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Abstract
Background UMEC/VI administered via a combination inhaler is associated with a clinically significant improvement 
in lung function and health-related quality of life in patients with mild-to-moderate COPD. However, their efficacy 
compared to other bronchodilator mono or dual therapies still remains unclear.

Objective The objective of this research was to evaluate the therapeutic efficacy of UMEC/VI dual and UMEC/VI/FF 
triple therapies versus alternative bronchodilator regimens in COPD patients.

Methods A systematic search was conducted using four electronic databases (PubMed, EMBASE, Scopus, and 
Cochrane Library) to select publications published in peer-reviewed journals written in English. The odds ratio 
(OR) and risk ratio (RR) was calculated, along with their 95% confidence intervals. We assessed heterogeneity using 
Cochrane Q and I [2] statistics and the appropriate p-value. The analysis used RevMan 5.4.

Results The current meta-analysis includes 31,814 COPD patients from 17 RCTs. The meta-analysis results 
demonstrate that the combination of LABA and LAMA provides additive bronchodilation and improved lung function 
in COPD patients. We found that UMEC/VI dual therapy significantly improved FEV1 (OR 1.98 [95% CI 1.70–2.30]), 
TDI values (OR 1.97 [95% CI 1.72–2.26]), and reduced SGRQ total scores (OR 1.99 [95% CI 1.71–2.32]), with fewer 
drug-related adverse events (RR 0.58 [95% CI 0.53–0.64]). Similarly, UMEC/VI/FF triple therapy also showed similar 
benefits, with significant improvements in FEV1 (OR 1.93 [95% CI 1.73–2.15]), TDI values (OR 2.37 [95% CI 2.15–2.61]), 
and reduced SGRQ total scores (OR 1.83 [95% CI 1.63–2.05]), and fewer drug-related adverse events (RR 0.53 [95% CI 
0.49–0.58]).

Conclusion This systematic review and meta-analysis concludes that UMEC and VI combinations are an efficacious 
treatment option for symptomatic COPD patients.
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Introduction
Chronic Obstructive Pulmonary Disease (COPD) is 
a progressive and debilitating respiratory condition 
characterized by airflow limitation, inflammation, and 
significant morbidity and mortality worldwide [1]. 
Smoking is the leading cause of chronic obstructive 
pulmonary disease (COPD), responsible for approxi-
mately 75% of COPD deaths [2]. Bronchodilators are 
the cornerstone of COPD management, aiming to 
improve lung function, symptoms, and quality of life 
[3]. Umeclidinium/Vilanterol (UMEC/VI) is a com-
bination of Umeclidinium bromide (UMEC), a long-
acting muscarinic antagonist (LAMA), and Vilanterol 
tridentate (VI), a long-acting beta2-adrenergic ago-
nist (LABA), approved for COPD treatment including 
chronic bronchitis and emphysema [4–6]. UMEC/VI 
combines the bronchodilatory effects of both UMEC 
and VI, resulting in dual bronchodilation through 
simultaneous relaxation of airway smooth muscle 
and decreased airway resistance, sustained broncho-
dilation for up to 24  h, improved lung function, and 
a reduction in symptoms such as dyspnea, wheezing, 
and coughing [7–10]. Previous studies reported that 
the combination of UMEC and VI provided sustained 
relief from bronchospasm and improved lung function. 
For instance, Maqsood et al. (2019) [11] reported in 
their systematic review and meta-analysis that a once-
daily dose of UMEC/VI administered via a combina-
tion inhaler is associated with a clinically significant 
improvement in lung function and health-related qual-
ity of life in patients with mild-to-moderate COPD. 
Similarly, Horita et al. (2017) [12] and Fukada et al. 
(2023) [13] also reported in their meta-analysis that 
the combination of UMEC/VI has fewer exacerba-
tions, a larger improvement of lung functions, a lower 
risk of pneumonia, and a more frequent improvement 
in quality of life. Furthermore, Cazzola et al. (2018) 
[14] conducted a systematic review and meta-analysis, 
which revealed that patients receiving single long-
acting bronchodilator therapy or LABA/LAMA com-
bination therapy, yet still experiencing exacerbations 
and having blood eosinophil counts of 300 cells/L, 
may derive benefits from ICS/LABA/LAMA combi-
nation therapy. Additionally, numerous studies have 
suggested the potential advantages of adding Flutica-
sone as a potent corticosteroid along with UMEC and 
VI in the UMEC/VI/FF triple therapy for the manage-
ment of COPD [15–17]. However, their efficacy com-
pared to other bronchodilator mono or dual therapies 

still remains unclear. Therefore, this systematic review 
and meta-analysis aims to comprehensively evalu-
ate the therapeutic efficacy of UMEC/VI dual therapy 
and UMEC/VI/FF triple therapy, compared to mono-
therapeutic and dual therapeutic regimens employing 
alternative bronchodilators, including LAMAs (tiotro-
pium, glycopyrrolate) and LABAs (salmeterol, for-
moterol, indacaterol, fluticasone furoate), in patients 
with COPD.By synthesizing evidence from relevant 
randomized controlled trials (RCTs) [18–34] selected 
as per the pre-specified inclusion-exclusion criteria, 
this study endeavors to provide a robust assessment of 
UMEC/VI’s efficacy and update the treatment recom-
mendations for COPD patients.

Objective
This objective of study is to evaluate the therapeutic 
efficacy of UMEC/VI dual and UMEC/VI/FF triple 
therapies versus alternative bronchodilator regimens 
in COPD patients.”

Materials and methods
Search strategy and selection criteria
This systematic review and meta-analysis were con-
ducted in accordance with the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses) [35] and AMSTAR (Assessing the Meth-
odological Quality of Systematic Reviews) [36] 
guidelines, ensuring a rigorous and transparent meth-
odology. A comprehensive review of RCTs was per-
formed, applying pre-specified inclusion and exclusion 
criteria to evaluate the comparative efficacy of UMEC/
VI dual and UMEC/VI/FF triple therapies versus 
alternative bronchodilator regimens in patients with 
COPD. A comprehensive literature search was per-
formed across multiple scientific databases, including 
Embase, PubMed, Scopus, and Cochrane CENTRAL, 
to identify relevant randomized controlled trials 
(RCTs) published up to June 30, 2024. The search 
terms used were: “Chronic obstructive pulmonary 
disease”, “COPD”, “Bronchodilators”, “Umeclidinium”, 
“Vilanterol”, “Umeclidinium/Vilanterol”, “UMEC/VI”, 
“Indacaterol/glycopyrrolate”, “IND/GLY”, “Tiotropium/
olodaterol”, “TIO/OLO”, “Placebo”, “PBO”, “Salme-
terol/Fluticasone propionate”, “SAL/FP”, “Fluticasone 
furoate”, “FF”, “GFFMDI”, “Glycopyrronium/formoterol 
fumarate dihydrate”, “Long-acting muscarinic antago-
nists”, “LAMA”, “Long acting beta2-agonists”, “LABA”, 
“Forced expiratory volume in 1 s”, “FEV1”, “Dual inhaler 

Keywords Chronic obstructive pulmonary disease (COPD), Bronchodilators, Umeclidinium/Vilanterol (UMEC/VI), 
Indacaterol/glycopyrrolate (IND/GLY), Tiotropium/olodaterol (TIO/OLO), Salmeterol/Fluticasone propionate (SAL/FP), 
Fluticasone furoate (FF), Long-acting muscarinic antagonists (LAMA), Long acting beta2-agonists (LABA)
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therapy;”, “Triple inhaler therapy”, “Monotherapy”, 
“Smoking history”, “Severity of COPD”, “Forced vital 
capacity”, “FVC”, “SGRQ total score”, “St George’s 
Respiratory Questionnaire total score”, “TDI”, “Transi-
tional dyspnoea Index”, “Randomized controlled trial”, 
“RCT”, “Systematic review”, “meta-analysis”. Follow-
ing the PICOS framework [37], keywords were identi-
fied and assessed for agreement in both Medline and 
EMBASE databases. The specified keywords were 
applied to the Title-Abstract-Keyword field in Scopus, 
while the Cochrane database was searched using the 
terms “chronic obstructive pulmonary disease,” “Ume-
clidinium,” and “Vilanterol.”

The PICOS criteria were defined as follows:

  • P: Patients with COPD.
  • I: UMEC/VI dual therapy or UMEC/VI/FF triple 

therapy.
  • C: Control group treated with other 

bronchodilators such as indacaterol/
glycopyrrolate, tiotropium/olodaterol, Placebo, 
Salmeterol/Fluticasone propionate, Fluticasone 
furoate.

  • O: Primary clinical outcomes, including change in 
FEV1, St George’s Respiratory Questionnaire total 
score, Transitional dyspnoea Index, and drug-
related adverse events.

The search was restricted to randomized controlled 
trials (RCTs). Additional articles were identified 
through backward and forward citation tracking of 
previous meta-analyses and included studies. The 
complete search strategy is outlined in Table  1. Two 
reviewers independently evaluated the titles, abstracts, 
and full texts of potential articles, with discrepancies 
resolved through discussion and consultation with the 
senior author if necessary.”

Study selection and data extraction
This systematic review and meta-analysis included 
RCTs that compared the efficacy of UMEC/VI dual and 
UMEC/VI/FF triple therapies with alternative bron-
chodilator regimens in COPD patients. No restrictions 
were placed on publication year or language.

Inclusion criteria: Studies were included if they met 
the following criteria: Study design: RCT, patients 
with COPD, participants ≥ 18 years old, reported pri-
mary outcomes: FEV1 change, St. George’s Respiratory 
Questionnaire total score, Transitional Dyspnea Index, 
and drug-related adverse events and full-text availabil-
ity with sufficient data for a 2 × 2 table.

Exclusion criteria: Studies that did not meet the 
inclusion criteria were excluded, including: Obser-
vational studies (case series, case-control, and cohort 

studies), review articles and expert commentary, pre-
clinical and animal studies and clinical trials involving 
children and adolescents under 18 years old.

Two researchers independently extracted data from 
included studies using a standardized form, collecting 
information on study characteristics, patient demo-
graphics, and outcomes. The extracted information 
includes the study ID and year, journal of publication, 
Study name, the total number of participants, age of 
participants, gender (M/F), inclusion criteria, study 
duration, control, intervention, number of partici-
pants in the intervention/control arm, severe or very 
severe COPD (%), current smokers (%), and primary 
outcomes. Authors were contacted for supplementary 
data when necessary.”

Risk of bias assessment of included studies
A systematic risk of bias assessment was conducted 
utilizing a standardized questionnaire to evaluate the 
methodological quality of the included RCTs. Two 
investigators independently appraised the risk of bias 
in each study using the Cochrane Risk of Bias Tool, 
Version 2 (RoB 2) [38], which encompass five distinct 
domains: randomization process, intervention adher-
ence, missing outcome data, outcome measurement, 
and outcome reporting. To ensure objectivity, a third 
reviewer served as an arbiter to resolve any discrepan-
cies. The risk of bias was subsequently categorized as 
“uncertain”, “high”, or “low”. Furthermore, small-study 
effects and publication bias were evaluated using a 
comparison-adjusted funnel plot [39], and the statisti-
cal significance of any bias was confirmed via Egger’s 
test [40], performed using MedCalc software [41].

Statistical analysis
The Review Manager (RevMan) software, version 5.4 
[42], was utilized to conduct a comprehensive meta-
analysis of the continuous and dichotomous outcomes. 
For each included study, odds ratios (ORs), risk ratios 
(RRs) and corresponding 95% confidence intervals 
(CIs) [43] were calculated to quantify the effect size 
of binary outcomes. The DerSimonian-Laird method 
[44] was employed to estimate ORs using 2 × 2 con-
tingency tables, and forest plots [45] were constructed 
to visualize the impact of various outcome determi-
nants. Heterogeneity was assessed using the I [2] sta-
tistic [46] and χ2 test [47], with accompanying p-values 
[48]. Given the variability in study settings, a random-
effects model was adopted. Statistical significance was 
defined as a p-value < 0.05.
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Results
Study selection outcomes
A comprehensive literature search was conducted 
across multiple databases, yielding 284 studies that 
met the inclusion criteria outlined in the PICOS para-
digm. A total of 182 articles were selected for consider-
ation, while 102 papers were omitted due to duplicate 
content. Following further screening, 86 papers were 
subsequently assessed for eligibility. However, 65 stud-
ies were excluded due to invalid titles and abstracts, 
and 31 papers were excluded due to the unavailability 
of full-text papers. Later, when the inclusion-exclusion 

criteria were applied, it was found that 69 studies were 
ineligible and were therefore excluded on the pri-
mary basis of lacking sufficient data to generate 2 × 2 
tables or lacking required primary outcomes. Finally, 
this meta-analysis included 17 RCTs that satisfied the 
predetermined inclusion-exclusion criteria, as shown 
in Fig.  1. The included studies comprise a total of 
31,184 participants who are 18 years of age or older. 
11 of the 15 included studies compare the effective-
ness of UMEC/VI dual therapy in comparison to dual 
or monotherapies of other bronchodilators [18, 21–24, 
26, 28–32], and the remaining four studies compare 

Table 1 Database search strategy
Database Search strategy
Scopus #1 “Chronic obstructive pulmonary disease” OR “COPD” OR “Bronchodilators” OR “Umeclidinium” OR “Vilanterol” OR “Umeclidini-

um/Vilanterol” OR “UMEC/VI” OR “Indacaterol/glycopyrrolate” OR “IND/GLY” OR “Tiotropium/olodaterol” OR “TIO/OLO” OR “Placebo” 
OR “PBO” OR “Salmeterol/Fluticasone propionate” OR “SAL/FP” OR “Fluticasone furoate” OR “FF” OR “GFFMDI”, OR “Glycopyrronium/
formoterol fumarate dihydrate”, OR “Long-acting muscarinic antagonists” OR “LAMA” OR “Long acting beta2-agonists” OR “LABA”.
#2 “Forced expiratory volume in 1 s” OR “FEV1” OR “Dual inhaler therapy;” OR “Triple inhaler therapy” OR “Monotherapy” OR 
“Smoking history” OR “Severity of COPD” OR “Forced vital capacity” OR “FVC” OR “SGRQ total score” OR “St George’s Respiratory 
Questionnaire total score” OR “TDI” OR “Transitional dyspnoea Index” “Randomized controlled trial” OR “RCT” OR “Systematic 
review” OR “meta-analysis”.
#3 #1 AND #2

PubMed #1 “Chronic obstructive pulmonary disease” OR “COPD” [MeSH Terms]# OR “Bronchodilators” [All Fields] OR “Umeclidinium/
Vilanterol” [MeSH terms] OR “Vilanterol” [All fields] OR “Umeclidinium” [All Fields] OR “UMEC/VI” [All Fields] OR “Indacaterol/gly-
copyrrolate” [All fields] OR “IND/GLY” [All fields] OR “Tiotropium/olodaterol” [All fields] OR “TIO/OLO” [All fields] OR “Placebo” [All 
fields] OR “PBO” [All fields] OR “Salmeterol/Fluticasone propionate” [All fields] OR “SAL/FP” [All fields] OR “Fluticasone furoate” [All 
fields] OR “FF” [All fields] OR “GFFMDI” [All fields] OR “Glycopyrronium/formoterol fumarate dihydrate” [All fields] OR “Long-acting 
muscarinic antagonists” [All fields] OR “LAMA” [All fields] OR “Long-acting beta2 antagonists” [All fields] OR “LABA” [All fields].
#2 “Forced expiratory volume in 1 s” [MeSH Terms] OR “FEV1” [All Fields] OR “Dual inhaler therapy” [All Fields] OR “Triple inhaler 
therapy” [All Fields] OR “Monotherapy” [All Fields] OR “Smoking history” [All Fields] OR “Severity of COPD” [All Fields] OR “Forced 
vital capacity” [All Fields] OR “FVC” [All Fields] OR “SGRQ total score” [All Fields] OR “St George’s Respiratory Questionnaire total 
score” [All Fields] OR “TDI” [All Fields] OR “Transitional dyspnoea Index” [All Fields] OR “RCT” [All Fields] OR “systematic review” [All 
Fields] OR “meta-analysis” [All Fields]
#3 #1 AND #2

Embase “Chronic obstructive pulmonary disease”/ exp$ OR “COPD”/ exp OR “Bronchodilators”/exp OR “Umeclidinium/Vilanterol”/exp OR 
“Vilanterol”/exp OR “Umeclidinium”/exp OR “UMEC/VI”/exp OR “Indacaterol/glycopyrrolate” exp OR “IND/GLY”/exp OR “Tiotro-
pium/olodaterol”/exp OR “TIO/OLO”/exp OR “Placebo”/exp OR “PBO”/exp OR “Salmeterol/Fluticasone propionate” exp OR “SAL/
FP”/exp OR “Fluticasone furoate” OR “FF”/exp OR “GFFMDI”/exp OR “Glycopyrronium/formoterol fumarate dihydrate”/exp OR 
“Long-acting muscarinic antagonists”/exp OR “LAMA”/exp OR “Long-acting beta2 antagonists” exp OR “LABA”/exp
#2 “Forced expiratory volume in 1 s”/ exp OR “FEV1” / exp OR “Dual inhaler therapy”/exp OR “Triple inhaler therapy”/exp OR 
“Monotherapy”/exp OR “Smoking history”/exp OR “Severity of COPD”/exp OR “Forced vital capacity”/exp OR “FVC”/exp OR 
“SGRQ total score”/exp OR “St George’s Respiratory Questionnaire total score”/exp OR “TDI”/exp OR “Transitional dyspnoea 
Index”/exp OR “ Randomized controlled trial”/exp OR “ RCT” /exp OR “Systematic review”/exp OR “meta-analysis”/exp
#3 #1 AND #2

Cochrane library #1 (Chronic obstructive pulmonary disease): ti, ab, kw@ OR (COPD): ti, ab, kw OR (Bronchodilators): ti, ab, kw OR (Umeclidinium/
Vilanterol) ti, ab, kw OR (Vilanterol): ti, ab, kw OR (Umeclidinium): ti, ab, kw OR (UMEC/VI): ti, ab, kw OR (Indacaterol/glycopyr-
rolate): ti, ab, kw OR (IND/GLY): ti, ab, kw OR (Tiotropium/olodaterol): ti, ab, kw OR (TIO/OLO): ti, ab, kw OR (Placebo): ti, ab, kw 
OR (PBO): ti, ab, kw OR (Salmeterol/Fluticasone propionate): ti, ab, kw OR (SAL/FP): ti, ab, kw OR (Fluticasone furoate): ti, ab, 
kw OR (FF): ti, ab, kw OR (GFFMDI)): ti, ab, kw OR (Glycopyrronium/formoterol fumarate dihydrate)): ti, ab, kw OR (Long-acting 
muscarinic antagonists): ti, ab, kw OR (LAMA): ti, ab, kw OR (Long-acting beta2 antagonists): ti, ab, kw OR (LABA): ti, ab, kw (Word 
variations have been searched)
#2 (Forced expiratory volume in 1 s): ti, ab, kw OR (FEV1): ti, ab, kw OR (Dual inhaler therapy): ti, ab, kw OR (Triple inhaler therapy): 
ti, ab, kw OR (Monotherapy): ti, ab, kw OR (Smoking history): ti, ab, kw OR (Severity of COPD): ti, ab, kw OR (Forced vital capacity): 
ti, ab, kw OR (FVC): ti, ab, kw OR (SGRQ total score): ti, ab, kw OR (St George’s Respiratory Questionnaire total score): ti, ab, kw OR 
(TDI): ti, ab, kw OR (Transitional dyspnoea Index): ti, ab, kw OR (Randomized controlled trials): ti, ab, kw OR (RCT): ti, ab, kw OR 
(Systematic review): ti, ab, kw OR (meta-analysis): ti, ab, kw (Word variations have been searched)
#3 #1 AND #2

# MeSH terms: Medical Subject Headings; $ exp: explosion in Emtree- searching of selected subject terms and related subjects; @ ti, ab, kw: either title or abstract 
or keyword fields
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the effectiveness of UMEC/VI/FF triple therapy in 
comparison to dual or monotherapies of other bron-
chodilators [19, 20, 26, 28] for treatment of COPD. The 
demographic characteristics of the articles included 
in this meta-analysis are detailed in Table 2. The con-
tent presents study ID and year, journal of publication, 
study name, the total number of participants, age of 
participants, gender (M/F), inclusion criteria, study 
duration, control, intervention, number of participants 
in the intervention/control arm, severe or very severe 
COPD (%), current smokers (%), and primary out-
comes. Furthermore, we retrieved event data for the 
2 × 2 table from the aforementioned studies to conduct 
a meta-analysis.

Risk of bias assessment of included RCTs
A rigorous risk of bias assessment was performed to 
evaluate the methodological quality of each included 
study, utilizing a pre-established questionnaire 
(Table 3). The results of this evaluation indicate a low 
risk of bias across the majority of studies, as illus-
trated by the summary plot (Fig.  2) and traffic light 
plot (Fig.  3). Specifically, 13 out of 15 randomized 
controlled trials (RCTs) exhibited a low risk of bias, 
while two studies (Kalberg et al. [25] and Maltais et 
al. [31]) demonstrated a moderate risk of bias due to 
deviations from intended interventions. In contrast, 
two RCTs (Decramer et al. [22] and Maleki Yazdi et al. 
[29]) showed a high risk of bias, attributed to biases 

Fig. 1 PRISMA Study flow diagram
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in outcome measurement and missing outcome data, 
respectively.

Findings derived from the statistical investigation
In all, 31,814 COPD patients from 17 RCTS were 
included in the current meta-analysis to evaluate the 

efficacy ofUMEC/VI dual and UMEC/VI/FF triple 
therapies versus alternative bronchodilator regimens 
in patients with COPD. Following conclusions were 
obtained from the statistical analysis of the primary 
study outcome:

Fig. 2 Risk of Bias summary plot
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Odds ratio for increase in FEV1 values
We used event data from the included studies to com-
pute the odds ratio (OR) of the increase in FEV1 in 
the intervention group of COPD patients using either 
UMEC/VI dual therapy or UMEC/VI/FF triple therapy, 
compared to the control group of COPD patients using 
alternative bronchodilator regimens. The members of 
both intervention groups (UMEC/VI dual therapy or 
UMEC/VI/FF triple therapy) have a higher likelihood 
of an increase in FEV1 values as compared to the con-
trol group, as evident by their ORs > 1 (Fig. 4). The OR 
value for UMEC/VI dual therapy was 1.98 [95% CI 1.70 

to 2.30] and a tau [2] value of 0.05, chi2 = 43.87, df = 12, 
Z = 8.79, I2 = 57%, and p < 0.001 (Fig. 4A). The OR value 
for UMEC/VI/FF triple therapy was 1.93 [95% CI 1.73 
to 2.15] and a tau [2] value of 0.01, chi2 = 13.58, df = 3, 
Z = 11.85, I2 = 78%, and p < 0.001 (Fig.  4B). Further-
more, the symmetrical funnel plots (Fig.  5) for both 
intervention groups and a statistically insignificant 
Egger’s test p statistic (p = 0.232 for UMEC/VI dual 
therapy and p = 0.331 for UMEC/VI/FF triple therapy), 
which are greater than the predefined significance 
limit of 0.05; demonstrate a minimal possibility of pub-
lication bias.

Fig. 4 Forest plot for increase in FEV1 UMEC-VI vs. other bronchodilators

 

Fig. 3 Traffic light plot for assessment of Risk of Bias
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Odds ratios for decrease in SGRQ total score
The OR of the decrease in SGRQ total score in the 
intervention group of COPD patients who were 
treated with either UMEC/VI dual therapy or UMEC/
VI/FF triple therapy was calculated using event data 
from the included studies. The control group of COPD 
patients who were treated with alternative bronchodi-
lator regimens was used as the control group. The ORs 
of the members of both intervention groups (UMEC/
VI dual therapy or UMEC/VI/FF triple therapy) are 
greater than 1, indicating a greater probability of a 
decrease in SGRQ total score values compared to 
the control group (Fig.  6). The OR value for UMEC/
VI dual therapy was 1.99 (95% CI 1.71 to 2.32), with 

a tau [2] value of 0.04, chi2 = 27.34, df = 11, Z = 8.91, 
I2 = 60%, and p < 0.001(Fig.  6A). For the UMEC/VI/FF 
triple therapy, the OR value was 1.83 (95% CI 1.63 to 
2.05), with a tau [2] value of 0.01, chi2 = 12.90, df = 3, 
Z = 10.24, I2 = 77%, and p < 0.001(Fig. 6B). Additionally, 
the symmetrical funnel plots (Fig. 7) for both interven-
tion groups and a statistically insignificant Egger’s test 
p statistic (p = 0.281 for UMEC/VI dual therapy and 
p = 0.121 for UMEC/VI/FF triple therapy) are indica-
tive of a minimal possibility of publication bias, given 
that they exceed the predefined significance threshold 
of 0.05.

Fig. 5 Funnel plot for increase in FEV1 UMEC-VI vs. other bronchodilators
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Odds ratios for increase in TDI value
The likelihood of increase in TDI values was assessed 
in COPD patients treated with either UMEC/VI dual 
therapy or UMEC/VI/FF triple therapy, compared to 
those receiving alternative bronchodilator regimensu-
tilizing the event data from the included studies.The 
individuals in both intervention groups (UMEC/VI 
dual therapy or UMEC/VI/FF triple therapy) are more 
likely to experience an increase in TDI values com-
pared to the control group, as indicated by their ORs 
being more than 1 (Fig. 8). The OR for UMEC/VI dual 
therapy was 1.97 (95% CI 1.72 to 2.26), with a tau [2] 
value of 0.03, chi2 = 24.96, df = 12, Z = 9.70, I2 = 52%, and 
p < 0.001(Fig. 8A). For the UMEC/VI/FF triple therapy, 
the OR value was 2.37 (95% CI 2.15 to 2.61), with a tau 
[2] value of 0.00, chi2 = 6.47, df = 3, Z = 17.36, I2 = 54%, 
and p < 0.001(Fig.  8B). In addition, the symmetrical 
funnel plots (Fig.  9) for both intervention groups and 
the statistically insignificant Egger’s test p statistic 
(p = 0.296 for UMEC/VI dual therapy and p = 0.158 for 
UMEC/VI/FF triple therapy), which exceed the pre-
defined significance limit of 0.05, indicate a low likeli-
hood of publication bias.

Risk ratios for drug related adverse events
The risk of adverse events associated with UMEC/VI 
dual therapy and UMEC/VI/FF triple therapy was eval-
uated in patients with COPD, compared to the alterna-
tive bronchodilator regimens. The analysis revealed a 
low risk of adverse events in both intervention groups, 
as evidenced by RRs value less than 1 (Fig.  10). The 
RR for UMEC/VI dual therapy was 0.58 (95% CI 0.53–
0.64), with a tau [2] value of 0.00, chi2 = 9.96, df = 12, 
Z = 11.46, I2 = 52%, and p < 0.001(Fig.  10A). For the 
UMEC/VI/FF triple therapy, the RR was 0.53 (95% CI 
0.49 to 0.58), with a tau [2] value of 0.00, chi2 = 3.14, 
df = 3, Z = 13.33, I2 = 54%, and p < 0.001(Fig.  10B). The 
symmetry of the funnel plots (Fig.  11) and the non-
significant Egger’s test p-statistic (p = 0.199 for UMEC/
VI dual therapy and p = 0.168 for UMEC/VI/FF triple 
therapy) suggest a low risk of publication bias.

Discussion
The present study evaluated the therapeutic efficacy of 
UMEC/VI dual therapy and UMEC/VI/FF triple thera-
pies compared to alternative bronchodilator regimens 
in patients with COPD. COPD is a chronic and debili-
tating lung disease marked by persistent inflamma-
tion, irreversible airflow obstruction, and progressive 

Fig. 6 Forest plot for decrease in SGRQTS UMEC-VI vs. other bronchodilators
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decline in lung function [49, 50]. Prolonged exposure 
to noxious stimuli, including cigarette smoke, drives 
the inflammatory response and subsequent lung dam-
age. Prompt diagnosis and treatment are essential to 
slow disease progression and enhance quality of life 
for individuals with COPD [51, 52]. Our findings sug-
gest that both UMEC/VI dual and UMEC/VI/FF triple 
therapies are associated with improved lung function 
and reduced symptoms in COPD patients. In COPD, 
UMEC/VIL and UMEC/VIL/FF combinations enhance 
the efficacy of VI/FF by providing additional broncho-
dilation and anti-inflammatory effects. UMEC (a mus-
carinic antagonist) and VIL (a long-acting β2 agonist) 
work synergistically with VI/FF to improve lung func-
tion and symptom control [55]. Drug umeclidinium 

(LAMA) works by blocking the action of acetylcho-
line on muscarinic receptors in the airways, lead-
ing to bronchodilation and improved lung function. 
This mechanism is particularly beneficial in COPD 
patients, who exhibit increased cholinergic tone and 
airway hyperresponsiveness [53, 54]. While, vilanterol 
(LABA) involves binding to beta2-adrenergic recep-
tors in the airways, leading to bronchodilation and 
relaxation of airway smooth muscle. This is achieved 
through the activation of adenylate cyclase, increasing 
intracellular cAMP levels, and subsequent relaxation 
of airway smooth muscle [56, 57]. The addition of FF, 
an inhaled corticosteroid, to UMEC/VI dual therapy 
provides anti-inflammatory effects, reducing airway 
inflammation and improving lung function [58, 59].

Fig. 7 Funnel plot for decrease in SGRQTS UMEC-VI vs. other bronchodilators

 



Page 14 of 19Zhu et al. BMC Pulmonary Medicine          (2024) 24:609 

Previous studies demonstrate the efficacy of UMEC/
VI dual therapy and triple therapy of UMEC/VI/FF in 
improving lung function and reducing symptoms in 
COPD patients. Research indicates that in individu-
als with severe chronic obstructive pulmonary disease 
(COPD), the use of triple therapy effectively targets 
bronchodilation and airway inflammation [60, 61]. In 
their 2018 Network Meta-Analysis, Ismaila et al. [62] 
examined 69 studies to compare the effectiveness of 
Umeclidinium/Vilanterol with other bronchodila-
tors for treating Chronic Obstructive Pulmonary Dis-
ease (COPD). The results showed that UMEC/VI led 
to significant improvements in lung function (treat-
ment difference of 100  ml), which were considered 
clinically meaningful. Additionally, at the 12-week 
mark, UMEC/VI demonstrated statistically signifi-
cant improvements in trough FEV1 compared to all 
other dual therapies. The researchers determined that 
administering UMEC/VI to individuals with COPD 
may enhance their pulmonary function and overall 
quality of life to a greater extent than other broncho-
dilators. In their subgroup analysis of the Spain cohort 
in the IMPACT study, Marin et al. [63] (2020) found 
that the exposure-adjusted rate of on-treatment mod-
erate/severe COPD exacerbations per year was 1.31 

for FF/UMEC/VI, compared to 1.43 for FF/VI and 
1.57 for UMEC/VI. The study found no additional 
negative effects and determined that patients who had 
triple therapy with FF/UMEC/VI had a decreased risk 
of exacerbations, adjusted for exposure, compared to 
those who received FF/VI and UMEC/VI. The UMEC/
VIL combination provides additive bronchodilation by 
targeting different pathways to relax airway smooth 
muscles. UMEC, a long-acting muscarinic antagonist 
(LAMA), inhibits acetylcholine action on muscarinic 
receptors, while VIL, a long-acting β2 agonist (LABA), 
stimulates β2 receptors. The UMEC/VIL/FF combina-
tion adds anti-inflammatory effects, reducing airway 
inflammation and improving lung function. FF, an 
inhaled corticosteroid (ICS), enhances the broncho-
dilatory effects of UMEC and VIL by reducing airway 
inflammation and hyperresponsiveness. This triple 
combination provides comprehensive management 
of COPD, addressing both bronchodilation and anti-
inflammatory aspects.

Our study findings align with previous research, 
demonstrating that the combination of LABA and 
LAMA provides additive bronchodilation and 
improved lung function in COPD patients. Specifically, 
we found that UMEC/VI dual therapy significantly 

Fig. 8 Forest plot for increase in TDI UMEC-VI vs. other bronchodilators
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improved FEV1 (OR 1.98 [95% CI 1.70–2.30]), TDI val-
ues (OR 1.97 [95% CI 1.72–2.26]), and reduced SGRQ 
total scores (OR 1.99 [95% CI 1.71–2.32]), with fewer 
drug-related adverse events (RR 0.58 [95% CI 0.53–
0.64]). Similarly, UMEC/VI/FF triple therapy showed 
similar benefits, with significant improvements in 
FEV1 (OR 1.93 [95% CI 1.73–2.15]), TDI values (OR 
2.37 [95% CI 2.15–2.61]), and reduced SGRQ total 
scores (OR 1.83 [95% CI 1.63–2.05]), and fewer drug-
related adverse events (RR 0.53 [95% CI 0.49–0.58]). 
These results support the use of UMEC/VI dual and 
UMEC/VI/FF triple therapies as effective treatment 
options for COPD patients, offering improved lung 

function, reduced symptoms, and a favorable safety 
profile. However, the study’s limited duration and lack 
of subgroup analyses by age, sex, and disease severity 
across various patients necessitate further investiga-
tion to address these knowledge gaps.

Limitations
This study emphasizes the use of specific search crite-
ria, including Medical Subject Headings (MeSH) terms 
and keywords (e.g., “Chronic Obstructive Pulmonary 
Disease,” “Umeclidinium,” “Vilanterol”) and Bool-
ean operators to search relevant studies investigat-
ing the efficacy of UMEC/VI combinations in COPD 

Fig. 9 Funnel plot for increase in TDI UMEC-VI vs. other bronchodilators
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management across multiple databases. Neverthe-
less, it is imperative to delineate specific limitations. 
First of all, it is imperative to recognize the potential 
selection bias in our analysis as a result of excluding 
a substantial amount of research. Secondly, the pres-
ent meta-analysis comprises a mere seventeen papers, 
which exhibit notable heterogeneity and variation. 
Furthermore, this investigation did not consider criti-
cal risk factors for COPD, such as age, comorbidities 
(e.g., diabetes, hypertension), and immunocompro-
mised status, nor did it explore potential pharmaco-
kinetic and pharmacodynamic interactions between 
UMEC and VI, which could potentially impact treat-
ment outcomes. Moreover, there were a limited num-
ber of participants included in each subgroup and the 
majority of the included studies had a relatively short 
duration of less than 52 weeks. Therefore, it is impera-
tive to conduct further research with a larger sample 
size and extended follow-up periods that considers 
these risk factors in order to determine the efficacy of 
UMEC and VI combinations for treating symptomatic 
COPD patients.

Conclusion
Our meta-analysis demonstrated that patients receiv-
ing UMEC/VI therapy exhibited significant improve-
ments in lung function, as evidenced by increased 
FEV1 values, enhanced quality of life (assessed by St 
George’s Respiratory Questionnaire total score), and 
alleviated dyspnea (measured by transitional dyspnea 
index), compared to those treated with alternative 
LAMA/LABA monotherapies or dual therapies. Nota-
bly, both UMEC/VI dual therapy and UMEC/VI/FF tri-
ple therapy conferred improved lung function, better 
quality of life, reduced reliance on rescue medications, 
and decreased frequency of moderate to severe COPD 
exacerbations with fewer drug related adverse effects 
as compared to other bronchodilators. These find-
ings suggest that UMEC and VI combinations may be 
a more efficacious treatment option for symptomatic 
COPD patients.However, the conclusion is limited by 
the scarcity of studies and short trial duration, neces-
sitating further research.

Fig. 10 Forest plot for drug relate adverse events UMEC-VI vs. other bronchodilators
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