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Abstract 

Background:  In some RCTs comparing triple therapy with dual therapy in COPD, there might be a bias resulting 
from the use of multiple inhaler devices. This meta-analysis included only RCTs that compared ICS/LABA/LAMA vs. 
LABA/LAMA or ICS/LABA using a single device.

Methods:  We systematically reviewed randomized controlled trials (RCTs) of single-inhaler triple therapy in patients 
with COPD. We searched the PubMed, MEDLINE (OvidSP), EMBASE and Cochrane Library databases to investigate the 
effect of single-inhaler triple therapy in COPD. The primary end points were the effect of single-inhaler triple therapy 
compared with single-inhaler dual therapy on all-cause mortality, the risk of acute exacerbation of COPD (AECOPD), 
and some safety endpoints. The Cochrane Collaboration tool was used to assess the quality of each randomized trial 
and the risk of bias.

Results:  A total of 25,171 patients suffering from COPD were recruited for the 6 studies. This meta-analysis indicated 
that single-inhaler triple therapy resulted in a significantly lower rate of all-cause mortality than LABA/LAMA FDC (risk 
ratio, 0.70; 95% CI 0.56‐0.88). Single-inhaler triple therapy reduced the risk of exacerbation and prolonged the time 
to first exacerbation compared with single-inhaler dual therapy. The FEV1 increased significantly more under single-
inhaler triple therapy than under ICS/LABA FDC (mean difference, 103.4 ml; 95% CI 64.65‐142.15). The risk of pneumo‑
nia was, however, significantly higher with ICS/LAMA/LABA FDC than with LABA/LAMA FDC (risk ratio, 1.55; 95% CI 
1.35–1.80).

Conclusions:  This meta-analysis suggests that single-inhaler triple therapy is effective in reducing the risk of death of 
any cause and of moderate or severe exacerbation in COPD patients. However, the risk of pneumonia is higher with 
ICS/LAMA/LABA FDC than with LABA/LAMA FDC.

Trial registration PROSPERO #CRD42020186726.
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Background
Chronic obstructive pulmonary disease (COPD) is a 
worldwide public health challenge with a high preva-
lence and high morbidity and mortality rates [1, 2]. The 
regular administration of inhaled drugs, including long-
acting beta2-agonists (LABAs), long-acting muscarinic 
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antagonists (LAMAs), and inhaled corticosteroids (ICSs), 
is widely acknowledged as a major component of the 
treatment of COPD [3].

The Global Initiative for Obstructive Lung Disease 
(GOLD) management strategy recommends using ICS/
LABA + LAMA in patients with persistent breathless-
ness, exercise limitation or persistent exacerbation, 
but it does not specify when to use single-inhaler triple 
therapy [4]. Single-inhaler triple therapy may be of ben-
efit in patients with COPD by decreasing inhaler errors, 
improving adherence rates, and decreasing healthcare 
costs [5–7]. In some RCTs comparing triple therapy with 
dual therapy in COPD, there might be a bias resulting 
from the use of multiple inhaler devices. Single-inhaler 
therapy has been shown to improve lung function and 
health status [8, 9], but evidence of a reduction in mortal-
ity with single-inhaler triple therapy versus single-inhaler 
dual therapy has not been well documented in previous 
meta-analyses.

We therefore performed this systematic review to 
determine the effect of ICS/LABA/LAMA compared 
with LABA/LAMA or ICS/LABA using a single device 
on the risk of mortality and exacerbation and on other 
relevant outcomes in patients with COPD.

Methods
Search strategy
This meta-analysis followed the guidelines of the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) statement [10]. This study was 
prospectively registered in Prospero (CRD42020186726).

We used the following search terms in the PubMed, 
MEDLINE (OvidSP), EMBASE and Cochrane Library 
databases to identify studies published up to May 15, 
2021: “chronic obstructive pulmonary disease”, “triple”, 
“long-acting antimuscarinics”, “long-acting beta-2 ago-
nists” or “inhaled corticosteroids”. The “Patients, Inter-
vention, Control, and Outcome” (PICO) framework was 
utilized to improve the relevance of the search results, 
as previously described [11]. The patients included were 
those with “COPD”, the intervention was “single-inhaler 
triple therapy (LABA/LAMA/ICS)”, the control arm 
was “single-inhaler dual therapy (ICS/LABA or LABA/
LAMA)”, and outcomes included “death, risk of moderate 
or severe exacerbation, time to exacerbation, lung func-
tion, health-related quality of life and safety profile” (see 
Additional file 1: Table S1). The search strategy was per-
formed as shown in Additional file 1: Table S2.

Study selection and data extraction
Data were independently extracted by two reviewers. 
Any difference in opinion about eligibility was resolved 
through consensus. We collected information from each 

randomized trial about study features (title, year, author, 
study design and duration of follow-up, etc.), participants 
(mean age, sex, current smoker, etc.), interventions (con-
trol therapy and inhaler type, intervention therapy and 
inhaler type), and outcomes (death, moderate or severe 
exacerbation, time to first exacerbation, mean change 
in FEV1, SGRQ (St. George Respiratory Questionnaire) 
score, adverse events, serious adverse events, cardiovas-
cular events and pneumonia events). When data could 
not be extracted from the published reports, we extrapo-
lated them from the supplementary material.

Quality score and risk‑of‑bias assessment
Cochrane’s Collaboration tool was used to assess the 
quality of each randomized trial and the risk of bias. 
We analysed included trials for allocation concealment, 
random sequence generation, blinding of the outcome 
assessment, incomplete outcome data, selective report-
ing, blinding of the participants and personnel, and other 
biases.

Data synthesis and statistical analysis
We used RevMan 5.3 software for all statistical analyses. 
The degree of heterogeneity among RCTs was evaluated 
with the Q test and I2 statistic. I2 values ≥ 50% were con-
sidered to represent significant heterogeneity, in which 
case a random-effects model was applied. We combined 
continuous data using the inverse-variance test for the 
risk ratio, hazard ratio, rate ratio, and mean difference 
with 95% confidence intervals (95% CIs) and combined 
dichotomous data using the Mantel–Haenszel test for 
risk ratios with 95% confidence intervals.

Due to expected clinical heterogeneity, we evaluated 
single-inhaler triple therapy vs. LABA/LAMA or ICS/
LABA FDC. The Cochran Q test for subgroup differences 
was used to determine the significance of subgroup inter-
actions for all outcomes.

Results
We obtained 2,067 articles from our initial search, and 
43 additional articles were identified through manual 
searches. At the end of the selection process, 6 RCTs 
[12–17] were included in this meta-analysis. A flow dia-
gram of the study selection process is shown in Fig. 1. A 
total of 25,171 COPD patients were recruited for these 6 
studies: 11,420 patients were treated with single-inhaler 
triple therapy, 5,588 patients were treated with LABA/
LAMA FDC, and 8,163 patients were treated with ICS/
LABA FDC. A summary of the relevant studies and 
patient characteristics is provided in Tables 1 and 2. The 
risk of bias of the included studies is detailed in Fig. 2.
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Efficacy endpoints
This meta-analysis suggested that compared with 
patients receiving LABA/LAMA FDC, those receiving 
ICS/LAMA/LABA FDC had a significantly lower mor-
tality rate (risk ratio, 0.70; 95% CI 0.56–0.88; P < 0.01; 
I2 = 0%); however, no significant difference was found 
between ICS/LAMA/LABA FDC and ICS/LABA FDC 
(risk ratio, 1.00; 95% CI 0.79–1.26; P > 0.05; I2 = 0%) 
(Fig. 3).

The use of single-inhaler triple therapy was associ-
ated with a significant decrease in the risk of moder-
ate or severe COPD exacerbation compared with ICS/
LABA FDC (rate ratio, 0.85; 95% CI 0.81–0.88; P < 0.01; 

I2 = 1%) and LABA/LAMA FDC (rate ratio, 0.74; 95% 
CI 0.67–0.81; P < 0.01; I2 = 71%) (Fig. 4).

The time to first exacerbation was significantly longer 
in patients under single-inhaler triple therapy than in 
those on ICS/LABA FDC (hazard ratio, 0.86; 95% CI 0.8–
0.90; P < 0.01; I2 = 1%) and LABA/LAMA FDC (hazard 
ratio, 0.86; 95% CI 0.82–0.90; P < 0.01; I2 = 0%) (Fig. 4).

The FEV1 (trough FEV1 compared to baseline, ml) 
increased significantly more under single-inhaler triple 
therapy than under ICS/LABA FDC (mean difference, 
103.4  ml; 95% CI 64.65–142.15; P < 0.01; I2 = 94%) or 
LABA/LAMA FDC (mean difference, 38.40  ml; 95% CI 
7.05–69.75; P < 0.05; I2 = 86%) (Fig. 4).

Fig. 1  Flow diagram of the study selection process. RCTs randomized controlled trials
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Improvement in health-related quality of life (HRQoL: 
SGRQ total score) was significantly higher with single-
inhaler triple therapy than with ICS/LABA FDC (mean 
difference, -1.42; 95% CI − 1.82 to − 1.03; P < 0.01; 
I2 = 23%) or LABA/LAMA FDC (mean difference, − 
1.59; 95% CI − 2.05 to − 1.14; P < 0.01; I2 = 0%) (Fig. 4).

Safety endpoints
Single-inhaler triple therapy was not associated with an 
increase in adverse events (P > 0.05) (Fig.  5) or serious 
adverse events (P > 0.05) when compared with single-
inhaler dual therapy. This was also the case for cardio-
vascular events (P > 0.05) (Fig. 5). The risk of pneumonia 
did not differ between ICS/LAMA/LABA FDC and ICS/
LABA FDC (risk ratio, 1.04; 95% CI 0.87− 1.23; P > 0.05; 
I2 = 36%), but the use of ICS/LAMA/LABA FDC was 
associated with a significant increase in the risk of pneu-
monia compared with LABA/LAMA FDC (risk ratio, 
1.55; 95% CI 1.35− 1.80; P < 0.01; I2 = 0%) (Fig. 5).

Discussion
This systematic review aimed to investigate the long‐
term effects (≥ 24 weeks) of single-inhaler triple therapy 
compared with single-inhaler dual therapy (ICS/LABA 
or LABA/LAMA FDC) for the treatment of COPD. Our 
results suggest that ICS/LAMA/LABA FDC was more 
effective in reducing all-cause mortality than LABA/
LAMA FDC and more effective in reducing the risk of 
moderate or severe COPD exacerbation and prolonging 
the time to first exacerbation than ICS/LABA or LABA/
LAMA FDC. Furthermore, single-inhaler triple ther-
apy had a significantly higher impact on lung function 
(trough FEV1) than ICS/LABA FDC. However, the risk 
of pneumonia was significantly higher with ICS/LAMA/
LABA FDC than with LABA/LAMA FDC.

Two recent meta-analyses showed that single-inhaler 
triple therapy was more effective in reducing acute exac-
erbation and improving lung function than single-inhaler 
dual therapy [8, 18]. However, to the best of our knowl-
edge, this meta-analysis is the first to show a reduction in 
all-cause mortality in stable COPD with triple therapy vs 
LABA/LAMA using a single device.

The goal of COPD management is to decrease the risk 
of exacerbation and mortality [1]. Exacerbation is a major 
determinant of the patient’s health status and a strong 
predictor of mortality [19, 20]. Mortality increases with 
the frequency of severe exacerbation episodes, particu-
larly if these episodes require admission to the hospi-
tal [21]. Our study shows that ICS/LAMA/LABA FDC 
reduced all-cause mortality compared with LABA/
LAMA FDC, but there was no significant difference com-
pared with ICS/LABA FDC. In the IMPACT [16] (FF/
UMEC/VI vs. UMEC/VI) and ETHOS [17] (BUD/GLY/
FOR (320  μg of budesonide) vs. GLY/FOR) studies, the 
risk of death from any cause was reduced by 29% and 
46%, respectively. The all-cause mortality reduction by 
ICS/LAMA/LABA FDC may be due to the reduction in 
the total number of exacerbation episodes, which can 
improve the patient’s health status and decrease the rate 
of hospitalization [22, 23], thus decreasing the associated 
morbidity and mortality rates in COPD patients. The 
present study shows that compared with single-inhaler 
dual therapy, single-inhaler triple therapy significantly 
reduced the frequency of moderate and severe exacerba-
tion episodes. Our results are consistent with the findings 
of the most recent meta-analyses [9, 24]. In the ETHOS 
[17] study, which compared GLY/FOR to BUD/GLY/
FOR (320  μg of budesonide), the frequency of moder-
ate and severe exacerbation episodes decreased by 24% 
with BUD/GLY/FOR vs. GLY/FOR. The IMPACT [16] 
study showed a 25% decrease in the COPD exacerbation 
rate and a 34% reduction in the number of COPD hospi-
talizations when comparing FF/UMEC/VI to UMEC/VI. 

Fig. 2  Risk of bias summary for the included RCTs. RCTs randomized 
controlled trials
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The risk of pneumonia was higher for ICS/LAMA/LABA 
FDC than for LABA/LAMA FDC. This is consistent with 
previous findings [8, 18]. However, the risk of pneumo-
nia was unlikely to result in an increased risk of all-cause 
mortality in our study. Previous studies have found that 
the use of ICSs does not increase the rate of pneumonia-
related mortality [25, 26]. Mammen and colleagues sug-
gested that the incidence of AECOPD is greater than the 
incidence of pneumonia at baseline. The reduction in the 
COPD exacerbation rate is likely to be more clinically 
important than the increase in the risk of pneumonia 
with the use of triple therapy versus dual LABA/LAMA 
therapy [27].

Although investigators have found statistically signifi-
cant differences in important outcomes between treat-
ment groups, these results must also be interpreted with 
caution, as the differences found may not be clinically 
meaningful. According to Jones 2013 [28] and Bate-
man 2014 [29], the consensus on the minimum clini-
cally important difference (MCID) for the trough FEV1 
is 60 mL, and that for the SGRQ score is 4 units. Thus, 
the benefit of single-inhaler triple therapy compared with 
ICS/LABA FDC on the trough FEV1 (103 ml) exceeded 
the MCID. In terms of HRQoL (SGRQ score), differences 
between single-inhaler triple therapy and single-inhaler 
dual therapy were statistically significant but below the 

accepted MCID. Further trials evaluating the relationship 
between HRQoL and the benefits of single-inhaler triple 
therapy are warranted.

There were differences in study designs and popu-
lations that could contribute to heterogeneity in our 
meta-analysis. First, the FULFIL [13] and KRONOS [14] 
studies were of only 24 weeks in duration and limited in 
their reporting of health outcomes. Second, the severity 
of COPD differed among the included RCTs, particu-
larly in relation to prior exacerbation history. Inclusion 
in the KRONOS study [14] did not require having an 
exacerbation episode within the preceding year, thus 
potentially including patients for which triple therapy 
was not formally recommended according to the recent 
GOLD update. Finally, the TRILOGY [12] and RIBUTE 
[15] studies excluded patients with significant cardiovas-
cular conditions (including but not limited to unstable 
ischaemic heart disease, NYHA class III/IV heart failure, 
left ventricular failure, and acute myocardial infarction), 
while other studies did not mention these exclusion cri-
teria. Differences in the exclusion criteria may affect the 
mortality rates, and single-inhaler triple therapy may 
have direct or indirect effects on cardiovascular comor-
bidity in COPD patients and thus on non-respiratory 
fatal events [30].

Fig. 3  Forest plot for all-cause mortality. ICSs inhaled corticosteroids, LABA long-acting beta2-agonist, LAMA long-acting muscarinic antagonist. 
ETHOS Rabe, 2020 (1): BUD/GLY/FOR (320/18/9.6) vs. BUD/FOR (320/9.6); ETHOS Rabe, 2020 (2): BUD/GLY/FOR (160/18/9.6) vs. BUD/FOR (320/9.6); 
ETHOS Rabe, 2020 (3): BUD/GLY/FOR (320/18/9.6) vs. GLY/FOR (18/9.6); ETHOS Rabe, 2020 (4): BUD/GLY/FOR (160/18/9.6) vs. GLY/FOR (18/9.6); 
IMPACT Lipson, 2018 (1): FF/UMEC/VI (100/62.5/25) vs. FF/VI (100/25); IMPACT Lipson, 2018 (2): FF/UMEC/VI (100/62.5/25) vs. UMEC/VI (62.5/25); 
KRONOS Ferguson, 2018 (1): BUD/GLY/FOR (320/18/9.6) vs. BUD/FOR (320/9.6); KRONOS Ferguson, 2018 (2): BUD/GLY/FOR (320/18/9.6) vs. GLY/FOR 
(18/9.6). BUD/GLY/FOR: budesonide/glycopyrronium bromide/formoterol fumarate; FF/UMEC/VI: fluticasone furoate/umeclidinium/vilanterol; BUD/
FOR: budesonide/formoterol fumarate; UMEC/VI: umeclidinium bromide/vilanterol; GLY/FOR: glycopyrronium bromide/formoterol fumarate
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Although our meta-analysis revealed the superior-
ity of single-inhaler triple therapy over single-inhaler 
dual therapy in patients with COPD, we were not able 
to assess its effects based on variations in the eosinophil 
count. In the ETHOS study, the annual rate of moderate 
or severe exacerbation was lower with single-inhaler tri-
ple therapy than with either single-inhaler dual therapy, 
regardless of the eosinophil count (< 150 and ≥ 150 cells 
per cubic millimetre) [17], a finding consistent with the 
IMPACT study [16]. A meta-analysis suggested that in 
non-eosinophilic subjects single-inhaler triple therapy 
was also superior to both LABA/LAMA and ICS/LABA 
FDC in reducing COPD exacerbation [18].

The GOLD guidelines recommend that triple therapy 
be considered for the most severe COPD patients [3]. 
Patients using multiple devices are more likely to have 
an inappropriate inhalation technique [31]. Additionally, 
previous research has shown that COPD patients have 
a lower rate of adherence to treatment with multiple-
inhaler therapy than single-inhaler therapy [32, 33]. Sin-
gle-inhaler therapy is simpler and thus may lead to better 
compliance and improved clinical outcomes in COPD 
patients [34] and therefore decrease healthcare resource 

utilization [7, 35]. If these outcomes are achieved with-
out increasing costs, this may reduce the economic and 
healthcare resource burden [6].

Our research has a few limitations. First, some of the 
included RCTs were performed over only 24 weeks, thus 
limiting their relevance for outcomes such as all-cause 
mortality. Second, the analysed RCTs, despite having 
similar criteria for eligibility, did have some differences 
in the inclusion criteria, which may impact the severity 
and rate of complications. Further studies are needed 
to determine whether any specific subgroup of COPD 
patients is more likely to benefit from single-inhaler tri-
ple therapy. Finally, patients were undergoing dual or 
triple therapy at baseline; it is therefore unclear whether 
the abrupt discontinuation of previous medication could 
have contributed to these results.

Conclusion
Our meta-analysis suggests a beneficial effect of single-
inhaler triple therapy in terms of mortality, frequency of 
moderate or severe COPD exacerbation episodes, and 
lung function in symptomatic COPD patients. However, 

Fig. 4  Forest plot for efficacy endpoints. Forest plot of the impact of single-inhaler triple therapy vs. single-inhaler dual therapy (LABA/LAMA or 
ICS/LABA FDC) on a moderate‐to‐severe COPD exacerbation; b time to first exacerbation; c mean difference in the forced expiratory volume in 1 s 
(FEV1); d mean difference in the St. George’s Respiratory Questionnaire (SGRQ) score. ICSs inhaled corticosteroids, LABA long-acting beta2-agonist, 
LAMA long-acting muscarinic antagonist, ETHOS Rabe, 2020 (1): BUD/GLY/FOR (320/18/9.6) vs. BUD/FOR (320/9.6); ETHOS Rabe, 2020 (2): BUD/GLY/
FOR (160/18/9.6) vs. BUD/FOR (320/9.6); ETHOS Rabe, 2020 (3): BUD/GLY/FOR (320/18/9.6) vs. GLY/FOR (18/9.6); ETHOS Rabe, 2020 (4): BUD/GLY/
FOR (160/18/9.6) vs. GLY/FOR (18/9.6); IMPACT Lipson, 2018 (1): FF/UMEC/VI (100/62.5/25) vs. FF/VI (100/25); IMPACT Lipson, 2018 (2): FF/UMEC/
VI (100/62.5/25) vs. UMEC/VI (62.5/25); KRONOS Ferguson, 2018 (1): BUD/GLY/FOR (320/18/9.6) vs. BUD/FOR (320/9.6); KRONOS Ferguson, 2018 (2): 
BUD/GLY/FOR (320/18/9.6) vs. GLY/FOR (18/9.6). BUD/GLY/FOR: budesonide/glycopyrronium bromide/formoterol fumarate; FF/UMEC/VI: fluticasone 
furoate/umeclidinium/vilanterol; BUD/FOR: budesonide/formoterol fumarate; UMEC/VI: umeclidinium bromide/vilanterol; GLY/FOR: glycopyrronium 
bromide/formoterol fumarate
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ICS/LAMA/LABA FDC is associated with an increased 
risk of pneumonia compared to LABA/LAMA FDC.
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