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ABSTRACT

Background: Chronic obstructive pulmonary disease (COPD) is a leading global health concern, affecting 13.6% of the
population worldwide and ranking as the third most common cause of mortality. It is characterized by progressive respiratory
dysfunction that significantly impacts quality of life. Integrating diaphragmatic breathing (DB) and pursed-lip breathing
(PLB) into rehabilitation programs has shown potential in alleviating dyspnea and improving exercise capacity, offering a
cost-effective and accessible non-pharmacological intervention for COPD patients.

Objective: To evaluate the effect of diaphragmatic breathing combined with pursed-lip breathing versus pursed-lip breathing
alone on dyspnea and exercise capacity in COPD patients.

Methods: This experimental study included 32 clinically stable COPD patients, aged 45—75 years, categorized as GOLD II or
III. Participants were recruited from Government Mozang Teaching Hospital, Sir Ganga Ram Hospital, and Lahore General
Hospital using purposive sampling. Exclusion criteria included pleural effusion, liver or kidney disease, pulmonary
tuberculosis, post-tuberculosis obstruction syndrome, unstable angina, and recent myocardial infarction. Participants were
randomized into Group A, receiving diaphragmatic breathing combined with pursed-lip breathing, and Group B, receiving
pursed-lip breathing alone. Both interventions were administered over eight weeks with four sessions per week. Dyspnea and
exercise capacity were assessed using the modified Medical Research Council (mMRC) scale and the six-minute walk test
(6MWT), respectively. Data were analyzed using SPSS version 24.

Results: Between-group analysis revealed that Group A demonstrated significantly greater improvements in dyspnea (mMRC:
32+0.5t0 1.4 £0.6, p=0.033) and exercise capacity (6MWT: 310.5 £45.3 to 365.9 + 50.2 meters, p = 0.020) compared to
Group B (mMRC: 3.1 £0.6to 1.9+ 0.7; 6MWT: 315.2 £ 50.1 to 350.3 £ 55.6 meters). Within-group analysis for both groups
showed statistically significant improvements (p < 0.001).

Conclusion: Diaphragmatic breathing combined with pursed-lip breathing significantly outperformed pursed-lip breathing
alone in reducing dyspnea and enhancing exercise capacity in COPD patients. This combined approach represents an effective
and practical addition to pulmonary rehabilitation programs.

Keywords: Breathing exercises, Chronic obstructive pulmonary disease, Diaphragmatic breathing, Dyspnea, Exercise capacity,
Pulmonary rehabilitation, Pursed-lip breathing.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a persistent and progressively worsening lung parenchymal condition that poses a
significant global health burden. According to data from the World Health Organization (WHO), approximately 80 million individuals
worldwide were affected by COPD as of 2005, with projections indicating it would become the third leading cause of mortality and the
fifth most prevalent disease globally by 2020. In the United States, COPD remains the primary cause of mortality among lung diseases,
accounting for 53.8% of all related deaths, with hospital outpatient prevalence estimated at 76.3%. The condition’s global impact is
equally alarming, with an estimated 38.1 million individuals in China suffering from COPD as of 2006, alongside millions in Southeast
Asia, including 2 million in Vietnam and 4.8 million in Indonesia. The high prevalence of smoking—affecting 90% of COPD sufferers—
continues to drive these statistics, with Indonesia alone reporting 34.5% of its population as daily smokers in 2004 (1, 2, 3, 4).

Characterized by chronic inflammation of the airways and lungs, COPD leads to impaired respiratory mechanics through pulmonary
hyperinflation, air trapping, and increased airway resistance. This results in reduced lung ventilation, progressive dyspnea, and decreased
physical functionality. Pulmonary rehabilitation has emerged as a cornerstone intervention to address these deficits, aiming to enhance
the quality of life and physical capabilities of individuals with COPD (5, 6). Rehabilitation typically involves a triad of components—
respiratory, psychological, and physical activities. Central to these interventions are breathing exercises, which aim to reduce dyspnea
and optimize respiratory function. Among these techniques, pursed-lip breathing (PLB) and diaphragmatic breathing (DB) have been
widely employed in isolation or combination to alleviate symptoms and improve outcomes in COPD (7, 8).

Pursed-lip breathing, a method involving slow nasal inspiration followed by controlled expiration through pursed lips, serves to prevent
airway collapse, reduce air trapping, and improve oxygen exchange. This technique has demonstrated efficacy in decreasing respiratory
rate, enhancing tidal volume, and alleviating dyspnea, thus enabling individuals to engage in daily activities with less discomfort. It is a
low-cost, practical method that requires minimal instruction and is readily integrated into home-based self-management strategies. In
contrast, diaphragmatic breathing focuses on activating the diaphragm over accessory respiratory muscles, promoting deeper and slower
breathing patterns. This method, often practiced supine with abdominal movements emphasized, enhances ventilation-perfusion
matching, reduces thoracic excursion, and improves blood gas parameters by increasing oxygenation and decreasing carbon dioxide
levels. The synergistic use of both techniques optimizes ventilatory mechanics and oxygenation, providing superior improvements in
dyspnea, tidal volume, and exercise tolerance compared to either approach used alone (9-15).

The combined application of diaphragmatic breathing and pursed-lip breathing holds significant potential for addressing key
pathological features of COPD, such as hyperinflation and diaphragmatic fatigue. By prolonging exhalation, this integrated approach
facilitates the clearance of trapped air, reduces reliance on accessory respiratory muscles, and retrains the diaphragm for enhanced
strength and endurance. The resultant improvements in oxygen delivery and work of breathing have been reflected in increased exercise
capacity, including longer endurance during activities such as the six-minute walk test (6MWT). Despite substantial evidence supporting
their individual and combined efficacy, there remains a need to delineate the relative benefits of these interventions to optimize
pulmonary rehabilitation strategies for individuals with COPD. This study aims to evaluate the impact of diaphragmatic breathing
combined with pursed-lip breathing versus pursed-lip breathing alone on dyspnea and exercise capacity, with the goal of informing
evidence-based clinical practices for the management of COPD.
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METHODS

o G*Power 3.1.9.4 - X This experimental study was conducted with a total sample
File Edit View Tests Caleulator Help size of 32 participants, calculated using G*Power software.
Central and nencentral distributions Protocol of power analyses Participants were recruited using a purposive sampling
technique from Government Mozang Teaching Hospital,
Sir Ganga Ram Hospital, and Lahore General Hospital.

- Clinically stable patients with COPD, classified as GOLD
IT or III, aged between 45 and 75 years, were included in
the study. The exclusion criteria encompassed pleural

effusion, liver disease, kidney disease, pulmonary

critical t = -0.255605

0.3 1

0.2 4

0.1 4

s - ; . ; ; T T T tuberculosis, post-tuberculosis obstruction syndrome, lung
cancer, bronchial asthma, unstable angina pectoris
Test family Statistical test

t tests i Means: Difference between two independent means (two groups) =2 (Canadian Cardiovascular SOCiety III)) and a hiStOl‘y Of
Type of power analysis myocardial infarction within the preceding month. This
A priori: Compute required sample size - given &, power, and effect size b ensured the selection Of a homogenous population suitable

Input Parameters Qutput Parameters for the intervention.
Tail(s) One i Noncentrality parameter & 1.4142136 |

Determine =>|  Effact size d 0.5 Critical t -0.2556054 Participants were randomized into two groups: Group A,
werr prob b.s0 of 30 which received diaphragmatic breathing combined with
Power (1-B err prob) 0.95 Sample size group 1 16 pursed-lip breathing, and Group B, which received pursed-

Allocation ratio N2/N1 1 Sample size group 2 16

lip breathing alone. Randomization was achieved using a
Total sample size 32

R T s computer-generated allocation sequence to minimize
selection bias and ensure equitable distribution of baseline

characteristics. Both interventions were administered over

a period of eight weeks, with participants attending four
supervised sessions per week. Ethical considerations, including informed consent and approval from the institutional ethics committee,
were strictly adhered to throughout the study, ensuring compliance with established guidelines.

Outcome measures included the six-minute walk test (6MWT) to assess exercise capacity and the modified Medical Research Council
(mMRC) dyspnea scale to evaluate the severity of dyspnea. These tools were chosen for their validated use in COPD populations. Data
collection spanned from February to September 2024. Statistical analysis was performed using SPSS version 24, employing appropriate
statistical tests to compare pre- and post-intervention outcomes between the two groups.

RESULTS

The study evaluated the impact of diaphragmatic breathing combined with pursed-lip breathing versus pursed-lip breathing alone on
dyspnea and exercise capacity in patients with COPD. The demographic and clinical characteristics indicated no statistically significant
differences between the groups at baseline. The mean age of participants in Group A (diaphragmatic breathing combined with pursed-
lip breathing) was 61.2 £ 9.0 years, while Group B (pursed-lip breathing alone) had a mean age of 59.9 + 9.5 years (p = 0.450). Gender
distribution showed that Group A consisted of 37.5% females and 62.5% males, while Group B comprised 50% females and 50% males
(p = 0.470). These baseline similarities indicated comparable demographic and clinical profiles between the groups.

Regarding dyspnea, Group A showed a significant reduction in modified Medical Research Council (mMMRC) scores from a pre-treatment
mean of 3.2 £ 0.5 to a post-treatment mean of 1.4 + 0.6 (p = 0.033). Group B also demonstrated an improvement, with mMRC scores
decreasing from 3.1 + 0.6 to 1.9 = 0.7, but the extent of improvement was less pronounced compared to Group A. For exercise capacity,
as measured by the six-minute walk distance (60MWD), Group A showed a significant increase from a mean of 310.5 + 45.3 meters pre-
treatment to 365.9 + 50.2 meters post-treatment (p = 0.020). Group B demonstrated a smaller improvement, with 6MWD increasing
from 315.2 + 50.1 meters pre-treatment to 350.3 + 55.6 meters post-treatment. These results underscore the enhanced effectiveness of
the combined intervention.
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Within-group comparisons further supported these findings. Group A exhibited a paired mean reduction in dyspnea (mMRC) of -1.8 +
0.4 and an increase in 6 MWD of +55.4 & 12.8 meters (both p <0.001). Group B, while showing statistically significant improvements,
demonstrated smaller changes with a reduction in mMRC of -1.2 + 0.5 and an increase in 6MWD of +35.1 £+ 10.5 meters (both p <

0.001). These findings highlight the superior efficacy of combining diaphragmatic and pursed-lip breathing in improving dyspnea and
exercise capacity in COPD patients.
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W
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Figure 2 Average Age Of Participants By Group

Table 1: Demographics and Clinical Characteristics of the Study Subjects (Pursed-Lip Breathing Group)
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Gender Distribution by Group
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Figure 1 Gender Distribution By Group

Variables Group A (Diaphragmatic + Pursed-Lip Breathing) Group B (Pursed-Lip Breathing Alone) P Value
N 16 16

Age (years) 61.2+9.0 59.9+95 0.450
Gender

Female (%)  6(37.5%) 8 (50%) 0.470
Male (%) 10 (62.5%) 8 (50%)

Table demonstrated average age in group A 61.2 + 9.0 in group B was 59.9 = 9.5. Group A had 6 (37.5%) female and 10 (62.5%)
had male ratio. Group B had 8 (50%) female and 8 (50%) were male.

Table 2: Between-Group Comparison of Dyspnea and Exercise Capacity

Outcome Treatment Groups N  Pre- Post- T p-
Treatment Treatment value
Dyspnea (mMRC) Group A (Diaphragmatic + Pursed-Lip 16 3.2+0.5 1.4+0.6 -2.210  0.033
Breathing)
Group B (Pursed-Lip Breathing Alone) 16 3.1+0.6 1.9+0.7
Exercise Capacity Group A (Diaphragmatic + Pursed-Lip 16 310.5+45.3 365.9+50.2 +2.381 0.020
(6MWD) Breathing)
Group B (Pursed-Lip Breathing Alone) 16 315.2+50.1 350.3+55.6
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Group A 3.2 £0.5 had pre treatment 1.4 + 0.6 were post treatment readings with 0.033 p value on Mmrc scale and 3.1 + 0.6 pre , 1.9
+ (.7post values of group B. Group A had pre 310.5 £45.3 to post 365.9 + 50.2 values with significant p value 0.020 on 6MWD scale.

Group B demonstrated 315.2 + 50.1 pre to 350.3 & 55.6 post treatment reading on 6MWD scale .

Table 3: Within Group Comparison of Dyspnea and Exercise Capacity

Outcome Groups Pre- Post- Paired p-
Treatment Treatment Difference value
Mean (SD) Mean (SD)
Dyspnea (mMRC) Group A (Diaphragmatic + Pursed-Lip 3.2+0.5 1.4+0.6 -1.8+04 <0.001
Breathing)
Group B (Pursed-Lip Breathing Alone) 3.1+£0.6 1.9+£0.7 -1.2+£0.5 <0.001
Exercise Capacity Group A (Diaphragmatic + Pursed-Lip 310.5+45.3 365.9+50.2 +554+12.8 <0.001
(6MWD) Breathing)
Group B (Pursed-Lip Breathing Alone) 315.2+50.1 350.3+55.6 +35.1+10.5 <0.001

Group A and group B revealed significant p<0.001 values within group comparison on both scales.

DISCUSSION

The findings of this study align with previous research, demonstrating the significant impact of diaphragmatic and pursed-lip breathing
exercises on improving exercise capacity and reducing dyspnea among COPD patients. Javaid et al. conducted an experimental study
involving 40 COPD patients over an eight-week period, reporting that both diaphragmatic and pursed-lip breathing exercises
substantially improved exercise frequency and pulmonary function, corroborating the results of the present investigation, which
observed significant improvements in dyspnea scores and six-minute walk distance following similar interventions (16). These findings
further emphasize the therapeutic value of these simple and cost-effective breathing techniques for enhancing respiratory mechanics in
COPD management.

Yang et al. performed a systematic investigation and identified notable improvements in forced expiratory volume in one second (FEV1),
forced vital capacity (FVC), FEV1/FVC ratio, and six-minute walk test performance following the implementation of combined
diaphragmatic and pursed-lip breathing exercises. The findings highlighted the combined interventions as effective tools for improving
exercise capacity and lung function in COPD patients, a conclusion consistent with the outcomes of the current study. The simplicity,
accessibility, and low cost of these interventions make them suitable for widespread implementation in COPD care (17). Conversely,
De Araujo et al.’s randomized controlled trial reported that pursed-lip breathing did not enhance six-minute walk test performance,
despite reducing dynamic hyperinflation during the test. This finding contrasts with the improvements observed in the present study,
suggesting variability in outcomes that may stem from differences in study design, sample size, or intervention protocols (18).

El-Saidy et al. further demonstrated that combining diaphragmatic and pursed-lip breathing exercises led to significant improvements
in clinical outcomes among elderly COPD patients. Their study observed reductions in respiratory rate, pulse, dyspnea scores, and CAT
scale scores, alongside increased oxygen saturation levels, outcomes that align with the improvements reported in the current
investigation. These findings reinforce the synergistic effects of combining diaphragmatic and pursed-lip breathing exercises to optimize
respiratory function and quality of life in COPD patients (19). Similarly, Antony et al. and Riasat et al. demonstrated that these breathing
techniques enhance lung function and exercise tolerance, supporting the effectiveness of these interventions as observed in the present
study (20, 21).

The strength of the current study lies in its rigorous design, including randomization and the use of validated outcome measures, which
strengthen the reliability and clinical relevance of the findings. However, the study is limited by its relatively small sample size and the
lack of blinding, which could introduce bias in the assessment of subjective outcomes like dyspnea. Additionally, participant adherence
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to the breathing exercises was not explicitly tracked, which could influence the results. Future research with larger samples, longer
follow-up periods, and adherence monitoring is needed to further substantiate these findings and refine COPD rehabilitation strategies.

This study contributes to the growing evidence supporting the integration of diaphragmatic and pursed-lip breathing exercises into
COPD management. These techniques represent a valuable, non-pharmacological approach to enhancing functional outcomes and
improving the quality of life in this population. By addressing both dyspnea and exercise capacity, the combined intervention offers a
holistic approach to managing the multifaceted challenges faced by individuals with COPD.

CONCLUSION

Diaphragmatic breathing combined with pursed-lip breathing demonstrated greater effectiveness in improving dyspnea and exercise
capacity compared to pursed-lip breathing alone in patients with COPD. This combined approach addresses key respiratory challenges
by enhancing ventilation efficiency, reducing air trapping, and improving functional capacity, making it a valuable addition to pulmonary
rehabilitation strategies. These findings highlight the importance of integrating such synergistic breathing techniques into the
management plans for individuals with COPD to improve their overall quality of life and physical functionality.
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