International Journal of Chronic Obstructive Pulmonary Disease ~ DOvepress
Taylor & Francis Group

REVIEW

Underrepresentation of Women in COPD
Pharmacologic Trials Relative to Disease Burden:
A Systematic Review and Meta-Analysis:

Muhammed Umer ', Amritpal Singh Jagra ', Jumana Al Seidi', Amaar Ahmadz, Masara Touza',
Oluwatosin Emehinola', Salim Surani3, Fizzah Mohammad Hanif*

'Internal Medicine, Saint Michaels Medical Center - New York Medical College, Newark, NJ, USA; 2Pulmonary and Critical Care, HCA Healthone
Skyridge, Lone Tree, Co, USA,; 3Internal Medicine, University of Houston, Houston, Tx, USA; 4Internal Medicine, Sir Syed Medical College, Karachi,
Pakistan

Correspondence: Muhammed Umer, Internal Medicine, Saint Michaels Medical Center, |11 Central Avenue, Newark, NJ, 07102, USA,
Email mujawed@gmail.com

Background: Although chronic obstructive pulmonary disease (COPD) increasingly affects women, they remain under-represented in
randomized controlled trials (RCTs). Understanding enrollment patterns is essential to ensure the generalizability of COPD therapeutic
evidence.

Methods: We systematically identified RCTs of pharmacologic interventions for COPD published between 2010 and 2024. For each
trial, we calculated the Enrollment Disparity Difference (EDD)—defined as the trial’s percentage of women minus the Global Burden
of Disease (GBD) sex-specific prevalence. Random-effects meta-analyses were conducted to pool EDD across trials; heterogeneity
was explored using subgroup analyses (region, sample size, therapy class, age group, funding source) and meta-regression models.
Temporal trends were evaluated, and a weighted annual EDD trajectory with forecasted values through 2026 was generated.
Results: A total of 190 RCTs were included. Women comprised 31.7% of enrolled participants. Pooled EDD was —0.21 (95% CI, —
0.22 to —0.19), indicating relative underrepresentation. Heterogeneity was very high (I*> = 100%). Underrepresentation varied
significantly across regions, with the greatest gaps observed in Asia and Africa and the smallest in North and South America. Age
was a significant moderator (f = —0.0070 per year, p = 0.0006), with greater disparities in trials enrolling older patients. Industry
funding, sample size, and therapy class were not significant predictors. A continuous-year meta-regression demonstrated an improve-
ment in female representation over time (B = 0.0068 per year, p = 0.0269).

Conclusion: Women remain underrepresented in COPD RCTs. Although modest improvements have occurred, significant gaps
persist. Ensuring equitable representation is essential for generating evidence that reflects the COPD population.

Plain Language Summary: Chronic obstructive pulmonary disease (COPD) affects both men and women, but women are often
underrepresented in medical research. This underrepresentation matters because women often experience COPD differently than men.
They may have more shortness of breath, different types of lung disease, different responses to inhalers, and higher rates of anxiety
and depression related to their illness.

To understand how well women are included in COPD clinical trials, we reviewed 190 randomized controlled trials that tested
medications for COPD. We found that women were consistently underrepresented: on average, trials enrolled about 20% fewer women
than expected based on real-world disease patterns.

When trials do not include enough women, the results may not fully reflect how well treatments work for everyone. This can affect
how confidently doctors can use evidence from trial to guide treatment decisions for their patients specifically women. We also found
that women’s representation in trials has slowly improved over time, especially after 2020, but there is still a substantial gap.

Overall, our findings highlight the need for more inclusive research practices, such as broader eligibility criteria, targeted
recruitment of women, and routine reporting of trial results separately for men and women. Ensuring that clinical trials reflect the real-
world population with COPD is essential for developing treatments that work for everyone.
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Introduction

Historically perceived as a predominantly male disease, chronic obstructive pulmonary disease (COPD) is now increas-
ingly recognized as a major health concern among women. Since 2008, epidemiological trends have shown convergence
in prevalence between the sexes, with female prevalence rising markedly.' Recent national surveillance data from the
United States indicate a higher prevalence of COPD in women (7.8%) compared to men (6.5%), despite women having
lower cumulative tobacco exposure.” This upward trajectory in women’s disease burden is reflected in accelerated
increases in both morbidity and mortality rates compared to men, thereby diminishing the historical sex-based disparity
in COPD outcomes.” However, the role of gender in its development, progression, and management remains inadequately
addressed. A growing body of evidence indicates that biological sex influences the manifestation of COPD in substantial
ways, shaping symptoms, comorbidities, disease trajectory, and response to treatment.

Sex-specific clinical manifestations further highlight the need for tailored approaches to diagnosis and management.
Women with COPD are more likely to experience heightened breathlessness and psychological conditions such as
anxiety and depression, contributing to a disproportionate decline in overall quality of life when compared to men.*’
Additionally, women tend to experience more frequent exacerbations and hospital admissions, and some studies suggest
they may undergo a faster deterioration in lung function, despite lower mortality rates relative to male patients.*

Underlying anatomical and physiological distinctions between sexes contribute to these divergent clinical presenta-
tions. For instance, women typically have smaller airway diameters relative to lung volume, greater biological sensitivity
to airborne pollutants, and hormone-mediated differences in immune responses that may intensify lung inflammation.>’
These factors often correspond with an airway-predominant phenotype in female patients, whereas male patients more
frequently present with emphysema-dominant disease patterns.”®° Recognizing these variations is critical to ensuring
accurate diagnosis and optimizing treatment strategies responsive to sex-specific needs.”'° Since evidence from clinical
trials underpins therapeutic guidelines, the systematic under-representation of women raises questions about the general-
izability of trial outcomes, leading to recommendations that do not serve all.

Our analysis aims to provide insight into these matters by assessing gender disparities in clinical trial enrollment, to
guide future projects in reducing bias and improving the validity and generalizability of research findings. Preliminary
findings from this analysis were presented as an abstract at the CHEST 2025 annual meeting, where we briefly reported
female underrepresentation in COPD trials and the lack of first-author leadership.'' This manuscript expands upon that
work by describing the methods in detail, discussing the findings, and suggesting techniques to reduce enrollment
disparities.

Methods
Search Strategy and Study Selection

This systematic review and meta-analysis followed the guidelines outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).'? The 27-item PRISMA checklist for adhering to guidelines for

reporting systematic review and meta-analyses is included in the supplementary file. We systematically searched

ClinicalTrials.gov to identify randomized controlled trials (RCTs) investigating pharmacologic treatments for chronic
obstructive pulmonary disease (COPD) between January 1, 2010, and January 31, 2024. The search terms were: (COPD
OR chronic obstructive pulmonary disease OR Pulmonary Disease, Chronic Obstructive OR Chronic Bronchitis OR
Bronchitis, Chronic [MeSH], Emphysema, pulmonary emphysema [MeSH]) AND (Randomized Controlled trial OR
Controlled Clinical Trial OR randomized OR randomized OR randomly or Trial).

Eligible studies met the following criteria: (1) RCTs focused on pharmacologic management of COPD; (2) avail-
ability of completed trial data with published outcomes; (3) articles published in English; (4) registered on clinicaltrials.
gov; and (5) trials that were Phase IIl and beyond. We excluded non-randomized studies, studies involving non-
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pharmacologic interventions, studies lacking key demographic information, studies enrolling fewer than 100 participants,
or studies not published in English.

To verify the availability of published outcomes, we used a multi-step confirmation process. First, we reviewed each
ClinicalTrials.gov record for linked publications. If none were listed, we conducted manual searches in PubMed using the
trial’s NCT number, study acronym, intervention name, and principal investigator. When needed, we cross-checked
Embase and Scopus to identify corresponding peer-reviewed manuscripts. Only trials with clearly identifiable, published
outcome data were included. Two reviewers independently confirmed publication status, resolving discrepancies through
consensus or consultation with a third reviewer.

Non-pharmacologic COPD interventions—such as pulmonary rehabilitation, smoking cessation programs, oxygen
therapy, or home ventilatory support—were excluded because their trial designs differ fundamentally from pharmacologic
RCTs. These modalities often lack randomization or blinding (the latter being inherently infeasible for behavioral or device-
based interventions), use broader eligibility criteria with minimal safety-related exclusions, and frequently do not report sex-
disaggregated enrollment. Including these heterogeneous interventions would have impeded comparability across studies and
limited the interpretability of Enrollment Disparity Difference estimates. Restricting the analysis to pharmacologic RCTs,
therefore, ensured methodological consistency and a coherent assessment of sex disparities within a well-defined trial domain.

Screening and Data Extraction

Two reviewers independently screened titles and abstracts, followed by a full-text review of potentially eligible studies.
Any discrepancies were resolved through discussion or consultation with a third reviewer. Data extraction was conducted
using a pre-designed electronic form, capturing trial characteristics (publication year, recruitment region, sample size,
trial phase), and participant demographics (sex distribution and age).

Assessment of Enrollment Disparity

To evaluate sex-based enrollment representation, we used sex-specific COPD prevalence estimates from the Global
Burden of Disease (GBD) 2021 database. Each trial was matched to the GBD estimate corresponding to the country or
region where >80% of participants were recruited and to the midpoint year of trial enrollment. For multinational trials
without a dominant region, we used the GBD “global” estimate. From these data, we extracted the sex-specific number of
individuals with COPD and the associated 95% uncertainty intervals.

Quantifying Enrollment Disparity

Enrollment disparities were assessed using a modified version of the Enrollment Disparity Difference (EDD),
a metric previously applied to characterize participation disparities in stroke trials.'* For each included study, we
calculated the proportion of women among enrolled participants (PPW) and compared it to the proportion of
women with COPD in the underlying population (PSW) as per GBD data. The EDD was defined as the difference
between these two values (EDD = PPW — PSW), with negative values indicating underrepresentation of women
and positive values indicating overrepresentation. Because PSW was derived from sex-specific COPD prevalence
estimates from the corresponding country/region and recruitment year of each trial, baseline differences in COPD
prevalence between men and women were directly accounted for in the EDD calculation.

Further details on how the standard error for EDD was calculated are provided in the supplementary file.

Meta-Analytic Approach
All analyses were performed using R (version 4.x) with the metafor and meta packages, and figures were generated using
RevMan 5.4 for forest plots. We used a random-effects model (restricted maximum likelihood [REML]) to pool
Enrollment Disparity Difference (EDD) values, given the anticipated heterogeneity across trials in geography, treatment
class, and population characteristics.

Between-study heterogeneity was quantified using I? (percentage of variability due to heterogeneity rather than
chance) and ©* (between-study variance). We additionally reported Q statistics with corresponding p-values for hetero-
geneity testing.
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Subgroup analyses were conducted by recruitment region, age group, trial size, therapy class, industry involvement,
and publication period. Univariable and multivariable meta-regression models were fit using the metafor package to
explore the contribution of study-level covariates to variation in EDD.

To evaluate changes in female representation over time, we conducted a year-specific aggregation of enrollment
disparity differences (EDD). For each included trial, we extracted the calendar year of participant enrollment or, when
unavailable, the publication year as a proxy. Trials were then grouped by year, and a year-level weighted EDD was
calculated. Weighting was based on each study’s sample size.

To characterize temporal patterns, we plotted these weighted annual EDD values from 2010 to 2023. We then applied
meta-regression using a mixed-effects model to assess the association between study year and EDD. Year was modelled
both as a categorical moderator (2010-2014, 2015-2019, 2020-2024) and as a continuous predictor to estimate linear
change over time. The fitted regression line from the continuous meta-regression model was used to generate projected
EDD estimates for future years (2024-2026) to illustrate the continuation of observed temporal trends.

We did not formally assess small-study effects or publication bias using funnel plots or Egger’s regression because
our primary outcome was enrollment disparity (EDD), a baseline demographic difference rather than a treatment effect,
and the substantial structural heterogeneity across trials limits the interpretability of such methods. Similarly, we did not
apply a full Cochrane risk-of-bias assessment, as female enrollment is a baseline demographic characteristic uniformly
reported across all included RCTs and is not subject to performance, detection, or selective reporting bias. All trials
provided complete sex-disaggregated enrollment data, allowing direct extraction of female participation proportions.

Results

Study Selection and Characteristics
Of 3,460 total search results, 190 (5.5%) were deemed eligible and included in the meta-analysis (Figure 1) The
characteristics of these 190 trials are presented in Table 1. Overall, the trials provided data on the sex of 217,630
randomized patients with COPD, 69,469 of whom were women (31.7%). At the trial level, the PPW ranged from 1.9% to
59.0% with a median of 32.47% [interquartile range (IQR), 25.4%-42.2%]). The number of participants enrolled in the
included trials ranged from 100 to 17,116 with a median of 594 (interquartile range [IQR]=263.3-1182.5). Across the
190 included trials, the median mean age of participants was 64.0 years (IQR 62.9-65.0). Although standard deviations
were reported in many trials, they were not part of our predefined extraction criteria; therefore, summarizing the
distribution of mean ages across studies provides the most consistent and comparable measure of age variability.
These articles were most frequently published in International Journal of Chronic Obstructive Pulmonary Disease
(21%), Respiratory Medicine (14%), European Respiratory Journal (8%), and Respiratory Research (8%). About 41% of
trials were conducted in multiple regions across the globe, and around 23% in both Europe and the Americas (North and
South America). The most common interventions evaluated in the RCTs were inhaled therapy (including beta agonist,
muscarinic antagonists, and inhaled steroids) (81.0%), antibiotics for exacerbation (5%), PDE inhibitors (2%), supple-
ments (2%), biologic agents (1%), and non-inhaled steroids (1%). About 90% of the articles were sponsored by
pharmaceutical industry. The majority of RCTs (49.5%) were conducted between 2015 and 2019.

Enroliment Disparity Difference
The random-effects pooled EDD across the 190 trials was —0.21 (95% CI, —0.19 to —0.22), indicating that women were
underenrolled by an absolute difference of 21 percentage points relative to their representation in the underlying COPD
populations (Figure 2). However, there was substantial variability across trials in women’s participation (12, 100.0%).
Results of the subgroup analyses are presented in Figure 2. The largest sex disparity was observed among trials
conducted in the Asia region, which showed a large negative EDD value (summary EDD, —0.30 [95% CI, —0.36, —0.23]).
In subgroup analyses stratified by age, the extent of underrepresentation of women (EDD) varied significantly across age
groups (p = 0.0212). Studies enrolling older adults (>65 years) had the largest gender gap (EDD =—-0.238 [95% CI —0.25
to —0.23), followed by those with middle-aged populations (51-65 years, EDD = —0.1958 [95% CI —0.20 to —0.19).
Trials involving younger participants (<50 years) demonstrated the smallest gap (EDD = —0.1167 [95% CI —0.15 to
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Records removed before
screening:
Records removed for other
reasons (n = 1015)

Records identified from
MEDLINE: 4475 —>

\ 4

Records screened Records excluded*
——>»
(n = 3460) (n=3084)

Reports excluded:
Reports assessed for eligibility Did not report results (n=10)
(n =376) Not in english (n =2)
Phase I/l (n =40)
<100 patients (n=86)
Therapeutic option was not
drug related (n=52)

A4

Studies included in review
(n=190)

Figure | PRISMA Flow Diagram Showing the Number of Studies Excluded in Each Step of the Systematic Review Process.* Excluded based on title and abstracts.

—0.08). Subgroup analysis of EDD based on industry involvement had almost the same results (EDD= —0.21). Based on
the type of intervention, highest disparity was seen in trials testing supplements (EDD= —0.24 (95% CI —0.28 to —0.20).
There were only three RCTs in 190 RCTs on supplements in COPD. Lowest disparity was seen in trials conducted on
inhaled therapy and PDE inhibitors of about —0.18.

Table | Number of Randomized Clinical Trials and Enrollment of Women by Various Trial Characteristics

(N =190 Trials)
Region No of Trials (% of Trials) | No. of Women/Total Enrollment (%)
Africa 2(1) 56712367 (24)
Asia 21 (1) 1103/8924 (12)
Europe 43 (23) 11,217/33,272)34)
Multicountry 77 (41) 34,911/110,783 (32)
North and South America 46 (24) 22,376/61,442 (36)
Oceania 1 (1) 275/772 (36)

(Continued)
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Table | (Continued).

Region No of Trials (% of Trials) | No. of Women/Total Enrollment (%)

No of patients in sample

100-499 80 (42) 6860/21,026 (33)
500-999 48 (25) 10,345/32,982 (31)
1000-4999 56 (29.4) 40,690/98,549 (41)
>5000 6 (3.1 12,554/43,956 (29)

Industry Involvement

Yes 171 (90) 67,884/209,735 (32)

No 19 (10) 2565/7825 (33)

Year of Publication

2010-2014 77 (41) 26,048/83,231 (31)
2015-2019 94 (49.5) 41,402/125,903 (33)
2020-2024 19 (10) 2999/8426 (36)

Intervention type

Antibiotics 9 (47) 1120/3691 (30)
Biologic 2(1) 517/1722 (30)
Inhaled therapy 154 (81) 64,124/196,516 (33)
PDE inhibitors 4 (2.1) 3012/9714 (31)
Steroid 2(1) 445/1916 (23)
Supplementation 3 (1.5) 187/577 (32)
Journals

COPD 39 (20.5)

Respiratory Medicine 26 (13.7)

European Respiratory Journal 15 (7.9)

Respiratory Research 15 (7.9)

Lancet 13 (6.8)

NEJm 13 (6.8)

ATS Il (5.8)

BMC pulmonary medicine Il (5.8)

CHEST 9 (4.7)

Respirology 5 (2.6)

Thorax 5 (2.6)

Pulmonary Pharmacology & Therapeutics | 3 (1.5)

Other journals 25 (13.2)

Abbreviations: ATS, American Thoracic Society; NEJm, New England Journal of Medicine; PDE, phosphodiesterase.
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Mean Difference Mean Difference
Study or Subgroup Mean Difference SE IV, Random, 95% Cl Year IV, Random, 95% Cl
1.1.1 Overall
Overall -0.2054 0009 -0.21[0.22,-019] 19949 +
1.1.2 Region
Marth Ametrica and South America -0.135 00162 -014[-017,-0.10] 2000 —+
Asia -0.2953 0.0353 -0.30[0.36,-0.23] 2001 —t
Europe -0.2424 00165 -0.24[0.27 -0.21] 2002 —+
Multiregion -0.2024 0.0369 -0.20[0.27,-0.13] 2003 —t
1.1.3 Number of participants
Small {100-499) -0.1988 0016 -0.20[0.23,-017] 2000 —+
Large {1000-4999) -0.2011 0013 -0.20[0.23,-0.18] 2001 +
Medium (500-499) -0.2174 0018  -0.22[0.25-018] 2001 —+
Very Large (greater than 5000} -0.2371 0.0257  -0.24 [[0.29,-0.19] 2005 —+—
1.1.4 Industry
Industry -0.206 00219  -0.21 [-0.25,-0.16] 2000 —+
Mon-Industry -0.2053 00087  -0.21[-0.22,-0.19] 2001 +
1.1.5 Type of therapy
Inhaled therapy -0.1849 0.0024 -018[0.19,-0.18] 2000 t
Antibiotics -0.2107 0.0103 -0.21[0.23,-0.19] 2001 +
FPhosphodiesterase inhibitors -0.1832 00097  -018[0.20,-016] 2002 +
Supplements -0.2374 00201 -0.24[-0.28,-0.20] 2004 —+
1.1.6 Year of study
2010-2014 -0.22 00102 -0.22[-0.24,-0.20] 2014 +
2015-2019 -0.23 00153 -0.23[-0.26,-0.200 2018 —+
2020-2024 -0.18 00306 -018[-0.24,-0132] 2024 —
1.1.7 Age groups
Qlder {greater than 65) -0.238 0.0046 -0.24 [-0.25,-0.23] 2000 t
Younger than 50 -01167 00181 -012[0.15,-0.08] 2000 —+
Middle-aged {51-65) -0.1958 00026 -0.20[0.20,-0.19] 2002 t

‘05 -0.25 0 0.25 05

Favours Men Favours Women

Figure 2 Forest Plot with the Random-Effects Pooled Enroliment Disparity Differences for All Trials and Trial Subgroups Pooled EDDs were calculated using random-effects
meta-analysis within each subgroup. Negative values indicate underrepresentation of women relative to disease prevalence. Error bars represent 95% confidence intervals.
Between-subgroup differences were assessed using a test for subgroup interaction.

Abbreviations: Cl, Confidence Interval; SE, Standard error.

In univariable meta-regression analysis, region and age were associated with improved female representation. The
American regions were associated with greater women’s representation, whereas increasing age was associated with lower
women’s representation relative to prevalence. A univariable meta-regression model was used to assess temporal trends in
female representation. While the difference across time periods was not statistically significant (p = 0.0725), there was
a trend towards improved representation in more recent years (a decrease of 0.007 in the EDD per year [95% CI, 0.00 to
0.01 per year, p=0.02] Figure 3. Specifically, trials conducted between 2020 and 2024 showed a less pronounced gender gap
than earlier periods, suggesting a possible shift toward more equitable enrollment, though this did not reach conventional
levels of statistical significance. In a multivariable meta-regression analysis, trials from Americas had an adjusted mean
EDD 0.19 units higher than those from Africa, controlling for other covariates. An improvement in disparity was also seen
per year (0.01 [95% CI 0.004 to 0.016]) in the EDD after controlling for other covariates. With increasing mean age of the
sample population, disparity grew deeper with an EDD of —0.006 per year of age [95% CI —0.0105 to —0.0023] after
adjusting for region, trial size, therapy type, industry involvement, and year (Table 2).

Discussion
This meta-analysis highlights significant and persistent gender disparities in COPD research, particularly in clinical trial
enrollment and academic authorship. By comparing trial participant demographics with sex-specific prevalence data from
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Year

Figure 3 Temporal Trend and Projected Female Representation in COPD trials (2010-2026) Blue points represent year-wise weighted enrollment disparity differences (EDD),
calculated as the proportion of women enrolled in trials minus the proportion of women with COPD in the corresponding population based on Global Burden of Disease estimates.
Negative values indicate underrepresentation of women. Orange points and the fitted line represent values estimated from a continuous-year random-effects meta-regression. Forward
projections beyond the observed data are shown for illustrative purposes only and reflect statistical extrapolation rather than prediction of future enrollment patterns.
Abbreviations: EDD, enrollment disparity difference.

the Global Burden of Disease (GBD) project, our findings underscore a notable misalignment between the populations
most affected by COPD and those included in clinical research.'*

Women remain substantially underrepresented in COPD trials, accounting for just 32.4% of enrolled participants despite
evidence of rising COPD burden among women worldwide.'> The pooled enrollment disparity difference (EDD) of —-0.21 reflects
a 21-percentage-point shortfall in female representation relative to their disease prevalence. Another way of understanding is to
say that 200 fewer women are enrolled per 1,000 trial participants. In previous trials of cardiovascular diseases and stroke,
participation prevalence ratios ranging from 0.48 to 0.78 have been reported for women, equivalent to EDD of —0.1 to —0.3, and
0.05 for stroke respectively.'>'® In this context, our EDD for women representation is comparable to, or sometimes greater than
other chronic diseases, highlighting the need for improved trial participation.

The observed heterogeneity was very high (I* = 100%), which is expected given the nature of the outcome and the
structure of the included evidence base. Unlike treatment effects, enrollment disparity (EDD) reflects underlying
demographic, epidemiologic, and structural differences across trials—such as regional variation in COPD prevalence,
differences in recruitment practices, sample size, therapy class, and health-system context. Although subgroup and meta-
regression analysis did not substantially address heterogeneity, EDD across subgroups like regions, age distributions,
type of therapy, and publications years were consistently negative. This supports our hypothesis that female under-
representation is indeed prevalent and not an outcome of flaw in our methodology.

The underrepresentation limits the generalizability of trial outcomes and may obscure clinically relevant sex-based
differences in disease progression, treatment response, and adverse effects.®'” Several factors are likely to contribute to
this disparity. Historically, COPD has been viewed as a male-predominant condition, largely due to its association with
occupational exposures and smoking behaviors more common among men in earlier decades.®’ Although smoking
patterns have shifted and indoor air pollution continues to affect women in many regions disproportionately, these
evolving risk profiles have not been adequately reflected in clinical trial recruitment strategies.

Social and cultural dynamics further compound these issues. Regional variation emerged as one of the strongest
sources of heterogeneity in female enrollment across trials. These realities were reflected in our subgroup analysis, which
showed the largest enrollment disparity in Asian trials (EDD = —0.30), while American studies demonstrated
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Table 2 Results of the Random-Effects Multivariable Metaregression Analysis of the Enrollment Disparity Difference from
Trials Enrolling Patients with COPD (n=190)

No of trials | Univariable Meta Regression Multiple Variable Metaregression
EDD 95% CI p EDD P

Region
Africa 2 Ref Ref
Asia 21 0.0184 (-0.1507, 0.1875) | 0.8311 | 0.0376 (—0.1295, 0.2047) | 0.6595
Europe 40 0.0708 (-0.0949, 0.2366) | 0.4021 | 0.0951 (—0.672, 0.2574) 0.2507
Multicountry 80 0.1109 (—0.0528, 0.2747) | 0.1843 | 0.1301 (-0.03, 0.2902) 0.1113
North and South America 45 0.1784 (0.0131, 0.3436) | 0.0344 | 0.1936 (0.0322, 0.355) 0.0188
N
Large (1000—4999) 56 Ref
Small (<499) 80 0.0024 (—0.645, 0.0317 0.9128 | 0.0343 (-0.0066, 0.0752) | 0.1003
Medium (500-999) 48 —0.0164 | (—0.0402, 0.45) 0.5042 | —0.0128 | (—0.0567, 0.0311) | 0.5678
Very large (>5000) 6 —0.0363 | (—0.1414, 0.0688) | 0.4989 | —0.0361 | (—0.1281, 0.0559) | 0.4423
Industry
No-involvement 20 Ref
Involved 170 0.0006 (-0.0571, 0.0583) | 0.9839 | —0.0235 | (-0.1018, 0.0547) | 0.5555
Therapy
Antibiotic therapy 9 Ref
Inhaled therapy 154 0.0523 (-0.0307, 0.1352) | 0.2167 | 0.0386 (—0.0431, 0.1204) | 0.3543
PDE4 inhibitors 10 0.0379 (-0.0731, 0.149) | 0.503 | 0.0377 (-0.0655, 0.1409) | 0.4743
Period of publication
2010-2014 77 Ref
2015-2019 94 0.0188 (-0.0185, 0.0561) | 0.3228
2020-2024 19 0.0569 (-0.0052, 0.119) | 0.0725
Year (Per | year increase) 190 0.0068 (0.0008, 0.0128) 0.0269 | 0.0099 (0.0039, 0.0158) 0.0011
Mean Age (per |-year increase) | 190 —0.007 | (-0.0111,-0.003) | 0.0006 | —0.0064 | (-0.0105,-0.0023) | 0.0022

Abbreviations: Cl, Confidence Interval; EDD, Enrollment disparity difference; PDE, phosphodiesterase.

comparatively higher female representation. In many Asian settings, restrictive gender norms, limited autonomy, and
disproportionate caregiving responsibilities often hinder women’s ability to participate in research.'® These sociocultural
factors likely contribute to the particularly large enrollment disparities observed in Asian trials, beyond what can be
explained by trial design alone. Differences in regulatory oversight and policy enforcement, such as initiatives by the US
National Institutes of Health to promote equitable research inclusion, may also contribute to these regional patterns.'®
Beyond regional variation, our subgroup analyses revealed additional patterns that further clarify the drivers of sex
disparities in COPD trial enrollment. Studies enrolling older populations (>65 years) exhibited substantially greater
underrepresentation of women compared with trials including younger cohorts, consistent with the demographic reality
that older women carry a disproportionate COPD burden. Industry funding did not significantly influence EDD, and
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temporal meta-regression demonstrated modest improvement in female representation in more recent years. Collectively,
these results indicate that sex imbalance in COPD research is shaped by multiple intersecting demographic, regional, and
structural factors rather than any single study-level characteristic.

Older women are particularly vulnerable to exclusion from COPD trials, as individuals over 75 frequently face age-
related eligibility limits, mobility constraints, and higher comorbidity burdens. These practical and clinical barriers
disproportionately affect women, who make up a larger share of the elderly COPD population and may encounter
additional caregiving and logistical challenges that impede research participation.”’

Most trials in our meta-analysis were industry-funded (89%), as expected, given that pharmacologic COPD trials
represent the domain in which industry funding is most common, whereas non-pharmacologic interventions such as
pulmonary rehabilitation or oxygen therapy are typically funded through public, academic, or health-system sources.
Sponsorship did not reveal a statistically significant association with women’s enrollment (Figure 2). This indicates that
the observed disparities are not confined to specific funding models or investigator demographics but are instead
widespread across the COPD research landscape.

Across the 15-year study period, we observed a gradual improvement in the representation of women in COPD
pharmacotherapy trials. Year-wise weighted EDD values demonstrated a steady upward trend, indicating that under-
representation has become progressively less pronounced over time. This pattern aligns with the significant positive slope
in our continuous meta-regression, which showed that EDD improves by approximately 0.006—-0.007 per year. Although
the magnitude of improvement is modest, the directionality suggests increased attention to equitable enrollment and
possibly the early impact of policies such as NIH’s Sex as a Biological Variable (SABV) guidance'® and the growing
emphasis on sex-balanced recruitment in regulatory and scientific communities.

Extending the regression line to forecast future years further illustrates this trajectory: provided no major changes in
trial design or recruitment practice occurs, the enrollment gap is expected to narrow incrementally through 2026 and
beyond. These projections are merely statistical extrapolation and should not be interpreted as predictive, however they
do reinforce the central finding that progress is occurring, though still falling short of full parity. The purpose of this
exercise is not to predict the disparity in any given year but to highlight that improvement in representation relies on
appropriate changes in recruitment practices and trial design.

The clinical relevance of these disparities is strongly supported by prior literature demonstrating clear sex-related differences
in COPD. Women with COPD exhibit distinct symptom profiles, including significantly higher odds of severe dyspnea compared
with men, even at similar levels of airflow limitation.” Exacerbation patterns also show meaningful sex-related differences:
women often present with more impaired gas exchange at hospitalization despite higher FEV, and FVC values, suggesting
a disproportionate physiologic burden.?® Several post-hoc analyses of large COPD trials, including EUROSCOP, LHS, TORCH,
and FLAME, have demonstrated sex-specific differences in response to inhaled therapies, bronchodilator responsiveness, and
exacerbation reduction.”! Emerging evidence also points to sex-related pharmacokinetic and pharmacodynamic differences that
may affect inhaled medication handling or response.”* Collectively, these findings underscore the importance of equitable female
representation to ensure that trial results are generalizable and clinically relevant.

Another contributor to sex imbalance in COPD evidence is the predominance of emphysema-focused trial designs.
Pharmacologic COPD trials frequently rely on FEV-driven inclusion criteria or recruit populations with greater
emphysema burden—features more common in men. In contrast, women more often present with airway-predominant
COPD characterized by higher symptom burden and exacerbation frequency but less radiographic emphysema.’ As
a result, women with airway-dominant disease may be less likely to meet entry thresholds, and trial outcomes may
overestimate treatment effects in emphysema while underrepresenting benefits relevant to airway-driven disease.
Incorporating endpoints that capture symptoms, exacerbation patterns, and patient-reported outcomes would help ensure
that results are applicable to both phenotypes and improve the relevance of trial findings for women.

Ongoing efforts to improve sex equity in research may be taking hold, but sustained attention and structural reforms
remain essential. Policies from major funding and regulatory agencies underscore this need: the US National Institutes of
Health requires investigators to consider sex as a biological variable (SABV) in study design and analysis,'® and the US
Food and Drug Administration has issued guidance encouraging sex-balanced recruitment to ensure trial populations
reflect those affected by disease.”> Evidence-based strategies have shown promise in improving women’s participation,
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like in the trial done for weight loss by Crane et al.** Targeted community recruitment has been associated with higher
female enrollment across multiple chronic disease trials, and sex-disaggregated reporting has been shown to enhance the
generalizability and applicability of findings to both men and women.** Practical accommodations can also meaningfully
improve participation: studies involving caregiver-aged women show that flexible scheduling, transportation assistance,
and decentralized or hybrid study visits significantly improve recruitment and retention.”> Given that women with COPD
tend to be older and have higher burdens of comorbidities such as anxiety, depression, osteoporosis, and autoimmune
disease, expanding eligibility criteria and minimizing exclusions based on common age-related conditions may prevent
inadvertent underrepresentation. Promoting women’s leadership in study design and authorship may further ensure that
recruitment methods and outcome measures better reflect the needs of the full COPD population.

These findings have important implications for clinical practice and policy. Without adequate female representation in
COPD trials, treatment guidelines may be less applicable to women, potentially compromising care quality and out-
comes. Sex-specific differences in pharmacokinetics, symptom burden, and disease progression highlight the need for
data that reflects real-world patient diversity.> Addressing gender disparities in research is therefore essential not only for
fairness but for ensuring effective and personalized care for all individuals living with COPD.

Limitations

Our study has limitations. Considerable between-study heterogeneity persisted (I> = 100%) despite extensive subgroup
analyses, suggesting the presence of unmeasured structural differences across trials. We relied on published trial-level
data, limiting adjustment for key participant-level confounders and restricting our ability to characterize sex-specific
screening or exclusion patterns. EDD is calculated from baseline characteristics, and while universally reported, does not
capture differential eligibility or referral pathways. COPD prevalence estimates used as comparators may not fully
represent populations enrolled in individual trials. Finally, broad intervention categories and incomplete reporting of
disease phenotypes or severity may limit the specificity of subgroup interpretations.

Conclusion

Women remain substantially underrepresented in COPD clinical trials despite a rising global disease burden and clear
sex-based differences in COPD presentation and outcomes. This persistent enrollment disparity—approximately 21 per-
centage points below disease prevalence—undermines the generalizability of trial findings and may limit the applicability
of current treatment recommendations for women. Achieving equitable representation will require intentional changes in
trial design, recruitment strategies, and reporting standards. Ensuring that COPD evidence reflects the full diversity of
affected populations is essential for delivering effective, inclusive, and precision-based care.
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