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IMPORTANCE The benefits and harms of adding long-acting muscarinic antagonists (LAMAs)
to inhaled corticosteroids (ICS) and long-acting β2-agonists (LABAs) for moderate to severe
asthma remain unclear.

OBJECTIVE To systematically synthesize the outcomes and adverse events associated with
triple therapy (ICS, LABA, and LAMA) vs dual therapy (ICS plus LABA) in children and adults
with persistent uncontrolled asthma.

DATA SOURCES MEDLINE, Embase, CENTRAL, ICTRP, FDA, and EMA databases from
November 2017, to December 8, 2020, without language restriction.

STUDY SELECTION Two investigators independently selected randomized clinical trials (RCTs)
comparing triple vs dual therapy in patients with moderate to severe asthma.

DATA EXTRACTION AND SYNTHESIS Two reviewers independently extracted data and assessed
risk of bias. Random-effects meta-analyses, including individual patient-level exacerbation
data, were used. The GRADE (Grading of Recommendations, Assessment, Development and
Evaluation) approach was used to assess certainty (quality) of the evidence.

MAIN OUTCOMES AND MEASURES Severe exacerbations, asthma control (measured using the
Asthma Control Questionnaire [ACQ-7], a 7-item list with each item ranging from 0 [totally
controlled] to 6 [severely uncontrolled]; minimal important difference, 0.5), quality of life
(measured using the Asthma-related Quality of Life [AQLQ] tool; score range, 1 [severely
impaired] to 7 [no impairment]; minimal important difference, 0.5), mortality,
and adverse events.

RESULTS Twenty RCTs using 3 LAMA types that enrolled 11 894 children and adults (mean age,
52 years [range, 9-71 years]; 57.7% female) were included. High-certainty evidence showed
that triple therapy vs dual therapy was significantly associated with a reduction in severe
exacerbation risk (9 trials [9932 patients]; 22.7% vs 27.4%; risk ratio, 0.83 [95% CI, 0.77 to
0.90]) and an improvement in asthma control (14 trials [11 230 patients]; standardized mean
difference [SMD], −0.06 [95% CI, −0.10 to −0.02]; mean difference in ACQ-7 scale, −0.04
[95% CI, −0.07 to −0.01]). There were no significant differences in asthma-related quality of
life (7 trials [5247 patients]; SMD, 0.05 [95% CI, −0.03 to 0.13]; mean difference in AQLQ
score, 0.05 [95% CI, −0.03 to 0.13]; moderate-certainty evidence) or mortality (17 trials
[11 595 patients]; 0.12% vs 0.12%; risk ratio, 0.96 [95% CI, 0.33 to 2.75]; high-certainty
evidence) between dual and triple therapy. Triple therapy was significantly associated with
increased dry mouth and dysphonia (10 trials [7395 patients]; 3.0% vs 1.8%; risk ratio, 1.65
[95% CI, 1.14 to 2.38]; high-certainty evidence), but treatment-related and serious adverse
events were not significantly different between groups (moderate-certainty evidence).

CONCLUSIONS AND RELEVANCE Among children (aged 6 to 18 years) and adults with moderate
to severe asthma, triple therapy, compared with dual therapy, was significantly associated
with fewer severe asthma exacerbations and modest improvements in asthma control
without significant differences in quality of life or mortality.
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A sthma is the most prevalent chronic respiratory ill-
ness, and it affects all age groups.1 Exacerbations are
burdensome to patients with moderate to severe dis-

ease (Global Initiative for Asthma [GINA] steps 4 and 5), the
health care systems where they are treated, and the societies
in which they live.1-3 International guidelines recommend me-
dium- or high-dose inhaled corticosteroids (ICS) and long-
acting inhaled β2-agonists (LABAs) combinations (dual
therapy), delivered from the same inhaler, as the preferred con-
troller options for patients aged 6 years or older with persis-
tent, moderate to severe asthma.1,4,5 When patients’ symp-
toms remain uncontrolled despite this approach, the precise
efficacy and adverse events of adding long-acting muscarinic
antagonists (LAMAs) (ie, ICS, LABA, and LAMA, also de-
scribed as triple therapy) is uncertain, contributing to exist-
ing weak (conditional) recommendations.1,4,5

LAMAs have a distinctly different mechanism of broncho-
dilation from LABAs,6 which makes them an attractive add-on
therapy in persistent, uncontrolled asthma. In addition, if op-
timal asthma control can be achieved with the addition of
LAMAs to the dual therapy of ICS and LABAs, patients may avoid
escalation to other systemic therapies such as oral corticoste-
roids, which carry a higher risk of adverse effects,7-9 or to bio-
logics, which substantially increase the costs of treatment.10

Despite being identified as a priority item to inform guide-
line development,11 the most recent systematic reviews ad-
dressing triple vs dual therapy in adults12,13 and children14 were
limited by their search for studies until 2017, wide confi-
dence intervals that spanned no effect, a small number of in-
cluded studies using a single type of LAMA, lack of address-
ing harms, and inability to clarify the effects of triple therapy
on asthma exacerbations. However, since 2017, tiotropium has
been approved by the US Food and Drug Administration (FDA)
in children, and a number of new trials on triple therapy for
asthma, including LAMA preparations other than tiotro-
pium, been completed. Therefore, this study synthesized the
outcomes and adverse events of triple therapy vs dual therapy
in children and adults with persistent, uncontrolled asthma.

Methods
The Cochrane15 and GRADE (Grading of Recommendations,
Assessment, Development and Evaluation) approaches16 were
used to guide the conduct of this review. This review was
prospectively registered (PROSPERO CRD42020172608).
This study was reported in accordance to Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines.17 The Hamilton Integrated Research Ethics Board
confirmed that institutional review board approval was not re-
quired for this systematic review and meta-analysis.

Data Sources and Selection
The following databases: MEDLINE, EMBASE, the Cochrane
Central Register of Controlled Trials (CENTRAL), the World
Health Organization (WHO) International Clinical Trials Reg-
istry, the FDA, and the European Medicines Agency (EMA) from
November 2017, to December 8, 2020, without language re-

striction, were searched for randomized clinical trials (RCTs)
of any duration and design comparing triple therapy (ICS,LABA,
plus LAMA) with dual therapy (ICS plus LABA) in patients with
moderate to severe asthma (eMethods 1 in the Supplement).
Observational and preclinical studies and those limited to pa-
tients with chronic respiratory diseases other than asthma were
excluded. Database searches were supplemented by using for-
ward and backward citation analysis. Authors were con-
tacted in all instances of missing or unclear data. Two inves-
tigators (CS and DKC) independently screened titles and
abstracts using a prepiloted standardized data form (Covidence;
Veritas Health Innovation). Similarly, 2 investigators (CS and
LH-YK) independently reviewed full-text articles. Disagree-
ments were resolved through consensus.

Outcomes
Outcomes of interest included asthma exacerbations, change
in asthma control (measured using the Asthma Control Ques-
tionnaire [ACQ]18 or Asthma Control Test [ACT]19), change in
asthma-related quality of life (measured using the Asthma
Quality of Life Questionnaire [AQLQ]20 or Mini-AQLQ21), mor-
tality, serious and nonserious adverse events (as defined by the
FDA), and change in trough forced expiratory volume in 1 sec-
ond (FEV1 [measured in liters]).

Severe asthma exacerbation was defined by a need for sys-
temic steroids for 3 or more days, hospitalization, intensive care
admission or intubation, or emergency department visits
(based on the American Thoracic Society/European Respira-
tory Society recommendation).22 Asthma worsening was de-
fined and reported in each trial, but it was generally defined
as a progressive increase in 1 or more asthma symptoms or a
decline in lung function for 2 or more consecutive days that
did not meet the definition of severe asthma exacerbation.

As detailed in the data analysis section, scores for ACQ ver-
sions 5, 6, 7, and the ACT were pooled together using standard-
ized mean difference (SMD).15 To facilitate interpretability, we
then converted these pooled SMDs to the most clinically famil-
iar scale, which was the ACQ-7. The ACQ-7 is a 7-item list that
contains 5 symptom-based questions, 1 question on rescue bron-
chodilator use, and 1 question about FEV1 assessment, with each

Key Points
Question Is adding a long-acting muscarinic antagonist (LAMA) to
inhaled corticosteroids (ICS) and long-acting β-2 agonists (LABAs)
associated with differences in clinical outcomes and adverse events
among individuals with moderate to severe persistent asthma?

Findings In this systematic review and meta-analysis that included
20 randomized clinical trials and 11 894 patients, triple therapy (ICS,
LABA, and LAMA), compared with dual therapy (ICS plus LABA), was
significantly associated with fewer severe asthma exacerbations (risk
ratio, 0.83) and slightly better asthma control, but no significant
difference in quality of life or most adverse events.

Meaning Among patients with moderate to severe asthma, triple
therapy compared with dual therapy was significantly associated
with fewer severe asthma exacerbations and modest improvements
in asthma control but no significant difference in quality of life.
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item scored on a 7-point scale (0 [no impairment] to 6 [maxi-
mum impairment]).18 ACQ-6 contains all items of the ACQ-7 ex-
cept FEV1 assessment.18,23 ACQ-5 contains only the 5 symptom-
based questions.23 The ACQ score is the mean of the equally
weighted included questions ranging from 0 (totally con-
trolled) to 6 (severely uncontrolled),18 with minimal impor-
tant difference for a change in ACQ of 0.5 for all 3
questionnaires.18 The ACT is a 5-item list with each item scored
on a 5-point scale (score range for symptoms and activity-
related rating: 1 [all the time] to 5 [not at all]; for asthma control
rating: 1 [not controlled at all] to 5 [completely controlled]).19

The total score ranges from 5 (poor control of asthma) to 25 (com-
plete control of asthma).19 Minimal important difference for a
change in ACT score is 3.19 ACT was multiplied by −1 to correct
for the difference in direction of the scale from ACQ. For quality-
of-life measures, the AQLQ and Mini-AQLQ were pooled using
SMD.15 The pooled SMDs were then converted back to AQLQ
scale to aid in clinical interpretability. The AQLQ is a 32-item list
with each item scored on a 7-point scale (1 [severely impaired]
to 7 [not impaired at all]).20 The Mini-AQLQ is a shorter 15-
item version of the AQLQ (also scored on a 7-point scale with
the same range interpretations).21 The higher score on both ques-
tionnaires correlates with better quality of life.21,24 The mini-
mal important difference for a change in both AQLQ and
Mini-AQLQ is 0.5.24 For FEV1, although the minimal important
difference is not definitively established, generally accepted
minimal important difference in the literature is 100 to 200
mL25,26 or change of 15% to 20%.26 For additional details on
these instruments, see the eMethods 2 in the Supplement.

Data Extraction and Risk of Bias Assessment
Two investigators (CS and LH-YK) independently extracted data
using a prepiloted standardized form with disagreements re-
solved by consensus. Multiple records reporting on the same
trial (eg, at 2 different time points of follow-up or subgroup
analysis) were considered as a single trial for all analyses. Con-
versely, records presenting 2 different trials or comparisons in
a single report were treated as 2 separate individual trials for
all analyses, supplemented by sensitivity analyses pooling
these reports together. Crossover trials were accounted for ac-
cording to Cochrane guidance by using the first period to ana-
lyze as parallel group studies to reduce the risk of carryover
effects (see eMethods 2 in the Supplement).15

Paired investigators (CS and AWB) independently as-
sessed risk of bias using version 2 of the Cochrane risk-of-bias
tool for randomized trials (RoB 2).27 Each investigator as-
signed the risk of bias for each domain as low, some concerns,
or high. We used a modified version of some concerns to stratify
as probably high or probably low risk of bias.28 Following the
Cochrane Handbook for Systematic Reviews of Interventions,
Version 6.2 (chapter 8.2.4.; table 8.2.b.) guidance for reach-
ing an overall risk-of-bias judgement for a result,15 overall risk
of bias was rated as high if there was high risk of bias in any
single domain or some concerns for multiple domains; some
concerns of bias if there were some concerns in at least 1 do-
main for that result but no high risk of bias for any domain;
and low if there was low risk of bias for all domains. Disagree-
ments were resolved by consensus and, as needed, discus-

sion with a third investigator. Because giving equal weight to
each component of risk of bias may be problematic and in-
stead focusing on the key domains associated with bias29

(ie, the randomization process [sequence generation and al-
location concealment] and blinding), an alternate approach of
analysis by risk of bias, focusing on the association of these key
domains (high or some concerns vs low) on the outcomes was
also used. Both approaches accounted for risk of bias, as de-
scribed according to Cochrane guidance (handbook version 6.2;
chapter 7.6.2),15 focusing on only those with low risk of bias
and through the GRADE approach.30

To evaluate the certainty (quality) of evidence for each out-
come, the GRADE approach16 was used with trial sequential
analysis31 as an objective measure of optimal information size
and imprecision. The domains considered in the GRADE ap-
proach include risk of bias, imprecision, inconsistency, indi-
rectness, publication bias, and others (see eMethods 1, 2, and
3 and eTable 1 in the Supplement).

Data Synthesis and Analysis
DerSimonian and Laird random-effects models were used for
the primary meta-analyses. Analyses were performed accord-
ing to patients’ randomization group and the complete case
scenario. Responder analyses of continuous outcomes were
performed according to the GRADE approach by calculating
the proportion of patients in the intervention and control
groups who achieved the minimally important difference or
greater.32,33 Heterogeneity was assessed by visual inspection
according to GRADE34 and quantified with I2. For unclarified
missing data, case analyses, including worst complete-case
and most plausible scenario35 were completed. Publication
bias was assessed using the GRADE approach,36 including
visually inspecting funnel plots for small study effects.

Absolute risks were calculated by multiplying the relative
risk and its 95% CI with the baseline risk. Two data sources
were used to estimate baseline risk37: (1) the total event rate
in the control group in the meta-analysis; and (2) risk-specific
estimates from observational studies.2 Prespecified subgroup
analyses with tests for interaction (see eMethods 2 in the
Supplement for details) included stratification by study risk
of bias, asthma severity (based on a history of exacerbations),
smoking history, population age, dose, type of triple therapy
and comparator, and inflammatory phenotype (type-2–high
vs type-2–low asthma, as defined by peripheral blood eosino-
phil count). Post hoc analysis was by baseline FEV1. Sensitiv-
ity analyses to test the robustness of the findings included
(1) worst-case or various plausible scenarios for missing par-
ticipants; (2) reweighing trials using fixed-effect analysis;
(3) excluding unpublished trials; (4) excluding crossover
trials; (5) analyzing different doses of the intervention inde-
pendently rather than collapsing them; (6) using the more
conservative Knapp-Hartung-Sidik-Jonkman random-effects
meta-analytic method; and (7) using different correlation
coefficients (0.5 and 0.7) and mean SD for change from base-
line continuous outcomes. For details on prespecified sub-
group and sensitivity analyses, see the eMethods 2 in the
Supplement. The credibility of subgroup analyses was judged
using ICEMAN.38 To compare meta-analysis of aggregate
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severe exacerbation outcome data with patient-level time-to-
event data, we digitized Kaplan-Meier curves and extracted
patient-level data,39,40 confirmed fidelity to values in original
study reports, validated proportional hazards assumptions,
fitted a shared frailty Cox regression model with the study as
a random-effects variable, and reported hazard ratios (HRs)
with 95% CIs.

Analyses were completed using STATA versions 14.2 and
16.1 (StataCorp) and RevMan version 5.3 (Cochrane Collabo-
ration). Though the statistical approach in this study focuses
on estimating summary measures,41 2-sided P values less than
.05 were considered statistically significant with safeguards
against false-positive findings using the GRADE approach and
trial sequential analysis, but there is potential for type I error
due to multiple comparisons. Because the protocol did not dis-
tinguish between multiple primary, secondary, and explor-
atory outcomes, findings for the analyses should be inter-
preted as exploratory. GRADEpro GDT (Hamilton: McMaster
University, 2015 [developed by Evidence Prime]) was used to
create the summary of findings table following standardized
GRADE terminology42 and to display all relative and absolute
point estimates with associated 95% CIs.

Results
This review identified 514 unique records, assessed 195 full-
text articles, and included 18 records representing 20 RCTs
(Figure 1)43-46 in which a total of 11 894 patients were en-
rolled. For 16 records that had unpublished results or re-
quired clarification of data, multiple attempts through vari-
ous modes of communication (e-mail and social media) were

made, and 5 responses43,45-49 were received. Only 1 record pro-
vided additional data43 pertaining to 2 trials. Two trials (54
patients)45,46 could not contribute to the meta-analyses be-
cause although the studies randomized patients to triple vs dual
therapy, the analyses compared smokers vs nonsmokers rather
than according to their assigned treatment groups. The study
authors did not provide data or analyses according to treat-
ment assignment upon request.

The included RCTs (Table)43,44,47-62 enrolled patients with
uncontrolled persistent asthma who received dual therapy with
ICS plus LABA (See eTable 2 in the Supplement for detailed in-
clusion/exclusion criteria). Two studies52,53 (38 patients) in-
cluded patients with asthma–chronic obstructive pulmonary
disease overlap syndrome. Seven trials used a crossover study
design (448 patients).47,48,52-56 Six of the 20 trials (9032
patients)43,44,57,58 required patients to have had an asthma ex-
acerbation in the previous 12 months. Eleven trials (2334
patients)44,47-51,54,56,60,61 included tiotropium in the interven-
tion group, 2 trials (2455 patients)53,58 included umecli-
dinium, 5 trials (45 391 patients)43,53,55-57 included glycopyr-
ronium, and 2 trials (2514 patients)43,59 included both
tiotropium and glycopyrronium. All included trials used me-
dium-to-high ICS dose with LABAs as maintenance and short-
acting β-agonist rescue (Table). Median study duration across
all studies was 19.5 weeks (range, 6-58 weeks; interquartile
range [IQR], 8-55 weeks), though most statistical information
came from studies 24 to 54 weeks in duration.

The median of mean ages across studies was 52 years
(range, 9-71 years; IQR, 44-53 years) with 57.7% of pa-
tients being female (range, 0%-64.0%; IQR, 45%-61.8%).
Three trials included patients aged 6 to 18 years (1870
patients).49,50,59 Two trials included patients who were active

Figure 1. Study Identification and Review for the Comparison of Triple vs Dual Therapy
for Moderate to Severe Asthma

681 Records identified through database
and manual search

98 Duplicate records excluded

18 Articles included (N = 11 894 patients)a

388 Irrelevant records excluded

177 Full-text articles excluded
136 Duplicate articles
25 Did not compare with inhaled corticosteroids

and long-acting bronchodilators
4 Reviews or editorials
4 Nonrandomized study design
3 Outcomes not patient important

1 Not moderate to severe asthma

2 Intervention was not triple therapy
2 Analysis completed by smoking status rather than

by randomization unit of treatment assignment43,44

583 Records screened

195 Full-text articles assessed for eligibility

a The 18 articles indicated 20 unique
randomized clinical trials. Two
publications included 2 trials
each.43,44
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smokers (302 patients).54,60 Across the included trials, the
median trough prebronchodilator FEV1 was 1.85 L (range,
1.42-2.56 L; IQR, 1.6-2.28 L) or 62.2% (range, 46.8%-87%;
IQR, 54.8%-80.2%), and baseline ACQ score of patients was
2.12 (range, 0.72-2.7; IQR, 1.96-2.45). Eighteen trials were
deemed to be at low risk of bias, and 2 (122 patients)51,61 were
at high risk of bias (eFigure 1 in the Supplement) because of
deviations from the intended intervention, missing outcome
data, and inadequate randomization. One study63 (80
patients) had some concerns in 2 key domains (randomiza-
tion and deviations from intended interventions), and
according to an alternate approach to rating risk of bias, could

be considered as having high risk of bias, although either
classification did not materially change the overall findings
according to risk of bias. No strong evidence of publication
bias nor asymmetries in the funnel plots was detected (eFig-
ure 2 in the Supplement). A summary of findings with
GRADE ratings and their rationales is found in eTable 1 in the
Supplement.

Severe Asthma Exacerbations
Ten studies (10 109 patients) reported severe asthma
exacerbations.43,44,48-50,57,58 In 7 trials (10 109 patients),43,57-59

triple therapy compared with dual therapy was significantly

Figure 2. Severe Asthma Exacerbations in Randomized Trials of Triple vs Dual Therapy

Weight, %
Favors triple

therapy
Favors dual
 therapy

0.5 21
Incidence rate ratio (95% CI)

Mean annualized
exacerbation ratea

Triple DualSource
Incidence rate
ratio (95% CI)

210.53 0.66Kerstjens et al,46 2012 0.80 (0.66-0.96)

653/237 68/222Kerstjens et al,46 2012b 0.73 (0.54-0.99)

120.26 0.33Kerstjens et al,55 2020b 0.78 (0.61-1.00)

140.38 0.41Kerstjens et al,55 2020b 0.93 (0.74-1.17)

140.38 0.41Lee et al,56 2020b 1.04 (0.82-1.31)

90.39 0.38Lee et al,56 2020b 0.92 (0.69-1.23)

80.44 0.55Pearl Therapeutics,57 2017 0.79 (0.58-1.09)

220.27 0.35Virchow et al,45 2019 0.77 (0.64-0.93)

100Overall: I2 = 0% 0.85 (0.78-0.92)

Incidence rate ratio of exacerbations A

Weight, %
Favors triple

therapy
Favors dual
 therapy

1010.1
Risk ratio (95% CI)

No. with ≥1 exacerbationa/
total No. at risk
Triple DualSource

Risk ratio
(95% CI)

1 or more previous exacerbations in past year

869/216 81/232Kerstjens et al,46 2012b 0.91 (0.70-1.19)

15134/615 324/1223Kerstjens et al,55 2020b 0.82 (0.69-0.98)

0.13/257 1/135Hamelmann et al,50 2017 1.58 (0.17-15.00)

No requirement for exacerbation in past year

0.10/207 1/103Kerstjens et al,48 2011 0.17 (0.01-4.06)

0.810/266 8/134Szefler et al,49 2017 0.63 (0.25-1.56)

13/730 10/372Subtotal I2 = 0% 0.65 (0.29-1.47) 1

1001146/5188 1240/4513Overall: I2 = 17%
P for interaction = . 55

0.83 (0.77-0.90)

14151/615 166/607Kerstjens et al,55 2020b 0.90 (0.74-1.09)

11160/694 99/349Lee et al,56 2020b,c 0.81 (0.66-1.01)

13195/648 103/363Lee et al,56 2020b,c 1.06 (0.87-1.30)

19237/858 209/571Virchow et al,45 2019b 0.75 (0.65-0.88)

13134/575 180/574Virchow et al,45 2019b 0.74 (0.61-0.90)

991133/4458 1230/4141Subtotal: I2 = 32% 0.84 (0.77-0.91)

Risk for ≥1 exacerbationB

Error bars indicate 95% CI of the rate ratio estimates.
a Severe asthma exacerbation was defined by a need for systemic steroids for

�3 days, hospitalization, intensive care admission or intubation, or emergency
department visits. The mean annualized exacerbation rate indicates the mean

number of exacerbations per patient per year (the total number of
exacerbations in a group divided by the total follow-up time of the group).

b Repeated source names are not duplicates; they indicate 2 comparisons within
a single report.

c Estimated from life table.
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associated with a reduction in severe exacerbation incidence
rate (0.35 vs 0.41 per year; incidence rate ratio [IRR],
0.85 [95% CI, 0.78 to 0.92]; I2 = 0%; Figure 2), risk of at least
1 severe exacerbation was reported in 9 trials (9932 pa-
tients; 22.7% with triple therapy vs 27.4% with dual therapy;
risk ratio [RR], 0.83 [95% CI, 0.77 to 0.90]; I2 = 17% [high-
certainty evidence]),43,44,48-50,57,58 and time to first severe
exacerbation was reported in 6 trials (8296 patients; 28.6%
with triple therapy vs 24.7% with dual therapy; HR, 0.84 [95%
CI, 0.77 to 0.92])43,44,57,58 (Figure 3 and eFigure 3 in the
Supplement). Similar findings were seen in milder exacerba-
tions or with asthma worsening as an outcome (eFigure 4 in
the Supplement).

Asthma Control
Fourteen trials (11 230 patients)43,44,47,49,50,52,53,55,57-59,61 mea-
sured asthma control using ACQ-5, ACQ-6, ACQ-7, or ACT
scores. Median improvement from baseline across trials in
ACQ-7 scores in the control group was a mean (SD) of 0.72 (0.66)
units. Triple therapy was significantly associated with an im-
provement in asthma control scores compared with dual
therapy (standardized mean difference [SMD], −0.06 SD units,
[95% CI, −0.10 to −0.02 SD units]; I2 = 0%; high-certainty evi-
dence; Figure 4A). This estimate on the ACQ-7 scale repre-
sents a mean difference of −0.04 units (95% CI, −0.07 to −0.01
[65% vs 63% achieving minimal important difference]; RR, 1.04
[95% CI, 1.01 to 1.06]).

Quality of Life
Seven trials (5247 patients)44,48,51,57,59 reported asthma-
related quality of life, measured by AQLQ and Mini-AQLQ.
Median improvement from baseline across trials in AQLQ scores
in the control group was mean (SD) of 0.66 (1.01) units. Triple
therapy was not significantly associated with an improve-
ment in asthma-related quality of life (SMD, 0.05 [95% CI, −0.03
to 0.13]; I2 = 32%; moderate-certainty evidence; Figure 4B). As
measured by AQLQ, this represented a mean difference of 0.05
units (95% CI, −0.03 to 0.13 [58% vs 56% achieving minimal
important difference]; RR, 1.03 [95% CI, 0.98 to 1.09]).

Mortality
Seventeen trials reported mortality outcomes, with 14 of these
reporting no deaths in either group. There was no significant
difference in all-cause mortality between dual and triple
therapy (0.12% vs 0.12%; risk difference, 0.02% [95% CI,
−0.16% to 0.21%]; RR, 0.96 [95% CI, 0.33 to 2.75]; I2 = 0%; high-
certainty evidence; eFigure 6 in the Supplement). Post hoc sen-
sitivity analyses using different meta-analytic approaches to
include all available trials also found no significant associa-
tion with mortality (eTable 3 and eFigure 6 in the Supple-
ment). None of the deaths were suspected to be treatment re-
lated or asthma related.

Adverse Events
In 10 trials (7395 patients), aside from triple vs dual therapy
being significantly associated with increased dry mouth and
dysphonia (3.0% vs 1.8%; RR, 1.65 [95% CI, 1.14 to 2.38];
I2 = 0%; high-certainty evidence), the overall incidence of se-

rious adverse events was not significantly different between
the triple vs dual therapy groups (5.2% vs 5.6% in 12 trials
[11 505 patients]; RR, 0.92 [95% CI, 0.73 to 1.16]; I2 = 42%; mod-
erate-certainty evidence; eFigure 5 in the Supplement). Triple
therapy was significantly associated with fewer nonserious ad-
verse events (44.7% vs 50.2% in 13 trials [8565 patients]; RR,
0.89 [95% CI, 0.81 to 0.97]; I2 = 68%; moderate-certainty evi-
dence) compared with dual therapy (eFigure 5 in the Supple-
ment). Between-group difference was not significant for treat-
ment-related adverse events (5.9% vs 5.2% in 9 trials [10 078
patients]; RR, 1.13 [95% CI, 0.95 to 1.34]; I2 = 0; moderate-
certainty evidence), serious pulmonary infections (0.8% vs
0.9% in 8 trials [10 394 patients]; RR, 0.87 [95% CI, 0.50 to
1.50]; I2 = 0%; high-certainty evidence), nonserious pulmo-
nary infections (6.6% vs 6.9% in 12 trials [10 491 patients]; RR,
0.96 [95% CI, 0.83 to 1.11]; I2 = 3%; high-certainty evidence),
eye-related adverse events (0.23% vs 0.24% in 9 trials [10 864
patients]; RD, −0.01% [95% CI, −0.21% to 0.01%]; I2 = 0%; mod-
erate-certainty evidence), nonserious cardiovascular ad-
verse events (0.5% vs 0.5% in 14 trials [7226 patients]; RD,
0.01% [95% CI, −0.27% to 0.29%]; I2 = 0%; moderate-
certainty evidence), and serious cardiovascular adverse events
(eg, arrhythmia, myocardial infarction, 0.5% vs 0.5% in 17 trials
[11 458 patients]; RD, 0.006% [95% CI, −0.2% to 0.2%]; high-
certainty evidence) (eFigure 7 in the Supplement).

Spirometry Parameters by FEV1 Measurement
Triple therapy was significantly associated with an improve-
ment in spirometric indices measured by trough FEV1 (18 trials
[11 715 patients]; mean difference, 0.08 L [95% CI, 0.07 to 0.10];

Figure 3. Kaplan-Meier Failure Curves of Time to First
Severe Exacerbation in Patients Assigned to Triple
vs Dual Asthma Inhaler Therapy
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I2 = 0%; high-certainty evidence [Figure 5]). Median improve-
ment across trials from baseline in FEV1 among the control
group was mean (SD) 0.10 L (0.32 L). Assuming a minimal im-
portant difference of 200 mL, triple therapy was significantly
associated with a higher percentage of patients achieving a
200-mL increase from baseline compared with dual therapy
(47% vs 37%; RR, 1.27 [95% CI, 1.22 to 1.32]).

Subgroup and Sensitivity Analyses
Subgroup analyses for severity of asthma by exacerbation fre-
quency (<1 previous exacerbation vs ≥1 previous exacerba-
tions), age (<18 years vs ≥18 years), smoking history, ICS dose
and type of either the intervention or comparator, type and
dose of LAMAs, or inflammatory phenotype (type-2–high vs
type-2–low asthma defined by peripheral blood eosinophil

Figure 4. Asthma Control and Asthma-Related Quality of Life in Randomized Trials of Triple vs Dual Therapy

Weight, %
Favors triple

therapy
Favors dual
 therapy

Triple therapy
No.Scalea Mean (SD)

Dual therapy
No. Mean (SD)Source

Standardized mean
difference (95% CI)

3.6256 132ACQ-7 –0.87 (0.82) –0.97 (0.57)Hamelmann et al,50 2017 0.13 (–0.08 to 0.34)

0.317 17ACT 0.40 (6.20) 0.40 (6.20)Ishiura et al,52 2019 0.00 (–0.67 to 0.67)

0.419 19ACQ-5 –0.40 (4.60) –1.00 (4.60)Ishiura et al,53 2020 0.13 (–0.51 to 0.77)

0.314 14ACQ-7 –0.22 (0.44) –0.28 (0.41)Jabbal et al,47 2017 0.14 (–0.60 to 0.88)

4.8237 222ACQ-7 –0.71 (0.75) –0.59 (0.75)Kerstjens et al,46 2012b –0.16 (–0.34 to 0.02)

4.7216 232ACQ-7 –0.57 (0.73) –0.44 (0.74)Kerstjens  et al,46 2012b –0.18 (–0.36 to 0.01)

15.3552 1094ACQ-7 –1.09 (0.70) –1.05 (0.45)Kerstjens et al,55 2020b –0.07 (–0.18 to 0.03)

11.2537 536ACQ-7 –0.96 (0.67) –0.96 (0.66)Kerstjens et al,55 2020b –0.02 (–0.13 to 0.10)

10.6790 374ACQ-7 –0.77 (0.66) –0.72 (0.66)Lee et al,56 2020b –0.08 (–0.20 to 0.05)

10.5784 371ACQ-7 –0.73 (0.67) –0.64 (0.66)Lee et al,56 2020b –0.14 (–0.27 to –0.02)

6.1665 187ACQ-7 –0.86 (2.90) –0.80 (0.77)Pearl Therapeutics,57 2017 –0.02 (–0.18 to 0.14)

1.6152 49ACQ-6 –0.19 (1.45) –0.19 (0.55)Singh et al,59 2014 –0.00 (–0.32 to 0.32)

3.6262 130ACQ-7 –0.95 (0.73) –0.97 (0.54)Szefler et al,49 2017 0.04 (–0.17 to 0.25)

14.3858 571ACQ-7 –0.82 (1.26) –0.71 (0.73)Virchow et al,45 2019b –0.10 (–0.20 to 0.01)

12.0575 574ACQ-7 –0.74 (0.69) –0.72 (0.70)Virchow et al,45 2019b –0.03 (–0.15 to 0.08)

0.730 33ACT –5.77 (7.87) –6.38 (5.34)Wang et al,60 2015 0.09 (–0.40 to 0.59)

1005964 4555Overall: I2 = 0% –0.06 (–0.10 to –0.02)

Asthma controlA

–0.4 0.40 0.2
Asthma control (95% CI)

–0.2

Weight, %
Favors triple

therapy
Favors dual
 therapy

Triple therapy
No.Scalea Mean (SD)

Dual therapy
No. Mean (SD)Source

Standardized mean
difference (95% CI)

2.429 30AQLQ 0.50 (1.00) 0.20 (0.90)Hoshino et al,51 2018 0.31 (–0.20 to 0.83)
3.567 33Mini-AQLQ 0.21 (0.69) 0.11 (0.49)Kerstjens et al,48 2011 0.15 (–0.26 to 0.57)
13.8237 222AQLQ 0.55 (1.01) 0.51 (1.01)Kerstjens et al,46 2012b 0.04 (–0.15 to 0.22)
13.5216 232AQLQ 0.48 (0.96) 0.24 (1.02)Kerstjens et al,46 2012b 0.24 (0.06 to 0.43)
27.1552 1093AQLQ 0.87 (0.82) 0.83 (1.19)Kerstjens et al,55 2020b 0.04 (–0.07 to 0.14)
23.3535 536AQLQ 0.76 (0.83) 0.81 (0.83)Kerstjens et al,55 2020b –0.06 (–0.18 to 0.06)
16.4667 188AQLQ 0.95 (4.94) 0.96 (1.01)Pearl Therapeutics,57 2017 –0.00 (–0.16 to 0.16)
1002303 2334 0.05 (–0.03 to 0.13)Overall: I2 = 32%

Quality of lifeB

0.4 –0.40 –0.2
Quality of life (95% CI)

0.2

a The Asthma Control Questionnaire (ACQ) has 3 versions: ACQ-7 is a 7-item list
that contains 5 symptom-based questions, 1 question about rescue
bronchodilator use, and 1 question about forced expiratory volume in the first
second (FEV1, reported in liters), with each item scored on a 7-point scale
(0 [no impairment] to 6 [maximum impairment])18; ACQ-6 contains all items
of the ACQ-7 except FEV1 assessment18,23; and ACQ-5 contains only the 5
symptom-based questions.23 The questions are equally weighted and the ACQ
score is the mean of the included questions (range, 0 [totally controlled] to 6
[severely uncontrolled]).18 Minimal important difference for a change in ACQ is
0.5 for all 3 questionnaires.18 The Asthma Control Test (ACT) is a 5-item list
with each item scored on a 5-point scale (for symptoms and activity-related
rating: 1 [all the time] to 5 [not at all]; for asthma control rating: 1 [not
controlled at all] to 5 [completely controlled]).19 The total score ranges from 5
(poor control of asthma) to 25 (complete control of asthma).19 Minimal
important difference for a change in ACT is 3.19 The Asthma-related Quality of

Life (AQLQ) and Mini-AQLQ versions are as follows: AQLQ score is a 32-item
list with each item scored on a 7-point scale (1 [severely impaired] to 7 [not
impaired at all])20; and the Mini-AQLQ is a shorter 15-item list version of
AQLQ.21 The higher score on both questionnaires correlates with better quality
of life.21,24 The minimal important difference for a change in both AQLQ and
Mini-AQLQ is 0.5.24 The ACQ-5, ACQ-6, ACQ-7, and ACT were pooled together
using standardized mean difference (SMD). To facilitate interpretability,
these pooled SMDs were converted to the most familiar scale, which was the
ACQ-7 (see eFigures 4, 5, 6, 7, and 8 in the Supplement for asthma worsening
[defined as a progressive increase in �1 asthma symptoms or a decline
in lung function for �2 consecutive days that does not meet the definition of
severe asthma exacerbation), serious and nonserious adverse events,
treatment-related adverse events, breakdown of adverse events,
and all-cause mortality.
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count) did not reveal any credible effect modifiers. Analyses
limited to only published trials found consistent results (ex-
acerbations RR, 0.83 [95% CI, 0.77 to 0.90]; FEV1 mean dif-
ference, 0.08 [95% CI, 0.06 to 0.10]; ACQ for asthma control
SMD, −0.05 [95% CI, −0.09 to −0.01]; AQLQ for quality of life
SMD, 0.06 [95% CI, −0.03 to 0.14]; mortality RD, 0.02% [95%
CI, −0.02% to 0.02%]; and serious adverse events RR, 0.92
[95% CI, 0.73 to 1.16). Analyses limited to trials at low risk of
bias, using the Cochrane Risk of Bias Tool approach and con-
sidering the key domains of randomization and blinding,29 also
added consistent results (exacerbations RR, 0.83 [95% CI, 0.77
to 0.90]; FEV1 mean difference, 0.08 [95% CI, 0.07 to 0.10];
ACQ for asthma control SMD, −0.07 [95% CI, −0.10 to −0.03];
AQLQ quality of life SMD, 0.05 [95% CI, −0.03 to 0.13]; mor-
tality RD, 0.02% [95% CI, −0.02% to 0.02%]; and serious ad-
verse events RR, 0.90 [95% CI, 0.70 to 1.17; eTable 3 in the
Supplement).

Trial Sequential Analysis
The findings were robust to trial sequential analyses (eFig-
ure 8 in the Supplement).

Discussion
In this systematic review and meta-analysis of 20 RCTs in-
cluding 11 894 children (aged 6 to 18 years) and adults with un-
controlled moderate to severe asthma, triple therapy com-
pared with dual therapy was significantly associated with fewer
severe exacerbations and modest improvements in asthma con-

trol without significant differences in quality of life or mor-
tality. No significant difference was observed in treatment-
related or serious adverse events.

These findings are consistent with multiple lines of
evidence supporting antimuscarinic protective effects
against exacerbations. In preclinical and clinical studies,
short-acting antimuscarinics improved bronchodilation of
airways64 and were associated with lower risk of hospitaliza-
tion during acute asthma,65,66 and LAMAs protected against
bronchoprovocation.67 This is also consistent with the study
results demonstrating no subgroup differences across 3 types
of LAMAs in association with exacerbations supporting a class
effect. In clinical practice, LAMAs may have additional ben-
efits besides reducing exacerbations. The complementary bron-
chodilation properties of a LAMA to a LABA allows its use in
patients who have developed tachyphylaxis to LABAs68 or in
patients limited by the adverse effects of LABAs, such as tachy-
cardia. Compared with biologic therapies, LAMAs may be fa-
vorable in terms of independence of inflammatory pheno-
type, cost,10 and other contextual factors.

In this systematic review and meta-analysis, triple therapy
was associated with statistically significant but potentially clini-
cally unimportant benefits in asthma symptoms, and there was
no significant difference between triple therapy vs dual therapy
with regard to asthma-related quality of life. Changes in FEV1

were also small, but the clinical significance of these changes
is difficult to qualify without established minimal important
difference thresholds in patients with moderate to severe dis-
ease and who receive treatment using more than 1 class of
bronchodilator. The dissociation between indices of asthma

Figure 5. Lung Function as Measured by FEV1 in Randomized Trials of Triple vs Dual Therapy

Weight, %
Favors triple

therapy
Favors dual
 therapy

Triple therapy
No. FEV1, mean 

(SD), L

Dual therapy
No. FEV1, mean 

(SD), LSource

FEV1,
mean difference 
(95% CI), L

1.2256 1320.31 (0.78) 0.23 (0.55)Hamelmann et al,50 2017 0.08 (–0.05 to 0.22)
8.629 300.11 (0.08) 0.02 (0.11)Hoshino et al,51 2018 0.09 (0.04 to 0.14)
0.617 170.20 (0.28) 0.07 (0.29)Ishiura et al,52 2019 0.13 (–0.06 to 0.32)
0.619 190.10 (0.29) –0.01 (0.29)Ishiura et al,53 2020 0.11 (–0.07 to 0.29)
0.214 140.15 (0.43) 0.08 (0.43)Jabbal et al,47 2017 0.07 (–0.25 to 0.39)
0.216 160.21 (0.43) 0.11 (0.42)Jabbal et al,54 2020 0.10 (–0.20 to 0.40)
3.067 330.15 (0.25) 0.05 (0.17)Kerstjens et al,48 2011 0.10 (0.02 to 0.18)
4.4237 2220.13 (0.39) 0.09 (0.37)Kerstjens et al,46 2012a 0.04 (–0.03 to 0.11)
5.1216 2320.16 (0.34) 0.06 (0.35)Kerstjens et al,46 2012a 0.09 (0.03 to 0.16)
14.6614 12130.45 (0.37) 0.34 (0.42)Kerstjens et al,55 2020a 0.11 (0.08 to 0.15)
12.2614 6020.39 (0.35) 0.33 (0.38)Kerstjens et al,55 2020a 0.06 (0.02 to 0.10)
11.1803 4000.13 (0.44) 0.02 (0.31)Lee et al,56 2020a 0.10 (0.06 to 0.15)
11.2804 4030.16 (0.44) 0.08 (0.31)Lee et al,56 2020a 0.09 (0.04 to 0.13)
1.1702 1930.13 (1.77) 0.13 (0.32)Pearl Therapeutics,57 2017 0.01 (–0.13 to 0.14)
2.4228 570.14 (0.41) 0.08 (0.29)Ohta et al,58 2015 0.06 (–0.03 to 0.15)
1.1152 490.14 (0.70) 0.11 (0.28)Singh et al,59 2014 0.03 (–0.11 to 0.17)
3.8263 1300.19 (0.43) 0.14 (0.31)Szefler et al,49 2017 0.05 (–0.02 to 0.13)
6.0826 5470.24 (0.71) 0.16 (0.41)Virchow et al,45 2019a 0.09 (0.03 to 0.15)
11.8557 5530.18 (0.36) 0.13 (0.36)Virchow et al,45 2019a 0.06 (0.02 to 0.10)
0.840 400.75 (0.44) 0.68 (0.26)Zhang et al,62 2018 0.07 (–0.09 to 0.23)
1006474 4902Overall: I2 = 0% 0.08 (0.07 to 0.10)

0.4 –0.40 –0.2
FEV1 (95% CI), L

0.2

FEV1 indicates forced expiratory volume in the first second of expiration.
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control and exacerbations is consistent with the findings from
previous studies in severe asthma. For instance, several trials
with biologic therapies69 have found a clinically important re-
duction in severe exacerbations with improvements in asthma
symptoms below the minimal important difference. These find-
ings might reflect different pathophysiology underlying ex-
acerbations vs symptom control. More broadly, the results of
this meta-analysis in asthma parallel that of chronic obstruc-
tive pulmonary disease,62 showing comparable direction and
magnitude of association on exacerbations, quality of life, FEV1,
and adverse events with triple therapy (ICS, LABA, and LAMA)
vs dual therapy (ICS plus LABA).

The results of this study are qualitatively distinct from the
small evidence base (2-3 trials; 1304 patients)12 that informed
the recently released National Asthma Education and Preven-
tion Program Expert Panel 4 guidelines4,70 and concluded that
triple therapy improves asthma control and quality of life but
has no effect on asthma exacerbations. This meta-analysis, in-
stead, showed that add-on LAMA therapy is associated with a
reduction in exacerbations, small improvements in spirom-
etry, and little to no change in symptoms and quality of life. The
apparent juxtaposition of the risk of exacerbation and day-to-
day clinical symptoms of asthma has important implications for
the management of persistently uncontrolled asthma. One of
the largest risk factors for future exacerbation is a history of a
severe exacerbation in the past year.1 In a large cohort study en-
rolling more than 400 000 patients across the US and UK,2 the
risk of exacerbation in patients with vs without a history of ex-
acerbation in the past 12 months was 25% compared with 8%.
Thus, clinicians should also consider the baseline risk of exac-
erbation among patients being considered for triple vs dual
therapy. Therefore, although no effect modification in pa-
tients at high vs low risk for severe exacerbations was de-
tected, this study’s findings strengthen the recommendation to
add a LAMA to medium- to high-dose ICS plus LABA therapy
for individuals at high risk of exacerbations and to rewrite the
underlying rationale to do so. These findings raise the notion
that patient selection and consideration of risk for future exac-
erbation are imperative to identify those who may benefit the
most from addition of a LAMA to ICS plus LABA as triple therapy.

All included studies in this review compared triple therapy
against ICS plus a LABA as maintenance with short-acting
β-agonist as reliever. Although ICS–rapid-onset LABA as single
controller and maintenance reliever therapy (ICS-LABA MART)
has also been shown to reduce severe exacerbations in
moderate to severe asthma (RR, 0.68 [95% CI, 0.58 to 0.80]),71

a direct efficacy comparison between the triple therapy with
short-acting β-agonist reliever vs ICS-LABA MART with or with-

out add-on LAMA is limited without additional studies. Clari-
fying the role of each strategy will inform optimal treatment
approaches for patients with moderate to severe asthma.

The strengths of this review include its comprehensive and
up-to-date search leading to 17 more captured trials, includ-
ing 2 unpublished trials and a larger sample size of more than
10 000 patients compared with the last systematic review of
3 trials12 and assessment of adverse events and children. The
broad eligibility criteria enhance generalizability across dif-
ferent LAMA types and doses and delivery of triple therapy as
a single or a combination of inhalers. The criteria also include
comparisons of triple vs dual therapy with similar or higher
doses of ICS. The analyses were robust to multiple sensitivity
analyses and consistent regardless of methods of exacerba-
tion analyses, including incidence rate, risk, or individual pa-
tient-level survival data.

Limitations
This study has several limitations. First, although many trials
reported the composite outcome of severe asthma exacerba-
tion, defined as exacerbation requiring hospitalization, an
emergency department visit, or more than 3 days of treat-
ment with a systemic steroid, only 3 trials reported the break-
down of each category of severe exacerbation. Therefore, it was
not feasible to identify with high certainty which outcome com-
ponent of severe exacerbation could be driving the differ-
ence in association observed in the review.

Second, although no subgroup effects were detected by
type-2 inflammatory status (type-2–high vs type-2–low asthma
defined by peripheral blood eosinophil count), it is possible that
there are other biomarkers, including sputum inflammatory
indices,72,73 that could influence treatment effects.

Third, there is potential for type I error due to multiple
comparisons.

Fourth, crossover RCTs were included in this review and
were analyzed as parallel trials. However, they comprised a
small portion of the overall analyses (448 of 11 894 total in-
cluded patients), and the findings were robust to subgroup and
sensitivity analyses accounting for these.

Conclusions
Among children (aged 6 to 18 years) and adults with moder-
ate to severe asthma, triple therapy, compared with dual
therapy, was significantly associated with fewer severe asthma
exacerbations and modest improvements in asthma control
without significant differences in quality of life or mortality.
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