -0.12 (-0.35 to 0.11) MD -0.09 (-0.23 to 0.06) MD -0.03 (-0.16 to 0.10) 

ACQ-7 responder 
 

RR 1.08 (0.96 to 1.21) RR 1.08 (0.98 to 1.20) RR 1.08 (0.95 to 1.24) RR 0.99 (0.92 to 1.07) 

FEV1 peak 
 

MD 0.18 (0.13 to 0.24) MD 0.20 (0.13 to 0.27) MD 0.17 (0.13 to 0.21) MD 0.03 (-0.01 to 0.07) 

FEV1 trough 
 

MD 0.13 (0.10 to 0.17) MD 0.12 (0.03 to 0.21) MD 0.13 (0.12 to 0.15) MD -0.01 (-0.08 to 0.06) 

FEV1 AUC 
 

MD 0.18 (0.13 to 0.23) MD 0.19 (0.12 to 0.25) MD 0.17 (0.12 to 0.21) MD 0.02 (-0.02 to 0.07) 

FVC peak 
 

MD 0.11 (0.05 to 0.18) MD 0.13 (0.03 to 0.24) MD 0.09 (0.06 to 0.12) MD 0.04 (-0.04 to 0.12) 

FVC trough MD 0.08 (0.04 to 0.13) MD 0.07 (-0.04 to 0.18) 
 

MD 0.08 (0.05 to 0.12) MD -0.01 (-0.13 to 0.11) 

FVC AUC  
 

MD 0.11 (0.05 to 0.17) MD 0.13 (0.04 to 0.21) MD 0.09 (0.05 to 0.13) MD 0.03 (-0.02 to 0.08) 

Rescue medication use, 
puffs/24 hours 

MD -0.08 (-0.23 to 0.07) MD -0.09 (-0.34 to 0.16) MD -0.03 (-0.22 to 0.16) MD -0.08 (-0.37 to 0.20) 

Abbreviations: ACQ=Asthma Control Questionnaire; AUC=area under curve; CI=confidence interval; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; 
MD=mean difference; RR=relative risk 
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Table C-24. Study and population characteristics for KQ2b 
Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(yr) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Peters, 201027 

TALC 
n=210 
RCT- crossover, 
14w  

≥18 years of age with 
moderately severe 
asthma not well 
controlled on ICS alone  

Tiotropium 18µg daily 
(Handihaler) 
n=210 

42.2 
(12.3) 

32.9 26.1 (14.1) 2.31 
(0.77) 

71.5 
(14.9) 

1.71 
(2.09) 

NR 

 
Low 

Tiotropium or salmeterol 
were added on to run-in 
dose of beclomethasone 
80µg BID 

Salmeterol 50µg BID 
(DPI) 
n=210 

      NR 

Bateman, 2011118 

n=262 
RCT, 16w 
 
Low 

18-65 years of age with 
moderate persistent 
asthma (GINA step 3) not 
controlled on ICS alone 
(400-1000µg/d 
budesonide or 
equivalent) 

Tiotropium 5µg daily 
(Respimat) 
n=128 

43.5 
(12.6) 

35.9 18.1 (12.1) 2.3 
(0.77) 

74.1 
(16.1) 

NR NR 

 Randomized therapy 
added on to ICS 
continued at prestudy 
dose 

Salmeterol 50µg BID 
(MDI) 
n=134 

42.3 
(13.4) 

38.1 15.4 (10.7) 2.4 
(0.8) 

75.6 
(17.6) 

NR NR 

Rajanandh, 
2014146 
n=123 
RCT, 90d 
 

18-60 years of age with 
uncontrolled, mild to 
moderate persistent 
asthma according to the 
GINA guidelinesa 

Tiotropium 18µg daily 
(HandiHaler) + 
budesonide 400µg daily 
n=31 
 

40.4 
(13.6) 

64.5 5.4 (2.7) NR 66.9 (1.7) NR NR 

High  Formoterol 6µg BID + 
budesonide 400µg daily  
n=32 
 

37.2 
(14.9) 

56.3 5.6 (2.7) NR 66.6 (2.0) NR NR 

  Doxofylline 400mg daily 
+ budesonide 400µg 
daily 
n=30 
 

37.1 
(18.8) 

36.7 5.2 (2.7) NR 66.8 (1.5) NR NR 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(yr) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

  Montelukast 10mg daily 
+ budesonide 400µg 
daily 
n=30 

39.3 
(17.0) 

40.0 5.6 (3.0) NR 67.2 (1.4) NR NR 

Kerstjens, 2015119 
Study 1 
MezzoTinA-asthma 
1 
n=801 
RCT, 24w 
 
Low 

18-75 year of age with 
moderate persistent 
asthma according to 
GINA guidelines despite 
treatment with stable 
medium dose ICS (400-
800µg/d budesonide or 
equivalent) alone or in 
fixed combination with 
LABA, symptomatic with 
ACQ-7 ≥1.5. 

Tiotropium 5µg daily 
(Respimat) 
n=264 

44.4 
(12.6) 

41.7 22.9 (14.7) 2.2 
(0.6) 

72.2 (8.2) NR 666.4 
(216.2)c 

 Randomized therapy was 
added to prestudy stable 
maintenance ICS doseb 

Tiotropium 2.5µg daily 
(Respimat) 
n=262 

43.7 
(13.1) 

40.5 22.2 (14.1) 2.2 
(0.7) 

73.1 (8.6) NR 649.8 
(196.2)c 

  Salmeterol 50µg BID 
(MDI) 
n=275 

42.6 
(12.6) 

42.2 21.4 (14.5) 2.3 
(0.6) 

72.8 (8.5) NR 656.7 
(193.1)c 

Kerstjens, 2015119 
Study 2 
MezzoTinA-asthma 
2 
n=776 
RCT, 24w 
 
Low 

18-75 year of age with 
moderate persistent 
asthma according to 
GINA guidelines despite 
treatment with stable 
medium dose ICS (400-
800µg/d budesonide or 
equivalent) alone or in 
fixed combination with 
LABA, symptomatic with 
ACQ-7 ≥1.5 

Tiotropium 5µg daily 
(Respimat) 
n=253 

44.3 
(12.7) 

42.3 23.1 (15.3) 2.3 
(0.6) 

72.2 (8.3) NR 661.3 
(216.1)c 

 Randomized therapy was 
added to prestudy stable 
maintenance ICS dosed 

Tiotropium 2.5µg daily 
(Respimat) 
n=257 

43.0 
(12.6) 

37.7 21.9 (14.5) 2.3 
(0.7) 

72.5 (8.0) NR 662.1 
(229.5)c 

  Salmeterol 50µg BID 
(MDI) 
n=266 

41.5 
(13.1) 

42.5 20.4 (14.1) 2.4 
(0.7) 

73.1 (8.1) NR 644.7 
(217.2)c 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(yr) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Lee, 2015120 
n=357 
RCT- crossover, 
15d 

18 years of age and older 
with symptomatic asthma 
despite ICS treatment, 
alone or in combination 
with LABA or leukotriene 
modifier 

Umeclidinium/fluticasone 
15.6/100µg daily (DPI) 
n=62 

47.5 
(13.8) 

31 <1y=2% 
1-4y=13% 
5-9y=17% 
≥10=69% 

1.85 
(0.53) 

62.3 
(10.3) 

NR NR 

Unclear  Umeclidinium/fluticasone 
31.25/100µg daily (DPI) 
n=60 

       

  Umeclidinium/fluticasone 
62.5/100µg daily (DPI) 
n=63 

       

  Umeclidinium/fluticasone 
125/100µg daily (DPI) 
n=58 

       

  Umeclidinium/fluticasone 
250/100µg daily (DPI) 
n=55 

       

  Vilanterol/fluticasone 
125/100µg daily (DPI)  
n=59 

       

Rajanandh, 
2015147 
n=297 
RCT, 180d 

18-60 years of age with 
uncontrolled, mild-
moderate persistent 
asthma according to 
GINA guidelinesa 

Tiotropium 18µg daily 
(Handihaler) + 
budesonide 400µg daily 
n=72 

37.4 
(13.6) 

52.8 5.8 (8.7) NR 66.1 (6.4) 4.4 (1.1) NR 

Medium  Formoterol 6µg BID + 
budesonide 400µg daily 
n=68 

38.4 
(14.9) 

55.4 6.6 (6.7) NR 66.2 (8.3) 4.4 (1.1) NR 

  Montelukast 10mg daily 
+ budesonide 400µg 
daily  
n=81 

36.3 
(17.0) 

44.4 5.9 (8.0) NR 67.2 (6.5) 4.5 (1.2) NR 

  Doxofylline 400mg daily 
+ budesonide 400µg 
daily  
n=76 

38.3 
(18.8) 

53.9 6.2 (9.7) NR 66.3 (7.0) 4.5 (1.1) NR 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration, 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(yr) [mean 
(SD)] 

FEV1 
(L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Wechsler, 2015148 
BELT 
n=1070 
RCT, 18m 
 
Low 

18-75 years of age with 
asthma currently on or 
eligible for step 3 or 4 
combination ICS/LABA 
according to the NHLBI 
guidelines 

Tiotropium 18µg daily 
(HandiHaler) 
n=532 

45.2 
(12.6) 

23.9 23.3 (15.8) 2.1 
(0.7) 

78.6 
(17.6) 
 

3.4 (3.5) NRf 

 Randomized therapy was 
added to continued 
baseline ICS dose 

LABA BIDe 

n=538 
45.1 
(12.6) 

24.2 25.6 (16.0) 2.1 
(0.6) 

78.7 
(18.6) 

3.5 (3.7) NRf 

Abbreviations: ACQ=Asthma Control Questionnaire; BID=twice daily; d=day; DPI=dry powder inhaler; FEV1=forced expiratory volume in one second; GINA=Global Initiative 
for Asthma; ICS=inhaled corticosteroid; L=liter; LABA=long-acting β2-agonist; =months; MDI=metered dose inhaler; n=patient sample size; NHLBI=National Heart, Lung, and 
Blood Institute; NR=not reported; RCT=randomized controlled trial; SD=standard deviation; µg=microgram; w=week; y=year 
aConfirmed through author correspondence 
bConcurrent therapy during the study with leukotriene modifiers was 11.7% in the tiotropium 5µg daily arm, 8.8% in the tiotropium 2.5µg daily arm, 10.9% in the salmeterol 50µg 
BID arm and 10.8% in the placebo arm 
cData at baseline, randomized treatments were add-on to continued use of ICS   
dConcurrent therapy during the study with leukotriene modifiers was 7.1% in the tiotropium 5µg daily arm, 9.7% in the tiotropium 2.5µg daily arm, 8.3% in the salmeterol 50µg 
BID arm and 7.5% in the placebo arm 
eEither salmeterol 50µg or formoterol 9µg BID, based on baseline usage of LABA. 116/538 (21.6%) for formoterol & 422/538 (78.4%) for salmeterol 

fMean/median ICS dose was not reported, although patients continued baseline ICS dose. Of those taking an ICS without LABA at baseline (28%), 88% were taking low-dose ICS 
<500µg. Of those taking ICS+LABA, 70% were using a single inhaler to delivery both medications. Approximately half were taking fluticasone/salmeterol 250/50µg 
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Table C-25. Study level outcomes for KQ2b  
Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare utilization 

Peters, 
201027 
n=210 
RCT- 
crossover, 
14w 

Age: 12y+ 
Severity/control: 
Moderately severe/ 
not well controlledb 

ICS daily dose: Low 
vs. medium 

Systemic corticosteroid: 
RR 0.60 (0.15 to 2.42) 
Oral corticosteroid or 
increase in ICS or other 
asthma medication: 
RR 0.60 (0.15 to 2.42) 
 

NR Composite measures:       
ACQ-6: 
MD 0.30 (0.00 to 0.60) 
 
Spirometry::   
FEV1 trough: 
MD 0.12 (-0.15 to 0.39) 

AQLQ: 
MD -0.22 (-0.60 
to 0.16) 

NR 

Bateman, 
2011118  
n=388 
RCT, 16w 

Age: 12y+ 
Severity/control:  
Moderate persistent/ 
not controlledc      
ICS daily dose: Low 
to medium 

Systemic corticosteroid: 
RR 0.99 (0.52 to 1.87) 
 
 

NR Composite measures:       
NR 
Spirometry::   
FEV1 trough:  
MD -0.02 (-0.10 to 0.06) 
FVC trough:  
MD 0.01 (-0.08 to 0.11) 

AQLQ-mini: 
MD -0.149  
(-0.320 to 0.222) 
 

Rescue medication use: 
MD 0.20 (-0.32 to 0.72) 

Rajanandh, 
2014146  
n=167 
RCT, 90d 

Age: 12y+ 
Severity/control: 
Mild to moderate 
persistent/ 
uncontrolledd       
ICS daily dose: Low 
to medium 

NR NR Composite measures:       
NR 
Spirometry::   
FEV1 % predicted:  
LAMA vs. LABA:  
MD -7.34 (-8.30 to -6.38)  
LAMA vs. montelukast: 
MD -2.14 (-2.93 to -1.35) 
LAMA vs. doxofylline: 
MD -3.87 (-4.6 to -3.14) 

NR Rescue medication use:  
LAMA vs. LABA: 
MD 1.38 (0.89 to 1.87)  
LAMA vs. montelukast: 
MD 0.26 (-0.25 to 0.77) 
LAMA vs. doxofylline: 
MD 1.21 (0.89 to 1.53) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare utilization 

Kerstjens, 
2015119 

Study 1  
n=1071 
RCT, 24w 

Age: 12y+  
Severity/control: 
Moderate persistent/ 
uncontrollede          

ICS daily dose: Low 
to medium 

Systemic corticosteroid: 
RR 0.81 (0.54 to 1.24)f 

Asthma worsening:  
RR 1 (0.84 to 1.12)f 

 
 

All-cause: No 
deaths occurred 

Composite measures:      
ACQ-7 score:  
MD 0.04 (-0.05 to 0.13) 
ACQ-7 responder:  
RR 1.06 (0.96 to 1.18)  
Spirometry::   
FEV1 peak:  
MD 0.004 (-0.05 to 0.05) 
FEV1 trough:  
MD 0.05 (-0.01 to 0.10) 
FEV1 AUC:  
MD -0.004 (-0.05 to 0.04) 
FVC peak:  
MD 0.016 (-0.04 to 0.07) 
FVC trough:  
MD 0.03 (-0.03 to 0.10)  
FVC AUC:  
MD 0.005 (-0.05 to 0.06) 

AQLQ:  
MD -0.07 (-0.20 
to 0.06) 
 

Rescue medication use: 
MD 0.44 (0.20 to 0.68)   

Kerstjens, 
2015119 

Study 2  
n=1032 
RCT, 24w 

Age: 12y+  
Severity/ control: 
Moderate persistent/ 
uncontrollede       
ICS daily dose: Low 
to medium 

Systemic corticosteroid: 
RR 0.81 (0.54 to 1.24)f 

Asthma worsening:  
RR 1.00 (0.84 to 1.12)f 

 
 

All-cause: No 
deaths occurred 

Composite measures:      
ACQ-7 score:  
MD 0 (-0.09 to 0.09) 
ACQ-7 responder:  
RR 1.00 (0.90 to 1.12) 
Spirometry::   
FEV1 peak:  
MD 0.014 (-0.03 to 0.06) 
FEV1 trough:  
MD 0.05 (0.00 to 0.10)  
FEV1 AUC:  
MD 0.004 (-0.04 to 0.05) 
FVC peak:  
MD -0.017 (-0.07 to 0.03) 
FVC trough:  
MD 0.02 (-0.05 to 0.08) 
FVC AUC:  
MD -0.032 (-0.09 to 0.03) 

AQLQ:  
MD -0.05 (0.18 to 
0.08)  
 

Rescue medication use: 
MD 0.09 (-0.13 to 0.31)  



C-72 
 

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare utilization 

Lee, 
2015120  
n=421 
RCT- 
crossover, 
15d 

Age: 12y+ 
Severity/control: 
Not reported/ 
uncontrolledg       
ICS daily dose: Low 

Systemic corticosteroid: 
RR 6.93 (0.36 to 133.57) 

All-cause: No 
deaths occurred 

Composite measures:      
NR 
Spirometry:  
FEV1 trough:  
MD -0.05 (-0.15 to 0.06) 
 

NR Rescue medication use: 
MD 0.14 (-0.25 to 0.53) 

Rajanandh, 
2015147 
n=362 
RCT, 180d 

Age:12y+ 
Severity/control: 
Mild to moderate 
persistent/ 
uncontrolledd  
ICS daily dose: Low 
to medium 

Requiring hospitalization: 
No events occurred  

NR Composite measures:      
NR 
Spirometry:   
FEV1 % predicted:  
LAMA vs. LABA:  
MD -4.46 (-6.71 to -2.21)  
LAMA vs. montelukast: 
MD -0.87 (-2.77 to -1.03) 
LAMA vs. doxofylline: 
MD -2.69 (-4.79 to -0.59) 

NR Rescue medication use: 
LAMA vs LABA: MD 
2.03 (1.72 to 2.34) 
LAMA vs. monteluklast: 
1.19 (0.88 to 1.5) 
LAMA vs. doxofylline: 
MD 1.21 (0.89 to 1.53) 
 

Wechsler, 
2015148  
n=1070 
RCT, 18m 

Age: 12y+ 
Severity/control: 
Step 3 or 4 
according to NHLBI 
guidelines/  
uncontrolledh 

ICS daily dose: Low 
to high 

Systemic corticosteroid 
or hospitalization:  
RR 1.09 (0.87 to 1.36) 
Requiring hospitalization: 
RR 0.52 (0.24 to 1.11) 

All-cause:  
0.6% vs. 0%, 
p=0.12 
Asthma-specific: 
0.4% vs. 0%, 
p=0.25 

Composite measures:      
ACQ-7:  
MD 0.04 (-0.18 to 0.27) 
Spirometry::   
FEV1 trough:  
MD -0.02 (-0.09 to 0.04)  
FEV1 % predicted:  
MD -0.63 (-4.41 to 3.15) 
 

AQLQ:  
MD 0.05 (-0.23, 
0.33) 

Rescue medication use: 
MD -0.05 (-0.71 to 0.61) 

Abbreviations: ACQ=Asthma Control Questionnaire; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under the curve; d=day; FEV1=forced expiratory volume in one 
second; FVC=forced vital capacity; EPR=Expert Panel Review (Guidelines for the Diagnosis and Management of Asthma); ICS=inhaled corticosteroid; LABA=long-acting beta-
agonist; LAMA=long-acting muscarinic antagonist; m=month; MD=mean difference; n=patient sample size; NHLBI=National Heart, Lung and Blood Institute; NR=not reported; 
RCT=randomized controlled trial; RR=relative risk; w=week 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was not always 
explicitly stated thus study criteria were applied to EPR-3 categories of control to determine asthma control status. ICS daily dose is categorized using the study’s required ICS 
dose and the EPR-3 categories of low, medium and high 
bAs reported in the study, FEV1 % predicted 70% or less or during final 2 week run-in symptoms 6 or more days per week or rescue inhaler used 6 or more days per week or were 
awakened by symptoms of asthma 2 nights or more per week. 
cAs reported in the study, symptoms not well controlled on ICS alone 
dConfirmed through email correspondence with author although further details were not provided  
eRequired ACQ≥1.5 for enrollment 
fOutcome was not reported for study 1 and 2 separately, value reflects data from study 1 and 2 combined 

gPatients were required to be symptomatic on ICS with FEV1 % predicted 40-80% after run-in  
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hNot explicitly defined by the study. Expert consensus arrived at “uncontrolled” given baseline ACQ, rescue medication use and FEV1 <80% 
 
Table C-26. Study and population characteristics for KQ2c 

Study, Year,  
n, 
Acronym, 
Study design, 
Duration 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 (L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

Kerstjens, 
2012141 

Study 1 
PrimoTinA-
asthma 1 
n=459  
RCT, 48w 

18-75 years of age with severe 
persistent, symptomatic asthma 
& ACQ-7 ≥1.5 despite daily ICS 
(≥800µg budesonide or 
equivalent per day) and LABA 
therapy 

Tiotropium 5µg 
daily (Respimat) 
n=237 

52.9 
(12.4) 

38.4 31 (6 to 
70)b 

1.60 
(0.55) 

54.6 
(12.2) 

2.8 (NR) 800 (800-
1600)c,d,e 

 
Low 

Randomized therapy added on to 
pretrial maintenance high-dose 
ICS and LABA. Other 
maintenance medications 
allowed to continue at stable 
dosesa 

Placebo 
n=222 

53.9 
(12.8) 

35.6 28 (6 to 
68)b 

1.56 
(0.54) 

54.6 
(12.2) 

3.3 (NR)  

Kerstjens, 
2012141 

Study 2 
PrimoTinA-
asthma 2 
n=453  
RCT, 48w 

18-75 years of age with severe 
persistent, symptomatic asthma 
& ACQ-7 ≥1.5 despite daily ICS 
(≥800µg budesonide or 
equivalent per day) and LABA 
therapy 

Tiotropium 5µg 
daily (Respimat) 
n=219 

51.4 
(12.5) 

42.0 26 (5 to 
72)b 

1.66 
(0.57) 

55.1 
(12.8) 

3.4 (NR) 800 (800-
1600) c,d,e 

 
Low 

Randomized therapy added on to 
pretrial maintenance high-dose 
ICS and LABA; Other 
maintenance medications 
allowed to continue at stable 
doses.f 

Placebo 
n=234 

53.6 
(11.7) 

42.3 28 (5 to 
69)b 

1.60 
(0.51) 

55.0 
(12.6) 

3.3 (NR)  

Wang, 2015151 
n=63 
RCT, 12w 
 
Unclear 

Adults with moderate persistent 
asthma according to GINA 
guidelines, uncontrolled on 
salmeterol/ fluticasone 50/250µg 
BID with daily symptoms and use 
of SABA 
 

Tiotropium 18µg 
daily (HandiHaler) 
n=33 

36.7 
(5.79)g 

54.5 NR NR NR NR 500h 
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Study, Year,  
n, 
Acronym, 
Study design, 
Duration 
Risk of bias 

Study population Intervention  
Comparisons 

Age 
(y) 
[mean 
(SD)] 

Males 
(%) 

Duration 
of  
asthma 
(y) [mean 
(SD)] 

FEV1 (L) 
[mean 
(SD)] 

FEV1 % 
predicted 
(L) 
[mean 
(SD)] 

Rescue 
inhaler 
use 
(puffs/d) 
[mean 
(SD)] 

ICS dose 
during 
study 
(µg/d) 
[mean 
(SD)] 

 Tiotropium was added on to 
continued salmeterol/fluticasone 
50/250µg BID 

Increase 
salmeterol 
/fluticasone to 
50/500µg BID 
(DPI) 
n=30 

35.3 
(5.89)g 

53.3 NR NR NR NR 1000h 

Hamelmann, 
2016152 
PensieTinA-
asthma 
n=392 
RCT, 12w 
 
Low 

12-17 years of age with severe 
persistent asthma according to 
GINA guidelines despite high-
dose ICS (>400µg/d in 12-14y, 
>800-1600µg/d of budesonide 
equivalent if >14y) with another 
controller OR medium dose ICS 
(200-400µg/d budesonide 
equivalent in 12-14y, 400-
800µg/d in >14y) with two other 
controllers; Symptomatic with 
ACQ-7 ≥1.5. 

Tiotropium 5µg 
daily (Respimat) 
n=130 

14.3 
(1.6) 

63.8 7.3 (4.0) 2.6 (0.7) 79.4 
(12.3) 

NR 776.7 
(381.2)d,e 

 Randomized therapies were 
added on to ICS and other 
controllers used prior to the 
studyi  

Tiotropium 2.5µg 
daily (Respimat) 
n=127 

14.4 
(1.8) 

63.0 8.0 (3.9) 2.5 (0.6) 79.8 (9.9) NR 727.8 
(343.6) d,e 

  Placebo 
n=135 

14.1 
(1.7) 

58.5 8.0 (3.7) 2.5 (0.6) 79.4 
(12.2) 

NR 736.6 
(347.9) d,e 

Abbreviations: ACQ=Asthma Control Questionnaire; BID=twice daily; d=day; DPI=dry powder inhaler; FEV1=forced expiratory volume in one second; GINA=Global Initiative 
for Asthma; ICS=inhaled corticosteroid; L=liter; LABA=long-acting β2-agonist; LAMA=long-acting muscarinic antagonist; n=patient sample size; NR=not reported; 
RCT=randomized controlled trial; SABA=short-acting β-agonist; SD=standard deviation; µg=microgram; w=week; y=year 
aConcurrent therapies during the study in the tiotropium arm included leukotriene modifiers (25.3%), theophylline (18.6%), omalizumab (2.5%), systemic steroids (6.8%) and 
antihistamines (20.3%). Concurrent therapies during the study in the placebo arm included leukotriene modifiers (27.5%), theophylline (21.2%), omalizumab (4.5%), systemic 
steroids (5.0%) and antihistamines (16.2%) 
bData reported as median (range) 
cData reported as median (interquartile range) 
dData at baseline, randomized treatments were added on to continued use of ICS   
eBudesonide equipotent dose in µg 
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fConcurrent therapies during the study in the tiotropium arm included leukotriene modifiers (16.4%), theophylline (14.2%), omalizumab (2.7%), systemic steroids (3.7%) and 
antihistamines (14.2%). Concurrent therapies during the study in the placebo arm included leukotriene modifiers (19.7%), theophylline (12.8%), omalizumab (6.0%), systemic 
steroids (5.6%) and antihistamines (8.1%) 
gData reported as mean (standard error) 
hICS dose assumed due to fixed dosing with add-on therapy (tiotropium arm) or increased dose (salmeterol/fluticasone arm) used in trial  
iConcurrent therapies during the treatment period in the tiotropium 5µg arm were systemic corticosteroids (3%), short acting anticholinergic (0.8%), long-acting β2-agonists 
(82.3%), theophylline (6.2%) and leukotriene modifiers (78.5%). In this arm, 33.1% of patients were on 2 controllers while 66.9% were on three controllers. Concurrent therapies 
during the treatment period in the tiotropium 2.5µg arm were systemic corticosteroids (0.8%), long-acting β2-agonists (79.5%), theophylline (4.7%) and leukotriene modifiers 
(81.9%). In this arm, 33.9% of patients were on 2 controllers while 66.1% were on three controllers. Concurrent therapies during the treatment period in the placebo arm were 
systemic corticosteroids (1.5%), long-acting β2-agonists (85.9%), theophylline (5.2%) and leukotriene modifiers (80.7%). In this arm, 28.2% of patients were on 2 controllers while 
71.9% were on three controllers  
 
Table C-27. Study level outcomes for KQ2c 

Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare utilization 

Kerstjens, 
2012150 

Study 1  
n=459 RCT, 
48w 

Age: 12y+  
Severity/control: 
Severe persistent/ 
uncontrolledb  
ICS daily dose: 
Medium to high 

Systemic corticosteroid: 
RR 0.73 (0.54 to 0.99)  
Asthma worsening:  
RR 0.79 (0.67 to 0.94) 
Requiring hospitalization: 
RR 1.33 (0.54 to 3.32) 
 

All-cause: No 
deaths occurred 

Composite measures:       
ACQ-7 score:  
MD -0.12 (-0.27 to 0.03)  
ACQ-7 responder:  
RR 0.78 (0.68 to 0.88)c 

ACQ-6 responder:  
OR 1.49 (1.14 to 1.9)c 

ACQ-5 responder:  
OR 1.42 (1.08 to 1.86)c  
Spirometry::   
FEV1 peak:  
MD 0.07 (0.00 to 0.14) 
FEV1 trough:  
MD 0.04 (-0.03 to 0.11) 
FEV1 AUC:  
MD 0.07 (0.00 to 0.14) 
FVC peak:  
MD 0.12 (0.03 to 0.22) 
FVC trough:  
MD 0.11 (0.02 to 0.20) 
FVC AUC:  
MD 0.12 (0.04 to 0.21) 

AQLQ:  
MD 0.038 (-0.13 to 
0.2) 
AQLQ responder:  
RR 1.62 (1.34 to 
1.96)c 

 

Rescue medication use: 
MD -0.09 (-0.47 to 0.29) 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare utilization 

Kerstjens, 
2012150 
Study 2 
n=453 RCT, 
48w 

Age: 12y+  
Severity /control: 
Severe persistent/ 
uncontrolledb  
ICS daily dose: 
Medium to high 

Systemic corticosteroid: 
RR 0.91 (0.70 to 1.19) 
Asthma worsening:  
RR 0.79 (0.67 to 0.93) 
Requiring hospitalization: 
RR 1.16 (0.47 to 2.89) 
 

All-cause:  
No deaths 
occurred 

Composite measures:       
ACQ-7 score:  
MD -0.13 (-0.27 to 0.01)  
ACQ-7 responder:  
RR 0.78 (0.68 to 0.88)c 

ACQ-6 responder:  
OR 1.49 (1.14 to 1.9)c 

ACQ-5 responder:  
OR 1.42 (1.08 to 1.86)c  
Spirometry::   
FEV1 peak:  
MD 0.15 (0.08 to 0.22) 
FEV1 trough:  
MD 0.09 (0.03 to 0.16) 
FEV1 AUC:  
MD 0.14 (0.07 to 0.20)  
FVC peak:  
MD 0.12 (0.02 to 0.21)  
FVC trough:  
MD 0.07 (-0.02 to 0.16) 
FVC AUC:  
MD 0.11 (0.02 to 0.20) 

AQLQ:  
MD 0.14 (-0.03 to 
0.31) 
AQLQ responder:  
RR 1.62 (1.34 to 
1.96)c 

 

Rescue medication use: 
MD -0.26 (-0.71 to 0.18) 

Wang, 
2015151  
n=63 RCT, 
12w 

Age: 12y+ 
Severity/ control: 
Moderate 
persistent/ 
uncontrolledd  
ICS daily dose: 
Medium vs. high 

NR NR Composite measures:      
ACT score:  
MD -0.61 (-4.82 to 3.6) 
Spirometry::   
NR 

NR 
 

NR 
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Study, 
Year, n, 
Study 
design, 
Duration 

Populationa Exacerbations Mortality Asthma control Quality of life Healthcare utilization 

Hamelmann, 
2016152  
n=392 RCT, 
12w 

Age: 12y+ 
Severity/control:
Severe persistent/ 
uncontrolledb 
ICS daily dose: 
Medium to high 

Systemic corticosteroid: 
RR 1.58 (0.17 to 15.00)  
Asthma worsening:  
RR 0.69 (0.43 to 1.12) 

All-cause:  
No deaths 
occurred 

Composite measures:    
ACQ-7 score:  
MD 0.05  (-0.11 to 0.20)   
ACQ-7 responder:  
RR 0.99 (0.88 to 1.12) 
ACQ-6 score:  
MD 0.085 (-0.08 to 0.25) 
ACQ-6 responder:  
RR 1.00 (0.88 to 1.12) 
Spirometry: 
FEV1 peak:  
MD 0.10 (-0.01 to 0.21) 
FEV1 trough:  
MD 0.08 (-0.03 to 0.20)  
FEV1 AUC:  
MD 0.10 (0.00 to 0.20) 
FVC peak:  
MD 0.08 (-0.04 to 0.19) 
FVC trough:  
MD 0.08 (-0.04 to 0.20)  
FVC AUC:  
MD 0.07 (-0.04 to 0.18)  

NR Rescue medication use: 
MD -0.03 (-0.32 to 0.26)  

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under the curve; FEV1=forced 
expiratory volume in one second; FVC=forced vital capacity; EPR=Expert Panel Review (Guidelines for the Diagnosis and Management of Asthma); ICS=inhaled corticosteroid; 
MD=mean difference; n=patient sample size; NR=not reported; OR=odds ratio; PEF=peak expiratory flow; RCT=randomized controlled trial; RR=relative risk; SABA=short-
acting β-agonist; w=weeks 
aAge is categorized using study inclusion criteria and the age categories used in EPR-3 of 0-4y, 5-11y and 12y+. Severity is as reported per the study. Control was not always 
explicitly stated thus study criteria were applied to EPR-3 categories of control to determine asthma control status. ICS daily dose is categorized using the study’s required ICS 
dose and the EPR-3 categories of low, medium and high 
bRequired ACQ≥1.5 for enrollment 
cOutcome was not reported for study 1 and 2 separately, value reflects data from study 1 and 2 combined 

dDaily symptoms, daily SABA use, FEV1 % predicted or PEF 60-80% 
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Appendix D.  Risk of Bias Assessment 
Table D-1. Risk of bias assessment for KQ1a 
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

Svedmyr, 
199948 

Unclear Unclear Unclear Unclear High Unclear Low Unclear 

Ghirga, 200246 
 

Unclear Unclear High High Low Unclear Low Medium 

Bacharier, 
200844 

Low Low Low Low Low Unclear Low Low 

Ducharme, 
200945 

Low Low Low Low High Low Low Low 

Papi, 200947 
 

Unclear Unclear Low Low Low Low Low Low 

Zeiger, 201149 
 

Low Low Low Low Low Low  Low Low 
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Table D-2. Risk of bias assessment for KQ1b 
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

Lahdensuo, 
199659 

Low Low Unclear Unclear Low Uncleara Low Medium 

Foresi, 200048 
 

Unclear Unclear Unclear Unclear Low Uncleara Low Unclear 

Colland, 
200446 

Unclear Unclear  Unclear Unclear Low Uncleara Low Unclear 

FitzGerald, 
200447 

Low Unclear Low Low High Uncleara Low Low 

Harrison, 
200451 

Low Low Low Low Low Uncleara Low Low 

Boushey, 
200543 

Low Unclear Low Low Low Uncleara Low Low 

Papi, 200755 
 

Low Low Low Low Low Low Low Low 

Turpeinen, 
200756 

Low Unclear Low Low Low Uncleara Low Low 

Oborne, 
200958 

Low Low Low Low Low Low Low Low 

Martinez, 
201152 

Low Low Low Low Low Lowb Low Low 

Calhoun, 
201244 

Unclear Low Low Low Low Low Low Low 

aEndpoints are not specified as pre-planned, and could not identify published protocol (or clinicaltrials.gov) 
bAll outcomes awarded a “Yes” with the exception of Asthma Control Test, which is listed as an endpoint on clinicaltrials.gov but results on this outcome is not reported (unclear)  
 
Table D-3. Risk of bias assessment for KQ1c, ICS and LABA controller and quick relief vs. ICS controller (same dose)   
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

Scicchitano, 
200488 

Low Low Low Low Low Uncleara Low Low 

Rabe, 200686 

 
Unclear Unclear Low Low Low Uncleara Low Low 

Sovani, 200891 

 
Low Low High High High Uncleara Low High 

aEndpoints are not specified as pre-planned, and could not identify published protocol (or clinicaltrials.gov) 
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Table D-4. Risk of bias assessment for KQ1c, ICS and LABA controller and quick relief vs. ICS controller (higher dose) 
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

O’Byrne, 
200575 

Low Unclear Low Low Low Low Low Low 

 
Table D-5. Risk of bias assessment for KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (same dose)  
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

O’Byrne, 
200575 

Low Unclear Low Low Low Low Low Low 

Vogelmeier, 
200596 

Low Low High High Low Uncleara Low Mediumb 

Rabe, 200685 

 
Low Low Low Low Low Unclearc Low Low 

Atienza, 
201362 

Low Low Low Low Low Low Low Low 

Papi, 201376 

 
Low Low Unclear Unclear Low Low Low Low 

Patel, 201378 
 

Low Low High High Low Low Low Mediumb 

Hozawa, 
201470 

Unclear Unclear High High Low Unclearc Low Medium 

Takeyama, 
201493 

Unclear Unclear Unclear Unclear Unclear Unclearc Low Unclear 

Stallberg, 
200892 

Low Low High High Low Low Low Medium 

aAll outcomes were awarded an “unclear” with the exception of exacerbations, which is listed as being determined a priori (yes) 
bAll outcomes were awarded “medium” with the exception of death (low) 
cEndpoints are not specified as pre-planned, and could not identify published protocol (or clinicaltrials.gov) 
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Table D-6. Risk of bias assessment for KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (higher dose)   
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

Bousquet, 
200768 

Low Low Low Low Low Low Low Low 

Kuna, 200773 

 
Low Low Low Low Low Uncleara Low Low 

Pavord, 200981 

 
Low Unclear Low Low Low Low Low Low 

Lundborg, 
2006107 

Low Unclear High High Low Uncleara Low Medium 

Stallberg, 
200892 

Low Low High High Low Low Low Medium 

aEndpoints are not specified as pre-planned, and could not identify published protocol (or clinicaltrials.gov) 
 
Table D-7. Risk of bias assessment for KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (lower dose)   
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

Hozawa, 
2016xx 

Unclear Unclear High High Low Uncleara Low Medium 

aEndpoints are not specified as pre-planned, and could not identify published protocol (or clinicaltrials.gov) 
 
Table D-8. Risk of bias assessment for KQ1c, ICS and LABA controller and quick relief vs. CBP 
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

Sears, 200889 
 

Unclear Unclear High High Low Low Low Mediuma 

Stallberg, 
200892 

Low Low High High Low Low Low Medium 

Louis, 200974 

 
Unclear Unclear High High Low Lowb Low Mediuma 

Quirce, 201183 
 

Unclear Unclear High High Low Unclearc Low Mediuma 

Soes-
Peterson, 
201190 

Unclear Unclear High High Low Low Low Mediuma 

Riemersma, 
201287 

Unclear Unclear High High Low Low Low Medium 

aAll outcomes were awarded “medium” with the exception of death (low) 
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bAll outcomes awarded a “yes,” with the exception of the Asthma Control Questionnaire and forced expiratory volume. These were reported but not specified as endpoints on 
clinicaltrials.gov (unclear) 
cThere is inconsistency between original and current secondary outcomes on clinicaltrials.gov (unclear). The primary endpoint is reported consistently across original and current 
secondary outcomes on clinicaltrials.gov (yes) 
 
Table D-9. Risk of bias assessment for non-randomized studies, KQ1c  

Study, 
Year 

Representativeness 
of exposed cohort 

Selection 
of non-
exposed 
cohort 

Ascertainment 
of exposure 

Outcome of 
interest not 
present at 
start of study 

Comparability 
of cohorts 

Assessment 
of outcome 

Follow-
up long 
enough 

Adequacy 
of follow-
up of 
cohorts 

Overall 
risk of 
bias 

Loh, 
2008106 

Low Low Low N/A Higha Low Low Low Medium 

Kardos, 
201371 

Low Low Low N/A Lowb Medium Low Low Low 

aNo information about matching of patient cohorts either for inclusion or analysis 
bCohorts controlled/matched for analysis, but not inclusion 
 
Table D-10. Risk of bias assessment for KQ2a 
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

Peters, 201019 

 
Unclear Unclear Low Low Low Low Low Low 

Bateman, 
2011108 

Low Low Low Low Low Low Low Low 

Kerstjens, 
2015109  
(Study 1) 

Low Low Low Low Low Low Low Low 

Kerstjens, 
2015109  
(Study 2) 

Low Low Low Low Low Low Low Low 

Lee, 2015110 Low Low Unclear Unclear Low Low Low Unclear 

Ohta, 2015111 

 
Low Low Low Low Low Lowa Low Low 

Hamelmann, 
2016113 

Low Unclear Low Low Low Lowb Low Low 

Paggiaro, 
2016112 

Low Low Low Low Low Low Low Low 

aExacerbations were not reported but are an objective in the clinicaltrials.gov protocol (no) 
bSpirometry is not reported at the end of the treatment period and there is inconsistency on the timing of spirometry assessment on clinicaltrials.gov (unclear) 
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Table D-11. Risk of bias assessment for KQ2b 
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

Peters, 201019 

 
Unclear Unclear Low Low Low Low Low Low 

Bateman, 
2011108 

Low Low Low Low Low Low Low Low 

Rajanandh, 
2014136 

Low Low High High High Uncleara Low High 

Kerstjens, 
2015109  
(Study 1) 

Low Low Low Low Low Low Low Low 

Kerstjens, 
2015109  
(Study 2) 

Low Low Low Low Low Low Low Low 

Lee, 2015110 Low Low Unclear Unclear Low Low Low Unclear 

Rajanandh, 
2015137 

Low Low High High Low Unclearb Low Medium 

Wechsler, 
2015138 

Low Low High Lowc Low Low Low Low 

aEndpoints are not specified as pre-planned, and could not identify published protocol (or clinicaltrials.gov) 
bEndpoints are not specified as pre-planned, and could not identify published protocol (or clinicaltrials.gov) 
cBlinded adjudication was used for exacerbation, hospitalization and death endpoints (yes). It is unclear if this blinding was present for the remaining outcomes (unclear) 
 
Table D-12. Risk of bias assessment for KQ2c 
Study, Year  Sequence 

Generation 
Allocation 
concealment 

Blinding of 
participants, 
personnel 

Blinding of 
Outcome 
assessors 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Overall risk 
of bias 

Kerstjens, 
2012140  
(Study 1) 
 

Low Low Low Low Low Low Low Low 

Kerstjens, 
2012140  
(Study 2) 

Low Low Low Low Low Low Low Low 

Wang, 2015141 

 
Unclear Unclear Unclear Unclear Low Uncleara Low Unclear 

Hamelmann, 
2016142 

Low Low Low Low Low Low Low Low 

aEndpoints are not specified as pre-planned, and no published protocol (or clinicaltrials.gov) is available 
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Appendix E.  Strength of Evidence Assessments 
Table E-1. Strength of evidence KQ1a, intermittent ICS with as-needed SABA vs. as-needed SABA   

Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 
(rational) 

Exacerbations        
Requiring oral 
corticosteroid 

3 
(324) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
hospitalization 

3 
(324) 

Low Inconsistent Direct Imprecise Undetected Low (inconsistent, 
imprecise) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related acute 
care visit 

3 
(324) 

Low Consistent Direct Precise Undetected High 

Mortality        
All-cause  
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-specific  
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-7 score 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-7 responder 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma control- 
spirometry 

       

FEV1 peak 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 
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Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 
(rational) 

FEV1 trough 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FEV1 AUC 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FEV1 % predicted 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC peak 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC trough 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC AUC 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Quality of life        
AQLQ score 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

PACQLQ score 
 

2 
(270) 

Low Unknown 
consistency 
(single study) 

Direct Imprecise Undetected Low (unknown 
consistency, 
imprecise) 

Healthcare utilization        
Daytime rescue 
medication use, mean 
puffs/day  

1 
(166) 

Low Unknown 
consistency 
(single study) 

Direct Precise Undetected Low 

Nighttime rescue 
medication use, mean 
puffs/night 

1 
(166) 

Low Unknown 
consistency 
(single study) 

Direct Precise Undetected Low 

Resource use 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under the curve; ER=emergency 
room; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n=patient sample size; N=number of studies; NA=not applicable; 
PACQLQ=Pediatric Asthma Caregiver’s Quality of Life Questionnaire 
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Table E-2. Strength of evidence KQ1a, intermittent ICS with as-needed SABA vs. ICS controller with as-needed SABA  
Outcome N of studies 

(n of patients) 
Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 
(rationale) 

Exacerbations        
Requiring oral 
corticosteroid 

1 
(278) 

Low Unknown 
consistency 
(single study) 

Direct Precise Undetected Low (unknown 
consistency) 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
hospitalization 

1 
(278) 

Low Unknown 
consistency 
(single study) 

Direct Imprecise Undetected Low (unknown 
consistency, 
imprecise) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related acute 
care visits 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Mortality        
All-cause  0 NA NA NA NA NA Insufficient 

(no evidence) 
Asthma-specific  
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-7 score 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-7 responder 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma control- 
spirometry 

       

FEV1 peak 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FEV1 trough 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 
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Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 
(rationale) 

FEV1 AUC 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FEV1 % predicted 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC peak 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC trough 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC AUC 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Quality of life        
AQLQ score 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

PACQLQ score 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Healthcare utilization        
Daytime rescue 
medication use, mean 
puffs/day  

1 
(220) 

Low Unknown 
consistency 
(single study) 

Direct Imprecise Undetected Low  
(unknown 
consistency, 
imprecise) 

Nighttime rescue 
medication use, mean 
puffs/night 

1 
(220) 

Low Unknown 
consistency 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Resource use 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under the curve; ER=emergency 
room; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n= patient sample size; N=number of studies; NA=not applicable; 
PACQLQ=Pediatric Asthma Caregiver’s Quality of Life Questionnaire  
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Table E-3. Strength of evidence KQ1a, intermittent ICS vs. no therapy   
Outcome N of studies 

(n of patients) 
Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

Exacerbations        
Requiring systemic 
corticosteroid 

1 
(26) 

Low Unknown 
consistency 
(single study) 

Direct Imprecise Undetected Insufficient 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ED visit 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
hospitalization 

1 
(26) 

Low Unknown 
consistency 
(single study) 

Direct Imprecise Undetected Insufficient 

Asthma-related ER visit 1 
(26) 

Low Unknown 
consistency 
(single study) 

Direct Imprecise Undetected Insufficient 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related acute 
care visits 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Mortality        
All-cause  
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-specific  
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-7 score 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-7 responder 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma control- 
spirometry 

       

FEV1 peak 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FEV1 trough 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 
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Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

FEV1 AUC 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FEV1 % predicted 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC peak 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC trough 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC AUC 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Quality of life        
AQLQ score 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

PACQLQ score 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Healthcare utilization        
Daytime rescue 
medication use, mean 
puffs/day  

0 NA NA NA NA NA Insufficient 
(no evidence) 

Nighttime rescue 
medication use, mean 
puffs/night 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Resource use 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under the curve; ER=emergency 
room; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n= patient sample size; N=number of studies; NA=not applicable; 
PACQLQ=Pediatric Asthma Caregiver’s Quality of Life Questionnaire; 
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Table E-4. Strength of evidence KQ1b, intermittent ICS and ICS controller vs. ICS controller  
Outcome N of studies 

(n of 
patients) 

Study limitations Consistency Directness Precision Publication bias Strength of 
evidence 

Exacerbations ≥12y        
Requiring oral 
corticosteroid (full 
population) 

3 
(908) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Requiring oral 
corticosteroid (of those 
that started study 
inhaler) 

3 
(399) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring oral 
corticosteroid, 
unscheduled doctor 
visit, ER, or unstable 
asthmaa 

1 
(98) 

Low Unknown (single 
study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Asthma-related 
hospitalization 

1 
(115) 

Medium Unknown (single 
study) 

Direct Imprecise Undetected Insufficient 
(risk of bias, 
unknonw 
consistency, 
imprecise) 

Asthma-related ER 
visits 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
outpatient visit 

2 
(505) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Asthma-related acute 
care visit  

0 NA NA NA NA NA Insufficient  
(no evidence) 

Unstable asthmaa 

 
1 
(98) 

Low Unknown (single 
study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

2 or 3 exacerbations 
requiring oral 
corticosteroid (full 
population) 

1  
(403) 

Low Unknown (single 
study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 
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Outcome N of studies 
(n of 
patients) 

Study limitations Consistency Directness Precision Publication bias Strength of 
evidence 

2 or 3 exacerbations 
requiring oral 
corticosteroid (of those 
starting the study 
inhaler) 

1 
(403) 

Low Unknown (single 
study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Fall in PEF <70% from 
baseline 

1 (134) Unclear Unknown (single 
study) 

Direct Imprecise Undeteced Low 
(unknown 
consistency, 
imprecise) 

Exacerbations 4 to 
11y 

       

Requiring oral 
corticosteroid 

1 
(143) 

Low Unknown (single 
study) 

Indirect Imprecise Undetected Insufficient 
(unknonw 
consistency, 
indirect) 

Requiring 
hospitalization 

1 
(29) 

Unclear Unknown (single 
study) 

Direct Imprecise Undetected Insufficient 
(unknonw 
consistency, 
imprecise) 

Asthma-related 
hospitalization 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related ER visit 0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
hospitalization or ER 
visit 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
outpatient visit 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Treatment failureb 

 
1 
(143) 

Low Unknown  (single 
study) 

Indirect Imprecise Undetected Insufficient 
(unknonw 
consistency, 
indirect, 
imprecise) 

Mortality        
All-cause 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-specific 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma control- 
composite measures 
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Outcome N of studies 
(n of 
patients) 

Study limitations Consistency Directness Precision Publication bias Strength of 
evidence 

ACT 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-7 score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-7 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma control- 
spirometry ≥12y 

       

FEV1 peak 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 trough 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 AUC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 % predicted 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC peak 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC trough 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC AUC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma control- 
spirometry 4 to 11y 

       

FEV1 % predicted 
 

1 
(29) 

Unclear Unknown (single 
study) 

Direct Imprecise Undetected Insufficient 
(Unclear ROB, 
unknown 
consistency, 
imprecise) 

Quality of life ≥12y        
AQLQ score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

PACQLQ score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Quality of life 4 to 11y        
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Outcome N of studies 
(n of 
patients) 

Study limitations Consistency Directness Precision Publication bias Strength of 
evidence 

PAQLQ score 
 

1 
(143) 

Low Unknown (single 
study) 

Indirect Precise Undetected Low 
(unknown 
consistency, 
indirect) 

Healthcare utilization 
≥12y 

       

Daytime rescue 
medication use mean 
puffs /day  

0 NA NA NA NA NA Insufficient  
(no evidence) 

Nighttime rescue 
medication use mean 
puffs /night 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Resource use 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Healthcare utilization 
4 to 11y 

       

Albuterol puffs/ day 
 

1 
(143) 

Low Unknown (single 
study) 

Indirect Imprecise Undetected Insufficient 
(unknonw 
consistency, 
indirect, 
imprecise) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under the curve; ER=emergency 
room; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n= patient sample size; N=number of studies; NA=not applicable; 
PACQLQ=Pediatric Asthma Caregiver’s Quality of Life Questionnaire; PAQLQ=Pediatric Asthma Quality of Life Questionnaire; y=years 
aDefined as absence of stability, where stability was defined as morning peak expiratory flow 90% or more of mean baseline value on either of the two previous days, <4 
inhalations of inhaled corticosteroid per day over the past 2 days, no nocturnal awakenings in the prior 2 nights and a total symptom score not exceeding mean baseline value more 
than 2 ordinal values over the previous 2 days 
bDefined as any of following: (1) Hospitalization due to asthma; (2) Hypoxic seizure due to asthma; (3) Intubation due to asthma; (4) Requirement for a second burst of prednisone 
within any 6 months period; (5) Significant adverse event related to the use of a study medication. The only criterion for assignment of treatment failure during the trial was the 
requirement for a second burst of prednisone within any 6 month period 
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Table E-4. Strength of evidence KQ1b, intermittent ICS vs. ICS controller  
Outcome N of studies 

(n of patients) 
Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

Exacerbations ≥12y        
Requiring oral 
corticosteroid 

1 
(149) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Requiring 
hospitalization 

1 
(149) 

Low Unknown  
(single study) 

Direct Precise Undetected Insufficient  
(no events occurred) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related urgent 
care visit 

1 
(227) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low  
(unknown 
consistency, 
imprecise) 

Mildc or severed 
exacerbation 

1 
(228) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Severe exacerbationd 

 
1 
(228) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Exacerbations 4 to 
11y 

       

Requiring oral 
corticosteroid 

1 
(143) 

Low Unknown 
(single study) 

Indirect Imprecise Undetected Insufficient 
(unknown 
consistency, indirect, 
imprecise) 

Treatment failurea 

 
1 
(143) 

Low Unknown 
(single study) 

Indirect Imprecise Undetected Insufficient 
(unknown 
consistency, indirect, 
imprecise) 

Mortality        
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Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

All-cause mortality 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-specific death 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-7 score 
 

1 
(149) 
 

Low Unknown  
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

ACQ-7 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-5 score 
 

1 
(227) 

Low Unknown 
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

ACQ-5 responder 0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma control- 
spirometry ≥12y 

       

FEV1 peak 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 trough 
 

2 
(564) 

Low Consistent Direct Precise Undetected High 

FEV1 AUC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 % predicted 
 

3 
(713) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

FVC peak 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC trough 
 

1 
(228) 

Low Unknown 
(single study) 

Direct Precise Undetected Low 
(unknonw 
consistency) 

FVC AUC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC % predicted  
 

1 
(228) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistenct, 
imprecsie) 
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Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

Asthma control- 
spirometry 4 to 11y 

       

FEV1 % predicted 
 

1 
(143) 

Low Unknown 
(single study) 

Indirect Imprecise Undetected Insufficient 
(unknown 
consistency, indirect, 
imprecise) 

Quality of life ≥12y        
AQLQ score 
 

2 
(376) 

Low Inconsistent Direct Precise Undetected Moderate 
(inconsistent) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

PACQLQ score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Quality of life 4 to 11y        
PAQLQ score 
 

1 
(143) 

Low Unknown 
(single study) 

Indirect Precise Undetected Low 
(unknown 
consistency, 
indirect) 

Healthcare utilization 
≥12y 

       

Albuterol puffs/day  2 
(564) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

Resource use 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Healthcare utilization 
4 to 11y 

       

Albuterol puffs/day 
 

1 
(143) 

Low Unknown 
(single study) 

Indirect Precise Undetected Low 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under the curve; ER=emergency 
room; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n= patient sample size; N=number of studies; NA=not applicable; 
PACQLQ=Pediatric Asthma Caregiver’s Quality of Life Questionnaire; PAQLQ=Pediatric Asthma Quality of Life Questionnaire; y=years 
aDefined as any of following: (1) Hospitalization due to asthma; (2) Hypoxic seizure due to asthma; (3) Intubation due to asthma; (4) Requirement for a second burst of prednisone 
within any 6 months period; (5) Significant adverse event related to the use of a study medication. The only criterion for assignment of treatment failure during the trial was the 
requirement for a second burst of prednisone within any 6 month period 
cDefined as awakening at night owing to asthma or as a decrease in the morning peak expiratory flow rate to more than 20% below the baseline value, the use of more than three 
additional puffs per day of rescue medication (either albuterol or beclomethasone and albuterol) as compared with during the baseline for 2 or more consecutive days, or both. 
Single, isolated days on which mild exacerbation occurred were not counted 
dDefined as a decrease in the morning peak expiratory flow rate to more than 30% below the baseline value on 2 consecutive days or more than 8 puffs per day of rescue 
medication for 3 consecutive days or the need for treatment with oral corticosteroids, as judged by the investigator 
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Table E-5. Strength of evidence KQ1c, ICS and LABA controller and quick relief vs. ICS controller (same dose)   
Outcome N of studies 

(n of patients) 
Risk of bias Consistency Directness Precision Publication bias Strength of 

evidence 
Exacerbations        
Requiring systemic 
corticosteroid 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Requiring 
hospitalization 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ER visit 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ICU/ 
ventilation 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
hospitalization 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related ER visit 0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
hospitalization or ER 
visit 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
outpatient visit 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Requiring systemic 
corticosteroid, 
hospitalization, or ER 
visit 

1 
(1890) 

Low Unknown 
(single study) 

Direct Precise Undetected Moderate 
(unknown 
consistency) 

Requiring systemic 
corticosteroid, 
hospitalization, ER visit, 
or PEF<70% 

2 
(2586) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

Mortality        
All-cause  
 

1 
(1890) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Insufficient 
(unknown 
consistency, 
imprecise) 

Asthma-specific  
 

1 
(1890) 

Low Consistent Direct Precise Undetected Insufficient 
(no events 
occurred) 

Asthma control- 
composite measures 

       

ACT 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-5 score 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

ACQ-5 responder 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma control- 
spirometry 

       

FEV1 
 

1 
(1890) 

Low Unknown 
(single study) 

Direct Precise Undetected Moderate 
(unknown 
consistency) 

FEV1 % predicted 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

FVC 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

FEV1/ FVC 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Quality of Life        
AQLQ score 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

AQLQ responder 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Healthcare Utilization        
Mean PRN inhalations/ 
day  

1 
(697) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Mean PRN inhalations/ 
week 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Resource use 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; ER=emergency room; FVC=forced vital 
capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n=patient sample size; N=number of studies; NA=not applicable; PRN=pro re nata (i.e., as-
needed 
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Table E-6. Strength of evidence KQ1c, ICS and LABA controller and quick relief vs. ICS controller (higher dose)  
Outcome N of studies 

(n of patients) 
Risk of bias Consistency Directness Precision Publication bias Strength of 

evidence 
Exacerbations ≥12 years        
Requiring systemic 
corticosteroid 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Requiring hospitalization 0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ED visit 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ICU/ ventilation 0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Requiring systemic 
corticosteroid, 
hospitalization, ER visit, or 
PEF<70% (increase in ICS 
or other medication as well 
for 4 to 11 year olds) 

1 
(1851) 

Low Unknown 
(single study) 

Indirect Precise Undetected Low  
(unknown 
consistency, 
indirect) 

Requiring systemic 
corticosteroids, 
hospitalization, or ER visit 
(increase in ICS or other 
medication as well for 4 to 
11 year olds) 

1 
(1851) 

Low Unknown 
(single study) 

Indirect Precise Undetected Low  
(unknown 
consistency, 
indirect) 

Asthma-related 
hospitalization 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related ER visit 0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
hospitalization or ER visit 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related outpatient 
visit 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Exacerbations 4 to 11 
years 

       

Requiring systemic 
corticosteroid, 
hospitalization, ER visit, 
increase in ICS or other 
medication, or PEF <70% 

1 
(224) 

Low Unknown 
(single study) 

Indirect Imprecise Undetected Low 
(unknown 
consistency, 
indirect) 

Requiring systemic 
corticosteroid, 
hospitalization, or ER visit  

1 
(224) 

Low Unknown 
(single study) 

Indirect Imprecise Undetected Low 
(unknown 
consistency, 
indirect) 
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Asthma-related 
hospitalization 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related ER visit 0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
hospitalization or ER visit 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related outpatient 
visit 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Mild exacerbation 
 

1 
(224) 

Low Unknown 
(single study) 

Indirect  Precise Undetected Low 
(unknown 
consistency, 
indirect) 

Mortality         
All-cause  
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-specific  
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma control- 
composite measures 

       

ACT 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-5 score 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-5 responder 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Asthma control- 
spirometry  

       

FEV1 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

FEV1 % predicted 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

FVC 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

FEV1/ FVC 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Quality of Life        
AQLQ score 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

AQLQ responder 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Healthcare utilization        
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Mean PRN inhalations/ day  0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Mean PRN inhalations/ 
week 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Resource use 
 

0 
 

NA NA NA NA NA Insufficient 
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; ER=emergency room; FVC=forced vital 
capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n=patient sample size; N=number of studies; NA=not applicable; PRN=pro re nata (i.e., as-
needed) 
 
Table E-7. Strength of evidence KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (same dose)  

Outcome N of studies 
(n of 
patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Exacerbations ≥12y        
Requiring systemic 
corticosteroid 

2 
(3792) 

Low Consistent Direct Precise Undetected High 

Requiring hospitalization 2 
(2224) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Requiring ER visit 
 

1 
(2091) 

Low Unknown 
(single study) 

Direct Precise Undetected Moderate 
(unknown 
consistency) 

Requiring ICU/ ventilation 1 
(1701) 

Low Unknown 
(single study) 

Direct Precise Undetected Insufficient 
(no events 
occurred) 

Requiring systemic 
corticosteroid, 
hospitalization, or ER visit 

5 
(8483) 

Low Consistent Direct Precise Undetected High 

Requiring hospitalization 
or ER visit 

5 
(8313) 

Low Consistent Direct Precise Undetected High 

Asthma-related outpatient 
visits 

0 NA NA NA NA NA Insufficient 
(no data) 

Requiring systemic 
corticosteroid, 
hospitalization, ER visit, or 
unscheduled visit 

1 
(2143) 

Medium Unknown 
(single study) 

Direct Precise Undetected Moderate 
(unknown 
consistency) 

Mild exacerbation 
 

3 
(6037) 

Low Inconsistent Direct Precise Undetected Moderate 
(unknown 
consistency) 

Exacerbations 4 to 11y        
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Outcome N of studies 
(n of 
patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Requiring systemic 
corticosteroid, 
hospitalization, ER visit, 
increase in ICS or other 
medication, or PEF <70% 

1 
(341) 

Low Unknown 
(single study) 

Indirect  Precise Undetected Low 
(unknown 
consistency, 
indirect)  

Exacerbations requiring 
hospitalization, systemic 
corticosteroids, ER, or 
increase in ICS or other 
medications 

1 
(341) 

Low Unknown 
(single study) 

Indirect  Precise Undetected Low 
(unknown 
consistency, 
indirect) 

Mild exacerbations 
 

1 
(341) 

Low Unknown 
(single study) 

Indirect  Precise Undetected Low 
(unknown 
consistency, 
indirect) 

Mortality ≥12y        
All-cause  
 

4 
(6782) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

Asthma-specific  4 
(6782) 

Low Consistent Direct Precise Undetected Insufficient 
(no events 
occurred) 

Asthma control- 
composite measures ≥ 
12y 

       

ACT 
 

1 
(63) 

Unclear  Unknown 
(single study) 

Direct Precise Undetected Insufficient  
(unknown 
consistency) 

ACQ-5 score 
 

3 
(4353) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

ACQ-5 responder 
 

1 
(2091) 

Low Unknown 
(single study) 

Direct Precise Undetected Moderate 
(unknown 
consistency) 

Asthma control- 
spirometry ≥12y 

       

FEV1 
 

5 
(6343) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

FEV1 % predicted 
 

2 
(304) 

Medium Consistent Direct Precise Undetected Moderate 
(risk of bias) 
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Outcome N of studies 
(n of 
patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

FVC 
 

1 
(1701) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

FEV1/ FVC 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Quality of life ≥12y        
AQLQ score 
 

0 NA NA NA NA NA Insufficient 
(no data) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Healthcare utilization 
≥12y 

       

Mean PRN inhalations/ 
day  

3 
(6006) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Mean PRN inhalations/ 
week 

2 
(93) 

Medium Consistent Direct Imprecise Undetected Low 
(risk of bias, 
imprecise) 

Resource use 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; ER=emergency room; FVC=forced vital 
capacity; FEV1=forced expiratory volume in one second; ICS=inhaled corticosteroid; ICU=intensive care unit; n= patient sample size; N=number of studies; NA=not applicable; 
PEF=peak expiratory flow; PRN=pro re nata (i.e., as-needed); y=year 
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Table E-8. Strength of evidence KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (higher dose)  
Outcome N of studies 

(n of patients) 
Risk of bias Consistency Directness Precision Publication bias Strength of 

evidence 
Exacerbations        
Requiring systemic 
corticosteroid 

1 
(2304) 

Low Unknown 
(single study) 

Direct Precise Undetected Moderate 
(unknown 
consistency) 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient 
(no data) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient 
(no data) 

Asthma-related 
hospitalization 

0 NA NA NA NA NA Insufficient 
(no data) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient 
(no data) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient 
(no data) 

Requiring systemic 
corticosteroid, 
hospitalization, or ER 
visit 

3 
(6742) 

Low Consistent Direct Precise Undetected High 

Requiring 
hospitalization or ER 
visit 

3 
(6742) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

Mild exacerbation 
 

2 
(3321) 

Low Unknowna Direct Precise Undetected Moderate 
(unknown 
consistency) 
 

Mortality        
All-cause  
 

4 
(5757) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

Asthma-specific  
 

4 
(5757) 

Low Consistent Direct Precise Undetected Insufficient 
(no events 
occurred) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient 
(no data) 

ACQ-5 score 
 

3 
(6559) 

Low Consistent Direct Precise Undetected High 
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

ACQ-5 responder 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Asthma control- 
spirometry 

       

FEV1 
 

2 
(4424) 

Low Unknowna Direct Precise Undetected Moderate 
(unknown 
consistency) 

FVC 
 

0 NA NA NA NA NA Insufficient 
(no data) 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Quality of life        
AQLQ(S) score 
 

2 
(4270) 

Low Unknowna Direct Precise Undetected Moderate 
(unknown 
consistency) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Healthcare utilization        
Mean PRN 
inhalations/day  

3 
(6559) 

Low Consistent Direct Precise Undetected High 

Resource use 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AQLQ(S)=standardized Asthma Quality of Life 
Questionnaire; ER=emergency room; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n=patient sample size; N=number of 
studies; NA=not applicable; PRN=pro re nata (i.e., as-needed) 
aA single 3-arm trial contributed two unique comparisons for this outcome. Thus, the consistency with an independent trial population is unknown 
 
Table E-9. Strength of evidence KQ1c, ICS and LABA controller and quick relief vs. ICS and LABA controller (lower dose)  

Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Exacerbations        
Requiring systemic 
corticosteroid 

0 NA NA NA NA NA Insufficient 
(no data) 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient 
(no data) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient 
(no data) 

Asthma-related 
hospitalization 

0 NA NA NA NA NA Insufficient 
(no data) 
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient 
(no data) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient 
(no data) 

Mortality        
All-cause  
 

0 NA NA NA NA NA Insufficient 
(no data) 

Asthma-specific  
 

0 NA NA NA NA NA Insufficient 
(no data) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient 
(no data) 

ACQ-5 score 
 

1 
(30) 

Medium Unknown 
(single study) 

Direct Imprecise Undetected Insufficient 
(risk of bias, 
unknown 
consistency, 
imprecise) 

ACQ-5 responder 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Asthma control- 
spirometry 

       

FEV1 % predicted 
 

1 
(30) 

Medium Unknown 
(single study) 

Direct Precise Undetected Insufficient 
(risk of bias, 
unknown 
consistency, 
imprecise) 

FVC 
 

0 NA NA NA NA NA Insufficient 
(no data) 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Quality of life        
AQLQ(S) score 
 

0 NA NA NA NA NA Insufficient 
(no data) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient 
(no data) 

Healthcare utilization        
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Mean PRN 
inhalations/week 

1 
(30) 

Medium Unknown 
(single study) 

Direct Imprecise Undetected Insufficient 
(risk of bias, 
unknown 
consistency, 
imprecise) 

Resource use 
 

0 NA NA NA NA NA Insufficient 
(no data) 

 
Table E-10. Strength of evidence KQ1c, ICS and LABA controller and quick relief vs. CBP 

Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Exacerbations        
Requiring systemic 
corticosteroid 

4 
(4935) 

Medium Consistent Direct Imprecise Undetected Low 
(risk of bias, 
imprecise) 

Requiring 
hospitalization 

4 
(4935) 

Medium Consistent Direct Imprecise Undetected Low 
(risk of bias, 
imprecise) 

Requiring ER visit 
 

4 
(4935) 

Medium Consistent Direct Imprecise Undetected Low 
(risk of bias, 
imprecise) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient  
(no data) 

Asthma-related 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no data) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient  
(no data) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient  
(no data) 

Requiring systemic 
corticosteroid, 
hospitalization, or ER 
visit 

6 
(6354) 

Medium Consistent Direct Precise Undetected Moderate 
(risk of bias) 

Mortality        
All-cause  
 

4 
(4935) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

Asthma-specific  
 

4 
(4935) 

Low Consistent Direct Precise Undetected Insufficient 
(no events 
occurred) 

Asthma control- 
composite measures 
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

ACT 
 

0 NA NA NA NA NA Insufficient  
(no data) 

ACQ-5 score 
 

5 
(4996) 

Medium Consistent Direct Precise Undetected Moderate 
(risk of bias) 

ACQ-5 responder 
 

2 
(2166) 

Medium Consistent  Direct Precise Undetected Moderate 
(risk of bias) 

Asthma control- 
spirometry 

       

FEV1 
 

1 
(271) 

Medium Unknown 
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

FEV1 % predicted  
 

1 
(102) 

Medium Unknown 
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

FVC 
 

0 NA NA NA NA NA Insufficient  
(no data) 

FEV1/ FVC 
 

0 NA NA NA NA NA Insufficient  
(no data) 

Quality of life        
AQLQ score 
 

0 NA NA NA NA NA Insufficient  
(no data) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient  
(no data) 

Healthcare utilization        
Mean PRN inhalations/ 
day  

2 
(2404) 

Medium Consistent Direct Precise Undetected Moderate 
(risk of bias) 

≥1 day w/PRN 
inhalation 

2 
(1562) 

Medium Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Resource use 
 

0 NA NA NA NA NA Insufficient  
(no data) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; ER=emergency room; FVC=forced vital 
capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n= patient sample size; N=number of studies; NA=not applicable; PRN=pro re nata (i.e., as-
needed) 
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Table E-11. Strength of evidence KQ 2a, LAMA as add-on to ICS vs. doubling ICS dose  
Outcome N of studies 

(n of patients) 
Risk of bias Consistency Directness Precision Publication bias Strength of 

evidence 
Exacerbations        
Requiring systemic 
corticosteroid 

1 
(210) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma worsening 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring oral 
corticosteroid or 
increase in ICS or other 
asthma medication 

1 
(210) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Mortality        
All-cause 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-specific 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-6 score 
 

1 
(127) 

Low Unknown  
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

ACQ-6 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma control- 
spirometry 
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

FEV1 peak 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 trough 
 

1 
(118) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

FEV1 AUC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 % predicted 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC peak 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC trough 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC AUC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Quality of life        
AQLQ score 
 

1 
(122) 

Low Unknown 
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Healthcare utilization        
Rescue medication use, 
puffs/24 hours  

0 NA NA NA NA NA Insufficient  
(no evidence) 

Resource use 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under curve; ER=emergency room; 
FVC=forced vital capacity; FEV1=forced expiratory volume in one second; ICS=inhaled corticosteroid; ICU=intensive care unit; n= patient sample size; N=number of studies; 
NA=not applicable; 
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Table E-12. Strength of evidence KQ2a, LAMA vs. placebo as add-on to ICS 
Outcome N of studies 

(n of patients) 
Risk of bias Consistency Directness Precision Publication bias Strength of 

evidence 
Exacerbations        
Requiring systemic 
corticosteroid 

5 
(3036) 

Low Consistent Direct Precise Undetected High 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ED visit 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma worsening 
 

4 
(2420) 

Low Consistent Direct Precise Undetected High 

Mortality        
All-cause mortality 
 

6 
(3065) 

Low Consistent Direct Precise Undetected Insufficient 
(no events 
occurred) 

Asthma-specific deaths 
 

6 
(3065) 

Low Consistent Direct Precise Undetected Insufficient 
(no events 
occurred) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-5 score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-5 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-6 score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-6 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-7 score 
 

4 
(2304) 

Low Inconsistent Direct Precise Undetected Moderate 
(inconsistent) 

ACQ-7 responder 
 

5 
(2680) 

Low Inconsistent Direct Precise Undetected Moderate 
(inconsistent) 
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Asthma control- 
spirometry 

       

FEV1 peak 
 

4 
(2310) 

Low Consistent Direct Precise Undetected High 

FEV1 trough 
 

7 
(3173) 

Low Consistent Direct Precise Undetected High 

FEV1 AUC 
 

3 
(2310) 

Low Consistent Direct Precise Undetected High 

FEV1 % predicted 
 

1 
(457) 

Low Unknown 
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

FVC peak 
 

3 
(1853) 

Low Consistent Direct Precise Undetected High 

FVC trough 
 

5 
(2390) 

Low Consistent Direct Precise Undetected High 

FVC AUC 
 

3 
1859) 

Low Consistent Direct Precise Undetected High 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Quality of life        
AQLQ score 
 

2 
(1461) 

Low Consistent Direct Precise Undetected High 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

AQLQ-mini score 
 

1 
(253) 

Low Unknown 
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

AQLQ-S 12+ responder 
 

1 
(397) 

Low Unknown 
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

Healthcare utilization        
Rescue medication use, 
puffs/24 hours 

7 
(3104) 

Low Inconsistent Direct Precise Undetected Moderate 
(inconsistent) 

Resource use 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AQLQ-S=Standardized Asthma Quality of Life 
Questionnaire; AUC=area under curve; ER=emergency room; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; ICU=intensive care unit; n= patient 
sample size; N=number of studies; NA=not applicable  
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Table E-13. Strength of evidence KQ2b, LAMA vs. LABA as add-on to ICS 
Outcome N of studies 

(n of patients) 
Risk of bias Consistency Directness Precision Publication bias Strength of 

evidence 
Exacerbations        
Requiring systemic 
corticosteroid 

4 
(2574) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma worsening 
 

1 
(1577) 

Low Unknown 
(single study) 

Direct Precise Undetected Moderate 
(unknown 
consistency) 

Requiring oral 
corticosteroid or 
increase in ICS or other 
asthma medication 

1 
(210) 

Low Unknown  
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

Mortality        
All-cause  
 

4 
(3572) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Asthma-specific  
 

4 
(3572) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-5 score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-5 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

ACQ-6 score 
 

1 
(126) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

ACQ-6 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-7 score 
 

2 
(1577) 

Low Consistent Direct Precise Undetected High 

ACQ-7 responder 
 

2 
(1577) 

Low Consistent Direct Precise Undetected High 

Asthma control- 
spirometry 

       

FEV1 peak 
 

2 
(1483) 

Low Consistent Direct Precise Undetected High 

FEV1 trough 
 

6 
(3261) 

Low Consistent 
 

Direct Precise Undetected High 

FEV1 AUC 
 

2 
(1483) 

Low Consistent Direct Precise Undetected High 

FEV1 % predicted 
 

3 
(542) 

Medium Inconsistent Direct Precise Undetected Low 
(risk of bias, 
inconsistent) 

FVC peak 
 

2 
(1483) 

Low Consistent Direct Precise Undetected High 

FVC trough 
 

2 
(1745) 

Low Consistent Direct Precise Undetected High 

FVC AUC 
 

2 
(1483) 

Low Consistent Direct Precise Undetected High 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Quality of life        
AQLQ score 
 

4 
(1982) 

Low Consistent Direct Precise Undetected High 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

AQLQ-mini score 
 

1 
(262) 

Low Unknown 
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

AQLQ-S 12+ responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Healthcare utilization        
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Outcome N of studies 
(n of patients) 

Risk of bias Consistency Directness Precision Publication bias Strength of 
evidence 

Rescue medication use, 
puffs/24 hours  

7 
(2450) 

Low Inconsistent Direct Imprecise Undetected Low 
(inconsistent, 
imprecise) 

Resource use 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AQLQ-S= Standardized Asthma Quality of Life 
Questionnaire; AUC=area under curve; ER=emergency room; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; h=hour; ICU=intensive care unit; 
LAMA=long acting muscarinic antagonist; n= patient sample size; N=number of studies; NA=not applicable 
 
Table E-14. Strength of evidence KQ2a, LAMA vs. controller other than LABA as add-on to ICS  

Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

Exacerbations        
Requiring systemic 
corticosteroid 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma worsening 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Mortality        
All-cause  
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-specific 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma control- 
composite measures 

       

ACT 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-5 score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 
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Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

ACQ-5 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-6 score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-6 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-7 score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

ACQ-7 responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma control- 
spirometry 

       

FEV1 peak 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 trough 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 AUC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1 % predicted 
LAMA vs. montelukast 

2 
(214) 

Medium Consistent Direct Precise Undetected Moderate 
(risk of bias) 

FEV1 % predicted 
LAMA vs. doxofylline 

2 
(209) 

Medium Consistent Direct Precise  Undetected Moderate 
(risk of bias) 

FVC peak 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC trough 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FVC AUC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Quality of life        
AQLQ score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

AQLQ responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

AQLQ-mini score 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

AQLQ-S 12+ responder 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Healthcare utilization        
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Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

Rescue medication use, 
puffs/24 hours 
LAMA vs. montelukast 

2 
(214) 

Medium Inconsistent Direct Precise Undetected Low 
(risk of bias, 
inconsistent) 

Rescue medication use, 
puffs/24 hours 
LAMA vs. doxofylline 

2 
(209) 

Medium Inconsistent Direct Precise Undetected Low 
(risk of bias 
inconsistent) 

Resource use 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AQLQ-S= Standardized Asthma Quality of Life 
Questionnaire; AUC=area under curve; ER=emergency room; FVC=forced vital capacity; FEV1=forced expiratory volume in one second; h=hour; ICU=intensive care unit; 
LAMA=long acting muscarinic antagonist; n=patient sample size; N=number of studies; NA=not applicable 
 
Table E-15. Strength of evidence KQ2c, LAMA and ICS and LABA vs. ICS and LABA  

Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

Exacerbations        
Requiring systemic 
corticosteroid 

3 
(1299) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

Requiring 
hospitalization 

2 
(907) 

Low Consistent Direct Imprecise Undetected Moderate 
(imprecise) 

Requiring ER visit 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Requiring ICU/ 
ventilation 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Asthma-related 
hospitalization 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related ER visit 0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma-related 
outpatient visit 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Asthma worsening 
 

3 
(1299) 

Low Consistent Direct Precise Undetected High 

Mortality        
All-cause  
 

3 
(1299) 

Low Consistent Direct Precise Undetected Insufficient 
(no events 
occurred) 

Asthma-specific  
 

3 
(1299) 

Low Consistent Direct Precise Undetected Insufficient 
(no events 
occurred) 

Asthma control- 
composite measures 
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Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

ACT 
 

1 
(63) 

Unclear Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 
 

ACQ-5 score 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

ACQ-5 responder 
 

1 
(907) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Low 
(unknown 
consistency, 
imprecise) 

ACQ-6 score 
 

1 
(338) 

Low Unknown 
(single study) 

Direct Precise Undetected Low 
(unknown 
consistency) 

ACQ-6 responder 
 

2 
(1299) 

Low Inconsistent Direct Imprecise Undetected Low  
(inconsistent, 
imprecise) 

ACQ-7 score 
 

3 
(1301) 

Low Inconsistent Direct Precise Undetected Moderate 
(inconsistent) 

ACQ-7 responder 
 

2 
(1299) 

Low Inconsistent Direct Precise Undetected Moderate 
(inconsistent) 

Asthma control- 
spirometry 

       

FEV1 peak 
 

3 
(1295) 

Low Inconsistent Direct Precise Undetected Moderate 
(inconsistent) 

FEV1 trough 
 

3 
(1295) 

Low Inconsistent Direct Precise Undetected Moderate 
(inconsistent) 

FEV1 AUC 
 

3 
(1295) 

Low Consistent Direct Precise Undetected High 

FEV1 % predicted 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

FVC peak 
 

3 
(1295) 

Low Consistent Direct Precise Undetected High 

FVC trough 
 

3 
(1295) 

Low Consistent Direct Precise Undetected High 

FVC AUC 
 

3 
(1295) 

Low Consistent Direct Precise Undetected High 

FEV1/FVC 
 

0 NA NA NA NA NA Insufficient  
(no evidence) 

Quality of life        
AQLQ score 
 

2 
(907) 

Low Consistent Direct Precise Undetected High 
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Outcome N of studies 
(n of patients) 

Study 
limitations 

Consistency Directness Precision Publication bias Strength of 
evidence 

AQLQ responder 
 

1 
(907) 

Low Unknown 
(single study) 

Direct Imprecise Undetected Moderate 
(unknown 
consistency 
imprecise) 

Healthcare utilization        
Rescue medication use, 
puffs/24 hours  

3 
(1302) 

Low Inconsistent Direct Precise Undetected Moderate 
(inconsistent) 

Resource use 
 

0 NA NA NA NA NA Insufficient 
(no evidence) 

Abbreviations: ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; AQLQ=Asthma Quality of Life Questionnaire; AUC=area under curve; ER=emergency room; 
FVC=forced vital capacity; FEV1=forced expiratory volume in one second; h=hour; ICU=intensive care unit; n=patient sample size; N=number of studies; NA=not applicable 
 



Appendix F.  Forest Plots 
Figure F-1. Asthma-related acute care visit: intermittent ICS with as-needed SABA vs. as-needed SABA 

 
 
Figure F-2. Hospital admissions due to asthma: intermittent ICS with as-needed SABA vs. as-needed SABA 

 
 
 
 
Figure F-3. All-cause death: ICS and LABA controller and quick reliever vs. ICS and LABA controller (same 
dose)
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Figure F-4. Change in ACQ-5 mean score from baseline: ICS and LABA controller and quick reliever vs. ICS 
and LABA controller (same dose) 

 
 
Figure F-5. Change in on-treatment FEV1 from baseline: ICS and LABA controller and quick reliever vs. ICS 
and LABA controller (same dose) 

 
 
Figure F-6. Change in rescue medication use from baseline, mean inhalations per day: ICS and LABA 
controller and quick reliever vs. ICS and LABA controller (same dose) 
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Figure F-7. All-cause death: ICS and LABA controller and quick reliever vs. ICS and LABA controller (higher 
dose)

 
 
 
Figure F-8. All-cause death: ICS and LABA controller and quick reliever vs. CBP 

 
 
Figure F-9. Change in ACQ-5 mean score from baseline: ICS and LABA controller and quick reliever vs. CBP 
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Figure F-10. Change in ACQ-7 score from baseline: LAMA vs. placebo as add-on to ICS 

 
 
Figure F-11. ACQ-7 responder: LAMA vs. placebo as add-on to ICS 

 
Figure F-12. Change in FEV1 peak from baseline: LAMA vs. placebo as add-on to ICS 
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Figure F-13. Change in FEV1 trough from baseline: LAMA vs. placebo as add-on to ICS 

 
 
 
Figure F-14. Change in FEV1 AUC from baseline: LAMA vs. placebo as add-on to ICS 

 
Figure F-15. Change in FVC peak from baseline: LAMA vs. placebo as add-on to ICS 
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Figure F-16. Change in FVC trough from baseline: LAMA vs. placebo as add-on to ICS 

 
 
 
Figure F-17. Change in FVC AUC from baseline: LAMA vs. placebo as add-on to ICS 

 
 
Figure F-18. Difference in rescue medication mean puffs in 24 hours: LAMA vs. placebo as add-on to ICS 

 
 
 
 
 
 
 
 
 

F-6 
 



Figure F-19. All-cause death: LAMA vs. LABA as add-on to ICS 

 
 
Figure F-20. Asthma-specific death: LAMA vs. LABA as add-on to ICS 

 
 
 
Figure F-21. Change in FEV1 trough from baseline: LAMA vs. LABA as add-on to ICS 
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Figure F-22. Change in FEV1 % predicted from baseline: LAMA vs. LABA as add-on to ICS 

 
 
Figure F-23. Change in FVC trough from baseline: LAMA vs. LABA as add-on to ICS 

 
 
Figure F-24. Change in AQLQ score from baseline: LAMA vs. LABA as add-on to ICS 
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Figure F-25. Difference in rescue medication mean puffs in 24 hours: LAMA vs. LABA as add-on to ICS 

 
 
Figure F-26. Change in ACQ-7 score from baseline: LAMA added to ICS and LABA vs. ICS and LABA 

 
 
Figure F-27. Change in FEV1 peak from baseline: LAMA added to ICS and LABA vs. ICS and LABA 
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Figure F-28. Change in FEV1 trough from baseline: LAMA added to ICS and LABA vs. ICS and LABA 

 
 
 
Figure F-29. Change in FEV1 AUC from baseline: LAMA added to ICS and LABA vs. ICS and LABA 

 
Figure F-30. Change in FVC peak from baseline: LAMA added to ICS and LABA vs. ICS and LABA 
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Figure F-31. Change in FVC trough from baseline: LAMA added to ICS and LABA vs. ICS and LABA 

 
 
Figure F-32. Change in FVC AUC from baseline: LAMA added to ICS and LABA vs. ICS and LABA 

 
Figure F-33. Difference in rescue medication mean puffs in 24 hours: LAMA added to ICS and LABA vs. ICS 
and LABA 
 

 
 
 

F-11 
 


	Evidence Summary
	Objectives and Rationale for the Review
	Background 
	Data Sources
	Results 
	Discussion 
	Conclusions 
	References

	Introduction
	Background
	Rationale 
	Intermittent Inhaled Corticosteroid (ICS) Dosing
	Long-Acting Muscarinic Antagonist (LAMA) Added to ICS or to ICS Plus LABA

	Key Questions (KQs) 
	Population, Intervention, Comparator, Outcomes

	Methods
	Results
	Search Results
	Organization of This Report
	Key Points
	Intermittent ICS With As-Needed SABA Versus As-Needed SABA
	Intermittent ICS With As-Needed SABA Versus ICS Controller With As-Needed SABA
	Intermittent ICS Versus No Therapy
	Key Points
	Intermittent ICS and ICS Controller Versus ICS Controller
	Intermittent ICS Versus ICS Controller
	Key Points—ICS and LABA Controller and Quick Relief Versus ICS Controller
	Key Points—ICS and LABA Controller and Quick Relief Versus ICS and LABA Controller
	Key Points—ICS and LABA Controller and Quick Relief Versus CBP
	ICS and LABA as Controller and Quick Relief Versus ICS Controller at the Same Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS Controller at a Higher Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at the Same Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at a Higher Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at a Lower Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus CBP 
	Key Points—LAMA Versus Placebo as Add-on to ICS
	Key Points—LAMA Add-on to ICS Versus Increasing ICS Dose
	LAMA Versus Placebo as Add-on to ICS
	LAMA as Add-on to ICS Versus Increasing the ICS Dose 
	Key Points
	LAMA Versus LABA as Add-on to ICS
	LAMA Versus Other Controllers as Add-on to ICS
	Key Points
	LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA
	LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA With a Higher ICS Dose


	Discussion
	Overview and Applicability
	Key Question 1a
	Key Question 1b
	Key Question 1c
	Key Question 2

	Limitations
	Future Research Needs

	Conclusions
	References 
	Glossary
	Abbreviations
	Appendixes Contents
	Appendix A. Search Strategy
	Appendix B. List of Excluded Studies
	Appendix C.  Study Characteristics
	Appendix D.  Risk of Bias Assessment
	Appendix E.  Strength of Evidence Assessments
	Appendix F. Forest Plots
	Front matter with addendum CER 194 Corticosteroids Asthma FINAL.pdf
	Objectives and Rationale for the Review
	Background 
	Data Sources
	Results 
	Discussion 
	Conclusions 
	References
	Background
	Rationale 
	Intermittent Inhaled Corticosteroid (ICS) Dosing
	Long-Acting Muscarinic Antagonist (LAMA) Added to ICS or to ICS Plus LABA
	Key Questions (KQs) 
	Population, Intervention, Comparator, Outcomes
	Search Results
	Organization of This Report
	Key Points
	Intermittent ICS With As-Needed SABA Versus As-Needed SABA
	Intermittent ICS With As-Needed SABA Versus ICS Controller With As-Needed SABA
	Intermittent ICS Versus No Therapy
	Key Points
	Intermittent ICS and ICS Controller Versus ICS Controller
	Intermittent ICS Versus ICS Controller
	Key Points—ICS and LABA Controller and Quick Relief Versus ICS Controller
	Key Points—ICS and LABA Controller and Quick Relief Versus ICS and LABA Controller
	Key Points—ICS and LABA Controller and Quick Relief Versus CBP
	ICS and LABA as Controller and Quick Relief Versus ICS Controller at the Same Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS Controller at a Higher Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at the Same Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at a Higher Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at a Lower Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus CBP 
	Key Points—LAMA Versus Placebo as Add-on to ICS
	Key Points—LAMA Add-on to ICS Versus Increasing ICS Dose
	LAMA Versus Placebo as Add-on to ICS
	LAMA as Add-on to ICS Versus Increasing the ICS Dose 
	Key Points
	LAMA Versus LABA as Add-on to ICS
	LAMA Versus Other Controllers as Add-on to ICS
	Key Points
	LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA
	LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA With a Higher ICS Dose
	Overview and Applicability
	Key Question 1a
	Key Question 1b
	Key Question 1c
	Key Question 2
	Limitations
	Future Research Needs
	Conclusions

	Front matter with addendum CER 194 Corticosteroids Asthma FINAL.pdf
	Objectives and Rationale for the Review
	Background 
	Data Sources
	Results 
	Discussion 
	Conclusions 
	References
	Background
	Rationale 
	Intermittent Inhaled Corticosteroid (ICS) Dosing
	Long-Acting Muscarinic Antagonist (LAMA) Added to ICS or to ICS Plus LABA
	Key Questions (KQs) 
	Population, Intervention, Comparator, Outcomes
	Search Results
	Organization of This Report
	Key Points
	Intermittent ICS With As-Needed SABA Versus As-Needed SABA
	Intermittent ICS With As-Needed SABA Versus ICS Controller With As-Needed SABA
	Intermittent ICS Versus No Therapy
	Key Points
	Intermittent ICS and ICS Controller Versus ICS Controller
	Intermittent ICS Versus ICS Controller
	Key Points—ICS and LABA Controller and Quick Relief Versus ICS Controller
	Key Points—ICS and LABA Controller and Quick Relief Versus ICS and LABA Controller
	Key Points—ICS and LABA Controller and Quick Relief Versus CBP
	ICS and LABA as Controller and Quick Relief Versus ICS Controller at the Same Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS Controller at a Higher Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at the Same Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at a Higher Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus ICS and LABA Controller at a Lower Comparative ICS Dose
	ICS and LABA as Controller and Quick Relief Versus CBP 
	Key Points—LAMA Versus Placebo as Add-on to ICS
	Key Points—LAMA Add-on to ICS Versus Increasing ICS Dose
	LAMA Versus Placebo as Add-on to ICS
	LAMA as Add-on to ICS Versus Increasing the ICS Dose 
	Key Points
	LAMA Versus LABA as Add-on to ICS
	LAMA Versus Other Controllers as Add-on to ICS
	Key Points
	LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA
	LAMA as Add-on to ICS Plus LABA Versus ICS Plus LABA With a Higher ICS Dose
	Overview and Applicability
	Key Question 1a
	Key Question 1b
	Key Question 1c
	Key Question 2
	Limitations
	Future Research Needs
	Conclusions




