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Abstract
Background Randomised controlled trials (RCTs) of COPD management assess heterogeneous outcomes
with diverse instruments and often omit those important to patients and healthcare professionals, limiting
interpretability and comparability. This review aimed to identify the outcomes and instruments used in
phase III/IV COPD maintenance management RCTs and assess their consistency.
Methods We systematically reviewed all phase III/IV RCTs registered on ClinicalTrials.gov between 2010
and 2025 evaluating COPD maintenance management. Outcomes and measurement instruments were
extracted from registry entries and categorised using the COMET (Core Outcome Measures in
Effectiveness Trials) taxonomy. Registered outcomes from a random 10% sample were compared with
the corresponding publications to assess concordance. Outcome frequencies were summarised across
intervention types and sponsor categories.
Results 43 unique outcomes were identified across 240 eligible RCTs. Physiological (89.5%), clinical
(85.0%) and life impact outcomes (63.8%) were most frequently assessed, whereas resource use (39.6%),
safety (36.7%) and mortality (16.7%) outcomes were less commonly reported. Only lung function (76.3%)
and health-related quality of life (57.5%) appeared in over half of the trials. Exacerbations were reported in
40.4% of studies, while several patient-prioritised outcomes, particularly activities of daily living (5.4%)
and exercise tolerance (18.3%), were infrequently assessed. Industry-sponsored RCTs more often reported
lung function, resource use and adverse events; non-industry trials more frequently included biomarkers.
Concordance between registered and published outcomes was acceptable (79.7%), although safety
outcomes and instruments were sometimes under-reported.
Conclusion COPD maintenance management RCTs show substantial heterogeneity and incomplete
assessment of patient-prioritised outcomes. An internationally representative, multi-stakeholder core
outcome set is urgently needed to improve consistency and patient-centred evaluation in future trials.
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Introduction
The management of COPD, a leading cause of death and disability globally [1, 2], remains suboptimal and
patients often experience an unacceptable disease burden and adverse outcomes even if they receive
optimal available treatments [3, 4]. Therefore, there is an urgent need for the development of novel,
effective treatments to alter the natural history of COPD and improve its outcomes. Such novel treatments
require meticulous testing through randomised controlled trials (RCTs), representing the gold standard
studies for high quality and rigour [5].

Several challenges complicate the design of clinical trials of COPD maintenance management. One of the
main challenges is that COPD is complex and heterogeneous, with patients experiencing varying
components and symptoms of the disease, both among individuals and over time in the same individual
[6–8]. To generate meaningful evidence, RCTs must measure outcomes that capture the impact of
treatments across the full spectrum of disease burden. This requires selecting a balanced set of outcomes
that address all key aspects of COPD. Trials also need to assess the same key outcomes, using the same
outcome measurement instruments, to facilitate comparing, contrasting and pooling them together in
meta-analyses [9, 10].

Unfortunately, clinical trials report heterogeneous outcomes, often omitting those that are most relevant to
patients, clinicians and other stakeholders, sometimes limiting their value and ability to inform clinical
practice guidelines and the care of patients [9]. This issue is often identified and highlighted in systematic
reviews [11–14] and clinical guidelines [3, 15, 16] addressing maintenance management of COPD.
Traditionally, regulatory authorities have also focused primarily on lung function and exacerbations as
end-points for registration trials. A core outcome set, an international, multi-stakeholder consensus on a
group of the most critical outcomes that should be addressed in all future clinical trials of COPD
management, could address this issue [9, 10, 17].

Here, we present the results of a methodological systematic review of the outcomes assessed in clinical
trials of COPD maintenance management. The objectives of this review were twofold: 1) to describe the
range of outcomes and measurement instruments currently assessed in COPD maintenance RCTs, thereby
providing an empirical basis to inform outcome selection in future trials, and 2) to inform the development
of a core outcome set, a minimal group of critically important outcomes that should be assessed
consistently across future studies.

Methods
This methodological systemic review was prospectively registered with the International Prospective
Register of Systematic Reviews (PROSPERO: CRD42023466048) [18]. It was conducted and reported
in accordance with the Cochrane [19], COMET (Core Outcome Measures in Effectiveness Trials)
Initiative [9, 17] and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
[20] guidelines.

Database search
We utilised the US National Library of Medicine registry of clinical trial protocols (ClinicalTrials.gov) to
identify phase III/IV RCTs that assess the efficacy/effectiveness and/or safety of pharmacological and
non-pharmacological interventions for maintenance management of stable COPD. We used the search
terms “COPD” or “Chronic obstructive pulmonary disease”, either in the “condition/disease” or the “other
terms” field of ClinicalTrials.gov. We included all studies registered between January 2010 and March
2025, with no language restrictions. The complete dataset containing all register information from all
potentially eligible trials was retrieved from ClinicalTrials.gov.

Eligibility criteria
We included phase III and IV RCTs evaluating maintenance management of stable COPD in adults,
including RCTs focusing on specific pulmonary treatable traits (e.g. airway eosinophilic inflammation in
patients with COPD or pulmonary hypertension secondary to COPD). We excluded RCTs evaluating
exclusively the management of COPD exacerbations (assessed previously [21]), extrapulmonary
manifestations or comorbidities of COPD (such as cachexia or cardiovascular diseases in patients with
COPD). No language restrictions were applied, as all protocols registered in ClinicalTrials.gov are
available in English.

Data handling/extraction
A dataset encompassing all potentially suitable studies was obtained from ClinicalTrials.gov in CSV
format. From this file, we extracted the following information: study characteristics (main eligibility
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criteria, study sample, funder type, start and completion date, and participating countries), as well as all
the reported outcomes (primary, secondary or other outcomes), measurement instruments and their
measurement time-points.

We randomly selected 15% of the RCTs and cross-referenced their published reports in PubMed using
their ClinicalTrials.gov registration number. More specifically, we used Microsoft Excel to randomly select
studies until 36 with published reports were identified; studies without published reports were excluded
from this analysis and replaced. We accessed the published reports of these manuscripts for extractions.
Then, we assessed how accurately trial publications reported outcomes compared with their original study
protocols, in this random subgroup of studies.

Two independent reviewers (among V. Truong, S. Bin Safar and A.G. Mathioudakis) screened each trial to
determine eligibility. They subsequently completed data extraction using a predetermined customised
extraction form and cross-verified each other’s work for accuracy. Disagreement at any stage was addressed
through discussion among all three reviewers. After reviewing the first 20 studies, we developed a
mutually exclusive list of outcomes evaluated in these trials. Further trial outcomes were classified
according to this list. New outcomes were added to the list based on consensus among three authors
(V. Truong, S. Bin Safar and A.G. Mathioudakis). We extracted the outcomes, outcome measurement
instruments and time-points of evaluation. The outcomes were classified using the COMET taxonomy into
mortality/survival, clinical, physiological (objective biological, structural or physiological function
measures), life impact, resource use or adverse events outcomes [22].

We quantified the proportion of trials that examined each outcome and measurement instrument, and
specifically examined how frequently outcomes prioritised in three previous initiatives prioritising COPD
outcomes were evaluated. Our results are presented in narrative and tabulated formats. Statistical
summaries were generated using R software (version 4.3 or newer; R Foundation for Statistical Computing,
Vienna, Austria).

Results
Included studies
Our search strategy identified 332 phase III and IV studies, of which 240 were deemed eligible (the
selection process is summarised in figure 1). Among these, 104 RCTs (43.3%) were completed with
published results, and most of the remaining were ongoing. The duration of follow-up was from 1 to
104 weeks. Across the RCTs, the median number of participants recruited (or planned for recruitment) was
257 participants, ranging between seven and 20 000 participants (interquartile range (IQR) 70–805). The
interventions were inhaled drugs in 150 (62.5%) trials, systemic drugs in 62 (25.8%) trials and
non-pharmacological interventions in 28 (11.7%) trials (table 1). The most frequently assessed
interventions were long-acting β2-agonists, long-acting muscarinic antagonists and inhaled corticosteroids

Records identified

n=332

Records removed before

    screening n=0

Records assessed for eligibility

n=332

Excluded studies n=92:

    Wrong study population n=68

    Wrong intervention n=24

Included studies

n=240

Completed n=104

Ongoing n=132

Terminated n=4

FIGURE 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.
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as monocomponents or combinations, followed by phosphodiesterase inhibitors and biologics, while the
most frequently assessed non-pharmacological treatment was pulmonary rehabilitation (table 1). Less
frequently assessed therapies included Chinese or alternative medicine interventions, dietary supplements,
opioids, vaccines mucolytics, mechanical ventilation, app- or website-based approaches, tai chi and other
behavioural, educational or complex non-pharmacological interventions. Pharmaceutical companies
sponsored 148 (61.7%) studies. Most trials recruited participants in Europe (125 (52.1%)) and North
America (96 (40%)), with a smaller number of studies taking place in Asia (79 (32.9%)), Oceania
(19 (7.9%)) and Africa (18 (7.5%)) (figure 2). Study names and registration identifiers are listed in
supplementary table S5.

Outcomes assessed
Our review identified 44 outcomes. Details of the outcomes along with their reporting frequencies in the
RCTs are listed in figure 3 and table 2. Most trials reported on physiological (215 (89.5%)), clinical
(204 (85.0%)) and life impact outcomes (153 (63.8%)), while fewer trials reported on resource use
(95 (39.6%)), adverse event (88 (36.7%)) and mortality (40 (16.7%)) outcomes. Lung function (76.3%),
health-related quality of life (57.5%), exacerbations (40.4%) and dyspnoea (30.0%) were the most
frequently assessed of all identified outcomes. Lung function and COPD exacerbations emerged as the
most widely adopted primary outcomes, chosen in 43.7% and 17.5% of the studies, respectively.

There were notable differences in the selection of outcomes across studies evaluating different types of
interventions. Life impact outcomes were least often assessed in inhaled treatment trials (54.0%) compared
with 77.4% and 85.7% in systemic and non-pharmacological studies, respectively. Among life impact
outcomes, health-related quality of life appeared less frequently in inhaled therapy trials (48.7%) than in
the other two groups (71.0% and 75.0%), whereas physical activity showed the opposite trend, being a

TABLE 1 Characteristics of the included studies, stratified by intervention type (inhaled, systemic or non-pharmacological), sponsor type (industry
versus non-industry) and phase (III versus IV)

All
studies

Inhaled Systemic Non-pharmacological Industry
sponsored

Non-industry
sponsored

Phase III Phase IV

Studies 240 150 62 28 148 92 143 97
Results available in

ClinicalTrials.gov
104 (43.3) 89 (59.3) 12 (19.4) 3 (10.7) 97 (65.5) 7 (7.6) 73 (51.1) 31 (32.0)

Trial participants 256.5
(69.5–805)

390.5
(91.8–922.5)

230
(65.8–1035)

89.5
(33.8–180.5)

554.5
(189.8–1060)

80
(32–186.5)

511
(181–1021.5)

80
(38–346)

Phase
Phase III 143 (59.6) 95 (63.3) 34 (54.8) 14 (50.0) 111 (75.0) 32 (34.8)
Phase IV 97 (40.4) 55 (36.7) 28 (45.2) 14 (50.0) 37 (25.0) 60 (65.2)

Interventions
Antibiotics 12 (5) 3 (2.0) 9 (14.5) 0 (0.0) 0 (0.0) 12 (13.0) 8 (5.6) 4 (4.1)
Biologics 22 (9.2) 1 (0.7) 21 (33.9) 0 (0.0) 20 (13.5) 2 (2.2) 21 (14.7) 1 (1.0)
Chinese/alternative 6 (2.5) 0 (0.0) 6 (9.7) 0 (0.0) 3 (2.0) 3 (3.3) 6 (4.2) 0 (0.0)
LABA 37 (15.4) 37 (24.8) 0 (0.0) 0 (0.0) 29 (19.6) 8 (8.7) 23 (16.1) 14 (14.4)
LABA+ICS 46 (19.2) 46 (20.7) 0 (0.0) 0 (0.0) 36 (24.3) 10 (10.9) 28 (19.6) 18 (18.6)
LABA+LAMA 64 (26.7) 64 (42.7) 0 (0.0) 0 (0.0) 55 (37.2) 9 (9.8) 50 (35.0) 14 (14.4)
LABA+LAMA+ICS 28 (11.7) 28 (18.7) 0 (0.0) 0 (0.0) 24 (16.2) 4 (4.4) 18 (12.6) 10 (10.3)
LAMA 78 (32.5) 78 (52.0) 0 (0.0) 0 (0.0) 69 (14.6) 9 (9.8) 53 (37.1) 25 (25.8)
PDE inhibitors 28 (11.7) 8 (5.3) 20 (32.3) 0 (0.0) 15 (10.1) 13 (14.1) 16 (11.2) 12 (12.4)
Pulmonary rehabilitation 9 (3.8) 0 (0.0) 0 (0.0) 9 (32.1) 0 (0.0) 9 (9.8) 9 (6.3) 0 (0.0)
Other 69 (28.8) 16 (10.7) 27 (43.6) 26 (92.9) 18 (12.2) 51 (55.4) 26 (18.2) 49 (50.5)

Participating continents
Africa 18 (7.5) 11 (7.3) 7 (11.3) 0 (0) 15 (10.1) 3 (3.3) 15 (10.5) 3 (3.1)
Asia 79 (32.9) 46 (30.7) 27 (43.6) 6 (21.4) 59 (39.9) 20 (21.7) 55 (38.5) 24 (24.7)
Europe 125 (52.1) 75 (50) 38 (61.3) 12 (42.9) 83 (56.1) 42 (45.7) 76 (53.2) 49 (50.5)
North America 96 (40.0) 69 (46.0) 20 (32.3) 7 (25.05) 77 (52.0) 19 (20.7) 71 (49.7) 25 (25.8)
Oceania 19 (7.9) 9 (6.0) 9 (14.5) 1 (3.6) 16 (10.8) 3 (3.3) 18 (12.6) 1 (1.0)
South America 34 (14.2) 20 (13.3) 13 (21.05) 1 (3.6) 31 (21.0) 3 (3.3) 26 (18.2) 8 (8.3)

Industry sponsored 148 (61.7) 119 (79.3) 25 (40.3) 4 (14.3) 111 (77.6) 37 (38.4)

Data are presented as n, n (%) or median (interquartile range). LABA: long-acting β2-agonist; ICS: inhaled corticosteroid; LAMA: long-acting
muscarinic antagonist; PDE: phosphodiesterase.
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focus in 28.6% of non-pharmacological interventions but in only 2.0% and 1.6% of inhaled and systemic
drug trials. Lung function was predominantly assessed in inhaled and systemic drug trials (88.7% and
67.7% versus 28.6%), while biomarkers were most frequently measured in systemic treatment trials (54.8%
versus <20% elsewhere).

Clear distinctions were also observed between industry- and non-industry-sponsored trials. Resource use
outcomes were reported nearly twice as often in industry studies (48.0% versus 26.1%), largely due to
the frequent inclusion of rescue medication use (41.9% versus 7.6%). Exacerbations were also more
commonly assessed in industry trials (44.6% versus 33.7%). Lung function was more frequently reported
in industry-sponsored trials (85.8% versus 60.9%), whereas non-industry studies more often included
biomarkers (45.7% versus 13.5%). Adverse events were also reported more frequently in industry
trials (43.2% versus 26.1%), with serious events documented in 16.2% compared with 6.5% of
non-industry studies.

Differences in outcome selection between phase III and phase IV trials were modest overall. Phase III trials
more frequently reported resource use outcomes (48.3% versus 26.8%), largely driven by greater
assessment of rescue medication use (40.6% versus 11.3%). In contrast, phase IV trials more often
assessed biomarkers (35.1% versus 19.5%) and exercise tolerance (24.7% versus 14.0%).

Each of the included studies reported between one and 16 unique outcomes (median (IQR) 4 (2–7))
(figure 4a). It should be noted that some studies initially reported a larger variety of (related) outcomes;
however, for the purposes of this analysis, outcomes were reclassified and merged according to the 44
uniquely identified outcomes. For instance, studies assessing multiple health-related quality of life
instruments as distinct outcomes were considered to contribute a single outcome within that category.
There were no significant differences between the number of outcomes reported among studies sponsored
by the pharmaceutical industry or academic sponsors. There was no association between the study
population and number of outcomes assessed (figure 4b).

Limited assessment of key outcomes previously prioritised for COPD trials
Key outcomes consistently prioritised for assessment in COPD trials remain infrequently assessed in the
included COPD maintenance management RCTs (supplementary tables S1–S3). Among the outcomes
prioritised by the 2008 European Respiratory Society (ERS)/American Thoracic Society (ATS) statement
on COPD trial outcomes [23], only lung function and health-related quality of life were assessed in more

1250 Trials (n)

FIGURE 2 Geographic distribution of included COPD trials by continent. The map illustrates the number of
trials recruiting participants in each continent. Colours represent the total number of trials conducted, with
darker shades indicating higher numbers. Some trials recruited participants in multiple continents, and these
were counted in each relevant region.
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than half of the trials, while exacerbations, breathlessness and exercise tolerance were only assessed in
40.4%, 30.0% and 18.3% of trials, respectively. Functional status (corresponding to our “activities of daily
living” outcome) and symptoms during exercise were only assessed in 5.4% and 3.8% of trials,
respectively.

Similarly, three outcomes prioritised in the core outcome set for studies assessing pulmonary rehabilitation
in COPD [24] (activities of daily living, muscle strength and fatigue) and four outcomes prioritised in the
ERS COPD exacerbations core outcome set [21, 25, 26] (activities of daily living, blood gas levels,
treatment adherence and death from COPD) were each assessed in <10% of trials.

Measurement instruments
Details of the measurement instruments used to assess each outcome are provided in supplementary table
S4. Among the most frequently evaluated patient-reported outcome measures, certain instruments were
used more often than others, demonstrating a degree of consistency in measurement across studies. The St
George’s Respiratory Questionnaire and the COPD Assessment Test were the most commonly used tools
for assessing health-related quality of life, employed in 80.4% and 29.0% of relevant trials, respectively.
Dyspnoea was most frequently measured using the Transitional Dyspnoea Index (44.4%) or the modified
Medical Research Council dyspnoea scale (25.0%). In contrast, composite symptom scores were assessed
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FIGURE 3 Sunburst plot illustrating the frequency of outcomes assessed in included COPD randomised
controlled trials. The figure depicts the distribution and relative frequency of outcomes assessed across
included trials, grouped by COMET (Core Outcome Measures in Effectiveness Trials) outcome domains (inner
ring). Segment size corresponds to the number of trials reporting each outcome.
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TABLE 2 Frequency of assessment of outcomes across the included COPD trials, stratified by intervention type (inhaled, systemic or non-pharmacological), sponsor type (industry versus
non-industry) and phase (III versus IV)

Trials assessing each outcome

All studies Type of intervention Sponsor Phase

Inhaled Systemic Non-pharmacological Industry Non-industry Phase III Phase IV

Studies 240 150 62 28 148 92 143 97
Mortality 40 (16.7) 22 (14.7) 13 (21.0) 5 (17.9) 24 (16.2) 16 (17.4) 25 (17.5) 15 (15.5)
All-cause mortality 40 (16.7) 22 (14.7) 13 (21.0) 5 (17.9) 24 (16.2) 16 (17.4) 25 (17.5) 15 (15.5)
Cause-specific mortality 5 (2.1) 2 (1.3) 2 (3.2) 1 (3.6) 3 (2.0) 2 (2.2) 4 (2.8) 1 (1.0)

Life impact 153 (63.8) 81 (54.0) 48 (77.4) 24 (85.7) 87 (68.8) 66 (71.7) 94 (65.7) 59 (60.8)
Health-related quality of life 138 (57.5) 73 (48.7) 44 (71.0) 21 (75.0) 79 (53.4) 59 (64.1) 85 (59.4) 53 (54.6)
Activities of daily living, physical function 13 (5.4) 10 (6.7) 2 (3.2) 1 (3.6) 11 (7.4) 2 (2.2) 9 (6.3) 4 (4.1)
Physical activity 12 (5.0) 3 (2.0) 1 (1.6) 8 (28.6) 3 (2.0) 9 (9.8) 8 (5.6) 4 (4.1)
Mental health 7 (2.9) 4 (2.7) 2 (3.2) 1 (3.6) 4 (2.7) 3 (3.3) 3 (2.1) 4 (4.1)
Sleep quality 4 (1.7) 2 (1.3) 1 (1.6) 1 (3.6) 2 (1.4) 2 (2.2) 2 (1.3) 2 (2.1)
Patient satisfaction 4 (1.7) 0 (0.0) 2 (3.2) 2 (7.1) 2 (1.4) 2 (2.2) 1 (0.6) 1 (1.1)
Fatigue 3 (1.3) 0 (0.0) 2 (3.2) 1 (3.6) 0 (0.0) 3 (3.3) 2 (1.3) 1 (1.1)
Work absence 1 (0.4) 1 (0.7) 0 (0.0) 0 (0.0) 1 (0.7) 0 (0.0) 1 (0.6) 0 (0.0)
Caregiver burden 1 (0.4) 1 (0.7) 0 (0.0) 0 (0.0) 1 (0.7) 0 (0.0) 1 (0.6) 0 (0.0)

Resource use 95 (39.6) 59 (39.3) 25 (40.3) 11 (39.3) 71 (48.0) 24 (26.1) 69 (48.3) 26 (26.8)
Rescue medication use 69 (28.8) 54 (36.0) 15 (24.2) 0 (0.0) 62 (41.9) 7 (7.6) 58 (40.6) 11 (11.3)
Hospital admission 27 (12.1) 8 (5.3) 13 (21.0) 6 (21.4) 13 (8.8) 14 (15.2) 14 (9.8) 13 (13.4)
Healthcare utilisation 15 (6.3) 8 (5.3) 5 (8.1) 2 (7.1) 9 (6.1) 6 (6.5) 9 (6.3) 6 (6.2)
Health economic outcomes 6 (2.7) 0 (0.0) 4 (6.5) 2 (7.1) 1 (0.7) 5 (5.4) 4 (2.8) 1 (1.0)
Medication use 2 (0.8) 1 (0.7) 1 (1.6) 0 (0.0) 1 (0.7) 1 (1.1) 2 (1.3) 0 (0.0)

Clinical outcomes 204 (85.0) 124 (82.7) 57 (91.9) 23 (82.1) 128 (86.5) 76 (82.6) 126 (88.1) 78 (80.4)
Exacerbations 97 (40.4) 58 (38.7) 31 (50.0) 8 (28.6) 66 (44.6) 31 (33.7) 62 (43.4) 35 (36.1)
Dyspnoea 72 (30) 40 (26.7) 23 (37.1) 9 (32.1) 43 (29.1) 29 (31.5) 49 (34.3) 23 (23.7)
Composite symptom scores 62 (25.8) 41 (27.3) 14 (22.6) 7 (25.0) 41 (27.7) 21 (22.8) 38 (26.6) 24 (24.7)
Night-time symptoms 19 (7.9) 11 (7.3) 6 (9.7) 2 (7.1) 11 (7.4) 8 (8.7) 8 (5.6) 11 (11.3)
Cough 11 (4.6) 6 (4.0) 4 (6.5) 1 (3.6) 7 (4.7) 4 (4.3) 7 (4.9) 4 (4.1)
Symptoms during exercise 9 (3.8) 5 (3.3) 3 (4.8) 1 (3.6) 5 (3.4) 4 (4.3) 4 (2.8) 5 (5.2)
Adherence; delivery of care 8 (3.3) 0 (0.0) 3 (4.8) 5 (17.9) 3 (2.0) 5 (5.4) 3 (2.1) 5 (5.2)
Sputum 6 (2.5) 3 (2.0) 2 (3.2) 1 (3.6) 4 (2.7) 2 (2.2) 4 (2.8) 2 (2.1)
Composite clinical control scores 5 (2.1) 2 (1.3) 2 (3.2) 1 (3.6) 3 (2.0) 2 (2.2) 2 (1.3) 3 (3.1)
Prognostic indices 5 (2.1) 2 (1.3) 2 (3.2) 1 (3.6) 3 (2.0) 2 (2.2) 1 (0.6) 4 (4.1)

Continued
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TABLE 2 Continued

Trials assessing each outcome

All studies Type of intervention Sponsor Phase

Inhaled Systemic Non-pharmacological Industry Non-industry Phase III Phase IV

Physiological outcomes 215 (89.5) 139 (92.7) 55 (88.7) 21 (75.0) 136 (91.9) 79 (85.9) 129 (90.2) 86 (88.7)
Lung function 183 (76.3) 133 (88.7) 42 (67.7) 8 (28.6) 127 (85.8) 56 (60.9) 108 (75.5) 75 (77.3)
Biomarkers 62 (25.8) 23 (15.3) 34 (54.8) 5 (17.9) 20 (13.5) 42 (45.7) 28 (19.5) 34 (35.1)
Exercise tolerance 44 (18.3) 12 (8.0) 14 (22.6) 18 (65.3) 8 (5.4) 36 (39.1) 20 (14.0) 24 (24.7)
Vital signs 31 (12.9) 21 (14.0) 9 (14.5) 1 (3.6) 23 (15.5) 8 (8.7) 18 (12.6) 13 (13.4)
Pharmacokinetics, pharmacodynamics 15 (6.3) 2 (1.3) 13 (21.0) 0 (0.0) 13 (8.8) 2 (2.2) 13 (9.1) 2 (2.1)
Blood gases, oxygen saturation 10 (4.2) 5 (3.3) 4 (6.5) 1 (3.6) 3 (2.0) 7 (7.6) 6 (4.2) 4 (4.1)
Microbiology 8 (3.3) 5 (3.3) 3 (4.8) 0 (0.0) 0 (0.0) 8 (8.7) 5 (3.5) 3 (3.1)
Muscle function 8 (3.3) 4 (2.7) 3 (4.8) 1 (3.6) 5 (3.4) 3 (3.3) 3 (2.1) 5 (5.2)
Cardiac function 6 (2.5) 3 (2.0) 2 (3.2) 1 (3.6) 4 (2.7) 2 (2.2) 5 (3.5) 1 (1.0)
Radiological changes 6 (2.5) 3 (2.0) 2 (3.2) 1 (3.6) 4 (2.7) 2 (2.2) 4 (2.8) 2 (2.1)
Vascular function 5 (2.1) 2 (1.3) 2 (3.2) 1 (3.6) 3 (2.0) 2 (2.2) 3 (2.1) 2 (2.1)
Body composition 5 (2.1) 2 (1.3) 2 (3.2) 1 (3.6) 3 (2.0) 2 (2.2) 1 (0.6) 4 (4.1)

Adverse events 88 (36.7) 58 (38.7) 24 (38.7) 6 (21.4) 64 (43.2) 24 (26.1) 56 (39.2) 32 (33.0)
Adverse events 65 (27.1) 46 (30.7) 15 (24.2) 4 (14.3) 49 (33.1) 16 (17.4) 42 (29.4) 23 (23.7)
Serious adverse events 30 (12.5) 26 (17.3) 4 (6.5) 0 (0.0) 24 (16.2) 6 (6.5) 23 (16.1) 7 (7.2)
Specific adverse events 30 (12.5) 18 (12.0) 9 (14.5) 3 (10.7) 17 (11.5) 13 (14.1) 21 (14.7) 9 (9.3)
Electrocardiographic changes 24 (10) 21 (14.0) 3 (4.8) 0 (0.0) 21 (14.2) 3 (3.3) 19 (13.3) 5 (5.2)
Study discontinuation 22 (9.2) 15 (10.0) 7 (11.3) 0 (0.0) 17 (11.5) 5 (5.4) 17 (11.9) 5 (5.2)
Adverse reactions 2 (0.1) 1 (0.7) 1 (1.6) 0 (0.0) 1 (0.7) 1 (1.1) 2 (1.3) 0 (0.0)

Data are presented as n or n (%).

https://doi.org/10.1183/16000617.0300-2025
8

EU
RO

PEAN
RESPIRATO

RY
REVIEW

CO
PD

|
V.TRU

O
N
G
ET

AL.

 on Septem
ber 9, 2026 by guest. Please see licensing inform

ation on first page for reuse rights. 
https://publications.ersnet.org

D
ow

nloaded from
 



inconsistently, often with non-validated measures, and similar heterogeneity was observed for instruments
used to assess less frequently reported patient-reported outcomes.

Comparison of registered and published outcomes
We assessed 36 RCTs to compare registered and published outcomes. Among 187 outcomes reported
across these trials, 14 (7.5%) were reported only in the publications, whereas 24 (12.8%) were registered in
the protocols but not published. 12 trials had registered additional outcomes that were not reported in their
corresponding publications. 11 trials reported additional non-registered outcomes, predominantly safety
outcomes (adverse events, mortality and treatment discontinuation (n=9)), with only four trials reporting
additional non-registered efficacy outcomes (such as symptoms and exacerbations) and one trial reporting
pharmacokinetic data only in the publication. Furthermore, nine trials introduced additional measurement
instruments for outcomes that were already registered, reflecting multiple approaches to assessing the same
construct, including seven trials that reported additional lung function parameters and two trials that used
additional composite symptom scores. No new outcomes or measurement instruments were identified in
the publications that were not already captured in other trial protocols. Overall, a potential gap was
identified, primarily in the registration of safety outcomes.

Discussion
This methodological systematic review provides the first comprehensive synthesis of outcomes and
measurement instruments used in phase III and IV RCTs evaluating the maintenance management of
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FIGURE 4 Relationship between the number of outcomes assessed and study characteristics. a) Distribution of
number of outcomes reported per trial, stratified by sponsor type. b) Association between sample size and
number of outcomes, stratified by intervention type.
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COPD. Most trials assessed physiological (89.5%), clinical (85.0%) and life impact (63.8%) outcomes,
whereas resource use, safety and mortality outcomes were evaluated in <40%. The most frequently
reported outcomes were lung function, health-related quality of life, exacerbations and dyspnoea, with only
the first two measured in over half of all trials. Moreover, although instruments for measuring key
patient-reported outcomes, such as health-related quality of life and breathlessness, were relatively
consistent, considerable variability persisted for less frequently evaluated patient-reported and physiological
outcomes. This lack of standardisation limits comparability across studies, constrains evidence synthesis,
and reduces the ability of clinical trials to inform guidelines and clinical practice. These findings highlight
the pressing need for the development and adoption of a standardised core outcome set for COPD
maintenance management and the identification of optimal measurement instruments for each outcome.

Exacerbations are debilitating events associated with increased risks of hospitalisation and death, leaving a
lasting impact on patients’ quality of life and function [8]. Although guidelines, including the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines [3], prioritise their prevention as a key
therapeutic objective, only 40% of the included trials assessed exacerbations as an outcome. Diagnostic
criteria were rarely specified, and no studies reported using standardised methods to exclude common
mimics such as heart failure or pulmonary embolism [27]. Mild exacerbations, despite their recognised role
in accelerating disease progression, were seldom evaluated [27]. Furthermore, although exacerbations are
known to be heterogeneous and to respond differently to treatment [8] (e.g. inhaled corticosteroids
predominantly prevent non-infective events [28, 29]), none of the trials characterised exacerbation subtypes
or analysed them separately. The principal barrier remains the substantial resources required for clinical
assessment of exacerbations within clinical studies. Nonetheless, such efforts are essential to fully evaluate
the efficacy of anti-inflammatory therapies, including inhaled corticosteroids and biologics. The increasing
availability of point-of-care biomarker testing may offer a practical solution for improving exacerbation
identification and phenotyping in future research [8].

Despite the availability of several outcome prioritisation exercises [23, 24, 26], our review shows that many
outcomes identified by patients and health professionals as critical, particularly activities of daily living and
exercise capacity, remain rarely assessed in RCTs of maintenance COPD management. Two of these
prioritisation initiatives were published only recently [24, 26], which may partly explain the limited alignment
observed. However, the earliest (2008 ERS/ATS statement [23]) predates the trials included in our analysis.
Similarly, clinical guidelines such as GOLD [3] emphasise both exacerbation prevention and improvement in
health status as key therapeutic objectives, yet the latter remains inconsistently assessed across COPD
maintenance trials. The persistence of this gap underscores the need for further efforts to harmonise outcome
selection. Experience from other disease areas demonstrates that the implementation of internationally
representative, multi-stakeholder core outcome sets can substantially improve the consistency and relevance of
outcome evaluation in clinical research [10, 30, 31]. Developing and adopting such a framework for COPD
would ensure that future trials address outcomes most meaningful to patients, clinicians and policy makers alike.

COPD is a heterogeneous condition, and many interventions are designed to target specific treatable traits or
aspects of disease burden. Consequently, outcome selection in individual trials should reflect the mechanism of
action and therapeutic objectives of the intervention under investigation. Differences in outcome selection across
intervention categories may also reflect variation in trial populations and disease severity. For example, inhaled
therapy trials often enrol patients with relatively milder or more stable disease and focus on regulatory end-points
such as lung function or exacerbations, which may partly explain the lower frequency of life impact outcomes
observed in these studies. We also observed that biomarkers were more frequently assessed in
non-industry-sponsored trials. This may reflect differences in trial objectives, as academic studies often include
biomarker assessments to explore disease mechanisms or treatment response, whereas industry-sponsored trials
may prioritise clinically established end-points required for regulatory evaluation. Biomarker assessments may
also be more feasible in smaller mechanistic studies than in large multicentre trials. Core outcome sets are
intended to standardise only a minimal set of critically important outcomes that should be assessed in all trials,
reflecting priorities shared by patients, health professionals and other stakeholders. This approach does not
restrict investigators from selecting their preferred primary outcomes or evaluating additional end-points tailored
to the mechanism of action and objectives of the intervention under study. Rather, it ensures that key outcomes
essential for understanding treatment impact are consistently captured, facilitating meaningful comparison of
benefits across trials and interventions, and supporting clinical decision making and health policy. Consistent
assessment of core outcomes also facilitates evidence synthesis across trials and reduces the risk that outcomes
important to patients and decision makers are selectively omitted.

The main limitation of our work is that outcomes were extracted from clinical trial registrations rather than
from full study reports. Although registration has been mandatory for over two decades, discrepancies
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between registered and reported outcomes remain common, albeit with evidence of gradual improvement
over time [32]. In our exploratory comparison, we noted potential under-reporting of safety outcomes and
measurement instruments, which should be considered when interpreting our findings. This finding
highlights the importance of comprehensive and consistent trial registration, as incomplete reporting of
safety outcomes in trial registries may reduce transparency and complicate efforts to assess protocol
adherence and selective outcome reporting. Nonetheless, no novel outcomes or instruments were identified
beyond those captured in our comprehensive review of 240 registered trials, supporting the robustness of
our dataset.

Another limitation is that we included only trials registered in the US National Library of Medicine’s
ClinicalTrials.gov database, which may have led to an over-representation of studies conducted in Western
countries or sponsored by the pharmaceutical industry [33]. Moreover, by restricting our inclusion to
RCTs, we may have overlooked outcomes or measurement instruments more commonly used in real-world
studies which are often better powered to evaluate more rare or safety outcomes. In addition, we may have
missed studies in which key registry fields used for filtering, such as study phase, were not completed in
ClinicalTrials.gov. Lastly, we did not assess the analysis frameworks (e.g. exacerbations rate versus
time-to-first exacerbation), and these will need to be further assessed in future studies.

Overall, this methodological review revealed substantial heterogeneity in the outcomes and measurement
instruments used across clinical trials of maintenance COPD management. It also showed that several
outcomes regarded as most important by patients and health professionals, such as activities of daily living
and exercise tolerance, are rarely assessed. These findings underscore the urgent need for an internationally
agreed, multi-stakeholder core outcome set to ensure consistent evaluation of clinically meaningful
outcomes in future trials [9].

Questions for future research

• What key outcomes should be assessed consistently in future COPD maintenance management RCTs, and
how can the development and implementation of an internationally representative, multi-stakeholder core
outcome set best support this?

• Which measurement instruments, particularly patient-reported outcomes, demonstrate sufficient
performance to be recommended as the single core instrument for each key outcome?

• How can alignment between registered and published outcomes be strengthened to enhance transparency
and reduce selective reporting?
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