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Abstract: Dyspnea is an unpredictable and distressing symptom of chronic obstructive pulmonary disease (COPD). Dyspnea is 
challenging to measure due to the heterogeneity of COPD and recall bias associated with retrospective reports. Ecological Momentary 
Assessment (EMA) is a technique used to collect symptoms in real-time within a natural environment, useful for monitoring symptom 
trends and risks of exacerbation in COPD. EMA can be integrated into mobile health (mHealth) platforms for repeated data collection 
and used alongside physiological measures and behavioral activity monitors. The purpose of this paper is to discuss the use of mHealth 
and EMA for dyspnea measurement, consider clinical implications of EMA in COPD management, and identify needs for future 
research in this area. 
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Dyspnea, or the sensation of breathlessness or air hunger, is a highly unpleasant and debilitating sensation common in 
chronic obstructive pulmonary disease (COPD). The perception of dyspnea is highly individualized and influenced by 
airway pathology, individual interoceptive sensitivity, and previous exposure to dyspnea. Respiratory perception is 
a complex, multidimensional process that involves both the cognitive and affective evaluation of respiratory 
sensations.1 This two-stage process begins with the initial discriminative dimension, involving physical awareness of 
what one is feeling, followed by the assessment of how the sensations feel, when the individual evaluates and 
characterizes the sensation. The interoceptive process is unique to each person, incorporating tolerance, past experiences, 
and emotions alongside physiological stimuli. Measuring dyspnea presents challenges, as no diagnostic test or biomarker 
closely correlates with changes in dyspnea across all conditions or settings.2

Ecological momentary assessment (EMA), a technique developed within the behavioral sciences, allows 
researchers and clinicians to collect symptoms (eg, respiratory symptoms such as coughing), cognitions, affective 
state, and exposure in real-time within a natural environment.3 As the term ecological (relating to the natural living 
environment) indicates, short (momentary) reporting periods are used for assessment of symptoms occurring during 
everyday experiences. This reduces the risk of memory limitations, bias, and error.4 EMA is differentiated from 
other data collection methods by three main criteria: it is collected from patients in real-time, in the home or natural 
environment, and data elements (eg, symptoms) are repeatedly collected in brief moments over an extended period. 
Although the concept of collecting diary data and self-monitoring has a long history in clinical research, techno
logical advances in the last decennia, in particular the introduction of smartphones, have led to increased use of this 
method in various fields, including psychopathology,5 chronic pain,6 and physical activity.7 In this commentary, we 
discuss the use of EMA, particularly via mobile (mHealth) technology for measurement of dyspnea, consider clinical 
implications for COPD management, and identify needs for future research.
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Measurement of Dyspnea
Clinical measurement of dyspnea typically involves retrospective symptom recall via administration of questionnaires. 
Measures assess the three domains of dyspnea: sensory-perceptual, affective, and impact domains. These encompass how 
dyspnea feels (“the sensory-perceptual experience”), how distressing the dyspnea symptom seems (“affective distress”), 
and the functional, economic, quality-of-life, and health-related costs of dyspnea (“symptom impact or burden”).2 

Examples include visual analog scales (VAS),2,8–10 Borg-style ratings of perceived dyspnea or exertion,11,12 numerical 
scales,13 and Likert-style instruments where the patient is asked to rate the intensity of a sensation or describe what that 
sensation feels like, typically in the moment where the patient encounters a very specific stimulus (eg, while walking 
normally, during exercise, breathing with a resistive load, etc.; see Table 1). While this degree of specificity may not 
precisely capture an individual’s clinical and day-to-day status, such measures are relatively quick to administer and carry 
a low burden. However, as these retrospective scales ask for recall over several days to weeks, they might be susceptible to 
recall bias.13,14 Affective distress is typically measured via either single- or multi-item scales that seek to determine how the 
patient feels about their dyspnea symptoms.8 Despite their similarities, affective and sensory-perceptual measures assess 
different responses to breathlessness. Ratings of intensity, level of unpleasantness, and amount of distress are examples of 
physical and psychological responses to an unpleasant stimulus (such as dyspnea) that are similar yet distinct.

Currently, the measurement of respiratory sensations exhibits variability concerning questionnaire wording, specific 
populations (patient or non-patient, patient homogeneity or heterogeneity), and the nature of the rating task (types of scales, 
qualitative descriptors, quantitative rates, free response options, etc.).2 The Multidimensional Dyspnea Profile (MDP)9 and 
the Dyspnea-1211,12 incorporate intensity ratings for sensory, quality, and affective descriptors to capture the multiple steps 

Table 1 Summary of Validated Tools and Questionnaires for Assessing Dyspnea

Type of Instrument Tool or Questionnaire Reference

Self-Report 
Unidimensional 
Questionnaires

Modified Medical Research Council (mMRC) 
Dyspnea Scale15

Fletcher, C. M. (Chairman) (1960). Standardized Questionaries on Respiratory 
Symptoms.  British Medical Journal, 2(5213), 1665.

Borg Scale (CR-10)16 Borg, G. A. (1982). “Psychophysical bases of perceived exertion”. Medicine and Science 
in Sports and Exercise, 14(5), 377–381.

Visual Analog Scale (VAS) for Dyspnea17 Subratty, A. H., Manraj, M., and Baligadoo, S. (1994). A new visual analogue scale for 
assessment of dyspnoea in congestive heart failure. International journal of clinical 
pharmacology and therapeutics, 32(5), 259–261.

Baseline Dyspnea Index (BDI)18 Mahler, D. A., Weinberg, D. H., Wells, C. K., and Feinstein, A. R. (1984). The 
measurement of dyspnea. Contents, interobserver agreement, and physiologic 
correlates of two new clinical indexes. Chest, 85(6), 751–758.

Multi-Dimensional 
Questionnaires

Chronic Respiratory Questionnaire (CRQ)19 Guyatt, G. H. et al (1987). “A measure of quality of life for clinical trials in chronic lung 
disease”. Thorax, 42(10), 773–778.

COPD Assessment Test (CAT)20 Jones PW, Harding G, Berry Pet al (2009) Development and first validation of the 
COPD assessment test. Eur Respir J. 34:648–54. 

Edmonton Dyspnea Inventory (EDI)21 Kalluri, M., Cui, Y., Wang, T., & Bakal, J. A. (2024) Validation of a Novel Clinical 
Dyspnea Scale - A Retrospective Pilot Study. Am Journal Hospice Palliat Care, 41(3), 
253–261.

St. George’s Respiratory Questionnaire (SGRQ)22 Jones, P.W., Quirk, F.H., & Baveystock, C.M. (1991) The St. George'’s Respiratory 
Questionnaire. Respiratory Medicine, 85 Suppl B, 25-37.

Multidimensional Dyspnea Profile (MDP)23 Banzett, R. B., O’Donnell, C. R., Guilfoyle, T. E., Parshall, M. B., Schwartzstein, R. M., 
Meek, P. M., Gracely, R. H., and Lansing, R. W. (2015). Multidimensional Dyspnea 
Profile: an instrument for clinical and laboratory research. The European respiratory 
journal, 45(6), 1681–1691.

University of Cincinnati Dyspnea Questionnaire 
(UCDQ)24

Hodgev, V., Kostianev, S., and Marinov, B. (2003). University of Cincinnati Dyspnea 
Questionnaire for Evaluation of Dyspnoea during physical and speech activities in 
patients with chronic obstructive pulmonary disease: a validation analysis. Clinical 
physiology and functional imaging, 23(5), 269–274.

(Continued)
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comprising the process of dyspnea perception. The American Thoracic Society (ATS) has emphasized the need to further 
validate and utilize measurement tools to facilitate comparison across dyspnea studies.2 Recognizing that no single measure 
comprehensively assesses all three of the core dyspnea sub-domains (sensory, affective, and impact), ATS recommends 
selecting measurement tools based on aspects of dyspnea that are most closely aligned with clinical or research objectives.

Limitations of Current Assessment Methods
As previously noted, most dyspnea self-report measures are retrospective and require summarizing the dyspnea experience 
outside of the naturalistic context. However, retrospective self-reported symptoms are susceptible to recall bias and unrelia
bility compared to momentary assessment.13 Retrospective reports rely on memory, experience, and information processing, 
all of which pose a risk for bias, often resulting in retrospective misestimation of experienced symptoms. Previous studies 
employed paper symptom diaries to measure dyspnea and found variations in recall based on breathlessness intensity on study 
days.30 Written diaries have practical limitations, as they are cumbersome, easily lost, and verification of the date and time of 
recording is not reliable. For instance, participants might complete all diary entries in a single moment just before the control 
visit. While recall of breathlessness is important for clinical care,31 there remains a need to measure the patient’s current level 
of dyspnea and compare it to a baseline to assess symptoms or explore dyspnea variability following triggers or during certain 
activities. With increased confusion and memory loss more prevalent in those with COPD compared to those without,32 there 
is increased risk of inaccurate symptom reporting when relying on retrospective measures. Additionally, although current 
assessment measures allow for large-scale cross-sectional research, they are less suited to look at within-person, short-term 
associations. For example, few studies have measured dyspnea during acute exacerbations of COPD, leaving gaps in 
understanding of the prevalence and intensity of dyspnea during exacerbations.33

Ecological Momentary Assessment
EMA has been validated and useful to assess breathing (asthma and COPD) symptoms in research and clinical studies 
spanning from youth to adults.34–37 In a typical EMA protocol, patients are prompted to respond to brief surveys asking 
about their experiences in the moment or just before the prompt. By collecting data regarding momentary experiences in 
real-time, EMA minimizes recall bias and provides a more accurate representation of the patient’s experiences compared 
to traditional retrospective self-report measures. Those brief momentary surveys are delivered to the patients in their 
natural environment, enhancing the ecological validity of the assessment.3,5,31,38 This means that this measure is more 

Table 1 (Continued). 

Type of Instrument Tool or Questionnaire Reference

Functional and 
Performance-based 
Tests

6-Minute Walk Test (6MWT)25 ATS Committee on Proficiency Standards for Clinical Pulmonary Function 
Laboratories (2002). “ATS statement: guidelines for the six-minute walk test”. 
American Journal of Respiratory and Critical Care Medicine, 166(1), 111–117.

Cardiopulmonary Exercise Testing (CPET) N/A

Patient-Reported 
Outcome (PRO) 
Measures

EXAacerbations of Chronic pulmonary disease Tool 
for Patient Reported Outcomes (EXACT-PRO)26

Leidy, N. K.et al (2010). Development of the EXAcerbations of Chronic Obstructive 
Pulmonary Disease Tool (EXACT): a patient-reported outcome (PRO) measure. Value 
in health: the Journal of the International Society for Pharmacoeconomics and Outcomes 
Research, 13(8), 965–975.

Physical Activity as a Crucial Patient Reported 
Outcome in COPD (PRO-active)27

Garcia-Aymerich, J.et al (2021). Validity and responsiveness of the Daily- and Clinical 
visit-PROactive Physical Activity in COPD (D-PPAC and C-PPAC) 
instruments. Thorax, 76(3), 228–238. 

Other Instruments Dyspnea-12 Questionnaire28 Yorke, J. et al (2010). Dyspnea-12 is a valid and reliable measure of breathlessness in 
patients with interstitial lung disease, Chest, 137(1), 159–164.

Oxygen-Cost Diagram (OCD)29 Mahler, D. A., and Wells, C. K. (1988). Evaluation of clinical methods for rating 
dyspnea. Chest, 93(3), 580–586.

Digital Tools mHealth applications Varies by application
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representative of the patient’s real-world experiences, compared to the responses given in a clinical or research setting 
which can alter symptom experience (eg, “white coat” hypertension). Due to the large number of measurements or data 
points per individual, it is possible to conduct within-subject comparisons to characterize individual mean and variance.39 

Self-report data from EMA surveys can be combined with behavioral and physiological data collected from wearable 
measurement tools (for example, activity trackers, heart rate monitors, mobile spirometry, or self-reporting inhaler 
devices). Such forms of data collection can be used not only for observational research but also combined with and 
used alongside interventions to strengthen interpretation of intervention effects, deliver personalized feedback to patients, 
and provide information about disease progression and status to providers to offer better quality of care.

It is important to note that while telehealth or telecare may seem similar to EMA (i.e. remote patient monitoring and 
communication healthcare technologies outside of traditional facilities), these are not explicitly considered EMA. Unlike 
EMA, which collects momentary data in real-time through brief surveys or measures in the patient’s natural environment, 
telehealth often relies on periodic or scheduled data collection, introducing recall or selection biases and lacking the 
ecological validity characteristic of EMA. Passive data collection techniques (e.g. remote patient monitoring such as self- 
reporting inhaler devices or activity sensors) are unable to measure the subjective and highly individual dyspnea 
experience. Telehealth encompasses more holistic care provision (including the consultation, diagnosis, treatment, and 
care management of the patient), typically with bidirectional communication between the provider and patient. However, 
communication technology is used to facilitate health care in telehealth, and EMA surveys can be integrated into telehealth 
platforms to provide real-time symptom monitoring and feedback to patients and providers.

Examples of mHealth-Enabled EMA of Dyspnea in COPD
As technology has progressed and been readily adopted, so has the ability to obtain frequent EMA with time stamps, especially 
via smartphones as a tool for mHealth data collection.38,40 To show that it is feasible to utilize a mHealth platform for EMA 
measurement of COPD-related dyspnea in the home environment, a number of recent studies will be showcased in this 
section.34,41–45 An initial broad-based search on PubMed helped define the scope of the literature, and the subsequent search 
strategy was to search abstracts for the following terms: (“copd” OR “chronic obstructive pulmonary disease”) AND (“EMA 
OR ecological momentary assessment”) AND (“mHealth OR mobile health”) to identify articles that reported on use of EMA 
via mHealth technology to measure dyspnea in patients with COPD. Studies were identified by team members through hand- 
searching of databases and platforms including Scopus, Healthcare Administration, PubMed and databases from EBSCOHost 
Platform including MEDLINE, CINAHL Complete, APA PsycInfo, Health Source: Nursing/Academic Edition, Consumer 
Health Complete – EBSCOhost, Psychology and Behavioral Sciences Collection.

The first study, a 2020 mHealth Prototype design pilot study, used a 3-Phase process to develop an EMA app with input from 
patients with COPD.44 During the first phase of the study, participants reported that symptom monitoring was important to their 
own COPD self-management due to difficulties recalling details and managing the complexity of COPD. Patients with COPD 
worked with researchers to make recommendations on symptom and medication monitoring and determined five symptoms to 
assess via EMA: breathlessness, coughing, mucus, tiredness, and sleep quality. During Phase 2, patients and one caregiver tested 
the mobile application and provided qualitative feedback on assessment measures, technology issues, and design elements (for 
example, a sliding graph vs a Likert scale for symptom assessment). While the Prototype study was focused on the co-design of 
a prototype mobile app for COPD, during rollout (Phase 3), researchers were able to capture breathlessness symptom data (n=37; 
n=31 with COPD) over a 4-month period. However, level of engagement was inconsistent between users. In this study, 
researchers tracked usage sequence and found that patients frequently entered the app to log symptoms, then viewed symptom 
data, which may provide value for self-monitoring and adaptation of treatment strategies for patients with COPD.

The feasibility trial (RESP-FIT) employed an EMA platform to collect symptoms in adults with COPD.34 Symptoms, 
including dyspnea, were assessed in real-time within the home environment using a technologically enabled mobile 
application (mHealth) platform and Bluetooth to track adherence. This study provides insight into dyspnea measurement 
using the Borg scale via EMA as dyspnea was measured using a modified Borg scale integrated into the mobile app. The 
Minimal Clinically Important (MCI) difference for dyspnea is typically defined as 1 unit on a modified Borg scale or 
10mm on a 100mm visual analog scale.46 The modified Medical Research Council (mMRC)29,47 dyspnea measurement 
tool (Table 1) is a valuable discriminative instrument48 and was employed for determining eligibility as inclusion criteria. 
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Participants used a mobile application with an integrated modified Borg scale (100mm visual analog sliding scale) to 
measure dyspnea through EMA. Over a 6-week data collection period, participants were prompted to daily utilize the 
smartphone application with Bluetooth tracking device (for adherence) to rate symptoms, including dyspnea, resulting in 
a total of 14,388 recorded actions in the app, encompassing various measurement points of dyspnea over time. The 
findings from this study explored the effects of a respiratory muscle strength training program on symptoms, including 
dyspnea and fatigue, and demonstrated the feasibility of collecting dyspnea ratings via mHealth technology in the home 
environment. It is important to note that the RESP-FIT study primarily aimed to establish feasibility and acceptability, 
and within-subject comparisons were not conducted, leaving room for investigation in future large-scale trials.

To explore how breathlessness memory is related to peaks or timing of the sensation, the Relating Experienced to Recalled 
Breathlessness (RETRO) study conducted in Sweden investigated the relationship between recalled and momentary (experi
enced) breathlessness.31 Researchers utilized EMA via mHealth to assess daily breathlessness and found that recalled breath
lessness was significantly influenced by peak sensations of breathlessness, or the worst experiences, over a 1-week period. The 
authors posit this finding bears significance in clinical care when relying on recalled symptom reports. It should be considered in 
intervention development, as it may be optimal for interventions to target peak breathlessness rather than average breathlessness 
over a given period. It is worth noting that this study encompassed participants with undefined breathlessness, with only 40% 
self-reporting COPD. Other sources of dyspnea included conditions such as asthma, cardiovascular etiology, cancer, hyperten
sion, and stroke. Given the comprehensive analysis of EMA to measure dyspnea or breathlessness in 34 patients with COPD, we 
have included it in this commentary as it provides valuable insights into this topic.

Finally, the SHINE study employed electronic “eDiaries” to assess shortness of breath in 209 patients with COPD, 
finding high patient compliance (81.3%) with symptom diaries over a 26-week study period.41 The diary assessments 
included five symptom items: cough, phlegm, shortness of breath, wheezing, and chest tightness, aiming to investigate 
frequency of symptom occurrence and how COPD symptoms impact the patient’s life. Patients with COPD entered their 
symptoms twice daily, once in the morning upon waking up and again during an evening assessment. While there was some 
element of recall involved in eDiary prompts (ie, ‘How many times did you wake up during the night because of your 
COPD?’), recall bias was mitigated due to the short recollection period and daily symptom entry. The SHINE study 
revealed a strong connection between shortness of breath and the overall impact of COPD (in terms of burden and activity), 
and notably, supported the validity and reliability of using an eDiary to measure patient-reported symptom severity and 
impact. An important limitation of this study was that only 33% of participants in this study were female. Given that COPD 
is more prevalent in and has a greater impact on women,49 future study demographics should take this into account.

Clinical Implications
The utilization of EMA for measuring dyspnea carries significant clinical implications and advantages. Firstly, EMA 
enhances the accuracy of data collection in a natural environment over an extended period. In a clinical context, EMA 
holds the potential for informed assessment, founded on real-time data collection, thereby mitigating recall bias. This 
reveals crucial details regarding symptoms, behaviors, and environmental triggers, facilitating context-specific consid
erations. EMA can be configured to capture data based on time, specific events, and/or geographical location, allowing 
investigation into environmental and seasonal effects on COPD. Reports generated using EMA encompass biobehavioral 
data and pinpoint triggers or activities that initiate or exacerbate symptoms or responses. This approach is versatile and 
applicable across a broad spectrum of clinical conditions and populations, especially with the increasing accessibility and 
prevalence of smartphone technology.

Data quality can be improved through more frequent and detailed data capture moments. Both time-based EMA (in 
regular intervals, for example every 4 hours or every morning) and event-based EMA (for example, when a dyspneic 
episode occurs or after exposure to an exacerbation trigger) provide deeper insight into the symptom experience and 
resulting health-related behaviors. This flexibility allows for targeted symptom reporting at specific times of the day, 
during events like the onset or exacerbation of symptoms, or based on location proximity to triggers that may elicit 
behaviors or responses. Enhanced data quality and accuracy will enable clinicians to identify trends in symptoms, assess 
severity of symptoms during individual events and over time, and develop personalized treatment plans. Moreover, EMA 
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actively engages patients as integral members of their clinical care team, fostering a collaborative approach to healthcare 
and joint patient-provider decision-making.

EMA techniques have been used to match breathlessness with other data to provide a more holistic view of disease impact 
and exacerbation risks, along with physiological functioning and behavioral measures such as remote spirometry50 and 
activity trackers. For instance, clinicians can assess EMA dyspnea self-reports alongside data from an activity tracker to 
understand the impact of exercise or physical activity on dyspnea symptoms. This may provide insight into behaviors, such as 
activity avoidance, driven by fear of dyspnea. A validated patient-reported outcome tool such as the (PRO)active should be 
considered, as it captures the experience of physical activity with a strong correlation to dyspnea in patients with COPD.51

Importantly, self-reported app data can be used to predict COPD exacerbations with moderate discriminative ability. 
An example of this is the myCOPD mobile app, a digital momentary assessment symptom diary for patients with COPD 
that tracks characteristics of long-term COPD status using the COPD Assessment Test (CAT).52 A retrospective analysis 
of 2,374 patients using this system identified a relationship between symptom scores, CAT scores, and self-reported 
exacerbation events.53 An evaluation of four studies (three RCTs and one observational trial) using myCOPD identified 
potential cost savings in a subpopulation of AECOPD dependent upon myCOPD uptake and hospital readmissions.45 

Finally, EMA in COPD may provide more robust insight into the role of adherence (medication, pulmonary rehabilitation 
exercises, disease management strategies) on dyspnea. While it is crucial to consider monthly average adherence and its 
impact on disease control, EMA analysis provides a deeper understanding of the factors linked to an individual patient’s 
adherence behavior. This enhanced understanding of adherence behavior can be leveraged to further customize inter
ventions, maximize positive behavior, and mitigate disease burden.

Limitations
There are limitations to consider when recommending EMA via mHealth to measure dyspnea in COPD. Patients may feel 
burden due to frequent measurements or in cases where notifications prompt or remind someone to enter symptoms. Another 
important limitation to consider is the potential that increased monitoring may lead to burden on both the patient and the 
clinician with implications for increased healthcare utilization. When exploring cost per quality adjusted life year (QALY), 
telemonitoring may not be cost-effective54 and telehealth interventions have been associated with higher costs.55 Thus, the 
potential effects on healthcare utilization and cost-effectiveness should be considered when utilizing EMA in COPD. Also, 
age-related factors may pose a barrier to utilization of mHealth for EMA of dyspnea. While the RESP-FIT study did not find 
any age-related technological issues in older participants,34 Phase 2 of the Prototype study (n=5) reported that a sliding scale 
was not user-friendly and recommended a larger font size on mobile applications for older participants.44 Thus, digital literacy 
should be considered and further explored in EMA research in COPD. Finally, generation of large datasets with a complex 
structure leads to complicated and challenging statistical analyses. A well-designed Linear Mixed Model (LMM) or 
Generalized Linear Mixed Model (GLMM) can facilitate the analysis of ordinal and categorical data and accommodate 
inherent within-participant correlations, provided it is executed with a robust methodology based on pilot or previous data.56

Gaps and Future Research
While early reports are promising, there remains limited research on the use of EMA of dyspnea in COPD. Robust studies and 
randomized clinical trials are needed to explore clinical implications, environmental measurement capabilities and seasonal 
COPD exacerbations, and how physiological measures (i.e., remote spirometry) correlate with dyspnea in real-time. Along with 
digital literacy, social determinants of health (SDOH), particularly geographic location and access to resources such as food and 
internet, are unexplored in the EMA literature. To ensure accessibility of interventions and equal representation in future clinical 
trials, SDOH should be considered when considering the feasibility and acceptability of EMA techniques for patients with 
COPD. Additionally, qualitative research is needed to explore patient experiences, preferences, and needs as well as facilitators 
and barriers of EMA of dyspnea in COPD. With correct analysis, EMA can provide insights into patterns over time, individual or 
seasonal fluctuations, and situational variations. Future research should focus on defining systematic data collection strategies 
that utilize EMA to inform the development of a validated, standardized language for EMA measurement of dyspnea. This 
approach should not be limited to COPD but rather should be explored in other patient populations, such as those with cardiac 
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conditions, enabling more accurate real-time measurement of dyspnea across various clinical conditions. This, in turn, will 
inform generalizable patient interventions and improve the clinical management of individuals with respiratory diseases.
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