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Purpose: Despite optimized dual-bronchodilator therapy, many chronic obstructive pulmonary disease (COPD) patients continue to
experience refractory breathlessness. This study aimed to identify the factors contributing to refractory breathlessness in patients with
COPD, and to construct a clinically useful risk stratification tool, the Refractory Breathlessness Score (RB-Score).

Patients and methods: In this retrospective cohort study conducted at a single teaching hospital between January 2014 and
December 2023, patients with COPD who maintained the same type of dual-bronchodilator therapy, with or without inhaled
corticosteroids, for one year were included. Refractory breathlessness was defined as the absence of at least a 1-point improvement
in the mMRC dyspnea score at 12 months following treatment initiation. Independent predictors for refractory breathlessness were
identified, and weighted points were assigned based on adjusted odds ratios (aORs) to develop the RB-Score.

Results: Among 405 eligible patients, 244 (60.2%) had refractory breathlessness. Significant contributors included exacerbation
events during treatment, comorbidities (severe anemia, cardiovascular disease, depression/anxiety, pulmonary hypertension), structural
abnormalities (giant bulla, endobronchial stenosis), and inhaler-related factors (poor adherence, improper technique, multiple device
use). In adjusted restricted cubic spline curve, RB-Score <1.92 was associated with a decreased risk of refractory breathlessness
(aOR=0.77, 95% CI=0.59-1.00), while RB-Score >3.51 indicated increased risk (aOR=1.53, 95% CI=1.00-2.35). The RB-Score
achieved good predictive performance (AUROC=0.854 [95% CI=0.818-0.891], AUPRC=0.899 [95% CI=0.865-0.928]).
Conclusion: Refractory breathlessness in COPD results from multiple factors, including pulmonary, comorbid, and inhaler-related
issues. The RB-Score may facilitate risk stratification and guide individualized interventions though external validation is required.

Plain Language Summary: Refractory breathlessness in COPD remains prevalent even with guideline-redual-bronchodilator
chodilator therapy, yet no established clinical marker reliably predicts its persistence. Prior research has examined individual factors
but lacked an integrative approach to risk stratify refractory breathlessness in real-world populations.

This study identifies a comprehensive set of clinical, structural, and inhaler-related factors independently associated with refractory
breathlessness in COPD. A novel composite index, the Refractory Breathlessness Score (RB-Score), was developed and validated,
demonstrating excellent discriminative performance. The RB-Score enables stratification of patients into risk categories and outper-
forms individual predictors in identifying those at risk of refractory symptoms.

The RB-Score may inform individualized COPD management and support future strategies for targeted interventions to reduce
symptom burden in patients with refractory breathlessness.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major global health burden and the third leading cause of death
worldwide. In 2022, COPD accounted for approximately 3.2 million deaths globally, and by 2050, COPD-related
mortality is projected to increase by 102%, reaching an estimated 6.5 million deaths annually.' The disease is
characterized by irreversible airflow limitation and chronic respiratory symptoms, with breathlessness being one of the
most challenging symptoms. Higher dyspnea severity, as assessed by the modified Medical Research Council (mMRC)
dyspnea scale, is linked to an increased risk of hospitalization risk,” greater mortality,® and reduced physical activity.*
Higher mMRC scores are significantly correlated with greater breathlessness severity, increased healthcare utilization,
and diminished overall quality of life.> Moreover, refractory breathlessness is closely associated with psychological
distress, with depressive symptoms present in up to 20% of patients with COPD.®

Given the notable impact of dyspnea on clinical outcomes, symptom management remains an important therapeutic
goal in COPD. However, despite guideline-directed therapy, more than 50% of patients with COPD continued to
experience refractory breathlessness, which is closely linked to adverse clinical outcomes.”® Unlike prior studies
predicting breathlessness in smokers or the general population, the present study focuses on patients with COPD already
receiving optimized dual-bronchodilator therapy, in whom breathlessness persists despite treatment.'®!" Exacerbation
history serves as a key determinant for treatment escalation, and blood eosinophil levels guide the use of inhaled
corticosteroids (ICSs) to reduce exacerbation risk. However, no comparable marker exists to identify patients at risk of
refractory breathlessness despite optimized therapy, making it difficult to recognize those who may benefit from
alternative interventions. A comprehensive approach that considers both disease-related and non-disease-related con-
tributors may help enhance risk stratification, refine symptom management approaches, support individualized treatment
strategies, and potentially improve patient outcomes.

We hypothesized that refractory breathlessness in COPD arises from multiple contributory factors across pulmonary,
comorbid, and inhaler-related domains. This study aimed to identify these factors in patients with COPD receiving dual-
bronchodilator therapy with or without ICSs, develop the Refractory Breathlessness Score as a risk stratification tool, and
examine its association with all-cause mortality as a measure of overall disease burden.

Methods

Our study adhered to the guidelines outlined in the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement. '

Study Design and Participants

This retrospective cohort study was conducted at a teaching hospital, including patients with COPD who visited between
January 2014 and December 2023. COPD was diagnosed by pulmonologists based on chronic respiratory symptoms, risk
factors, and spirometric evidence of non-fully reversible airflow limitation, defined as a post-bronchodilator forced
expiratory volume in 1 second (FEV,)/forced vital capacity (FVC) ratio <0.7."

Patients prescribed long-acting B,-agonist/long-acting muscarinic antagonist (LABA/LAMA) or inhaled corticoster-
0id/LABA/LAMA (ICS/LABA/LAMA) for one year were screened if their mMRC dyspnea scores were assessed at both
baseline and one year. Inclusion criteria required patients to have undergone spirometry and chest computed tomography
(CT) scans at the time of LABA/LAMA or ICS/LABA/LAMA initiation, attended outpatient clinic visits at least three
times over 12 months, and consistently used the same inhaler drug class and device during the observation period.
Patients with a diagnosis of asthma or missing data on demographics, clinical information, or dyspnea severity
assessments were excluded.

Eligible patients were classified into the refractory breathlessness group if their mMRC scores at one year was not
improved compared to baseline and the improved breathlessness group if their scores decreased.'®

The study protocol was approved by the Institutional Review Board of the Seoul Metropolitan Government-Seoul
National University Boramae Medical Center (IRB No. 20-2024-24). Written informed consent was waived because this
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was a retrospective analysis of anonymized data. All procedures in this study were conducted in accordance with relevant
guidelines and regulations, and with the principles of the Declaration of Helsinki.

Variables and Measurements

We collected demographic variables such as age, sex, and body mass index (BMI), as well as smoking status and pack-
years. Clinical features comprised the Charlson Comorbidity Index (CCI), history of moderate-to-severe exacerbations
within the prior year, and symptom burden assessed using the mMRC dyspnea score. Laboratory parameters included
white blood cell (WBC) count, neutrophil percentage and count, lymphocyte percentage and count, neutrophil-to-
lymphocyte ratio (NLR), eosinophil percentage and count, and the proportion of patients with eosinophil counts >300/
pL. Pulmonary function test results included spirometric indices such as FEV; (L, %, z-score), FVC (L, %, z-score),
FEV/FVC ratio (%, z-score), forced expiratory flow at 25% to 75% of FVC (FEF,s.75) (L/s, %), and diffusing capacity
for carbon monoxide (DLco) (mL/min/mmHg, %). The z-scores were calculated using the Global Lung Function
Initiative 2022 reference equations.'> All demographic, clinical, laboratory, pulmonary function, and radiological
variables were collected at baseline, defined as the time of initiation of LABA/LAMA or ICS/LABA/LAMA therapy.

Quantitative CT Analysis

All patients underwent chest CT scans at full inspiration. Images were acquired using either a Philips Ingenuity or a GE
Revolution CT scanner and reconstructed using a soft or standard kernel with slice thicknesses of 0.67-1.25 mm, in
accordance with the institutional CT acquisition protocol. Quantitative CT analysis was performed using Aview software
(Coreline Soft, Seoul, Korea). The proportion of low-attenuation areas below —950 HU on inspiratory CT (%LAA-950)
was used as a measure of emphysema extent. Airway wall thickness was quantified as the square root of the wall area of
a hypothetical airway with an internal perimeter of 10 mm (Pil0), derived using the bronchial anatomical detection
method.

Potential Causes of Refractory Breathlessness
We conducted a structured literature review to identify potential causes of refractory breathlessness in patients with
COPD. We searched electronic databases, including PubMed, Embase, and Cochrane Library, covering studies published
from inception to December 31, 2023. The search strategy incorporated Medical Subject Headings (MeSH) terms and
free-text keywords related to COPD, refractory breathlessness, and potential contributing factors across four domains:
COPD-related factors, non-respiratory comorbidities, respiratory comorbidities, and device-related factors. Key search
terms included “COPD” OR “chronic obstructive pulmonary disease”, AND “refractory dyspnea” OR “persistent
dyspnea” OR “refractory breathlessness” OR “persistent breathlessness”. The search was restricted to human studies
published in English, focusing on adult populations, with the exclusion of case reports and editorials. Studies that did not
report on potential causes or contributors to breathlessness in patients with COPD were subsequently excluded upon title
and abstract review. From the identified factors, we selected those verifiable through electronic medical records,
categorizing them into COPD-related factors (current smoking, exacerbation events during treatment, occupational
exposure, severe airflow limitation, severe emphysema, and severe hyperinflation), non-respiratory comorbidities
(advanced deconditioning, arrhythmia, cardiovascular disease, cognitive impairment, depression or anxiety, obesity,
pulmonary hypertension, and severe anemia), respiratory comorbidities (bronchiectasis, endobronchial stenosis, fungal
infection, giant bulla, interstitial lung disease, lung cancer, non-tuberculous mycobacteria (NTM) pulmonary disease,
pulmonary thromboembolism, TB-destroyed lung, thoracic wall abnormality, and upper airway disease), and device-
related factors (low inhalability, multiple device use, poor adherence, and poor inhaler technique).

For potential causes of refractory breathlessness without established definitions, three pulmonologists reached
a consensus to develop operational definitions. Occupational exposure was defined as a documented history of exposure
to vapors, gases, dust, and fumes in medical records. Severe airflow limitation was defined according to the GOLD report
as FEV, <50% predicted."” Severe emphysema was defined as a %LAA-950 exceeding 20% on inspiratory chest CT.'®”
'¥ Severe hyperinflation was determined if at least one of the following criteria was met: 1) residual volume to total lung
capacity ratio (RV/TLC) >60%'® or 2) parametric response mapping of small airway disease (PRM™AP) >40% 22!
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Advanced deconditioning was defined as a Clinical Frailty Scale score of 5 or higher.”* According to the World Health
Organization (WHO) Asia-Pacific criteria, obesity was defined as a BMI >25 kg/m”. Severe anemia was defined as
hemoglobin (Hb) <8.0 g/dL. Non-respiratory comorbidities were assessed only in patients with suggestive symptoms
who underwent evaluations by cardiologists, neurologists, or psychiatrists. Respiratory comorbidities were assessed
based on pulmonologists’ medical records, with further evaluations by thoracic surgeons or otolaryngologists when
clinically indicated, and radiologic assessments by chest radiologists. For device-related factors, low inhalability was
defined as a maximum forced inspiratory flow (FIFmax) <120 L/min, based on previous studies evaluating dry powder
inhaler (DPI) use in relation to peak inspiratory flow rate (PIFR).>*** This cutoff was chosen because previous studies
indicate that only a small proportion of COPD patients using DPIs had FIFmax values below 100-120 L/min.>*** Poor
adherence was defined as a prescribed medication possession rate (MPR) <80%, while poor inhaler technique was
determined based on medical record documentation.

Outcomes

The primary outcome was refractory breathlessness, defined as a mMRC dyspnea score that remained unchanged or
increased by at least one point at the 12-month outpatient clinic visit following the initiation of LABA/LAMA or ICS/
LABA/LAMA therapy. Although the minimal clinically important difference of the mMRC dyspnea scale has been

2627 the mMRC is an ordinal scale measured in whole-number increments at the

reported as approximately 0.5 points,
individual patient level, and a 1-point change therefore represents the smallest practically detectable difference in routine
clinical practice. Improved breathlessness was defined as a reduction of at least one point in the mMRC score at the 12-
month follow-up.

We assessed the prevalence of potential causes contributing to refractory breathlessness and identified independent
associations with this outcome. Based on these identified significant factors, the Refractory Breathlessness Score (RB-
Score) was developed by assigning points to each contributing variable by rounding the natural logarithm of the adjusted
odds ratio to the nearest integer, producing a clinically intuitive whole-number scoring system, and summing the total
points.

To evaluate the long-term prognostic value of the RB-Score, all-cause mortality data were obtained from the national
death registry of Statistics Korea. Mortality status and date of death were ascertained through linkage with official death
records using unique personal identification numbers. Follow-up time was calculated from the index date (initiation of
LABA/LAMA or ICS/LABA/LAMA therapy) to the date of death or the end of the observation period, whichever came
first.

Statistical Analysis

Comparisons between the refractory breathlessness group and the improved breathlessness group were performed using
the chi-squared test or Fisher’s exact test for categorical variables and the Student’s #-test or Wilcoxon rank-sum test for
continuous variables. To assess the association between potential risk factors and refractory breathlessness, univariable
and multivariable logistic regression models were applied. Univariable odds ratios (ORs) with 95% confidence intervals
(CIs) were estimated to identify candidate variables. A Directed Acyclic Graph (DAG) (Supplementary Figure S1) was

constructed to delineate the causal relationships between refractory breathlessness and its associated factors, facilitating
the identification of confounders.

To mitigate confounding bias, the multivariable model included covariates deemed clinically relevant and statistically
significant in the univariable analysis. This approach ensured the retention of key confounding variables while mini-
mizing overadjustment. The final multivariable model incorporated age, sex, BMI, smoking history, CCI, baseline
mMRC dyspnea score, prior moderate-to-severe exacerbations within one year, blood neutrophil and lymphocyte counts,
spirometric indices (FEV, z-score, FEV/FVC z-score, and DLco % predicted), and radiologic parameters (%LAA-950
and Pil0) using an automatic segmentation software (Aview; Coreline Soft, Seoul, South Korea). To evaluate the
robustness of the findings to potential unmeasured confounding, E-values were calculated for statistically signifi-
cant ORs.
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Restricted cubic spline models were used to explore the non-linear relationship between the RB-Score and refractory
breathlessness risk. Predictive performance of the RB-Score was assessed using the area under the receiver operating
characteristic curve (AUROC) and area under the precision-recall curve (AUPRC). Optimal cutoff values were deter-
mined using the Youden index. Model calibration was assessed using the Hosmer-Lemeshow goodness-of-fit test and
bootstrap-based calibration plot.

The association between RB-Score and all-cause mortality was assessed using Cox proportional hazards models,
adjusting for relevant baseline covariates. In addition, Kaplan—-Meier survival curves were generated by stratifying
patients into four risk groups based on RB-Score thresholds (<1.5, 2.0-3.0, 3.5-5.5, >6.0), and survival differences were
evaluated using the Log rank test. Risk stratification thresholds were derived post hoc using two complementary data-
driven approaches. The boundaries between the low-, intermediate-, and high-risk groups were defined by the statistically
significant inflection points identified in the restricted cubic spline analysis, rounded to the nearest integer to align with
the integer-based scoring system. The threshold for the very high-risk group was set at the optimal cutoff value identified
by the Youden index from the AUROC analysis. For each risk stratum, the number of patients, observed event rates, and
95% confidence intervals for the proportion of refractory breathlessness were calculated using the Wilson score method.

Statistical significance was set at P <0.05, and all analyses were conducted using R statistical software (version 4.4.2).

Results

A total of 725 patients with COPD who were prescribed LABA/LAMA or ICS/LABA/LAMA for one year were
screened (Figure 1). Of these, 162 patients with concurrent asthma and 10 patients who did not undergo spirometry or
chest CT scans at the initiation of LABA/LAMA or ICS/LABA/LAMA therapy were excluded, resulting in 553 patients.
Among them, 72 patients who did not attend three or more regular outpatient clinic visits within one year were excluded,
leaving 481 patients eligible for further analysis. Additionally, 76 patients who switched inhaler devices during the
observation period were excluded, yielding a final cohort of 405 patients who consistently used the same inhaler device
and drug component for one year. These patients were subsequently categorized into the refractory breathlessness group
(n=244, 60.2%) and the improved breathlessness group (n=161, 39.8%).

COPD patients who were prescribed LABA/LAMA or
ICS/LABA/LAMA for one year between 2014 and 2023
(n=725)

162 patients with concurrent asthma were excluded.
10 patients without spirometry or chest CT at
LABA/LAMA or ICS/LABA/LAMA initiation were
excluded.

A 4

COPD patients who underwent spirometry and chest CT scan at
the initiation of LABA/LAMA or ICS/LABA/LAMA
(n = 553)

72 patients who did not attend three or more regular
outpatient clinic visits within a year were excluded.

\ 4

Y

COPD patients who attended three or more regular outpatient clinic
visits within a year
(n =481)

76 patients who switched inhaler devices or drug
components were excluded.

A 4

COPD patients who consistently used the same inhaler device and
drug component for one year

(n = 405)
Refractory breathlessness group Improved breathlessness group
(n =244, 60.2%) (n =161, 39.8%)

Figure | Flow diagram of inclusion.
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Baseline Characteristics
The refractory breathlessness group showed a lower BMI, greater smoking burden, higher comorbidity burden, more
severe dyspnea, and a higher frequency of exacerbations (Table 1). Blood tests revealed elevated WBC counts and

Table | Baseline Characteristics

Refractory Breathlessness Improved Breathlessness P-
Group (n=244) Group (n=161) value
Age, mean (SD) 66.1 (10.0) 65.7 (8.4) 0.696
Male, n (%) 224 (91.8) 146 (90.7) 0.832
BMI, mean (SD) 21.8 (3.5) 22.6 (3.3) 0.030
Smoking, n (%) 0.009
Never smoker 24 (9.8) 33 (20.5)
Ex-smoker 119 (48.8) 73 (45.3)
Current smoker 101 (41.4) 55 (34.2)
Pack-years, mean (SD) 38.8 (27.6) 33.6 (24.0) 0.050
Charlson comorbidity index 0.011
I, n (%) 133 (54.5) 11 (68.9)
2, n (%) 67 (27.5) 27 (16.8)
23, n (%) 44 (18.0) 23 (14.3)
Dyspnea, mMRC <0.001
I, n (%) 28 (11.5) 18 (11.2)
2, n (%) 153 (62.7) 136 (84.5)
23, n (%) 63 (25.8) 7 (43)
Prior history of moderate-to-severe exacerbation 106 (43.4) 48 (29.8) 0.008
within | year, n (%)
Blood examination
WBC count, /uL, mean (SD) 8757 (3670) 7907 (3804) 0.025
Neutrophil, %, mean (SD) 66.3 (13.0) 62.9 (12.7) 0.009
Neutrophil count, /uL, mean (SD) 6077 (3662) 5206 (3739) 0.021
Lymphocyte, %, mean (SD) 23.8 (10.5) 26.9 (10.7) 0.004
Lymphocyte count, /uL, mean (SD) 1885 (877) 1941 (867) 0.526
NLR, mean (SD) 4.3 (4.8) 3.7 (6.4) 0.249
Eosinophil, %, mean (SD) 2.7 (2.8) 3.0 (3.1) 0.325
Eosinophil count, /uL, mean (SD) 206 (204) 217 (264) 0.657
Eosinophil count 2300/uL, n (%) 53 (21.7) 35 (21.7) 1.000
Spirometric assessment
FEV|, L, mean (SD) 1.46 (0.51) 1.62 (0.48) 0.002
FEV,, % of predicted value, mean (SD) 585 (17.6) 63.9 (15.8) 0.002
FEV,, z-score, mean (SD) —2.62 (0.98) —2.32 (0.87) 0.002
FVC, L, mean (SD) 3.05 (0.80) 3.19 (0.82) 0.097
FVC, % of predicted value, mean (SD) 85.1 (19.4) 87.3 (17.7) 0.249
FVC, z-score, mean (SD) —0.57 (1.40) —0.38 (1.25) 0.165
FEV/|/FVC, % 48.0 (12.1) 51.4 (9.9) 0.003
FEV,/FVC, z-score —3.10 (0.87) —2.91 (0.75) 0.023
FEFy5.75, L/s 0.60 (0.30) 0.62 (0.26) 0.532
FEF,5.75, % of predicted value 23.6 (10.6) 24.1 (9.1) 0.617
DLco, mL/min/mmHg 12.2 (4.6) 14.8 (4.4) <0.001
DLco, % of predicted value 74.5 (23.3) 87.5 (21.2) <0.001
Radiologic assessment
LAA (below —950 HU in inspiratory CT), % 10.6 (10.0) 7.5 (7.6) 0.001
Pil0, mm 5.1 (1.4) 49 (1.2) 0.076

Abbreviations: BMI, body mass index; CT, computed tomography; DLco, diffusing capacity for carbon monoxide; FEF,s_7s, forced expiratory flow at 25% to 75% of the
forced vital capacity; FEV,, forced expiratory volume in | second; FVC, forced vital capacity; LAA, low-attenuation area; mMRC, modified Medical Research Council; NLR,
neutrophil-to-lymphocyte ratio; Pil0, perimeter of the airway wall at 10 mm of internal diameter; SD, standard deviation; WBC, white blood cell.
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reduced neutrophil and lymphocyte percentages compared to the improved breathlessness group. Spirometry measure-
ments indicated significantly lower FEV,, FEV|/FVC, and DL values in the refractory breathlessness group.
Radiological analysis indicated a greater extent of emphysema, reflected by an increased %LAA-950 on inspiratory
CT scans. In multivariable analyses, current smoking, a higher CCI, a higher mMRC, prior exacerbation history, DLco
(% of predicted value), and Pil0 were independently associated with refractory breathlessness (Supplementary Table S1).

Potential Causes for Refractory Breathlessness

Within the refractory breathlessness group, we investigated potential causes and identified factors such as the use of
multiple devices (50.0%), severe airflow limitation (48.4%), severe emphysema (48.4%), poor adherence (43.9%), and
advanced deconditioning (37.7%) (Supplementary Figure S2). However, not all potential causes were significantly more

prevalent in the refractory group compared to the improved group (Supplementary Table S2).

In the unadjusted analysis, exacerbation events during treatment, severe airflow limitation, severe emphysema, and
current smoking demonstrated significant associations with refractory breathlessness (Supplementary Figure S3).

Pulmonary hypertension, advanced deconditioning, depression or anxiety, cardiovascular disease, and arrhythmia were
prominent among non-respiratory comorbidities, while giant bulla was a significant respiratory comorbidity. Device-
related factors, such as poor adherence, poor technique, multiple device use, and low inhalability, showed significant
associations.

After adjustment, only exacerbation events during treatment retained an independent association with refractory
breathlessness (aOR=5.673 [95% CI=2.722-11.822], P-value <0.001) among COPD-related factors (Figure 2). Among
non-respiratory comorbidities, severe anemia (aOR=4.760 [95% CI=1.001-22.664], P-value=0.049), cardiovascular
disease (aOR=2.920 [95% CI=1.561-5.461], P-value<0.001), depression or anxicty (aOR=2.845 [95% CI=1.142-

COPD-Related Factors Non-respiratory Comorbidities
; _ ; ~
Exacerbation Event During Treatment : e Severe Anemia : e
! Cardiovascular Disease ! —_——
Occupat = i i |
1 Depression or Anxiety | ——A
1 1
Current Smoking i Advanced Deconditioning : ——
1 1
Severe Airflow Limitation P:—l Pulmonary Hypertension |
1 n |
i Arrhy T
Severe Emphysema h—s— 1
: Cognitive Impairment :
Severe Hyperinflation I—:—| Obesity H
T } T T } T T
03 1.0 3.0 10.0 1 3 10
Odds Ratio Odds Ratio
Significance ® P-value<0.05 P-value=0.05 Significance ® P-value<0.05 P-value=0.05
Respiratory Comorbidities Device Related Factors
Giant Bulla : °
Endobronchial Stenosis L Poor Adherence t < {

Interstitial Lung Disease

Lung Cancer

TB-Destroyed Lung Poor Technique

Bronchiecctasis
Fungal Infection
P y T

Multiple Device

NTM Pulmonary Disease

i

i

Upper Airway Disease Low } = |
Thoracic Wall Abnormality
T T T T T
0.1 1.0 10.0 100.0 3 5
Odds Ratio Odds Ratio
Significance ® P-value<0.05 P-value=0.05 Significance ® P-value<0.05

Figure 2 Adjusted odds ratios of potential contributors to refractory breathlessness. The multivariable logistic regression model includes covariables such as age, sex, BMI,
smoking history, CCl, mMRC dyspnea score, prior history of moderate-to-severe exacerbations within one year, blood neutrophil count, blood lymphocyte count, FEV, (z-
score), FEV|/FVC (z-score), DLco (% predicted), LAA (%), and Pil0 (mm).
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7.089], P-value=0.025), advanced deconditioning (aOR=2.694 [95% CI=1.554-4.669], P-value <0.001), and pulmonary
hypertension (aOR=2.622 [95% CI=1.007-6.830], P-value=0.048) remained significant. Respiratory comorbidities,
including giant bulla (aOR=11.775 [95% CI=1.502-92.278], P-value=0.019) and endobronchial stenosis (aOR=7.982
[95% CI=1.454-43.801], P-value=0.017), also showed significant associations. Device-related factors such as poor
adherence (aOR=4.945 [95% CI: 2.830-8.641], P-value <0.001), poor technique (aOR=3.042 [95% CI: 1.774-5.217], P-
value <0.001), multiple device use (aOR=2.217 [95% CI: 1.378-3.567], P-value=0.001), and low inhalability
(aOR=1.852 [95% CI: 1.043-3.290], P-value=0.035) remained significantly associated with refractory breathlessness.

Refractory Breathlessness Score
A scoring system for refractory breathlessness was developed based on potential causes identified through multivariable
logistic regression analyses (Table 2). Points were assigned to each potential cause according to the natural logarithm of
their aORs. The robustness of these associations with refractory breathlessness was further supported by sensitivity
analyses addressing the potential impact of unmeasured confounding, as demonstrated by the E-values (Supplementary
Table S3). The total of these points, which is RB-Score, ranges from 0 to 16, with higher scores reflecting a greater
overall association with refractory breathlessness.

The RB-Score in the improved breathlessness group had a median of 1.0 (IQR=0-2.0), whereas the refractory
breathlessness group had a median of 3.5 (IQR=2.5-5.0) (Supplementary Figure S4). Patients with higher RB-Scores

exhibited a progressively greater proportion of refractory breathlessness (Supplementary Figure S5). In the adjusted
restricted cubic spline curve, the aOR for refractory breathlessness became statistically significant at an RB-Score of 1.92
(aOR=0.77 [95% CI=0.59-1.00]) and at an RB-Score of 3.51 (aOR=1.53 [95% CI=1.00-2.35]) (Figure 3).

Risk stratification based on the RB-Score identified distinct risk groups for refractory breathlessness, with a 26%
likelihood in the low-risk group (RB-Score <1.5), 66% in the intermediate-risk group (RB-Score 2.0-3.0), 85% in the
high-risk group (RB-Score 3.5-5.5), and 100% in the very high-risk group (RB-Score >6.0) (Supplementary Table S4).

The RB-Score achieved an AUROC of 0.854 (95% CI=0.818-0.891, P-value <0.001) with an optimal cutoff value of
6.0 for identifying refractory breathlessness (Figure 4). The AUPRC was 0.899 (95% CI=0.865-0.928), indicating

consistent performance in predicting refractory breathlessness across different prevalence thresholds. The RB-Score

showed the highest predictive performance for refractory breathlessness, compared to individual potential causes
(Supplementary Table S5). Model calibration was assessed using the Hosmer—Lemeshow goodness-of-fit test, which

Table 2 Estimation of Refractory Breathlessness Score

Potential Causes of Refractory Breathlessness | In (Adjusted OR (95% CI)) | Points
Exacerbation event during treatment 1.785 (1.002-2.568) 2
Pulmonary hypertension 0.964 (0.007-1.922) |
Cardiovascular disease 1.072 (0.446-1.697) |
Severe anemia 1.560 (0.001-3.120) 1.5
Depression or anxiety 1.046 (0.133—1.958) |
Advanced deconditioning 0.991 (0.440-1.541) |
Giant bulla 2.466 (0.405—4.525) 25
Endobronchial stenosis 2.077 (0.374-3.779) 2
Poor adherence 1.598 (1.040-2.156) 1.5
Low inhalability* 0.616 (0.042—-1.191) 0.5
Poor inhaler device technique 1.113 (0.573-1.653) |
Multiple device 0.796 (0.320-1.271) |

Notes: *Apply to only DPI user. The multivariable logistic regression model includes covariates such as age, sex,
BMI, smoking history, CCl, mMRC dyspnea score, prior history of moderate-to-severe exacerbations within
one year, blood neutrophil count, blood lymphocyte count, FEV, (z-score), FEV,/FVC (z-score), DLco (% pre-

dicted), LAA (%), and Pil0 (mm).

Abbreviations: Cl, confidence interval; In, logarithmus Naturalis; OR, odds ratio; RB-Score, Refractory

Breathlessness Score.

8 https:

International Journal of Chronic Obstructive Pulmonary Disease 2026:21


https://www.dovepress.com/article/supplementary_file/601086/601086%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/601086/601086%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/601086/601086%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/601086/601086%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/601086/601086%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/601086/601086%20Supplementary%20Material.docx

Lee et al

Log-Transformed Adjusted OR for Refractory Breathlessness
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Figure 3 Adjusted restricted cubic spline curve of the RB-score for refractory breathlessness.
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Figure 4 Predictive performance of the RB-Score for identifying refractory breathlessness.
Abbreviations: AUPRC, Area Under the Precision—Recall Curve, AUROC, Area Under the Receiver Operating Characteristic Curve.

showed no significant lack of fit (P-value=0.283) and was further supported by a bootstrap-based calibration plot
demonstrating close agreement between predicted and observed probabilities (Supplementary Figure S6).

The RB-Score was significantly associated with time to all-cause mortality in the unadjusted analysis (Hazard ratio
[HR]=1.171 [95% CI=1.080—1.270], P-value <0.001), and Kaplan—Meier curves showed significantly lower mortality in
the group with RB-Score <1.5 (P-value <0.001, Supplementary Figure S7). Even after adjustment for covariates
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including age, sex, BMI, smoking status, comorbidities, prior exacerbation history, and FEV;/FVC z-score, this
association was significant (adjusted HR=1.111 [95% CI=1.014-1.218], P-value=0.024).

Discussion

This study evaluated the prevalence and contributors to refractory breathlessness in patients with COPD receiving dual-
bronchodilator therapy with or without ICSs, emphasizing the multifactorial nature of refractory breathlessness despite
standard treatment. A substantial proportion of patients continued to experience breathlessness, suggesting that factors
beyond airflow limitation contribute to symptom persistence. Exacerbation events during treatment were a major
contributor, reinforcing the notion that recurrent exacerbations can perpetuate symptom burden beyond their immediate
impacts. Additionally, non-respiratory comorbidities, structural lung abnormalities, and inhaler-related issues were
associated with refractory breathlessness, suggesting the need for a broader clinical assessment that extends beyond
conventional parameters. Incorporating evaluations of cardiovascular and musculoskeletal comorbidities, inhaler techni-
que and adherence, and imaging-based structural abnormalities may improve risk stratification and inform more tailored
symptom management strategies. The RB-Score may also support broader clinical decision-making, given its observed
association with long-term all-cause mortality.

While airflow limitation remains a defining characteristic of COPD, the persistence of dyspnea despite optimized
bronchodilator therapy suggests the involvement of additional pathophysiological mechanisms. In the present cohort,
60.2% of patients experienced refractory breathlessness at 12 months, consistent with prior estimates of 50-70% reported
in outpatient COPD populations receiving guideline-directed therapy.”* Exacerbation events during treatment may
sustain airway inflammation,”® impair ventilatory efficiency® and heighten the respiratory neural drive, amplifying
dyspnea perception through altered respiratory mechanics.’**! Also, patients with frequent exacerbations exhibit
distinctly altered dyspnea perception compared to infrequent exacerbators, supporting the independent contribution of
exacerbation burden during treatment observed in the present study.30 The proposed role of neuroinflammatory processes
in modulating central dyspnea perception should be considered hypothesis-generating rather than an evidence-based
conclusion within the scope of the present study.*?

Beyond pulmonary factors, non-respiratory comorbidities such as cardiovascular disease and advanced decondition-
ing may further contribute through impaired oxygen delivery, autonomic dysfunction, and skeletal muscle weakness,
leading to exertional intolerance.’*** The independent contribution of depression and anxiety aligns with evidence that
depressive symptoms exert an impact on COPD outcomes comparable to that of FEV, impairment,® underscoring the
importance of routine psychological assessment in patients with refractory breathlessness. Structural abnormalities,
including airway remodeling, emphysematous destruction,” and central airway narrowing, may exacerbate dyspnea by

637 altering ventilatory mechanics, and elevating the work of breathing.*® To our

increasing dynamic hyperinflation,’
knowledge, the independent contributions of giant bulla and endobronchial stenosis as discrete structural predictors of
refractory breathlessness have not been previously quantified in a multivariable framework. Furthermore, suboptimal
inhaler use or insufficient inspiratory flow may lead to inadequate drug deposition, limiting bronchodilator effectiveness
and reducing the potential for exacerbation prevention.”>** The independent contributions of multiple device use and low
inhalability as distinct predictors of symptom persistence have similarly not been previously reported in an integrated
multivariable analysis. These findings suggest that refractory breathlessness can be influenced by multiple factors,
indicating the potential value of a broader assessment approach to better characterize its contributors. Although the RB-
Score was originally developed to assess refractory breathlessness, its association with long-term all-cause mortality
suggests potential surrogate marker of overall disease burden in COPD.

Given this complexity, a systematic approach to risk stratification is necessary to guide individualized management.
The RB-Score developed in this study provides a structured framework for identifying patients at risk of refractory
breathlessness despite optimized therapy by incorporating multiple contributing factors beyond airflow limitation. By
integrating exacerbation history, comorbid conditions, structural lung abnormalities, and inhaler-related factors, the RB-
Score offers a comprehensive method for evaluating the mechanisms underlying dyspnea persistence. In practice, the
score can be calculated using information routinely available at outpatient visits without requiring additional specialized
investigations. Patients in the low-risk group (RB-Score <1.5) may be managed with standard therapy optimization,
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whereas those in the intermediate- or high-risk groups (RB-Score >2.0) may benefit from a structured review of
contributing factors, including comorbidity management, inhaler technique reassessment, and consideration of pulmon-
ary rehabilitation. This approach may allow for the early identification of patients who are unlikely to respond to standard
therapy and who may benefit from targeted interventions, such as pulmonary rehabilitation for deconditioning, cardio-
vascular management for coexisting disease, or inhaler technique optimization to enhance drug delivery.

Beyond its role in individualizing treatment, the RB-Score may complement existing COPD risk stratification models,
which primarily focus on exacerbation risk, by addressing the distinct challenge of refractory breathlessness. While
exacerbation prevention remains a key therapeutic goal, a more refined approach to systematically assessing and
identifying patients at risk for refractory breathlessness may help guide targeted interventions aimed at optimizing
symptom management. Future studies are required to validate its predictive performance across diverse clinical settings
and to assess its potential utility in refining treatment algorithms for patients with COPD who continue to experience
refractory breathlessness despite optimized therapy.

This study has several strengths. The RB-Score was developed through a comprehensive and structured assessment of
contributing factors spanning four clinical domains, informed by a structured literature search. The use of a real-world
cohort with detailed clinical, radiological, and inhaler-related data allowed for a multifactorial evaluation that reflects
routine clinical practice. Furthermore, the integer-based scoring system was designed to maximize clinical applicability
without requiring specialized investigations beyond those available at standard outpatient visits.

This study has several limitations. First, although the RB-Score showed good predictive performance in the current
cohort, its generalizability remains uncertain. The score was derived and evaluated in the same single-center retrospective
dataset, and formal internal validation procedures such as bootstrapping or cross-validation were not performed.
Accordingly, the reported predictive performance metrics may overestimate the true discriminative ability of the score,
and the risk stratification thresholds were determined post hoc rather than prespecified, raising additional concerns
regarding overfitting. Second, while this study identified multiple contributors to refractory breathlessness, it remains
unclear whether modifying these factors leads to meaningful improvements in clinical outcomes. The retrospective nature
of the study precludes direct assessment of causality, and interventional studies are needed to determine whether targeted
management strategies such as optimizing inhaler technique, addressing cardiovascular comorbidities, or implementing
pulmonary rehabilitation can reduce refractory breathlessness. Third, this study did not incorporate real-time symptom
tracking tools such as digital health monitoring, which may offer additional insights into the day-to-day variability of
breathlessness and treatment adherence. Integrating wearable sensors, mobile applications for symptom reporting, and
adherence-monitoring devices could refine risk stratification and support individualized treatment adjustments. Fourth,
this study lacked long-term follow-up beyond the 12-month observation period. Therefore, it is limited to determine
whether refractory breathlessness is truly refractory or if some patients experience delayed improvement beyond
one year. Fifth, the exclusion of patients who frequently switched inhaler devices during the observation period may
have introduced selection bias. While this criterion ensured a standardized assessment of inhaler-related factors, it
potentially excluded a subset of patients with unstable disease, poor treatment adherence, or difficulties in inhaler use.
Sixth, the very high-risk group comprised a relatively small number of patients, and the observed 100% event rate should
therefore be interpreted with caution, as this finding likely reflects sparse data rather than a true ceiling effect.

Conclusions

In patients with COPD receiving optimized dual-bronchodilator therapy, refractory breathlessness arises from multiple
independent contributors spanning exacerbation burden, non-respiratory comorbidities, structural lung abnormalities, and
inhaler-related factors. The RB-Score, incorporating these contributors, showed good discriminative performance and
enabled meaningful risk stratification, with an independent association with all-cause mortality suggesting broader
prognostic relevance. External validation and interventional studies are needed to confirm its generalizability and clinical
utility.
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