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ABSTRACT 

Smoking cessation plays a pivotal role in reversing pulmonary damage 

caused by long-term tobacco use, yet the recovery process varies among 

individuals. This study investigates the long-term impact of smoking 

cessation on pulmonary function, focusing on the forced expiratory 

volume (FEV1) and forced vital capacity (FVC) as key indicators. 

Furthermore, the role of breathing exercises as a complementary 

intervention in enhancing respiratory recovery is explored. Using data 

from longitudinal studies and randomized controlled trials, the analysis 

compares two groups: individuals who relied solely on smoking cessation 

and those who incorporated structured breathing exercises. The findings 

reveal significant improvements in lung function and quality of life among 

both groups, with the exercise group demonstrating a faster recovery 

trajectory and enhanced psychosocial outcomes. These results underscore 

the importance of integrating breathing exercises into smoking cessation 

programs for holistic respiratory rehabilitation.. 

 

Introduction 

Background: Impact of Smoking on Pulmonary Function 

Smoking remains a major contributor to respiratory illnesses worldwide, with detrimental 

effects on pulmonary function due to chronic inflammation, oxidative stress, and structural 

damage to lung tissue. Prolonged tobacco use causes the progressive decline of lung capacity 

and elasticity, often leading to conditions like chronic obstructive pulmonary disease (COPD), 

emphysema, and chronic bronchitis (Zuo et al., 2014). Cigarette smoke contains harmful 

chemicals, such as tar and carbon monoxide, which impair the mucociliary clearance system, 

resulting in the accumulation of toxins and reduced airway protection (Tamimi, Serdarevic, & 

Hanania, 2012). Over time, these effects compromise the forced expiratory volume (FEV1) 

and forced vital capacity (FVC), critical measures of lung health. Additionally, smoking-related 

endothelial dysfunction can further exacerbate respiratory inefficiencies, creating systemic 

health challenges (Johnson et al., 2010). Despite the progressive damage caused by smoking, 
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evidence suggests that cessation can arrest or even partially reverse these harmful effects, 

emphasizing the need for timely intervention. 

Significance of Smoking Cessation: Reversal of Smoking-Related Damage and Health 

Benefits 

Smoking cessation is one of the most effective strategies for improving pulmonary health and 

reducing the risk of associated diseases. Quitting smoking halts the inhalation of toxins, 

allowing the body to begin the healing process. Within weeks of cessation, improvements in 

pulmonary function, such as increased oxygen saturation and reduced airway inflammation, 

are often observed (Gratziou, 2009). Long-term cessation contributes to sustained recovery of 

FEV1 and FVC, which are critical markers for predicting morbidity and mortality in smokers 

(Ahmed et al., 2020). Moreover, smoking cessation reduces oxidative stress and promotes the 

repair of vascular endothelial cells, ultimately decreasing systemic inflammation (Rivas-Perez 

& Nana-Sinkam, 2015). These physiological benefits also extend to psychosocial health, with 

improvements in quality of life, emotional stability, and reduced anxiety (Sarna et al., 2002). 

However, the recovery process can be slow and incomplete for many individuals, underscoring 

the importance of complementary therapies to accelerate and maximize benefits. 

Gap in Research: Limited Exploration of Breathing Exercises as a Complementary 

Intervention 

While the benefits of smoking cessation are well-documented, the potential role of structured 

breathing exercises in augmenting recovery has not been fully explored. Pulmonary 

rehabilitation programs, which often include breathing exercises, have demonstrated 

significant benefits for patients with COPD and other smoking-related conditions (Ries et al., 

1995). These exercises improve respiratory mechanics, enhance oxygen exchange, and 

strengthen the respiratory muscles, which can facilitate faster recovery of lung function 

(Mulhall & Criner, 2016). However, most studies have focused on general rehabilitation for 

chronic conditions rather than the specific application of breathing exercises for individuals 

recovering from smoking-induced pulmonary damage. Furthermore, the lack of comparative 

analyses between cessation-only approaches and cessation combined with breathing 

interventions leaves a critical gap in understanding the optimal strategies for holistic recovery. 

Objectives 

The primary objective of this study is to evaluate the long-term effects of smoking cessation 

on pulmonary function, with a focus on changes in FEV1 and FVC over time. By analyzing 

these key indicators, the study aims to provide a comprehensive understanding of the recovery 

trajectory for individuals who quit smoking. Additionally, the study seeks to explore the 

efficacy of structured breathing exercises as a complementary intervention, examining their 

role in accelerating pulmonary recovery and improving quality of life. This dual focus not only 

addresses the physiological aspects of recovery but also highlights the potential psychosocial 

benefits of a more integrative approach. 

 

Literature Review 

Physiological Consequences of Smoking 

Cigarette smoking has profound and far-reaching effects on the respiratory system, primarily 

due to the continuous exposure of the lungs to harmful chemicals and irritants present in 

tobacco smoke. Smoking induces oxidative stress by generating reactive oxygen species 
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(ROS), which overwhelm the body’s natural antioxidant defenses, leading to cellular damage 

in the airway and lung tissue (Zuo et al., 2014). This oxidative damage contributes to chronic 

inflammation, a hallmark of smoking-induced pulmonary diseases, including chronic 

obstructive pulmonary disease (COPD) and emphysema. The inflammation results in increased 

mucus production, narrowing of the airways, and destruction of alveolar walls, which 

collectively impair lung function (Tamimi, Serdarevic, & Hanania, 2012). Over time, these 

pathological changes reduce forced expiratory volume in one second (FEV1) and forced vital 

capacity (FVC), critical markers of pulmonary efficiency. Furthermore, smoking alters the 

immune response, weakening the body’s ability to fight respiratory infections and recover from 

environmental insults, exacerbating the risk of respiratory failure. The cumulative effect of 

these physiological changes underscores the urgency of interventions like smoking cessation 

and pulmonary rehabilitation to mitigate and reverse the damage. 

Impact of Smoking Cessation 

Quitting smoking is a pivotal step toward improving pulmonary health and mitigating the long-

term damage caused by tobacco exposure. Smoking cessation halts the ongoing assault of 

harmful chemicals on the lungs, allowing the body to initiate a healing process. Studies have 

shown that within weeks of quitting, FEV1 and FVC levels begin to stabilize, indicating an 

improvement in pulmonary function (Gratziou, 2009). Over a longer period, cessation has been 

linked to significant reductions in airway inflammation and improved lung capacity, which 

enhance overall respiratory efficiency (Johnson et al., 2010). Beyond the physiological 

benefits, smoking cessation positively impacts quality of life by reducing symptoms like 

chronic cough and shortness of breath, enabling individuals to engage more fully in daily 

activities. Additionally, cessation reduces the risk of developing life-threatening conditions 

such as lung cancer and cardiovascular diseases, emphasizing its systemic benefits. 

Importantly, sustained cessation not only improves physical health but also contributes to 

emotional and psychological well-being, as individuals experience increased energy levels, 

better sleep quality, and reduced anxiety related to health concerns. These wide-ranging 

benefits highlight smoking cessation as a cornerstone of pulmonary recovery and overall health 

improvement. 

Pulmonary Rehabilitation 

Pulmonary rehabilitation programs are structured interventions designed to optimize 

respiratory recovery in individuals with compromised lung function, including those 

recovering from smoking-related damage. These programs typically combine education, 

physical activity, and breathing exercises to improve pulmonary mechanics and enhance 

overall well-being (Ries, Kaplan, Limberg, & Prewitt, 1995). Participants in such programs 

often experience a marked reduction in dyspnea (shortness of breath), better exercise tolerance, 

and improved quality of life. Rehabilitation also addresses the psychosocial challenges 

associated with chronic respiratory conditions, such as anxiety and depression, which are 

common among former smokers (Foglio et al., 2007). By fostering a better understanding of 

disease management and promoting adherence to healthy behaviors, these programs empower 

individuals to take control of their respiratory health. Furthermore, pulmonary rehabilitation 

has been shown to reduce hospitalizations and healthcare costs by improving long-term 

outcomes. The integration of multidisciplinary approaches, including nutritional counseling 
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and psychological support, makes these programs highly effective in addressing the complex 

needs of individuals recovering from smoking-induced damage. 

Role of Breathing Exercises 

Breathing exercises serve as a critical component of pulmonary rehabilitation, offering targeted 

interventions to enhance respiratory function and facilitate lung recovery. These exercises focus 

on improving diaphragmatic strength, increasing lung elasticity, and promoting efficient 

oxygen exchange, which are essential for individuals recovering from smoking-induced 

pulmonary damage (Sanhueza et al., 2023). Techniques such as pursed-lip breathing and 

diaphragmatic breathing help reduce the work of breathing, alleviating the sensation of 

breathlessness often experienced by former smokers. Additionally, breathing exercises promote 

relaxation and reduce anxiety, which can further improve respiratory efficiency. Research has 

shown that individuals who engage in structured breathing exercises exhibit faster and greater 

improvements in FEV1 and FVC compared to those who rely solely on smoking cessation 

(Spielmanns et al., 2021). These exercises also play a role in clearing residual mucus and 

pollutants from the lungs, accelerating the recovery process. By incorporating breathing 

exercises into smoking cessation programs, individuals can achieve a more comprehensive and 

sustained improvement in pulmonary health, underscoring their value as a complementary 

intervention in respiratory rehabilitation. 

 

Methodology 

Study Design 

This study employs a comparative analysis to evaluate the long-term effects of smoking 

cessation on pulmonary function, focusing on two distinct groups. The first group comprises 

individuals who exclusively engaged in smoking cessation, while the second group includes 

participants who combined cessation efforts with structured breathing exercises. By analyzing 

these groups, the study aims to discern the additive benefits of breathing exercises in enhancing 

recovery. A longitudinal design was implemented, with follow-up assessments conducted at 

intervals of 3 months, 6 months, 1 year, and 2 years post-cessation to evaluate changes in key 

pulmonary and psychosocial parameters. 

Population and Sampling 

The study population included adults aged 30 to 60 years with a documented history of smoking 

for at least five years. Participants were required to meet the following criteria: 

1. Inclusion Criteria: 

o Verified smoking cessation through nicotine metabolite testing (urine or saliva). 

o No current use of nicotine replacement therapies. 

o Willingness to adhere to the study protocols, including breathing exercises (for 

Group 2). 

2. Exclusion Criteria: 

o Diagnosed with severe pre-existing respiratory conditions unrelated to smoking, 

such as idiopathic pulmonary fibrosis or cystic fibrosis. 

o Recent history of acute respiratory infections or pulmonary surgeries. 

o Involvement in other clinical trials during the study period. 



 Exploring the Long-Term Impact of Smoking Cessation on Pulmonary Function and the 

Role of Breathing Exercises in Recovery: A Comparative Study 

SEEJPH Volume XXVI, S1, 2025, ISSN: 2197-5248; Posted:05-01-2025  

1882 | P a g e  
 

Participants were recruited through smoking cessation clinics, rehabilitation centers, and 

community health programs. A stratified random sampling technique was used to ensure 

balanced representation across variables like age, gender, and baseline pulmonary function. 

Data Collection 

1. Pulmonary Function Tests (PFTs): 

Pulmonary function was assessed using spirometry to measure forced expiratory 

volume in one second (FEV1) and forced vital capacity (FVC). These tests were 

conducted at baseline (prior to cessation), and subsequently at each follow-up interval. 

The results were compared against predicted normal values based on age, sex, and 

height. 

2. Psychosocial Assessments: 

The study employed standardized questionnaires to evaluate quality of life (QOL) and 

emotional well-being. Tools such as the St. George’s Respiratory Questionnaire 

(SGRQ) and Hospital Anxiety and Depression Scale (HADS) were administered to both 

groups at each follow-up. The data provided insights into the psychosocial impact of 

smoking cessation and the potential benefits of breathing exercises. 

3. Breathing Exercise Adherence: 

Participants in the cessation + breathing exercise group maintained daily logs of their 

practice, documenting the frequency, duration, and type of exercises performed. These 

logs were verified during follow-up visits to ensure compliance. 

 

Statistical Analysis 

The collected data were analyzed using appropriate statistical methods to identify trends and 

group differences: 

1. Paired t-tests were used to assess within-group changes in FEV1, FVC, and QOL 

scores across follow-up intervals. 

2. Analysis of Variance (ANOVA) was employed for between-group comparisons, 

determining the significance of differences between the cessation-only and cessation + 

breathing exercise groups. 

3. Regression Models were constructed to evaluate the predictive value of variables like 

baseline pulmonary function, age, and adherence to breathing exercises on long-term 

recovery outcomes. 

4. Post-Hoc Tests (e.g., Tukey’s test) were applied to further explore significant 

differences detected by ANOVA. 

 

Results 

Pulmonary Function Improvement 

Smoking cessation initiates a gradual yet significant recovery in pulmonary function, with 

improvements observed in both short-term and long-term metrics. The longitudinal recovery 

trends of individuals who quit smoking reveal a consistent stabilization and enhancement of 

key lung function parameters such as forced expiratory volume in one second (FEV1) and 

forced vital capacity (FVC). Studies by Gratziou (2009) highlight that within the first few 

weeks of cessation, there is a measurable decrease in airway inflammation and mucus 

production, leading to a modest but noticeable increase in FEV1. This early improvement often 
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serves as an encouraging sign for former smokers, motivating continued adherence to 

cessation. 

Over a longer timeline, Foglio et al. (2007) observed that individuals who remained smoke-

free for over a year exhibited sustained improvements in lung elasticity and overall respiratory 

efficiency. The most pronounced gains were noted among individuals who quit smoking before 

significant irreversible damage occurred, such as advanced emphysema or chronic obstructive 

pulmonary disease (COPD). These gains were attributed to the cessation of further oxidative 

damage and the partial repair of the respiratory epithelium. However, the study also emphasized 

that recovery is a non-linear process, with external factors like age, baseline lung function, and 

the duration of smoking history influencing the extent and speed of improvement. 

Additionally, the stabilization of FEV1 decline, typically observed in smokers, plays a crucial 

role in reducing the risk of future respiratory complications. Gratziou (2009) further noted that 

smoking cessation not only improves lung function but also enhances oxygen saturation levels 

and reduces the overall respiratory effort, contributing to better exercise tolerance and quality 

of life. These longitudinal findings underline the transformative impact of quitting smoking, 

demonstrating that cessation serves as a cornerstone for pulmonary rehabilitation and recovery. 

Aspect Cessation Only Cessation + Breathing Exercises 

FEV1 Improvement (%) 15 35 

FVC Improvement (%) 10 25 

Quality of Life Score (QOL) 70 90 

Emotional Well-Being Score 65 85 

 

Effectiveness of Breathing Exercises 

The integration of structured breathing exercises into smoking cessation programs has shown 

to significantly enhance the rate and extent of pulmonary recovery. Comparative analyses 

reveal that individuals who engaged in daily breathing exercises alongside smoking cessation 

(Group B) experienced faster and more substantial improvements in pulmonary function than 

those who relied solely on smoking cessation (Spielmanns et al., 2021). These exercises focus 

on strengthening the diaphragm, improving lung elasticity, and facilitating effective oxygen 

exchange, addressing key deficits caused by smoking-induced damage. 

In a recent study, Sanhueza et al. (2023) demonstrated that Group B participants exhibited a 

20% higher improvement in forced expiratory volume in one second (FEV1) and a 15% higher 

improvement in forced vital capacity (FVC) compared to their cessation-only counterparts. The 

researchers attributed these differences to the ability of breathing exercises to reduce airway 

resistance and improve pulmonary compliance, leading to enhanced lung function. 

Furthermore, participants in Group B reported a notable reduction in dyspnea and better 

exercise tolerance within the first six months, highlighting the role of breathing exercises in 

alleviating the physical discomfort associated with smoking recovery. 

Spielmanns et al. (2021) also found that Group B participants demonstrated improved 

psychosocial outcomes, including reduced anxiety and greater emotional well-being. These 

findings align with the hypothesis that structured breathing exercises not only optimize 

physiological recovery but also promote relaxation and stress management, which are crucial 

during the cessation period. Importantly, the adherence to breathing exercises was a key 
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determinant of success, as individuals who consistently practiced reported greater benefits in 

both pulmonary and psychological domains. 

Collectively, the comparative data underscore the effectiveness of breathing exercises as a 

complementary intervention, accelerating recovery trajectories and improving overall quality 

of life for individuals transitioning away from smoking-related pulmonary impairments. These 

findings advocate for the integration of such exercises into standard smoking cessation 

programs, offering a more holistic approach to respiratory rehabilitation. 

Psychosocial Outcomes 

Smoking cessation is not only a physical recovery process but also a deeply psychosocial one, 

where emotional well-being and quality of life play pivotal roles. For individuals incorporating 

structured breathing exercises into their cessation journey, the psychosocial benefits are notably 

amplified. Sarna et al. (2002) highlighted that participants engaged in pulmonary rehabilitation 

programs, which included breathing exercises, experienced significant improvements in 

emotional stability and overall life satisfaction compared to those relying solely on cessation 

efforts. 

One of the key contributors to this enhanced well-being is the reduction in anxiety and stress 

levels. Smoking often becomes a coping mechanism for managing stress, and cessation can 

initially lead to increased tension and emotional instability. Breathing exercises, particularly 

those that promote diaphragmatic and controlled breathing, help mitigate these effects by 

inducing relaxation and reducing the body's stress response. Sarna et al. observed that 

participants practicing breathing techniques reported a greater sense of calm and reduced 

feelings of agitation, even during the challenging early phases of cessation. 

Furthermore, these exercises improve physical health, such as reducing dyspnea and improving 

lung function, which directly impacts the participants' ability to perform daily activities. This 

physical improvement fosters a sense of autonomy and competence, positively influencing 

emotional health. Participants who could engage in previously strenuous activities, such as 

walking or light exercise, expressed greater satisfaction with their progress, which translated 

into a better overall quality of life. 

The study also emphasized the social benefits of participating in structured programs that 

included breathing exercises. Group settings often provided opportunities for peer support and 

shared experiences, which reduced feelings of isolation and reinforced commitment to smoking 

cessation. This collective aspect, coupled with the physiological benefits of breathing 

exercises, created a positive feedback loop, enhancing both mental and physical recovery. 
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Discussion 

Recovery Mechanisms 

The mechanisms underlying recovery after smoking cessation involve both physiological 

repair and functional restoration of the lungs. Smoking cessation is pivotal in halting the 

continuous exposure of the respiratory system to harmful substances, allowing the body to 

reduce oxidative stress and initiate tissue repair. Zuo et al. (2014) emphasize that cessation 

lowers the levels of reactive oxygen species (ROS), thereby mitigating oxidative damage to the 

airway epithelium. Additionally, the reduction of chronic inflammation in the lungs results in 

decreased mucus production and improved airway patency. These processes collectively 

contribute to the stabilization and gradual improvement of pulmonary function metrics, such 

as FEV1 and FVC. 

Breathing exercises complement these recovery mechanisms by targeting the residual deficits 

left by years of smoking. As Rivas-Perez and Nana-Sinkam (2015) explain, breathing exercises 

enhance oxygen exchange efficiency by promoting better alveolar ventilation and 

strengthening the respiratory muscles. Techniques like diaphragmatic and pursed-lip breathing 

improve lung elasticity, counteracting the stiffness often observed in smoking-damaged lungs. 

These exercises also facilitate the clearance of trapped air and mucus, further reducing the 

burden on the respiratory system. The synergy between smoking cessation and structured 

breathing interventions accelerates both the physiological and functional recovery, offering a 

holistic path toward pulmonary rehabilitation. 

Psychosocial Implications 

The benefits of smoking cessation extend beyond physical recovery, significantly impacting 

psychosocial well-being. However, the inclusion of structured programs that incorporate 

breathing exercises amplifies these effects by fostering behavioral adherence and emotional 

resilience. Rahmanian et al. (2011) highlight that such programs provide individuals with tools 

to manage the stress and anxiety often associated with smoking withdrawal. By focusing on 

relaxation and controlled breathing, participants develop healthier coping mechanisms, 

reducing the likelihood of relapse. 

Furthermore, breathing exercises empower individuals by improving their physical 

capabilities, which directly influences their quality of life and emotional state. The ability to 

engage in activities previously hindered by breathlessness enhances self-efficacy and fosters a 

positive outlook on recovery. Group-based rehabilitation programs also offer a supportive 

environment where individuals can share experiences and encourage one another, reducing 

feelings of isolation and enhancing emotional health. These psychosocial benefits underline 

the importance of integrating structured interventions into cessation strategies, addressing both 

the mental and physical aspects of recovery. 

Comparative Insights 

Comparative analysis of recovery trajectories between individuals who rely solely on smoking 

cessation and those who incorporate breathing exercises reveals distinct differences in 

outcomes. Group-level data indicate that participants practicing breathing exercises exhibit 

faster improvements in FEV1 and FVC, along with greater reductions in symptoms like 

dyspnea and fatigue. These individuals also report higher levels of adherence to their cessation 

goals, suggesting that the additional benefits provided by breathing exercises act as a motivator 

for sustained commitment. 
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Long-term outcomes further differentiate the groups, with the breathing exercise cohort 

showing sustained improvements in pulmonary function and quality of life over extended 

follow-up periods. The physiological enhancements provided by these exercises appear to have 

a compounding effect, supporting not only immediate recovery but also long-term respiratory 

health. These differences underscore the value of a multifaceted approach to smoking cessation, 

where structured interventions like breathing exercises play a crucial role in achieving 

comprehensive recovery. 

 

Limitations 

Despite the promising findings of this study, several limitations need to be acknowledged to 

ensure a balanced understanding of the results and their applicability. 

Variability in Population Demographics and Adherence 

One of the significant limitations is the variability in population demographics, including age, 

gender, smoking history, and baseline pulmonary function. These factors can introduce 

heterogeneity into the study outcomes, making it challenging to generalize the findings to a 

broader population. For instance, older individuals or those with extensive smoking histories 

may have less pronounced improvements due to irreversible lung damage, whereas younger 

participants with shorter smoking durations may experience faster recovery. Additionally, 

adherence to both smoking cessation and breathing exercise protocols varied among 

participants. Those who were more consistent in their practice reported better outcomes, 

underscoring the importance of individual commitment, which may not be replicable across all 

populations. 

Self-Reported Exercise Data 

The reliance on self-reported data for monitoring adherence to breathing exercises presents 

another limitation. While participants were asked to maintain detailed logs of their exercise 

routines, self-reported data are inherently prone to biases such as overreporting adherence or 

underestimating deviations from the prescribed regimen. This subjectivity can affect the 

accuracy of the results, as the actual extent of compliance may differ from what is recorded. 

The lack of objective monitoring tools, such as wearable devices or supervised sessions, limits 

the study's ability to verify the true impact of exercise adherence on recovery outcomes. 

Short Follow-Up Periods in Some Studies 

Although the study aimed to assess long-term recovery, some of the included studies had 

relatively short follow-up periods, ranging from six months to two years. While these intervals 

provide valuable insights into early and mid-term recovery trends, they may not fully capture 

the long-term sustainability of the observed benefits. Pulmonary recovery and quality of life 

improvements can continue to evolve over several years, and longer follow-up durations would 

be necessary to determine whether the initial gains from breathing exercises and smoking 

cessation are maintained or diminish over time. This limitation highlights the need for future 

studies with extended observation periods to provide a more comprehensive understanding of 

recovery trajectories. 
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Conclusion 

Smoking cessation remains a cornerstone of pulmonary health recovery, offering significant 

improvements in key respiratory metrics such as forced expiratory volume (FEV1) and forced 

vital capacity (FVC). By halting the ongoing damage caused by smoking-related toxins, 

cessation allows for the stabilization and gradual repair of lung function. However, while 

cessation alone yields substantial benefits, the addition of structured breathing exercises 

significantly accelerates recovery and enhances outcomes. These exercises improve oxygen 

exchange, strengthen respiratory muscles, and facilitate the clearance of residual pollutants, 

further amplifying the physiological benefits. Additionally, breathing exercises positively 

influence psychosocial well-being by reducing stress, improving emotional stability, and 

enhancing quality of life. This study underscores the importance of adopting a multifaceted 

approach to smoking cessation, where the integration of adjunctive interventions like breathing 

exercises creates a more holistic pathway to respiratory rehabilitation. 

 

Future Directions 

Investigate Molecular Mechanisms of Recovery 

Future research should delve into the molecular and cellular processes underlying recovery 

post-smoking cessation. Understanding how oxidative stress, inflammation, and tissue repair 

mechanisms respond to both cessation and breathing exercises will provide a deeper insight 

into the biology of lung healing. This could also identify potential biomarkers to track recovery 

progress and predict long-term outcomes. 

Explore Technology-Assisted Adherence Monitoring 

To address the limitations of self-reported data, incorporating technology-assisted tools such 

as wearable devices or mobile applications could improve adherence monitoring. These tools 

can objectively track participants’ engagement with breathing exercises and provide real-time 

feedback, ensuring higher accuracy and consistency in data collection. Such advancements 

would also enhance the scalability and effectiveness of rehabilitation programs. 

Extend Study Durations to Evaluate Long-Term Impacts 

Recovery from smoking-related pulmonary damage is a prolonged process, and long-term 

studies are essential to fully understand the sustainability of observed benefits. Future research 

should extend follow-up durations beyond five years to evaluate whether the improvements in 

pulmonary function and psychosocial outcomes persist, diminish, or plateau over time. These 

insights will inform the design of more comprehensive cessation and rehabilitation strategies 

for long-lasting health benefits. 
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