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Abstract
Background: Chronic obstructive pulmonary disease (COPD) is associated with persistent airflow limitation, systemic manifestations, and progressive reduction in exercise capacity, resulting in impaired functional performance and poor clinical outcomes. Exercise intolerance in COPD is multifactorial and influenced by pulmonary dysfunction, skeletal muscle impairment, pulmonary hemodynamic abnormalities, and psychosocial factors.Objective: To determine the clinical, physiological, and psychosocial factors associated with exercise capacity and poor clinical outcomes among patients with chronic obstructive pulmonary disease.Methods: A comparative observational study was conducted among 94 COPD patients at Central Park Teaching Hospital, Lahore, Pakistan. The sample included 47 participants in the intervention group and 47 in the control group. Baseline assessment included demographic characteristics, smoking status, body mass index, forced expiratory volume in one second (FEV1), GOLD stage, six-minute walk distance (6MWD), Borg dyspnea score, and relevant comorbidities. Clinical outcomes assessed during follow-up included change in 6MWD, dyspnea score, quality-of-life improvement, exercise intolerance, COPD exacerbation, hospitalization, and poor clinical outcome. Inferential analysis was performed using odds ratios with 95% confidence intervals.Results: The mean age was 66.4 ± 8.7 years, and 86.2% of participants were male. Mean baseline 6MWD was 431.8 ± 121.6 meters, which improved to 461.7 ± 118.4 meters during follow-up. Baseline 6MWD ≤350 meters significantly predicted poor clinical outcome (OR 2.84, 95% CI 1.15–7.02, p=0.024). Reduced forced vital capacity (OR 2.37, 95% CI 1.01–5.57, p=0.047), quadriceps weakness (OR 3.18, 95% CI 1.29–7.86, p=0.012), pulmonary hypertension or abnormal pulmonary hemodynamics (OR 3.64, 95% CI 1.22–10.89, p=0.021), and low exercise self-efficacy (OR 2.52, 95% CI 1.01–6.31, p=0.048) were also significantly associated with adverse outcomes. Intervention participation demonstrated a protective effect (OR 0.46, 95% CI 0.19–0.98, p=0.041).Conclusion: Exercise capacity impairment in COPD is influenced by multidimensional physiological, muscular, hemodynamic, and psychosocial factors beyond spirometric airflow limitation alone. Comprehensive assessment and targeted rehabilitation strategies may improve functional outcomes and reduce adverse clinical events in COPD patients.Keywords: chronic obstructive pulmonary disease, exercise capacity, six-minute walk distance, pulmonary rehabilitation, quadriceps weakness, pulmonary hypertension, dyspnea, COPD outcomes
Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive respiratory condition associated not only with persistent airflow limitation but also with systemic consequences that substantially impair functional capacity, daily activity, and quality of life. Exercise limitation is one of the most clinically relevant manifestations of COPD because it reflects the combined burden of ventilatory restriction, dyspnea, pulmonary hyperinflation, impaired gas exchange, cardiovascular strain, skeletal muscle dysfunction, and reduced confidence in physical activity. Although spirometric indices such as forced expiratory volume in one second remain central to disease classification, functional exercise capacity often varies considerably among patients with similar airflow limitation, indicating that COPD severity alone does not fully explain exercise performance.
The six-minute walk distance has become a practical and clinically meaningful measure of functional capacity in COPD because it captures integrated cardiopulmonary and musculoskeletal performance during submaximal exertion. Reduced six-minute walk distance has been associated with greater dyspnea, poorer health-related quality of life, increased risk of adverse clinical outcomes, and reduced response to rehabilitation. In the present dataset, the mean baseline six-minute walk distance was 431.8 ± 121.6 meters, while 31 patients had a baseline six-minute walk distance of ≤350 meters, indicating a clinically relevant subgroup with impaired functional capacity. Follow-up data showed improvement in mean six-minute walk distance to 461.7 ± 118.4 meters, with a mean change of 29.9 ± 58.6 meters and clinically meaningful improvement in 41 patients, supporting the importance of evaluating both baseline limitation and recovery patterns in COPD patients.
Several clinical and physiological factors may contribute to reduced exercise capacity in COPD. Severe airflow limitation, reduced forced vital capacity, hyperinflation, pulmonary hypertension, quadriceps weakness, and low exercise self-efficacy are particularly important because they influence exercise performance through distinct but overlapping mechanisms. In this study, poor clinical outcome was significantly associated with baseline six-minute walk distance ≤350 meters, reduced forced vital capacity, quadriceps weakness or reduced muscle endurance, pulmonary hypertension or abnormal pulmonary hemodynamics, and low exercise self-efficacy. Intervention group participation showed a protective association, suggesting that targeted rehabilitation or structured intervention may improve functional prognosis in selected patients.
Despite growing evidence on COPD-related exercise limitation, important gaps remain in understanding how pulmonary function, respiratory mechanics, comorbidities, peripheral muscle dysfunction, pulmonary hemodynamics, and psychosocial factors collectively predict poor functional outcomes. This gap is clinically important because patients with COPD frequently present with multiple interacting limitations, and reliance on spirometry alone may underestimate functional impairment. Therefore, identifying predictors of reduced exercise capacity can help clinicians stratify risk, personalize pulmonary rehabilitation, and prioritize patients requiring closer follow-up.
The objective of this study was to determine the clinical, physiological, and psychosocial factors associated with exercise capacity and poor clinical outcomes among patients with chronic obstructive pulmonary disease.
Materials and Methods
This study was designed as a comparative observational study conducted among patients diagnosed with chronic obstructive pulmonary disease at Central Park Teaching Hospital, Lahore, Pakistan. The study evaluated exercise capacity and clinical predictors of poor outcome using baseline demographic, pulmonary, functional, comorbidity, and follow-up outcome variables. The total analyzed sample included 94 patients, with 47 participants in the intervention group and 47 in the control group. Baseline assessment included age, sex, smoking status, body mass index, forced expiratory volume in one second percentage predicted, GOLD stage, baseline six-minute walk distance, Borg dyspnea score, and hemoglobin level. The mean age of participants was 66.4 ± 8.7 years, and most participants were male.
Eligible participants were adult patients with clinically diagnosed COPD who had available baseline pulmonary function assessment and functional exercise capacity measurement. Patients were categorized according to COPD severity using GOLD staging and spirometric parameters. Exercise capacity was assessed using the six-minute walk distance, recorded in meters, and reduced baseline exercise capacity was operationally defined as six-minute walk distance ≤350 meters. Dyspnea was assessed using the Borg dyspnea score. Clinical comorbidities and study variables included hypertension, diabetes mellitus, ischemic heart disease, obstructive sleep apnea, pulmonary hypertension or abnormal pulmonary hemodynamics, hyperinflation, reduced forced vital capacity, quadriceps weakness or reduced muscle endurance, low exercise self-efficacy, anxiety or depressive symptoms, and baseline exercise intolerance.
Participants were allocated into intervention and control groups, each comprising 47 patients. The intervention group was assessed for completion of the intervention protocol, while both groups were followed for clinical and functional outcomes. Follow-up assessment included six-minute walk distance, change in six-minute walk distance, clinically meaningful improvement defined as ≥30 meters, persistent six-minute walk distance ≤350 meters, Borg dyspnea score, change in Borg dyspnea score, improved quality-of-life score, exercise intolerance at follow-up, poor clinical outcome, COPD exacerbation, and hospitalization during follow-up. The primary outcome was poor clinical outcome, while secondary outcomes included change in exercise capacity, dyspnea improvement, quality-of-life improvement, exacerbation, and hospitalization.
Data were collected from Central Park Teaching Hospital using standardized clinical assessment forms, pulmonary function parameters, functional exercise testing, dyspnea scoring, and follow-up outcome documentation. Operational definitions were applied before analysis to ensure consistency across variables. Severe airflow limitation was defined as FEV1 <50% predicted, reduced exercise capacity as baseline six-minute walk distance ≤350 meters, and clinically meaningful improvement as an increase of ≥30 meters in six-minute walk distance. Poor clinical outcome was analyzed as a binary endpoint against baseline clinical, functional, pulmonary, muscular, hemodynamic, psychosocial, and intervention-related predictors.
Potential bias was minimized by using predefined clinical definitions, objective functional measurements, uniform outcome thresholds, and consistent follow-up variables. Confounding was addressed by evaluating major clinical predictors individually, including airflow limitation, reduced forced vital capacity, hyperinflation, quadriceps weakness, pulmonary hypertension or abnormal hemodynamics, low exercise self-efficacy, and intervention participation. Missing or incomplete observations were excluded from the relevant variable-specific analysis, and all reported analyses were based on available complete aggregate data.
Statistical analysis was performed using descriptive and inferential methods. Continuous variables were summarized as mean ± standard deviation, while categorical variables were reported as frequency and percentage. Associations between potential predictors and poor clinical outcome were evaluated using odds ratios with 95% confidence intervals and p-values. A p-value of <0.05 was considered statistically significant. Predictors assessed included baseline six-minute walk distance ≤350 meters, FEV1 <50% predicted, reduced forced vital capacity, hyperinflation, quadriceps weakness or reduced muscle endurance, pulmonary hypertension or abnormal pulmonary hemodynamics, low exercise self-efficacy, and intervention group participation. Intervention participation was interpreted as protective when the odds ratio was below 1.0.
Ethical conduct was maintained according to institutional research standards. Patient data were handled confidentially, and analysis was performed using anonymized clinical variables. Data integrity was supported through consistent variable coding, predefined outcome categories, and direct alignment between baseline characteristics, comorbidity variables, clinical outcomes, and inferential analysis.
Results
A total of 94 patients with chronic obstructive pulmonary disease were included in the analysis, comprising 47 participants in the intervention group and 47 in the control group. The mean age of the study population was 66.4 ± 8.7 years, and males constituted 86.2% of participants. Former smokers represented 55.3% of the cohort, while 30.9% were current smokers. The mean body mass index was 26.8 ± 4.9 kg/m². The mean forced expiratory volume in one second percentage predicted was 49.6 ± 13.9%, and 51.1% of patients demonstrated FEV1 <50% predicted. According to GOLD staging, 17.0% of patients were classified as stage I, 30.9% as stage II, 35.1% as stage III, and 17.0% as stage IV. Baseline mean six-minute walk distance was 431.8 ± 121.6 meters, while 33.0% of participants had baseline six-minute walk distance ≤350 meters. The mean baseline Borg dyspnea score was 4.8 ± 1.6. 
Table 1. Baseline Demographic and Clinical Characteristics
	Variable
	n
	% / Mean ± SD
	p-value

	Total sample
	94
	100.0%
	—

	Intervention group
	47
	50.0%
	—

	Control group
	47
	50.0%
	—

	Age, years
	94
	66.4 ± 8.7
	0.412

	Male sex
	81
	86.2%
	0.368

	Current smoker
	29
	30.9%
	0.287

	Former smoker
	52
	55.3%
	0.314

	BMI, kg/m²
	94
	26.8 ± 4.9
	0.451

	FEV1, % predicted
	94
	49.6 ± 13.9
	0.061

	FEV1 <50% predicted
	48
	51.1%
	0.068

	GOLD stage I
	16
	17.0%
	0.273

	GOLD stage II
	29
	30.9%
	0.227

	GOLD stage III
	33
	35.1%
	0.083

	GOLD stage IV
	16
	17.0%
	0.091

	Baseline 6MWD, meters
	94
	431.8 ± 121.6
	0.029

	Baseline 6MWD ≤350 m
	31
	33.0%
	0.024

	Baseline Borg dyspnea score
	94
	4.8 ± 1.6
	0.038

	Hemoglobin, g/dL
	94
	13.4 ± 1.5
	0.344


Clinical comorbidities and physiological variables demonstrated substantial burden among COPD patients. Hypertension was present in 44.7% of participants, while diabetes mellitus and ischemic heart disease were identified in 24.5% and 19.1% of patients, respectively. Pulmonary hypertension or abnormal pulmonary hemodynamics were observed in 18.1% of cases. Hyperinflation was documented in 42.6% of participants, and reduced forced vital capacity was observed in 38.3%. Peripheral muscle dysfunction, represented by quadriceps weakness or reduced muscle endurance, affected 36.2% of patients. Low exercise self-efficacy and anxiety or depressive symptoms were present in 29.8% and 31.9% of patients, respectively. 
Table 2. Clinical Comorbidities and Study Variables
	Variable
	n
	%
	p-value

	Hypertension
	42
	44.7%
	0.118

	Diabetes mellitus
	23
	24.5%
	0.203

	Ischemic heart disease
	18
	19.1%
	0.149

	Obstructive sleep apnea
	20
	21.3%
	0.087

	Pulmonary hypertension / abnormal pulmonary hemodynamics
	17
	18.1%
	0.021

	Hyperinflation
	40
	42.6%
	0.090

	Reduced FVC
	36
	38.3%
	0.047

	Quadriceps weakness / reduced muscle endurance
	34
	36.2%
	0.012

	Low self-efficacy for exercise
	28
	29.8%
	0.048

	Anxiety or depressive symptoms
	30
	31.9%
	0.073

	Baseline exercise intolerance
	30
	31.9%
	0.041

	Completed intervention protocol
	43
	45.7%
	0.041


Follow-up analysis demonstrated improvement in exercise capacity and dyspnea outcomes. Mean six-minute walk distance increased from 431.8 ± 121.6 meters at baseline to 461.7 ± 118.4 meters during follow-up, with a mean improvement of 29.9 ± 58.6 meters. Clinically meaningful improvement of ≥30 meters was achieved in 43.6% of patients. Persistent six-minute walk distance ≤350 meters remained in 25.5% of participants. The mean Borg dyspnea score improved from 4.8 ± 1.6 to 4.1 ± 1.5, corresponding to a mean reduction of 0.7 ± 1.2 points. Improved quality-of-life score was reported in 41.5% of participants, whereas exercise intolerance persisted in 26.6% of patients. Poor clinical outcome occurred in 30.9% of cases, while COPD exacerbation and hospitalization during follow-up were observed in 14.9% and 7.4% of patients, respectively. 
Table 3. Clinical Outcomes
	Outcome
	n
	% / Mean ± SD
	p-value

	Follow-up 6MWD, meters
	94
	461.7 ± 118.4
	0.018

	Mean change in 6MWD, meters
	94
	29.9 ± 58.6
	0.022

	Clinically meaningful 6MWD improvement ≥30 m
	41
	43.6%
	0.031

	Persistent 6MWD ≤350 m at follow-up
	24
	25.5%
	0.027

	Follow-up Borg dyspnea score
	94
	4.1 ± 1.5
	0.035

	Mean change in Borg dyspnea score
	94
	-0.7 ± 1.2
	0.029

	Improved quality-of-life score
	39
	41.5%
	0.033

	Exercise intolerance at follow-up
	25
	26.6%
	0.041

	Poor clinical outcome
	29
	30.9%
	—

	COPD exacerbation during follow-up
	14
	14.9%
	0.044

	Hospitalization during follow-up
	7
	7.4%
	0.038


Inferential analysis identified several significant predictors of poor clinical outcome. Baseline six-minute walk distance ≤350 meters was associated with increased odds of poor outcome (OR 2.84, 95% CI 1.15–7.02, p=0.024). Reduced forced vital capacity also predicted poor outcome (OR 2.37, 95% CI 1.01–5.57, p=0.047). Peripheral muscle dysfunction demonstrated a strong independent association with poor clinical outcome (OR 3.18, 95% CI 1.29–7.86, p=0.012). Pulmonary hypertension or abnormal pulmonary hemodynamics increased the likelihood of poor outcome by more than threefold (OR 3.64, 95% CI 1.22–10.89, p=0.021). Low exercise self-efficacy was also significantly associated with adverse outcome (OR 2.52, 95% CI 1.01–6.31, p=0.048). Participation in the intervention group showed a protective effect against poor clinical outcome (OR 0.46, 95% CI 0.19–0.98, p=0.041). Severe airflow limitation and hyperinflation demonstrated borderline and non-significant adverse trends, respectively. 
Table 4. Inferential Analysis: Predictors of Poor Clinical Outcome
	Predictor
	n
	Effect Measure
	95% CI
	p-value
	Interpretation

	Baseline 6MWD ≤350 m
	31
	OR 2.84
	1.15–7.02
	0.024
	Lower baseline exercise capacity associated with poor outcome

	FEV1 <50% predicted
	48
	OR 2.21
	0.94–5.19
	0.068
	Borderline association with severe airflow limitation

	Reduced FVC
	36
	OR 2.37
	1.01–5.57
	0.047
	Reduced FVC predicted poor clinical outcome

	Hyperinflation
	40
	OR 2.09
	0.89–4.91
	0.090
	Non-significant adverse trend

	Quadriceps weakness / reduced muscle endurance
	34
	OR 3.18
	1.29–7.86
	0.012
	Independent predictor of poor outcome

	Pulmonary hypertension / abnormal hemodynamics
	17
	OR 3.64
	1.22–10.89
	0.021
	Increased poor-outcome odds

	Low exercise self-efficacy
	28
	OR 2.52
	1.01–6.31
	0.048
	Associated with poorer recovery

	Intervention group participation
	47
	OR 0.46
	0.19–0.98
	0.041
	Protective association against poor outcome


The baseline demographic and clinical characteristics demonstrated that the study population primarily consisted of older male patients with moderate-to-severe chronic obstructive pulmonary disease. The mean age was 66.4 ± 8.7 years, and males accounted for 86.2% of the cohort. Smoking exposure remained highly prevalent, with 30.9% identified as current smokers and 55.3% as former smokers. The mean body mass index was 26.8 ± 4.9 kg/m², indicating that most participants were within the overweight range rather than underweight cachectic phenotypes commonly associated with advanced COPD. Pulmonary impairment was substantial, with a mean FEV1 of 49.6 ± 13.9% predicted, while 51.1% of patients exhibited severe airflow limitation defined as FEV1 <50% predicted. GOLD stage III disease represented the largest subgroup at 35.1%, followed by GOLD stage II at 30.9%, suggesting predominance of moderate-to-severe COPD severity. Functional limitation was also clinically important, as the mean baseline six-minute walk distance was 431.8 ± 121.6 meters and one-third of patients demonstrated markedly impaired exercise capacity with baseline six-minute walk distance ≤350 meters. Baseline Borg dyspnea score averaged 4.8 ± 1.6, indicating moderate exertional dyspnea among participants. 
Comorbidity analysis revealed that cardiovascular, pulmonary, muscular, and psychosocial burdens were common within the study cohort. Hypertension was the most frequent comorbidity, affecting 44.7% of patients, followed by diabetes mellitus in 24.5% and ischemic heart disease in 19.1%. Obstructive sleep apnea was identified in 21.3% of participants, further emphasizing the multidimensional respiratory burden among COPD patients. Pulmonary hypertension or abnormal pulmonary hemodynamics were present in 18.1% of cases and showed significant association with poor clinical outcome. Hyperinflation affected 42.6% of participants, while reduced forced vital capacity was observed in 38.3%, suggesting that restrictive ventilatory compromise and altered lung mechanics contributed substantially to functional impairment. Peripheral skeletal muscle dysfunction was also highly prevalent, with quadriceps weakness or reduced muscle endurance identified in 36.2% of patients. Psychosocial impairment remained clinically relevant because low exercise self-efficacy and anxiety or depressive symptoms were reported in 29.8% and 31.9% of participants, respectively. Baseline exercise intolerance was documented in nearly one-third of the cohort, supporting the multifactorial nature of reduced functional performance in COPD. 
Follow-up analysis demonstrated measurable improvement in exercise performance and symptom burden after clinical management and intervention participation. Mean six-minute walk distance improved from 431.8 ± 121.6 meters at baseline to 461.7 ± 118.4 meters during follow-up, corresponding to a mean increase of 29.9 ± 58.6 meters. Clinically meaningful improvement of at least 30 meters was achieved in 43.6% of participants, indicating substantial functional recovery in a considerable proportion of patients. Despite this improvement, persistent severe exercise limitation with six-minute walk distance ≤350 meters remained in 25.5% of cases, suggesting incomplete functional recovery among high-risk individuals. Dyspnea outcomes also improved, as the mean Borg dyspnea score decreased from 4.8 ± 1.6 to 4.1 ± 1.5, with an average reduction of 0.7 ± 1.2 points. Quality-of-life improvement was observed in 41.5% of participants, whereas exercise intolerance persisted in 26.6%. Poor clinical outcome occurred in 30.9% of patients, while COPD exacerbation and hospitalization during follow-up were reported in 14.9% and 7.4% of participants, respectively. 
Inferential analysis identified several clinically significant predictors of poor outcome. Patients with baseline six-minute walk distance ≤350 meters had nearly threefold increased odds of poor clinical outcome (OR 2.84, 95% CI 1.15–7.02, p=0.024), highlighting the prognostic importance of impaired baseline functional capacity. Reduced forced vital capacity was also associated with adverse outcome (OR 2.37, 95% CI 1.01–5.57, p=0.047), indicating that restrictive ventilatory limitation contributed independently to disease burden. Quadriceps weakness or reduced muscle endurance emerged as one of the strongest predictors, increasing the likelihood of poor outcome more than threefold (OR 3.18, 95% CI 1.29–7.86, p=0.012). Similarly, pulmonary hypertension or abnormal pulmonary hemodynamics demonstrated a strong adverse association (OR 3.64, 95% CI 1.22–10.89, p=0.021). Low exercise self-efficacy was significantly associated with poorer recovery and increased odds of adverse outcome (OR 2.52, 95% CI 1.01–6.31, p=0.048). In contrast, intervention group participation showed a protective effect against poor clinical outcome (OR 0.46, 95% CI 0.19–0.98, p=0.041), suggesting potential benefit of structured rehabilitation or supportive intervention strategies. Severe airflow limitation and hyperinflation demonstrated adverse but statistically non-significant trends. 
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Figure 1. Multidimensional Predictors of Poor Clinical Outcome in COPD Patients
A multidimensional comparative visualization of adjusted odds ratios demonstrated that pulmonary hypertension or abnormal pulmonary hemodynamics showed the strongest association with poor clinical outcome (OR 3.64, 95% CI 1.22–10.89), followed closely by quadriceps weakness or reduced muscle endurance (OR 3.18, 95% CI 1.29–7.86). Baseline six-minute walk distance ≤350 meters was associated with nearly threefold increased risk of adverse outcome (OR 2.84, 95% CI 1.15–7.02), while reduced forced vital capacity and low exercise self-efficacy also demonstrated significant associations with poor prognosis. Hyperinflation and severe airflow limitation showed elevated but statistically non-significant trends. In contrast, intervention group participation demonstrated a protective effect, reducing the odds of poor clinical outcome by approximately 54% (OR 0.46, 95% CI 0.19–0.98). Collectively, the distribution pattern illustrated that muscular dysfunction and pulmonary hemodynamic impairment exerted stronger prognostic influence than spirometric severity alone, emphasizing the multidimensional determinants of exercise limitation and recovery in COPD patients
Discussion
The present study evaluated the clinical, physiological, and psychosocial factors associated with exercise capacity and poor clinical outcomes among patients with chronic obstructive pulmonary disease. The findings demonstrated that impaired baseline functional capacity, reduced pulmonary mechanics, peripheral muscle dysfunction, pulmonary hemodynamic abnormalities, and low exercise self-efficacy were significantly associated with adverse clinical outcomes. In contrast, participation in the intervention group showed a protective association, suggesting that structured management and rehabilitation strategies may improve recovery and functional performance in COPD patients. These findings support the concept that exercise limitation in COPD is multidimensional and cannot be explained solely by spirometric airflow obstruction.
Exercise intolerance is increasingly recognized as a major prognostic indicator in COPD because it reflects the integrated effects of pulmonary dysfunction, cardiovascular burden, muscular impairment, and behavioral limitation. In the present study, baseline six-minute walk distance ≤350 meters was significantly associated with poor clinical outcome, with affected patients demonstrating nearly threefold increased odds of adverse prognosis. This finding is consistent with previous literature showing that reduced six-minute walk distance predicts hospitalization, exacerbation risk, and mortality among COPD patients (12). Functional exercise limitation has been reported to correlate more strongly with daily activity impairment and quality-of-life reduction than isolated spirometric measures, emphasizing the importance of incorporating exercise assessment into routine clinical evaluation (13). The mean baseline six-minute walk distance in this cohort was 431.8 ± 121.6 meters and improved to 461.7 ± 118.4 meters during follow-up, indicating measurable functional recovery after management and intervention participation. 
Severe airflow limitation demonstrated a borderline association with poor clinical outcome, whereas reduced forced vital capacity showed statistically significant association with adverse prognosis. These findings suggest that ventilatory restriction and altered pulmonary mechanics may influence exercise performance beyond traditional FEV1 classification. Previous studies have demonstrated that static and dynamic hyperinflation impair inspiratory reserve capacity, increase ventilatory demand during exertion, and contribute substantially to exertional dyspnea and premature exercise termination (14). Although hyperinflation in the current study did not reach statistical significance, the observed adverse trend remains clinically relevant because hyperinflation affected more than 40% of participants and may interact with muscular and cardiovascular dysfunction to reduce functional tolerance. Similar observations have been reported by Ladeira et al., who demonstrated that hyperinflation negatively affects exercise performance and ventilatory efficiency in COPD patients (15).
Peripheral skeletal muscle dysfunction emerged as one of the strongest independent predictors of poor clinical outcome in the present study. Patients with quadriceps weakness or reduced muscle endurance had more than threefold increased odds of adverse outcome. This finding aligns with previous evidence demonstrating that skeletal muscle dysfunction contributes significantly to exercise intolerance through reduced oxidative metabolism, muscle deconditioning, and impaired peripheral oxygen utilization (16). Chronic inactivity, systemic inflammation, hypoxemia, nutritional imbalance, and corticosteroid exposure have all been implicated in the development of muscular impairment in COPD. The strong association observed in this study reinforces the importance of incorporating resistance training and muscle conditioning into pulmonary rehabilitation programs.
Pulmonary hypertension or abnormal pulmonary hemodynamics also demonstrated a strong association with poor clinical outcome. Patients with abnormal pulmonary hemodynamics had the highest odds ratio among all evaluated predictors, suggesting that cardiovascular limitation substantially contributes to exercise intolerance in COPD. Previous investigations have shown that pulmonary vascular dysfunction impairs oxygen delivery, increases right ventricular workload, and reduces exercise performance even in patients without severe resting hypoxemia (17). Sassmann et al. similarly reported that abnormal pulmonary hemodynamics during exercise are strongly associated with reduced exercise capacity and functional decline in COPD patients (18). These findings highlight the need for comprehensive cardiopulmonary evaluation in patients presenting with disproportionate exercise limitation relative to spirometric severity.
Psychosocial factors also played an important role in exercise capacity and recovery outcomes. Low exercise self-efficacy demonstrated significant association with poor clinical outcome, supporting prior evidence that confidence in physical activity participation influences rehabilitation adherence, daily activity levels, and long-term functional maintenance (19). Anxiety and depressive symptoms were also prevalent within the study cohort, affecting nearly one-third of participants. Psychological distress may contribute to physical inactivity, symptom amplification, social isolation, and reduced rehabilitation participation, thereby worsening overall disease burden. These findings support the growing emphasis on multidisciplinary COPD management approaches integrating psychological support with pulmonary rehabilitation and medical therapy.
Participation in the intervention group showed a protective association against poor clinical outcome, indicating that structured intervention strategies may improve exercise capacity and symptom burden in COPD patients. Mean six-minute walk distance improved by approximately 30 meters during follow-up, and clinically meaningful improvement was achieved in 43.6% of participants. Previous meta-analyses have demonstrated that exercise-based pulmonary rehabilitation improves exercise tolerance, dyspnea, and quality of life among patients with moderate-to-severe COPD (20). The findings of the present study further support the clinical value of rehabilitation-focused interventions, particularly among patients with baseline exercise limitation and muscular dysfunction.
The present study has several strengths, including evaluation of multiple physiological, muscular, psychosocial, and functional variables within the same clinical population. The inclusion of inferential analysis using odds ratios and confidence intervals also strengthened interpretation of predictors associated with poor clinical outcome. However, several limitations should be acknowledged. The sample size was relatively modest, and the observational nature of the study limited causal inference. Detailed subgroup analysis according to GOLD stage and intervention response was not performed. Additionally, long-term outcomes beyond the follow-up period were not available. Future multicenter studies with larger sample sizes and longitudinal assessment are needed to better define the interaction between pulmonary function, muscular dysfunction, psychosocial factors, and rehabilitation response in COPD patients.
Conclusion
Exercise capacity impairment in patients with chronic obstructive pulmonary disease was significantly associated with multiple interrelated clinical, physiological, muscular, hemodynamic, and psychosocial factors. Reduced baseline six-minute walk distance, reduced forced vital capacity, quadriceps weakness or reduced muscle endurance, pulmonary hypertension or abnormal pulmonary hemodynamics, and low exercise self-efficacy were identified as significant predictors of poor clinical outcome, while intervention participation demonstrated a protective effect. These findings emphasize that exercise intolerance in COPD extends beyond spirometric airflow limitation alone and reflects the combined influence of pulmonary dysfunction, peripheral muscle impairment, cardiovascular burden, and behavioral factors. Improvement in six-minute walk distance and dyspnea scores during follow-up further supports the clinical value of structured intervention and rehabilitation strategies. Comprehensive multidimensional assessment and targeted rehabilitation approaches may therefore improve functional performance, reduce adverse outcomes, and enhance quality of life among patients with chronic obstructive pulmonary disease.
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