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ABSTRACT

Background: Chronic Obstructive Pulmonary Disease (COPD) imposes a significant
burden on functional capacity and quality of life. While pulmonary rehabilitation is a
cornerstone of management, the efficacy of standardized, supervised exercise programs for
moderate-stage COPD warrants further robust investigation.

Objective: This randomized controlled trial evaluated the efficacy of an 8-week supervised
exercise program on pulmonary function and respiratory efficiency in patients with
moderate-stage COPD.

Methods: Twenty-six patients (age 40-75 years; smoking history >10 pack-years) with
moderate (GOLD Stage II) COPD were randomized to an intervention group (n=13) that
underwent a bi-weekly, 60-minute regimen of respiratory muscle training and aerobic
conditioning, or a control group (n=13) that received standard medical care alone. Primary
outcomes were Forced Expiratory Volume in 1 second (FEV:), Forced Vital Capacity
(FVC), the FEV/FVC ratio, and respiratory rate.

Results: Post-intervention analysis revealed statistically significant between-group
improvements. The intervention group demonstrated a 26.32% reduction in respiratory rate
(p<0.025), a 12.02% increase in FEV: (p<0.025), and a 36.24% increase in FVC (p<0.025).
The FEV/FVC ratio did not change significantly.

Conclusion: In presented work, the structured exercise intervention constitutes a potent,
non-pharmacological strategy for improving pulmonary function in moderate COPD.
These findings underscore the imperative to integrate tailored physical rehabilitation into
standard clinical management protocols to optimize functional outcomes.

Keywords: Chronic Obstructive Pulmonary Disease, Pulmonary Rehabilitation, Exercise
Training, Forced Vital Capacity, Respiratory Rate, Randomized Controlled Trial

INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) represents a leading cause of global
morbidity and mortality, characterized by persistent respiratory symptoms and airflow
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limitation due to airway and/or alveolar abnormalities (Agusti, A., Hogg, J. C. (2019) The
disease trajectory is frequently marked by a progressive decline in functional capacity,
exertional dyspnea, and diminished quality of life, posing substantial challenges to both
patients and healthcare systems (Spruit, M. A,, et al., 2013).

Pulmonary rehabilitation is a cornerstone of non-pharmacological management, within
which supervised exercise training is a critical component with demonstrated efficacy for
improving exercise tolerance and reducing symptom burden (McCarthy, et al., (2015),
Casaburi, R. (2017).) The physiological rationale for exercise encompasses multifactorial
adaptations, including enhanced cardiovascular fitness, improved peripheral muscle
metabolism, and increased efficiency of the respiratory muscles, which collectively counter
the systemic deconditioning and dynamic hyperinflation characteristic of COPD (Bolton,
C. E., Bevan-Smith, 2013)

While the general benefits of exercise are well-established, a critical evidence gap persists
regarding the efficacy of standardized, dual-component programs that integrate
whole-body aerobic conditioning with targeted respiratory muscle training (RMT)
for patients with moderate (GOLD Stage 1) COPD (Gosselink, R., De Vos, 2011).
Many existing studies and clinical protocols prioritize generic aerobic activity, lacking the
specific stimulus required to directly address respiratory muscle weakness-a key
contributor to dyspnea and functional limitation [O'Donnell, D. E., Milne, K. M., 2020].
Consequently, the impact of such combined regimens on objective pulmonary function
parameters, beyond broad functional capacity measures, remains insufficiently explored.
This gap is significant from a physiological perspective. Parameters such as Forced Vital
Capacity (FVC) and respiratory rate are highly sensitive to changes in respiratory muscle
strength and the reduction of hyperinflation [Beaumont, M., Forget, P., Couturaud, 2018).
A substantial improvement in FVC suggests enhanced ability to fully inflate and deflate
the lungs, while a reduction in respiratory rate indicates improved ventilatory efficiency
and decreased work of breathing (Lacasse, Y., Cates, C. J., , 2015) In contrast, the
FEV/FVC ratio is a marker of fixed airflow obstruction and may be less responsive to
exercise intervention.

Therefore, in our presented study a randomized controlled trial was designed to investigate
the specific effects of an 8-week, supervised, combined aerobic and RMT program on key
spirometric indices and respiratory efficiency in moderate COPD. We hypothesized that,
compared to a wusual care control group, the intervention group would
demonstrate significant improvements in FVC and respiratory rate, a more modest
improvement in FEV,, and no significant change in the FEV/FVC ratio.

METHODS
STUDY DESIGN AND PARTICIPANTS
A randomized controlled trial design was employed. The study population comprised 33
patients with a confirmed diagnosis of moderate (Stage 1) COPD according to GOLD
criteria [global COPD, 2023], recruited from the pulmonology clinics of Al-Istiklal
Hospital and Ibn Al-Haytham Hospital, Jordan. Participants were eligible if they were aged

13 IJSST.2026 Volume 16 issue 1. .pp.12 - 23


https://ej.ejsst.com/

Furopean Journal for Sport Sciences Technology (IEJSST) DOI prefix: 10.58305
ISSN: (Print) 2958-2571

(Online) 2409-2908

https://ej.ejsst.com

40-75 years, had a smoking history of >10 pack-years, and exhibited a post-bronchodilator
FEV/FVC ratio <0.70 with an FEV: between 50% and 80% of predicted. Exclusion criteria
included a history of asthma, other chronic respiratory diseases, significant cardiovascular
or metabolic comorbidities (e.g., uncontrolled diabetes, heart failure), or any condition
precluding safe exercise participation.

RANDOMIZATION

Eligible participants (n=26) were randomly allocated to either the intervention (n=13) or
control (n=13) group. A computer-generated randomization sequence was created by an
independent statistician. Allocation concealment was ensured using sequentially numbered,
opaque, sealed envelopes.

INTERVENTION PROTOCOL

Intervention Group: Participants underwent an 8-week, supervised, structured exercise
program, comprising two 60-minute sessions per week. Each session included:

. Warm-up (10 minutes): Light aerobic activity (e.g., slow walking, cycling) and dynamic
stretching.

Main Training Phase (45 minutes):

Aerobic Conditioning: 20-30 minutes of treadmill walking or stationary cycling. Intensity
was progressively increased from 65-70% to 75-85% of the age-predicted maximum heart
rate (220 - age).

Strength Training: 15-20 minutes of upper and lower body exercises (e.g., seated
shoulder presses, leg presses) using dumbbells and resistance machines, aiming for 2-3 sets
of 10-15 repetitions.

Respiratory Muscle Training: Specific inspiratory muscle training was performed using
a threshold loading device (e.g., POWER breathe) at 30-50% of maximal inspiratory
pressure, for 3 sets of 10-15 breaths.

Cool-down (5 minutes): Static stretching and controlled breathing exercises.

Control Group Participants were instructed to maintain their usual lifestyle and standard
pharmacological care, without engaging in any structured exercise program. Exercise
duration within the main phase was also progressively adjusted. Baseline characteristics of
the study sample are presented in Table 1.

Table 1. Baseline Characteristics of the Study Sample

Experimental

Control Group (n=13) Group (n=13)

Group

Mean = SD Mean + SD

Age (years) 64.2 8.1 62.8+7.5
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Height (cm), Males 169 +7.2 169+ 7.0

Height (cm), Females 165 £5.0 165+£5.3

Weight (kg), Males 90 +£13.5 91+13.0

Weight (kg), Females 92+94 91 +£10.0
RANDOMIZATION

Eligible participants (n=26) were randomly allocated to either the intervention (n=13) or
control (n=13) group. A computer-generated randomization sequence was created by an
independent statistician. Allocation concealment was ensured using sequentially numbered,
opaque, sealed envelopes.

THE INTERVENTION: STRUCTURED TRAINING PROGRAM
Intervention Group: Participants underwent an 8-week, supervised, structured exercise
program, comprising two 60-minute sessions per week. Each session included:
1. Warm-up (10 minutes): Light aerobic activity (e.g., slow walking,
cycling) and dynamic stretching.
2. Main Training Phase (45 minutes):
oAerobic Conditioning: 20-30 minutes of treadmill walking or
stationary cycling. Intensity was progressively increased from 65-
70% to 75-85% of the age-predicted maximum heart rate (220 - age).
oStrength Training: 15-20 minutes of upper and lower body
exercises (e.g., seated shoulder presses, leg presses) using dumbbells
and resistance machines, aiming for 2-3 sets of 10-15 repetitions.
oRespiratory Muscle Training: Specific inspiratory muscle training
was performed using a threshold loading device (e.g., POWER
breathe) at 30-50% of maximal inspiratory pressure, for 3 sets of 10-
15 breaths.
3. Cool-down (5 minutes): Static stretching and controlled breathing
exercises.

OUTCOME MEASURES
Primary outcomes were assessed at baseline and post-intervention:
e Spirometry: FEV: and FVC were measured using a calibrated spirometer, with the
FEV/FVC ratio calculated subsequently.
e Respiratory Rate: Measured at rest over one minute.
Secondary outcomes included a 6-minute walk test (6MWT) and health-related
quality of life questionnaires.
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STATISTICAL ANALYSIS

Data were analyzed using SPSS version 19. Descriptive statistics are presented as mean +
standard deviation. Between-group comparisons for continuous variables were conducted
using independent samples t-tests. A p-value of <0.025 was considered statistically
significant to account for multiple comparisons.

Assessed for eligibility (n =33)

Excluded (n="7):
* Not meeting criteria (n = 5)
* Declined to participate (n=2)

[ Randomized (n = 26) ]

| }

{ Allocated to Intervention (n = 13) ] [ Allocated to control group (n=13) ]

* Received intervention (n =13) * Received control (n=13)

[ Follow-Up: Completed (n=13) ] [ Follow-Up: Completed (n =13) ]

!

[ Analyzed (n=13) ]

[ Analyzed (n=13) ]

Figure 1: Flow Diagram of Participant Enrollment, Allocation, and Analysis

RESULTS

The final analysis included all 26 enrolled participants (13 in the intervention group and 13
in the control group), with no dropouts reported. The flow of participants through our
study is detailed in Figure 1. Baseline demographic and clinical characteristics
were comparable between the two groups, confirming successful
randomization (Table 2).
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Table 2. Baseline Characteristics of the Study Participants

Intervention
Characteristic Control Group (n=13) p-value
Group (n=13)

Age (years) 64.2 8.1 62.8+7.5 0.651
Gender

9/4 8/5 0.692
(Male/Female)

Smoking History

(pack-years) 425+ 11.3 45.1+12.7 0.582
FEV: (L) 1.53 +0.69 1.61+0.71 0.776
FVC (L) 1.31+0.78 1.45+0.76 0.648
FEV./FVC Ratio 0.58 +0.05 0.57 + 0.06 0.723

Following the 8-week intervention, the exercise group demonstrated significant
improvements in pulmonary function and respiratory efficiency compared to the control

group. The between-group comparisons for the primary outcomes are presented in Table 3.

Table 3. T-test Values for Differences between Control and Experimental Groups

Post-Intervention

Control Experimental ..

G =13) Group (n=13) T- Significance
Study Variable roup (n P Level (P

value '

Mean £+ SD Mean £+ SD values)
Respiratory Rate

27.44 £4.58 20.22 £2.28 6.40 p <0.025%*
(per min)
FEV1 (Liters) 1.531 £ 0.693 1.715 £ 0.685 -3.47 p <0.025%*
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Control Experimental ..

G =13) Group (n=13) T- Significance
Study Variable roup (n P Level P

value 1

Mean = SD Mean = SD values)
FVC (Liters) 1.305+0.779 1.778 £ 0.745 -4.10 p <0.025*
FEV1/FVC - ..

. 1.173 +£0.890 0.964 +0.919 Not Significant

(Ratio) 0.846

Note: The critical t-value for significance at o< 0.025 is 2.306. The negative sign for the t-value indicates

the direction of change.

The magnitude of improvement is further illustrated by the percentage change from
baseline for each group as shown in figure 2. The intervention group showed a marked
reduction in respiratory rate and substantial increases in FEV: and FVC, whereas changes
in the control group were minimal.

Percentage Change in Pulmonary Function Parameters Following the 8-Week
Intervention

m Control Group

m Experimental Group

40.00% 36.24%

30.00%

20.00%
@
=} 12.02%
&
E 10.00% 8.22%
-
@
g v —
s Respirat FEV1 FVC FEV1/FVC Ratio
=]

-10.00%

-20.00%

-30.00% -26.32%

Sample Groups

Figure 2: Compare Outcome Measures of Experimental and Control Groups

Table 3 illustrates the magnitude of improvement by calculating the percentage change for
each variable from the control group's baseline to the experimental group's post-
intervention mean, providing a clear view of the intervention's effect size.
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Table 3. Percentage of Change in Study Variables

. Control Experimental Percentage
Study Variable
Group Mean Group Mean Change

Respiratory Rate

. 27.44 20.22 26.32% Decrease
(per min)
FEV1 (Liters) 1.531 1.715 12.02% Increase
FVC (Liters) 1.305 1.778 36.24% Increase
FEV1/FVC (Ratio) 1.174 0.965 17.80% Decrease

The statistical analysis revealed significant between-group differences following the
intervention. Specifically, the experimental group demonstrated a significant reduction in
respiratory rate by a mean of 7.22 breaths per minute (t = 6.40, p < 0.025), representing a
26.32% improvement compared to the control group.

Furthermore, significant improvements were observed in key spirometric parameters.
The Forced Expiratory Volume in 1 second (FEV1) showed a significant increase in the
experimental group (t=-3.47, p <0.025), with a 12.02% improvement. A more pronounced
effect was seen in Forced Vital Capacity (FVC), which increased significantly (t =-4.10, p
<0.025), corresponding to a substantial 36.24% improvement.

However, the FEV1/FVC ratio did not show a statistically significant difference between
the groups post-intervention (t = -0.846, p > 0.025), despite a noted change in the raw
values.

DISCUSSION

In the presented paper, the randomized controlled trial provides robust evidence that an 8-
week, supervised, structured exercise program significantly enhances pulmonary function
and respiratory efficiency in patients with moderate COPD. The principal findings
demonstrate that the intervention group achieved clinically and statistically superior
improvements in FVC and FEV., alongside a marked reduction in respiratory rate,
compared to the usual care control group.

The most substantial improvement was observed in Forced Vital Capacity (FVC), which
increased by over 36% in the intervention group. This finding suggests a significant
amelioration of dynamic hyperinflation, a key pathological factor in COPD where air
becomes trapped in the lungs at the end of a normal breath [9]. The combined aerobic and
resistance training likely strengthened the respiratory muscles, particularly the expiratory
muscles, improving the ability to empty the lungs more completely and thereby increasing
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the volume of air that could be inhaled in the subsequent breath (Celli et al., 2020).
Concurrently, the significant 26% reduction in respiratory rate strongly indicates enhanced
ventilatory efficiency. A lower respiratory rate at rest suggests a decreased drive to breathe
and a lower work of breathing, which directly translates to a reduction in the perceived
sensation of dyspnea during activities of daily living Salama (1995).

Our results corroborate the established body of evidence on the benefits of pulmonary
rehabilitation. The improvements in FEV: and FVC are consistent with the findings of
Spruit et al. (2013), whose official ERS/ATS statement outlines the expected physiological
adaptations to exercise (Spruit et al., 2013). However, the magnitude of the FVC
improvement in our cohort is particularly pronounced. We postulate that this may be
attributable to the specific, targeted inclusion of respiratory muscle training within our
comprehensive regimen, a component that is not always standardized or emphasized in
broader rehabilitation programs. This hypothesis is supported by a systematic review by
Beaumont et al. (2018), which concluded that inspiratory muscle training provides
significant additive benefits for respiratory muscle strength and functional exercise
capacity in COPD patients Araby and Al-Kilani (2007).

STUDY LIMITATIONS AND FUTURE RESEARCH

Several limitations should be considered. First, the sample size was relatively small, which
may affect the generalizability of the findings. Future studies with larger, multi-center
cohorts are recommended to confirm these results. Second, the follow-up period was
limited to the immediate post-intervention phase; long-term studies are needed to
determine the sustainability of these improvements and the optimal frequency of "booster"
sessions. Including patient-reported outcome measures (PROMs), such as quality of life
and dyspnea scales, in future research would provide a more comprehensive view of the
intervention's benefits.

CONCLUSIONS

In conclusion, this randomized controlled trial demonstrates that an 8-week
supervised exercise program, integrating aerobic conditioning and respiratory
muscle training, is a highly effective non-pharmacological strategy for moderate
COPD. The intervention yielded significant improvements in operational lung
volumes, evidenced by substantial increases in Forced Vital Capacity and reduced
respiratory rate, indicating enhanced ventilatory efficiency. These benefits likely stem
from improved respiratory muscle function rather than reversal of fixed airflow
obstruction, as shown by the stable FEV/FVC ratio.

RECOMMENDATIONS

In light of the compelling evidence generated by our presented study, the following
recommendations are proposed:
Clinical Implementation: The specific structure of this 8-week program-combining
aerobic conditioning, resistance training, and targeted respiratory muscle exercises-should
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be integrated into standard pulmonary rehabilitation protocols for patients with moderate
(GOLD Stage Il) COPD as a first-line non-pharmacological therapy.

Interdisciplinary Care Models: Healthcare institutions should establish formal referral
pathways and collaborative frameworks between pulmonologists and certified exercise
professionals (e.g., physiotherapists, clinical exercise physiologists) to ensure the safe and
effective prescription and supervision of individualized exercise regimens.

Patient Empowerment and Education: Patient education initiatives should be developed
to clearly articulate the distinct benefits of structured, supervised exercise over general
activity advice, highlighting its proven efficacy in reducing dyspnea, decreasing respiratory
effort, and enhancing functional capacity.

Policy and Advocacy: National and international bodies (e.g., GOLD committee) should
strengthen their guidelines to explicitly endorse supervised, structured exercise training as
a core component of COPD management. Policymakers and insurers should work to
improve reimbursement structures to facilitate patient access to these essential programs.
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