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Background: Persistent airflow limitation and dyspnoea may reduce chronic obstructive pulmonary disease (COPD)
patients exercise capacity and physical activity, undermining their physical status and quality of life. Long-acting
muscarinic antagonists and long-acting beta-2 agonists (LAMA/LABA) combinations are amongst moderate-to-severe
COPD recommended treatments. This article analyses LAMA/LABA combinations effect on COPD patients exercise

Methods: A systematic review and meta-analysis of double-blind randomized controlled trials comparing LAMA/
LABA combinations against monotherapy or placebo was conducted.

Results: Seventeen articles were identified (N=4041 patients). In endurance shuttle walk test and constant work
rate cycle ergometry, LAMA/LABA combinations obtained better results than placebo, but not monotherapy, whereas
in 6-min walking test, results favoured LAMA/LABA over monotherapy (four studies), but not over placebo (one study).
Moreover, LAMA/LABA combinations obtained better results than placebo in number of steps per day, reduction in
percentage of inactive patients and daily activity-related energy expenditure, and better than monotherapy when
measuring time spent on > 1.0-1.5,> 2.0 and > 3.0 metabolic equivalents of task activities.

Conclusions: LAMA/LABA combinations in COPD patients provided better results than monotherapy or placebo in

Keywords: Bronchodilators, COPD, Exercise capacity, LABA, LAMA, Physical activity

Background

Patients with chronic obstructive pulmonary dis-
ease (COPD) present persistent airflow limitation and
dyspnoea that result in reduced exercise capacity and/
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or physical activity, which can undermine their physi-
cal status and quality of life [1, 2]. Physical inactivity is
the most important predictor of all-cause mortality in
COPD and inactivity by itself induces a higher physi-
cal deterioration creating a vicious circle that results in
isolation and increased mortality [3, 4]. A study carried
out in Latin America showed that low levels of physical
activity are especially important in women and older
patients, and it is related with worse functional and
clinical factors [4]. Therefore, the Global Initiative for
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Chronic Obstructive Lung Disease (GOLD) recom-
mends regular physical activity for COPD patients [1].
The documented reduction in daily activity in COPD
patients results from the respiratory and non-respir-
atory clinical conditions of each patient. Particularly,
the limitation on exercise capacity is mainly due to
dynamic pulmonary hyperinflation, although other fac-
tors also contribute, such as comorbidities or an imbal-
ance between respiratory and locomotive muscles due
to limited energy supply [5]. Moreover, it has been
shown that the exercise capacity and the limitation in
daily activities are closely related to life expectancy
and, therefore, pulmonary and systemic manifestations
would be improved by improving exercise capacity and
physical activity [6].

The recommended treatment for patients with mod-
erate-to-severe COPD and for symptomatic patients
or those with exercise limitation, is inhaled long-acting
beta-2 agonists (LABA) and/or long-acting muscarinic
antagonists (LAMA) [1, 6, 7]. Bronchodilators increase
lung emptying by reducing airway resistance, enabling
COPD patients to achieve better alveolar ventilation with
a lower operating pulmonary volume, both at rest and
during exercise. As a result, patients using bronchodila-
tors are able to exercise for longer before reaching the
critical limit of their inspiratory reserve [8].

Due to the relevance of exercise capacity and physical
activity on the quality of life of COPD patients, we have
conducted a systematic literature review (SLR) and meta-
analysis of randomized clinical trials aimed to evaluate
the effect of the combination of LAMA/LABA bron-
chodilators compared with placebo or LAMA or LABA
monotherapy on the exercise capacity and physical activ-
ity outcomes of COPD patients.

Methods

This SLR was carried out according to the Preferred
Reporting Items for Systematic Reviews and Meta-anal-
yses Statement (PRISMA) and the QUORUM State-
ment [9]. The protocol was registered with PROSPERO
(CRD42020191639).

Inclusion and exclusion criteria

We included randomized clinical trials in patients
aged > 40 years diagnosed with COPD, with a post-bron-
chodilator forced expiratory volume at 1 s (FEV,)/forced
vital capacity (FVC) <0.7 and treated with a combination
of LAMA/LABA inhaled bronchodilators compared with
placebo or monotherapy with LAMA or LABA. To be
included, the trials had to evaluate at least one variable
related to exercise capacity or physical activity.
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Search strategy

A search strategy was designed for MEDLINE (through
PubMed), CENTRAL and EMBASE using appropriate
controlled terms related to COPD, LAMA, LABA, exer-
cise capacity, physical activity and lung function in arti-
cles published between the 1st January 2012 and the 31st
December 2021 as the first LAMA/LABA combination
inhaler was approved in 2013 and prior 2012 there was
no evidence about double bronchodilators (Additional
file 2: Table A1). There were no limitations regarding lan-
guage. Additionally, references to selected articles were
also reviewed to identify other articles that met the inclu-
sion and exclusion criteria.

Study selection and data extraction

The titles and abstracts resulting from the search were
evaluated by two reviewers. The studies that didn’t meet
inclusion and exclusion criteria were ruled out, collect-
ing the reasons for exclusion. The articles selected were
read independently in full by the same two reviewers,
who recorded the reasons for non-selection. In the event
of discrepancies between the reviewers, the criterion of a
third reviewer was used.

Data from the selected articles were tabulated by one
reviewer and validated by a second reviewer in a detailed
extraction form. From each article we extracted the study
characteristics (type of study, design, countries), patient
characteristics (mean age, sex, disease severity), and
interventions and comparators (LAMA/LABA, LAMA,
LABA or placebo inhalers used, dose, treatment dura-
tion), and the results of variables related to the exercise
capacity and physical activity.

Assessed outcomes
The identified outcome variables are defined as:

+ 6-min walking test (6MWT), measuring the distance
walked in 6 min in meters.

+ Endurance Shuttle Walk Test (ESWT) measured in
seconds (one study measured it in mean percentage
change from baseline).

+ Constant Work Rate Cycle Ergometry (CWRCE)
measured in seconds.

+ Steps per day (steps/day), examined by accelerometer
and evaluated as average number of steps per day.

+ Energy expenditure of >1.0-1.5,>2.0,>3.0 Meta-
bolic Equivalent of Task (METs), consisting on the
average daily duration (in minutes) of>1.0-1.5,> 2.0
and > 3.0 METs. Periods of sedentary time were cat-
egorized as an energy expenditure of 1.0-1.5 METs,
whereas periods of physical activity performed at
more than light (i.e, moderate, or vigorous) and
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more than moderate (i.e., vigorous) intensities were
categorized as>2.0 METs and>3.0 METs, respec-
tively.

« Energy expenditure related to activity, measured in
kilocalories per day.

« Walking time per day, measured in minutes per day.

+ Walking intensity, average daily walking intensity
measured in meters per square second.

+ DPercentage of inactive patients, where inactive
patient was defined as patient who walked less than
6,000 steps per day.

+ Daily PROactive Physical Activity COPD question-
naire (D-PPAC) punctuation (questionnaire punctua-
tion) is a daily recall, electronic, patient-reported out-
come (PRO) tool, it was filled out by patients every
evening for a period of time (usually a week). This
seven-item PRO measure consists of two physical
activity experience domains: amount and difficulty
[10].

Assessment of risk of bias

The risk of bias assessment was carried out according to
the Cochrane Manual for Systematic Reviews and Meta-
Analysis of Interventions criteria [11] and evaluated the
generation of the randomization sequence, concealment
of the assignment, blinding of patients and researchers,
blinding of the results of the variables to be evaluated,
data on incomplete results, bias of scientific informa-
tion, and other biases. The risk of bias was assessed by
one reviewer and validated by a second on a detailed
form. Review Manager 5.4 was used for the risk of bias
assessment.

Data analysis

The analysis was based on the change from baseline in
the above-mentioned outcome variables and assessed
using dichotomous and continuous outcomes. Dichoto-
mous data were analysed by calculating the estimate for
the odds ratio (OR) and their corresponding 95% con-
fidence intervals (CI). Continuous data were analysed
by calculating weighted mean differences (WMD) and
standardized mean differences (SMD), both with the cor-
responding 95% CI.

When useful, forest plots were created, in order to
graphically assess the variability of sample estimates and
the weight of sample sizes in the calculation of estimates
(weighted averages). In addition, to facilitate interpreta-
tion of the results from studies that were not included in
the forest plots, the mean and standard deviation were
shown. A significance level of a =0.05 was considered.

For data synthesis among studies, statistical heteroge-
neity was evaluated using I, with I>50% considered to
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be significant heterogeneity. In those comparisons with
no statistical evidence of heterogeneity, a fixed effects
model was used; otherwise, a random effects model was
employed.

A sensitivity analysis stratified by study design (paral-
lel and cross-over) was performed for results that showed
heterogeneity (I > 0%).

The analysis considered the results of two treatment
arms compared in each study. For studies with more than
2 treatment arms, comparisons were made separately,
dividing the sample size of the study by the number of
comparisons to avoid overestimation of results. The anal-
ysis was made using Review Manager 5.4.

Results

The search strategies yielded 1590 articles, of which 17,
including 4,041 patients, met the inclusion criteria, 2964
of the patients were treated with the LAMA/LABA com-
bination, 1901 treated with placebo, 1070 treated with
LAMA and 755 treated with LABA (Fig. 1) [12-28]. The
reference search yielded no further articles.

Description of the studies

All included studies were randomized, controlled, dou-
ble-blind trials. Five studies had a parallel design, includ-
ing between 80 and 404 participants and the remaining
twelve were crossover trials, including 17-657 partici-
pants (mean 238, median 184). The duration of treatment
was 52 weeks (1 study), 12 weeks (7 studies), 8 weeks (1
study), 6 weeks (4 studies), 4 weeks (1 study), 3 weeks (1
study) and 2 weeks (1 study) (Table 1).

The combinations of bronchodilators most commonly
used as an intervention were tiotropium/olodaterol
5 pg/5 pg (7 studies), tiotropium/olodaterol 2.5 pg/5 ug
(3 studies) and umeclidinium/vilanterol 62.5 ug/25 g
(3 studies). Comparators were placebo in 13 studies and
monotherapy in 10 studies, using tiotropium 5 pg in 5
studies, olodaterol 5 pg in 1 study, umeclidinium 62.5 pg
in 3 studies, umeclidinium 125 pg in 2 studies and
vilanterol 25 pg in 2 studies. In two studies more than
one monotherapy was used as a comparator.

Risk of bias

The risk of bias was considered low for all domains evalu-
ated except for blinding of the results and concealment of
assignment domains, where the risk of bias was unclear
for the majority of studies analysed (Additional file 1: Fig.
Al).

Effectiveness of the intervention

Table 2 shows a summary of meta-analysis comparisons
for those variables of interest that estimated change from
baseline.
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Records removed before
screening:
Duplicate records removed
EMBASE (n =117)
CENTRAL (n= 308)

Records excluded
Medline (n = 623)
EMBASE (n = 42)
CENTRAL (n =412)

Reports not retrieved
(n=0)

Reports excluded:
There is no comparison made, or the comparator is
not placebo, LAMA or LABA (n = 1)
No variables related to exercise capacity or physical
activity are evaluated (n = 3)
Is not a randomized clinical trial (n = 4)
No results reported (n = 3)

Fig. 1 PRISMA flowchart. COPD chronic obstructive pulmonary disease, LABA long-acting beta-2 agonists, LAMA long-acting muscarinic

Identification of studies via databases and registers
)
5
= Records identified from:
o Medline (n = 651) >
= EMBASE (n = 219)
§ CENTRAL (n = 720)
—
\ 4
)
Records screened
Medline (n = 651) ——>
EMBASE (n = 42)
CENTRAL (n = 412)
Reports sought for retrieval
o Medline (n = 28) —
£ EMBASE (n = 0)
= CENTRAL (n =0)
o
3 v
Reports assessed for eligibility
Medline (n = 28) — >
EMBASE (n = 0)
CENTRAL (n = 0)
—
Studies included in review
(n=17)
antagonists, PRISMA Preferred Reporting Items for Systematic Reviews and Meta-analyses Statement

Effectiveness of the intervention in exercise capacity

The LAMA/LABA combination was associated with
significantly better physical endurance than placebo,
when evaluated by both ESWT and CWRCE (Fig. 2a,
b). Compared with monotherapy, LAMA/LABA com-
binations showed favourable results, although, these
results just failed to be statistically significant, both
when evaluated by ESWT (SMD: 0.16; 95%CI: — 0.00
to 0.33) and by CWRCE (SMD: 0.06; 95%CI: — 0.00 to
0.13) (Fig. 2a, b).

In the study by Maltais et al. a subgroup of patient
of the TORRACTO study in which both CWRCE and
ESTW were evaluated, results were consistent with
previous publications and show significant superiority
of LAMA/LABA combination vs. placebo in CWCRE
(difference: 118.3 [95% CI: 45.9 to 190.8]; p=0.0015),
although these differences were not statistically signifi-
cant in ESWT (difference: 76.3 [95% CI: — 2.8 to 155.4];
p=0.0585) [22].

In Canto et al. [23] LAMA/LABA combination was
compared to monotherapy, measuring the increase,
in percentage, of the tolerance limit in constant work
rate test. This comparison showed the superiority of
LAMA/LABA combination against monotherapy with
statistically significant differences (Table 2). By com-
paring LAMA/LABA against placebo, two studies
estimated CWRCE after treatment (these studies were
not designed to evaluate the change from baseline). In
both studies a mean increase in exercise capacity was
observed with LAMA/LABA versus placebo in COPD
(55 s [95% CI: 20-90, p=0.013] [26] y 113 s [95% CI:
6-220, p=10.037] [27].

Regarding 6MW T, the mean difference of 11.87 mts.
observed between LABA/LAMA and placebo in a sin-
gle study (n=125) did not reach statistical significance
(Table 2); however, the meta-analysis of results of the
4 studies comparing LAMA/LABA with monotherapies
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Table 2 Summary of meta-analysis comparisons and main results in weighted mean differences (WMD) and standardised mean

differences (SMD)
LAMA/LABA comparator Characteristics Weighted results Standardized results
Number N MD 95% ClI MD 95% Cl
of CT
ESWT Placebo* 4 1730 31.75s 16.03st04747 s 021 0.12t0 031
Monotherapy 1 689 11.36% — 0.03% to 22.74% 0.16 —0.00t00.33
CWRCE Placebo* 3 2466 72455 46.77 s1098.13 s 022 0.14t0 030
Monotherapy 2 3398 24235 — 08651049325 006 —0.00t00.13
Tiim CWRT Monotherapy* 1 38  43.80% 38.77% to 48.83% 542 3.99t06.86
6MWT Placebo 1 125 11.87m —932mto33.06m 020 —0.16t00.55
Monotherapy* 4 634 9.77m 1.22mto 1831 m 0.17 0.02t00.33
Steps/day Placebo* 3 710 47189 steps/day 206.08 steps/day to 737.71 steps/ 0.26 0.11t0 041
day
Monotherapy** 3 521 39848 steps/day — 264.40 steps/day to 1061.36 0.18 0.01t00.36
steps/day
>1.0-1.5 METs Monotherapy* 2 315 —9.93 min — 1791 minto — 1.95 min — 030 —0.53to0—0.08
>2.0 METs Monotherapy* 3 645 559 min 2.13 min to 9.05 min 0.24 0.08t00.39
> 3.0 METs Placebo*** 2 612 7.73min 3.07 min to 12.39 min 0.24 —0.05t00.53
Monotherapy* 2 315 2,60 min 0.74 min to 446 min 0.29 0.07 t0 0.51
Energy expenditure Placebo* 2 612 3933 kcal/day 17.95 kcal/day to 60.71 kcal/day 0.28 0.12t0 044

" Statistically significant differences, both in WMD and SMD. **Statistically significant differences in SMD. ***Statistically significant differences in WMD

Cl confidence interval, CT clinical trial, CWRCE constant work rate cycle ergometry, ESWT endurance shuttle walk test, kcal kilocalories, LABA long-acting beta-2
agonists, LAMA long-acting muscarinic antagonists, m meters, MD mean difference, MET metabolic equivalent of task, min minutes, N number of patients, s seconds,
SMD standardized mean difference, T;;,, CWRT tolerance limit in constant work rate test, WMD weighted mean difference, 6MWT 6-min walking test

(n=634) showed significant differences in 6MWT in
favour of LAMA/LABA combination (Table 2; Fig. 2c).

Effectiveness of the intervention in physical activity

When measured in steps per day, LAMA/LABA combi-
nations were significantly superior to both placebo and
monotherapy (Fig. 3a). Regarding daily duration activity,
patients treated with LAMA/LABA combination reduced
the duration of>1.0-1.5 METs activity than patients
treated with monotherapy. On the other hand, for mod-
erate physical activity, the results favoured LAMA/LABA
therapy by increasing the duration of >2.0 METs activi-
ties. For vigorous physical activity (> 3.0 METs), LAMA/
LABA therapy was superior to both monotherapy and
placebo, although the latter results were not statistically
significant when standardized under a random effects
model (Fig. 3b). Daily activity-related energy expendi-
ture was higher in the LAMA/LABA group than in the
placebo group (Fig. 3c). Finally, more inactive patients
(<6000 steps/day) were observed in the placebo group
than in the LAMA/LABA combination group (OR [95%
CI]: 0.27 [0.14-0.51]; 1 study, N=267) [15]. In Troosters
et al. [12] walking intensity and walking time per day were
also evaluated at week 12, results for average daily walk-
ing time mirrored those of steps per day and there was
a small but significant increase in average daily walking

intensity with SMBM plus placebo compared with base-
line (1.97 vs. 1.90 m/s%, p=0.006) and with SMBM + tio-
tropium/olodaterol (1.99 vs. 1.91 m/s% p <0.05) [12].

In Watz et al. [15] the D-PPAC questionnaire total
score (LSM [95% CI]: 2.7 [1.3-4.1]; p=0.0002), amount
(3.4 [1.4-5.4]; p=0.0008), and difficulty (2.3 [0.3—4.4];
p=0.0258) domains improved significantly in the
LAMA/LABA combination group versus placebo at week
4. At week 8, LAMA/LABA combination maintained the
improvements seen after 4 weeks; however, the differ-
ences versus placebo were not statistically significant for
either total score (1.2 [— 0.5 to 3.0]; p=0.1710), amount
(0.7 [— 2.1 to 3.4]; p=0.6303) or difficulty (2.1 [— 0.4 to
4.5]; p=0.0933) domains. In Troosters et al. [12] similar
results were observed for LAMA/LABA combination
and LAMA monotherapy vs. baseline at week 9 for dif-
ficulty and amount domain, and at week 12 for difficulty
domain. No statistically improvements were shown when
comparing LAMA/LABA vs. placebo, although numeri-
cally the combination showed better results in both
domains at week 9 and 12 [12].

Sensitivity analysis

Sensitivity analysis, stratified by study design in cases where
heterogeneity was present, confirmed the LAMA/LABA
combinations favorable results compared to monotherapy
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a) EET, measured by ESWT: mean change from baseline

Study or Subgroup Std. Mean Difference SE

LAMA/LABA Placebo

Std. Mean Difference

Std. Mean Difference

Ume 62.5ug/Vila 25ug vs Plcb
Ume 125pg/Vila 25ug vs Plcb

Tio 5ug/Olo 5ug vs Plcb
Tio 2.5ug/Olo 5ug vs Plcb

Ume 62.5ug/Vila 25ug vs Plcb

Tio 5ug/Olo 5ug vs Plcb

Maltais F et al., 2014 0.2535 0.0876
Maltais F et al., 2014 0.2751 0.0883
Maltais F et al., 2018 0.1862 0.1927
Maltais F et al., 2018 0.2368 0.1953
Riley JH et al., 2018 0.0271 0.1104
Troosters T et al., 2018 0.2490 0.1718

Total (95% CI)
Heterogeneity: Chiz = 3.62, df = 5 (P = 0.61); I?= 0%
Test for overall effect: Z = 4.36 (P < 0.0001)

Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
246 282  30.5% 0.25[0.08, 0.43] —
239 282 30.0% 0.28[0.10, 0.45] —
59 50 6.3% 0.19[-0.19, 0.56] —
56 50 6.1% 0.24[-0.15, 0.62]
172 157 19.2% 0.03 [-0.19, 0.24] e
72 65 7.9% 0.25[-0.09, 0.59] |
844 886 100.0% 0.21[0.12, 0.31] -
“ 05 0 05
Favours Placebo Favours LAMA/LABA
LAMA/LABA Monotherapy Std. Mean Difference Std. Mean Difference

T Study or Subgroup _ Std. Mean Difference SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Ume 62.5ug/Vila 25ug vs Vila 2549 Singh S et al., 2018 0.0998 0.1288 246 80 43.3% 0.10 [-0.15, 0.35] — T

Ume 62.5pg/Vila 25ug vs Ume 62.5g  Singh S et al., 2018 0.2134 0.1126 246 17 56.7% 0.21[-0.01, 0.43] —
Total (95% CI) 492 197 100.0% 0.16 [-0.00, 0.33] [
Heterogeneity: Chiz = 0.44, df = 1 (P = 0.51); I2= 0% k _05 5 +

Test for overall effect: Z = 1.94 (P = 0.05)

b) EET, measured by CWRE: mean change from baseline

LAMA/LABA Placebo

-1

Std. Mean Difference

IV, Fixed, 95% CI

Favours Monotherapy

0 0.5
Favours LAMA/LABA

Std. Mean Difference
1V, Fixed, 95% CI

Test for overall effect: Z = 1.89 (P = 0.06)

c) Distance, measured by 6MWT: mean change from baseline

T Study or Subgroup Std. Mean Difference SE Total  Total Weight
Tio 5pg/Olo 5g vs Plcb Maltais F et al., 2018 0.1401 0.1217 139 132 11.0% 0.14[-0.10, 0.38] —
Tio 2.5pg/Olo 5pg vs Plcb Maltais F et al., 2018 0.2058 0.1232 133 132 10.8% 0.21[-0.04, 0.45] 1
Tio 2.5ug/Olo 5ug vs Plcb O'Donnell DE et al., 2017 0.2188 0.0693 424 414 34.0% 0.22[0.08, 0.35] —a—
Tio 5pg/Olo 5pg vs Plcb O'Donnell DE et al., 2017 0.2249 0.0692 428 414 34.1% 0.22[0.09, 0.36] ——
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Fig.2 ESWT, CWRCE and 6MWT; Mean change from baseline, LAMA/LABA vs placebo and LAMA/LABA vs monotherapy. Fixed effects analysis
model. Aclid aclidinium, C/ confidence interval, CWRCE constant work rate cycle ergometry, EET exercise endurance time, ESWT endurance shuttle
walk test, Formo formoterol, IV inverse variance, LABA long-acting beta-2 agonists, LAMA long-acting muscarinic antagonists, Olo olodaterol, Plcb
placebo, SE standard error, Std. standardized, Tio Tiotropium, Ume umeclidinium, Vila vilanterol, 6MWT 6-min walking test, um microgram

Favours Monotherapy Favours LAMA/LABA

in 6MWT and steps per day. For vigorous physical activity
(>3.0 METs), LAMA/LABA therapy was superior to both
monotherapies with a significant heterogeneity (I12=69%);
due to the limited number of studies included in this anal-
ysis (n=2), the sensitivity analysis was explained based
on individual studies results. In Watz H et al. 2016 [21]
LAMA/LABA combination was significantly better com-
pared to monotherapy; whereas in Watz et al. 2017 [15]

differences were not significant. Patients included in the
Watz et al. 2016 [21] study appeared to have high durations
of physical activity on entry (mean baseline values of 125
and 130 min per day), which were about 30% higher than
in previous studies with similar COPD populations. This
would suggest that the patients had limited opportunities
to increase the duration of physical activity in their day-to-
day lifestyle.
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a) Steps per day: mean change from baseline

Test for overall effect: Z = 3.44 (P = 0.0006)
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b) Daily duration of activity (21.0-1.5, 22.0 and 23.0 METs), minutes: mean change from baseline
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c) Daily energy expenditure related to physical activity, kcal/day: mean change from baseline
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LAMA/LABA Placebo Std. Mean Difference Std. Mean Difference
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Fig.3 Steps/day, duration of activity and energy expenditure; mean change from baseline, LAMA/LABA vs placebo and vs monotherapy. Random
effects analysis model (against placebo, > 3.0 METs); fixed effects analysis model for other comparisons. Aclid aclidinium, C/ confidence interval,
Formo formoterol, Glicopi glycopyrronium, Inda indacaterol, IV inverse variance, kcal kilocalories, LABA long-acting beta-2 agonists, LAMA long-acting
muscarinic antagonists, MET metabolic equivalent task, Olo olodaterol, Plcb placebo, SE standard error, Std. standardized, Tio Tiotropium, um

Favours Placebo Favours LAMA/LABA

Discussion

The results of this systematic review of RCTs indicate that
exercise capacity and physical activity outcomes favoured
LAMA/LABA combinations over placebo for ESTW,
CWRE and steps per day; and over LAMA or LABA
monotherapies for T};,,, in CWRE, 6MWT and steps per
day, where the differences were statistically significant.
For LAMA/LABA versus placebo in 6MWT and ver-
sus monotherapy in ESTW and CWRE results favoured

LAMA/LABA combinations, but the differences did not
reach statistical significance.

The latest American Thoracic Society (ATS) guidelines
on pharmacologic management of COPD recommend
treating COPD patients who complain of dyspnoea or
exercise intolerance with LAMA/LABA combination
over LAMA or LABA monotherapies [29], as the combi-
nation of the two mechanisms of action effectively reduce
the dynamic hyperinflation process characteristic in
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COPD patients, that usually limits their ability to exercise
[6, 7, 30]. Several studies on COPD patients have asso-
ciated low levels of physical activity and sedentary time
with an increased frequency of exacerbations, hospitali-
zations, worse quality of life, and also an increased risk
of death as a result of progressive ventilatory limitation,
cardiac impairment, peripheral muscle, and psychologi-
cal factors [3, 31, 32]. Increasing physical activity and its
intensity in those patients may improve quality of life and
reduce the loss of pulmonary function [33, 34].

Moreover, increasing the duration of low-intensity
activity, instead of high-intensity activity, contributes to
a lower risk of hospitalization in patients with moderate
to severe COPD, which can be achieved with combined
LAMA/LABA therapies [16, 25]. However, reaching bet-
ter exercise capacity is no guarantee of physical activity
improvements [12, 35]. Regarding this topic, in this meta-
analysis, LAMA/LABA therapy significantly reduced the
duration of 1.0-1.5 METs (sedentary time) and increased
the durations of >2.0 METs (standing position or walk-
ing less than 55 m/min), and > 3.0 MET (walking faster
than 55 m/min). In general, our results provide proof of
a significant reduction in sedentary time in patients with
COPD who are administered LAMA/LABA compared to
monotherapy.

The results observed in sedentary time were paralleled
with significant improvements in daily walking time and
in the intensity of walking in the D-PPAC questionnaire
score where superiority of LAMA/LABA combinations
over placebo was observed, as it was already noticed in
the PHYSACTO and ACTIVATE studies. In the PHYS-
ACTO study, significant differences in the questionnaire
score between tiotropium monotherapy and the tiotro-
pium/olodaterol combination were found [12], and in the
ACTIVATE study between placebo and aclidinium/for-
moterol combination [15], indicating that LAMA/LABA
combination improves the amount and level of intensity
of physical activity in COPD patients.

In some observational studies [36—41] the use of tiotro-
pium/olodaterol showed improvements in patient self-
reported physical condition. Therapeutic success in the
physical functioning score varied from 48.9% to 67.8%,
with improved patient general condition as indicated by
an improvement in Physician’s Global Evaluation scores
between visits in these studies [36—41] and increased
absolute physical functioning scores [36]. These results
are consistent with those obtained in our meta-analy-
sis, where tiotropium/olodaterol was the most frequent
LAMA/LABA analysed versus monotherapy, used in five
different studies [13, 14, 16, 25]. Also, tiotropium/olo-
daterol was compared to placebo in the study by Maltais
et al. [20]. In general, LAMA/LABA combinations were
superior to LAMA or LABA monotherapies. Differences
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were not significant when comparing LAMA/LABA ver-
sus monotherapy in ESWT or CWRCE tests, probably
because there could be a threshold for bronchodilation
to immediately translate into better exercise tolerance.
It may be unrealistic to expect the same exercise ben-
efit when adding a second bronchodilator to an existing
one than when adding a bronchodilator to placebo [13].
These results agree with recent meta-analysis, which also
concluded that LAMA/LABA combinations were more
effective than LABA or LAMA monotherapy in terms
of exercise capacity and symptoms [6, 42]. The meta-
analysis by Di Marco et al. [6] showed weighted mean
increase in endurance time of 78.4 s with LAMA/LABA,
72.6 s with LAMA monotherapy and 51 s with LABA
monotherapy compared to placebo, and improvements
in BORG scale score of -0.25 units with LAMA/LABA
versus — 0.51 and — 0.45 with LABA and LAMA mon-
otherapies respectively. The relative effect results of the
meta-analysis by Calzetta et al. [42] also pointed LABA/
LAMA as the combination significantly (P <0.05) more
effective than the LABA or LAMA alone and placebo
in terms of improvement in endurance time (+43, 422
and+60 s, respectively) and increase in inspiratory
capacity as measure of reduction in lung hyperinflation
(+107 ml, +87 ml and + 229 ml, respectively), although
these improvements were slightly lower than the ones
observed by Di Marco et al. [6] as Calzzeta et al. point
out [42]. The results of both meta-analyses are in line
with our results, as in our analysis differences between
LAMA/LABA versus placebo or monotherapy were also
significant (LAMA/LABA vs placebo + 31.75-72.45 s, vs.
monotherapy+11.36% and +24.23 s).

Besides pharmacological treatment, the ATS, the Euro-
pean Respiratory Society (ERS) and the Spanish guide-
lines for COPD agree on using non-pharmacological
treatment as part of the comprehensive COPD patient
care as increasing physical activity and reducing discom-
fort during physical activity requires a more integrated
approach than only providing adequate bronchodilation
and it should consider all aspects of the disease, including
mental, physical and emotional health [43—47]. Besides,
as hyperinflation is the main driver of the reduced physi-
cal activity in COPD patients, by combining effective
bronchodilators with pulmonary rehabilitation pul-
monary function will be optimized and gas trapping
reduced, increasing patient’s exercise capacity [48—50].
Pulmonary rehabilitation includes exercise training, edu-
cation and behavior change, aimed to improve the physi-
cal and psychological condition of COPD patients and to
promote the long-term adherence to health-enhancing
behaviours [47]. Before any actions are undertaken it
is important to assess the initial level of physical activ-
ity in daily life as physical activity can be improved with
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the appropriate strategies in most COPD patients, and
during all this process counselling or psychological pro-
grammes help supporting the change in behaviour that
is needed for patients to be more active. Accordingly, the
implementation of physical performance or muscle func-
tion/mass tests that correlate with objectively measured
physical activity in clinical practice can be a good imple-
mentation to assess COPD patients’ level of daily physical
activity, to identify those with severely reduced levels of
physical activity (such the 6MW T, or the 30-s chair stand
test), and establish an exercise plan taking into account
personal needs, preferences and personal goals to go
along with the pharmacological treatment [47, 51, 52].
The ESWT, CWRCE and 6MWTT are the commonest test
used to assess COPD patients’ level of physical activity;
these are reliable tests to which patients respond and are
familiarized with, they can be used in a multicentre trial
setting, as they have good reproducibility and repeatabil-
ity, and have an important intra class (IC) correlation and
are significant predictors of mortality in COPD [14, 22,
53]. Particularly, ESWT has been reported to be more
sensitive than other tests to therapeutic intervention in a
systematic review, where protocol variations significantly
affected performance in several studies [53].

This SRL and meta-analysis has some limitations, the
main one is the existing differences between the studies
on variables used to measure physical activity which, in
some cases, makes comparison difficult. Furthermore, it
should be taken into account that in some analyses dif-
ferent LAMA/LABA combinations were compared with
different LAMA or LABA monotherapies, and also out-
comes evaluation times were different between studies,
ranging from 3 to 12 weeks. Another limitation is that
statistical heterogeneity was high in some comparison,
limiting the validity and the generalizability of these
results. Despite these limitations, the use of LAMA/
LABA consistently improves exercise capacity and physi-
cal activity compared with placebo or monotherapy in
most outcomes and combinations analysed. On the other
hand, our study has the following strengths: a reason-
able number of studies and patients available and their
rigorous methodological quality, as none of the studies
included showed high risk of bias in any item.

Conclusion

In conclusion, our review showed that LAMA/LABA
combination therapy was superior to placebo and mon-
otherapy in terms of evaluating exercise capacity and
physical activity in patients with COPD in almost every
comparison. Enhancing physical activity and exercise
capacity in COPD patients might lead to improve their
quality of life and minimize the burden of the disease.
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